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Abstract

This study aimed to verify the effectiveness of virtual reality (VR) cognitive
training by measuring the sense of presence and electroencephalography
(EEG) in children with ADHD. A clinical trial was conducted to verify the
effect of VR cognitive training on children with ADHD. The experimental
group included eight children with ADHD, and the control group included
eight healthy children without ADHD. The sense of presence increased
significantly after the VR cognitive training in children with ADHD. Also,
no significant changes in the alpha, beta, delta, and gamma wave amplitudes
were found in both groups after the VR cognitive training. Thus, the VR
training content developed in this study can help measure the patients’
behavioral inhibition, increase their sense of presence by inducing interaction
with distraction stimuli, and alleviate their symptoms. However, EEG could
only be used as an auxiliary means, at the clinician’s judgment, for ADHD
diagnosis in children because no significant EEG changes were observed in
the experimental or control groups after the VR cognitive training.

Keywords: Virtual reality, ADHD, sense of presence, VR cognitive training,
EEG, game engine.
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1 Introduction

The proportion of children with attention deficit hyperactivity disorder
(ADHD) increased sharply in South Korea [1] due to adverse effects of early
years education and various environmental factors. Thus, interest in various
therapies to treat ADHD at an early stage increased [2].

ADHD is one of the most common mental disorders in children. It is
a chronically progressing psychiatric disorder that develops in early child-
hood [3]. Its major symptoms include being easily distracted, hyperactivity,
impulsiveness, and learning disabilities. Negative symptoms such as care-
lessness, hyperactivity, and impulsiveness may continue into adulthood if
children with ADHD are not treated early. These symptoms could lead to
social disabilities that affect learning, employment, marriage, and health.
Thus, there is an urgent need for early treatment [4—7].

Various methods are used to treat ADHD. ADHD treatments are pri-
marily divided into pharmacologic treatments such as psychostimulants
and non-pharmacologic treatments such as counseling and behavioral ther-
apy [8, 9]. However, research on non-pharmacologic treatments in South
Korea attracts more attention because most Korean parents do not perceive
children with ADHD as having a disorder and are reluctant to use pharmaco-
logic treatments, leading to treatment de-lays [10, 11]. Also, the importance
of non-pharmacologic treatments is increasingly emphasized because phar-
macologic treatments are limited. Moreover, therapeutic effects increase
when both treatment types are combined, particularly when pharmaco-logic
treatments are complemented by psychosocial therapies, such as cognitive
behavioral therapy. Although pharmacologic treatments can reduce nega-
tive attitudes or unstable emotional states, they are limited in inducing
correct behavioral response patterns [12, 13]. On the other hand, psycho-
logical therapies and behavioral interventions effectively prevent secondary
problems [2].

Behavioral interventions and psychological therapies, including cognitive
training, behavioral parent training (BPT), and social skills training programs,
are recommended for children with ADHD [11]. Among these methods,
many researchers focus on cognitive training using virtual reality (VR)
content developed for educational and clinical environments because VR
content motivates people undergoing training and provides dynamic testing
and training situations [14-16].

In the cognitive training method using VR content, an artificial 3D envi-
ronment is created utilizing computer technologies. A head mounted display
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(HMD)—a wearable VR device—tracks the wearer’s head movements to
create a sensation of movement through a simulated 3D environment [17].
The VR experience using the HMD is more than passive acceptance of
an image on an external screen [18]. In particular, VR games make possi-
ble immediate and continuous interaction [19]. VR enables users to make
otherwise unavailable choices and creates positive changes in the users
by strengthening their motivation to participate based on having fun and
immersing themselves in a virtual reality environment (VRE) [20]. Thus, VR
content provides a training environment that meets ADHD patients’ needs as
a result of interaction based on hu-man-computer interface and immersion
characteristics [21].

