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Abstract This study aims to investigate the effects of an 8-week complex attention concentration program on
the brain function index and attention concentration in adolescents with ADHD. The subjects of the study were
18 male adolescents from H School located in I City, divided into three groups: 6 participants in the complex
attention concentration program group, 6 in the target-related physical activity group, and 6 in the
no-treatment control group. Data analysis included calculating means and standard deviations for group
comparisons, and two-way (2RMx6RM) ANOVA was conducted to test differences at various measurement
points. Post-hoc tests were performed to examine significant interaction effects (p{.05). The results indicated
that the integrated attention training program had a more positive effect on brain function sub-indices
compared to both the target-related physical activity group and the no-treatment group. Similarly, the
program showed a more positive effect on attention levels compared to the other two groups. Based on these
results, it can be concluded that the integrated attention training program significantly improves overall brain
function in ADHD students and is advantageous due to its ease of participation. It is suggested that this
program could be widely used due to these benefits.
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1. Introduction

Attention-Deficit Hyperactivity Disorder (ADHD),
characterized by inattention, hyperactivity, and im-
pulsivity, is one of the most common disorders
among school-aged children. ADHD is approx-
imately three times more prevalent in boys than in
girls[1].

An epidemiological survey conducted by Seoul
City and Seoul National University Hospital revealed
that the number of ADHD cases increased from
6,198 in 2003 to 25,429 in 2008, a fourfold rise[2].
This surge in prevalence not only raises concerns
about the disorder but also affects academic
performance. Students with ADHD often exhibit low
attention, leading to persistent distractibility and
difficulties in completing tasks, which results in
Additionally,
ADHD can lead to problematic behaviors that inter-

lower academic achievement[3].
fere with peer relationships and daily life[4].

If untreated during childhood, ADHD symptoms
are highly likely to persist into adolescence and
adulthood[5,6]. Early detection and treatment are
crucial due to associated issues such as low self- es-
teem, depression, anxiety, learning disabilities,
family conflicts, and psychological burdens|7].

The neurophysiological causes of ADHD include
frontal lobe dysfunction, decreased levels of dop-
amine and norepinephrine[l], metabolic disorders,
genetic anomalies, environmental factors, impaired
perception and cognitive function, attention arous-
al, and inhibitory control deficits[8]. Imbalanced
development of the left and right brain hemi-
spheres[9] also contributes to the disorder. While
medication is the most commonly used treatment,
physical activity interventions that affect brain neu-
rotransmitters and the central nervous system are
also needed due to the potential side effects of car-
diovascular diseases associated with medication
[10,11].

Research on educational interventions for ADHD

has actively focused on improving attention. Studies

utilizing neurofeedback, which enhances brain
self-regulation by allowing individuals to see their
brainwave information directly, include work by
Kwon[12], Kim[13], and Yoo[14]. However, most of
these studies focus on impulse control or ther-
apeutic interventions.

Research utilizing physical activity includes stud-
ies on sports activities[15], target-based play activ-
ities to enhance attention[16], physical activities us-
ing gymnastics, dance, and tools[17,18], sensory or
perceptual training[19], and horseback riding[20].
Despite these diverse interventions, there is a lack
of research on which intervention is most effective
for ADHD. Additionally, studies combining neuro-
feedback and target-based physical activities to en-
hance attention are scarce.

Therefore, research is needed to examine the ef-
fects of combining brainwave-based brain activa-
tion and control training with target-based atten-
tion-enhancing physical activities on attention and
brain function in ADHD students. The aim of this
study is to identify the impact of an 8-week in-
tegrated attention training program on brain func-
tion indices and attention levels in middle and high
school students with ADHD.

2. Method

2.1 Research Participants

The participants in this study were 18 male stu-
dents from H School in Incheon Metropolitan City,
consisting of 4 second-year middle school students,
5 third-year middle school students, 5 first-year
high school students, and 4 second-year high school
students. They were selected based on a diagnosis
following the DSM-IV criteria, and had received
medical approval to participate in the experiment.
Participants were chosen from those who were not
currently taking ADHD-related medication and had
no other psychiatric disorders apart from ADHD.

Before the experiment, participants were in-

formed about the study's content and procedures,
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provided written consent, and voluntarily agreed to
participate in the study. The physical characteristics

of the participants are shown in {Table 1).

