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Abstract

The present study aimed to investigate and compare the effects of exergames and
neurofeedback training on actual and perceived motor competence, as well as sustained
attention in children with attention-deficit/hyperactivity disorder (ADHD). This applied study
employed a randomized pretest-posttest-follow-up design. Participants were 52 male children
with ADHD (mean age = 8.65 years, SD = 1.2), selected from a screening pool of 1,178
elementary students (grades 1-4) in Qazvin, Iran. Final diagnosis was confirmed via
psychiatric clinical interviews and adherence to inclusion/exclusion criteria. Participants were
randomly assigned to neurofeedback, exergames, sham neurofeedback, and control groups.
The experimental groups underwent 30 sessions of their respective intervention (45 min per
session, three sessions per week). Actual motor competence was assessed using the Movement
Assessment Battery for Children—Second Edition (MABC-2); perceived motor competence
was measured via the physical competence subscale of the self-perception profile for children;
and sustained attention was evaluated through the Continuous Performance Test (CPT). A two-
way mixed ANOVA revealed significant time-by-group interaction effects for actual motor
competence, F96=46.80, p<.001, n%=.74; perceived motor competence, F96=10.50,
p<.001, n?%=.39; correct responses, F96=37.70, p<.001, n%=.70; omission errors,
F(6,96=31.50, p<.001, n?=.66; response time, F(,96=46.30, p<.001, n?%=.74; and commission
errors, F,96=5.14, p<.001, n%=.24. Bonferroni-adjusted pairwise comparisons indicated that
both active interventions produced significantly greater improvements than the control group
in motor and attentional outcomes. At follow-up, exergames showed sustained effects than
neurofeedback on actual motor competence, correct responses, and omission errors. According
to the results, both neurofeedback and exergames can serve as complementary
nonpharmacological interventions to improve motor competence and sustained attention in
children with ADHD; however, exergames demonstrated stronger sustained effects on several
outcomes.

Keywords: Active video games, actual motor competence, attention-deficit/hyperactivity
disorder, EEG biofeedback, interactive digital games, perceived motor competence, sustained
attention
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Extended Abstract
Introduction
Attention-deficit/hyperactivity disorder (ADHD) is one of the most prevalent neurodevelopmental disorders
of childhood and is characterized by persistent patterns of inattention, hyperactivity, and impulsivity that
interfere with academic achievement, social participation, behavioral regulation, and daily functioning. The
diagnostic conceptualization of the disorder has evolved considerably, and contemporary perspectives regard
it as a multidimensional condition involving cognitive, behavioral, emotional, and motor impairments rather
than a narrowly defined behavioral problem (Adam & Young-Walker, 2014). Epidemiological evidence
indicates that the disorder affects a substantial proportion of school-aged children across different societies,
although estimates vary according to diagnostic criteria, informants, sampling methods, and assessment
procedures (Polanczyk et al., 2014). Evidence from Iranian primary school populations has similarly
demonstrated a notable prevalence of ADHD symptoms from the perspectives of parents and teachers,
emphasizing the importance of early identification and effective school-age interventions (Arjmandi et al.,
2015).
Children with ADHD frequently experience impairments in sustained attention, response inhibition, working
memory, cognitive flexibility, planning, processing speed, and executive control. These deficits may reduce
their ability to maintain focus over time, detect target stimuli, inhibit inappropriate responses, and organize
goal-directed behavior. Neuropsychological assessment is therefore important not only for diagnosis but also
for understanding how cognitive weaknesses influence academic, behavioral, and functional outcomes
(Pritchard et al., 2012). Sustained attention is particularly relevant because it requires continuous monitoring
of environmental stimuli and the consistent production of appropriate responses over an extended period.
Impairment in sustained attention may be reflected in fewer correct responses, more omission errors, more
commission errors, and slower or more variable reaction times in continuous performance test (Ali et al., 2026;
Arrondo et al., 2024; Rivella et al., 2025).
Motor difficulties are another clinically important but comparatively underexamined feature of ADHD.
Children with this disorder may display weaknesses in postural control, balance, manual dexterity, visual-
motor coordination, motor planning, and the regulation of movement. Their performance may be disrupted by
distractibility, impulsive responding, poor sequencing, and insufficient monitoring of movement. Actual motor
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competence refers to objectively demonstrated proficiency in motor tasks, whereas perceived motor
competence represents the child’s subjective judgment of personal ability in physical and motor activities.
These constructs are related but not identical. A child may demonstrate measurable motor limitations while
overestimating ability, or may possess adequate skills but report low perceived competence. Perceived motor
competence is important because it influences motivation, persistence, participation in physical activity, and
willingness to engage in group play or sport (Fliers et al., 2010).