In general, children with ADHD are characterized by speaking or act-
ing in ways incompatible with a situation and the inability to focus on a
given task [4]. During training using VR content, children with ADHD are
surrounded by a VRE. Their immersion is increased by the illusion that
they share the same physical space, resulting in the sense of purpose that
promotes participation and attention [23]. A VRE can enhance a sense of
presence more than the existing PC-based or textbook-based counseling and
training treatments [15]. The sense of presence is a sense of being in a
specific place (a sense of being there), even while being in a different place
physically [24]. Also, re-searchers found that a VRE has fewer ethical issues
than the exposure-based therapy used in the actual clinical field for children
with ADHD, who are subjected to negative feedback for their low attention
span [20].

An increased number of studies validate VR cognitive training as a highly
effective ADHD treatment [25]. These studies are supported by the evidence
from electroencephalography (EEG) and an improved sense of presence in
ADHD patients and pro-vide scientific justification for the usefulness of
VR as an ADHD treatment. Thus, the analysis of the effectiveness of VR
cognitive training is possible based on the EEG and improved sense of
presence data obtained in the treatment process. Accordingly, this study will
verify the VR cognitive training effectiveness based on the EEG and sense of
presence analysis.

Various cognitive training methods to increase attention and the sense
of presence in children with ADHD through behavioral inhibition train-
ing were attempted [4]. Previous studies revealed that most children with
ADHD exhibit a low sense of presence due to weak motivation and poor
concentration when learning. Thus, cognitive training to increase the sense of
presence should focus on a highly realistic user experience, encourage user
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participation and ensure the completion of an activity. Such training can bring
about changes in user behavior [26, 27].

The sense of presence could be affected by vividness and interaction [28].
In the end, to increase the sense of presence in a VRE, subjective sensations
that come alive through interaction [27] and a subjective sense of vivid
movement are important [6]. For example, a study on Finnish teenagers in
2005 highlighted interaction in a virtual environment [29]. The participants
stated that the main difference between games and novels and movies was
in the interactivity of games. In games, the teenagers made decisions, took
actions, and exercised influence [30]. Another study argued that the sense of
presence is at the core of a computer game experience due to the interactive
nature of games [31]. Above all, due to changes in a VRE and interaction with
the user’s HMD rotation and body movements, VR can increase the sense of
presence and, therefore, training effectiveness. This proves that a VR strategy
is effective in ADHD patients. VR, similar to real life, improves the user’s
sense of presence while increasing the realism of tasks and activities, helping
the user recognize and understand problems [32].

A VR therapy provides a topic and motivates children with ADHD
to participate in active treatment [33]. Furthermore, researchers can safely
control clinical trials and measure the results objectively by providing real-
world conditions in a rigorous virtual environment [34]. For these reasons,
VR received much attention from researchers and is used as an evaluation
and cognitive training tool for patients with ADHD [22].

The importance of EEG in the process of VR cognitive training is
explained below. EEG was the first measurement method to examine the
brain’s cortical activity systematically [35]. Hans Berger first reported the use
of EEG technology in the 1920s. These days, EEG is used to study children
who are highly likely to be diagnosed with ADHD [36]. The frequency
bands of interest in the study of ADHD are alpha, beta, gamma, and theta.
Normalization of the corresponding EEG frequencies indicates a relief of
ADHD symptoms.

Active research was conducted on EEG as a neurobiological index of
ADHD [37, 38]. Typical EEG markers observed in patients with ADHD
are increased theta power and reduced alpha and beta power in the frontal
and central regions [39]. The most extensive EEG study on ADHD reported
an increase in the theta wave activity, a slight increase in the frontal alpha
wave activity, and a diffused decrease in the mean beta frequency in children
with ADHD [38]. A VRE resembles an actual environment, and the user is
provided with a direct experience in a virtual space that does not exist in
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reality [40]. In that situation, EEG can be used to analyze the user’s emotions
and biometric data scientifically. Thus, the number of studies using EEG to
analyze VR experience increases [41].

However, despite the findings presented above, using VR to treat children
with ADHD is still limited. Specifically, utilizing VR content as a cognitive
training tool for children with ADHD is limited because using VR content
for extended periods is difficult, as children with ADHD are easily distracted
and less focused. Also, the use is partially restricted due to VR devices’
characteristics. For example, the HMD might be too heavy, and physical
discomforts such as nausea, dizziness, cybersickness, and eye fatigue may
occur following sensory mismatch when a VR device is used for a long
time [42, 43]. Therefore, to produce more useful and comfortable VR content
that can be used as a treatment tool for children with ADHD, in this study,
we developed a high-quality VR program that generates fun and interest in
the cognitive training process and enables continuous and repetitive training
based on the Unreal game engine technology.

