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ABSTRACT

The current study had four aims: (a) to replicate previous ®ndings of slow response inhibition in Attention
De®cit/Hyperactivity Disorder (AD/HD), (b) to explore whether poor response inhibition in children with
AD/HD is a core problem or rather a result of an underlying problem related to reward, (c) to investigate the
speci®city of poor response inhibition and the role of reward in relation to AD/HD, and (d) to study whether
®ndings would be different for three subtypes of AD/HD. In order to address these issues, a stop paradigm
was administered under a reward condition and under a nonreward condition to an AD/HD group (n� 24), an
Oppositional De®ant Disorder (ODD)/Conduct Disorder (CD) group (n� 21), a comorbid AD/HD�ODD/
CD group (n� 27), and a normal control (NC) group (n� 41). Firstly, contrary to prediction, none of the
Disruptive Behavior Disorder (DBD) groups differed from the NC group with respect to the speed of the
inhibition process. Secondly, it was shown that children with AD/HD and children with comorbid AD/
HD�ODD/CD, but not children with ODD/CD alone, slowed down more dramatically in the reward
condition than normal controls. This ®nding was interpreted as a strategy to increase the chance of being
rewarded in children with AD/HD and children with comorbid AD/HD�ODD/CD, but not in children with
pure ODD/CD. Finally, analysis of AD/HD subtypes did not change the main ®ndings of this study.

An in¯uential point of view on the nature of AD/

HD is that children with AD/HD primarily suffer

from suboptimal energetic states (Sergeant,

Oosterlaan, & Van der Meere, 1999; Sergeant &

Van der Meere, 1990a; Van der Meere, 1996).

Research applying the cognitive energetic model

(Sanders, 1983, 1998) to task performance in

children with AD/HD suggests that children with

AD/HD have speci®c problems with the output

stages of information processing and with the

energetic pools activation and/or effort (Douglas,

1999; Leth-Steensen, Elbaz, & Douglas, 2000;

Sergeant et al., 1999). An optimal activation state

is a prerequisite to prepare for motor action. The

effort pool has the task of maintaining an optimal

state of arousal and activation to meet the demands

of the task to be performed. Motivational variables

such as feedback and reward are strongly related to

effort allocation (Sanders, 1983, 1998). Several

researchers have hypothesized that a core problem

of children with AD/HD is an unusual sensitivity

to reward (Douglas, 1999; Haenlein & Caul, 1987;

Wender, 1972). In this paper we will use the term

`reward de®cit' to refer to general de®cits of

reward, motivation, or effort, due to the highly

related nature of these variables.
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The neural circuitry suggested to be underly-

ing the processing of reward information involves

the dopamine neurons of the ventral tegmental

area (VTA) and substantia nigra, which are con-

nected to brain structures involved in motivation

such as the striatum, nucleus accumbens, and

frontal cortex (Schultz, Dayan, & Montague,

1997). Sagvolden and Sergeant (1998) suggested

that the meso-limbic dopamine branch plays a

signi®cant role in reinforcement in AD/HD.

Recently, an event-related fMRI study on reward

provided evidence for the involvement of the basal

ganglia (particularly the striatum) in the process-

ing of reward-related information (Delgado,

Nystrom, Fissell, Noll, & Fiez, 2000). Elliott,

Friston, and Dolan (2000) found that the level of

reward was related to activity in the midbrain and

ventral striatum (which is a crucial component of

dopaminergic projection systems). Koepp et al.

(1998) reported increased dopamine release in

the striatum during performance of a ®nancially

rewarded video game.

Support for the reward hypothesis comes

from studies showing that children with AD/HD

are prone to giving up on effortful tasks (e.g.,

Borcherding et al., 1988; Milich & Okazaki,

1991). Several researchers have suggested that

performance of children with AD/HD is depend-

ent on the presence or absence of response con-

tingencies (e.g., Douglas, 1985; Haenlein & Caul,

1987). The importance of reward mechanisms in

AD/HD also stems from theoretical explanations

of the effects of stimulant medication in children

with AD/HD (Wilkison, Kircher, McMahon, &

Sloane, 1995). Wilkison et al. interpreted their

®ndings in terms of methylphenidate increasing

the reward value of reinforcers in children with

AD/HD. Although researchers seem to agree that

an unusual sensitivity to reward is a characteristic

of children with AD/HD, disagreement exists as

to whether these children are over-sensitive or

under-sensitive to reward. Some researchers argue

and have shown that children with AD/HD are

less sensitive to reward (Haenlein & Caul, 1987;

Wender, 1971, 1972). Others have argued and

shown that children with AD/HD evidence an

increased tendency to look for immediate reward

(e.g., Douglas & Parry, 1994; Tripp & Alsop, 1999).

Note that in Tripp and Alsop's study reward was

not given for all correct responses. For the correct

responses that were rewarded, reward was given

immediately. In Douglas and Parry's study,

reward was not contingent on the child's perform-

ance, but administered randomly. Reward was

given immediately. There are also studies that

failed to demonstrate that reward differentially

affects the performance of children with AD/HD,

when compared with normal children (Iaboni,

Douglas, & Baker, 1995; Oosterlaan & Sergeant,

1998a). Both these studies provided the children

with reward immediately after a correct trial.

Although there is disagreement as to whether

children with AD/HD are less or more sensitive

to reward, the results of several studies have

suggested that children with AD/HD react differ-

ently to reward compared with control children.

Another in¯uential theoretical account for AD/

HD stems from Barkley (1997). He proposed that

a de®cit in behavioral response inhibition (as a

primary executive function) is the core dysfunc-

tion in AD/HD and is speci®cally related to this

disorder. In order to measure the ability to inhibit

a response in AD/HD, the stop paradigm (Logan

& Cowan, 1984) has been used in several studies

(Oosterlaan, Logan, & Sergeant, 1998; Tannock,

1998). The stop paradigm enables measurement

of the latency of response inhibition (`̀ stop'') and

response execution (`̀ go'') independently of one

another. In most stop paradigm studies, children

with AD/HD showed slow response inhibition

(Nigg, 1999; Oosterlaan & Sergeant, 1998a,

1998b; Pliszka, Borcherding, Spratley, Leon, &

Irick, 1997; Rubia, Oosterlaan, Sergeant, Bran-

deis, & van Leeuwen, 1998; Schachar, Mota,

Logan, Tannock, & Klim, 2000; Schachar, Tan-

nock, Marriott, & Logan, 1995; see for reviews

Oosterlaan et al., 1998; Sergeant et al., 1999).

Recently, it was suggested that the prefrontal

cortex and possibly the globus pallidus are involv-

ed in response inhibition (Band & Van Boxtel,

1999). Casey et al. (1997) reported signi®cant

correlations between inhibitory performance and

volumetric MRI measures of the prefrontal stria-

tal circuit (prefrontal cortex, nucleus caudate, and

globus pallidus). Importantly, only the correlation

with the prefrontal cortex volume was unique to

inhibitory processes. Rubia et al. (2001) showed

that during performance of the stop paradigm,
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activation was observed in the right anterior

cingulate, supplementary motor area, inferior

prefrontal, and parietal cortices.

The majority of studies on response inhibition

in AD/HD have employed a stop paradigm

with ®xed intervals between the go and the stop

stimulus (Oosterlaan et al., 1998). However, the

use of a tracking mechanism in order to vary the

delay between go and stop stimulus has several

theoretical and practical advantages over the

stop paradigm with ®xed intervals (Band, 1997).

In the current study, the stop paradigm with a

tracking mechanism was used. To date, only four

studies on inhibition in AD/HD have employed

the tracking mechanism version of the stop para-

digm (Chhabildas, Pennington, & Willcutt, 2001;

Nigg, 1999; Schachar et al., 2000; Scheres,

Oosterlaan, & Sergeant, 2001).

In addition to AD/HD, ODD and CD have been

associated with a deviant sensitivity to reward and

with a de®cit in response inhibition. For example,

Shapiro, Quay, Hogan, and Schwartz (1988) show-

ed that children with CD were more sensitive to

reward than normal control children. Quay (1988)

argued for an overactive reward system in CD.

However, studies testing the reward hypothesis in

CD have produced con¯icting results (see for

review Quay, 1993). There are only two studies

that addressed the speci®city issue of reward

dominance in children with AD/HD and ODD

or CD (O'Brien & Frick, 1996; Oosterlaan &

Sergeant, 1998a). Poor inhibitory performance

has been suggested to be related to CD. Quay

(1993) predicted that children with antisocial

behavior would show poor response inhibition

resulting from a relatively overactive reward

system in combination with a relatively under-

active inhibition system. In some studies it has

been shown that slow response inhibition is speci-

®cally related to AD/HD (Schachar & Logan,

1990; Schachar & Tannock, 1995; Schachar,

Tannock, & Logan, 1993). However, a meta-

analysis demonstrated de®cient inhibitory control

in both children with AD/HD and children with

ODD/CD (Oosterlaan et al., 1998).

