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Background: To conduct a comprehensive assessment of the association between aggression and academic
performance in compulsory education. Method: We studied aggression and academic performance in over 27,000
individuals from four European twin cohorts participating in the ACTION consortium (Aggression in Children:
Unraveling gene-environment interplay to inform Treatment and InterventiON strategies). Individual level data on
aggression at ages 7–16 were assessed by three instruments (Achenbach System of Empirically Based Assessment,
Multidimensional Peer Nomination Inventory, Strengths and Difficulties Questionnaire) including parental, teacher
and self-reports. Academic performance was measured with teacher-rated grade point averages (ages 12–14) or
standardized test scores (ages 12–16). Random effect meta-analytical correlations with academic performance were
estimated for parental ratings (in all four cohorts) and self-ratings (in three cohorts). Results: All between-family
analyses indicated significant negative aggression–academic performance associations with correlations ranging
from �.06 to �.33. Results were similar across different ages, instruments and raters and either with teacher-rated
grade point averages or standardized test scores as measures of academic performance. Meta-analytical r’s were �.20
and �.23 for parental and self-ratings, respectively. In within-family analyses of all twin pairs, the negative
aggression–academic performance associations were statistically significant in 14 out of 17 analyses (r = �.17 for
parental- and r = �.16 for self-ratings). Separate analyses in monozygotic (r = �.07 for parental and self-ratings),
same-sex dizygotic (r’s = �.16 and �.17 for parental and self-ratings) and opposite-sex dizygotic (r’s = �.21 and �.19
for parental and self-ratings) twin pairs suggested partial confounding by genetic effects. Conclusions: There is a
robust negative association between aggression and academic performance in compulsory education. Part of these
associations were explained by shared genetic effects, but some evidence of a negative association between
aggression and academic performance remained even in within-family analyses of monozygotic twin pairs.
Keywords: Aggression; cognition; development; educational attainment; school performance.

Introduction
Aggression is behaviour with intention to cause
harm to others (Anderson & Bushman, 2002). The
most common developmental trajectory of physical
aggression is a peak in early childhood around 3–
4 years of age followed by a gradual decline after-
wards (Tremblay, Vitaro, & Cote, 2018). Despite the
developmental changes in the average level of phys-
ical aggression, children who are consistently highly
aggressive can be identified.

Childhood and adolescent aggression are risk
factors for many negative outcomes in childhood,
adolescence and in adulthood, including criminality,
greater risk of substance use disorders and psychi-
atric disorders (Fergusson, Horwood, & Ridder,
2005b), particularly if childhood aggression contin-
ues into adolescence and aggression is high in

intensity (Pulkkinen, 2017; Pulkkinen, 2018).
Aggressive children and adolescents are also at risk
for school maladjustment, poor school performance
and lower educational attainment, and conse-
quently, for lack of occupational alternatives, poorer
adjustment to work life, long-term unemployment
and social exclusion (Bynner & Parsons, 2002;
Fergusson et al., 2005b; Hinshaw, 1992; Kokko &
Pulkkinen, 2000).

The mechanisms underlying the negative relation-
ship between aggression and academic performance
are not well understood (Hinshaw, 1992). Genetic
and to a lesser degree also common environmental
influences shared by family members account for a
substantial proportion of individual differences in
aggression, academic performance and cognitive
ability in childhood. (Haworth et al., 2010; Krapohl
et al., 2014; Porsch et al., 2016). Twin studies have
indicated a shared genetic and environmental effects
between aggression and academic performance/
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cognitive ability (Hicks, Johnson, Iacono, & McGue,
2008; Johnson, McGue, & Iacono, 2009; Koenen,
Caspi, Moffitt, Rijsdijk, & Taylor, 2006; Lewis,
Asbury, & Plomin, 2017). Such a genetic correlation
would also arise under a causal model where one
heritable phenotype influences a second heritable
phenotype (De Moor, Boomsma, Stubbe, Willemsen,
& de Geus, 2008). In addition to bivariate models
where standard phenotypic correlation between
aggression and academic performance can be
decomposed into genetic and environmental corre-
lations, twin data can be used to conduct a quasi-
experimental design.

Compared to correlational studies in unrelated
individuals, quasi-experimental design of monozy-
gotic (MZ) and dizygotic (DZ) twin pairs is more
suitable to address causality questions. Here, it is
possible to test if between-family associations can be
confirmed in within-family analyses that control for
shared genetic (fully in MZs and partly in DZs) and
common environmental (in MZs and DZs) effects
(Dick, Johnson, Viken, & Rose, 2000; McGue, Osler,
& Christensen, 2010). Within-twin-pair analyses can
address if the aggression–academic performance
association is confounded by third variables (envi-
ronmental or genetic) even without any measure-
ment of such variables. For example, low parental
education may be linked to both poorer offspring
academic performance and higher aggression. In
studying unrelated individuals, it is not possible to
fully control for a third variable that varies between
families. However, siblings, including twins, from the
same family share parental education making it
possible to fully control for the effects of parental
education. It is also possible that some of the genetic
effects that make people more aggressive also have
negative effects on school performance. Again, these
kinds of shared effects cannot be fully controlled in a
sample of unrelated individuals, noting here that
polygenic scores can be used in unrelated samples
but these variables capture only a small proportion
of genetic variance. Importantly, no large-scale stud-
ies have investigated whether within-twin-pair dif-
ferences in aggression predict within-twin-pair
differences in academic performance.

