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What’s in a game: the effect of social
motivation on interference control in boys
with ADHD and autism spectrum disorders

Hilde M. Geurts1, Mariolein Luman2 and Catharina S. van Meel3,4
1Department of Psychonomics, Universiteit van Amsterdam, The Netherlands; 2Department of Clinical

Neuropsychology, Vrije Universiteit, The Netherlands; 3Leiden Institute for Psychological Research, Leiden
University, The Netherlands; 4Leiden Institute for Brain and Cognition, Leiden University, The Netherlands

Background: Children with attention deficit hyperactivity disorder (ADHD) and with autism spectrum
disorders (ASD) are known to have cognitive control deficits. Some studies suggest that such deficits
may be reduced when motivation is increased through tangible reinforcers. Whether these deficits can
also be modulated by non-tangible reinforcers has hardly been studied. Methods: Therefore, the effect
of social motivation on the ability to suppress irrelevant information (i.e., interference control) was
investigated in 22 ADHD boys, 22 ASD boys, and 33 typically developing (TD) boys. An adapted Eriksen
Flanker task was administered under a motivational condition in which the boys were told that they
were competing with peers, and under a neutral condition in which standard instructions were
given. Results: In comparison with TD boys, boys with ADHD were impaired even when no interference
was present, while this was not the case for the ASD boys. All groups benefited from the motivation
manipulation, i.e., their performance increased when they thought they were competing with peers.
Although the boys with ADHD were still slower than TD boys when motivated, they performed as
accurately as TD boys. Children with ASD also improved slightly in accuracy and response speed, but
this did not reach significance. Conclusion: Children with ADHD are able to exert sufficient cognitive
control when they are motivated, which is in line with the current models of ADHD. However, motivation
seems to have a general effect on performance and is not solely related to cognitive control abilities.
In contrast, this effect was not obtained in children with ASD. Keywords: Autism, ADHD, motivation,
cognitive control.

The ability to monitor ongoing performance in a
dynamically changing environment is an important
aspect of cognitive control and goal-directed behav-
iour (e.g., Eslinger, 1996). Deficits in cognitive
control have been observed in children with atten-
tion deficit hyperactivity disorders (ADHD) as well as
children with autism spectrum disorders (ASD; e.g.,
Geurts, Verté, Oosterlaan, Roeyers, & Sergeant,
2004; Happé, Booth, Charlton, & Hughes, 2006).
Despite the apparent distinctiveness of these dis-
orders, there is a striking co-occurrence of up to 75%
(Sturm, Fernell, & Gillberg, 2004). Although a
number of studies directly compared ADHD and ASD
to disentangle the specific cognitive control deficits
these children encounter, none of these studies
concentrated on how these children may be able to
overcome these deficits. Studying how cognitive
control deficits can be modulated might give
insight into the mechanisms that underlie success-
ful clinical management and therapies in these
developmental disorders. Therefore, the current
study focused on the effect of motivation on cognitive
control abilities in children with ADHD and ASD.

The dual pathway model of ADHD accounts for
both the cognitive and motivational abnormalities
seen in children with ADHD (Sonuga-Barke, 2002).

In this model two different neuro-developmental
pathways can lead to ADHD: an executive dysfunc-
tion (i.e., cognitive control) pathway, linked to defi-
cits in interference control, and a motivational
dysfunction pathway, linked to suboptimal rein-
forcement processes in children with ADHD. It is
suggested that these pathways show a non-
reciprocal relationship, with the motivational path-
way affecting the cognitive control pathway.
According to this model, the pathways are linked to
the fronto-dorsal striatal and the frontal-ventral
striatal circuit (see also Dickstein, Bannon, Castell-
anos, & Milham, 2006; Nigg & Casey, 2005). Inter-
estingly, exactly these brain circuits also come to the
fore in studies concerning brain pathology in ASD
(e.g., Bachevalier & Loveland, 2006; Mundy, 2003).
Children with ASD show activation abnormalities in
the fronto-dorsal circuit while performing cognitive
control tasks (Kana, Keller, Minshew, & Just, 2006;
Luna et al., 2002; Schmitz et al., 2006). Moreover,
the amygdala and the orbito-frontal cortex, which
are both implicated in the motivational pathway,
have been shown to have a deviant activation pattern
in people with ASD (e.g., see for an overview Amaral,
Bauman, Mills, & Schumann, 2003; Bachevalier &
Loveland, 2006; Schultz, 2005). Furthermore,
structural abnormalities and metabolic changes
have been reported in people with ASD for the brainConflict of interest statement: No conflicts declared.
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regions involved in both circuitries (e.g., Bauman &
Kemper, 2005; Carper & Courchesne, 2005; Endo
et al., 2007; Murphy et al., 2002). Recently, it has
been shown that adults with ASD show significantly
greater activation, while performing a sustained
attention task, within the anterior cingulate cortex
when rewarded than control adults do (Schmitz
et al., 2008). However, little is known about whether
motivational factors actually affect cognitive control
deficits in ASD.