This study seeks to apply the developed program for children with ADHD
and investigate the effect of VR content as a cognitive training tool. To this
end, this re-search intends to utilize the high-quality VR program to conduct
aclinical trial on the effects of VR content on children with ADHD, centering
on the variables mentioned above, namely, the sense of presence and EEG. At
present, few studies attempted to verify the effect of VR content on children
with ADHD in South Korea. Customized treatment interventions based on
symptoms may be planned for children with ADHD by considering the EEG
measurements and the sense of presence while using VR. The moderating
effect of cognitive training could also be expected.

2 Materials and Methods

2.1 Research Participants

A clinical trial was conducted to verify the effect of VR content developed
by the researchers in this study on ADHD patients. However, it was difficult
to establish a control group in a short period of time as this study was also a
pilot study. Therefore, one of the limitations of this study is the absence of
the ADHD control group.

We intended to form an experimental group of at least 30 participants.
However, there were difficulties in coordinating the clinical schedules of
the patient and control groups. Therefore, with the approval of the IRB
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Table 1 Participants’ characteristics

Gender Mean Age Mean Mean
N Group M F (Years) Height (cm)  Weight (kg)
16 Control 5 3 8.5 130.9 27.8
Experimental 1 7 9 137.1 34.1

Note. N = total number of the participants; M = male; F = female.

Figure 1 VR cognitive training places for ADHD patients. (a) VR cognitive training center
at Gil Hospital; (b) Samsung Medical Center; (c) Inha University Hospital.

committee, we recruited ADHD patients and healthy participants treated at
Gil Hospital, Samsung Medical Center, and Inha University Hospital in South
Korea for the clinical trial.

Since ADHD symptoms mainly appear in children first, we limited the
recruitment to elementary school students aged 8 to 13 years (1-6th grades).
The experimental group included eight ADHD patients, and the control group
included eight healthy participants without ADHD. The clinical trial was
conducted at the VR Cognitive Training Center of Gil Hospital, Samsung
Medical Center, and Inha University Hospital in South Korea from June 2018
to December 2019. The children in the experimental group were diagnosed
with ADHD by a psychiatrist. They were capable of making decisions,
continued receiving medicine and psychotherapy for more than one month,
and had stable mental health symptoms (CGI score < 4). Table 1 describes
the general characteristics of the participants.

2.2 Compliance with Research Ethics

This study implemented the following procedures and consent processes to
ensure the research participants’ safety and compliance with bioethics. First,
children participating in the study and their parents were provided with an
explanation of the study’s purpose and aim and notified that the collected data
would only be used for research purposes. Moreover, they were also informed
that they could discontinue participating in the study at any time if they felt
burdened by having to participate or had doubts about the research process.
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Figure 2 Research procedures flowchart.

In particular, participants’ safety was emphasized, and the participants were
guaranteed that no adverse effects or risks resulted from participating in the
study.

Second, the study participants (parents and children) were given a written
ex-planation of the study and written informed consent was obtained from
each participant. Finally, the institutional review board’s approval (IRB:
GAIRB2018-052) was received on February 13, 2018, from the clinical
research ethics review committee of Gachon University Gil Medical Center.

2.3 Research Procedures

This study followed the procedures outlined in Figure 2 to achieve its pur-
poses. Samsung Odyssey HMD was used in the study’s clinical trial. All
research participants sat on a chair and proceeded with the experiment by
using controllers. During the experiment, each hospital’s clinical psycholo-
gist explained the questionnaire, experimental method, and use of the VR
HMD. The clinical psychologists also helped the participants to put on the
HMD and EEG sensors.

This clinical trial was carried out over eight sessions, and the scores
reflecting the correct or incorrect answers in each screening test were
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recorded in a log format and sent to a database. These data were used for
the 2.2.5 VR Content Evaluation Index development by analyzing the sense
of presence relationship surveyed through a questionnaire and the sense of
presence relationship based on the EEG signals.

