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ABSTRACT
Objectives: Executive functioning and emotion recognition may be impaired in disruptive
youth, yet findings in oppositional defiant disorder (ODD) and conduct disorder (CD) are incon-
sistent. We examined these functions related to ODD and CD, accounting for comorbid atten-
tion-deficit/hyperactivity disorder (ADHD) and internalising symptoms.
Methods: We compared executive functioning (visual working memory, visual attention, inhibi-
tory control) and emotion recognition between youth (8–18 years old, 123 boys, 55 girls) with
ODD (n¼ 44) or CD (with/without ODD, n¼ 48), and healthy controls (n¼ 86). We also related
ODD, CD, and ADHD symptom counts and internalising symptomatology to all outcome meas-
ures, as well as executive functioning to emotion recognition.
Results: Visual working memory and inhibitory control were impaired in the ODD and CD
groups versus healthy controls. Anger, disgust, fear, happiness, and sadness recognition were
impaired in the CD group; only anger recognition was impaired in the ODD group. Deficits were
not explained by comorbid ADHD or internalising symptoms. Visual working memory was asso-
ciated with recognition of all basic emotions.
Conclusions: Our findings challenge the view that neuropsychological impairments in youth
with ODD/CD are driven by comorbid ADHD and suggest possible distinct neurocognitive mech-
anisms in CD versus ODD.
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Introduction

Defiant, aggressive, and antisocial behaviours consti-
tute significant mental problems in youth, causing

considerable burden to families and society (Burke

et al. 2002). Youth showing these behaviours are typic-

ally diagnosed with oppositional defiant disorder
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(ODD), characterised by angry/irritable mood and dis-
obedience, or conduct disorder (CD), involving chronic
patterns of violating basic social norms and rights
of others (American Psychiatric Association 2013).
Both disorders are highly comorbid with attention-def-
icit/hyperactivity disorder (ADHD) and internalising
problems, with estimates of comorbidity of up to 35%
for both (Loeber et al. 2000; Polier et al. 2012). It has
long been recognised that disruptive behaviour may
be associated with impaired executive functioning
(i.e. cognitive processes necessary for performing goal-
oriented behaviour), which may lead to decreased
self-regulation (Hadjicharalambous and Fanti 2018).
Moreover, disruptive behaviour has been linked to
impaired facial emotion recognition (Dawel
et al. 2012).

Still, our understanding of the specific deficits
related to ODD and CD is limited. This may be in part
due to the fact that ODD has often been considered
as a milder form and possible precursor of CD
(Matthys et al. 2013), with studies frequently combin-
ing both disorders into a single group. Yet, not all
youth with ODD will develop CD (Burke et al. 2002;
Rowe et al. 2010), and neurocognitive characteristics
in CD may in part differ from those in ODD (Matthys
et al. 2013). Currently, we lack studies directly compar-
ing youth with ODD-only with those with CD. In add-
ition, studies in ODD/CD have inconsistently controlled
for comorbid ADHD and internalising symptoms, and
even studies that did have reported mixed results (e.g.
Munkvold et al. 2014; Griffith et al. 2019).

So far, impaired executive functioning has particu-
larly been reported regarding (spatial) working mem-
ory and attentional and inhibitory control in disruptive
youth (Schoemaker et al. 2013; Long et al. 2015;
Carter Leno et al. 2018), showing associations with dis-
ruptive behaviour, independent from comorbid ADHD
(Hobson et al. 2011; Rhodes et al. 2012; Johnson et al.
2015; Saarinen et al. 2015; Schoorl et al. 2018; Griffith
et al. 2019). Other studies, however, found that execu-
tive functioning impairments in ODD/CD were
explained by comorbid ADHD (Thorell and Wåhlstedt
2006; Hummer et al. 2011; Munkvold et al. 2014).

The ability to recognise emotions in others is vital
for successful social behaviour (Collin et al. 2013). A
hypersensitivity to negative emotions, such as anger,
may facilitate ‘hot-tempered’ aggressive responses
(Crick and Dodge 1994) characteristic of ODD (e.g.
‘often loses temper’), whereas a decreased sensitivity
to signs of distress of others, such as sad or frightened
facial expressions, relates to an empathy impairment
which may particularly exist in antisocial or

psychopathic populations (Blair 2005). Deficient emo-
tion recognition has most often been found for fear
and sadness in CD and antisocial populations (Marsh
and Blair 2008; Kohls et al. 2020), but also for other
basic emotions in CD (i.e. disgust, anger, and surprise;
Martin-Key et al. 2018; Martin-Key et al. 2017; Sully
et al. 2015) and in mixed ODD/CD groups (Fairchild
et al. 2010; Bours et al. 2018); impairments in youth
with ODD are still unclear. Emotion recognition deficits
have also been reported in ADHD (Collin et al. 2013;
Waddington et al. 2018), although a recent study sug-
gested that emotion recognition deficits in youth with
ADHD were specific to those with comorbid CD
(Airdrie et al. 2018).

Emotion recognition is a complex task that requires
attention and working memory (Marsh and Blair 2008),
and it has been suggested that executive dysfunction
may contribute to emotion recognition problems (Van
Nieuwenhuijzen et al. 2017). While this has been
understudied in ODD/CD, impaired sustained attention
and response inhibition were associated with worse
emotion recognition in youth with ADHD (Shin et al.
2008; Sinzig et al. 2008), whereas in violent offenders
poorer working memory was related to worse emotion
recognition (Hoaken et al. 2007). Although the effects
of executive dysfunction are unclear, studies in CD
using eye-tracking found that impaired recognition
was not due to a lack of attention to the emotional
stimuli (Airdrie et al. 2018; Martin-Key et al. 2018).

