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Every day we see an increasing tendency to use technology in education. In recent years, the impact of technology on the education
process has received much attention. One of the important effects of technology is that it increases children’s motivation and self-
confidence and increases group collaboration. The purpose of this paper is to transform the traditional classroom into a modern
classroom in order to increase the ease and efficiency of the teaching process. The method includes phases of diagnosis and
improvement. In the diagnose phase, the classroom is equipped with modern items such as Internet of Things (IoT) and game-
based learning. In the improvement phase, the field method is used to extract and weight the effective criteria in improving the
educational status. The proposed method has been tested on two English language kindergartens. The children tested were in the
age group of 8 to 10 years. In the implementation of the proposed educational method in the first English language kindergarten,
the average improvement of education and learning of children has almost doubled, which has been maintained by doubling the
number of children tested in the implementation of the proposed educational method in the second English language kin-

dergarten. As a result, the proposed educational method can increase the learning performance of children.

1. Introduction

Childhood is one of the influential periods in human life.
Childhood has a great impact on adulthood. During this
time, the foundation of a healthy and prosperous life can be
laid and many future problems can be prevented. Therefore,
attention to children is essential [1-5]. Education is one of
the basic principles of life. In the world, a person cannot be
found not owing his or her basic and sophisticated per-
formance to learning. Education is a set of decisions and
actions that are taken to achieve specific goals [6, 7]. The
importance of childhood education is in two aspects: one is
the children’s effectiveness and the other the profound ef-
fects of learning during this period. There is a relationship
between intellectual growth and initial experiences of
children. Benjamin Bloom believes that about 50% of the
growth of intelligence is from birth to age 4, about 30%

between ages 4 and 8, and the remaining 20% between 8 and
17 years of age, which shows to pay special attention to
childhood [8]. Therefore, addressing the issue of the child,
especially the aspect of child education, is very necessary.

We live in a modern world of technology where tech-
nology directly or indirectly affects the daily life of every
person. Research has shown that technology can enhance
children’s learning [9, 10]. There are several reasons for
using technology in teaching and learning [11]:

(1) One of the main reasons is that learners are inter-
ested in using technology and feel comfortable with
these devices. They are more interested in using
technology to learn.

(2) The technology employs four components of
learning: active participation, teamwork, frequent
feedback, and interaction with real-world experts.
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(3) Provides learners with professional opportunities.

(4) Technology has made it easier for teachers. They can
specify course materials, submit automated online
quizzes, and save time. Class management is easier
and more efficient.

(5) Technology provides an opportunity beyond the
classroom. Learners can use the resources available
on the Internet.

(6) This technology helps learners do their homework
using online systems. They can browse lesson videos
and view other related resources.

(7) This helps save resources and money. Technology
can make teachers more efficient.

The purpose of this study is to transform the traditional
classroom into a modern classroom in order to increase the
ease and efficiency of the teaching process and thus improve
children’s learning performance. To this end, the classroom
is equipped with IoT and game-based learning. These types
of classes are implemented as an element of the IoT in the
learning process instead of traditional learning. The method
involves three phases of diagnosis, improvement, and
evaluation. The questions of this research include the
following:

(1) Can using IoT in game-based learning increase
children’s motivation and learning rate?

(2) Is it possible to extract and analyze children’s
communication and education network using IoT in
game-based learning?

(3) Do IoT and game-based learning scenarios increase
cooperation and communication between children
in the learning process?

(4) Can the criteria presented based on each child’s
situation lead to an improvement in the learning
process?

In the continuation of this paper, the items used in the
proposed educational method, including IoT, selective
dissemination of information (SDI), multiple attribute
decision-making (MADM) such as interpretive structural
modeling (ISM) and analytical hierarchy process (AHP),
complex networks, centrality measures, and game-based
learning, are briefly explained. In the next section, related
works and their challenges are described. Then, the pro-
posed educational method of training will be discussed
with three phases of diagnosis, improvement, and evalu-
ation. Then, the proposed method of teaching children is
implemented and tested on a number of children, and the
results are presented. Finally, the conclusions are
explained.

2. Theoretical Framework

In this section, the items used in the proposed educational
method, including IoT, SDI, MADM, complex networks,
centrality measures, and game-based learning, are briefly
described.
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2.1.IoT. IoT is one of the new technologies that can help in
information gathering and management. It was the term
coined by Ashton in 1999. In IoT, other entities besides
humans can connect to the Internet. Entities and objects will
be able to automatically communicate and exchange needed
data [12]. With IoT, all objects are interconnected that can be
controlled and managed with the help of apps [13]. In fact,
IoT is a new concept in the world of technology and
communications that, as a modern technology, enables the
transmission of data over communication networks for
anything [14-16]. IoT has many applications in various fields
and sciences, including education, smart city, smart farming,
transportation, health, and energy [17-19]. In this study,
objects are items such as educational cards and smartphones
that children use to create connections between objects
based on the communication and education they have.
Figure 1 shows an example of the use of IoT in this study on
the subject of child education. According to Figure 1, the
objects are educational cards, smartphones, and laptops.
During the educational game, children scan the educational
cards using a smartphone, and the information from the
educational game is sent to the laptop. According to the
information obtained, the educator manages the children in
order to improve their educational status.

Another example is the study of de la Guia. He has
introduced a game in the study of e-books for children in the
IoT environment. Puppet characters have been used to
motivate children to read the book. Objects are smartphones
and puppet characters. By bringing his/her favorite character
closer to the smartphone, in each part of the story of the
book, the child can determine the continuation of the story
with his/her favorite character. As shown in Figure 2, fic-
tional characters can be defined on objects such as toys (with
an NFC chip) or other NFC cards such as a subway card.

As another example, Figure 3 shows a child interacting
with an owl robot in the IoT environment to enhance
language skills. The objects used are owl robots and shapes
(prints or three-dimensional objects). The child hears the
name of the shape as he/she approaches it to the owl robot.
This helps the child to learn language skills.

2.2. Game-Based Learning. The game is an activity that the
child does willingly. The reason for this is it arises from inner
tendencies. When done, it makes the child happy. Here are
some important features to consider:

(i) The game is innate.
(ii) The game depends on the needs, talents, and abil-
ities of the player.
(iii) Playingis a physical, mental, and verbal activity with
imagination, thinking, and imitation.

(iv) The game is fun and entertaining.

According to these characteristics, play is not only a
matter of wasting excess energy, wasting time, and pre-
venting congestion but also has many important effects on
the well-being of children and the development of children’s
thinking, imagination, accuracy, and creativity [22].
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FIGURE 2: An example of presenting a game in the study of e-books for children in the IoT environment [20].

One of the most popular teaching methods is game-  game-based learning allows students to engage with edu-
based learning. Game-based training is an educational  cational materials in a playful and dynamic way. Game-
game that uses game elements to learn a specific skill or ~ based learning is not just creating games for students to
reach a specific output [23]. Educational games are sug-  play, it is designing learning activities that can incre-
gested to increase motivation and thereby improve learning ~ mentally introduce concepts and guide users towards an
processes [24]. The motivational psychology involved in  end goal [25].



FIGURE 3: An example of a child interacting with an owl robot to
enhance language skills in the IoT environment [21].

