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Abstract

3

Bullying comes in different forms, yet most previous genetically-sensitive
studies have not distinguished between them. Given the serious consequences and
the high prevalence, it is remarkable that the aetiology of bullying and its different forms has been under-researched. We present the first study to investigate
the genetic architecture of bullying perpetration, bullying victimization, and their
co-occurrence for verbal, physical and relational bullying. Primary-school teachers rated 8,215 twin children on bullying. For each form of bullying, we investigated, through genetic structural equation modelling, the genetic and environmental
influences on being a bully, a victim or both. 34% of the children were involved
as bully, victim, or both. The correlation between being a bully and being a victim
varied from .59 (relational) to .85 (physical). Heritability was ~70% for perpetration and ~65% for victimization, similar in girls and boys, yet both were somewhat
lower for the relational form. Shared environmental influences were modest and
more pronounced among girls. The correlation between being a bully and being a
victim was explained mostly by genetic factors for verbal (~71%) and especially
physical (~77%) and mostly by environmental factors for relational perpetration
and victimization (~60%). Genes play a large role in explaining which children
are at high risk of being a victim, bully, or both. For victimization this suggests
an evocative gene-environment correlation: some children are at risk of being exposed to bullying, partly due to genetically influenced traits. So, genetic influences
make some children more vulnerable to become a bully, victim or both.
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Introduction

Bullying in schools can take different forms: it can be direct (like name calling and hitting) and indirect (like social exclusion), but it always captures an element
of power imbalance between the victim and the bully (or perpetrator). Involvement
in bullying as a victim or bully, irrespective of the exact form, can have detrimental
short- and long term effects (e.g., Nansel et al., 2004; Arseneault, 2018; Kretschmer,
Tropf & Niezink, 2018). Both bullies and their victims suffer for example from low
self-esteem, depression, and anxiety (e.g., Kaltiala-Heino, Rimpelä, Rantanen &
Rimpelä, 2000; Silberg et al., 2016). There are also differences between bullies and
victims. For instance, bullies tend to suffer from impulsive behavior (O’Brennan,
Bradshaw & Sawyer, 2009), while victims have an increased risk of taking their own
life (Gini & Espelage, 2014). In addition to children who either bully or are bullied,
there are children who are both bullied and bully themselves. These bully-victims
suffer most from depression and anxiety (e.g., Swearer, Song, Cary, Eagle & Mickelson, 2001). Bullying is a common phenomenon (e.g., Shetgiri, 2013), and it is important to understand why and how children differ with respect to this phenomenon.
As for different forms, verbal and physical victimization are especially linked to aggression, while relational victimization (e.g., social exclusion or spreading rumors)
is more associated with internalizing problems (Casper & Card, 2017), underlining
the need to study them separately. The current study explores the genetic and environmental contributions to different forms of bullying perpetration (throughout this
paper termed as perpetration), bullying victimization (termed as victimization), and
their co-occurrence.
Being a bully or victim tends to run in families (Allison, Roeger, Smith &
Isherwood, 2014; Farrington, 1993). First, with respect to victimization, Allison,
Roeger, Smith and Isherwoord (2014) showed that a parents’ past history of victimization is associated with an increased risk of their offspring being victimized.
Whereas only 25% of the parents without a past history of being bullied reported
that their offspring was victimized, in the case of parents, who had been victimized
themselves, this proportion was 55%. Second, with respect to perpetration, Farrington (1993) observed a comparable inter-generational continuity. Whereas only 5.5%
of the fathers who did not bully had children who bullied, 16% of the fathers who
were bullies reported that their children were bullies as well. Together, these family-risk studies show that perpetration and victimization are familial, but not whether
this familial transmission is genetic or environmental in nature. To determine the role
of genetic and shared environmental factors, we require a genetically informative
design, such as the twin design.
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Several twin studies have investigated the causes of individual differences
in victimization, but only one investigated the causes of individual differences in
perpetration and its association with victimization. The twin studies on victimization
showed mixed results. Brendgen and colleagues (2013; 2015) found a heritability
of 32% in a sample of ~300 6-12 year old twin pairs using teacher-reports (2013)
and a heritability of 45% in ~200 10-year-old twin pairs using self-reports (2015).
Shakoor et al. (2015) reported a similar heritability estimate of 35% in a sample of
~5,000 12-year-old twin pairs using self-reports. Silberg and colleagues (2016) studied ~1,400 8-17 year old twin pairs using mother and child self-reports (combined)
and reported a heritability estimate of 45%. In contrast, Ball et al. (2008) reported
a higher heritability estimate of 73% in a sample of ~1,100 10-year-old twin pairs
using mother-reports. Connolly and Beaver (2016) found a heritability of 70% in a
sample of ~300 12-16 year old twin pairs, who reported their history of suffering repeated bullying before age 12. Bowes et al. (2013) showed that in a sample of ~1,100
twin pairs the heritability of victimization (mother and self-reports combined) was
71% in primary school and 77% in secondary school. The diverging results may be
due to differences in informant (e.g., self vs. parental report), age of the participants,
and (or) the type of assessment.
Moving on to perpetration, the only twin-study reported a heritability of 61%
at age 10 (Ball et al., 2008). Ball et al. were also the only ones that tested whether
the genetic and environmental influences on both victimization and perpetration differed in boys and girls, and found no difference. Moreover, Ball et al. (2008) looked
at the co-occurrence of perpetration and victimization, which correlated .25. This
correlation was found to be solely due to genetic factors common to perpetration and
victimization.
The twin-studies mentioned above did not differentiate between various types
of bullying, but Eastman et al. (2018) recently investigated for the first time genetic
and environmental influences on different forms of victimization. The heritability
estimates of self-reported verbal, physical, relational, and property victimization in
early adolescence ranged from 23% for attacks on property to 42% for physical victimization. Due to limited power (N=306 pairs in the youngest of two age groups)
they could not investigate whether heritability differed between boys and girls. Perpetration was not investigated.
We know that gender and the form of bullying influence prevalence rates.
Specifically, most studies report that boys are more likely to be involved in bullying
than girls, either as bully or victim (e.g. Nansel et al., 2001; Veldkamp et al., 2017).
However, the form of bullying has a bearing on these gender-differences (e.g. Crick
& Nelson, 2002; Cullerton-Sen & Crick, 2005).
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Boys are more often involved in verbal (e.g. name-calling) and physical bullying
(e.g. hitting), while girls are more involved in relational bullying (e.g. social exclusion). Importantly, it remains to be investigated whether genetic and environmental
influences differ in boys and girls and differ between the forms of bullying. The
present study is the first to investigate the genetic and environmental influences on
general, verbal, physical, and relational perpetration and victimization, and on the
covariance between them.
Method

