PSYCHOLOGICAL SCIENCE

Research Report

SCHOOL CONTEXT AND GENETIC INFLUENCES ON
AGGRESSION IN ADOLESCENCE

David C. Rowe, David M. Almeida, and Kristen C. Jacobson
University of Arizona

Abstract—Genetic and environmental contributions to variation [inextremely negative environments have a greater influence on bel

avior

aggression were examined using adolescents’ self-reports of aggrésn average or above-average environments. Thus, in more adverse

sive behavior. The National Longitudinal Study of Adolescent Healmvironments, environmental influences on variation in beha
provided a sample of 1,515 pairs of adolescents in five genetiga#iitould be stronger and, consequently, genetic influences shou
informative groups (i.e., monozygotic twins, dizygotic twins, full sitweaker. Conversely, more advantaged environments offer a
lings, half siblings, and unrelated siblings reared together). Theange of opportunities, which enhance the potential for active g
analysis, a DeFries-Fulker regression within a hierarchical lineatype — environment correlations (Scarr, 1992; Scarr & McCartn
model, yielded findings on individual-level heritability?), shared| 1983). In active genotype. environment correlations, genetical
environmental effects?), school-level effects, and school-level madinfluenced characteristics or behaviors lead the individual to see
eration ofh? and c?. The estimate df? for aggression in the full samt (consciously or unconsciously) environments that reinforce tl
ple was .32, and? was .05. In the moderating effebf increased and| characteristics. Because genotype environment correlations ar
c? decreased with greater school-level family warmth. Two effects tr@ad” in behavioral genetic models as genetic influences, heritg
school means were found: Those schools with greater ethnic-racies should be higher in more advantaged environments.
heterogeneity had higher mean levels of aggression, and schoolsAlthough studies of moderator variables in behavioral gen
where students perceived greater family warmth had lower meagsearch are hampered both by the failure to specify a measured
levels of aggression. ronmental moderator and by the relatively large sample size neeq
detect moderator effects (McClelland & Judd, 1993), there is s
] ) ) ) consistent evidence for the moderation of the heritability of int

There is an increasing body of work from behavioral genefignce. Specifically, three separate studies have found that the
research that demonstrates a moderate-to-strong genetic influe C&Bilty of IQ, achievement, or both is greater among individuals f
aggressive and antisocial behavior (e.g., Edelbrock, Rende, Ploninge advantaged environments (Fischbein, 1980; Rowe, Jacobs
Thompson, 1995; Mednick, Gabrielli, & Hutchings, 1984; Roweyyn den Oord, in press; Scarr-Salapatek, 1971). To date, how
1983). This work was carefully evaluated in a meta-analysis of gthre have been no published studies of how environmental cg
genetically informative studies of aggression (Miles & Carey, 19 @ray moderate the heritability of aggressive behavior.
In a genetic model, equations for expected sibling correlations were fit|, the current study, we sought to estimate genetic and shared
to the observed sibling correlations from eight different kinshignmental influences on aggression in a large sample of adole
groups. From this genetic model of sibling resemblance, Miles| agfljings and to evaluate the effect of moderator variables. In add

Carey concluded that aggression is heritable, with a heritathiftyag
high as .58 in adulthood. However, these authors also observe
genetic influences on variation in aggressive behavior were stron
adulthood than in childhood and adolescence, and that shared
ronmental factors were more important during childhood and ad
cence (e.g., Lyons et al., 1995). In adulthood, shared environm
influences were negligible.

A limitation of the research reviewed by Miles and Carey is
few studies tested whether the heritability of aggressive beh
varies for individuals in different environmental contexts. The i
that different environmental contexts may moderate the expressi
genetic influences is a basis for theories about genetic effects (
fenbrenner & Ceci, 1994), but has seldom been tested empiri
According to Bronfenbrenner and Ceci, heritabilities of behavi

traits are expected to be greater in more advantaged environments.