The purpose of the current study was to bridge

two important theoretical accounts of AD/HD,

that is, poor response inhibition as the core

de®cit, and an unusual sensitivity to reward as

the main de®cit of the disorder. It is unclear

whether poor response inhibition in AD/HD is

the core symptom, or a manifestation of an under-

lying reward de®cit. Therefore, the current study

aimed at (a) replicating poor response inhibition

in AD/HD using a stop paradigm with track-

ing mechanism (as opposed to ®xed intervals),

(b) exploring whether poor response inhibition is

a core problem in children with AD/HD, or,

alternatively, whether it is a manifestation of an

underlying reward de®cit, and (c) examining the

speci®city of de®cits in response inhibition and

the speci®city of the role of reward in response

inhibition by comparing three groups of DBD

children (pure AD/HD without comorbid ODD/

CD, pure ODD/CD without comorbid AD/HD,

and comorbid AD/HD�ODD/CD) with normal

children. Finally, since there is a debate on which

subgroups should be placed under a DSM-IVAD/

HD diagnostic category (Barkley, 1997; Milich,

Balentine, & Lynam, 2001), it was studied here

whether children of different AD/HD subtypes

performed differently.

In order to address the four aims of the current

study, a stop paradigm with a tracking mechanism

(Logan, 1994; Osman, Kornblum, & Meyer,

1986) was administered under a reward condition

and under a nonreward condition. In the reward

condition, reward was given immediately after a

successful inhibition trial. In the nonreward con-

dition, subjects received no reward. The subjec-

tive motivation level of the children was measured

in both conditions. If poor response inhibition is a

core problem in AD/HD, then an inhibition de®cit

will be observed in both the nonreward and

reward conditions. If a reward de®cit is respons-

ible for the de®cit in response inhibition in AD/

HD, the response inhibition de®cit will be most

pronounced in the nonreward condition compared

with the reward condition (a group by condition

interaction is expected).

METHOD

Subjects and Selection Criteria
One hundred and ®fteen children in the age range of
7±12 years participated in this study. The participants
were assigned to one of four groups, that is, the normal
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control group (NC), the AD/HD group, the ODD/CD
group, or the comorbid (AD/HD and ODD/CD) group.
The three psychopathological groups were selected
from 14 special educational services, which are
specialized in the education of children with extreme
behavioral problems. Of all Dutch children in the age
range of 6±12 years, 2.2% attend these special edu-
cational services (Central Of®ce for Statistics, personal
communication). The normal control children were
selected from six regular schools. Schools were located
throughout the country.

In order to select participants, a two-stage procedure
was used. In the ®rst stage, 1504 households (876
parents of children who were placed in special schools
and 628 parents of children in regular schools) received
information on the study, an informed consent form,
and 2 child behavior questionnaires. If parents were
willing to participate, they signed the informed consent
form and completed the questionnaires. Questionnaires
were the Disruptive Behavior Disorder Rating Scale
(DBD; Pelham, Gnagy, Greenslade, & Milich, 1992;
Oosterlaan, Scheres, Antrop, Roeyers, & Sergeant,
2000) and the Child Behavior Checklist (CBCL;
Achenbach 1991; Verhulst, Van der Ende, & Koot,
1996). The DBD consists of: (a) two subscales compos-
ed of the DSM-IV items for AD/HD, that is, an
Inattention subscale and an Hyperactivity/Impulsivity
subscale, (b) a scale composed of the DSM-IV items
for ODD, and (c) a scale composed of the DSM-IV
items for CD. Items were rated on a scale ranging
from 0 to 3. The DBD was used to select participants
for the study. The major advantage of this rating scale is
that it includes statements listed as behavioral descrip-
tors of AD/HD, ODD, and CD in the DSM-IV. Parents
of 576 children completed the questionnaires (response
rate 38.3%). There were 337 children who met the
inclusion criteria for one or more of the four groups
(see below), and these children entered the second
stage.

At stage two, teachers completed the DBD, the
Teacher Rating Form (TRF; Achenbach, 1991; Verhulst
et al., 1996) and the IOWA Conners Teacher Rating
Scale (IOWA CTRS; Oosterlaan, Prins, & Sergeant,
1992; Pelham, Milich, Murphy, & Murphy, 1989). Three
hundred and two sets of completed questionnaires were
received (response rate 89.6%).

For a child to be included in one of the three psy-
chopathological groups both parent and teacher ratings
had to meet inclusion criteria for that particular group.
In this way the criterion of pervasiveness of the disorder
was met. The inclusion criteria used were based on the
DSM-IV symptoms for AD/HD, ODD, and CD. Inclu-
sion criteria for the AD/HD group were: a rating of 12
or more on the Inattention subscale and/or on the
Hyperactivity/Impulsivity subscale of both the parent
and the teacher DBD.

± AD/HD inattentive subtype was de®ned as: (a) a
rating of 12 or more on the Inattention subscale of
both the parent and the teacher DBD, and (b) a rating
lower than 12 on the Hyperactivity/Impulsivity
subscale by at least 1 informant.

± AD/HD hyperactive/impulsive subtype was de®ned
as: (a) a rating of 12 or more on the Hyperactivity/
Impulsivity subscale of both the parent and the
teacher DBD, and (b) a rating lower than 12 on the
Inattention subscale by at least 1 informant.

± AD/HD combined subtype was de®ned as: (a) a
rating of 12 or more on the Hyperactivity/Impulsivity
subscale of both the parent and the teacher DBD, and
(b) a rating of 12 or more on the Inattention subscale
of both the parent and the teacher DBD.
To be included in the ODD/CD group, the following

criteria had to be met: (a) a rating of at least 8 on the
ODD scale or a rating of at least 6 on the CD scale of
the parent DBD, and (b) a score of at least 8 on the
ODD scale or a score of at least 6 on the CD scale of the
teacher DBD. To be assigned to the comorbid group,
the criteria of both the AD/HD group and the ODD/CD
group had to be met. In order to exclude children with
psychotic symptoms, an additional criterion for all
three psychopathological groups was that the child was
rated at or below the 75th percentile on the Thought
Problem scale of the CBCL and the TRF.

To be assigned to the NC group both parents and
teachers were required to rate the child (a) below the
critical values of all the scales of the DBD, (b) at or below
the 75th percentile on all the scales of the CBCL and
the TRF, and (c) below the suggested cut-off scores on
the Inattention/Overactivity scale and the Oppositional/
De®ant scale of the IOWA CTRS (Pelham et al.,
1989).

There were 154 children who met the criteria for
membership of one of the four groups. However, 39
children did not participate in the study for various
reasons. The most important reason for exclusion at
this stage was use of medication that could not be
discontinued (pipamperon or clonidine: n� 20). Twenty
children were excluded from the study because they
used medication that might have interfered with the
performance on the stop paradigm. Other children
dropped out because of moving house, ®nishing school,
or parents who withdrew their consent. The remaining
115 children participated in the experiment. Five AD/
HD children, 5 comorbid children and 1 ODD/CD child
used methylphenidate (Ritalin1), but discontinued
temporarily the use of this medication at a minimum
of 18 hr prior to the experiment.

Two children were excluded prior to data analyses:
one because of an extreme low IQ (IQ� 48), and the
other because of a diagnosis of Asperger syndrome.
The groups consisted of 24 AD/HD children, 21 ODD/
CD children, 27 comorbid children, and 41 normal
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control children. The AD/HD group consisted of 9
pervasively inattentive subtype children, 6 pervasively
hyperactive/impulsive subtype children, 7 pervasively
combined subtype, and 2 children who were de®ned as
inattentive by one rater and hyperactive/impulsive by
the other rater.

Eight children who were assigned to the ODD/CD
group appeared to be children with CD (a rating of at
least 8 on the ODD scale by both raters and a rating of
at least 6 on the CD scale by a single rater), and 13
children in this group met the criteria for ODD.

In the comorbid group, 12 children met the criteria
for AD/HD and CD (a rating of at least 8 on the ODD
scale by both raters and a rating of at least 6 on the CD
scale by one rater), 14 children met the criteria for AD/
HD and ODD (a rating of at least 8 on the ODD scale
by both raters), and 1 child met the criteria for AD/HD
and CD (without meeting the criteria for ODD).
The distribution of subtypes AD/HD in the comorbid
group was as follows: 10 pervasively inattentive
subtype children, 3 pervasively hyperactive/impulsive
subtype children, 12 pervasively combined subtype,
and 2 children who were de®ned as inattentive by one
rater and hyperactive/impulsive by the other rater.

A Student Newman Keuls procedure (overall � set
at .05) showed that the groups did not differ with respect
to age. The NC group had fewer male subjects and a
higher mean IQ than the other groups (see Table 1).
Correlations showed, however, that the dependent vari-
ables of the stop paradigm were signi®cantly correlated
only with age. Each of the three psychopathological
groups could be distinguished from one another and
from the NC group on the DBD scales that were used as
the criterion measures. In addition, the selected groups
differed from one another on a number of other scales.
As would be predicted, the AD/HD group and the
comorbid group showed the highest scores on the
Attention scale of the CBCL and the TRF, and on the
Inattention/Overactivity scale of the IOWA CTRS. As
predicted, the ODD group and the comorbid AD/
HD�ODD group, showed the highest scores on the
Aggression and Delinquency scales of the CBCL and
the TRF, and on the Oppositional/De®ant scale of the
IOWA CTRS (see Table 1). This supports the behavio-
ral distinctiveness of the four groups.

Stop Paradigm
The stop paradigm involves two types of trials: go trials
and stop trials. Go trials were airplanes, presented for a
period of 300 ms at the midpoint of the computer
screen. Immediately before the go stimulus onset, a
®xation point (200 ms in duration) appeared on the
screen. If the airplane pointed to the right, subjects were
required to press the right response button. If the plane
pointed to the left, subjects were instructed to press the
left button. Stop trials consisted of a go trial and a stop

signal (a 1000 Hz tone, 50 ms in duration), presented
through earphones. The stop signal was usually present-
ed shortly after the airplane, but could also be presented
concurrently with or shortly before the airplane, depend-
ent on the child's performance (see below). Children
were instructed not to press either of the two buttons
when the plane was followed by the tone ± 75% of
the trials were go trials, and 25% were stop trials. The
stop paradigm allows measurement of both response
execution (go trials) and response inhibition (stop
trials).

