urnal of P
s
Jo

ormalities
bn

hological A
yc

ISSN: 2471-9900

Journal of Psychological Abnormalities

Volckaert and Noël, J Psychol Abnorm 2016, 5:2
DOI: 10.4172/2471-9900.1000154

Research Article

Open Access

Externalizing Behavior Problems in Preschoolers: Impact of an Inhibition
Training
Alexandra MS Volckaert* and Marie-Pascale Noël
Universite Catholique de Louvain, Louvain-la-Neuve, Belgium

Abstract
Background and objective: Externalizing behavior problems are a major cause of consultation in preschoolers
but interventions available at this young age are scarce. Recently, researchers developed inhibition training and
showed a significant improvement of executive function capacities in typically developing preschoolers and also a
positive impact on externalizing behavior problems. In this research, we wanted to replicate this study in a clinical
population.
Methodology: Thirty-four preschoolers presenting a high level of externalizing behavior problems took part in an
assessment of executive function capacities and behavior, before and after a 8 week period during which half of the
children received an inhibition training also involving metacognition (two 45-min sessions per week) while the others
(matched on gender and age) were put on a waiting-list.
Results and conclusion: Globally, the intervention lead to significant externalizing behavior problems
improvement observed both on parental ratings and in an observational paradigm. As regards inhibition capacities,
children who started the intervention with a lower level of inhibition benefitted the most from the intervention. Although
increase in executive functions was mainly observed in typically developing children, larger behavioral improvements
were observed in the externalizing behavior problems population.

Keywords: Inhibition training; Executive function; Externalizing
behavior disorders; Preschoolers; Metacognition

Introduction
“My child is so difficult”, “we are exhausted”, “we do not know
what to do anymore” are all phrases that clinicians hear [1] when
parents consult them about the externalizing behavior problems of
their child. Externalizing behavior problems (EB) include behaviors
as such as physical aggression (e.g. hitting, biting, shoving others),
verbal aggression (e.g. teasing, threats) or disruptive behavior (e.g.
tantrums, disobedience, agitation, inattention, failure to comply with
limits). These behaviors are characterized as “externalized”, referring
to the fact that they are concrete behaviors directed towards others,
as opposed to “internalizing behavior problems” referring to negative
emotions directed towards oneself, like anxiety, depression, etc. [2].
Diagnoses of behavior disorders such as ADHD are generally not made
before the age of 6, according to DSM-V (Diagnostic and Statistical
Manual of Mental Disorders; [3]). However, it is clear that children
who are diagnosed after this age often in fact already had difficulties
before this. EB may be present in 25 to 40% of preschool children,
including 7 to 15% with moderate to severe presentation [4,5], but it is
not easy to determine in preschoolers whether these behaviors should
be considered as pathological or as a part of normal child development.
Indeed, a certain level of EB can be considered typical in young children
[6], as EB problems lie on a continuum from normal to pathological.
Although, in some cases, symptoms of EB improve, or even disappear
[7], the opposite is also observed and is more problematic. Indeed, EB
can persist over time into adolescence for some [8-10], but also into
adulthood [11]. This persistence of EB can therefore lead to difficulties
in terms of social inclusion [12] as well as in terms of academic
performance [13,14]. It is thus important to diagnose and to offer
therapeutic programs for these EB problems in very young children.
Researchers have highlighted various risk factors that play a role
in the emergence of EB at preschool age. These include environmental,
family and child risk factors. For example, factors such as poverty,
social isolation and structural characteristics of the family have
been examined [15]. At the family level, an insecure or disorganized
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attachment and negative control in parenting (hard and inconsistent
punishment, high coercion, etc.) have been considered as contributors
to EB [16]. Authors have also shown that household chaos seems to
be associated with negative outcomes in preschoolers such as hardto-manage temperament, aggression, conduct problems or even
hyperactivity [17,18]. At the child level, risk factors such as peer
rejection, gender (being a boy), temperament (e.g. low self-control),
and medical problems during childhood or even cognitive abilities also
seem to be related to EB [15,16,19]. Moreover, we need to point out the
cumulative effect of risk factors: the greater the number of risk factors,
the greater the likelihood of developing EB [15,16].
Concerning the role of cognitive abilities, there is a growing literature
over the last two decades which shows a significant association between
poor executive functions (EF) and EB in both typically developing (TD)
and EB preschooler populations. Moreover, researchers highlight, in
TD children, that a measurement of EF at preschool age could predict
EB one year later [20], two years later [21] or even up to three years
later [22]. It seems, however, that inhibition capacities are the EF
most strongly associated with EB, with a generally higher error rate in
inhibition tasks in EB populations than in community samples [23-30].
Recently, two meta-analyses were conducted on the association
between EB and EF in pre-schoolers. In the first, Pauli-Pott and Becker
[31] observed a high correlation between ADHD symptoms and
attention-vigilance measures (r=0.27), interference control (r=0.26,
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e.g. Stroop test) and inhibition (r=0.29, e.g. in a Go-NoGo task).
However, they found only a weak correlation with flexibility and
working memory measures. The second meta-analysis was conducted
by Schoemaker et al. [32] with EB pre-schoolers as well as with children
presenting oppositional defiant disorder. Their results point in the
same direction as those of the first authors: EB is related to an overall
EF factor (r=0.22) and more specifically to inhibition (r=0.24). Effect
sizes are indeed smaller for working memory (r=0.17) and flexibility
(r=0.13). Unlike Pauli-Pott and Becker [31], Schoemaker et al. [32] did
not explore the link with attention capacities.
A few studies have tried to manipulate the EF capacities of children
by implementing training programs. These showed that it is possible
to enhance overall EF in pre-schoolers [33] and more specifically to
improve inhibition [34-36] and working memory [36,37]. Yet, to
our knowledge, only two studies have measured the impact of an EF
training program on EB problems in pre-schoolers. First, Tamm et al.
[38] developed a 8 week training program focusing on several cognitive
functions (attention, memory, inhibition, hand-eye coordination, etc.)
and metacognition. Twenty-four preschoolers presenting ADHD
symptoms and their parents attended eight 60 min sessions during
which the children performed exercises/games focusing on these
cognitive functions and the parents were taught how to be behavioral
interventionists at home. Analyses of the cognitive outcomes
indicated an improvement on attention and working memory, but
not on inhibition. Concerning behavioral measures, both parents and
clinician rated children as being more attentive, but no improvements
were measured on symptoms of hyperactivity or impulsivity or on
ADHD behaviors in the classroom. This study was the first one to
measure the impact of an EF training program on EB in preschoolers.
However, several caveats prevent us from drawing any clear conclusion
about the causal link between EB and EF based on these data. First of
all, the training program concerns several cognitive functions and is
not restricted to EF. Second, concurrent to this cognitive training of
children, parents were also given guidelines how to implement the
exercises at home and principles of behavior modification techniques,
so that we cannot determine which of the interventions had the biggest
impact. Finally, there was no control group in this study to ensure that
the observed improvements could not be imputed to the spontaneous
cognitive growth of the child or to the simple fact of the parents and the
child receiving attention and support from the therapists.
More recently, Volckaert and Noël [39] showed, in 47 typically
developing (TD) preschoolers, that a cognitive intervention aiming at
enhancing inhibition capacities had an impact not only on executive
functions but also on behavior, with a decrease in EB problems. The
intervention consisted of 45 min sessions, twice a week, for 8 weeks. The
interventionists focused on exercises/games which targeted inhibition
exclusively but also used metacognition. A control group received
a series of handicraft sessions (same number of sessions and same
duration of the experimental group). Only children participated; parents
were not involved in the sessions and did not know which condition
their child was in. The authors observed significant differences between
the control and the experimental groups, with better performances
for the experimental group on inhibition, attention and working
memory measures. More importantly, differences were also observed
on behavioral measures of inattention and on negative reactions in an
observational paradigm. Volckaert and Noël [39] thus highlighted that
it is possible to improve EF capacities during the preschool period and
that this has an impact on EB. However, they worked with TD children.
To our knowledge, no study had yet tested this kind of intervention in
EB preschoolers.
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In this present study, we wanted to know whether the intervention
developed by Volckaert and Noël [39] would lead to the same beneficial
effects for children who present EB problems. To that end, we
implemented the same inhibition training on a group of children with
EB problems and compared their development to that of another group
of children with EB problems who were on a waiting list. Two opposite
predictions were considered. On the one hand, we might predict that
children with EB would largely benefit from the intervention, leading
to both an enhancement of their EF functions and a decrease of their
EB problems. Indeed, children with EB problems are characterized by
poor EF and Volckaert and Noël [39] observed that children with a
low inhibition level in pretest were the ones who benefited the most
from the intervention. On the other hand, preschoolers with EB have
multiple risk factors [15,16] and it is possible that focusing on a single
factor is insufficient to induce any significant improvement. To answer
this question, we will compare the change in both EF capacities and EB
problems of the EB children in the training condition to those from the
waiting list. We will discuss our results, compared to those of Volckaert
and Noël [39].

