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Background: Children with oppositional defiant disorder/conduct disorder (ODD/CD) have shown
deficits in ‘cool’ abstract-cognitive, and ‘hot’ reward-related executive function (EF) tasks. However, it is
currently unclear to what extent ODD/CD is associated with neuropsychological deficits, independently
of attention deficit hyperactivity disorder (ADHD). Methods: Fifty-nine adolescents with a history of
early-onset oppositional problems, 28 with pure ODD/CD symptoms and 31 with ADHD with or without
ODD/CD, and 34 healthy controls were administered a task battery measuring motor response inhi-
bition, sustained attention, cognitive flexibility and reward-related decision-making. Findings were
analysed using dimensional and group analyses. Results: In group analyses both groups with and
without ADHD were impaired in EF measures. Dimensional analyses, however, showed that ODD/CD
but not ADHD was related to hot EF based on increased risky decision-making in the Iowa Gambling
Task. ODD/CD was also independently related to aspects of cool EF independently of ADHD, namely
slower speeds of inhibitory responding and increased intra-subject variability. Conclusions: These
findings show EF deficits associated with ODD/CD independently of ADHD, and implicate reward-
related abnormalities in theories of antisocial behaviour development. Keywords: Neuropsychology,
executive functioning, ADHD, ODD, conduct disorder.

Introduction
The antisocial behaviour disorders of childhood
(oppositional defiant disorder and conduct disorder;
ODD/CD) overlap considerably with attention defi-
cit/hyperactivity disorder (ADHD) in terms of
behavioural characteristics (e.g. impulsivity) and
comorbidity rates (Angold, Costello, & Erkanli,
1999). Developmental theorists have proposed the
distinction between ‘cool’ more abstract-cognitive
executive functions such as motor response inhibi-
tion, attention and cognitive flexibility and ‘hot’
executive functions that involve incentives and
motivation (Zelazo & Muller, 2002). There is a vast
neuropsychological research literature indicating
‘cool’ executive function (EF) deficits in ADHD (see
Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005,
for a review). However, the nature of EF deficits in
ODD/CD independently of highly comorbid ADHD
remains controversial. The current study aimed to
investigate abstract-cognitive and affective-motiva-
tional aspects of EF in ODD/CD whilst controlling
for ADHD.

Functional neuroimaging comparisons between
‘pure’ (i.e. noncomorbid) ODD/CD and ADHD groups
during cognitive tasks show that there are dissoci-
ated underlying pathophysiologies for the two disor-
ders. Across a range of tasks, lateral inferior
prefrontal cortex has been shown to be disorder-
specifically underactivated in ADHD patients, while
areas of the paralimbic system, including ventrome-
dial orbitofrontal cortex, superior temporal lobe and
underlying limbic areas were disorder-specifically

underactivated in patients who met the criteria for
both ODD and CD without ADHD (Rubia, Smith,
Mohammed, Taylor, &Brammer, 2009b; Rubia et al.,
2008, 2009a). The extent to which neuropsychologi-
cal findings are consistent with these neurobiological
findings is not yet known due to a shortage of studies
that have investigated ODD/CD performance in cool
or hot EF tasks independently of ADHD.

The most consistent evidence for cool EF impair-
ment in pure ODD/CD is that of slower motor inhi-
bition speeds. A meta-analysis found that both pure
ODD/CD and ADHD groups have slower stop signal
reaction times (SSRT) in Stop tasks than controls
(Oosterlaan, Logan, & Sergeant, 1998). However,
there have also been negative findings in the Stop
task in relation to both ADHD and ODD/CD (e.g.
Scheres, Oosterlaan, & Sergeant, 2001).

There has been little previous research investi-
gating ODD/CD deficits independently of ADHD in
other aspects of cool EF which may be relevant to
impulsive behaviour, such as making commission
errors in continuous performance and Go/No-go
paradigms, cognitive flexibility problems, and pre-
mature or inconsistent responding during tasks. Of
the research available, commission errors were not
related to ODD (with or without CD) independently of
ADHD in a continuous performance task (van
Goozen et al., 2004). Using the Wisconsin Card
Sorting Test paradigm (WCST; Heaton, 1981) as a
measure of cognitive flexibility, when controlling for
ADHD one study found impairments in children with
CD (Toupin, Dery, Pauze, Mercier, & Fortin, 2000)
whereas others have not (e.g. Déry, Toupin, Pauzé,
Mercier, & Fortin, 1999). The WCST is confounded
by IQ and working memory, and no studies haveConflict of interest statement: No conflicts declared.
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tested whether ODD/CD independently contributes
to performance on purer cognitive flexibility tasks.
A consistent finding in the ADHD literature is
enhanced intra-subject response variability (incon-
sistent response times to stimuli) and impulsive,
premature responses across tasks (e.g. Rubia,
Smith, & Taylor, 2007). However, no previous study
has investigated these variables in ODD/CD whilst
controlling for ADHD across a range of tasks.