Participants
Primary school teachers provided information concerning perpetration and
victimization in 8,215 twins, (4,561 pairs: 1,669 MZ and 2,289 DZ). The twins
were enrolled in the Netherlands Twin Register (NTR; Beijsterveldt et al., 2013),
which was established by the Department of Biological Psychology at the Vrije
Universiteit Amsterdam. The project was approved by the medical ethical committee of the Vrije Universiteit Amsterdam (NTR/25-05-2007). Parents of the twins,
aged 7, 9, and 12 years, provided their consent to approach the teachers of the twins
with a survey. Since 2010, the survey for the primary school teachers has included
four items on perpetration and four items on victimization. The current study is a
follow-up study of Veldkamp et al. (2017), that focused on the prevalence of perpetration and victimization, and included the same data, which were collected between 2010 and 2015. Data were excluded if (1) zygosity was unknown (N=193),
(2) the teacher was not sufficiently familiar with the child (N=74), (3) the child was
rated by someone other than the regular teacher (N=81), (4) the twins were in separate classrooms, but rated by the same teacher (N=11), (5) the twins were in the
same classroom but rated by different teachers (N=108). The 8,215 twin children
in the final dataset had data for at least one wave.
The data are characterized by a small degree of dependency. A subset of
children had data on two (N=1,617) or three (N=93) time points, resulting in a total
sample of 10,018 observations. We conducted the analyses with the complete data
recognizing that the dependency may bias-down the standard errors. After removing the dependent cases and rerunning the analyses differences in the results were
trivial. We also reran the analyses with the Mplus complex option, which corrects
standard errors for the dependency. Again the differences in standard errors were
trivial. Given lack of appreciable differences we proceeded with the original results.
Of the MZ twins, 45.1% attended separate classrooms and 54.9% the same.
In the DZ twins, these figures were 49.5% and 50.5%, respectively.
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Incomplete data (N=1,384 twin pairs) was mostly due to one of the teachers not
returning the survey when the twins attended separate classrooms (N=1,232). The
age of the children ranged from 6.52 to 12.94 years (M=9.48, SD=2.01). The degree of perpetration and victimization did hardly change with age, as indicated by
correlations between age and the eight phenotypes, which ranged from -.12 to .07.
Hence, age effects were not further investigated.
Measures

3

Perpetration and victimization
Teachers received a survey which included four items about perpetration
and four matched items about victimization. Each item concerns general, physical,
verbal, or relational perpetration and victimization. The 2x4 questions were scored
on a five-point response scale, ranging from 0 (never), 1 (once or twice), 2 (two or
three times a month), 3 (about once a week), to 4 (several times a week). The four
items for bullying victimization were: ‘How often has this student in the last couple of months… a) been bullied (in general), b) been teased, laughed at, or called
names? (verbal), c) been physically bullied, such as being hit, kicked, and pushed?
(physical), d) been excluded by other children, ignored, or have other students
spread false rumors? (relational)’. The parts between brackets (e.g., “relational”)
were indeed part of the teacher items. For the original Dutch items, see the Supplementary Materials Online. Bullying perpetration was assessed with the same
items, but formulated to reflect the active form (e.g. ‘How often did this student in
the last couple of months… a) bully other students (in general)’). Missingness at
the level of the individual items was less than 1.6%.
In the case of general, verbal, and relational perpetration and victimization items, the last two response options (i.e. “about once a week” and “several
times a week”) were rarely chosen. Similarly, the last three response options of the
physical perpetration and victimization items were rarely chosen. We therefore
transformed the response scale of the general, verbal and relational items to three
categories, and the response scale of the physical items to two categories.
Statistical Analyses
First, we present the prevalence of being involved in the various types of
perpetration and victimization, and the phenotypic correlations. Next, we present the results of the analyses of the twin data using genetic structural equation
modeling. These results include the decomposition of the phenotypic bivariate
covariance matrix (perpetration – victimization) into genetic and environmental
components.
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Behavioral genetic analyses plan
In twin studies, we use the ACE model to decompose phenotypic variances
and covariances into genetic, common and unique environmental variance components. The A (in ACE) represents additive genetic influences, the C represents environmental influences that are shared by siblings (i.e., common) and lead to similarities between them, and E represents unique environmental influences, which
make siblings less alike, and measurement error. The decomposition is based on
the fact that monozygotic (MZ) twins are genetically identical, while dizygotic
(DZ) twins on average share 50% of the alleles that make up segregating genes.
Consequently, if the MZ twin correlation is larger than the DZ twin correlation,
this suggests genetic influences. If twice the DZ correlation is greater than the MZ
correlation, this suggests shared environmental influences. MZ twin correlations
are invariably less than one, which imply the presence of unshared or unique environmental influences and measurement error, which contribute to twin differences.
In practice the decomposition is carried out by fitting the ACE model to the twin
data using genetic structural equation modeling (Posthuma et al., 2003). This allows us to generalize the decomposition to multiple phenotypes. In the present
case, we decompose the phenotypic 2x2 covariance matrix (perpetration – victimization by type of bullying) into 2x2 A, C and E covariance matrices. This
provides information on the contributions of genetic and environmental factors to
the variance of the phenotypes and to the covariance between the phenotypes. We
used the bivariate Cholesky model to obtain the bivariate decomposition. This is
depicted in Figure 1.
We assumed that raters may introduce systematic variation into the phenotype ratings, which reflect for example differences in raters’ visions of bullying.
In addition, raters who assess multiple children, can cause possible rater contrast
effects. More specifically, the twins in our dataset that attend the same classroom
were assessed by the same teacher. This might result in more similar bullying estimates than when the twin children were assessed by different teachers, here termed
as rater effects (Bartels, Boomsma, Hudziak, van Beijsterveldt & van den Oord,
2007; Rietveld, Hudziak, Bartels, van Beijsterveldt & Boomsma, 2003). As shown
in Figure 1, we included in the model a rater effect to accommodate this variation.
The rater effects are assumed to contribute to the covariance between phenotype
within twin members. If the twins are rated by the same teacher (i.e., twins in the
same class), the rater effect may also contributed to the phenotypic covariance
between twins.
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Figure 1. Bivariate Cholesky ACE decomposition including rater bias. “A” represents the genetic
influences. The common environmental (C) and unique environmental (E) influences are not
shown to avoid clutter (but can be found in Figure S1 in the Supplementary Materials).
“rzygosity” is 1 for MZ twins and .5 for DZ twins. “rrater” represents the correlation between
the raters of the twin, which is 1 for twins rated by the same teacher and 0 for twins rated by
different teachers. “a11” represents the genetic influences on victimization, “a12” represents
the genetic covariance between victimization and perpetration, and “a22” represents the unique
genetic influences on perpetration after accounting for the shared genetic influences. This model
was fitted to each type of perpetration/victimization pair.
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We used Mplus version 7 to fit the ACE twin model (Muthén & Muthén,
1998-2012). As the data are ordinal, we used robust weighted least squared (WLSMV) estimation applied to the tetrachoric or polychoric correlation matrices. This
is consistent with the liability-threshold modeling (e.g., Rijsdijk & Sham, 2002),
in which the ordinal data arise from the discretization of bivariate normal (latent)
liabilities. The phenotypic summary statistics are the thresholds and the tetrachoric
or polychoric correlation matrices. The correlations convey the linear association
at the level of the liabilities, and the thresholds convey the frequencies of the responses. The model included 5x2 groups. First, five groups were based on zygosity
and sex (MZ males, DZ males, MZ females, DZ females and DZ opposite sex).
Given the five groups, we can test sex differences in the variance components and
the thresholds. Second, each group was further divided into “same-class” and “different-class” groups. The latter subdivision was made to accommodate the rater
effects (see Figure 1), which are shared by twins in the same class (and so the same
teacher rater).
In sum, in the full model the bivariate phenotypic covariance matrix was decomposed into ACE components and the rater-variance component. The 10-group
model allowed us to use likelihood ratio tests (using the DIFF test procedure in
MPLUS; Muthén & Muthén, 1998-2012) to study sex differences in thresholds
and variance components. We carried out the bivariate analyses (perpetration –
victimization) separately for each form of bullying (general, verbal, physical and
relational).
We tested the sex and classroom effects on the genetic and environmental
variance components (these tests are also represented in Table S1 in the Supplementary Materials Online). First, we tested whether the thresholds (i.e., the prevalences) depended on class sharing and gender. Second, we tested whether the ACE
components varied with classroom sharing and with gender. Details about model
fit evaluation can be found in the Supplementary Materials.
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Results