Cognitive control is highly sensitive to motivational
manipulations since reward or punishment affects
performance on a broad range of tasks. Event-related
potential (ERP) studies have demonstrated increased
neural activity in networks supporting cognitive
control as a function of motivational significance
(Gehring, 1993; Pailing & Segalowitz, 2004). Motiva-
tion in such studies is usually manipulated using
reinforcers such as tangible rewards and response
costs. However,monitoring the consequences of one’s
actions is particularly crucial in the context of social
interactions. The mere presence of another person
enhances the performance on a wide range of tasks,
including cognitive control tasks (e.g., Guerin, 1986;
Hajcak, Moser, Yeung, & Simons, 2005; Huguet,
Galvaing, Monteil, & Dumas, 1999; Kim, Iwaki, Uno,
& Fujita, 2005), an effect called social facilitation.
However, in both the ADHD and the ASD literature
the focus is on tangible reinforcers and the effects of
non-tangible reinforcers have been largely neglected.
This is surprising as the dual pathway model of
ADHD (Sonuga-Barke, 2002) focuses on a deficient
motivational pathway in these children and this
deficiency is probably not bound to motivational
deficits in relation to tangible reinforcers only.

Based on this ADHD model (Sonuga-Barke, 2002),
one would expect that all kinds of reinforcers would
have a positive effect on the cognitive control abilities
of these children. Indeed, numerous studies focus-
ing on the effect of different types of tangible rein-
forcers have revealed that children with ADHD prefer
immediate over delayed reward compared to typi-
cally developing (TD) children (Luman, Oosterlaan, &
Sergeant, 2005). Moreover, there is some evidence
that performance deficits in children with ADHD can
be ameliorated when they are motivated by rein-
forcement contingencies, although the findings are
mixed. However, in children with ADHD non-
tangible reinforcers also seem to affect their behav-
iour, e.g., the presence of an observer had a positive
effect on their performance in a vigilance task
(Power, 1992). In contrast, little is known about
reward processing in children with ASD (see also
Schmitz et al., 2008). Yet, while children with ADHD
had a preference for immediate rewards over delayed
rewards, this was not the case for children with ASD
(Antrop et al., 2006). Moreover, children with ASD
seem to be sensitive to tangible reinforcers, but not
to non-tangible reinforcers such as being praised
(Garretson, Fein, & Waterhouse, 1990). The effect of

praising has, to our knowledge, never been studied
in ADHD. Based on the dual pathway model we ex-
pect that children with ADHD will also be sensitive to
non-tangible reinforcers. Moreover, we expect that
this effect is specific for ADHD as children with ASD
might be less sensitive to non-tangible reinforcers
than children with ADHD.

To study this we employed an adapted version of
the Eriksen Flanker task (Eriksen & Eriksen, 1974)
as this is a frequently used cognitive control task to
study interference control. With several different
versions of this task it has consistently been shown
that children with ADHD showed a larger so-called
interference effect than TD children (e.g., Scheres
et al., 2004; van Meel, Heslenfeld, Oosterlaan, &
Sergeant, 2007). In contrast, children with ASD
seemed to have a smaller interference effect (Hen-
derson et al., 2006). Thus, children with ADHD and
ASD might differ from each other in their ability to
suppress irrelevant information. In order to deter-
mine which information processing stage is influ-
enced most by motivation and whether this differs
between the two disorders, both stimulus and re-
sponse incongruent trials were included in the cur-
rent study. In this manner, we were able to explore
whether the clinical groups differ in interference
deficits elicited by irrelevant responses and inter-
ference deficits from irrelevant stimuli. Moreover, we
could study whether motivation has a specific effect
on cognitive control or has a more general enhancing
effect on information processing (Guerin, 1986).