In contrast to findingswith respect to cool EF, there
are indications that hot EF deficits are more consis-
tently found inODD/CD than ADHD.Hyposensitivity
to punishment using the Newman Card Playing Task
paradigm (Newman, Patterson, & Kosson, 1987) or
other task variants has been consistently found to be
independently related toODD/CDbutnotpureADHD
(e.g. vanGoozen et al., 2004;Matthys, vanGoozen, de
Vries, Cohen-Kettenis, & van Engeland, 1998).
However, there is little research that tested for the
relationship of ODD/CD to performance in other hot
EF tasks, such as the effect of reward on cognitive
performance or reward-related decision-making
tasks. Some studies in ADHD found that reward has a
greater impact in improving performance in ADHD
than normal controls (for review, see Luman,
Oosterlaan, & Sergeant, 2005). However, most of this
research has not controlled for the presence of ODD/
CD. Reward-related decision-making as measured in
the Iowa Gambling Task (IGT; Bechara, Damasio,
Tranel, & Damasio, 1997) has been shown to be im-
paired in ADHD children (e.g. Toplak, Jain, &
Tannock, 2005), but these studies did not utilise pure
ADHD groups. Thus, the relationship between ODD/
CD independently of ADHD and deficits in reward-
related hot EF tasks remains unclear.

The aim of the current study was to investigate
performance across a range of cool and hot EF tasks
in 59 adolescents who were clinically referred early
in childhood for oppositional problems and who
continued to meet criteria for ODD/CD or ADHD (or
both) in adolescence. To disentangle the association
between pure ODD/CD symptoms and cognitive
deficits, we used both dimensional and group
analyses. Tasks were chosen on the basis of prior
evidence for deficits in both ADHD and ODD/CD
groups to disentangle disorder-specific contribu-
tions to these impairments. All tasks were
visual-spatial and contained no verbal elements to
avoid any potential confounds with underlying ver-
bal deficits that have been associated with CD
(Teichner & Golden, 2000). In line with limited evi-
dence from prior research, our first hypothesis was
that for hot EF variables (reward effects in a CPT
paradigm and reward-related decision making)
ODD/CD symptoms would be associated with
increased sensitivity to reward and riskier reward-
related decision-making, independently of ADHD
symptoms. Second, we hypothesised that for
cool EF measures (motor response inhibition, sus-
tained attention, cognitive flexibility, intra-subject

variability and premature responding), ODD/CD
symptoms would only be independently related to
slower motor response inhibition.

Method
Participants

Ninety-three participants (75.3% male; 18.3% of ethnic
minority descent) were recruited to take part in the study
with ages ranging from 10 to 17 years old (M = 13.05;
SD = 1.93). The study included adolescents recruited
from two existing related longitudinal samples (n = 59;
Scott, Spender, Doolan, Jacobs, & Aspland, 2001; Scott
et al., 2009) who had a history of being clinically referred
for oppositional problems when aged between 3 and 7,
and met study criteria for ODD/CD and/or ADHD (see
below) at the current stage of the studies. The healthy
control groupwithout any history of behaviour problems
was recruited from local schools (n = 34).

Measures

Intelligence was measured by the Wechsler abbreviated
scale of intelligence (WASI; Wechsler, 1999). Age-graded
scores were calculated for each participant.

To assess for ADHD, parents/carers and teachers
completed the Conners’ ADHD/DSM-IV Parent and
Teacher Scales (CADS-P, and CADS-T; Conners, 1997).
The measure consists of descriptions of each of the 18
ADHD symptoms that respondents rate on a 4-point
Likert scale and can yield categorical and dimensional
information (Conners, 1997). A direct symptom count is
ascertained based on those symptoms that the rater
classified as very much true, and individuals are clas-
sified as meeting criteria for ADHD in that domain (i.e.
home or school) if they have at least six of the inatten-
tion items, or at least six of the hyperactive-impulsive
symptoms. To be consistent with the DSM-IV guide-
lines, the current study participants were included in
the ADHD group if they met criteria for ADHD in at least
one domain and demonstrated ‘some impairment’ in the
other domain (for the purposes of this study ‘some
impairment’ was defined as above a 20% cut-off based
on age-related published norms). They were also
included in the ADHD group if they had a current
clinical diagnosis of ADHD. Raw dimensional scores
were generated based on ratings (0–3 for each item
depending on rater response) for total ADHD symp-
toms. T-scores based on Conners (1997) norms were
also calculated for descriptive purposes.

To assess for ODD/CD, parents were interviewed by
trained researchers using the ODD and CD sections of
the well-validated Child and Adolescent Psychiatric
Assessment (CAPA; Angold & Costello, 2000). This
instrument provided diagnostic information for ODD/
CD as well as a continuous measure (ODD/CD symp-
tom count).