As for ADHD, even fewer studies have considered
comorbid internalising symptoms in studies of ODD/
CD, although internalising symptoms have been
related to impaired attention (Micco et al. 2009), work-
ing memory (Moran 2016), and emotion recognition
(Collin et al. 2013). However, internalising problems
have also been linked to improved response inhibition
(Maric et al. 2018; Schatz and Rostain 2006) and emo-
tion recognition due to heightened threat-sensitivity
(Bar-Haim et al. 2007), with the latter resulting in a
protective role of comorbid internalising problems in
individuals with CD (Short et al. 2016).

The current study aimed to identify possible deficits
in executive functions (with a focus on visual working
memory, visual attention, and inhibitory control) and
emotion recognition in youth with ODD (without CD)
and those with CD (mostly comorbid with ODD). We
also addressed to which degree these deficits were
independent of comorbid ADHD and internalising
symptoms. In addition to group comparisons, we ana-
lysed dimensional measures of ODD, CD, ADHD, and
internalising symptom levels to executive functioning
and emotion recognition as well as associations
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Finally, we explored whether executive functioning
was related to emotion recognition performance.
Based on previous literature and theory, we expected
emotion recognition to be most impaired in relation
to CD.

Methods and materials

Participants

We included 178 participants with a primary diagnosis
of a disruptive behaviour disorder (n¼ 44 with ODD,
n¼ 48 with CD of whom n¼ 8 without and n¼ 40 with
additional ODD, and n¼ 86 healthy controls) aged 8–18
years. Participants were recruited by nine clinical
centres of child- and adolescent psychiatry across
Europe (see supplementary information for site details)
as part of the multicenter EU-MATRICS and EU-
Aggressotype projects (http://www.matrics-project.eu;
http://www.aggressotype.eu/). Youth with ODD and CD
were recruited from child and adolescent psychiatry
departments and patient associations throughout the
Netherlands, Germany, Switzerland, Spain, the United
Kingdom, and Italy. Healthy controls were recruited
mainly through schools. Exclusion criteria for the cur-
rent study were an IQ <80 in participants with ODD/
CD, and presence of any DSM axis I diagnosis in
healthy controls, and an IQ <80. Participants using psy-
chotropic medication were required to be at a stable
dose during at least two weeks prior to participation in
the study, while only at the Nijmegen site participants
abstained from taking stimulants on the testing day.
After description of the study procedures, informed
written consent was obtained from participants and/or
their parents or legal guardian, or written or oral assent
from children in accordance with national regulations.
Each participating centre obtained ethical approval
from their local ethics committee.

Clinical measures

Diagnoses of ODD, CD, and comorbid ADHD were
based on the Kiddie Schedule for Affective Disorders
and Schizophrenia (K-SADS; Kaufman et al. 1997), a
well-validated semi-structured interview with partici-
pants and their parents based on the DSM-IV. The
K-SADS was also used to verify the absence of a DSM
axis I diagnosis in healthy controls. We used the
K-SADS based number of symptoms of ODD (0–8), CD
(0–15), and ADHD (inattention, 0–9 and hyperactivity,
0–9) as continuous measures. T-scores from the broad-
band internalising scale (anxious-depressed, with-
drawn-depressed, and somatic complaints scores) of

the Child Behaviour Checklist were used as a continu-
ous measure of internalising problems (Achenbach
and Rescorla 2001). IQ was estimated based on the
block design, similarities, vocabulary, and picture com-
pletion subscales of the Wechsler Intelligence Scale for
Children (Wechsler 2002). Medication use was assessed
by parental report.

Neuropsychological testing

We included three tasks from the Cambridge
Neuropsychological Test Automated Battery (CANTAB;
Cambridge Cognition, 2015), a computerised pro-
gramme with internal consistency coefficients ranging
from .73 to .95 and good validity (Luciana 2003): the
Delayed-match-to-Sample task (a visual working mem-
ory task), the Rapid Visual Information Processing task
(a 4-minute visual continuous performance test to
assess attentional processes), and the Emotion
Recognition Task. See Figure 1 for detailed task
descriptions. For the Delayed-match-to-Sample task,
our main outcome measure was (i) response accuracy
for delay trials (i.e. percentage correct), indicating vis-
ual working memory. To investigate if possible group
differences in visual working memory were due to
attentional or perceptual abilities, we also included (ii)
response accuracy for simultaneous trials (i.e. percent-
age correct), indicating visual matching ability. Rapid
Visual Information Processing outcome measures were
(i) probability of hits, assessing sustained attention,
and (ii) probability of false alarms, assessing inhibitory
control (Sahakian et al. 1989; Shang et al. 2013). For
the Emotion Recognition Task, we used response
accuracy (i.e. percentage correct) for each emotion
(disgust, fear, anger, happiness, surprise, sadness).

Statistical analyses

All analyses were performed using SPSS, release 25
(SPSS, Chicago, IL), using an alpha level of 0.05, unless
otherwise stated. The CANTAB outcome measures
were checked for outliers (interpreted as indicative of
insufficient task effort) and participants were excluded
when z-scores were �j3.0j on one or more outcome
measures of the Delayed-match-to-Sample task (13
participants excluded) and Rapid Visual Information
Processing task (6 participants excluded). On the
Emotion Recognition Task, participants were excluded
when z-scores were �j3.0j for at least two emotions
(none excluded). As emotions were displayed in ran-
dom order, we considered an extreme z-score of only
one emotion not indicative of insufficient task effort.
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Raw scores were used as outcome measures in
all analyses.

