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ABSTRACT ARTICLE HISTORY
Considering the implications of executive function (EF) in the Received 18 August 2023
core symptoms of attention deficit hyperactivity disorder Accepted 3 December 2024
(ADHD), further research is required on strategies such as

.therapigs, treatm.ents, and. rehabilitation programs focused on ADHD; child; computer
improving EF. This study aimed to assess th_e pot_ent@l of an EF gaming; executive function;
training program called “Braingame Brian” in improving training

working memory, inhibition, and cognitive flexibility in

children with ADHD. The programme was developed in the

Netherlands and has been shown to be effective in pilot

studies of ADHD populations conducted in this country.

However, it has not been used before in the Spanish-speaking

population. A total of 41 children (aged 8-12 years) were

assigned to the EF training or waitlist control groups. The

intervention consisted of a 25-session training programme of

approximately 45 min per day for nine consecutive weeks.

Treatment outcomes were assessed using cognitive tasks of

the trained EF, as well as evaluations of EF behaviors by

parents and teachers. The initial findings suggest that the

implementation of the Braingame Brian programme may be

associated with improvements in working memory, inhibition,

and cognitive flexibility. These preliminary results also indicate

the potential for enhancements in parents’ and teachers’

perceptions of EF difficulties in children with ADHD.

KEYWORDS

Introduction

Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental con-
dition that is commonly diagnosed during childhood. ADHD is one of the
most prevalent chronic medical conditions in school-aged children, with
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impulsivity, hyperactivity, and inattention being the main symptoms (American
Psychiatric Association, 2013; Levitt & Felt, 2022).

Epidemiological samples that are representative of the general population
indicate that the prevalence of ADHD in school-aged children is 5.3%, with no
significant variation by geographical region (Faraone et al., 2024). The preva-
lence rates have been on the rise over time (London & Landes, 2021), resulting
in significant challenges in various domains, including social, academic, per-
sonal, and familial spheres (American Psychiatric Association, 2013; Lopera,
2008). This increases the risk of lifelong difficulties for children with ADHD,
due to their symptoms, including deficits in neurocognitive abilities, academic
difficulties, social isolation, risk-taking behaviors, and psychiatric comorbidities
(Coghill et al., 2014b; Faraone et al., 2021).

ADHD has a complex aetiology and demonstrates clinical heterogeneity,
suggesting that multiple pathophysiological pathways contribute to its devel-
opment. Neuroimaging studies have provided insights into the underlying
mechanisms of ADHD, implicating several cortical and subcortical regions of
the brain responsible for many executive functions (EF) in the disorder (e.g.,
the dorsolateral prefrontal cortex, inferior frontal cortex, and ventral and
dorsal anterior cingulate cortices). Networks that mediate EF have been ident-
ified as being implicated in ADHD. These networks are underactivated and
exhibit reduced functional inter-regional connectivity in individuals with
ADHD compared with those without ADHD (Faraone et al., 2024).

According to Dovis et al. (2015), deficits in executive functioning are believed
to be a significant contributing factor to the challenges faced by children with
ADHD on a daily basis. Executive functions (EF) are defined as the cognitive pro-
cesses that enable individuals to regulate their behavior, thoughts, and
emotions, thereby facilitating self-control (p.1). EF is a top-down control
model responsible for the regulation of cognition, action, and emotion. It
encompasses neurocognitive processes such as working memory, inhibition,
and cognitive flexibility (Aran-Filippetti & Richaud de Minzi, 2011; Huizinga
et al, 2006; Miyake et al.,, 2000; Vugs et al., 2017; Zelazo et al., 2003). The
concept of EF is often perceived as a complex one, comprising a number of sep-
arate sub-functions (Miyake et al., 2000). As proposed by Stuss and Alexander
(2000), these processes are interrelated and function as a unified supervisory
control system.

The term “working memory” (WM) is used to describe the systems and pro-
cedures used to temporarily store and process information (Baddeley, 2003).
Furthermore, it encompasses the capacity to maintain information in an
online state while awaiting a response, utilizing an internal representation (Bad-
deley, 1992, 2000). Inhibition is defined as the ability to suppress prepotent
responses (Miyake et al., 2000). Barkley (1997) defined inhibition as the repres-
sion of an overlearned, competing, or disrupting response. Research indicates
that challenges in inhibitory control are a primary mechanism associated with
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the clinical and cognitive difficulties observed in children with ADHD (Barkley,
1997; Romero-Ayuso et al., 2006; Rubia et al., 2009). Cognitive flexibility, also
known as shifting, is defined as the capacity to shift attention between tasks
(Miyake et al., 2000). According to another approach, it is the capacity to alter
one’s thoughts or behavior in response to changing circumstances (Monsell,
2003).

However, it is necessary to identify which EFs are typically affected in children
with ADHD. The literature on this topic examines EF impairments from a variety
of perspectives. For instance, van der Oord et al. (2014) asserted that children
with ADHD encounter difficulties in the domains of WM, behavioral inhibition,
and cognitive flexibility (Cepeda et al., 2000; Willcutt et al., 2005; Wu et al.,
2006). Another perspective suggests that challenges in the prepotent inhibition
or the inhibition of an ongoing response are common features of ADHD (Ser-
geant et al., 2002). The EF with the greatest deficiency in ADHD literature are
attention and vigilance, inhibition, planning, organization, and verbal and
spatial working memory (Landinez-Martinez et al., 2022; Nigg et al., 2008;
Pineda et al., 2007; Sergeant, 2005). Cognitive deficits include emotional dysre-
gulation (Shaw et al., 2014), temporal processing (Rubia et al., 2009; Sonuga-
Barke et al., 2010), a preference for small immediate rewards (Marx et al.,
2021), and poor decision-making in general (Sonuga-Barke et al., 2016). It is
also important to consider the potential impact of other factors, such as proces-
sing speed (Cook et al., 2018) and delay aversion (Sonuga-Barke, 2003).

