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Abstract The goal of the present study is to examine

genetic and environmental influences on maternal

and teacher ratings of Attention Problems (AP) in

7-year-old children. Teachers completed the Teacher

Report Form (N = 2259 pairs), and mothers the Child

Behavior Checklist (N = 2057 pairs). Higher correla-

tions were found in twins rated by the same teacher than

in twins rated by different teachers. This can be explained

by rater bias or by a greater environmental sharing in

twins, who are in the same classroom. We further found

that 41% of the variation in maternal and teacher ratings

is explained by a common factor. The heritability of this

common factor is 78%. The heritabilities of the rater

specific factors of mothers and teachers are 76% and

39%, respectively. Because Attention Problems that are

persistent over situations may indicate more serious

behavior problems than context dependent Attention

Problems, we believe that gene finding strategies should

focus on this common phenotype.

Keywords Attention Problems Æ Twins Æ
Rating scales Æ Multi-informant ratings

Introduction

Assessing whether a young child has Attention Prob-

lems is difficult. In order to quantify and characterize

Attention Problems, researchers and clinicians often

have to rely on ratings of parents and teachers. These

ratings may be influenced by the rater’s personal values

or perspective, and by the unique settings in which the

rater and child co-exist. Agreement between raters

suggests that some aspects of the rated behavior can be

reliably assessed regardless of rater or situation. Three

different explanations exist for rater disagreement.

First, different raters may assess unique aspects of the

behavior, which are situation or context dependent.

For example, a child’s inability to concentrate or to sit

still may be obvious in the classroom setting, but less

evident in other settings, where sustained attention is

less important (e.g., at home). Second, parents and

teachers may have different perspectives to the child’s

behavior. The perspectives may differ for a variety of

reasons; teachers are not biologically related to the

children, and they are exposed to the behavior of many

children of the same age. Third, raters may show rater

bias, i.e., their ratings are influenced by their own

personal norms and values.
In studies of the teacher and parent ratings of the

same children, the agreement between these infor-

mants is modest. Van der Ende and Verhulst (2005)

reported parent–teacher correlations on AP in the

range of 0.29 to 0.41 in a sample of Dutch boys and

girls in two different age-groups. Achenbach and
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Rescorla (2000) found a correlation of 0.44 between

parent and teacher ratings on Attention Problems. The

FinnTwin12 study reported higher correlations for

ratings on inattention, which pertained to the same

setting, e.g., ratings of teachers and classmates, than

the correlations for ratings which pertained to different

settings, e.g., ratings of teachers and parents, or of

classmates and parents (Pulkkinen et al. 1999). The

latter findings imply that behavior is in part context

dependent.

Previous twin studies supported the hypothesis that

mothers and teachers have different perspectives on

children’s levels of hyperactivity and Attention Prob-

lems (Nadder and Silberg 2001), and ADHD (Martin

et al. 2002; Thapar et al. 2000). To determine how

much of the variation in parent and teacher ratings is

due to rating similar versus situation specific compo-

nents of behavior, some investigators employed

bivariate model fitting analyses, which revealed that

maternal and teacher ratings on hyperactivity partly

reflect a common latent phenotype (Martin et al. 2002;

Simonoff et al. 1998). In addition to this common

phenotype, maternal ratings reflected rater contrast

effects, while teacher ratings reflected aspects of the

children’s behavior, which did not influence maternal

ratings (Simonoff et al. 1998).

It has been shown convincingly that variation in

children’s inattentive and hyperactive/impulsive

behavior is attributable to both genetic and environ-

mental factors. Heritability estimates of parent ratings

on AP and/or Hyperactivity (HI) usually vary between

50 and 80% (Hudziak et al. 2000, 2005; Rietveld et al.

2003a; Martin et al. 2002). The heritability estimates of

teacher ratings on AP and/or HI tend to be lower than

those of parent ratings, and usually fall in the range of

40–70% (Vierikko et al. 2004; Kuntsi and Stevenson

2001; Thapar et al. 2000; Eaves et al. 1997; Sherman

et al. 1997). The study of Martin et al. (2002), in which

the number of ADHD-symptoms was established in 5–

16-year-old children, is the only one, in which herita-

bility estimates were slightly lower in parent ratings

(74%) than in teacher ratings (80%).

An interesting finding is that parent and teacher

ratings differ not only in the size of the heritability

estimate, but also in the etiology of the sources of

individual differences. Parent ratings on ADHD are

often characterized by non-additive genetic effects

(Martin et al. 2002), or contrast effects (Eaves et al.

1997; Kuntsi and Stevenson 2001), while teacher rat-

ings are not. These differences are evident in the

corrrelations of the parent ratings of ADHD, which are

often very low in DZ twins (Simonoff et al. 1998;

Eaves et al. 1997), while teacher ratings do not show

these low correlations. Low DZ correlations can be

explained either by the presence of non-additive ge-

netic effects (Lynch and Walsh 1998), or by contrast

effects (Eaves 1976). These two phenomena both pre-

dict low DZ correlations, but the presence of a contrast

effect also predicts different variances in MZ and DZ

twins. Theoretically the two can thus be distinguished,

although Rietveld et al. (2003b) have shown that the

statistical power of the classical twin study to do so is

low. A further complication is that, given only parent

ratings, one cannot distinguish between a contrast ef-

fect on the phenotypic level (sibling interaction), and a

contrast effect on the observed level (rater bias).