All MZ pairs are of the same sex, but DZ twins can
be either from same- or opposite-sex pairs. Like
same-sex DZ twins, also opposite-sex DZ twins share
on average half of their segregating genes, so these
analyses control also in part for genetic influences. It
is well established, that on average, males display
more aggression than females (Tremblay et al., 2018)
and females tend to outperform males in academic
performance (Voyer & Voyer, 2014), but it is not
known if aggression is associated with academic
performance over and above the effect of sex when
studying boys and girls from opposite-sex twin pairs.
Moreover, is the association between aggression and
academic performance similar in boys and girls?

Finally, the issues related to measurement of
aggression and academic performance are important
in understanding the mechanisms behind the
aggression–academic performance relationship.
Aggression in children is often rated by parents or
teachers and these ratings are only modestly corre-
lated. To date, there are no studies that have
systematically studied the associations between
aggression and academic performance in the same
individuals with different raters. As aggressiveness,
at least to some extent, depend on context and age,
investigating information from multiple raters and at
different ages will yield a better understanding of the
effects of aggression on academic performance. Aca-
demic performance can be measured either with
teacher-rated grade point averages (GPA) or by using
standardized tests. When teachers grade their stu-
dents, it is possible that students’ behaviour prob-
lems affect their ratings: those with higher
aggression receive poorer grades. In contrast, the
effects of behavioural problems on the academic
performance are not affected by rater bias when
using standardized test scores as measures of aca-
demic performance.

Here, we performed a comprehensive investigation
of the association between aggression and academic
performance by implementing both between- and
within-family analyses of >27,000 twins from four
European countries. These data sets consist of twins
from both MZ and DZ pairs and each included at
least two different raters (father, mother, self or
teacher) of aggression at ages 7–16 and academic
performance measures at ages 12–16. Two of the
samples included GPAs and two samples had stan-
dardized test scores as measures of academic per-
formance.

We had two aims. First, we conducted between-
family (individual level) analyses to investigate if the
negative aggression–academic performance relation-
ship is evident across ages, raters and academic
performance measures in compulsory education.
Secondly, we investigated whether these associa-
tions can be replicated in within-family (twin-pair
level) comparisons that control for shared environ-
mental and genetic influences. These analyses ask:
do more aggressive co-twins have poorer academic
performance compared to their less aggressive co-
twins?

Methods
Participants

The participants of this study were from four twin cohorts
participating in the European Union funded Aggression in
Children: Unraveling gene-environment interplay to inform
Treatment and InterventiON strategies (ACTION) project (Bar-
tels et al., 2018). Data for aggression and academic perfor-
mance were available for a total of 27,494 individuals
including 12,829 full twin pairs. Each cohort included twins
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from MZ, same-sex DZ (SSDZ) and opposite-sex DZ (OSDZ)
pairs.

Participating cohorts were as follows: (a) FinnTwin12 from
Finland (Kaprio, Pulkkinen, & Rose, 2002); (b) the Childhood
and Adolescent Twin Study in Sweden (CATSS) (Anckarsater
et al., 2011); (c) the Netherlands Twins Registry (NTR) (van
Beijsterveldt et al., 2013); and (d) Twins Early Development
Study (TEDS) from the UK (Haworth, Davis, & Plomin, 2013).
General descriptions about participant recruitment and study
protocols can be found from the references above and from the
ACTION consortium website (http://www.action-euproject.e
u/). Here, we give a short description of each cohort and details
about the phenotypes. We used parental (FinnTwin12, CATSS,
NTR and TEDS), teacher (FinnTwin12 and NTR) and self-
ratings (FinnTwin12, CATSS, NTR and TEDS) of aggression.
Academic performance measures were either teacher-rated
GPA (FinnTwin12 and CATSS) or standardized test perfor-
mance (NTR and TEDS).

FinnTwin12. The participants were from a population-
based longitudinal FinnTwin12 study that comprises Finnish
twins born 1983–1987 (Kaprio et al., 2002). Initially, all twins
from these five birth cohorts were identified through Finnish
Population Register Centre. Twins and their parents were
enrolled in the study when twins were 11–12 year olds with a
baseline participation rate above 90%. Study protocols in
FinnTwin12 are approved by the Helsinki and Uusimaa
Hospital District ethical review board, Helsinki, Finland and
Institutional Review Board of the Indiana University, Bloom-
ington, USA. Parents gave permission for assessing their twin
children and contacting the teachers of the twins.

CATSS. The CATSS sample consists of twins born from
January 1994 and onwards. All twins in Sweden are identified
via the Swedish Twin Registry and their parents are invited to
participate in a telephone interview in connection with their
twins’ 9th birthday. Parents and twins are then contacted
again when the twins turn 15 and are asked to, separately, fill
out a web-questionnaire. The CATSS is described in detail in
(Anckarsater et al., 2011). CATSS has ethical permission from
the regional ethical review ethical review board in Stockholm
and at age 15 twins and parents gave separate consents.