Table 1. Characteristics of the research subjects

(M£SD)
Age Height Weight
Citel? 3 (year) (cm) (kg)
EG 6 16.60+1.00 167.88%5.68 68.53£9.38
TG 6 16.88+1.11 167.05%5.55 67.07£8.28
CG 6 16.80+1.30 166.07£5.28 68.03£9.40

M: Mean, SD: standard deviation

E-G: Experimental Group for the complex attention-focused program
T-G: Comparison Group for targeted physical activity

E-G: Control Group

2.2 Experimental Design and Procedure

This study utilized a repeated-measures ex-
perimental design to investigate the impact of an
integrated attention training program on attention
levels and brain function indices in students with
ADHD. The experimental groups included an in-
tegrated attention training program group, a tar-
get-related physical activity comparison group, and
a no-treatment control group. The changes in brain
function indices and attention levels were set as de-
pendent variables.

The overall experimental procedure involved
randomly assigning participants to the integrated
attention training program group, the target-related
physical activity comparison group, or the no-treat-
ment control group. Brain function indices and at-
tention levels were measured before and after the
8-week integrated attention training program and
the target-related physical activity intervention.
(Table 2

procedure.

illustrates the overall experimental

Table 2. Experimental procedure

Group Pre—test | Experimental Treatment | Post-test
Experimental Group Oy, < 0,
Comparison Group 04 O 0,

Control Group 05 Oq

0,, O3 O Pre—test (Brain Function Index, FAIR Test),
0, O, O4: Post-test (Brain Function Index, FAIR Test),
¥¢! Integrated Attention Training Program,

O: Target-Related Physical Activity

2.3 Measurement Methods

2.3.1 Brain Function Measurement
For measuring brain function in this study, the
EEG device

manufactured by Braintech, was used. The brain

NeuroHarmony M, a 2-channel
function measurement was conducted as follows: A
headband with gold-plated solid electrodes spaced
4cm  apart was attached to the participant's
forehead. The headband had electrodes placed at
FP1, FPz, and FP2 positions.

A reference electrode was fixed to the
participant's left earlobe. The participant was
instructed to sit in a chair and maintain a proper
posture. The procedures for measuring EEG were
explained to the participant. EEG measurements
were taken before and after the 8-week integrated
attention training program. Three brain function
indices were used from the EEG data: Self-
Regulation Index (SRQ), Attention Index (ATQ), and
Brain Index (BQ). <(Table 3) presents the related
frequencies and analytical components of the eight
indices

brain function analyzed during EEG

measurements.

Table 3. The relevant frequencies and analytical
elements of the brain function index

Brain Function Relevant .
. Analytical elements
index frequency
Self—.reguIann @, SMR, Blow Brain's autonom!c nervous
index system regulation ability
Attention index 9, SMR, 6, Brams arousal gnd
Bhigh immune function
Activation index a, Blow Brain's activation state

Emotional index | Left a, Right o Emotional balance

Left-right brain Left-right symmetry in

. Left-Right all intensity and balance in
balace index L
synchronicity
Brain index Overall brain function

The brain function measurement system used for
this study measured EEG frequencies in the range of
1-30 Hz. The training modes included relaxation,
attention, and concentration, focusing on key
wavelength bands: alpha waves (8-12 Hz), SMR
waves (13-15 Hz), and low beta waves (16-20 Hz).
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Data analysis of the raw EEG data was performed
using the Brain Function Analysis Program (BQ Test
verl.0, Brain See) from the Korean Institute of
Psychiatric Science. The Fast Fourier Transform
(FFT) method was employed to convert the data,
decomposing the waveform into its fundamental
and harmonic frequencies, and then calculating the
amplitude for each frequency by taking the square

root of the amplitude values.

2.3.2 FAIR Attention Test

The FAIR Attention Test was administered after
assigning groups with ADHD and conducting
homogeneity tests for each group. The test was also
administered before and after the 8-week integrated
the FAIR

Attention Test, participants were instructed to sit in

attention training program. During
a chair and maintain proper posture, and the
content and procedures of the test were explained.
The FAIR Attention Test involves a single sheet
with a grid of 30x30 squares containing 4 types of
shapes. Participants were required to find two
specific shapes (a square with 2 dots and a circle
with 3 dots) among the grid. The procedure involved
drawing lines from left to right under the shapes,
marking the shapes with a jagged line when they
were found, and continuing until all specified
shapes were detected. The test was administered
twice for 3 minutes each, with split-half reliability
applied.
the FAIR Attention Test
measured: Selective Ability Index (P): Reflects the

Data analysis of

ability to process information within the given time,

related to selective attention. Quality-Control
Ability Index (Q): Represents the proportion of
correct judgments and is related to self-control.
Sustained Attention Ability Index (C): Indicates the
extent of sustained attention, associated with brain
energy activation levels such as arousal and
activation. (Table 4> provides information on the
related abilities, scoring methods, and reliability of

the FAIR Attention Test indices.