The same hypothesis has been proposed by other resea
Specifically, Scarr (1992) and Rutter (1985) hypothesized
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to monozygotic (MZ) and dizygotic (DZ) twins, our research des
i“’_tﬁhded full siblings, half siblings, and unrelated siblings (e.g., ad
&8 children and stepchildren). A further contribution of the pres
&dy is that the environmental moderator variables examined
bI88hool-level variables. We chose to focus on two moderator varia
e ools’ racial-ethnic heterogeneity and average family warmth.
main effect, either or both moderators might be associated
hé_‘&hools' mean level of aggression. At the individual level, the mo|
ViB5rs might also change the magnitude of the genetic influences
H§Re heritability) or the magnitude of the environmental influence

RS variation of aggression.
Bron-

cally.

pral ANALYTIC STRATEGY

cher®ur analysis combined a standard behavioral genetic mode
tHaeFries-Fulker (DF) regression equation (DeFries & Fulker, 19
within a hierarchical linear model (HLM; Bryk & Raudenbus
1992). The DF regression provides estimates of heritability and
ronmental variance components of aggression from the follo
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whereAGG,, is the aggression score (i.e., phenotype) for Siblin
AGG,, is that of Sibling 2R is the coefficient of genetic relatedne
(2.0 for MZ twins, .50 for DZ twins and full siblings, .25 for half si
lings, O for biologically unrelated siblings), 18 the intercept, andis
the error. The unstandardized coefficient,i€ the estimate of share
environmental effect. The coefficient on the interaction tegpisfthe
heritability estimate, that is, the proportion of sibling resemblance
depends on the level of genetic relatedness.

We applied the DF model within HLM. This approach diffe
from the standard DF regression model in that HLM is based ¢

multilevel data array of students nested within schools in which ot

within-school and between-school variation of the data are asse
The method allows for simultaneous estimation of both (a) Leve
within-school equations in which separate regression slopes

intercepts are estimated for each school and (b) a Level 2 betwee
schools equation in which within-school slopes and intercepts ey

treated as dependent variables. We initially computed the folloy
model:

Level 1:AGG; = B;AGG, + B, R+ B RFAGG, + ; + ey
Level 2: (4 = Yoo + Hy
By = Vio + Hy

By = Vao + Hy

At Level 1, the DF equation is computed for each school, denote
the subscripi (plus the within-school random effee%). At Level 2,
each school’s mean level of aggressio(;]n) (8 modeled as a functio
of the grand meary{) plus between-school random errpgjx. Like-
wise, estimates of heritability &mand shared environmenrlefANith-
in each school are modeled as a function of grand means pooled

schools ¥,, andy,, respectively) plus random error. Because HL

estimates the variance of aggression between and within schoo
were able to calculate the proportion of variance in aggression
could be attributed to being in different schools (i.e., the intraclass
relation for schools).

We next expanded the Level 2 equations to first test whethe
ethnic and racial heterogeneity and the average family warmt
schools predicted the schools’ mean level of aggression. We ther
ed whether racial heterogeneity and family warmth were moder
of Level 1 beta coefficients, which in our application are the gen
and environmental variance components. The Level 2 equations
expanded as follows:

Level 2: r%j = Yoo+ Yos(racial heterogeneity) y,(family warmth) g
Blj =Y,o * Yy, (racial heterogeneity) ¥, (family warmth) Ly,
By = Y30 * Vay(racial heterogeneity) y,.(family warmth) +p,

where each school's mean level of aggressigp ®@modeled as 3
function of the racial heterogeneity, () and average family warmth g

the schooly,). Estimates of heritability ¢3 and shared environment

(Blj) within each school are also modeled as a function of the r
heterogeneityy, andy, ,, respectively) and average family warmth

y 1, METHOD
SS

b- The National Longitudinal Study of Adolescent Health (A
Health) was designed to assess the health status of a nationally
dsentative sample of adolescents and to explore the causes o

health-related behaviors. Details on the sampling procedure are
tHlatResnick et al. (1997).

