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Abstract: Separation anxiety disorder (SAD) is a prevalent psychological disorder among preschool-
ers, characterized by excessive fear or anxiety related to separation from a primary attachment figure.
The COVID-19 pandemic likely exacerbated the problem due to the transition to online schooling.
While some attention has been given to treating SAD, most current solutions are non-technical and
based on behavior analytic research which can be costly and time-consuming. Mediated social
touch, which uses technology to simulate physical touch and deliver it remotely, has been extensively
studied for its potential to promote wellbeing, enhance social connectedness, and improve affective
experiences in various contexts. However, no research has focused on the use of such technology
to manage SAD in preschoolers. To address this gap, this work presents the design, development,
and evaluation of a novel mediated social touch system aimed at managing separation anxiety in
preschoolers. Specifically, the study investigates the effectiveness of using IoT in huggable interfaces
and game-based applications in improving children’s emotional state and adaptation to the kinder-
garten environment. Through experiments conducted on a sample of nearly 30 preschoolers, the
results have shown that the system is effective in helping preschoolers adapt to kindergarten, with
the best results achieved when using the huggable interface and the developed game together. The
implications of this study may be beneficial to parents, educators, and mental health professionals
who work with preschoolers who experience SAD.

Keywords: IoT; healthcare; mediated social touch; preschoolers; separation anxiety disorder; COVID-19;
assistive technology; childhood anxiety; human-computer interaction

1. Introduction

Preschoolers aged between three to five years spend a significant amount of time at
kindergarten, often surpassing the time they spend with their families and relatives. There-
fore, it is crucial to ensure that the kindergarten environment is attractive and comfortable
for them. However, children may face challenges in adapting to kindergarten, especially
during the first few days or after a long vacation. If this situation is not effectively addressed,
it may lead to psychological problems such as separation anxiety disorder, depression,
panic attacks, generalized anxiety, and other emotional or behavioral disorders [1].

Among these, separation anxiety disorder (SAD) is particularly common among
preschoolers, with about 4-10% of children experiencing it [2]. This disorder can be defined
as excessive distress at being separated from those to whom the child is attached [3]. SAD
can have several adverse effects, with over 90% of children suffering from at least one
sleep problem [4]. Moreover, it affects not only the children but also their parents [5].
If left unaddressed, separation anxiety may persist into adulthood, leading to mental
disorders [1]. Furthermore, it carries significant economic costs, with families having to
spend 21 times more money on a child with separation anxiety than families without such
a case [6].
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Several factors contribute to the probability of separation anxiety, with extreme parent—
child attachment being one of the most significant challenges to the child’s adaptation to
the kindergarten environment [7]. During the COVID-19 pandemic, separation anxiety
became even more prevalent in children as they spent most of their time indoors with their
families with limited social interaction with the outside world [8].

While some attention has been given to treating separation anxiety disorder, limited
research has focused on investigating the causes and prevention of SAD [9]. Early preven-
tion is crucial because children may develop separation anxiety disorder after experiencing
anxiety for four weeks [5,10]. However, most current studies focus on non-technological
solutions and very few have addressed the management of separation anxiety disorder
in preschoolers.

Therefore, the purpose of this work is to design, develop, and evaluate a novel medi-
ated social touch system aimed at managing separation anxiety in preschoolers. Specifically,
the objective of the study is to investigate the effectiveness of using IoT in huggable inter-
faces and game-based applications in improving children’s emotional state and adaptation
to the kindergarten environment. Our solution capitalizes on the significance of touch as
an emotional interaction medium [11-13], especially in remote relationships.

To address this challenge, we developed a mediated touch that allows children to
maintain interaction remotely. By combining a huggable interface and tablet game applica-
tion, we provide a comprehensive solution that helps preschoolers cope with separation
anxiety and enhances their adaptation to the kindergarten environment. The prototype,
which we called “Latif”, is a multimodal huggable interface that is equipped with a heat
distributor, speakers, and LED lights that simulate hugging and playing. In addition to the
huggable interface, we developed a tablet game application that targets Arabic-speaking
preschoolers and tells an interactive story about a young bear named “Latif” to help man-
age separation anxiety disorder. The game revolves around a young bear named “Latif’.
The game focuses on enhancing the child’s social, cognitive, and emotional abilities. It
comprises four stories, each presenting a challenge for the child to overcome and achieve
a sense of winning. The stories also incorporate principles such as relaxation exercises,
emotion recognition, decision making, and social interaction. Through this solution, we
aim to combine the positive impact of various technologies and approaches to address the
issue of separation anxiety in young children during their initial days in kindergarten.

The rest of the paper is organized as follows: Section 2 provides background and
related works on SAD. Section 3 presents the methodology used in this study including
the system design and development and experimental procedures. Section 4 presents the
analysis and results of the study. Section 5 discusses the interpretation of the findings in
light of previous research, the strengths and limitations of the study, and the implications
for future research and practice. Finally, Section 6 provides a conclusion summarizing the
study’s findings.

2. Background and Related Works
2.1. Non-Technical Interventions for SAD

Several non-technical interventions have been investigated for the treatment of sepa-
ration anxiety disorder in children. Herren et al. [14] examined the relationship between
children with separation anxiety disorder and their parents’ beliefs. The results showed
that parents of children with separation anxiety disorder experienced lower parenting
self-efficacy and satisfaction compared to parents of healthy children.

In another study, Dozva [15] analyzed the strategies used by preschool caregivers in
Chitungwiza daycare centers to manage separation anxiety in young children. The study
found that showing acceptance towards children with separation anxiety and providing
them with toys were among the most effective strategies used by caregivers. It also
highlighted the importance of parental involvement in helping children adapt to the school
or kindergarten environment.
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Moreover, to help children adjust to the school or kindergarten environment, re-
searchers in [16] emphasized the importance of parental involvement. The study suggested
that parents should take their children on a tour of the school, meet the teacher before
school starts, and gradually decrease the time they spend with their child until the child
becomes comfortable entering kindergarten alone.

A study by Shouldice [17] investigated the impact of separation anxiety disorder on
children’s attachment models. The study involved an experiment conducted on children
aged four and a half years old which analyzed their reactions to separation and the way
they reunited with their parents. The results showed that children with separation anxiety
disorder had a profound impact on their attachment models.

To help children with separation anxiety disorder overcome their condition, group
play therapy was found to be effective in reducing children’s anxiety, as demonstrated
by a study by Shoakazemi et al. [18]. The study evaluated the effectiveness of group play
therapy on 20 children aged 7 to 9 years in Tehran and found that it had a significant impact
on reducing their separation anxiety.

Parent—child interaction therapy (PCIT) has also been identified as an effective inter-
vention for children with separation anxiety disorder. Researchers, such as in [19,20], have
evaluated the effectiveness of tailored PCIT in treating young children with separation
anxiety disorder. Both studies found that PCIT helped anxious parents change and improve
their interactions with their children which ultimately reduced the children’s anxiety.

Cognitive behavioral therapy (CBT) has also been identified as an effective treatment
for children who refuse to go to school due to separation anxiety disorder. Studies, such
as that by King et al. [21] evaluated the efficacy of CBT in treating children’s anxiety and
found that it was an effective intervention.

Finally, a study by Barrett et al. [22] evaluated the benefits of merging parent training
programs with CBT for children with separation anxiety disorder. The study found that the
combination of family management and CBT was effective in treating separation anxiety
disorder in children aged 7 to 14 years.

In summary, several studies were conducted to investigate and evaluate interventions
for the treatment of separation anxiety disorder in children. These studies have highlighted
the importance of parental involvement, effective communication between parents and
children, and the use of evidence-based interventions such as play therapy, PCIT, and
CBT to manage separation anxiety in children. Such research underscores the need for a
comprehensive and multi-disciplinary approach to addressing separation anxiety disorder
in young children. By building on the insights gained from these studies, innovative
solutions such as the multimodal huggable interface and game-based application developed
in our work can help children cope with separation anxiety and promote their adaptation
to the kindergarten environment.

