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Abstract

Background. Social aggression is a form of antisocial behavior in which social relationships
and social status are used to damage reputations and inflict emotional harm on others.
Despite extensive research examining the prevalence and consequences of social aggression,
only a few studies have examined its genetic–environmental etiology, with markedly inconsist-
ent results.
Method. We estimated the etiology of social aggression using the nuclear twin family (NTF)
model. Maternal-report, paternal-report, and teacher-report data were collected for twin social
aggression (N = 1030 pairs). We also examined the data using the classical twin (CT) model to
evaluate whether its strict assumptions may have biased previous heritability estimates.
Results. The best-fitting NTF model for all informants was the ASFE model, indicating that
additive genetic, sibling environmental, familial environmental, and non-shared environmen-
tal influences significantly contribute to the etiology of social aggression in middle childhood.
However, the best-fitting CT model varied across informants, ranging from AE and ACE to
CE. Specific heritability estimates for both NTF and CT models also varied across informants
such that teacher reports indicated greater genetic influences and father reports indicated
greater shared environmental influences.
Conclusions. Although the specific NTF parameter estimates varied across informants, social
aggression generally emerged as largely additive genetic (A = 0.15–0.77) and sibling environ-
mental (S = 0.42–0.72) in origin. Such findings not only highlight an important role for indi-
vidual genetic risk in the etiology of social aggression, but also raise important questions
regarding the role of the environment.

Social aggression is a form of antisocial behavior (Burt et al. 2012) in which social relation-
ships and social status are used to damage reputations and inflict emotional harm on others,
and centers on behaviors such as gossiping, ostracism, and threatening to end a friendship.
Although socially aggressive behaviors are legal and relatively typical during particular devel-
opmental periods, they have been associated with pathological outcomes in both victims and
aggressors. Victims of social aggression often experience as much emotional distress as victims
of physical aggression, including emotional and social difficulties such as peer rejection, lone-
liness, and internalizing problems (Crick et al. 2002). The perpetrators of social aggression also
exhibit a number of maladaptive outcomes, including poor quality friendships marked by con-
flict and instability, depression, externalizing behavior, and borderline personality disorder
features. Not surprisingly then, there is substantial interest in developing prevention and inter-
vention programs that target social aggression. To date, however, there is relatively little work
available on its underlying etiology to inform these efforts.

Extant research regarding the origins of social aggression primarily focuses on social pro-
cesses and psychosocial risk factors, and particularly on peer relationships (e.g. popularity, vic-
timization, quality of dyadic relationships; Crick & Grotpeter, 1995; Sijtsema et al. 2010) and
parenting factors (e.g. psychological control, coercive parenting; Kawabata et al. 2011;
Kuppens et al. 2013). Other work has focused on marital conflict, sibling relationships,
media exposure, and cultural values (e.g. Karriker-Jaffe et al. 2008; Forbes et al. 2009;
Gentile et al. 2011). Relatively few of these studies, however, have been designed to examine
both environmental and genetic risk factors simultaneously. This is an important omission
in the literature, as it means that studies have thus far been unable to disentangle the relative
contributions of genetic factors and different environmental influences.

Current theory and research has been largely silent on the role of genetic transmission and
genetic risk for social aggression. Indeed, we know of no molecular genetic studies of social
aggression. Fortunately, genetically informed twin designs can also be used to estimate genetic
influences on social aggression, with the added advantage that they are able to simultaneously
estimate environmental influences as well. To date, three such studies have been conducted,
with notably inconsistent results. The first of these assessed social aggression via teacher
and peer ratings in a small sample of 6-year-old twins (N = 234 pairs; Brendgen et al.
2005). Brendgen et al. (2005) employed a constrained ACE model in which additive genetic
(A) and shared environmental (C) influences were constrained to be equal because an initial
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unconstrained ACE model suggested equivalent fits for AE and
CE models. Based on these results, the researchers concluded
that 60% of the variability in social aggression is due to non-
shared environmental factors (E), with 20% due to A and C,
respectively. However, a follow-up study of these same twins
only a year later (N = 203 pairs) failed to find evidence for signifi-
cant shared environmental influences on social aggression
(Brendgen et al. 2008). Instead, results indicated that an AE
model provided the best fit to the data, such that 42.9% of the
variance in social aggression was due to genetic factors and
57.1% of the variance was due to non-shared environmental fac-
tors. Although such findings could suggest a change in the herit-
ability of social aggression from ages 6–7 years old, we would
argue against this interpretation, particularly given the very
small sample sizes. Although heritability estimates for other anti-
social behaviors do change throughout development (Burt &
Neiderhiser, 2009), they rarely do so in such dramatic fashion
over the course of single year. It is thus unclear what to make
of these conflicting results.

