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Abstract

Objective. To determine the effect of a physical exercise training program, “HitSportGame” (HSG), on self-regulation
of children with ADHD. Subjects and methods. The participants (N =44) were children with ADHD aged 8 to |2 years
(Mean 10.5 SD 1.4) without comorbidity with other neurodevelopmental disorders. Children were randomized to
an experimental group and a wait-list control group. The experimental group participated in the Hit-Sport-Game
(HSG) training program thrice a week for 12 weeks. The self-control skills of the participants in both groups were
evaluated with the CACIA (Child and Adolescent Self-Control Questionnaire) | week before and | week after
completing the entire intervention. Results. The results showed significant improvements with effect sizes from
moderate to large in the scales of personal feedback (P=.003; n?,=0.183), criteria self-control (P=.029; 2, =0.112),
and procedural self-control (P=.015; 12, =0.131) after the intervention in the experimental group compared to the
control group, which showed no difference on any of these scales. The reward delay scale did not show significant
changes associated with the intervention (P=.104; n2_=0.059). Conclusions. HitSportGame physical exercise training
demonstrated favorable effects on some self-control skills such as personal feedback, criterial self-control and
procedural self-control of children with ADHD. However, it did not show any effect on the ability to delay rewards
in this population.
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Introduction detected.>” Currently, ADHD is considered the most
common neurodevelopmental disorder, with a higher
global prevalence ranging from 5.9% to 7.2%, with vari-
ations between countries.®’

The main symptoms of ADHD are related to difficul-
ties in executive functions. As such, this condition is
characterized by difficulties concerning attending, react-
ing to certain stimuli, planning, organizing, reflecting on

Attention deficit hyperactivity disorder (ADHD) is a
neurobiological behavioral disorder characterized by a
persistent pattern of inattention and hyperactivity-
impulsivity. This disorder significantly affects the sub-
ject’s ability to organize, focus, and make plans,
particularly due to the presence of higher levels of
impulsivity, hyperactivity, and inattention. As expected,
daily performance at school and work is affected.!?

In general, the manifestations of ADHD arise in
childhood, although in some cases (3%-7%) they begin
in adolescence or early adulthood.>* These manifesta-
tions are relatively chronic and cannot be explained by ¢ ) o )
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consequences before making decisions, and inhibiting
automatic responses that may seem inappropriate in cer-
tain situations.*” The abovementioned signs entail a
behavior that is certainly different from what is consid-
ered prototypical.

When it comes to cognitive processing, people with
ADHD exhibit an impulsive style.!® This includes the
inability to control response inhibition (inhibitory control),
difficulty in regulating emotions (emotional self-regula-
tion), restrictions in the perceptual field due to attention
deficit, poor analytical thinking abilities, deficiencies in
establishing causal relationships, and cognitive rigidity in
information processing. Combining these factors results in
a lack of cognitive flexibility, that is, the ability to switch
from one thought or action to another quickly and accu-
rately, following the demands of the environment.

Self-Regulation and Self-Control Mechanisms

Self-regulation involves the control of cognitive, emo-
tional, and behavioral resources needed to direct behav-
ior toward a goal. This is what allows subjects to adapt
to changes, accommodate plans, and modify their
behavior under the demands of specific situations. For
example, the subject may be confronted with situations
that require the ability to initiate or terminate actions
according to situational demands, modulate the inten-
sity, frequency, and duration of behaviors, postpone
action on an object, and generate socially accepted
behaviors in the absence of external control.!»!?

In the words of Baumeister and Monroe,? self-regu-
lation is essentially a matter of altering responses,
including thoughts, emotions, and actions, based on the
demands of context. According to the authors, acts of
self-control generally serve to inhibit a predominant
response so as to enable other response alternatives.
Self-regulation is a multidimensional construct'* from
which 2 components can be distinguished: a behavioral
one and an emotional one."> On the one hand, behavioral
regulation allows the subject to follow directions, inhibit
inappropriate behaviors, adapt responses to context, and
match environmental expectations through the regula-
tion of speech and actions.!® On the other hand, emo-
tional regulation is associated with the ability to regulate,
express, and modulate affective states in order to redi-
rect the emotional flow, allowing it to increase, decrease,
or sustain its intensity.!”

In other words, self-regulation corresponds to the
ability to control behavior, emotions, and thoughts to
pursue long-term goals.'®!° Consequently, self-regula-
tion is essential for social adaptation,?’ school success®!
and the adequate development of the subject throughout
their life cycle, from childhood to adulthood.

Deficit Regulation Model in ADHD

Multiple explanatory theoretical models have been formu-
lated in order to understand the etiology of ADHD, most
of which have focused on cognitive deficits.”?> However,
a review of the advanced studies to date on explanatory
models of ADHD suggests that cognitive deficit is not a
conclusive constituent of most ADHD cases, as only half
of children with ADHD show significant cognitive impair-
ment.” In contrast, some authors have proposed that
ADHD is essentially a disorder of the subjects’ executive
processing that affects their ability to control and agency
their own behavior, diminishing their ability to guide it in
preparation for future events, as well as in the domains of
self-regulation of affect/motivation.?

