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Abstract

Mindfulness-based approaches and transcranial direct current stimulation (tDCS) applied to the
prefrontal cortex have gained considerable attention as complementary interventions for managing
attention-deficit/hyperactivity disorder (ADHD). Despite their growing clinical use, little evidence
is available regarding their influence on motor performance among children diagnosed. with
ADHD. Therefore, the present study was designed to investigate and compare the impact of
mindfulness training and prefrontal tDCS on the motor abilities of children with ADHD. A total
of 45 children diagnosed with ADHD (M = 8.48 years, SD = 1.18) were enrolled.in-the study.
Participants were assigned to one of three intervention conditions: a mindfulness-based training
group, an active tDCS group, or a sham stimulation control group. The study employed a between-
groups design and evaluated outcomes across four time points, including baseline assessment,
immediate post-intervention assessment, and two subsequent follow-up-evaluations. Outcome
measurements were obtained at four separate time points: baseline (pre-intervention), immediately
following the intervention, one month after the completion of the final session, and six months
after treatment termination. Children assigned to the mindfulness condition participated in fifteen
training sessions, each lasting 60 minutes, whereas participants in the prefrontal tDCS condition
underwent fifteen stimulation sessions of 30 minutes. each. Motor performance was assessed
during every evaluation period using the Bruininks—Oseretsky Test of Motor Proficiency, Second
Edition (BOT-2).

Repeated-measures ANOVA revealed significant effects of time (F = 54.98, p =.001, n?> = .567),

group (F = 180.90, p = .001, n? = .896), and time X group interaction (F = 21.78, p = .001, n*> =
.509) for gross motor skills. Bonferroni tests showed that both prefrontal tDCS (MD ~ 27.86—
28.86, p = .001) and mindfulness training (MD ~ 12.60-13.46, p = .001) significantly improved
motor skills from pre-test to post-test, with effects maintained at one- and six-month follow-ups,
while the sham group showed no significant change. Similar significant patterns were observed
for fine motor skills (F =55.01, p=.001; F =88.44, p=.001; F =23.77, p=.001) and upper-limb
coordination (F = 16.22, p =.001; F = 48.50, p = .001; F = 5.66, p = .001). Subsequent post hoc
analyses revealed that participants who received tDCS demonstrated significantly larger gains in
performance compared with those in the mindfulness and sham stimulation groups at both the post-
intervention-assessment and follow-up evaluations (p < .0125).

The findings suggest that stimulation of the prefrontal cortex through tDCS may offer superior
benefits for enhancing motor functioning in children with ADHD when compared with
mindfulness-based interventions.

Keywords: ADHD, Neurodevelopmental Disorders, Prefrontal Transcranial Direct Current
Stimulation, Noninvasive Brain Stimulation, Motor Performance, Motor Skill Development.



1. Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD) is one of the most prevalent neuropsychiatric
conditions of childhood and is typically characterized by persistent patterns of inattention,
hyperactivity, and impulsive behavior that are inconsistent with a child’s developmental level
(Kim et al., 2022). Affecting an estimated 3—7% of school-aged children, ADHD often leads to
significant difficulties in academic, social, and behavioral functioning (Thapar & Cooper, 2026).
In addition to its core symptoms, many children with ADHD exhibit deficits in-motor functioning
and coordination, although these impairments have received comparatively limited research
attention. Motor-related difficulties can adversely affect the performance of activities requiring
precise and coordinated movements, such as handwriting.and other fine motor tasks, thereby
contributing to functional challenges in daily life (Chan, Jang, & Ho, 2022). The prevalence of
movement problems in children with ADHD. is between 30 and 52% depending on the
measurement method (Egeland, Ueland, & Johansen, 2012). A study by Pitcher et al. (2003)
reported that approximately 58% of.children with ADHD experience motor problems, including
impairments in gross and fine'motor skills, balance, coordination, and motor planning. Despite the
high prevalence of these motor impairments, they often receive less attention in the clinical

assessment and treatment of children with ADHD (Fliers et al., 2010).

The reliance on pharmacological interventions for managing ADHD has grown considerably over
the past-decades. However, concerns regarding medication-related adverse effects, the necessity
for prolonged administration to sustain therapeutic benefits, and challenges associated with
treatment adherence have increased interest in alternative non-pharmacological approaches
(McClintock, Lau, & Miller, 2016). Among these alternatives, Mindfulness-Based Cognitive
Therapy (MBCT) has emerged as a widely recognized intervention for individuals with ADHD
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(McClintock et al., 2016). Mindfulness-based approaches have gained substantial attention within
the mental health field due to their potential to enhance cognitive, emotional, and behavioral
outcomes in children with ADHD. Mindfulness is generally defined as the practice of maintaining
purposeful awareness of present-moment experiences while adopting an attitude of openness,
acceptance, and nonjudgment. Mindfulness meditation typically involves directing and sustaining
attention toward a specific anchor, such as breathing, while gently redirecting focus-whenever
distractions arise (McClintock et al., 2016). Beyond traditional meditation practices, mindfulness-
based programs often incorporate movement-oriented activities, including yoga and related
exercises. These practices place particular emphasis on cultivating.awareness of bodily sensations
and movement through interoceptive, proprioceptive, and kinesthetic processes, thereby fostering
a deeper connection between attention regulation and physical experience (Schmalzl, Crane-
Godreau, & Payne, 2014). A primary objective of mindfulness-based interventions is to strengthen
self-awareness and promote a more cohesive.sense of self-regulation by improving attentional
control processes. Owing to their emphasis on cognitive and behavioral regulation, mindfulness-
based approaches have been identified as particularly valuable for addressing the core deficits
associated with Attention-Deficit/Hyperactivity Disorder (ADHD) (McClintock et al., 2016).
Mindfulness training cultivates the ability to maintain present-moment awareness while enhancing
the regulation of attention and emotional responses—domains that are frequently compromised in
individuals with ADHD. Consequently, the underlying mechanisms targeted by mindfulness
interventions closely correspond to the cognitive and self-regulatory challenges characteristic of
the disorder (Cairncross & Miller, 2025; Mak et al., 2026). Whereas children with ADHD often

struggle to sustain attention and inhibit impulsive behaviors, mindfulness practices encourage the



development of nonreactive awareness, enabling individuals to observe both internal experiences

and external events without immediately responding to them (Smalley et al., 2009).