The Add Health pairs sample includes 3,139 sibling pairs, or 6
ré'ndividuals (see Jacobson & Rowe, 1998, for details). Pairs
nil}jlcluded only if the two siblings attended the same school. Fur

hools that contained fewer than 15 pairs were also deleted, res
sé@cﬁ final sample size of 1,515 pairs. These sibling pairs were dis
3|Lited among 52 of the possible 80 high schools and their feeder j
'gh schools.
n_AII variables came from an in-home, computer-administered
, with a professional interviewer standing nearby to pro

iﬁgss,lstance.

e

Aggression.The dependent variable was a four-item scale
aggression. The scale was computed using self-reports o
frequency with which the respondents had engaged in
following four behaviors during the past year: (a) got into
serious physical fight, (b) hurt someone badly, (c) used
threatened to use) a weapon, and (d) took part in a gang f
Responses ranged from Bgve)) to 3 (five or more timep Items
were averaged to create a scale score (alpha = .74). Aggre
was associated with age and sex, with males showing gre
d byaggression than females (mean scores of 0.38 and 0.19, re
tively, F[1, 3028] = 251.1p < .001) and aggression decreasi
slightly with age ( = —.06). In the analyses that follow, th
dependent variable was the residuals from the regressio
aggression on age and sex, thus removing age effects and n
acrodgvel sex differences.
M
ss wEamily warmth.Family warmth was measured via self-reports
thatthe following five items: How much do you feel that (a) your p
cor-ents care about you, (b) people in your family understand you
you want to leave home (reverse scored), (d) your family has
r thetogether, and (e) your family pays attention to you? Respo|
h ofranged from 1r{ot very muchto 5 {ery much. Items were aver
testaged to create a single scale score (alpha = .77).
ators
elic School-level variablesSchool-level variables were compute
Wergsing data from all of the participating students (i.e., sibl
pairs + nonpairs subsamples) in the selected 52 schools.
number of participating students ranged from 61 to 1,721,
an average of 234 students per school. Racial-ethnic heterog
ity (H) was computed by first calculating the percentage
white, black, and Hispanic students who participated in eac
the 52 schools and then applying these percentages to the
lowing equation:

h

lf H = 1- [(%white} + (%oblack¥ + (%oHispanic]).
acialSchool-level family warmth was calculated by averaging the fa
of ly-warmth scores from all participating students within e
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school. The average school-level warmth was 332 0.13).
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Table 1. Results from hierarchical linear model (HLM) analysis of

school-level predictors of aggression

Term

Intercept (school meansojB
Intercept ¢,,)
Racial heterogeneity{,)
Family warmth ¥,,,)
Shared environment effect, (3
Intercept ¢,,)
Family warmth ¢, )
Heritability (r%j)
Intercept ¢,,)
Family warmth ,.)

Coefficient o,
0.024 .017
0.101* .028

-0.300* 145
0.021 .061
-1.010* 510
0.389* 12
1.970* .962

*p < .05, two-tailed.

Note. Coefficients are based on the following HLM:

Level 1 AGG; = r&leGG_SZ + rgsz+ I%JR_*AGGS + [%j +ey

Level 2: 3 =Y, + Yy, (racial heterogeneity) ¥, ,(family warmth) +i
Blj =Y, * Y (racial heterogeneity) ¥, (family warmth) Ly
By = Yao + Vay(racial heterogeneity) ¥y (family warmth) +p

RESULTS

The DF regression analysis was conducted twice: once in the
dard way: combining pairs from the different schools, and once

Level 1 analysis within HLM. The two analyses yielded similar € g

mates of heritabilityi® = .35,0,=.10,p < .01, anch? = .32,0,= .12,
p < .05, respectively) and shared environmegit=< .06 and .05,
respectively; for bothg, = .06 andp > .05)2 Nonshared environmen

tal influences accounted for the remainder of the variance (in stan

DF, 59%; in HLM, 63%). In the HLM analysis, the effect of sch
was statistically significant, indicating that schools differed
respect to their mean level of aggression. However, the intraclas
relation for schools, .028, showed that tremendous variability
aggression existed within the average school, making the bety
schools variability relatively small.

In the HLM analysis that included the two moderator variables
Table 1), higher mean level of aggression within schools was pre
ed by greater racial-ethnic heterogenejty € .101) and by less fam
ily warmth ,, = —.300). Inspection of the means within each of
four primary ethnic-racial subgroups (white, black, Hispanic,

other) indicated that aggression increased in more heterogepeous

schools for all groups.
The Level 2 HLM analysis also tested for interaction effects y

the behavioral genetic variance components. No variance comppnent

1. In DF analysis, data are double entered, so that Sibling A's aggre!
score serves once in the dependent varidtaad once in the independent val
able P,, and similarly for Sibling B’s score. The number of observations
twice the number of sibling pairs. Standard errors were adjusted to refleg

proper sample size in both the ordinary DF analysis and the within-school k l_I

analysis. We obtained the same findings using single-entry data (i.e., when
one of the siblings’ aggression scores was used as the dependent variabl