Although the main analyses were continuous, the
sample were also divided into the following groups:
(a) ODD/CD-alone; those with early-onset oppositional
problems who currently met criteria for ODD or CD
without currently meeting criteria for ADHD, nor had
they ever received a clinical diagnosis of ADHD (n = 28;
19 met criteria for CD and 21 met criteria for ODD),
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(b) ADHD/With or without current ODD/CD (AD-
HD ± ODD/CD); those with early-onset oppositional
problems and who currently met the criteria for ADHD
with or without meeting criteria for a current ODD/CD
diagnosis (although 67% met criteria for current ODD/
CD; n = 31) and (c) Control: those with no previous
history of referrals for behavioural problems (ascer-
tained by parental interview), who all fell within the
bottom two thirds based on norms on the CADS-P and
CADS-T, and had no current ODD/CD diagnosis
based on CAPA interview (n = 34). Table 1 compares
the key characteristics of these groups using chi-
square and one-way ANOVAs (with Tukey HSD post
hoc tests). The groups were distinguishable in the
expected directions in terms of ADHD and ODD/CD
symptoms. The ADHD group had significantly lower
verbal and full scale IQ scores than the control group
but were otherwise indistinguishable in terms of IQ,
race, age and gender. T-tests examined gender differ-
ences across the sample and found no significant
differences between male and females in terms of
ADHD and ODD/CD symptoms.

‘Cool’ EF measures. MARS: Four cool EF tasks were
taken from the computerised maudsley attention and
response suppression task battery (MARS; Rubia et al.,
2001, 2007).

The 5 min Go/No-go task measures motor response
inhibition and selective attention. A motor response has
to be executed when space ships appear (go trials; 74%)
and not executed when enemy planets appear (no-go
trials; 26%). The dependent variable of the task is the
percentage of successfully inhibited no-go trials (prob-
ability of inhibition).

The 5 min Stop task measures the retraction of an
already triggered motor response that is on its way to
execution, and has a higher load on motor response
inhibition than the Go/No-go task. Participants
respond to ‘go’ signals (aeroplanes; 73%) but have to try
to inhibit their responses to these when sporadic ‘stop’
signals (explosions; 27%) quickly follow the go signals.
If the participant’s success rate exceeds 50%, the delay
between the airplane and explosion lengthens (steps of
50 ms), and shortens if under 50% (steps of 50 ms). By

changing the stop signal delay, the program ensures
that participants have a mean probability of inhibition
of 50%. The main dependent variable in this task is the
stop signal reaction time (SSRT), an estimation of the
speed of the inhibitory process that is calculated by
subtracting the mean stop signal delay (i.e. the average
time between airplane and explosion, at which the
participant managed to inhibit to 50% of trials) from the
mean reaction time to go trials (Logan, Schachar, &
Tannock, 1997).

The 8 min rewarded CPT-AX task is a target detection
task that measures selective and sustained attention. A
string of 416 letters was presented from A to L. Target
letters (60; 12.5%) were either ‘A’ followed by ‘X’ or ‘A’
followed by ‘O’ and needed to be responded to, while all
other letters needed to be ignored. Only half of the tar-
gets were rewarded to investigate the effect of reward on
reaction times. Reward was counterbalanced across
participants; half of the participants were rewarded for
A–X and the other half for A–O. For every three suc-
cessful hits, a box on a reward bar with 10 units was
filled; participants were informed that each box on the
reward bar would earn them 50p, whereas, the non-
reward bar would not be associated with monetary re-
ward. The ‘cool’ variables of this task are the number of
omission errors to target trials and the number of
commission errors to non-targets.

The 5 min Switch measures visual-spatial attention-
shifting between two different spatial dimensions
(Rubia et al., 2007). Participants observe a grid divided
into four squares in the centre of which is a double-
headed arrow which switches between horizontal and
vertical. Red dots appear one-by-one in any of the four
corners of the grid. When the arrow is horizontal, par-
ticipants press the left or right button according to the
location of the dot; when the arrow is vertical, partici-
pants press either the top or bottom button. The switch
from vertical to horizontal appeared in 29% of trials, the
rest were repeat trials. The main dependent variable for
this task was the switch error cost (incorrect switch
trials minus incorrect repeat trials).