Table 4. Attention concentration test index

Test index Rglevant Scoring method | Reliability
index
P(selection ability Selective
~EL)- +

index) attention (T-EL-2(EC+EQ) 944
QQuality control | ¢ 1c il p<T 903

index)

o Sustained
C(Continuity index) attention pxQ 941

T: Total number of items worked on

EL: Total number of errors in drawing lines

EQ: Total number of target items not marked with a jagged line

EC: Total number of non-target items incorrectly marked with a
jagged line

2.4 Complex Attention Training Program

The 8-week Complex Attention Training Program
(experimental group) and Target-Related Physical
Activity (comparison group) were conducted 3 times
a week, with each session lasting 50 minutes. To
maintain student interest and ensure continuous
engagement, a 2-minute break was provided at
each stage. Additionally, the difficulty was adjusted
every 2 weeks, with a total of 4 stages of difficulty.

In the Complex Attention Training Program,
brainwave training was conducted for 20 minutes,
with the following programs assigned: Weeks 1-2
involved a brain health program, Weeks 3-4 a
racing program, Weeks 5-6 a memory and cognitive
and Weeks

program. The training method involved attaching

program, 7-8 a brain relaxation
the NeuroHarmony M headband to the frontal lobe
and guiding the participant to observe and correct
their brainwave state using a mirror. Each session
began with measuring the participant's brainwaves
to collect baseline information and included
breathing control exercises to help relax.
Target-Related Physical Activities included Tuho
(a traditional Korean game), darts, and bowling
(with plastic bottles). The experimental group
participated in each activity for 10 minutes, while
the comparison group engaged in each activity for
15 minutes. To keep students interested and
engaged, a 2-minute break was also provided at
each stage. (Table 5) shows the details of the

Complex Attention Training Program, and {Table 6)



The Effects of Complex Attention Training on Brain Function Index and Attention Concerntration Adolescents with ADHD 73

illustrates the Target-Related Physical Activity

Program.

2.5 Data Processing

Data processing for this study was carried out
using the SPSS (Statistical Packages for Social
Science) ver. 21.0 program. Descriptive statistics
were used to calculate the mean (M) and standard
deviation (SD) for each measurement item to
compare groups. Two-way (2RM x6RM) ANOVA was
conducted to verify differences in self-regulation
index, brain index, selective

index, attention

attention, self-control, and sustained attention

Table 5. Complex attention concentration program

across measurement points. If  significant
interaction effects were found, contrast (post-hoc)
tests were performed. The statistical significance

level for this study was set at p<.05.

3. Research Results

3.1 Brain Function Index

3.1.1 Self-Regulation Index

The descriptive statistics of the Self-Regulation
Index measured before and after the 8-week
Complex Attention Training Program are presented

in Table 7.

Stage Duration(week) Program Difficulty level Exercise time Rest
1-2 Brain health training
S.tage 3-4 Racing training
(brainwave — - —
training) 5-6 Memory and thinking skills training
7-8 Brain tension training )
- - 2 minutes after stage 1
1-2 2 meters away from the tuho container Beginner
Stage 2 3-4 2.5 meters away from the tuho container Intermediate
(tuho) 5-6 3 meters away from the tuho container Advanced
7-8 3.5 meters away from the tuho container Expert 10 minutes )
- for each 2 minutes after stage 2
1-2 1 meter away from the dartboard Beginner stage
Stage 3 3-4 2 meter away from the dartboard Intermediate
(darts) 5-6 3 meter away from the dartboard Advanced
7-8 4 meter away from the dartboard Expert )
- - 2 minutes after stage 3
1-2 5 meters away from the plastic bottle Beginner
Stage 4 3-4 6 meters away from the plastic bottle Intermediate
(bowling) 5-6 7 meters away from the plastic bottle Advanced
7-8 8meters away from the plastic bottle Expert
Table 6. Target-related physical activity program
Stage Duration(week) Program Difficulty level Exercise time Rest
1-2 2 meters away from the tuho container Beginner
Stage 1 3-4 2.5 meters away from the tuho container Intermediate
(tuho) 5-6 3 meters away from the tuho container Advanced
7-8 3.5 meters away from the tuho container Expert 2 minutes after
1-2 1 meter away from the dartboard Beginner stage 1
Stage 2 3-4 2 meter away from the dartboard Intermediate 15 minutes for
(darts) 5-6 3 meter away from the dartboard Advanced each stage
7-8 4 meter away from the dartboard Expert 2 minutes after
1-2 5 meters away from the plastic bottle Beginner stage 2
Stage 3 3-4 6 meters away from the plastic bottle Intermediate
(bowling) 5-6 7 meters away from the plastic bottle Advanced
7-8 8meters away from the plastic bottle Expert
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Table 7. Pre and post self-regulation index by group

group n pre M+SD post M+SD
) a 6 60.83£1.17 77.33:1.03
Se'f'.'e(fU'at'O” b | 6 | 60.17:075 | 64.33:0.82
neex c | 6 | 60.67:082 | 67.22¢762

a: Experimental group, b: Comparison group, c: Control group

As shown in Table 8, the pre- and post- inter-
vention self-regulation indices for the compound at-
tention training program were as follows:
Experimental group: Pre 60.83+1.17 Post 77.33+
1.03, Comparison group: Pre 60.17+0.75 Post
64.33+0.82, Control group: Pre 60.67+0.82 Post
67.22+7.62.