Materials and Methods
Participants
Thirty-four children (22 boys, 12 girls) with EB problems
were recruited in the French part of Belgium. We broadcast the
announcement of our research among pediatricians, schools and the
media. Interested parents registered online and were asked to complete
the Child Behavior Checklist [CBCL; 40]. As 21 is the cut-off score on
this scale above which a child is considered to actually present EB, only
children with a score of 21 or above were selected for the study. Children
were between 3:3 and 6:2 years old (M age=4:6 years, SD=10 months).
Parental level of education was evaluated using a seven-point scale from
low (incomplete elementary school) to high (university) education. Mean
level of education was 5.42 (SD=1.46) for the mothers and 5.03 (SD=1.52)
for the fathers, which corresponds to short higher education. Monthly
income (including any source of net income, for both parents), was rated
using a nine-point scale from low (0-500 euros) to high income (more than
4000 euros). Mean was 7.27 (SD=2.04), which corresponds to an income of
3000-3500 euros a month.

Procedure
Among the 34 children, 17 were allocated to the control group,
which was a waiting-list, and the other 17 children, matched on
gender and age to the control group’s children, were allocated to the
experimental condition. All children took part in a pre-test involving
a short assessment of IQ, executive functions and behavior. The total
testing duration was approximately 60-75 min per child, so we saw
each child twice, for an individual testing. We were careful to alternate
between verbal and non-verbal tasks. Children from the waiting-list
group stayed at home for 8 weeks while children from the intervention
group were invited to participate in 2 weekly training sessions of 45 min
for 8 weeks. At the end of this 8 week period of waiting or receiving
intervention, every child took part in the post-test (same baseline as
in pretest, except for IQ). All sessions (testing and intervention) took
place in offices of the university. Finally, in order to examine whether
the possible positive impact on behavior was stable, we asked parents
to complete the behavioral questionnaire again 4 months after the end
of the intervention.