Therefore, Simonoff et al. (1998) simultaneously ana-

lyzed parent and teacher ratings on childhood hyper-

activity. They found that the contrast effect in parent

ratings was due to rater bias, not to sibling interaction.

With respect to teacher ratings, it is often the case

that correlations are higher in children rated by the

same teacher than correlations in children rated by

different teachers (Saudino et al. 2005; Vierikko et al.

2004; Towers et al. 2000; Simonoff et al. 1998; but not

in Sherman et al. 1997). Higher correlations in children

rated by the same teacher than in children rated by

different teachers, suggest that teacher rater bias plays

a role. Simonoff et al. (1998) developed two different

models to explore this finding. One model was based

on the assumption that teachers have difficulty distin-

guishing the two children (‘‘twin confusion model’’).

The other model was based on the assumption that

ratings by the same teacher are correlated, because

(a) raters have their own subjective perspective on

which behaviors are (in)appropriate, or (b) raters

themselves influence the behavior of the child, as a

function of his/her (i.e., the rater’s) own personality

characteristics (‘‘correlated errors model’’). However,

in their sample of 1044 twin pairs, Simonoff et al. were

not able to differentiate between the twin confusion

and the correlated errors model. A complicating factor

in analyzing behavioral ratings of the same versus dif-

ferent teachers is that classroom separation may not be

a random process. In Dutch twins, separation is

somewhat more likely when children score high on

externalizing problems at age three (Van Leeuwen

et al. 2005).

In the present paper, we will examine the contri-

bution of genetic and non-genetic factors to individual

differences in Attention Problems (AP). By analyzing

maternal and teacher ratings, we estimate the extent to

which the agreement between maternal and teacher

reports on childhood AP is caused by the same genetic

and/or environmental factors being expressed in dif-

ferent surroundings (e.g., the classroom versus the
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home). Given the size and nature of our twin sample,

we are also able to test the contribution of teacher

rater bias, as approximately half of our sample is

placed into same and half into different classrooms.

Although maternal ratings may also be prone to rater

bias, we can not directly test for this because twins are

always rated by the same mother.

Methods

Subjects

This study is part of an ongoing longitudinal twin study

in the Netherlands. The subjects were all registered at

birth with the Netherlands Twin Register (Boomsma

1998; Boomsma et al. 2002). For the present study, we

analyzed data of a sample of Dutch twins, whose

mothers and teachers reported on their behavior, when

they were 7-years-old. The twins were born between

1992 and 1996. Maternal ratings were available for 2310

complete twin-pairs and 8 incomplete twin-pairs and

teacher ratings were available for 2276 complete twin-

pairs and 281 incomplete twin-pairs. In 86% of the

twins, ratings were available for both mothers and

teachers, in 5% only from mothers, and in 9% only from

teachers. Furthermore, about 53% of the twins were in

the same classroom, while 36% of the twins were in

different classrooms. Of the remaining 11% of the

sample, it was unknown whether they were in the same

or in different classrooms, mainly due to the fact that a

teacher questionnaire was returned for only one of the

children. Twin-pairs for whom it was unknown whether

the two members of the pair were rated by the same or

by different teachers were excluded from the analyses.

Zygosity diagnosis was based on DNA in 123 same-

sex twin pairs. In the remaining same-sex pairs,

zygosity was assessed with the use of a 10-item

questionnaire. This procedure allows an accurate

determination of zygosity of nearly 95%. It is described

in more detail in Rietveld et al. (2000). The pairs of

whom zygosity status could not be determined

(N = 31 pairs) were excluded from the analyses. The

number of twin pairs, by sex, zygosity, and informant

are presented in Table 1.

Procedure

A survey, including the CBCL/4–18, was mailed to

the mothers of the twins when the twins were 7-years-

old. Mothers, who did not return the forms within

2 months, received a reminder. Where financially

possible, persistent non-responders were contacted by

phone, 7 months after the initial mailing. This proce-

dure resulted in a 66% participation rate. Rietveld

et al. (2004) showed that non-participation at age 7 is

positively related to the twin’s overactive behavior at

age 3. However, the difference in overactive scores at

age 3 between mothers who do respond (mean = 2.76),

and mothers who do not respond (mean = 2.86) at age

7 is small. Once the parent’s permission was procured

to approach the teacher, a Teacher Report Form

(TRF) was sent to the teacher. After 2 months, a re-

minder was sent to the non-responding teachers. The

participation rate of the teachers was 78% (Van

Leeuwen et al. 2005). The number of teacher ratings is

greater than the number of maternal ratings due to

different time schedules for the data entry.