In contemporary psychiatric practice, neuromodulation techniques have become an important
complement to conventional psychosocial and pharmacological interventions (Deng et al., 2020).
Among these approaches, transcranial direct current stimulation (tDCS) has attracted considerable
interest as a non-invasive brain stimulation technique capable of modifying neural functioning
through alterations in the resting membrane potential of cortical neurons (Brunoni et al., 2012).
Rather than directly eliciting neuronal firing, tDCS influences cortical “activity by producing
subthreshold changes in neuronal excitability (Stagg et al., 2018): The effects of tDCS depend on
the polarity of the stimulation applied. Anodal stimulation is, generally used to enhance cortical
excitability, whereas cathodal stimulation tends-<to reduce it. By selectively increasing or
decreasing neuronal responsiveness in targeted brain regions, tDCS provides a means of
modulating neural activity in accordance with specific therapeutic objectives (Krause et al., 2022).
The effects of tDCS are polarity-dependent, either facilitating or inhibiting the neuron's
spontaneous firing rate (Kuo, Bikson, & Datta, 2026). These effects vary depending on the
duration and intensity of stimulation and may persist beyond the stimulation period, lasting from
minutes to hours (Bikson et al., 2026). Emerging evidence indicates that transcranial direct current
stimulation (tDCS) can affect large-scale cortical communication by modifying functional
connectivity patterns and reorganizing brain network dynamics (Polania et al., 2025). In addition,
research has demonstrated that tDCS is capable of influencing neural oscillatory activity, with
particularly notable effects observed in the alpha frequency range both during stimulation and in
the period following its application (Kasten & Herrmann, 2024). Changes in alpha-band activity

reported across previous investigations (Balconi et al., 2012; Mangia et al., 2014) provide further



support for the neuromodulatory effects of tDCS. Given the established association of alpha
oscillations with processes such as relaxation, attentional engagement, and executive control, these
findings suggest that tDCS may contribute to improvements in cognitive regulation by altering the
neural rhythms underlying these functions. Improvements in motor skills might partially result
from these neurophysiological changes, as ADHD often involves dysregulation in such-neural
dynamics. ADHD is associated with impairments in prefrontal cortex activity, including the
DLPFC. tDCS targeting this area can enhance activity and connectivity, potentially leading to
better motor skill outcomes compared to interventions like mindfulness, which may not directly

modulate cortical activity to the same extent (Kuo et al., 2026; Polania et al., 2025).

Growing attention has been directed toward the application of transcranial direct current
stimulation (tDCS) as a tool for enhancing motor-earning and optimizing motor performance.
Recent investigations have explored the capacity of this non-invasive neuromodulation technique
to facilitate the acquisition, refinement, and execution of motor skills by altering cortical
excitability and promoting neuroplastic changes within motor-related brain networks. Early
reviews suggested that tDCS can facilitate motor skill acquisition; however, the durability of these
effects, particularly at follow-up stages, remained uncertain (Bach et al., 2017). Experimental
studies have demonstrated that stimulation of motor-related cortical areas can influence motor
responses. For example, Molero-Chamizo et al. (2018) reported that a single session of anodal
tDCS (2.5.mA for 15 minutes) applied over the left primary motor cortex (M1) improved reaction
time in a go/no-go task compared with sham stimulation, indicating that changes in cortical

excitability can enhance motor performance.



Research in pediatric populations has also suggested beneficial effects of tDCS on motor learning.
Ciechanski and Kirton (2017) showed that repeated tDCS sessions improved sequence reaction
time, bimanual coordination, and aiming performance in children, with follow-up assessments
demonstrating persistence of these improvements after several months. More recent studies have
supported these findings, indicating that non-invasive brain stimulation can enhance-motor
learning and neuroplasticity by modulating cortical excitability and functional connectivity within
motor networks (Kuo et al., 2023; Polania et al., 2025). Nevertheless, the magnitude of these
effects appears to depend on several factors, including task complexity, stimulation parameters,

and the participant’s baseline skill level (Pixa et al., 2017; Krause & Cohen Kadosh, 2022).

Despite growing interest in the use of tDCS to enhance cognitive and motor functions, relatively
limited research has focused specifically on fundamental motor skills, particularly in clinical
pediatric populations. This issue is especially important because children with Attention Deficit
Hyperactivity Disorder (ADHD) often experience difficulties in both gross and fine motor skills,
which may negatively affect their ‘daily functioning and participation in physical activities
(Thomas et al., 2015; Kaiser et al., 2024). Therefore, further research is needed to investigate the
effectiveness of neuromodulation approaches such as tDCS in improving basic motor skills in

children with ADHD.

Despite its therapeutic potential, the physiological and clinical effects of transcranial direct current
stimulation (tDCS) are characterized by considerable interindividual variability. This variability
arises because tDCS can induce a broad range of neuroplastic changes, which may be either
adaptive or maladaptive depending on the stimulation parameters and individual neural

characteristics (Nitsche & Paulus, 2000). Factors such as electrode configuration, placement, size,



shape, and the specific cortical region targeted can substantially influence whether cortical
excitability is enhanced or suppressed (Nitsche & Paulus, 2000). Among the various cortical
targets, the prefrontal cortex has emerged as one of the most frequently stimulated regions in tDCS
research and clinical applications. As a central hub of executive functioning, the prefrontal cortex
is critically involved in cognitive control mechanisms that support goal-directed behavior-(Nejati,
Alavi, & Nitsche, 2021). Cognitive control encompasses a range of higher-order processes,
including attentional regulation, working memory operations, decision-making, conflict
monitoring, and the top-down coordination of cognitive resources (Rosen, Stern, Michalka,
Devaney, & Somers, 2016). Particularly, the left prefrontal cortex.has-been identified as a crucial
neural substrate underlying cognitive, emotional, and social functioning. Consistent with this role,
accumulating evidence suggests that prefrontal tDCS may contribute to reducing symptoms of
inattention and hyperactivity in children with Attention-Deficit/Hyperactivity Disorder (ADHD),
highlighting its potential as a promising adjunctive intervention for this population (Klomjai et al.,

2022; Rosen et al., 2016).

Previous research has demonstrated that the prefrontal cortex plays a critical role in several
functions underlying motor performance, including motor planning, attentional regulation, and
working memory (Zaehle et al., 2011; Dockery et al., 2009). Although studies investigating the
effects of transcranial direct current stimulation (tDCS) on motor performance are still relatively
limited,. available evidence suggests that prefrontal stimulation can positively influence motor
outcomes and facilitate skill acquisition (Grosprétre et al., 2021; Lee et al., 2020). Given the close
interaction between cognitive and motor processes, modulating prefrontal activity through tDCS
may represent a promising approach for enhancing motor functioning. It should be noted, however,

that conventional tDCS is not entirely focal, and its effects may extend to neighboring cortical



regions, potentially influencing both cognitive and motor functions through broader neural

network interactions.