2. The estimates of heritability and shared environment are proj aﬁrj'/
affected by the skewness of the aggression data, as 68% of girls and 4

boys had committed no aggressive act (see Van den Oord & Rowe, 1997),
ever, the regularity of the within-sibling correlations (discussed later) inc

interacted with ethnic-racial heterogeneity (results not shown), bu
shared environment and genetic variance components both inte
SR school-level family warmth. The shared environment eff
“iBcreased with greater school-level family warnyif) £ —1.01, see
Stable 1). In contrast, heritability increased with greater school-I
family warmth §,, = 1.97). These results indicate that in schools
greater mean levels of family warmth, individual differences

ools with lower mean levels of family warmth. Conversely,
_effect of shared environmental influences on aggression is larg
J chools with lower means levels of family warmth.
i gorUsing the intercept and beta weight values in Table 1, we est
& the heritability for three groups categorized by school-l
e\ﬁgfmth. When the school-level warmth was equal to the mean,

mates of heritability and shared environmental influences were
dg:t.-39,c2 = .02, nonshared environmental influence® € .59. When

thsechool-level warmth was 3D below the mearty? was lower (.13)¢?

:nschool-level warmth was 3Dabove the meam? was higher (.65);2

was essentially zero (-.11), aetiwas lower (.35).
. To verify the results, we divided the sample at the median

;tshchool-level warmth and then compared the within-sibling corn

tions for aggression. These sibling correlations are presented in
2. As can be seen in the table, in schools with higher average lev
family warmth, sibling correlations increased markedly with

sidegree of genetic relatedness, frorx —.03 tor = .56, indicating
i- strong genetic influence. In contrast, among schools with lower I
inf average family warmth, sibling correlations were more sim
tW\%iicating weaker genetic effects and stronger shared environm
IWfuences. The correlations for MZ twins were also lower in sch
novr\]/l|¥h lower levels of average family warmth, indicating greater n
[“shared environmental influences in those schools than in schools
sdyqhper levels of family warmth. These sibling correlations, howe
Hagte computed on an arbitrary split of the sample, whereas the

egyaluated the moderation effect over the whole range of fa

ﬁression are due to genetic differences to a greater extent than in
o)
t

35 to those reported for the DF model in HLM without covaridtés;

Was higher (.15), ané? was higher as well (.72). In contrast, whe
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required for the expression of aggression in more benign env|
Table 2. Sibling correlations on aggression ments. In more adverse environments, processes such as
norms and peer models may promote aggressive behavior
School-level family warmth among individuals without a genetic predisposition. In conclus|
- this study is consistent with the pattern of results found for int
Group High Low gence and ability, namely, that environmental context moderate|
Monozygotic twins 56+ 4% genetic and environmental components of variation in phenotyp
Dizygotic twins .33* 31*
Full siblings .18* A7
Half siblings .07 -.10 ) e
Unrelated siblings _03 21* Acknowledgments—The National Longitudinal Study of Adolescent

Health (Add Health) was designed by J. Richard Udry (principal investig
tor) and Peter Bearman and funded by Grant P01-HD31921 from

Note. Sibling correlations were computed in Level 1 of the
hierarchical linear model.

*p < .05, two-tailed. ested in obtaining data sets from The National Longitudinal Study of Ad

lescent Health should contact Jo Jones, Carolina Population Centef,
West Franklin St., Chapel Hill, NC 27516-3997; e-mail: jo_jor
@unc.edu.
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DISCUSSION

The present study demonstrated a way in which HLM can be jused
with behavioral genetic designs to determine whether genetic| and
environmental influences on variation in adolescent aggression|vary REFERENCES
across context. Overall, our findings confirmed a conclusion from a ) o
meta-analysis of behavioral genetic studies (Miles & Carey, 199?5?nf?§;f;n§£}s%écﬁvgeflbigéf:'m(ol;gg?'m’\c‘,ﬁ;c_ﬂg[;L:;riga{epgg\?ice\e;ft;g;égislgeéeV
Aggression is heritable, and shared environmental influences are refac A.S., & Raudenbush, S.W. (1992jierarchical linear modelsNewbury Park, CA:
tively weak. In the HLM, the shared environmental effect was esti- SAGE.

