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On the basis of Gray’s theory, Quay suggested that conduct disorder (CD) is associated with
a Behavioural Activation System (BAS) that dominates over the Behavioural Inhibition
System (BIS), whereas attention deficit hyperactivity disorder (ADHD) is characterised by
an underactive BIS. Two studies were conducted to test the hypothesis that the dominance
of the BAS over the BIS is more pronounced in CD comorbid with ADHD (CD}ADHD)
than in CD alone. First of all, a response perseveration task was used, i.e. the door-opening
task (Daugherty & Quay, 1991). In this game, the subject chooses either to open the next
door or to stop playing; there is a steadily increasing ratio of punished responses to rewarded
responses and a large number of doors opened is indicative of response perseveration. As
expected, a steady increase in the number of doors opened was found across normal control
(NC) boys, CD boys, and CD}ADHD boys (NC!CD!CD}ADHD). Second, the
dominance of the BAS over the BIS was examined by observing the social behaviour of the
child in interaction with a research assistant who alternately activated the BAS and the BIS
while a game was played. The behaviour of the children was analysed according to
ethological methods. Group differences in the frequencies of three out of five behavioural
categories were in line with the results of the door-opening task (NC!CD!CD}ADHD).

Keywords: Hyperactivity, aggression, conduct disorder, ethology, impulsivity, social
behaviour.

Abbreviations: ADHD: attention deficit hyperactivity disorder ; BAS: Behavioural
Activation System; BIS: Behavioural Inhibition System; CBCL: Child Behavior
Checklist ; CD: conduct disorder ; FFS: Fight}Flight System; NC: normal control.

Introduction

Conduct disordered (CD) children seem to become
more actively involved with their environment than do
normal children. This orientation toward action is
reflected in the way they perceive their peers, i.e. more
in terms of activities, than do their normal agemates
(Matthys, Walterbos, Van Engeland, & Koops, 1995).
Not only do CD children become more easily mobilised
(behavioural activation), but they also have more
difficulty in stopping their ongoing behaviour
(behavioural inhibition) : they are more dependent on
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their parents and teachers to restrain them than are
normal children. To study these behavioural charac-
teristics Quay (1993) suggested using Gray’s (1982, 1987)
psychobiological theory of personality as a starting point.

According to Gray’s theory (1982, 1987, 1994), be-
haviour is mediated by the activity of three subsystems of
the brain: the Behavioural Activation System (BAS), the
Behavioural Inhibition System (BIS), and the Fight}
Flight System (FFS). The BAS activates behaviour in
response to cues for probable reward and non-
punishment. The BIS inhibits ongoing behaviour in the
presence of cues for probable punishment and non-
reward. The FFS responds to unconditioned aversive
stimuli with unconditioned defensive aggression and
escape behaviour. The BIS and the BAS are antagonistic
to each other and therefore behaviour that is not
dependent on unconditioned stimuli results from the
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relative balance of the two systems. According to Gray,
individual differences in personality are accounted for by
variations in the relative strength of the two systems:
individuals with a BAS that is relatively stronger than the
BIS are impulsive, whereas those with the opposite
imbalance are anxiety prone.

With respect to externalising disorders in childhood,
Quay (1988a, b, 1993) suggested that attention deficit
hyperactivity disorder (ADHD) and CD reflect different
problems in the functioning of the BAS and the BIS.
ADHD is characterised by an underactive BIS, whereas
CD is associated with a BAS that dominates over the
BIS: when cues for both reward and punishment are
present, CD children focus on cues for reward at the
expense of cues for punishment. In other words, when
both systems are activated, the BIS in CD is unable to
interrupt the ongoing activity of the BAS; however, when
only the BAS is activated, CD children do not over-
respond (see also Milich, Hartung, Martin, & Haigler,
1994). Finally, Quay (1993) hypothesises that because the
presence of anxiety is indicative of activity of the BIS, the
degree of dominance of the BAS over the BIS would be
less in anxious CD children than in nonanxious CD
children.

To test the dominance of the BAS over the BIS in CD
children and adolescents, Quay and colleagues (Shapiro,
Quay, Hogan, & Schwartz, 1988), in a first study, used a
computerised card-playing task that was developed by
Siegel (1978) and adapted by Newman, Patterson, and
Kosson (1987) for the study of response perseveration in
adults. Response perseveration has been defined by
McCleary (1966) as the tendency to continue a response
set for reward despite punishment. In the computerised
card-playing task used by Newman et al. (1987), there is
a steadily increasing ratio of punished responses (BIS
activation) to rewarded responses (BAS activation) ; thus,
in order to avoid punishment subjects have to inhibit a
previously rewarded response. The number of cards
played before terminating the task is considered as a
measure of response perseveration. Newman et al. found
that psychopaths evidenced more response perseveration
than did nonpsychopaths; in other words, psychopaths
behaved as if their increased sensitivity to cues for reward
led to decreased attention to the cues for punishment, a
characteristic that has also been called reward domi-
nance. In line with this result in adults, the CD group in
the Shapiro et al. (1988) study (mean age of subjects, 13.9
years) showed more response perseveration (played more
cards) than the non-CD group.