2.3. SDI. SDI is a form of presenting and transmitting in-
formation, using the search, and sending information re-
quired by each user individually, regularly, and continuously
[26]. Users identify topics of interest, and new information
related to each user’s interest is sent separately. The field of
new information is usually characterized by words and
terms. This is usually done regularly and at specified in-
tervals. In general, the purpose of SDI is to provide, organize,
select, and disseminate information to individuals and or-
ganizations on a regular basis according to their pre-
determined needs. The SDI system always keeps a person
informed of new developments in his or her field. The SDI
system is an information service and an information item,
but it is not like a newspaper or magazine to provide ev-
eryone with the same information and equality. The list of
information for each individual is distinct and personalized.
Whatever is sent to anyone depends on their interests and
needs. Understanding the interests and needs of users and
providing relevant, up-to-date, and timely information to
meet their needs are the requirements of information dis-
semination [27]. O’Neil provides two main reasons for
addressing information services [28]:

(1) Increasing information: information is growing ex-
ponentially, and users’ time to search for their needs
and interests is very limited. The information service
solves this problem.

(2) Increasing specialization in all disciplines of
knowledge leads to information on a subject being
available from multiple sources. Information in a
source may also be sporadic. The information service
helps to capture and aggregate them into a single
form.

SDIinput is keywords. In this study and in the discussion
of education, the key words are the educational status of
children.

2.4. MADM. MADM techniques are widely used in many
different fields. The reason for this is the ability and capa-
bility of these methods to model real issues and make them
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simple and understandable for most users. In making these
decisions, several criteria may be used instead of one.
MADM has a variety of decision-making techniques [29]. In
this study, attributes are effective criteria in improving the
learning and educational status of children.

24.1. AHP. One of the most efficient decision-making
techniques is the AHP first introduced by Thomas L. Saaty in
1980. This technique was proposed for modeling the deci-
sion process, based on pairwise comparisons, allowing
managers to examine different scenarios. AHP can be ap-
plied to a variety of industrial, commercial, financial, and
political applications, and so on [29]. AHP has also been
used in education. Anggrainingsih, for example, uses AHP
to determine the success factor of e-learning in higher ed-
ucation based on the user’s perspective [30]. Effective criteria
in improving children’s educational and learning status are
weighed through AHP to identify criteria with higher
priority.

2.4.2. ISM. ISM analyzes the relationship between the cri-
teria at several different levels. ISM is able to determine the
relationship between criteria that are individually or in-
group interdependent. The ISM technique steps are iden-
tifying the variables related to the problem, filling out the
questionnaire and forming the structural self-interaction
matrix (SSIM), forming the primary reachability matrix,
forming the final reachability matrix, surface segmentation,
modeling, penetration power analysis, and the degree of
dependency [29]. The ISM technique is used to identify
which criteria in the education process can be effective in
improving other criteria.

2.5. Complex Networks and Centrality Measures. A complex
network is a set of entities (nodes) that are interconnected.
Complex network analysis is one of the most useful items in
examining the relationships between entities [31]. Centrality
measures are one of the most important metrics in analyzing
complex networks. Centrality is the descriptive character-
istic of actors or groups of actors with multiple structural
and parametric determinants for understanding and ana-
lyzing their roles in complex networks [32]. Centrality
measures are often used to identify powerful, influential, or
important actors [33]. The most widely accepted definition
of centrality was introduced by Freeman in the late 1970s.
Because of their location, they have better access to infor-
mation and a better opportunity to spread information. In
general, centrality is a concept used for network analysis and
has different types. Depending on the purpose and definition
of the problem, one or more centrality is used. The greater
the centrality of an entity, the higher the rank, the more the
communication, and the more favorable the position. The
centrality measures of different networks are based on
several indicators, the most important of which are degree
centrality, closeness centrality, betweenness centrality, page
rank centrality, and so on. Studying the structure of net-
works can help you make better decisions. In this study,
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complex networks and centrality measures have been used to
identify each child’s educational status and which children
can be effective in improving the process of educating other
children.

2.5.1. Degree Centrality. The degree centrality measure is
one of the network metrics or indicators that is useful in
analyzing the network structure and positions of entities
(nodes) in the network. The degree centrality refers to the
number of connections a node has in a network [34]. This
measure is related to the position of the nodes in a network
and is the number of direct relationships a node has to the
network. The degree centrality for each node in the network
is measured by counting the number of connections that a
node has in the network. In a network graph in this study,
nodes are children and links are relationships between
children, and degree centrality is calculated by counting the
number of connections each child has with other children.
The node with the highest degree is the central node in the
degree centrality measure [35]. Actors who have a higher
centrality have more opportunities and positions than other
actors. The absolute degree centrality of the node v; is ob-
tained by the following formula [36]:

¢p (i) = degree of vertex . (1)

The relative degree centrality of node v; can be calculated
by the following formula:

Cot =20 @

where #n — 1 is the largest possible degree of a network with n
nodes.

2.5.2. Closeness Centrality. In some cases, those nodes may
be of interest, located close to the other nodes of the network.
These nodes disseminate information in fewer steps on the
network. This type of centrality is called closeness centrality.
The closeness centrality of node v; can be calculated by the
following formula [36]:

n
Ci -
S )

where 7 is the number of network nodes and d;; is the
shortest distance between node v; and node v;.

3. Related Works

In this section, research and related works done in the use of
modern technologies to enhance the child’s learning (by
increasing the motivation of the child to learn and increase
the ease of learning of the child) are discussed. The purpose
of this section is to examine the research conducted on the
use of technology in the educational process in order to
identify the scientific gap that exists in this field.

Abdi and Cavus have created an affordable, sustainable,
and safe educational toy for prekindergarten children be-
tween the ages of 4 and 5 for teaching English language as a

second language in developing countries. This toy is made
with Raspberry Pi and uses RFID technology [37].

Higgins et al. explore the impact of digital technologies
on children’s learning. The purpose of this study is to
provide some evidence on the impact of digital technologies
on academic achievement. The purpose of this study is to
identify the future investment implications of using digital
technology for learning in schools [38].

Safar et al. discuss the effectiveness of using augmented
reality applications as a teaching and learning item when
instructing kindergarten children the English alphabet in the
State of Kuwait. The study concludes with relevant proposals
and recommendations regarding the implementation of AR
technology in education [39].

Sadiq et al. created an educational application that can be
run on a mobile phone based on the principles of user
interface design using voice recognition engines to convert
text into speech, which will help children learn English
language [40].

Uzelac et al. have extracted the parameters that influence
students’ focus during lectures using IoT. The main purpose
is to identify the parameters that significantly influence the
students’ focus of lectures. Several parameters have been
measured in a real classroom environment using inexpen-
sive smart devices. The study is based on data collected from
14 lectures attended by 197 students. After the experiments,
5 parameters that had significant effect were finally extracted
[41].

Manches et al. have designed three questions about IoT
and children. Research shows how digitizing objects such as
toys can influence children’s attitudes and behavior and thus
educate children and affect children’s daily activities [42].

Zhamanov et al. combine IoT with gaming. They state
that it is difficult today to motivate students with traditional
ways. In this article, the authors examine the classroom
equipped with modern items such as IoT and gaming. They
implement these types of classes as an element of IoT for the
learning process rather than traditional learning. The au-
thors compare the IoT-equipped classroom with the tra-
ditional methods. The results show that the modern
classroom method is better than the traditional classroom
with a difference of approximately 20% increase in average
attendance, laboratory work, tests, midterm exams, and final
exams [43].