Trials were presented in blocks of 32 trials. Within a
block the plane pointed equally often to the right or to
the left. Stop signals were balanced for right and left go
trials. Stop trials were presented randomly within each
block with the restriction that two stop trials were
presented in succession only once in each block.

The task commenced with four practice blocks, to
make sure that the children were familiar with the
paradigm. In the ®rst two practice blocks only go trials
were presented. During practice of the go task, children
were encouraged with standardized instructions to re-
spond as quickly as possible without making too many
errors. In the last two practice blocks, 25% of the trials
were stop trials. During practice of the stop task,
children were instructed to work as quickly as possible
and to try to inhibit their response when they heard
the stop signal. After the practice blocks, participants
were administered six experimental blocks of 32
trials. To examine the effect of reward on response
inhibition, the task was administered in two conditions:
one with reward and one without reward. In each
condition, children were presented with three blocks of
32 trials.

Dependent Variables and the Race Model
The main dependent variable in the stop paradigm was
stop signal reaction time (SSRT), which re¯ects the
latency of the inhibitory process. SSRT cannot be
observed, because the response to a stop signal is a
covert one. Therefore, SSRT has to be estimated. This
can be done using the race model (Logan & Cowan,
1984). This model assumes that the go process and the
stop process are independent. The go stimulus triggers
the go process and the stop signal initiates the stop
process. The process that ®nishes ®rst wins the race. If
the go process wins the race, the response is executed. If
the stop process ®nishes ®rst, the response is inhibited.
The outcome of the race depends on the speed and the
variability of the go process, the delay between go sti-
mulus and stop signal, and the speed and the variability
of the stop process. In the present study, a tracking
mechanism was used to vary dynamically the delay
between go and stop signal, contingent on the subject's
performance (Logan, Schachar, & Tannock, 1997;
Osman et al., 1986). The initial delay between go
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stimulus and stop signal was 250 ms. If the subject
inhibited his/her response, the delay on the next stop
trial was increased by 50 ms. If the subject failed
to inhibit his/her response, the delay on the next stop
trial was decreased by 50 ms. By using this tracking
algorithm, it was established that all subjects inhibited
on an average of 50% of the stop trials. Therefore, on an
average the go process and the stop process ®nish at the
same time. Thus, the ®nishing time of the go process
can be used to estimate the SSRT. SSRT can be
calculated by subtracting the mean delay from the mean
go reaction time.

In addition to SSRT, a number of variables re¯ecting
the response execution process were obtained. These

variables are mean reaction time on go trials (MRT),
standard deviation of the reaction times on go trials
(SD), and the percentage correct responses on go trials.
MRT and SD were calculated across correct responses
on go trials.

WISC±R
In addition to the stop paradigm, two subtests of the
Revised Wechsler Intelligence Scale for Children
(WISC±R) were administered to assess intelligence.
These subtests were Vocabulary and Block Design. The
estimation of the IQ as obtained by these subtests
correlates r� .90 with the full scale IQ (Groth-Marnat,
1997).

Table 1. Means, Standard Deviations, and Pairwise Group Comparisons for IQ, Age, and Rating Scale Scores.

Measure Group

AD/HD (a)
n� 24(18)a

ODD/CD (o)
n� 21(19)a

Comorbid (c)
n� 27(25)a

NC (n)
n� 41 (24)a

M SD M SD M SD M SD

Pairwise group
comparisonsb

IQ 92.2 15.1 86.9 14.7 82.7 12.6 105.0 25.0 n> a, o, c

Age 10.1 1.5 10.7 1.3 10.9 1.5 10.2 1.6 ns

CBCL
Attention 70.6 6.6 64.7 8.4 72.3 7.8 51.0 1.9 a, c> o> n
Aggressivec 65.3 7.6 70.8 8.6 74.6 9.4 50.2 0.8 o, c> a> n
Delinquentd 59.5 7.2 65.1 8.4 67.8 7.8 50.4 1.2 o, c> a> n

TRF
Attention 62.7e 4.9 56.9 4.5 63.0 4.8 50.3 1.0 a, c> o> n
Aggressivec 62.8e 6.8 68.0 7.4 74.7 11.0 50.3 0.9 c> o, a> n
Delinquentd 56.6e 6.6 63.2 6.1 67.4 10.7 50.7 1.8 c> o, a> n

DBD parents
Inattention 14.7 5.1 12.0 5.1 14.9 4.6 1.6 2.3 a, o, c> n
I/Hf 15.0 5.4 12.0 3.9 15.1 4.5 1.5 1.8 a, c> o> n
ODD 8.1 3.9 13.3 3.8 12.7 3.7 1.5 1.9 o, c> a> n
CD 2.0 2.2 3.6 3.7 3.9 2.7 0.2 0.5 o, c> a> n

DBD teacher
Inattention 14.8 3.8 7.3 3.1 14.8 3.9 0.6 1.2 a, c> o> n
I/Hf 12.6 5.3 7.3 4.3 13.9 4.6 0.5 1.4 a, c> o> n
ODD 6.8 5.3 12.6 4.3 14.0 4.4 0.1 0.4 o, c> a> n
CD 2.0 2.8 4.5 3.5 5.5 4.8 0.0 0.0 o, c> a> n

IOWA CTRS
I/Og 8.0 2.3 5.3 2.3 8.7 2.6 0.6 1.2 a, c> o> n
O/Dh 4.4 3.1 7.3 2.0 8.1 3.4 0.1 0.3 o, c> a> n

Note. AD/HD�Attention De®cit / Hyperactivity Disorder; ODD/CD�Oppositional De®ant Disorder / Conduct
Disorder; NC� normal controls; a�AD/HD; o�ODD/CD; c� comorbid; n� normal controls; CBCL�
Child Behavior Checklist; TRF�Teacher Rating Form; DBD�Disruptive Behavior Disorder Rating Scale;
CD� conduct disorder; IOWA CTRS� Iowa Conners Teacher Rating Scale.
aNumber of males. bStudent Newman Keuls (� set at.05). cAggressive Behavior scale. dDelinquent Behavior
scale. en� 23. fImpulsivity/Hyperactivity scale. gInattention/Overactivity scale. hOppositional/De®ant scale.
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Procedure
When subjects entered the experimental room, they
were ®rst informed of the purpose of the experiment
and of the nature and the duration of the tasks that they
were going to perform. Following practice, six experi-
mental blocks were administered, of which three blocks
were administered in a reward condition and three in a
nonreward condition. The order of reward and nonre-
ward conditions was counter-balanced across groups.
Standardized instructions were used. Children were
directed to respond as quickly and as accurately as
possible, and to inhibit their response when they heard
the stop signal. In order to reach an optimal level of task
performance, children received feedback on the speed
and accuracy of their performance during the practice
blocks. Additional instructions for the reward condition
were used. Children were informed that they would
earn 100 points each time they successfully inhibited.
They were informed that the points they earned could
be exchanged for a prize. The prizes to be won
were shown to the children before performing the stop
paradigm in the reward condition. The more points the
child earned, the larger the prizes. During task
performance, successful inhibition resulted in a 100-
point gain, and the experimenter saying `̀ good!'' It was
ensured that each child earned the same number of
points at the end of the reward condition. The tracking
mechanism assured that each child would earn about
1200 points in the reward condition. Following the last
block of trials, the child was told that (s)he received
some extra points for working fast and not waiting for
the stop signal, and the experimenter rounded the
number of points off to 1500. In the nonreward
condition, no points could be earned. A short break
was scheduled between the two conditions.

In both conditions, children were required to com-
plete a visual analog scale (Oosterlaan & Sergeant,
1998a). This rating scale was administered following
the ®rst block of each condition. The scale was a 100-
mm line on which children indicated how motivated
they felt in performing the next two blocks of the stop
paradigm. The left end of the scale was marked with a
sad face, whereas the right end was anchored with a
smiling face. The experimenter explained to the children
that the sad face meant `̀ not at all motivated,'' and that the
smiling face meant `̀ very much motivated.'' Children
could indicate their level of motivation at any point on the
line. Scores on the scale may have a range from 0 (not at
all motivated) to 100 (very much motivated).

Statistical Analyses
The subjective rating scale data (motivation to
complete the task) were analyzed using nonparametric
tests, because the distribution of data was skewed. To
analyze the effect of reward on the subjective level of
motivation to complete the task, a Friedman test for

related samples was used. A Kruskal±Wallis test was
used to investigate possible group differences.

Measures derived from the stop paradigm (SSRT,
MRT, SD, and percentage correct responses) were
analyzed using ANOVAs with group as the between-
subjects factor (4 levels) and condition as a within-
subjects repeated factor (2 levels). To interpret the main
effects of group, and group by condition interactions,
contrast tests were used to compare each psychopatho-
logical group with the NC group.

The groups described above differed for sex and IQ.
Although these variables did not signi®cantly correlate
with the dependent variables, the same ANOVAs were
conducted controlling for these variables to check
whether the results remained the same.

Since there is debate on which subgroups should be
placed within the diagnostic category of AD/HD
(Barkley, 1997; Clarke, Barry, McCarthy, & Selikowitz,
1998; Milich, Balentine, & Lynam, 2001), a subgroup
analysis was performed. The dependent stop task
variables were analyzed using ANOVAs with AD/HD
subgroup as the between-subject factor (3 levels) and
condition as a within subject factor (2 levels).

