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The study investigated whether obese children are more impulsive than lean chil-
dren, taking into account the multidimensionality of the construct. Responses of
41 overweight children were compared to those of 40 lean children. The Stop
Task, Circle Drawing Task and Opposite Worlds Task were administered to mea-
sure executive inhibitory control, and the Maudsley Index of Childhood Delay
Aversion and the Door Opening Task were administered to measure motivational
inhibitory control. On the Stop Task, the overweight children showed less
inhibitory control. On the Opposite Worlds task, we found no significant differ-
ence, whereas on the Circle Drawing Task an unexpected group difference was
found. Although on the Door Opening Task the overweight children showed
greater reward sensitivity, they were equally motivated to wait on the Maudsley
Index of Childhood Delay. We conclude that the findings were different depend-
ing on the measure used, but that they suggest that overweight children can be
characterised by a decrease in executive and motivational inhibitory control.

■ Keywords: obesity, children, impulsivity, performance-based measures

In adults, considerable research points to the relationship between impulsivity and
food intake (Guerrieri et al., 2007; Guerrieri, Nederkoorn, & Jansen, 2007; Nasser,
Gluck, & Geliebter, 2004; van den Bree, Przybeck, & Cloninger, 2006), between
impulsivity and obesity (Fassino, Leombruni, Piero, Daga, Amianto, & Rovera,
2002; Gunstad, Paul, Cohen, Spitznagel, & Gordon, 2007; Ryden, Sullivan,
Torgerson, Karlsson, Lindroos, & Taft, 2003; Nederkoorn, Smulders, Havermans,
Roefs, & Jansen, 2006) and between impulsivity and boulimia nervosa (BN) and
Binge Eating Disorder (BED) (Brewerton, Hand, & Bishop, 1993; Bullik, Sullivan,
Weltzin, & Kaye, 1995; Engel et al., 2005; Fassino, Daga, Piero, Leombruni, &
Rovera, 2001; Nederkoorn, Van Eijs, & Jansen, 2004; Rosval, Steiger, Bruce, Israël,
Richardson, & Aubut, 2006). Furthermore, research shows parallels between obesity
and other potentially addictive behaviours in adults, all characterised by impulsive
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behaviour and a rise in sensitivity to reward (Davis, Patte, Levitan, Reid, Tweed, &
Curtis, 2007; Davis, Strachan, & Berkson, 2004; Dawe & Loxton, 2004).

Yet, the mechanisms of how impulsivity operates are less clear. Living under
conditions of abundance means living with the continuous temptation of the imme-
diately rewarding value of palatable, high-caloric foods. Resisting temptation
requires self-regulatory resources. As a result, overeating may be promoted by a lack
of self-regulation skills, allowing impulses and immediate reward to rule over long-
term consequences (van den Bos & de Ridder, 2006). Indeed, there is a remarkable
similarity between impulsive behaviour and obesigenic eating patterns such as the
inability to eat on a regular basis, to postpone in-betweens and to resist urges to
indulge in snacks (Lyke & Spinella, 2004).

Although younger people appear to experience higher levels of impulsivity in
general, and therefore may be more likely to make impulsive choices related to food
(Lyke & Spinella, 2004), the link between impulsivity and being overweight in
children is far less studied. Some research found that a subgroup of overweight chil-
dren demonstrated an impulsivity-prone personality, that this subgroup act more on
impulse than normal weight children, and that impulsivity hinders weight loss in
therapy (Nederkoorn, Braet, Van Eijs, Tanghe, & Jansen, 2006; Nederkoorn,
Jansen, Mulkens, & Jansen, 2007). Overweight children starting treatment for obe-
sity in a paediatric centre were found to display personality traits frequently associ-
ated with impulsive behaviour. They were found to be more impulsive and
hyperactive and less attentive compared to control children who showed more
reflectivity (Braet, Claus, Verbeken, & Van Vlierberghe, 2007). Furthermore, in a
delay-of-gratification task, it seems to be more difficult for overweight children to
wait since they more often choose the smaller immediate reward than the larger
delayed reward (Bonato & Boland, 1983; Johnson, Parry, & Drapman, 1978;
Lewitts, & Israel, 1978; but see Bourget & White, 1984; Wilson, 1980). Finally,
studies point to the comorbidity between obesity and attention/hyperactivity disor-
der (ADHD) in children (Agranat-Meged et al., 2005; Holtkamp et al., 2004).
Therefore, since the prevalence of childhood obesity is rising (Reilly, 2006; Reilly,
2007; Wang & Lobstein, 2006) and as children are the most important group in
terms of prevention to curb or even reverse the epidemic of obesity, they are a
worthwhile group to study to determine the possible influence of impulsivity on
eating behaviour.