Pharmacological treatment, particularly stimulant medication, is widely used to reduce the core symptoms of
ADHD and is supported by evidence-based clinical guidelines (Bolea-Alamanac et al., 2014). However,
medication response varies across children, and concerns remain regarding side effects, treatment adherence,
parental acceptance, and the maintenance of gains after treatment discontinuation. Comparative evidence
suggests that both medication and neurofeedback can reduce symptoms, although they operate through
different mechanisms and may differ in the speed and persistence of their effects (Mohammadi & Hosseini,
2018). Consequently, there has been growing interest in nonpharmacological interventions that directly target
cognitive regulation, attention, motor coordination, and self-control.

Neurofeedback is a self-regulation intervention in which real-time information about brain activity is presented
to the individual through visual or auditory signals. Through repeated reinforcement, the participant gradually
learns to modify patterns of neural activity associated with attention, arousal, and behavioral control. The
theoretical foundation of neurofeedback is closely related to operant conditioning and the reinforcement of
desirable electrophysiological patterns (Sterman & Egner, 2006). In children with ADHD, neurofeedback
protocols commonly aim to strengthen brain activity associated with alertness and attentional control while
reducing activity associated with underarousal and distractibility. Reviews and meta-analyses have reported
beneficial effects on inattention, hyperactivity, executive functions, and selected neuropsychological
outcomes, while also emphasizing the need for active control conditions and rigorous assessment of treatment
specificity (Cortese et al., 2016; Holtmann et al., 2014). Recent evidence further indicates that neurofeedback
may improve executive functions in children with ADHD, although methodological heterogeneity remains an
important consideration (Zhong et al., 2025).

Experimental studies have also shown that neurofeedback can improve sustained attention and working
memory in children with ADHD (Dasht Bozorgi et al., 2016). The combination of neurofeedback and
computerized cognitive exercises has similarly been associated with improved working memory and executive
functions (Heidari Nasab et al., 2016). Nevertheless, some uncertainty remains concerning the degree to
which observed gains are attributable to the specific regulation of neural activity rather than nonspecific factors
such as therapist attention, treatment expectancy, repeated exposure to computer tasks, and motivational
feedback (Brandeis, 2011; Heinrich et al., 2016). The inclusion of a sham neurofeedback group is therefore
important for distinguishing specific neurophysiological effects from expectancy-related and contextual
influences.

Interactive digital games or active video games, commonly known as exergames, represent another promising
intervention. Unlike sedentary digital or video games, exergames require whole-body movement that is
detected by motion sensors and translated into actions within a virtual environment. Children may be required
to jump, run in place, reach, balance, strike targets, or coordinate upper- and lower-limb movements. These
games combine physical activity, cognitive challenge, immediate feedback, repetition, and progressive
difficulty. Kinect-based motor interventions have been shown to improve gross motor skills in children with
motor delay (Rostamipour et al., 2019). Movement-based computerized rehabilitation has also produced
improvements in working memory among children with ADHD (Jalili et al., 2019). Randomized evidence
indicates that exergaming can improve attention in children with the disorder (Ji et al., 2023), while structured
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sport-game exercise has been associated with enhanced self-control and behavioral regulation (Salleg-
Cabarecas et al., 2024).

Although both neurofeedback and exergaming have demonstrated potential benefits, few studies have directly
compared their effects on actual and perceived motor competence, and multiple indices of sustained attention
within a single controlled design. Moreover, the persistence of intervention effects after treatment remains
insufficiently examined. Accordingly, the present study investigated the immediate and one-month follow-up
effects of exergames and neurofeedback on actual and perceived motor competence, and sustained attention in
children with ADHD.