This indicates that the self-regulation indices in-
creased for all groups from pre- to post-
intervention. Results from a repeated measures
two-way ANOVA showed significant differences in
self-regulation indices between groups (F=321.80,
p=.000). There were also significant differences in
self-regulation indices at pre- and post- measurement
points within each group (F=507.04, p=.000), and
significant interaction effects between groups and
measurement points (F=297.99, p=.000). Additionally,
post-hoc comparisons revealed that the experimental
group had the highest self-regulation indices com-
pared to the comparison and control groups (see

Table 8).

Table 8. Two—way ANOVA for pre and post
self-regulation index by group

Source of variance Sum of daf | MS F p |Contrast]

squares
Group 507.72| 2 |253.86(321.80{.000

error 11.83 | 15| .79

abye

measurement time point| 400.00 | 1 {400.00(507.04.000
470.17 | 2 |235.08|297.99|.000

Groupxtime point

Error(time point) 1183 | 16| .79

a: Experimental group, b: Comparison group, c: Control group

3.1.2 Attention Index

The descriptive statistics of the attention indices
measured before and after the 8-week compound
attention training program are shown in Table 9.

As shown in Table 9, the attention indices

measured before and after the 8-week compound

attention training program were as follows:
Experimental group: Pre 55.50+1.87 Post 65.33+
1.03, Comparison group: Pre 57.33%0.82 Post
61.67+0.82, Control group: Pre 56.56+1.42 Post

61.11£3.89

Table 9. Pre and post attention index by group

group n pre M+SD post M£SD

] a 6 55.50£1.87 65.33+1.03

Attention 6 | 57.33:082 61.6740.82
index

c 6 56.56£1.42 61.11£3.89

a: Experimental group, b: Comparison group, c: Control group

This indicates that the attention indices increased
for each group from pre- to post-intervention.
Results from a repeated measures two-way ANOVA
to examine the differences in attention indices
between groups and at pre-and post-measurement
points are shown in Table 10. Significant differences
in attention indices were found between groups
(F=48.62, p=.000). There were also significant
differences indices at

in attention pre- and

post-measurement within each group
(F=134.48, p=.000),

effects between groups and measurement points

points
and significant interaction
(F=57.74, p=.000). Post-hoc comparisons revealed
that there were no significant differences between
the experimental group and the comparison group,
while the control group had the lowest attention

indices.

Table 10. Two—way ANOVA for pre and post
attention index by group

Sour ] Sl 6 df MS F p | Contrast
variance squares
Group %17 | 2 [4808]48e 000|
error 14.83 15 | .989 a e
measurement | 1o5 98 | 1 |186.78[134.48 000
time point
Groupxtime | 46059 | 5 | 8019 |57.74| 000
point
Error
(mopony) | 2088 | 15 | 139

a: Experimental group, b: Comparison group, c: Control group
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3.1.3 Brain Index

The descriptive statistics of the brain indices
measured before and after the 8-week compound
attention training program are shown in Table 11.

As shown in Table 11, the brain indices measured
before and after the 8-week compound attention
training program were as follows: Experimental
group: Pre 61.83+1.69 Post 76.17+1.17, Comparison
group: Pre 63.00+1.55 Post 64.17+4.02, Control
group: Pre 62.00+1.14 Post 66.83+7.37

Table 11. Pre and post brain index by group

group n pre M+SD post M£SD

a 6 61.83+1.69 76.17£1.17

Brain index b 6 63.00£1.55 64.17+4.02
c 6 62.00£1.14 66.83£7.37

a: Experimental group, b: Comparison group, c: Control group

This indicates that the brain indices increased for
each group from pre- to post-intervention. Results
from a repeated measures two-way ANOVA to ex-
amine the differences in brain indices between
groups and at pre- and post-measurement points
are shown in Table 12.

Significant differences in brain indices were ob-
served between groups (F=40.19, p=.000). Significant
differences in brain indices were also found at pre-
and post-measurement points within each group
(F=92.53, p=.000), and significant interaction effects
between groups and measurement points were not-
ed (F=90.92, p=.000). Additionally, post-hoc com-
parisons showed that the experimental group had
the highest brain indices compared to the compar-

ison and control groups.