Following up on these results, Tackett et al. (2009) made use of
a multivariate psychometric model to test etiological influences
on the variance common to both mother- and twin-reported
child relational aggression in a large sample of 6–18 years old
twins (N = 1981 pairs). In this model, variance common across
informant reports is decomposed into genetic and environmental
components, as is the variance unique to each informant. In con-
trast to Brendgen et al.’s (2005, 2008) studies, Tackett et al. (2009)
found evidence for substantial genetic and shared environmental
contributions to the latent relational aggression factor (63% and
37% of the variance, respectively). Non-shared environmental
influences did not contribute to the latent factor. The variance
specific to maternal informant reports, by contrast, was entirely
due to non-shared environmental influences and measurement
error. The variance unique to twin reports was due to unique gen-
etic, shared environmental, and non-shared environmental
influences.

Although Tackett et al. (2009) provided important new infor-
mation on the etiology of social aggression, much remains
unknown. This lack of clarity stems from two methodological
issues. First, the sample used in Tackett et al. (2009) spans child-
hood, adolescence, and emerging adulthood, which is less than
ideal should the relative contribution of etiological factors differ
across those developmental periods (as in Burt & Neiderhiser,
2009). More importantly, however, a burgeoning body of work
(Keller & Coventry, 2005; Keller & Medland, 2008; Keller et al.
2010) has indicated that heritability estimates from classical
twin (CT) studies, such as those outlined above, can be biased
in important ways, sometimes severely so. The CT model exploits
the comparison of twin similarity across zygosity to infer etiology.
To do so, however, it relies on a number of strict assumptions
(Keller & Coventry, 2005; Keller et al. 2010). When these assump-
tions are met, the results should accurately reflect the proportions
of genetic and environmental influences on the phenotype under
study. However, when one or more of these assumptions are vio-
lated, the parameter estimates are likely to be biased in predictable
ways.

One major assumption is that C and non-additive or dominant
genetic effects (D) do not simultaneously influence the phenotype
(s) under investigation. This assumption has no basis in biology,
but is rather a statistical necessity of the model: because A and E
must always be estimated, C and D cannot be simultaneously esti-
mated or else the model will be underidentified. It is entirely

conceivable, however, that social aggression is simultaneously
influenced both by interactions between alleles (i.e. D) and com-
mon environmental factors that create similarities between sib-
lings (i.e. C). Moreover, when C and D effects are both present,
parameter estimates are biased, such that A estimates are inflated
(sometimes grossly so) and C and D estimates are decreased. As
an example, Keller & Medland (2008) simulated data in which
A, D, and C variances were equal to 0.40, 0.15, and 0.15, respect-
ively. Using the CT model, the ACE model (and not the ADE
model) was chosen as the better fitting model, even though C
and D effects were in fact equivalent in magnitude. Moreover,
additive genetic influences were estimated at 0.60, whereas shared
environmental influences were estimated at 0.02 (Keller &
Medland, 2008).

Finally, the CT model assumes that there is no evidence of pas-
sive gene–environment correlations (passive rGE). Passive rGE
refers to the association between the genes a child inherits from
his or her parents and the rearing environment provided by
those same parents. Put differently, it is possible that the genes
parents pass on to their biological children also influence the
home environment in which the child is reared. Within the CT
model, passive rGE is thought to mimic shared environmental
influences, serving to inflate C estimates and decrease A and D
estimates. It is thus possible that the shared environmental influ-
ences on social aggression identified by Tackett et al. (2009) using
the CT model may reflect passive rGE rather than actual environ-
mental experiences.