The study of impulsivity is complicated since it is not a unidimensional con-
struct but involves a number of processes: the capacity to tolerate delay for reward,
to inhibit an already initiated response, and to estimate the passage of time
(Dougherty, Mathias, Marsh, & Jagar, 2005). Therefore, it is important to distin-
guish between the different processes of impulsivity that might be related to
overeating. Two measurement paradigms seem to capture the different component
processes related to the construct of impulsivity: (1) the rapid-decision paradigms
evaluating the executive inhibition effects and (2) the reward-directed paradigms
evaluating motivational inhibition effects (Dougherty et al., 2003; Nigg, 2000;
Sonuga-Barke, 2003). In the rapid-decision paradigms, executive inhibitions are
defined as processes for intentional control in the service of higher order or longer
term goals (Nigg, 2000). In this, three different forms of executive inhibition can be
discerned: prepotent inhibition, sustained inhibition and interference control
(Barkley, 1997; Nigg, 2000). Within the reward-directed paradigms, the focus is on
evaluating motivated inhibition of behaviour or thought. The study of inhibitory
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processes operating in different incentive contexts has been performed in several
ways. The delay aversion model (Sonuga-Barke, 1994) is one approach, which con-
ceptualises impulsive behaviour within a motivational framework. This theory views
an impulsive choice as the preference for a small immediate reward over a large
delayed reward, because the child does not tolerate the delay necessary for the larger
reward (Dougherty et al., 2003; Nichols & Waschbusch, 2004). Another way to
study motivational inhibitory control is by measuring ‘gambling’ behaviour, which is
behaviour driven by the strong short-term effects of immediate reward, neglecting
the negative long-term effects of an action.

Through the use of self-report questionnaires, the focus in previous studies on
impulsivity in overweight children lies mainly on trait impulsivity (Lyke & Spinella,
2004; Nederkoorn et al., 2006; Ryden et al., 2004). Behavioural approaches or per-
formance-based measures, on the other hand, may have the advantage of being sen-
sitive to transient changes in impulsivity processes and are less subject to demand
characteristics (Dougherty et al., 2003; Nederkoorn et al., 2006). The present inves-
tigation aims to compare the response of overweight children to that of normal
weight children on different performance-based tasks, measuring multiple kinds of
inhibitory processes. All these measurements have shown good test-retest reliability
in previous studies (Kindlon, Mezzacappa, & Earls, 1995; Kuntsi, Stevenson,
Oosterlaan, & Sonuga-Barke, 2001; Manly, Anderson, Nimmo-Smith, Turner,
Watson, & Robertson, 2001).

Within the rapid-decision paradigms, three different tasks were selected for they
may each tap a different form of executive inhibition (Barkley, 1997; Nigg, 2000).
First, the Stop Task (Logan & Cowan, 1984) is a measure of prepotent inhibition.
The task examines a child’s ability to stop a prepotent motor response, which means
a response that is, or has been previously, associated with reinforcement. It is a
unique measure of inhibition in that it permits an estimation of the latency of the
inhibitory process (Castellanos, Sonuga-Barke, Milham, & Tannock, 2006).
Second, the Circle Drawing Task (Bachorowski & Newman, 1985, 1990), a measure
of sustained inhibition, investigates the ability of the child to inhibit an ongoing
response, which allows for a delay in the decision to continue responding. It is
advantageous to include a continuous motor task because continuous motor
sequences are quite different to discrete movements (Bachorowski & Newman,
1990). Finally, the Opposite Worlds Task (Manly et al., 2001) is a stimulus-incom-
patibility task, used to examine interference control. This task requires controlling
an interfering prepotent or automatic verbal response to carry out an effortful pri-
mary response (Nigg, 2000). Investigators point to the value of these tasks for the
assessment of impulsivity-related disorders, such as Attentiou Deficit/Hyperactivity
Disorder (ADHD) and Oppositional Defiant Disorder (ODD) in children (Avila,
Cuenca, Felix, Parcet, & Miranda, 2004; Geurts, Verté, Oosterlaan, Roeyers, &
Sergeant, 2004; Lijffijt, Kenemans, Verbaten, & van Engeland, 2005; Oosterlaan &
Sergeant, 1998; Schachar et al., 2007). In the field of eating disorders and obesity
studies, the use of rapid decision tasks is scarce. One study using the Stop Task sug-
gests that restrained eaters are worse in inhibiting their motor responses than unre-
strained eaters (Nederkoorn, Van Eijs, & Jansen, 2004). Similarly, one study in
obese children suggests that children with obesity inhibit less often on a Stop Task
compared to children with normal weight (Nederkoorn et al., 2006).