Instruments
Instruments for the inclusion criteria: Child behavior checklist:
We asked parents to fill in the Child Behavior Checklist [CBCL; 40] in
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order to be sure the children actually presented EB. This questionnaire
is constituted by a list of statements about the child’s everyday life
behaviour to rate on a Likert scale ranging from “not applicable” (0)
to “applies more or less or sometimes” (1) to “always applicable” (2).
The EB scale is the sum of the “Aggressive Behavior” subscale which is
constituted by 19 items and the “Attention Problems” subscale which
is constituted by 5 items. The “anxiety/depression” scale (8 items) was
also taken into account as a measure of internalized problems. CBCL
scales have a Cronbach’s alpha between 0.63 and 0.86 and test-retest
reliability is 0.85 [40]. The parents filled in this questionnaire again in
post-test.
Wechsler preschool and primary scale of intelligence: We used
two subscales of the Wechsler Preschool and Primary Scale of Intelligence
[WPPSI-III; 41] in pretest to exclude possible mental retardation. These
two subscales were “Information” from the verbal scale and “Block
design” from the performance scale. Standard scores for these subtests
have a mean of 10 ± 3. A global score was calculated as the mean of the
two standard scores. To take part in the study, children had to be in the
normal range (± 1.5 SD), i.e., to have a global score lying between 5.5
and 14.5.
Behavioral measures: EB was measured with questionnaires filled
in by parents and teachers as well as with an observational paradigm.
Conners rating scale: We asked parents and teachers to fill in the
Conners Parent and Teacher Rating Scale [CPRS, CTRS; 42] for each
child tested. These questionnaires, measuring parents’ and teachers’
perception of child hyperactivity, inattention, impulsivity and conduct
disorders, are composed of 48 items in the parent version and 28 items
in the teacher version. Adults must choose whether the statement
represents a common behavior of the child (four-point Likert scale from
“not at all” to “very much”). Inattention, hyperactivity/impulsivity and
conduct disorder factors were used in this study and were calculated as
the sum of the respondents’ ratings of the relevant observed behaviors.
T-scores (mean of 50, SD of 10) are then calculated and taken into
account in our analysis. The factorial structure of the parent version
was validated recently by Catale, Geurten, Lejeune and Meulemans
[43]. Good psychometric qualities were confirmed, as Cronbach alpha
was between 0.76 and 0.80 for the three main scales (conduct problems,
learning difficulties and impulsivity/hyperactivity).
Unfair card game: The Unfair Card Game [44] is inspired by an
adult paradigm focusing on perspective-taking [45] and is based on a
cooperative computer game where the child is invited to play with a
virtual child named Thomas. It has been designed to induce spontaneous
positive affects in the first part and frustration in the second part. The
game is presented to the child as a game where he/she can win candy.
The child sits at a table facing the computer, next to the examiner.
When the game starts, instructions are given to the child by a virtual
examiner (a previously video-recorded adult). Two cards are shown on
the screen; on one of them there is a picture of a piece of candy. Then
the cards turn over and start to move. When the cards stop moving,
the child must indicate which the card with the candy is. The child
is invited to play five rounds. For each correct answer, he/she gives a
piece of candy to Thomas, his virtual partner. After the first five rounds,
it’s time for Thomas to play. It is explained that a piece of candy will
be given to the child for each of Thomas’s correct responses. However,
the game is rigged such that the child wins his/her five rounds and
therefore Thomas wins five pieces of candy (this is called the winning
phase), but Thomas wins only one round, so the child receives only one
piece of candy (losing phase). At the end of the game, Thomas tells the
child that he played badly and that he will therefore share his candies
J Psychol Abnorm, an open access journal
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with the child. In this way, the level of frustration of the child returns to
normal. This game lasts for 10 min. The advantage of this observational
paradigm is that we can control the reaction of the adversary, as each
child is faced with the same virtual partner (Thomas). The speech of
the examiner is also strictly standardized (comments made at the end
of each round, for the two phases). The UCG is video-recorded and
coded following standardized guidelines. Four dimensions are coded:
positive affect (smile, laughter, etc.) negative affect (tears, insults, etc),
agitation (movements) and inattention (distraction). For each of these
dimensions, the frequency and the intensity is taken into account when
coding, using a 5-point Likert scale ranging from 1 (neither frequent
nor intense) to 5 (very frequent and intense). Coding was done by
trained coders. The intercoders’ reliability, calculated with the weighted
Kappa coefficient, reaches 0.766.
Cognitive measures: Verbal and motor inhibition, flexibility,
memory and visual and auditory attention were assessed.
Verbal inhibition
Cat-dog-fish: The cat-dog-fish task [46] is a task inspired by the
Day/Night test [47] which assesses inhibitory control. There are two
conditions: in the control condition, a card of 24 drawings (cats, dogs
and fish) is presented to the child. He/she must name the pictures on
the card as quickly as possible and without error. In the inhibition
condition, we tell the child that, on Mars, “cats” are called “dogs”,
“dogs” are called “cats” and fishes are called fishes (in French, the word
for “cat” (chat) is very close phonologically to the word “dog” (chien)).
The child is invited to follow the new rule and give the “Martian”
animal names for the animals on the second card as fast as possible
and without error. The reliability of this test measured by Cronbach’s
alpha is excellent for the inhibition condition (0.92) [39]. The number
of correct responses is scored.
Vegetable stroop: This task also assesses verbal inhibition [48]. It is
composed of 3 cards in A4 format. In the first control condition (naming),
5 rows of 9 colored squares (red, green or orange) are presented to the
child. The child has to name, as quickly as possible and without making
any error, the color of the squares. In the second condition, 5 rows of
9 vegetables are presented in prototypic colors (tomato, salad, carrot)
and the child has to denominate, as quickly as possible and without
making any error, the color of the vegetable. In the third condition, the
vegetables are no longer in prototypic colors. Tomatoes are drawn in
blue, salad in yellow and carrots in brown. The child must not name the
color in which the vegetables are shown but the color of the vegetable
“in real life”. In the last condition, the vegetables are still not drawn in
prototypic colors, but this time the color of the drawing interferes with
the color of other vegetables. Again, the child has to name the color of
the vegetables “in real life” and inhibit the color of the drawing. Each
part was preceded by 8 practice items. Reaction time and errors for
each part are taken into account.
Motor inhibition and flexibility
Knock and tap: The Knock and Tap task from the NEPSY battery
[49] is used to assess motor inhibition. There are two parts: in the first
part, child is asked to knock on the table when the examiner taps, and
vice versa; in the second part, when the examiner taps with the side
of the fist, the child must knock with the knuckles (and vice versa),
but when the examiner taps with the palm the child must do nothing.
The total score for the two parts is the number of correct responses (30
maximum).
Head-toes-knees-shoulders: This task was developed by Ponitz et
al. [50]. It was originally composed of three parts, but we added a fourth
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one. In the first part, the child is asked to touch his/her head when the