Motivation was manipulated by using a competi-
tive condition: letting the children believe that they
were playing a game against other children. How-
ever, there were no competitors present. This moti-
vational condition was compared to a neutral
condition in which the task was administered under
standard instructions. It was expected that the non-
tangible reinforcer would increase the eagerness to
perform well to a larger extent than when no specific
reinforcer was given, in line with the dual pathway
model (Sonuga-Barke, 2002). Even though none of
the earlier studies using non-tangible reinforcers
(Antrop et al., 2006; Garretson et al., 1990; Power,
1992) used participation in a (fake) competition as a
reinforcer, we hypothesised that motivation (i.e.,
non-tangible reinforcer) would have a positive effect
on cognitive control, and that this effect would be
larger for children with ADHD relative to TD children
(Power, 1992). In contrast, it was expected that
children with ASD would not benefit from this
motivator as much as children with ADHD (Antrop
et al., 2006; Garretson et al., 1990).

Method

Participants

Seventy-seven boys aged 8 to 13 years participated in
this study: 22 boys with a diagnosis of ADHD, 22 boys
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with a diagnosis of an ASD, and 33 TD children. Only
those boys who had an IQ above 70 as measured by the
short version of the Dutch Wechsler Intelligence Scale
for Children (WISC-III; Kort et al., 2002) were included.
Two WISC-III subtests, Vocabulary and Block Design,
were administered to assess intelligence. These sub-
tests both have excellent reliability and correlate highly
with Full Scale IQ (FSIQ; Sattler, 2001).

ADHD group. Only children with a prior independent
DSM-IV-TR (American Psychiatric Association, 2000)
diagnosis of ADHD were included. This diagnosis was
checked in several ways. First, to verify the presence of
ADHD characteristics all the parents filled out a ques-
tionnaire: the Disruptive Behaviour Disorder rating
scale (DBD; Oosterlaan, Scheres, Antrop, Roeyers, &
Sergeant, 2000; Pelham, Gnagy, Greenslade, & Milich,
1992). All boys had a parent DBD score that exceeded
the 90th percentile on at least one of the ADHD scales.
Second, most of the teachers of these children filled out
the teacher DBD (n = 21) and all boys (except one) had a
score above the 80th percentile (15 children had a score
above the 90th percentile). Third, the ADHD, ODD, and
CD sections of the Diagnostic Interview Schedule for
Children for DSM-IV, parent version (PDISC-IV; Shaffer,
Fisher, Lucas, Dulcan, & Schwab-Stone, 2000) were
administrated. The PDISC-IV is a broadly used struc-
tured diagnostic interview. Based on a stringent dia-
gnostic algorithm, including a check for the presence of
cross-situational impairment, ADHD group member-

ship was established. Fourteen children with ADHD
combined and 8 with ADHD inattentive subtype were
included (6 with comorbid ODD and no comorbid CD).

ASD group. Only children with a prior independent
DSM-IV-TR (American Psychiatric Association, 2000)
diagnosis of ASD based on extensive diagnostic
assessment by a multidisciplinary autism expert team
were included. To verify the presence of ASD charac-
teristics all the parents filled out the Children’s Social
Behaviour Questionnaire (CSBQ; Luteijn, Minderaa, &
Jackson, 2002). In all the boys the CBSQ score con-
firmed the presence of ASD characteristics as they
had a score above the 80th percentile (15 boys had a
score above the 95th percentile). Two boys with aut-
ism, 5 with Asperger syndrome, and 15 boys with a
pervasive developmental disorder-not otherwise spe-
cified (PDD-NOS) participated in this study. To assess
whether these children might also fulfil the criteria for
ADHD, the PDISC-IV was administrated. Fifteen chil-
dren indeed fulfilled the ADHD criteria (6 combined, 2
hyperactive/impulsive, and 7 inattentive subtype).

TD group. None of these children had clinical diag-
noses of developmental disorders. Boys were excluded
when they were diagnosed with disorders such as
ADHD or ASD and also had a score on the parent DBD
above the 90th percentile.

Table 1 provides group characteristics for each of the
three groups. The groups did not differ from each other
with respect to age, F(2,74) = 1.93, p = .15, g2 = .05

Table 1 Group means and standard deviations for gender, age, IQ, rating scales, and interview scores

Measure

Groups

Posthoc

TD ADHD ASD

M SD M SD M SD

Age 9.4 1.1 9.9 1.5 10.1 1.6 –
FSIQ 103.3 14.0 98.2 13.0 102.7 15.0 –
DBD parent
Inattention 2.5 2.7 16.8 6.8 15.5 5.8 ADHD, ASD > TD (p < .001)
Hyperactivity/Impulsivity 2.8 2.9 16.3 5.3 13.4 7.3 ADHD, ASD > TD (p < .001)
ODD 1.9 2.4 8.5 5.1 7.5 5.3 ADHD, ASD > TD (p < .001)
CD .3 .7 2.0 2.3 1.7 2.0 ADHD, ASD > TD (p < .03)