Spyrou et al. use IoT in the game. A learning goal is set,
and the way to achieve it is divided into several tasks, called
learning atoms, that are realized as serious games. The user
impact status is constantly monitored by devices such as
cameras and microphones. A learning goal, for example,
counting, is considered. The learning goal is broken down
into several learning atoms. For example, in the learning
objective of counting, it is divided into learning atoms larger
or smaller in numbers, and so on. Then, a learning game is
designed for each of the learning atoms. The level of the
game is commensurate with the level of learning and user
status [44].

Tangworakitthaworn et al. deal with the game-based
learning system for plant monitoring based on IoT tech-
nology. A new approach, synchronization between the three



main components of real plant care, game-based learning,
and IoT technology, is discussed. A game-based learning
system has been introduced, and empirical investigations of
satisfaction with the use of suggested games in practical use
have been reported. The innovation of this proposed game is
that players must complete the level of play by taking care of
the actual plant. There are three key components, namely,
game-based learning, plant monitoring, and IoT technology,
that work together to achieve game results [45].

de la Guia et al. present an e-book for children. Doll
characters have been used to increase children’s motivation to
read books. By approaching each of their favorite characters
in each part of the story, the children can determine the
continuation of the story with their favorite character [20].

Li et al. examine the use of games to teach serious subjects
such as math to 7- to 8-year-old children. In this study, an
exploratory experiment is reported to examine how the
various interaction techniques (digital screen-touch interac-
tion vs. real-world tangible interaction) and the different
feedback mechanisms in mathematics education for children
are affected. Results show that diegetic feedback led to the
game being considered significantly more enjoyable, as well as
inducing greater feelings of competence and autonomy;
screen-touch interaction versus tangible interaction did not
change motivation directly nor did find interaction effects
between the presentation and interaction modes. After an-
alyzing the results, recommendations for increasing the
motivation of serious games for children are suggested [46].

de la Guia et al. explore the impact of using IoT to help
teachers strengthen social and classroom interactions. IoT-
based systems have been developed to improve motivation,
collaboration, and learning in schools. The system is made
up of three main components: the home screen (user in-
terface), which shows training tasks, activity, feedback, re-
sults, and so on; the wearable device; and the smart object
commonly used by NFC sensors. Also, in order to work with
the system for teaching English language, according to a
word that appeared on the home screen, students would
have to search for the relevant object right around the
classroom and place it near the wearable device to select it.
However, it is difficult for the teacher to control the class-
room. To improve the use of this system, new functions and
data for teachers have been provided to a web application.
The teacher can interact with the system and students
through a platform (smartphone, tablet, and laptop). Based
on student behavior, the teacher can immediately send a
message to control, increase participation and motivation,
and encourage cooperation among students. 40 students
aged 9-12 years, and 5 teachers participated in the study. The
study was conducted in two Spanish classrooms. The results
were very positive. 100% of students responded positively to
messages sent by teachers [47].

Lopez-Faican and Jaen evaluate the use of mobile-based
multiplayer games for primary school children. A game
scenario that can be used to improve communication skills
and emotional intelligence in children is evaluated. In this
research, two applications of this type of games are con-
sidered: (1) competition against the common game; (2) game
using mobile technology that creates a geographical scenario
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with unlimited physical space. The results show that both
modes of play create positive emotions such as enthusiasm,
pleasure, and curiosity in children. In addition, it has been
observed that joint play has a greater impact on emotional
affection, social interaction, and interest. In addition, it was
observed that the quality of communication in the partic-
ipatory mode is good in terms of various factors such as
maintaining mutual understanding, dialogue management,
information collection, reaching consensus, time manage-
ment, and interaction. In this study, several methods have
been proposed in the design of game time management,
competitive and participatory modes, dynamic 3D content,
and active learning [26]. The table in Appendix summarizes
the relevant research based on the researchers’ names, year
of publication, brief description, and results.

In the following, the challenges of related works as well
as proposed solutions to the challenges are presented as the
output of this research:

(i) Boring educational methods have been used in most
related works to educate the child. In childhood, the
most important interests of children are games,
which the child does with a tendency and lack of
boredom. The proposed educational method is to
use games (which are appealing to children) to teach
them.

(ii) In related works, effective criteria for children’s
education have not been extracted, and the edu-
cation of children has been taken into account re-
gardless of the criteria that affect them which was
not the expected performance. In the proposed
educational method, it is attempted to extract and
measure the criteria influencing children’s educa-
tion and the importance of each criterion through
MADM techniques.

(iii) Individual education is usually used in related works
and children’s pedagogy, and using other children
to motivate and learn from each other is not
intended, which is the case in the proposed edu-
cational method.

(iv) In related works, the child communication network
and the issue of networking (learning by using
influential children in the network or the so-called
charismatic to increase motivation) and the level of
education of other children have not been
addressed. In the proposed educational method, this
issue will be addressed by using complex networks
and centrality measures.

(v) Given the high volume of information and the dif-
ficulty in selecting the right information, the nec-
essary solutions and communication with parents
and child caregivers are not considered. This has been
considered using SDI in the proposed method.

4. Research Methodology

Today, it is difficult to motivate students with traditional
methods. The purpose of this paper is to transform the
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traditional classroom into a modern classroom in order to
increase the ease and efficiency of the teaching process and
thus improve children’s learning performance. The method
includes phases of diagnosis and improvement. In the di-
agnose phase, the classroom is equipped with modern items
such as IoT and game-based learning. These types of classes
are implemented as an element of the IoT in the learning
process instead of traditional learning. In the improvement
phase, the field method is used to extract and weight the
effective criteria in improving the educational status. The
techniques used are AHP and ISM. The data collection tool
in this phase is a questionnaire from experts. The proposed
method has been tested on two English language kinder-
gartens. The number of participants in the first English
language kindergarten is 3 children, and the number of
participants in the second English language kindergarten is 6
children. The children tested were in the age group of 8 to 10
years.

5. Proposed Educational Method

In this section, the proposed educational method, which
includes three phases of child status diagnosis, improve-
ment, and evaluation, is described. In order to increase the
attractiveness of the educational process for children, an
educational game is provided. The IoT has been used to
extract communication networks and training from edu-
cational games. Centrality measures have been used to
analyze networks and identify children’s educational status
in the phase of recognizing the proposed educational
method. In the phase of improving the educational situation
of children, MADM techniques have been used. SDI has
been used to inform about the child’s status, provide so-
lutions, and communicate with the child’s parents.

5.1. Proposed Educational Game. In this section, the steps of
the proposed game in the IoT environment are presented.
The steps of the proposed game are as follows:

(1) The division of educational materials into # sections
(where n is the number of children).

(2) The allocation of each educational section for a child.

(3) The division of each of the n sections into m com-
ponents to make it easier for the child to learn.

(4) Teaching the assigned section of each child to him/
her by the instructor.

(5) Two types of cards are provided for each child with
the following details:

(a) Identification card: this card contains the child’s
details such as the child’s name. Behind the
cards, there is the NFC tag or the child’s own QR
code.

(b) Educational card: the child-assigned section,
divided into m components, is written on edu-
cational cards with pictures (to enhance visual
style). There are m different cards of this type.
For example, in English language teaching,

educational materials can be animal vocabulary.
These words are divided into n sections where n
is the number of children. In the example
mentioned, the sections can be aquatic animals,
insects, and so on. Then, each section is divided
into m components. For example, the insect
section is divided into the words “ant” and “bee,”
which are written on the educational cards along
with the image. Behind the cards, there is the
NEC tag or the child’s own QR code.