To tap the motivational inhibitory processes, two different tasks were selected.
The Maudsley Index of Childhood Delay Aversion (Kuntsi et al., 2001) is a poten-
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tial instrument used to measure impulsive responding resulting from delay aversion,
and second, the Door Opening Task, which covers reward-directed behaviour with
blindness for the long-term consequences of that behaviour (Daugherty & Quay,
1991). Recent investigations demonstrate the utility of reward-directed paradigms
for measuring impulsive behaviour in children with ADHD and Conduct Disorder
(CD) (Daugherty & Quay, 1991; Matthys, van Goozen, de Vries, Cohen-Kettenis,
& van Engeland, 1998; Matthijs, van Goozen, Snoek, & van Engeland, 2004; Neef
et al., 2005; Nichols & Waschbusch, 2004; Solanto et al., 2001; Wilson & Evans,
2002). Furthermore, Nederkoorn and colleagues (Nederkoorn et al., 2006) sug-
gested, using the Door Opening Task, that obese children in treatment are indeed
more sensitive to reward than children with normal weight.

To conclude, impulsivity is a multidimensional construct that has been defined
and measured in many ways. Until now, no comprehensive impulsivity research in
overweight children has been conducted. The current study improves on previous
research by using an extensive battery of impulsivity measurements that covers the
major inhibitory processes. As a result, this type of research may help us to understand
what specific inhibitory process hinders self-regulation in overweight children.

The purpose of this investigation is to address this need by comparing the perfor-
mance of overweight children to that of normal weight control children on several
different tasks within the two types of impulsivity paradigms. Based on the few stud-
ies that have been conducted before in the field of childhood obesity, we hypothe-
sise that the overweight group will exhibit greater impulsive responding than the
control group across all tasks: they will show less executive inhibitory control, prefer
to wait less, be more sensitive to reward and keep gambling longer than children
with normal weight.

Method

Participants and procedure
Overweight children (N = 41 children, 16 boys and 25 girls) admitted in a medical
paediatric centre for treatment for obesity were invited to participate. Nobody
refused. Inclusion criteria were: diagnosed as primary obesity, displaying an adjusted
BMI above 120%, between 10 and 14 years old, attending regular schools corre-
sponding with IQ within the normal range, and absence of Pervasive Development
Disorder. The mean age was 12.0 years (SD = 1.46), the mean height and weight
were 156.29 cm (SD = 9.55) and 78.9 kg (SD = 18.98) respectively. The adjusted
BMI ranged from 125.42% to 273.92% (CDC BMI z-scores range from 1.16 to 2.83;
Ogden et al., 2002). All socioeconomic strata were represented in the overweight
group (upper and upper-middle class: 23.4 %; middle class: 48.7 %; lower-middle
and lower class: 17.9 %) (Hollinghead & Redlich, 1958; Hollinghead, 1975).

