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In this paper, we describe a quantitative summary of  12 twin (n = 3795 twin 
pairs and 3 adoption studies = 338 adoptees) published since 1975 which 
provided 21 estimates of the heritability of  antisocial behavior. Medium to large 
effect sizes were found for genetic influences across studies, with approximately 
50% of the variance in measures of  antisocial behavior attributable to genetic 
effects. Although effect sizes did not vary across different definitions of  
antisocial behavior (criminality, aggression, or antisocial personality), 
significantly larger estimates o f  genetic effect were found  for severe 
manifestations of  antisocial behavior. The importance of  severity was further 
underscored by the significantly larger effects obtained in studies using 
clinic-referred samples compared to the effects obtained in studies using 
volunteer samples. Demographic characteristics o f  the samples did not 
influence effect sizes, although studies using more stringent methodology tended 
to find larger effects. These results must be interpreted in light of  the small 
literature that was suitable for the meta-analysis due to numerous 
methodological limitations in existing studies. 
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INTRODUCTION 

There is a substantial literature on the presence of a familial link to 
antisocial behavior (see Frick, 1994). However, there is great debate over 
the mechanisms involved in the intergenerational transmission (Patterson, 
Reid, & Dishion, 1992). Because family history studies confound genetic 
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and environmental influences (i.e., children and parents share both genes 
and environment), the intergenerational link to antisocial behavior has been 
a focal point to the longstanding "nature vs nurture" debate (DiLalla & 
Gottesman, 1991; Widom, 1991). 

To begin to tease apart the confounding influences of genetics and 
environment, many behavioral genetic researchers have used twin and 
adoption methods to clarify the potential role of heredity in the develop- 
ment of antisocial behavior. The purpose of this paper is to provide a quan- 
titative summary of these studies. However, our goal is not to test whether 
or not hereditary influences are the sole causes of antisocial behavior. We 
hold strongly to the belief that pitting genetic against environmental influ- 
ences as competing causes is inappropriate for the study of any psycho- 
logical syndrome. Instead, it is more appropriate to view psychological 
disorders as being a function of both biological predispositions and envi- 
ronmental influences. The purpose of this study is to provide an estimate 
of the strength of genetic influences to antisocial behavior and, more im- 
portantly, to determine if there are moderators to this estimate. 

Although there are numerous qualitative reviews of the genetic re- 
search on antisocial behavior (e.g., Dilalla & Gottesman, 1991; Mednick & 
Kandel, 1988; Plomin, Nitz, & Rowe, 1991; Rutter et al., 1990), a quantita- 
tive review is especially important in this area of research because of the 
strong philosophical beliefs that are held on the potential role of genetics 
in the development of antisocial behavior (see Adler, 1992). As a result, a 
quantitative meta-analysis limits the potential for bias on the part of a re- 
viewer and provides a more objective summary of the empirical evidence. 

In addition, a meta-analysis provides a mechanism for testing poten- 
tial moderating influences to the effect sizes across studies (Wolf, 1988). 
For example, there have been many definitions of antisocial behavior used 
in twin and adoption studies, such as legal definitions of criminality, verbal 
or physical aggression, and personality characteristics associated with anti- 
social behavior. Distinguishing among these definitions is important be- 
cause research with children and adults has indicated that these definitions 
are related but are not synonymous (Hare, Hart, & Harpur, 1991; Kelso 
& Stewart, 1986; Loeber, 1990; Tremblay et al., 1991). As noted by Plomin 
et al. (1991), despite the overlap between these behavioral definitions, the 
"genetic relationships among these disorders is unknown" (p. 122). There- 
fore, it is important to test whether the estimated genetic effects are in- 
fluenced by the definition of antisocial behavior that is employed. 

A second potential moderator is the severity of antisocial behavior. 
Twin and adoption studies have variedgreatly on the severity of antisocial 
behavior that is measured, ranging from the number of hits to a toy Bobo 
doll (Plomin, Foch, & Rowe, 1981) to the involvement in criminal activity, 
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including violent crimes (Cloninger, Christiansen, Reich, & Gottesman, 
1978). Severity has already been identified as an important variable in the 
chronicity of antisocial behavior (Hare et aL, 1991; Loeber, 1991) and in 
the strength of the intergenerational rink to antisocial behavior (Mednick, 
Gabrielli, & Hutchings, 1984; Osborn & West, 1979; Wilson, 1975). There- 
fore, it is possible that severity may also be a moderator to the degree of 
variance explained by heredity. 

Several demographic variables are also potential moderators. Like se- 
verity, age has been linked to the chronicity of antisocial behavior, with 
the onset of problem behavior prior to adolescence leading to an increased 
likelihood of continuation into adulthood (Loeber, 1991). For example, 
Robins (1966) reported that when antisocial behavior began prior to the 
child's l l th  birthday, children were twice as likely to exhibit antisocial be- 
havior as an adult (Robins, 1966). Similarly in the delinquency literature, 
recidivism has been linked to early onset of delinquent behavior (Hanson, 
Hennggeler, Haefle, & Rodick, 1984; Loeber & Dishion, 1983). Gender is 
another demographic variable that might moderate the effects of heredity. 
Gender differences have been found in the stability of aggression over time, 
with male aggression appearing more stable (Huesmarm, Eron, Lefkowitz 
& Walder, 1984). However, it appears that offspring of antisocial mothers 
might be at greater risk for antisocial behavior than offspring of antisocial 
fathers (see Robins, 1991). 

In summary, the literature on antisocial behavior has indicated that 
there are several definitional and demographic distinctions within the broad 
category of antisocial behavior that have proven important for under- 
standing the chronicity of antisocial behavior and the risk in offspring of 
antisocial parents. Therefore, in this paper we present a quantitative sum- 
mary of recent twin and adoption studies in which we test whether or not 
these distinctions are systematically related to the degree of hereditary in- 
fluence. Specifically, in addition to providing an overall estimate of the in- 
fluence of heredity on measures of antisocial behavior, we test whether or 
not the type of antisocial behavior, the severity of the antisocial behavior, 
or the demographic composition of the samples moderate the estimated 
degree of genetic involvement. 3 