(6) Children are asked to come together and teach ed-
ucational cards in accordance with the following
rules:

(a) When child i refers to child j, child i gives the
child identification card to child j and child j after
scanning the NFC tag or QR code (by NFC
reader or QR code reader that can be an NFC-
equipped smart bracelet or smartphone reader or
QR code) returns it to child i.

(b) Then, child i teaches the educational cards to
child j.

(c) If teaching is successful, child i will give that card
to child j and child j will return it to child i after
scanning the NFC tag or QR code.

(7) After a specified time, the game ends.

(8) After the game is over, the educational materials and
cards listed on each child’s training list are tested to
determine if the child has learned them correctly. If a
child has not been successful, that educational card
will be removed from the list of successful trainings.

(9) Children receive scores based on the number of
successful training taught to other children and the
number of training that has been successfully
learned.

Figure 4 shows how to divide educational materials into
sections and components and assign them to children (steps
1 to 5 of suggested play).

Through the sixth step of the game, a multilayer network
is formed. One layer is the children’s communication net-
work with each other and the other is the children’s edu-
cation network with each other. The nodes in both layers are
children. The links in the communication network represent
the communication of the children, and in the education
network, the children teach each other. The rules for forming
networks are as follows:

(i) Whenever child i refers to child j for teaching, a
directed link from child i to child j is drawn on the
communication network. Children’s references to
each other can be detected by scanning the NFC tag
or QR code on each child’s identification card.

(ii) Whenever child i successfully teaches child j, a
directional link from child i to the child trained, i.e.,
child j, is drawn to the education network.

(iii) When a child learns several trainings from another
child or teaches several trainings to another child,
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Educational
sections

I

FiGgure 4: Dividing educational materials

the education network link will receive weight on
the number of trainings.

(iv) Children are free to choose who to teach or from
whom to learn.

Figure 5 shows an example of the layers of the com-
munication and education networks from the proposed
training game. The nodes in both networks are children, and
the education network links are a subset of the communi-
cation network links.

5.2. The Technical Part of IoT in the Proposed Method. As
mentioned in the previous section, two types of introduction
cards and training cards have been prepared for the edu-
cational game. To implement the IoT system, the cards are
equipped with the NFC or QR code. Smart bracelets or
smartphones equipped with an NFC reader or QR reader
code are used for scanning. Figure 6 shows the technical
components of the IoT system for extracting the commu-
nication network and the education network from the ed-
ucational game.

As shown in Figure 6, NFC or QR code and wearable
devices for scanning them are the main components of the
IoT system used in the proposed game. Near-field com-
munication (NFC) is a set of standards in portable devices
that allows you to establish peer-to-peer radio communi-
cation, which results in the exchange of data by putting them
together or pasting them together. NFC is a means of
transmitting data over radio waves. From this point of view,
it is similar to WiFi and Bluetooth, but it is much faster than
Bluetooth and connects two devices by creating an electrical
circuit. The NFC data exchange frequency is 13.566 MHz.
NEFC has evolved from radio frequency identification (RFID)
and is compatible with most high-frequency RFID-related
standards. However, NFC is designed to be used only at close
range to prevent RFID from being turned on remotely.

——  Educational
cards
+
HELLO!
m Identification
..... s cards
...... ‘

into educational sections and cards.

Quick response code (QR) is a square code. Unlike NFC,
QR codes do not have any electrical components or do not
require special hardware technology. QR codes are the only
type of black and white code printed on paper that can be
scanned and decrypted using wearable devices such as
smartphones.

Wearable devices can be defined as a technology that
uses devices that can be placed on the human body.
Wearable technologies can be in the form of a smart bracelet,
watch, shoes, shirt, hat, necklace, glasses, and more. These
smart devices have sensors that collect raw data and can
analyze the collected data.

5.3.The Diagnostic Phase of the Child’s Status. In this section,
the status of children is diagnosed based on the analysis of
the communication network and education network from
the educational game. Complex network analysis and cen-
trality measures are used to identify important network
nodes (which are children) and to divide children into
different categories. The following labels can be considered
based on the analysis of the communication network:

(i) High input communications: these nodes which
have a high input degree of the communication
network are actually children who have been re-
ferred to by a large number of educators. Other
children have a great deal of interest in commu-
nicating with these children. These children are
called charismatic.

(ii) Low input communications: nodes that have a low
input degree centrality in the communication net-
work. In fact, there are very few children who go to
train them. These children may be malicious or lack
good social interaction and may not be interested in
other children.
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FiGUure 6: Technical components of the IoT system for extracting the communication network and the education network from the

educational game.

(iii) High output communications: nodes that have a
high output degree centrality in the communica-
tions network. In fact, children who have gone to
many children for teaching. These children com-
municate well with almost all children.

(iv) Low output communications: nodes that have a low
output degree centrality in the communications
network. In fact, children who have trouble com-
municating with other children.

The following labels can also be considered based on the
education network analysis:

(i) High teaching: nodes that have a high output degree
centrality in the education network. In fact, children
who have been able to teach many children suc-
cessfully. These children have a great ability to
educate and consider the criteria of education.

(ii) Low teaching: nodes with low output degree centrality
in the education network. In fact, children who have
failed to teach other children well Two states are
possible for this case. Children had low output com-
munication and therefore no teaching or the children
had no low output communication but were not
successful in teaching. This can be diagnosed by ex-
amining other categories in which the child is placed.

(iii) High learning: nodes that have a high input degree
centrality. In fact, children who have been able to
successfully learn from other children.

(iv) Low learning: nodes that have low input degree
centrality. There are two possible cases for this.
Children had low input communication in the
communication network and consequently low
learning occurred or the children had no low input
communication but were not successful in
learning.

Categories can be defined based on the combination of
labels (both labels on the same network and labels on two
different networks). Here are some of the most important
categories:

(1) High output communications, high teaching: these
children have both referred to many children for
teaching and have been successful in their teaching.

(2) High output communication, low teaching:
these children although have referred to many
children for teaching have not been successful in
teaching.

(3) High input communications, high learning: many
of the children have referred to teach them and they
have been successful in the learning process.

(4) High input communications, low learning: al-
though many have referred to teach these children,
they have had low learning. This shows that re-
gardless of the educator and the type of education
the learning of these children is low. For example,
they may have low focus and accuracy.
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(5) Low output communications, high input commu-
nications: although many have come to teach these
children, they have found it difficult to commu-
nicate with other children to teach their educational
cards.

(6) Low output communications, low input commu-
nications: these children have had difficulty com-
municating with other children whether for
teaching or learning.

(7) High output communications, high input com-
munications: these children have been successful in
social interaction and communication.

(8) High output communications, low input commu-
nications: these children had no difficulty in
communicating with other children for education,
but other children were reluctant to communicate
and educate.

(9) High teaching, high learning: these children have
been successful in both teaching and learning.

(10) High teaching, low learning: these children were
good educators but not good learners.

(11) Low teaching, high learning: these children were
not good educators, but they were good learners.

(12) Low teaching, low learning: these children have
been neither successful in teaching nor learning.