Furthermore, children with ADHD demonstrate inferior performance in
visuospatial tasks that require the integration of multiple cognitive operations
and exhibit poor executive memory due to a lack of behavioral inhibition
(Mclnnes et al., 2003; Oosterlaan et al., 1998). A substantial body of research
indicates that children with ADHD exhibit difficulties in executive functioning,
which manifests as difficulty in inhibiting impulsive responses, resisting interfer-
ence, and maintaining cognitive efforts focused on a single task (Barkley &
Murphy, 2010; Brown, 2009; Pennington & Ozonoff, 1996; Roberts et al., 2017).

These findings have enhanced our understanding of ADHD and the efficacy
of interventions and rehabilitation methods by elucidating the implications of
EF and its effect on core symptoms. Studies have demonstrated that certain
cognitive processes may benefit from pharmacological treatments, including
response inhibition (Coghill et al., 2014a; Griffiths et al., 2018; Lee et al., 2022),
working memory (Coghill et al, 2014a), non-executive aspects of short-term
memory (Coghill et al., 20143, 2014b), attention (Epstein et al.,, 2011), response
reaction time (Coghill et al., 2014b), and reaction time variability (Coghill et al.,
2014b). The pharmacological treatment of ADHD typically involves the use of
psychostimulant drugs, which act on the neurotransmitter systems implicated
in the psychopathology of the disorder. A number of empirical and meta-
analytical investigations have demonstrated that central nervous system stimu-
lants are effective in reducing symptoms of inattention, hyperactivity,
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impulsivity, and other disruptive behaviors (Connor, 2015). In the study by Land-
inez-Martinez et al. (2022), the standard approach to treating ADHD was found
to involve the use of medications to enhance focus, reduce impulsivity, and
treat other overactive behaviors by controlling the signal components trans-
mitted between synapses (Ng, 2017).

However, it is not always the case that children benefit from psychostimu-
lants. In some instances, the side effects may be counterproductive. Rosa
et al. (2017) emphasized the efficacy of medication, particularly stimulants, as
a treatment for ADHD. However, despite this, there is still concern about this,
given that 30% of patients do not respond to or tolerate the side effects of
stimulant medication. Furthermore, the long-term effects of medication have
not yet been established, and the cognitive symptoms of ADHD typically do
not completely improve.

As outlined by Briars and Todd (2016), the administration of pharmaceuticals
has been associated with an increased risk of anorexia, weight loss, and insom-
nia. A number of potential limitations may affect some patients, including
partial or non-response to treatment (Cortese et al., 2018), adverse side
effects (Cortese et al., 2013), poor adherence (Adler & Nierenberg, 2010), con-
cerns about long-term costs and benefits (Molina et al., 2009), and negative
medication-related attitudes from patients, parents, or healthcare professionals
(Cortese et al., 2015; Veloso et al., 2020). In light of these constraints, parents and
medical professionals are investigating alternative therapeutic avenues (Rabi-
pour & Raz, 2012).

van der Donk et al. (2015) highlighted that these limitations have increased
interest in non-pharmacological alternatives for treating children with ADHD.
They further noted that treatments that focus on the underlying cognitive
deficits appear to be critical in the mechanism that mediates the ADHD
causal pathway. Furthermore, in order to treat ADHD, the outcomes of interven-
tions should focus on enhancing cognitive abilities, daily performance, and
quality of life, rather than on symptomatic improvement (Adamo et al., 2015;
Mulraney & Coghill, 2018; NICE, 2019).

Veloso et al. (2020) explained that the development of non-pharmaco-
logical treatments for ADHD has been a subject of investigation. Further-
more, cognitive training has been identified as a promising treatment for
ADHD (Cortese et al., 2015). Cognitive training interventions are defined
as all actions and practices whose purpose is to restore impaired cognitive
functions (Portellano & Garcia, 2014). As proposed by Vinogradov et al.
(2012), cognitive training can enhance and expand brain networks by train-
ing the brain in specific learning tasks, thereby fostering more adaptable
behaviors under varying conditions or circumstances. Digital tools have
been employed in non-pharmacological interventions based on cognitive
training with the objective of enhancing cognitive function and alleviating
ADHD symptoms.
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Although the evidence base for these types of interventions is expanding, the
quality of many studies is low, and they have demonstrated inconsistent
benefits on ADHD outcomes (Faraone et al., 2024; Hollis et al., 2017; Robledo-
Castro et al., 2023). The most recent meta-analysis of computer-based cognitive
training has confirmed the findings of previous meta-analyses (e.g., Rapport
et al., 2013), which demonstrated that there is no significant impact on ADHD
symptoms when blinded raters are considered (Westwood et al., 2023). Never-
theless, a large randomised controlled trial (RCT) of a video game-like interven-
tion targeting divided attention and cognitive control demonstrated a small but
significant improvement in neuropsychological measures of attention, but a
non-significant improvement in ADHD symptoms (Kollins et al., 2020). Further-
more, a gamified treatment targeting EF has demonstrated efficacy in a ran-
domised controlled trial for reducing the symptoms of ADHD and improving
academic achievement (Singh et al., 2022). The evidence thus far has been
inconclusive regarding the general benefits of computerized training on the
executive functions of children with ADHD.

