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We obtained ratings on the Conners’ scales from teachers (CTRS-28) and parents (CPRS-48) for
61 monozygotic and 64 dizygotic tw in pai rs, aged between 7 and 11 years. Model -fi tting analyses
were carr ied out to estimate the extent of genetic and envi ronmental  influences on problem
behaviours, and to explore possible contrast effects in ratings by parents and teachers. Confirming
previous findings wi th other  measures, there was evidence of moderate to strong genetic effects on
a range of problem behaviours. Parents’ ratings on the Anxiety, Impulsive-Hyperactive and
Learning Problem sub-scales showed significant evidence of contrast effects. There was no
evidence of such rater  bias or  competi tive sibl ing interaction effects in ratings by teachers, or  in
parents’ ratings on the Conduct Problem and Psychosomatic sub-scales. Twin Research (2000) 3,
251–258.
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Introduction

Genetic effects are moderately strong for a variety of
problem behaviours in chi ldren and adolescents.

1
It

is not only the psychiatric disorders or the ‘extreme
scorers’ that show evidence of genetic effects, but
also the symptom clusters considered as
dimensions.

Such genetic data on dimensional  measures of
problem behaviours in general  population samples
of chi ldren in the mid to late chi ldhood age range
have been reported for the Chi ld Behaviour Check-
l ist (CBCL). The CBCL is one of the most widely used
questionnai res to obtain behavioural  ratings from
parents. Edelbrock and col leagues

2
obtained ratings

for 99 monozygotic (MZ) and 82 dizygotic (DZ) twin
pai rs aged between 7 and 15 years. A twin study by
Schmi tz and col leagues

3
included data on CBCL for

66 MZ and 137 DZ twin pai rs aged between 4 and
18 years.

Overal l , the two studies obtained a simi lar pattern
of resul ts, w i th the heri tabi l i ty estimates for the eight
behavioural  problem scales of the CBCL ranging
from 34% to 79%. Genetic factors accounted for a

substantial  proportion of variance in attention prob-
lems, aggressive behaviours, somatic complaints and
social  problems. Sl ightly lower heri tabi l i ty estimates
were reported for symptoms of anxiety and depres-
sion. For the del inquent behaviour sub-scale the
findings were discrepant: Edelbrock et al

2
reported a

heri tabi l i ty estimate of 35%, whereas Schmi tz et al
3

obtained an estimate of 79%. The older average age
of the chi ldren in the Edelbrock et al study provides
a possible explanation for this discrepancy: del in-
quent behaviours shown during adolescence may be
influenced less by genetic factors than antisocial
behaviours among younger chi ldren.

4

Other studies using al ternative measures simi larly
report widespread influence of genetic factors on
problem behaviours in chi ldren and adolescents. For
example, the Vi rginia Twin Study of Adolescent
Behavioural  Development includes questionnai re-
and interview-based data on a large, representative
sample of 8–16-year-old twins.

5
Analyses on these

data showed that genetic factors accounted for more
than hal f of the variance for several  di fferent types of
problem behaviours. The envi ronmental  influences
accounting for the remaining variance were mostly
of the non-shared kind, that is, those envi ronmental
influences which make members of the same fami ly
di fferent from one another.

The estimates for the relative contribution of genes
and envi ronment are undoubtedly also influenced
by measure- and rater-specific effects. The evidence
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of low or negative DZ correlations and greater
variances in DZ than MZ twins in parents’ ratings on
certain behaviours is suggestive of contrast effects.
Contrast effects refer to the negative influence of the
phenotype or behaviour of one individual  on that of
another and may reflect ei ther true phenotypic
effects or rater bias. True competi tive sibl ing inter-
action means that the more one twin shows the
behaviour, the less does the other. The rater bias
explanation suggests that the more one twin is
perceived to show the behaviour, the less extreme
the perception of the other tw in’s behaviour. Dom-
inance effects (non-addi tive genetic effects) can also
produce lowered DZ correlations, but they would
not be expected to produce negative DZ correlations.
In model l ing analyses of tw in data i t is possible to
remove contrast effects from the variance
explained.