AD/HD and ODD/CD are usually considered as
categories, but they can also be treated as dimensions.
In the categorical approach, cut-off scores for certain
disorders are set. However, in the pure AD/HD group
subclinical ODD/CD behavior may be present and in
the pure ODD/CD group subclinical AD/HD behavior
may be present. We felt that a regression analysis
would enable interpretation of results to be free of
current categorical thresholds. Therefore, in addition to
the categorical approach, we used the rating scale data
as dimensions and applied a multiple regression
analysis to predict the dependent variables using
composite measures of AD/HD as well as of ODD/
CD. The composite measures were comprised of scale
scores on the DBD.

RESULTS

Nonparametric Tests for Motivation to
Complete the Task
The task manipulation was successful: All subjects

felt more motivated to perform the stop paradigm

in the reward condition (M� 86.0, SD� 22.2)

than in the nonreward condition (M� 67.6, SD�
31.3; �2 (1, N� 111)� 25.8, p< .001). Neither in

the nonreward condition (�2 (3, N� 113)� 1.5,

ns), nor in the reward condition (�2 (3, N�
113)� 5.0, ns) were any group differences detect-

ed for the motivation to complete the task (see

Table 2).
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ANOVA

Response Inhibition

The tracking mechanism was successful: The

mean percentage of inhibition was close to the

expected 50% rate, that is, 50.6% across groups

and conditions. For percentage inhibition, a main

effect of condition was detected (F (1, 109)�
46.0, p< .001). All groups showed a somewhat

higher percentage inhibition in the reward condi-

tion (see Table 2). Group differences were noted

for percentage inhibition (F(3, 109)� 4.4, p<
.05). Contrast tests revealed that the group effect

was due to the ODD/CD ± NC comparison

(F(1, 109)� 4.7, p< .05), and the comorbid ± NC

comparison (F(1, 109)� 12.2, p� .001). Both the

ODD/CD and the comorbid group had a slightly

higher percentage of inhibition than the NC group.

This result was not predicted, since the tracking

algorithm should ensure that each child in each

condition reaches approximately 50% inhibition

on the stop trials.

In order to estimate SSRT using the subtraction

method suggested by Logan et al. (1997), the

percentage of inhibition has to be 50% for each

individual. If the percentage of inhibition deviates

from 50%, it cannot be assumed that the go

process and the stop process ®nish, on average,

at the same time. Since the percentage of inhibi-

tion was slightly different for the groups and the

two conditions, SSRT was also calculated using

the so-called integration method (Logan, 1994).

Table 2. Group Means and Standard Deviations for Stop Paradigm Measures in the Reward and the Nonreward
Condition.

Measure Group

AD/HD ODD/CD Comorbida Normal control

M SD M SD M SD M SD

Mean reaction time
Nonreward 417.4 85.0 416.4 71.6 427.5 125.2 362.3 47.3
Reward 457.6 94.3 443.0 79.0 484.4 139.6 380.0 47.8

Variability of reaction times
Nonreward 91.3 29.4 78.8 31.5 88.1 42.5 58.9 22.8
Reward 95.0 33.8 81.4 25.7 92.4 35.2 59.5 19.3

Percentage correct on go trials
Nonreward 94.6 5.4 96.8 4.3 94.9 3.9 95.7 5.0
Reward 96.8 7.6 98.4 1.9 98.3 2.2 97.0 3.5

Percentage inhibition
Nonreward 48.8 5.6 49.8 5.8 50.5 4.5 47.9 4.2
Reward 53.5 4.5 53.4 4.5 54.9 7.2 50.7 3.3

Stop signal reaction time (subtraction)b

Nonreward 173.1 79.0 168.2 60.9 171.2 60.5 153.5 38.9
Reward 157.8 52.9 146.2 34.6 149.4 51.4 147.0 30.5

Stop signal reaction time (integration)b

Nonreward 163.8 92.7 161.2 68.1 161.9 65.0 153.5 41.8
Reward 135.8 58.8 130.7 38.9 126.2 40.0 140.6 35.3

Subjective motivation
Nonreward 67.4 28.7 73.0 35.2 62.9 35.9 67.7 28.2
Reward 87.5 4.3 88.5 17.3 86.5 27.8 83.5 19.8

Note. AD/HD�Attention De®cit / Hyperactivity Disorder; ODD/CD�Oppositional De®ant Disorder / Conduct
Disorder; acomorbid�AD/HD�ODD/CD; bSSRT was calculated in two ways, accommodating for slight
deviations in percentage inhibition, which was aimed at 50% (see text for further details).
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This method calculates SSRT taking into account

individual differences in the percentage of inhibi-

tion. For a description of the integration method,

see Logan (1994).

A main effect of condition was found for SSRT

as calculated by the subtraction method (F(1, 109)

� 10.6, p< .05). All groups had a faster stop

process in the reward condition compared to the

nonreward condition (see Fig. 1). Contrary to

predictions, no signi®cant group difference was

found for SSRT (F(3, 109)� 0.7, ns), nor was a

signi®cant interaction observed for SSRT

between group and condition (F(3, 109)� 0.7,

ns). This means that all the groups showed a

comparable decrease in the latency of their stop

process in the reward condition (see Fig. 1). When

a contrast test was used to compare the AD/HD

group with the NC group, the difference for SSRT

did not reach statistical signi®cance (F(1, 109)�
3.3, p� .18, effect size d� .33).

The same analysis was applied to SSRT as

calculated by the integration method. This analy-

sis yielded similar results: a main effect of

condition (F(1, 109)� 23.6, p< .001), no group

differences (F(3, 109)� 0.1, ns), and no group by

condition interaction (F(3, 109)� 1.0, ns).

Response Execution

The results for measures of response execution

are presented in Table 2 and depicted in Figure 1.

A main effect of condition was observed for MRT

(F(1, 109)� 58.7, p< .001), and for the percent-

age correct responses on go trials (F(1, 109)�
21.3, p< .001). When subjects were rewarded for

successful inhibition, their reaction times to go

stimuli were slower and they performed their

responses with a higher level of accuracy. These

®ndings may be interpreted as a tendency to wait

for the stop signal in order to increase the chance

to be rewarded in all groups. The reward con-

dition did not have an effect on the variability of

reaction times (F(1, 109)� 1.3, ns).

A main effect of group was found for MRT

(F(3, 109)� 6.5, p< .001), and variability of re-

action times (F(3, 109)� 10.9, p< .001). Con-

trast tests revealed that the AD/HD group had

slower (F(1, 109)� 9.3, p< .05), and more vari-

able reaction times (F(1, 109)� 23.7, p� .000)

than controls. Similarly, the ODD/CD group show-

ed slower (F(1, 109)� 6.6, p� .01) and more

variable reaction times (F(1, 109)� 8.2, p� .005)

than controls. Furthermore, children with comor-

bid AD/HD�ODD/CD exhibited slower reaction

times (F(1, 109)� 16.3, p< .001) and greater

variability in reaction times than control child-

ren (F(1, 109)� 21.4, p< .001). No signi®cant

group differences were detected for accuracy

(F(3, 109)� 0.99, ns).

A group by condition interaction was found

for the speed of the response execution process

Fig. 1. The stop paradigm variables as a function of condition for Attention De®cit/Hyperactivity Disorder (AD/
HD), Oppositional De®ant Disorder/Conduct Disorder (ODD/CD), for comorbid AD/HD�ODD/CD, and
for normal controls (NC). Mean reaction time (MRT) is depicted in the left panel, standard deviation of
reaction times (SD) is depicted in the middle panel, and stop signal reaction time (SSRT) is shown in the
right panel.
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(F(3, 109)� 4.0, p� .01). Contrast tests indicated

that the interaction effect for MRT was due to the

AD/HD�ODD/CD ± NC comparison (F(1, 109)

� 11.0, p� .001). As depicted in Figure 1, the

comorbid group slowed down more in the reward

condition as compared to controls. The interac-

tion effect for the AD/HD ± NC comparison did

not reach statistical signi®cance, but a tendency

was observed (F(1, 109)� 3.4, p� .07) for child-

ren with AD/HD to slow down in the reward

condition to a greater extent than control children.

Children with ODD/CD did not slow down more

than control children in the reward condition

(F(1, 109)� .5, p� .5). These ®ndings may be

interpreted as a stronger tendency to seek reward

in both the AD/HD and AD/HD�ODD/CD

groups compared to the NC group.

Analysis Controlling for IQ and Gender
The group difference for sex was controlled for by

excluding all but 5 girls (selected randomly) from

the control group. IQ was controlled for by

excluding all children with an IQ lower than 80.

Since group differences for IQ were still observ-

ed, IQ was entered as a covariate in the analysis.

Main effects and interaction effects for all

dependent variables remained the same.

AD/HD Subgroup Analyses
No differences emerged between AD/HD sub-

groups for SSRT (F(2, 19)� .74, ns), percentage

inhibition (F(2, 19)� .37, ns), MRT (F(2, 19)�
0.76; ns), variability of reaction times (F(2, 19)�
1.7, ns), and percentage correct (F(2, 19)� .29, ns).

Importantly, AD/HD subgroups did not differen-

tially react to reward: None of the subgroup by

reward interactions were signi®cant.

Multiple Regression Analyses
In this section, AD/HD and ODD/CD symptoms

are considered from a dimensional rather than a

categorical approach (Nigg, Hinshaw, Carte, &

Treuting, 1998). It was expected that regression

models would provide converging evidence with

the previously described results using ANOVAs.