Cognitive training methods have been employed to address impairments in a
range of EF processes, including attentional control, WM, and inhibition.
However, WM is frequently the focus of cognitive training, as explained by
Tajik-Parvinchi et al. (2014), because it can influence other cognitive processes.
WM training has received the greatest attention in the field of cognitive therapy
as a potential treatment for ADHD in children, given that it is an essential
process for a variety of other challenging tasks, including comprehension,
reasoning, and learning (Baddeley, 2007). Studies have indicated that difficulties
with WM may be associated with the emergence of ADHD symptoms (Barkley,
1997; Willcutt et al.,, 2005). Furthermore, studies that have focused on WM train-
ing as a potential ADHD treatment have demonstrated significant improve-
ments (Beck et al., 2010; Gathercole et al,, 2019; Gray et al., 2012; Green et al,,
2012; Holmes et al., 2010; Klingberg et al., 2002, 2005; Landinez-Martinez
et al, 2022; Melby-Lervag & Hulme, 2013; Rapport et al., 2013; Shipstead
et al.,, 2012; van der Donk et al., 2015; Vugs et al., 2017; Wiest et al., 2020).

A paucity of studies has examined the efficacy of training cognitive flexibility
and inhibition, two EF processes that are compromised in ADHD. For instance,
White and Shah (2006) found that attention-switching impairments in adults
with ADHD may be ameliorated with short-term, targeted training, with the
effects from such training transferred to new tasks of attention switching.
Kray et al. (2012) demonstrated that task-switching training is an efficacious
cognitive intervention that enhances executive control functioning in children
with ADHD. Johnstone et al. (2010) investigated the behavioral and physiologi-
cal effects of computer-based WM and inhibition training for children with
ADHD using a randomised double-blind design. Their findings indicated that
there was no statistically significant improvement in the treatment group in
the inhibition and WM tasks. Nevertheless, they posited that children in the
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high-intensity training condition exhibited a diminished frequency of inatten-
tion and hyperactivity symptoms.

Braingame Brian is a computer program designed for the training of EF that
has yielded some scientific discoveries in the past ten years. This computerized
programme of Dutch origin trains WM, inhibition, and cognitive flexibility. The
preliminary outcomes of Braingame Brian usage with children diagnosed with
ADHD appear promising. The children not only demonstrate notable improve-
ments in the targeted activities, but also exhibit enhanced cognitive abilities.
Additionally, parents report a reduction in their children’s behavioral symptoms
associated with ADHD (Prins et al.,, 2013; van der Oord et al., 2014).

This study aimed to explore the potential of Braingame Brian for executive
function improvement in Spanish-speaking children with ADHD aged 8-
12 years. A comparison was made between the performance of the children
assigned to either an EF training group or a waitlist control group, before and
after training, on cognitive EF tasks and the ratings of EF behaviors by
parents and teachers. The research questions were as follows: (1) Does the EF
training programme Braingame Brian result in significant improvements in
WM, inhibition, and cognitive flexibility in children with ADHD? (2) Does it
result in significant improvements in the ratings of EF behaviors by parents
and/or teachers in children with ADHD?

Given the limited and inconsistent evidence currently available, we adopted
an exploratory approach to the study. The hypotheses are that (1) EF training
will significantly improve WM, inhibition, and cognitive flexibility in children
with ADHD compared with the waitlist control group, and (2) it will also
improve parents’ and teachers’ perceptions of EF behaviors in children with
ADHD compared with the waitlist control group.

Method
Design

A quasi-experimental study was conducted with a non-equivalent control group
to identify potential changes in EF following the Braingame Brian Intervention
Program. This was a prospective, non-randomised, non-blinded, controlled
study in which a treatment group and a control group were compared using
pre-test and post-test measures. A matching strategy was employed to mitigate
the influence of confounding variables resulting from non-random participant
assignment. In order to ensure that the two groups were as similar as possible,
a set of observable baseline characteristics (e.g., age, sex, educational level, and
baseline scores of EF cognitive tasks) was selected to be matched between the
two groups. A comparison of baseline scores between the matched groups was
conducted using the standardized mean difference method (Ho et al., 2007).
This type of design allows for the control of threats to internal validity resulting
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from history, maturation, evaluation, instrumentation, and statistical regression
(Shaughnessy et al., 2007). The purpose of this study was to conduct an initial
trial in preparation for future randomised controlled trials.

Participants

A total of 41 children aged between 8 and 12 years were recruited from out-
patient mental health clinics and schools in Cartagena, Colombia. The total
sample consisted of seven females (M,qe =8.9 years, SD=1.2 years) and 34
males (M,qe =9.7 years, SD=1.4 years). All children currently or previously
diagnosed with ADHD were contacted and invited to participate. The partici-
pants were recruited between 1 May 2019 and 20 February 2020. The inclusion
criteria for participation were as follows:(1) a DSM-5 (APA, 2013) diagnosis of
ADHD combined presentation established by a child neurologist or psychia-
trist and confirmed by their medical history, and (2) an estimated full-scale
IQ of 80 or above, as established by a short version of the Wechsler Intelligence
Scale for Children-Revised (WISC-R; Wechsler, 1993) (Sattler & Hoge, 2006).
The clinical assessment was supplemented by a validated questionnaire com-
pleted by teachers: the EDAH Attention Deficit with Hyperactivity Assessment
Scale (Farré & Narbona, 1998). The questionnaire was applied to confirm the
main symptoms of inattention and/or hyperactivity-impulsivity, as documen-
ted in the medical records. The following exclusion criteria were applied: a
documented history of traumatic brain injury (TBI), sensory or motor deficits,
autism spectrum disorder, intellectual disability, learning disability (e.g., dys-
lexia), or any other psychiatric condition (e.g., oppositional defiant disorder).
The participants were divided into two groups: the intervention group,
which included 20 children with ADHD (M,4e = 9.5 years, SD = 1.4 years), and
the waiting list control group, which comprised 21 children (M,ge=
9.6 years, SD = 1.4 years). Of the original sample, 34 participants remained
until the end of the study. Seven children in the intervention group and two
in the waitlist control group were receiving pharmacological treatment with
methylphenidate at the time of the study. Six children in the intervention
group and one in the waitlist control group received pharmacological treat-
ment for ADHD (methylphenidate or atomoxetine) but were not medicated
at the time of the intervention.