2.4 VR Cognitive Training Content Design

In this study, to verify the therapeutic effects of VR content on children with
ADHD, a VR content scenario was designed based on the Advanced Test of
Attention (ATA). The ATA is a newly developed test for ADHD diagnosis.
It measures the individual’s perceptual tracking ability; psychomotor speed;
sequential processing ability; verbal, visual, and auditory memory; attention;
and concentration.

The VR content scenario was designed to enhance behavioral inhibition.
Thus, the intention was for the participants to perform tasks to develop
behavioral inhibition in a designed VRE. Furthermore, considering that the
participants were children, the content with a rollercoaster VR concept was
designed. The participants followed the directions and shot targets while
riding a VR outdoor rollercoaster.

2.5 Scenario Development

The purpose of the VR content produced in this study was to conduct clinical
trials in patients diagnosed with ADHD and verify its effectiveness. For this
purpose, the study participants were selected based on the criteria outlined in
Table 2 and psychiatrists’ and clinical trial experts’ advice.

The designed VRE included various objects and virtual avatars as distrac-
tion stimuli to measure behavioral inhibition. An outdoor train ride scenario

Table 2 Participants’ inclusion and exclusion criteria

Inclusion Criteria Exclusion Criteria

Individuals capable of making decisions  Individuals incapable of communication
Individuals diagnosed with ADHD by a  Individuals with severe medical disease

psychiatrist based on DSM-5 Individuals with organic mental disorders
Individuals who continued to receive Individuals with intellectual disabilities
medicine and psychotherapy for more Individuals with an autism spectrum disorder
than a month Individuals with acute psychotic symptoms
Individuals with stable mental health Individuals with major neurocognitive disorders
symptoms (CGI score < 4) Individuals with severe psychiatric symptoms

(CGI-S score > 5)
Note. DSM-5 = Diagnostic and Statistical Manual of Mental Disorders (DSM-5) (2013).
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Figure 3 Behavioral inhibition VR rollercoaster activity images. (a) VR content for ADHD
training; (b) VR play scene; (c) zebra, giraffe, dolphin, duck, and spaceship-shaped balloons.

was modified to include gamification components and reproduced in a roller-
coaster format. Before the game started, the participants selected the time for
each stage ranging from 10 to 50 seconds. The behavioral inhibition training
presented distraction stimuli other than objects that met the conditions. In
the process, positive responses, omission errors, and false alarm errors were
measured.

The participants were provided with the following instructions on how to
participate in the VR activity:

Now, let’s start attention training outdoors. Riding the rollercoaster, you will
see a zebra, giraffe, dolphin, duck, and spaceship balloons. When you hear
a ‘ding-dong’ sound and an announcement, pay close attention. Follow the
directions given in the announcement and pop a balloon with your gun.
Be careful not to pop a balloon that does not fit the description given in
the announcement. Also, be careful not to shoot rocks, trees, moving birds,
butterflies.

2.6 VR Coghnitive Training Content Development

We used Unreal game engine 4 developed by Epic Games, Inc. for the VR
content implementation. The Unreal engine is written in the C4+ program-
ming language and has high-quality live-action graphic expressiveness. In
addition to games, it is used in various interaction videos and simulation
fields.

The Odyssey VR HMD device by Samsung was used to demonstrate the
VR content because it does not cause inconvenience to those wearing glasses
and enables experience without installing separate sensors.

2.7 Program Protocol Development

A protocol was developed to increase executive functions, memory, and
attention of patients with ADHD for the outdoor game content. To this end,
the VR content was developed based on the existing ATA and the Stroop
Color-Word Test (Stroop test).
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Figure 4 Examples of the VR cognitive training’s user interface for patients with ADHD.
(a) A game/training scenario selection appears in the content pane, including concentration
training and cognitive training. (b) Detailed difficulty levels appear after a game/training
scenario is selected. (c) A user rides a VR rollercoaster when the outdoor activity is selected.