Table 1 provides a summary of the studies conducted on non-technical interventions
for separation anxiety disorder in children.

Table 1. Summary of studies on non-technical interventions for separation anxiety disorder
in children.

Study Obijective Participants Methodology Results
To investigate parents’ 94 German-speaking Deep rese.arch t.o determine
. . . the relationship between .
beliefs about their children who have a . The parent has lower parenting
[14] . ) . children who have . . .
children’s separation self-efficacy and satisfaction.

anxiety disorder.

separation anxiety disorder

anxiety disorder. . .
ety disorde and their parents’ beliefs.
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Table 1. Cont.

Study Obijective Participants Methodology Results
16% of caregivers confirmed that
To answer the research showing acc.eptance Of.
. preschoolers with separation
question that focused on . o\
specifying the best anxiety would reflect a positive
. . reschool caregivers eeling while 15% of them sai
strgte ies to deal with 39 preschool 8i feeling while 15% of th id
[15] e ar%l tion anxietv in from Questionnaires. that toys were the most helpful
P reschoolers iri, 21 daycare centers. strategy. Role-playing took 8%
pChitun wiza between strategies and storytelling
daveare fenters took 3%. Finally, 45% of caregivers
y ’ said that all strategies
were helpful.
Separation anxiety test
To confirm the hypothesis mgrl:elrrfs Z?;i:ﬁ;n a The results showed the ability of
ased on children’s irls an oys . .5-year-old children to
based hildren’ 39 girls and 35 boy: & 4.5-y 1d child
[17] . story to a child to let .
reaction to aged 4.5. . - understand the stories and label
. . him /her express his/her .
separation pictures. . emotions accurately.
feelings (happy, sad,
lonely, angry).
o ffezzszgizsztgfoup The results confirmed the ability of
. 20 children aged group play therapy to have a
(18] p‘{j}}iot}}ls;?ep Z ;)en Z?;lt?;eln between 7 and 9. Group play therapy. significant effect on reducing
anvdety disgr der children’s separation anxiety.
To investigate the efficacy Tailoring parent—child Teaching anxious parents to be
of interventions for . interaction therapy (PCIT) positive and easy during their
[19] children who have a Chlldze;asgejali:tween for children with reactions with their children
separation years. separation would have a great impact
anxiety disorder. anxiety disorder. on children.
The modified PCIT would help
Lo . parents to change and improve
To hlghhg}.lt the excessive Children from 4 to 8 e . their interaction with children.
need for interventions, Modified parent—children .
[20] . . years, the mean age . . Also, anxious parents would learn
especially with interaction therapy PCIT. .
oune children was 6.2 years. how to reduce control on their
youns ' children’s play, which would help
anxious children in the end.
To handle children who 34 children aged 5 to APP lying cognitive Cognitive beha'v'loral treatment
[21] refuse school 15 vears behavioral treatment (CBT) gave efficient and
' years. for four weeks. acceptable results.
52 children aged Applied treatment on 12 o -
To evaluate the between 14 to 21. The  sessions. Each session was hii?ﬁ Oigiir;a%?;:iéﬁ lcj(:‘ri}ciifa
[22] effectiveness of CBT in the ~ treatment was applied ~ between 60 to 80 min and y y

long term.

on an average of 6.17
years earlier.

was conducted by five
clinical psychologists.

which confirmed the efficiency of
CBT on long-term follow-up.

2.2. Mediated Social Touch: Huggable and Non-Huggable Interfaces

Mediated social touch refers to the use of technology to simulate physical touch and

deliver it remotely [23]. Mediated social touch can be delivered through various types
of interfaces including huggable and non-huggable interfaces. Studies have investigated
the effectiveness of these interfaces for various purposes such as promoting social con-
nectedness, enhancing affective experiences, and improving wellbeing in various contexts.
For example, Haans et al. [24] conducted a study to explore the effectiveness of a system
consisting of an input device, an output device, and a software component to deliver medi-
ated social touch. They found that touch has a positive effect on the recipient’s affective
experience and that combining touch and vision can increase physiological excitement and
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a sense of telepresence. Similarly, HaptiHug [25], a non-huggable interface designed to
simulate touch in electronic games, proved effective in increasing participants’ relaxation
and sense of being hugged.

Authors in [26] developed a wearable pajama to enable hugging communication
between children and their parents remotely. The pajama provides a virtual hug sensation
to the child, enhancing the feeling of being hugged by their parents.

Nunez et al. [27] proposed a cushion as a huggable interface to deliver a sense of touch
remotely. The cushion senses the user’s hug using a hug sensor, transfers it as a message
to a paired interface, and delivers on—off signals using cues made of colored lights and
vibration. In a study comparing cushion-type communication interfaces and touch screen
type communication interfaces, the participants reported feeling a real touch of the other
while sending the message by hugging the cushion which resulted in a stronger feeling of
social connectedness between them.

Hugvie [28] is a device designed to facilitate close relationships between individuals
during remote communication. The device features a pocket in the head to insert a mobile
phone during the call. To test their hypothesis, researchers conducted an experiment with
two participants using Hugvie and a Bluetooth headset in two different settings. The results
indicated that using Hugvie enhanced the presence of the second person and increased the
feeling of being loved by the other person.

Nakanishi et al. [29] tested two hypotheses related to using a huggable communication
medium with special needs students: first, they investigated whether it could improve the
memory of listeners and second they investigated if a longer trial period would yield better
results. They conducted a three-month study on special needs students, dividing them into
two groups where one group listened to their teachers in a normal way and the other used
Hugvie. The group using Hugvie achieved better results as it improved memory test scores
related to information provided by teachers to their students.

Takahashi et al. [30] demonstrated the effectiveness of Hugvie in enhancing trust
between players during conversation games. In another study by researchers [31], Hugvie
was used as a huggable interface to test the hypothesis that using such an interface during
remote communication would improve impressions about hearsay information of a third
person. The study compared the effects of using a Bluetooth speaker and Hugvie and
the results confirmed the hypothesis as the huggable interface (Hugvie) reduced negative
inferences about the third person during the call.

Pepita [32], a huggable robot designed to sense and convey affective expressions, was
used in an experiment involving fourteen participants. While the robot’s simple appearance
without arms was acceptable, it was suggested that improving Pepita’s appearance to
resemble more familiar huggable objects, such as animals or cushions, would be beneficial.

Jeong et al. [33] conducted research to investigate the impact of embodiment on
promoting socio-emotional interactions among young children and to determine which of
the huggable interfaces is the most effective in improving children’s wellbeing in hospitals.
The study compared the impact of a teddy bear plush, a virtual agent, and a social robot on
children’s wellbeing. The results revealed that a teddy bear could help children participate
in social interactions and could increase their feeling of comfort while hugging it.

In addition, Lali [34] is a tangible interface designed to allow kids to lengthen their
playtime through remote—virtual coupling. An experiment conducted on children under
five years showed that preschoolers above three years enjoyed playing with this doll.

Teddy bear huggable interfaces are often preferred by children and were developed as
embodied mock-ups to enable remote hugging between young children (4-6 years) and
their parents based on vibration, presence indication, and communication of gestures [35].
The study aimed to enhance children—-parent communication in case of a parent traveling.
The results showed that if the device used by children was too technical, the children could
not comprehend its symbolic interaction [35].

Furthermore, the study in [36] explored the potential of haptic technology as a non-
pharmacological intervention for anxiety. The authors described a novel huggable haptic
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interface that pneumatically simulates slow breathing and demonstrated its effectiveness
at reducing pre-test anxiety compared to a control condition and the fact that it is indistin-
guishable from a guided meditation in a mixed-design experiment. The authors suggest
that haptic technologies can be effective at easing anxiety and should be explored further
to capture the nuances of different modalities in relation to specific situations and trait
characteristics. Table 2 compares huggable and non-huggable technologies, including the

author, motivation, audience, technology type, shape, and result of each study.