examiner says “touch your feet”, and to touch his/her feet when the
examiner says “touch your head”. In the second part, shoulders and
knees are added. The child must now touch his/her knees when the
examiner says “touch your shoulders” and vice versa, in addition to
the two instructions in Part 1. In the third part, the rules are changed:
the child must now touch his/her knees when the examiner says “touch
your head” and touch his/her shoulders when he says “touch your feet”
(and vice versa). This third part is administered only if the child has
correctly answered at least 5 of the 10 items in Part 2. We created a
fourth part, which is always performed, in order to test flexibility. In this
part, there are two hoops on the floor, a red one and a blue one. When
the examiner is in the blue hoop, the child has to do what the examiner
says (i.e., to touch his/her head when the examiner says “touch your
head” and to touch his/her feet when told to do so). However, when
the examiner is located in the red hoop, the child must do the opposite
and touch his/her feet when told to touch his/her head (and vice versa).
At the beginning of each part, there are 8 practice items to ensure that
the child understands the rule. The number of correct responses for
each part is calculated. For inhibition, we used the number of correct
responses for the first three parts. For flexibility, we used the number of
correct responses for part 4.
Visual attention: The cats task from the NEPSY battery [49] is a
cancellation task measuring selective visual attention. The child had to
cancel as many cats as possible without paying attention to distractors.
Maximum duration is 180 seconds. The child is asked to be as fast as
possible. The internal consistency is good (0.71) and the test-retest
stability correlation is 0.62. Our measure is the precision (number of
correct responses minus errors).
Auditory attention: In this task from the NEPSY battery [49], the
child listens to an audio recording and has to put a red square in a
box when and only when he/she hears the word “red”. The internal
consistency is good (0.81) and the test-retest stability correlation is
0.81. Precision score used in this study is calculated by subtracting
errors from correct responses.
Working memory
Word span: The Word Span task [51] was used to assess verbal
short-term memory (phonological loop). In this task, the examiner
presents a series of words to the child (one per second), who is asked
to repeat them in the same order. The first level of difficulty includes
two words, and one more word is added for each new level. Each level
of difficulty has three trials, and if the child fails at least two out of the
three trials, then the task is stopped. We used the corrected span as the
dependent measure: this is the longest sequence for which two series
were repeated correctly, plus .5 if one longer series was also correctly
processed.
Block tapping test: The Block Tapping Test [51], initially developed
by Corsi [52], is a measure of short-term memory of visuospatial
information (visuospatial sketchpad). The examiner and the child sit
face to face with a board between them, onto which are glued nine
identical cubes. The child has to imitate the path of the examiner, who
touches sets of cubes of increasing number. There are, as for the word
span task, three trials per level. We again used the corrected span as the
dependent measure.
Categospan: This complex span task [51] was used to assess the
central executive. The examiner orally presents one-syllable food
or animal words which the child must then repeat by category, first
naming the food items, then the animals. Trials with items drawn
J Psychol Abnorm, an open access journal
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on cards are performed first to ensure that the child understands the
instructions, and pictures of a forest and a plate are presented to the
child to help recall animal and food names, respectively. There were
three trials per level, with trial set length increasing in each level. We
used the corrected span as the dependent measure.
Executive function questionnaire
Childhood executive functioning inventory: We asked parents
and teachers to fill out the French version of the Childhood Executive
Functioning Inventory [CHEXI; 53], which evaluates the executive
functioning of the child. It is composed of 24 items focusing on two
factors, inhibition and working memory and scored on 1-to-5-point
Likert-type scales. A mean score is calculated for each factor. This
French version presents a good internal consistency (Cronbach’s alpha
was 0.85 for the inhibition subscale and .89 for the working memory
subscale) and high test-retest reliability for the two subscales was also
established (0.87 for the inhibition subscale and 0.75 for the working
memory subscale).
Inhibition training: In this study, we used the training program
of Volckaert and Noël [39]. Intervention was held in small groups
of three or four children. Each session was led by an experienced
neuropsychologist (the first author of this paper). The training
consisted in exercises/games tapping on the four components of
inhibition functions: interruption of an ongoing response, impulsivity
control, inhibition of a predominant response and inhibition of
external distractors. Particular emphasis was placed on the proximal
zone of development: games were not too easy to avoid boredom in
the children, nor too difficult, to avoid discouragement or dropping
out. Before starting each new game, the interventionist ensured that
all children in the group had understood the rules. Some of the games
were for the whole group; some others were for pairs (e.g. day/night
exercises). The complete description of the training sessions can be
found in Volckaert and Noël [39].
One particularity of this intervention is the use of fictional
characters in order to improve the metacognition of executive
functions in children. These characters were inspired by Reflecto [54],
an intervention method using metacognition by introducing eight
characters, each one with a different job representing one of the EF.
The use of the jobs metaphor allows activation, in a single image, of a
set of mental representations already present in the child’s repertoire.
In our intervention, we used three characters (as in Volckaert and Noël
[39]): the policeman, the statue and the detective. The policeman blows
in his whistle and waves “stop” with his hand. This character is used
whenever the exercise involved inhibition of a predominant response.
Children also learn a little song associated with this character: “Stop:
first I think and then I do.” It helped children not to go too fast or too
impulsively. Second, the statue was used in exercises requiring motor
control and calm, forcing children to pay attention to the body parts
which have most tendencies to move and to learn to control these parts.
Finally, the detective helped children to check whether they had made
any errors in the game or to check the performance of others. Thanks to
these characters, children learned which function was most involved in
which games. Although the sessions were led in groups, every child was
always in action, even if it was not his/her turn to answer, as he/she also
had to check the others’ responses for mistakes. Feedback was given to
the children continuously during the games using these characters. For
example, in a game focusing on the control of a dominant response,
children received a “policeman card” each time they answered correctly.
By contrast, if a child gave an answer when it was not his/her turn, or
he/she did not interrupt an ongoing response, the person leading the
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training session notified the child verbally, and the child lost one of his/
her policeman cards. Sessions were held in small groups, as children
can benefit from the help of their peers in these kinds of training
sessions. The intervention comprised 16 sessions of 45 min: twice a
week for 8 weeks. Children from the waiting list were just seen for the
pretest and for the posttest 8 weeks later.