6

Evidence for contrast effects in parental  ratings
has been obtained for attention defici t hyperactivi ty
disorder (ADHD),

5,7,8
anxiety

5
and temperament

trai ts,
9,10

but not for conduct problems.
5

Analyses by
Simonoff and col leagues

11
suggest that for parents’

ratings on hyperactivi ty the contrast effects reflect
rater bias rather than true sibl ing interaction.
Teacher ratings do not seem to show evidence of
contrast effects.

5
However, teacher ratings are not a

gold standard ei ther, but may reflect a di fferent bias:
ratings on hyperactivi ty made by the same teacher
were more highly correlated wi thin twin pai rs than
ratings made by di fferent teachers.

11
Teachers may

vary in thei r expectations of behaviour, which is
then reflected in thei r ratings (‘correlated errors’), or
they may have di fficul ty attributing behaviour to the
correct chi ld (‘tw in confusion’).

The present study aimed to investigate this issue
of possible contrast effects for a wider range of
problem behaviours than has been investigated
previously. A second aim was to estimate the extent
of genetic effects on the various types of problem
behaviours measured by the Conners’ Teacher and
Parent Rating Scales.

12
Al though the Conners’ scales

are widely used to obtain ratings on a range of
problem behaviours in chi ldren, we are not aware of
any previous twin studies using these scales. It is
important to investigate whether simi lar estimates of
genetic and envi ronmental  effects are obtained
across di fferent rating scales that claim to measure
simi lar types of problem behaviours. A l imi tation in
much of the previous research on the heri tabi l i ty of
problem behaviours and on contrast effects is the
often exclusive focus on parent ratings. We obtained
both teacher and parent ratings for the same sample,
enabl ing an investigation of whether simi lar heri t-
abi l i ty estimates, and possibly contrast effects, are
obtained across raters.

Method

Sample and procedure

The twins were recrui ted from a general  population
sample of same-sex twins aged between 7 and
11 years. We approached al l  primary schools
(n = 2439), including special  schools, in 16 Local
Education Authori ties in southern England. We
asked the class teachers of any twins fulfi l l ing the
cri teria for our study (same-sex twins; date of bi rth
between 1 September 1985 and 1 September 1990) to
complete the Conners’ Teacher Rating Scale (CTRS-
28),

12
separately for each twin.

We received repl ies from 66.8% (1629) of the
schools we contacted. Of those schools which
repl ied to our letter, only 59 indicated that they did
not wish to take part in the study. In 858 of the
schools there were no twins fulfi l l ing the cri teria for
our study. We received the CTRS-28 for 1316 twin
pai rs. However, i t was possible only to determine the
zygosi ty for a sub-sample of these twins, those for
whom we also obtained parent ratings.

As the last stage of the study involved assessing
hyperactive and control  tw ins on psychological
tests, the resul ts of which we report in separate
publ ications,

13,14
at the second stage of the screening

process hyperactive and control  tw in pai rs were
selected based on teacher ratings. To be included in
the hyperactive group, one or both twins had to score
above a cut-off point of a T-score of 64, that is
1.5 standard deviations above the mean

12
on the

Hyperactivi ty sub-scale of the CTRS-28. To be
chosen as controls, both twins had to score below the
cut-off point on the Hyperactivi ty subscale. We
asked the parents of 392 twin pai rs meeting these
cri teria to complete the Conners’ Parent Rating Scale
(CPRS-48)

12
for each twin. We received the CPRS-48

from 66.4% (174) of the hyperactive fami l ies and
72.3% (94) of the control  fami l ies. The parents
completed the CPRS-48 on average three months
after the teachers had completed the CTRS-28.