Two stepwise univariate regression models

were run for each condition to investigate the

relative contribution of AD/HD and ODD/CD

ratings to the proportion explained variance of

SSRT and the measures for response execution.

To control for a possible confounding effect of

age on the predictors AD/HD and ODD/CD, age

was entered at step 1. Since AD/HD and ODD/CD

symptoms were highly correlated (r� .76), two

regression models were run. In the ®rst model, a

composite measure of AD/HD was entered at step

2, and a composite measure of ODD and CD at

step 3. The ODD/CD predictor could not account

for much variance in the dependent variable

because it was entered as the last step. In the

second model, ODD/CD symptoms were entered

at step 2, and AD/HD symptoms were entered at

step 3. The composite AD/HD score was created

by calculating the mean of the parent DBD

Inattention and Impulsivity/Hyperactivity scales,

and the teacher DBD Inattention and Impulsivity/

Hyperactivity scales. The composite ODD/CD

score was created by calculating the mean of the

parent DBD ODD and CD scales and the teacher

DBD ODD and CD scales.

Contrary to the predictions, no relevant pro-

portion of the variance in SSRT was accounted for

by AD/HD symptoms in either of the conditions

(see Table 3). The proportion of variance in MRT

explained by AD/HD symptoms (step 2) was 18%

(p< .001) in the nonreward condition, and 24% in

the reward condition (p< .001). AD/HD symp-

toms explained 25% variance in the nonreward

condition (p< .001), and 26% in the reward

condition (p< .001) for variability of reaction

times. No relevant proportion of the variance for

accuracy was accounted for by AD/HD. Further-

more, ODD/CD symptoms entered at step 3 did

not account for any additional proportion of

variance for any of the variables.

Thus, the regression analyses showed that AD/

HD symptoms have power in predicting response

execution measures but not in predicting response

inhibition. This ®nding is in agreement with the

results of the ANOVAs reported above: The AD/

HD group showed slower reaction times with

greater variability compared to the NC group,

but similar SSRTs. In the reward condition, the

proportion of variance in MRT that is accounted

for by AD/HD increases compared to the non-

reward condition. This ®nding is in agreement

with the results obtained with ANOVAs: the AD/

HD group and the comorbid AD/HD�ODD/CD
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group (but not the ODD/CD group) slowed

down more in the reward condition than in the

nonreward condition compared to controls. This

suggests that the interactions found were due to

the AD/HD symptoms.

When the order of entry of the predictors AD/

HD and ODD/CD was reversed, ODD/CD symp-

toms could not explain a relevant proportion of

variance in SSRT nor in accuracy. Furthermore,

ODD/CD symptoms accounted for relevant pro-

portions of variance in MRT and variability of

reaction times. This ®nding is in agreement with

the results of the ANOVAs: the ODD/CD and the

AD/HD�ODD/CD groups showed slower reac-

tion times with greater variability than the control

group. However, the proportion of variance in

MRT and SD accounted for by ODD/CD was

smaller than the proportion of variance in MRT

and SD accounted for by AD/HD in the ®rst

model (see Table 3). It was found that the power

of ODD/CD in predicting MRT and SD did not

increase in the reward condition in comparison

with the nonreward condition. The proportion of

variance in MRT explained by ODD/CD symp-

toms (step 2) was 13% in the nonreward condition

(p< .001), and 16% in the reward condition

(p< .001). ODD/CD symptoms accounted for

15% of variance for variability of reaction times

in the nonreward condition (p< .001), and for

16% in the reward condition (p< .001). In this

model it was found that AD/HD symptoms

(entered at step 3) could explain additional

variance in MRT and SD. For MRT, AD/HD

explained 5% additional variance in the non-

reward condition (p< .05), and 8% in the reward

condition (p< .001). AD/HD accounted for 10%

additional variance for variability of reaction

times in the nonreward condition (p< .001) and

10% in the reward condition (p< .001).

These ®ndings suggest that symptoms of AD/

HD and ODD/CD are not powerful predictors of

the latency of the inhibitory process. It is sug-

gested that AD/HD is a more powerful predictor

for measures of response execution than ODD/

CD, and that AD/HD explains variance in MRT

and variability of reaction times, after having

controlled for the predictive power of ODD/CD

behavior. However, the predictive power of ODD/

Table 3. Multiple Regression Analyses With the Predictors Age Entered at Step 1, AD/HD Entered at Step 2, and
ODD/CD Entered at Step 3 (Model 1), and ODD/CD Entered at Step 2, and AD/HD Entered at Step 3
(Model 2).

Predictor Dependent measures

MRT SD SSRT
Percentage correct

on go trials

� R2 �R2 � R2 �R2 � R2 �R2 � R2 �R2

Nonreward
Step 1, age ÿ.30 .06 .06� ÿ.24 .03 .03� ÿ.12 .01 .01 .19 .04 .04�
Step 2, AD/HD .36 .24 .18�� .49 .28 .25�� .08 .02 .01 ÿ.17 .04 .005
Step 3, ODD/CD .09 .24 .00 .02 .28 .00 .01 .02 .00 .13 .05 .01
Step 2, ODD/CD .09 .19 .13�� .02 .18 .15�� .01 .02 .01 .13 .04 .00
Step 3, AD/HD .36 .24 .05� .49 .28 .10�� .08 .02 .00 ÿ.17 .05 .01

Reward
Step 1, age ÿ.20 .02 .02 ÿ.25 .04 .04� ÿ.35 .11 .11�� .23 .06 .06�
Step 2, AD/HD .42 .26 .24�� .49 .30 .26�� .07 .12 .01 ÿ.02 .06 .00
Step 3, ODD/CD .09 .26 .00 .03 .30 .00 .03 .12 .00 .09 .07 .00
Step 2, ODD/CD .09 .18 .16�� .03 .20 .16�� .03 .12 .01 .09 .07 .01
Step 3, AD/HD .42 .26 .08�� .49 .30 .10�� .07 .12 .00 ÿ.02 .07 .00

Note. AD/HD�Attention De®cit / Hyperactivity Disorder; ODD/CD�Oppositional De®ant Disorder / Conduct
Disorder; MRT�mean reaction time; SD� variability of reaction times; SSRT� stop signal reaction time.�p< .05.��p< .001.
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CD behavior for measures of response execution

seems to be dependent on the correlation with

AD/HD behavior. AD/HD symptoms have more

power in predicting MRT in the reward condition

than in the nonreward condition. In contrast, the

predictive power of ODD/CD does not increase in

the reward condition in comparison with the

nonreward condition.

DISCUSSION

The four main ®ndings of this study were the

following: (a) our attempt to enhance children's

motivation to complete the task in the reward

condition was successful, (b) none of the DBD

groups showed a de®cit in response inhibition, (c)

the comorbid AD/HD�ODD/CD group and the

AD/HD group slowed down more dramatically

than controls in the reward condition as compared

to the nonreward condition, and (d) the ®ndings

for the three AD/HD subgroups were the same as

the ®ndings for the AD/HD group as a whole.

All the participants performed the task more

ef®ciently in the reward condition than in the

nonreward condition. This suggests that the

reward manipulation was successful. In addition,

all children inhibited faster, showed a slightly

higher percentage of inhibition, reacted more

slowly, and made less errors in the reward condi-

tion as compared to the nonreward condition.

Thus, overall performance was better in the

reward condition than in the nonreward condi-

tion, except for the speed of the response execu-

tion process, which was slower. This ®nding may

be explained by the fact that reward was given

after successful inhibition, and not after fast

response execution. This may have induced a

response bias towards inhibition, at the cost of

responding fast. Children slowed down their

responses (waited for the stop signal), in order

to increase the chance to inhibit (and the chance

to be rewarded). It was shown that children indeed

inhibited on slightly more stop trials in the reward

condition than in the nonreward condition. The

latter ®nding was not expected, since the tracking

mechanism should insure that the percentage of

inhibition equals 50% for each child in each

condition. This result suggests that the tracking

mechanism could not fully catch up with the

children's strategy.

In the current study, previous ®ndings of slow

response inhibition in AD/HD were not replicat-

ed (e.g., Nigg, 1999; Oosterlaan et al., 1998;

Schachar et al., 2000). Although the AD/HD

group showed slower SSRTs than normal con-

trols, this difference was not signi®cant. The

nonsigni®cant difference between the AD/HD

and the NC group translated into a small effect

size (d� 0.33). Although the inhibition de®cit in

AD/HD children found in previous studies seems

to be a robust ®nding with a medium effect size

(d� 0.64; Oosterlaan et al., 1998), this is not the

®rst study that fails to ®nd a difference between

AD/HD children and controls on SSRT (Daugherty,

Quay, & Ramos, 1993; Kuntsi, Oosterlaan, &

Stevenson, 2001; Pliszka, Liotti & Woldorff,

2000). Thus, the present ®nding, although consis-

tent with ®ndings of some other studies, requires

consideration of how the current paradigm differs

from the majority of previous reports using the

stop paradigm.