NTR. NTR recruits newborn twins and multiples from the
population in the Netherlands who were born after 1986 (van
Beijsterveldt et al., 2013; Boomsma et al., 2002). Parents
receive surveys after birth of twins for every 2–3 years, until
the children are 12 years of age. At twins’ ages 7, 9/10 and
12 years, the parents are asked for consent to approach the
teacher of the twins. After consent was given, teachers were
approached with a request to take part in the study. NTR
studies were approved by the Central Ethics Committee on
Research Involving Human Subjects, VU University Medical
Center, Amsterdam.

TEDS. Participants from the population-based study in the
UK were drawn from the Twins Early Development Study
(TEDS) (Haworth et al., 2013; Oliver & Plomin, 2007; Rimfeld
et al., 2019). TEDS is a large longitudinal study that recruited
over 16,000 twin pairs born in England and Wales between
1994 and 1996. Although there has been some attrition, more
than 10,000 twin pairs remain actively involved in the study.
Rich cognitive and behavioural data, including educational
achievement, have been collected from the twins, their parents
and teachers, over compulsory education and beyond. Ethical
approval for TEDS was received from King’s College London
Ethics Committee. Written informed consent was obtained
from participants and/or their parents at each wave of data
collection.

Aggression measures

Aggression was measured with the Dutch version of the Child
Behavior Checklist (CBCL) and the Teacher Report Form (TRF)
in the NTR with mother, father and teacher ratings at ages 7,
10 and 12 years (Achenbach, Ivanova, & Rescorla, 2017;
Hudziak et al., 2003). Parental ratings included 18 items each
rated in a three-point scale: 0 = behaviour not true, 1 = be-
haviour somewhat or sometimes true, 2 = behaviour very or
often true (items are shown in Table S1). Teacher ratings from
the Teacher Report Form (TRF) included 20 items with similar
scoring (one item, disobedient at home was excluded and three
additional questions asked about behaviour at school). Items
were scored on a 3-point scale [range between 0 and 2], and the
mean item score was used as an index of aggression.

In FinnTwin12, aggression was measured using Multidi-
mensional Peer Nomination Inventory (MPNI) with parental
and teacher ratings at age 12 and self- and teacher ratings at
age 14 (Pulkkinen, Kaprio, & Rose, 1999). Both teacher and
school at age 14 differed from those at age 12. A total of six
questions about aggressive behaviour (four questions about
direct aggression and two questions about indirect aggression)
were rated on four-point scales: 0 = does not apply, 1 = applies
sometimes, but not consistently, 2 = certainly applies, but not
in a pronounced way, 3 = applies in a pronounced way (items
are shown in Table S1). A mean score of items [range 0 to 3]
was used as a measure of aggression.

The Conduct Problem Scale from the Strength and Difficul-
ties Questionnaire (SDQ) was used as a proxy measure of
aggression in CATSS (at age 15) and TEDS (at age 16). Both
CATSS and TEDS had parental and self-ratings. Each item was
rated using three-point scale: 0 = not true, 1 = somewhat true,
2 = certainly true (items are shown in Table S1). A mean score
of 5 items ranging from 0 to 2 formed a conduct problems scale
that was used as a proxy for aggressive behaviour.

Academic performance measures

Grade point averages. Academic performance was mea-
sured with teacher-rated GPA in FinnTwin12 at ages 12 and 14
and in CATSS at age 15. In the Finnish school system, each
subject is graded from 4 to 10 and together all subjects yield a
GPA ranging from 4 to 10 (Latvala et al., 2014). In Sweden, The
National School Register includes grades in all subjects for all
students at the end of the 9th grade; these data were merged
with the CATSS data. Each subject is graded from 0 to 20
(A = 20 points, B = 17.5 points, C = 15 points, D = 12.5
points, E = 10 points and F = 0 points), and 16 best grades
are summed to yield a GPA ranging from 0 to 320.

Standardized educational attainment (EA) test
scores. Academic performance was operationalized as a
result of a standardized test score. In the NTR, we analysed
Dutch CITO-elementary test score at age 12 (de Zeeuw, van
Beijsterveldt, Glasner, de Geus, & Boomsma, 2016), and in
TEDS, we used General Certificate of Secondary Education
(GCSE) standardized examination score at age 16.

CITO test. The CITO test is a standardized test for educa-
tional achievement that is administered in the final grade
(when children are 11 or 12 years old) of elementary school
(Eindtoets Basisonderwijs, 2002). The CITO test consists of
multiple choice items in four different educational skills,
namely Arithmetic, Language, Study Skills, and Science and
Social Studies. The first 3 test scales are combined to a
standardized total score (also called CITO score), which is
standardized on scale from 500 to 550. Initially, NTR obtained
the CITO scores from surveys mailed to teachers of twins.
Because results are only available near the very end of the
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school year, we later asked the parents to report on the scores.
For a small group, the CITO scores were obtained by linking
our database of CITO.