Table 12. Two-way ANOVA for pre and post brain

index by group
g Sum of

Source of variance squares daf| MS F p | Contrast

Group 429.17 | 2 | 214.58 [40.19|.000

ayb)e

error 80.08 | 15| 534
measurement time | 51095 | 1 | 21025 [92.53| .000

point
Groupxtime point | 413.17 | 2 | 206.58 [90.92|.000
Error(time point) 34.08 | 16| 227

a: Experimental group, b: Comparison group, c: Control group

3.2 Attention

3.2.1 Selective Attention

The descriptive statistics of selective attention
measured before and after the 8-week compound
attention training program are shown in Table 13.

As shown in Table 13, the selective attention
measured before and after the 8-week compound
attention training program was as follows:
Experimental group: Pre 143.00£2.10 Post
186.33+3.88, Comparison group: Pre 137.83+2.14
Post 151.17+4.22, Control group: Pre 142.00£2.45

Post 140.17+£4.67.

Table 13. Pre and post selective attention by group

group n pre M+SD post M£SD

] a 6 143.00£2.10 186.33£3.88

selective | 6 | 137.83:2.14 | 151.17:4.22
attention

c 6 142.00£2.45 140.17+4.67

a: Experimental group, b: Comparison group, c¢: Control group

This indicates that selective attention increased
from pre- to post-intervention in both the ex-
perimental and comparison groups, while it slightly
decreased in the control group. Results from a re-
peated measures two-way ANOVA to examine the
differences in selective attention between groups
and at pre- and post-measurement points are
shown in Table 14.

Significant differences in selective attention were
(F=105.51, p=.000).

Significant differences in selective attention were

observed between groups

also found at pre- and post-measurement points
within each group (F=637.46, p=.000), and sig-
nificant interaction effects between groups and
measurement points were noted (F=336.05, p=.000).
Additionally, post-hoc comparisons revealed that
the experimental group had the highest selective at-
tention, while there were no significant differences

between the comparison and control groups.
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Table 14. Two—way ANOVA for pre and post
selective attention by group

noted (F=515.00, p=.000). Additionally, post-hoc

comparisons revealed that the experimental group

Sourceof | Sumof | . | 4o E | 5 | had higher self-control, with no significant differ-
variance squares b h . d 1
Group 389817 | 2 11949.08110551] 000 n ences between the comparison and control groups.
ab,
error 277.08 | 15 | 1842 ¢
m:rarfsre(;ninetm 3006.69 1 13006.69|637.46| .000 Table 16. Two—way ANOVA for pre and post
. B self-control by group
roupime | 317006 | 2 [1585.08|336.05 .00 oo Tsoa
p ) daf | MS F p | Contrast
Error 2075 5 | am variance squares
(time point) ) ) Group 0.02 2 | 0.01 | 30.94 | .000 a¥b. G
a: Experimental group, b: Comparison group, c: Control group error 0.00 15 | .000 '
measurement | 501 | 1 | 0.01 |605.00| 000
time point
3.2.2 Self-Control Groupxtime point|  0.02 2 | 0.01 |515.00| .000
.. .. Error
The descriptive statistics of self-control measured (time point) 0.00 | 15

before and after the 8-week compound attention
training program are shown in Table 15.

As shown in Table 15, the self-control measured
before and after the 8-week compound attention
training program was as follows: Experimental
group: Pre 0.87+0.01 Post 0.97+0.01, Comparison
group: Pre 0.88+0.01 Post 0.89+0.01,
group: Pre 0.87+0.01 Post 0.87+0.01

Control

Table 15. Pre and post self-control by group

group n pre M+SD post M+SD

a 6 0.87%0.01 0.97+0.01

self-control b 6 0.88+0.01 0.89+0.01
c 6 0.87+0.01 0.87:0.01

a: Experimental group, b: Comparison group, c: Control group

This indicates that self-control increased from
pre- to post-intervention in both the experimental
and comparison groups, while there was no change
in the control group. Results from a repeated meas-
ures two-way ANOVA to examine the differences in
self-control between groups and at pre- and
post-measurement points are shown in Table 16.
Significant differences in self-control were found
between groups (F=30.94, p=.000). Significant dif-
ferences in self-control at pre- and post-measure-
ment points were also observed within each group
(F=605.00, p=.000), and significant interaction ef-

fects between groups and measurement points were

a: Experimental group, b: Comparison group, c: Control group

3.2.3 Sustained Attention

The descriptive statistics of sustained attention
measured before and after the 8-week compound
attention training program are shown in Table 17.