This dominance of the BAS over the BIS in CD has
been confirmed in younger CD boys (mean age, 9.8 years)
by Fonseca and Yule (1995), who used an adapted
version of the computerised cards game used by Newman
et al. (1987). On the other hand, in a task similar to the
computerised response perseveration task (the door-
opening task) developed by Daugherty and Quay (1991),
O’Brien, Frick, and Lyman (1994) did not find differences
between a group of disruptive behaviour disordered boys
(mean age, 11 years) and normal controls. However,
significant group differences emerged when measures of
anxiety were included in the analysis ; group differences
thus were obscured by a number of disruptive behaviour
disordered boys who also exhibited high levels of anxiety.

This result was confirmed in a second study (O’Brien &
Frick, 1996) : children with severe conduct problems
exhibited a reward-dominant response style only in the
absence of a comorbid anxiety disorder. These findings
are consistent with Gray’s theory (1982, 1987, 1994). In
anxious behaviour-disordered boys the imbalance be-
tween the BIS and the BAS is restored in part : dominance
of the BAS over the BIS (a CD characteristic) is countered
by a relatively strong BIS (a characteristic of anxiety
disorder).

Of particular relevance for the present investigation is
the study by Daugherty and Quay (1991), which involved
not only a CD group but also a CD group comorbid with
ADHD. To study reward dominance in children aged 8 to
13 years, Daugherty and Quay designed a computerised
response perseveration task, i.e. the door-opening task.
In this task, the subject chooses either to open the next
door or to stop playing; there is a steadily increasing ratio
of punished responses to rewarded responses and a large
number of doors opened is indicative of response per-
severation. As the authors predicted, compared with
normal controls, subjects with CD or CD associated with
ADHD (CD}ADHD) opened significantly more doors.
Surprisingly, the authors did not predict that the CD}
ADHD group would open more doors than the CD
group. Indeed, according to Quay’s (1988a, b) hypothesis
of the underactive BIS characteristic of ADHD and the
dominance of the BAS over the BIS characteristic of CD,
the comorbid group would open more doors than the CD
group: in CD}ADHD the BIS has even more difficulty in
interrupting the ongoing BAS activity than in CD, since
in CD}ADHD not only does the BAS dominate over the
BIS (a CD characteristic) but the BIS is also persistently
underactive (an ADHD characteristic). In other words,
the dominance of the BAS over the BIS should be found
more clearly in CD}ADHD than in CD. According to
Quay’s hypothesis, response perseveration thus would be
more clearly present in CD}ADHD than in CD. This,
however, was not found in the Daugherty and Quay
(1991) study.

The aim of the present study was to test the hypothesis
that the dominance of the BAS over the BIS is more
pronounced in CD}ADHD than in CD. Three groups of
school-aged boys were involved: a normal control (NC)
group, a CD group, and a CD}ADHD group. The study
consisted of two parts. Firstly, a response perseveration
task was used, i.e. the door-opening task designed by
Daugherty and Quay (1991). We predicted a steady
increase in the number of doors opened across the three
groups (NC!CD!CD}ADHD) before subjects quit.
The difference between the present study and the
Daugherty and Quay study is that in the latter study
subjects were selected on the basis of behavioural ratings,
whereas in our study subjects were defined psychi-
atrically, i.e. they met DSM-IV criteria of CD and}or
ADHD (American Psychiatric Association, 1994).

In the secondpart of our study,we investigatedwhether
the dominance of the BAS over the BIS, which we
expected to be more pronounced in children with CD}
ADHD than in children with CD, also becomes apparent
in social behaviour. To this end, the child’s behaviour was
observed systematically while he played a cooperative
game with a research assistant. During the game the
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research assistant alternately activated the BAS and the
BIS by praising the child (reward), criticising him
(punishment), or giving neutral feedback (nonreward,
nonpunishment). The ethological methods used were
ones that have been found to be successful in differen-
tiating the social behaviour of CD and NC children while
they play games (Matthys,DeVries, et al., 1995;Matthys,
Van Loo, et al. 1995). We expected a higher frequency of
social behaviour in CD}ADHD boys than in CD boys.