Table 2. Comparison between existing non-huggable technologies.

R Target Physical
Study Objective Audience Technology Design Results
The participants in this
Investigate the effect of . experiment demonstrated more
[24] combining touch and vision on Adults. N?;i?ggczble SCZiir;gzlth physiological arousal and felt a
people’s actions and responses. ' ' greater sense of telepresence
and similarity to real touch.
Investigate missing touch and a HapriHug proved its efficiency
[25] real sense in hugging actions in Adults Wearable Similar to in making participants more
electronic games with ’ device. hand shape. relaxed by increasing their
another player. feeling of a hug.
Achieve hugging communication Parents and By using this pajama, the child
588 Wearable Y 5 Py
[26] between children and their children aged . T-shirt. felt virtually hugged b
& device y gs y
parents remotely. between 5-35. ’ his parent.
Participants felt real touch
while sending messages by
[27] Reduce stress levels. Adults. Huggable Cushion. hugging the cushion and
interface 5&NE
) reported a stronger feeling of
social connectedness.
Provide an opportunity to Youne adults Using Hugvie enhanced the
establish close relationships & Huggable . resence of the second person
[28] p aged between 88 Hugvie doll P p
between young people and to & interface. & ' and increased the feeling of
young peop 18-22 &
spread love. ’ being loved by the other person.
Improve the memory of special Children aged Hugvie improved the scores of
. Huggable . memory tests about information
[29] needs students as they listen to between . Hugvie doll. )
recorded information 6-11 years interface. provided by teachers to
' ’ their students.
Enhance the trust between Hugvu.e was effective in
. Young adults Huggable . enhancing trust between
(301 players during aged 20 interface Hugvie doll layers durin,
conversation games. & ' ’ players &
conversation games.
Improve impressions about . .
hearsay information of a third Young adults Huggable . .Hunge reduced negative
[31] erson durin aced 22 interface Hugyvie doll. inferences about the third
remolze Communicition s . ' person during the call.
Pepita’s simple appearance
without arms was acceptable
due to its ability to sense and
Design a social robot that can Hugeable convey affective expressions but
[32] work in a home environment to Adults. intfl%“ace Pepita robot. improving its appearance to

help people in their daily life.

resemble more familiar
huggable objects, such as
animals or cushions, would
be beneficial.




Electronics 2023, 12, 3479

7 of 29

Table 2. Cont.

Study Objective A::lriifltce Technology Ig‘z:ilgcfll Results
Investigate the impact of
embodiment on promoting
socio-emotional 1r'1teract10ns ' Teddy bear A teddy bear can help children
among young children and Children aged plush, a L. . L .
[33] determine which is the most between Huggable virtual agent participate in social interactions
A . . , interfaces. ! and increase their feeling of
effective in improving children’s 3-10 years. and a comfort while hugeing it
wellbeing in hospitals: teddy bear social robot. s&ng 1t
plush, a virtual agent, or a
social robot.
Investigate whether children Children aged
[34] under five years can react to between 10 Huggable Doll called Preschoolers above three years
real-virtual coupling with a months— interface. Lali. enjoyed playing with the doll
tangible doll. 3.5 years.
Enhance children—parent Parents and Hueeable Children could not comprehend
[35] communication in the case of a children aged integfface Teddy bear. the symbolic interaction if the
parent traveling. 4-6 years. ’ device used was too technical.
Explores the potential of haptic The breathing cushion interface
hnol Adult Huggable is an efficient substitute f
[36] technology as a ults haptic Cushion is an efficient substitute for
non-pharmacological intervention (129). interface ’ practicing mindful breathing
for anxiety. ’ techniques in reducing anxiety.

2.3. Game-Based Training

Game-based training is a popular approach to engage children in learning and
problem-solving activities [37]. Electronic games can be used as tools to improve chil-
dren’s abilities or to solve some problems they suffer from in the context of game-based
training. For instance, in [38], researchers found that interactive game-based learning
improved cognitive development and body movement in preschoolers. Their system,
“The Goalkeeper”, taught six colors and names in English through gestures. The exper-
iment showed that the game-based group outperformed the traditional group in both
performance and motor skills.

In addition to improving children’s cognitive abilities, game-based applications can
also enhance language learning for preschoolers. Authors in [39] developed a mobile
application game to improve preschoolers” alphabetical sound articulation in Tanzania. The
game-based learning system was designed to address the challenges faced by preschoolers
in articulating sounds more efficiently.

The benefits of game-based applications are not limited to education but they can also
be used as a tool to diagnose neurological disorders in young children [40]. Researchers
developed the computer game DIESEL-X to detect high-risk dyslexia among preschoolers,
which children preferred over traditional tests, making data collection more accessible.

Moreover, an innovative solution for managing children’s dental anxiety through
the use of augmented reality (AR), virtual reality (VR) technologies, and game-based
application was proposed in [41]. The proposed system targets Arabic-speaking children
between 7 to 10 years old and familiarizes them with dental settings and procedures in
a simple, attractive, and age-appropriate way. The system’s performance was evaluated
using various testing methods and a feasibility study with 16 children showed a decrease
in dental anxiety levels after using the system.

Preschoolers may experience anxiety related to the study process or media exposure.
One study [42] focused on solving mathematics anxiety in preschoolers, comparing the
game platforms Kodu, Unity 3D, and Construct 2 to find the most suitable platform
for counting games. The study found that Kodu and Unity 3D were best suited for
3D environments. Meanwhile, Ref. [43] developed an interactive game called “Tony’s
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Nightmare” to reduce media-induced anxiety in children. The game features a character
named Tony who overcomes his fears in his dreams. However, the game’s success was
limited due to falsified data in the questionnaire filled out by the children’s parents.

In [44], the effectiveness of 3D educational computer games on reducing test anxiety
and improving exam performance was evaluated and compared to traditional methods.
The game-based application method resulted in significantly better exam performance.
Meanwhile, Ref. [45] investigated the impact of anxiety levels on learners’ gaming and
learning performance in the context of digital game-based learning. The researchers
integrated English learning components with game tasks and found that digital game-
based learning was beneficial for learners with high anxiety levels, improving both their
gaming and learning performance.

Table 3 summarizes the game-based training applications discussed in this section.
Overall, game-based training has the potential to engage children in learning activities and
improve their cognitive, motor, and language skills as well as to diagnose neurological
disorders and reduce anxiety levels.

Table 3. Overview of game-based training applications.

Study Objective Target Audience Results
The results confirmed the hypothesis
Use interactive game-based learning to Preschoolers with an average whereby the group who used this game
[38] improve children’s cognitive and body age of 5.5 vears & had a better learning performance and
movement. & Y ’ motor skills than the group who did not
use this game.
Improve language learning for The developed system improved the
[39] reschoolers in Tanzania Preschoolers aged 3-6 years. children’s alphabetical
p ’ sound articulation.
Diagnose neurological disorders and . . . . .
[40] detect high risk for developing dvslexia 20 children (15 girls and 5 boys)  The children liked this game compared to
& in preschoolerls) &y of one kindergarten class. traditional tests.
. . . A feasibility study with 16 children
[41] Manage children’s dental anxiety. Arabic-speaking children showed a decrease in dental anxiet
g y y
between 7 to 10 years old. .
levels after using the system.
Compare Kodu, Unity 3D, and Construct
[42] 2 game platforms to determine which one Preschoolers Kodu and Unity 3D were more suitable
is suitable for counting and to solve ' for games based on 3D environments.
mathematics anxiety in preschoolers.
This game did not achieve what was
Handle and reduce media-induced Preschoolers with an average expected because there were some
[43] g p
anxiety in children. age of 4.74 years. falsified data in the questionnaire filled
out by the children’s parents.
Evaluate the effectiveness of 3D
educational computer games on students’ When the game-based application
[44] test anxiety and exam performance and Tertiary education students. method was used, the exam performance
compare the results with traditional of the students was significantly better.
methods.
Investigate whether anxiety levels affect The results showed that digital -
the learning and gaming performance of game-based learning would be beneficial
[45] Children aged 11-12 years. for learners who have high anxiety levels

learners in the context of digital
game-based learning.

and could improve their gaming and
learning performance.