Measures

Working memory

The Working Memory Index (WMI) of the Wechsler Intelligence Scale for Chil-
dren - Fourth Edition (WISC-IV; Wechsler, 2005) was estimated. This is a
measure of short-term memory and reflects the ability to temporarily retain
information in memory, operate with it, and generate results. The index was
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calculated using two tasks: Digit Span and Letter-Number Sequencing. During
the Digit Span task, participants were required to listen to sequences of
numbers and then repeat them. The sequences were to be recited in the
order in which they were heard for the forward span, and in reverse order for
the backward span. Conversely, the Letter-Number Sequencing task challenges
the child to mentally organize a jumbled series of letters and numbers. They
must sort out numbers in ascending order and letters alphabetically before
verbally presenting an organized sequence. The Mexican adaptation of the
scale was employed due to the linguistic and cultural similarities between
Mexico and Colombia.

Inhibition

The Stroop Colour and Word Test (Golden, 2010) was used for this purpose.
This consisted of three tasks: word reading, colour naming, and a final
word-colour or interference task. In this task, participants were presented
with words denoting colours, but these words were printed in the ink of a
colour that did not match the word itself. The individual’s challenge was to
name the ink colour rather than the word itself. The degree of control
exerted by the individual over the interference was quantified by calculating
the interference score. This instrument has normative data for the Colombian
population aged 6-17 years, and its reliability is good, as indicated by a Cron-
bach’s alpha value exceeding 0.70 for the three test sheets (Arango et al.,
2017).

Cognitive flexibility

The Modified Wisconsin Card Sorting Test (M-WCST; Schretlen, 2010) was used.
The abbreviated version of the test consisted of 48 response cards and four
stimulus cards. Participants were presented with a set of cards that varied in
multiple dimensions, such as colour, shape, and number of symbols. Partici-
pants are required to sort the cards according to a rule that is not explicitly
stated but must be derived from the feedback provided by the examiner follow-
ing each sorting attempt. As the task progresses, the sorting rule changes
without prior warning, requiring for participants to adapt their strategy in
response to the new feedback. This effectively measures their ability to shift
cognitive strategies and adapt to changing conditions. The test is scored
based on three main performance parameters: total errors, perseverative
errors, and categories completed. This instrument has normative data for the
Colombian population aged 6-17 years and its reliability is good, as indicated
by Cronbach’s alpha (a =0.83) (Arango et al., 2017).

EF behaviors
The Behavior Rating Inventory of Executive Function (BRIEF-2) (Gioia et al.,, 2015;
Maldonado et al., 2017) is a standardized rating scale for parents and teachers of
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children aged 5-18 years. In this study, a Spanish version of the questionnaire
was employed. Each item involved specific daily behaviors related to EF. The
items were grouped into nine clinical scales, each measuring a different
aspect of EF. These scales form three broader indices: the Behavior Regulation
Index (BRI), the Emotion Regulation Index (ERI), and the Cognitive Regulation
Index (CRI). The overall global executive function (GIEF) score was calculated
based on the composite scores. In this study, we employed the clinical scales
of inhibition, shift, and working memory, as well as the general indices (BRI,
ERI, CRI, and GIEF) as dependent variables. The standard mean is 50 (SD = 10),
with higher scores indicating more problems.

Intervention

The EF training programme, Braingame Brian, incorporates the training of three
EF (cognitive flexibility, inhibition, and WM) in a game-like setting (Prins et al.,
2013). The primary character of this video game universe is Brian, a creative
child who enjoys inventing things. The training programme comprises 25 ses-
sions, each lasting approximately 45 min, which the child plays over the
course of nine weeks. The sessions were individual and took place two or
three times per week in a quiet room. Three training tasks (WM, inhibition,
and cognitive flexibility training) are performed in a fixed sequence over two
blocks of time during each session. The degree of difficulty is automatically
adjusted to the following block of tasks.

The game comprises seven worlds, each populated by characters facing a
variety of challenges. By completing the training tasks, Brian assists these char-
acters in resolving their issues, creating a variety of useful machines in the
process. The child receives reinforcement for starting and finishing the training
assignments.