Sample characteristics
Overall differences between ODD, CD, and the
healthy control group in age, IQ, number of ODD,
CD, and ADHD (inattention and hyperactivity)

symptoms, and the CBCL internalising T-score were
tested through univariate analyses of variance
(ANOVAs). Significant results were followed-up with
planned contrasts: all ODD/CD subjects versus con-
trols; ODD (without CD) versus controls; CD (with
possible comorbid ODD allowed) vs controls; and
ODD versus CD. Differences regarding sex, number of

Delayed-match-to-Sample. Participants were shown 

complex patterns for 4s, and subsequently had to choose 

which one out of four patterns matched the sample. Three 

practice trials were followed by 20 counterbalanced test 

trials. In 5 trials, choice patterns were shown 

simultaneously with the sample pattern, and in 5 trials 

each after a 0, 4, or 12 second delay interval. Outcome 

measures were response accuracy (percentage correct) for 

simultaneous trials, indicating visual matching ability

and response accuracy (percentage correct) for delay 

trials, indicating visual working memory.  

Rapid Visual Information Processing. Digits from 2 to 9 

were presented in pseudo-random order for 4 minutes (100 

digits per minute). Participants had to detect three target 

sequences (2-4-6,3-5-7,4-6-8; 16 target sequences every 2 

minutes), and respond using the press pad. Outcome 

measures were probability of hits, indicating sustained 

attention, and probability of false alarms, indicating 

inhibitory control.  

Emotion Recognition Task. A fixation cross was shown for 

1.5 to 2.5 seconds after which a facial stimulus depicting 1 

of 6 possible emotions was shown for 200 ms and then 

masked for 250 ms. Participants were asked to choose the 

emotion corresponding to the facial expression (disgust, 

fear, anger, happiness, surprise, or sadness). Two blocks of 

90 stimuli were presented, with 15 stimuli for each 

emotion in different intensities. Outcome measures were

percentages correct for each emotion (response accuracy) 

indicating emotion recognition abilities.  

DMS 

RVP 

ERT 

Figure 1. Description of the CANTAB tasks.
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participants with ADHD, and number of participants
with clinical levels of internalising symptoms were
tested with Chi-square (v2) tests.

Group comparisons between cases and controls
Repeated measures analyses of covariance (ANCOVAs)
were performed separately for the Delayed-match-to-
Sample and Emotion Recognition Task, with task con-
dition (i.e. simultaneous/delay condition and emotion,
respectively) as within-subject’s variable and diagnos-
tic group (controls; ODD; CD) as between-subject vari-
able. In the case of interactions between task
condition and diagnostic group, we subsequently per-
formed univariate analyses for each task condition. For
the Rapid Visual Information Processing task, we used
a multivariate ANCOVA for the two outcome meas-
ures. If the multivariate result was significant, we also
interpreted univariate effects.

Significant (univariate) effects were followed by
planned contrasts: all ODD/CD versus controls; con-
trols versus ODD; controls vs CD; and ODD versus CD.
Age and IQ were included as covariates of non-interest
in all analyses. To correct for comorbid ADHD (inatten-
tion and hyperactivity) or internalising symptoms we
conducted similar additional analyses adding these
factors as a covariate (in separate models; described in
more detail in the supplementary information).

We corrected for multiple testing by using a cor-
rected alpha-level using the effective number of inde-
pendent tests (Nyholt 2004), resulting in an alpha-level
of 0.021 (2.4 effective tests based on 3 original tests;
i.e. 2 repeated measures and 1 multivariate ANCOVA).
Effect sizes are reported as partial g2, expressing the
proportion of explained variance for each variable cor-
recting for the effects of the other variables included,
which may be considered as small between
0.01–0.058, medium between 0.059–0.138 and large
when >0.139 (Cohen 1988).

Dimensional analyses of symptoms
Within-cases (because of the near-zero scores in con-
trols) regression analyses were performed to investi-
gate the contributions of ODD, CD, ADHD (inattention
and hyperactivity) counts and internalising symptom
severity to executive functioning and emotion recogni-
tion. We first specified 2 alternate stepwise models to
determine the independent effects of ODD, CD and
ADHD counts. In both models, age and IQ were
entered in step 1. In the uncorrected model, ODD and
CD symptom counts were entered in step 2. In the
corrected model, ADHD (inattention and hyperactivity)
counts were entered in step 2, and ODD and CD

counts in step 3. In the same way, we tested internal-
ising symptoms in separate models (because of a
lower sample size). Corrected alpha-levels were again
based on the effective number of independent tests
(Nyholt 2004), here resulting in an alpha-level of
0.0054 (9.2 effective tests; original number of 10 tests).

Association between executive functioning and
emotion recognition
To investigate whether Delayed-match-to-Sample (vis-
ual matching ability, visual working memory) and
Rapid Visual Information Processing (sustained atten-
tion, inhibitory control) measures predicted Emotion
Recognition, we conducted multiple regression analy-
ses in the combined ODD/CD group. Individual models
were specified for each emotion as executive function-
ing might differentially contribute to recognition of
different emotions, with all predictors entered simul-
taneously to account for each other’s effects (correla-
tions between Delayed-match-to-Sample and Rapid
Visual Information Processing task measures were
between r¼�.25, p¼ 0.021 and r¼ .23, p¼ 0.033).
The corrected alpha-level was 0.0096 (5.2 effective
tests based on an original number of 6 tests).

Sensitivity analyses
For all case–control as well as within-case analyses, sen-
sitivity analyses were performed adding sex, site, and
psychotropic medication use (participants from
Nijmegen who were asked to abstain from stimulants
were included as not using medication) simultaneously
as covariates (in addition to age and IQ) to the models.

Results

All reported results were controlled for age and IQ,
and also remained significant after adjusting for sex,
site differences, and medication use, unless otherwise
stated (see sensitivity analyses in the supplementary
information for more details).