Upon reviewing the literature, it was observed that there was limited research on
developing solutions that address the adaptability of children during their first days in
kindergarten, particularly in the context of separation anxiety. Most of the previous studies
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on separation anxiety focused on non-technological solutions. To our knowledge, there are
no studies that specifically address the adaptability of young children during their first
days in kindergarten and its impact on separation anxiety. Additionally, we did not identify
any game-based applications in Arabic that were developed to manage separation anxiety
in children during their initial days in kindergarten.

Given the gap in the literature, our study focused on developing a solution to help
preschoolers adjust to their first days in kindergarten. We aimed to combine the positive
impact of recorded maternal voices and tablet computer games with a huggable interface
to improve children’s adaptability and reduce separation anxiety. Our approach includes
the following key features that distinguish it from previous studies:

- Developing a mediated social touch solution, the Latif Teddy Bear huggable interface,
which produces heat, activates a speaker, and allows children to engage in color play.
Parents can control this teddy bear remotely using a special application. The aim
of this interface is to help children feel more comfortable and positively affect their
adaptability and separation anxiety probability;

- Developing a game-based application in Arabic that specifically targets the adaptabil-
ity of children in kindergarten.

In conclusion, through this solution we aimed to combine the positive impact of
different technologies and approaches to address the issue of separation anxiety in young
children during their first days in kindergarten.

3. Materials and Methods

Our methodology consists of three phases which are focused on developing and
evaluating a huggable interface for managing anxiety in children. The first phase involves
building the huggable interface, which takes the form of a teddy bear named “Latif”
2Ja). The name “Latif” is an Arabic word that means kind and friendly, reflecting our

intention to create a non-threatening and comforting object for children. The second
phase focuses on the design and development of a game that can be played with the
huggable interface. The game is designed to be simple and intuitive, with the aim of
engaging children through a relaxing and enjoyable activity. The game design is informed
by principles of gamification, including the use of rewards and feedback, to encourage
continued engagement. The third and last phase involves the design and conduct of an
experiment to evaluate the effectiveness of the huggable interface and game in reducing
anxiety in children. Throughout the methodology, implementation and evaluation are
also considered.

3.1. Technological Support of the Study

The huggable interface and game were developed using a carefully selected set of
software tools chosen for their flexibility, ease of use, and comprehensive feature sets. These
tools were instrumental in bringing the project to life and enabled the team to create a
robust and functional system.

e Android Studio: Android Studio is an Integrated Development Environment (IDE)
used for Android app development. It is based on Intelli] IDEA [46] and allows devel-
opers to create Android apps using the Java programming language [47]. Android
Studio also supports Firebase which is crucial for real-time data processing and enables
us to receive parent’s actions and remotely activate the speaker, lights, and heater on
our huggable interface (Latif) simultaneously;

e  Arduino: The Arduino Integrated Development Environment (IDE) is an open-source
electronics platform that supports C and C++ programming languages [48]. It allows
developers to upload programs to Arduino hardware [49]. Over time, the Arduino
board has evolved to meet new requirements, from simple 8-bit boards to products that
can be used with the Internet of Things, wearable sensors, and even 3D printing [48];
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e  Unity 3D: Unity 3D [50] is a popular game engine that allows developers to create
both 2D and 3D games. It supports the C# programming language and provides
powerful animation tools for developers to animate various game elements. Being
a cross-platform tool means that games developed using Unity can be displayed on
any platform.

3.2. Building the Latif Huggable Interface and Its Application

This section describes the process of building the Latif huggable interface and its
accompanying Android application. The section is broken down into three subsections:
prototype overview, apparatus, and development steps.

3.2.1. Overview

The aim of Latif is to provide a comforting and interactive object for children, with
various features such as heat, sound, and a colors game. To build the Latif huggable
interface and application, we followed a series of steps to ensure that the system was
functional and met the project’s requirements. The huggable interface was designed with
three main functions: light selection, heater slices, and a speaker and was built using a
variety of electronic components. The Android application we developed enabled parents to
control the Latif huggable interface remotely, making their children feel as if they were close
to their parents. The development of the prototype involves the careful consideration of
various factors, including safety, comfort, and functionality. To produce heat, the prototype
uses heat slices as the heating element with the recommended temperature range for young
children being between 32-33 °C based on previous studies [51,52] on swimming pool
temperatures for young children.

3.2.2. Apparatus

The huggable interface was built using a carefully selected set of electronic compo-
nents chosen for their compatibility with the system and performance. To provide a visual
representation of the components and their connections, Figure 1 shows the circuit di-
agram of the Latif huggable interface where each component is labeled with a number
corresponding to its description. Additionally, Table 4 provides a summary of the main
components used in the project, including the ESP32 controller, relay board, heater, power
bank, breadboard, TIP120 transistor, amplifier, and speaker.

&0 3 <=

LRE
BCLK % 4
DIN S Vin
GND

Figure 1. Circuit diagram of the Latif huggable interface. The diagram shows the connections
between the various electronic components used in the system, including the ESP32 controller, relay
board, heater, power bank, breadboard, TIP120 transistor, amplifier, and speaker.
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Table 4. Apparatus used in the development of the huggable interface.

Component Description
The ESP32 controller is a processing unit responsible for receiving commands from the
Android app via the internet and Firebase database. It controls the LEDs and heater as per
ESP32 Controller

the received commands. It downloads the audio file from Firebase database to its internal
flash memory and transfers the audio to the speaker through an amplifier.

Relay Board, Heater, and Power Bank
(Component #1 in Figure 1)

The relay board, heater, and power bank work together to turn the heater on or off. The
D21 output pin of the ESP32 is connected to the input pin (in2) of the relay board. The relay
board is controlled by the ESP32 to connect the heater to the power bank to turn it on and

to disconnect it to turn it off. The power bank provides the heater with the necessary
electric supply.

Breadboard and TIP120 Transistor
(Component #2 in Figure 1)

The breadboard and TIP120 transistor are used to build and test circuits quickly before
finalizing any circuit design. We used three TIP120 Darlington transistors as switching
elements for LEDs. The D2, D4, and D5 output pins of the ESP32 are used to control the
LEDs through a transistor. Any GPIO of the ESP32 can be used for this task but we selected
D2, D4, and D5 GPIO of the ESP32.

Amplifier and Speaker

The MAX98357A 125 3W class D amplifier board and speaker are used for audio output.
The audio file is downloaded from the Firebase database to the internal flash memory of

(Component #3 in Figure 1) the ESP32. The downloaded audio file is then transferred to the amplifier board through

the I2S protocol which in turn transfers the audio to the speaker.

3.2.3. Development Steps

To develop the Latif huggable interface and application we followed several steps.
The huggable interface is designed with three main functions, including light selection,
heater slices, and a speaker, as shown in Figure 2. The light selection is located on Latif’s ID
card (#1) and can be red, green, or blue depending on the parent’s selection of colors for the
game app that parents will play with their children remotely. The heater slices are located
inside the pockets in the front and back of Latif and produce heat when the heater button
is pressed (#2-5). The speaker (#6) is located at the back of Latif’s head and lets the child
hear their parent’s voice when they press the microphone button in the app. The huggable
interface is designed to be soft and cuddly, making it comfortable for children to hug.