As shown in Table 17, the sustained attention
measured before and after the program was as fol-
lows: Experimental group: Pre 122.00%+2.10 Post
166.33+3.88, Comparison group: Pre 122.83+2.32
Post 131.67+5.16, Control group: Pre 122.00£2.10
Post 121.67+3.08.

Table 17. Pre and post sustained attention by group

group n pre M+SD post M£SD

_ a 6 122.00£2.10 166.33£3.88

sustained b 6 | 12283232 | 131.67:5.16
attention

c 6 122.00£2.10 121.67+3.08

a: Experimental group, b: Comparison group, c: Control group

This indicates that sustained attention increased
from pre- to post-intervention in both the ex-
perimental and comparison groups, while it de-
creased in the control group. Results from a re-
peated measures two-way ANOVA to examine the
differences in sustained attention between groups
and at pre- and post-measurement points are
shown in Table 18.
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Table 18. Two—way ANOVA for pre and post
sustained attention by group

Sou‘rce of Sum of o VS F o) (Contrast
variance squares
Group 3257.17 | 2 [1628.58|117.40| .000 o)
abyc
error 208.08 | 15 | 13.87
measurement | o79136| 1 |2791.36|352.59| .000
time point
Groupxtime point| 3339.39 | 2 [1669.69(210.91| .000
Error
(time point) 11875 | 15 7.92

a: Experimental group, b: Comparison group, c: Control group

The results show that there were significant
differences in sustained attention across the
different groups (F=117.40, p=.000). Additionally,
there were significant differences in sustained
attention at different measurement points within
each group (F=352.59, p=.000), and there was an
interaction effect between the groups and
measurement points regarding sustained attention
(F=210.91, p=.000).

comparisons revealed that the experimental group

Furthermore, the post-hoc
had the highest levels of sustained attention

compared to the comparison and control groups.

4. Discussion

4.1 Brain Function Index

The Self-Regulation Quotient (SRQ) is a funda-
mental measure of brain health and activity. The
brain autonomously regulates three states—rest, at-
tention, and concentration—while controlling its
activity rhythm. The SRQ quantifies the brain's
self-regulation ability across these three funda-
mental states[21].

In this study, the SRQ showed the greatest change
in the experimental group, with significant in-
creases observed in all groups. This result is con-
sistent with previous studies[9,22], suggesting that
brain development programs enhance self-regu-
lation abilities and maintain the brain in a positive
and efficient state, aiding in learning and
self-control. Additionally, it aligns with research by
Choi et al.[2], which found that physical activities

help ADHD students manage various cognitive func-
tions and self-regulation, supporting the effective-
ness of complex attention training programs.

ADHD students often experience inefficiencies
that impact learning and interpersonal relationships[2].
The highest self-regulation score in the ex-
perimental group, as seen in this study, suggests
that the 8-week compound attention program ef-
fectively improved self-control and sustained atten-
tion, which is consistent with Choi et al.[2]. This
suggests that the combined program of EEG and tar-
get-related physical activities positively impacts the
self-regulation quotient.

Attention Quotient (AQ) measures brain alertness
and resistance to disease and stress. A higher AQ in-
dicates clearer brain alertness, better learning abil-
ities, and immune function [24], whereas a lower AQ
may indicate decreased attention, resistance, and
potential cognitive decline[21].

In this study, the AQ was highest in the ex-
perimental group. Significant differences were
found among groups, with no significant difference
between the experimental and comparison groups.
This result aligns with research by Choi et al.[2],
which found that ADHD students' inability to focus
was related to executive function, and supports
findings that physical activities alone positively in-
fluence brain function. Although no significant dif-
ference was observed between the experimental and
comparison groups statistically, the experimental
group had the highest AQ.

The results align with studies integrating sports
activities and target challenge activities[16,24], sug-
gesting that combining EEG with target-related
ADHD

performance. Kim[23] and others suggest that an

physical activities enhances students'
extended training period could yield even better
results. The limited number of participants might
explain the lack of significant statistical differences
between groups. The Brain Quotient (BQ) is a com-
prehensive evaluation of brain function based on all

indices. It is not absolute but can be developed
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through personal effort.

In this study, BQ increased in all groups, with the
experimental group showing the highest scores
compared to the comparison and control groups.
This result is consistent with Yoo[21], Kim[23], Choi
et al.[2], and Medina et al.[25], indicating that atten-
tion and physical activity programs positively im-
pact cognitive function and attention, improving
the BQ.

However, this contradicts, who found that shorter
training periods might not show significant
differences. This suggests that complex attention
programs are more effective than single activity

programs.