DBD teacher
Inattention 2.4 4.3 11.3 6.8 11.2 6.2 ADHD, ASD > TD (p < .001)
Hyperactivity/Impulsivity 2.1 4.2 10.5 7.0 9.3 8.1 ADHD, ASD > TD (p < .001)
ODD .7 1.7 5.6 5.3 5.4 5.5 ADHD, ASD > TD (p < .001)
CD .3 1.6 1.3 1.3 1.6 2.9 –

CSBQ
Not optimally tuned 2.8 2.8 9.1 3.3 11.8 5.8 ADHD, ASD > TD (p < .001)
Reduced social contacts 1.6 2.1 3.3 2.8 9.2 4.2 ASD > ADHD, TD (p < .001)
Orientation problems .6 .9 7.0 3.8 8.0 4.6 ADHD, ASD > TD (p < .001)
Problems in understanding 2.2 1.9 5.4 3.0 8.8 2.6 ASD > ADHD > TD(p < .001)
Stereotype behavior .8 1.8 5.8 4.0 6.6 4.0 ADHD, ASD > TD (p < .001)
Resistance to change .6 .9 1.7 1.8 2.5 1.8 ASD > TD (p < .001); ADHD > TD (p < .06)
Total score 8.8 7.6 32.6 11.1 47.2 15.5 ASD > ADHD > TD (p < .002)

PDISC-IV
ADHD inattentive – – 14.7 2.0 12.6 4.7 p = .07
ADHD hyperactive – – 12.5 4.5 8.5 4.8 ADHD > ASD (p < .009)
ODD – – 2.3 2.1 2.3 2.1 p = .75
CD – – .5 .7 .2 .4 p = .17

Note. The number of subjects differs for some the CSBQ due to missing data: TD n = 25, ADHD n = 20, ASD n = 22. If we found a
significant difference in the post-hoc testing we mention the highest p-value for these comparisons. ASD = autism spectrum
disorders; ADHD = attention deficit hyperactivity disorder; CD = conduct disorder; DBD = Disruptive Behavior Disorder scale;
FSIQ = Full Scale IQ; ODD = oppositional defiant disorder; PDISC-IV = Diagnostic Interview Schedule for Children; TD = typically
developing controls.
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and FSIQ, F < 1, p = .39, g2 = .03. As expected, the
parents of the children with ADHD or ASD reported
problems when compared to TD children on all scales of
the DBD and the CSBQ (see Table 1). Moreover, as
stated by the parents, none of the boys of each of the
three groups had a neurological, sensory or motor
impairment, none had a comorbid learning disability or
psychiatric disorders except oppositional defiant dis-
order (ODD) or conduct disorder (CD), and none of them
used medication other than methylphenidate, which
was to be discontinued at least 24 hours before testing
(Greenhill, 1998).

Task

Spongebob-flanker task. This task is an adaptation of
the Eriksen flanker paradigm (Eriksen, & Eriksen,
1974). The participants saw five horizontally arranged
cartoon figures from the popular television series
‘Spongebob’ and had to identify a centrally presented
cartoon figure (target) and ignore the distracter figures
(flankers) presented on both sides of the target. There
were four different cartoon figures: Spongebob, Sandy,
Octo, and Patrick. There were three types of trials:
congruent (CO), stimulus incongruent (SI), and
response incongruent (RI). In a CO trial the flankers
were the same as the target. A SI trial consisted of
flankers that differed from the target, but both were
mapped to the same response. In contrast, in an RI trial
the flankers not only differed from the target, but they
were also mapped to a different response.

The task started with 1 practice block of 24 CO trials,
followed by 1 practice block with 76 mixed trials. If the
participant’s accuracy was less than 75%, one addi-
tional practice block of 76 trials was presented. This
was followed by 6 experimental blocks of 88 trials each.
Trial types were randomised within each block and
within a block 50% of the trials were CO, 25% SI, and
25% RI (Van Veen, Cohen, Botvinick, Stenger, & Carter,
2001). Each trial started with a small fixation cross that
was presented for 500 ms in the middle of the computer
screen. At each stimulus presentation the flankers
together with the central fixation cross appeared for
100 ms. This was followed with a screen with the target
surrounded by the flankers. These disappeared from
the screen as soon as the participants responded or
when 2000 ms has passed (i.e., the response deadline).
After this the screen turned black for 900 to 1100 ms
due to jitter (see Figure 1).