The WM training involves a grid of rectangles, each lit up in a random order.
At the first level, the child copies each sequence using a computer mouse to
click on the rectangles in the proper sequence. In subsequent levels, the chal-
lenges become more complex (Dovis et al., 2008; Prins et al., 2013; Vugs et al.,
2017). The game is graphically constructed to resemble a factory setting. In the
inhibition training, children must react as quickly and accurately as possible to
an arrow on a machine. A stimulus is illuminated on the left or right side of the
device during the initial practice block of trials. In the “go trials,” the youngster
is required to click the left button in response to a stimulus that lights up on
the left and the right button in response to a stimulus that lights up on the
right. The amount of time that the youngster must answer is indicated by a
stimulus at the top of the screen. In the following block, “stop trials” are pre-
sented. Once the stimulus has been presented, the child must cease respond-
ing when the stop signal is given (a tone and the machine’s stimulus turning
red) (Prins et al,, 2013; Vugs et al., 2017).
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Finally, in cognitive flexibility training, the child sorts out objects according to
the instructions provided in a task graphically structured as a factory. The child
was asked to sort out the objects in the two practice blocks, first by colour and
then by shape. In subsequent blocks, the child is required to switch the rule of
sorting out the components from colour to form or shape to colour. The
response window is gradually shortened according to the child’s proficiency
in the task. The objective of the training is to decrease switching costs (Dovis
et al,, 2008; Prins et al., 2013; Vugs et al,, 2017). For a more comprehensive
description of the intervention programme, please refer to Prins et al. (2013).

Procedure

The study was carried out in four phases: (1) selection of participants, (2) pre-test
assessment to establish a baseline, (3) intervention, and (4) post-test assess-
ment. In the initial phase of the study, the children were initially assessed
using the abbreviated version of the WISC-R (Wechsler, 1993), and the teachers
completed the EDAH scale. Children who met the inclusion criteria were
enrolled in this study. In the second phase of the study, the baseline of the
research was established (pre-test). The children were assessed using cognitive
tests of EF (WM, inhibition, and cognitive flexibility), and parents and teachers
completed questionnaires regarding their behavior. Following the pre-test,
the participants were divided into two groups: an intervention group and a
control group in the waitlist condition. It was not possible to randomise the par-
ticipants to groups.

In the third phase of the study, the intervention group received the EF train-
ing programme Braingame Brian. The intervention was conducted in an office
environment that was conducive to the study’s objectives, with minimal distrac-
tions. A computer was available for the exclusive use of the training program.
During the intervention period, the waitlist group engaged in traditional
pencil-and-paper cognitive stimulation exercises, while their parents received
general information about the disorder and some tips for managing their chil-
dren’s behavior at home.

Finally, in the fourth phase, a post-test evaluation was conducted at the con-
clusion of the training period for both the intervention and waitlist groups using
the same instruments administered for the baseline. On average, the post-test
assessment was performed six weeks after the end of the intervention. Follow-
ing this assessment, the children in the waitlist group also received intervention
with the EF training programme Braingame Brian.

A total of 93 children were recruited for the study, of whom 41 met the
inclusion criteria (see Figure 1). Twenty children were assigned to the treatment
group, and 21 to the waitlist control group. Overall, one child in the treatment
condition failed the criterion for at least 20 of the 25 training sessions (Klingberg
et al., 2005; van der Oord et al., 2014). Furthermore, six children in the waitlist
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Figure 1. CONSORT flow diagram.

control group did not agree to undergo the post-test or did not complete the
entire process, resulting in the exclusion of their scores from the analyses. Con-
sequently, the total sample size for the analyses was 19 for the intervention
group and 15 for the waitlist control condition.

All phases of the study were conducted by an expert neuropsychologist with
over 12 years of experience. During both the treatment and waitlist periods, the
dose of pharmacological treatment was maintained stable for children who
were receiving medication.

The authors assert that all procedures adhere to the ethical standards estab-
lished by the pertinent national and institutional committees overseeing human
experimentation, in accordance with the principles outlined in the Helsinki
Declaration. This study was approved by the Ethics Committee of Universidad
del Norte (Act No. 197).

Statistical analyses

The data were systematised and processed using SPSS version 27. Descriptive
statistics were calculated for all variables. To determine whether the EF train-
ing programme Braingame Brian improved WM, inhibition, and cognitive flexi-
bility in children with ADHD, a 2 x 2 repeated-measures analysis of variance
(ANOVA) was performed. This involved two groups (intervention and control
groups) and two evaluation times (pre-test and post-test). The dependent vari-
ables were the cognitive tasks of EF and behavioral ratings, as previously
described. The group x time interaction effects and main effects were esti-
mated separately for the dependent variables of the study, and pairwise com-
parisons were performed for the main and interaction effects by post-hoc



12 (&) N.REVOLLO CARRILLO ET AL.

analyses using the Bonferroni adjustment. The effect sizes for all estimates
were assessed.

Results

Table 1 provides the main descriptive data for participants’ EF baseline in both
the intervention and control groups, and the post-test results of both groups.

Trained EF outcomes

The results of the repeated-measures ANOVA for the evaluation of WM, inhi-
bition, and cognitive flexibility showed group-by-time interactions in four of
the measures, validating that the increase in scores over time occurred only
in the intervention group (see Table 2 and Figure 2).

Inhibition
There was a significant group X time interaction in the interference score for the
Stroop task [F (1, 32)=5.008, p < .05, n§=0.58], with a large effect size. This

Table 1. Descriptive data of scores at pre-test and post-test for children in the EF-Training
Condition (intervention group) and the Waitlist Condition (control group).