Fortunately, there is a straightforward extension of the CT
model, the nuclear twin family (NTF) model, which circumvents
these assumptions by adding the twins’ biological parents to the
model (Keller et al. 2010). In more precise terms, genetic and
environmental parameter estimates in the NTF model (Fig. 1)

Fig. 1. Path diagram of a univariate nuclear twin family model.
Note: The variance in the phenotype (P) is parsed into that which is due to additive
genetic effects (A), dominant genetic effects (D), sibling environmental influences (S),
familial environmental influences (F), and non-shared environmental effects (E). See
Table 1 for definitions. μ indexes primary phenotypic assortment (i.e., assortative
mating) between the twin parents, and w indexes the covariance between A and
F. Paths are squared to estimate the proportion of variance accounted for. D, S,
and F effects cannot be estimated simultaneously (only two of the three can be esti-
mated). Reprinted with permission from Burt et al. (2012).
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are obtained from four pieces of information (rather than two, as
done in the CT model): the covariance between MZ twins, the
covariance between DZ twins, the covariance between parents,
and the covariance between parents and children. The additional
information allows the NTF model to improve upon the CT
model by simultaneously estimating C and D and differentiating
passive rGE from true shared environmental influences. The latter
is accomplished via the individuation of shared environmental
influences shared only by siblings (S) from those shared by all
family members (F). We are then able to explicitly model the
extent to which A and F variance components are correlated
with one another (w). Perhaps not surprisingly, given these addi-
tions, extant simulation studies have robustly demonstrated that
the NTF model provides more etiologically precise estimates
and is more robust to violations of assumptions than the CT
model (Keller et al. 2010).

Current study

In sum, extant information on the etiology of social aggression is
less certain than one would like. In an effort to meaningfully illu-
minate the relative magnitudes of genetic and environmental con-
tributions to social aggression, the current study applied the NTF
model to multi-informant social aggression data collected from a
large sample of twins and their biological parents. As a point of
comparison, we also fit the CT model to the data, thereby allow-
ing us to explore the extent to which prior studies conducted
using the CT model yielded unbiased results.

Methodology

Study participants

The 1030 families included in the current study were assessed as
part of the Twin Study of Behavioral and Emotional Development
in Children (TBED-C) within the Michigan State University Twin
Registry (MSUTR) (Klump & Burt, 2006; Burt & Klump, 2013).
The TBED-C consists of two independent sub-samples of twins
in middle childhood. The first sample consists of a population-
based epidemiologic sample of 528 families (1056 twins and
their parents). The second, ‘at-risk’ sample consists of 502 families
(1004 twins and their parents), who reside in modestly-to-severely
disadvantaged neighborhoods. Recruitment procedures have been
described previously (Burt & Klump, 2013; Burt et al. 2016).
Children gave informed assent, while parents gave informed con-
sent for themselves and their children.

Participating twins were 48.7% female and ranged in age from
6 to 10 years old, although some (n = 59) were 11 [mean age (S.D.)
= 8.02 years (1.49)]. Rearing biological mothers ranged in age
from 24.82 to 52.79 years [mean (S.D.) = 38.18 (5.21) years], and
rearing biological fathers ranged in age from 24.12 to 64.22
years [mean (S.D.) = 40.12 (5.76) years]. Twins’ racial and ethnic
background was provided by their parents (81.7% non-Hispanic
white, 9.5% African American, 1.1% Native American, 0.8%
Asian, 0.7% Hispanic, 0.3% Pacific Islander, and 5.9% multiracial
or other ethnic groups). Twin zygosity was determined using a
standard five-item, parent-report questionnaire that assesses
within-pair physical similarity and is over 95% accurate (Peeters
et al. 1998). Unclear zygosities were resolved by comparing
twin sibling DNA markers (Klump & Burt, 2006). Monozygotic
twins constituted 41.4% of the pairs (n = 426 pairs, 202 female
pairs), same-sex dizygotic twins constituted 40.4% (n = 416

pairs, 208 female pairs), and opposite-sex dizygotic twins consti-
tuted 18.3% (n = 188 pairs).