Because this sample of 268 twin pai rs has an
excess of hyperactive chi ldren, we created a sample
representative of the general  population for the
analyses we report here. This representative sample
was chosen as fol lows. Based on the teacher and
parent ratings we obtained i t was possible to esti -
mate that, using our hyperactivi ty cri terion, approx-
imately 5% of the chi ldren in the general  population
would be pervasively hyperactive and 12–15%
si tuational ly hyperactive (above the cut-off point
only on parent or teacher questionnai re). The twins
wi thin a pai r were arbi trari ly designated ei ther Twin
A or Twin B. We first chose randomly from twins A
so that the proportions of si tuational ly hyperactive,
pervasively hyperactive and control  chi ldren would
equal  approximately these proportions estimated for
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a general  population sample. We then deleted fur-
ther pai rs in which twin B was si tuational ly or
pervasively hyperactive, unti l  the total  proportions
of si tuational ly hyperactive, pervasively hyperactive
and control  chi ldren were close to the figures
estimated for the general  population.

There are 125 pai rs in this sample: 61 MZ and
64 same-sex DZ pai rs. Of these 250 chi ldren, 6%
were pervasively hyperactive, 15.6% were si tuation-
al ly hyperactive and 78.4% were controls. Mean age
was 8.0 years (SD = 1.39 years) and 44.8% of them
were gi rls.

Zygosity determination We determined zygosi ty of
the twins using the Twin Simi lari ty Questionnai re
(TSQ).

15
This is a short questionnai re which

includes i tems regarding the physical  simi lari ty
(hai r colour, eye colour, weight, height and complex-
ion) and physical  confusabi l i ty of the twins. Parents
rate thei r tw ins ei ther on a dichotomous scale (yes/
no) or, for some i tems, on a scale from 0 to 2. The
higher the score, the more simi lar the twins are in
appearance; the maximum score is 20. The general
rule we used was to classi fy tw ins who obtained a
score of 13 or higher on the questionnai re as MZ and
those who obtained a score of 12 or lower as DZ.
Questionnai re methods have been shown to be more
than 90% accurate in determining zygosi ty.

16

We also took a photograph of each twin pai r whom
we tested. For those cases who were on the MZ/DZ
borderl ine on the TSQ (scoring 11–14), we used the
photographs to determine thei r zygosi ty: three raters
independently classified the twin pai rs as MZ or DZ
based on the photographs. In the very rare cases
when the raters disagreed about the twins’ zygosi ty,
we ei ther rang the parents to inqui re whether the
twins’ zygosi ty had been determined using blood
tests or we obtained further ratings from two other
raters.

Measures

The measures used in this study were the shorter
version (CPRS-48 and CTRS-28)

12
of the Conners’

Parent and Teacher Rating Scales. The parent scale
provides the fol lowing dimensions: Conduct Prob-
lem, Learning Problem, Psychosomatic, Impulsive-
Hyperactive, Anxiety and Hyperactivi ty Index. The
dimensions obtained from the teacher scale are the
fol lowing: Conduct Problem, Hyperactivi ty, Inatten-
tive-Passive and Hyperactivi ty Index. We did not use
the Hyperactivi ty Index in the present study, as i t
consists of i tems from the other subscales and
therefore is not a separate dimension as such (i t did
not emerge as a factor in the original  factor analysis).
On both scales each i tem is rated as not at al l

present, just a l i ttle present, pretty much present, or
very much present (scored 0 to 3, respectively, wi th
higher scores indicating greater severi ty). See
Tables1 and 2 for the i tems comprising each of the
dimensions. The original  report

12
provided norma-

tive data, on which the T-scores are based, for the
CPRS-48 and CTRS-28.

Method of analysis

The fact that DZ twins share approximately hal f thei r
genes and MZ twins al l  thei r genes provides the
basis for analysing twin data. Based on this genetic
relatedness and the assumption that the envi ron-
ments for MZ and DZ twins are roughly equal  (the
equal  envi ronments assumption), i t is possible to
quanti fy the importance of genetic and envi ron-
mental  factors in causing di fferences between indi -
viduals on trai ts or abi l i ties. Evidence from several
studies supports the equal  envi ronments
assumption.