As a response to this debate, a model based on the
alteration of self-regulation mechanisms in individuals
with ADHD.?*? emerged. According to Shiels and
Hawk Lw and Haelk,?® regulatory deficit models offer
an alternative conceptual framework, integrating cogni-
tive and motivational processes at all levels of informa-
tion processing to understand behavioral regulation.
Because of such a regulatory deficit, people with ADHD
show a reduced response to punishment and reward and
struggle to await and delay gratification as well as to
extinguish maladaptive behaviors.?®

Adaptive control requires awareness of contextual
demands, evaluating behavior to recognize whether it is
appropriate for the current situation, and being able to
adjust the response flexibly. These adaptive control pro-
cesses and self-control mechanisms work together to
produce goal-directed behavior. Therefore, the deficit of
these regulatory processes can result in maladaptive
behavior.? In the words of Douglas,? poor self-regula-
tion is responsible for the deterioration of children’s per-
formance in cognitive tasks. At the same time, emotional
dysregulation significantly limits the social skills of
children with ADHD.?’

Moreover, the school environment poses numerous
challenges to the child’s self-control abilities. Some
examples of this are schedule management, routines,
rules of coexistence, and teamwork, since these skills
require putting into practice the ability to modulate emo-
tions, inhibit impulses, postpone gratifications, maintain
attention, monitor their own behavior, and manage moti-
vation in response to the demands of school activities.?
In fact, children need all their self-regulation resources
to adjust their behavior to the demands of the school
environment. Consequently, children with ADHD,
which causes a deficit in their self-regulation resources,
will face numerous difficulties in having a good perfor-
mance at school, which could ultimately be reflected in
the performance of various cognitive tasks.
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In light of this, various interventions aimed at pro-
moting self-regulation skills in children with ADHD
have been investigated, yielding diverse outcomes.
These interventions include behavioral therapies,'® co-
regulation strategies,?’ cognitive psychoeducation pro-
grams,”’ neurofeedback training,’® and, less frequently,
physical exercise-based programs. While the latter have
been shown to benefit other aspects associated with
ADHD, there is insufficient evidence regarding their
effectiveness in training self-regulation skills in children
with ADHD.

ADHD, Self-Regulation, and Physical Exercise

Physical exercise and sport programs, as a complemen-
tary intervention for children with ADHD, have been
shown to have benefits for physical health, behavior,
academic performance, social skills, motor skills, and
cognition in individuals with ADHD.?'3% According to
Jacobson, sport presents itself as an alternative or com-
plement to medication; therefore, support and a combi-
nation of methods can contribute to children feeling
better, performing more effectively, and developing
their cognitive functioning.

Regarding the cognitive benefits of physical activity
programs in individuals with ADHD, research has been
conducted on interventions based on aerobic exer-
cise’!37%;  Taekwondo®; yoga*; and HIIT (High
Intensity Interval Training) exercise.¥ Most studies
have found moderate to large effects of these interven-
tions on different cognitive processes, such as atten-
tion, 3739404248 cognitive  flexibility,** interference
control,* memory,*®* and inhibitory control.**447 In
sum, available evidence suggests that physical exercise
is an effective treatment for improving several cognitive
domains in children with ADHD.

Aerobic exercise has been shown to enhance cogni-
tive task performance in neurotypical individuals by
increasing serotonin and dopamine levels.?' In individu-
als with ADHD, physical exercise, along with diet, has
been demonstrated to have an impact on the mainte-
nance of catecholamines (adrenaline, noradrenaline, and
dopamine). Consequently, physical activity has been
found to lead to cognitive improvements associated with
a greater release of neurotrophic factors (BDNF) during
exercise.”

These findings are consistent with previous systematic
reviews*!3333 that compiled studies on the effects of phys-
ical exercise in individuals with ADHD. Indeed, the
reviewed studies found that physical activity-based inter-
ventions contributed to improvements in cognitive pro-
cesses in executive functions such as inhibitory control,
cognitive flexibility, interference control, and attentional

1,46

control,?'-333%4 with benefits that were shown to be cumu-

lative over time.’! However, the effects on other dimen-
sions such as working memory were inconclusive.*

Additionally, these reviews have found that physical
activity programs have contributed to a reduction in
ADHD symptoms,’! an improvement in motor skills,?!
an improvement in affective symptoms such as depres-
sion and anxiety,* a strengthening of social skills such
as cooperation,’’ and a modulation of cortical excit-
ability.>> While other studies have not been able to
clearly demonstrate the effects of these programs on
other behavioral dimensions such as social skills, behav-
ior, hyperactivity, and emotional functioning, as their
results were inconclusive; thus, the authors emphasized
the need to strengthen studies and evidence in this field
of study.>!3

While some studies address variables associated with
self-regulation, such as cognitive self-control mecha-
nisms,***47 few studies have specifically targeted the
impact of physical activity programs on self-regulation
skills in children with ADHD. One such study is that of
Bowling et al.,* who found through correlational analy-
sis that more intense and frequent exercise is associated
with better self-regulation and emotional capacity,
which also contributed to a decrease in impulsivity and
hyperactivity in children with complex behavioral disor-
ders, including a subsample of ADHD.

