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ABSTRACT 
Attention deficit hyperactivity disorder (ADHD) is a common child-
hood psychiatric disorder. Schools can play a vital role in the early 
detection and treatment of mental health issues. However, stigma 
and fear regarding mental health often prevent schools from engag-
ing in active interventions. ADHD is characterized by deficits in 
executive function, a critical contributor to children’s self-directed 
behavior. We developed a conversational agent to assist children in 
planning and accomplishing daily tasks, with the aim of enhancing 
their executive function. We also designed supportive systems for 
both parents and teachers, proposing a collaborative school men-
tal health system that incorporates various stakeholders. Through 
practical implementation with first-graders, this study confirmed 
the system’s potential to improve structured living and symptoms 
among children with ADHD. Surveys involving parents and teach-
ers confirmed that the application improved executive function and 
reduced inattention. Therefore, we suggest an enhanced mental 
health support system. 
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1 INTRODUCTION 
The prevalence of childhood attention deficit hyperactivity disorder 
(ADHD) is approximately 7.2%, and it is the most common men-
tal illness experienced by children during the prepubertal period 
[43, 56]. ADHD is characterized by primary features of inattention, 
hyperactivity, and impulsivity. Most ADHD cases are diagnosed 
after children start attending elementary school [51]. In many cases, 
ADHD is associated with problematic behaviors that can be spotted 
in the patient’s school life [6, 26]. During the transition from kinder-
garten to elementary school, children undergo drastic changes in 
their lives [18]. Specifically, children need to adapt to a somewhat 
controlled environment in which they are asked to remain seated 
during class or may be allowed to use the washroom only at cer-
tain times [15]. However, children diagnosed with ADHD, which 
is characterized by defects in executive functions, tend to find it 
difficult to adapt to such controlled environments [45, 55]. Chil-
dren with ADHD not only have difficulty concentrating in class 
but also disturb other students by making unusual noises or even 
interrupting class by rolling on the floor. 

A key classifier of ADHD is a lack of executive function [7, 56]. 
Executive function refers to the ability to appropriately maintain 
a problem-solving mechanism to achieve future goals [29]. Well-
developed executive function, in turn, can have a positive influence 
in developing an ability to flexibly control one’s mental represen-
tations when acting in goal-oriented ways [25]. In other words, 
children become able to plan, organize, control, and regulate their 
own actions, beginning to get better at managing their lives mov-
ing into adulthood. It is also important for children other than 
those diagnosed with ADHD to effectively control and cope with 
themselves in various areas of daily lives and at school [27]. 

Today, children are familiar with a range of online devices, such 
as smartphones and tablets [24, 32]. Moreover, since the outbreak 
of COVID-19, online devices have become more common in our 
lives and are widely used in many different virtual interactions, 
such as non-face-to-face classes and medical appointments. The 
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prevalence of technology use increased by 15% during the COVID-
19 pandemic [1]. Learning services through tablets have become 
popular, and children are now required to study autonomously in 
an online space where they have easy access to fun distractions 
with a single tab on the screen. Therefore, for them to become more 
proactive in their lives, it is important to cultivate their executive 
function. 

Schools can offer a valuable platform to promote mental health, 
prevent mental health issues, and support children facing emo-
tional difficulties [39]. Parents may not be aware of their child’s 
ADHD symptoms and may think of them as a child’s growth pro-
cess; therefore, they may not suspect ADHD symptoms in their 
child. However, teachers can recognize children with ADHD in bet-
ter than their normative peers [34]. Therefore, teachers may play 
an important role in the ADHD diagnosis process. Nevertheless, 
teachers may find it burdensome to recommend that parents have 
their children’s mental health assessed. Because mental illnesses 
still have a negative perception, parents might not accept their chil-
dren’s illness and may be conscious of the social stigma attached to 
their children [52, 53]. Hence, there is a compelling need to develop 
a novel school-based child mental health support system to address 
these challenges. 

The distribution of prototypes in schools can greatly enhance 
the accessibility for students and parents from the perspective of 
applying screening or intervention [9, 31]. This paper proposes 
a new strategy for enhancing students’ executive function using 
their school as a platform. We are currently conducting a long-term 
iterative study on a conversational agent that can help improve ex-
ecutive function in children. This study has children as subjects who 
will carry out their daily tasks by communicating with an agent that 
assists them in setting up necessary daily tasks by themselves. This 
study aimed to determine whether the developed conversational 
agent can help improve children’s executive function. In particular, 
we aimed to determine whether it improves their executive function 
or relieves existing ADHD symptoms. An additional goal was to 
present a child mental health support system that involves schools 
and listening to various stakeholder opinions. Through this process, 
we aimed to confirm the usability and feasibility of the proposed 
system. 

Twenty schools participated in this study, and participants were 
recruited from among the first-grade elementary school students. 
The participants were provided with an application featuring a con-
versational agent that they could use for six weeks. Additionally, 
the parents of the children were provided access to a monitoring 
application. School teachers were also provided with a monitor-
ing web page to oversee the prototype usage of students in their 
respective classes. The research was designed as a pre-post study 
with intervention and control groups, and a total of 132 children 
completed the study. In this study, we observed positive changes 
in the children’s executive function and ADHD symptoms after 
using the prototype. It also enabled the discovery of a mental health 
system through collaboration between schools and families that 
was useful and feasible for a large group of children. 

2 RELATED WORKS 

2.1 Executive Function and Daily Tasks 
Performed by Children Themselves 

Executive function is defined as self-directed behavior, including 
goal selection and prolonged self-control towards the achievement 
of goals, which is widely covered not only in the clinical field but 
also in the field of child development [33, 48]. Executive function 
enables children to maintain their level of concentration, retain 
pertinent objectives, resist impulses, endure frustration they might 
face, weigh the outcomes of their actions, and be prepared for the 
future [42]. This aligns with the discovery that children with strong 
executive function often exhibit enhanced academic performance 
[41]. However, beyond academic performance, executive function 
is generally considered a vital ability to possess for people to suc-
cessfully achieve goals in various situations they may encounter in 
the course of their lives [50]. 

Studies using brain imaging methods have shown that executive 
function is deeply related to the frontal lobe and continues to de-
velop and change until adolescence [30, 50]. Executive function is 
known to develop most rapidly from early childhood through the 
lower grades of elementary school, although the timing of develop-
ment in each area can vary [8, 10]. 

To improve executive function, it is important to allow children 
to develop their own routines that are made out of their autonomous 
decisions and for them to get used to those routines. First, children 
should be able to control their daily lives willingly. A study of chil-
dren aged 6–7 years showed that children had higher self-directed 
executive functioning when they performed activities that they 
chose to do compared to when instructed by their parents [23]. 
Therefore, children must experience the entire process of man-
aging and performing activities based on their decisions. Second, 
children should become accustomed to it through repetition. High 
levels of practice, repetition, child engagement, and real-world gen-
eralization are considered some of the most important factors in 
interventions aimed at improving executive function [2]. 

Therefore, in this study, a prototype was developed to enable 
elementary school children to independently set their own goal 
behaviors, perform these behaviors, and evaluate the outcomes. 
The aim was to promote the enhancement of children’s executive 
function through interaction with this prototype. 