3During data collection for the present study, another meta-anaiysis on the genetic 
contributions to crime was published by Waiters (1992). This meta-anaiysis found that the 
genetic contribution to measures of criminal behavior was general weak. We feel that the 
Waiters (1992) meta-anaiysis was limited methodologically in several respects, which makes 
interpretation of the data difficult. First, the method of obtaining studies for the initial item 
pool was not well specified, nor was the method for retaining studies for the meta-analysis. 
Second, data from overlapping or identical samples were included "if they shed laew light 
on the gene-crime question" (p. 598, Waiters, 1992). This not only inflates the contributions 
of any single sample, depending on how many times it was included, but it also makes the 
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METHOD 

Selection of Studies 

An initial pool of studies was located by several methods. Comput- 
erized searches of Psychological Abstracts and Dissertation Abstracts were 
conducted. Key words employed in these searches included gene, inherit, 
heritable, heredity, biology, predisposition, predict, violent, conduct disor- 
der, antisocial, sociopath, juvenile delinquency, crime, cruelty, behavior dis- 
order, behavior problems, explosive personality, vandalism, torture, 
recidivism, temper, psychoticism, personality, negative emotionality, steal, 
bully, twin, adoptee, and adoptive. Early studies of the genetic influence 
on antisocial behavior were plagued with methodological problems (Med- 
nick & Kandel, 1988; Rosenthal, 1975). Because of this and the fact that 
the relatively few studies conducted before 1975 failed to report data in a 
manner which met the statistical criteria for this meta-analysis (discussed 
below), only articles published between 1975 and 1991 (the end of data 
collection) were included in this meta-analysis. 

Attempts to locate appropriate articles published during the period 
between 1975 and 1991 also included searches of individual journal volumes 
published during these years for the following periodicals: Aggressive Be- 
havior, Archives of General Psychiatry, Biological Psychiatry, Behavior Genet- 
ics, Crime and Delinquency, Diseases of the Nervous System, Journal of 
Abnormal Child Psychology, Journal of the American Academy of Child and 
Adolescent Psychiatry, Journal of the American Academy of Child Psychiatry, 
Journal of Clinical Psychiatry, Journal of Crime and Delinquency, Journal of 
Nervous and Mental Disease, Journal of Personality and Social Psychology, 
Neuropsychobiology, Psychological Bulletin, and Social Biology. 

A search for appropriate articles also included written correspon- 
dence soliciting information about twin and adoption studies appropriate 
for this meta-analysis to the following researchers who have published re- 
cent articles in the area: Laura Baker, Michael Bohman, Thomas Bouchard, 

error variance between effects sizes nonindependent, violating a basic assumption of most 
recta-analytic techniques (Wolf, 1986). Third, the Waiters (1992) meta-anaiysis included many 
twin and adoption studies that confounded antisocial/criminal behavior with other 
psychological dysfunctions (e.g., substance abuse, general psychological dysfunction), making 
it unclear whether the effect size was actually measuring the genetic contribution to antisocial 
behavior/crime or psychological dysfunction in general. Fourth, it included adoption studies 
in which the same measures of antisocial/criminal behavior were not used in comparing the 
biological and adoptive backgrounds of probands, making it possible that effect sizes were 
affected by the assessment of different constructs in biological and adoptive relatives. Fifth, 
the Waiters (1992) study included many studies conducted prior to 1975 in which, the 
methodology was so flawed, that obtaining meaningful conclusions from the data would be 
difficult (Mednick & Kandel, 1988; Rosenthai, 1975). 
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Remi Cadoret, David Fulker, William Grove, Barry Hutchings, Sarnoff 
Mednick, Terrie Moffit, David Owen, Robert Plomin, David Rowe, Nancy 
Segal, and Phillipe Rushton. 

From these searches, an initial pool of 70 studies was found. These 
studies were then reviewed to determine if they met five inclusionary cri- 
teria. First, studies must have used a methodology that either compared 
monozygotic (MZ) and dizygotic (DZ) twins or compared the association 
between antisocial behavior in adoptees with antisocial behavior in biologi- 
cal and adoptive parents. Second, the studies must have measured some 
aspect of antisocial behavior, through measures of either antisocial person- 
ality, aggression, or criminal activity, but these measures could not be con- 
founded with other forms of psychological disturbance. Although studies 
were included if substance abuse was considered part of the definition of 
antisocial behavior, studies in which substance abuse alone was considered 
a measure of antisocial behavior were eliminated from consideration. 4 
Third, the studies must have used a research design that compared Mz and 
Dz twins on the same type of antisocial behavior. Similarly, the association 
between adoptee and the behavior of both the biological and the adoptive 
parents must be compared on the same measure of antisocial behavior. 
For example, a study that measured the relationships between antisocial 
personality in adoptive parents, criminality in biological parents, and crimi- 
nal behavior in adoptees was excluded (Crowe, 1975). Fourth, studies which 
included analyses only on a subset of a sample that was already part of 
our meta-analyses were excluded. Finally, data from each study had to be 
presented in a form that allowed for the calculation of at least one effect 
size, using the procedure described below. 

As a result of this procedure, only 15 (21%) of the original pool of 
70 studies met the inclusionary criteria. These included 12 twin studies and 
3 adoption studies, which led to the calculation of 21 effect sizes (18 from 
twin studies and 3 from adoption studies). The 15 studies included in the 
meta-analysis are listed in the Appendix. The most common reason for 
exclusion was due to (1) a failure of adoption studies to compare the as- 
sociation of adoptee antisocial behavior with both biological and adoptive 

4There is substantial evidence that substance abuse and antisocial behavior should not be used 
interchangeably. Specifically, although substance abuse can occur as one aspect of a broader 
pattern of impulsive and antisocial behavior, this only accounts for a small percentage of 
people who abuse substances (e.g., Stewart & Wilcox, 1987). More importantly, the adoption 
study by Cadoret, Troughton, O'Gorman, and Heywood (1986) provides convincing evidence 
that the hereditary influences to antisocial behavior and substance abuse are largely 
independent. Therefore, we felt that any ~study which confounded substance abuse and 
antisocial behavior (n = 6) should be eliminated from review because it would be impossible 
to determine whether the estimate of heritability was a function of the substance abuse, 
antisocial behavior, or both. 
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parents or (2) the measure of antisocial behavior not being the same in 
the adoptee and either biological or adoptive parents. Twenty-three studies 
(33% of original pool) were rejected due to these criteria. An additional 
13 studies (19%) were rejected because the studies did not include a meas- 
ure that was specific to antisocial behavior (e.g., measure of general be- 
havior problems) and an additional 6 studies (9%) were excluded because 
alcohol or drug abuse was taken as a sole indication of antisocial behavior 
in some cases. Nine studies (13%) were excluded because they reported 
analyses of a subset of a sample that was already included in our meta- 
analysis and four studies (6%) were excluded because they did not report 
sufficient information to calculate effect sizes. 5 

Twin studies employed samples ranging in size from 33 twin pairs to 
975 pairs. Collectively, these studies involved 3795 twin pairs, with an av- 
erage sample size of 211 twin pairs. Adoption studies employed samples 
ranging in size from 73 to 108 adoptees. These studies collectively involved 
338 adoptees, with an average sample size of 85 adoptees. Therefore, the 
results of this meta-analysis are based on an effective sample size of 4133, 
which includes twin pairs and adoptees. 