Materials and Methods

Subjects

Subjects consisted of boys with CD (N¯ 11), boys with CD
associated with ADHD (CD}ADHD) (N¯ 10), and normal
control boys (NC) (N¯ 31). The NC boys were recruited from
a regular primary school ; boys with scores in the clinical range
on the Child Behavior Checklist (CBCL) (Achenbach, 1991;
Verhulst, Berden, & Sanders-Woudstra, 1985) were excluded.
The CD and CD}ADHD boys came from an inpatient unit of
the Department of Child and Adolescent Psychiatry, Utrecht
University Hospital, and from a special school for severely
behaviour-disordered children. Boys were placed in CD or
CD}ADHD groups on the basis of the strict application of
DSM-IV criteria (American Psychiatric Association, 1994) ;
consensus on the diagnosis was reached between two
psychiatrists (WM, HvE). Boys with diagnoses of CD (N¯ 10)
or oppositional defiant disorder (N¯ 11) were included in the
CD group (with or without ADHD). It was permissible to
include children with an oppositional defiant disorder in the CD
group since the overlap in symptomatology is large between the
childhood-onset type of conduct disorder and oppositional
defiant disorder (Hinshaw, Lahey, & Hart, 1993). To be
included in the CD}ADHD group CD boys also satisfied the
DSM-IV criteria for a concurrent attention-deficit}
hyperactivity disorder. CD and CD}ADHD boys did not meet
the criteria for any anxiety disorder. Because of the possible
effect of intelligence on the methods used, boys with IQs of less
than 75 were excluded.

Diagnoses of the inpatient subjects were based on extensive
semistructured psychiatric interviews, psychological assessment
of the child, interviews with the parents, including discussion of
the developmental history, and observations by child-care
workers. This information was gathered in an 8-week clinical
assessment period, during which psychiatrists and residents
provided feedback on the diagnoses every 2 weeks on the basis
of discussions of accumulated case information. In the special

Table 1
Characteristics of Sample

NC
(N¯ 31)

CD
(N¯ 11)

CD}ADHD
(N¯ 10) One-way

analysis Scheffe!
Measure Mean SD Mean SD Mean SD F(2,49) α¯ .05

Age (years) 9.6 1.1 10.4 1.0 10.0 1.2 2.13
IQ (WISC-R) 98 11 96 12 90 11 2.13

CBCL (T scores)
Attention problems 53.4 6.0 59.7 7.7 67.9 10.4 15.22* CD}ADHD"CD"NC
Aggressive behaviour 52.1 3.9 65.3 11.9 71.6 14.9 22.07* CD}ADHD¯CD"NC
Delinquent behaviour 52.5 5.1 62.2 10.4 76.2 11.2 13.16* CD}ADHD¯CD"NC
Anxious}Depressed 52.8 5.1 70.4 8.6 68.4 13.3 27.46* CD}ADHD¯CD"NC

* p! .001.

school, diagnoses were based on a semistructured psychiatric
interview with the child (Child Assessment Schedule ; Hodges,
Kline, Stern, Cytryn, & McKnew, 1982) and an interview with
the child’s teacher conducted by a graduate educational
psychologist.

In order to describe subjects from a dimensional point of
view, the CBCL (Achenbach, 1991; Verhulst et al., 1985) was
completed by each subject’s primary caretaker. Also, subjects
were administered the Wechsler Intelligence Scale for Children-
Revised (WISC-R; Wechsler, 1974).

Descriptive characteristics of the sample are included in
Table 1. The three groups did not differ in age and intelligence.
On the CBCL, the CD}ADHD boys were rated as having more
attention problems than the CD boys, and the CD boys were
rated as having more attention problems than the NC boys.
Also, according to their parents, CD}ADHD boys and CD
boys were more aggressive, more delinquent, and more
anxious}depressed than the NC boys.

The study protocol was approved by the Utrecht University
Hospital Committee for Research On Human Subjects, and
parents gave written informed consent. During testing, subjects
were drug free.

The Door-opening Task

This task consists of a series of 110 doors presented
sequentially on a MacIntosh computer in a preprogrammed
order ofwinning and losing doors (Daugherty & Quay, 1991). In
this task the probability of a winning door appearing decreases
by 10% with each succeeding set of 10 doors (thus from 100%
to 0%). Within each set of 10 doors, losing doors are randomly
sequenced among winning doors. The dependent measure was
the total number of doors opened before subject quit (Range
0–110).

The following instructions were given (Daugherty & Quay,
1991).

In this game, you will see a number of doors on the
computer screen—they will appear one at a time. Behind
some of the doors are happy faces, and behind some of the
doors are sad faces. Do you understand so far?

You will see only one door at a time, and the door will have
a question mark on it. The door will look like this (pointing
to the example on the screen). You can take a chance and
open the door by pressing this bar (pointing to the space
bar). If a happy face is behind the door, you will win a
dime. If a sad face is behind the door, you will lose a dime.
Let’s try it (pressing the bar). That’s a happy face ; if I were
playing, I would win a dime. OK so far?