A factor that is possibly responsible for this

failure to replicate, is the type of stop paradigm

used here. In the current study, a stop paradigm

with a tracking algorithm was used, which dyna-

mically varied the delay between go and stop

signal, contingent on the child's inhibitory per-

formance. This results in an inhibition rate of

approximately .5 in all children. In most previous

studies that reported group differences on the

speed of the inhibitory process, a version of the

stop paradigm was used with a number of ®xed

delays (usually four) between the presentation of

the go stimulus and the stop signal (but see

Chhabildas et al., 2001; Nigg, 1999; Schachar

et al., 2000; Scheres et al., 2001). This results in

four different inhibition rates and these rates can

be different between subjects. In this study, the

stop paradigm with tracking algorithm was

employed, since it has been demonstrated that

this procedure has several methodological and

practical advantages compared to the ®xed delay

procedure (Band, 1997). However, it is possible

that the stop paradigm with the tracking algorithm

in one way or another does not measure the same

SSRT as the paradigm with ®xed delays. It is

noted here that the SSRT as obtained by the
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current task and procedure is in fact more reliable

than the SSRT as measured in previous stop para-

digm research (Band, 1997). In a previous study

employing the stop paradigm with a tracking

mechanism, it was demonstrated that children

with relatively high levels of externalizing beha-

vior had impaired inhibitory control (Kooijmans,

Scheres, & Oosterlaan, 2000). In four other stu-

dies on response inhibition in AD/HD, the stop

paradigm with tracking mechanism was used

(Chhabildas et al., 2001; Nigg, 1999; Schachar

et al., 2000; Scheres et al., 2001). Group differ-

ences between children with AD/HD and a nor-

mal control group on SSRT were demonstrated in

three out of these four studies. The latter ®ndings

would argue for convergence between the two

paradigms.

A second possible explanation for our failure

to replicate poor response inhibition in AD/HD, is

that there was not enough power to detect group

differences. In a meta-analysis, Oosterlaan et al.

(1998) reported a medium effect size for SSRT

differences between AD/HD and normal controls

(d� 0.64). To detect this effect with a power of

0.80, 22 subjects are required for each group. This

requirement was met here and thus the groups

were suf®ciently large to measure the expected

difference between AD/HD and normal controls

for SSRT.

An alternative argument to explain our ®nd-

ings could be that the pathological groups were

not severely impaired. This argument, however,

seems unlikely for four reasons. First, the groups

were clearly different on the relevant parent and

teacher rating scales. Second, the inclusion criter-

ion of pervasiveness was applied to all patholog-

ical groups. Third, samples were drawn from

children who attended special school services

for children with extreme behavioral problems

(2.2% of Dutch children in the age range of 6±12

years attend these school services). Fourth, the

DBD groups differed from the normal controls

on the go process. All in all, it seems unlikely that

the pathological groups were not signi®cantly

impaired.

It has been hypothesized that a de®cit in

response inhibition is only observed in children

with AD/HD combined subtype or AD/HD hyper-

active/impulsive subtype (Barkley, 1997). It could

therefore be argued that a de®cit in response

inhibition in AD/HD was not observed in the

current study, since the AD/HD group did not

consist of only children with AD/HD combined

subtype, but included children with AD/HD inat-

tentive subtype. However, when only the children

with AD/HD combined subtype (with and without

comorbid ODD/CD) were compared with normal

controls on SSRT, no group differences emerged,

and the effect size was small. This ®nding

remained the same when symptoms of ODD/CD

were controlled for (data available from the ®rst

author).

Finally, since the DBD was used as a selection

instrument in the current study, it is not known

whether possible comorbid internalizing pro-

blems may have in¯uenced the present results.

Recently, it was shown that children with rela-

tively high levels of internalizing problems

showed enhanced response inhibition (Kooijmans

et al., 2000). Oosterlaan and Sergeant (1998b)

found some suggestion for enhanced response

inhibition in anxious children, although this effect

was not signi®cant. Therefore, it could be argued

that in the current study, possible comorbid inter-

nalizing problems may have played a role in

obtaining normal SSRTs in the AD/HD group.

Future research should take into account comor-

bid internalizing problems.

The stop paradigm is purported to measure

prepotent response inhibition. Several other forms

of inhibition have been distinguished. Barkley

(1997) distinguished between prepotent response

inhibition, ongoing response inhibition, and inter-

ference control. Nigg (2000) suggested interfer-

ence control, cognitive inhibition, behavioral (or

prepotent) inhibition, and oculumotor inhibition

to be four forms of executive inhibition. Sergeant

et al. (1999) reviewed 12 paradigms measuring

response inhibition. They concluded that for ®ve

operationalizations there was no evidence for a

response inhibition de®cit in AD/HD. For four

operationalizations some support was found for a

de®cit in response inhibition in AD/HD. With

only three paradigms unequivocal evidence favor-

ing the hypothesis of a response inhibition de®cit

in AD/HD was obtained. Against that background,

group differences between AD/HD and normal

control children on the latency of the inhibition
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process as measured with the stop paradigm

should be placed into the category of `̀ some

support'' for the inhibition de®cit in AD/HD.

The second aim of the current study was to

explore whether poor response inhibition is a core

problem in children with AD/HD, or, alterna-

tively, whether it is a manifestation of an under-

lying reward de®cit. Because children with AD/

HD did not show a de®cit in response inhibition,

this question could not be addressed directly.

However, a group by condition interaction was

found for MRT: It was shown that children with

comorbid AD/HD�ODD/CD and children with

AD/HD slowed down more in the reward condi-

tion than in the nonreward condition compared to

controls. In line with this ®nding, the regression

analysis showed that the power of AD/HD symp-

toms in predicting response times increased in the

reward condition compared to the nonreward

condition, whereas this was not the case for

ODD/CD symptoms. This ®nding could be inter-

preted as a strategy effect: children with AD/HD

(with or without comorbid ODD/CD) seem to be

more willing to ignore instructions, when they are

rewarded for successful inhibition, and, therefore,

to slow down in order to improve their inhibitory

performance and obtain more reward. In terms of

the speci®city of the role of reward, this ®nding

suggests that a stronger tendency to seek reward is

speci®cally related to AD/HD symptoms. The

®nding that attempting to obtain immediate

reward is related to AD/HD symptoms is in line

with previous ®ndings (e.g., Carlson, Mann, &

Alexander, 2000; Douglas & Parry, 1994; Sonuga-

Barke, Taylor, Sembi, & Smith, 1992; Tripp &

Alsop, 1999). This stronger tendency to seek

immediate reward in AD/HD might re¯ect a

role of the reward circuitry in AD/HD: dopamine

neurons of the VTA and substantia nigra, which

are connected to brain structures involved in

motivation such as the striatum, nucleus accum-

bens, and frontal cortex (Schultz et al., 1997).

In a recent study on the effects of contingen-

cies on response inhibition in AD/HD, an inhibi-

tion de®cit in AD/HD was reported (Slusarek,

Velling, Bunk, & Eggers, 2001). In that study, it

was shown that slow SSRTs in AD/HD were only

observed in a condition with low incentives.

Inhibitory performance in the AD/HD group nor-

malized in a condition with high incentives.

Slusarek et al.'s study and the current study differ

on a number of aspects: Firstly, in Slusarek et al.'s

study, feedback was given after every trial (also

after go trials). Secondly, Slusarek et al. included

a low-and a high-incentive condition, rather than

a reward and nonreward condition. Slusarek et al.

studied the effect of motivational level within

children. Thirdly, in the low-incentive condition,

children lost 1 point when they failed to inhibit,

and in the high-incentive condition, children lost

5 points when they failed to inhibit. This manipu-

lation suggests that in Slusarek et al.'s study the

effect of response cost were investigated rather

than the effect of reward.

The lack of reward dominance in the ODD/CD

group is not in line with the few studies that have

shown children with ODD or CD to be more

reward dominant than control children (O'Brien

& Frick, 1996; O'Brien, Frick, & Lyman, 1994;

Shapiro, Quay, Hogan, & Schwartz, 1988). A

possible explanation is that in the current study

another paradigm was used to measure the effect

of reward on task performance. A study by

Oosterlaan and Sergeant (1998a) employing the

stop paradigm failed to show reward dominance

in children with aggressive behavioral disorders

and also in children with AD/HD. Only a few

studies addressed the issue of the speci®city of the

effect of reward on children with AD/HD, ODD,

and CD (O'Brien & Frick, 1996; Oosterlaan &

Sergeant, 1998a). Two other studies included a

DBD group consisting of children with comor-

bidity for AD/HD, ODD, and/or CD (Carlson &

Tamm, 2000; O'Brien et al., 1994). To clarify the

speci®city of reward dominance in children with

DBD, we suggest that future research should

include groups of children with pure AD/HD,

ODD/CD and comorbid DBD.

It was shown that the three subgroups of

children with AD/HD performed equally on the

stop paradigm. In addition, the effect of reward

was the same for the three AD/HD subgroups.

These ®ndings do not support the notion that AD/

HD combined subtype and AD/HD inattentive

subtype are distinct and unrelated disorders

(e.g., Barkley, Grodzinsky, & DuPaul, 1992;

Milich et al., 2001). However, these ®ndings

should be interpreted with caution and de®nitive
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conclusions should not be drawn, given the small

number of children in the AD/HD subgroups.

Since there is some evidence that AD/HD inat-

tentive subtype is a valid AD/HD subtype (e.g.,

Carlson, Shin, & Booth, 1999), and since there is

debate on this issue, research that compares the

three subtypes on key measures such as response

inhibition is clearly important and required.