Measures

The Child Behavior Checklist (CBCL/4–18; Achen-

bach 1991) contains 120 items that measure problem

behavior. The items are rated on a 3-point scale

ranging from ‘‘not true’’, ‘‘somewhat or sometimes

true’’, to ‘‘very true or often true’’. In the present pa-

per, we report on the Attention Problem scale (11

items). The 2-week test–retest correlation and the

Table 1 Number of twin pairs (complete/incomplete)

Same teacher Different teacher

M T M T

MZM 209/0 236/0 126/2 140/1
DZM 184/1 194/0 153/0 166/2
MZF 247/1 260/1 162/0 177/2
DZF 182/0 196/1 132/1 147/0
DOS 399/2 433/4 252/1 270/3
Zygosity unknown 2/0 15/0 1/0 13/0
Total 1223/4 1334/4 826/4 913/8

M = mother; T = teacher; MZM = monozygotic male; DZM = dizygotic male, MZF = monozygotic female; DZF = dizygotic female;
DOS = opposite sex twins
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internal consistency in this age group are 0.83 and 0.67,

respectively (Verhulst et al. 1996).

The Teacher Report Form (TRF; Achenbach 1991)

contains 120 items that measure problem behavior with

the same three response categories as the CBCL. The

Attention Problems scale contains 20 items. The 6-

week test–retest correlation is 0.83. The internal con-

sistency coeffients are 0.90 and 0.92 in boys and girls,

respectively (Verhulst et al. 1997). Ten items overlap

between the AP scales of the CBCL and the TRF.

Statistical Analyses

Both the TRF and CBCL data show high skewness

(1.56, and 1.43, respectively), and high kurtosis (2.23,

and 2.40, respectively). Derks et al. (2004a) showed

that bias in parameter estimates due to non-normality

of the data may be avoided by using categorical data

analysis. In this approach, a liability threshold model is

applied to the ordinal scores (Lynch and Walsh 1998).

It is assumed that a person is ‘‘unaffected’’, if his or her

liability is below a certain threshold, and that he or she

is ‘‘affected’’, if his or her liability is above this

threshold. In the present paper, the CBCL and TRF

scores were recoded in such a way that three thresholds

divide the latent liability distribution into four cate-

gories. The thresholds are chosen in such a way that the

prevalences are more or less similar in each of the four

categories.

In order to test whether the prevalences of Atten-

tion Problems vary by sex, or by same and different

teacher, we compared the fit of a model in which the

thresholds are equated with the fit of a model in which

the thresholds are allowed to be different. All statisti-

cal analyses were performed in Mx (Neale 1997). The

type-I error rate of all statistical tests was set at 0.01

(rather than 0.05) to accommodate multiple testing.

Genetic Modeling

Genetic analyses were performed in a multi-group

design of MZM (monozygotic males), DZM (dizygotic

males), MZF (monozygotic females), DZF (dizygotic

females), and DOS (opposite sex twins). In addition,

the twins were divided into a same teacher group and a

different teacher group. This resulted in a 10-group

analysis.

Univariate genetic models were fitted to maternal

ratings on AP. We analyzed the data of children in the

same and different classrooms separately for three

reasons. First, Van Leeuwen et al. (2005) showed that

in Dutch twins, separation is somewhat more likely,

when children score highly on externalizing problems

at age 3. If these mean differences persist to age 7,

combining data from children in same versus different

classrooms may give biased estimates of the correla-

tions. Second, Simonoff et al. (1998) reported a slightly

higher heritability in maternal ratings for children, who

are in the same classroom than for children, who are in

different classrooms. Third, it could be the case that

children who have the same teacher become more

similar, because of their greater environmental sharing

at school.

A fully saturated model, in which all correlations

and thresholds were freely estimated, was fitted to the

ordinal data. Next, we examined whether the thresh-

olds differed between MZ and DZ twins. Because

contrast effects cause different variances in MZ and

DZ twins, and therefore lead to different prevalences

of Attention Problems among these groups, contrast

effects were only included if the thresholds of MZ and

DZ twins were different. Third, a model that includes

additive genetic effects (A), shared environmental (C),

or dominant genetic effects (D), and non-shared

environmental effects (E) was fitted to the data. It

should be noted that the effects of C and D cannot be

modeled simultaneously, as they are not both identi-

fied. If the correlations in MZ twins were more than

twice the correlations in DZ twins, D was included in

the model. If the correlations in MZ twins were less

than twice the DZ correlations, C was included.

Finally, a series of more parsimonious models were

fitted: (a) variance components in the best fitting

model were constrained to be equal in boys and girls;

(b) variance components A, and C or D were con-

strained at zero; (c) the variance components were

constrained to be the same for children in the same

classroom and children in different classrooms. The fit

of the more parsimonious models were compared with

the fit of the full model by means of the likelihood ratio

test.

The univariate models that were fitted to the teacher

ratings on AP were based on the models that were

presented in Simonoff et al. (1998). Similarly to the

model fitting of the maternal data, a fully saturated

model was fitted to the data. Next, two different ge-

netic models were fitted. In the ‘‘twin confusion’’

model (see Fig. 1), the higher twin correlations in pairs

rated by same teachers are explained by the fact that

teachers may not always distinguish between the two

individuals in a twin pair. The confusion paths are al-

lowed to differ according to zygosity, because we ex-

pect more confusion in MZ twins than in DZ twins.

Furthermore, the confusions paths are assumed to be

absent when children are rated by different teachers or

when the individuals in a twin pair are of opposite sex.