(13) Low output communications, low teaching: these
children have had difficulty in communicating with
other children for teaching, so they have failed in
teaching.

(14) Low input communications, low learning: because
few children have come to teach these children, little
has been learned.

Each child can be into one or more categories, which can
be used to determine the final status of the child based on the
categories of the child. For example, in the category of “low
teaching, low learning,” these children may have difficulty in
communicating and therefore no education. If these chil-
dren are also in the category of “low output communication,
low input communication,” this is true. Also, considering
other centrality such as closeness centrality in the com-
munication network, we can diagnose children who are able
to teach and disseminate information and educational
materials on the network more quickly and give them ed-
ucational sections that must be taught quickly.

5.4. Improvement Phase. This section outlines the strategies
needed to improve the child education process. In the
following, the solutions are expressed according to labels and
categories.

5.4.1. Categories including “High Teaching”. If we want to
teach a particular educational section to most children, it is
best to give it to these children. Because these children
interact with many children and are successful in teaching.

Mobile Information Systems

5.4.2. Categories including “High Input Communications”.
These children are charismatic because many tend to go to
them. Therefore, it is important to consider which other
categories these children fall into. If they were in the category
of “low output communication” or “low teaching,” com-
munication and teaching of these children should be
strengthened in order to educate a wide range of children.
How to improve teaching is described in detail in Section
5.4.4.

5.4.3. Categories including “Low Output Communications” or
“Low Input Communications”. These children’s communi-
cation skills need to be strengthened so they can learn or
teach educational materials.

5.4.4. Categories including “Low Teaching”. This section
deals with the improvement of children in the categories
including “low teaching.” The following can also be applied
to the early process of instructor-to-child teaching (teaching
of the educational section allocated to the child by the in-
structor). By studying articles, books, and queries from
experts, child teaching criteria were extracted. Criteria of the
child teaching process are as follows:

(1) Morality and respect
(2) Providing motivation and interest for learning
(3) Mastering the subject of teaching
(4) Patience
(5) Ability to transfer essential content
(6) Appearance decoration
(7) Using modern teaching tools and methods
(8) General knowledge of educational materials
(9) Assessment based on educational purpose
(10) Learner participation
(11) Learner satisfaction from the teacher
(12) The form and structure of the educational content
(13) Being objective
(14) In-game training
(15) Discipline
Then, a questionnaire was designed to find the effective
criteria, and experts were asked to determine the importance
of each of the criterion in the child teaching process. In
designing the questionnaire, linguistic variables were used
which were converted into five-scale Likert. It should be
noted that Cronbach’s alpha coefficient for the question-
naires of the importance of child teaching criteria was 0.788
which confirms its reliability. According to the experts’
opinion, the criteria above the weighted average were se-
lected as the effective criteria as shown in Figure 7.
Next, we used the ISM technique to investigate which
criteria may underlie other criteria and to investigate the
influence and dependence. Figure 8 shows the levels of

effectiveness criteria extracted in the child teaching process
based on the ISM technique.
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FIGURE 8: Levels of effective criteria extracted in the child teaching process based on the ISM technique.

Figure 9 shows the MICMAC diagram of effective cri-
teria of the child teaching process in the ISM model based on
the degree of dependency and influence.

The AHP technique was used to weight the effective
indicators extracted in the child teaching process. Table 1
and Figure 10 show the weight and priority of the criteria. It
should be noted that the inconsistency rate was 0.02301
which confirms the reliability of the AHP questionnaires
because it is less than 0.1.

As it can be seen from Table 1 and Figure 10, “in-game
training” has been ranked first for the child teaching process.
The next rankings are “providing motivation and interest for
learning,” “mastering the subject of teaching,” “morality and
respect,” “being objective,” “learner participation,” “general
knowledge of educational materials,” “learner satisfaction
from the teacher,” “patience,” and “assessment based on
educational purpose.”

» «

5.4.5. Categories including “Low Learning”. This section
deals with the improvement of children in the categories
including “low learning.” The following can also be applied
to the early process of instructor-to-child education. By
studying articles, books, and queries from experts, child
learning criteria were extracted. Criteria of a child’s learning
process include the following:

(1) Preparation and health of body and mind
(2) Purpose and motivation
(3) Past experiences

(4) Learning environment

(a) Acoustic and thermal relaxation, use of nature,
open spaces, and so on.
(b) Class arrangement (color and light)

(6) Practice

(7) Attention and focus

(8) Discipline

(9) Pay attention to learning style
(10) Intelligence

(a) Hormones
(b) Nutrition

(11) Bonus and rewards
(12) Parental participation
(13) Organization of contents

(14) Find the main theme of each topic

Then, a questionnaire was designed to find effective
criteria, and experts were asked to determine the importance
of each criterion in the child’s learning process. In designing
the questionnaire, linguistic variables were used which were
converted into five-scale Likert. It should be noted that
Cronbach’s alpha coeflicient for the questionnaires of the
importance of child learning criteria was 0.724 which
confirms its reliability. According to the experts’ opinion,
the criteria above the weighted average were selected as the
effective criteria as shown in Figure 11.

Next, we used the ISM technique to investigate which
criteria may underlie other criteria and to investigate the
degree of influence and dependence. Figure 12 shows the
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TaBLE 1: Weight and priority of effective criteria extracted in child teaching process based on the AHP technique.

Priority Criterion name Criterion weight
1 In-game training 0/18439
2 Providing motivation and interest for learning 0/13472
3 Mastering the subject of teaching 0/12615
4 Morality and respect 0/09784
5 Being objective 0/08697
6 Learner participation 0/08481
7 General knowledge of educational materials 0/08183
8 Learner satisfaction from the teacher 0/07968
9 Patience 0/0732
10 Assessment based on educational purpose 0/0504

In-game training

Providing motivation and interest for learning
Mastering the subject of teaching V
Morality and respect 7

Being objective

Learner participation V

General knowledge of educational materials V
Learner satisfaction from the teacher
Patience

Assessment based on educational purpose

0 0.02 0.04 0.06 0.08 01 0.12 0.14 016 018 0.2
m Criterion weight

FIGURE 10: Weight chart of the effective criteria extracted in the child teaching process based on the AHP technique.
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FIGURE 12: Levels of effective criteria extracted in the child learning process based on the ISM technique.

levels of effectiveness criteria extracted in the child learning
process based on the ISM technique.

Figure 13 shows the MICMAC diagram of the effective
criteria of the child’s learning process in the ISM model
based on the degree of dependency and influence.

The AHP technique was used to weight the effective
criteria extracted in the child’s learning process. Table 2 and
Figure 14 show the weight and priority of the criteria. It
should be noted that the inconsistency rate was 0.0229 which
confirms the reliability of the AHP questionnaires because it
is less than 0.1.

As it can be seen from Table 2 and Figure 14, for the
child’s learning process, the “purpose and motivation” has
been ranked first. The next rankings are “practice,” “prep-
aration and health of body and mind,” “attention and focus,”
“intelligence,” “parental participation,” “learning environ-
ment,” “pay attention to learning styles,” “past experiences,”
and “bonus and rewards.” Also, based on the “learning
environment” criterion, the subcriterion “acoustic and
thermal relaxation, use of nature, open spaces, and so on”
with a weight of 0.564 ranked first, and the subcriterion

“class arrangement (color and light)” with a weight of 0.436
ranks second.