The main features by which the clinical and the

normal control groups could be distinguished

were response execution measures: The three clin-

ical groups demonstrated slower reaction times

with greater variability in responding. This robust

®nding has been interpreted previously as evi-

dence for a problem in the output stages of

information processing in AD/HD, which might

be related to inadequate resource allocation

(Sergeant et al., 1999). Although thus far there

has been little evidence for a de®cit in early

information processing stages in AD/HD (Ser-

geant & Van der Meere, 1990b), recent ®ndings of

an ERP study on inhibition in AD/HD (Brandeis

et al., 1998) suggested that children with AD/HD

show altered initial orienting to the go stimulus in

the stop paradigm. This altered early orienting

negativity was associated with failures to inhibit

in AD/HD. Given these data, an alternative way of

interpreting the slow reaction times in the clinical

groups would be that children with DBD demon-

strate slower reaction times, because they have an

altered orienting to the go stimulus. Future

research has to further clarify the possible relation

between early information processing stages

(such as orienting) and inhibitory control.

In sum, contrary to the predictions, AD/HD

children did not show a slow response inhibition

process, neither did children with ODD/CD or

comorbid AD/HD�ODD/CD. More research has

to show whether this lack of replication is due to

the version of the stop paradigm (with tracking

mechanism) that was used. If this ®nding is

replicated, it will have considerable implications

for the generality of the inhibition hypothesis in

AD/HD. Reward did not differentially affect the

groups on the following variables: speed of the

inhibitory process (SSRT), percentage inhibition,

variability of reaction times, and accuracy. How-

ever, it did affect groups differentially on the

speed of the response execution process (MRT).

This ®nding may be interpreted as a tendency to

seek reward in children with AD/HD with or

without comorbid ODD/CD. This tendency

seems to be speci®cally related to symptoms of

AD/HD, since it was not observed in the pure

ODD/CD group. When symptoms of DBD were

treated as dimensions as opposed to categories,

our conclusions remained the same. There was

no difference in performance between three

subgroups of AD/HD.

ACKNOWLEDGEMENT

We thank Fleur Runeman, Marlies Ootjers, and
Katelijne de Loor for their help in the data collection.

REFERENCES

Achenbach, T.M. (1991). Manual for the Child
Behavior Checklist/4±18 and 1991 Pro®le. Burling-
ton, VT: University of Vermont Department of
Psychiatry.

Achenbach, T.M. (1991). Manual for the Teacher's
Report Form and 1991 Pro®le. Burlington, VT:
University of Vermont Department of Psychiatry.

Band, G.P.H. (1997). Preparation, adjustment, and
inhibition of responses. PhD Dissertation, Univer-
sity of Amsterdam.

Band, G.P.H., & Van Boxtel, G.J.M. (1999). Inhibitory
motor control in stop paradigms: Review and
reinterpretation of neural mechanisms. Acta Psy-
chologica, 101, 179±211.

Barkley, R.A. (1997). Behavioral inhibition, sustained
attention, and executive functions: Constructing a
unifying theory of AD/HD. Psychological Bulletin,
121, 65±94.

Barkley, R.A., Grodzinsky, G., & DuPaul, G. (1992).
Frontal lobe functions in attention de®cit disorder
with and without hyperactivity: A review and
research report. Journal of Abnormal Child Psy-
chology, 20, 163±188.

Borcherding, B., Thompson, K., Kruesi, M., Bartko,
J., Rapoport, J.L., & Weingartner, H. (1988).
Automatic and effortful processing in attention
de®cit/hyperactivity disorder. Journal of Abnormal
Child Psychology, 16, 333±345.

Brandeis, D., van Leeuwen, T.H., Rubia, K., Vitacco,
D., Steger, J., Pascual-Marqui, R.D., & Steinhausen,
H.-Ch. (1998). Neuroelectric mapping reveals pre-
cursor of stop failures in children with attention
de®cits. Behavioural Brain Research, 94, 111±
125.

186 ANOUK SCHERES ET AL.



Carlson, C.L., Mann, M., & Alexander, D.K. (2000).
Effects of reward and response cost on the
performance and motivation of children with AD/
HD. Cognitive Therapy and Research, 24, 87±98.

Carlson, C.L., Shin, M., & Booth, J. (1999). The case
for DSM-IV subtypes in ADHD. Mental Retarda-
tion and Developmental Disabilities Research
Reviews, 5, 199±206.

Carlson, C.L., & Tamm, L. (2000). Responsiveness of
children with Attention De®cit-Hyperactivity Dis-
order to reward and response cost: Differential
impact on performance and motivation. Journal of
Consulting and Clinical Psychology, 68, 73±83.

Casey, B.J., Castellanos, F.X., Giedd, J.N., Marsh,
W.L., Hamburger, S.D., Schubert, A.B., Vauss, Y.C.,
Vaituzis, A.C., Dickstein, D.P., Sarfatti, S.E., &
Rapoport, J.L. (1997). Implication of right fronto-
striatal circuitry in response inhibition and Attention-
De®cit/Hyperactivity Disorder. The Journal of the
American Academy of Child and Adolescent Psy-
chiatry, 36, 374±383.

Chhabildas, N., Pennington, B.F., & Willcutt, E.G.
(2001). A comparison of the neuropsychological
pro®les of the DSM-IV subtypes of ADHD. Journal
of Abnormal Child Psychology, 29, 529±540.

Clarke, A.R., Barry, R.J., McCarthy, R., & Selikowitz,
M. (1998). EEG analysis in Attention-De®cit/
Hyperactivity Disorder: A comparative study of
two subtypes. Psychiatry Research, 81, 19±29.

Daugherty, T.K., Quay, H.C., & Ramos, L. (1993).
Response perseveration, inhibitory control, and
central dopaminergic activity in childhood behavior
disorders. Journal of Genetic Psychology, 154,
177±188.

Delgado, M.R., Nystrom, L.E., Fissell, C., Noll, D.C.,
& Fiez, J.A. (2000). Tracking the hemodynamic
responses to reward and punishment in the striatum.
Journal of Neurophysiology, 84, 3072±3077.

Douglas, V.I. (1985). The response of ADD children to
reinforcement. In L.M. Bloomingdale (Ed.), Atten-
tion de®cit disorder: Diagnostic, cognitive, and thera-
peutic understanding (pp. 147±162). New York:
Spectrum.

Douglas, V.I. (1999). Cognitive control processes in
Attention-De®cit/Hyperactivity Disorder. In H.C.
Quay & A.E. Hogan (Eds.), Handbook of disruptive
behavior disorders (pp. 105±138). New York:
Plenum Press.

Douglas, V.I., & Parry, P.A. (1994). Effects of reward
and nonreward on frustration and attention in
attention de®cit disorder. Journal of Abnormal
Child Psychology, 22, 281±302.

Elliott, R., Friston, K.J., & Dolan, R.J. (2000).
Dissociable neural responses in human reward
systems. The Journal of Neuroscience, 15,
6159±6165.

Groth-Marnat, G. (1997). Handbook of psychological
assessment (3rd ed.). New York: Wiley.

Haenlein, M., & Caul, W.F. (1987). Attention de®cit
disorder with hyperactivity: A speci®c hypothesis of
reward dysfunction. Journal of the American Acad-
emy of Child and Adolescent Psychiatry, 26, 356±362.

Iaboni, F., Douglas, V.I., & Baker, A.G. (1995). Effects
of reward and response costs on inhibition in ADHD
children. Journal of Abnormal Psychology, 104,
232±240.

Koepp, M.J., Gunn, R.N., Lawrence, A.D., Cunning-
ham, V.J., Dagher, A., Jones, T., Brooks, D.J.,
Bench, C.J., & Grasby, P.M. (1998). Evidence for
striatal dopamine release during a video game.
Nature, 393, 266±268.

Kooijmans, R., Scheres, A., & Oosterlaan, J. (2000).
Response inhibition and measures of psychopa-
thology: A dimensional analysis. Child Neuropsy-
chology.

Kuntsi, J., Oosterlaan, J., & Stevenson, J. (2001).
Psychological mechanisms in hyperactivity. I. Res-
ponse inhibition de®cit, working memory impair-
ment, delay aversion, or something else? Journal of
Child Psychology and Psychiatry, 42, 199±210.

Leth-Steensen, C., Elbaz, Z.K., & Douglas, V.I. (2000).
Mean response times, variability, and skew in the
responding of ADHD children: A response time
distributional approach. Acta Psychologica, 104,
167±190.

Logan, G.D. (1994). On the ability to inhibit thought
and action: A users' guide to the stop signal para-
digm. In D. Dagenbach & T.H. Carr (Eds.), Inhi-
bitory processes in attention, memory, and language
(pp. 189±239). San Diego: Academic Press.

Logan, G.D., & Cowan, W.B. (1984). On the ability to
inhibit thought and action: A theory of an act of
control. Psychological Review, 91, 295±327.

Logan, G.D., Schachar, R.J., & Tannock, R. (1997).
Impulsivity and inhibitory control. Psychological
Science, 8, 60±64.

Milich, R., Balentine, A.C., & Lynam, D. (2001).
ADHD combined type and ADHD predominantly
inattentive type as distinct and unrelated disorders.
Clinical Psychology: Science and Practice, 8,
463±488.

Milich, R., & Okazaki, M. (1991). An examination of
learned helplessness among attention-de®cit hyper-
activity disordered boys. Journal of Abnormal Child
Psychology, 19, 607±623.

Nigg, J.T. (1999). The ADHD response-inhibition
de®cit as measured by the stop task: Replication
with DSM-IV combined type, extension, and
quali®cation. Journal of Abnormal Child Psychol-
ogy, 27, 393±402.

Nigg, J.T. (2000). On inhibition/disinhibition in
developmental psychopathology: Views from cogni-

INHIBITION AND REWARD IN AD/HD 187



tive and personal psychology and a working
inhibition taxonomy. Psychological Bulletin, 126,
1±27.