Figure 5 Examples of the VR content for patients with ADHD. (a) The user follows the
directions and grabs balloons on the left and right using the controller. (b) The user listens
to the directions until the rollercoaster game is over and continues with a balloon-grabbing
game.

The ATA is an evaluation program that measures continuous and selec-
tive attention and impulse suppression in children and adolescents using
a computer [44]. The Stroop test is a neuropsychological test developed
to evaluate the effectiveness of the inhibitory processes controlled by the
frontal lobe [45]. The Stroop test assesses auto-mated response inhibition.
During the test, the participants are asked to name the word’s color when
the ink color and the color denoted by the word do not match [44]. Slow
responses are known to reflect the inhibitory processes in the frontal lobe.
A standardized study conducted in South Korea using the Stroop test found
that the frontal lobe’s inhibitory functions were lower in children with ADHD
than in children not diagnosed with ADHD.

Table 3 presents the program’s introduction and information on the VR
device and training goals provided to the participants before the training.

2.8 Program Protocol Development

2.8.1 Height and Weight

To measure the participants’ basic fitness, they were asked to fast for one
hour before measurements were taken and participate in ADHD training
sessions wearing light clothing, such as short-sleeved tops and shorts. The
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Table 3  Attention training program protocol for patients with ADHD using virtual reality

Session 1

Sessions 2—7

Session 8

1. Introduction of the
attention training
program

2. Instruction about
the controller usage

3. Setting the goal for
the session

4. Attention training

. Introduction of the

attention training
program

. Review of lifestyle

after the previous
session

. Introduction of the

attention training program

. Review of lifestyle after

the previous session

. Instruction about the

con-troller usage

8. Instruction about
the controller usage

4. Setting the goal for the
session

using VR 9. Setting the goal for 5. Attention training using
5. Conclusion of the the session VR
session 10. Attention training 6. Conclusion of the session
using VR 7. Review of the subject’s
11. Conclusion of the progress
session 8. Review of acquired skills
9. Conclusion of the entire
program
Table4 ADHD VR content evaluation indicators
Questionnaire Biometric Data Items
and Therapeutic Evaluation of the
Evaluation Tool ~ Category Diagnosis Effect VR Content
Korean version EEG ¢ Increase in delta wave * Normalization of ¢ Sense of presence

of the Conners
Adult ADHD
Rating Scale-IV
Rating Scale-26
(K-CAARS -26)

activity

Increase in theta wave
activity (frontal lobe,
particularly)

Decrease in alpha
wave activity
Decrease in beta
wave activity
Increase of
low-frequency
activation

Increase in slow-wave
activity in the frontal
lobe

delta wave ¢ Safety (motion
activity sickness)
Normalization of evaluation
theta wave ¢ Convenience of
activity use
Normalization of ¢ Training

alpha wave convenience
activity  Satisfaction
Normalization of * Matters to
beta wave improve
activity

Normalization of

slow-wave

activity in the
frontal lobe

participants’ height (cm) and weight (kg) were measured and recorded. The
general characteristics of the study participants were identified by examining
their physical condition according to the demographic information criteria
that could determine their health status.
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2.8.2 Sense of Presence

The study measured the sense of presence in the control group (individ-
uals not diagnosed with ADHD) and the experimental group (individuals
diagnosed with ADHD) to verify the effect of VR content in cognitive
terms. The measurements were taken by having the participants respond to a
questionnaire based on the sense of presence scale developed by Witmer and
Singer [46, 47]. The scale was adapted to suit the VRE of the current study.
The questionnaire included 18 items measured on a 10-point Likert scale.

2.8.3 EEG

EEG measurements were taken to verify the effect of VR content on physio-
logical characteristics. Measurements were taken by using the EEG and PPG
devices (Figure 6). Also, alpha, beta, delta, gamma, and theta waves were
measured. The EEG measuring device utilized two channels and was attached
to the forehead to measure the frontal lobe EEG. The technician in charge of
the EEG measurements designed the biometric data analysis program and
applied the machine learning SVM(Support Vector Ma-chine) to classify the
data. Table 5 outlines sensor devices’ specifications.