5.4.6. Children with High Closeness Centrality in the Com-
munication Network. These children are able to teach and
disseminate information and educational materials more
quickly on the network, so that materials that must be taught
quickly can be allocated to them for teaching.

5.4.7. Using SDI System. One of the things that can help
improve the education process for children is the use of SDI.
In the SDI system, required documents and content are
entered as keywords, and the system notifies the user of the
matching documents using keywords and matching func-
tions. Therefore, depending on what labels the child receives
and in which category, the keywords to improve the child’s
educational performance can be selected and entered into
the SDI system. In addition to the guidelines outlined in this
study to improve the child’s educational process, articles,
books, etc., related to the child labels and category, will be
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FIGUre 13: MICMAC diagram of effective criteria of the child’s learning process in the ISM model.

TaBLE 2: Weight and priority of effective criteria extracted in the child learning process based on the AHP technique.
Priority Criterion name Criterion weight
1 Purpose and motivation 0/22504
2 Practice 0/11879
3 Preparation and health of body and mind 0/10942
4 Attention and focus 0/10274
5 Intelligence 0/08824
6 Parental participation 0/08151
7 Learning environment 0/07514
8 Pay attention to learning style 0/07282
9 Past experiences 0/07093
10 Bonus and rewards 0/05537
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FIGURE 14: Weight diagram of effective criteria extracted in the child learning process based on the AHP technique.
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sent to the caregiver. Keywords can be entered into the SDI
system in two ways:

(1) Manually: in this case, educators alert the child’s
status to his/her parents, and they select the key-
words and enter them into the SDI system according
to the child’s status.

(2) Automatically using IoT: in this case, the objects are
interconnected and do not require human inter-
vention. This way the labels and categories where the
child is placed are converted into keywords and sent
to the SDI system. The SDI system also sends
matching documents to child caregivers after
matching keywords with documents.

5.4.8. Parents and Their Impact on Children’s Education and
Performance. As stated in the proposed educational method
and previous sections, the diagnostic status of each child and
the most up-to-date strategies and content are sent to the
child’s parents. Also, in order to communicate properly,
parents should pay attention to the following points:

(1) Parents should have a friendly relationship with their
children so that they can implement the proposed
solutions with high efficiency.

(2) In order to improve the status of their child, parents
should keep the family environment away from any
conflicts and tensions.

(3) Parents should interact with mentors while using the
solutions provided and use their advice.

(4) Parents should be careful not to go to extremes in
applying the proposed solutions. The child’s activi-
ties during the week should be divided and given a
specific time for fun, watching TV, and doing
homework.

(5) Parents should try to reduce children’s fear of failing
to do what is suggested.

(6) In the modern world, parents are involved in many
different things, and they may not have enough time
to raise their children. It is important to note that
parents should not only pay attention to the duration
but also to the quality. Parents can make the most of
their time despite their small presence. That is, the
quality of communication is important.

5.5. Evaluation Phase. In this section, the methods of
evaluating children’s educational progress after the pro-
posed educational method and strategies are discussed. For
evaluation, the game is repeated, and the multilayer net-
works of communication and education are extracted. Two
local and general measures can then be used to measure
children’s educational progress as described below.

5.5.1. Local Measures. These measures are used to evaluate
the educational progress of each child separately. Suggested
measures are as follows:
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(1) Comparison of the input degree of each node (child)
from the initial communication network with the
input degree of that node from the secondary
communication network.

(2) Comparison of the output degree of each node
(child) from the initial communication network with
the output degree of that node from the secondary
communication network.

(3) Comparison of the input degree of each node (child)
from the initial education network with the input
degree of that node from the secondary education
network.

(4) Comparison of the output degree of each node
(child) from the initial education network with the
output degree of that node from the secondary ed-
ucation network.

(5) Comparison of the distance of input degrees of each
node (child) from the initial communication net-
work with the complete communication network.

(6) Comparison of the distance of output degrees of each
node (child) from the initial communication net-
work with the complete communication network.

(7) Comparison of the distance of input degrees of each
node (child) from the initial education network with
the complete education network.

(8) Comparison of the distance of output degrees of each
node (child) from the initial education network with
the complete education network.

5.5.2. General Measures. This measure is used to evaluate
the level of educational improvement of all children. Sug-
gested measures are as follows:

(1) Comparison of the average degrees of the initial
communication network with the average degrees of
the secondary communication network.

(2) Comparison of the average degrees of the initial
education network with the average degrees of the
secondary education network.

(3) Comparison of the distance between the average
degrees of the initial communication network with
the average degrees of the complete network.

(4) Comparison of the distance between the average
degrees of the initial education network with the
average degrees of the complete network.

5.6. Diagram of the Proposed Educational Method. In Fig-
ure 15, the diagram of the proposed method is plotted.
Rectangles are inputs and outputs, and processes are written
in front of them.

6. Implementation and Testing of the Proposed
Educational Method

This section tests the proposed educational method in two
English language kindergartens. The number of children
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FIGUure 15: Diagram of the proposed educational method.

tested in the first English language kindergarten was 3
(n=3), and the number of children tested in the second
English language kindergarten was 6 (n=6). In total, the
proposed educational method has been tested on 9 chil-
dren. According to reference [48], this number has been
approved. Also, all necessary permissions have been ob-
tained from parents and the responsible person of the
kindergarten. The children ranged in age from 8 to 10 years.
In consultation with the instructor, two topics were new to
the selected children for the experiment. Topics were
planets and fruits.

According to the game-based learning, the educational
game was designed. The educational game was such that
each child was taught an English word by the instructor and
assigned to the child (m =1). The children had to refer to
each other and teach their English word to other children.
Children received points based on words they had suc-
cessfully taught or learned. Also, in order to identify the
children’s communication network, another card was
considered as an identification card. Figure 16 shows the
identification and educational cards.

IoT was used to extract the communication and edu-
cation networks. The identification and educational cards
were equipped with a QR code for each child. Each child
scanned the QR code of the identification card when re-
ferring to other children to teach English words. Also, if he
was able to successfully teach his word to another child, he
would scan the QR code of that child’s educational card.
Figure 17 shows an example of a QR code scan of the cards.

Figure 18 shows part of the educational play between
children in the first and second English language
kindergartens.

From scanning QR codes and identification and edu-
cational cards, communication and education networks
were formed. Figure 19 shows an example of a system output

matrix related to the network resulting from the educational
game.

Complex networks and centrality measures were used to
analyze the communication and education networks from
the educational game. The child’s status was determined
based on the number of communications each child had
with the other children and the number of words the child
was able to teach successfully.

MADM techniques including ISM and AHP which were
mentioned in the proposed educational method were used to
provide solutions based on the status of each child. At the
end, the educational game was performed again after pre-
senting the solutions. The communication and education
networks obtained from the first and second experiments
were compared in order to evaluate the improvement of the
children’s educational status.

7. Results

In this section, the improvements of the proposed educa-
tional method are discussed. Figure 20(a) shows the com-
munication network from the results of the first experiment,
and Figure 20(b) shows the education network from the
results of the first experiment in the first English language
kindergarten.

Because the number of nodes in the communication
network is 3, each node can have a maximum of 2 input links
and 2 output links. According to the proposed educational
method, nodes with less than half of the total number of input
and output links are designated as low-communication
children for teaching and learning. According to Figure 20(a),
a child with low communication was not identified. In the
education network, nodes that have at least half the maximum
number of input links can be identified as weak learners.
According to Figure 20(b), child 1 is identified as a weak
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FIGURE 16: Identification and educational cards for testing.