Sports and physical activity have been shown to have
multiple benefits in typically developing children,
including improvements in cognitive and executive func-
tions, which have a positive impact on their academic
performance,*’ psychological, cognitive, and social ben-
efits such as sleep quality,® increased levels of neu-
rotransmitters,’! cognitive processing speed, increased
inhibitory control, and self-regulation skills.?>"52

A growing body of research is exploring the applicabil-
ity and usability of physical activity interventions for chil-
dren with ADHD, with substantial evidence supporting
their positive effects on various symptom and cognitive
dimensions. However, studies investigating the impact of
these interventions on self-regulation skills, the ability to
delay rewards, and adaptive control in individuals with
ADHD remain limited. Though studies evaluating the
effect of physical activity interventions on self-regulation
skills, the ability to defer rewards, and adaptive control are
still scarce, a large part of these studies has focused on a
component of self-control mechanisms such as inhibitory
control, assessed with instruments such as the Flanker
task***7 or the Stroop Test.*’ These studies are framed in
processes associated mostly with cognitive control and
less with behavioral self-control mechanisms. Furthermore,
the limited existing studies lack detailed information
regarding intervention characteristics and adequate study
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details that would enable replication and confirmation of
their findings.

Addressing the research gap, the present study aims
to contribute to this field of inquiry by designing a phys-
ical training program, “HitSportGame,” specifically tai-
lored to enhance emotional regulation and behavioral
self-control in children with ADHD. Additionally, a ran-
domized controlled trial has been formulated to evaluate
the program’s effectiveness on the self-control and self-
regulation abilities of children with ADHD. In line with
this objective, the following hypothesis is proposed:
“HitSportGame” (HSG) physical exercise training can
lead to improvements in the behavioral self-regulation
skills of children with ADHD.

Method

The current study had an Single-blind RCT (Randomized
Controlled Trial), this study had the endorsement of the
research center and the bioethics committee of the
Autonomous University of Manizales registered in record
135 to 2022. Participants were randomly assigned to 2
study arms, an experimental group and a waitlist group.
Pre- and post-intervention measures were administered
by an evaluator blinded to the allocation. Randomization
was conducted by an external researcher using the
OxMaR clinical trial randomization tool; the Spanish ver-
sion designed by Guillaumes and O’Callaghan.™

Participants

Based on the database provided by the Secretariat of
Education of Monteria (Colombia), 94 families of chil-
dren with ADHD from public educational institutions in
the municipality were invited to participate in the study.
Of the families asked, 49 agreed to participate in the
study. Once it was verified that the children met inclu-
sion criteria, a total sample of 44 children (girls N=4,
11%; boys N=32, 89%) was randomized to one of the
study branches (control group and waiting list group).
The children had a mean age of 10.5 (SD 1.4) years,
aged between 8 and 12 years. Their socioeconomic sta-
tus was categorized as follows: very low (69.4%), low
(27.7%), and medium low (2.8%). As it is typical in this
type of study, families and children who agreed to par-
ticipate in the study signed the informed consent and the
informed assent.

Inclusion and Exclusion Criteria

All participants met the following inclusion criteria: 1)
fifth-grade boys and girls; 2) 8 to 12 years at the start of
the study; 3) with a previous diagnosis of ADHD; (4)

attending to public educational institutions; (5) to date,
not having started a pharmacological drug; 6) with or
without common comorbidities such as oppositional
defiant disorder; 7) sign the informed consent and
assent. The exclusion criteria were as follows: 1) chil-
dren presenting with a dual diagnosis with another neu-
rodevelopmental disorder such as intellectual disability
or autism spectrum disorder; 2) children with a clinical
condition that limits their mobility or participation in
physical activity training.

Outcome Measures

To measure the self-control and regulation skills of the
participating children, Child and Adolescent Self-
Control Questionnaire (CACIA) was applied®*3 (see
Supplemental file). This measurement scale assesses the
basic processes and self-control skills necessary for the
effective achievement of self-control in children and
adolescents and has been successfully implemented in
different experimental studies*®*” including studies in
populations with ADHD.%

CACIA test is a self-report test, which is composed
of an 89-item questionnaire that analyzes self-control
through 4 scales that were extracted with exploratory
factor analysis®*; 3 positive scales: Personal Feedback
(PF), Reward Delay (RD), and Criterial Self-Control
(CSC); and a negative one: Processual Self-Control
(PSC). CACIA test was applied in groups of 5 children
by 2 trained evaluators and was completed by the chil-
dren individually.

The CACIA test has been shown to have adequate
consistency with a Cronbach’s alpha greater than 0.7 in
3 of its scales (PF=0.79; PSC=0.76; RD=0.71) and
0.50 on the Criterial self-control scale.>* The stability of
the CACIA test has been evaluated through Test-Retest
in a sample of 111 subjects showing satisfactory stabil-
ity coefficients with values above 0.64 for 3 of the scales
(PF=0.68; PSC=0.76; RD=0.69) and 0.51 on the
Criterial self-control scale.>*

This instrument was validated in a sample of 949
children from grades fifth to eighth.>® Construct validity
was extracted through factor analysis and Varimax rota-
tion, from which the 4 factors that make up the test were
extracted. The discriminant validity between the sub-
scales was analyzed through correlational analysis; the
scales showed sufficient independence from each other
to evaluate the constructs they intend to measure.

The CACIA subscales demonstrated adequate crite-
rion validity when comparing the results with other tests
that measure associated constructs, such as the RAVEN
matrix test, the EPQ-J test, Birleson depression scale,
anxiety inventory, internal questionnaire. external and
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the inventory of irrational beliefs. The findings showed
that the subscales had sufficient predictive validity.>

Personal feedback (PF). Personal feedback refers to the
person’s ability to observe and self-monitor their own
behavior, to be aware of their own actions and their con-
sequences, which allows them to evaluate their perfor-
mance, judge their own actions, have an interest in
knowing their own motivations, and explain the reason
for their behavior. This scale, composed of 21 items, is
positive, that is, the higher the score, the greater the per-
sonal feedback.