You must open the doors in the order that the computer
presents them to you. You cannot skip any doors ; but you
can stop playing any time you want by telling me that you



646 W. MATTHYS et al.

want to stop. Once you stop, you can keep all the dimes
you have earned. Do you have any questions before we
start? Remember, you have to tell me when you want to
stop.

One difference from the procedure of Daugherty and Quay
(1991) is that their subjects began with 10 chips, whereas in our
procedure subjects won their first 10 dimes.

Behavioural Observation

Using a plan and a large number (195) of animal figures, the
child was asked to construct a zoo that both the child and the
research assistant would like. The figures were divided between
the two participants, the child receiving red animals only and
the research assistant green only. During the game, which took
13 minutes, each move of the child was consistently commented
on (reinforced) by the research assistant. In the following
reinforcement blocks the BAS and the BIS were activated
alternately according to Gray’s (1994) operational definitions of
the BAS and the BIS: (1) first reward (BAS): the research
assistant praised every move of the child for 3 minutes ; (2)
punishment (BIS) : the research assistant criticised every move
of the child for 3 minutes ; (3) nonpunishment (BAS): the
research assistant commented in a neutral way on the moves of
the child for 2 minutes ; (4) second reward (BAS): the research
assistant praised every move of the child for 3 minutes ; (5)
nonreward (BIS) : the research assistant commented in a neutral
way on the moves of the child for 2 minutes. All the sessions
were videotaped. The tapes were timecoded with a Video
Timecode Generator. The videotapes were analysed afterwards
by means of a computerised behavioural analysis program
‘‘Observer ’’ (Noldus, 1992). This was done according to an
ethogram, which was used in an earlier study (Matthys, De
Vries, et al., 1995) and slightly changed for the present purposes.
For the analyses, 22 behavioural elements were divided into 5
categories on the dimension prosocial-antisocial behaviour:
clearly prosocial (e.g. act in an interested way), moderately
prosocial (e.g. ask permission), neutral (e.g. express oneself),
moderately antisocial (e.g. urge), clearly antisocial (e.g. deni-
grate). Inter-observer reliability of the scoring of behavioural
elements and behavioural categories was computed between 2
trained observers in 11 randomly chosen sessions ; mean inter-
observer reliability for behavioural elements was 77%, and for
behavioural categories it was 81%. We checked whether the
research assistants performed the scripted procedure for the
reinforcement blocks. Ethological data could not be obtained
from six NC boys for technical reasons.

Procedure

The two test conditions formed part of a longer experimental
session (Van Goozen et al., in press) that took place between
9.00 am and 11.30 am in a playroom of the Department of
Child and Adolescent Psychiatry, Utrecht University Hospital.
The door-opening task was administered at the beginning of the
session and the behavioural observation took place at the end of
the session, with about 1.5 hours in between. The research
assistant and scorers were blind to the child’s group status.
Subjects were administered the WISC-R on a separate occasion
to the main experiment.

Data Analysis

In the door-opening task, the prediction that there will be a
steady increase in the number of doors opened across the three
groups was tested using an ANOVA with Group as the between-
subjects factor and the linear contrast across the three groups.

In the behavioural study, we first tested whether the re-
inforcement conditions affected the frequencies of the
behavioural categories. Second, we tested the linear contrast of
the total frequencies of the behavioural categories over the
various reinforcement conditions across the three groups.
Third, in order to examine whether the three groups differed in
the way the behavioural categories were affected by the
reinforcement conditions, we tested the interactions between
reinforcement and the frequencies of behavioural categories in
the three groups. For these tests, a multivariate approach
consisting of a repeated measures ANOVA (Wilks’ Lambda)
was used with Reinforcement Condition as a within-subjects
factor, Group as a between-subjects factor, and the interaction
between Reinforcement Condition and Group.

Results

Door-opening Task

The means of the number of doors opened are shown in
Table 2. The results of the analysis of variance revealed a
significant univariate effect for Group [F(2,49)¯ 6.10,
p! .005]. The hypothesis of a steady increase in
the number of doors opened across the three groups
(NC!CD!CD}ADHD) was tested by examining the
linear contrast across the three groups. This contrast
was significant (linear contrast, t¯ 12.02, p! .001).

Because the CD group differed significantly from the
NC group not only in CBCL aggressive behaviour scores
(Table 1) (i.e. behaviour characteristic of CD), but also in
CBCL attention problem scores (Table 1) (i.e. behaviour
characteristic of ADHD), the difference in performance
might be attributed not so much to a factor thought to be
associated with CD (dominance of the BAS over the BIS)
as a factor thought to be associated with ADHD
(underactive BIS). Therefore, Spearman correlation
coefficients were computed between the number of doors
opened on the one hand and CBCL aggressive behaviour
and CBCL attention problems scores on the other. The
Spearman correlation coefficient between the number of
doors opened and CBCL aggressive behaviour was .35
(p! .05), and between the number of doors opened and
attention problems it was .43 (p! .01). Spearman
correlation coefficient between CBCL aggressive behav-
iour and attention problems was .79 (p! .001). Thus,
both aggressive behaviour and attention problems were
associated with the task performance variable. However,
when task performance was regressed onto attention
problems and aggressive behaviour simultaneously,
aggressive behaviour did not add significantly to the
variance explained by attention problems; nor did
attention problems and aggressive behaviour interact
in predicting task performance.