Calculation of Effect Sizes 

Our measure of effect size was the d statistic (Wolf, 1986). Calcula- 
tion of d was designed (1) to have the effect size be an estimate of the 
degree of heritability in the antisocial measure and (2) to have analogous 
statistics for twin and adoption studies. For twin studies, d reflected the 
magnitude of the difference between the correlations (or concordance) of 
MZ and DZ twins on the antisocial measure. This procedure is analogous 
to the rationale behind Falconer's (1981) heritability coefficient (h2), which 
assumes that greater similarities between MZ twins than DZ twins are due 
to the identical genetic makeup of MZ twins and, therefore, reflect greater 
heritability of the trait. 6 To calculate d, the correlations between MZ and 

5A complete listing of the studies that formed the initial pool but were rejected due to our 
inclusionary criteria is available from the submitting author by request. 

6There has been a long-standing debate over the use of the heritability coefficient as an 
estimate of genetic influences (see Plomin et aL, 1990). Many of the more recent behavioral 
genetic studies have used more sophisticated methods for testing the strength of genetic 
effects, such as by comparing the between- and within-pair variance in twin studies (e.g., 
Ghodsian-Carpey & Baker, 1987) or by using structural equation modeling to partition 
genetic effects in either twin or adoption studies (see Eaves et at, 1993). It was apparent in 
our large initial study pool that there were too few studies currently available to conduct a 
meta-analysis using these more sophisticated measures of genetic effect. Therefore, we used 
the comparison between MZ and DZ twin concordance as a rough estimate of genetic effect 
because this was the only information available in the majority studies that would enable us 
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DZ twins were first converted to Fisher z scores and differences between 
the two coefficients (MZ-DZ) were used to obtain the d statistic (Wolf, 
1986). Therefore, positive values of d reflected higher MZ than DZ con- 
cordance and negative d scores reflected lower MZ than DZ concordance. 
Calculation of d was necessary to combine results from twin and adoption 
studies. However, the absolute value of d is not directly translatable into 
the percentage of variance explained by heredity, and therefore, heritability 
coefficients (h 2) were calculated for all twin studies as well. 

An analogous d statistic was calculated in adoption studies. To be 
included in the meta-analysis, a study had to provide some comparison be- 
tween the correlation of adoptees' antisocial behavior with antisocial be- 
havior in their biological parents and the correlation of an adoptees' 
behavior with antisocial behavior in the adoptive parents. The statistical 
test employed in this comparison was converted to d (Wolf, 1986), so that 
positive d values reflected greater correlations between adoptees and their 
biological parents antisocial behavior than between adoptees and their 
adoptive parents behavior. This approach leads to a somewhat conservative 
estimate of heritability, since the difference in correlations reflect the in- 
fiuence of genetics relative to the influence of rearing environment. How- 
ever, we felt that this method provided an estimate of heredity that was 
most comparable to the estimate obtained from twin studies. 

Multiple effect sizes were calculated within a single published study 
if d could be calculated for independent samples within the study (Wolf, 
1986). For example, four studies reported separate concordance rates for 
males and females on the same measures of antisocial behavior. Therefore, 
separate effects sizes were calculated for the male sample and the female 
sample. However, to maintain the independence of effect sizes for statistical 
analysis, if the study reported multiple measures of antisocial behavior 
within the same sample, a composite measure was formed which was based 
on the average of each measure and this composite measure was converted 
to a single d statistic. In no case did this involve combining measures that 
differed on any of the moderator variables (e.g., type of antisocial behavior, 
severity of antisocial behavior). 

Moderator Variables 

Type of Antisocial Behavior. Outcome measures of antisocial behavior 
were grouped into three categories: (1) aggression (verbal, physical, direct, 
and indirect), (2) criminal behavior" (convictions), and (3) antisocial per- 

to calculate an effect size estimate that was comparable across studies. 
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sonality. Eight measures of effect size were calculated from the six studies 
of aggression, all but one of these measures were obtained from twin stud- 
ies. Nine measures of effect size were obtained from the six studies of an- 
tisocial personality, with only one of these measures coming from adoption 
samples. Three studies produced the four measures of effect size for the 
criminality variable, all but one measure coming from twin studies. 

Severity. Severity of antisocial behavior was measured by placing the 
measure of antisocial behavior into a dichotomous category of "Severe" 
and "Nonsevere." Since all measures of criminality included actual convic- 
tions, all measures of criminality were considered Severe. Measures of ag- 
gression which included physical aggression to others and destruction of 
property or a mixture of the preceding two definitions were also considered 
Severe. A measure of antisocial personality was considered Severe if sub- 
jects had symptoms of or were diagnosed with antisocial personality disor- 
der or with childhood conduct disorder. Nonsevere antisocial behaviors 
were measures of aggressive behavior that consisted of noncompliance, 
teasing others, or attacking an inanimate object. Also, measures of antiso- 
cial personality based on personality inventories were grouped in the Non- 
severe category, unless only extreme scores were used. 

Demographic Variables. Potential demographic moderators were the 
nationality, age, gender, and racial composition of the samples. Thirteen 
effect sizes (from 10 studies) used samples drawn from the United States. 
Four effect sizes were based on samples from Great Britain, three effect 
sizes were based on Danish samples, and one effect size was based on a 
Canadian sample. 

Age of the sample on which the effect size was calculated was defined 
in several ways. Mean age of the sample was reported in 12 studies (16 
effect sizes). The average age across all studies included in the meta-analy- 
sis was 18.7 years. However, only. six studies (seven effect sizes) reported 
exact age ranges (ranging from 4 to 75 across all studies included). The 
one measure of age that could be computed for all studies was whether 
all subjects were younger than 18 years of age (10 effect sizes) or the sub- 
jects were all 18 years or older (9 effect sizes) or the subjects were mixed 
between children and adults (2 effect sizes). 