Reward delay (RD). This scale, composed of 19 items,
measures the ability to control impulsive reactions,
adhere to rules and goals, prioritizing the sense of duty
over pleasure, which allows the subject to prioritize
important tasks over gratifications and attractive stimuli.
Therefore, people with a high score on this scale tend to
show more organized behavior.

Criterial self-control (CSC). The Criterial Self-Control
Scale (CSC) measures the subject’s ability to endure
unpleasant situations. It is associated with greater resis-
tance to stress, tolerance to frustration, and situations
that demand a high emotional or cognitive effort, as well
as greater personal responsibility. This scale is com-
posed of 10 items.

Processual self-control (PSC). The Processual Self-Control
subscale measures 3 aspects of self-control behavior:
self-evaluation, self-gratification, and self-punishment.
Processual self-control allows subjects not only to eval-
uate and judge their own behavior based on environ-
mental demands, but also to act accordingly and assume
the consequences of their actions with self-determina-
tion. This scale has 25 items and is the only negative
scale of the Child and Adolescent Self-Control Ques-
tionnaire, which means that the higher the score, the
lower the procedural self-control skills.

Procedure

The Hit-Sport-Game (HSG) training program® lasted
12 weeks and had a frequency of 3 times a week. The pro-
gram included a variety of components related to physical
fitness and physical exercise, in addition to sports that
address elements such as strength, speed, flexibility, and
endurance, and activities that stimulate academic perfor-
mance such as emotional regulation and self-control.
Likewise, the implemented program included a mac-
rocycle comprised of 3 mesocycles and 12 microcycles
of 3 sessions each, with a duration of 45 minutes, where

the following components were tackled: volume (num-
ber of repetitions, sets, and exercise), density (ratio,
work time, and pause time), frequency, number of
weekly sessions, and duration (total time of the ses-
sion).®! In addition, physical-sports activities focused on
improving strength, speed, endurance, coordination,
balance, and flexibility were incorporated.

On the other hand, it was necessary to indicate that
the program is organized into a macrocycle of 3 meso-
cycles. The first is adaptation with 4 microcycles: 3
adaptations and 1 shock with 3 sessions per week each.
The second developing mesocycle consists of 4 micro-
cycles: 3 shocks and 1 recovery, with 3 sessions per
week each. The third is a stabilizing mesocycle with 4
microcycles: 2 shocks and 2 recoveries with 3 sessions
per week each (see Figure 1).

Similarly, the structure of the session introduced a
general warm-up for 10 minutes, followed by the core
component of the session of 25minutes for the first
2 weeks, 30 minutes for weeks 3 and 6, and 35 minutes
for weeks 7 and 12. Finally, there is a return to calm with
stretching and relaxation activities. Then 3 weekly ses-
sions were worked on Wednesdays, Fridays, and
Saturdays. Finally, all sessions were implemented and
supervised by a professional group in physical educa-
tion, recreation, and sport.

Lastly, intensity was estimated with the EPInfant
scale for measuring children’s perceived exertion,*
which has been validated. The EPInfant scale comprises
11 numerical descriptors (0-10) and includes 5 verbal
descriptors for each of the 2 intensity levels. It is com-
plemented by a series of figures depicting a child run-
ning at increasing intensity along an incremental bar
height scale.®® The work was conducted at intensities
between 60% and 90% with endurance exercises,
strength, speed, flexibility, coordination, balance, body
scheme, and movement patterns, as well as cardiorespi-
ratory exercise in HIIT mode and pre-sports games such
as swimming, cycling, and karate. In addition, strength
training at moderate-low intensity and the modality of
strength stations or circuits with self-loading were
implemented. Finally, it should be noted that the chil-
dren on the waiting list were able to participate in the
intervention once the post-test of the experimental group
was completed.

Data Analysis

In order to know the effect of the HSG intervention on
the self-regulation and control skills of the participating
children, a hypothesis test with analysis of variance of
repeated samples (ANOVA-MR) was carried out,
through which intra-subject and inter-subject analyses
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Months Month 1

Month 2 Month 3

Days

1|2|3 4|5|6 7|8’9 10‘11‘12 1‘2'3

4|5|6 7|8’9 1o|11\12 1|2|3 4‘5|s 7|s|9 10’11’12

Meso-cycle

Resistance
Strength
Speed
Flexibility
Coordination
Balance

Weeks 1 2 3 4 5

Micro-cycle A A S A S

6 7 8 9 10 11 12

Exercise intensity 70 70 70|70 70|70
in percentages |60 60 70 60 60

70 70 70 |70 70, |70

Figure |. Physical training program Hit-Sport-Game.
A: Adaptation; S: Shock; R: Recovery.

were performed. To measure the effect size, a partial Eta
squared was used. To interpret the results of this test, a
partial Eta squared value close to 0.01 is considered low,
0.06 is considered medium, and a value greater than
0.14 is considered large. As this was a parametric test, it
was first verified that the samples met the criteria of nor-
mality and homoscedasticity.

Results

Of the initial sample of 44 children, 8 did not complete
the post-test evaluation; 2 belonged to the experimental
group and discontinued treatment because they moved
to other cities. Of the control group, 6 children did not
complete the post-test due to various conditions such as
moving to another city, logistical difficulties, or desis-
tance to continue to participate. The final sample con-
sisted of 36 children: 16 from the control group and 20
from the experimental group (Figure 2).