Results
Data analysis
Only 14 teachers filled in the questionnaires in both pre- and
post-test. Indeed, some have not agreed to participate in the study,
some were not aware of the participation of their pupil in the study,
by parental choice, and others only filled in the questionnaires in pretest. This very small return rate (14 out of 34) prevented any valuable
analyses from being done.
Since there exists no pure measure of EF (as it always involves
something else like naming, motor response, color detection, etc.),
we calculated factors that accounted for the common variance of the
different tasks touching on each specific executive function. We tested
whether the intervention and the waiting-list groups were equivalent
in the pretest. Then, we calculated repeated measures ANOVAs with
Time (pre- and post-test) as the within-subject factor and Group
(intervention and waiting-list) as the between-subjects factor, on each
of these factors as the dependent measure, as well as on the behavioral
measures. When a significant time-by-group interaction emerged,
paired-samples t-tests were calculated separately on each group to
measure the improvement from pre- to post-test. Effect sizes were
calculated using partial eta square (ηp²). The level of significance for all
tests was set at 0.05.

Factorial analyses1
We used factorial analyses in principal components forced to one
factor to aggregate tasks from the pretest measuring the same function.
A factor was calculated on tasks measuring inhibition (number of
correct responses for Knock and Tap, and for the inhibition parts of
Cat-Dog-Fish, Vegetable Stroop (last two inhibition parts ) and HTKS
(sum of the first three inhibition parts )). The saturation of tasks on
this Factor ranged from 0.670 to 0.855, and it accounted for 58.95%
of the variance. A second factor was calculated on the tasks measuring
attention (precision2 for Cats and Auditory Attention). The saturation
of each task was 0.861 and it accounted for 74.18% of the variance.
The third factor was calculated on tasks measuring working memory
(span for Categospan, Word span and Block Tapping Test). It explained
73.43% of the variance, and the saturations ranged from 0.790 to 0.902.
Table 1 shows the loadings of each task into factor. As often reported in
the literature [55-57], we observe good correlations between the factors
(see Table 2). On the basis of the loading found in those analyses, we
calculated a factorial score for each factor at pretest and post-test.
Between group comparisons in pre-test
Testing of the equivalence of the two groups in pretest is reported
in Table 3. Groups were equivalent on all demographic variables, on all
cognitive measures except attention factor for which the control group
showed weaker performance, and on all behavioral measures, except
the agitation in UCG where children from the control group were less
agitated that those from the intervention group.
We did not consider response time because (1) some tasks were not timed and
(2) analyses on response time did not lead to any significant results. It should be
mentioned that our intervention was not focused on speed but more on accuracy.
2
Precision=number of correct response minus errors.
3
CBCL EB: t(22)=9.497, p=<0.001; CBCL Agressive behaviors: t(22)=9.166,
p=<0.001
1
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Effect of the intervention
Effects of the intervention were assessed by computing repeated
measures ANOVA with Time (pre and post-test) as the within-subject
factor and Group (intervention and waiting-list) as the betweensubjects factor. We were particularly interested in the Time x Group
interaction as an indicator of a training effect. All results are reported
in Table 4.
Inhibition: The ANOVA calculated on the inhibition factor only
showed a significant main effect of time (F (1,29)=22.196, p=<0.001,
ηp²=0.434). Between pre- and post-test, children improved their
performances in those inhibition tasks. To examine whether some of
the children’s characteristics could account for the differential benefit
of the intervention, we split the intervention group in two, according
to the level of inhibition measured in the pretest (median split). The
repeated measures ANOVA showed again a significant effect of time
(F (1,14)=8.328, p=0.012, ηp²=0.373), of inhibition level in pretest (F
(1,14)=11.775, p=0.004, ηp²=0.457) and a significant time-by-inhibitionlevel interaction (F (1,14)=8.911, p=0.010, ηp²=0.389). Indeed, children
who started with a low level of inhibition benefited more from the
intervention than those who had a higher level of inhibition in pretest
(Low level : significant improving mean of 25.98 ± 19.06, t(7)=-3.855,
p=0.006; High level: non-significant improving mean of -.44 ± 16.2,
t(7)=0.077, p=0.941) (see Figure 1). It is however important to note that
high-level children did not present ceiling effect in pretest and had thus
the possibility to improve their inhibition capacities.
Attention: The repeated measures ANOVA calculated on the
attention factor showed a significant effect of time (F (1, 30)=10.398,
p=0.003, ηp²=0.257) and a significant time-by-group interaction (F
(1,30)=17.447, p=<0.001, ηp²=0.368) (see Table 4). However, when we
ran the Paired-Samples t Test for each group separately, we found,
surprisingly, that the waiting-list group improved their attention
capacities (t(15)=-5.151, p<0.001), which is not the case for the
Tasks

Loadings on the factor

Factorial analysis for Inhibition
Knock and Tap

0.855

HTKSª

0.839

Vegetable Stroop CRª

0.689

Cat-dog-Fish CRª

0.67

% of explained variance

58.95

Factorial analysis for Attention
Cats Precision (CR – Err)

0.861

Auditory Attention Precision (CR – Err)

0.861

% of explained variance

74.18

Factorial analysis for Working Memory
Categospan

0.902

Words span

0.875

Block Tapping Test

0.79

% of explained variance

73.43

Note: CR=Correct Responses; Err=Errors
ª=Correct responses for the inhibition parts
Table 1: Tasks loadings for the factors resulting from the factorial analysis on the
data in pre-test and percentage of explained variance.
Variable

1

2

3

1.     Inhibition Factor

-

0.499**

0.736***

-

0.624***

2.     Attention Factor
3.     Working Memory Factor

-

*p ≤ 0.05, **p ≤ 0.01, ***p<0.001
Table 2: Inter correlations among the factors in pretext with chronological age in
pretext as covariate variable.
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Pretest
N
Variables

Waiting-list
group

N

M (SD)

Intervention group

Independent-Samples
t Test

d Cohen (r)

M (SD)

Demographic

Sex (Male)

17

11

17

Data

CA (in months)

17

51.41 (10.06)

Mean of IQ
subtests

17

97.35 (22.92)

Mother education
(max=7)

17

Father education
(max=7)

11

0.000a

17

56.53 (8.98)

-1.565

17

99.71 (21.61)

-0.308

5.47 (1.46)

16

5.38 (1.50)

0.185

17

5.29 (1.45)

14

4.71 (1.59)

1.062

Family income
(max=9)

17

7.53 (1.77)

16

7.00 (2.31)

0.742

Cognitive

Inhibition Factor

15

99.27 (21.15)

16

108.79 (23.54)

-1.181

measures

Attention Factor

16

25.02 (14.36)

16

36.11 (12.90)

-2.297*

WM Factor

17

6.43 (1.65)

17

7.26 (1.73)

-1.427

Flexibility

17

12.12 (3.16)

17

14.18 (4.19)

-1.618

CHEXI WM
(parent)

17

2.72 (.72)

16

2.38 (0.76)

1.306

CHEXI Inhibition
(parent)

17

3.89 (0.49)

16

3.59 (0.77)

1.377

Behavioral

UCG positive
affects

16

1.25 (0.41)

16

1.15 (0.34)

0.776

measures

UCG negative
affects

16

1.58 (0.70)

16

1.85 (0.85)

-0.98

UCG agitation

16

3.00 (1.15)

16

4.15 (0.70)

-3.410**

UCG inattention

16

2.17 (0.88)

16

2.06 (0.94)

0.323

CPRS conduct
problems

17

65.35 (11.34)

16

61.94 (15.87)

0.715

CPRS
hyperactivity

17

70.88 (11.13)

16

67.44 (17.33)

0.684

CPRS impulsivity

17

65.65 (9.73)

16

63.56 (13.67)

0.507

CBCL Anx/Dep

17

6.41 (4.14)

17

5.59 (2.92)

0.671

CBCL Att Prob

17

4.71 (1.93)

17

5.00 (2.74)

-0.362

CBCL Agg Behav

17

24.71 (4.59)

17

23.71 (4.77)

0.623

CBCL EB

17

29.41 (5.80)

17

28.71 (6.75)

0.327

-0.81 (-0.38)

-1.21 (-0.52)

Note: CA=Chronological Age; IQ=Intellectual Quotient; WM=Working memory; CHEXI=Childhood Executive Functioning Inventory; UCG=Unfair Card Game;
CPRS=Conners Parent Rating Scale; CBCL Anx/Dep: Anxiety/Depression scale of the CBCL; CBCL Att Prob: Attention problems scale of the CBCL; CBCL Agg Behav:
Aggressive Behaviors scale of the CBCL; CBCL EB=Externalized Behaviors scale of the CBCL *p ≤ 0.05, **p ≤ 0.01, ***p<0.001; a Analysis=χ²
Table 3: Mean scores and standard deviations for the waiting-list and intervention groups in pre-test session and between-group comparisons.