The normal weight control children (N = 41, 17 boys and 23 girls) were selected
from primary and secondary regular schools. They were matched on age and gender
with the children in the experimental group. One girl was excluded from the analy-
ses because her adjusted BMI was above 120% (136.66 %). The mean age was 11.6
years (SD = 1.36). Their mean height and weight were 149.99 cm (SD = 10.89) and
37.69 kg (SD = 6.86) respectively. The adjusted BMI ranged from 73.05% to
115.40% (CDC BMI z-scores range from –3.02 to 0.82; Ogden et al., 2002). All
socioeconomic strata were represented in the control group (upper and upper-

Sandra Verbeken, Caroline Braet, Line Claus, Chantal Nederkoorn and Jaap Oosterlaan

156

Behaviour Change

at https://www.cambridge.org/core/terms. https://doi.org/10.1375/bech.26.3.153
Downloaded from https://www.cambridge.org/core. Universiteit Maastricht, on 03 Nov 2021 at 13:37:55, subject to the Cambridge Core terms of use, available

https://www.cambridge.org/core/terms
https://doi.org/10.1375/bech.26.3.153
https://www.cambridge.org/core


157

middle class: 21%; middle class: 50%; lower-middle and lower class: 29%)
(Hollinghead & Redlich, 1958, Hollinghead, 1975).

Both samples did not differ according to age, gender and socioeconomic
background.

The local research ethics committee approved the protocol of this study. During
a test session of approximately 2 hours, each child was tested individually in a low-
stimuli room. The child completed the performance-based measures after answering
the questions from the ADHD module of the KID-SCID interview. Standardised
instructions were used for each of the tasks. The tasks were administered in three
blocks: The Maudsley Index of Childhood Delay Aversion (block 1), Stop Task
(block 2) and OW- TEA-Ch, Circle Drawing Task and Door Opening Task (block
3). To minimise the potential for fatigue effects, the order of the blocks was counter-
balanced over the children for each group. During a short break the children were
offered a drink and at the end of the session they were debriefed and all received the
same reward.

Measures
Body overweight. The BMI (weight/height2) was calculated for each child. In order
to make BMI comparisons between obese children of different ages, the adjusted BMI
was used in this study. The formula is [Actual BMI/Percentile 50 of BMI for age and
gender] × 100. The 50th percentiles of the BMI were based on European normative
data (Fredriks, van Buuren, Wit, & Verloove-Vanhorick, 2000).

The Structured Clinical Interview for DSM-IV, Childhood version (KID-SCID;
Hien et al., 1994, 1998; Dutch version: Dreessen, Stroux, & Weckx, 1998) was used
to assess DSM-IV disorders in children. Similar to the adult version, the KID-SCID
is a semistructured instrument designed to generate childhood DSM-IV diagnoses
for clinical research studies. In the current study, only the ADHD module that is
part of the disruptive behaviour disorders section was assessed using the children as
informants. The first part of the ADHD-module assesses nine criteria referring to
attention deficit problems. The second part of the module assesses hyperactivity (six
items) and impulsivity symptoms (three items). Each criterion is scored as present
(‘1’ score) or absent (‘0’ score). In case of doubt, the criterion in question is assigned
a ‘0’ score. In the study of Timbremont, Braet & Dreessen (2004) child-parent
agreement rates varied between 88.7% and 100%, which indicates a good interview
reliability. In addition, preliminary results of a study by Matzner and colleagues
(Matzner, Silva, Silvian, Chowdhury, & Nastasi, 1997) showed fair to excellent
test-retest reliability for the disruptive behaviour disorders module (α between .63
and .84). Pilot data also indicated excellent interrater reliability for the disruptive
behaviour module (α = 1.0 for ADHD) (Matzner, 1994). In this study, Cronbach α
internal consistency coefficients were 0.82 for the attentional deficit subscale, 0.74
for the hyperactivity subscale, and 0.63 for the impulsivity subscales respectively.

Opposite Worlds of the Test of Everyday Attention for Children (OW-TEA-Ch;
Manly et al., 2001). This subtest of the TEA-Ch was used as a measure of verbal
inhibition. It is a stimulus-incompatibility task, used here to examine interference
control. The child was required to suppress an automatic or prepotent verbal
response. There are two conditions in the OW-TEA-Ch. In the Same World (neu-
tral) condition, the child names the numbers 1 and 2 in a snake-like trail. In the
Opposite World (suppression) condition, the child is instructed to say ‘two’ when a
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1 is designated and say ‘one’ when a 2 is designated on the trail. The experimenter
pointed to each digit, only moving onto the next when a correct response was
given. Each condition was performed twice. The dependent variable was the differ-
ence between the mean time needed to complete two neutral conditions and the
mean time needed to complete two suppression conditions. This dependent variable
will be referred to as the ‘OW-TEA-Ch-Time Difference’. The smaller the OW-
TEA-Ch-Time Difference, the better the participant was able to suppress the auto-
matic verbal response.