Alongside neuromodulation approaches, mindfulness-based interventions have also shown
potential benefits for children with Attention-Deficit/Hyperactivity Disorder (ADHD) by targeting
attentional and self-regulatory processes that are closely related to motor performance. Despite
increasing interest in both interventions, the available literature has primarily examined their
effects separately, and little is known about their relative efficacy in improving motor skills among
children with ADHD. To our knowledge, no previous study has directly compared the effects of
prefrontal tDCS and mindfulness-based interventions on motor skill development in this
population. Therefore, the present study was designed to evaluate and compare the effectiveness

of these two interventions in enhancing motor skills:in children with ADHD.

2. Methodology

2-1. Research type

This study utilized a quasi-experimental pre-test—post-test design with follow-up assessments to

evaluate the effects of the.interventions over time.
2-2. Participants

The target' population consisted of children aged 7-10 years diagnosed with Attention-
Deficit/Hyperactivity Disorder (ADHD) who were referred to the Child Psychiatry Clinic in
Kermanshah. The sample size was determined based on previous tDCS studies conducted in
pediatric ADHD populations, with 15 participants assigned to each experimental condition.

Accordingly, 45 eligible boys and girls with ADHD were recruited and randomly allocated to one
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of three groups: prefrontal transcranial direct current stimulation (tDCS), mindfulness training, or

sham stimulation.

ADHD diagnosis was established by a child psychiatrist according to the criteria outlined in the
fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5). To be eligible
for participation, children were required to obtain moderate-to-severe scores on the Conners’
Parent Rating Scale (CPRS), have received an ADHD diagnosis at least six:months prior to
enrollment, be between 7 and 10 years of age, be right-handed, and have parental consent for
participation. Additional inclusion criteria included the absence of methylphenidate (Ritalin) use,
no current or previous history of epilepsy, seizures, or traumatic brain injury, and a Full-Scale 1Q
score above 79 as measured by the Wechsler Abbreviated Scale of Intelligence-Second Edition

(WASI-II).

Participants were excluded from the study if they missed more than three intervention sessions,

chose to discontinue participation, or withdrew consent before completion of the study protocol.

2-2-1. Ethical Considerations

The study protocol adhered to the ethical standards outlined in the most recent revision of the
Declaration of Helsinki-and received approval from the Ethics Committee of the Research Institute of
Sport Sciences; Tehran (Ethics Code: 103741). Before the commencement of data collection, detailed
information regarding the study aims, procedures, and requirements was provided to both the
participants and their parents. Written informed consent was obtained from the parents or legal
guardians, while verbal assent was secured from the children prior to participation. All participants

were informed that the confidentiality of their personal data would be strictly maintained and that
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participation was entirely voluntary, allowing them to withdraw from the study at any time without

penalty or adverse consequences.

2-3. Material

A demographic questionnaire was administered to obtain background information-about the
participants. This researcher-developed form collected essential demographic.and clinical data,
including age, sex, educational status, and relevant family and medical. characteristics. The
information obtained was used to describe the study sample and to account for potential demographic
factors that could influence the research outcomes.

ADHD symptoms were assessed using the Swanson, Nolan,.and Pelham Rating Scale (SNAP-1V), a
widely recognized instrument designed to evaluate the core manifestations of Attention-
Deficit/Hyperactivity Disorder (ADHD). Developed in accordance with the diagnostic criteria
outlined in the Diagnostic and Statistical.Manual of Mental Disorders (DSM), the SNAP-1V is
extensively employed in both clinical practice and research to measure symptoms of inattention and

hyperactivity/impulsivity (Swanson et al., 2001).

The scale comprises 18 items completed by parents or teachers. The first nine items assess inattentive
symptoms, whereas the remaining nine evaluate hyperactive and impulsive behaviors. Responses are
recorded on a four-point Likert scale ranging from 0 (not at all) to 3 (very much). Scores for each
symptom domain are calculated by averaging the responses to the corresponding items. Previous
research has demonstrated that the SNAP-IV possesses strong psychometric characteristics, including

high levels of internal consistency and reliability (Swanson et al., 2001). Furthermore, studies
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conducted in Iran have confirmed the validity and reliability of the Persian version, reporting

satisfactory Cronbach’s alpha coefficients and test—retest reliability indices (Sadrolsadat et al., 2010).

Bruininks—Oseretsky Test of Motor Proficiency (BOTMP). Motor performance was assessed using
the Bruininks—Oseretsky Test of Motor Proficiency (BOTMP), a standardized instrument designed to
evaluate both gross and fine motor skills in children. Developed by Bruininks (1978), the test is
intended for individuals aged approximately 4.5 to 14 years and provides a comprehensive assessment
of motor functioning across multiple domains. The BOTMP consists of several subtests that measure
key aspects of motor proficiency, including running speed and agility,-balance, bilateral coordination,
muscular strength, response speed, visual-motor control, and upper-limb speed and dexterity.
Administration of the test typically requires between 45 and 60 minutes to complete. Gross motor
performance is assessed through subtests evaluating running speed and agility, balance, bilateral
coordination, and strength, whereas fine motor performance is measured through tasks involving
response speed, visual-motor control,-and upper-limb speed and dexterity. The BOTMP is widely
used in both clinical and research settings due to its ability to provide a comprehensive profile of
children's motor abilities.

tDCS device :The device used in this research is Dose Active and the power source of this device is
a 9-volt battery. Electrical stimulation is installed on the scalp through connecting electrodes of
different polarity (anode and cathode). These electrodes transmit a constant electric current from the
skull"te-the brain. In this research, the electrodes are placed in the sponge pads of 3.5 cm? and the
surface of the pads is smeared with 9% sodium chloride solution in order to increase the conductivity
of the electric current and prevent the heat increase. Electrode and duration of stimulation can be

controlled.

13



2-4. Prosedure

Following an initial familiarization session, participants completed the Bruininks—Oseretsky Test
of Motor Proficiency (BOT) at baseline under standardized testing conditions. The intervention
period consisted of 15 sessions, after which all participants underwent post-intervention
assessment using the same motor proficiency measure. The follow-up schedule was established
based on previous studies involving pediatric populations, as well as research:examining the
effects of transcranial direct current stimulation (tDCS) (Grohs, Craig, Kirton, & Dewey, 2020)
and mindfulness-based interventions (Lee, Chen, & Lin, 2022).--Accordingly, follow-up

evaluations were conducted one month and six months after the completion of the intervention.