17

In the basic equation, variance in a phenotype (Vp)
is divided into that due to addi tive genetic factors
(Va) and that due to the envi ronment (common or
shared, Vc, and non-shared Ve):

Vp = Va + Vc + Ve

The variance due to addi tive genetic factors (Va) thus
represents the individual  di fferences heri tabi l i ty

Table 1 Items comprising the dimensions of CTRS-28

III Conduct Problem
Acts ‘smart’ (impudent or sassy)
Temper outbursts and unpredictable behavior
Overly sensi tive to cri ticism
Pouts and sulks
Mood changes quickly and drastical ly
Quarrelsome
Denies mistakes or blames others
Uncooperative wi th teacher

III Hyperactivi ty
Restless in the ‘squi rmy’ sense
Makes inappropriate noises when s/he shouldn’t
Demands must be met immediately
Disturbs other chi ldren
Restless, always up and on the go
Exci table, impulsive
Excessive demands for teacher’s attention

III Inattentive-Passive
Distractibi l i ty or attention span a problem
Daydreams
Appears to be easi ly led by other chi ldren
Appears to lack leadership
Fai ls to finish things that s/he starts
Chi ldish and immature
Easi ly frustrated in efforts
Di fficul ty in learning
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estimate (h
2
). If the wi thin-pai r correlations between

twins indicate that there may be some addi tive
genetic effects (the MZ correlation is larger than the
DZ correlation), the next step is to carry out more
formal  model -fi tting analyses. We used the structural
equation model l ing programme Mx

18
to analyse the

present data.
In model  fi tting wi th twin data, the MZ and DZ

covariance matrices provide the data against which
the model  is tested. Latent variables in this type of
analysis are the A, C and E terms. Figure1 shows the
simple univariate model  (the ful l  ACE model

6
). The

covariance between the A terms is set to 1.0 for MZ
twins and to 0.5 for DZ twins. The covariance
between the C terms is set to 1.0 both for MZ and DZ

twins, as this captures the shared envi ronmental
factors. By defini tion, there is no covariance between
the non-shared envi ronmental  factors (E). The E term
also contains variance due to error.

The ful l  ACE model  is fi tted first. Then parameters
which do not significantly contribute to the fi t of the
model  are dropped. Because the E term includes
measurement error, this term is not usual ly dropped
in univariate analyses. Two models, the AE and CE
models, are nested wi thin the ful l  model  (subsets of
free parameters in these models are contained in the
ful l  model ). For nested models, the change in the
chi -square value is used to determine which model
provides the best fi t for the data. For non-nested
models, the AIC (Akaike’s information cri teria) and
RMSEA (root mean square error of approximation)
values are used to compare the fi t of al ternative
models. A good fi t is indicated by a negative AIC
value

19
and an RMSEA value below 0.1, wi th an

RMSEA value below 0.05 indicating very good
fit.

20

The model  which includes contrast effects (ABE)
is represented by reciprocal  paths ‘b’ between the
twins’ phenotypes. The AE model  is nested wi thin
the ABE model . If the C term is not significant, the
univariate model  wi th dominance effects (the ADE
model ) can be fi tted to the data. The wi thin-pai r
correlation for dominance is 1.0 for MZ pai rs and
0.25 for DZ pai rs. The AE model  is nested wi thin the
ADE model  and therefore the significance of the D
effect can be tested by changes in chi -square. Ful l
detai ls of the testing of these al ternative models are
given in Neale and Cardon.

6

Resul ts

Univariate ACE models were fi tted to each of the
rating scale dimensions (T-scores). Fol lowing the
rule of parsimony, the model  wi th the fewest
parameters, which did not significantly worsen the
fit, was chosen as the best-fi tting model . The AIC and
RMSEA fit indices were used to compare the fi t of
non-nested models. In some cases the data suggested
that a contrast effect model  might be needed (very
low or negative DZ twin correlations and greater
variance in DZ than MZ pai rs) and this possibi l i ty
was also tested for each of the subscales. The ADE
models were also fi tted to the data, to enable a
comparison between the contrast effect model  and a
model  which includes genetic non-addi tivi ty. It is
not possible using data from MZ and DZ twin pai rs
alone to estimate more complex models, such as
ACDE or ACBE.