The scores of the indicators to assess self-control met
the assumptions of normality and homoscedasticity for
the pretest and post-test in all measures (P>.05). A com-
parison of mean performance scores is shown in Figure 3,
indicating that no statistically significant differences were
observed between the groups in pre-training measures of
self-control.

The statistical analyses revealed no significant over-
all differences between the experimental and control
groups (F(1, 43)=0.61, p=.388, n? =0.78; Table I).
However, a significant within-group difference was
observed, with a large effect size, between the pretest
and posttest assessments (F(I, 43)=21.314, p<.001,
n?,=0.326). Additionally, a significant interaction
emerged between the test time and the group (F(1,
43)=9.870, p=.003, n? =0.183), indicating that the
change over time differed significantly between the
experimental and control groups. These findings were
further corroborated by the post hoc tests (Table 2),
which specifically demonstrated a significant difference
between the pretest and posttest scores of the experi-
mental group (1=-5.214, p<.001). These findings sug-
gest that the intervention led to improvement in the
personal feedback capacity of children with ADHD.

The reward delay measure showed no significant dif-
ference between groups (F (1, 43)=0.668, p=.418
n?,=0.015), neither between the pretest and the post-test
(F (1, 43)=1.601, P=.212 n? =0.035); last, no signifi-
cant differences were observed when reviewing the
interaction between the group and the test (F(1,
43)=2.760, P=104 n2p=0.059; Table 1). These find-
ings were further corroborated by the post hoc tests that
reported the pre-test and post-test differences (1=—2.736
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[ Enrollment ] Assessed for eligibility (n= 49)
Excluded (n= 5)
. _ e Not meeting inclusion criteria (n= 5)
Randomized (n= 44) >+ Declined to participate (n= 0)
+ Otherreasons (n=0)
v
r [ Allocation ] y
EXPERIMENTAL GROUP CONTROL GROUP ON WAITING LIST
Allocated to intervention (n= 22) Allocated to intervention (n= 22)
+ Received allocated intervention (n= 22) + Received allocated intervention (n= 22)
+ Did not receive allocated intervention (n= 0) + Did not receive allocated intervention (n= 0)
y [ Follow-Up ] :
Lost to follow-up (give reasons) (n= 0) Lost to follow-up (n= 6) **
Discontinued intervention (n=2) * Discontinued intervention (n= 0)
v [ Analysis ] v
Analysed (n= 20) Analysed (n= 16)
+ Excluded from analysis (give reasons) (n= 0) + Excluded from analysis (give reasons) (n= 0)

Figure 2. CONSORT diagram.

14 Fe;eéi‘c’ﬂ?'pn A2l Rew?fr?do?elay 5.5 7 Self-c%rrilttergla(lcsm 22 Pcr;?netf;u(ﬂssce:;f-
13 - 11.5 - 51 4
12 11.0 - 5.0 1 20 4
17 1037 45 19- T
10 - 10.0 —

9- 9.5 - 4.0 187

84 o—" 9.0 - 17 =

7 - | | 8.5 - : : 3.5 - [ | 16 - : |

Pre Post Pre Post Pre Post Pre Post
® Experimental group O Control group

Figure 3. Pre-test and post-test results for each subscale of the Child and Adolescent Self-Control Questionnaire.

P=.059; Table 2). Therefore, the intervention did not  effect size (F(1, 43)=13.382 p=.001 n? =0.282), an

show to influence the ability to delay rewards in partici- associated difference in the interaction between the
pating children. group and the test; it also showed a significant differ-

The criterial self-control showed no significant dif- ence with moderate to large effect size (F(1, 43)=7.593
ference between groups (F(1, 43)=0.737 p=.614  p=.029 n? =0.112; Table 1). The findings are further
n?,=0.008), while showed a significant overall differ- ~ complemented by the pre-test and post-test differences

ence between the pretest and the post-test with a large observed in the experimental group of the post hoc tests
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Table |I. Effect Size for Each Subscale of the CACIA Scale.

Overall difference between pretest
and posttest

Difference associated to group-

test interaction Between subjects effects

Task/measure F(l, 43) P n, F(l, 43) P n, F(l, 43) P ,

PF 21.314 <.001 0.326 9.870 .003 0.183 3.71 061 0.078
RD 1.601 212 0.035 2.760 .104 0.059 0.668 418 0.015
CsC 13.382 .001 0.282 7.593 .029 0.112 0.737 614 0.008
PSC 11.000 .002 0.204 6.474 015 0.131 2.807 .101 0.061

Abbreviation: PF, personal feedback; RD, reward delay; CSC, criterial self-control; PSC, processual Self-control.
Note. Values in bold are the p-values of the measures that show a statistically significant difference.

Table 2. Diferencias Pretest y Postest Intragrupales (Pruebas Post Hoc).

Task/measure Group Mean difference SD t Tukey Bonf
PF Experimental -3.304 0.634 -5.214 <0.001 <0.001
Control -0.462 0.843 -0.548 0.947 1.000
RD Experimental 2.087 0.763 -2.736 0.046 0.059
Control 0.462 1.015 0.455 0.968 1.000
CsC Experimental -1.130 0.342 -3.304 0.012 0.014
Control -0.077 0.455 -0.169 0.998 1.000
PSC Control -2.522 0.856 -2.946 0.028 0.035
Experimental 0.538 1.139 0.473 0.965 1.000

Abbreviations: DS, standard deviation; t, Student’s t-test; Tukey, Tukey’s test; Bonf, Bonferroni correction.
Note. Figures in bold are the Tukey and Bonferroni tests values of the measures that show a statistically significant difference.