GCSE examination. GCSE examination results were
obtained from twins themselves or from their parents via
questionnaires sent over mail or via telephone. GCSEs are UK-
wide standardized examinations taken at age of 16 at the end
of compulsory education. Children choose from variety of
different subjects from English, math and science, to history,
art and geography, and take around 10 GCSEs on average.
English, Mathematics and Science are compulsory subjects, so
we analysed examination grades from English, Mathematics
and Science. Composite measures were created for English
(mean of English language and English literature grades),
Science (mean of single or double-weighted science, or, when
taken separately chemistry, physics and biology grade) and
Mathematics. Mean core academic achievement was calcu-
lated by taking the mean of English, Mathematics and Science
(Krapohl et al., 2014; Shakeshaft et al., 2013). For 7,367 twins
the grades were verified in the National Pupil Database (NPD;
https://www.gov.uk/government/uploads/system/uploads/
attachment_data/file/251184/SFR40_2013_FINALv2.pdf),
yielding a correlation of 0.99 for mathematics, 0.98 for English
and >0.95 for all the sciences (Rimfeld, Kovas, Dale, & Plomin,
2015).

Data analysis

Between-family association analyses. We used lin-
ear regression analyses with academic performance (GPA or
test score) as a dependent variable and aggression, sex and age
as independent variables. Non-independence of individuals,
that is, twins within families, was taken into account in
between-family analyses (robust standard errors adjusted for
clustered family data in Stata). The age variable was centred,
sex coded as 0 = boy, 1 = girl. Constants in these models
indicate academic performance in boys with an average age of
the sample and no aggression. The regression coefficient in all
models indicates change in academic performance units as a
function of one unit increase in the aggression score thus
allowing direct country-specific interpretation of the effect of
aggression on academic performance.

Within-family association analyses. We used fixed
effect linear conditional regression analyses to investigate if the
associations between aggression and academic performance
can be replicated in within-family comparison of twin pairs
(xtreg with option fe in Stata). First, analyses included all twin
pairs followed by separate analyses including only MZ pairs,
DZ pairs from same-sex pairs and DZ pairs from opposite-sex
pairs. In line with between-family analyses, centred age and
sex (boys as a reference group) were included as covariates in
these analyses.

Controlling for shared genetic and environmental effects
does not require information about measured genes or envi-
ronmental factors. Indeed, common environmental effects refer
to all environmental influences that make twins within a pair
alike, in addition to shared genetic influences. Shared genetic
effects are controlled, because MZ twins are genetically iden-
tical. Shared genetic effect are also controlled, in part, in DZ
twins who on average, like non-twin full siblings, share half of
their segregating genes.

Results of within-family analyses clarify whether the asso-
ciations are confounded by genetic or environmental effects
(Dick et al., 2000; McGue et al., 2010). If within-twin-pair
differences in aggression are related to within-twin-pair differ-
ences in academic performance equivalently in both DZ and
MZ pairs and if these within-family correlations are of similar
magnitude and equal that found in between-family (individual

level) correlations, there is no third variable confounding.
Evidence of confounding is apparent when within-twin-pair
aggression–academic performance correlations are smaller in
magnitude than individual level correlations. More specifically,
partial genetic confounding occurs when the aggression–aca-
demic performance correlation within DZ pairs is less than
that of between-family correlation, and the correlation within
MZ pairs is about half of the correlation within DZ pairs.
Complete genetic confounding occurs when the aggression–
academic performance correlation within DZ pairs is about
half of the individual level correlation and correlation within
MZ pairs is (near or) at zero. Complete environmental con-
founding occurs if both, within DZ and MZ pair aggression–
academic performance correlations, are zero.

Meta-analytical correlations. We performed random
effects meta-analytical correlations by using metacor function
of “meta” package in R (Schwarzer, 2007). Effects were
converted to Fisher’s z-transformation weighted by their
inverse variances. Sample heterogeneity was assessed with
I2-statistics, and between-study variance tau2 were estimated
by DerSimonian–Laird method. Meta-analytical approach was
used separately for different raters that were included at least
in three cohorts. Parental ratings were included in all four
cohorts. In the NTR, there were separate aggression ratings
from mothers and fathers, but we included only maternal
ratings in the meta-analysis and combined them with other
cohorts’ parental ratings (other cohorts had a single parental
rating, but in a majority of cases, these were based on maternal
reports). Self-ratings were included in three cohorts (FinnT-
win12, CATSS and TEDS). Further, in meta-analyses, we
included only correlations that included aggression rating and
academic performance from the same age. In the NTR, mater-
nal ratings were available from different ages but we included
only age 12 ratings.

Results
Sample demographics

Table 1 shows mean age at the time of aggression
assessments and the number of participants with
aggression and academic performance measures for
each age for each cohort. The number of twins with
available aggression or academic performance data
by sex can be found from Tables S2 and S3.

Sex differences in aggression

Boys had higher levels of aggression in FinnTwin12,
NTR and TEDS, whereas in CATSS boys had higher
aggression based on self-ratings but girls had higher
aggression based on parental ratings (Figure 1A,
Table S2). The effect sizes of sex differences were
modest when measured with CBCL, TRF (in NTR) and
MPNI (in FinnTwin12), whereas the effect size of sex
differences was negligible or small when measured
with SDQ (in CATSS and TEDS) (Figure 1). Compared
to parental ratings, teacher ratings yielded consis-
tently greater sex differences (Figure 1).