6

Tables3 and 4 report the fi t of the models for each
sub-scale of the CTRS-28 and CPRS-48, including
the change in chi -square values between ACE and

Table 2 Items comprising the dimensions of CPRS-48

III Conduct Problem
Sassy to grown-ups
Carries a chip on his/her shoulder
Destructive
Denies mistakes or blames others
Quarrelsome
Bul l ies others
Fights constantly
Basical ly an unhappy chi ld

III Learning Problem
Di fficul ty in learning
Fai ls to finish things
Distractibi l i ty or attention span a problem
Easi ly frustrated in efforts

III Psychosomatic
Headaches
Stomach aches
Other aches and pains
Vomi ting or nausea

IV Impulsive-Hyperactive
Exci table, impulsive
Wants to run things
Restless in the ‘squi rmy’ sense
Restless, always up and on the go

VI Anxiety
Fearful  (of new si tuations, new people or places, going to

school )
Shy
Worries more than others (about being alone, i l lness or

death)
Lets sel f be pushed around

Figure1 Univariate analysis of tw in data
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Table 3 Fi t of the models for the Teacher Conners’ (CTRS-28) sub-scales

ACE vs AC/CE
κ2 df p AIC RMSEA �κ2 �df p

Conduct Problem
ACE 1.92 3 0.59 –4.08 0.03
ADE 2.62 3 0.45 –3.38 0.05
ABE 2.08 3 0.56 –3.92 0.03
AE 2.62 4 0.62 –5.38 0.03 0.70 1 ns
CE 7.61 4 0.11 –0.39 0.12 5.69 1 <0.05

Hyperactivi ty
ACE 3.39 3 0.33 –2.61 0.06
ADE 3.36 3 0.34 –2.64 0.06
ABE 3.56 3 0.31 –2.44 0.06
AE 3.39 4 0.50 –4.61 0.04 0.00 1 ns
CE 8.35 4 0.08 –0.35 0.12 4.96 1 <0.05

Inattentive-Passive
ACE 1.37 3 0.71 –4.63 0.00
ADE 1.80 3 0.62 –4.20 0.00
ABE 1.48 3 0.69 –4.52 0.00
AE 1.80 4 0.77 –6.20 0.00 0.43 1 ns
CE 16.11 4 0.003 –8.11 0.21 14.74 1 <0.001

AIC = Akaike’s information cri teria; RMSEA = Root mean square error of approximation; bold indicates a best-fi tting model .

Table 4 Fi t of the models for the Parent Conners’ (CPRS-48) sub-scales

ACE vs AC/CE
κ2 df p AIC RMSEA �κ2 �df p

Conduct Problem
ACE 6.15 3 0.11 –0.15 0.11
ADE 7.68 3 0.05 –1.68 0.14
ABE 6.41 3 0.09 –0.41 0.11
AE 7.68 4 0.10 –0.32 0.09 1.13 1 ns
CE 7.53 4 0.11 –0.47 0.09 1.38 1 ns

Learning Problem
ACE 7.15 3 0.07 –1.15 0.14
ADE 3.47 3 0.33 –2.53 0.05
ABE 3.03 3 0.39 –2.97 0.05
AE 7.15 4 0.13 –0.85 0.10 0.00 1 ns
CE 15.28 4 0.004 –7.28 0.21 8.13 1 <0.01

Psychosomatic
ACE 7.99 3 0.05 –1.99 0.14
ADE 5.90 3 0.12 –0.10 0.08
ABE 4.88 3 0.18 –1.12 0.08
AE 7.99 4 0.09 –0.01 0.09 0.00 1 ns
CE 12.46 4 0.01 –4.46 0.18 4.47 1 <0.05