Electrical flow is generated when signals are transmitted between cranial
nerves in the nervous system. This neurophysiological measurement of the
electrical activity of the brain is recorded through electrodes attached to
the scalp. The EEG recordings demonstrate complex patterns, and the wave
frequency bands are arbitrarily classified as delta, theta, alpha, beta, and
gamma (Table 6).

2.9 Data Analysis

Our study’s data were analyzed with the SPSS software (Version 25, SPSS
Inc, IL, USA), and mean and standard deviation were calculated. First, the
Shapiro-Wilk normality test was conducted. After that, a paired t-test and

Figure 6 Composite biometric sensor terminals with EEG and PPG(photoplethysmography)
data extraction and transmission functions. (a) sensor device 1; (b) sensor device 2; (c) sensor
head mounting device.
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Table 5 Sensor devices’ specifications

Item Specification

Sampling rate 512 Hz

Resolution 12Bit ADC, 1mV pk-pk EEG max, signal input
Operation voltage 297 V=-3.63 V

Hardware filtering 3 Hz-100 Hz

Output the original EEG signal  Including connection, relaxation
Brain waves Delta, theta, low-alpha, high-alpha, low-beta, high-beta,
low-gamma, mid-gamma

Table 6 Brain waves’ classification
Type Frequency Band (Hz) Description
Delta 0.54 These are mainly measured in a state of deep sleep. A
strong reaction occurs in the scalp.

Theta 4-8 These waves do not appear well in adults and are
characterized by a serrated amplitude. They are mainly
measured in an emotional state or cognitive state. They
may be pathologically linked to the slowing of the alpha
waves.

Alpha 8-13 These are measured when a person is awake. A strong
reaction occurs in the occipital region. These are best
measured when the person’s eyes are closed, or the
person is relaxed, and activity is blocked or attenuated
when mental efforts, such as visual attention, are made.

Beta 13-30 These indicate increased alertness and concentration.

Gamma >30 The gamma activity is linked to information processing
(e.g., recognition of sensory stimuli)—spontaneous
movement, related to information processing speed in
the brain.

Wilcoxon’s Signed Rank Test were performed to check the changes in the
sense of presence and EEG of the ADHD group and control group before
and after the VR cognitive training. For inter-pretation of analysis results, the
significance level (o)) was set to 0.05.

3 Result

3.1 Sense of Presence

Table 7 shows the changes in the sense of presence of the ADHD and
control groups after the VR cognitive training. The sense of presence changed
significantly after the VR cognitive training in the ADHD group (p < 0.05).
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Table 7 Changes in the sense of presence after the VR cognitive training
Group  Before Training  After Training t(z) P
ADHD  116.63 £30.65 120.13+29.40 —2.90 0.02
Control  111.88 £27.39 105.63 +£25.38 0.53  0.62
**Ep < 0.05.

Table 8 EEG changes after the VR cognitive training

Wave Group  Before Training  After Training  ¢(z) D
Alpha ADHD 6.93 £2.04 7.88 +1.83 —1.38 0.21
Control 8.79 £0.93 9.14 £ 0.66 —1.38 0.21
Beta ADHD 6.75 £2.14 7.00 £ 1.62 —-0.28 0.78
Control 7.87£1.19 715+ 1.10 1.92 0.10
Delta ADHD 337+1.21 353+£134 —0.80 045
Control 340£1.13 390+ 1.16 —126 0.25
Gamma ADHD 541+£2.13 544 +1.38 —-0.98 0.33
Control 6.00 £ 1.62 5.08 £1.21 1.55 0.16
Theta ADHD 10.05 £2.27 9.72 £ 2.16 0.67 0.53
Control 7.73 £ 2.68 8.40 £2.51 —-0.69 0.51
*Ep < 0.001.

However, there were no such changes in the control group after the VR
cognitive training.

3.2 EEG

This study is meaningful as a pilot study investigating the relationship
between VR treatment and EEG. Verification of normality was performed
in the statistical analysis process. The data whose normality was verified was
denoted by t. We also performed nonparametric tests for different data. Thus,
t and z were written together in the results. Table 8 presents EEG changes
(alpha, beta, delta, gamma, and theta waves’ amplitudes) in the ADHD
and control groups after the VR cognitive training. After the VR cognitive
training, there were no significant alpha, beta, delta, or gamma wave activity
changes in both groups.