Table 2
Means and Standard Deviations for the Three Groups in
the Door-opening Task

Groups

Number of doors opened NC CD CD}ADHD

Mean 57.9 71.6 93.6
SD 28.9 35.9 19.4
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Table 3
Means of Frequencies of Behavioural Categories for the Three Groups and Results of Repeated Measures ANOVAs
(Wilks’ Lambda) with Reinforcement and Group (Linear Contrast of Total Frequencies) as Factors, and the
Interactions between Reinforcement and Group

Repeated measures ANOVAs
Reinforcement conditions

Behavioural Group linear Reinforcement
categories FR PU NP SR NR Reinforcement contrasta ¬Group

Clearly prosocial
CD}ADHD
CD

1.30
1.00

0.60
0.45

0.45
0.54

1.40
0.72

0.90
1.22

F(4,40)¯ 4.23
p¯ .006

t(43)¯ 3.01
p¯ .004

F(8,80)¯ 0.75
p¯ .64

NC 0.48 0.04 0.18 0.36 0.24

Moderately prosocial
CD}ADHD
CD

6.40
9.18

9.90
10.60

2.40
2.18

8.00
8.45

3.00
4.50

F(4,40)¯ 54.8
p¯ .0001

t(43)¯ 0.45
p¯ .65

F(8,80)¯ 0.72
p¯ .67

NC 7.16 9.52 1.56 7.24 2.28

Neutral
CD}ADHD
CD

17.50
19.50

18.90
10.50

14.70
13.80

20.00
15.80

15.30
12.80

F(4,40)¯ 7.37
p¯ .0001

t(43)¯ 0.51
p¯ .61

F(8,80)¯ 1.78
p¯ .09

NC 18.10 17.70 10.60 17.40 16.10

Moderately antisocial
CD}ADHD
CD

3.40
2.27

3.80
2.81

1.20
0.40

2.00
1.64

1.65
2.32

F(4,40)¯ 11.08
p¯ .0001

t(43)¯ 2.56
p¯ .014

F(8,80)¯ 2.13
p¯ .043

NC 0.72 1.76 0.72 0.76 1.08

Clearly antisocial
CD}ADHD
CD

1.40
0.09

0.80
0.55

0.45
0.14

0.10
0.09

0.30
0.14

F(4,40)¯ 4.97
p¯ .002

t(43)¯ 4.12
p¯ .0001

F(8,80)¯ 2.47
p¯ .019

NC 0.00 0.08 0.06 0.04 0.12

FR¯first reward, PU¯punishment, NP¯nonpunishment, SR¯ second reward, NR¯nonreward.
a Group linear contrast of total frequencies¯CD}ADHD"CD"NC.

Because the mean CBCL anxiety}depressed scores for
the CD and CD}ADHD groups were relatively high
(Table 1), and because of the possible moderating effect
of anxiety on response perseveration (O’Brien & Frick,
1996; O’Brien et al., 1994), we next examined whether
anxiety had a mediating effect on the number of doors
opened. First of all, the correlation between CBCL
anxious}depressed scores across all three groups and the
number of doors opened was computed. The Spearman
correlation coefficient was .23 (n.s.) ; after removal of one
outlier, the correlation coefficient was .21 (n.s.). Second,
we tested whether high-anxious CD boys differed from
low-anxious CD boys in the number of doors they
opened. For this, we collapsed both CD groups (CD and
CD}ADHD) and divided them into high-anxious CD
boys (N¯ 12; M¯ 76.2, SD¯ 9.1) and low-anxious CD
boys (N¯ 9; M¯ 60.4, SD¯ 4.6), based on a cut-off
score of 67. The difference in the number of doors opened
by the high-anxious CD boys (M¯ 82.1, SD¯ 32.5) and
by the low-anxious CD boys (M¯ 82.0, SD¯ 30) was
not significant [F(1,19)¯ 0.01, p¯ 1.0].

Behavioural Observation

The means of frequencies of the five behavioural
categories (clearly prosocial, moderately prosocial,
neutral, moderately antisocial, clearly antisocial) for
the three groups (CD}ADHD, CD, NC) in the five
reinforcement conditions (first reward, punishment,

nonpunishment, second reward, nonreward) and results
of the repeated measures ANOVA (Wilks’ Lambda)
are presented in Table 3.