The Go/No-go, Stop, and Switch tasks from the MARS
taskbatteryall involveabasicchoicereactiontimetaskas
a baseline condition (i.e. go/repeat trials), with randomly

Table 1 Demographic and behavioural comparisons of participants on the basis of diagnostic group

Characteristic
ODD/CD-alone
(CD; n = 28)

ADHD ± ODD/CD
(AD; n = 31)

Control
(C; n = 34) v2 p

Sex (% male) 67.86 83.87 73.53 2.11 .35
Ethnicity (% white
caucasian)

82.14 87.10 76.47 1.23 .54

M (SD) M (SD) M (SD) F P Post hoc*

Age of child 12.64 (1.98) 13.32 (1.81) 13.13 (1.99) .98 .38 ns
Verbal IQ 98.61 (17.71) 93.29 (14.41) 102.97 (11.01) 3.67 .03 AD<C
Performance IQ 102.79 (11.00) 99.23 (14.08) 105.65 (12.15) 2.14 .12 ns
Full scale IQ 100.68 (14.39) 95.52 (13.06) 106.50 (12.12) 5.68 .01 AD<C
CADS-P 24.68 (11.60) 39.19 (11.74) 7.56 (5.43) 83.96 <.001 AD>CD>C
CADS-P T-score 68.14 (13.76) 82.37 (14.85) 49.07 (6.26) 58.34 <.001 AD>CD>C
CADS-T 18.07 (14.14) 26.89 (9.78) 5.60 (7.15) 24.48 <.001 AD>CD>C
CADS-T T-score 60.64 (14.89) 68.06 (13.90) 47.53 (8.01) 20.87 <.001 AD>CD>C
CAPA ODD/CD
symptom count

6.46 (2.01) 5.61 (3.06) 0.21 (0.48) 83.59 <.001 AD, CD>C

Note: CADS-P & CADS-T = Conners ADHD/DSM-IV parent and teacher scales; CAPA – child and adolescent psychiatric assessment.
*Tukey HSD procedure.
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interspersed trials of a target condition (i.e. No-go, stop
and switch trials). Therefore for these three tasks, we
measured thebasic responseexecutionvariablesof intra-
subject response variability (standard deviation (SD) of
the reaction timeof responses), andpremature responses
(defined as responses made 200 ms before and 100 ms
after stimulus onset; Rubia et al., 2007). Correlations
were examined for each response execution variable, to
see whether they could be combined to reduce the total
numberofvariables.Theseanalysesshowedthat foreach
variable, there were significant correlations between the
Go/No-go, StopandSwitch tasks (ranging from r = .34 to
r = .54, p < .001), and so they were combined across
tasks. Premature responses could simply be averaged
and combined. To make variability data comparable
across tasks, intra-subject response variability was
expressed as a coefficient of variation (CV) and then
averaged across the tasks. CV is a measure of relative
variability, equal to the ratio of standard deviation to
mean, expressed as the percentage: CV = (SD/mean
reaction time) · 100 (Rubia et al., 2007).

Wisconsin Monster Sorting Test: (WMST; Wilding,
Munir, & Cornish, 2001) is a computerised child version
of the original Wisconsin Card Sorting Task and mea-
sures cognitive flexibility. Participants have to assign
monsters to one of four ‘Monster Kings’. The faces of each
king exemplify a combination of three features corre-
sponding to each rule (colour of hair, shape of face, and
number of eyes). The king smiles or looks unhappy after
each choice to give feedback to the participant. The rule
changes after 10 correct trials. The main dependent var-
iable is the percentage of perseverative errors after each
rule change which indicates poorer cognitive flexibility.

‘Hot’ EF measures. The rewarded CPT-AX described
above also provides a hot EF measure, namely the
effect of reward on performance (i.e. improvement in
omission and commission errors for rewarded versus
non-rewarded trials).

The Iowa Gambling Task (IGT; Bechara et al., 1997)
is a reward-related decision-making task that measures
temporal foresight and risky decision-making. Partici-
pants pick from four decks of cards (A–D) and are given
on-screen feedback about their winnings and losses.
Decks A and B involve greater wins (around $100 each
card) than C and D (around $50) but also incur greater
losses, meaning that one loses $250 every 10 cards in
Decks A and B, as opposed to Decks C and D that gains
$250 every 10 cards. Participants were told that their
winnings would be converted to pounds (up to £5) to
make the task more realistic (although they all received
the full amount once completed). Healthy controls
generally learn to make much fewer risky decisions by
the second half of the task (Bechara et al., 1997).
Therefore, the number of risky decisions (picks from
decks A and B) during the second half of the task is the
main dependent variable in continuous designs.

Procedure

Informed consent was initially obtained from children
and their carers. The neuropsychological tests were
completed on a laptop computer with a gamepad or a
mouse. Task order was the same for each participant:
Go/No-go task, Stop task, WMST, Switch task, CPT,

and then the Iowa Gambling Task. The fixed order was
in order to keep attention with the engaging reward-
related tasks conducted last. Before the tasks com-
menced, participants were informed that they could win
up to £5 on each of the final two tasks depending on
their performance (the rewarded-CPT and the IGT). The
same verbatim task instructions were given for each
participant. However, on completion of the final task,
participants were all given the maximum ‘winnings’ of
£10 regardless of how well they had performed. Those
on stimulant medication for ADHD (22 participants, all
in the ADHD with or without ODD/CD group) did not
take it for at least 18 h prior to testing.