2.2 The Need to Introduce a New Management 
System Involving Schools for Children with 
ADHD 

ADHD prevalence is known to be 5–7% worldwide [20]. However, 
in a study using Korea’s National Health Insurance database, less 
than 1% of children were diagnosed or treated, confirming that less 
than 1/5 were receiving treatment [40]. 

Schools can play a valuable role in the screening and treatment 
of ADHD. First, teachers can suspect that a student is an ADHD 
patient more quickly than anyone else because ADHD symptoms 
can differ somewhat from those of typically developing children 
[44]. Teachers work with many children and experience various 
cases [4]. Therefore, teachers can play a significant role in screening 
children for ADHD, thereby leading to early treatment. 
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Second, schools can also play a crucial role in the treatment of 
children with ADHD. In the United States, medication and school 
support are identified as treatments applied to 2/3 children [38]. In 
this study, 66.9% answered that they were taking medication and 
64.7% were receiving school support. In particular, in the United 
States public education system, Individualized Education Programs 
(IEPs), or 504 Plans, are provided to children with ADHD, and 51.6% 
of them receive such education [12]. Such programs have made 
significant contributions to ADHD treatment. 

Third, the primary benefit of school mental health programs is 
that it increases student participants’ accessibility and reduces the 
chance that they will feel attacked by negative stereotypes [9, 31]. 
Despite significant improvements in awareness of mental illness, 
there are still fears that other people are judgmental and biased 
towards certain mental health issues [5]. Having a relevant program 
as part of universal school practice is expected to reduce the level 
of concern. 

Thus, school-based support systems could play a significant role 
in the diagnosis and treatment of ADHD. Furthermore, schools 
can have a significant impact on children with ADHD, as well as 
on those with broader mental health concerns, throughout the 
diagnostic and treatment process. 

Therefore, this study applied a research design that considered 
children who may have ADHD but have not yet been diagnosed. 
Additionally, the intervention applied in this study, which targeted 
children with ADHD, also demonstrated benefits for typically de-
veloping children. 

3 PROTOTYPING 
In this study, we used three distinct software applications, each 
tailored to address the specific requirements of its respective 
user group. These applications include an Android-based program 
equipped with a conversational agent to aid children in their daily 
tasks, a mobile application designed for parental monitoring, and a 
webpage intended for teacher management (Figure 1). The overall 
structure involved providing the child with an application equipped 
with a conversational agent and allowing parents and teachers to 
monitor and support the child’s application usage. 

3.1 Conversational Agent for Children’s Daily 
Tasks 

This study is based on voicebot interaction research previously 
conducted as a tangible product targeting children with ADHD 
[13, 14]. The voicebot had a physical presence that increased its ef-
fectiveness in children with ADHD. However, its limited versatility 
made it challenging to conduct experiments with a large number of 
participants. In this study, we integrated a chatbot builder, NAVER 
CLOVA, into an Android application that is compatible with tablet 
PCs to develop a conversational agent. In other words, we redevel-
oped an application that allows voice interaction. This prototype 
is an application that helps children start and complete their daily 
tasks, which they set up with their parents (Figure 1 (a)). The daily 
task list was designed to address the overall daily tasks of children 
in lower elementary school grades. There are a total of 18 daily 
tasks, including waking up in the morning, brushing teeth after 
dinner, preparing bags, and reading books. 

In previous studies, self-instruction and behavioral parenting 
training have been incorporated into the interaction process to 
assist children with ADHD from a cognitive-behavioral therapy 
perspective [13]. Cognitive-behavioral therapy enables children to 
develop strategies for monitoring and managing their own execu-
tive function [11]. In particular, self-instruction involves acquiring 
strategies for self-regulation, which has been found to be effective 
in regulating behavior in children’s daily lives and learning do-
mains [58]. Behavioral parenting training is widely recognized as 
one of the most effective interventions [54]. An exemplary case in-
volves the use of tokens to reinforce positive behaviors and reduce 
negative behaviors in children [37]. 

The application developed for this research was designed using 
a “Goal, Plan, Do, and Check” process, primarily based on self-
instructional steps [16, 21]. This process enables children to 1) 
set their own task goals, 2) receive reminders about these goals, 
3) implement them, and 4) confirm their progress. Rewards were 
provided to children through a token economy system. When a 
child completed their daily tasks, they received a star sticker, and 
upon successfully completing all tasks for the day, the star sticker 
was replaced with a character sticker. In addition, a character card 
was also given (Figure 1 (b) and (c)). 

When impaired executive function impairs the process of regu-
lating behavior through internally represented forms of informa-
tion, obtaining externalized forms of information is helpful [46, 47]. 
Notably, the physical representation of information must be exter-
nalized when performing a task [47]. Therefore, we determined 
that voice interaction might be necessary for children with ADHD. 
The prototype tablet PC application delivers both visual and audi-
tory cues. This prototype uses cues to convey information about a 
child’s situation. 

A conversational agent, which has widely used functions such as 
ordering goods and weather guidance, is structured to appropriately 
answer its user’s question [60, 64]. In our prototype, the typical 
relationship between the user and the chatbot is reversed. This 
means that ForME was designed to communicate with its users 
by prompting them to respond with several command words with 
limited intent, so that conversations can be conducted in a rule-
based manner. The core interaction of this prototype enables child 
users to individually perform several actions one after the other. 

Children would normally deliver a speech with four main inten-
tions [14]. In some situations, dialogue may be determined by three 
or five different intents, depending on the context. First, there is the 
correct answer section, where the child has completed a certain task 
successfully and proceeds to the next task. When the current activ-
ity has not been performed completely or is performed incorrectly, 
the second section is defined as in-progress. In the third section, the 
unable-to-process section, ForME is unable to process the child’s 
response because of a lack of clarity in the child’s speech or accent. 
The final section, or the no-response section, occurs when there 
is no response from the child at all. The children’s responses were 
organized such that the prototype could maintain communication 
with them based on their responses. 

These tasks can be performed in two ways. First, the agent ForME 
provides a sound alarm at a preset time, saying "What should we be 
doing right now?", so that the child can fulfill their set goal. Second, 
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Figure 1: Screens of Applications for Children, Parents, and Teachers. 

the child can start fulfilling the goal by tapping the ForME icon in 
the application. 

The cue was designed with reference to smart speakers and 
displays. Figure 2 shows a child and the ForME agent working 
together to complete the task of “Brushing teeth after dinner” when 

the prototype alarm goes off at the pre-arranged time. The agent 
delivers a cue to the user through two channels: sounds and visuals. 
The sounds consist of two components: a beep that serves as a cue to 
help participants better understand the contents of the conversation 
and a dialog that contains the actual conversation. There are four 
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different beep sounds: ringing, ding, tick tock, and ding-dang-dong. 
Ringing indicates the start and end of the entire task. Ding signals 
when users start and stop talking. Tick tock indicates the start of 
the timer, and ding-dang-dong indicates the end. 