4 Discussion

This study investigated the effects of VR content as a training tool on
relieving ADHD symptoms in children. The developed VR cognitive training
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was implemented for the ADHD and control groups of children to this end.
Changes in the sense of presence and EEG after the VR cognitive training are
as follows. First, the sense of presence in the ADHD group increased after
the VR cognitive training. However, no significant difference was found in
the control group after the VR cognitive training. The results suggest that the
VR cognitive training could increase the sense of presence, which signifies
the relief of ADHD symptoms in cognitive terms. The results point to the
possibility of using VR cognitive training to treat patients with cognitive or
behavioral disorders such as ADHD or other mental disorders. Since people
suffering from mental health issues are aware that a VRE is a computer-
fabricated environment, they can respond to challenging situations that they
avoided in real life, thereby achieving new experiences and therapeutic
effects [48].

The VR training content developed in this study can help measure the
patients’ behavioral inhibition, increase their sense of presence by inducing
interaction with distraction stimuli, and improve patients’ symptoms. This is
consistent with the previous research that considered the sense of presence a
core variable to increase the efficacy of ADHD cognitive training [49].

Second, no significant EEG differences were found between the ADHD
and control groups after the VR cognitive training. In other words, the relief
of ADHD symptoms after the VR cognitive training was not verified. A high
activity level of the dormant delta and theta waves and a low activity level
of the alpha and beta waves in children with ADHD, which were reported
by previous studies, were not observed before or after the VR training in this
study [39]. Considering previous research findings in South Korea that EEG
is not an effective tool for ADHD diagnosis, the results of this study show
EEG could be used as an auxiliary means, at the clinician’s judgment, for
ADHD diagnosis in children.

This study is a pilot study. However, experiments, analysis, and verifica-
tion over at least one year are required to obtain precise results versus this
study’s 8-week cognitive training period. Nevertheless, the changes in the
amplitudes of alpha, beta, delta, gamma, and theta waves in the experimental
group after the VR cognitive training suggest its potential as an alternative
treatment of ADHD. Furthermore, because the sample size in this study
was small, with only eight ADHD cases considered, the results might be
difficult to generalize, posing a question about their significance. In addition,
this study did not have an ADHD control group, which is one more of its
limitations.
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In summary, the VR content developed in this study could be a viable
non-pharmacologic treatment to help relieve ADHD symptoms in children.
Game elements should be used to make the treatment more enjoyable, and
interactive functions should motivate ADHD patients to participate in VR
training [6, 50]. In the future, consultants who perform VR treatment can
consult and treat more patients if evaluation and education in VR cognitive
training are automated. Thus, the application of VR cognitive training is
expected to expand, enabling the same professionals to consult and treat more
patients and lower admissions to psychiatric departments, thereby helping to
reduce the negative prejudices of the public [51].

Also, VR content can be utilized as an additional treatment means rather
than a primary one. Considering that children enjoy games, it can be uti-
lized as a selection tool to quickly and conveniently locate groups with the
likelihood of ADHD. Consequently, VR cognitive training could help relieve
ADHD symptoms, and its therapeutic effect is expected to grow as it can
improve children’s concentration and immersion [12].

When psychosocial, cognitive therapy is merged with medication treat-
ment, the effects of ADHD therapy can be maximized. Therefore, efforts
should be made to develop and apply various types of VR content for children
diagnosed with ADHD to increase their concentration and immersion in the
therapy sessions [45].

Lastly, focusing on this study’s limitations, the researchers propose the
following for constructive follow-up research. First, a long-term observa-
tional study should help to confirm the therapeutic effects of VR cognitive
training on children with ADHD. Second, because most children who partic-
ipated in this study were concurrently taking ADHD medication, follow-up
research on the effects of VR cognitive training alone is required. Finally,
from a national health perspective, developing methods and projects for
VR cognitive training—a non-pharmacological treatment—of children with
ADHD is of utmost importance to prevent the maladjustment of children with
ADHD when they grow up.
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