The participants were instructed to respond with
their index finger of one hand if the central figure was
Spongebob or Sandy and with the middle finger of their
other hand if the central figure was Octo or Patrick. The
pictures of the cartoon figures were presented above the
response buttons to help the participants to remember
the stimulus–response mapping.

There were two motivational conditions in this task: a
neutral condition in which standard instructions were
given to respond as accurately and quickly as possible
and a motivational condition in which the children were
told that they were competing with peers. Each condi-
tion contained three blocks of trials.

Two dependent measures were calculated. First, the
individual mean reaction times (MRTs) of the correct
trials were calculated after removal of RTs faster than

100 ms on a subject-by-subject basis for each level.
Second, the percentage of errors was calculated for
each participant, which is the number errors divided by
the total number of trials.

Questionnaires

The DBD contains four scales composed of the DSM-IV
items for ADHD Inattentive subtype, ADHD Hyperac-
tive/Impulsive subtype, Oppositional Defiant Disorder
(ODD), and Conduct Disorder (CD). Adequate psycho-
metric properties have been reported (Oosterlaan et al.,
2000).

The CSBQ contains six scales: one related to behav-
iour and emotions not optimally tuned to the social
situation, one to reduced social contacts and interests,
one to orientation problems in time, place, or activity,
one to difficulties in understanding social information,
one to stereotypical behaviour, and one to fear of and
resistance to changes. The total score of the CBSQ is the
sum of the six scales scores and a score above 23 is
indicative for the presence of ASD. Adequate psycho-
metric properties have been reported (Hartman,
Luteijn, Serra, & Minderaa, 2006; Luteijn et al., 2002).

Procedure

Children with ADHD and ASD were recruited via
advertisement on the internet, the national parent
association of children with developmental disorders,
special educational services, and an institute special-
ising in the care of children with ASD. TD children were
recruited from different community schools in the
western part of the Netherlands.

After the parents had filled out an informed consent
form and the questionnaires, the participants were
tested. The task was part of a multi-centre study on
cognition in ADHD and, in addition to the flanker task,
two other tasks were administered as well as the two
subtests of the WISC-III. Total duration of the study was
2.5 hours including breaks. The WISC-III subtests were
administered in the same order for all children, but
alternated with the experimental tasks. This is not
identical to the standard WISC-III procedure; however,
we were only interested in possible group differences in

Time

2000 ms max.

900–1100 ms

100 ms

500 ms+

Figure 1 The Spongebob Flanker task is a modified
version of the Eriksen Flanker task (Eriksen, & Eriksen,
1974). This figure illustrates the time course of this
paradigm
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IQ. The order of the experimental tasks was counter-
balanced across participants. Within the Spongebob-
flanker task the two motivational conditions were also
counterbalanced across the participants. Between the
two different motivational conditions of the Spongebob-
flanker task there was a 10-minute break in which the
children watched a Spongebob cartoon.

The task was practised first to make sure that the
participants understood the instructions. The partici-
pants were asked to respond as quickly and accurately
as they could, but accuracy was additionally stressed
during the practice trials. In the neutral condition no
additional instructions were given. In the game condi-
tion the children were told that they were competing
against children from another school. A fake list, on
which the names and scores of 10 (non-existent) par-
ticipants were ranked based on their score, was shown
to the children. The children were told that their name
would be on a comparable list for their own school. At
the end of the test session all children were individually
debriefed. In the debriefing we explained that the game
was not real. Almost all children said that they believed
it was a real match, but that they were still willing to
participate in future studies, even though they knew
that we had not been telling the truth during this
experiment. Only one child with ADHD did not believe
that it was a real match, but did respond more accur-
ately and quickly in the game condition.

Eighteen participants with ADHD and nine partici-
pants with ASD were on methylphenidate, but discon-
tinued medication at least 24 hours before testing,
allowing for a complete wash-out (Greenhill, 1998). All
participants received a small gift (worth approximately
1 euro) at the end of the test session. The parents or
caregivers were sent reports of the overall findings of the
experiment. The study was approved by the local Ethics
Committee.