FIGURE 17: Example of scanning QR codes of cards.

learner (due to the number of input links less than 1). Also, in
the education network, nodes with less than half the maxi-
mum possible number of output links are designated as a
weak educator. According to Figure 20(b), child 2 was
identified as a weak educator (due to the number of output
links less than 1).

After analyzing the communication network and the
education network obtained from the first experiment and
using the solutions, the second experiment was performed
with the second topic. Figure 21(a) shows the communi-
cation network from the results of the second experiment,
and Figure 21(b) shows the education network from the
results of the second experiment in the first English language
kindergarten.

Table 3 compares the performance of each child and
their evaluation (according to the local and general

evaluation measures expressed in the previous sections)
based on the results of the first and second experiments.

Figure 22 shows the child performance diagrams in the
education network from the first and second experiments in
the first English language kindergarten.

As can be seen in Figure 22, child learning rate 1 and
child teaching rate 2 increased in the second experiment
compared to the first experiment.

The proposed educational method was also tested on
another English language kindergarten with 6 children.
Figure 23(a) shows the communication network from the
results of the first experiment, and Figure 23(b) shows the
education network from the results of the first experiment.

Then, these networks are analyzed, and the solutions
described are discussed. For example, according to
Figure 23(a), child 1 had low communication with other
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FiGure 20: (a) Communication network from experiment 1; (b) education network from experiment 1.

children (he did not go to teach other children and only two
children referred him for teaching) resulting in low edu-
cation for this child. This child was placed in the category of
low input and output communication and tried to improve
his communication skills. Child 4 has referred to all children
to teach, and all children except child 1 have turned to him to

teach. This child was placed in the high input and output
communication category and was identified as a charismatic
child. But this child, according to Figure 23(b), has not been
very successful in the teaching and learning process, despite
having high referrals. Therefore, due to the charisma of this
child, it was tried to reinforce his teaching and learning skills
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FiGure 21: (a) Communication network from experiment 2; (b) education network from experiment 2.

TasLE 3: Children’s performance in the first and second experiments in the first English language kindergarten using local and general
measures.

Experiment number Type of measure Child Number of words learned Number of words taught
Child 1 0 1
Experiment 1 Local measure Child 2 1 0
rperimen Child 3 1 1
General measure Average for all children 0.66 0.66
Child 1 1 1
Experiment 2 Local measure Child 2 1 2
P Child 3 2 1
General measure Average for all children 1.33 1.33
25 25
2 2
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FiGgure 22: Child performance diagrams in the education network from experiments 1 and 2 in the first English language kindergarten. (a)
Number of words learned. (b) Number of words taught.

129777
GBS @

(a) (b)

F1Gure 23: (a) Communication network derived from the first experiment; (b) education network derived from the first experiment.
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F1GURE 24: (a) Communication network derived from the second experiment; (b) education network derived from the second experiment.

TaBLE 4: Evaluation of children’s performance in experiments 1 and 2 in the second English language kindergarten using local and general

measures.
Experiment Type of Child Number of input Number of output Number of Number of
number measure communications communications words learned ~ words taught
Child 1 2 0 0 0
Child 2 3 2 2 1
Local Child 3 3 4 2 1
Experiment 1 measure Child 4 4 5 1 2
Child 5 3 3 0 1
Child 6 3 4 3 3
General Average for all 3 3 133 133
measure children
Child 1 5 5 2 5
Child 2 5 5 4 1
Local Child 3 5 5 4 1
Experiment 2 measure Child 4 5 5 2 3
Child 5 5 5 2 4
Child 6 5 5 3 3
General Average for all 5 5 583 283
measure children

so that his referrals to others and those referring to him
could be effective in teaching more vocabulary. Also,
according to Figure 23(b), child 6 had better learning. We
tried to identify the criteria that helped him in the learning
process and reinforce it in other children.

After analyzing the communication and education
networks obtained from the first experiment and applying
the strategies, the second experiment was conducted with
the second subject. Figure 24(a) shows the communication
network from the results of the second experiment, and
Figure 24(b) shows the education network from the results
of the second experiment.

Table 4 compares the performance of each child and
their evaluation based on the results of the first and second
experiments.

Figure 25 shows the results of the child performance
diagrams in the communication and education networks
obtained from the first and second experiments.

As can be seen from Table 4 and Figure 25, we can
observe a good improvement of children in the teaching and

learning process. Also, as can be seen in Table 3, in the
implementation of the proposed educational method in the
first English language kindergarten, the rate of improvement
of education and learning of children according to the
general measure has almost doubled (from 0.66 to 1.33),
which is proportional to the doubling of the number of
children tested in the implementation of the proposed ed-
ucational method in the second English language kinder-
garten, which has also been maintained (from 1.33 to 2.83),
which can be seen in Table 4. Therefore, we can expect the
compatibility of the results of the proposed educational
method for different populations. Table 5 shows the per-
centage of children’s learning in the first and second ex-
periments in the first and second English language
kindergartens.

Other advantages of the proposed educational method
include the following:

(1) Games are attractive for children, so using games to
teach children can be very effective and useful. It is
difficult for the teacher to control the children,
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F1Gure 25: Child performance diagrams in the communication and education networks from experiments 1 and 2 in the second English
language kindergarten. (a) Number of input communications. (b) Number of output communications. (c¢) Number of words learned. (d)

Number of words taught.

TaBLE 5: Percentage of children’s learning in the first and second experiments in the first and second English language kindergartens.

Study Experiment number Vocabulary gains (%)
. . Experiment 1 33
Proposed method, English language kindergarten 1 Experiment 2 66.5
. . Experiment 1 26.6
Proposed method, English language kindergarten 2 Experiment 2 56.6

TaBLE 6: Related work summaries based on researchers’ name, year of publication, brief description, and results.

Name of researchers Ye.ar O.f Brief description Results
publication

The results show that both modes of play create
positive emotions such as enthusiasm, pleasure,
This study evaluates the use of mobile-based  and curiosity in children. It has been observed
multiplayer games for primary school children. In that joint play has a greater impact on emotional

this research, two applications of this type of affection, social interaction, and interest. In

Lépez-Faican 2020 games are considered: (1) competition against the  addition, it was observed that the quality of

common game; (2) game using mobile technology
that creates a geographical scenario with
unlimited physical space.