Data analysis

Wherever the data did not fulfill the necessary
assumption of normality for using parametric statistics
(Tabachnick & Fidell, 2001) transformations were
applied, chosen for each variable based on how suc-
cessfully skewness was reduced. Hence, Go/No-go
probability of inhibition, Switch error cost and WMST
perseverative errors were subject to a square root
transformation. CPT omission errors were logarithmi-
cally transformed, and CPT commission errors, intra-
subject response variability and premature errors were
subject to a reciprocal transformation. To test the
hypotheses, the effect of reward on performance in the
CPT task was first investigated, followed by continuous
analyses of symptoms, and finally analyses comparing
diagnostic groups (described below).

Results
Effect of reward on performance in the CPT

Repeated-measures ANCOVAs were initially con-
ducted to investigate whether reward had a differ-
ential effect on performance of the diagnostic groups
in relation to the first hypothesis. There were no
significant interactions between reward and
diagnostic group with any of the CPT variables.
Therefore, the rewarded and non-rewarded trial data
were combined for the remainder of the analyses.

Continuous analyses

The importance of ODD/CD and ADHD symptoms in
predicting each task variable was investigated
through initial correlational and subsequent regres-
sion analyses. Table 2 contains the bivariate
correlations between symptoms and EF variables.
The ODD/CD symptom count score was significantly
related to poorer performance in all tasks except in
both cognitive flexibility tasks. The combined parent
and teacher ADHD symptom score was significantly
correlated with poorer performance on all task
variables except the Stop task and both cognitive
flexibility tasks.

Multiple regression analysis was performed to
determine the relative contribution of ODD/CD and
ADHD symptoms in explaining task performance.
The ODD/CD symptom count and the combined
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ADHD symptom scores were highly correlated
(r = .6), and so two alternate regression models were
used to avoid problems with potentially violating the
‘no collinearity’ assumption of multiple regression
(Tabachnick & Fidell, 2001). In both models, age and
IQ were entered in the first step. In the first model,
ADHD symptoms were entered in the second step,
and ODD/CD symptoms in the third step. In the
second model, ODD/CD symptoms were entered in
the second step and ADHD symptoms in the third
step. Results are detailed in Table 3.

No significant relationships were found in the
regression models between ODD/CD or ADHD
symptoms and the CPT commission errors or
cognitive flexibility variables.

After only taking into account age and IQ, ODD/
CD symptoms were significantly related to slower
inhibitory processes in the Stop task, and increased
CPT omission errors, intra-subject variability, pre-
mature responding and risky decision-making

(Model 2). However, the significant relationships with
CPT omission errors and premature responding
disappeared after taking into account ADHD symp-
toms (Model 1).

After taking age and IQ into account, ADHD
symptoms were significantly related to a lower
probability of inhibition in the Go/No-go task, and
increased CPT omission errors, intra-subject
variability and premature responding, (Model 1).
However, the significant relationship with risky
decision-making disappeared after taking into ac-
count ODD/CD (Model 2).

Group analyses

To determine effects of current diagnostic grouping
(ODD/CD-alone, ADHD ± ODD/CD, and Control) on
performance on the tasks, univariate ANCOVAs were
used with age and IQ as covariates. Where a signif-
icant effect was found, subsequent simple contrasts

Table 2 Bivariate Pearson correlations between neuropsychological variables and ADHD and ODD/CD

GNG:
PI

Stop:
SSRT

CPT:
OM

CPT:
COM CV PREM

Switch:
error cost

WMST: %
pers errors

IGT: risky
decis

CAPA ODD/CD ).21* .30** .29** .21* .46** .29** .20 .16 .40**
CADS-mean ).30** .18 .40** .29** .51** .39** .15 .12 .30**

Note: CAPA ODD/CD – ODD/CD symptoms based on the child and adolescent psychiatric assessment; CADS-Mean = mean score of
conners; ADHD/DSM-IV parent and teacher scales; GNG:PI = Go/No-go task probability of inhibition; SSRT = stop signal reaction
time (ms); CPT = continuous performance task; OM = omission errors; COM = commission errors; CV = coefficient of variation,
measures intra-subject response variability; PREM = premature responses; WMST %Pers. error = wilding monster sorting task
percentage perseverative errors; IGT risky decis = iowa gambling task risky decisions.
**p < .01; *p < .05.