The Circle Drawing Task (Bachorowski & Newman, 1990). The Circle Drawing
Task was used as a measure of inhibition of an ongoing response. The task requires
the subjects to trace a large printed circle with their index finger. The circle is 50.80
cm (20 in.) in diameter, drawn on a cardboard square, and covered with plexiglass.
The circle has a small line indicating the starting and the finishing points of the
tracing. The task was administered under two conditions: first with neutral instruc-
tions (‘trace the circle’) followed by inhibition-instructions (‘trace the circle again,
but this time as slowly as you can’). A maximum of 12 minutes was allowed for both
tracing conditions. Participants were not informed of this fact. The dependent vari-
able in this task was the time used to trace the circle in the slow condition minus
the tracing time in the neutral condition. This dependent variable will be referred
to as ‘Circle Time Difference’. The larger the Circle Time Difference, the better a
participant was able to inhibit (slow down) the continuous tracing response.

The Stop Task (Logan & Cowan, 1984; Logan, Cowan, & Davis, 1984 the original
version; Oosterlaan, Logan, & Sergeant, 1998). This computer task provides an
index of the child’s ability to inhibit a prepared motor response. The task was pre-
sented as a game in which the child had to perform the tasks of an air traffic con-
troller. First, the child was taught to respond to airplanes appearing on the computer
screen by pressing the response button that was on the same side as the airplane (a
two-choice reaction time task). Then, the child was told to withhold responding
whenever he or she saw a big white cross (the ‘stop’ trials), but otherwise to keep on
responding to the planes as quickly as possible (the ‘go’ trials). Each trial began with
a 350 milliseconds presentation of a fixation point (‘+’-sign presented at the centre
of the screen). The presentation of the stimulus (an airplane), displayed for 1500
milliseconds then followed. The intertrial interval was 1000 milliseconds. The stim-
uli appeared equally often on either side of the screen within each block. The stop
signals (white crosses) appeared at the centre of the screen, c.q. on top of the air-
plane. They were presented equally often after left- and right-sided presentations of
the stimuli. A go trial always followed a stop trial, except once in each block where
two stop signals were presented in succession. The percentage of stop trials was
25%. A tracking algorithm (for a detailed description of this procedure, see Scheres
et al., 2003) was applied to vary the delay between the go and the stop signal. The
longer this delay, the harder it is to inhibit the response.

All children performed two practices and four experimental blocks (each con-
sisting of 64 trials) on this task and were given short breaks between blocks. The
main dependent variable in this task was the stop signal reaction time (SSRT). The
speed of the stopping process, the SSRT cannot be observed, because the response
to a stop signal is a covert one. The SSRT can be estimated using the race model
(Logan, Cowan, & Davis, 1984). According to this model the probability of inhibit-
ing the response depends on the outcome of a race between the ‘go’ process and the
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stopping process. The process that finishes first wins the race. If the go process is
faster than the stopping process, the child emits the response; if the stop process fin-
ishes first, the response is inhibited. The outcome of the race depends on the speed
and the variability of the go process, the delay between the go stimulus and stop
signal, and the speed and the variability of the stop process. By using the tracking
mechanism, success rate on inhibition trials is .5. This means that SSRT can be cal-
culated by subtracting the mean delay from the mean go signal reaction time
(Scheres et al., 2003).