Descriptive statistics
The prevalences of children involved in perpetration and/or victimization
are shown in Table 1. For these prevalence rates the response categories were dichotomized, with children scoring 0 (“never”) categorized as “not involved”, and
children scoring 1 to 4 categorized as “involved”.
Boys were more often involved in bullying, either as victim or bully. Irrespective of gender, verbal bullying was most and physical bullying was least
prevalent. Regarding gender and the form of bullying, boys were more involved in
verbal and physical bullying (as a bully and victim), while girls were more often
involved in relational bullying (as a bully and victim).
3

Phenotypic correlations between all forms of perpetration and victimization are represented in Table S2, separately for boys and girls. The correlations
between perpetration and victimization for the same form of bullying were for
boys .64, .65, .80, and .59 for general, verbal, physical and relational, respectively,
and for girls .68, .72, .85, and .68.
The model estimated twin correlations for all items are shown in Tables S3S6. For all items the MZ correlation was higher than the DZ correlation, indicating
genetic influences. The cross-twin cross-trait correlations were also all higher for
MZ twins than DZ twins, suggesting that genes contribute to the perpetration-victimization association.
Table 1. Prevalence of Victimization and Perpetration by Sex
Sex
Total Sample

Boys

Girls

General

23%

27%

19%

Verbal

25%

30%

19%

Physical

8%

11%

4%

17%

15%

21%

General

26%

34%

17%

Verbal

26%

36%

17%

Physical

9%

15%

3%

Relational

20%

18%

22%

Percentage victims

1

Relational
Percentage bullies

1
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Sex
Total Sample

Boys

Girls

General

14%

19%

10%

Verbal

16%

21%

10%

Physical

5%

8%

2%

Relational

10%

8%

13%

Percentage bully-victims

Note. The percentages include children who were involved at least once or twice in the last
couple of months. 1 Including bully-victims.

Bivariate genetic modeling
For each form of bullying, the same model fitting procedure was followed.
Statistical details of the model fitting steps can be found in the Supplementary
Materials Online.
For all forms the best fitting model was an ACE model with equal influences of genetic, common-, and unique environmental factors for twins in the same
and separate classrooms. For boys and girls, the influence of genetic factors was
the same, but the influence of common and unique environmental factors differed.
The standardized estimates for variation due to additive genetic (A), common
environmental (C) and unique environmental (E) factors, and rater estimates are
shown in Table S7 and the estimates after accounting for rater effects in Table
2. Summaries of the results are visualized in Figures 2-5. All forms of bullying
showed substantial genetic influences. General perpetration and general, verbal,
and relational victimization showed small shared environmental influences, which
were more often significant in girls. The association between perpetration and victimization was for most forms mainly genetic in nature.
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8 (-2-19)

26 (18-33) 24 (17-31)

14 (0-28)
55 (42-69)

70 (52-87)

64 (55-74)

62 (52-73)

Boys

Girls

E

16 (4-28) 17 (6-29) 29 (18-40) 27 (19-36)

13 (9-25)

14 (4-23) 27 (21-34) 22 (14-30)

13 (3-23) 29 (22-37) 25 (17-34)

Girls

C

15 (-1-31) 18 (0-36) 15 (6-25)

8 (0-17)

9 (0-18)

Boys-Girls Boys

A

Victimization

66 (53-79)

.26 (.05-.47) 47 (11-83)

32 (6-59)

.86 (.72-1.00) 81 (62-100) 73 (56-90)

.62 (.48-.77) 77 (63-91)

.50 (.37-.62) 69 (52-87) 60 (44-77)

Girls

Proportion due to A1
Boys-Girls Boys

rA

Correlation

Note. Estimates for heritability were constrained to be equal for boys and girls. The rater effect was also set equal for boys and girls.
1
The proportion of the correlation that is due to A differs between boys and girls, because the phenotypic correlations between perpetration and
victimization differed.

7 (-4-17)

12 (-4-29) 15 (-4-34) 16 (9-24)

71 (54-89)

Physical

Relational 68 (57-79)

9 (-4-22)

2 (-9-14)

73 (60-86)

Verbal

25 (19-30) 18 (12-24)

13 (4-21) 19 (15-24) 16 (10-21)

Girls

9 (1-16)

Boys

E

72 (64-80)

Girls

C

General

Boys-Girls Boys

A

Perpetration

Table 2. Estimates (in %) for Variation due to Additive Genetic, Common Environmental, and Unique Environmental
Factors for all Types of Perpetration, Victimization, and their Correlation, after accounting for the Rater-effects, with 95%
Confidence Intervals between Brackets
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General Bullying

100%
*

15.6

*

8.8

*

12.6

*

71.8

*

71.8

19.4
80%

*

8.7

60%
40%

29

*

62.3

*

25

*

12.7

*

62.3

*

31

*

39.5

*

69

*

60.5

*

20%
0%

Boys
Girls		
Perpetration		

Boys
Girls		
Victimization		

A

C

E

3

Boys
Girls
Covariation

Figure 2. Results for general bullying for Boys / Girls. The covariation is divided into shared
effects (A) and environmental effects (C + E). Note that * indicates significance.

Verbal Bullying
100%
80%

24.5

*

18

*

2.3

*

8.9

*

73.3

*

73.3

*

60%
40%

27.6

*

22.3

*

13.6

*

64.3

*

8.3

64.3

*

23.1

*

76.9

*

34.5

*

65.5

*

20%
0%

Boys
Girls		
Perpetration		

Boys
Girls		
Victimization		

A

C

E

Boys
Girls
Covariation

Figure 3. Results for verbal bullying for Boys / Girls. The covariation is divided into shared
effects (A) and environmental effects (C + E). Note that * indicates significance.
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Physical Bullying

100%
*

14

12.3

*

14.8

*

15.1

71.3

*

71.3

*

69.6

16.4
80%

*

15.4

*

12.7

*

17.7

*

69.6

*

19.1

*

80.9

*

27.5

*

72.5

*

60%
40%

*

20%

3

0%

Boys
Girls		
Perpetration		

Boys
Girls		
Victimization		

A

C

E

Boys
Girls
Covariation

Figure 4. Results for physical bullying for boys / girls. The covariation is divided into shared
effects (A) and environmental effects (C + E). Note that * indicates significance.