Measures

Social aggression was assessed using the Subtypes of Antisocial
Behavior Questionnaire (STAB; Burt & Donnellan, 2009; Burt &
Donnellan, 2010). The STAB is a 32-item measure assessing
three major dimensions of antisocial behavior, one of which is
social aggression. The Social Aggression Scale (SA) presents 11
behaviors and asks the informants to report on the frequency
with which the child commits each behavior (online Supplemen-
tary Appendix I). This scale ranges from 1 (never) to 5 (nearly all
the time).

Maternal-reported STAB data were available for 96.0% of the
twins (α = 0.85), and paternal-reported STAB data were available
for 80.9% of the twins (α = 0.84). The teachers of 115 participants
were not available for assessment because the children were
home-schooled or parental consents to contact the teachers
were completed incorrectly. However, teacher-reported STAB
data were available for 82.9% of the remaining twins (α = 0.91).
To avoid shared informant variance with parent self-reports of
his or her own behavior, teacher report of child social aggression
served as our primary outcome variable. However, we also
sought to confirm our primary findings by examining maternal
and paternal reports of child social aggression. To adjust for posi-
tive skew, teacher ratings of twin social aggression were log-
transformed prior to analysis to better approximate normality.

Parents each completed the self-report version of the STAB
(α = 0.85 and 0.86 for mothers and fathers, respectively). In keep-
ing with the assumptions of the NTF model, self-report data were
omitted for parental figures who did not share 50% of their genes
with the twins (e.g. grandparents and stepparents). Divorced or
separated biological parents with joint custody arrangements or
who were otherwise involved in their twins’ lives, however, were
retained for analysis. Biological maternal and paternal self-report
data were thus available for 93.9% and 76.6% of twin families,
respectively.

Statistical analysis

The NTF model estimates the proportion of additive genetic (A),
dominant genetic (D), shared sibling environment (S), shared
familial environment (F), and non-shared environmental (E)
influences on the variance in a phenotype. The CT model also
estimates A, D, and E, but estimates broad shared environmental
(C) influences rather than the more specific S and F. A and E are
assumed to influence all phenotypes and are included in every
model. Therefore, D, S, or F (in the NTF model) and C or D
(in the CT model) must be fixed to zero, as there is not enough
information in a given model to simultaneously estimate the
effects of all parameters (Table 1).

Mx, a structural-equation modeling program (Neale et al.
2003), was used to perform the model-fitting analyses. Because
of missing data, we made use of Full-Information Maximum-
Likelihood (FIML) raw data techniques, which produce less biased
and more efficient and consistent estimates than pairwise or list-
wise deletion in the face of missing data. When fitting models to
raw data, variances, covariances, and means are first freely
estimated to get a baseline index of fit (minus twice the log-
likelihood; −2lnL). Observed covariance matrices were equivalent
between same- and opposite-sex DZ twins (Box’s M = 5.93,
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p = 0.436, ns), so all DZ twins were analyzed as one group. Model
fit was evaluated using four information theoretic indices that bal-
ance overall fit with model parsimony: the Akaike’s Information
Criterion (AIC; Akaike, 1987), the Bayesian Information
Criteria (BIC; Raftery, 1995), the sample-size adjusted Bayesian
Information Criterion (SABIC; Sclove, 1987), and the Deviance
Information Criterion (DIC; Spiegelhalter et al. 2002). The lowest
AIC, BIC, SABIC, and DIC among a series of nested models is
considered best. As fit indices do not always agree, we reasoned
that the best-fitting model should yield lower or more negative
values for at least three of the four fit indices.