Impulsive-Hyperactive
ACE 15.75 3 0.001 –9.75 0.26
ADE 11.34 3 0.01 –5.34 0.21
ABE 7.16 3 0.07 –1.16 0.15
AE 15.75 4 0.003 –7.75 0.22 0.00 1 ns
CE 21.69 4 0.001 –13.69 0.26 5.94 1 <0.05

Anxiety
ACE 29.11 3 0.001 –23.11 0.36
ADE 19.52 3 0.001 –13.52 0.27
ABE 8.89 3 0.03 –2.89 0.17
AE 29.11 4 0.001 –21.11 0.30 0.00 1 ns
CE 38.18 4 0.001 –30.18 0.37 9.07 1 <0.01

AIC = Akaike’s information cri teria; RMSEA = Root mean square error of approximation; bold indicates a best-fi tting model .
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AE/CE models (other comparisons between nested
models are reported in the text). Table5 shows the
parameter estimates for the best-fi tting models,
including 95% confidence intervals, as wel l  as the
phenotypic twin correlations and standard devia-
tions. The parameter estimates are the squared path
coefficients representing the proportion of variance
explained. For the contrast effect models (ABE), the
total  variance was corrected by subtracting out the
extra variation created by the contrast effects.

5

For each of the subscales, the fi t of the ACE model
was first compared to the fi t of the AE and CE models
(Tables3 and 4). For the Conduct Problem subscale
of the CTRS-28, the change in the chi -square value
was non-significant from the ACE model  to the AE
model , but significant from the ACE model  to the CE
model . This indicates that the AE model  provides a
more parsimonious fi t for the data than the ACE
model  and that the common envi ronment is not
making a significant contribution. The change in the
chi -square values from both the ADE and ABE
models to the AE model  (∆2

� = 0.00 and ∆�2
= 0.54,

∆df = 1, respectively) were also non-significant. As
dropping the D or B terms did not significantly
worsen the fi t of the model , the AE model  is chosen
as the best-fi tting model . The AIC and RMSEA
values also indicate that the AE model  provides a
very good fi t for the data. Heri tabi l i ty of teacher-
rated conduct problems is estimated at 69%
(Table5).

For the Hyperactivi ty sub-scale of the CTRS-28,
the AE model  simi larly provided a better fi t for the
data than the ACE or CE models. Comparisons
between the AE model  and both the ABE (∆2

� = 0.17,
∆df = ) and the ADE (∆2

� = 0.03, ∆df = 1) models
produced a non-significant chi -square resul t. The
best-fi tting AE model  indicates that genetic factors
account for approximately 57% of the variance in
teacher-rated hyperactivi ty. The AE model  provided
the most parsimonious fi t also for teacher ratings on
the Inattentive-Passive subscale: the change in the

chi -square value was non-significant when the AE
model  was compared wi th the ACE (Table3), ADE
(∆2

� = 0.00, ∆df = 1) and ABE (∆2
� = 0.32, ∆df = 1)

models. The data suggest a high heri tabi l i ty of 80%.
For each of the dimensions, the non-shared envi ron-
ment (and measurement error) account for the
remaining variance.

Parent ratings on the CPRS-48 produced a di ffer-
ent pattern of resul ts. For the Conduct Problem sub-
scale, nei ther the AE model  nor the CE model
significantly worsened the fi t, as compared wi th the
ACE model  (Table4). However, the fi t of the AE and
CE models were equal ly good and therefore one
could not choose between these two models. As the
ADE and ABE models provided a fi t that is less good
than that of the ACE model , the most conservative
option here was to choose the ACE model , but this
cal ls for caution in interpreting the resul ts. The ACE
model  produced a rather low heri tabi l i ty estimate of
29%, wi th a 95% confidence interval  ranging from
0% to 69% (Table5). The AE model  would have
produced a higher heri tabi l i ty estimate of 59% (95%
confidence interval  42–71%), a figure not far from
the heri tabi l i ty estimate based on parent ratings on
conduct problems.