For each phase, multiple paraphrased versions of the dialogues 
are generated, totaling five or more alternatives for a given scenario. 
One of these alternatives is randomly chosen and presented to the 
user. Visual cues accompany each step to illustrate screen modifica-
tions. Adjustments in the steps and the agent’s expressions reflect 
advancements in the task. Figure 2 illustrates children’s responses 
and actions during their interactions with the ForME agent. 

When the user does not mention the required keywords or does 
not speak at all during each step, the agent asks for a response so 
that the user can provide an answer that includes the keywords. 
For example, when the agent asks the user which task should be 
performed (see Figure 2) and the user provides a wrong answer, 
such as “wash my hands” instead of “brush my teeth,” the agent 
produces an output that says “You know. . .there’s something you 
have to do three times a day to avoid an ache! Tell me what that 
is!”, which allows the user to derive the correct answer via the 
hint given. The keywords that the agent perceives as the correct 
answer at each step were developed using the Natural Language 
Understanding function provided by the chatbot engine, which was 
developed to analyze and process user intentions. 

We configured the prepared scenarios using the NAVER CLOVA 
chatbot builder, which is equipped with natural language process-
ing technology for Korean as well as a built-in machine learning 
algorithm. The Speech-to-Text functionality embedded in Android 
was prioritized. However, in cases where the analysis of a child’s 
speech is ambiguous and intent recognition is challenging, we de-
vised a system to verify using CLOVA Speech-to-Text. The server 
was divided into a Web App and API Server. The Web-based app is 
deployed to the client using the service through Google Firebase 
Hosting, and it processes service requests such as conversations and 
appointment schedule checks from the client and returns the results. 
Because the CLOVA Chatbot Builder does not provide built-in re-
sponses for waiting for appointment times or handling no-response 
intent, we implemented Chatbot Middleware to enable these func-
tionalities. 

3.2 Monitoring Application for Parents 
We developed a Unity-based mobile application for parents to mon-
itor their children’s use of ForME. Thus, parents can install the 
parent application regardless of the operating system of their smart-
phone. 

Parents and children can use the parent application to register 
their child’s information, input school details, and enter the corre-
sponding school code, as illustrated in Figure 1(d). Subsequently, as 
depicted in Figure 1(e), they can obtain a QR code, which the child 
can use to log in to the child application. 

Parents can track their children’s daily task performance and 
view the tasks they have completed through a dedicated web page 
for parents (Figure 1(f) and (g)). It is important to note that updates 
on task performance are not in real time but become accessible after 
a day. Real-time alerts and notifications were not incorporated to 

promote the children’s autonomy and to avoid excessive interven-
tion. Instead, parents were encouraged to agree with their children 
before using ForME, allowing the child to maintain a high degree of 
autonomy. However, if difficulties arose, the parents were informed 
that they could assist their children. 

3.3 Management Webpage for Teacher 
We developed a webpage that allows homeroom teachers at the 
school to manage each class’s students who participated in the 
research. Homeroom teachers can issue codes for their respective 
classes and distribute them to link student accounts to their own. 

As depicted in Figure 1(h), each homeroom teacher can access 
and review their students and monitor how they perform daily tasks. 
School administrators and counselors can also access information 
on students in each class and check their task performance rates. 

As a result, each teacher is able to individually manage the daily 
lives of the participating children at their homes. Counselor teachers 
also have the ability to gain insight into how the children are living 
at home, making it possible to use this information for counseling 
purposes. 

4 METHOD 

4.1 Procedures 
This study received institutional review board approval. This study 
was conducted on children in their first year of elementary school. 
The schools were recruited through a metropolitan city education 
office in Korea, and 20 schools participated in the study. Considering 
the number of students attending each school, two schools were 
paired, and using a random number table, each pair was randomly 
assigned to the intervention and control groups. As a result, 10 
schools were assigned to the intervention group and the other 10 to 
the control group. The total number of students from the 10 schools 
assigned to the intervention group was 1,046 and the control group 
was 929. 

Letters promoting participant recruitment were distributed by 
each school to each household. The application for study partici-
pation was collected with the consent from the students and their 
guardians. The researchers then had a call with each parent to 
explain the study in detail. Subsequently, the students and their 
parents provided consent to participate in the study through elec-
tronic signatures within mobile messages, and each student was 
given a screening number. The list of participants was finalized by 
the researchers after confirming whether the student had 1) men-
tal diseases other than ADHD and 2) registered for other clinical 
studies. 

The first questionnaire for parents was delivered to each house-
hold by mail. Once the parents completed the questionnaire, they 
were asked to take a picture of the document and return it to the 
researcher via phone. The researchers checked for missing items 
and collected the survey data. The missing survey items were re-
quested from the parents again. Questionnaires for teachers about 
each student were distributed and collected through e-mail. The 
researchers once again checked for missing information and pro-
cessed the survey data. 

Participants in both the intervention and control groups com-
pleted their first questionnaires in May. After completing the survey, 
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Figure 2: Task Completion Scenario between Agent and User 
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Figure 3: Flowchart Showing the Participant Enrollment and Assessment Process 

the intervention group was instructed to use ForME for the next 
six weeks by entering a code that they were given. The second 
questionnaire was administered in June. After completion of the 
survey, the control group had the option to use ForME for six weeks 
if they wished. 

After completing all phases, we collected feedback from parents 
and teachers about the program through an online survey. 

4.2 Participants 
A total of 260 participants applied for the study through the recruit-
ment letter sent out from each school. The researchers contacted 
the children’s parents to confirm the necessary information, re-
sulting in a final count of eligible participants who registered as 
subjects. There were several reasons why some of them had to 
eventually give up registering, which included not having enough 
time to conduct two surveys, because it was not a mandatory pro-
gram assigned by the school, and not having an Android device 
at home. Ultimately, 179 participants completed the first survey, 
among which, 132 completed both surveys. Figure 3 presents more 
detailed information regarding this. 

4.3 Outcome Measures 
4.3.1 Executive Function. Children’s executive function was as-
sessed using the Behavior Rating Inventory of Executive Function 
(BRIEF). BRIEF is a parental questionnaire designed to assess exec-
utive function in children aged 5 to 18 in their everyday lives [19]. 

This survey consists of 86 statements describing different behav-
iors. Parents were asked to assess each statement using a rating 
scale ranging from 1 (never) to 3 (often). The BRIEF questionnaire 
includes eight clinical scales, which are further categorized into 
two index scores. The Behavioral Regulation Index (BRI) comprises 
three scales: inhibition, shifting, and emotional control, while the 
Metacognition Index (MI) includes five scales: initiation, working 
memory, plan-organize, organization of materials, and monitoring. 
The combination of these two indexes generates the Global Execu-
tive Composite (GEC) score. Each factor transformed an original 
score into a T-score with a mean (M) of 50 and standard deviation 
(SD) of 10. Higher scores, as assessed by parents, indicate more 
severe impairment. For this study, a Korean version of the question-
naire, translated and approved by the author of the questionnaire, 
was utilized, and it was obtained from a publisher authorized by 
the author. 