intervention group (t(15)=0.685, p=0.504). This improving is in fact
due to the auditory attention task more than to the visual attention task.
Indeed, a significant effect of time (F (1,30)=6.662, p=0.015, ηp²=0.182)
and a significant time-by-group interaction (F (1,30)=19.780, p<0.001,
ηp²=0.397) is found for the auditory attention task with children
from the waiting-list improving from pre- to post-test (t(15)=-4.969,
p<0.001), which was not the case of children from the intervention
group (t(15)=1.320, p=0.207). However, for the visual attention task,
we only observed an effect of time (F (1,32)=17.274, p<0.001, ηp²=0.365)
showing that both groups improved similarly.
Working memory: The repeated measures ANOVA calculated on
the working memory factor showed a significant main effect of time
(F (1,32)=13.443, p=0.001, ηp²=0.296) and a significant time-by-group
interaction (F (1,32)=6.661, p=0.015, ηp²=0.172) (see Table 4). Here
again, the waiting-list group improved significantly over time (t(16)=4.041, p=0.001) while this was not the case for the intervention group
(t(16)=-0.855, p=0.405).
Flexibility: The same analysis conducted on the flexibility part of
HTKS showed only a marginal effect of group (F (1,32)=3.830, p=0.059,
ηp²=0.107) but no effect of time and no time-by-group interaction (see
Table 4).
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EF questionnaire (CHEXI): Repeated measures ANOVAs were
calculated on the two dimensions of the CHEXI evaluated by the parents,
working memory and inhibition. A significant effect of time was observed
for working memory (F (1,31)=5.480, p=0.026, ηp²=0.150). For both
dimensions, we observed a marginal effect of group (working memory:
F (1,31)=3.306, p=0.079, ηp²=0.096; inhibition: F (1,31)=4.080, p=0.052,
ηp²=0.116) and more importantly, a marginal time-by-group interaction
(working memory: F (1,31)=3.889, p=0.058, ηp²=0.111; inhibition: F
(1,31)=3.230, p=0.082, ηp²=0.094). As regards working memory, parents
of the intervention group rated their children as presenting less working
memory difficulties after the intervention than before (t(15)=2.894,
p=0.011) which was not the case for the waiting-list group (t(16)=0.275,
p=0.787) (see Figure 2). Regarding inhibition, the intervention group
tended to reduce their inhibition difficulties, but this improvement did
not reach statistical significance (t(15)=1.931, p=0.073). In the waiting-list
group, there was no change at all (t(16)=-0.211, p=0.836) (see Figure 2).
Parents of children from the intervention group filled out the
CHEXI again 4 months after the post-test. Paired samples t-test between
post-test and follow-up ratings showed that the improvements still holds
4 months after the intervention (working memory: t (13)=-0.589, p=0.566;
inhibition: t (13)=-1.561, p=0.143) (see Figures 2 and 3).
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high
low
130
125
Score on Inhibition Factor

Behavior: Concerning the questionnaires (CPRS, CBCL), the
repeated measures ANOVAs calculated for the Conners Parent Rating
Scale showed a significant effect of time (F (1,31)=21.167, p=<0.001,
ηp²=0.406) for the conduct problems scale, but no effect of group or timeby-group interaction (see Table 4). Indeed, children globally reduced
their conduct problems from pre- (mean (SD)=63.70 (13.62)) to posttest (mean (SD)=55.94 (13.12)). For the hyperactivity and impulsivity
scales, respectively, we found a significant and marginal effect of time
(hyperactivity: F (1,31)=14.612, p=0.001, ηp²=0.320; impulsivity: F
(1,31)=3.642, p=0.066, ηp²=0.120) and more importantly a marginal
time-by-group interaction (hyperactivity: F (1,31)=3.783, p=0.061,
ηp²=0.109; impulsivity: F (1,31)=3.188, p=0.084, ηp²=0.093). Indeed,
children from the waiting list were rated by their parents as equally
hyperactive and impulsive in the pre- and post-test (hyperactivity: t
(16)=1.339, p=0.199; impulsivity: t (16)=0.086, p=0.932) whereas, in
the intervention group, parents rated their children as less hyperactive
and less impulsive in the post-test than in the pretest (hyperactivity: t
(15)=4.049, p=0.001; impulsivity: t (15)=2.641, p=0.019) (see Figures 4
and 5). Again, parents of children from the intervention group filled
out the Conners Parent Rating Scale 4 months after the post-test.
Paired samples t-test between post-test and follow-up ratings showed

measures

Inhibition Factor
Attention Factor
WM Factor
Flexibility

(ηp²)

31 22.196*** (0.434)

(ηp²)

0.962

10.398** (0.257)

0.547

17.447***
(0.368)

34 13.443*** (0.296)

0.593

6.661**
(0.172)

1.916

3.830†
(0.107)

0.05

5.480* (0.150)

3.306†
(.096)

3.889†
(0.111)

34

CHEXI WM (parent) 33
CHEXI Inhibition
(parent)

33

2.498

4.080†
(.116)

3.230†
(0.094)

Behavioral

UCG positive
affects

32

3.224† (0.097)

1.09

0.027

measures

UCG negative
affects

32

0.802

0.056

4.366*
(0.127)

UCG agitation

32

0.617

6.286*
(0.173)

9.870**
(0.248)

UCG inattention

32

1.752

0.488

0.052

CPRS conduct
problems

33 21.167*** (0.406)

0.709

0.032

CPRS hyperactivity 33 14.612*** (0.320)

1.853

3.783†
(0.109)

1.259

3.188†
(0.093)

CPRS impulsivity

33

3.642† (0.105)

CBCL Anx/Dep

34 16.729*** (0.343)

2.169

1.859

CBCL Att Prob

34

0.207

2.507

1.643

CBCL Agg Behav

34 31.672*** (0.497)

3.832†
(0.107)

8.019**
(0.200)

CBCL EB

34 24.079*** (0.429)

2.926†
(0.084)

7.953**
(0.199)

Note: WM=Working memory; CHEXI=Childhood Executive Functioning Inventory;
UCG=Unfair Card Game; CPRS=Conners Parent Rating Scale; CBCL Anx/Dep:
Anxiety/Depression scale of the CBCL; CBCL Att Prob : Attention problems scale
of the CBCL; CBCL Agg Behav: Aggressive Behaviors scale of the CBCL; CBCL
EB=Externalized Behaviors scale of the CBCL; ηp²=Partial eta squares (effect size)
† p ≤ 0.10 *p ≤ 0.05, **p ≤ 0.01, ***p<0.001
Table 4: Results of repeated measure ANOVAs for cognitive and behavioural
measures with the two groups (training and waiting-list groups).
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95
90

PRE-TEST

POST-TEST

low

1.009

32

100

high

130

Main
Group
Effect of by time
Group interaction
(ηp²)

105

Figure 1: Level of inhibition in pre- and post-test for the intervention group, split
with respect to inhibition level in pretest (+ standard error).