Sample characteristics

Table 1 shows the sample characteristics. The control
group consisted of significantly less boys than the CD
group, had a higher IQ compared to the full ODD/CD
group and ODD and CD groups separately (although
IQ was in the normal range in all groups). Although
most participants with CD also had a diagnosis of
ODD, the ODD group showed more ODD and ADHD
inattention symptoms than the CD group. The groups
did not differ significantly in the percentage of individ-
uals with a comorbid ADHD diagnosis, which was 52%
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in the ODD and 37% in CD group. In the ODD and CD
groups, respectively 45% and 57% of the participants
were using psychotropic medication, mostly stimulants
and antipsychotics.

Group comparisons between cases and controls

See supplementary information for statistics regarding
the additional models including ADHD symptoms or
internalising symptom severity.

Delayed-match-to-Sample
The repeated measures ANCOVA yielded significant
interactions between diagnostic group and task condi-
tion (F(2,160) ¼ 7.5, p< 0.021; adjusted alpha-level)
and between age and task condition, (F(1,160) ¼ 6.87,
p< 0.021), whereas there was no effect of IQ. Follow-
up univariate ANCOVAs for each task condition were
performed (Table 2). The total ODD/CD group as well
as the separate ODD and CD groups showed worse
visual working memory (i.e. lower % correct on the

Table 2. Univariate results of executive functioning and emotion recognition followed by planned contrasts.
Outcome measure HC ODD CD F Partial g2 Contrasts Partial g2

DMS, n 79 42 44
Visual Matching, M (SD) 99.5 (2.2) 100 (0) 96.4 (7.8) F(2,160) ¼ 10.56��a 0.117 HC> CD�� 0.075
(% correct simultaneous trials) ODD> CD�� 0.104
Visual Working Memory, M (SD) 86.7 (11.3) 75.5 (14.8) 75.3 (14.5) F(2,160) ¼ 10.33�� 0.114 HC > (ODD/CD)�� 0.111
(% correct delay trials) HC>ODD� 0.064
RVP, n 78 42 42
Sustained Attention, M (SD) 0.5 (0.2) 0.5 (0.2) 0.5 (0.3) F(2,157) ¼ 1.39
(probability of hits)
Inhibitory Control, M (SD) 0.01 (0.02) 0.03 (0.03) 0.03 (0.04) F(2,157) ¼ 5.33� 0.064 HC > (ODD/CD)� 0.063
(probability of false alarms) HC>ODD� 0.041
ERT, n 86 42 46
Disgust (% correct), M (SD) 60.4 (20.0) 54.1 (21.0) 42.2 (20.2) F(2,169) ¼ 10.86�� 0.114 HC > (ODD/CD)� 0.052

HC> CD�� 0.107
ODD> CD� 0.063

Fear (% correct), M (SD) 42.4 (20.2) 34.4 (19.0) 24.1 (17.5) F(2,169) ¼ 12.73�� 0.131 HC > (ODD/CD)�� 0.090
HC> CD�� 0.131
ODD> CD� 0.042

Anger (% correct), M (SD) 57.3 (11.8) 49.8 (12.3) 47.2 (15.3) F(2,169) ¼ 11.05�� 0.116 HC > (ODD/CD)�� 0.105
HC>ODD� 0.048
HC> CD�� 0.108

Happiness (% correct), M (SD) 82.3 (10.2) 74.5 (13.4) 72.0 (19.6) F(2,169) ¼ 6.86�b 0.07 HC > (ODD/CD)� 0.063
HC> CD 0.073

Surprise (% correct), M (SD) 69.0 (10.2) 64.1 (17.8) 65.7 (21.2) F(2,169) ¼ 0.64�c
Sadness (% correct), M (SD) 59.9 (15.9) 51.8 (14.5) 48.8 (19.1) F(2,169) ¼ 5.83� 0.065 HC > (ODD/CD) 0.043

HC> CD� 0.065

Note. HC: healthy controls; ODD: oppositional defiant disorder; CD: conduct disorder (with or without comorbid ODD); DMS: delayed-match-to-sample
task; RVP: rapid visual information processing task; ERT: emotion recognition task (CANTAB; Cambridge Cognition 2015); SD: standard deviation. For sig-
nificant F-values, follow-up contrasts were performed, comparing the HC to the ODD/CD group, the ODD group, and the CD group, and the ODD to the
CD group, respectively. Analyses were controlled for age and IQ.
aThere was a significant interaction between group and age, F(2,158) ¼ 5.38�
bThere was a significant interaction between group and age F(2,167) ¼ 4.1�
cThere was a significant interaction between group and age F(2,165) ¼ 4.32� and group and IQ F(2,165) ¼ 4.00��p<0.05, ��p<0.001.

Table 1. Sample characteristics.
Characteristic HC (N¼ 86) ODD (N¼ 44) CDa (N¼ 48) Test statistic Contrasts

Male sex, n (%) 49 (57) 32 (72.7) 42 (87.5) v2¼ 13.80� HC< CD��
Age in years, M (SD) 13.3 (2.7) 12.3 (2.6) 13.5 (3.0) F(2,175) ¼ 2.36
IQ, M (SD) 107 (11) 100 (11) 101 (11) F(2,174) ¼ 8.24�� HC > (ODD/CD)��, ODD�, CD�
ODD symptom count, M (SD) 0 (0) 5.3 (1.1) 4.8 (1.7) F(2,175) ¼ 510.38�� HC < (ODD/CD)��, ODD��, CD��

CD<ODD�
CD symptom count, M (SD) 0 (0.1) 0.9 (1.0) 4.5 (2.2) F(2,175) ¼ 203.65�� HC < (ODD/CD)��, ODD��, CD��

ODD< CD��
Inattention symptoms, M (SD) 0 (0) 5 (2.4) 3.4 (3.0) F(2,175) ¼ 110.51�� HC < (ODD/CD)��, ODD��, CD��

CD<ODD��
Hyperactivity symptoms, M (SD) 0 (0) 4.1 (2.4) 3.3 (3.1) F(2,175) ¼ 80.25�� HC < (ODD/CD)��, ODD��, CD��
ADHD diagnosis, n (%) 0 (0) 23 (52.3) 18 (37.5) v2 ¼ 2.04
Internalising T-score 48.0 (9.8) 64.3 (10.0) 65.1 (8.2) F(2,158) ¼ 76.31�� HC < (ODD/CD)��, ODD��, CD��
Medication use, n (%) 0 (0) 20 (54.5) 25 (53) v2 ¼ 69.37�� HC<ODD ��, CD��
Note. HC: healthy controls; ODD: oppositional defiant disorder; CD: conduct disorder; ADHD: attention-deficit/hyperactivity disorder. Symptom counts
based on K-SADS (Kaufman et al. 1997); internalising T-score based on the Child Behaviour Checklist, with T� 64 reflecting scores in the clinical range
(Achenbach and Rescorla 2001). aConsisting of ODDþ CD (n¼ 39) and CD without ODD (n¼ 9). Stable medication use past two weeks in ODD: stimu-
lants (n¼ 18); antipsychotics (n¼ 7); antidepressants (n¼ 1); and in CD: stimulants (n¼ 15); antipsychotics (n¼ 13); antidepressants (n¼ 1); and other
(mood-stabilizers, anti-epileptic medication and benzodiazepines, n¼ 2), numbers do not add up due to multiple use. For significant F-values, follow-up
contrasts were performed, comparing the HC to the ODD/CD group, the ODD group, and the CD group, and the ODD to the CD group, respectively.�p<0.05, ��p<0.001.
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delay conditions), compared to the control group,
with a significant effect of age (F(1,160) ¼ 13.03,
p< 0.021). Although there was no difference between
the total ODD/CD group and the control group
regarding visual matching ability, performance was
significantly worse in the CD group compared to the
control and ODD groups. However, group interacted
with age, suggesting worse performance particularly
in younger participants with CD compared to the ODD
and healthy control groups (ODD: visual matching
ability 100%, CD: r¼ 0.35, p¼ 0.017, healthy controls:
r¼ 0.25, not significant). Visual matching was > 95% in
all three groups, indicating a ceiling effect of the task.
All effect sizes were in the medium range.

Group effects remained significant when ADHD
symptoms/diagnosis or internalising symptoms were
added to the model.

Rapid visual information processing
There was an overall group effect across the Rapid
Visual Information Processing outcome measures
(F(4,312) ¼ 3.11, p< 0.021; Wilk’s K¼.925, partial g2¼
.038), as well as a main effect of age (F(2, 156) ¼ 4.32,
p< 0.021; Wilk’s K¼.945, partial g2¼ .055) but not of
IQ, see Table 2 for follow-up univariate analyses. The
total ODD/CD group as well as the ODD and CD
groups separately had significantly worse inhibitory
control (i.e. higher probability of false alarms) than the
control group, with small-to-medium effects. There
was no difference between the ODD and CD groups.
No group differences were found for sustained atten-
tion, as expressed by the probability of hits.

ADHD symptoms were not associated with overall
performance on the Rapid Visual Information
Processing task. Internalising symptom severity was
related to overall RVP performance in the multivariate
ANCOVA. The main group difference became insignifi-
cant, as well as the univariate group difference on
inhibitory control; there was no association with inter-
nalising symptom severity itself.

Emotion recognition task
Type of emotion interacted with diagnostic group
(F(10, 845) ¼ 2.49, p< 0.021, adjusted alpha-level) and
age (F(5, 845) ¼ 3.86, < 0.021) in the repeated meas-
ures ANCOVA. There was no main effect of IQ. Follow-
up univariate analyses and contrasts (Table 2) indi-
cated that the total ODD/CD group performed worse
(i.e. lower % correct) in recognising fear, disgust,
anger, happiness, and sadness (but not surprise) com-
pared to the control group, with medium-to-large
effects. Notably, while the ODD group performed only

worse in recognising anger compared to the control
group with a small effect, the CD group was worse in
recognising all of these five emotions with effects in
the medium to large range. Moreover, the CD group
performed significantly worse than the ODD group in
the recognition of disgust and fear, with small-to-
medium effects.

Main effects of age were observed for disgust
(F(1,169) ¼ 21.16, p< 0.001), anger (F(1,169) ¼ 5.61,
p¼ 0.019), and sadness (F(1,169) ¼ 37.73, p < .001),
but not fear. For happiness and surprise, diagnostic
group interacted with age, suggesting worse perform-
ance particularly in younger participants with CD (hap-
piness: ODD: r¼ 0.30, p¼ 0.54, CD: r¼ 0.48, p¼ 0.001,
controls: r¼ 0.21, p¼ 0.055, surprise: ODD: r¼ 0.31,
p¼ 0.45, CD: r¼ 0.56, p< 0.001, controls: r¼ 0.22,
p¼ 0.041). Surprise also interacted with IQ (ODD: r ¼
�0.10, p¼ 0.51, CD: r¼ 0.21, p¼ 0.15, controls: r ¼
�0.15, p¼ 0.59), suggesting worse performance in the
CD group with lower IQ.

ADHD hyperactivity symptoms were related to emo-
tion recognition in the repeated measures ANOVA, but
the group effect remained significant. ADHD inattention
symptoms and internalising symptom severity were not
associated with emotion recognition

Dimensional analyses of symptoms

All described effects were significant based on the cor-
rected alpha-level of 0.0054, see Table 3 (ADHD
inattention and hyperactivity counts) and
Supplementary Table S2 (internalising symptom sever-
ity) for statistics.

ODD, CD, and ADHD symptoms
Delayed-match-to-Sample. Neither ODD, CD, nor ADHD
(inattention and hyperactivity) symptom counts were
significantly associated with visual matching ability
and visual working memory. Higher numbers of CD
symptoms where nominally significantly (p< 0.05)
associated with lower visual matching ability in the
model uncorrected for ADHD symptom counts, show-
ing a small effect size.