Data analysis

There were no significant effects of the order in which
the children received the motivational manipulations
(MRT: F (1,73) < 1, p = .364, g2 = .01; % errors F

(1,74) < 1, p = .44, g2 = .01), nor did order interact
significantly with one of the other factors of interest
(trial type and group). Therefore, order is not included
as an additional within subject factor in the analyses.
The dependent measures were subjected to separate
repeated measures ANOVA with group (ADHD, ASD,
and TD) as between-subject factor and trial type (CO,
SI, and RI) and social motivation (neutral and motiva-
tion) as within-subject factors. Note that all analyses
were conducted with and without the exclusion of
outliers (three outliers: one boy with ADHD and two TD
boys). However, since exclusion of outliers did not alter
our main findings, we have presented all analyses with
the inclusion of all participants.

Results

MRT: Trial type affected the speed of responding,
F(2,71) = 112.74, p < .001, g2 = .76. As expected,
children were faster at the CO trials compared to the
SI (p < .001) and RI (p < .001) trials. Moreover,
children were faster in the SI trials than in the RI
trials (p < .001). Children also responded signific-
antly faster when they were believed that they were
in competition with peers compared to the neutral
condition, F(1,72) = 18.37, p < .001, g2 = .20, imply-
ing that the motivational manipulation was suc-
cessful. Moreover, there was a main effect of group,
F(2,72) = 4.21, p < .02, g2 = .11. Children with
ADHD were overall slower compared to the ASD and
TD group, while the other group comparisons did not
reach significance.

There was no significant interaction between
motivation and trial type, F < 1, p = .39, g2 = .03,
but the type of trials had a marginally significant
differential effect on group, F(4,142) = 1.97, p = .10,
g2 = .05. Figure 2 shows that trial type had a less
pronounced effect in the TD group than in the clini-
cal groups. While the SI trials elicited similar MRTs
to the RI trials in the TD group, p = .15, this was not

Group * Trial Type

625

650

675

700

725

750

775

800

825

850

875

900

CO SI RI

Trial type Trial type

M
R

T
 (

m
s)

TD

ADHD

ASD

Group * Trial Type

4

6

8

10

12

14

16

CO SI RI

%
 E

rr
o

rs

TD

ADHD

ASD

Figure 2 Mean reaction times (MRT in ms) and percentage of errors (% errors) per group for each trial type (left: MRT;
right: % errors) Note. ADHD = attention deficit hyperactivity disorder; ASD = autism spectrum disorders; TD = typ-
ically developing children; CO = congruent; SI = stimulus incongruent; RI = response incongruent. Points represent
the MRT for each specific trial type; vertical lines depict standard errors
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the case for the clinical groups. The MRTs of the
ADHD and ASD groups increased when the level of
interference increased. Post-hoc tests confirmed
these observations: In the ADHD group as well as the
ASD group the CO trials resulted in the fastest
MRTs, followed by the SI trials, while the RI trials
resulted in the slowest MRTs (ADHD: CO < SI & RI
p < .001, SI < RI p < .04; ASD: CO < SI & RI
p < .001, SI < RI p < .008). None of the other inter-
actions reached significance (group*motivation:
F < 1, ns, g2 = .02; group*motivation*trial type F < 1,
ns, g2 = .02). This suggested that the groups are not
differentially affected by motivation.

Percentage errors

Trial type also affected accuracy, F(2,72) = 12.09,
p < .001, g2 = .25. All children were more accurate at
the CO (p < .001) and SI trials (p < .001) compared to
the RI trials. Moreover, the children were as accurate
in the SI trials as compared to the CO trials (p = .84).
Children were also more accurate when they believed
that they were in competition with peers compared to
the neutral condition, F(1,73) = 9.59, p < .004,
g2 = .12. This might imply that motivation had an
effect on accuracy. Although visual inspection of
Figures 2 and 3 (right panels) suggests that the
children in the clinical groups were less accurate
than the TD group, this was not significant,
F(2,73) = 1.92, p = .15, g2 = .04. Hence, there was
no significant main effect of group.

Again, we did not observe a significant interaction
between motivation and trial type, F(2,72) = 1.78,
p = .18, g2 = .05. Figure 3 (right panel) suggests that
motivation had a more pronounced effect in both the
ADHD and ASD groups than in the TD group.
The interaction between motivation and group was
indeed significant, F(2,73) = 4.67, p < .02, g2 = .11.
Children with ADHD did show a significant

improvement in accuracy in the motivational condi-
tion as compared to the neutral condition (p < .008).
In contrast, the TD children did not improve as a
result of motivation (p = .79). Hence, the percentage
of errors was significantly higher for the ADHD group
compared to the TD group in the neutral condition
(p < .005), while in the motivational condition the
children with ADHD performed as well as the TD
group (p = .17). No differences were found between
the ASD and TD groups in both the neutral (p = .18)
and the motivational conditions (p = .40). Moreover,
no significant differences were observed between the
ASD and ADHD groups (neutral p = .41; motivation
p = .80). None of the other interactions reached
significance (group*trial type: F < 1, ns, g2 = .02;
group*motivation*trial type F(4,144) = 1.15, p = .34,
g2 = .03).