Pre-test Post-test
G 1G G 1G

M SD M SD M SD M SD
Stroop_INT 48.7 22.2 42.1 18.1 52.0 27.6 67.6 26
M-WCST categories 453 29.0 39.9 353 373 30.9 67.7 204
M-WCST Errors 37.0 22.5 374 29.6 35.0 27.7 54.7 21.2
M-WCST Perseverative errors 42.0 15.7 54.2 21.2 62.0 214 57.3 17.9
WMI 85.1 10.3 86.9 19.6 82.1 9.1 105.6 1.1
Brief-2
BRI _F 69.1 9.4 68.2 10.1 65.7 13.7 59.6 104
ERI_F 66.1 1.7 63.7 13.0 65.1 14.8 54.4 10.7
CRI_F 62.0 10.1 67.4 9.4 60.9 12.7 58.8 74
GIEF_F 66.6 9.4 69.2 8.9 64.8 12.8 59.0 8.4
Inhibit_F 68.7 10.9 67.8 104 63.9 143 59.7 10.3
Shift_F 60.3 129 60.6 13.5 58.8 17.5 54.5 6.9
Working Memory_F 62.7 11.5 68.3 10.8 62.0 134 61.8 10.7
BRI _T 63.8 1.1 72.6 15.9 63.0 12.5 57.6 9.3
ERI_T 61.3 124 70.2 14.1 60.3 1.2 52.9 9.0
CRI_T 64.7 12.7 64.8 13.7 63.1 13.2 53.7 74
GIEF_T 65.4 11.3 70.2 14.7 64.1 10.2 54.7 7.6
Inhibit_T 63.5 13.7 71.8 15.7 61.5 139 57.6 1.1
Shift_T 60.3 1.8 67.1 13.1 61.3 1.8 53.0 12.0
Working Memory_T 67.6 11.9 65.3 13.1 67.6 12.8 54.6 7.9

IG: Intervention group; CG: Control group in the waitlist condition; WMI: Working Memory Index; Stroop INT: PC
score in the interference measure of the Stroop task; BRI_F: Brief-2 family Behavioral Regulation Index; ERI _F:
Brief-2 family Emotional Regulation Index; CRI _F: Brief-2 family Cognitive Regulation Index; GIEF _F: Brief-2
family Global Index of Executive Function; BRI_T: Brief-2 teacher Behavioral Regulation Index; ERI _T: Brief-2
teacher Emotional Regulation Index; CRI _T: Brief-2 teacher Cognitive Regulation Index; GIEF _T: Brief-2
teacher Global Index of Executive Function.
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Table 2. Results of ANOVAs of repeated measures for EF cognitive tasks.

Factor Variable F Sig. Partial eta squared
Time Stroop INT 8.469 .007** .806
M-WCST Categories 3.359 .076 428
M-WCST Errors 2.939 .096 383
M-WCST Perseverative errors 5.991 .020* .660
WMI 9.884 .004%* .862
Group Stroop INT 491 488 .104
M-WCST Categories 2,131 154 294
M-WCST Errors 1.751 195 .250
M-WCST Perseverative errors 658 423 123
WMI 10.098 .003%* .869
Time x Group Stroop INT 5.008 .032* .583
M-WCST Categories 10.874 .002%* .892
M-WCST Errors 4.668 .038* .554
M-WCST Perseverative errors 3.169 .085 408
WMI 19.172 .000%* .989

WMI: Working Memory Index; Stroop INT: PC score in the interference measure of the Stroop task.
*p <.05, **p <.01.

interaction indicates a larger increase in inhibition scores over time in the inter-
vention group than in the control group.

Cognitive flexibility

No interaction effect of group x time was found on the number of perseverative
errors in the M-WCST, a measure of cognitive flexibility. However, there was a
significant group X time interaction in M-WCST scores in terms of the number
of categories achieved [F (1, 32)=10.874, p <.05, n§=0.89] and the number
of errors [F (1, 32) =4.668, p <.05, nf,:O.SS]. The effect sizes of these inter-
actions were large. These interactions indicate larger increases in cognitive
scores over time in the intervention group than in the control group.

Working memory

There was a significant group X time interaction in the working memory index
score (WMI) [F (1, 32)=19.172, p < .05, n,2,= 0.98], with a large effect size. This
interaction indicates a larger increase in WMI score over time in the intervention
group than in the control group.

Behavioral ratings outcomes

Brief-2 family

Significant interaction effects were only found in three of the indices of the
Brief-2 Family test (see Table 3 and Figure 3). The results of the interaction
effects are as follows:

Emotion regulation index (ERI). There was a significant group X time interaction
in the ERI score of the Brief-2 family [F(1, 32) =6.729, p < .05, n,2)= 0.71], with a
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Figure 2. ANOVA interactions on cognitive tasks.

large effect size. This interaction indicates a larger decrease in the ERI score over
time in the intervention group than in the control group.

Cognitive Regulation Index (CRI). There was a significant group x time inter-
action in the CRI score of the Brief-2 family [F(1, 32) = 6.820, p < .05, 77,2,= 0.71],
with a large effect size. This result indicates a larger decrease in the CRI score
over time in the intervention group than in the control group.

Global Index of Executive Functioning (GIEF). There was a significant group x
time interaction in the GIEF score of the Brief-2 family [F(1, 32) = 8.55, p <.05,
n§=0.81], with a large effect size. This interaction indicates a larger decrease
in the GIEF score over time in the intervention group than in the control group.
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Factor Variable F Sig. Partial eta squared
Time Indices
BRI 13.095 .007** 939
ERI 10.059 .003** 868
CRI 11.605 .002%* 910
GIEF 17.506 .000** .982
Clinical Scales
Inhibit 11.302 .002** .903
Shift 4.493 .042* .538
Working memory 5.047 .032* .587
Group Indices
BRI 1.046 314 .168
ERI 2.626 115 349
CRI .298 .589 .083
GIEF 275 .604 .080
Clinical Sales
Inhibit .554 462 112
Shift 330 .570 .086
Working memory .552 463 11
Time X Group Indices
BRI 2.387 132 323
ERI 6.729 .014* 71
CRI 6.820 .014* 717
GIEF 8.552 .006** .809
Clinical Scales
Inhibit 759 .390 135
Shift 1.030 318 .166
Working memory 3.327 .078 424

BRI: Behavioral Regulation Index; ERI: Emotional Regulation Index; CRI: Cognitive Regulation Index; GIEF: Global
Index of Executive Function.