836 Behav Genet (2006) 36:833–844
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The second model, the ‘‘correlated errors’’ model (see

Fig. 2), specifies that teachers bring their own influ-

ences into their ratings of behavior either because they

have their own subjective perspective, or because they

influence the behavior of the child, as a function of

rater bias (i.e., the rater’s own personality character-

istics) (Simonoff et al. 1998). When all twin-pairs are

rated by the same informant, rater bias is shared be-

tween two members of a twin-pair and is therefore

confounded with shared environmental influences.

Because we have access to data from twins who are

rated by the same teacher and from twins who are

rated by different teachers, we are able to distinguish

between true shared environmental influences and

rater bias. In the correlated error model, the non-

shared environmental component is allowed to corre-

late in children that are rated by the same teacher. If

this correlation is significantly greater than zero, this

may be evidence of teacher rater bias. It should be

noted that the term ‘‘correlated error’’ is too restric-

tive, because the children rated by same teachers

may actually behave more alike, because of certain

characteristics of the teacher and/or classmates (e.g.,

teaching styles, social interactions in the group), or by

the fact that classroom separation depends on the level

of problem behavior before separation. In these cases,

the higher correlation would not be caused by error.

However, to avoid confusion, we choose to retain the

original name of the model.

Finally, we fitted a bivariate psychometric model to

maternal and teacher data. In the psychometric model

(Hewitt et al. 1992), the ratings of different informants

are allowed to be influenced by a common behavioral

view and shared understanding of the behavioral

descriptions, and also by unique aspects of their child’s

behavior. In the bivariate model, we included common

factors that influence both maternal and teacher rat-

ings, specific maternal factors that influence maternal

ratings only, and specific teacher factors that influence

teacher ratings only. Based on the results of the uni-

variate analyses, we identified the most appropriate

bivariate model. If rater disagreement is the result of

rater bias, the twin correlations of the rater specific

factors would not depend on zygosity, and the rater

specific variance would be explained by shared envi-

ronmental influences. In contrast, when the rater dis-

agreement is the result of each rater assessing unique

aspects of the child’s behavior, and given that the trait

is heritable, we would expect to find genetic influences

on the rater specific variance.

rc

ra

A ECC AE

T2T1 gg

11

T2T1

Fig. 1 Twin confusion model for attention problem scores of
children rated by the same versus different teachers. Latent
factors are represented as circles, observed variables are
represented as squares. A = additive genetic effects; C = shared
environmental effects; E = non-shared environmental effects;
g = twin confusion path (the loading of twin on his/her cotwins
attention problem score); T1 (circle) = latent AP score twin 1;
T1 (square) = observed score twin 1; T2 (circle) = latent AP
score twin 2; T2 (square) = observed score twin 2; ra = 1 (MZ)
or 0.5 (DZ); rc = 1 (MZ and DZ). The loading g is allowed to
vary as a function of zygosity. In opposite sex twins, and in twin-
pairs in which both members of the pair are rated by different
teachers, the loading g is constrained at zero. The total variance
of the latent factor is constrained at 1

re

rc

ra

A ECC AE

T1 T2

Fig. 2 Correlated error model for attention problem scores of
children rated by same versus different teachers. Latent factors
are represented as circles, observed variables are represented
as squares. A = additive genetic effects; C = shared environ-
mental effects; E = non-shared environmental effects; T1
(square) = observed score twin 1; T2 (square) = observed score
twin 2; ra = 1 (MZ) or 0.5 (DZ); rc = 1 (MZ and DZ);
re = correlated error path which is constrained at zero in twin-
pairs who are rated by different teachers, and is freely estimated
in twin-pairs who are rated by the same teacher
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Results

Prevalence of AP

Mean scores, standard deviations, and thresholds for

maternal and teacher reports on AP are summarized in

Table 2. Differences in the distribution of AP were

examined by equating the thresholds in Mx. Boys ob-

tained higher AP scores than girls (v2(48) = 165.14,

P < 0.001; v2(48) = 223.14, P < 0.001, for maternal

and teacher ratings, respectively). Maternal and tea-

cher AP scores did not differ between children in dif-

ferent classrooms and children in the same classroom

(v2(36) = 54.31, P = 0.03; v2(36) = 34.20, P = 0.55, for

maternal and teacher ratings, respectively).

Twin Correlations

Polychoric twin correlations were estimated for each

sex-by-zygosity group in Mx. The maternal and tea-

cher cross-twin correlations represent the agreement

between the twins within each rater. The within-twin

cross-rater correlations represent the agreement be-

tween the raters within the same child. Finally, the

cross-twin cross-rater correlations represent the

agreement between raters between the two members

of a twin pair. One example of the latter is the

correlation between the maternal rating of the first-

born twin and the teacher rating of the second born

twin.

The correlations of the maternal and teacher AP-

scores are shown in Table 3. Because only 10 items

overlap between the maternal and teacher AP-scales,

we also calculated the correlations on the basis of the

10 overlapping items (see Table 4). The correlations of

the overlapping items are no higher than the correla-

tions of the original AP-scales. To facilitate the com-

parison of the results of the genetic analyses with those

of other studies using the TRF, we chose to perform

the statistical analyses on the original scales.