Methods and Materials

This applied research employed a randomized pretest-posttest-follow-up design. Participants were 52 male
children aged 7-10 years (M = 8.65, SD = 1.2) diagnosed with ADHD, recruited from 26 primary schools
(grades 1-4) in Qazvin, Iran. Sample size was determined using G*Power (version 3.1.9.7) for a 4x3 mixed
ANOVA (0= .05, power = .90, medium effect size f=.25). Following initial screening of 1,178 students using
the Conners’ Parent Rating Scale-Short Form, children who scored within the clinical range underwent a
confirmatory psychiatric diagnostic interview. After this diagnostic confirmation and IQ assessment (Raven’s
Colored Progressive Matrices; 1Q range: 80-129), eligible children were randomly assigned to four groups:
exergames (n = 14), neurofeedback (n = 14), sham neurofeedback (n = 12), and control (n = 12).

Inclusion criteria comprised: elevated scores on the Conners’ Parent Rating Scale—Short Form, clinical ADHD
diagnosis by a psychiatrist, intelligence quotient between 80 and 129 (Raven's Colored Progressive Matrices),
no severe physical restrictions affecting movement performance, and and absence of comorbid psychiatric or
neurodevelopmental disorders (e.g., severe oppositional defiant disorder, autism spectrum disorder,
intellectual disability, major neurological disorders, or depression).. Exclusion criteria included frequent
session absences or concurrent participation in similar interventions. Written informed consent was obtained
from all parents. Ethical approval was obtained from the Research Ethics Committee of Alzahra University
(IR ALZAHRA.REC.1400.057).

Actual motor competence was measured using the Movement Assessment Battery for Children, Second
Edition (MABC-2). Perceived motor competence was assessed using physical competence subscale of
Children’s self-perception profile for children. Sustained attention was assessed using the Continuous
Performance Test (CPT), including correct responses, omission errors, commission errors, and response time
indices. All assessments were conducted in a standardized, quiet environment by trained examiners blind to
group allocation.

Both active interventions and the sham intervention consisted of 30 sessions conducted three times per week,
with each session lasting 45 minutes. The exergames group used the Shape Up game on an Xbox One console
equipped with a Kinect motion sensor. Sessions included a short warm-up, approximately 35 minutes of
structured game-based activities, and a cool-down period. Tasks involved jumping, balancing, running in
place, striking, rapid directional changes, and coordinated upper- and lower-body movements with real-time
audiovisual feedback. Difficulty was adjusted according to each child’s level and progress.

The neurofeedback group received EEG-based training using the Smart Mind software (version 3). Children
performed game-like cognitive tasks while receiving immediate visual and auditory feedback contingent on
desirable brain activity. The training focused on strengthening attentional control, response inhibition, working
memory, and self-regulation. Electrode placement, signal quality, impedance, and movement artifacts were
monitored throughout the sessions.

The sham neurofeedback group received the same equipment, session duration, therapist contact, and visual
presentation as the active neurofeedback group. However, the feedback was not contingent on the child’s real-
time brain activity and was based on prerecorded or independently generated signals. The control group
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received no intervention and continued routine daily and educational activities. All groups were assessed at
baseline (pretest), immediately post-intervention, and at 1-month follow-up.

Data were analyzed using descriptive statistics, preliminary analyses included Shapiro-Wilk for normality,
Levene’s test for homogeneity of variance, Box’s test for covariance matrix equality, and Mauchly’s test for
sphericity, and 4 (group) x 3 (time) ANOVA with repeated measures of last factor. Where significant
interaction effects were followed by Bonferroni-adjusted post hoc pairwise comparisons with bootstrapped
95% confidence intervals. Statistical significance was set at .05.

Findings

Descriptive trends revealed that both the neurofeedback (NF) and exergames (EX) groups exhibited
progressive improvements in actual and perceived motor competence from pretest to posttest and follow-up,
whereas the sham neurofeedback (SHAM) and control (CTRL) groups showed only negligible changes.
Similarly, sustained attention indices — including correct responses, omission errors, response time, and
commission errors — improved substantially in the two active intervention groups, with gains generally
sustaining or increasing at follow-up.According to the results of 4*3 mixed ANOVA for actual motor
competence, the main effects of time, F(, 96=142.50, p<.001, n%=.74, and group, F@, 48=5.39, p=.003, n%=.25,
were significant. The time-by-group interaction was also significant, Fe, 95=46.80, p<.001, n?y=.74. At posttest,
neurofeedback produced greater improvement than sham neurofeedback and control (all p < .001), while
exergames produced greater improvement than control (p < .001). At follow-up, both active interventions
remained superior to control (all p <.001), and exergames produced significantly greater improvement than
neurofeedback (p =.002).