The Door Opening Task (Daugherty and Quay, 1991; Nederkoorn, personal com-
munication). The task provides a measure of motivational inhibition. It consists of
a series of 100 doors presented sequentially on a laptop computer in a prepro-
grammed order of winning and losing doors. The probability of a winning door
appearing, decreases by 10% with each succeeding set of 10 doors and starts at 90%
(thus from 90% to 0%). Within each set of 10 doors, losing doors are randomly
sequenced among winning doors. In this game, the subject chooses either to open the
next door or to stop playing and there is a steadily increasing ratio of punished
responses (sad face behind door) to rewarded responses (happy face behind door).
The dependent measures were the total number of doors opened (Doors Opened) and
the total number of doors opened divided into three categories (Door Selection
Strategies): (1) opening a total of 1 to 31 doors resulted in winning a suboptimal
amount of points (10–29 points), due to a conservative selection approach; (2) 32 to
64 doors opened resulted in an optimal strategy, with a maximum gain of points (30–
35 points); and opening of 65 to 100 doors resulted in a suboptimal amount of points
earned (29–10 points), due to a perseverative selection strategy. A large number of
doors opened are indicative of reward sensitivity and response perseveration. Subjects
more sensitive to punishment will stop opening doors after a few punished responses.

The Maudsley Index of Childhood Delay Aversion (Kuntsi et al., 2001). This com-
puter task was originally designed to test the delay aversion hypothesis that children
with ADHD choose immediate, small rewards over large, delayed ones, when this
leads to less overall delay (Sonuga-Barke, Taylor, Sembi, & Smith, 1992). The child
has to make a choice, on 20 occasions, between a small immediate reward (1 point
involving a 2 second prereward delay) and a larger delayed reward (2 points involv-
ing a 30 second prereward delay). If the child chooses the small reward, the next
trial started immediately afterwards. The task, administered on a laptop computer,
was presented as a space game, in which the child, as a captain of a space ship, had
to destroy enemy spacecraft (using the computer mouse). The aim of the game was
to earn as many points as possible. Before the experimental trials, the child first
practiced using the mouse and choosing each of the rewards. The tester also asked
the child questions about the game in order to ensure that he or she understood the
rules and aims of the game. The dependent variable used in the analyses was the
percentage of choices for the 2-point delayed reward and will be referred to as
‘Delay Aversion’.

Statistical Analyses
First, correlations were calculated between the different impulsivity measures. Next,
all correlations with age were explored.

Analysis of variance (ANOVA/MANOVA) and chi-square tests were used to
assess differences between overweight children versus children with normal weight.
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We controlled for age because executive functions are still developing in the age
range of 9–15 and this might influence the outcome despite the fact that there were
no group differences for age. The analyses of the group contrast were repeated with
gender as fixed factor. There were no significant differences found.

Two children in the control group received the diagnoses of ADHD. When the
data of these children were excluded, the pattern of results of the group comparisons
on the impulsivity measures did not alter. Therefore, the analyses on all subjects
were reported.

Results

The results of the data analyses are presented in Tables 1 and 2 and Figure 1.

Correlations Between Dependent Measures
Scores for some of the variables were reflected so that for all of the variables, the larger
the score, the greater the level of impulsivity. The matrix reveals a pattern of low to
moderate (r < .30), but not all positive, correlations among the various impulsivity
measures. Overall, the correlations ranged from |.01| to |.31|. These results indicate
that the individual impulsivity measures were not highly correlated with each other.
None of the performance-based measures of impulsivity were correlated with age.

Executive Inhibitions
The Opposite Worlds of the Test of Everyday Attention for Children. There was
no significant group difference for the verbal inhibition score (OW-TEA-Ch-Time
Difference), F(1,78) = .02, p = .89.

Circle Drawing Task. This task showed a significant group difference for inhibition
time (Circle Time Difference), F(1,78) = 7.92, p <.01; η2 = .09, but in an unex-
pected direction. The normal weight controls had smaller difference scores, indicat-
ing more problems with inhibition of the continuous tracing response than the
children in the overweight group.