Regardless of informant, MZ twin correlations are

higher than DZ twin correlations, which suggests the

presence of genetic influences. The maternal cross-twin

correlations are more than twice as high in MZ twins as

in DZ twins, which is suggestive of genetic dominance.

Therefore, we fitted an ADE model to the maternal

ratings. Because the teacher cross-twin correlations are

less than twice as high in MZ as in DZ twins, we fitted

an ACE model to the teacher ratings. The cross-twin

cross-rater correlations, which represent the common

part of the maternal and teacher ratings, are much

higher in MZ twins than in DZ twins. We would

Table 2 Mean and standard deviations (SD) of raw scores, and thresholds of maternal and teacher ratings on Attention Problems
in 7-year-old boys and girls

Mother, same
classroom

Mother, different
classrooms

Teacher, same
classroom

Teacher, different
classrooms

Boys Girls Boys Girls Boys Girls Boys Girls

Mean 2.86 2.23 3.37 2.44 6.17 3.73 7.37 4.31
SD 2.64 2.45 3.00 2.75 6.41 5.08 7.05 5.24
T1 )0.91 )0.55 )0.98 )0.60 0.04 0.57 )0.11 0.43
T2 0.06 0.40 )0.05 0.36 0.77 1.33 0.63 1.12
T3 1.00 1.35 0.77 1.14 1.50 1.89 1.36 1.87

T1 = threshold 1; T2 = threshold 2; T3 = threshold 3

Table 3 Polychoric Correlations of the maternal and teacher ratings on AP

Maternal cross-twin Teacher cross-twin Within twin cross-rater Cross-twin cross-rater

MZM ST 0.77 0.81 0.48 0.40
DT 0.79 0.56 0.51 0.38

DZM ST 0.39 0.49 0.32 )0.04
DT 0.25 0.22 0.51 0.02

MZF ST 0.80 0.82 0.43 0.37
DT 0.69 0.51 0.37 0.25

DZF ST 0.35 0.48 0.36 0.00
DT 0.35 0.39 0.39 0.13

DOS ST 0.16 0.49 0.34 )0.05
DT 0.20 0.21 0.42 0.03

ST = same teacher; DT = different teacher; MZM = monozygotic male; DZM = dizygotic male, MZF = monozygotic female;
DZF = dizygotic female; DOS = opposite sex twins
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therefore expect an ADE model to provide the best fit

to the common part of the bivariate model.

Statistical tests showed that maternal correlations

did not differ among twin pairs in the same classroom

versus different classrooms (v2(6) = 15.52, P = 0.02).

In contrast, teacher correlations were higher in chil-

dren rated by the same teacher than in children rated

by different teachers (v2(6) = 40.89, P < 0.001).

Univariate Genetic Model Fitting Analyses

of Teacher Ratings

In maternal ratings on AP, the thresholds did not differ

between MZ and DZ twins (v2(24) = 30.10, P = 0.18).

Therefore, rater contrast effects were not included in

the genetic model. The results of the genetic model

fitting are summarized in Table 5. The best-fitting

model is printed in bold. Briefly, the univariate genetic

analyses showed significant influences of A, D, and E.

The estimates of A, D, and E did not depend on sex,

and did not differ among twins in the same classroom

and twins in different classrooms. The relative influ-

ences of A, D, and E in the best fitting model were

44%, 33%, and 23%, respectively. Compared to a

saturated model, the fit of this model was good

(v2(10) = 18.30, P = 0.932).

Univariate Genetic Model Fitting Analyses

of Teacher Ratings

The results of the model fitting analyses on teacher

ratings are shown in Table 6. An ACE model that al-

lowed for different influences of A, C, and E in same

and different teachers provided a good fit to the data.

However, the more parsimonious ‘‘correlated errors’’

model also provided a good fit. The ‘‘twin confusion’’

model did not fit well. In the correlated errors model,

the relative influences of genes and environment did

not differ between boys and girls, and the influence of

the shared environment was not significant. The heri-

tability of teacher ratings on AP was 55% and the non-

shared environment explained 45% of the variation.

The non-shared environment correlated 0.54 when

children were rated by the same teacher. This corre-

lation was significantly greater than zero. Compared to

a saturated model, the fit of the correlated errors

model was good (v2(10) = 6.79, P = 0.745).

Bivariate Genetic Model Fitting Analyses

of Maternal and Teacher Ratings

Based on the results of the univariate genetic analyses,

we fitted a bivariate model that included a common

Table 4 Polychoric Correlations of the 10 overlapping items of the maternal (M) and teacher (T) AP-scales

Maternal cross-twin Teacher cross-twin Within twin cross-rater Cross-twin cross-rater

MZM ST 0.77 0.80 0.47 0.43
DT 0.79 0.43 0.47 0.34

DZM ST 0.39 0.44 0.29 )0.07
DT 0.24 0.31 0.48 0.08

MZF ST 0.80 0.83 0.38 0.32
DT 0.69 0.44 0.32 0.17

DZF ST 0.35 0.44 0.29 0.02
DT 0.36 0.34 0.28 0.13

DOS ST 0.32 0.36 0.35 )0.01
DT 0.19 0.24 0.35 0.00

ST = same teacher; DT = different teacher; MZM = monozygotic male; DZM = dizygotic male, MZF = monozygotic female;
DZF = dizygotic female; DOS = opposite sex twins