Sex differences in academic performance

In Finland and Sweden, girls had significantly higher
teacher-rated GPAs than boys (Figure 1B, Table S3).
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The effect sizes of these differences were modest.
Considering standardized EA test scores, girls had
higher GCSE scores than boys in TEDS whereas
boys had higher CITO scores than girls in the
Netherlands (Figure 1B, Table S3). Sex differences
in standardized test scores were small in magnitude.

Between-family analyses of aggression and
academic performance associations

All between-family analyses indicated significant neg-
ative associations between aggression and academic
performance across different ages, instruments and

Table 1 Mean age (SD in parentheses) in aggression measurements and number of participants with aggression and academic
performance measures in four studies

7 years 10 years 12 years 14 years 15 years 16 years

NTR (CITO score at 12 years) M: 7.40
(0.39),

N = 9,812
F: 7.40
(0.39),

N = 7,599
T: 7.48
(0.34),

N = 4,355

M: 10.03
(0.41),

N = 9,071
F: 10.03
(0.41),

N = 6,777
T: 10.01
(0.47),

N = 5,381

M: 12.26
(0.40),

N = 10,388
F: 12.26
(0.40),

N = 7,578
T: 12.15
(0.29),

N = 5,305
FinnTwin12 (GPA at 12 years and
14 years)

P: 11.79
(0.29),

N = 2,884
T: 11.58
(0.32),

N = 3,081

S: 14.19
(0.15),

N = 1,287
T: 14.23
(0.20),

N = 2,828
CATSS (GPA at 15 years) S: 15.62

(0.48),
N = 5,288
P: 15.58
(0.49),

N = 4,488
TEDS (GCSE at 16 years) S: 16.31

(0.68),
N = 8,695
P: 16.31
(0.68),

N = 8,720

FinnTwin12, Finnish twin cohort study; Children and Adolescent Twin Study in Sweden; GCSE, examination results for the General
Certificate of Secondary Education; NTR, The Netherlands Twin Registry; TEDS, Twins Early Development Study. F, paternal
reported; M, maternal reported; P, parental reported; S, self-reported; T, teacher reported.

Figure 1 (A) Effect size of sex on aggression as indicated by Cohen’s d. Negative values indicate higher aggression in boys. Black bars
indicate significant sex difference after Bonferroni correction (p < .003 [0.05/17]). (B) Effect size of sex on academic performance as
indicated by Cohen’s d. Positive values indicate female advantage. All sex differences were significant at p < .001. FT12, FinnTwin12;
CATSS, Children and Adolescent Twin Study in Sweden; NTR, Netherlands Twin Register; TEDS, Twins Early Development Study; CBCL,
Child Behavior Checklist; TRF, Teacher Report Form; MPNI, Multidimensional Peer Nomination Inventory; SDQ, Strengths and Difficulties
Questionnaire. GPA, teacher-rated grade point average. CITO, Dutch CITO-elementary test score; GCSE, General Certificate of Secondary
Education examination results
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raters with correlations ranging from �0.06 to �0.33
(Table 2; Figure 2).

Meta-analytical parental-rated aggression–aca-
demic performance correlation was �0.20 and self-
rated aggression–academic performance correlation
was �0.23 (Figure 3A,B). There was significant
heterogeneity between parental-rated studies: Q

(3) = 105.98, p < .001, I2 = 97%, s2 = 0.0056 (Fig-
ure 3A). There was also significant heterogeneity
between self-rated studies: Q(2) = 9.84, p = .007,
I2 = 79.7%, s2 = 0.0009 (Figure 3B).

Sex effects on academic performance remained
when controlling for aggression (Tables S4–S9).
Aggression by sex interaction effects on academic
performance were non-significant in most of the
models; only FinnTwin12 age 12 parental (p = .017)
ratings indicated stronger aggression–academic per-
formance associations in boys than in girls and the
NTR age 12 father ratings indicated stronger asso-
ciation in girls (p = .022) (correlations by sex are
shown in the Table S10).

Within-family analyses of aggression and academic
performance associations

In within-family analyses of all twin pairs, the
negative association between aggression and aca-
demic performance was statistically significant in 14
out of 17 analyses (number of full pairs ranging from
558 to 4,698) (Figure 4, Table S11). Correlations
between twin-pair differences in aggression and

twin-pair differences in academic performance ran-
ged from �0.01 to –0.23 (Table S12). Meta-analytical
within-twin-pair parental-rated aggression–aca-
demic performance correlation was �0.17
(p < .001) and within-twin-pair self-rated aggres-
sion–academic performance correlations was �0.16
(p < .001) (Figure 3C,D). There was significant
heterogeneity between parental-rated studies: Q
(3) = 33.28, p < .001, I2 = 91%, s2 = 0.0035 (Fig-
ure 3C). There was also significant heterogeneity
between self-rated studies: Q(2) = 9.56, p = .008,
I2 = 79.1%, s2 = 0.0020 (Figure 3D).

In MZ pairs, only 3 out of 17 analyses (number of
full pairs from 217 to 1,789) indicated a significant
negative association between aggression and aca-
demic performance. However, meta-analytical MZ
within-twin-pair parental-rated aggression–aca-
demic performance correlation was �.07 (p < .001)
and MZ within-twin-pair self-rated aggression–aca-
demic performance correlation was �.07 (p = .020)
(Figures S1 and S2). There was no significant hetero-
geneity between parental-rated studies: Q(3) = 0.10,
p = .992, I2 = 0%, s2 = 1.00 (Figure S1). Similarly,
there was no significant heterogeneity between self-
rated studies: Q(2) = 3.83, p = .147, I2 = 47.8%,
s2 = 0.0015 (Figure S2).