(t=—3.304; p=.014; Table 2). These findings suggest
that physical training improved the criterial self-control
of children with ADHD.

Similar results were observed on the Processual Self-
Control Scale (Table 1). This scale did not show any sig-
nificant differences between the groups (F(1, 43)=2.807,
p=.101, n? =0.061), while it did show significant
changes between the pretest and the post-test with large
effect size (F(1, 43)=11.00, P=.002, n? =0.204); when
examining the association between the group and the
test, a significant change was demonstrated with moder-
ate to large effect size (F(I, 43)=6.474, p=.015,
n?,=0.131). The statistically significant pre-test and
post-test differences observed in the experimental group
of the post hoc tests provide corroboration for these
findings (1=-2.946; p=.035), suggesting that physical
training led to improvements in the study participants’
processual self-control.

Discussion

One of the core features of ADHD is an alteration in
executive functioning.”*%% Executive functioning is at
the heart of all human activities, especially those directed
toward goals, since it is crucial for directing, controlling,
and regulating both cognitive operations and emotional
and behavioral aspects.®* Executive functions are

precursors to successful Self-Regulation?®%; therefore,
they are crucial for school learning, following instruc-
tions, adhering to rules, and general functioning in daily
life.

These regulatory skills are acquired progressively
throughout life. Nonetheless, in people with ADHD,
their development is clearly affected, which is expressed
in difficulty managing and organizing their own behav-
ior, a diminished ability to respond to daily demands,
problems in guiding and monitoring their actions, pro-
jecting their consequences in the future, regulating their
emotional, attentional, and motivational states, as well
as inhibiting impulses and postponing gratification.>?

In this vein, supporting the development of self-
agency and behavioral self-control is a key goal for edu-
cational and clinical interventions in children with
ADHD. Current research suggests that specific modali-
ties of physical activity can positively impact certain
aspects of self-control, particularly cognitive control, in
children diagnosed with ADHD. In the study by de
Liang et al,’® an aerobic exercise intervention led to
improvements in the performance of inhibitory control
measured with the Flanker task in reaction time (P=.001,
1%=0.23) and inhibition (P=.001, n>=0.15). Similar to
these findings, a daily 14-minute intervention of moder-
ate to vigorous exercise had significant beneficial effects
on reaction times in inhibition (P=.022, n2p=0.1 17) and
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change (P=.024, n2p=0113), also measured with
Flanker task,*® while the study by Kadri et al.** found
improvements in attentional inhibitory control measured
with the Stroop test (d=2.16 [95% CI 1.10-3.26],
P<.001).

However, as mentioned above, these studies focused
on cognitive control processes and not on behavioral
self-control. The current study sought to provide evi-
dence on the effects of physical activity not only on the
symptoms or cognitive variables of children with ADHD
but also on behavioral self-control mechanisms. In
response to this problem, this randomized controlled
study aimed to evaluate the effect of a physical activity
intervention called Hit-Sport-Game on the self-control
skills of children with ADHD.

For the present study, a multicomponent physical
activity program titled HitSportGame was developed.
The design of this intervention was grounded in the
findings of previous studies involving ADHD popula-
tions. These studies have demonstrated the effectiveness
of physical activity programs in reducing inattentive and
hyperactive behaviors in children, with programs of
moderate-to-high intensity yielding superior outcomes
compared to low-intensity programs.3*¢%67 Additionally,
moderate-to-high intensity programs have been shown
to contribute to the reduction of oppositional behaviors
in preschoolers with ADHD.®® Furthermore, studies
have reported more favorable outcomes for programs
that incorporate both physical and cognitive demands,
such as the Exergame program.*®

Based on these prior findings, the multicomponent
physical activity program HitSportGame was structured
in 3 guidelines articulated with each other: training with
high-intensity hit physical exercise, sport as a formative
and norm-regulating element, and play as a motivational
substrate for the development of the potential of physi-
cal-cognitive and motor stimuli. The distinctive method-
ology of the HitSportGame program lies in the carefully
crafted training phases. Recognizing the emotional dys-
regulation, low frustration tolerance, and potential drop-
out rates among children with ADHD, the program
commences with an intensity of 60% in the initial
phases, gradually increasing to 90% in the final phases.
This approach effectively addresses the unique chal-
lenges faced by children with ADHD, promoting adher-
ence and maximizing training outcomes. The program
was developed 3 times a week for 12 weeks, where 3
phases of training called adaptation, development and
maintenance were developed.

From the results, it could be observed that the chil-
dren who participated in the intervention showed better
performance in some of the self-control skills mea-
sured with the Child and Adolescent Self-Control

Questionnaire (positive feedback, criterial self-control,
procedural self-control) compared to the children in
the control group on the waiting list.

The scale that showed the greatest change associated
with the intervention was personal feedback (P=.00;
n?,=0.183). Children in the experimental group had sig-
nificantly higher scores than children in the control
group. This increase in personal feedback scores indi-
cates an improvement in children’s ability to know
themselves, to realize the consequences of their own
actions, and an increase in interest in understanding the
reasons that determine behavior. Other behaviors associ-
ated with personal feedback include the ability to
remember rules, commit to their own goals, recognize
what is right or wrong, and be aware of what reassures
or disturbs them.>*

In an earlier study® found statistically significant dif-
ferences in the Personal Feedback Scale score of Child
and Adolescent Self-Control Questionnaire -CACIA-
between children with ADHD who engaged in physical
activity every week (P=.005) and those who engaged in
physical activity every day (P=.029) compared to chil-
dren who did not engage in physical activity. Their find-
ings also showed that children whose parents played
sports in their free time scored higher on this scale
(P=.037).