Table 3 Multiple regression analyses of ADHD and ODD/CD symptoms as predictors of neuropsychological variables

Variable Statistic

Motor
inhibition

Sustained
attention

Response
execution Cognitive flexibility Decision making

GNG: PI
Stop:
SSRT

CPT:
OM

CPT:
COM CV PREM

Switch:
error cost

WMST: % pers
errors

IGT: risky
decisions

Total model R2 13* 12* 21** 15** 38** 22** 15** 15** 22**
Model 1 and Model 2
Block 1: Control
variables

R2 .10* .06 .05* .11** .24** .13** .13** .14** .11**

Age B .24* ).16 ).34** ).19 ).35** ).29** ).32** ).26* ).18
IQ B .12 ).19 ).22* ).29* ).37** ).23* ).20* ).29** ).28**

Model 1
Block 2: ADHD DR2 .06* .01 .09** .03 .13** .09** .00 .00 .03

b ).26* .10 .32** .19 .39** .31** .05 ).02 .20
Block 3: ODD/CD DR2 .00 .06* .00 .00 .04* .00 .02 .01 .08**

b ).06 .30* .08 .06 .24* .10 .17 .14 .34**
Model 2
Block 2: ODD/CD DR2 .03 .06* .05* .02 .13** .05* .02 .00 .11**

b ).18 .26* .22* .14 .37** .23* .14 .09 .33**
Block 3: ADHD DR2 .03 .00 .04* .02 .04* .04* .00 .0 .00

b ).23 ).07 .27* .16 .24* .26* ).05 ).10 ).01

Note: IQ and Age are entered as predictors at step 1. In the first model ADHD symptoms are entered as a predictor at step 2, and
ODD/CD symptoms at step 3. In the second model the order of ADHD and ODD/CD symptoms are reversed. GNG:PI = Go/No-go
task probability of inhibition; SSRT = stop signal reaction time (ms); CPT = continuous performance task; OM = omission errors;
COM = commission errors; CV = coefficient of variation; measures intra-subject response variability; PREM = premature responses;
WMST %Pers. error = wilding monster sorting task percentage perseverative errors; IGT risky decis = iowa gambling task risky
decisions.
**p < .01; *p < .05.
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(diagnostic group vs. control) were performed. The
analyses were also repeated without the 10 cases
from the ADHD ± ODD/CD who met the criteria for
ADHD but without ODD/CD (i.e. testing a purely
comorbid sub-group). There were no differences in
terms of the pattern of significance of the findings,
therefore only the analyses using the ADHD ± ODD/
CD group are presented. Table 4 details these group
comparisons.

No significant group effects were found for the
cognitive flexibility variables. In comparison to con-
trols, both the ODD/CD-alone and ADHD ± ODD/
CD groups had slower inhibitory processes in the
Stop task, more omission and commission errors in
the CPT task, increased intra-subject variability and
premature errors and sampled more from the risky
decks in the IGT. In addition the ADHD ± ODD/CD
group also had a lower probability of inhibition in the
Go/No-go task than controls (see Table 4).

Discussion
Past research has not convincingly established
whether ODD/CD is related to EF deficits indepen-
dently of ADHD. In this study we used both dimen-
sional and group analyses to test for independent
effects of these two often co-occurring symptoms on
cool and hot EF. Compared to healthy controls, both
the ODD/CD-alone group and ADHD with or without
ODD/CD group were impaired in aspects of cool EF
(motor inhibition, sustained attention, response
execution, but not cognitive switching), and in hot

EF (risky decision making in the IGT). Regression-
based analyses that were conducted to more accu-
rately test our hypotheses found that ODD/CD but
not ADHD symptoms were independently related to
hot EF deficits (in the IGT). Also, ODD/CD was
independently related to deficits in specific cool EF
measures (speed of inhibitory processes and intra-
subject response variability).

The results provide partial support for the main
hypothesis which predicted ODD/CD to be inde-
pendently associated with hot EF deficits. This is the
first research to consider ODD/CD alone in relation
to the effect of reward on performance in a CPT task,
and performance in the IGT. No differential effects of
reward on CPT performance were found in either of
the early-onset behaviour problem groups compared
to controls. Our hypothesis that patients with ODD/
CD would show increased sensitivity to reward was
therefore not confirmed. In the IGT, however, each
early-onset group made more risky decisions than
the control group, but regression analyses indicated
that only ODD/CD symptoms were independently
related to performance. The deficit in the ADHD with
or without ODD/CD group is consistent with previ-
ous findings that ADHD children make more risky
decisions than controls (e.g. Toplak et al., 2005).
Past studies, however, included ODD/CD in their
ADHD groups and did not conduct adequately pow-
ered dimensional analyses. In dealing with these
issues, the finding extends previous studies that
found deficits in other hot EF tasks in pure ODD/CD
groups (e.g. van Goozen et al., 2004; Matthys et al.,

Table 4 Means, standard deviations, and group comparisons (ANCOVAs and simple contrasts with age and IQ covaried) for each
executive functioning variable

Measure

ODD/CD-alone
(CD; n = 28)