4.3.2 ADHD Symptoms. The severity of ADHD symptoms was 
measured using the ADHD Rating Scale (ADHD RS). The ADHD RS 
is an ADHD symptom severity scale designed by DuPaul according 
to the DSM-IV Diagnostic Criteria of Mental Disorders [17]. The 
ADHD RS consists of two factors–Inattention and Hyperactivity-
impulsivity–and each factor is evaluated through nine items. Inat-
tention refers to an inability to maintain attention. Hyperactivity-
impulsivity is defined as excessive action or irritability and impul-
siveness. The ADHD RS test is measured by parents or teachers 
rating the child on a 4-point scale ranging from 0 to 3. Higher scores 
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Table 1: Demographic data of study participants. 

Characteristics Group 𝜒2 (df ) p 
Intervention group 
(n = 67) 

Control group 
(n = 65) 

Gender 
Boy 34 38 0.792 (1) 0.373 
Girl 33 27 
Age 
6 28 23 0.571 (1) 0.450 
7 39 42 

on the ADHD RS indicate higher levels of ADHD symptom severity. 
In this study, a standardized scale was used for Korean children 
[57]. 

4.4 Data Analysis 
Initially, an independent t-test or Mann-Whitney U-test was con-
ducted to assess homogeneity based on the general characteristics 
and initial outcome results of both groups. To facilitate this, the 
normality of the data was assessed using Kolmogorov-Smirnov or 
Shapiro-Wilk tests. Second, Cronbach’s alpha for each factor was 
verified. The reliability of an assessment is considered acceptable 
when Cronbach’s alpha exceeds 0.7 [28]. Depending on the nor-
mality of the data results, either Repeated Measures Analysis of 
Variance or Generalized Estimating Equation (GEE) was used to 
analyze the differences between the two groups at two time points 
with a 6-week interval. That is, when the data did not follow a 
normal distribution, it was analyzed using GEE, and the family of 
models was selected based on the characteristics of the data. Lastly, 
we examined whether there were changes in executive function 
and ADHD symptoms in children classified as ADHD-suspected in 
the intervention group. Depending on the normality test results, 
the data were analyzed using either a paired t-test or the Wilcoxon 
signed ranks test. Prior research indicated that children were con-
sidered potential ADHD cases if their total ADHD RS score, as 
assessed by their parents, was 19 or higher, and if their teachers’ 
assessment yielded a score of 17 or higher [22]. Categorization of 
the ADHD-suspected group was determined based on the ADHD 
RS scores evaluated by the homeroom teacher. Statistical analyses 
were conducted using SPSS 26.0, and a p-value < 0.05 was consid-
ered statistically significant. The feedback received from parents 
and teachers was analyzed through qualitative summaries. 

5 RESULTS 

5.1 Manipulation Check 
The task completion rates were checked to confirm whether the 
children in the intervention group actually used the prototype for 
the 6 weeks. Children are able to perform tasks they agreed to 
conduct with ForME, which are 1 to 4 tasks per day. Each child’s 
task completion rate was analyzed on a daily basis. Consequently, 
the 67 children assigned to the intervention group demonstrated an 
average task completion rate of 56.2% per day. Additionally, more 
than one task per day was performed for an average of 31.8 days 
during the 42-day ForME trial period. 

5.2 Demographic Data Results 
All participants whose data were analyzed were first-year elemen-
tary school students. Of the 67 participants in the intervention 
group, 34 were male and 33 were female (Table 1). There were 28 
6-year-olds and 39 7-year-olds. Of the 65 control group students, 38 
were male and 27 were female, of which 23 were 6-year-olds and 
42 were 7-year-olds. Participants in the intervention and control 
groups showed no statistically significant differences in terms of 
their demographic variables, as shown in Table 1. 

5.3 Homogeneity between Two Groups 
When the normality test on the initial outcome was conducted using 
the Kolmogorov-Smirnov and Shapiro-Wilk tests, the normality 
assumption was not satisfied. Therefore, the Mann-Whitney U-test 
was performed on the intervention and control groups to assess 
homogeneity. Table 2 shows the homogeneity of outcomes between 
the two groups (p > 0.05). 

5.4 Outcome Analysis and Results 
First, the Cronbach’s alpha values for each of the sub-factors in the 
outcomes exceeded 0.7, indicating their reliability (BRIEF: BRI = 
0.896, MI = 0.933, GEC = 0.943; ADHD RS (parents): Inattention 
= 0.836, Hyperactivity/Impulsive = 0.770, Total ADHD RS = 0.883, 
ADHD RS (teacher): Inattention = 0.962, Hyperactivity/Impulsive 
= 0.950; Total ADHD RS = 0.974). Then, Kolmogorov-Smirnov and 
Shapiro-Wilk tests were conducted; however, the dependent vari-
ables in this study did not meet the normality assumption. There-
fore, GEE was used to explore the effects of executive function 
and ADHD symptoms. In particular, it was analyzed as gamma 
GEE with log link, considering the characteristics of the data corre-
sponding to continuous variables and being skewed to the left. The 
detailed statistical analysis results are presented in Table 3. The 
results are described with a focus on the interaction effect between 
group and time on outcomes. The interaction effect provides im-
portant information, suggesting that the differences between the 
two groups changed over time. 

Initially, the interpretation of the sub-factors of executive func-
tion was as follows. GEE analyses indicated a significant group x 
time interaction for BRI (𝛽 = 0.052; Wald 𝜒 2 1 = 6.463; p = 0.011) 
and GEC (𝛽 = 0.044; Wald 𝜒 2 1 = 4.427; p = 0.035) but not for MI 
(𝛽 = 0.035; Wald 𝜒 2 1 = 2.736; p = 0.098). In other words, the use of 
ForME helped improve the BRI and GEC in children’s executive 
function. Group differences in the patterns of change over time 
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Table 2: Homogeneity of outcomes between intervention and control groups. 

Variables Group Z p 
Intervention group 
(n = 67) 
Mean ± SD 

Control group 
(n = 65) 
Mean ± SD 

BRIEF a 

BRI 44.21 ± 8.22 41.95 ± 6.40 -1.564 0.118 
MI 44.58 ± 8.88 43.97 ± 8.12 -0.415 0.678 
GEC 44.24 ± 8.71 43.02 ± 7.49 -0.754 0.451 
ADHD RS b (by parents) 
Inattention 2.04 ± 2.93 2.12 ± 2.45 -1.014 0.311 
Hyperactivity/Impulsive 2.13 ± 2.70 1.94 ± 2.22 -0.072 0.942 
Total ADHD RS 4.18 ± 5.31 4.06 ± 4.18 -0.691 0.490 
ADHD RS (by teacher) 
Inattention 4.21 ± 5.99 3.29 ± 6.06 -1.764 0.078 
Hyperactivity/Impulsive 3.66 ± 5.53 3.06 ± 5.30 -1.001 0.317 
Total ADHD RS 7.87 ± 11.21 6.35 ± 10.98 -1.349 0.177 

a BRIEF: Behavior Rating Inventory of Executive Function, BRI: Behavioral Regulation Index, MI: Metacognition Index, GEC: Global 
Executive Composite, b ADHD RS: Attention-Deficit Hyperactivity Disorder Rating Scale 

Figure 4: Changes in the Intervention and Control Groups from Pre-test to Post-test in Terms of Executive Function. 

are shown in Figure 4. In the intervention group, scores for the 
sub-factors of executive function generally decreased, while in the 
control group, an overall increase in scores can be observed. 