communication in the participatory mode is
good in terms of various factors such as
maintaining mutual understanding, dialogue
management, information collection, reaching
consensus, time management, and interaction.
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TaBLE 6: Continued.
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Name of researchers Ye_ar O.f Brief description Results
publication
This study examines the creation of an affordable, . .
sustainable, and safe educational toy for d;fl;eeloﬁréjl?fs Sinttgz :lli’i}{)lsil?(‘)z g:;t at:lZn
Abdi 2019 prekindergarten children between the ages of 4 ducati p 1t Yf Kind ten children t
and 5 for teaching English language as a second ¢ uci 10na1. (})1Yl or prefundergar erticl raren to
language in developing countries. teach English language as a second language.
Creating an educational application that can be The c:}}:lnmons tha groutp of chgldrzn shlowezii that
run on a mobile phone based on the principles of i ety Welr:e tippy © u_ste eb eve.gﬁi t th
Sadiq 2019 user interface design using voice recognition ap pbl.Ta 10n.l‘ ur erm}?re, ld can be sal ah. ¢
engines to convert text to speech, which will help mobt ei'aﬁp 1cat1fon ac 1le ved its aims 1nhteach e
children learn English language. Eng 197 a8 a fofeigh Jafguage and.t at.t ¢
application is suitable as an educational item.
Results show that diegetic feedback led to the
In this paper, an exploratory experiment is .gamlfl being cl?nsifle(ried.signiﬁcantlz rFore ¢
reported to examine the impact of different CIOYabIe, as we as incucing g?reater e lngis ©
Li 2019 interaction techniques and different feedback . competence and autonomy; screen-touc
mechanisms in mathematics education for Interaction versus j[angﬁ.)le interaction did not
children. change motivation directly nor did find
interaction effects between the presentation and
interaction modes.
The modern classroom method is better than the
The study looked at the combination of IoT and traditional classroom with a difference of
Zhamanov 2018 gaming and examined a classroom equipped with approximately 20% increase in average
modern items such as IoT and gaming. attendance, lab work, tests, midterm exams, and
final exams.
In this research, the use of IoT in the game is
discussed. A learning goal is set, and the path to
Spyrou 2018 that goal is divided into several tasks called Increasing learning motivation
learning atoms, which are designed for each
game.
In this research, a game-based learning system for Increasing the motivation to learn and care for
Tangworakitthaworn 2018 plant monitoring based on IoT technology has i 1
been designed. plants
It enables teachers to gain a deeper insight into
their classroom. The teacher can interact with
It discusses the impact of using IoT to help  the system and students in real time. Based on
de la Guia 2018 teachers strengthen social interactions and student behavior, the teacher can immediately
classroom interactions. send a message to control, increase participation
and motivation, and encourage cooperation
among students.
This experimental research study scrutinized the Verv strone linear correlation between
effectiveness of using augmented reality childreyn’s intgraction with English alphabet
Safar 2016 applications as a teaching and learning item when lesson and their scores in the Ei lish 5 habet
instructing kindergarten children in the English . - U apnabe
alphabet in the State of Kuwait test of children using these applications.
The parameters that affect the students’ focus Aft.er .the experiments, 5 parar{leters that had a
Uzelac 2015 during the lecture are extracted using IoT significant effect on students’ concentration
' were finally extracted.
T questons e e desged o et DU ey s o o
Manches 2015 and children. This study examines these questions . S s
according to the ToT. educate children anfi 'al.cfect children’s daily
activities.
An e-book for children is presented. Doll
de la Guia 2014 characters have been used to increase children’s Increasing the motivation to read books
motivation to read books.
First, an overview of extensive research on the
impact of technology on learning to determine the (i) Technology sharing (in pairs or small groups)
rationale for the value of this information is is usually more effective than individual use.
provided. The next section examines evidence (ii) Technology can be used as a centralized
Higgins 2012 from research analysis of the impact of digital intervention to improve learning.

technology. The other part looks at the process of

using digital technology and learning in the UK
and the international world to provide more
context for the necessary recommendations.

(iii) Technology should be used as a supplement
to conventional education rather than as a
substitute.
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especially in games, due to their high mobility. Using
the IoT technology discussed in the proposed edu-
cational method, it is possible to extract the com-
munication network and the education network
from the educational game automatically and
without the need for teacher control.

(2) In traditional methods, the network of communi-
cation and education of children is not extracted and
analyzed. In the proposed educational method, using
the knowledge of complex networks and centrality
measures, different status of children has been
identified in order to strengthen their learning
process. More importantly, this analysis can be done
in real time while extracting networks through IoT
technology, which can help the teacher identify the
status of children in the shortest possible time, es-
pecially in high-node networks.

(3) In traditional methods, identifying the most up-to-date
content and strategies to improve a child’s diagnosed
status is either not done or will take a long time. In the
proposed educational method, using SDI, the teacher
and parents will get the most up-to-date information
and strategies to improve their child’s diagnosed status
in the shortest possible time. Also, in the proposed
method, using SDI, it is possible to choose how to
access this information (using social networks, e-mail,
and mobile phone), the number of contents and
documents, the author of the content, the time of
publishing the content, etc., for parents and teachers
which will increase the ease and efficiency that did not
exist in traditional methods.

(4) In the proposed educational method, all steps from
identifying the children’s status, providing solutions
and evaluation, are done automatically and in the
shortest possible time, which will increase ease, ac-
curacy, and efficiency, which was not possible with
traditional methods.

8. Discussion

The results showed that the proposed educational method
can improve children’s communication in the educational
process. By improving communication, children can help
each other in the learning process. This is child-to-child
education. In traditional methods, there is only instructor-
to-child education, and child-to-child education is not
considered. The data obtained in this study showed that the
proposed method has improved the education process by
considering child-to-child education. Also, according to the
research questions and the results of Tables 3 and 4, the
proposed solutions using MADM techniques have been able
to improve the educational status of children. In the pro-
posed method, the condition of each child is diagnosed
separately, and solutions are provided in accordance with
the condition of each child, which is not considered in
traditional methods. Also, according to the results of Table 5,
the proposed educational method has been able to double
the rate of children’s learning, which is maintained by
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doubling the number of children tested. According to the
purpose of the research, in the proposed educational
method, the art and creativity of combining games that are
attractive to children with technologies such as IoT were
used to increase children’s motivation and participation in
the learning process and thus improve the learning process.
The results confirmed the realization of this goal.

9. Conclusion

This paper presents a method for educating children. The
proposed educational method utilized technologies and
items such as SDI, complex networks and centrality
measures, MADM, and games in the IoT environment.
Each of these items was explained first. Then, the proposed
educational method was expressed in three phases of di-
agnosis, improvement, and evaluation. In related works,
only one of the phases is usually considered, but in the
proposed educational method, all three phases are con-
sidered. In the proposed educational method, IoT was used
to extract the children’s communication network and
education. These networks were then analyzed using
centrality measures, and the children were categorized into
different categories that reported their status. MADM
techniques were used to provide solutions for some cate-
gories. The child’s learning styles were also addressed in
providing strategies. In the evaluation phase, local and
general measures were defined for evaluation. The pro-
posed educational method was tested in 2 experiments and
on a total of 9 children. The results showed that the pro-
posed educational method was able to improve children’s
learning. The most important reasons for this are the
combination of technology in educational games in order
to extract the network of communication and education of
children using IoT technology, provide the best solutions
using SDI, etc., and in general, to automate the steps from
identifying each child’s educational status to providing the
most up-to-date strategies related to each child’s diagnosed
status.

In this study, the educational game was designed so that
each child should teach the other children. It was not
considered to divide the children into groups and that each
group would teach the children of the other group. This
restriction did not allow the use of other network measures
such as betweenness centrality and page rank centrality.
Considering group games and using other measures of
centrality in the analysis of the resulting networks can be
considered as future work.

Appendix

(1) Table of related works based on researchers’ names,
year of publication, brief description, and results
(Table 6).

(2) The data for this paper are available at the following
link:

https://www.4shared.com/zip/VQm8_xWRiq/Data.
html.


https://www.4shared.com/zip/VQm8_xWRiq/Data.html
https://www.4shared.com/zip/VQm8_xWRiq/Data.html
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