Results

Descriptive statistics are presented in online Supplementary
Table S1. Phenotypic and intraclass correlations are presented
in Table 2. There was evidence of modest assortative mating,
such that spouses were slightly more similar in their social aggres-
sion than would be expected by chance (r = 0.079, p < 0.01).
Additionally, parents’ own social aggression was not correlated
with their children’s behavior as measured via teacher report

(mother–child r = 0.51–0.56, p = 0.16–0.20, ns; father–child r =
0.013–0.095, p = 0.27–0.76, ns), but was moderately correlated
when child behavior was measured via parental report
(mother–child r = 0.126–0.487, p > 0.001; father–child r = 0.079–
0.489, p > 0.001 to p = 0.008). Parent reports of twin social aggres-
sion were moderately correlated with one another (r = 0.322; p >
0.001), but were only weakly correlated with teacher report of
child behavior (mother–teacher r = 0.169, p > 0.001; father–
teacher r = 0.114, p = 0.003).

Intraclass correlations within twin pairs, computed separately
by degree of genetic relatedness, offer a preliminary indication
of genetic and sibling environmental influences on social aggres-
sion. MZ intraclass correlations that are double those of DZ intra-
class correlations are indicative of genetic effects, whereas MZ
correlations that are less than double but still greater than DZ cor-
relations suggest the importance of genetic and shared environ-
mental effects. Teacher-reported MZ correlations of social
aggression were almost double their corresponding DZ correla-
tions, suggesting that genetic effects may be important for the
etiology of social aggression. However, parent-reported MZ corre-
lations were only marginally higher or equivalent to their

Table 1. Definitions of the parameters obtained via twin modeling

Parameter Model Definition

A CT
NTF

Additive genetic variance: the effect of individual genes summed over loci; acts to increase familial correlations (either between
twin siblings or between parents and their biological children) relative to the proportion of genes shared

D CT
NTF

Dominant genetic variance: non-additive interactions between alleles at a single genetic locus (e.g. the interaction between
dominant and recessive alleles in the determination of eye color); because they involve interactions between alleles, D do not
contribute to similarity between parents and their biological children (since each parent provides only one of the two alleles in
question); also yield MZ correlations that more than twice as large as those seen for DZ twins

C CT Shared environmental variance: environmental influences common to family members that act to make them similar to each
other regardless of the proportion of genes shared; C = S + F

S NTF Sibling environmental influences: those shared environmental influences that create similarity between siblings (e.g. exposure to
common peers, school, and parenting style), but not between parents and their children

F NTF Familial environmental variance: shared environmental influences passed via vertical ‘cultural transmission’ between parents
and their offspring (e.g. socioeconomic status, social mores); create similarities between siblings and between parents and their
children

E CT
NTF

Non-shared environmental variance: environmental influences that serve to differentiate family members regardless of the
proportion of genes shared; measurement error is also included here

W NTF Covariance between additive genetic and familial environmental effects: reflects the extent to which the familial environment is a
function of the genetically influenced preferences/tendencies of the parent; also referred to as a passive gene–environment
correlation (passive rGE)

Μ NTF Assortative mating copath: spousal similarity on the trait in question; is assumed to be a function of primary phenotypic
assortment, whereby mates choose each other based on phenotypic similarity

See also Keller et al. (2010). Reprinted with permission from Burt et al. (2012). CT, classical twin model; NTF, nuclear twin family model.

Table 2. Phenotypic and intraclass correlations

Mother,
self-report

Father,
self-report

Twin,
teacher
report

Twin,
maternal
report

Twin,
paternal
report ICC

Mother, self-report – –

Father, self-report 0.079** – –

Twin, teacher report 0.056* 0.046 – 0.630**/0.372**

Twin, maternal report 0.498** 0.079** 0.169** – 0.767**/0.606**

Twin, paternal report 0.143** 0.489** 0.114** 0.322** – 0.742**/0.735**

ICCs are presented separately across zygosity (rMZ/rDZ). *p < 0.05, **p < 0.01.
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corresponding DZ correlations, suggesting that, for those inform-
ant reports of social aggression, genetic effects are less prominent
and/or that shared environmental effects are also important.