4.2 Attention

In the attention tests, selective attention in-
creased in the experimental and comparison groups
but slightly decreased in the control group.
Significant differences were observed between
groups. This result contrasts with Shin[16] but aligns
with Shin et al.[1], indicating that compound atten-
tion programs and target-related physical activities
positively impact selective attention in ADHD
students.

Self-control is crucial for managing distractions
and solving tasks efficiently[16], and the study
showed increased self-control in the experimental
and comparison groups, with no change in the con-
trol group. These findings align with research on
martial arts[26], swimming [27], and other activities
[16].

Self-regulation allows appropriate responses to
environmental demands, adjusting the intensity and
frequency of behaviors[28,29]. This study suggests
that compound attention programs positively im-
pact self-control, consistent with research on phys-
ical activities' effects on ADHD.

For sustained attention, the experimental and
comparison groups showed increased results, while
the control group decreased. This finding aligns
with Shin et al.[1], and Choi et al.[2], indicating that

compound attention programs and target-related

physical activities positively affect sustained
attention.

However, this contrasts with Shin[16], who found
no difference due to learning experiences. The sig-
nificant statistical differences in this study suggest
that compound attention programs are more effec-

tive than simple target-related physical activities.

5. Conclusion and Recommendations

This study investigated the effects of a compound
attention program on ADHD students' brain func-
tion indices and attention. The program, which in-
cluded EEG-based attention training and target-re-
lated physical activities (e.g., Tuho, darts, bowling),
was applied for 8 weeks to the experimental group,
a target-related physical activities group, and a
no-treatment control group. The findings are as fol-
lows:

The compound attention program showed pos-
itive effects on self-regulation, attention, and brain
function indices compared to target-related phys-
ical activities and no-treatment groups. The pro-
gram also positively impacted selective attention,
self-control, and sustained attention. Based on these
findings, the study has the following recom-
mendations:

Future research should use high-resolution imag-
ing techniques like functional Magnetic Resonance
Imaging (fMRI) and Positron Emission Tomography
(PET) for a more scientific approach. Additional
methods, such as interviews, counseling, and ob-
servations, should be used to compare attention and
behavior changes. Increasing the sample size in fu-

ture studies could provide more robust results.

REFERENCES

[1] Shin, Y., Lee, S., Yoon, J., Lee, S., Kang, W., &
Ahn, J. (2010). Comparative study of cognitive
characteristics, functions, and
brainwaves of ADHD and school maladaptive

executive



The Effects of Complex Attention Training on Brain Function Index and Attention Concerntration Adolescents with ADHD 79

students: Focused on elementary schools in
Daegu and Gyeongsang provinces. Journal of
Emotional and Behavioral Disorders, 26(1),
65-84.

DOI: 20.500.11750/5713

Choi, J., Kang, K., & Jung, H. (2012). Effect of
programmed physical exercise on Attention-
deficient Behavior and hyperactivity in children
with ADHD. Journal of the Korean Society of
Sport Science, 47, 637-650.

DOI: 10.51979/kssls.2012.02.47.637

Kim, S. (1998). Social maturity scale. Seoul:
Central Aptitude Publishing.

Park, H. (2012). The effect of game play on
school adaptation of children with ADHD
tendencies (Unpublished master's thesis).
Daegu University, Graduate School of
Rehabilitation Science.

Shin, J. (2008). The effect of a ball sports
program on attention of children with ADHD
(Unpublished  master’'s  thesis).  Hanshin
University, Graduate School.

Wang, M. (2010). A comparative study of the
perception and guidance practices of preschool
teachers on ADHD children: Focusing on China
and Korea (Unpublished master's thesis).
Woosuk University, Graduate School of
Education.

Jung, M., Kang, H., & Lee, S. (2008). Case report
on a child with ADHD receiving neurofeedback
training. Journal of Neuropsychiatry, 19(3),
289-297.

DOI: 0387420080190030289

Lee, B., Jung, S., Lee, M., Jang, S., Baek, J., &
Lim, H. (2002). Quantitative EEG changes in
children with ADHD following methylphenidate
treatment. Biological Therapy in Psychiatry,
8(1), 118-127.

UCI: G704-001697.2002.8.2.030

Lee, S. (2011). The effects of combined exercise
on fitness, neurotransmitters, brainwaves, and
executive function in children with ADHD
(Unpublished doctoral dissertation). Sookmyung
Women's University, Graduate School.

Heo, J. (2004). The effect of programmed
physical activity on self-concept, attention, and

behavior in children with ADHD. Korean
Journal of Physical Education, 9(2), 187-198.
UCI: 1410-ECN-0102-2009-370-002222458

Nissen, S. E. (2006). ADHD drugs and
cardiovascular risk. New England Journal of
Medicine, 354, 1445-1448.
DOI: 10.1056/nejmc061187

Kwon, M. (2012). The effect of neurofeedback
training with behavior contracts on ADHD
children (Unpublished master’s thesis). Kyung
Hee University, Graduate School of Education.