In DZ’s from same-sex pairs, 9 out of 17 analyses
(number of full pairs from 172 to 1,433) indicated
significant negative associations and in DZ’s from
opposite-sex pairs, 8 out of 17 analyses (number of
full pairs from 165 to 1,476) indicated significant

Table 2 Linear regression analyses and the correlations between aggression and academic performance. Unstandardized regression
coefficients (with 95% confidence intervals in parentheses) indicate study specific effects of one unit increase in aggression scale on
academic performance

Cohort
Age/Rater N Test statistics b (95% CI’s) t r

NTR
Age 7—mother 9,812 F(3, 5383) = 44.06 �3.96 (�4.78; �3.13) �9.44* �.10*
Age 7—father 7,599 F(3, 4133) = 32.28 �3.86 (�4.86; �2.86) �7.55* �.09*
Age 7—teacher 4,355 F(3, 2498) = 15.20 �3.42 (�5.00; �1.85) �4.27* �.06*
Age 10—mother 9,071 F(3, 4985) = 49.13 �4.89 (�5.78; �4.00) �10.78* �.13*
Age 10—father 6,777 F(3, 3690) = 35.40 �4.65 (�5.75; �3.55) �8.29* �.11*
Age 10—teacher 5,381 F(3, 3090) = 40.76 �5.67 (�6.90; �4.44) �9.04* �.12*
Age 12—mother 10,388 F(3, 5689) = 65.66 �5.30 (�6.17; �4.43) �11.92* �.13*
Age 12—father 7,578 F(3, 4122) = 45.76 �5.08 (�6.16; �4.00) �9.20* �.11*
Age 12—teacher 5,305 F(3, 3094) = 35.32 �6.46 (�7.88; �5.04) �8.94* �.13*

FinnTwin12
Age 12—parent 2,884 F(3, 1509) = 62.14 �0.23 (�0.31; �0.16) �6.01* �.16*
Age 12—teacher 3,081 F(3, 1611) = 95.65 �0.25 (�0.30; �0.21) �10.67* �.26*
Age 14—self 1,287 F(3, 728) = 37.32 �.29 (�0.43; �0.16) �4.24* �.18*
Age 14—teacher 2,828 F(3, 1630) = 139.24 �0.50 (�0.58; �0.43) �13.42* �.33*

CATSS
Age 15—self 5,288 F(3, 2911) = 146.38 �46.43 (�52.34; �40.51) �15.39* �.26*
Age 15—parent 4,488 F(3, 2378) = 114.73 �56.35 (�64.40; �48.31) �13.73* �.25*

TEDS
Age 16—self 8,695 F(3, 4464) = 123.09 �0.93 (�1.03; �0.84) �19.09* �.22*
Age 16—parent 8,720 F(3, 4434) = 134.21 �1.17 (�1.29; �1.06) �19.88* �.26*

All models are adjusted for age, sex and family structure. NTR, Netherlands Twin Registry; CATSS, Childhood and adolescent Twin
Study in Sweden; TEDS, Twins Early Development Study; Academic performance is measured with standardized test scores in NTR
and TEDS, and grade point average in FinnTwin12 and CATSS; *p < .001. All correlations are significant at p < .05 using Bonferroni
correction for multiple testing.
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negative associations between aggression and aca-
demic performance (Tables S11 and S12). Generally,
the within-family associations became weaker as a
function of controlling for greater genetic relatedness
(Figure 4, Table S11). Meta-analytical within-twin-
pair parental-rated aggression–academic performance
correlations were �0.16 and �0.21 for SSDZ’s and

OSDZ (p’s < .001), respectively (Figures S3 and S4).
Within-twin-pair self-rated aggression–academic per-
formance correlations were �0.17 and �0.19 for
SSDZ’s and OSDZ’s (p’s < .001), respectively (Fig-
ures S5 and S6). In SSDZ, there was significant
heterogeneity between parental-rated studies: Q
(3) = 13.19, p = .004, I2 = 77.3%, s2 = 0.0038

Figure 2 Between-family analyses on the association between aggression and academic performance. Unstandardized regression
coefficient (with 95% confidence intervals) indicate the effect of one unit increase in the aggression measure on academic performance
in a model that controlled for centred age and sex (girls as reference). NTR, Netherlands Twin Registry; FinnTwin12, Finnish Twin Cohort
study; CATSS, Child and Adolescent Twin Study in Sweden; TEDS, Twins Early Development Study. FinnTwin12 and CATSS had teacher-
rated grade point average as dependent variables and NTR and TEDS had standardized test scores as dependent variables. See Tables S3–
S8 for details