NTF model fitting results

Model-fitting results and parameter estimates are presented in
Tables 3 and 4, respectively. According to all four fit indices,
the best-fitting model for all informants was the ASFE model,
indicating that additive genetic, sibling environmental, familial
environmental, and non-shared environmental influences signifi-
cantly contribute to the etiology of social aggression in middle
childhood regardless of informant report, but that non-additive
genetic influences do not. The ADSE model was also a good fit
for teacher-reported social aggression, but this finding was not
robust across alternative informants. In keeping with the familial
environmental assumptions of the NTF model, a sensitivity ana-
lyses was conducted using only the families (N = 749; 72.7%) in
which the twins’ biological parents were married to one another.
Model-fitting results indicated that the ASFE model remained
best-fitting model for all informants (online Supplementary
Table S2).

Examinations of the parameter estimates revealed that social
aggression is largely additive genetic (A = 0.14–0.77) and sibling
environmental (S = 0.42–0.72) in origin. Familial environmental
factors were estimated to be small but generally significant influ-
ences on social aggression (F = 0.08–0.28). Finally, the results sug-
gest that the etiology of social aggression is not substantially
influenced by assortative mating (μ = 0.07–0.09) or the covariance
between additive genetic and familial environmental effects (e.g.
passive rGE =−0.14 to 0.06). Although statistically significant
according to some informants, the meager size of the passive
rGE further implies that effects of the home environment are
genuine and not instead a function of genetically influenced ten-
dencies in disguise.

CT model results

We next fitted classical univariate models to visually compare the
above NTF model results and, perhaps more importantly, to pre-
vious CT model findings concerning the etiology of social aggres-
sion. Model-fitting results and heritability estimates are presented
in online Supplementary Tables S3 and S4, respectively. These
analyses are not nested within those of the NTF model, so the
model-fitting results from the two models cannot be directly

Table 3. Nuclear twin family design model-fitting results

Informant Model −2LnL df AIC BIC SABIC DIC

Teacher Baseline 8635.428 3088 – – – –

ADSE 8656.946 3110 2436.946 −6437.769 −1498.954 −3579.871

ASFE 8656.946 3110 2436.946 −6437.769 −1498.954 −3579.871

ADFE 8664.975 3110 2444.975 −6433.755 −1494.939 −3575.856

ASE 8674.114 3111 2452.114 −6432.647 −1492.243 −3573.829

ADE 8669.242 3111 2447.242 −6435.083 −1494.680 −3576.266

AFE 8665.907 3111 2443.907 −6436.751 −1496.347 −3577.933

AE 8759.569 3112 2535.569 −6393.382 −1451.390 −3533.645

Mother Baseline 9597.672 3738 – – – –

ADSE 9852.258 3760 2332.258 −8105.038 −2133.965 −4649.829

ASFE 9844.976 3760 2324.976 −8108.679 −2137.606 −4653.470

ADFE 9910.568 3760 2390.568 −8075.883 −2104.810 −4620.674

ASE 9852.258 3761 2330.258 −8108.504 −2135.843 −4652.376

ADE 9914.689 3761 2392.687 −8077.289 −2104.628 −4621.161

AFE 9938.126 3761 2416.126 −8065.570 −2091.909 −4609.442

AE 9978.983 3762 2454.983 −8048.607 −2074.358 −4591.560

Father Baseline 8888.811 3427 – – – –

ADSE 9079.581 3449 2181.581 −7393.204 −1916.055 −4223.785

ASFE 9021.367 3449 2123.367 −7422.311 −1945.162 −4252.892

ADFE 9161.829 3449 2263.829 −7352.080 −1874.931 −4182.661

ASE 9079.581 3450 2179.581 −7396.664 −1917.927 −4226.326

ADE 9167.985 3450 2267.985 −7352.462 −1873.725 −4182.124

AFE 9186.150 3450 2286.150 −7343.380 −1864.643 −4173.042

AE 9199.538 3451 2297.538 −7340.145 −1859.820 −4168.889

Additive genetic, dominant genetic, sibling environmental, familial environmental, and non-shared environmental influences are represented with A, D, S, F, and E, respectively. The
best-fitting model for each informant (as indicated by the lowest AIC, BIC, SABIC, and DIC values for at least three of the four fit indices) is highlighted in bold font.
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compared. However, a comparison of the overall pattern of results
is possible.