Rapid Visual Information Processing. Higher ODD
symptom counts were significantly related to worse
sustained attention when corrected for ADHD (and
nominally significant in the uncorrected model), repre-
senting a moderate-to-large effect. After accounting
for sex, site differences, and medication use the associ-
ation became nominally significant. CD counts and
ADHD inattention and hyperactivity counts were not
significantly associated with sustained attention (albeit
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effects of CD counts resembled those of ODD counts).
None of the symptom dimensions were associated
with inhibitory control.

Emotion Recognition Task. Higher CD counts were
significantly associated with worse recognition only of
disgust, representing a large effect, but not with other
emotions before and after adjusting for ADHD symp-
toms. In addition, there were nominally significant
associations between higher ODD symptom counts
and poorer recognition of disgust, fear, and sadness,
with effects in the small-to-medium range. Higher
hyperactivity counts were significantly related to
worse recognition of anger, whereas inattention
counts were related to better recognition of anger,
both with a large effect (Table 4).

Internalising symptom severity
Internalising symptom severity was not significantly
associated with any of the outcome measures.
However, there was a nominally significant association
of higher internalising scores with better visual match-
ing ability and with worse sustained attention, show-
ing medium sized effects.

Association between executive functioning and
emotion recognition

As shown in Table 5, only better visual working mem-
ory was independently related to better recognition of
all six emotions, with effects in the medium-to-large
range. Furthermore, better inhibitory control was

nominally significantly associated with better recogni-
tion of disgust with a medium effect size. Sustained
attention was not significantly related to emotion
recognition.

Discussion

The aim of this study was to increase our understand-
ing of executive functioning and emotion recognition
in youth with ODD and/or CD by exploring if CD
(mostly with comorbid ODD) was associated with simi-
lar or unique deficits compared to ODD, while
accounting for ADHD and internalising symptoms. We
found deficits in visual working memory and inhibitory
control both in ODD and CD compared to healthy
controls. A key finding was that impaired emotion rec-
ognition compared to controls was largely specific to
the group with CD (i.e. of fear, disgust, happiness, and
sadness; anger recognition was also impaired in ODD
without CD). Furthermore, visual working memory was
related to worse facial emotion recognition across all
six basic emotions. Effect sizes were mostly in the
medium-to-large range. Notably, impairments were
independent from comorbid ADHD or internalising
symptoms. Our results challenge the view that comor-
bid ADHD drives impairments in neuropsychological
functioning in youth with disruptive disorders and
suggest possible partly distinct neurocognitive corre-
lates of CD versus ODD.

Our finding of impaired visual working memory
both in youth with ODD and those with CD is in

Table 3. Multiple regression analyses of ODD, CD and ADHD (inattention and hyperactivity) symptom counts as predictors of
executive functioning and emotion recognition in ODD/CD cases (N¼ 86).

DMS RVPa ERT

Predictors Statistic
Visual

Matching

Visual
Working
Memory

Sustained
Attention

Inhibitory
Control Disgust Fear Anger Happiness Surprise Sadness

Step I, All Models R2 0.037 0.036 0.033 0.017 0.055 0.005 0.029 0.167** 0.262** 0.138*

Age B 0.390 1.029 0.014 �0.002 1.665 �0.288 0.682 2.629** 3.780** 2.376*

IQ B �0.001 0.120 0.003 0.000 0.406 0.079 �0.095 0.182 0.444D 0.311
Uncorrected Model R2 0.088 0.046 0.115D 0.058 0.196* 0.065 0.041 0.199* 0.272** 0.215**

Step II DR2 0.051 0.010 0.083D 0.041 0.141* 0.060 0.012 0.032 0.010 0.077D

ODD counts b �0.135 �0.099 �0.270D 0.131 �0.218D �0.234D �0.078 �0.133 0.035 �0.268D

CD counts b �0.234D �0.067 �0.213 0.206 �0.379* �0.160 �0.101 �0.161 �0.093 �0.177
Corrected Model R2 0.108 0.059 0.151D 0.077 0.224* 0.098 0.154D 0.217* 0.295** 0.252*

Step II DR2 0.018 0.013 0.011 0.015 0.040 0.037 0.115* 0.020 0.022 0.054
Inattention counts b 0.186 0.149 0.052 �0.161 0.067 0.240 0.465* 0.191 0.161 0.172
Hyperactivity counts b �0.104 �0.156 0.066 0.074 �0.256 �0.275 �0.443* �0.191 �0.128 �0.340D

Step III DR2 0.053 0.010 0.107D 0.045 0.129* 0.056 0.009 0.029 0.011 0.059D

ODD counts b �0.171 �0.107 �0.343* 0.174 �0.169 �0.242D �0.087 �0.141 0.060 �0.237D

CD counts b �0.224 �0.059 �0.211 0.107 �0.379* �0.143 �0.070 �0.149 �0.085 �0.167

Note. Age and IQ were entered as predictors at step 1. In the uncorrected model, ODD and CD symptoms were entered as predictors at step 2; in the
corrected model inattention and hyperactivity counts were entered at step 2 and ODD and CD counts at step 3. ODD: oppositional defiant disorder; CD:
conduct disorder; DMS: delayed-match-to-sample task (% correct); RVP: rapid visual information processing task (probability of hits, inhibitory control:
probability of false alarms); ERT: emotion recognition task (% correct; CANTAB; Cambridge Cognition, 2015). ODD, CD, inattention and hyperactivity
counts based on K-SADS (Kaufman et al. 1997). Bold values indicate significant results.
an¼ 84.
Dp <0.05, �p <0.0054 (a-level corrected for multiple testing), ��p <0.001.
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line with other studies which found various types of
impaired working memory in ODD/CD (Ogilvie et al.
2011; Saarinen et al. 2015). However, levels of ODD
and CD symptoms were not dimensionally related to
visual working memory in our study, perhaps due to
the restricted range of symptom counts in cases-
only analyses. Participants with CD had worse visual
matching compared to the healthy control and ODD
groups, but as mean performance was still 96%
(indicating a ceiling effect), this might not
be relevant.