Figure 3 Meta-analysis of between-family (individual level) and within-family (twin-pair level) correlations between aggression and
academic performance. Random effect estimates with 95% confidence intervals (CI). (A) Meta-analysis of between-family parental-rated
aggression – academic performance correlations. (B) Meta-analysis of between-family self-rated aggression – academic performance
correlations. (C) Meta-analysis of within-family parental-rated aggression – academic performance correlations. (D) Meta-analysis of
within-family self-rated aggression – academic performance correlations. NTR, Netherlands Twin Registry; FinnTwin12, Finnish Twin
Cohort study; CATSS, Child and Adolescent Twin Study in Sweden; TEDS, Twins Early Development Study
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(Figure S3), but no significant heterogeneity between
self-rated studies: Q(2) = 5.47, p = .065, I2 = 63.4%,
s2 = 0.0030 (Figure S4). In OSDZ, there was signifi-
cant heterogeneity between parental-rated studies: Q
(3) = 45.09, p < .001, I2 = 93.3%, s2 = 0.0156 (Fig-
ure S5), and also significant heterogeneity between
self-rated studies: Q(2) = 8.11, p = .017, I2 = 75.3%,
s2 = 0.0051 (Figure S6).

Discussion
A negative relationship of externalizing behaviour
with academic performance has been established
fairly consistently (Hinshaw, 1992), but the under-
lying mechanisms of that association are not well
understood. Here, we performed a comprehensive
assessment on the association between aggression
and academic performance in compulsory school
aged children/adolescents by using different aggres-
sion measures and raters. We also investigated
whether the association between aggression and
academic performance can be confirmed in a
within-family design controlling for genetic and
common environmental confounding, analysing data
of MZ and DZ twin pairs. Analyses were carried out
in twins from four cohorts from four countries
participating in the ACTION consortium with aggres-
sion measures from three different instruments

rated by parents, self and teachers at ages 7–16.
Academic performance at ages 12–16 was measured
with grade point averages or standardized test per-
formances.

Sex differences in aggression and academic per-
formance were mostly in expected directions (Trem-
blay et al., 2018; Voyer & Voyer, 2014); boys had
higher aggression than girls consistently across
development, countries and raters (with the only
exception being parental-rated aggression in
CATSS). However, the SDQ scales yielded negligible
sex differences. SDQ includes less items compared
to CBCL and less answering options compared to
MPNI; these factors may have resulted in a smaller
sex difference. On the other hand, SDQ was used in
CATSS and TEDS at ages 15 and 16, respectively,
whereas other cohorts measured aggression in
younger ages from 7 to 14 years. Girls outperformed
boys in academic performance when using teacher-
rated GPA. Standardized test scores yielded sex
differences in opposite directions (higher CITO
scores in boys versus higher GCSE scores in girls)
but these differences were small in magnitude.
Standardized tests, like general cognitive ability or
g-factor, combine different cognitive domains, and if
appropriately balanced with sex neutral, male
favouring and female favouring tests; should not
show any sex difference.

Figure 4 Within-family analyses on the association between aggression and academic performance. Unstandardized regression
coefficient (with 95% confidence intervals) indicate the effect of one unit increase in the aggression measure on academic performance
in a model that controlled for age and sex. NTR, Netherlands Twin Registry; FinnTwin12, Finnish Twin Cohort study; CATSS, Child and
Adolescent Twin Study in Sweden; TEDS, Twins Early Development Study. FinnTwin12 and CATSS had teacher-rated grade point average
as dependent variables and NTR and TEDS had standardized test scores as dependent variables. See Table S10 for additional models in
NTR (age 7 and 10) and FinnTwin12 (age 14)
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Between-family analyses indicated a robust modest
negative association between aggression and aca-
demic performance. This relationship is not an arte-
fact arising from rater bias, for example when the
same teachers rate children’s aggression and school
grades, nor was it age-dependent. This negative
association was evident consistently in childhood/
adolescence across ages when children have compul-
sory schooling in these four countries. Finding similar
associations when using teacher-rated GPA and
standardized test scores suggests that the associa-
tions between aggression and academic performance
are not dependent on the type of performance rating.
Looking across cohorts, the correlations between
aggression and academic performance were strongest
in adolescence at ages 15 and 16 which corresponds
to the findings that adolescent aggression is more
strongly associated with negative outcomes than
childhood aggression (Pulkkinen, 2018). Considering
analyses with parental and self-rated aggression, we
observed significant heterogeneity between studies in
individual level analyses. And in both cases, age 15
and 16 correlations with academic performance were
greater than at age 12. However, we note that it was
not possible to test definitely if the aggression–
academic performance association was stronger at
older ages because different aggression instruments
were used in different cohorts that in turn repre-
sented different ages.

Within-family analyses of twin pairs showed that
the associations between aggression and academic
performance are evident even when comparing
within-twin-pair differences in aggression in relation
to within-twin-pair differences in academic perfor-
mance. When including all twin pairs, the negative
association between aggression and academic per-
formance was statistically significant in 14/17 anal-
yses. Twins share common environmental influences
coming from having the same home (e.g. parental
socioeconomic status and parental mental problems)
and generally the same school and share genetic
background either as full siblings (DZ pairs) or
completely (as MZ pairs). These analyses controlled
also for shared genetic effects, partly in DZs and fully
in MZs. In within-family analyses, the sample size
was smaller when including only MZ, SSDZ or OSDZ
pairs, but meta-analytical approach separately ana-
lysing parental and self-ratings of aggression showed
that correlations with academic performance were
statistically significant, even in MZ pairs. The pat-
tern of our within-twin-pair analyses indicated par-
tial genetic confounding, that is only modestly
smaller within-family correlations compared to
between-family correlations and MZ within-twin-pair
correlations about half as large as SSDZ within-twin-
pair correlations. However, it should be noted that
there was significant heterogeneity in within-family
correlations of DZ twin pairs whereas no hetero-
geneity was observed in correlations of MZ twin
pairs.