Next, interpretation of the ADHD RS as assessed by the parents 
was as follows. GEE analyses indicated a significant group x time 
interaction for Inattention (𝛽 = 0.346; Wald 𝜒 2 1 = 5.414; p = 0.020) 
but not for Hyperactivity/Impulsive (𝛽 = 0.300; Wald 𝜒 2 1 = 2.782; 
p = 0.095) and Total ADHD RS (𝛽 = 0.250; Wald 𝜒 2 1 = 3.181; p = 
0.075). Among the ADHD symptoms evaluated by parents, Inat-
tention indicates that the use of ForME significantly improved the 
child’s symptoms. Differences in group patterns of change over 
time are shown in Figure 5. In the intervention group, there were 
no significant variations in the three sub-factors. In fact, the mean 
value of the Total ADHD RS did not change over the course of 6 
weeks. In contrast, in the control group, the sub-factors increased 
over time, indicating worsening of symptoms. 

The interpretation of the ADHD RS as assessed by teachers 
was as follows. GEE analyses indicated a significant group x time 

interaction for Inattention (𝛽 = 0.394; Wald 𝜒 2 1 = 11.368; p < 0.001), 
Hyperactivity/Impulsive (𝛽 = 0.286; Wald 𝜒 2 1 = 5.668; p = 0.017), 
and Total ADHD RS (𝛽 = 0.378; Wald 𝜒 2 1 = 10.651; p = 0.001). 
Among the ADHD symptoms evaluated by teachers, ForME usage 
significantly improved the respective symptoms in both Inattention 
and Hyperactivity/Impulsivity in children. Figure 6 illustrates the 
differences between the intervention and control groups. In the 
intervention group, the values of the sub-factors decreased over 
time, indicating an improvement in symptoms. Conversely, the 
control group showed an increase in factor values over time. 

5.5 Additional Analysis on the Intervention 
Group 

5.5.1 Differences between parents and teachers’ evaluation. In this 
study, the same ADHD RS scale was used to compare the parents’ 
and teachers’ evaluations of one student. Based on previous stud-
ies, we screened children suspected of having ADHD using the 
total ADHD RS scores as evaluated by parents and teachers [22]. 
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Table 3: Effects of using ForME on BRIEF and ADHD RS. 

Variables Group Time Sources Regression 
coefficient 

SE e Wald 𝜒2 
(df ) 

p 
Pre-test 
Mean ± SD 

Post-test 
Mean ± SD 

BRIEF a 

BRI IG (n = 67) C 44.21 ± 8.22 42.90 ± 8.42 Group -0.052 0.029 3.185 (1) 0.074 
CG (n = 65) 41.95 ± 6.40 42.89 ± 6.58 Time 0.015 -0.059 4.065 (1) 0.044 

G x T d 0.052 0.021 6.463 (1) 0.011 
MI IG (n = 67) 44.58 ± 8.88 43.85 ± 9.16 Group -0.014 0.033 0.174 (1) 0.676 

CG (n = 65) 43.97 ± 8.12 44.78 ± 8.95 Time -0.017 0.013 1.557 (1) 0.212 
G x T 0.035 0.021 2.736 (1) 0.098 

GEC IG (n = 67) 44.24 ± 8.71 43.24 ± 8.99 Group -0.028 0.032 0.764 (1) 0.382 
CG (n = 65) 43.02 ± 7.49 43.92 ± 8.04 Time -0.023 0.014 2.737 (1) 0.098 

G x T 0.044 0.021 4.427 (1) 0.035 
ADHD RS b (by parents) 
Inattention IG (n = 67) 2.04 ± 2.93 2.16 ± 2.28 Group -0.143 1.863 0.590 (1) 0.442 

CG (n = 65) 2.12 ± 2.45 2.77 ± 3.29 Time -0.047 0.113 0.177 (1) 0.674 
G x T 0.346 0.149 5.414 (1) 0.020 

Hyperactivity 
/Impulsive 

IG (n = 67) 2.13 ± 2.70 2.01 ± 2.43 Group -0.168 0.172 0.957 (1) 0.328 
CG (n = 65) 1.94 ± 2.22 2.40 ± 2.54 Time -0.100 0.139 0.523 (1) 0.469 

G x T 0.300 0.180 2.782 (1) 0.095 
Total 
ADHD RS 

IG (n = 67) 4.18 ± 5.31 4.18 ± 4.27 Group -0.087 0.182 0.228 (1) 0.633 
CG (n = 65) 4.06 ± 4.18 5.17 ± 5.37 Time -0.008 0.110 0.005 (1) 0.941 

G x T 0.250 0.140 3.181 (1) 0.075 
ADHD RS (by teacher) 
Inattention IG (n = 67) 4.21 ± 5.99 2.78 ± 5.04 Group 0.053 0.225 0.056 (1) 0.812 

CG (n = 65) 3.29 ± 6.06 3.68 ± 6.34 Time -0.306 0.959 10.162 (1) 0.001 
G x T 0.394 0.117 11.368 (1) <0.001 

Hyperactivity 
/Impulsive 

IG (n = 67) 3.66 ± 5.53 2.48 ± 4.76 Group 0.018 0.205 0.007 (1) 0.932 
CG (n = 65) 3.06 ± 5.30 3.20 ± 5.55 Time -0.286 0.107 7.086 (1) 0.008 

G x T 0.286 0.120 5.668 (1) 0.017 
Total 
ADHD RS 

IG (n = 67) 7.87 ± 11.21 5.24 ± 9.56 Group -0.024 0.231 0.011 (1) 0.916 
CG (n = 65) 6.35 ± 10.98 6.88 ± 11.49 Time -0.307 0.104 8.803 (1) 0.003 

G x T 0.378 0.116 10.651 (1) 0.001 
a BRIEF: Behavior Rating Inventory of Executive Function, BRI: Behavioral Regulation Index, MI: Metacognition Index, GEC: Global 
Executive Composite, b ADHD RS: Attention-Deficit Hyperactivity Disorder Rating Scale, c IG: Intervention group, CG = Control group, d G 
x T: Group x Time, e SE: Standard error * Statistically significant values are indicated in bold. 

Figure 5: Changes in the Intervention and Control Groups from Pre-test to Post-test in Terms of ADHD Symptoms by Parents. 
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Figure 6: Changes in the Intervention and Control Groups from Pre-test to Post-test in Terms of ADHD Symptoms by teacher. 

Table 4: Comparison of ADHD RS scores between parents and teachers for the same child within the intervention group (n = 
67). 