Only one study (two measures of effect size) provided no information 
on the gender composition of the sample. Of the remaining 19 measures 
of effect size, 7 were obtained on all-male samples. Five measures of effect 
size were based upon all-female samples and the rest were based on mixed- 
sex samples. The racial composition of the sample was also coded, although 
only seven studies (10 measures of effect size), provided information on 
the racial composition of their samples. 
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Methodological Variables 

Several methodological variables were also measured as potential 
moderators. Use of blinding as a methodological variable was coded for 
each study. A study was considered to have "optimal" blinding if (1) the 
twin study ensured that the individual assessing antisocial behavior in one 
twin was blind both to antisocial behavior in the cotwin and to the zy- 
gosity of the twin or (2) the adoption study ensured that the individual 
assessing the adoptee for presence of a particular antisocial behavior was 
blind to the measure of antisocial behavior in both the adoptee's biologi- 
cal and the adoptee's adoptive parents. If such blinding procedures were 
clearly not conducted or insufficient information was given to determine 
the procedure, the study was considered in the "nonoptimal" blinding 
category. 

The methods for determining zygosity in a twin studies was also in- 
cluded. A study was coded as using "Optimal" zygosity determination if 
blood typing or fingerprint comparisons on all twins in the sample were 
used to determine zygosity. "Nonoptimal" zygosity determination included 
blood typing for only a portion of the sample or making determinations 
based solely upon physical similarities. Three studies (five measures of ef- 
fect size) were included in the optimal zygosity category. 

Method of subject recruitment was divided into two categories, Clinic 
(convicted criminals or patients of a mental health facility) and Nonreferred 
(volunteers from a nonclinical population). Five studies (6 measures of ef- 
fect size) used clinic samples and 10 studies (15 measures of effect size) 
employed volunteer samples. 

Coding Procedure 

All effect sizes and moderator variables were coded independently 
by two raters (Wanous, Sullivan, & Malinak, 1989). The definitions of 
moderator variables were determined prior to the calculation of effect 
sizes and the actual coding of the moderator variables were always ac- 
complished prior to the calculation effect size. Correlation coefficients be- 
tween the codes of the two raters were generally quite high (mean r = 
.87). All discrepancies were resolved through discussion between the two 
raters and the mutually agreed on resolution was the code used in all 
analyses. 
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RESULTS 

Overall Effect Sizes 

Table I lists each study and whether it was a twin or adoption study 
and by the type of antisocial behavior measured. It also provides the effect 
size and h a (twin studies only) for each study. In Table II, we present sum- 
mary statistics of the effect sizes across all studies. The mean effect size 
across both twin and adoption studies was d = .30. Although this overall 
effect size was not statistically different from zero (z = 1.4, p < .08), this 
significance test is quite conservative given the limited sample size and sub- 
sequent limited power. As a guide based on effect sizes found in other 
areas of psychological research, an effect size of .10 is typically considered 
small, .30 as medium, and .50 as large (Cohen, 1977). Therefore, the overall 
effect of heredity would be considered a medium effect size. 7 Also, an av- 
erage effect size may not be an appropriate summary statistic because of 
a skewed distribution of effect sizes. Over half (n = 11) of the effect sizes 
were medium to large (ranging from .45 to .68). In fact, the median effect 
size across studies was .45. The overall mean was dramatically reduced by 
two studies that produced negative effect sizes (Plomin et al., 1981; Steven- 
son & Graham, 1988--girls only). To provide a frame a reference to these 
effect sizes, the heritability coefficients (h a) for the twin studies were cal- 
culated and these results are also reported in Table II. The mean and me- 
dian h 2 across twin studies was .48, which indicates that the percentage 
variance accounted for by genetics was estimated at 48%. 

Type and Severity of Antisocial Behavior 

Table III presents the effect sizes by type of antisocial behavior. There 
were no significant differences among effect sizes obtained in studies meas- 
uring criminal behavior, antisocial personality, and aggression [F(2,18) = 
.86, p = n.s.]. This remained true when measures of effect sizes were ex- 
amined for twin studies alone [F(2,15) = .93, p = n.s.]. 

Table III also presents the results of analyses comparing the effects 
sizes for measures of antisocial behavior divided by severity. The average 
effect size for studies that used measures of Severe antisocial behavior was 
significantly greater than studies that used measures of Nonsevere antiso- 

7According to guidelines provided by Wolf (1986), all effect sizes were calculated twice: 
weighted by sample size ("unbiased") and unweighted ("biased") by sample size. However, 
only the unweighted effects sizes are reported because there was negligible differences in 
results using the weighted or unweighted statistics. 
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Table II. Mean Overall Effect Sizes 

Mason and Frick 

Effect size M/Md (SD) 
measure All samples Twin samples Adoptee samples 

d .30/.45 (.41) .26/A8 (.43) .52/.50 (.50) 
(n = 21) (n =18) (n = 3) 

h 2 -- .48/.48 (.26) - -  
(,,  = 18) 

ad = effect size. h 2 = average Falconer's (1981) heritability index. Md = median. 

cial behavior It(19) = 2.65, p < .01]. Focusing on twin studies, significant 
effects of severity were also present [t(16) = 2.24, p < .05]. In fact the 
average effect size in the studies of Nonsevere antisocial behavior was 0. 
In the twin studies, the percentage of variance accounted for by genetic 
effects (h 2) averaged 58% for studies using measures of Severe measures 
of antisocial behavior and 34% for studies using Nonsevere measures of 
antisocial behavior. 

Table 11I. Effect Sizes for Three Types of Antisocial Behavior and Groups Based on 
Severity 

M (SD) d 

Full sample Twin only 

Type of antisocial behavior 

Criminality .50 (.13) .53 (.13) 
(n = 4) (n = 3) 

Aggression .33 (.32) .28 (.31) 
(n = 8)  (n  = 7 )  

Antisocial personality .18 (.54) .17 (.56) 
(n = 9) (n = 8) 

F(2,18) = .86 F(2,15) = 2.40 
(p = ns) Co = ns) 

Severity of antisocial behavior 

Severe .45 (.14) .42 (.14) 
(n = 14) (n = 11) 

Nonsevere .00 (.61) .00 (.61) 
(n  = 7 )  (n  = 7 )  

t(19) = 2.65 t(16) = 2.24 
p < .01 p < .05 

ad= effect size. M = mean. 
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D e m o g r a p h i c  M o d e r a t o r s  

Correlation coefficients were obtained for mean age of the samples 
and effect sizes. Age was not correlated with effect size in the full sample 
(r = .22, p = n.s.), nor was it correlated with effect size (r = .21, p = n.s.) 
in the twin studies alone. A comparison of the effect sizes from adult sam- 
ples (>17 years) and child/adolescent samples is presented in Table IV. 
Three effect sizes were excluded from analysis because they came from 
mixed samples of adults and children. The effect sizes did not differ sig- 
nificantly between adult and child samples in either the full sample [t(17) 
= 1.2, p = n.s.] or the twin sample It(15) = 1.4, p = n.s.], although the 
mean effect size was medium to large in the adult samples and small in 
the child samples. 