Perceived motor competence likewise yielded significant main effects for time, F2, 96=34.60, p<.001, n?%=.41,
and group, F@, 48=23.70, p<.001, n%=.59, as well as a significant interaction, F, 95=10.50, p<.001, n?%=.39.
At posttest, neurofeedback was superior to sham neurofeedback (p = .001), whereas its difference from control
was not significant (p = .193). Exergames were also not significantly different from control at posttest (p =
.180). At follow-up, however, both neurofeedback and exergames were significantly superior to control (p =
.002, p =.001, respectively), indicating delayed and sustained improvement in perceived motor competence.
For the number of correct responses on the CPT, significant main effects were observed for time, F(2, 96=69.30,
p<.001, n%=.59, group, F@, 48=13.50, p<.001, n%=.45, and the time-by-group interaction, F, 96=37.70,
p<.001,n?%=.70. Both active interventions increased correct responses relative to control at posttest and follow-
up (all p =.001). At follow-up, exergames produced a significantly larger increase than neurofeedback (p =
.003).

For omission errors, significant effects were found for time, F(, 96=105.40, p<.001, n?=.68, group, Fg,
48=16.10, p<.001, n?%=.50, and the interaction of time and group, F, 96=31.50, p<.001, n?=.66. Both active
interventions significantly reduced omission errors at posttest and follow-up compared with control (all p =
.001). The reduction was greater in the exergame group, especially at follow-up (p = .006).

Response time also showed significant effects of time, F, 96=145.40, p<.001, 1?=.75, group, F@, 48=5.20,
p=.003, n%=.24, and the time-by-group interaction, Fe, 96=46.30, p<.001, n%=.74. Neurofeedback and
exergames both significantly reduced response time relative to control at posttest and follow-up (all p =.001).
The difference between the two active interventions was not significant at posttest and follow-up (p = .302, p
=.100, respectively).

For commission errors, the main effect of time was not significant, F, 96)=2.93, p=.058, n%=.05. However, the
group effect, F, 46=6.61, p=.001, n%=.29, and the time-by-group interaction, Fe, 96=5.14, p<.001, n?%=.24,
were significant. Both active interventions produced fewer commission errors than control at posttest and
follow-up (p<.05). Neurofeedback differed significantly from sham neurofeedback only at follow-up (p =
.029).
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Discussion and Conclusion

The present study investigated the effects of neurofeedback and exergames on actual and perceived motor
competence and sustained attention in children with ADHD. The findings demonstrated that both interventions
improved actual motor competence and most components of sustained attention in children with ADHD. The
significant interaction across all dependent variables indicated that improvements were associated with the
interventions rather than with maturation, repeated testing, or the passage of time alone. Furthermore, the
maintenance of gains at 1-month follow-up indicated that both interventions produced durable rather than

merely transient effects.

Exergames produced particularly strong and persistent effects on actual motor competence. This pattern is
understandable because the intervention directly required repeated execution of balance, coordination, speed,
aiming, and whole-body movement tasks. Immediate feedback, progressive difficulty, and repeated successful
performance likely supported motor learning and consolidation. The stronger follow-up performance of this
group suggests that direct motor practice may produce durable changes when children remain actively engaged
and receive continuous performance feedback (Jalili et al., 2019; Rostamipour et al., 2019). Neurofeedback
also improved actual motor competence, despite not directly training motor skills. This effect may have
occurred through improved attentional stability, inhibition, planning, and monitoring of behavior. Successful
motor performance depends not only on physical ability but also on the capacity to focus on instructions,
suppress irrelevant movements, sequence actions, and correct errors. Improved neural self-regulation may
therefore have indirectly enhanced movement performance (Dasht Bozorgi et al., 2016; Heidari Nasab et al.,
2016; Sadeghi Ahouei et al., 2025; Zhong et al., 2025).