Discussion

The present findings showed that, when children
with ADHD believed they were playing a game
against other children, they were capable of imple-
menting more adequate cognitive control in an
interference control task, at least when the accuracy
of performance was considered. Although children
with ADHD still needed more time to accomplish the
task, they achieved the same level of accuracy as TD
children. To obtain this effect, the children were told
only that they were participating in a competition
and they were well aware that they could not win
anything tangible. We interpret this finding
as indicating that the motivation of the children
with ADHD increased when they were in (a fake)
competition with others. In previous motivational
studies on ADHD, money or tokens were often used
as reinforcers. These tangible reinforcers also
improved the performance of the children with
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ADHD, but in most studies their performance level
was still not similar to that of the TD children
(Luman et al., 2005). Future studies should disen-
tangle whether the effect of non-tangible reinforcers
may be stronger than the effect of tangible rein-
forcers. Although ASD children seemed to be more
eager to perform well in a competitive situation, they
did not profit from the non-tangible reinforcer as
much as children with ADHD.

The current findings are in line with recent models
of ADHD suggesting that deficits in cognitive control
in children with ADHD can be reduced when
motivational significance is high (Nigg & Casey,
2005; Sonuga-Barke, 2002). However, the findings
also suggest that the motivational effect is not
specific for cognitive control but has a more general
effect on basic information processing, as the chil-
dren improved in all trial types. This is in line with
the finding that, for example, the social facilitation
effect has been observed in a broad range of tasks
and is not restricted to cognitive control tasks
(Guerin, 1986). Thus, the children with ADHD even
improved, when motivated, when hardly any
cognitive control was needed to perform the task
adequately. Motivation might ameliorate a more
general underlying process such as the arousal level
of children (see also Sergeant, 2005).

The findings also showed that children with ASD
profited from a motivator in the interference task,
although the effect was only marginally significant
(p = .08, g2 = .15). A positive impact of external
motivation in ASD is in line with earlier studies that
found that children with ASD benefit from tangible
reinforcers in clinical behavioural modification pro-
grammes to reduce their dysfunctional behaviour
(e.g., Lovaas, 1987; Matson, Benavidez, Compton,
Paclawskyj, & Baglio, 1996). In contrast to our
study, the only other study that systematically
manipulated different types of reinforcers in ASD
found that non-tangible reinforcers hardly affected
the performance of the children with ASD (Garretson
et al., 1990). The non-tangible reinforcers in the
Garretson study consisted of compliments (‘Good
work!’), which is different from the current motiva-
tional manipulation. However, clinicians who treat
children with ASD (high functioning) often report
that these children are very eager to perform well and
are disappointed when they think they have per-
formed more poorly than others. This is only anec-
dotal evidence and begs for systematic studies, but it
does suggest that the children might be sensitive to
the idea that they are competing. In addition, owing
to the presence of comorbid ADHD in most of the
children in the ASD group we cannot separate effects
due to ADHD and those due to ASD. Future research
is warranted to determine which type of (tangible or
non-tangible) reinforcers may be most effective in
ASD when no ADHD characteristics are present.

Characteristic for the children with ADHD was
that they responded extremely slowly even when they

had to respond to CO trials. This is in line with
previous studies which have shown that children
with ADHD needed more time to complete a task
than TD children (e.g., Lijffijt, Kenemans, Verbaten,
& van Engeland, 2005). These longer RTs have been
associated with the attentional deficits that are
characteristic of these children (e.g., Johnson et al.,
2007). The decrease in MRT in the motivational
condition suggests that these attention problems
may be ameliorated when children are motivated to
perform well and, as stated earlier, this motivational
effect seems not to be solely related to cognitive
control and is thus probably a-specific.

The current findings of cognitive control problems
in both disorders are in line with previous studies
(e.g., Geurts et al., 2004; Happé et al., 2006). The
response speed of both clinical groups was affected
more when there was response competition as
compared to stimulus competition. In contrast, the
response speed of the TD boys was affected when
there was interference, but this was independent of
the level of interference. However, the accuracy
across trial types was similar for each of the three
groups. All children were as accurate in the CO
condition as in the SI condition but less accurate in
the RI condition, which is in line with earlier findings
(Van Veen & Carter, 2002). So even though children
with ADHD and ASD adjusted their behaviour when
there was more interference by slowing down, i.e., by
drawing on cognitive control, this is not sufficient to
enhance their accuracy.