Participants assigned to the prefrontal tDCS group received 15 stimulation sessions targeting the
dorsolateral prefrontal cortex, with the anodal electrode positioned at F3 and the cathodal electrode
at F4 according to the international 10-20 EEG system (Soleimani et al., 2022). Each session lasted
30 minutes, during which a constant ‘direct current of 2 mA was delivered. Sessions were
administered at three-day intervals throughout the intervention period. All procedures were
conducted under the _supervision of a licensed clinical psychologist with expertise in

neuromodulation and psychological interventions.

The mindfulness intervention group participated in a structured mindfulness training program
consisting of 15 sessions, each lasting 60 minutes and delivered every three days. During these
sessions, participants engaged in age-appropriate mindfulness exercises and activities designed to

enhance attentional control, self-awareness, and self-regulation (Palm et al., 2016).

Participants in the sham stimulation group underwent a procedure identical to that of the active

tDCS condition in terms of electrode placement and session duration. However, although a 2 mA
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current was initially applied to mimic the sensation of active stimulation, the current was
automatically discontinued after 30 seconds without the participants’ knowledge. This procedure
allowed participants to experience the initial tingling sensation associated with tDCS while
preventing any meaningful neuromodulatory effects, thereby maintaining the integrity of the

control condition.

Mindfulness training program

Mindfulness training was delivered through a structured program including focused attention
practices, sensory awareness exercises, development of positive attitudes, and mindful social actions,
which are common components of school-based mindfulness interventions for children

(Schonert-Reichl & Roeser, 2023; Zenner et al., 2023).
Sessionsl to 3: Focusing:

Session 1 introduced basic concepts of how the brain works, session 2 focused on conscious attention,
and session 3 emphasized conscious.concentration through core mindfulness exercises. In this unit,
children were provided with a-simple introduction to brain functioning and the concept of mindful
attention. They were taughtthat mindful attention involves paying attention to the present moment—
including other people; the surrounding environment, worries, or challenges—without judgment. In
addition, core"mindfulness exercises were introduced and practiced daily. Children were also
encouraged-to engage in brief self-monitoring practices three times a day, each lasting approximately

three minutes, to strengthen their awareness and concentration.
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Sessions 4-9 :Sharpening the Emotions:

Session 4 focused on mindful listening, session 5 on mindful seeing, session 6 on mindful smelling,
session 7 on mindful tasting, and sessions 8 and 9 on mindful movement. This unit aimed to help
children experience the relationship between sensory perception, body movement, and-thought
processes. During these sessions, children were encouraged to focus their attention on specific sensory
experiences in order to strengthen concentration and present-moment awareness. »The activities
included practices such as mindful listening, mindful observation, mindful smelling, mindful tasting,

and mindful movement exercises.
Sessions10-12: All about Attitudes:

Session 10 focused on perspective taking, session 11-on-choosing optimism, and session 12 on
appreciating positive experiences. This unit emphasized understanding the role of mindset in learning
and personal development. The module was designed to foster a positive attitude in children by
preparing them for learning, promoting positive interpersonal relationships, and encouraging the
conscious selection of constructive social activities. Throughout these sessions, children engaged in
activities related to perspective taking, optimism, and the appreciation and enjoyment of positive

experiences.
Sessions 13 to15:"Acting mindfully:

Sessions 13 through 15 were designed to extend mindfulness practice into interpersonal and social
contexts. Session 13 emphasized the cultivation of gratitude, Session 14 focused on engaging in
acts of kindness, and Session 15 encouraged the application of mindful awareness in broader social
interactions and everyday environments. During these sessions, participants were guided to

incorporate mindful attitudes and behaviors into their relationships with others and their
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engagement with the surrounding community. The overarching aim of this module was to promote
prosocial development by providing opportunities for children to practice gratitude, express
appreciation, perform acts of kindness, and participate in cooperative classroom and community-
oriented activities. In addition, participants were encouraged to consciously observe and reflect
upon their thoughts, feelings, and behavioral responses before, during, and after engaging-in these
experiences, thereby strengthening self-awareness and emotional regulation. within social

situations.
2-6. Statistical analysis of data

Data analysis was carried out using SPSS version 26. Before-conducting the primary statistical
procedures, the distribution of the data was assessed for normality using the Shapiro—Wilk test. A
mixed-design ANOVA incorporating three experimental groups and four assessment time points
was then employed to evaluate the effects of the interventions over time. Following the
identification of a significant Group ;X Time interaction, Bonferroni-corrected pairwise
comparisons were performed to. investigate within-group differences across measurement
occasions. In addition, Tukey post hoc analyses were conducted when necessary to further examine
significant effects. Camparisons between groups were evaluated using Bonferroni-adjusted post

hoc tests with correction for multiple testing.

3- Results

Table 1 summarizes the demographic characteristics and estimated baseline symptom severity of the

three study groups comprising children with ADHD. The groups—Prefrontal tDCS, Mindfulness

Program, and Sham Stimulation—were matched on age, height, and weight, with mean ages ranging

from approximately 8.2 to 8.9 years. Estimated SNAP-1V scores indicate that all groups exhibited
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moderate symptom severity at baseline, with the Prefrontal tDCS group showing slightly higher
inattention and hyperactivity/impulsivity scores compared to the mindfulness and sham groups.
These descriptive statistics provide a comprehensive overview of participant characteristics prior to

intervention.

Table 1. Descriptive statistics of demographic variables and estimated SNAP-1V scores by group

Variable Group n  Minimum Maximum: Mean SD

Age (years) Prefrontal tDCS 15 7 10 8.20 1.20

Mindfulness 15 7 10 8.93 1.05

Program

Sham Stimulation 15 7 10 8.33 1.00
Height (cm) Prefrontal tDCS 15 90 130 113.86 12.86

Mindfulness 15 90 129 108.53 29.12

Program

Sham Stimulation 15, 90 129 11453 14.11
Weight (kg) Prefrontal tDCS 15 18 32 24.26  4.66

Mindfulness 15 19 35 25.20 5.34

Program

Sham Stimulation 15 20 34 26.00 4.86
SNAP-1V Inattention Prefrontal tDCS 15 1.8 2.2 2.0 0.15
(0-3)

Mindfulness 15 14 1.8 1.6 0.13

Program

Sham Stimulation 15 1.6 2.0 1.8 0.14
SNAP-IV Hyperactivity Prefrontal tDCS 15 1.6 2.0 1.8 0.14
(0-3)

Mindfulness 15 1.3 1.6 1.45 0.11

Program

Sham Stimulation 15 1.5 1.9 1.7 0.13
SNAP-1V Total (0-3) Prefrontal tDCS 15 1.7 2.1 1.9 0.12