Variables Parents Teacher Negative ranks Positive ranks Z p 
Mean ± SD Mean ± SD Mean 

rank 
Sum of 
ranks 

Mean 
rank 

Sum of 
ranks 

ADHD RS a 

Inattention 2.04 ± 2.93 4.21 ± 5.99 16.77 335.50 30.67 889.50 -2.763 0.006 
Hyperactivity/Impulsive 2.13 ± 2.70 3.66 ± 5.53 16.33 343.00 30.19 785.00 -2.345 0.019 
Total ADHD RS 4.18 ± 5.31 7.87 ± 11.21 19.84 436.50 32.77 1048.50 -2.638 0.008 

Children were classified as possible ADHD cases if their parents’ 
assessment of the total ADHD RS score was 19 or higher and their 
teachers’ evaluations yielded a score of 17 or higher [22]. Looking 
at the scores evaluated by the parents, 2 out of 67 students in the 
intervention group were classified as ADHD-suspected and 10 by 
teachers’ evaluation. We were able to determine whether there 
were differences in evaluations between parents and teachers for 
the same child through the ADHD RS assessment. 

As an additional analysis, we also examined whether there were 
statistical differences between the two evaluators’ assessments. 
In this process, we compared the 67 students in the intervention 
group and their baseline status (at week 0), as evaluated by parents 
and teachers. The sub-factor normality of ADHD RS was not met; 
therefore, a Wilcoxon signed ranks test was performed. The results 
are shown in Table 4. 
a ADHD RS: Attention-Deficit Hyperactivity Disorder Rating Scale 
* Statistically significant values are indicated in bold. 

According to these data, we can infer that parents’ and teachers’ 
opinions on all three sub-factors of ADHD RS were different from 
each other. The Wilcoxon signed ranks test indicated that Inatten-
tion was statistically significantly rated higher by teachers than by 
parents Z = -2.763, p = 0.006. Similarly, Hyperactivity/impulsivity 
reported by teachers was also significantly greater than what par-
ents reported, as evidenced by Z = -2.345 and p = 0.019. Furthermore, 
the Total ADHD RS score reported by teachers was significantly 
elevated compared to the scores reported by parents, as indicated 
by Z = -2.638 and p = 0.008. 

Therefore, it is possible that each child could have very different 
evaluation results depending on who gave them, even though the 
evaluation was under the same scale. 

5.5.2 Changes in Suspected of ADHD due to the Use of ForME.. 
Teachers can provide more objective assessments when evaluating 
a single child because, unlike parents, they have other children to 
compare to in their surroundings [35]. Among the 67 children in 
the intervention group, 10 were classified by the teachers as having 
suspected ADHD. We aimed to determine whether ForME had a 
positive impact on these 10 children through a pre-post comparison. 

When normality testing was conducted using the Shapiro-Wilk 
test, the Hyperactivity/Impulsive and Total ADHD RS evaluations 
by parents did not meet the normality assumption. Therefore, the 
results for these two sub-factors were analyzed using the Wilcoxon 
signed ranks test (Table 5). 
a ADHD RS: Attention-Deficit Hyperactivity Disorder Rating Scale 

Other sub-factors were analyzed using a paired t-test (Table 6). 
a BRIEF: Behavior Rating Inventory of Executive Function, BRI: 
Behavioral Regulation Index, MI: Metacognition Index, GEC: Global 
Executive Composite, b ADHD RS: Attention-Deficit Hyperactivity 
Disorder Rating Scale * Statistically significant values are indicated 
in bold. 

As shown in Table 6, statistically significant differences were 
found in the sub-factors of ADHD RS assessed by teachers in re-
lation to suspected ADHD. Inattention (p = 0.022), Hyperactiv-
ity/Impulsive (p = 0.045), and Total ADHD RS (p = 0.031) decreased 
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Table 5: Changes in outcomes using ForME in suspected ADHD (n = 10) analyzed using the Wilcoxon signed-rank test. 

Variables Time Negative ranks Positive ranks Z p 
Pre-test 
Mean ± SD 

Post-test 
Mean ± SD 

Mean 
rank 

Sum of 
ranks 

Mean 
rank 

Sum of 
ranks 

ADHD RS a (by parents) 
Hyperactivity/Impulsive 4.5 ± 3.60 3.7 ± 2.79 4.75 28.50 5.50 16.50 -0.715 0.475 
Total ADHD RS 8.7 ± 6.91 7.7 ± 4.08 5.25 21.00 3.75 15.00 -0.425 0.671 

Table 6: Changes in outcomes using ForME in suspected ADHD (n = 10) analyzed using paired t-test. 

Variables Time t p 
Pre-test Post-test 
Mean ± SD Mean ± SD 

BRIEF a 

BRI 46.70 ± 8.62 44.20 ± 8.62 1.884 0.092 
MI 48.10 ± 8.90 45.70 ± 6.93 1.577 0.149 
GEC 47.50 ± 8.92 45.00 ± 7.78 2.197 0.056 
ADHD RS b (by parents) 
Inattention 4.20 ± 3.68 4.00 ± 2.16 0.294 0.775 
ADHD RS (by teacher) 
Inattention 15.50 ± 5.82 10.70 ± 8.51 2.773 0.022 
Hyperactivity/Impulsive 14.40 ± 5.4 9.70 ± 8.42 2.330 0.045 
Total ADHD RS 29.90 ± 10.84 20.40 ± 16.75 2.545 0.031 

significantly. However, as shown in both Tables 5 and 6, no signifi-
cant changes were observed in the other factors. 

The use of ForME over a 6-week period for suspected ADHD 
showed a statistically significant improvement in teacher evalua-
tions, whereas it was not evaluated as such in parent assessments. 

5.6 Feedback on ForME from Parents and 
Teachers 

After summarizing the online feedback from both parents and teach-
ers, we were able to gauge the effectiveness of the ForME program 
conducted over six weeks. 

First, parents were deeply impressed by their children’s efforts 
to control their behavior. Comments such as “Even if our son didn’t 
do well, it was heartwarming to see him make an effort” and “I 
felt that my daughter has grown a bit while performing daily tasks 
with ForME characters” were received. Children’s attempts to en-
gage with ForME and perform daily tasks were seen as fresh and 
challenging. 

However, there were instances in which some children lacked 
time or forgot about task completion, resulting in less meticulous 
task execution. Parents commented, “Our son doesn’t have enough 
time for brushing his teeth for 3 minutes. I wish a little more time 
was allocated” and “My child attempted to pack the bag but found it 
difficult, so I, as a mother, helped.” Nonetheless, the parents demon-
strated patience and provided support to help their children perform 
tasks independently. 

However, in some cases, the program’s utility was not evident. 
Some parents expressed, “Our daughter already had good daily 
habits, so she didn’t need this program” and “I’m not sure how our 

child benefits from this program.” We interpreted that the program 
might not have been effective for children who deviated signifi-
cantly from the target audience of this study. However, considering 
the larger number of positive impacts on children, the overall out-
come favored benefits over drawbacks. 

Teachers played a significant role in this program. Initially, they 
had to link each class’s students’ accounts. Additionally, teachers 
who wished to do so could monitor and manage their students’ task 
performance. In practice, some teachers assisted students in task 
selection and even provided gift cards based on task completion 
rates. 

Homeroom teachers gained a deeper understanding of the chil-
dren through the ForME program. One teacher commented, “We 
couldn’t know how our students spend their time at home from 
school. With the ForME program, we could learn how our class 
children spend their day.” We believe that gaining insight into a 
child’s school and home life makes teaching more effective. 