Stop Task. A MANOVA with SSRT and RT as dependent variables showed a sig-
nificant effect of group, Wilks’ λ = .91, F(2, 70) = 3.58, p < .05, η2 = .09. As pre-
dicted, the overweight group had slower SSRTs compared to the control group,
indicating less efficient inhibitory control, F(2,70) = 9.75, p < .01, η2 = .11. There
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TABLE 1

Pearson Correlations Between the Dependent Variables, Age and IQ

1 2 3 4 5 Age IQ

OW-TEA-Ch-Time Difference .12 –.17 .08

Circle Time Difference CD –.08 .18 –.11 –.19

SSRT Stop task .19 .31** –.18 –.16 –.08

Doors Opened DOT .15 –.01 –.14 .17 –.06 –.02

Delay Aversion MIDA .11 –.17 .01 .17 –.14 –.16 –.14

Note: OW-TEA-Ch = Opposite Worlds of the Test of Everyday Attention for Children; SSRT = stop signal
reaction time; DOT = Door Opening Task; MIDA = Maudsley Index of Childhood Delay Aversion.
*p <. 05, **p < .01, ***p <. 001.
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were no significant differences between the groups on reaction times on the go-trials
F(2,70) < 1, indicating that there were no impairments in responding itself.

Motivational Inhibitions
The Door Opening Task. An ANOVA showed a significant effect of group for the
total amount of doors opened (Doors Opened), F(1,78) = 18.57, p < .001. The propor-
tion of children that opened doors in a conservative, optimal, or perseverative way is
displayed in Figure 1. A chi square analysis was performed with group as the indepen-
dent variable and Door Selection Strategies as the dependent variable. The groups dif-
fered with regard to the selection of cards, χ² (2, N = 81) = 15.48, p < .001. Comparison
of either the conservative or the perseverative strategy with the optimal door selection
strategy, indicated that compared to the normal controls, more children in the
overweight group used a perseverative door selection strategy, χ² (1, N = 53) = 4.61, p <
.05 and less a conservative door selection strategy, χ² (1, N = 66) = 6.04, p < .05.

The Maudsley Index of Childhood Delay Aversion. The group comparisons were
nonsignificant for the percentage of choices for the larger reward, F(1,78) = .24, p =
.63; η2 = .00.

Discussion
The main purpose of this study was to determine whether overweight children act
more on impulse than normal weight controls. We examined performance-based
differences on five tasks, related to two behavioural measurement paradigms. It was
hypothesised (1) that overweight children have less executive inhibitory control
and (2) are more sensitive to reward than children with normal weight.

The results of the performance-based tasks showed that different processes seem
to underlie the impulsive behaviour in overweight children, confirming the multi -
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TABLE 2

Means, Standard Deviations, F-values for the Two Groups for the Dependent Variables

Control group Overweight group
M (SD) M (SD) F(1,79)

Opposite Worlds Task

OW-TEA-Ch-Time Difference 2.47 (1.42) 2.33 (2.07) 0.02

Circle Drawing Task

Circle Time Difference 57.14 (43.91) 90.87 (58.11) 7.92**

Stop Task

SSRT 227.00 (47.69) 261.93 (63.01) 9.75**

RT 546.45 (90.53) 543.65 (95.62) 0.08

Door Opening Task

Doors Opened 29.70 (20.03) 51.27 (26.12) 18.57***

Maudsley Index of Childhood
Delay Aversion

Delay Aversion 68.56 (27.04) 72.20 (20.83) 0.24

Note: OW-TEA-Ch = Opposite Worlds of the Test of Everyday Attention for Children; 
SSRT = stop signal reaction time. *p < .05, **p < .01, ***p < .001.
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dimensionality of the concept of impulsivity. Both the executive inhibition and
motivational inhibition paradigms have demonstrated utility in the characterisation
of possible deficits in overweight children.

The study first explored possible deficits in executive inhibitions via the Stop
Task. The task seems to provide a remarkable differentiation between children who
are or are not overweight. The overweight children showed longer SSRTs indicating
less efficient executive inhibitory control.

Unlike our expectations, the overweight children performed equally well on the
inhibition of a verbal response, an indication of interference control (Opposite
Worlds Task). A possible explanation lies in the specification of the task. The cur-
rent study examined the basic process of interference control with a regular stimu-
lus-incompatibility task. However, Nigg (2000) points at the role of motivational
systems moderating interference control for emotionally significant stimuli. Indeed,
in previous research using an emotional Stroop task (Braet & Crombez, 2003), chil-
dren with obesity displayed interference deficits and were slower in naming food
words versus control words. Furthermore, the children with obesity showed no inter-
ference effect for negative-emotion words. These findings support the idea that pos-
sible self-regulatory deficits in overweight children are stimulus-specific.