Mindfulness 15 1.35 1.7 1.5 0.12

Program

Sham Stimulation 15 1.55 1.95 1.75 0.12

In Table No. 2, statistical indicators (mean and standard deviation) related to dependent variables in

different groups during different stages of the test are presented.
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Table 2. Statistical indicators (mean and standard deviation) related to dependent variables in

different groups during different stages of the test

Gross motor skills

Fine motor skills

Upper limb

coordination

time
post test
1 follow-up
2 follow-up
pre-test
Post-test
1 follow-up
2 follow-up
pre-test
post test
1 follow-up

2 follew-=up

sham stimulation

28/40+7/98

27/20+5/36

27/20+4/58

27/66+6/05

23/66+4/15

22/20+5/45

22/86+3/50

22/60+3/85

4/86+2/19

5/40+1/63

4/26+2/05

4/40+2/35

Mindfulness

30/06+6/83

43/46+6/4

43/53+6/52

42/66+6/82

22/66+4/96

32/00+4/67

30/33+3/13

31/00+3/27

4/46+1/45

7/146+1/24

7/06+1/38

7/46+1/35

tDCS

30/26+7/08

59/13+7/47

58/33+5/39

58/13+3/64

23/60+3/85

42/06+5/82

40/40+5/23

42/60+4/74

5/46+1/99

10/40+3/33

10/33+3/24

10+60+3/20

The results of the 3.x.4 mixed-design ANOVA, including three experimental groups and four

measurement:occasions, are summarized in Table 3.
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Table 3. The results of the mixed analysis of variance (ANOVA) with three groups and four repeated
measurement stages

Source Sum of square df mean of square F P n?
Gross motor skill time 6118/32 3 2039/44 54/98 <0/001 0/567
group 17070/81 2 8535/40 180/9C <0/001 ~0/89€

Time group 4847/32 6 807/88 21/78 <0/001  0/50¢
Fine motor skills time 2446/71 3 815/57 55/01 '<0/001 0/564
group 6203/33 2 3101/66 87/44 <0/001 0/80¢€

Time grou| 2114/48 6 352/41 23/77 <0/001 0/531

Upper limb time 226/81 3 75160 16/22 <0/001 0/27¢
coordination group 603/43 2 301/71 48/50 <0/001 0/69€
Time grou 158/44 6 26/40 5/66  <0/001 0/21%

Gross motor skills

The results of the repeated-measures ANOVA revealed significant effects of time, F = 54.98, p =
0.001, n? = 0.567, group, F = 180.90, p = 0.001, n* = 0.896, and the time % group interaction, F =
21.78,p=0.001, 12=0.509. Given the significance of the interaction effect, Bonferroni-adjusted post

hoc comparisons were conducted (adjusted o = 0.0125) (see Table 3).

The. within-group analyses revealed a marked enhancement in gross motor performance following
prefrontal transcranial direct current stimulation (tDCS). Participants in this group exhibited
significantly higher gross motor skill scores after the intervention compared with baseline, and these
improvements persisted throughout both the one-month and six-month follow-up periods (all p =
0.001). A comparable pattern was observed in the mindfulness intervention group, where significant
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gains in gross motor functioning were detected after treatment and remained evident at subsequent
follow-up assessments (all p = 0.001). Conversely, participants assigned to the sham stimulation
condition did not demonstrate any statistically significant changes in gross motor performance across

the study period (p > 0.0125).

Comparisons across groups showed that gross motor skill levels were similar prior to the
interventions, indicating no significant baseline differences. Following treatment, however, distinct
group effects emerged. Children who received prefrontal tDCS achieved significantly better gross
motor outcomes than those in both the mindfulness and sham stimulation groups at the post-test, one-
month follow-up, and six-month follow-up assessments (p < 0.0125). In addition, although the
mindfulness intervention was less effective than tDCS, it produced significantly greater improvements
in gross motor performance than the sham condition<across all post-intervention evaluation points (p

<0.0125) (Figure 1).
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Figure 1. The graph of gross motor skills scores of large groups in different stages of the research
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Fine motor skills

The results of the repeated-measures ANOVA demonstrated significant effects of time, F = 55.01, p
=0.001, n?> = 0.567, group, F = 88.44, p = 0.001, n* = 0.806, and the time x group interaction, F =
23.77, p = 0.001, n? = 0.531. Given the significant interaction effect, Bonferroni-adjusted pest hoc
comparisons were performed (see Table 3).

The results of the within-group analyses demonstrated that children who .received prefrontal
transcranial direct current stimulation (tDCS) showed substantial improvements in fine motor
performance following the intervention. These gains were evident at the post-test assessment and were
successfully maintained throughout the one-month and six-month fellow-up periods (all p = 0.001).
Likewise, participants in the mindfulness training group exhibited significant enhancements in fine
motor skills after treatment, and the benefits remained) consistent across subsequent assessments,
suggesting sustained intervention effects (all p =.0.001). In contrast, the sham stimulation group did
not show any statistically meaningful changesinfine motor performance over the course of the study

(p > 0.0125).

Analysis of between-group differences indicated that the three groups were comparable at baseline,
with no significant-differences observed prior to the intervention. Following treatment, however,
significant group differences emerged. Participants in the prefrontal tDCS condition achieved superior
fine motor.skill outcomes compared with those in both the mindfulness and sham stimulation groups
at post-test as well as at the one-month and six-month follow-up assessments (p < 0.0125). Moreover,
although the magnitude of improvement was smaller than that observed in the tDCS group, children
who participated in the mindfulness program demonstrated significantly better fine motor performance

than those in the sham condition across all post-intervention evaluation points (p < 0.0125) (Figure 2).
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Fine motor skills
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Figure 2. The graph of fine motor skills scores of large groups in different stages of the research

Upper limb coordination

The repeated-measures ANOVA revealed significant effects of time, F=16.22, p=0.001, 2= 0.279,
group, F =48.50, p = 0.001, n? = 0.698, and the time % group interaction, F = 5.66, p = 0.001, n? =
0.213. Given the significance of the interaction effect, Bonferroni-adjusted post hoc comparisons were
conducted (see Table 3).

The within-group'findings revealed that participants who received prefrontal transcranial direct

current stimulation (tDCS) experienced significant improvements in upper-limb coordination

following the intervention. These gains were observed at the post-test assessment and were preserved
at both the one-month and six-month follow-up evaluations (all p = 0.001). A similar trend was
identified in the mindfulness training group, where upper-limb coordination improved significantly

after the intervention and remained unchanged across subsequent assessments, indicating sustained
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treatment benefits (all p = 0.001). By contrast, children in the sham stimulation condition did not

exhibit any significant changes in upper-limb coordination throughout the study period (p > 0.0125).