A caveat of the current study might be that
the ASD group was a heterogeneous group whose the
clinical diagnosis was not confirmed with the
currently widely used gold standard instruments,
although the diagnoses were confirmed by the ASD
parent questionnaire. An earlier study on interfer-
ence control found no interference effects in children
with ASD (Henderson et al., 2006), which is in con-
trast to our study. Possibly, in our study, comorbid
ADHD in the ASD group increased the deteriorating
impact of interference in this group, as interference
problems in ADHD have been well established (e.g.,
Jonkman et al., 1999; Scheres et al., 2004; van Meel
et al., 2007). Please note that in the Henderson et al.
study (2006) no report was given regarding the
presence or absence of ADHD characteristics in the
participating ASD children. Another caveat might be
that the ADHD groups consisted of children with
different ADHD subtypes, while some suggest that
these subtypes differ in their cognitive control abil-
ities (e.g., Nigg, Blaskey, Huang-Pollock, & Rappley,
2002), although others cannot distinguish these
subtypes on a broad range of cognitive control tasks
(e.g., Geurts, Verté, Oosterlaan, Roeyers, & Ser-
geant, 2005). The small number of children of the
different subtypes excluded the possibility exploring
whether these subtypes differed in their response
to the applied task. A third caveat might be
that children perceived competition with peers
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differently, which makes it hard to quantify the
‘amount’ of reinforcement given or received by an
individual child. Even though all children said that
they were convinced that they were participating in a
competition, this does not suggest that they all
experienced the possibility of winning a competition
as a reinforcer. However, the same could be argued
when using tokens or money, as children might differ
in how they perceive the value of these tangible
reinforcers. The implicit assumption is that this
would not be systematically different between
groups. In a former study in which we actually asked
children how much they enjoyed winning or losing
money, no group differences were observed between
ADHD and TD children (van Meel, Oosterlaan, He-
slenfeld & Sergeant, 2005). In the current study we
did not assess the subjective experience of the chil-
dren. However, one could argue that owing to the
presence of an ADHD or ASD diagnosis, children
value money or winning a competition differently (see
also Luman et al., 2005), which is exactly what we
wished to disentangle.

In both disorders the cognitive control brain cir-
cuitries, fronto-dorsal striatal and frontal-ventral
striatal, are activated atypically during cognitive
control tasks (e.g., Konrad, Neufang, Hanisch, Fink,
& Herpertz Dahlmann, 2006; Schmitz et al., 2006,
2008). However, the disorders might be different in
how and when these circuits are disrupted. Both
groups differ clinically from each other and, for in-
stance, both groups show abnormalities in an ERP
component that seems to be related to cognitive
control (the error-related negativity [ERN], e.g.,
Henderson et al., 2006; van Meel et al., 2007), but
no direct comparisons between these two groups
have been made. Interestingly, this ERN seems to be
generated by the anterior cingulate cortex which is
thought to be of great importance for cognition–
motivation interactions (Bush, Luu, & Posner, 2000;
Holroyd & Coles, 2002). As motivation might have a
general effect on cognitive processing and, at least in
the current study, does not target solely cognitive
control processes, other ERP components are prob-
ably affected by motivation. Comparisons between
the two clinical groups are needed to disentangle
how the (dys)functioning of the underlying brain
network related to cognitive control and motivation
results in similarities in cognitive control deficits and
differences in the response to (social) reinforcers.

In sum, this is the first study on the effect of non-
tangible reinforcement on cognitive performance in
a direct comparison of children with ADHD and
children with ASD. Our findings suggest that
children with ADHD are able to exert sufficient
cognitive control when they are motivated, using a
motivational manipulation such as playing a game
against other children. It seems that these children
are sensitive to non-tangible reinforcers to a larger
extent than TD children, although there might have
been insufficient room for improvement for the TD

group. However, this is unlikely, as studies which
used a similar paradigm obtained similar or even
lower error rates in TD children, but still observed
improvements (e.g., van Meel et al., 2007). In con-
trast, children with ASD do apply more cognitive
control when motivated, but this is not sufficient to
overcome their interference deficits and the observed
effect might be due to the presence of children with a
comorbid diagnosis of ADHD within this ASD group.
This study is in need of replication but, for now,
these findings support clinical interventions that
do not just focus on tangible reinforcers, but also
include non-tangible reinforcers.
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