Impaired inhibitory control in the ODD and CD
groups was also found in previous studies in ODD/CD
(Hobson et al. 2011; Schoemaker et al. 2013;
Noordermeer et al. 2015). However, when accounting
for comorbid internalising symptom severity, our
group differences in inhibitory control disappeared,

even though internalising symptom severity itself was
not associated with inhibitory control.

Internalising symptom severity was neither (posi-
tively) associated with other executive functioning
measures. Thus, we did not find support for a protect-
ive effect of comorbid internalising symptoms, unlike
a study in ADHD showing that the presence of comor-
bid anxiety may ameliorate inhibition deficits (Schatz
and Rostain 2006). Similarly, another study found that
more ODD negative affect symptoms, which can be
distinguished from oppositional and antagonistic
behaviour symptoms of ODD, were related to better
response inhibition in children (Griffith et al. 2019).
Our null finding may in part be explained by the
restricted range of comorbid internalising scores in
our sample. Performance may also depend on task
properties. Go-no-go and stop signal tasks, often used

Table 5. Multiple regression analyses of executive functioning measures as predictors of emotion recognition in youth with
ODD/CD (N¼ 85).

Statistic Disgust Fear Anger Happiness Surprise Sadness

Total model R2 .246�� .180� .182� .274�� .339�� .278��
DMS: visual matching b .075 .021 �.100 .091 .160 .095
DMS: visual working memory b .308� .339� .396�� .321� .343�� .329�
RVP: sustained attention b .040 .185 .072 �.073 �.083 .104
RVP: inhibitory control b �.243D �.065 �.002 �.029 �.017 �.069

Note. DMS: delayed-match-to-sample task (% correct); RVP: rapid visual information processing task (sustained attention: probability of hits, inhibitory
control: probability of false alarms); ERT: emotion recognition task (% correct, CANTAB; Cambridge Cognition, 2015). Analyses were controlled for age
and IQ.
Dp< 0.05, �p<0.009 (a-level corrected for multiple testing), ��p<0.001.
Bold values are significant, with �p<0.009 and ��p<0.001.

Table 4. Multiple regression analyses of ODD/CD symptoms and internalising symptom severity as predictors of executive func-
tioning and emotion recognition (N¼ 82).

DMSa RVPb ERT

Predictors Statistic
Visual

Matching

Visual
Working
Memory

Sustained
Attention

Inhibitory
Control Disgust Fear Anger Happiness Surprise Sadness

Step I, All Models DR2 0.028 0.035 0.030 0.021 0.042 0.004 0.032 0.174� 0.265�� 0.136�
Age B 0.253 1.069 0.013 �0.002 1.516 �0.352 0.775 2.711�� 3.850�� 2.385�
IQ B �0.035 0.120 0.003 0.000 0.355 0.039 �0.068 0.182 0.450D 0.344
Uncorrected Model R2 0.043 0.077 0.076 0.211� 0.099 0.050 0.214� 0.282�� 0.195�
Step II DR2 0.035 0.008 0.047 0.055 0.169� 0.095� 0.018 0.040 0.018 0.059
ODD counts b �0.079 �0.091 �0.224 0.163 �0.263D �0.299D �0.088 �0.139 0.067 �0.238D
CD counts b �0.212 �0.71 �0.159 0.255 �0.434�� �0.238 �0.139 �0.207 �0.103 �0.183
Corrected Model R2 0.146D 0.045 0.136 0.085 0.212� 0.103 0.051 0.222� 0.297�� 0.220�
Step II DR2 0.065D 0.001 0.078D 0.019 0.010 0.014 0.000 0.002 0.012 0.012
Internalising T-score b 0.259D 0.024 �0.281D 0.140 �0.100 �0.120 0.004 0.044 0.113 0.111
Step III DR2 0.053 0.009 0.076 0.045 0.160� 0.085D 0.019 0.046 0.020 0.072D
ODD counts b �0.127 �0.97 �0.183 0.146 �0.260D �0.289D �0.093 �0.153 0.047 �0.265D
CD counts b �0.263D �0.078 �0.111 0.236 �0.430�� �0.226 �0.145 �0.223 �0.125 �0.214

Note. Age and IQ were entered as predictors at step 1. In the uncorrected model ODD and CD symptoms were entered as predictors at step 2; in the
corrected model internalising symptoms severiry was entered at step 2 and ODD and CD counts at step 3. ODD: oppositional defiant disorder; CD: con-
duct disorder; DMS: delayed-match-to-sample task (% correct); RVP: rapid visual information processing task (probability of hits, inhibitory control: prob-
ability of false alarms); ERT: emotion recognition task (% correct; CANTAB; Cambridge Cognition, 2015). ODD and CD counts based on K-SADS (Kaufman
et al. 1997); internalising T-score based on internalising dimension subscale of the CBCL (Achenbach and Rescorla 2001). Bold values indicate significant
results. Note that there are slight differences in outcomes regarding the ODD and CD dimensions due to a smaller sample size compared to the analyses
shown in Table 3.
an¼ 80.
bn¼ 78.
Dp <0.05, �p <0.0054 (a-level corrected for multiple testing), ��p <0.001.
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to measure response inhibition, specifically focus on
inhibition of a prepotent response, whereas continu-
ous performance tasks as used in the current study do
not induce a prepotent response and may thus rely
more on resistance to distractors (Friedman and
Miyake 2004).