Figure 2. The huggable interface with the light selection (1), heater slices (2-5), and speaker (6).

The Android application we developed enables parents to control the Latif huggable
interface remotely, making their children feel as if they are close to their parents. The main
user of the huggable interface application is the child’s parent who controls the hardware
through the application buttons. The application provides three main actions that the
parent can control: light selection, heater slices, and the speaker. The user interface was
designed to be intuitive and easy to use with clear labels and buttons. Figure 3 shows the
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main page of the application which includes a drop-down list with three color options
and a switch button. The parent can select any of these colors to turn it on or off using
the switch button below the list. When the parent selects a color, the light in Latif’s ID
card turns on with the selected color, as shown in Figure 4. This feature is used when the
parent wants to play the colors game with their child and they can name the color using
the microphone and turn it on so that the lights in the child’s place turn on, making the
child feel as if the parent is close to them.

Stop recording.

ool sl
OFF light through
switch button.

Turn on/off the » glab Q,.o}l
heater through DEF
switch button.

Llabs Siis

Start recording. - 2
>

Figure 3. Main page of the huggable interface application.

Figure 4. The huggable interface ID card with light selection.

Another action available in the huggable interface application is the “I hug my child”
feature. The parent can turn it on through the switch button and in response the heater
slices produce heat. When the child hugs Latif and listens to their parent’s voice at the
same time, they feel as if they are really hugging their parents.
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Finally, the parent can press the microphone button located at the bottom of the
interface to say something that may comfort their child, such as naming the light’s color in
the colors game or even asking the child to hug Latif. The recording stops when the parent
presses the black square below it and in response the speaker located at Latif’s head plays
the recorded voice, allowing the child to hear their parent’s voice.

3.3. Game Design and Development
3.3.1. Design Considerations for Developing Applications for Children

Developing applications differs according to the audience. Design principles for
young children are different from those for adults. When developing an application for
young children, the designer should take into consideration that it would improve the
children’s physical, socio-affective, and cognitive abilities [53]. Since children in our society
use various types of electronic devices such as computers, mobile phones, or tablets at a
very young age, it is important for developers to follow some guidelines regarding the
age-specifications of children.

When developing children’s applications, one of the important ethical issues entails
focusing on protecting the child’s privacy. This implies preventing access to children via
videos or reaching any other types of data that threaten them [54]. It is essential to create
a challenge in the game application developed for preschoolers that provides a sense of
winning when they play, allows them to experience pleasure and excitement as they interact
more with the game, and adds a sense of humor as the main part of the game [55]. To
address motivational mechanisms the satisfaction theory can be applied [56]. Table 5 shows
game design elements that address some psychological needs.

Table 5. Psychological needs and matched game design elements [56].

Psychological Need Mechanism Game Design Element
Need for competence Cumulative feedback Badges
S f rel T t
Need for social relatedness enSe of refevance cammates
Shared goal Meaningful stories

When designing applications for young children, it is essential to observe their satis-
faction with Arabic e-learning applications. These applications are preferred to be in Arial
font with a 30-point size and a full or 2/3 screen line length to make the reading task easier
and clearer. The whole page should be easy for them to understand. Correspondingly, most
Arab children prefer to listen to a female adult tutoring voice within applications [57,58].
Regarding characters inside game applications, young children, regardless of their gender,
prefer the bunny character. Similarly, in the story application children prefer animal charac-
ters [57]. Interestingly, children above three years old have the ability to understand and
recognize audio instructions and pictorial information [59]. Table 6 shows some guidelines
to be taken into account when designing children’s applications.

Table 6. Guidelines for designing children’s applications.

Category

Guidelines

Layout [58,60]

Use pictures without text to make it clear;

Include visually interesting elements;

Group elements of the same category in a similar style;

Make icons easy to collect;

Avoid putting buttons around the edges of the screen;

Use clear and explainable icons for children;

Use presentation elements that help children recognize and memorize faster;
Use animated graphics to draw the child’s attention.




Electronics 2023, 12, 3479

14 of 29

Table 6. Cont.

Category

Guidelines

Navigation [58,60]

Indicate to the user where they can go, how to get there, and how to return;
Make it as clear as possible;

Only include necessary navigations in the interface;

Allow direct access;

Make the main menu accessible from anywhere.

Colors [58]

Use colors that attract children’s attention.

Text [58]

For children who cannot read, use audio with text;
Use words that are frequently used by children.

Responsiveness [60]

Allow children to accidentally win in the first thirty seconds.

Games [60]

Support different play principles;

Develop games as stories to achieve game goals;
Enhance imagination;

Avoid developing boring tasks.

Interaction [58,60]

Introduce visual hinting options for children;

Instead of presenting error messages, provide an example of how to use it in a way that is suitable
for children;

Ensure it is in the same context as the problem;

Ensure it is clear.

3.3.2. Game Interfaces and Features

The game is a tablet game based on an interactive story about a young bear named
Latif. The game focuses on improving the child’s social, cognitive, and emotional abilities.
It comprises four stories, each presenting a challenge for the child to overcome and achieve
a sense of winning. The stories also incorporate principles such as a relaxation exercise,
emotion recognition, decision making, and social interaction. These techniques are based
on principles that are similar to those used in [61] which are recommended to be used as
cognitive behavioral therapy-informed intervention for children who have anxiety and
stress problems to prevent stress in children. Each story is narrated by a female voice. The
child’s successful completion of challenges results in Latif’s state changing from negative
emotions to happiness. The game ends with a confirmation that kindergarten is a place to
make new friends, learn new things, and play in the play yard for a long time.

Story 1: Latif Fears

The first story of the game, “Latif fears”, is designed to help young children overcome
their fear of separation from their parents. It presents Latif as it goes to kindergarten for
the first time without his parent, a situation that many children can relate to. The visual
progression of the ‘Latif fears’ story interface in the game, as shown in Figure 5, depicts the
different stages of Latif’s emotional state as it goes to kindergarten for the first time without
his parent. In Figure 5a, Latif is sad and misses his parent, highlighting the naturalness
of the child’s emotions. To help Latif overcome his fear, the game presents a challenge to
the child to do a relaxation exercise along with Latif. The child can press the breathing
button and do the exercise with Latif to achieve a sense of winning (see Figure 5b). When
completed successfully, Latif’s state changes from fear to happiness, fulfilling the principle
of emotion recognition (see Figure 5c).

This story achieves three principles, including the challenge principle, where the child
is motivated to complete a challenge to achieve a sense of winning; the relaxation exercise
principle, where the child is encouraged to do a relaxation exercise along with Latif; and
the emotion recognition principle, where the child can see how Latif’s state changes from
fear to happiness. These principles are designed to enhance the child’s social, cognitive,
and emotional abilities in a fun and interactive way while making the child feel understood
and supported.
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Figure 5. Visual progression of the ‘Latif fears’ story interface in the game. (a) Latif, the main
character, expresses sadness and longing for his parents, highlighting the child’s natural emotions.
(b) The game presents a challenge where the child can join Latif in a relaxation exercise by pressing
the breathing button, fostering a sense of achievement. (c) Successfully completing the exercise
transforms Latif from fear to happiness, demonstrating the game’s ability to recognize and positively
impact emotions.

Story 2: Latif Meets New Friends

The second story of the game, “Latif meets new friends”, presents Latif facing troubles
with other bears who steal his food, highlighting the fact that it is possible to face problems
with others. However, the story emphasizes that we can overcome such problems. Figure 6
depicts the different stages of Latif’s emotional state as it meets new friends. As shown in
Figure 6a, Latif is sad when his food is stolen. To help Latif overcome this situation, the
game gives the child the chance to experience decision making by presenting two options.
The first option is to leave Latif alone without doing anything while the second suggests
that Latif asks for help from his teacher, as depicted in Figure 6b.