ADHD±ODD/CD
(AD; n = 31)

Control
(C; n = 34)

F Sig. g2
Simple

contrastsM (SD) M (SD) M (SD)

Motor inhibition
GNG: PI 81.50 (12.24) 76.97 (18.04) 87.47 (5.77) 4.70 .01 0.10 AD<C**
Stop: SSRT 209.93 (61.36) 206.65 (76.00) 163.44 (61.95) 3.45 .04 0.07 CD>C*

AD>C*
Sustained attention
CPT-OM 8.93 (12.31) 8.66 (10.32) 2.89 (2.76) 4.79 .01 0.10 CD>C*

AD>C**
CPT-COM 3.54 (5.27) 3.04 (3.07) 1.37 (1.43) 3.43 .04 0.07 CD>C*

Response execution
CV (3 tasks) 27.13 (3.68) 28.22 (5.20) 22.87 (3.03) 15.12 <.001 0.26 CD>C**

AD>C**
PREM (3 tasks) 0.46 (0.59) 1.42 (2.43) 0.18 (0.56) 6.34 .003 0.13 AD>C**

Cognitive flexibility
Switch Error cost 5.56 (9.04) 6.32 (6.42) 3.74 (7.81) .81 .45 0.02
WMST
% pers Error

13.72 (8.44) 12.75 (10.17) 10.92 (8.91) 0.40 .67 0.01

Risky decision making
Risky picks (2nd half) 27.82 (8.82) 27.51 (7.51) 21.59 (9.44) 3.21 .04 0.07 CD>C*

AD>C*

Note: GNG:PI = Go/No-go task probability of inhibition; SSRT = stop signal reaction time (ms); CPT = continuous performance task;
OM = omission errors; COM = commission errors; CV = coefficient of variation, measures intra-subject response variability;
PREM = premature responses; WMST %Pers. error = wilding monster sorting task percentage perseverative errors.
**p < .01; *p < .05
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1998). Our study also builds on past findings by not
only identifying deficits in a different hot EF para-
digm, but by also providing a powerful symptom-
based analysis which indicates aspects of hot EF are
related to ODD/CD independently of ADHD.

The second hypothesis was supported in that
ODD/CD was independently related to slower motor
response inhibition, but not with most other atten-
tion-related cool EF variables (CPT and Go/No-go
errors, premature responding and errors in cognitive
flexibility tasks). The finding that the ODD/CD-alone
group performed worse in the Stop task is in line
with previous findings in ODD/CD groups
(Oosterlaan et al., 1998). Although ADHD was not
the focus of our hypotheses, the finding that ADHD
was not independently associated with poorer
performance in this paradigm would not be expected
given consistent evidence for Stop task impairment
in this group (Oosterlaan et al., 1998; Rubia et al.,
2001, 2007; Willcutt et al., 2005). However, ADHD
symptoms but not ODD/CD symptoms were related
to a wider range of cool EF, including the more crude
measure of motor response inhibition in the Go/
No-go task and to premature responding across
tasks, in line with previous findings in ADHD groups
(e.g. Rubia et al., 2001, 2007). Premature respond-
ing is directly related to impulsivity at the beha-
vioural level, and has been associated with temporal
processing deficits (e.g. Rubia et al., 2007). Fur-
thermore, the regression analyses indicated no spe-
cific association of commission errors in the CPT
with either ADHD or ODD/CD symptoms, but an
independent association between omission errors
and ADHD symptoms. Together, these findings
extend previous research supporting gross motor
inhibition and sustained attention problems in
ADHD groups (Rubia et al., 2007; Willcutt et al.,
2005) by demonstrating that these are specific to
ADHD and not underlying antisocial problems.

Increased intra-subject variability has been
observed consistently in ADHD groups (Rubia et al.,
2007), and in pure ODD/CD groups independently
of ADHD in relation to the Stop task (Scheres et al.,
2001). Results indicated that both the ODD/CD-
alone and ADHD with or without ODD/CD groups
had higher intra-subject variability than controls.
The symptom-based findings that both ODD/CD
and ADHD made significant independent contribu-
tions to intra-subject response variability across
tasks (Stop, Go/No-go and Switch) add to the past
literature. Previous research has suggested that in-
creased intra-subject variability may reflect subtle
problems in many areas of executive function such
as poor sustained attention (e.g. Leth-Steensen,
Elbaz, & Douglas, 2000), poor motor timing (e.g.
Rubia et al., 2001) or poor response control (Ser-
geant, Oosterlaan, & van der Meere, 1999). These
problems may therefore be relevant in ODD/CD.