First of all, a clear effect of reinforcement on the
frequencies of the five behavioural categories over the
three groups was found. Thus, the research assistant
succeeded in affecting the boys’ behaviour through
reinforcement manipulations. Second, the linear contrast
in the total frequencies of five behavioural categories (i.e.
the sum of the frequencies of each behavioural category
over the five reinforcement conditions) across the three
groups was significant for three out of five behavioural
categories (clearly prosocial, moderately antisocial,
clearly antisocial) with, as expected, CD}ADHD boys
showing these behavioural categories more frequently
than CD boys, and CD boys showing these behavioural
categories more frequently than NC boys. Third, a
significant interaction effect between reinforcement and
group was found for moderately antisocial and clearly
antisocial behaviour. No clear pattern of an overactive
BAS or underactive BIS in CD or CD}ADHD groups
could be identified.

Just as in the door-opening task, we examined whether
the differences between the three groups in the total
frequencies of three out of five behaviour categories
(clearly prosocial, moderately antisocial, clearly anti-
social) might be attributed to a factor associated with CD
(dominance of the BAS over the BIS) or to a factor
associated with ADHD (underactive BIS). Therefore,
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Spearman correlation coefficients were computed be-
tween the total frequencies of the behavioural categories
and both CBCL aggressive behaviour and CBCL at-
tention problems scores. The correlation coefficients
between clearly prosocial behaviour, moderately anti-
social behaviour, and clearly antisocial behaviour on the
one hand, and CBCL aggressive behaviour on the other
hand were .30 (p! .05), .29 (p! .05), and .58 (p!
.001), respectively. The correlation coefficients between
clearly prosocial behaviour, moderately antisocial be-
haviour, and clearly antisocial behaviour on the one hand
and CBCL attention problems on the other hand were .24
(p! .10), .40 (p! .01), and .44 (p! .01), respectively.
Thus both CBCL aggressive behaviour (a behavioural
indicator of dominance of the BAS over the BIS) and
CBCL attention problems (a behavioural indicator of an
underactive BIS) were associated with the frequencies of
the three behavioural categories on which the groups
differed. Scores on clearly prosocial behaviour, mod-
erately antisocial behaviour, and clearly antisocial be-
haviour were entered into a multiple regression analysis,
using aggressive behaviour and attention problems scores
as predictors. Together these variables accounted for
12.35% of the variance in clearly prosocial behaviour,
F(2,43)¯ 3.03, p! .06. The beta weights showed that
whereas attention problems scores approached signifi-
cance as a predictor of clearly prosocial behaviour (beta
¯ .48, p! .055), aggressive behaviour scores were not a
significant predictor (beta¯®.18). Aggressive behaviour
and attention problems scores together accounted for
21.78% of the variance in moderately antisocial be-
haviour, F(2,43)¯ 5.99, p! .01. The beta weights
showed that neither variable achieved statistical
significance as a predictor. Aggressive behaviour and
attention problems scores together accounted for 24.26%
of the variance in severely antisocial behaviour, F(2,43)
¯ 6.89, p! .01. The beta weights showed that aggressive
behaviour scores were a marginally significant predictor
(beta¯ .39, p¯ .09) ; attention problem scores did not
achieve statistical significance as a predictor.

Although the two parts of the study differed from each
other in the sequence of the BAS}BIS activations, both
tasks were intended to measure the imbalance between
the BAS and the BIS. Spearman correlation coefficients
between the numbers of doors opened and the total
frequencies of the three behavioural categories in which
the groups differed were computed. For clearly prosocial
behaviour the correlation coefficient was .21 (p¯ .08),
for moderately antisocial behaviour it was .27 (p¯ .03),
and for clearly antisocial behaviour it was .21 (p¯ .08).
The associations between the different operationali-
sations were thus positive but low.

Discussion

Two studies were conducted to test the hypothesis that
the dominance of the BASover the BIS ismore prominent
in CD comorbid with ADHD (CD}ADHD) than in CD
alone. First, a response perseveration task was used, i.e.
the door-opening task (Daugherty & Quay, 1991). The
results of this task confirmed the prediction of a steady
increase in the number of doors opened across NC, CD,
and CD}ADHD boys (NC!CD!CD}ADHD). The

finding that response perseveration, being the tendency to
continue a response set for reward despite punishment,
was more pronounced in the CD}ADHD group than in
the CD group adds to a growing body of research that
suggests that the functioning of CD}ADHD children is
more impaired than the functioning of CD children, and
that the long-term outcome of CD}ADHD children is
more negative than that of CD children (e.g. Farrington,
Loeber, & Van Kammen, 1990; Moffit, 1993; Taylor,
1994; Taylor, Sandberg, Thorley, & Giles, 1991; Walker,
Lahey, Hynd, & Frame, 1987).