Unlike the NTF model, the best-fitting classical univariate twin
model varied dramatically across informants. The ACE model was
the best-fitting model for maternal-reported data, while the CE
model was the best-fitting model for paternal-reported data.
The ADE and AE models resulted in equivalent best-fitting mod-
els for teacher-reported social aggression. These findings contrast
with not only each other, but also some of those reported in pre-
vious research on the etiology of social aggression. When examin-
ing the informant reports separately, the only common source of
variance across all was non-shared environmental influences
(which includes measurement error).

Discussion

The goal of the current study was to conduct a multi-informant
analysis of the etiology of childhood social aggression using the
more sophisticated and etiologically precise NTF model. Results
from the NTF model revealed that social aggression is due to
additive genetic (A), sibling environmental (S), familial environ-
mental (F), and non-shared environmental (E) influences,
although the relative magnitudes of each parameter differed
across informants. Such results indicate that, in addition to gen-
etic effects, sibling-level environmental influences, such as peer
groups, school experiences, parenting practices, media exposure,
and/or the neighborhood in which the twins are raised, make
an important contribution to the etiology of social aggression.
Environmental effects that are shared by both the parents and
their children, such as socioeconomic status and/or cultural
values, also contribute, although these contributions are smaller
in magnitude. In sharp contrast, heritability estimates calculated
using the CT model were notably inconsistent across informant.
Moreover, CT analyses of only one informant report (maternal)
yielded estimates that were comparable across the NTF and CT
models.

There are several limitations to be considered in the present
study. First, the heritability estimates found here are specific to
middle childhood and should not be generalized to other develop-
mental periods. Second, the age variation in both the twins and
their parents may mask etiological changes across development.
Additionally, we made use of FIML raw data techniques to
address missing data. FIML raw data analyses assume that missing
data are missing at random (MAR; Allison, 2003; Croy & Novins,
2005). Although the missing mother and twin data did appear to
be MAR, the missing father did not appear to be fully MAR.
Maternal reports of paternal felony convictions varied with father
missingness (4.3% and 26.6% in participating v. non-participating
fathers, respectively; p < 0.001). However, controlling for the other
variables in our analyses (i.e. maternal and twin antisocial behav-
ior, twin ethnicity, twin age, twin sex) appeared to significantly
reduce this effect. In a regression of father missingness, the β
for paternal felony convictions dropped from 0.32 ( p < 0.001)
when analyzed alone to 0.15 ( p = 0.023) when analyzed with
the other variables.

Although the examination of teacher, mother, and father
reports was a strength of the present study, the lack of twin self-
reports and/or peers ratings of the twins limited our ability to
fully investigate the etiology of social aggression. These could be
especially useful since social aggression is characterized by both
overt behaviors (that adults are likely to witness) and covert beha-
viors (of which only the child and his or her peers may be aware).Ta
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Peer ratings are commonly used with older children and adoles-
cents and have been suggested to be more valid than teacher, par-
ent, or self-ratings of social aggression (Archer & Coyne, 2005).
Future research should incorporate self-, peer, and adult reports
into the assessment of social aggression in adolescence and
young adulthood.

One important limitation of the NTF model is its reliance on
phenotypic measures across generations. Cognitive, social, and
biological changes across development, especially those associated
with puberty, may moderate the prevalence, manifestation, and/or
etiology of a given phenotype. This is potentially problematic for
social aggression because there is limited work on its developmen-
tal trajectories across the lifespan. Socially and relationally aggres-
sive behaviors have been observed across the lifespan, from
toddlers to the elderly but are thought to peak around adolescence
(Crick et al. 2006; Trompetter et al. 2011), although there are
little-to-no data examining changes in the prevalence into adult-
hood (Vaillancourt et al. 2007; Underwood et al. 2009). Data also
suggest that behavioral manifestations of social aggression may
become more covert and sophisticated as individuals mature
(Crick et al. 2007), although this literature is somewhat compli-
cated by methodological differences in the assessment of social
aggression across development.