If the child selects the first option (do not ask for help), the female voice in the
background confirms that seeking help from adults is necessary in such situations, as
shown in Figure 6c.

On the other hand, if the child selects the second option (ask help from the teacher),
Latif’s teacher comes and talks to the bears, telling them that stealing is wrong and asking
them to apologize. The bears express their regret and return Latif’s food, as shown in
Figure 6d. This element fulfills the principle of social interaction. As a result, Latif’s state
changes from sad to happy, as shown in Figure 6e.

The “Latif meets new friends” story achieves three principles, including the decision
making principle, where the child is given the opportunity to make a decision; the social
interaction principle, where the importance of seeking help from adults is emphasized; and
the emotion recognition principle, where the child can see how Latif’s state changes from
sad to happy. These principles are designed to enhance the child’s social, cognitive, and
emotional abilities in a fun and interactive way while teaching them important life skills.
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(c) (d) (e)

Figure 6. Visual Progression of the ‘Latif meets new friends’ story interface in the game. (a) Latif is
depicted as sad when his food is stolen, highlighting the challenge he faces with other bears. (b) The
game offers the child two options to help Latif overcome the situation. One option is to leave Latif
alone, while the second option suggests asking for help from his teacher. (c) If the child chooses the
first option (not asking for help), a voice in the background emphasizes the importance of seeking
help from adults in such situations. (d) If the child chooses the second option (asking for help),
Latif’s teacher intervenes and speaks to the bears. (e) As a result of the teacher’s intervention, Latif’s
emotional state changes from sad to happy, illustrating the principle of emotion recognition.

Story 3: Latif Meets His Teacher

The third story, “Latif meets his teacher”, presents Latif as a student who is learning
something new for the first time and is feeling anxious. Latif is tense and unsure about his
answer, as shown in Figure 7a.To help Latif, the game presents a challenge to the child to
assist Latif in matching shapes correctly, as depicted in Figure 7b. When the child matches
the shapes correctly, the female voice in the background encourages the child and informs
them that they have passed. However, if the child matches the shapes incorrectly, the voice
asks the child to try again. Upon completion of all the shapes, Latif’s state changes from
anxiety to happiness, fulfilling the principle of emotion recognition.

(a) (b)

Figure 7. Visual progression of the ‘Latif meets his teacher’ story interface in the game. (a) Latif is
depicted as tense and unsure when learning something new, highlighting his anxiety as a student.
(b) The game presents a challenge to the child, where they are tasked with helping Latif match shapes
correctly. When the child successfully matches the shapes, a supportive voice confirms their success.
If the matches are incorrect, the voice encourages the child to try again.
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The “Latif meets his teacher” story achieves two principles, including the challenge
principle, where the child is motivated to complete a challenge to achieve a sense of
winning, and the emotion recognition principle, where the child can see how Latif’s state
changes from anxious to happy. These principles are designed to enhance the child’s
social, cognitive, and emotional abilities in a fun and interactive way while teaching them
problem-solving skills.

Story 4: Latif in the Play Yard

The fourth and final story of the game, “Latif in the play yard”, introduces the concept
that kindergarten is a place to have fun and make new friends. This story showcases
the play yard in the kindergarten where Latif plays every day. To make the story more
engaging, the game asks the child to play the color matching game with Latif and help him
win, as shown in Figure 8. This story is considered a challenge that the child must pass to
achieve a sense of winning.

Figure 8. Illustration of the color matching game in the “Latif in the play yard” story of the game
where the child is challenged to help Latif win the game to achieve a sense of winning.

Upon successfully matching all the colors, Latif becomes happy as it wins, fulfilling
the principle of emotion recognition.

The “Latif in the play yard” story achieves two principles, including the challenge
principle, where the child is motivated to complete a challenge to achieve a sense of
winning, and the emotion recognition principle, where the child can see how Latif’s state
changes from neutral to happy.

Overall, the game interfaces are designed to engage young children in a fun and
interactive way while enhancing their social, cognitive, and emotional abilities. The female
voice narration and the use of Latif as the main character help create a relatable and
enjoyable experience for the child. The game concludes with a positive message about the
joys of kindergarten and the opportunities to learn and play with new friends.

3.4. Experimental Study
3.4.1. Purpose

The objective of the experiment was to compare the effects of three states: the Latif
teddy bear huggable interface only, the game-based application only, and both the Latif
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teddy bear and the game. This comparison was aimed at verifying the validity of our idea
and determining which state elicited the best reaction from the child.

3.4.2. Recruitment

The experiment was conducted in 2021 during the first week of the study at Meem
hospitality center for children in the Riyadh region of Saudi Arabia on preschoolers. We
recruited 24 children for this study and to control for any potential biases we randomized
them into three focus groups with ages ranging from 3 to 5 years old. Each group consisted
of eight children. The participants included both male and female students.

To ensure ethical considerations were met, we obtained informed consent from the
parents or guardians of the participants before the study. The ethical approval was obtained
from the Research Ethical Committee in the KSU (King Saud University). The approval
reference numbers are KSU-HE-21-482 and KSU-HE-20-722.

In addition, we took necessary measures to ensure that the children felt comfortable
and safe throughout the experiment. We explained the purpose and procedures of the
study to the children in age-appropriate language and encouraged them to ask questions.
We also informed them that their participation was voluntary and that they could withdraw
from the study at any time.

3.4.3. Measures

To evaluate the effectiveness of the developed solutions in each of the three cases we
used three measures: the child’s emotional appearance, their heartbeat rate as a measure of
anxiety, and their overall condition before and after using the solutions.

We collected quantitative data for the first two measures, using numerical data ob-
tained from measuring the child’s heartbeat rate using the wearable sensor and the Likert
scale responses related to the child’s emotional state before and after the experiment. We
used quantitative data analysis methods to analyze these measures and determine if there
were any significant changes in the child’s emotional appearance and anxiety levels after
using the developed solutions.

For the third measure, we collected qualitative data using the descriptive code
method [62] to analyze the child’s condition before and after using the solutions. This
involved organizing the data, specifying related words in each sentence, and summarizing
them into one or two words which were coded. We used qualitative data analysis meth-
ods to analyze these measures and determine which state elicited the best reaction from
the child.

By using these three measures and quantitative and qualitative data analysis methods,
we were able to gather comprehensive data on the effectiveness of each state and make
informed decisions on the potential of our solution.

3.4.4. Experimental Procedure

The experimental procedure flow chart is shown in Figure 9 depicting the steps taken
during experiment.

Prior to the experiment, we took necessary measures to ensure that all participants and
their parents were well informed and gave their consent to participate. We documented
the study purpose and device idea and sent them to the children’s parents along with an
information sheet. After the parent had read and understood the purpose and procedures
of the study, we asked them to sign a consent form to allow their children to participate.

In addition, we sent a pre-questionnaire to the parents to collect initial informa-
tion about their children and to gauge their beliefs about the research problem. The
pre-questionnaire contained general questions in short and simple sentences about their
children’s adaptability to kindergarten. By analyzing the responses, we could determine
whether the children were facing any difficulties during their first days in kindergarten.
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Figure 9. Experimental procedure flow chart depicting the steps taken during experiment.



Electronics 2023, 12, 3479

20 of 29

During the experiment, each child wore a wearable sensor, namely an Apple watch,
due to its FDA approval [63]. We recorded their measures to determine their anxiety levels
while using the developed solutions. This same procedure had been used in a previous
study by another researcher to measure children’s anxiety levels while playing a game that
aimed to reduce media-induced anxiety [43].