Although not statistically significant, the pattern of results was con- 
trary to predictions in that the younger sample exhibited lower mean effect 
sizes. These results seemed to be a function of the fact that 5 of the 11 
effect sizes in child samples used Nonsevere measures of antisocial behav- 
ior. In contrast, only two of nine of the adult effect sizes were based on 
Nonsevere measures of antisocial behavior. Across the child samples, the 

Table IV. Effect Size and Demographic Variables 

Age, M(SD) 

< 18 yr > 18 yr t test 

d full sample .15 (.55) .41 (.15) t(17) = 1.2 
(n = 10) (n = 9) p = n.s. 

d twin only .11 (.57) .41 (.16) t(15) = 1.6 
(n = 9) (n = 8) p = n.s. 

d full sample 

d twin only 

Gender, M (SD) 

All male All female Mixed A N O V A  

.38 (.17) .03 (.83) .34 (.29) F(2,t8) = 1.03 
(n = 7) (n = 4) (n = 10) p = n.s. 
.37 (.19) .03 (.84) .25 (.30) /7(2,14) = .72 
(n = 6) (n = 4) (n = 7) p = n.s. 

Country of  sample, M(SD) 

United States Non-United States t test 

d full sample .37 (.27) .17 (.57) t(19) = 1.1 
(n = 13) (. = 8) p = n.s. 

d twin only .33 (.27) .14 (.61) t(16) = .88 
(,, = 11) (,, = 7) p = .n.s., 

ad = effect size. 
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mean effect size of studies using Severe measures (n = 6) was .45, whereas 
the mean effect size of studies using Nonsevere measures (n = 5) was -.13. 
In the adult samples, the mean effect size of studies using Severe measures 
(n = 7) was .43, whereas the mean effect size for studies using Nonsevere 
measures (n = 2) was .34. Therefore, for Severe measures alone there was 
no difference in the effect sizes between child and adult samples, with both 
estimates being in the medium to large range. 

Neither the gender (percentage male) nor the racial (percentage 
European-Caucasian) composition of the sample was significantly associ- 
ated with effect size either in the full sample (gender = .32, racial r = 
-.03) or in the twin samples (gender r = .28, racial r = -.04, respectively). 
However, the number of measures of effect size for which the racial com- 
position of the samples was reported was quite small (8 of 22). A com- 
parison of the mean effect sizes from all-male samples, all-female samples, 
and mixed-sex samples is provided in Table IV. There was no significant 
effect for gender in these analyses, although the effect sizes in the all fe- 
males samples (n = 4) tended to be somewhat lower. We were concerned 
that, like age, there may have been a confound between gender and severity 
which could have influenced the results. Unlike age, however, the gender 
composition of the sample was not confounded with severity of antisocial 
behavior. There were comparable proportions of effect sizes in the male, 
female, and mixed samples based on severe measures of antisocial behavior 
(71, 75, and 70%, respectively). Also reported in Table IV are the results 
comparing the effect sizes from samples in the United Stats to samples 
from other countries. There were no differences in effect sizes based on 
the nationality of the sample. 

Methodological Variables 

Sample size was not significantly correlated with effect size across 
all studies (r = .13) or in twin studies alone (r = .18). However, effect 
sizes from twin studies were higher for those using optimal blinding tech- 
niques (n = 3) than from studies that did not use optimal blinding (n = 
19) [t(16) = 2.4, p < .05]. These results are summarized in Table V. There 
was also a significant effect for the type of sample recruitment, with Clinic 
samples showing larger effect sizes across all studies [t(19) = 2.56, p < 
.05] and in twin studies only [t(20) =. 2.4, p < .05]. However, there were 
no differences in mean effect sizes based on the method for determining 
zygosity. 



Genetic Meta.Analysis 

Table V. Effect Size and Methodological Variables 

317 

Blinding, M(SD) 

Optimal Nonoptimal t test 

d full sample .53 (.13) .25 (.43) t(19) = 1.10 
(n = 3) (n = 18) p = n.s 

d twin only .53 (.13) .20 (.45) t(16) = 2.4 
(n = 3) (n = 15) p < .05 

Sample recruitment, M(SD) 

Clinic Volunteer t test 

d full sample .53 (.12) .20 (.45) t(19) = 2.56 
(n = 6) (n = 15) p < .05 

d twin only .53 (.13) .20 (.45) t(16) = 2.41 
(n = 3) (n = 15) p < .05 

Zygosity determination, M (SD) 

Optimal Nonoptimal t test 

d twin only .30 (.38) .24 (.46) t(16) = .24 
(n = 5) (n = 13) p = n.s. 

ad = effect size. 

DISCUSSION 

One of the more interesting findings of this meta-analytic review was 
that the appearance of a large literature on the heritability of antisocial 
behavior is quite deceptive. Although an initial screening yielded 70 pub- 
lished behavioral genetic studies between 1975 and 1991, only 15 studies 
were judged suitable for this review. We do not feel that our criteria for 
inclusion was too restrictive. The majority of the studies rejected was adop- 
tion studies. The rejection of these studies was because either they did not 
study both the biological and the adoptive parents of the adoptees or the 
same construct was not measured in adoptees and their adoptive or bio- 
logical parents (e.g., Bohman, Cloninger, Sigvardsson, & von Knorring, 
1987; Crowe, 1975). The latter methodology could be justifiable if different 
measures in parents and children were based on an explicit theory of age- 
dependent differences in the phenotypic expression of an antisocial trait. 
However, this was not the case in the studies excluded from analysis, and 
in fact, most of the studies were excluded because of different measures 
used to assess adoptive and biological parents. Therefore, without confi- 
dence that the cross generational comparisons were measuring the same 
trait in adoptive and biological parents or in parents and children, we did 
not feel that the effect size would provide an interpretable estimate of the 
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degree of hereditary influence. This methodology not only placed limita- 
tions on the overall number of effect sizes available for analysis, but it re- 
suited in the meta-analysis being predominantly based on twin studies. 
Therefore, interpretation of results should be made in the context of the 
issues inherent in the twin methodology for studying genetic influences 
(Plomin et aL, 1991). 