Relational Bullying
100%
80%

25.6

*

23.7

*

6.5

*

8.4

*

67.7

*

67.7

*

60%
40%
20%
0%

Boys
Girls		
Perpetration		

29

*

27.5

15.6

55.3

*

*

17.2

*

55.3

*

Boys
Girls		
Victimization		

A

C

E

53.1

*

46.9

*

67.7

*

32.3

*

Boys
Girls
Covariation

Figure 5. Results for relational bullying for boys / girls. The covariation is divided into shared
effects (A) and environmental effects (C + E). Note that * indicates significance.
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Discussion

In a sample of 8,215 primary-school children, we showed that individual differences in the liability to be a victim, bully, or bully-victim are mainly due to genetic
differences between children. We asked teachers to give their view of general, verbal, physical, and relational bullying. After accounting for rater effects (twins rated
by the same or different teachers), the genetic influences for both boys and girls were
high for all forms of perpetration (~70%), and for general-, verbal-, and physical
victimization (~65%), but somewhat lower for relational victimization (55%). The
correlation between bully and victim roles was ~.70. This correlation was mostly
due to shared genetic factors for the verbal and physical form and mostly due to an
overlap in (common and unique) environmental factors for the relational form.
Teachers reported that the proportion of children that had been involved in
bullying over the past couple of months (either as bully, victim, or both) was one
third. We showed that, irrespective of gender and role (bully, victim, bully-victim),
physical bullying was least prevalent and verbal bullying was most prevalent. Verbal and especially physical bullying was more common in boys, while relational
bullying was more observed among girls. These prevalences provide a background
for interpreting the etiological findings below.
Regarding victimization, two-thirds of the phenotypic variance expressing
individual differences was due to genetic influences. At first sight, it may seem odd
to claim that victimization is highly heritable, since it is an exposure to a school
environment in which the child is bullied rather than direct behavior. The heritability can, however, be explained by other heritable traits that increase victimization
risk. For instance, internalizing problem behavior and low self-esteem put children
at greater risk to become a victim (Tsaousis, 2016) and these traits themselves
are moderately heritable (Bartels et al., 2004). In addition, the risk of victimization increases with increased BMI (Janssen, Craig, Boyce & Pickett, 2004), which
is highly heritable (Nan et al., 2012). Consequently, these genetically influenced
traits might elicit harsh treatment by peers, leading to an evocative gene-environment correlation.
Regarding perpetration, around 70% of the individual differences were
caused by genetic factors. This is slightly more than the 61% that was found in the
only previous study (Ball et al., 2008). The heritability of perpetration might be easier to understand, since it is direct behavior rather than an exposure. Our finding is
in line with the moderate heritability estimates of antisocial behavior (Rhee & Waldman, 2002) and aggression (Hudziak et al. al., 2003), of which bullying perpetration
is one element.
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It has previously been suggested that genetically influenced traits such as impulsivity could mediate the genetic effects of antisocial behavior (Jacobson, Prescott
& Kendler, 2002), and this might also apply to perpetration. Bullies have indeed
higher levels of impulsivity (O’Brennan, Bradshaw & Sawyer, 2009).
Being a bully or victim of physical bullying is, compared to the other subtypes, to a lesser extent affected by unique environmental factors. Unique environmental factors include factors not shared in a twin pair, as well as measurement error. Measurement error could be reduced because physical bullying is more visible
for teachers than, for instance, relational bullying. Conversely, relational bullying
being least heritable might be partly due to more measurement error. In accordance
with this idea, Eastman et al. (2018) also showed that physical victimization is
most heritable.
3

For all forms of bullying (both perpetration and victimization), the influence of the common environment was modest and was slightly higher for girls
than for boys. About half of the common environment estimates reached statistical
significance. This is in line previous mixed results: Ball et al. (2008) did not find
significant influences of the common environment on perpetration and victimization, but Brendgen et al. (2008) found a significant influence on victimization. Our
finding of a significant influence of the common environment on general perpetration is in line with a common environmental influence on the related phenotypes
aggression and antisocial behavior (Miles & Carey, 1997). The slightly higher influence of the common environment for girls indicates that the school and/or home
environment are more important for girls. To illustrate, pairs of sisters are closer
than other pairs of siblings (Buist, 2010).
The co-occurrence of perpetration and victimization, reflecting bully-victims, was mainly due to genetic factors for verbal and physical bullying, but mainly due to environmental factors for relational bullying. Ball et al., (2008), the only
study done so far, showed that the phenotypic correlation between perpetration and
victimization was low (.25) and mostly due to genetic factors. Here we demonstrate that the influences on the co-occurrence depend on type of bullying. The
genetic influences on the co-occurrence might be explained in two ways. First,
it might be that the same genes influence both phenotypes via another heritable
characteristic, like aggression. Bully-victims are the most aggressive group, compared to ‘pure’ bullies and victims (Salmivalli & Nieminen, 2002). Their genetic
liability for aggression makes them more likely to get involved in a fight without
necessarily a clear role as a bully or victim. Second, there might be phenotypic
causality, meaning that being a bully (a genetically-mediated trait) makes a child
less popular and therefore more vulnerable to become a victim as well (or vice
versa). Indeed, bully-victims are the most disliked group (Veenstra et al., 2005).
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In interpreting these results, it is important to mention that our results are
based on teacher ratings and that phenotypes are based on only one item each.
In general, teacher ratings are not highly correlated with parent and self-ratings.
For perpetration, Ball et al. (2008) found a modest correlation between teacher
and mother reports (r=.24). Our results may therefore present situation-specific
prevalences and etiology, meaning that other influences might be responsible for
school-bullying than for bullying that happens out of the sight of the teacher. For
aggression, however, disagreement between teacher and mother ratings did not
cause different heritability estimates (Hudziak et al., 2003). The strengths of our
study include: (1) our large sample and genetically-informative design, (2) investigating subtypes of perpetration and victimization measured in the same way, (3)
estimating effects free of rater effects (which was for different forms of perpetration 17-37% and for victimization 34-43%).
Some children are at risk of being exposed to bullying, partly due to genetically influenced traits, but this does not mean that bullying behavior is not
modifiable. Those who work with children know that children who are outliers
in some ways (e.g. behavior and appearance) are more vulnerable (Arseneault,
2018). Behavior and physical appearance are moderately to highly genetically influenced (Polderman et al., 2015). Still, bullying in schools can be reduced by creating supportive environments with evidence-based interventions (Gaffney, Ttofi
& Farrington, 2018).
To conclude, this study is a first step to identify why some children are
involved in different types of bullying and others are not. Our results revealed
that both perpetration and victimization are substantially heritable, and that their
co-occurrence is mostly due to shared genetic influences for verbal and physical
bullying, but mostly due to an overlap in environmental influences for relational
bullying. It must be stressed that it is certainly not someone’s fate to be a bully or
victim (or both), but some children are more vulnerable to these social roles, and
individual differences in this vulnerability are substantially due to genetic differences. Thus, becoming a victim, bully or bully-victim is not fixed beforehand, but
is not randomly determined either.