One advantage of within-twin analyses in same-
sex pairs is the ability to fully control for sex.
Considering shared environmental effects, twins
from same families share their parents’ educational
level and socioeconomic status, factors that are
related to both offspring aggression and academic
performance (Assari, Caldwell & Bazargan, 2019).
Our within-twin-pair analyses indicated that
shared environmental effects attenuated the corre-
lation between aggression and academic perfor-
mance only to a small extent suggesting that
shared environmental factors such as parental
education or socioeconomic background do not
explain this association. However, it should be
noted that many factors in home environment—
even socioeconomic status—are also affected by
genetic effects. Within-family comparisons in MZ
twins controlled also fully for genetic effects and
these analyses strongly indicated shared genetic
effects underlying the link between aggression and
academic performance. Future studies should
investigate if polygenic score of educational attain-
ment is associated with aggression or if polygenic
scores of aggression explain individual differences
in academic performance. Eventually, studies using
polygenic scores could use Mendelian randomiza-
tion to test the direction of causality: does higher
aggression cause poorer academic performance or
is it the other way around?

One of the limitations of our study was the
inclusion of only one instrument per country to
assess aggression making it impossible to distin-
guish between instrument and country effects. In
Sweden and the UK, the SDQ was administered and
these two studies indicated very similar pattern of
results in spite of using different types of academic
performance measures (teacher-rated GPA in Swe-
den and standardized test score in the UK). Data
with two aggression instruments in the same sample
would have allowed us to investigate if the associa-
tions with different instrument are similar or differ-
ent in magnitude. Nevertheless, our results were
consistent across countries, raters and age, indicat-
ing robustness of the aggression–academic perfor-
mance association.

Another limitation is that we did not include early
childhood cognitive ability measures. Such data
would have permitted a test of whether early cogni-
tive ability predicts academic performance in ado-
lescence and if aggression has any additive or
mediating effect on these associations. There is
evidence for a pathway from higher aggression to
lower academic performance in childhood and ado-
lescence (Van der Ende, Verhulst, & Tiemeier, 2016),
with childhood aggression predicting academic per-
formance in adolescence and educational attainment
in adulthood even after controlling for intelligence
(Dubow, Huesmann, Boxer, Pulkkinen, & Kokko,
2006; Masten et al., 2005). However, the nature of
the association is unclear; the reverse causal
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pathway may also be present, as a low intelligence
was predictive of higher antisocial behaviour in
childhood (Koenen et al., 2006). A third scenario
involves confounding, because childhood intelli-
gence predicted criminality, poorer mental health
and substance abuse problems in early adulthood,
but the associations were much weaker after con-
trolling for children’s behavioural problems and
family background (Fergusson, Horwood, & Ridder,
2005a).

We note that also personality could explain, possi-
ble via genetic effects, a robust aggression–academic
performance association. Aggression is closely linked
with self-control (Denson, DeWall, & Finkel, 2012)—
which is also highly heritable (Willems, Boesen, Li,
Finkenauer & Bartels, 2019)—that predicts academic
performance even over and above intelligence (Duck-
worth & Seligman, 2005). Childhood self-control
indicated by constructive/prosocial behaviour (active
coping with a problem, positive thinking and consid-
eration of others with helpfulness and empathy) is
associated with school success, low levels of dropping
out of education, career orientation, occupational
status and income (Pulkkinen, 2017, p. 263–266). In
fact, prosocial behaviour has found to be even
stronger predictor of academic performance than
aggression (Caprara, Barbaranelli, Pastorelli, Ban-
dura, & Zimbardo, 2000).

Strengths of our study include having four large
samples of twins from longitudinal studies. Our
comprehensive study included aggression assess-
ments from different raters and at different ages and
we used both teacher-rated GPA and standardized
test scores. Within-family analyses allowed us to test
aggression–academic performance relationships by
controlling for unmeasured shared genetic and
environmental influences.

In conclusion, our results indicate a robust nega-
tive association between aggression and academic
performance across countries and across childhood
into adolescence. Two main findings from twin
analyses were that shared environmental and
genetic effects are important for the association
between aggression and academic performance
across childhood and adolescence but even when
controlling for genetic effects there is still some
evidence for a negative association between aggres-
sion and academic performance.
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Key points

� There is a negative relationship between aggression and academic performance, but this association is not
well understood.

� We performed a comprehensive assessment of the aggression–academic performance relationship in >27,000
children and adolescents from four European twin cohorts.

� Results indicated a robust negative association between aggression and academic performance that is
evident across childhood development (ages 7–16), raters (parents, teacher, self) and different instruments.

� Aggression–academic performance relationship was also evident in within-twin-pair analyses but weaker in
monozygotic pairs indicating partial genetic confounding.

� The relationship between aggression and academic performance is evident across compulsory education and
is not an artefact arising from rater bias when the same teachers rate children’s aggression and school grades.
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