Table 5 Univariate model fitting of maternal Attention Problem ratings in 7-year-old children

Model Parameters )2 LL With model D df D v2 P

1. Fully saturated model 84 10201.14 – – – –
2. ADE model, boys „ girls, same „ different teacher 80 10210.80 1 4 9.66 .047
3. ACE model, boys „ girls, same „ different teacher 80 10224.04 1 4 22.90 0.000
4. ADE model, boys = girls, same „ different teacher 76 10216.21 2 4 5.41 0.248
5. ADE model, boys = girls, same = different teacher 74 10219.44 4 2 3.23 0.199
6. AE model, boys = girls, same = different teacher 73 10226.86 5 1 7.42 0.006

A = additive genetic effects, C = shared environmental effects, D = dominant genetic effects, E = non-shared environmental effects,
)2 LL = )2 log likelihood, df = degrees of freedom

Boys = girls: equating the non-standardized parameters of boys and girls

Same = different teacher: equating the non-standardized parameters of same and different teachers
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part consisting of the factors Ac, Dc, and Ec, a unique

maternal part consisting of the factors Am, Dm, and

Em, and a unique teacher part consisting of the factors

At and Et. A correlated error was only included in the

unique teacher part of the bivariate model. The

bivariate model fitting results are summarized in

Table 7. In the best fitting bivariate model, 41% of the

variation in maternal and teacher ratings on AP was

explained by a common factor. This common factor

was decomposed into a dominant genetic factor, which

explained 32% of the total variation, and a non-shared

environmental factor, which explained 9% of the total

variation. The heritability of the common factor is 78%

(this can be calculated as the amount of variation ex-

plained by genetic factors divided by the total variance

0.32/0.41 = 78%). Variation in maternal ratings was

further explained by Am (45%), and Em (14%). Var-

iation in teacher ratings was explained by At (23%),

and Et (36%), and a correlated error of 0.77 in

same teacher ratings. Compared to a saturated model,

the fit of the bivariate model was not very good

(v2(66) = 103.09, P = 0.002). However, it is known that

in bivariate analyses, the power to detect very small

differences is high. Therefore, we calculated the

residuals of the expected covariance matrices of the

ADE model and the expected covariance matrices

under the saturated model. Expectation of these

residuals showed that the misfit was mainly due to

different cross-rater cross-twin correlations in the

monozygotic male group rated by the same teacher

(i.e., the correlation of teacher–firstborn with mother–

second born is not equal to the correlation of mother–

firstborn with teacher–second born). Because there is

no theoretical reason why this correlation would

depend on birth-order, we accepted the ADE model as

the best-fitting model. This model is shown in Fig. 3,

including the estimated factor loadings. As an illus-

tration of Fig. 3, we will show how the heritability of

the common factor can be derived based on the factor

loadings. The total variance of the common factor is

0.302+0.572+0.002=0.41. The variance explained by the

genetic factor is 0.572=0.32. Therefore, the proportion

of the variance explained by genetic factors = 0.32/

0.41 = 0.78, and the heritability of the common factor

is 78%.

Figure 4 gives an overview of the genetic and envi-

ronmental influences on the common and rater-specific

parts of the model.

Discussion

The purpose of this study was to examine the genetic

and environmental contributions to the variation in

maternal and teacher ratings on Attention Problems in

children, and to the covariation between these ratings.

Table 6 Univariate model fitting of teacher Attention Problem ratings in 7-year-old children

Model Parameters )2 LL With model D df D v2 P

1. Fully saturated model 84 8683.69 – – – –
2. ACE model, boys „ girls, same „ different teacher 80 8685.37 1 4 1.68 0.794
3. ACE, Correlated error model, boys „ girls 78 8688.55 1 6 4.86 0.562
4. ACE, Twin confusion model, boys „ girls 80 8694.12 1 4 10.43 0.034
5. ACE, Correlated error model, boys = girls 75 8690.48 3 3 1.93 0.587
6. AE, Correlated error model, boys = girls 74 8690.48 5 1 0.00 –
7. AE, boys = girls, correlated error dropped 73 8726.41 6 1 35.93 0.000

A = additive genetic effects, C = shared environmental effects, D = dominant genetic effects, E = non-shared environmental effects,
)2 LL = )2 log likelihood, df = degrees of freedom

Boys = girls: equating the non-standardized parameters of boys and girls

Same = different teacher: equating the non-standardized parameters of same and different teachers

Table 7 Bivariate model fitting of maternal and teacher Attention Problem ratings in 7-year-old children

Model Parameters )2 LL With model D df D v2 P

1. Fully saturated model 216 18362.96 – – – –
2. ADE model, boys „ girls 160 18460.51 1 56 97.55 0.000
3. ADE model, boys = girls 152 18466.05 2 8 5.54 0.699
4. ADE model, boys = girls, rater-specific D dropped 150 18466.05 3 2 0.00 –

A = additive genetic effects, C = shared environmental effects, D = dominant genetic effects, E = non-shared environmental effects,
)2 LL = )2 log likelihood, df = degrees of freedom

Boys = girls: equating the non-standardized parameters of boys and girls
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In the univariate genetic analyses, the heritability

estimate was higher in maternal ratings (77%) than in

teacher ratings (54%), which agrees with previous

findings (Vierikko et al. 2004; Kuntsi and Stevenson

2001; Thapar et al. 2000; Simonoff et al. 1998; Eaves

et al. 1997; and Sherman et al. 1997). A more thorough

investigation of the correlations, however, revealed that

the correlation in the maternal data was similar to the

correlation in the ‘same teacher’ data, and that both of

these were higher than the correlation in the ‘different

teacher’ data. These data therefore support the infer-

ence that the lower heritability in teacher ratings is due

to combining data from same and different teachers.