For each of the CPRS-48 subscales of Learning
Problem, Impulsive-Hyperactive and Anxiety, the
contrast effect model  (ABE) provided the best fi t for
the data. In each case, the change in chi -square from
the ACE model  to the AE model  was non-significant,
but was significant from the ACE to the CE model
(Table4). The fi t of the AE model  was significantly
worse than the fi t of the ABE model , as indicated by
a significant chi -square value (Learning Problem
∆2

� = 4.12, ∆df = 1, P < 0.5; Impulsive-Hyperactive
∆2

� = 8.59, ∆df = 1, P < .01; Anxiety ∆2
� = 20.22,

∆df = 1, P < .001). Further, for each sub-scale the fi t
indices indicated that the ABE model  fi tted the data
better than the ADE model  (Table4). Based on the
ABE models, genetic factors account for 72% of
variance in parent ratings on the Learning Problem

Table 5 Contribution of addi tive genetic (h2), shared envi ronmental  (c2) and non-shared envi ronmental  (e2) components to total
variation in problem behaviours (estimated from best-fi tting models), contrast effects, tw in correlations and standard deviations

Component: % variance Contrast MZ DZ
(95% confidence interval) (� 100)

Sub-scale h2 c2 e2 r SD1 SD2 r SD1 SD2

Teacher Conners’
Conduct Problem 69 (56–79) – 31 (21–44) – 0.67 12.10 11.75 –0.44 11.43 13.25
Hyperactivi ty 57 (38–70) – 43 (30–62) – 0.57 9.86 11.72 –0.27 10.58 11.68
Inattentive-Passive 80 (70–86) – 20 (14–30) – 0.79 9.66 10.49 –0.47 10.23 10.69

Parent Conners’
Conduct Problem 29 (0–69) 27 (0–58) 44 (30–63) – 0.56 10.31 13.34 –0.43 12.20 12.89
Learning Problem 72 (44–84) – 28 (16–56) –16 (–30/–1) 0.57 13.89 15.96 –0.02 15.05 14.25
Psychosomatic 38 (15–57) – 62 (43–85) – 0.44 12.44 10.97 –0.02 13.87 10.87
Impulsive-Hyperactive 71 (47–83) – 29 (17–53) –24 (–26/–10) 0.48 8.71 10.57 –0.01 10.85 12.94
Anxiety 85 (73–92) – 15 (8–27) –31 (–41/–19) 0.62 10.94 9.24 –0.26 12.53 9.59
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sub-scale, 71% of variance on the Impulsive-Hyper-
active sub-scale and 85% of the variance on the
Anxiety sub-scale.

For the Psychosomatic subscale of the CPRS-48,
the AE model  provided the best fi t for the data, wi th
heri tabi l i ty estimated at 38%. Comparisons between
the AE and each of the nested models produced a
non-significant chi -square resul t (ACE Table4; ADE
∆2

� = 2.09 ∆df = 1, ABE ∆2
� = 3.11, ∆df = 1).

Discussion

Whereas several  previous twin studies have esti -
mated the extent to which genetic and envi ron-
mental  factors influence individual  di fferences in
scores on behavioural  rating scales, to our knowl-
edge this is the first tw in study to report such data for
the Conners’ scales.

Teacher ratings on the Inattentive-Passive dimen-
sion suggested high heri tabi l i ty: approximately 80%
of the variance was due to genetic effects. This
accords wi th the l i terature showing strong genetic
effects on attention problems

2,3,21
Not al l  the i tems of

this sub-scale focus on inattentiveness, however.
The other i tems include, for example, ‘di fficul ty in
learning’, ‘appears to be easi ly led by other chi ldren’
and ‘chi ldish and immature’. The findings of rather
high heri tabi l i ties for the hyperactivi ty dimensions
simi larly confirm the general  pattern of findings
from previous studies on hyperactivi ty or ADHD (a
more extensive discussion of this is avai lable

14
).

The present data also confirm the finding of
genetic factors influencing somatic symptoms,
al though the heri tabi l i ty estimate was somewhat
lower than the heri tabi l i ty estimates from the CBCL
studies.