The next most common reason for a study being excluded from analy- 
sis was because antisocial behavior was not measured in isolation from 
other types of psychological dysfunction (e.g., Graham & Stevenson, 1985; 
Maurer, Cadoret, & Cain, 1980). Therefore, it would be impossible to ob- 
tain an effect size for antisocial behavior that was separate from other types 
of psychological dysfunction. Additionally, many studies published results 
using overlapping samples (e.g., Hutchings & Mednick, 1975; Mednick, 
Brennan, & Kandel, 1988; Mednick, Gabrielli, & Hutchings, 1984; Med- 
nick, Moffit, Gabrielli, & Hutchings, 1984). This common practice of using 
overlapping samples led to the appearance of a much larger literature than 
that which actually exists. 

Therefore, any conclusion on the heritability of antisocial behavior 
must be made in the context of a modest sized literature with numerous 
methodological problems. Even within the studies included in this meta- 
analysis, the issue of methodological rigor was important. Only two studies 
(CenterwaU & Robinette, 1989; Cloninger et al., 1978) reported using meth- 
ods of assuring blind evaluations within twin pairs or in the assessment of 
biological and adoptive parents. This is unfortunate because these two stud- 
ies produced significantly larger effects of heredity than studies that failed 
to use such methodology. Clearly this review points to the continuing need 
for well-designed behavioral genetic studies of antisocial behavior (Mednick 
& Kandel, 1988). Another point related to methodological rigor that is im- 
portant in interpreting these data is the fact that our effect sizes were based 
on very gross indices of heredity and did not include some of the more 
recent advances in behavioral genetic research which allow one to test 
mechanisms of genetic influence (e.g., Rutter et aL, 1990; also, see footnote 
6). 

Within the constraints of these limitations, the findings of this quan- 
titative review support the conclusions reached in many qualitative reviews 
(e.g., Dilalla & Gottesman, 1991; Mednick & Kandel, 1988; Plomin et al., 
1991; Rutter et al., 1990) that heredity plays a significant role in the de- 
velopment of antisocial behavior. As stated in the Introduction, it would 
be ludicrous to assert that heredity could be the sole cause in the devel- 
opment of any psychological syndrome, including antisocial behavior. How- 
ever, the overall effect size was moderate to large in comparison with other 
effect sizes found in psychological research. Across twin studies, an average 
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of approximately 50% of the variance in measures of antisocial behavior 
was accounted for by heredity. This estimate of genetic effects is much 
higher than that found in another recent meta-analysis on hereditary in- 
fluences to criminality (Waiters, 1992). However, the differences in findings 
are likely due to major differences in methodology (see footnote 3) between 
our meta-analysis and the one conducted by Waiters (1992). 

Our results further suggested that this overall effect size must be in- 
terpreted cautiously because of several influential moderators. Probably the 
strongest moderating influence to the effect size was the severity of anti- 
social behavior. Our results suggest that when severe manifestations of an- 
tisocial behavior are studied, there tends to be stronger genetic effects. In 
fact, the mean effect size for studies using less severe measures of antisocial 
behavior was zero, indicating that on the average, the influence of heredity 
was negligible in these studies. Severity likely plays a role in the second 
significant moderator found in this meta-analysis. Studies of clinic popula- 
tions tended to show larger effects of heredity than did volunteer samples. 
Intuitively, one would expect that clinic populations were more likely to 
have individuals that show more extreme and maladaptive patterns of an- 
tisocial behavior. 

The importance of severity is exemplified by the twin study of Ghod- 
sian-Carpey and Baker (1987), which tested the relationship between se- 
verity and degree of genetic influence explicitly. In their study of 38 twin 
pairs between 4 and 7 years of age, biometrical genetic analysis revealed 
much lower heritability estimates when a measure of less severe aggression 
(e.g., negativism, noncompliance, teasing, yelling) was studied than when a 
measure of more severe antisocial behavior (e.g., cruelty to animals, fire- 
setting, destroying others things) was studied. 

These findings have intriguing theoretical implications. It is generally 
accepted that antisocial behavior is a heterogeneous category that likely 
has multiple causal trajectories (see Lahey, Loeber, Quay, Frick, & Grimm, 
1992). One interpretation of these findings is that more severe antisocial 
behavior, which seems to have a unique developmental trajectory (Lahey 
et al., 1992), may also have unique causal factors that are more strongly 
influenced by heredity. Alternatively, it is also possible that the association 
between antisocial behavior and genetic influences is continuous but studies 
using measures of severe antisocial behavior provide a more accurate meas- 
urement of the behavioral dimension. For example, one could argue that 
hits to a toy Bobo doll (Plomin, DeFries, & McClearn, 1981) and other of 
the less severe measures of "antisocial behavior" were not even measuring 
the same construct as studies employing measures of more severe behavior. 
Clearly, it will be important for future behavioral genetic studies to more  
explicitly test possible differences in the strength of genetic effects using 
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definitions that take into account the severity of antisocial behavior. It is 
especially important to test alternative indices of severity (e.g., violent/non- 
violent, chronic/transient) to further clarify these results. 

There were no significant differences in effect sizes across type of 
antisocial behavior (i.e., criminality, aggression, and antisocial personality). 
Therefore, it appears that these divisions are not as important in terms of 
the relative contribution of genetic effects, as are differences in severity, 
regardless of definition. Also, age, gender, and racial composition of the 
sample did not significantly moderate effect sizes, nor did the country from 
which the sample was drawn. The failure to find effects for age was some- 
what surprising given consistent findings that earlier age-of-onset marks an 
especially severe and chronic pattern of antisocial behavior (Loeber, 1991; 
Robins, 1966). In fact, although not statistically significant, the correlations 
with age were in the direction of older samples showing greater heritability, 
which is consistent with past qualitative reviews of the literature (Plomin 
et al., 1990). 