In the present study, social aggression was assessed using the
same questionnaire in both the parents and twins. Importantly,
prior work has confirmed the factor structure of the STAB and
provided consistent support for its criterion-related validity in
multiple samples across many (but not all) developmental stages
(Burt & Donnellan, 2009, 2010). In the current sample, parents
exhibited higher levels of overall social aggression than did their
children, but the magnitude of these differences were small.
Item-level analyses of mean differences in specific socially aggres-
sive behaviors revealed that there were also small differences in its
manifestation in childhood v. adulthood, but these differences
were not systematic (e.g. covert v. overt). We thus think it is
unlikely that these differences in frequency or manifestation com-
promise the validity of our findings. However, future studies
should explore this possibility in more depth.

Conclusion

Relative to other behavior genetic studies of childhood social
aggression, there are several significant findings, the most notable
of which is that the NTF model provided model-fitting results that
were broadly consistent across various informants and data pool-
ing methods. In contrast to this, prior multi-informant studies
utilizing the CT model found notably inconsistent evidence for
the etiology of twin social aggression, even when rating the
same sample of twins. The latter results were replicated here,
with various informant reports yielding evidence of the ACE,
CE, and ADE/AE models, respectively. Such findings raise the
provocative hypothesis that the NTF model may yield results
that are more robust to informant effects than does the CT, for
which informant effects are widely reported (see Burt, 2009).
Future work should more directly explore this possibility, and
do so across a variety of phenotypes and informants.

Although the NTF model appeared more robust to informant
bias when estimating etiology (relative to the CT model), we
nevertheless observed informant effects in the NTF models as
well. Specifically, paternal reports yield different results relative
to maternal and teacher reports. Both mothers and teachers
rated monozygotic twins as more similar than dizygotic twins,

while fathers rated both types of twins as equally similar, leading
to higher estimates of shared environmental factors and lower
estimates of genetic and unique environmental influences relative
to other informants. Such findings could reflect bias on the part of
fathers, or limited information/exposure to their twin’s socially
aggressive behavior (and thus an inability to distinguish between
them; Izquierdo-Sotorrío et al. 2016). Alternately, they could
reflect bias on the part of mothers and teachers. Indeed, maternal
reports have been criticized for producing biased estimates of
social aggression, especially in regards to sex differences (Card
et al. 2008). That said, it is not clear how this might shape zygos-
ity differences in maternal reports of twin similarity. Finally, these
results could also reflect situational specificity, whereby the twins
engage in different levels of and/or perpetrate different types of
socially aggressive behavior with their fathers than with mothers
or teachers. Although possible, the latter explanation is slightly
undercut by the patterns of phenotypic correlations, in which
both mother and father reports (rather than father only) were
only weakly correlated with teacher reports.

Another important finding is that aspects of the shared sibling
environment were found to substantially influence variability in
the twins’ social aggression, whereas aspects of the shared family
environment made more modest contributions. Such results sug-
gest that social aggression in middle childhood is meaningfully
shaped by experiences shared by the twins (rather than the
twins and their parents), such as peer groups, parenting practices,
marital conflict, media exposure, or neighborhood. Indeed, devi-
ant peer groups have long been linked to the development of
other antisocial behaviors, and peer influences have recently
shown to be predictive of later socially aggressive behavior
(Werner & Crick, 2004; Yeung & Leadbeater, 2007). Another
sibling-level environmental mechanism potentially involved in
the development of social aggression is parenting behaviors,
such as psychological control and negative parenting (Brendgen
et al., 2005). For instance, hostile/inconsistent parenting at age
2 has been shown to be a significant predictor of increasing levels
of social aggression across childhood (Vaillancourt et al. 2007).
Future research should investigate which of these sibling environ-
mental influences incrementally account(s) for the prominent
shared environmental influences on social aggression.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291718000697
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