- 61 -

3

Chapter 3

Etiology of Different Forms of Bullying

References
Allison, S., Roeger, L., Smith, B., & Isherwood, L. (2014). Family histories of school bullying:
implications for parent-child psychotherapy. AUSTRALASIAN PSYCHIATRY, 22(2), 149-153.
Analitis, F., Velderman, M. K., Ravens-Sieberer, U., Detmar, S., Erhart, M., Herdman, M., ...
& Rajmil, L. (2009). Being bullied: associated factors in children and adolescents 8 to 18 years
old in 11 European countries. PEDIATRICS, 123(2), 569-577.
Arseneault, L. (2018). Annual Research Review: The persistent and pervasive impact of being
bullied in childhood and adolescence: implications for policy and practice. JOURNAL OF CHILD
PSYCHOLOGY AND PSYCHIATRY, 59(4), 405-421.

Ball, H., Arseneault, L., Taylor, A., Maughan, B., Caspi, A., & Moffitt, T. (2008). Genetic and
environmental influences on victims, bullies and bully-victims in childhood. JOURNAL OF
CHILD PSYCHOLOGY AND PSYCHIATRY, 49(1), 104.

3

Bartels, M., Boomsma, D. I., Hudziak, J. J., van Beijsterveldt, T. C., & van den Oord, E. J.
(2007). Twins and the study of rater (dis) agreement. PSYCHOLOGICAL METHODS, 12(4), 451
Bartels, M., Boomsma, D. I., Hudziak, J. J., Rietveld, M. J., van Beijsterveldt, T. C., & van den
Oord, E. J. (2004). Disentangling genetic, environmental, and rater effects on internalizing and
externalizing problem behavior in 10-year-old twins. TWIN RESEARCH AND HUMAN GENETICS,
7(2), 162-175.

Bowes, L., Maughan, B., Ball, H., Shakoor, S., Ouellet-Morin, I., Caspi, A., ... & Arseneault, L.
(2013). Chronic bullying victimization across school transitions: the role of genetic and environmental influences. DEVELOPMENT AND PSYCHOPATHOLOGY, 25(02), 333-346.
Brendgen, M., Girard, A., Vitaro, F., Dionne, G., Tremblay, R. E., Pérusse, D., & Boivin, M.
(2013). Gene–environment processes linking peer victimization and physical health problems: a longitudinal twin study. JOURNAL OF PEDIATRIC PSYCHOLOGY, 39(1), 96-108.
Brendgen, M., Girard, A., Vitaro, F., Dionne, G., & Boivin, M. (2015). Gene-environment correlation linking aggression and peer victimization: do classroom behavioral norms matter?
JOURNAL OF ABNORMAL CHILD PSYCHOLOGY, 43(1), 19-31.

Buist, K. L. (2010). Sibling relationship quality and adolescent delinquency: A latent growth
curve approach. JOURNAL OF FAMILY PSYCHOLOGY, 24(4), 400.
Casper, D. M., & Card, N. A. (2017). Overt and relational victimization: A meta analytic review
of their overlap and associations with social–psychological adjustment. CHILD DEVELOPMENT, 88(2), 466-483.

Connolly, E. J., & Beaver, K. M. (2016). Considering the genetic and environmental overlap
between bullying victimization, delinquency, and symptoms of depression/anxiety. JOURNAL
OF INTERPERSONAL VIOLENCE, 31(7), 1230-1256.

Craig, W., Harel-Fisch, Y., Fogel-Grinvald, H., Dostaler, S., Hetland, J., Simons-Morton, B.,
... & Pickett, W. (2009). A cross-national profile of bullying and victimization among adolescents
in 40 countries. INTERNATIONAL JOURNAL OF PUBLIC HEALTH, 54(2), 216-224.
Crick, N. R., & Nelson, D. A. (2002). Relational and physical victimization within friendships:
`Nobody told me there’d be friends like these. JOURNAL OF ABNORMAL CHILD PSYCHOLOGY,
30(6), 599-607.

- 62 -

Chapter 3

Etiology of Different Forms of Bullying

Cullerton-Sen, C., & Crick, N. R. (2005). Understanding the effects of physical and relational
victimization: The utility of multiple perspectives in predicting social-emotional adjustment.
SCHOOL PSYCHOLOGY REVIEW, 34(2), 147.

Eastman, M. L., Verhulst, B., Rappaport, L. M., Dirks, M., Sawyers, C., Pine, D. S., ... & Roberson-Nay, R. (2018). Age-Related Differences in the Structure of Genetic and Environmental
CONTRIBUTIONS TO TYPES OF PEER VICTIMIZATION. BEHAVIOR GENETICS, 48(6), 421-431.

Farrington, D. P. (1993). Understanding and preventing bullying. In M. Tonry (Ed.),
CRIME & JUSTICE: A REVIEW OF RESEARCH (VOL. 17, PP. 381-458). CHICAGO: UNIVERSITY OF
CHICAGO PRESS.

Gaffney, H., Ttofi, M. M., & Farrington, D. P. (2018). Evaluating the effectiveness of school-bullying prevention programs: An updated meta-analytical review. AGGRESSION AND VIOLENT BEHAVIOR.

Gini, G., & Espelage, D. L. (2014). Peer victimization, cyberbullying, and suicide risk in children and adolescents. JAMA, 312(5), 545-546.
Hudziak, J. J., van Beijsterveldt, C. E. M., Bartels, M., Rietveld, M. J., Rettew, D. C., Derks,
E. M., & Boomsma, D. I. (2003). Individual differences in aggression: Genetic analyses by age,
gender, and informant in 3-, 7-, and 10-year-old Dutch twins. BEHAVIOR GENETICS, 33(5), 575-589.
Jacobson, K. C., Prescott, C. A., & Kendler, K. S. (2002). Sex differences in the genetic and environmental influences on the development of antisocial behavior. DEVELOPMENT AND PSYCHOPATHOLOGY, 14(2), 395-416.

Janssen, I., Craig, W. M., Boyce, W. F., & Pickett, W. (2004). Associations between overweight
and obesity with bullying behaviors in school-aged children. PEDIATRICS, 113(5), 1187-1194.
Kaltiala-Heino, R., Rimpelä, M., Rantanen, P., Rimpelä, A. (2000). Bullying at school - an indicator of adolescents at risk for mental disorders. JOURNAL OF ADOLESCENCE, 23, 661-674.
Kline, R. B. (2011). Principles and practice of structural equation modeling (3rd ed.). NEW YORK:
GUILFORD PRESS.

Kretschmer, T., Tropf, F. C., & Niezink, N. M. (2018). Causality and pleiotropy in the association
between bullying victimization in adolescence and depressive episodes in adulthood. TWIN
RESEARCH AND HUMAN GENETICS, 21(1), 33-41.

Miles, D. R., & Carey, G. (1997). Genetic and environmental architecture on human aggression.
JOURNAL OF PERSONALITY AND SOCIAL PSYCHOLOGY, 72(1), 207.

Muthén, L.K. and Muthén, B.O. (1998-2012). Mplus User’s Guide. Seventh Edition. LOS ANGELES,
CA: MUTHÉN & MUTHÉN.

Nan, C., Guo, B., Warner, C., Fowler, T., Barrett, T., Boomsma, D., ... & Maes, H. H. (2012).
Heritability of body mass index in pre-adolescence, young adulthood and late adulthood. EUROPEAN JOURNAL OF EPIDEMIOLOGY, 27(4), 247-253.

Nansel, T. R., Overpeck, M., Pilla, R. S., Ruan, W. J., Simons-Morton, B., & Scheidt, P. (2001).
Bullying behaviors among US youth: Prevalence and association with psychosocial adjustment.
JAMA, 285(16), 2094-2100.