The program was notably beneficial for children facing difficul-
ties in managing their daily lives. One comment highlighted, “Some 
parents care well, and their children grow up healthily, but there are 
also children on the opposite end. This program could be helpful 
for children facing difficulties.” 

However, there were several opinions expressed such as, “The 
program’s intention is good, but it is challenging for schoolteachers 
to manage children’s lives at home,” and "With so many students 
to manage, I found it quite difficult to track individual student 
behavior using the prototype as the workload became difficult to 
manage." This situation calls for a thorough examination of how 
this program can operate effectively in educational settings. 
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6 DISCUSSION 

6.1 The need for a mental health support 
system involving schools 

6.1.1 Differences between parents’ and teachers’ evaluations of chil-
dren. In this study, parents and teachers used the ADHD RS ques-
tionnaires as a screening tool. In the actual analysis, the cut-off 
criteria were set differently depending on the evaluator based on 
previous research [22]. However, as shown in Table 4, the degree 
to which parents and teachers evaluated the same child showed 
significant differences. Of the 67 intervention group participants, 
2 (3%) of the parents’ responses met the ADHD screening criteria, 
whereas the teachers assessed that 10 (15%) of them met the criteria. 

Previous research has emphasized the possibility of differences in 
evaluation results between parents and teachers [3]. This is because 
parents primarily observe children’s characteristics in everyday life, 
whereas teachers mainly observe them in task-oriented situations, 
which can lead to significant variations in outcomes. In addition, 
a High ADHD RS score does not necessarily mean that children 
meeting these criteria will all be diagnosed with ADHD. 

However, without schools’ opinions, it seems unlikely that chil-
dren who are potentially experiencing difficulties with their mental 
health will be able to receive any necessary support. It is difficult 
for parents to have the chance to look at their child as others do, as 
they would spend most of their time with only their child. However, 
teachers are accustomed to taking care of a group of children, which 
enables them to see the differences in each child’s reactions to the 
same situation [44]. Therefore, school engagement in the process 
of screening children for potential mental health problems can be 
significantly beneficial for early diagnosis of these patients. 

Therefore, it can be argued that there is demand for a program 
involving schools that considers the benefits of early diagnosis or 
treatment of ADHD. 

6.1.2 Establishment of a system providing equal opportunities with-
out bias concerns. The conversational agent ForME that we devel-
oped is an assistive technology that supports young ADHD patients, 
for which this research is being carried out as one of the supporting 
works. Therefore, conversation structures and interaction methods 
were designed to be suitable for children with ADHD. 

However, this study did not impose any significant restrictions 
on participant eligibility, which means that children who did not 
have any mental health-related difficulties were allowed to par-
ticipate. It was possible to have a restriction that only children 
experiencing difficulties or ADHD symptoms could participate, but 
there were concerns about creating unfair negative perceptions of 
those who applied for the program. Children who had already been 
diagnosed with other mental disorders were not eligible to partici-
pate. However, most children from the participating schools were 
provided with equal opportunities to participate in the program. 

Consequently, a diverse group of children with various back-
grounds participated in the study. Some children were suspected 
of having ADHD; however, many children with good executive 
function also participated in this study. Nonetheless, the target 
subjects of this study were children with suspected ADHD. As 
shown in Table 6, it was estimated that there was some degree of 
effectiveness in children suspected of having ADHD. In addition, as 

shown in Table 3, the intervention provided in this study positively 
influenced the participating children. 

One of the strengths of this study is that it addressed areas 
relevant not only to children with ADHD but also to typically de-
veloping children. In other words, the program aimed to create a 
positive impression not only for children with mental health diffi-
culties, but also for those without, making it more widely applicable 
within school settings. Within educational settings, it is imperative 
that mental health initiatives in schools be inclusive and target all 
children regardless of their mental health status [36, 49]. Therefore, 
in a school-involved system, it is preferable to provide inclusive op-
portunities rather than screen child participants for specific target 
diseases. 

6.1.3 Design direction of systems considering stakeholders’ context. 
Prototypes were developed using a user-centered design approach 
involving iterative planning, design modifications, and deployment 
[65]. In this study, we utilized an application with a conversational 
agent for children, a mobile monitoring application for parents, and 
a management web page for teachers. 

In this study, we sought to integrate different usage environ-
ments, such as family units of children and parents, with the ed-
ucational context of teachers and schools. While we did identify 
challenges and dissatisfaction among teachers during the use of 
the web page, the significant benefits when teachers have a deep 
understanding of the children are clear. 

In our future research, we aim to alleviate the burden on teach-
ers through thoughtful planning. Teachers identified in this study 
that tracking their students’ ForME engagement and life/activity 
patterns was an arduous task. Moreover, the web page provided 
to the teachers in this study was equipped only with a monitoring 
function, which meant that it lacked practical functions that would 
help teachers with relevant management or intervention. Future 
studies will reflect the feedback from our teacher stakeholders and 
improve the web page’s functionalities so that it can better support 
the role of teachers in the entire system. For example, allowing 
them to access a list of students with their ratings based on their 
ForME usage, instead of tracking each student individually on the 
current iteration of the web page, may help alleviate their work-
load and concerns. We plan to introduce additional features that 
allow parents to monitor and encourage their children, enabling 
management to take place within each household. 

6.2 Improving children’s functions with ForME 
6.2.1 Conversational agents for neurodevelopmental disorders. Re-
cently, researchers have shown an increased interest in providing 
therapeutic interventions using conversational agents for patients 
with neurodevelopmental disorders [13, 59, 61]. The broad category 
of neurodevelopmental disorders encompasses conditions such as 
intellectual developmental disorders, global developmental delay, 
autism spectrum disorder, and ADHD. In particular, a significant 
number of studies have explored training in the communication 
and social domains of ASD children [61, 63]. 

This trend is believed to have developed because of technical ad-
vancements that now allow input and output interaction modalities 
to be applied as/through speech [61]. Nevertheless, some difficul-
ties remain in the interaction process between young children and 
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agents owing to limitations in natural language processing, etc. [62]. 
In addition, other issues such as delays in language development in 
patients make the child-agent interaction even more difficult. 

In this study, we allowed children to experience multiple ex-
changes of turns in an interaction with higher accuracy by recon-
structing a chatbot builder service that has already been commer-
cialized. The ability to engage in multiple turns of conversation with 
a conversational agent is anticipated to be a significant advantage in 
the scenario set up incorporating therapeutics. In particular, we ap-
plied self-instruction training to the conversation scenario between 
a conversational agent and children, with the expectation that this 
approach can facilitate the application of cognitive-behavioral ther-
apy to children. 

Numerous non-pharmacological treatment methods have already 
demonstrated effectiveness in the treatment of neurodevelopmental 
disorders. However, due to the considerable time and effort required 
for patients to perceive the effects of non-pharmacological treat-
ments, pharmacological therapy is often chosen. The integration 
of therapeutic approaches tailored to children with mental health 
issues into scenarios involving conversations with conversational 
agents is expected to transform them into safe and effective thera-
peutic tools. 