Unlike in previous case–control studies (Baving
et al. 2006; Hobson et al. 2011), sustained attention
was not impaired in our participants with ODD and/or
CD compared to healthy controls, despite our
medium-to-large-sized association with the number of
ODD symptoms. Possibly, only the most severe cases
show attentional difficulties.

Impaired emotion recognition across a variety of
emotions, with strongest effects for fear and disgust
but also for anger, happiness, and sadness, may point
to a global deficit in emotion recognition in CD
(Bowen et al. 2013; Sully et al. 2015), thus not exclu-
sively involving negative emotions. Our results are
consistent with previous findings of impaired recogni-
tion of these emotions in CD (Sully et al. 2015;
Martin-Key et al. 2017, 2018), and with a meta-analysis
identifying a global recognition deficit, with effect
sizes for fear and sadness trending towards being
larger than for those other emotions in antisocial pop-
ulations (Dawel et al. 2012). Regarding happiness, our
results suggest that younger children with CD are
more impaired compared to controls than older partic-
ipants. As happiness recognition develops earliest and
with greatest accuracy (Herba and Phillips 2004), our
results may suggest a developmental delay in the CD
group. Although no overall impairment was found, a
similar pattern was observed for surprise recognition.
Our results indicate more severe deficits in CD than
ODD, in line with the suggestion that children with
more severe instrumental antisocial behaviours as
seen in CD are less sensitive to aversive cues, such as
negative facial expressions, and are therefore less able
to view the negative consequences of their inappro-
priate behaviours (classical aversive conditioning, e.g.
learning to link hitting someone with the victim’s sub-
sequent distress; Blair 2005; Matthys et al. 2013).

Only the recognition of anger was impaired in ODD
(but also in CD). Although this finding is not in line
with a hypersensitivity to negative emotions (Crick
and Dodge 1994), it is consistent with results from
previous research (Fairchild et al. 2009, 2010, Sully
et al. 2015). Unlike fear and sadness, displays of anger
have been argued not to act as stimuli for aversive
conditioning but rather as important signals informing
the observer to stop the current behaviour, with dys-
functional anger recognition leading to impaired

modulation of social behaviour (e.g. Blair 2005).
Impaired recognition of anger may thus have clinical
implications and perhaps explain why children with
ODD/CD are more readily involved in conflicts.
Hyperactivity–impulsivity symptoms were also inde-
pendently associated with worse anger recognition,
consistent with several studies suggesting that
impaired anger recognition may play a role in the
emotion-regulation deficits of children with ADHD
(Pelc et al. 2006; Chronaki et al. 2015). We have no
good explanation for the surprising association of
inattentive symptoms with better anger recognition in
our study, but are aware of one study that also found
this (although authors did not elaborate on this find-
ing; Tehrani-Doost et al. 2017).

Another central finding in this study was the associ-
ation between poorer visual working memory and
facial emotion recognition. It has been suggested that
working memory is integral to emotion recognition
(Adolphs 2002; Phillips et al. 2008) and may be
required to link the features of facial expressions with
knowledge about the meaning of those features and
the emotion they represent (Adolphs 2002; Haxby
et al. 2002). However, part of the association may pos-
sibly be attributed to task difficulty as the need for
explicit verbal labelling of emotions also taxes working
memory (Phillips et al. 2008). We found no support for
a relation between sustained attention and emotion
recognition, in line with results of eye-tracking studies
in CD (Airdrie et al. 2018; Martin-Key et al. 2018).

Important strengths of the current study were (i)
the inclusion of a sizeable proportion of children and
adolescents (8–18 years) with a diagnosis of CD, (ii) a
comparison of youth with ODD without CD and those
with CD, (iii) investigating both comorbid inattention
and hyperactivity dimensions of ADHD as well as inter-
nalising symptoms, and (iv) a joint analysis of execu-
tive functioning and emotion recognition tasks. There
were also some limitations to the current study. First,
almost all participants in the CD group also had ODD;
however, youth with only CD rarely exist. Second, to
better disentangle effects of ADHD and internalising
symptomatology, we would need larger sample sizes
with sufficient symptom variation. Therefore, our find-
ings regarding internalising symptoms may best be
considered as preliminary. Finally, cases consisted of
more males compared to controls, we investigated a
wide age range, and a substantial proportion used
psychotropic medication. However, we controlled for
medication use, and our main findings were independ-
ent from sex, age, IQ and site differences.
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In conclusion, our study supports deficits in execu-
tive functioning and emotion recognition in youth
with ODD and/or CD, independent from comorbid
ADHD and internalising symptoms. While impairments
in executive function were found to be similar in ODD
and CD (with ODD), emotion recognition deficits
appeared to be largely specific to youth with (comor-
bid) CD. Moreover, impaired visual working memory
was associated with impaired emotion recognition
ability. Overall, youth with disruptive behaviour disor-
ders may show behavioural problems due to deficits
in multiple neurocognitive processes that relate to
self-regulation capacity and emotional dysregulation,
as well as insensitivity to emotional expressions of
others, which may be especially relevant in CD.
Clinically, our results could imply that youth with ODD
without CD might benefit from treatment aimed at
improving anger recognition and self-control, whilst
treatment for CD could target pervasive emotion rec-
ognition problems, thus contributing to personalised
treatment approaches.

Future research may distinguish between various
subdimensions of ODD (negative affect and oppos-
itional-antagonistic behaviours; Leadbeater and Homel
2015) and of CD (callous-unemotional, grandiose-
manipulative, daring-impulsive traits; Salekin 2016),
and focus on the mechanisms related to emotion rec-
ognition deficits in ODD and CD. The neuropsycho-
logical correlates of disruptive behaviours may also be
investigated in the context of other frequently comor-
bid neurodevelopmental conditions such as tic or aut-
ism spectrum disorders (Bours et al. 2018; Th�eriault
et al. 2018).
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