These findings concerning response perseveration pro-
vide support for Quay’s (1993) hypothesis derived from
Gray’s theory (1982, 1987) regarding BAS-BIS func-
tioning in children with externalising symptomatology:
the imbalance between the BAS and the BIS, i.e.
dominance of the BAS over the BIS, should be found
more clearly in CD}ADHD than in CD. This is because
in CD}ADHD the BIS has even more difficulty in
interrupting the ongoing BAS activity than in CD, since
in CD}ADHD not only does the BAS dominate over the
BIS (a CD characteristic) but the BIS is also persistently
underactive (an ADHD characteristic).

There is, however, an alternative interpretation of the
findings: differences between the three groups in per-
formance in the response perseveration task might be
attributed mainly to an underactive BIS. In our sample,
the CBCL attention problems scores of the three groups
differed significantly from each other (NC!CD!
CD}ADHD). If the CBCL attention problem score is a
behavioural indicator of an underactive BIS, then group
differences in response perseveration (NC!CD!
CD}ADHD) might be caused only by an underactive
BIS. This interpretation is supported by the fact that the
correlation coefficient between CBCL attention problem
scores and the number of doors opened (.43) is higher
than between the CBCL aggressive behaviour scores and
the number of doors opened (.35). Moreover, when task
performance was regressed onto attention problems and
aggressive behaviour simultaneously, aggressive behav-
iour did not add significantly to the variance explained by
attention problems; nor did attention problems and
aggressive behaviour interact in predicting task perform-
ance. Thus, in our sample differences in response per-
severation might be attributed more probably to an
underactive BIS than to dominance of the BAS over the
BIS. However, it is uncertain whether a CBCL attention
problems score is an adequate behavioural indicator of
an underactive BIS.

The difference in response perseveration between our
CD and CD}ADHD groups was not found in the
Daugherty and Quay (1991) study, probably because
their sample differed from ours. In the Daugherty and
Quay study subjects were recruited from regular primary
schools and were selected on the basis of behaviour
ratings, whereas in our study we used subjects from an
inpatient psychiatric unit as well as pupils from a special
school for severely behaviour-disordered children. Psy-
chopathology may have been more pronounced in our
sample leading to more pronounced group differences.

A striking finding is that groups differed in response
perseveration despite significantly higher levels of anxiety
in CD and CD}ADHD boys than in NC boys. In the two
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studies conducted by Quay and colleagues (Daugherty &
Quay, 1991; Shapiro et al., 1988), only CD children
without elevations on the anxiety scale were involved;
thus, the influence of anxiety on task performance in CD
children could not be investigated in these studies.
However, this was possible in the two studies by O’Brien
and colleagues (O’Brien & Frick, 1996; O’Brien et al.,
1994) and in our study. In the O’Brien studies differences
between the disruptive behaviour disordered}conduct
problem children and the normal controls were found
only in the nonanxious subjects. These authors concluded
that in the anxious behaviour disordered boys the
imbalance between the BIS and the BAS is restored:
dominance of the BAS over the BIS (a CD characteristic)
is countered by a relatively strong BIS (a characteristic of
anxiety disorder). In our study, the groups studied
differed significantly in response perseveration, despite
elevated levels of anxiety in both CD and CD}ADHD,
and high-anxious CD boys did not differ from low-
anxious CD boys. Moreover, there was no meaningful
relation between CBCL anxious}depressed scores and
the number of doors opened in the whole sample. Anxiety
thus seems to have had no effect on response persev-
eration in our study, and this finding is not consistent
with Gray’s (1982, 1987, 1994) theory. In this context it
should be mentioned that findings concerning the effect
of anxiety on response perseveration are equivocal. In the
O’Brien and Frick (1996) study, contrary to expectation,
children with an anxiety disorder did not differ signifi-
cantly from normal control children in response per-
severation. In the Daugherty and Quay (1991) study there
was a small difference in perseverative responding be-
tween anxious children and normal controls but, though
the difference was not tested, it did not seem to reach
significance.

The results of the response perseveration task have
been interpreted from the perspective of the dominance
of the BAS over the BIS. However, there are alternative
interpretations of perseverative responding, e.g. as a
deficiency in response modulation (Newman & Wallace,
1993). Response modulation is an automatic process
according to which a person interrupts ongoing be-
haviour in response to feedback from the environment or
information arising from internal associations (Newman
& Wallace, 1993). Perseverative responding is related to
processing limitations that interfere with a person’s
ability to assimilate unattended but potentially relevant
information (e.g. the increasing probability of punish-
ment in a response perseveration task) while the person is
engaged in the organisation and implementation of goal-
directed behaviour (Newman & Wallace, 1993). From a
response modulation perspective the fact that response
perseveration is more pronounced in CD}ADHD boys
than in CD boys might be related to the more severe
processing limitations of CD}ADHD boys.