Perceived motor competence changed more gradually than actual motor competence. At posttest, neither
active intervention differed significantly from the control group, whereas at follow-up, both neurofeedback
and exergames showed significant improvements relative to controls. This delayed pattern suggests that
changes in self-perception of competence require repeated successful experiences, social comparison, and
internalization of positive feedback over time, rather than emerging immediately with objective performance
gains (Harter, 1982). The gradual nature of this change is consistent with the view that perceived competence
develops through accumulation of successful task experiences and their integration into a stable self-evaluation
(Huron, 2007, Salleg-Cabarcas et al., 2024).

Both interventions also improved sustained attention by increasing correct responses, reducing omission errors,
shortening response time, and reducing inappropriate responses to nontarget stimuli. Neurofeedback may have
strengthened attentional regulation by training children to maintain neural states associated with alertness and
cognitive control (Brandeis, 2011; Cortese et al., 2016; Fauzan & Nazaruddin, 2012; Heinrich et al., 2016;
Holtmann et al., 2014; Sterman & Egner, 2006). exergames may have improved attention through repeated
demands for continuous monitoring, rapid stimulus detection, response selection, and motor adjustment.
Physical engagement may also have helped maintain an optimal level of arousal and prevented the decline in
vigilance often observed during monotonous tasks (Boot et al., 2008; Ji et al., 2023; Nejati & Derakhshan,
2024).

Notably, commission errors—reflecting response inhibition—showed a different pattern than omission errors.
While omission errors decreased significantly in both active groups from posttest onward, reductions in
commission errors were more gradual and reached significance relative to sham only at follow-up. This finding
suggests that improving inhibitory control may require more extended practice and consolidation compared to
enhancing sustained vigilance (Nemati & Alizadeh, 2017; Seilsapour et al., 2015).

The superior follow-up effects of exergames on some outcomes may be related to the specificity of practice.
This intervention directly combined visual attention, movement, timing, inhibition, and coordination. These
demands closely resembled the processes assessed by the motor and sustained attention tasks (Gelade et al.,
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2016; Gray et al., 2012; Melo et al., 2025; Mollazadeh et al., 2018; Santamaria-Vazquez et al., 2025b). In
contrast, neurofeedback affected performance through a more indirect self-regulatory pathway (Nemati &
Alizadeh, 2017; Seilsapour et al., 2015). Nevertheless, the absence of significant differences between the
active interventions for several outcomes indicates that both approaches can be clinically useful.

The sham neurofeedback group generally did not show the same degree of improvement as the active
neurofeedback group. This pattern suggests that the effects of neurofeedback were not solely due to therapist
contact, treatment expectancy, computer use, or participation in an attractive intervention. The significant
differences between active and sham neurofeedback, particularly at follow-up, support the contribution of
contingent brain-based feedback to sustained improvement.

It is important to distinguish between structured therapeutic exergaming and uncontrolled recreational video
game use. In this study, exergames were administered in limited, supervised sessions with therapeutic goals
and physical activity components; therefore, the positive effects observed should not be generalized to
unrestricted gaming, which has been associated with adverse outcomes such as increased symptom severity
and behavioral problems in some studies (Alrahili et al., 2023).

In conclusion, this study provides empirical support for the efficacy of both neurofeedback and exergaming as
non-pharmacological interventions for improving actual and perceived motor competence, as well as sustained
attention, in children with ADHD. While both interventions produced immediate and durable benefits across
most outcomes, exergaming demonstrated superior long-term effects on actual motor performance, correct
responses, and omission errors, suggesting that task-specific, repetitive motor engagement may confer greater
consolidation advantages. These findings align with multidimensional approaches that target not only
behavioral symptoms but also underlying cognitive, motor, and self-regulatory deficits. Given the
heterogeneous profiles of children with ADHD, the choice between interventions should be individualized,
considering the child's primary difficulties, motivational state, and physical capabilities. Future research with
larger, more diverse samples and extended follow-up periods is warranted to further elucidate the mechanisms
and long-term sustainability of these interventions. Clinically, integrating neurofeedback or exergaming into
comprehensive treatment programs may offer valuable adjunctive options, particularly for children who show
suboptimal responses to medication or require complementary therapeutic strategies.
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