. . . .. DeFries, J.C., & Fulker, D.F. (1985). Multiple regression analysis of twin Bataavior
mated at .05. The HLM-derived estimate of heritability among™ Genetics, 15467_473.( ) ple reg Y
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adolescents (.32), however, was lower than the estimate from Mit@slbrock, C., Rende, R., Plomin, R., & Thompson, L.A. (1995). A twin study of compe-

) _ ; f ; indli tence and problem behavior in childhood and early adolescémamal of Child
and Carey’s meta-analysis (.58 in adulthood), which may indicate that Psychology and Psychiatry and Allied Disciplines, BB5—785.

the heritability of aggression is lower in adolescence than in adutchbein, S. (1980). 1Q and social classelligence, 451-63.
hood. The remainder of variation was due to reliable nonshared eﬁmobsgnl, K.C., & Rowe, D.C. (19953)r-1 Geneticdand shared environmental influeng
. adolescent BMI: Interactions with race and $gshavior Genetics, 2&65-278.
ronment and me{isurement error (63) Reliable nonSha@vglws, M.L., True, W.R., Eisen, S.A., Goldberg, J., Meyer, J.M., Faraone, S.V., Eaves
environmental variation was .37 of total variatfon. & Tsuang, M.T. (1995). Differential heritability of adult and juvenile antisod
We did, however, find that environmental context, measurefl at _ traits.Archives of General Psychiatry, 5306-915.

. MﬁCIeIIand, G.H., & Judd, C.M. (1993). Statistical difficulties in detecting interaction
the school level, moderated both mean level of aggression and the mogerator effects2sychological Bulletin, 11476-390.

genetic and environmental influences on variation in aggressi®ednick, S.A., Gabrielli, W.F., & Hutchings, B. (1984). Genetic influences in crimi
Specifically, schools with greater ethnic and racial heterogeneity had 997vietons: Evidence from an adoption cohitience, 224891894

higher mean levels of aggression, as did schools with lower average sjon.Journal of Personality and Social Psychology, 2@7—217.

levels of family warmth. Family warmth also moderated genetic [aRdsnick, M.D., Bearman, P.S., Blum, R.W., Bauman, K.E,, Harris, K.M., Jones, J., Ti
enw_ronmental influences on variation in aggression. In line with the- (1997). Protecting adolescents from harm: Findings from the National Longitu
oretical postulates of several researchers (e.g., Bronfenbrenner & Study of Adolescent HealtdAMA, 278,823-832.

Ceci, 1994; Rutter, 1985; Scarr, 1992), the heritability of aggressiBetve; D-C. (1983). Biometrical genetic models of self-reported delinquent behavi
twin study.Behavior Genetics, 13,73-489.

was higher in schools with higher average levels of family warmt@uye, p.c., Jacobson, K.C., & Van den Oord, E.J.C.G. (in press). Genetic and en
Conversely, both shared and nonshared environmental influences mental influences on Vocabulary 1Q: Parental education level as mod&htior.

. . ; Development.
were stronger in schools with lower average levels of family war mjner, M. (1985). Family and school influences on cognitive developrdeainal of

One explanation for these findings is that a greater genetic eff@¢ct IS child Psychology and Psychiatry and Allied Disciplines, G83—704.
Scarr, S. (1992). Developmental theories for the 1990s: Development and individu
ferencesChild Development, 63-19.
Scarr, S., & McCartney, K. (1983). How people make their own environments: A thed
3. The logic behind this estimate is as follows. The total variation of genotype— environment effect<Child Development, 54124435,

aggression (standardized) is 1.0. The reliable variation is .74. Of the reliatfiar™-Salapatek, S. (1971). Race, social class, an8d@nce, 1741285-1295.
variation, .37 (.32 heritability + .05 shared environment) is explained by genN&% d(setr:Jéi)eosrgeﬁj\}i%}GG”ei‘etRig:V%E%ﬁ1(21997). Bffects of censored variables in f
and shared environment. Thus, the remainder is reliable, nonshared varjation: ' ' '

.74 — .37 = .37. (ReceIVED 5/29/98; RevisioN ACCEPTED11/12/98)
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