Based on the experiment states, we divided the children into three focus groups.
Children in focus group 1 used the Latif teddy bear only while children in focus group
2 used a game-based application. The children in focus group 3 used both the huggable
interface and the game-based application. We identified the children’s states according
to our observations of their emotional appearance, condition, and effects before and after
the experiment. Table 7 provides a detailed description of the focus groups used in the
experiment. Each child used each solution only once for a maximum of 10-15 min as
children tend to lose attention when spending further time than this [43]. Finally, we
recorded the child’s measures before and after the experiment.

Table 7. Description of the focus groups used in the experiment including the ages of the children,
the number of participants in each group, and the technology used.

Focus Group 1 Focus Group 2 Focus Group 3
Ages 3-5 years 3-5 years 3-5 years
Number 8 8 8
Both the Latif huggable
Technology used Latif huggable interface. Game-based application. interface and game-based
application.

The experiment room (as shown in Figure 10) included the Latif huggable interface,
the hardware connection needed to run it, an Apple watch that acts as a wearable sensor
that the children wear during the experiment, a tablet to run the developed game for the
children in focus group 2 and 3, a paper to record the observer’s notes about the children
during the experiment, a laptop, and a chair placed in front of Latif where the child was to
be seated.

Figure 10. Experimental room setting, depicting the setup used during the experiment with preschool-
ers, including the huggable interface and game-based application.
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In focus group 1, the children used the Latif huggable interface. The experiment
started when the child listened to their parent’s voice through the speaker located at Latif’s
head. The voice mentioned the child’s name along with some words that the child usually
hears from their parent. Then, the parent used the microphone in the app to ask the child
to hug Latif while, at the same time, they turned on the (_{al- ora>—hug my child) button

through the switch button. Finally, the parent named a color (red, green, or blue) using the
microphone in the app while they turned on the light with the specified color.

In focus group 2, the children used the game-based application. The experiment
started when the child started playing using the tablet.

In focus group 3, the children used both solutions with the same steps that were used
in focus groups 1 and 2.

In all focus groups, the children wore Apple watches to start recording their heartbeat
rates. The observer recorded the child’s rates three times: before the experiment started,
during it, and after it along with the child’s emotional appearance.

After the experiment, we conducted a post-questionnaire to evaluate the effectiveness
of all the states. We asked kindergarten teachers to fill out the questionnaire which was
based on some principles of the separation anxiety assessment scale-child and parent
versions (SAAS-C/P). The SAAS-C/P is a tool used to assess separation anxiety symptoms
in children, such as the fear of being alone and fear of abandonment [64].

The post-questionnaire was designed to gather information about the children’s behav-
ior and emotional responses during the experiment. The questionnaire was administered to
the kindergarten teachers because they had observed the children’s behavior over a more
extended period and could provide more detailed feedback than the parents.

4. Analysis and Results

During the experiment, various data regarding the participants were recorded and
documented including their age, number, emotional appearance, condition before and after
the experiment, heartbeat rate, and the effects of technology on them.

4.1. Pre-Questionnaire Analysis

The pre-questionnaire was filled out by the parents and the responses were analyzed
using Google Forms. The responses to questions about the children’s reactions to staying
with relatives without their parents and their adaptation to kindergarten were varied. In
particular, a large percentage of parents expressed anxiety about their children’s adaptation
to kindergarten, with 50% responding “strongly yes” to this question.

The most important question in the pre-questionnaire was related to the parents’
perspective on leaving their children in a situation without proper preparation which could
cause problems for the children and make them refuse to go to kindergarten. A significant
majority of parents, 69.2%, responded “strongly yes” to this question, highlighting the
importance of preparing children for such situations.

These pre-questionnaire results confirm the research problem and suggest that the situ-
ation in which a child leaves their parent for the first time should be taken into consideration
due to the consequent problems for both the children and their parents.

4.2. Measure 1: Child Emotional Appearance

The child’s emotional appearance was documented by the researchers before and after
the experiment for all focus groups. The emotions were classified as happy, normal, or
sad and were denoted by the numbers 3, 2, and 1, respectively. It is important to note
that these emotions were subjective and were based on the researcher’s observation and
interpretation of the child’s behavior and facial expressions.

The child’s emotions before and after the experiment for all focus groups were recorded
and visualized in a scatter diagram, as shown in Figure 11.
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Figure 11. Scatter diagram showing Measure 1: the child’s emotional appearance in focus groups
1,2, and 3 before and after the experiment. (a) In focus group 1, six children improved emotionally
with the Latif huggable interface, while child number 4 and child number 7 showed no change.
(b) In focus group 2, three children (numbers 1, 5, and 7) improved emotionally with the developed
game, while others showed no change. Child number 3 was already happy before the experiment.
(c) In focus group 3, six children (numbers 1, 2, 5, 6, 7, and 8) improved emotionally with both the
Latif huggable interface and the developed game. Child number 4 stayed happy, and child number 3
changed from normal to sad.

In focus group 1, the participants used the Latif huggable interface during the exper-
iment. The scatter diagram (Figure 11a) showed that there was a positive effect on six
children as their emotional state improved after using the huggable interface. However,
there was no change in the emotional state of child number 4, who was classified as normal,
and child number 7, who was classified as sad.

In focus group 2, the participants used the developed game during the experiment.
The scatter diagram (Figure 11b) showed that there was a positive effect on three children
with the numbers 1, 5, and 7 as their emotional state improved after using the game.
However, there was no change in the emotional state of children with the numbers 2, 4, 6,
and 8. Children with the numbers 2 and 8 were sad without any changes while children
with the numbers 4 and 6 were normal without changes. The child with number 3 was
already happy before the experiment.

In focus group 3, the participants used both the Latif huggable interface and the
developed game during the experiment. The scatter diagram (Figure 11c) showed that
there was a positive effect on six children with the numbers 1, 2, 5, 6, 7, and 8 as their
emotional state improved after using the Latif huggable interface and the developed game.
However, there was no change in the emotional state of the child with number 4 as they
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were already happy before the experiment. Additionally, the child with number 3 was
normal before the experiment but became sad after the experiment.

4.3. Measure 2: Child Heartbeat Rate

As previously mentioned, the heartbeat rate was used to measure the children’s anxiety
level during the experiment. The heartbeat rate was recorded before, during, and after
the experiment for each child in all focus groups. It is important to note that the heartbeat
rate is a physiological measure of anxiety and may not always correlate with the child’s
emotional appearance.

The child’s heartbeat rates before, during, and after the experiment for all focus groups
were recorded and visualized in a scatter diagram, as shown in Figure 12.
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Figure 12. Scatter diagram showing Measure 2: the child heartbeat rate in focus groups 1, 2, and
3 before, during, and after the experiment. (a) In focus group 1, some children showed a gradual
decrease in heartbeat rates (2, 5, 6, 8), while others showed no noticeable change (1, 3, 4, 7). (b) In
focus group 2, some children had a decreased heartbeat rate (5, 8), while others showed an increase
(4, 6, 7). No clear change was observed for children (1, 2, 3). (c¢) In focus group 3, most children
experienced a gradual decrease in heartbeat rates, except for one child (1) where no clear change

was observed.

In focus group 1, the participants used the Latif huggable interface during the experi-
ment. The scatter diagram (Figure 12a) showed that the heartbeat rates of children with
numbers 2, 5, 6, and 8 gradually decreased during the experiment. The heartbeat of child
number 1 decreased at the end of the experiment but not gradually. However, there was no
noticeable change in the heartbeat rates of children with numbers 3, 4, and 7.

In focus group 2, the participants used the developed game during the experiment.
The scatter diagram (Figure 12b) showed that the heartbeat rate decreased in children with
numbers 5 and 8 only. The heartbeats of children with numbers 4, 6, and 7 increased at
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the end of the experiment. However, there was no clear noticeable change in the heartbeat
rates of children with numbers 1, 2, and 3.

In focus group 3, the participants used both the Latif huggable interface and the
developed game during the experiment. The scatter diagram (Figure 12c) showed that the
heartbeat rates gradually decreased for all children except for child number 1 where no
clear change was noticed in the heartbeat rate.