Kim, S. (2011). The effect of neurofeedback
training on attention for children with attention
deficit hyperactivity disorder (Unpublished
master's thesis). Yonsei University, Graduate
School of Education.

Yoo, S. (2009). The effect of sensory-motor
activities on attention and brainwave changes
in mentally retarded adolescents. Journal of
Korean Special Physical Education, 17(1),
187-205.

UCI: 1410-ECN-0102-2012-510-000254188

Kim, Y. (2010). Changes in characteristics of
ADHD  children through sports activities
(Unpublished doctoral dissertation). Kyungpook
National University, Graduate School.

Shin, J. (2011). The effect of targeted challenge
activities on the attention of children with
ADHD tendencies (Unpublished master’s thesis).
Yongin University, Graduate School of
Education.

Shin, C. (2010). A case study on the changes in
school lite of ADHD children through physical
activities (Unpublished master’s thesis). Korea
National University of Education, Graduate
School.

Lee, G. (2012). The effect of 15-minute exercise
on total problem behaviors and attention in
children and adolescents with ADHD. Journal of
Korean Exercise Rehabilitation, 8(2), 101-100.
DOI: 1135520120080020101

Lee, D., & Kim, K. (2011). The effect of tactile-
centered sensory integration training on
attention in ADHD children. Journal of Special
Physical Education, 9, 93-112.

[20] Jang, C. (2012). The effect of horse-riding



80

AAZEICT HM223H HoS

N
]

equipment exercise on attention and balance in
children with ADHD. Journal of Kinesiology,
14(3), 64-70.

UCI: G704-SER000003260.2012.14.3.008

Yoo, Y. (2011). The effect of neurofeedback
training on brain function indices and motor
performance in individuals with intellectual
disabilities (Unpublished doctoral dissertation).
Yeungnam University, Graduate School.

Choi, Y. (2009). A study on improving self-
efficacy through neurofeedback self-regulation
training (Unpublished master’s thesis). Pusan
National Graduate School of
Education.

University,

Kim, H. (2012). The effect of physical activities
on the brainwaves and coordination of disabled
adolescents (Unpublished doctoral dissertation).
Yongin University, Graduate School.

Kim, Y., Kim, K., & Park, D. (2008). Exploring
the possibility of behavior change in children
with ADHD through sports activities. Journal of
Korean Society of Physical Science, 17(4),
909-920.

UCIL: 1410-ECN-0102-2012-690-001441973

Medina, J. A., Netto, T. L., Muszkat, M., Medina,
A. C., Botter, D., Orbetelli, R. R., Scaramuzza, L.
F., Sinnes, E. G., Vilela, M. R., & Miranda, M. N.
(2010). Exercise impact on sustained attention
of ADHD children, methyphenidate effects.
Attention Deficit and Hyperactivity Disorders,
2, 49-58.

DOI: 10.1007/s12402-009-0018-y

Kim, J. (2008). The effect of Taekwondo
training on improving attention concentration
in elementary school students (Unpublished
master’s thesis). Yongin University, Graduate
School of Taekwondo.

Kim, M. (2009). The effect of swimming
exercise on swimming ability and attention
concentration in children with developmental
disabilities (Unpublished master's thesis).
Hanshin University, Graduate School.

Archer, T., & Kostrzewa, R. M. (2011). Physical
exercise alleviates ADHD symptoms: regional
deficits and development trajectory. Neurotox
Research, 21(2), 195-209.

DOI: 0.1007/s12640-011-9260-0

[30] Histedt, C., Thorell, L. B., & Bohlin, G. (2009).

Heterogeneity in ADHD: neuropsychological
pathways, comorbidity and symptom domains.
Journal of Abnormal Child Psychology, 37,
551-564.

DOI: 10.1007/s10802-008-9286-9

+ A Eo}: B
* E-Mail : hugoboss@naver.com

pE=te:) (Hong—Young Jang)

+ 20234 9%_1
F Ao 54
* E-Mail : br1ghthong0@mokwon. ac.kr

0|935(Young-Ho Lee) [Ha¢
20079 298 : JAdist AbHst

A& HET} (S3HAAD
201449 29 : 8RSty wSThs}

o S4A8 83} (LA

+ 20234 39 ~ 5

@A QkikzFet
A& A

A, AE2ER

89 o
vﬂb} (zﬂ%i@*})
20224 29 : A o

NG ERLE )

- A el el e
A, mAAg