There are several possible explanations for the positive correlation 
between age and degree of genetic contribution. First, the child samples 
were more likely to use less severe measures of antisocial behavior than 
were the adult samples. In fact, when the five effect sizes from child sam- 
ples that used Nonsevere measures of antisocial behavior were eliminated, 
the effect size (.45) in child samples was indistinguishable from the mean 
effect size from adult samples using severe measures (.43). Second, the 
"child" samples included both child and adolescent samples up to the age 
of 18. This is crucial because the studies on "early-onset" antisocial behav- 
ior typically defined early onset as prior to age 11 (e.g., Robins, 1966). 
Therefore, we could not test the possibility that the genetic contribution 
differed between preadolescent onset and adolescent onset antisocial be- 
havior (i.e., there was a nonlinear age trend). 

In summary, our review suggests that conclusions based on the be- 
havioral genetic research on antisocial behavior must be made cautiously 
due to the deceptively small literature and due to the numerous methodo- 
logical limitations in the existing studies. This is an unfortunate limitation 
because the more methodologically sound studies tended to have larger 
effect sizes. Therefore, it is possible that our findings, which support the 
contention that there is an inherited predisposition to antisocial behavior, 
might even be an underestimate of the magnitude of the effects of heredity. 
In addition, our overall finding must be qualified by the moderating effects 
severity. Significant effects of heredity were confined to the more severe 
manifestations of antisocial behavior. These results suggest that future be- 
havioral genetic studies should employ more precise definitions of antisocial 
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behavior, especially ones that distinguish between more and less severe pat- 
terns of behavior. 

APPENDIX 

Studies Included in the Meta-Analysis 

Baker, L. A., & Daniels, D. (1990). Nonshared environmental influences and personality 
differences in adult twins. Journal of Personality and Social Psychology, 58, 103, 110. 

CenterwaU, B. S., & Robinette, C. D. (1989). Twin concordance for dishonorable discharge 
from the military: With a review of the genetics of antisocial behavior. Comprehensive 
Psychiatry, 30, 442-446. 

Cloninger, C. R., Christiansen, K. O., Reich, T., & Gottesman, I. I. (1978). Implications of 
sex differences in the prevalences of antisocial personality, alcoholism, and criminality 
for familial transmission. Archives of General Psychiatry, 35, 941-951. 

Dworkin, R. H., Burke, B. W., & Maher, B. A. (1976). A longitudinal study of the genetics 
of personality. Journal of Personality and Social Psychology, 34, 510-518. 

Ghodsian-Carpey, J., & Baker, L. A. (1987). Genetic and environmental influences on 
aggression in 4- to 7-year-old twins. Aggressive Behavior, 13, 173-186. 

Hutchings, B., & Mednick, S. A. (1975). Registered criminality in the adoptive and biological 
parents of registered male criminal adoptees. In Fieve, R. R., Rosenthal, D., & Brill, H. 
(Eds.), Genetic Research in Psychiatry (pp. 94-103). Baltimore: Johns Hopkins University 
Press. 

Jary, M. L., & Stewart, M. A. (1985). Psychiatric disorder in the parents of adopted children 
with aggressive conduct disorder. Neuropsychobiology, 13, 7-11. 

Lytton, H., Watts, D., & Dunn, B. E. (1988). Stability of genetic determination from age 2 
to age 9: A longitudinal twin study. Social Biology, 35, 62-73. 

Mattes, J. A., & Fink, M. (1990). A controlled family study of adopted patients with temper 
outbursts. Journal of Nervous and Mental Disease, 178, 138-139. 

O'Connor, M., Foch, T., Sherry, T., & Plomin, R. (1980). A twin study of specific behavioral 
problems of socialization as viewed by parents. Journal of Abnormal Child Psychology, 8, 
189-199. 

Plomin, R., Foch, T. T., & Rowe, D. C. (1981). Bobo clown aggression in childhood: 
Environment, not genes. Journal of Research in Personality, 15, 331-342. 

Rowe, D. C. (1983). Biometrical genetic models of self-reported delinquent behavior: A twin 
study. Behavior Genetics, 13, 473-489. 

Rushton, J. P., Fulker, D. W., Neale, M. C., Nias, D. IC B., & Eysenck, H. J. (1986). Altruism 
and aggression: The heritability of individual differences. Journal of Personality and Social 
Psychology, 50, 1192-1198. 

Stevenson, J., & Graham, P. (1988). Behavioral deviance in 13-year-old twins: An item 
analysis. Journal of American Academy of Child and Adolescent Psychiatry, 27, 791-797. 

Tellegen, A., Lykken, D. T., Bouchard, T. J., Wilcox, K. J., Segal, N. L., & Rich, S. (1988). 
Personality similarity in twins reared apart and together. Journal of Personality and Social 
Psychology, 54, 1031-1039. 

REFERENCES 

Adler, T. (1992). Violence research comes under attack. APA Monitor, Dec., 1, 18. 
Bohman, M., Cloninger, C. R., Sigvardsson, S., & yon Knorring, A. L. (1982). Predisposition 

to petty criminality in Swedish adoptees. Archives of General Psychiatry, 39, 1242-1247. 



322 Mason and Frick 

Cadoret, R. J., Troughton, E., O'Gorman, T. W., & Heywood, E. (1986). An adoption study 
of genetic and environmental factors in drug abuse. Archives of General Psychiatry, 43, 
1131-1136. 

Cloninger, C. R., Christiansen, tC O., Reich, T., & Gottesman, I. I. (1978). Implications of 
sex differences in the prevalences of antisocial personality, alcoholism, and criminality 
for familial transmission. Archives of General Psychiatry, 35, 941-951. 

Cohen, J. (1977). Statistical power analysis for the behavioral sciences, rev. ed. New York: 
Academic. 

Crowe, R. R. (1975). An adoptive study of psyehopathy: Preliminary results from arrest records 
and psychiatric hospital records. In R. R. Fieve, D. Rosenthal, & H. Britl (Eds.), Genetic 
research in psychiatry (pp. 95-103). Baltimore: Johns Hopkins University Press. 

DiLalla, L. F., & Gottesman, I. I. (1991). Biological and genetic contributors to 
violenee--Widom's untold tale. Psychological Bulletin, 109, 125-129. 

Eaves, L. J., Silberg, J. L., Hewitt, J. IC, Rutter, M., Meyer, J. M., Neale, M. C., & Pickles, 
A. (1993). Analyzing twin resemblance in multisymptom data: Genetic applications of a 
latent class model for symptoms of conduct disorder in juvenile boys. Behavior Genetics, 
23, 5-19. 