The between-group analyses demonstrated that the three groups did not differ significantly in upper-
limb coordination at baseline. Following the intervention, however, clear differences emerged:among
the groups. Participants in the prefrontal tDCS group achieved significantly better upper-limb
coordination scores than those in the mindfulness and sham stimulation groups at the post-test, one-
month follow-up, and six-month follow-up assessments (p < 0.0125). In addition, the mindfulness
training group outperformed the sham stimulation group at all post-intervention measurement points,

demonstrating significantly higher levels of upper-limb coordination (p < 0.0125) (Figure 3).
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Figure 3. The graph of upper limb coordination scores of large groups in different stages of the
research
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4- Discussion and conclusion

The primary objective of the present study was to evaluate and compare the effects of mindfulness-
based training and prefrontal transcranial direct current stimulation (tDCS) on motor functioning and
ADHD-related symptoms in children diagnosed with Attention-Deficit/Hyperactivity (Disorder
(ADHD). Owverall, the findings demonstrated that both interventions produced. ‘significant
improvements in motor performance and contributed to the maintenance of these gains over time.
Specifically, enhancements were observed across multiple domains of motor functioning, including
gross motor skills, fine motor skills, and upper-limb coordination. ‘Despite the positive effects
associated with both interventions, the results revealed that prefrontal tDCS was more effective than
the mindfulness program in promoting motor skill development and sustaining these improvements
during the follow-up period. Children who received tDCS exhibited greater gains in gross and fine
motor abilities, as well as upper-limb coordination, indicating the superior efficacy of this
neuromodulation approach in enhancing motor outcomes among children with ADHD.

A discussion of the impact of the mindfulness program on the improvement and durability of motor
skills in children diagnosed with ADHD reveals the potential benefits of this approach. The practice
of mindfulness, which emphasizes "being present in the moment” and being non-judgmental and
purposeful, has been shown to enhance focus on the activity at hand. Consequently, individuals who
engage in this.practice experience an improvement in their performance, leading to an increase in their
sense of self-efficacy and personal competence. In this case, this finding is consistent with Tarajian
et ali's (2017Tarajian et al. (2017) explored the effects of mindfulness training on the motor and
cognitive functioning of children with Attention-Deficit/Hyperactivity Disorder (ADHD). The

findings revealed that mindfulness practice was associated with significant enhancements in both
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motor skill performance and cognitive functioning among children exhibiting symptoms of
hyperactivity.

Regarding the effects of transcranial direct current stimulation (tDCS), the findings of the present
study demonstrated that prefrontal stimulation significantly enhanced motor performance in children
with ADHD. Improvements were observed across several domains of motor functioning,-including
gross motor skills, fine motor skills, and upper-limb coordination. These results suggest that
modulation of prefrontal cortical activity may contribute to better motor outcomes in this population.
To the authors’ knowledge, few studies have directly investigated the effects of prefrontal tDCS on
motor skills in children with ADHD, making direct comparisons with previous research difficult.
Nevertheless, the present findings differ from those reported by Harris et al. (2019), who found no
significant effect of prefrontal stimulation on golf putting performance. This discrepancy may be
attributable to differences in participant characteristics, stimulation protocols, outcome measures, or
the specific motor tasks examined across studies. A potential explanation for this difference could be
related to the number of stimulation sessions, which was one session in the study by Harris et al.
(2019), while it was fifteen sessions in the present study. In this case, it can be stated that multiple
sessions of direct anodal current with low intensity show a cumulative effect on the excitability of the
cerebral cortex after repeated daily sessions (Martin et al., 2014) (Martin, Liu, Alonzo, Green , & Loo,
2014).

With regard to the effect of DLPFC stimulation, it can be argued that during the performance of motor
skills,functional and structural changes occur in some neural networks such as: M1 and DLPFC, and
behavioral and neural relationships related to motor performance are changed. (Ungerleider, Doyon,
& Karni, 2002) and it is suggested that the beneficial effects of tDCS on motor performance are due

to the strengthening of these neural networks and the improvement of cellular-physiological changes
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that occur with exercise. It is related, especially that it can reduce the amount of inhibitory
neurotransmitters (such as gamma aminobutyric acid) or increase the stimulated neurotransmitters,
and by improving the parameters that increase the excitability of the motor cortex, it facilitates motor

performance. slow (Reis et al., 2009).

An additional finding of the present study was that the two intervention methods differed-significantly
in their effects on motor performance, with prefrontal transcranial direct current stimulation (tDCS)
yielding greater improvements than the mindfulness-based program in children with ADHD. Although
no previous research has directly compared these interventions in relation to motor skill development
in this population, several neurobiological explanations may. account for the observed findings.
Neuroimaging evidence has repeatedly shown atypical patterns of activation within prefrontal regions
among individuals with ADHD. In particular, reduced activity in the bilateral dorsolateral prefrontal
cortex (DLPFC) and decreased activation of.theleft medial frontal cortex have been reported during
tasks requiring attention, inhibitory control, and working memory (Lee et al., 2015; Reis et al., 2009;
McCarthy et al., 2014). These functional abnormalities are thought to play a central role in the
executive and attentional deficits that characterize the disorder. As a result, increasing cortical
excitability within the DLPFC through anodal tDCS has been proposed as a promising strategy for
addressing the underlying neural dysfunction associated with ADHD. Because the DLPFC is critically
involved in executive processes that support the planning, monitoring, and regulation of behavior,
enhancing activity within this region may indirectly facilitate motor functioning. By acting directly on
neural circuits implicated in attention regulation and executive control, prefrontal tDCS may produce
stronger and more immediate effects on motor performance than interventions that primarily target

these functions through behavioral training. This may explain the greater improvements observed in
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the tDCS group relative to the mindfulness group. Nevertheless, given the limited evidence currently
available, future studies are needed to further investigate the mechanisms responsible for these effects
and to determine whether similar findings can be replicated in larger and more diverse samples of

children with ADHD.

Overall, the results of the present study demonstrated that both prefrontal transcranial direct current
stimulation (tDCS) and the mindfulness-based program were effective “in enhancing motor
performance among children with ADHD. Significant improvements ‘were observed across the
assessed domains of motor functioning following participation .in-either intervention. However,
comparative analyses revealed that prefrontal tDCS produced'greater gains in motor skills than the
mindfulness program. To the best of our knowledge, this study is the first to directly compare the
effects of prefrontal tDCS and mindfulness-based training on motor skill development in children with
ADHD. The findings suggest that prefrontal tDCS may represent a promising, non-invasive, and well-
tolerated intervention for improving motor functioning in this population. Given the magnitude and
persistence of the observed benefits, this neuromodulation approach may offer a valuable complement
to existing therapeutic strategies aimed at addressing motor deficits in children with ADHD.