- 63 -

3

Chapter 3

Etiology of Different Forms of Bullying

Nansel, T.R., Craig, W.M., Overpeck, M.D., Saluja, G., & Ruan, W.J. (2004). Cross-national
consistency in the relationship between bullying behaviours and psychosocial adjustment. ARCHIVES OF PEDIATRICS AND ADOLESCENT MEDICINE, 158, 730–736.

O’Brennan, L. M., Bradshaw, C. P., & Sawyer, A. L. (2009). Examining developmental differences in the social-emotional problems among frequent bullies, victims, and bully/victims.
PSYCHOLOGY IN THE SCHOOLS, 46(2), 100-115.

Polderman, T. J., Benyamin, B., De Leeuw, C. A., Sullivan, P. F., Van Bochoven, A., Visscher, P.
M., & Posthuma, D. (2015). Meta-analysis of the heritability of human traits based on fifty years
of twin studies. NATURE GENETICS, 47(7), 702.
Posthuma D, Beem AL, de Geus EJ, van Baal GC, von Hjelmborg JB, Iachine I, Boomsma DI.
Theory and practice in quantitative genetics. TWIN RES. 2003 OCT;6(5):361-76
R Core Team (2017). R: A language and environment for statistical computing. R FOUNDATION
FOR STATISTICAL COMPUTING, VIENNA, AUSTRIA.

3

Rhee, S. H., & Waldman, I. D. (2002). Genetic and environmental influences on antisocial behavior: a meta-analysis of twin and adoption studies. PSYCHOLOGICAL BULLETIN, 128(3), 490.
Rietveld, M. J., Hudziak, J. J., Bartels, M., Van Beijsterveldt, C. E. M., & Boomsma, D. I. (2003).
Heritability of attention problems in children: I. cross-sectional results from a study of twins,
age 3–12 years. AMERICAN JOURNAL OF MEDICAL GENETICS PART B: NEUROPSYCHIATRIC
GENETICS, 117(1), 102-113.

Rijsdijk, F. V., & Sham, P. C. (2002). Analytic approaches to twin data using structural equation
models. BRIEFINGS IN BIOINFORMATICS, 3(2), 119-133.
Salmivalli, C., & Nieminen, E. (2002). Proactive and reactive aggression among school bullies,
victims, and bully victims. Aggressive Behavior: OFFICIAL JOURNAL OF THE INTERNATIONAL
SOCIETY FOR RESEARCH ON AGGRESSION, 28(1), 30-44.

Shakoor, S., McGuire, P., Cardno, A. G., Freeman, D., Plomin, R., & Ronald, A. (2015). A
shared genetic propensity underlies experiences of bullying victimization in late childhood
and self-rated paranoid thinking in adolescence. SCHIZOPHRENIA BULLETIN, 41(3), 754-763.
Shetgiri, R. (2013). Bullying and victimization among children. ADVANCES IN PEDIATRICS, 60(1), 33.
Silberg, J. L., Copeland, W., Linker, J., Moore, A. A., Roberson-Nay, R., & York, T. P.
(2016). Psychiatric outcomes of bullying victimization: a study of discordant monozygotic twins.
PSYCHOLOGICAL MEDICINE, 46(09), 1875-1883.

Sulkowski, M. L., & Simmons, J. (2018). The protective role of teacher–student relationships
against peer victimization and psychosocial distress. PSYCHOLOGY IN THE SCHOOLS, 55(2), 137-150.
Swearer, S. M., Song, S. Y., Cary, P. T., Eagle, J. W., & Mickelson, W. T. (2001). Psychosocial
correlates in bullying and victimization: The relationship between depression, anxiety, and
bully/victim status. JOURNAL OF EMOTIONAL ABUSE, 2(2-3), 95-121.
Tsaousis, I. (2016). The relationship of self-esteem to bullying perpetration and peer victimization among schoolchildren and adolescents: A meta-analytic review. AGGRESSION AND VIOLENT
BEHAVIOR, 31, 186-199.

- 64 -

Chapter 3

Etiology of Different Forms of Bullying

Van Beijsterveldt, C. E., Groen-Blokhuis, M., Hottenga, J. J., Franić, S., Hudziak, J. J., Lamb,
D., ... & Swagerman, S. (2013). The Young Netherlands Twin Register (YNTR): longitudinal
twin and family studies in over 70,000 children. TWIN RESEARCH AND HUMAN GENETICS,
16(1), 252-267.

Veenstra, R., Lindenberg, S., Oldehinkel, A. J., De Winter, A. F., Verhulst, F. C., & Ormel, J.
(2005). Bullying and victimization in elementary schools: a comparison of bullies, victims, bully/victims, and uninvolved preadolescents. DEVELOPMENTAL PSYCHOLOGY, 41(4), 672.
Veldkamp, S. A.M, van Bergen, E., de Zeeuw, E. L., van Beijsterveldt, C. E., Boomsma, D.I.,&
Bartels, M. (2017). Bullying and victimization: the effect of close companionship. TWIN RESEARCH AND HUMAN GENETICS, 20(1), 19-27.

3

- 65 -

Chapter 3 Supplement

Genetic and Environmental
Influences on Different Forms
of Bullying Perpetration, Bullying
Victimization, and their Co-occurrence
IQ

Bullyi
ng Perpe
tration

D
ADH

CITO

Internalizing

Bullying Victimization

al age
Parent

Extern
alizin
g

Chapter 3 Supp

Etiology of Different Forms of Bullying

Details about model fit evaluation
Evaluating model fit was based on the Chi-squared test, the Comparative Fit
Index (CFI) and the Root Mean Square Error of Approximation (RMSEA) (Kline,
2011). The Chi-squared test is based on the difference between the observed and expected covariance matrices. Better fit is indicated by chi-square values closer to zero.
Model evaluation was based on the combinational rule of chi-squared p-values >.05,
CFI >.95, and RMSEA <.05. Comparison of a model with a reduced model was
based on X2 difference testing. To accommodate multiple testing, we used an adjusted α-value of .01. The data were prepared in R, version 3.4.1 (R Core Team, 2015)
and all models were fitted in Mplus, version 7 (Muthén & Muthén, 1998-2012).