Cognitive flexibility deficits were not related to
the presence of ADHD or ODD/CD symptoms in

either group or dimensional analyses. The lack of
deficits in the ADHD with or without ODD/CD
group is consistent with studies that failed to find
deficits in ADHD in visuo-spatial set-switching (e.g.
Rubia et al., 2007), but not others (e.g. Itami &
Uno, 2002; Rubia et al., 2001). To our knowledge
this is the first study to investigate the relationship
between ODD/CD and performance in a simple
visuo-spatial set-shifting paradigm, demonstrating
that cognitive flexibility appears not to be a feature
of ODD/CD.

There were some limitations to the current study.
First, there was no ‘pure’ group with ADHD but not
ODD/CD. Clearly an optimal design to disentangle
disorder-specific contributions to EF deficits should
include groups that have the two pure forms of the
disorder in addition to a comorbid group. Future
studies with such a design are needed to corroborate
the presented symptom-based analysis. Second,
although one strength of the study was that the
sample included girls as well as boys, we did not
have the power to analyse gender effects. Third,
despite strong associations between working mem-
ory (WM) and ADHD (Willcutt et al., 2005), WM tasks
were not included as part of the neuropsychological
test battery. WM was not a key focus of the paper
given the examination of cool and hot EF but should
be explored in future research in a broader exami-
nation of EF. Fourth, only the ADHD group con-
tained cases who were taking stimulant medication.
Given evidence of tolerance to methylphenidate (e.g.
Rhodes, Coghill, & Matthews, 2004), and that
participants did not take medication 18 h before
testing, possible withdrawal effects may have spe-
cifically affected the ADHD group. Fifth, the current
sample was not representative of the normal popu-
lation; however, enriched samples do contain severe
cases of clinical importance that large community
samples may not capture. Finally, the order of the
tasks was not counterbalanced in that the most
engaging reward-related tasks were placed at the
end to keep the participants’ attention. This may
have resulted in poorer and more fatigued perfor-
mance across the sample in the last motivation
related tasks relative to the earlier cool EF tasks, but
should have affected all groups equally.

Together with our main finding of hot, reward-
related deficits in the IGT task being associated with
ODD/CD symptoms, the results also demonstrate
that ADHD rather than ODD/CD symptoms
accounted for a wider range of cool EF deficits than
ODD/CD. These results are strikingly in line with
recent fMRI studies that found disorder-specific
orbitofronto-limbic dysfunctions in children with
‘pure’ conduct disorder during fMRI versions of the
same executive function and reward tasks, suggest-
ing abnormalities with motivational control, while
ADHD children showed disorder-specific inferior
prefrontal underactivation, an area that mediates
cognitive control (Rubia et al., 2008, 2009a,b).
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Like many previous studies, this research used a
mixed ODD/CD group of those with current ODD
and/or CD symptoms. As ODD/CD encompasses a
wide range of behaviours, it would be interesting for
future neuropsychological research to consider the
relative contributions of various antisocial traits to
EF functioning (e.g. ODD vs. CD symptoms, callous-
unemotional traits, impulsive and instrumental
aggression). Clinically, these findings suggest that
tests of ‘hot’ EF may be relevant in the assessment of
antisocial behaviour disorders and may ultimately
aid diagnosis. The results may also indicate that
helpful interventions for those with ODD/CD may
include motivational approaches (e.g. weighing up
the advantages and disadvantages of antisocial
behaviours) as well as coping strategies to deal with
impulsive tendencies.

In conclusion, our findings show that ODD/CD is
associated with both cool and hot EF deficits. How-
ever, our symptom-based analyses suggest that
some aspects of reward-related functioning may be
specifically related to ODD/CD but not ADHD
symptoms.
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Key points

• It is currently unclear to what extent oppositional defiant disorder/conduct disorder (ODD/CD) is associated
with executive functioning (EF) deficits, independently of attention deficit hyperactivity disorder (ADHD).

• The study tested for deficits in cool (abstract-cognitive) and hot (reward-related) EF in adolescents using group
and dimensional analyses.

• ODD/CD but not ADHD was related to ‘hot’ EF. Furthermore, ODD/CD was independently related to some
aspects of ‘cool’ EF, such as inhibitory speed and intra-subject response variability.

• The findings suggest that reward-related cognitive functioning may partly underlie the development of
antisocial behaviour, and therefore may ultimately aid clinical diagnosis and inform interventions.

References
Angold, A., & Costello, E.J. (2000). The child and adolescent

psychiatric assessment (CAPA). Journal of the American
Academy of Child & Adolescent Psychiatry, 39, 39–48.

Angold, A., Costello, E.J., & Erkanli, A. (1999). Comorbidity.
Journal of Child Psychology and Psychiatry, 40, 57–87.

Bechara, A., Damasio, H., Tranel, D., & Damasio, A.R. (1997).
Deciding advantageously before knowing the advantageous
strategy. Science, 275, 1293–1294.

Conners, C.K. (1997). Conners’ Rating Scales—Revised: Tech-
nical manual. Toronto: Multi-Health Systems.
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