2,3
For parents’ ratings on anxiety, our find-

ings suggest higher heri tabi l i ty (85%) than the CBCL
studies (34% and 50%). The two scales are not
di rectly comparable, however, as the CBCL sub-scale
includes both anxiety and depression i tems. It is
important also to remember that al l  these figures are
indeed estimates, wi th associated confidence inter-
vals. Studies using other parent questionnai res sug-
gest that genetic factors account for approximately
60% of the variance in anxiety symptoms in chi ldren
and adolescents.

5,22
Genetic factors explained a

substantial  amount of variance on the Learning
Problem dimension too. This sub-scale includes
i tems such as ‘di fficul ty in learning’ and ‘fai ls to
finish things’.

The heri tabi l i ty of conduct problems was esti -
mated at 69% based on teacher report and at 29%
based on parent report. Caution is needed when
interpreting the parent-report data, however, as i t
was di fficul t to choose between the various models.
The heri tabi l i ty estimate based on teacher ratings on

conduct problems is in l ine wi th previous reports of
the extent to which genetic factors account for
aggressive behaviour.

2,3
The Conners’ scales do not

have separate sub-scales for aggressive behaviour
and del inquent behaviour, but the emphasis on the
Conduct Problem sub-scale is on aggressive
behaviours.

A specific aim of this study was to examine the
extent to which contrast effects may influence
ratings by parents or teachers. We obtained evidence
of such rater bias or competi tive sibl ing interaction
effects on parents’ ratings on the Anxiety, Impulsive-
Hyperactive and Learning Problem subscales. These
findings extend previous findings which had indi -
cated contrast effects on parental  ratings on anxiety

5

and hyperactivi ty or ADHD
5,7,8

Confirming previous findings,
5

there was no evi -
dence of contrast effects in ratings by teachers.
Parents’ ratings on the Conduct Problem and Psycho-
somatic subscales also showed no evidence of
contrast effects. Simonoff and col leagues

11
have

suggested that norms may be more clear cut for
conduct problems, which may explain the lack of
rater bias in parents’ ratings on such behaviours.

Previous research has shown that the contrast
effects in parents’ ratings on hyperactivi ty are l ikely
to reflect rater bias rather than true phenotypic
effects.

11
The present study design did not enable us

to distinguish between these two possibi l i ties.
Future studies could explore this issue further in
relation to the other behavioural  ratings which show
contrast effects.

A l though the emphasis in this paper is on the
findings of genetic effects, the resul ts also provide
evidence of significant envi ronmental  effects on
problem behaviours. This issue of envi ronmental
effects relates to a l imi tation of this study: the
modest sample size resul ts in l imi ted power to
detect shared envi ronmental  effects in particular.
Nonetheless, the lack of shared envi ronmental
effects on most behavioural  dimensions and dis-
orders is a strong finding across studies.

17
The

envi ronmental  factors which influence most behav-
iours seem not to be of the kind which are shared
between members of the same fami ly but rather to be
those factors which are specific to each individual .
On the other hand, Simonoff and col leagues

11
point

out that i t is di fficul t to detect both shared envi ron-
mental  effects and contrast effects, i f both were
present; this requi res large sample sizes and ei ther
extended genetic designs or mul tiple informants.

Another l imi tation of the present study relates to
the nature of the sample. Because of the excess of
hyperactive chi ldren in the larger sample of 268 twin
pai rs, we had to create a sample representative of the
general  population by excluding over hal f of the
twin pai rs from the analyses. However, we showed
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that the proportion of pervasively and si tuational ly
hyperactive chi ldren in the remaining sample was
equal  to those estimated for a general  population
sample. This suggests the sample was representative
of the general  population and free of any known
bias.

To summarise, genetic factors showed widespread
influence on problem behaviours in chi ldren, as
measured by the Conners’ scales. These findings
refer to normal  variation on these behavioural
dimensions in the general  population. There was no
evidence of contrast effects in ratings by teachers,
but parent’ ratings on several  sub-scales showed
evidence of such competi tive sibl ing interaction or
rater bias effects.
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