The current results align with previous research con-
ducted on neurotypical populations. A similar study>
found significant changes with a moderate effect size
(P<.00; d=0.49) in the CACIA personal feedback
scale for the experimental group following an educa-
tional intervention in physical activity. Furthermore, a
prior correlational study employing linear regression®
provided additional support. This study revealed a sig-
nificant positive correlation between CACIA personal
feedback scale scores and physical activity engagement
in children with antisocial behaviors. Children who
engaged in physical activity weekly (P=.005) or daily
(P=.029) exhibited higher scores compared to those
who did not participate in physical activity. Interestingly,
the study also found that children whose parents engaged
in leisure-time physical activity had higher scores on
this scale (P=.037). These collective findings under-
score the consistent and positive association between
physical activity and personal feedback perception in
neurotypical children, in children with disruptive behav-
iors and based on the current study, also in children with
ADHD.

HSG intervention activities continuously reinforce
the child’s capacity for personal feedback. On the one
hand, it increases awareness of one’s own physical
effort, as it requires the child to identify the rules of the
game and monitor their ability to respond to them. In
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this regard, 3 key points are presented. The first is inhi-
bition, since to perform adequately in the activities of
the Hit-Sport-Game program, the child needs to learn to
inhibit or censor some of the predominant impulsive
responses of ADHD. In the same way, it helps to control
attention. The second is the change between tasks or
mental sets, associated with flexibility, while the devel-
opment of physical activities based on circuits sets in
motion the child’s ability to change the set of rules for an
adequate execution of the circuit. The third has to do
with working memory, which accounts for the retention
and processing of information; in this case, keeping
instructions for as long as necessary until a task is
completed.

Another scale that showed a significant increase in
the experimental group compared to the control group
was the Criterial Self-Control; the effect size associated
with this change was moderate (P=.090; n? ,=0.064).
The study by Smith-Palacio et al*? also found that neu-
rotypical children who participated in a physical activity
education program exhibited improvements in their cri-
terion-based self-control (P<<.00; d=0.20); however,
this effect was of small magnitude. A high score on the
CSC scale reflects those subjects improved their resis-
tance to stress and tolerance in threatening situations,
exhibiting safety behaviors in situations where other
children would be frightened or avoided, and indicating
the ability to endure unpleasant situations.

Within the framework of this intervention, the activi-
ties carried out by the children included a plan where
aspects such as the ability to await their turn, resist sus-
tained effort, learn to tolerate frustrating situations as a
team, and strategically face stressful situations through
the development of physical abilities (strength, speed,
endurance, flexibility, and coordination) were trained.
Added to this is the integration of recreational activities
that involve components of physical fitness such as
intensity, volume, duration, and weekly frequency that
involved diversified games articulated to the technical
gestures of sports such as boxing, cycling, swimming,
table tennis, and athletics, which have shown improve-
ments in the regulatory components of behavior.”%-72

In this sense, considering the relationship between
the physical and the mental, the particularity of the pop-
ulation with ADHD plays an important role for medical
and educational science. The challenge embarks on the
differentiation of the voluntary versus the involuntary
kinesthetic gesture, that is, the inquiry into the purpose
of movement as a vehicle for knowledge and not merely
the biological response of a special condition. This leads
to a discussion about whether it is just about moving the
body or the link between the movement, how we are
moving, and what is generated by the movement. To the

extent that the subject modifies his or her levels of
arousal, the trainer adapts the thresholds of demand. In
this context, according to the results obtained, the prac-
tice of these activities in the field of sports training has a
moderate impact on this dimension of self-control in the
child’s behavior.

Processual self-control was also a scale that showed a
moderate to large effect after the intervention in the
experimental group compared to the control (P=.015
n2p=0.131). In general, the children in the experimental
group had significantly lower scores in the pretest than
in the post-test, and this change was differential when
compared to the post-test of the control group. In con-
trast to the observed improvements in criterion-based
self-control, similar studies conducted on neurotypical
populations found no significant differences in proce-
dural self-control (p=.55; d=0.104) following a physi-
cal exercise program.’?> This lack of effect was also
observed in correlational studies employing the CACIA
scale.® This is a negative scale, so the lower the score,
the greater the child’s capacity for self-evaluation and
self-criticism, the better they accept external feedback,
the greater their interest in complying with the rules, and
the greater their awareness of achievements and failures.
The latter would be associated with the ability to self-
reinforce or self-reproof.

In the practice of HSG training, it is possible to rec-
ognize aspects that contribute to the development of
processual self-control. For example, when designing a
physical, motor, and ludic task, intrinsic and external
objectives are pursued and conscious and regulated
active participation is expected, which makes the indi-
vidual susceptible to acknowledge accomplishments
and failures at any time. In this sense, ludic allows for
non-punitive feedback for the subjects to sustain them-
selves in the activity within the framework of its
development.