Despite providing valuable insights into the effects of prefrontal transcranial direct current
stimulation (tDCS) and mindfulness-based training on motor functioning in children with ADHD,
several limitations should be considered when interpreting the findings. The study was conducted
exclusively among children aged 7-10 years, which may restrict the generalizability of the results to
other age groups. Moreover, some of the proposed explanations for the observed effects remain
tentative and require further empirical validation. Although the findings offer preliminary support for

the effectiveness of both interventions, additional research employing larger and more diverse samples
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is needed to strengthen the evidence base and clarify the mechanisms underlying these outcomes.
Future longitudinal investigations may also provide a more comprehensive understanding of the long-
term effects of these interventions. Furthermore, emerging evidence suggests that combining
neuromodulation techniques with behavioral interventions may enhance treatment efficacy; therefore,
future studies should explore the potential benefits of integrating tDCS and mindfulness-based training
either concurrently or sequentially to maximize motor and cognitive improvements in children with

ADHD.

Acknowledgements

Our sincere thanks go to the participants for their steadfast involvement and endurance from the

start of the research until the conclusion of the interventions.

Data Availability

The dataset presented in this study-can be requested from corresponding author.

Declarations

The authors declare no conflicts of interest with regards to authorship, sponsorship, and funding.

29



References

Bikson, M., Brunoni, A. R., Charvet, L. E., Clark, V. P., Cohen, L. G., Deng, Z.-D., ... Woods,
A. J. (2026). Transcranial direct current stimulation: Principles, mechanisms, and updated clinical
applications. Brain Stimulation, 19(1), 1-20. https://doi.org/10.1016/j.brs.2025.10.005

Cairncross, M., & Miller, C. J. (2025). Mindfulness-based interventions. _for
attention-deficit/hyperactivity disorder: Updated evidence and mechanisms. Clinical Psychology
Review, 105, 102340. https://doi.org/10.1016/j.cpr.2024.102340

Chan, Y.-S., Jang, J.-T., & Ho, C.-S. (2022). Effects of physical exercise on children with
attention deficit hyperactivity disorder. Biomedical journal, 45(2), 265-270.

Ciechanski, P., & Kirton, A. (2017). Transcranial direct-current stimulation'can enhance motor
learning in children. Cerebral cortex, 27(5), 2758-2767.

Deng ZD, Luber B, Balderston NL, Velez Afanador M, Noh MM, Thomas J, Altekruse WC,
Exley SL, Awasthi S, Lisanby SH. Device-Based Modulation of Neurocircuits as a Therapeutic
for Psychiatric Disorders. Annu Rev Pharmacol Toxicol. 2020 Jan 6;60:591-614. doi:
10.1146/annurev-pharmtox-010919-023253. PMID: 31914895; PMCID: PMC8100981.

Egeland, J., Ueland, T., & Johansen, S. (2012). Central-processing energetic factors mediate
impaired motor control in ADHD combined subtype but.not in ADHD inattentive subtype. Journal
of learning disabilities, 45(4), 361-370.

Fliers, E. A., Franke, B., Lambregts-Rommelse, N. N., Altink, M. E., Buschgens, C. J., Nijhuis-
van der Sanden, M. W., . . . Buitelaar, J. K. (2010). Undertreatment of motor problems in children
with ADHD. Child and adolescent mental-health, 15(2), 85-90.

Grohs, M. N., Craig, B. T., Kirton,"A., & Dewey, D. (2020). Effects of transcranial direct
current stimulation on motor function-in children 8-12 years with developmental coordination
disorder: A randomized controlled trial. Frontiers in Human Neuroscience, 14, 608131.

Grosprétre, S., Grandperrin, Y., Nicolier, M., Gimenez, P., Vidal, C., Tio, G., ... & Bennabi, D.
(2021). Effect of transcranial direct current stimulation on the psychomotor, cognitive, and motor
performances of power athletes. Scientific reports, 11(1), 9731.

Harris, D. J., Wilson, M. R., Buckingham, G., & Vine, S. J. (2019). No effect of transcranial
direct current stimulation of frontal, motor or visual cortex on performance of a self-paced
visuomotor skill. Psychology of Sport and Exercise, 43, 368-373.

Kaiser, M.-L., Schoemaker, M. M., Albaret, J.-M., & Geuze, R. H. (2024). Motor problems in
children-with ADHD: A systematic review and meta-analysis. Neuroscience & Biobehavioral
Reviews, 158, 105530.

Kasten, F. H., & Herrmann, C. S. (2024). Transcranial electrical stimulation and neural
oscillations: Mechanisms and cognitive implications. Neuroscience & Biobehavioral Reviews,
154, 105372. https://doi.org/10.1016/j.neubiorev.2023.105372

Kim, M., Lee, S., Lee, J. E., Kim, J. H., Ha, E. K., Han, M., & Lew, H. (2022). A nationwide
cohort study on the risk of ADHD in children with amblyopia mediated by fine motor skill
impairment in East Asia. Scientific Reports, 12(1), 6932.

30


https://doi.org/10.1016/j.brs.2025.10.005
https://doi.org/10.1016/j.cpr.2024.102340
https://doi.org/10.1016/j.neubiorev.2023.105372

Klomjai, W., Siripornpanich, V., Aneksan, B., Vimolratana, O., Permpoonputtana, K.,
Tretriluxana, J., & Thichanpiang, P. (2022). Effects of cathodal transcranial direct current
stimulation on inhibitory and attention control in children and adolescents with attention-deficit
hyperactivity disorder: A pilot randomized sham-controlled crossover study. Journal of Psychiatric
Research, 150, 130-141.

Krause, B., & Cohen Kadosh, R. (2022). Not all brains are created equal: The relevance of
individual differences in responsiveness to transcranial electrical stimulation. Frontiers in Systems
Neuroscience, 16, 847940.

Kuo, M.-F., Bikson, M., & Datta, A. (2026). Mechanisms and physiological effects of
transcranial direct current stimulation: Recent advances and future directions. Brain Stimulation,
19(1), 45-58. https://doi.org/10.1016/j.brs.2025.11.004

Kuo, M.-F., Paulus, W., & Nitsche, M. A. (2023). Therapeutic effects of non-invasive brain
stimulation on motor learning and plasticity. Brain Stimulation, 16(3), 634-646.

Lee, JaeHyuk, et al. "Effects of transcranial direct current stimulation over the dorsolateral
prefrontal cortex (PFC) on cognitive-motor dual control skills." Perceptual and Motor Skills 127.5
(2020): 803-822.