6.2.2 Changes in executive function. ForME allows children to 
choose their own daily tasks and time to proceed. Through this, 
children experience the process of selecting and planning out their 
goals and how they can achieve them. ForME helps children kick-
start and complete their daily tasks when needed. This enables 
children to experience a sense of achievement and reflection on 
their goals. The repetition of this process makes it possible for them 
to become accustomed to routines in their day-to-day lives. 

BRIEF is an assessment tool that can measure children’s behavior 
based on their parents’ observations and evaluations. Therefore, 
it can be assumed that performing daily tasks with ForME made 
a positive change in the children’s behavior, which the parents 
observed. 

Specifically, according to the findings from the analysis of the 
intervention and control groups shown in Table 3, this study con-
firmed that the overall executive function was improved in children 
who used the conversational agent. There was a statistically sig-
nificant improvement in BRI, which consists of inhibition, shifting, 
and emotional control, as well as in GEC, which can examine be-
havioral regulation and overall executive function. Although it was 
not statistically significant in MI, which oversees meta-cognition 
consisting of initiation, working memory, plan-organize, organiza-
tion of materials, and monitoring, the results showed that the MI 
value improved with the use of ForME (see Figure 4). 

In the pre-post comparison of the ADHD-suspected group (Ta-
ble 6), no statistically significant differences were detected in any 
BRI, MI, and GEC items. However, the results suggested a mar-
ginal statistical significance in GEC (p = 0.056). They also showed 
improvements in values in all aspects. This observation may sup-
port the hypothesis that ForME has a positive effect on executive 
function in the ADHD-suspected group. However, further research 
with an adequate number of participants is necessary to investigate 
whether it is possible to enhance executive function in children 
with ADHD or in those suspected of having ADHD. Nevertheless, 

it can be inferred that interventions through ForME can also have a 
positive influence on children with well-developed executive func-
tion. 

6.2.3 Changes in ADHD symptoms. As mentioned in 6.1.1, the 
evaluation of a child by parents and teachers showed a significant 
difference. Accordingly, the assessment of the ADHD RS by the two 
evaluators can be considered different. 

First, among the sub-factors evaluated by parents, Inattention 
was the only factor that showed statistically significant results 
(Table 3). 

As shown in Figure 5, the findings revealed a remarkable in-
crease in Inattention in the control group, whereas the increase in 
the intervention group’s inattention was minimal. Although Hy-
peractivity/impulsive was not statistically significant, there was 
a noticeable increase in the control group and a decrease in the 
intervention group. Additionally, the Total ADHD RS value of the 
control group increased significantly, while that of the intervention 
group did not change; its statistical value showed marginal signif-
icance (p = 0.075). This indicates that the control group that did 
not use ForME showed deterioration in executive function over a 
period of six weeks, but the Intervention group assisted by ForME 
maintained a similar degree of function over the same period. 

In the teacher evaluation, the intervention group showed im-
proved functionality in all ADHD RS sub-factors for the six weeks 
of using ForME, while the control group showed deterioration in all 
for the same period, from which statistically significant differences 
were observed (Table 3 and Figure 6). 

In conclusion, based on the opinions of the two evaluators com-
bined, it was confirmed that the use of ForME helped improve 
participants’ inattention, among other functions, and the results 
also suggested that it can have an effect on impulsiveness. 

However, the two evaluator groups–parents and teachers– 
provided conflicting ideas. It is assumed that being at the beginning 
of the semester greatly affects teachers’ judgments. Korean schools 
start their new grade/semester in March, which means that the 
study was conducted three months after a child entered school. In 
other words, this study was conducted during a time when chil-
dren who had just entered school were trying to adapt to the new 
environment. It is possible that the adaptation phase in school and 
the ForME-assisted period coincided for the children, resulting in a 
greater effect. Therefore, one possible implication is that children 
can greatly benefit from the process of structuring their daily rou-
tines by themselves with the help of ForME, especially during the 
first few months after entering elementary school. 

In the pre-post comparison of the ADHD-suspected group (Table 
5 and Table 6), all ADHD RS sub-factors evaluated by the teacher 
showed statistical significance. However, when evaluated by par-
ents, the same categories were not found to be statistically signifi-
cant. However, we identified a general tendency of a decrease in 
the scores of the ADHD RS sub-factors in the parents’ evaluation. 

Given the relatively small sample size of children identified as 
potentially having ADHD in this study, further research with a 
larger cohort is warranted. However, the presence of statistically 
significant changes in the ADHD sub-factors assessed by teachers 
suggests that there may be an effect of ForME. 
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7 LIMITATIONS AND FUTURE RESEARCH 
This study had the following limitations. 

First, the exact mental health status of the children could not be 
determined. We only conducted a screening survey and could not 
have the diagnosis confirmed by a doctor. Additional analysis was 
performed only on the ADHD-suspected groups, and it is unknown 
how many of them actually might have been diagnosed with ADHD. 
Future studies should be conducted in the form of clinical research 
on children diagnosed with ADHD. 

Second, many participants dropped out of the study. This study 
did not place any significant restrictions on participant eligibility. In 
addition, the entire process was conducted remotely. Therefore, the 
number of participants had decreased mid-way through. A research 
design that can provide participants with a more specific guide to 
minimize the number of dropouts is needed. 

Lastly, in this study, we only collected feedback from teachers 
and parents; thus, we were unable to specifically ascertain the 
experiences of child users. It is essential to incorporate a research 
design that encompasses the perspectives of the key users in this 
study–children, parents, and teachers–to better understand their 
experiences. 

In future studies, we will conduct clinical research on children 
with ADHD by introducing a process of connecting children who 
are screened in the questionnaire evaluation with doctors. Under-
taking this project will allow us to gain a better understanding of 
the clinical effects of the conversational agent we developed. 

8 CONCLUSION 
In this study, a six-week experiment was conducted to determine 
whether a conversational agent that helps perform daily tasks can 
improve executive function and relieve ADHD symptoms in chil-
dren. The conversational agent we developed assists children in 
selecting and performing their own daily tasks and to get them ac-
customed to the course of actions through repetition. The findings 
from this study suggest that the conversational agent, which was 
developed based on evaluations by parents and teachers, can benefit 
children who use it in a way that improves executive function and 
alleviates ADHD symptoms. Schools were involved in this study in 
terms of recruitment, management, and evaluation of participants, 
and as a result, a mental health support system for children can be 
achieved through collaboration with schools. 

The findings of this study have a number of practical implica-
tions. 

First, it was possible to see how teachers and parents responded 
differently to children’s ADHD evaluations. Based on these differ-
ences, we argue that there is a definite need for a new mental health 
support system that involves schools. 

Second, this study confirmed that the conversational agent was 
effective not only for children suspected of having ADHD but also 
for those who are not. Children’s improved executive function and 
healthy routines built in their daily lives are expected to have a 
positive impact on their lives. 

Third, the empirical findings provide a positive impression of 
the field of education and mental health studies using new tech-
nologies. In collaboration with the Office of Education, we were 

able to introduce a system that targets a large population of chil-
dren. Overall, this study strengthens the notion that technology 
can enrich children’s lives. 

Ultimately, we aim to argue for the substantial involvement of 
schools and families in creating school mental health systems for 
children. We intend to bolster this claim by seeking robust evidence 
in future research. 
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