The results are consistent with previous studies that
sought to strengthen self-control through an educational
intervention in physical activity in typically developing
children.’>”>7 Some of the interventions studied have
been based on the Delphi program, which involves “per-
sonal and social responsibility” in physical education
classes. Among them, 2 studies in children aged 11 to
13 years evaluated the effect of an Intervention incorpo-
rated into physical education classes of 20 sessions based
on the Delphi Program on the self-control skills mea-
sured with the Child and Adolescent Self-Control
Questionnaire; the findings showed significant effects on
all scales of the test, especially on personal feedback and
criterial self-control.>>? The authors conclude that educa-
tional interventions in physical activity can generate
positive transfer in the process of obtaining self-control.
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Another randomized controlled study that imple-
mented the same questionnaire as an outcome measure to
evaluate the effect of a Delphi-based physical activity
intervention on 13- and 14-year-old children found sig-
nificant improvements in self-control with large effect
sizes across all the questionnaire scales (m?>>0.33;
P<.001, a value above 0.14 is considered a large
effect).’”® In another study, the same authors integrated a
sports activity program (soccer) with the Delphi program
and evaluated its effect on children at risk of exclusion
due to aggressiveness and disruptive behavior; children
showed improvements in all self-control skills.”*7

These studies provide evidence of how structured
physical activity interventions with content aimed at
children’s self-regulation are favorable for the self-con-
trol of typically developing children. Our results con-
tribute to this corpus of study by presenting evidence of
the effects of structured physical activity training Hit-
Sport-Game, leading to improvements in some chil-
dren’s self-control skills in children with ADHD.

However, HSG training failed to have a statistically
significant effect on reward delay skills in this popula-
tion (p=.104 n?,=0.059), unlike previous studies that
did find improvements in this component in neurotypi-
cal children. Previous studies have also consistently
failed to find significant effects of physical exercise pro-
grams on reward delay in neurotypical children (p=.84;
d=-0.01).% This lack of effect was also observed in cor-
relational studies employing the CACIA scale.%> The
delay to reward is expressed in an adequate ability to
stick to objectives, without easily giving in to one’s own
impulses or attractive stimuli, an improvement in this
component of self-control indicates a high capacity to
resist impulses, postpone gratifications, and structure
their actions toward medium-term goals.

On this aspect, although it is true that the physical
and sports activities of the HSG program include ele-
ments of planning and organization, they did not reflect
improvements in the ability to postpone the satisfaction
of rewards in this study. On the contrary, other studies
have found that certain interventions in exercise and
physical activity led to significant improvements in this
self-control skill in children with ADHD, such as the
work carried out by Smith-Palacio et al.*? in which they
used the Delphi method together with moral dilemmas
to raise reflections on fair play. These findings could
also propose a window of discussion on the possibility
of integrating other social and cognitive components
into physical activity interventions, which invite to cog-
nitively mediate behavioral responses in a way that is
better projected to the consequences and, therefore, to
sports’ (or play) goals as a strategy to facilitate the post-
ponement of immediate satisfaction in the child with a
view to achieving medium-term achievements.

The present study possesses several strengths that
enhance the robustness of its findings. These include the
randomized allocation of participants to groups, the
blinding of the evaluator to both the allocation of sub-
jects and the type of intervention to be implemented.
However, the study also presents some limitations. One
such limitation is the high dropout rate (17%), particu-
larly in the control group (N=6). This phenomenon is
associated with the characteristics of the target popula-
tion, which consisted of children with ADHD from low-
income backgrounds who were not affiliated with any
treatment center. Due to their socioeconomic conditions,
many of the families tend to change their place of resi-
dence frequently.

Our investigation offers significant novel findings to
this field of study. Firstly, it stands as one of the few
studies that sought to evaluate the impact of physical
activity on children with ADHD on behavioral variables
directly associated with self-regulation skills, such as
reward delay, self-feedback, criterial self-control, and
procedural self-control. In contrast, previous studies
have opted to examine variables of a more cognitive
nature that, while involving self-control mechanisms, do
not account for whether the child has improved their
ability to regulate behavior. However, as a behavioral
variable, it is only possible to express oneself through
observed or self-reported behavior, as has been done in
other similar studies that have sought to evaluate the
effect of physical training on behavioral aspects of chil-
dren with ADHD.%®%" Consequently, in the present
investigation, it was necessary to use a self-report mea-
sure such as the CACIA scale to report the self-regula-
tion skills of the participating children. Nevertheless, as
a subjective measure reported by the children them-
selves, it presents a greater risk of bias than objective
measures.

Given the aforementioned considerations, a cautious
interpretation of the study’s findings is warranted, and
replication in future studies with larger sample sizes is
encouraged. Additionally, the study highlights the need
for validated measures to assess behavioral variables
associated with self-control and self-regulation.
Currently, the CACIA scale is the only validated instru-
ment available in Spanish. Consequently, one direction
for future research is the design and validation of more
objective measures, potentially task-based measures,
that allow for the observation of children’s behaviors
and thus their ability to self-regulate their actions.

Conclusions

The multicomponent physical activity program
“HitSportGame” was shown to lead to improvements in
some dimensions of self-control measured with the
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Child and Adolescent Self-Control Questionnaire,
namely, personal feedback, criterion self-control, and
procedural self-control compared to a wait-list control
group, although it did not show significant effects on the
reward delay variable. Based on the results, the hypoth-
esis is confirmed that “HitSportGame” (HSG) physical
exercise training can have a favorable effect on the self-
regulation of behavior of children with ADHD. These
findings show the potential and relevance of integrating
physical activity into the framework of intervention and
care for children with ADHD as an adjunctive treatment
to strengthen children’s behavioral self-control skills.
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