Nigg, J.T., Hinshaw, S.P., Carte, E.T., & Treuting, J.J.
(1998). Neuropsychological correlates of childhood
attention-de®cit/hyperactivity disorder: Explainable
by comorbid disruptive behavior or reading pro-
blems? Journal of Abnormal Psychology, 107, 468±
480.

O'Brien, B.S., & Frick, P.J. (1996). Reward dominance:
Associations with anxiety, conduct problems, and
psychopathy in children. Journal of Abnormal Child
Psychology, 24, 223±240.

O'Brien, B.S., Frick, P.J., & Lyman, R.D. (1994).
Reward dominance among children with disruptive
behavior disorders. Journal of Psychopathology and
Behavioral Assessment, 16, 131±145.

Oosterlaan, J., Logan, G.D., & Sergeant, J.A. (1998).
Response inhibition in AD/HD, CD, comorbid AD/
HD�CD, anxious, and control children: A meta-
analysis of studies with the stop task. Journal of
Child Psychology and Psychiatry and Allied Dis-
ciplines, 39, 411±425.

Oosterlaan, J., Prins, P.J.M., & Sergeant, J.A. (1992).
Beoordelingsschaal voor leerkrachten [Teacher
rating scale]. Unpublished manuscript, University
of Amsterdam, Faculty of Psychology, Amsterdam.

Oosterlaan, J., Scheres, A., Antrop, I., Roeyers, H., &
Sergeant, J.A. (2000). Vragenlijst voor Gedrag-
sproblemen bij Kinderen (VvGK). Nederlandse
bewerking van de Disruptive Behavior Disorders
Rating Scale [Dutch translation of the Disruptive
Behavior Disorders Rating Scale]. Lisse: Swets Test
Publishers.

Oosterlaan, J., & Sergeant, J.A. (1998a). Effects of
reward and response cost on response inhibition in
ADHD, disruptive, anxious, and normal children.
Journal of Abnormal Child Psychology, 26,
161±174.

Oosterlaan, J., & Sergeant, J.A. (1998b). Response
inhibition and response re-engagement in attention-
de®cit/hyperactivity disorder, disruptive, anxious
and normal children. Behavioural Brain Research,
94, 33±43.

Osman, A., Kornblum, S., & Meyer, D.E. (1986). The
point of no return in choice reaction time:
Controlled and ballistic stages of response prepara-
tion. Journal of Experimental Psychology: Human
Perception and Performance, 12, 243±258.

Pelham, W., Gnagy, E.M., Greenslade, K.E., & Milich,
R. (1992). Teacher ratings of DSM-III±R symptoms
for the disruptive behavior disorders. Journal of the
American Academy of Child and Adolescent Psy-
chiatry, 31, 210±218.

Pelham, W.E., Milich, R., Murphy, D.A., & Murphy,
H.A. (1989). Normative data on the IOWA Conners

Teacher Rating Scale. Journal of Clinical Child
Psychology, 18, 259±262.

Pliszka, S.R., Borcherding, S.H., Spratley, K., Leon, S.,
& Irick, S. (1997). Measuring inhibitory control in
children. Journal of Developmental and Behavioral
Pediatrics, 18, 254±259.

Pliszka, S.R., Liotti, M., & Woldorff, M.G. (2000).
Inhibitory control in children with Attention-
De®cit/Hyperactivity Disorder: Event-related poten-
tials identify the processing component and timing
of an impaired right-frontal response-inhibition
mechanism. Biological Psychiatry, 48, 238±246.

Quay, H.C. (1988). Theories of ADDH. Journal of the
American Academy of Child and Adolescent Psy-
chiatry, 27, 262±263.

Quay, H.C. (1993). The psychobiology of undersocial-
ized aggressive conduct disorder: A theoretical
perspective. Development and Psychopathology, 5,
165±180.

Rubia, K., Oosterlaan, J., Sergeant, J.A., Brandeis, D.,
& van-Leeuwen, T. (1998). Inhibitory dysfunction
in hyperactive boys. Behavioural Brain Research,
94, 25±32.

Rubia, K., Russell, T., Overmeyer, S., Brammer, M.J.,
Bullmore, E.T., Sharma, T., Simmons, A., Williams,
S.C.R., Giampietro, V., Andrew, C.M., & Taylor, E.
(2001). Mapping motor inhibition: Conjunctive
brain activations across different versions of go/
no-go and stop tasks. NeuroImage, 13, 250±261.

Sagvolden, T., & Sergeant, J.A. (1998). Attention-
de®cit hyperactivity disorder: From brain dysfunc-
tions to behaviour. Behavioural Brain Research, 94,
1±10.

Sanders, A.F. (1983). Towards a model of stress
and human performance. Acta Psychologica, 53,
61±97.

Sanders, A.F. (1998). Elements of human performance:
Reaction processes and attention in human skill.
Mahwah: Erlbaum.

Schachar, R., & Logan, G. (1990). Are hyperactive
children de®cient in attentional capacity? Journal of
Abnormal Child Psychology, 18, 493±513.

Schachar, R., Mota, V.L., Logan, G.D., Tannock, R., &
Klim, P. (2000). Con®rmation of an inhibitory
control de®cit in Attention-De®cit/Hyperactivity
Disorder. Journal of Abnormal Child Psychology,
28, 227±235.

Schachar, R., & Tannock, R. (1995). Test of four
hypotheses for the comorbidity of attention-de®cit
hyperactivity disorder and conduct disorder. Journal
of the American Academy of Child and Adolescent
Psychiatry, 34, 639±648.

Schachar, R.J., Tannock, R., & Logan, G. (1993).
Inhibitory control, impulsiveness, and attention
de®cit hyperactivity disorder. Clinical Psychology
Review, 13, 721±739.

188 ANOUK SCHERES ET AL.



Schachar, R., Tannock, R., Marriott, M., & Logan, G.
(1995). De®cient inhibitory control in attention
de®cit hyperactivity disorder. Journal of Abnormal
Child Psychology, 23, 411±437.

Scheres, A., Oosterlaan, J., & Sergeant, J.A. (2001).
Response execution and inhibition in children with
AD/HD and other disruptive disorders: The role of
behavioural activation. Journal of Child Psychology
and Psychiatry, 42, 347±357.

Schultz, W., Dayan, P., & Montague, P.R. (1997). A
neural substrate of prediction and reward. Science,
275, 1593±1599.

Sergeant, J.A., Oosterlaan, J., & Van der Meere, J.
(1999). Information processing in Attention-De®cit/
Hyperactivity Disorder. In H.C. Quay & A.E. Hogan
(Eds.), Handbook of disruptive behavior disorders
(pp. 75±104). New York: Plenum Press.

Sergeant, J.A., & Van der Meere, J. (1990a). Additive
factor method applied to psychopathology with
special reference to childhood hyperactivity. Acta
Psychologica, 74, 277±295.

Sergeant, J.A., & Van der Meere, J.J. (1990b).
Converging approaches on localizing the hyperac-
tivity de®cit. In B.B. Lahey & A.E. Kazdin (Eds.),
Advancements in clinical child psychology (Vol. 13,
pp. 207±245). New York: Plenum Press.

Shapiro, S.K., Quay, H.C., Hogan, A.E., & Schwartz,
K.P. (1988). Response perseveration and delayed
responding in undersocialized aggressive conduct
disorder. Journal of Abnormal Psychology, 97,
371±373.

Slusarek, M., Velling, S., Bunk, D., & Eggers, C.
(2001). Motivational effects on inhibitory control in
children with AD/HD. Journal of the American
Academy of Child and Adolescent Psychiatry, 40,
355±363.

Sonuga-Barke, E.J.S., Taylor, E., Sembi, S., & Smith, J.
(1992). Hyperactivity and delay aversion ± I. The
effect of delay on choice. Journal of Child
Psychology and Psychiatry, 33, 387±398.

Tannock, R. (1998). Attention de®cit hyperactivity
disorder: Advances in cognitive, neurobiolog-
ical, and genetic research. Journal of Child
Psychology and Psychiatry and Allied Disciplines,
39, 65±99.

Tripp, G., & Alsop, B. (1999). Sensitivity to reward
frequency in boys with attention de®cit hyperactiv-
ity disorder. Journal of Clinical Child Psychology,
28, 366±375.

Van der Meere, J.J. (1996). The role of attention. In
S. Sandberg (Ed.), Monographs on child and
adolescent psychiatry: Hyperactivity disorders
(pp. 109±145). Cambridge: Cambridge University
Press.

Verhulst, F.C., van der Ende, J., & Koot, H.M. (1996).
Handleiding voor de CBCL/4±18 [Manual for
the CBCL]. Assen, The Netherlands: Van
Gorcum.

Verhulst, F.C., van der Ende, J., & Koot, H.M. (1996).
Handleiding voor de TRF/4±18 [Manual for the
TRF]. Assen, The Netherlands: Van Gorcum.

Wender, P.H. (1971). Minimal brain dysfunction in
children. New York: Wiley-Interscience.

Wender, P.H. (1972). The minimal brain dysfunction
syndrome in children. Journal of Nervous and
Mental Disease, 155, 55±71.

Wilkison, P.C., Kircher, J.C., McMahon, W.M., &
Sloane, H.N. (1995). Effects of methylphenidate on
reward strength in boys with attention-de®cit
hyperactivity disorder. Journal of the American
Academy of Child and Adolescent Psychiatry, 34,
897±901.

INHIBITION AND REWARD IN AD/HD 189