*p <.05; **p < .01.
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Figure 3. ANOVA interactions on Brief-2 Family.
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Brief-2 teachers

Significant interaction effects were found for all the major indices and clinical
scales (see Table 4 and Figure 4). The results of the interaction effects are as
follows:

Behavioral Regulation Index (BRI). There was a significant group x time inter-
action in the BRI score of the Brief-2 teachers [F(1, 32) =9.054, p < .05, nf,z
0.215], with a large effect size. This interaction indicates a larger decrease in
the BRI score over time in the intervention group than in the control group.

Emotional Regulation Index (ERI). There was a significant group X time inter-
action in the ERI score of Brief-2 teachers [F(1, 32) = 10.905, p < .05, n§=0.248]
with a large effect size. This interaction indicates a larger decrease in the ERI
score over time in the intervention group than in the control group.

Cognitive Regulation Index (CRI). There was a significant group X time inter-
action in the CRI score of Brief-2 teachers [F(1, 32) =7.257, p <.05, n§:0.180]
with a large effect size. This interaction indicates a larger decrease in the CRI
score over time in the intervention group than in the control group.

Table 4. Results of ANOVAs of repeated measures for Brief-2 Teachers.

Factor Variable F Sig. Partial eta squared
Time Indices
BRI 11.239 .002%* 0.25
ERI 13.563 .001%* 0.29
CRI 12.754 .007** 0.27
GIEF 15.267 .000** 0.31
Clinical Scales
Inhibit 10.656 .003** 0.24
Shift 7.609 .009%* 0.18
Working memory 9.005 .005** 0.21
Group Indices
BRI 0.232 634 .007
ERI 0.059 .809 .002
CRI 1.636 210 .047
GIEF 0.522 A75 016
Clinical Scales
Inhibit 0.310 581 .009
Shift 0.050 .825 .002
Working memory 4.756 .036 126
Time x Group Indices
BRI 9.054 .005%* 215
ERI 10.905 .002%* 248
CRI 7.257 011* .180
GIEF 10.865 .002%* 248
Clinical Scales
Inhibit 6.130 .019* 157
Shift 10.108 .003** 234
Working memory 9.218 .005** 218

BRI: Behavioral Regulation Index; ERI: Emotional regulation Index; CRI: Cognitive regulation Index; GIEF: Global
index of executive function.
*p <.05; **p < .01.



NEUROPSYCHOLOGICAL REHABILITATION 17

Behavioral Regulation Index

80,00

Control group 75.00

—— Intervention group

70,00

65,00 \
60,00 \

55.00

1 2
Emotional Regulation Index Cognitive Regulation Index
80,00 75,00
70,00 |
70,00
65,00
60,00 \\\\
60,00 NG
55,00 | \
50,00 50,00
1 2 1 2

Global Index of Executive Function

80,00

75,00

70,00

65.00

60,00

55.00

50,00

1 2

Figure 4. ANOVA interactions on Brief-2 Teachers.

Global Index of Executive Functioning (GIEF). There was a significant group x
time interaction in the GIEF score of Brief-2 teachers [F(1, 32) = 10.865, p < .05,
nf,z 0.248] with a large effect size. This interaction indicates a larger decrease
in the GIEF score over time in the intervention group than in the control group.

Clinical scales of the Brief-2 Teachers. There was a significant group X time inter-
action in the scores of the clinical scales of inhibition, flexibility, and WM (see Table 4)
with large effect sizes. These interactions indicate a larger decrease in these clinical
scale scores over time in the intervention group than in the control group, which
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showed better ability to control impulses, regulate behavior, stop behavior, be cog-
nitively flexible, and temporarily keep information in mind to complete a task.

Discussion

In individuals with ADHD, impairments in WM, cognitive flexibility, and inhi-
bition are common, and these can contribute to challenges in academic and
daily functioning (Dahlin, 2013; Holmes & Gathercole, 2014; Nigg et al., 2008;
Soderqvist & Bergman Nutley, 2015). Braingame Brian is a training program
for EF that has garnered recognition as a tool to enhance cognitive abilities in
individuals with ADHD and other disorders (Bul et al., 2016; Dovis et al., 2015;
Kramer et al., 2020; Prins et al.,, 2011; van der Oord et al., 2014; Vugs et al.,
2017) and has also been used for this purpose in neurotypical individuals
(Kramer, 2018). However, the scientific evidence supporting the efficacy of
the Braingame Brian program specifically for ADHD is limited.

This pilot study is the first to explore the potential of Braingame Brian for EF
improvement in a clinical sample of Spanish-speaking children diagnosed with
ADHD and adds to the available evidence of its feasibility for enhancing EF. Chil-
dren who followed the intervention program showed improvement in cognitive
measures of WM and inhibition and in behavioral measures of EF compared to
children in the waitlist condition, with moderate to large post-test effect sizes.
Thus, our results are comparable to the findings of Dovis et al. (2015), Klingberg
et al. (2005), Dunning and Holmes (2014), and Hovik et al. (2013) in studies con-
ducted in other latitudes. Although, in our research, the cognitive measure of
WM used was verbal, the training proved to improve this process, similar to
that reported by Dovis et al. (2015). In this regard, Klingberg et al. (2005)
found that computerized training of visual WM also has a generalizing
influence on untrained EFs such as verbal WM and advanced reasoning.