In the second study we examined whether the domi-
nance of the BAS over the BIS in CD, which is even more
pronounced in CD}ADHD, would also become apparent
in social behaviour. In contrast with the door-opening
task, in which rewards and punishment competed with
each other, in the behavioural study the BAS and the BIS
were activated alternately.

Reinforcement conditions affected the frequencies of

all five behavioural categories. Fluctuations in the
frequencies of behavioural categories were often in line
with predictions, e.g. an increase in most categories from
nonpunishment to second reward (BAS activation), and a
decrease in most categories from second reward to
nonreward (BIS activation). However, changes in
frequencies from first reward to punishment (BIS ac-
tivation) differed between behavioural categories. Criti-
cism not only evoked an expected decrease in clearly
prosocial behaviour (e.g. treat kindly) but also an
unexpected increase in moderately prosocial behaviour
(e.g. comply), the latter probably expressing a need for
reconciliation. Also, criticism evoked an unexpected
increase in moderately antisocial behaviour (e.g. express
discontent), which probably expresses resistance. Clearly,
in contrast with responses to reinforcement conditions
elicited in a computerised test, responses elicited in the
more complex conditions of dyadic interactions depend
not only on behavioural activation and inhibition but
also on other factors, e.g. the function of particular
behaviours in the regulation of a dyadic relationship.

The linear contrast between the total frequencies of
behavioural categories (i.e. the sum of the frequencies of
each behavioural category over the five reinforcement
conditions) across the three groups was significant for the
behavioural categories clearly prosocial, moderately anti-
social, and clearly antisocial, with CD}ADHD boys
showing these behaviours more frequently than CD boys,
and CD boys showing these behaviours more frequently
than NC boys. What is striking is not so much the higher
frequencies of both antisocial categories but the higher
frequency of clearly prosocial behaviour, i.e. behaviour
that one would not expect to occur more frequently in
CD and CD}ADHD than in NC boys. These findings can
be interpreted as the result of the dominance of the BAS
over the BIS in CD and the even clearer dominance of the
BAS over the BIS in CD}ADHD. However, both the
correlation coefficients between the frequencies of the
three behavioural categories on the one hand, and the
CBCL aggressive behaviour scores (a behavioural in-
dicator of dominance of the BAS over the BIS) and the
CBCL attention problem scores (a behavioural indicator
of an underactive BIS) on the other hand, were positive
and moderately low. Thus, we cannot rule out the
possibility that the frequencies of the three behavioural
categories are due to an underactive BIS. However, as
stated earlier, it is uncertain whether a CBCL attention
problems score is an adequate behavioural indicator of
an underactive BIS and whether a CBCL aggressive
behaviour score is an adequate behavioural indicator of
dominance of the BAS over the BIS.

Differences between the three groups, demonstrated in
the door-opening task, thus also became apparent in
social behaviour. Correlations between the measures in
both tasks were positive but low, possibly because of
different BAS}BIS activations in the two studies. From
the perspective of Newman’s (Newman & Wallace, 1993)
response modulation hypothesis it might be argued that
the changes in contingencies used in the behavioural
observation study did not allow for a dominant response
set to be formed to the same extent that such a set is
encouraged in the door-opening task. The findings of the
study must be interpreted with some caution because the
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study has some limitations. The number of subjects was
small and a replication of the study is therefore necessary.
Also, different diagnostic methods were used for children
from the clinic and children from the special school.
Finally, future studies should investigate whether the
dominance of the BAS over the BIS in CD and CD}
ADHD children is caused by an overactive BAS, an
underactive BIS, or by a combination of the two.
Therefore, a reward-alone and a punishment-alone task
should be used in addition to the door-opening task, and
an ADHD group should be included as well as a CD and
a CD}ADHD group.

Further research is also desirable since the outcomes of
such studies may have important consequences for the
treatment of CD children. Specifically, further insight
into these children’s responses to cues for probable
reward and punishment may be relevant for the ap-
plication of contingency management. Contingency man-
agement relies on the systematic control of the conse-
quences of the behaviour that needs to be changed. Such
programmes employ techniques to facilitate the devel-
opment of appropriate behaviours in everyday life
situations (e.g. reinforcement techniques such as praise)
and procedures aimed at reducing or eliminating in-
appropriate behaviours (e.g. punishment techniques such
as time-out and response cost). Contingency management
is the most effective treatment method in CD, either
applied within inpatient}residential treatment settings
(Matthys, 1997) or as part of (behavioural) parent
training given in outpatient clinics (Serkevitch & Dumas,
1996; Webster-Stratton, 1991). If an underactive BIS
plays an important part in the imbalance between the
BAS and the BIS in CD and CD}ADHD, it follows that
punishment procedures are necessary to activate an
otherwise underactive BIS. There is some evidence that in
CD reward alone is ineffective without the simultaneous
use of mild punishment (Phillips, Phillips, Fixsen, &
Wolf, 1971; Wahler & Fox, 1980).
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