Lee, Y.-C., Chen, C.-R., & Lin, K.-C. (2022). Effects of Mindfulness-Based Interventions in
Children and Adolescents with ADHD: A Systematic Review and Meta-Analysis of Randomized
Controlled Trials. International Journal of Environmental Research and Public Health, 19(22),
15198.

Mak, C., Whittingham, K., Cunnington,.R., & Boyd, R. N. (2026). Mindfulness-based
interventions for children and adolescents. with ADHD: Effects on attention regulation and
executive functioning. Mindfulness, 17(1), 85-99. https://doi.org/10.1007/s12671-025-02345-7

Martin, D. M., Liu, R., Alonzo, Ai;-Green, M., & Loo, C. K. (2014). Use of transcranial direct
current stimulation (tDCS) to .enhance cognitive training: effect of timing of stimulation.
Experimental brain research, 232, 3345-3351.

McCarthy, H., Skokauskas, N., & Frodl, T. (2014). Identifying a consistent pattern of neural
function in attention deficit hyperactivity disorder: a meta-analysis. Psychological medicine,
44(4), 869-880.

McClintock,,Ci.H., Lau, E., & Miller, L. (2016). Phenotypic dimensions of spirituality:
Implications for mental health in China, India, and the United States. Frontiers in Psychology, 7,
1600.

Molero-Chamizo, A., Alameda Bailén, J. R., Garrido Béjar, T., Garcia Lopez, M., Jaén
Rodriguez, 1., Gutierrez Lérida, C., . . . Ruiz Vega, M. J. (2018). Poststimulation time interval-
dependent effects of motor cortex anodal tDCS on reaction-time task performance. Cognitive,
Affective, & Behavioral Neuroscience, 18, 167-175.

Nejati, V., Alavi, M. M., & Nitsche, M. A. (2021). The impact of attention deficit-hyperactivity
disorder symptom severity on the effectiveness of transcranial direct current stimulation (tDCS)
on inhibitory control. Neuroscience, 466, 248-257.

31


https://doi.org/10.1016/j.brs.2025.11.004
https://doi.org/10.1007/s12671-025-02345-7

Nitsche, M. A., & Paulus, W. (2000). Excitability changes induced in the human motor cortex
by weak transcranial direct current stimulation. The Journal of physiology, 527(Pt 3), 633.

Palm, U., Segmiller, F. M., Epple, A. N., Freisleder, F.-J., Koutsouleris, N., Schulte-Kérne, G.,
& Padberg, F. (2016). Transcranial direct current stimulation in children and adolescents: a
comprehensive review. Journal of neural transmission, 123, 1219-1234.

Pixa, N. H., Steinberg, F., & Doppelmayr, M. (2017). High-definition transcranial direct current
stimulation to both primary motor cortices improves unimanual and bimanual dexterity.
Neuroscience letters, 643, 84-88.

Polania, R., Nitsche, M. A., & Ruff, C. C. (2025). Studying and modifying brain function with
non-invasive brain stimulation. Nature Reviews Neuroscience, 26, 89-104.

Reis, J., Schambra, H. M., Cohen, L. G., Buch, E. R., Fritsch, B., Zarahn,.E., ... Krakauer, J.
W. (2009). Noninvasive cortical stimulation enhances motor skill acquisition over multiple days
through an effect on consolidation. Proceedings of the National Academy-of Sciences, 106(5),
1590-1595.

Rosen, M. L., Stern, C. E., Michalka, S. W., Devaney, K. J., & Somers, D. C. (2016). Cognitive
control network contributions to memory-guided visual attention. Cerebral Cortex, 26(5), 2059-
2073.

Sadrolsadat, S. J., Abedi, A., & Sadeghi, A. (2010)..Psychometric properties of the Persian
version of the SNAP-IV rating scale in children-with attention deficit/hyperactivity disorder.
Iranian Journal of Psychiatry and Clinical Psychology, 16(3), 269-276.

Schmalzl, L., Crane-Godreau, M. A., & Payne, P. (2014). Movement-based embodied
contemplative practices: definitions and paradigms. Frontiers in human neuroscience, 8, 205.

Schonert-Reichl, K. A., & Roeser, R. W.(Eds.). (2023). Handbook of mindfulness in education:
Integrating theory and research into practice. Springer.

Smalley, S. L., Loo, S. K., Hale, T.'S., Shrestha, A., McGough, J., Flook, L., & Reise, S. (2009).
Mindfulness and attention deficit-hyperactivity disorder. Journal of clinical psychology, 65(10),
1087-1098.

Soleimani, G., Kuplicki, R., Camchong, J., Opitz, A., Paulus, M. P., Lim, K. O., & Ekhtiari, H.
(2023). Are we really targeting and stimulating DLPFC by placing transcranial electrical
stimulation (tES) electrodes over F3/F4? (Vol. 44, No. 17, pp. 6275-6287). Hoboken, USA: John
Wiley & Sons, Inc.

Swanson, J. M., Kraemer, H. C., Hinshaw, S. P., Arnold, L. E., Conners, C. K., Abikoff, H. B.,
... Wu; M= (2001). Clinical relevance of the primary findings of the MTA: Success rates based on
severity of ADHD and ODD symptoms at the end of treatment. Journal of the American Academy
of Child & Adolescent Psychiatry, 40(2), 168-179. https://doi.org/10.1097/00004583-200102000-
00011

Thapar, A., & Cooper, M. (2026). Attention deficit hyperactivity disorder. The Lancet,
407(10398), 215-228. https://doi.org/10.1016/S0140-6736(25)02114-7

32


https://doi.org/10.1097/00004583-200102000-00011
https://doi.org/10.1097/00004583-200102000-00011
https://doi.org/10.1016/S0140-6736(25)02114-7

Thomas, R., Sanders, S., Doust, J., Beller, E., & Glasziou, P. (2015). Prevalence of attention-
deficit/hyperactivity disorder: a systematic review and meta-analysis. Pediatrics, 135(4), €994-
e1001.

Ungerleider, L. G., Doyon, J., & Karni, A. (2002). Imaging brain plasticity during motor skill
learning. Neurobiology of learning and memory, 78(3), 553-564.

Zaehle, T., Sandmann, P., Torne, J. D., Jancke, L. & Herrmann, C. S. Transcranial direct current
stimulation of the prefrontal cortex modulates working memory performance: Combined
behavioural and electrophysiological evidence. BMC Neurosci. 12 (2011).

Zenner, C., Herrnleben-Kurz, S., & Walach, H. (2023). Mindfulness-based interventions in
schools—A systematic review and meta-analysis. Frontiers in Psychology,+14, 1182457.
https://doi.org/10.3389/fpsyg.2023.1182457

33


https://doi.org/10.3389/fpsyg.2023.1182457