This is consistent with the findings of Martin et al.

(2002), who observed similar heritabilities in parent and

teacher ratings in a sample consisting for 91% of chil-

dren rated by same teachers. In contrast, Vierikko et al.

(2004) also conducted genetic analyses on twin-pairs, in

which both members were rated by the same teacher,

and reported a lower heritability in teacher (49–55%)

than parent (78–81%) ratings. In summary, the pattern

is somewhat inconsistent, but the present results sug-

gest that the higher heritabilities in parental ratings

than teacher ratings can be explained by the fact that

twins are always rated by the same parent, but in about

half of the cases by different teachers.

Previously, it was shown that the higher twin cor-

relations in children rated by the same teacher than in

children rated by different teachers are associated with

a higher heritability of problem behavior (Saudino

et al. 2005; Simonoff et al. 1998). Simonoff et al.

(1998) compared the fit of two distinct theoretical

models to explain this finding, but both models fit

equally well. In the present study, we were able to

differentiate between these models; the correlated er-

ror model provided a better fit to the data than the twin

confusion model. The correlated error may be caused

by rater bias, reflecting the fact that raters have their

own specific perspective on which behaviors are

(in)appropriate. An alternative explanation is that the

correlated error reflects true qualities of the children’s

behavior, which are elicited by the exposure to a par-

ticular rater (Simonoff et al. 1998). For example, dif-

ferent teachers may elicit different behaviors from

children.

These two alternative explanations have different

implications for the interpretation of the high correla-

tions in children who are rated by the same informant.

If it is true that the correlations are higher because of

rater specific views, this implies that the phenotypic

correlations in both maternal and same teacher ratings

are overestimated, and that the influence of non-shared

environmental factors is underestimated. Alterna-

tively, if the higher correlations are the result of the

fact that children behave more similarly when con-

fronted with the same person, this suggest that the

rd
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Fig. 3 Bivariate model for maternal and teacher ratings.
P1 = phenotype twin 1; P2 = phenotype twin 2; M1 = Maternal
rating of twin 1; M2 = Maternal rating of twin 2; T1 = Teacher
rating of twin 1; T2 = Teacher rating of twin 2. Ac, Dc, and Ec
are the common additive genetic, dominant genetic, and non-
shared environmental effects; am and em are the unique
maternal additive genetic, and non-shared environmental effects;
at and et are the unique teacher additive genetic, and non-shared
environmental effects. ra = 1 (MZ) or 0.5 (DZ); rd = 1 (MZ) or
0.25 (DZ); re is the correlated error path and is estimated at 0.77.
It is constrained to be equal in MZ and DZ twins, and is assumed
to be absent in children rated by different teachers. The paths
from the latent phenotypes P1 and P2 to the maternal and
teacher ratings are constrained at 1
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behavior of children depends on the person, with

whom they interact. In this case, the lower correlation

in twins rated by different informants is the result of an

increase in the non-shared environmental variance,

and the high correlations, when twins are rated by the

same informant, reflect the true phenotypic similarity

of children interacting with the same person. The sec-

ond possibility may explain the higher correlation

between paternal and maternal ratings than the cor-

relation between parent and teacher ratings. The par-

ents usually observe the children in interaction with the

other parent, but not in interaction with the teacher.

Consequently, correlations should be lower in parents,

who are divorced, than in parents, who live together.

With the available data, we cannot decide whether the

high correlation in twins rated by the same informant

are caused by rater specific views, or by the influence of

the informant on the child’s behavior.

As in previous studies on Attention Problems

(Vierikko et al. 2004; Van der Ende and Verhulst 2005),

the correlations between maternal and teacher ratings

were moderate. We ruled out the possibility that rater

disagreement is the result of non-overlapping items of

the AP-scales of parents and teachers by showing that

the correlations of the overlapping items are not higher

than the correlations of the original scales.