125
Score on Inhibition Factor

Cognitive

N

110

80

120

115
110
105
100
95
90
85
80

PRE-TEST

POST-TEST

Figure 2: Level of WM difficulties rated by parents with CHEXI in pre and posttest for intervention and waiting-list groups (+ standard error).

intervention group
waiting-list group
score on Inhibition scale of CHEXI Parent

Variables

115

85

Analysis (F)
Main Effect of
Time

120

4
3.5

3
2.5
2
1.5
1
0.5
0

PRE-TEST

POST-TEST

FOLLOW-UP

Figure 3: Level of inhibition difficulties rated by parents with CHEXI in pre- and
post-test for intervention and waiting-list groups (+ standard error).
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that the improvement on the hyperactivity and impulsivity scale still
holds 4 months after the intervention (hyperactivity: t (13)=-1.611,
p=0.131; impulsivity: t (13)=-1.204, p=0.250).

intervention group

29
score on EB scale of CBCL

For the CBCL, the repeated measures ANOVAs calculated on the
EB scale showed a significant effect of time (F (1,32)=24.079, p<0.001,
ηp²=0.429) and a marginal effect of group (F (1,32)=2.926, p=0.097,
ηp²=0.084) qualified by a significant time-by-group interaction (F
(1,32)=7.953, p=0.008, ηp²=0.199) (see Figure 6). Indeed, parents rated
their children as presenting less EB problems after the intervention
than before (t(16)=4.690, p<0.001) which was not the case for the
waiting-list group (t(16)=1.840, p=0.084). This training effect observed
on the EB scale is in fact due to the Aggressive Behavior scale more
than to the Attention Problem scale. Indeed, a significant effect of
time (F (1,32)=31.672, p<0.001, ηp²=0.497), a marginal effect of group
(F (1,32)=3.832, p=0.059, ηp²=0.107) and a significant time-by-group
interaction (F (1,32)=8.019, p=0.008, ηp²=0.200) is observed for the

intervention group
waiting-list group

27
25
23
21
19
17
15

PRE-TEST

POST-TEST

FOLLOW-UP

Figure 6: Level of EB symptoms rated by parents in CBCL in pre- and post-test
for intervention and waiting-list groups (+ standard error).

80

intervention group
waiting-list group

75

29

score on Aggressive Behavior Scale
of CBCL

score on hyperactivity scale of CPRS

waiting-list group

27

70

25

65

23

60

21
19

55

17

50

PRE-TEST

POST-TEST

FOLLOW-UP

Figure 4: Level of hyperactivity symptoms rated by parents in CPRS in pre- and
post-test for intervention and waiting-list groups (+ standard error).

15

PRE-TEST

intervention group

66
64
62
60
58
56
54
52
50

PRE-TEST

POST-TEST

FOLLOW-UP

Figure 5: Level of impulsivity symptoms rated by parents in CPRS in pre- and
post-test for intervention and waiting-list groups (+ standard error).
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score on Negative Affects scale in UCG

scale on Impulsivity scale of CPRS

68

FOLLOW-UP

intervention group

waiting-list group
70

POST-TEST

Figure 7: Level of aggressive behaviors rated by parents in CBCL in pre- and
post-test for intervention and waiting-list groups (+ standard error).

waiting-list group

5
4.5
4
3.5
3
2.5
2
1.5
1

PRE-TEST

POST-TEST

Figure 8: Level of negative affects observed in UCG in pre- and post-test for
intervention and waiting-list groups (+ standard error).
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intervention group
waiting-list group

score on Agitation sclae in UCG

5
4.5
4
3.5
3

2.5
2
1.5
1

PRE-TEST

POST-TEST

Figure 9: Level of agitation observed in UCG in pre- and post-test for intervention
and waiting-list groups (+ standard error).

Aggressive Behavior scale (see Figure 7) but no effect at all for the
Attention Problem scale. We have not observed either any effect on
the Anxiety/Depression scale, and this seems relevant. Indeed, our
intervention specifically targeted the improvement of EB, not the
more general well-being of the child which includes also internalizing
behaviors.
Finally, paired samples t-test between post-test and follow-up
ratings showed that the improvement on the EB and Aggressive
behavior scales still holds 4 months after the intervention (EB: t (13)=1.395, p=0.187; Aggressive behavior: t (13)=-1.406, p=0.183).
Finally, ANOVAs calculated on the four dimensions of our
observational paradigm, the UCG, showed a significant time-by-group
interaction for negative effects (F (1,30)=4.366, p=0.045, ηp²=0.127)
and for agitation (F (1,30)=6.286, p=0.004, ηp²=0.173) (see Table 4).
Indeed, children from the intervention group showed a decrease of
their negative effects and agitation in the posttest, whereas the opposite
was true for the waiting-list group (see Figures 8 and 9). No significant
time–by-group interaction was found for positive affects or inattention.
Gender effect: Developmental research often shows gender effects
for externalizing behaviors. The link between executive functions and
EB would be stronger in sample including a greater proportion of boys
[32]. In this study, we did not find any gender effect: boys and girls
have benefited equally from the intervention, either on cognitive or
behavioral variables.