4.4. Measure 3: Child Condition before the Experiment and the Effects on the Child after
the Experiment:

The descriptive code method was used to analyze the child’s condition before the
experiment and the solution’s effect on the child after the experiment as these were qualita-
tive data. However, for the first measure, which is the child’s emotion before and after the
experiment, and the second measure, which is the child’s heartbeat rate, no further analysis
was needed as these were quantitative data.

Based on our observations of the children’s conditions before the experiment and the
keywords specified during the analysis, we denoted three main states for the child: attached
to their parent, less attached, and adapted to the kindergarten. Additionally, based on the
keywords specified during the analysis of the effects on children after the experiment, we
denoted three types of effects: positive, no effect, and negative. It is important to note that
these codes were mixed for 24 children and not related to only one child. The children in
all focus groups were classified according to these two dimensions: condition and effect.

Figure 13 provides a visual representation of the number of children in each condition
before the experiment (Figure 13a—c) and the number of children in each type of effect after
the experiment (Figure 13d—f) for all focus groups. The conditions before the experiment
were classified based on the child’s attachment to their parent, their level of attachment,
and their adaptation to the kindergarten. The effects after the experiment were classified as
positive, no effect, or negative based on the keywords specified during the analysis of the
notes recorded about the children during the experiment.
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Figure 13. Bar chart showing the number of children in each condition before the experiment for all
focus groups (a—c) and the number of children in each type of effect after the experiment (d—f).

These measures provided valuable qualitative data that complemented the quantita-
tive measures of the child’s emotion and heartbeat rate. The combination of quantitative
and qualitative data allowed for a more comprehensive understanding of the children’s
emotional state and their response to the suggested solutions.
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5. Discussion
5.1. Principal Findings

The results presented above indicate the significant effects of the solutions on the
children in each group. Our research focused on making a comparison between three
types of solutions. Therefore, we compared the three focus groups based on the results
obtained, which included children’s emotional appearance before and after the experiment,
children’s heartbeat rate before and after the experiment, and children’s condition before
the experiment along with the effects on the child after the experiment to see which state
had the most effects on children’s adaptation.

The results showed that focus group 1, who used the Latif huggable interface, and
focus group 3, who used both the Latif huggable interface and the developed game, had
the best emotional change across all groups. There was a positive effect of emotion in focus
group 1 on six children and in focus group 3 on six children. The least positive effect was in
focus group 2 who used the developed game only, where the positive change was observed
in three children only. One child was already happy before the experiment.

Furthermore, there was a significant gradual decrease in children’s heartbeat rates in
focus group 3 which was observed in all the participating children except for one child.
The decrease in focus group 1 was observed in five children while the least decrease was
in focus group 2 where it was observed in two children only. However, the heartbeat rate
increased in the other three children in focus group 2.

Moreover, although four children in focus group 3 were considered attached to their
parents and two were considered less attached with some anxiety, the positive effect after
the experiment was observed in seven children except for one child who had a negative
effect. This may be because the child was the youngest participant (three years and one
month) and faced more difficulties than the other participants. In focus group 1, six children
were considered attached to their parents and one child was less attached and experienced
some anxiety. The positive effect was observed in six children. The least positive effect was
observed in focus group 2 where it was observed in four children only.

Based on these observations, we can deduce that our solutions have a positive impact
on children’s adaptation. The best results were achieved when we used the Latif huggable
interface with the game followed by using the Latif huggable interface only and then
using the game only. This boost in results in focus group 3 can be explained through the
combination of the Latif huggable interface, which already had a positive impact, with the
game, which needed support from another solution.

The results of our study are consistent with previous research that has shown the
potential of using huggable interfaces and game-based applications in improving children’s
emotional and social development. For example, the study in [36] found that haptic
technologies can be effective at easing anxiety and should be explored further to capture
the nuances of different modalities in relation to specific situations and trait characteristics.
Similarly, some studies have shown the positive impact of certain technologies on children’s
adaptation and anxiety levels. For instance, a study by [65] found that playing back the
recorded maternal voice had a positive impact on comforting children undergoing bilateral
ophthalmic surgery. The children who listened to their parent’s voice showed a significantly
low incidence of emergence agitation compared to those who wore headphones without
auditory stimuli. Another study by [66] examined the effects of playing prosocial touch-
screen applications on preschool children’s subsequent prosocial behavior. The study
suggests that touch-screen applications may contribute to fostering prosocial behavior in
early childhood.

However, our study extends previous research by investigating the effectiveness of
combining huggable interfaces and game-based applications in a kindergarten setting. The
results suggest that this combination can lead to better outcomes in terms of children’s
emotional state and adaptation to the kindergarten environment.
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5.2. Limitations and Future Directions

Despite these promising findings, our study has several limitations. Firstly, the sample
size was relatively small which limits the generalizability of the results. Second, the study
was conducted in a specific setting and with a specific population which may limit the
applicability of the findings to other contexts. A third limitation of our study was the use
of the heartbeat rate to measure anxiety levels. Although there were consistent results
in most cases, we noticed some conflicts in the experiment results. It is possible that
there was another influencing factor on a child’s heartbeat rate, regardless of their anxiety.
Additionally, it is important to note that the heartbeat rate is a physiological measure of
anxiety and may not always correlate with the child’s emotional appearance. Furthermore,
emotional recordings are subjective and are based on the researcher’s observation and
interpretation of the child’s behavior and facial expressions, which may introduce potential
bias into the study. Finally, our study only measured short-term effects and additional
research is needed to investigate the long-term effects of these solutions.

However, our study provides valuable insights into the potential benefits of using hug-
gable interfaces and game-based applications in improving children’s emotional state and
adaptation to the kindergarten environment. Future research can address the limitations of
our study and investigate the long-term effects of these solutions in different contexts and
with larger and more diverse samples. It would also be interesting to explore the potential
moderating effects of other factors, such as age, gender, and cultural background, on the
effectiveness of these solutions.

In our future work, we plan to add more features to our developed solutions based on
the feedback we received from the study. For example, we aim to add emotional indication
features to the Latif huggable interface app that would enable the parent to check whether
their child is happy at a given time. Moreover, we aim to add more stories about Latif and
allow the child to give their feedback about each story in the developed game.

The practical implications of our study suggest that these solutions can provide an
innovative and engaging way to support children’s emotional and social development as
well as their adaptation to new environments. Furthermore, the potential benefits of these
solutions extend beyond the kindergarten setting and can be applied to other settings, such
as hospitals, where children can benefit from emotional and social support.

6. Conclusions

In this study, we investigated the effectiveness of using huggable interfaces and game-
based applications to improve children’s emotional state and adaptation to the kindergarten
environment. The results showed that using these solutions led to a greater decrease in
anxiety levels and a greater increase in attachment to parents among children who used
them compared to those who did not. In addition, the children who used the solution
showed better adaptation to the kindergarten environment compared to those who did not
use the solution.

Our study adds to the growing body of research demonstrating that huggable inter-
faces and game-based applications can provide innovative and engaging ways to support
children’s emotional and social development. By combining these solutions, we were able
to offer a more comprehensive approach addressing different dimensions of the child’s
emotional state.

In conclusion, our study suggests that the combination of huggable interfaces and
game-based applications can lead to better outcomes in terms of children’s emotional state
and adaptation to the kindergarten environment. Although the study has limitations, the
findings suggest the potential benefits of using these solutions in early childhood education.
Our study also highlights the importance of considering child-centered design principles
when developing solutions for young children.

We hope that our work will inspire the further development of innovative solutions
to support children’s wellbeing and their adaptation to the kindergarten environment.
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By providing effective solutions to help children adapt to kindergarten and overcome
separation anxiety, we can contribute to building a healthier and happier society.
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