3

Detailed model fitting steps
For each form of perpetration and victimization, the same model fitting
procedure was followed. Results of this model fitting procedure are given apart
for each item.
General perpetration-victimization
The full bivariate model gave an excellent fit to the data (X2 (94, N = 5,634
twin pairs) = 123.66, p = .022 CFI = .997, RMSEA = .024 (90% Confidence Interval (CI): .010 - .034)). The thresholds could not be constrained to be equal for
twins in same and separate classrooms (ΔX2(8, N = 5,634 twin pairs) = 32.825, p <
.001) nor for boys and girls (ΔX2(8, N = 5,634 twin pairs) = 470.744, p < .001) and
were therefore freely estimated in subsequent models. For twins in the same and
separate classrooms, the genetic parameters (ΔX2(6, N = 5,634 twin pairs) = 5.25,
p = .512), the common environment parameters (ΔX2(6, N = 5,634 twin pairs) =
11.52, p = .074) and the unique environment parameters could be constrained to be
equal (ΔX2(2, N = 5,634 twin pairs) = 2.03, p = .363). The genetic influences did
not differ significantly between for boys and girls (ΔX2(3, N = 5,634 twin pairs) =
5.26, p = .154), but the environmental influences (both common and unique) did
(ΔX2(4, N = 5,634 twin families) = 21.33, p < .001). In Figure 2 of the manuscript
a summary of the results is visualized.
Verbal perpetration-victimization
The full bivariate model gave a satisfactory fit to the data (X2(94, N = 5,610
twin pairs) = 156.94, p < .001, CFI = .993, RMSEA = .035 (90% CI: .025 - .034)).
The thresholds could not be constrained to be equal for twins in same and different
classrooms (ΔX2(8, N = 5,610 twin pairs) = 30.18, p < .001) and for boys and girls
(ΔX2(8, N = 5,610 twin pairs) = 621.85, p < .001) and are therefore freely estimated
in subsequent models.
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For twins in the same and separate classrooms, the genetic parameters (ΔX2(6, N =
5,610 twin pairs) = 2.21, p = .899), the common environment parameters (ΔX2(6, N
= 5,610 twin pairs) = 12.95, p = .044) and the unique environment parameters could
be constrained to be equal (ΔX2(2, N = 5,610 twin pairs) = 2.81, p = .246). For boys
and girls, the genetic can be constrained (ΔX2(3, N = 5,610 twin pairs) = .97, p =
.810), but not the environmental influences (ΔX2(4, N = 5,610 twin pairs) = 21.55, p
< .001). In Figure 3 of the manuscript a summary of the results is visualized.
Physical perpetration-victimization
The full bivariate model gave an excellent fit to the data (X2(62, N = 5,610
twin pairs) = 59.26, p = .575 CFI = 1.00, RMSEA = .000 (90% CI: .000 - .023)).
The thresholds could be constrained to be equal for twins in same and separate
classrooms (ΔX2(4, N = 5,610 twin pairs) = 2.85, p = .583), but not for boys and
girls (ΔX2(2, N = 5,610 twin pairs) = 412.38, p < .001). Therefore, the thresholds
for twin in the same and separate classrooms were set equal and only the thresholds for boys and girls were freely estimated in subsequent models. For twins in
the same and separate classrooms, the genetic parameters (ΔX2(6, N = 5,610 twin
pairs) = 2.88, p = .824), the common environmental parameters (ΔX2(6, N = 5,610
twin pairs) = 4.38, p = .625), and the unique environmental parameters (ΔX2(2, N =
5,610 twin pairs) = 7.81, p = .020) could be constrained to be equal. For boys and
girls, the genetic parameters could be constrained to be equal (ΔX2(3, N = 5,610
twin pairs) = 3.28, p = .351), but not the environmental (both common and unique)
parameters (ΔX2(4, N = 5,610 twin pairs) = 13.49, p = .009). In Figure 4 of the
manuscript a summary of the results is visualized.
Relational perpetration-victimization
The full bivariate model gave an excellent fit to the data (X2(94, N = 5,611
twin pairs) = 117.59, p = .050 CFI = .997, RMSEA = .021 (90% CI: .000 - .032)).
The thresholds could not be set equal for twins in same and different classrooms
(ΔX2(8, N = 5,611 twin pairs) = 42.43, p < .001) and for boys and girls (ΔX2(8, N
= 5,611 twin families) = 73.65, p < .001) and were therefore freely estimated in
the subsequent models. The genetic influences could be constrained to be equal
for twins in the same versus separate classrooms (ΔX2(6, N = 5,611 twin pairs) =
12.09, p = .060), as well as the common environmental effects (ΔX2(6, N = 5,611
twin pairs) = 4.15, p = .657) and the unique environmental effects (ΔX2(2, N =
5,611 twin pairs) = 7.81, p = .020). For boys and girls, the genetic factors could
be constrained to be equal (ΔX2(3, N = 5,611 twin pairs) = 1.85, p = .605), and the
environmental factors could not (ΔX2(4, N = 5,611 twin pairs) = 27.29, p < .001).
In Figure 5 of the manuscript a summary of the results is visualized.
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of roddelen?(relationeel)

1

2

3

4

5

- 70 -

Chapter 3 Supp

Etiology of Different Forms of Bullying

Table S1. Model-fitting Tests
Mean Structure
1

Classroom differences (Same Classroom vs. Different Classrooms)

2

Sex differences (Boys vs. Girls)
Variance Components

3

Classroom differences in all genetic parameters
(a11 a21 a22 SC = a11 a21 a22 DC)

4

Classroom differences in all common environmental parameters
(c11 c21 c22 SC = c11 c21 c22 DC)

5

Classroom differences in unique environmental covariation
(r e1-e2 SC = r e1-e2 DC)

6

3

Sex differences in all genetic parameters
(a11 a21 a22 boys = a11 a21 a22 girls)

7

Sex differences in all common environmental parameters and in unique
environmental covariation
(c11 c21 c22 & r e1-e2

boys

= c11 c21 c22 & r e1-e2

girls )

Note. SC = Same Classroom. DC = Different Classrooms. a = genetic influences.
c = common environmental influences. e = unique environmental influences.
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Table S2. Correlations between various Forms of Victimization and Perpetration by Sex
Victimization

Perpetration

Victimization

General Verbal Physical Relational

Perpetration

Physical Relational

General

-

.85

.60

.76

.68

.56

.53

.47

Verbal

.88

-

.61

.70

.59

.72

.59

.50

Physical

.68

.65

-

.47

.49

.52

.85

.36

Relational

.75

.71

.53

-

.54

.52

.47

.68

General Verbal Physical Relational

3

General Verbal

General Verbal

Physical Relational

General

.64

.56

.56

.47

-

.86

.68

.83

Verbal

.54

.65

.56

.49

.90

-

.69

.78

Physical

.51

.51

.80

.48

.73

.71

-

.51

Relational

.35

.41

.44

.59

.75

.77

.56

-

Note. Correlations are shown above the diagonal for girls (grey) and below the diagonal for boys (white).
Correlations between the same form of victimization and perpetration are shown in bold typeface.
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.55 (.44-.67)

.39 (.22-.56)

.39 (.24-.54)

.38 (.16-.59)

.21 (.07-.35)

.86 (.83-.90)

.89 (.85-.93)

.55 (.45-.65)

.65 (.54-.77)

.45 (.36-.55)

MZ boys

MZ girls

DZ boys

DZ girls

DOS

.17 (.04-.30) - .09 (-.06-.25)

.39 (.28-.50) - .29 (.17-.41)*

.52 (.43-.62)

.14 (.00-.29)

.19 (.02-.36)

.55 (.43-.68)

.14 (-.10-.39)

.71 (.61-.80)

.19 (.05-.33)

.37 (.26-.47)

.20 (.05-.35)

.56 (.46-.67)

.24 (.07-.41)

.31 (.18-.43)

.60 (.53-.67)

.62 (.53-.71)

Different Class

Same Class

.34 (.17-.51)

.42 (.27-.58)

Different Class

General Perpetration with General Victimization

.86 (.81-.92)

.83 (.78-.87)

Same Class

General Victimization

Cross-Traits

Note. MZ = Monozygotic twins. DZ = Dizygotic twins. DOS = Dizygotic twins of Opposite Sex.
* Correlations are between the trait in twin 1 and the trait in twin 2. The first value is the correlation between the girls’
victimization score and the boys’ perpetration score. The second value is the correlation between the girls’ perpetration
score and the boys’ victimization score.