Discussion
In this research, we wanted to test the causal link between EF and
EB by implementing an intervention in EB preschoolers focusing
specifically on inhibition and then observing the possible impact on
EB. To that end, we replicated with EB preschoolers, the intervention
of Volckaert and Noël [39] who showed, in TD preschoolers, the
effectiveness of an inhibition training on executive functions but also
on external behavior.
By thoroughly replicating this study in a clinical population,
we wanted to test whether this intervention would lead to the same
beneficial effects with EB preschoolers and compare them to EB
preschoolers who were on a waiting list. We had two hypotheses
concerning our potential results. First, as Volckaert and Noël [39]
showed that children with a low inhibition level in pretest were the
J Psychol Abnorm, an open access journal
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ones who benefited more from the inhibition training, we might
have expected that children with EB, who are characterized by EF
difficulties, would largely benefit from that intervention. Accordingly,
the intervention would lead to both an EF improvement and a decrease
of their EB problems. A second (and contrary) hypothesis was that, as
EB preschoolers have multiple risk factors [15,16], focusing only on
inhibition would not lead to a significant improvement in EF and EB.
We thus decided in this research to compare the progress of the EB
children in the training and waiting list conditions for both their EF
capacities and their EB problems.
As Volckaert and Noël [39] showed a tendency to improve
inhibition capacities after the intervention, we expected that our
results would point in the same direction. However, despite the fact
that we observe a significant effect of time indicating that children
improved in inhibition tasks from pre- to post-test, we did not find
any time-by-group interaction. Yet, as these authors did, we found
that children who had a low level of inhibition in pretest were those
who benefitted most from the intervention, whereas children who
began the intervention with a high level of inhibition (although having
no ceiling performance) did not show any improvement. This may
confirm the hypothesis of Volckaert and Noël [39] suggesting that,
as the intervention is led by groups of four children but the groups
are not constituted on the basis of inhibition level at pretest, maybe
some of the children in the group are not challenged enough in their
proximal zone of development with these exercises. Concerning the
transfer to other EF, we wanted to observe the effect of the intervention
on attention, working memory and flexibility. In their study, Volckaert
and Noël [39] observed an improvement from pre- to post-test on both
attention and working memory capacities only for their experimental
group, proving the benefit for other EF of the intervention focusing
on inhibition. Surprisingly, we did not observe the same results in
this present study. Instead, the waiting-list group actually seemed to
improve their attention and working memory capacities more than
children in the intervention group. Justifying these surprising results
remains difficult. Concerning attention, we may note that the two
groups differed in pretest, with a lower level for the waiting-list group
than the intervention group, perhaps allowing them a bigger possibility
of improvement. Note however that, in this study, we added an EF
questionnaire (CHEXI) allowing us to have parental evaluation of EF.
Despite the fact that we did not observe any improvement on working
memory tasks, parents of children who received the intervention
rated their child as presenting less working memory difficulties
after the training. The same tendency also appears for their rating of
inhibition. Finally, we found that, like Volckaert and Noël [39] and
Tamm, Nakonezny and Hughes [38], we did not find any effect of
the intervention on flexibility, confirming the idea that, as flexibility
capacities are still at the beginning of their development at this very
young age, it is difficult to observe an improvement for this EF.
As we used exactly the same intervention program as in Volckaert
and Noël [39], we expected to observe the same positive results for
cognitive variables. The failure to find a significant improvement in
the cognitive tasks in this present study could possibly be due to the
fact that, maybe, more training sessions would have been necessary to
induce a significant change in cognitive capacities in EB population.
Another possibility would have been to involve the parents (as in
Tamm et al. [38]) in understanding the role of EF in everyday life
activities and using the metacognitive tools (the policeman, the statue
and the detective) to help their children exert their behavioral control
at home as well. However, two observations are worth nothing here.
First, although no significant improvement was measured in the
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cognitive tasks, parents rated their children as presenting less working
memory difficulties and a tendency for less inhibition problems after
the training. Second, a significant improvement of inhibition capacities
was indeed observed in those children who had lower inhibition skills
to start with. Hence, the children of this study were not selected on the
basis of EF difficulties but according to their EB level. Even if we know
that EF difficulties are a risk factor for developing EB, we know that
all children with EB do not present weak EF functions [58]. Possible
future studies might consider running the same program but only on
children with EB and associated poor EF.
Concerning the behavioral measures, improvements in parental
evaluations were highlighted. Indeed, parents rated their child as less
impulsive after the intervention, and as presenting less EB, specifically
fewer aggressive behaviors. One could posit that these improvements
in parental evaluation for the intervention group were due to the fact
that parents knew that their child was participating in the training.
However, these results are specific as no such improvement was
reported by the parents regarding anxiety and depression. Second,
these parental ratings were confirmed with our observational paradigm,
which is a more objective measure, allowing us to exclude a possible
placebo effect. Indeed, as in Volckaert and Noël [39], we also observe
a decrease of negative reactions and of agitation symptoms in UCG.
Here, it is important to note that the coder for UCG was a trained
coder not implicated in this research, blind to the group in which
children belonged to. So we can exclude any possible bias relative to
the experimenter’s expectations.
The more important result in this study is the observation of
a significant reduction of EB problems in those children after the
training. This reduction was larger than the one observed in the
waiting-list group and it remained stable 4 months after the end of
the intervention. It was reported by parents through questionnaires
but it was also measured in an observational paradigm. Furthermore,
this reduction was even stronger than the one reported previously by
Volckaert and Noël [39] on TD children. This last positive outcome
might of course be due to the fact that by definition, EB children
present more problematic behavior than TD children which leaves
more space to improvement. Yet, even in the TD population, floor
effects were not present at the post-test and thus there was room for a
larger improvement. In sum, taking care of the children in small groups
and playing games that allow them to become aware of their cognitive
control processes (though the three characters) and use them in games
lead to significant improvement of their EB.
Further studies might consider possible benefits of this
intervention on social cognition as well. Indeed, for instance, in playing
the detective, the child learns to be in another child’s shoes. Possibly,
some form of empathy could develop through this type of practice.
Also, playing cooperation games could increase cooperation skills in
children. Finally, as children improve their inhibition abilities, they
might become more able to inhibit their own perspective and take into
account others’ perspective.

intervention after their own post-test for obvious ethical reasons (we
could not ask parents to wait for 8 weeks without offering their EB
child any intervention after the post-test), they did not participate
in the 4 months follow-up. It was then difficult to correctly analyze
these follow-up data, at least for cognitive variables, as we could
not control the possible spontaneous development of the children,
given that preschool age is a critical period for the emergence of EF.
Nevertheless, we observe that the positive change in parental rating of
EB, aggressive behaviors, hyperactivity and impulsivity in post-test for
the intervention group still holds four months after the intervention.
This is thus very promising.
In conclusion, this present study was carried out to test whether
the inhibition intervention used by Volckaert and Noël [39] on TD
children could also have a positive impact on an EB population. Results
showed that, even if the impact is not the same on cognitive variables,
we observed a positive change in parental evaluation that lasts four
months after and that is also observed in our observational paradigm.
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supported by the National Research Fund of Belgium. The authors wish to thank
the families for collaborating on this project. We also thank our many sponsors for
all the gifts we have been able to offer to our participants (Alice Délice, Martin’s
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