The bivariate model fitting analyses showed that

slightly less than half of the variation in maternal and

teacher ratings is explained by common aspects of the

child’s behavior while the remaining variation is ex-

plained by rater or setting specific aspects. The finding

of genetic influences on the rater specific variance

shows that the diagreement between parents and

teachers is not solely due to rater bias. Both raters

assess unique aspects of the child’s behavior. The

common aspects, which are highly genetic, reflect the

part of the phenotype that is stable across settings and

raters. The genetic variation of the common factor was

completely explained by dominant genetic effects. This

is in agreement with the low cross-twin cross-rater

correlations reported in DZ twins. The large dominant

genetic influences were surprising because these were

not found in the univariate analyses of the teacher

ratings. How can we explain the low cross-twin cross-

rater correlations in DZ twins? The fact that low cross-

rater cross-twin correlations (ranging from )0.12 to

)0.21) were also reported by Simonoff et al. (1998) in

their study on hyperactivity suggests that these are not

the result of artifacts in our data collection. The pres-

ence of sibling interaction is not likely either as these

effects should also be found in the univariate analyses

of maternal or teacher ratings. Rater bias does not

seem to play a role, because it is hard to envisage that

high teacher ratings on AP in twin 1 would lead to low

maternal ratings on AP in twin 2. The only explanation

that we can offer here is that variation in maternal and

teacher ratings is influenced by a correlated error,

which increases the correlation in MZ and DZ twins,

and mimics the effect of shared environmental influ-

ences, and by dominant genetic effects. These effects

might cancel each other out in the univariate analyses

(which would suggest that the dominance effect re-

ported for maternal ratings is underestimated). In the

common factor of the bivariate analyses (i.e., the factor

that influences both maternal and teacher ratings),

correlated errors are absent, and the presence of the

dominance genetic effects is evident. Some support for

this explanation is provided by the different teacher

correlations. In boys, the different teacher correlations

show a pattern that is in agreement with the presence

of genetic dominance while the same teacher correla-

tions do not. However, in girls, the pattern of the dif-

ferent teacher correlations in DZ girls is not suggestive

of genetic dominance. Future studies should reveal

further insight regarding the low cross-twin cross-rater

correlations.

The significant influence of genes on the rater-spe-

cific aspects is consistent with Martin et al. (2002), who

found that variation in maternal and teacher ratings on

hyperactivity is partly influenced by different genes. It

implies that disagreement between parents and teach-

ers is not merely due to rater bias. This finding is

consistent with the results of Bartels et al. (2004) and

Derks et al. (2004b), who found that mothers and

fathers assess unique aspects of the child’s behavior,

although most variation in these ratings is explained by

common aspects. Apparently, mothers and teachers

both rate meaningful, but partly different, aspects of

children’s behavior.

The fact that the prevalence of ADHD was similar

in MZ and DZ twins, is supportive of an absence of

rater contrast or sibling interaction in maternal ratings.

In the literature on AP and HI, contradictory findings

are reported with respect to the presence of contrast

effects in parental ratings. Significant contrast effects

on AP and/or HI have been reported in some studies

(Simonoff et al. 1998; Kuntsi and Stevenson 2001;

Vierikko et al. 2004; Eaves et al. 1997, 2000), but not in

others (Kuntsi et al. 2005; Martin et al. 2002, Thapar

et al. 2000, Towers et al. 2000, and Hudziak et al.

2000). In teacher ratings, contrast effects are absent

(Simonoff et al. 1998; Kuntsi and Stevenson 2001;

Vierikko et al. 2004; Eaves et al. 1997). Plomin (1982)

suggest that contrast effects are more likely when the

items refer to global descriptions of behavior rather

than to specific descriptions of behavior. This was
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confirmed by Saudino et al. (2004), who report a

tendency for contrast effects to be more pervasive

when global ratings were required. The lack of contrast

effects in the current study shows that the items of the

CBCL are specific enough to prevent parents from

comparing the behavior of the twins.

The results should be interpreted with the following

points kept in mind. First, the CBCL and TRF do not

assess the presence of DSM symptoms. The CBCL-AP

scale does predict the presence of DSM-IV ADHD

(Hudziak et al. 2004), but whether this is so for the

teacher form is unknown. There are a number of rea-

sons that DSM interviews of teachers are rarely em-

ployed, including time burden and expense. However,

perhaps the most important reason is the lack of an

empirically validated DSM-IV teacher data base. Thus,

although teacher reports on ADHD are commonly

used, there is little known about the validity of these

reports. The Netherlands Twin Register is currently

collecting data on school performance, and in future

studies we will address the question whether high

teacher AP-scores are more predictive for problems

related to school performance than high parental AP-

scores. Second, the results in this study are based on

analysis of Attention Problems rated by parents and

teacher. It is unclear whether the results generalize to

hyperactivity. However, the Attention Problem scales

do include some items on hyperactivity (e.g., cannot sit

still, restless, or hyperactive), and a review of epide-

miological genetic studies shows that the heritabilities

of Attention Problems and Hyperactivity are similar

(Derks and Boomsma, in preparation).

Higher correlations are found in children rated by

the same informant than in children rated by different

informants. At this point, it is unclear whether the

higher correlation based on ratings from the same

informant overestimate the true phenotypic correlation

due to rater specific views, or if the lower correlation

based on ratings from different informants underesti-

mate the true phenotypic correlation as a result of in-

creased non-shared environmental influences.

In conclusion, we showed that a little under half of the

variation in children’s inattentive behavior is persistent

over situations and is rater and setting independent. The

heritability of this common phenotype is quite high.

Todd et al. (2001) have argued that only through careful

phenotype refinement will the identification of genetic

and environmental influences on complex traits be

realized. Because Attention Problems, which are per-

sistent over situations, may indicate more serious

behavior problems than Attention Problems that are

present in only one context, we believe that gene finding

strategies should focus on this common phenotype.
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