Different Class

Same Class

General Perpetration

Within Traits

Table S3. Twin Correlations for General Perpetration and Victimization
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.57 (.45-.69)

.56 (.38-.73)

.26 (.11-.41)

.27 (.03-.52)

.31 (.18-.44)

.81 (.76-.86)

.86 (.81-.91)

.50 (.40-.60)

.58 (45-.70)

.55 (.45-.64)

MZ girls

DZ boys

DZ girls

DOS

- 74 .50 (.40-.60)

.68 (.56-.80)

.65 (.57-.73)

.87 (.81-.92)

.83 (.79-.88)

Same Class

.16 (.02-.30)

.27 (.06-.49)

.13 (-.03-.29)

.41 (.23-.59)

.45 (.31-.59)

Different Class

.30 (.19-.42) - .40 (.29-.52)*

.42 (.27-.56)

.38 (.28-.47)

.60 (.50-.70)

.54 (.46-.63)

Same Class

.26 (.14-.39) - .09 (-.06-.25)

.20 (.03-.37)

.15 (.01-.28)

.47 (.32-.63)

.32 (.19-.45)

Different Class

Verbal Perpetration with Verbal Victimization

Cross-Traits

Note. MZ = Monozygotic twins. DZ = Dizygotic twins. DOS = Dizygotic twins of Opposite Sex.
* Correlations are between the trait in twin 1 and the trait in twin 2. The first value is the correlation between the girls’
victimization score and the boys’ perpetration score. The second value is the correlation between the girls’ perpetration
score and the boys’ victimization score.

MZ boys

Different Class

Same Class

Verbal Victimization

3

Verbal Perpetration

Within Traits

Table S4. Twin Correlations for Verbal Perpetration and Victimization
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.51 (.31-.72)

.69 (.35-1.00)

.18 (-.07-.43)

.39 (-.14-.92)

.20 (-.06-.47)

.90 (.84-.96)

.87 (.76-.99)

.61 (.46-.76)

.66 (.39-.93)

.40 (.19-.61)

MZ boys

MZ girls

DZ boys

DZ girls

DOS

.51 (.32-.69)

.67 (.41-.94)

.68 (.54-.82)

.93 (.85-1.00)

.89 (.82-.96)

Same Class

.02 (-.34-.38)

.02 (-1.00-1.00)

.32 (.04-.60)

.60 (.23-.98)

.51 (.29-.74)

Different Class

Physical Victimization

Different Class
.51 (.34-.68)
.65 (.32-.99)
.38 (.18-.57)
.10 (-.74-.94)
.12 (-.16-.40) - .03 (-.33-.39)

Same Class
.78 (.69-.87)
.76 (.59-.93)
.51 (.36-.67)
.63 (.41-.84)
.53 (.36-.70) - .22 (-.05-.48)*

Physical Perpetration with Physical Victimization

Cross-Traits

Note. MZ = Monozygotic twins. DZ = Dizygotic twins. DOS = Dizygotic twins of Opposite Sex.
* Correlations are between the trait in twin 1 and the trait in twin 2. The first value is the correlation between the girls’
victimization score and the boys’ perpetration score. The second value is the correlation between the girls’ perpetration
score and the boys’ victimization score.

Different Class

Same Class

Physical Perpetration

Within Traits

Table S5. Twin Correlations for Physical Perpetration and Victimization
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.48 (.31-.66)

.32 (.14-.51)

.31 (.13-.49)

.07 (-.16-.31)

.21 (.05-.36)

.84 (.79-.89)

.86 (.82.91)

.58 (.45-.70)

.65 (.54-.76)

.51 (.40-.62)

MZ girls

DZ boys

DZ girls

DOS

- 76 .51 (.39-.63)

.72 (.62-.82)

.67 (.57-.78)

.86 (.81-.90)

.79 (.72-.87)

Same Class

.08 (-.08-.24)

.08 (-.15-.32)

.45 (.26-.63)

.31 (.13-.50)

.49 (.29-.69)

Different Class

Relational Victimization

.38 (.24-.51) - .37 (.24-.50)*

.54 (.42-.66)

.48 (.37-.60)

.52 (.43-.62)

.54 (.42-.66)

Same Class

.09 (-.07-.24) - -.08 (-.25-.10)

-.05 (-.23-.14)

.04 (-.15-.22)

.28 (.12-.45)

.17 (-.02-.35)

Different Class

Relational Perpetration with Relational Victimization

Cross-Traits

Note. MZ = Monozygotic twins. DZ = Dizygotic twins. DOS = Dizygotic twins of Opposite Sex.
* Correlations are between the trait in twin 1 and the trait in twin 2. The first value is the correlation between the girls’
victimization score and the boys’ perpetration score. The second value is the correlation between the girls’ perpetration
score and the boys’ victimization score.

MZ boys

Different Class

Same Class

Relational Perpetration

Within Traits

Table S6. Twin Correlations for Relational Perpetration and Victimization
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60

53

43

Verbal

Physical

Relational

4

9

2

7

5

11

7

9

16

12

20

14

15

10

15

12

37

26

18

26

C

E

Rater

32

46

40

37

9

10

5

5

10

12

9

8

17

10

17

17

40
38
34
43

15
14
8
16

Boys-Girls Boys Girls Boys Girls Boys Girls

A

Victimization

Proportion
due to A1

.26

.86

.62

.50

16

52

47

34

14

48

42

32

Boys-Girls Boys Girls

rA

Correlation

Note. The genetic parameters are constrained to be equal for boys and girls, so there is only one A estimate for each item for both traits.
The rater effect is equal for boys and girls as well. 1 The proportion of the correlation that is due to A differs between boys and girls,
despite equal genetic parameters, because the phenotypic correlation (between perpetration and victimization) differed.
The remaining part is due to environmental influences (both common and unique).

53

General

Boys-Girls Boys Girls Boys Girls Boys Girls

A

Perpetration

Table S7. Estimates (in %) for Variation due to Additive Genetic, Common Environmental, and Unique Environmental
Factors for all Types of Victimization and Perpetration and their Correlation with the Rater-effects included
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Figure S1. Within person specification for the ACE model used in this study. “A” represents
the genetic, “C” the common environmental, and “E” the unique environmental influences.
Rater effects are not shown to avoid clutter. “a11” represents the genetic influences on victimization, “a12” represents the genetic covariance between victimization and perpetration, and
“a22” represents the unique genetic influences on perpetration after accounting for the shared
genetic influences. “c11” represents the common environmental influences on victimization,
“c12” represents the common environmental covariance between victimization and perpetration, and “c22” represents the common environmental influences on perpetration after accounting for the shared common environmental influences. “e1” represents the unique environmental influences (modeled as a residual) on victimization and “e2” the unique environmental
influences (residual) on perpetration. “re” represents the unique environmental correlation
between the residual of victimization and the residual of perpetration, and only this parameter
for the unique environmental part of the model is estimated.
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