Although in our study we did not perform medium-term follow-up measure-
ments, some studies have found that WM training programs have improved per-
formance on a variety of WM and cognitive measures after 20 training sessions
(Wiest et al.,, 2020), with sustained improvements observed over a six-month
period (Gathercole et al., 2019). Therefore, the beneficial effects of the post-
test found in this study are expected to persist and may even stabilize after
training (Holmes et al,, 2009; Holmes et al., 2010; Klingberg et al., 2005; Vugs
et al., 2017). Further studies are required to confirm this assumption.

The observed enhancement of WM following training in the sample studied
is particularly relevant, considering that, in previous studies, improvements in
WM in individuals with ADHD have been associated with improvements in
most EF assessed by neuropsychological tests (Capodieci et al., 2018), which
have positive effects on people’s daily lives (Beck et al., 2010; Bigorra et al.,
2016a, 2016b; Dahlin, 2013; Holmes & Gathercole, 2014; Muris et al.,, 2018;
Soderqgvist & Bergman Nutley, 2015; van Dongen-Boomsma et al., 2014). Lee
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et al. (2022) have shown that after completing a WM training program, inatten-
tion in daily life improves considerably, which is consistent with the association
previously described by Kofler et al. (2010) between WM impairments and inat-
tention in children diagnosed with ADHD.

Unexpectedly, we found no significant changes on perseverative errors in the
M-WCST, a measure of cognitive flexibility, although other studies have found
an effect of treatment on cognitive flexibility after six weeks of training (Vugs
et al,, 2017). However, the effect size observed in this task is clinically important
as it is a moderate effect, although not statistically significant, considering that
the sample size in this study was small.

A significant improvement was observed in the scores of the main indices of
the Brief-2 parents and teachers, as well as in the clinical subscales of Inhibition,
Shift, and WM in the teacher report. We found no significant changes in the WM,
Inhibition, and Shift subscale scores of the Brief-2 Family following the training
period. This highlights the importance of considering multiple informants in
assessing the efficacy of interventions as it provides a broader, more balanced
view of a child’s progress and the generalizability of treatment effects across
different settings.

The results of this study suggest that specific EF like WM, cognitive flexibility,
and inhibition may be enhanced in Spanish-speaking children with ADHD
through computerized interventions such as Braingame Brian (Prins et al.,
2011, 2013), but it's essential to consider the broader context of these
findings. The field has expressed concerns regarding the generalizability and
efficacy of such computerized cognitive training programs. Critics argue that
while these interventions may show efficacy in controlled experimental settings,
their benefits might not extend as effectively to real-world scenarios. Addition-
ally, the motivation and engagement elicited by gamified elements in cognitive
training could contribute positively, yet the long-term retention of skills and
their practical application outside of the training context remain uncertain
(Westwood et al., 2023). Therefore, while initial results are promising, further
research is necessary to confirm these findings and to explore how they trans-
late into everyday functional improvements for children with ADHD.

Regarding the limitations of the study, it was not possible to randomly assign
participants to the intervention and waitlist conditions because the research
was conducted during the COVID-19 pandemic, which posed significant chal-
lenges. Therefore, the assignment of children to the intervention group
depended on parental decisions to participate in the program under the
given circumstances and adherence to biosafety protocols. Alternatively, they
could choose to be placed in the waitlist group and receive the intervention
at a later stage. It is important to note that this study had a relatively small
sample size and lacked a structured blind design (teachers/parents were not
blind to the intervention) and follow-up measures.
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The limited sample size of this study prevented us from generalizing the
favourable results of the Braingame Brian EF training program. It is essential
for subsequent research to replicate positive findings using larger samples
and employ more robust methodologies, such as a randomized double-blind
design, with extended follow-up periods. Future studies should investigate
the specific effects of each component of EF training on daily life activities
such as academic performance. Given the diversity of neurocognitive profiles
in ADHD, it is crucial to understand which EF training component is the most
effective for children with a particular executive functioning profile.

Another limitation of our study is the absence of a placebo control group due
to the limitations imposed by the COVID-19 pandemic. Placebo control is a stan-
dard practice in cognitive training because of the prevalent placebo effects
driven by expectations and motivation, which can confound the interpretation
of an intervention’s efficacy (Wager & Jung, 2022). While our pilot study was
designed to explore the potential use of the Braingame Brian program
among Spanish-speaking children with ADHD to improve EFs, this limitation
restricts our ability to ascertain the program’s efficacy definitively. Nonetheless,
these findings provide valuable preliminary insights into its potential applica-
bility and suggest directions for future research. To enhance the rigour of
these findings, future studies should include a placebo control group to
better evaluate the specific effects of the intervention.

In conclusion, the results of this pilot study suggest that the Braingame Brian
EF intervention for Spanish-speaking children with ADHD provides a promising
way to offer non-pharmacological adjunctive treatment, aiming to improve
central deficits in EFs, thereby enhancing daily functioning. This training
program should be viewed as part of a professionally guided care process, pre-
ceded by an EF assessment, followed by a contextualized, multi-component
approach (Chronis et al., 2006). It is not a substitute for evidence-based forms
of intervention in ADHD (e.g., pharmacological treatment and behavioral
therapy) but could be integrated with these and other intervention methods
(e.g., psychoeducation and parent or teacher training).
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