Falconer, D. S. (1981). Introduction to quantitative genetics. London: Longman. 
Frick, P. J. (1994). Family dysfunction and the disruptive behavior disorders: A review of 

recent empirical findings. In T. H. OUendick & R. J. Prinz (Eds.), Advances in clinical 
child (Vol. 16, pp. 203-226. New York: Plenum. 

Ghodsian-Carpey, J., & Baker, L. A. (1987). Genetic and environmental influences on 
aggression in 4- to 7-year-old twins. Aggressive Behavior, 13, 173-186. 

Graham, P., & Stevenson, J. (1985). A twin study of genetic influences to behavioral deviance. 
Journal of the American Academy of Child Psychiatry, 24, 33-41. 

Hanson, C. L., Hennggeler, W. W., Haefle, W. F., & Rodick, J. D. (1984). Demographic, 
individual, and family relationship correlates of serious and repeated crime among 
adolescents and their siblings. Journal of Consulting and Clinical Psychology, 52, 528-538. 

Hare, R. D., Hart, S. D., & Harpur, T. J. (1991). Psychopathy and the DSM-IV criteria for 
antisocial personality disorder. Journal of Abnormal Psychology, 100, 391-398. 

Huesmann, L. R., Eron, L. D., Lefkowitz, M. M., & Walder, L. O. (1984). Stability of 
aggression over time and generations. Developmental Psychology, 20, 1120-1134. 

Hutcbings, B., & Mednick, S. A. (1975). Registered criminality in the adoptive and biological 
parents of registered male criminal adoptees. In R. R. Fieve, D. Rosenthal, & H. Brill 
(Eds.), Genetic Research in Psychiatry (pp. 94-103). Baltimore: Johns Hopkins University 
Press. 

Kelso, J., & Stewart, M. A. (1986). Factors which predict the persistence of aggressive conduct 
disorder. Journal of Child Psychology and Psychiatry, 27, 77-86. 

Lahey, B. B., Loeber, R., Quay, H. C., Frick, P. J., & Grimm, J. (1992). Oppositional defiant 
disorder and conduct disorders: Issues to be resolved for DSM-IV. Journal of the American 
Academy of Child and Adolescent Psychiatry, 31, 539-546. 

Loeber, R. (1990). Development and risk factors of juvenile antisocial behavior and 
delinquency. Clinical Psychology Review, 10, 1-41. 

Loeber, R. (1991). Antisocial behavior: More enduring than changeable? Journal of the 
American Academy of Child and Adolescent Psychiatry, 30, 393-397. 

Loeber, R., & Dishion, T. (1983). Early predictors of male delinquency: A review. 
Psychological Bulletin, 94, 68-94. 

Maurer, R., Cadoret, R. J., & Cain, C. (1980). Cluster analysis of childhood temperament 
data on adoptees. American Journal of Orthopsychiatry, 50, 522-531. 

Mednick, S. A., & Kandel, E. S. (1988). Congenital determinants of violence. Bulletin of the 
American Academy of Psychiatry and the Law, 16, 101-109. 

Medniek, S. A., Gabrielli, W. F., & Hutcbings, B. (1984). Genetic influences in criminal 
convictions: Evidence from an adoption cohort. Science, 224, 891-894. 

Mednick, S. A., Moffitt, T., Gabrielli, W., & Hutchings, B. (1986). Genetic factors in criminal 
behavior. A review. In J. Block, D. Olweus, & M. R. Yarrow (Eds.), The development of 
antisocial and prosocial behavior (pp. 33-50). New York: Academic. 



Genetic Meta-Analysis 323 

Mednick, S. A., Brennan, P., & Kandel, E. (1988). Predisposition to violence. Aggressive 
Behavior, 14, 25-33. 

Osborn, S. G., & West, D. J. (1979). Conviction records of fathers and sons compared. British 
Journal of Criminology, 19, 120-133. 

Patterson, G. R., Reid, J. B., & Dishion, T. J. (1992). Antisocial boys. Eugene, OR: Castalia. 
Plomin, R., Foch, T. T., & Rowe, D. C. (1981). Bobo clown aggression in childhood: 

Environment, not genes. Journal of Research in Personality, 15, 331-342. 
Plomin, R., DeFiles, J. C., & McClearn, G. E. (1990). Behavioral genetics: A primer (2nd ed). 

New York: Freeman. 
Plomin, R., Nitz, K., & Rowe, D. C. (1991). Behavioral genetics and aggressive behavior in 

childhood. In M. Lewis & S. M. Miller (Eds.), Handbook of developmentalpsychopathology 
(pp. 119-133). New York: Plenum. 

Robins, L. N. (1966). Deviant children grown up. Baltimore: Williams & Wilkins. 
Robins, L. N. (1991). Conduct disorder. Journal of Child Psychology and Psychiatry, 32, 193-212. 
Rosenthal, D. (1975). Heredity in criminality. Criminal Justice and Behavior, 2, 3-21. 
Rutter, M., Macdonald, H., Le Couteur, A., Harrington, R., Bolton, P., & Bailey, A. (1990). 

Genetic factors in child psychiatric disorders--II. Empirical findings. Journal of Child 
Psychology and Psychiatry, 31, 29-83. 

Stevenson, J., & Graham, P. (1988). Behavioral deviance in 13-year-old twins: An item 
analysis. Journal of American Academy of Child and Adolescent Psychiatry, 27, 791-797. 

Stewart, M. A., & Wilcox, J. A. (1985). Childhood antecedents of alcoholism. Advances in 
Developmental and Behavioral Pediatrics, 6, 151-175. 

Tremblay, R. E., Loeber, R., Gagnon, C., Charlebois, P., Larivee, S., & LeBlanc, M. (1991). 
Disruptive boys with stable and unstable high fighting behavior patterns during junior 
elementary school. Journal of Abnormal Child Psychology, 19, 285-300. 

Waiters, G. D. (1992). A meta-analysis of the gene-crime relationship. Criminology, 30, 
595-613. 

Wanous, J. P., Sullivan, S. E., & Malinak, J. (1989). The role of judgment calls in 
meta-analysis. Journal of Applied Psychology, 74, 259-264. 

Widom, C. S. (1991). A tail on an untold tale: Response to "Biological and Genetic 
Contributors to Violence--Widom's Untold Tale." Psychological Bulletin, 109, 130-132. 

Wilson, H. (1975). Juvenile delinquency, parental criminality and social handicap. British 
Journal of Criminology, 15, 241-250. 

Wolf, F. M. (1986). Meta-anatysis: Quantitative methods for research methods. Beverly Hills: 
Sage. 