Contrary to our hypotheses, the overweight children performed better on the
inhibition of an ongoing, continuous motor response (Circle Drawing Task) than
the children with normal weight. Since this result was not due to baseline differ-
ences, the normal children actually showed decreased inhibition compared to over-
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FIGURE 1

Percentage of conservative, optimal, or perseverative door selection on the Door Opening
Task by children with normal weight and overweight.
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weight children. We do not have a clear explanation for this unexpected finding.
Bacharowski & Newman (1990) found that anxiety may have a restraining influ-
ence on motor speed in the presence of a goal (finishing point of the tracing).
Possibly, the presence of anxiety may explain the superior performance of the chil-
dren in the overweight group on the Circle Drawing Task. Preliminary studies (Vila
et al., 2004) show that overweight children are indeed more vulnerable to emo-
tional problems. However, we did not control for emotional functioning.

Within the reward-directed paradigm the Door Opening Task is a commonly
used task. The present findings indicate that the task offers an effective means of
discrimination between children who are and are not overweight. The overweight
children kept gambling longer despite increasing losses, suggesting greater reward
sensitivity and response perseveration. This endorses the observation that for over-
weight children it is more difficult to resist the temptation of tasty food than for
lean children, despite the long-term negative consequences of overeating (van den
Bos et al., 2006). Findings based on self-report have also confirmed the role of
reward sensitivity in the development of obesity. It has been proposed that reward
sensitivity may contribute to greater sensitivity and attention towards food-related
cues (Dawe & Loxton, 2004) and a preference for sweet and fatty food (Davis et al.,
2007). These findings stress the contribution of motivational inhibitory processes in
overweight children.

Finally and unexpectedly, delay aversion measured with the Maudsley Index of
Childhood Delay Aversion did not differ between the groups. The overweight chil-
dren seem equally motivated to wait for a large reward than normal weight controls.
Although this task was never used before in childhood obesity research, we hypoth-
esised about possible explanations. Earlier research has pointed at the importance of
effective attention deployment in the regulation of delay behaviour. Differences
between children may be more remarkable when the task is long, thereby challeng-
ing their motivation. The overweight children tested here may have been able to
persist in the short waiting periods in the present experiment. In real life situations,
when gratification is typically delayed for longer periods, the strategies used by over-
weight children may not facilitate long-term self-control. Future research should be
directed at determining the attention deployment strategies and the subjective
experience of children in the delay task, particularly perceived task difficulty and
reported level of frustration.

These results confirm the earlier findings from Nederkoorn and colleagues
(Nederkoorn et al., 2006). The Nederkoorn study assessed the same impulsivity
paradigms, but looked within each at only one process. They also found that over-
weight children performed worse on both the inhibition of a prepotent response
(Stop Task) and on the gambling task (Door Opening Task). The results of both the
Nederkoorn study and the current investigation are of interest because they reveal
which specific inhibitory processes display deficits and may burden the self-regula-
tory skills in overweight children.

Limitations of the current study hamper generalisation of the findings. First, the
current findings may not be easily generalisable due to the potential risk of selection
bias of a clinical-based sample. Second, the reward-directed tasks are never ‘pure’
measures of a single impulsivity process but are related to a number of processes.
Third, since executive function measures are strongly related to IQ, controlling for
IQ in future research is recommended. In general, performance improves with
higher IQ (Mahone et al., 2002). Since all children attended regular schools, we
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assumed that none of them had severe intellectual deficits. Finally, the assumed link
between lacking inhibitory processes and obesity related eating behaviour is not
researched here. Now that the psychological processes associated with impulsivity in
overweight children have been identified, future research can explore how the eating
behaviour of overweight children is related to impulsivity or lack of self control.

In sum, the present study was the first to use a multidimensional approach in the
investigation of impulsivity in overweight children. It replicates and further elabo-
rates the findings of Nederkoorn and collegues (2006). Interestingly, overweight
children seem to show more reward-directed behaviour and lack inhibitory skills on
some, but not all, tasks. Obesity treatment programs can develop specific techniques
for helping overweight children to master effective and specific inhibitory skills as
well as to strengthen their ability to resist temptation and delay gratification.
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