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Abstract: Primary education after early childhood education is an important momentum in the education stage of a human
being, in this case, education at the grade 1 level of elementary school. Where the delivery of subject matter properly and
correctly at the early stages of this primary education will affect human education in the future. As well as the importance of
early education at the elementary level, mathematics is an important initial subject to be given properly and correctly, so that
the specter that says mathematics is a difficult subject is not true when a student in the early stages of basic education gets a
good and correct mathematics education. Moreover, The Covid19 pandemic period is one of the parameters of the difficulty
of knowledge transfer for students in the early stages of basic education, where physical meetings are not allowed to avoid
Covid19 transmission in the classroom. Therefore, integrated tutoring systems (ITS) are a knowledge transfer tool that can
help teachers, students, and parents in the delivery of subject matter, especially mathematics subjects which have a track
record of being a scourge, scary and difficult to learn. In this paper, a simple ITS specifically for tutoring mathematics
lessons for grade 1 elementary school students in Indonesia is tried to be implemented using the Unified Modeling
Languages (UML) tool as an object-oriented modeling tool. Use case diagrams are applied to describe business processes in
the ITS system that we built and use class diagrams modeled database table designs. Not to forget, the user interface (Ul)
from the results of the implementation prototype was displayed as a communication medium for users, both children, and
tutors, in using applications built using Personal Home Pages (PHP) and MySQL.

Keywords: Intelligent tutoring systems, math intelligent tutoring systems, interactive learning, math for elementary school,
math tutoring systems, mathematics intelligent tutoring systems.

1. Introduction

Humans as part of an almighty creation that was created in the image of their creator, are a creation that
was created from the very beginning to rule the earth and everything in it. As a noble creation who is
empowered to rule the earth and everything in it more wisely, it is important that humans master knowledge
by carrying out the teaching and learning process (Pai et al., 2020). The covid19 pandemic incident is
evidence of human greed by creating biological weapons that use pathogens, such as viruses, bacteria, or
disease-producing organisms to control other humans. In the end, it is because of human greed and
negligence that it becomes a weapon for the masters to eat, destroying the earth's ecosystem in a prolonged
manner, hitting all areas of human life such as education, economy, arts and culture, and others. Blaming
animals as the cause of the COVID-19 pandemic is evidence of human greed where animals, as almighty
creatures, are also victims. It took years for this earth to return to normal following the adaptation of the
earth and everything in itself as an omnipotent creation (Alkhatlan & Kalita, 2018).

Humans as noble creatures are created to learn and always learn so that the earth and everything in it can
be managed properly and wisely, even though many smart people are untrue and unwise. Therefore, teaching
and learning activities are always a crucial moment in human life, which starts from the earliest stages,
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namely at an early age or in kindergarten (Sette et al., 2016). However, at this stage of early childhood
education, most of this early childhood is more directed to play and socialize more so that they train their
motor activities and build communication with the surrounding environment. Basic education after early
childhood education is an important momentum in the education stage of a human being, so that when a
person experiences a good and appropriate early stage of basic education, the beginning of this basic
education will be good and pleasant for a human being to experience knowledge transfer experience as part
of education (Rus et al., 2015). On the other hand, if humans experience trauma and unpleasant events in the
early stages of basic education, then after that they can be sure that they will not get used to it and will not
enjoy the joys of getting an education. Of the many materials that must be given to students in the early
stages of basic education, in this case, grade 1 elementary school students, is a mathematics subject
(Chughtai et al., 2015).

In order to prepare great national leaders and prepare human resources who can compete with other
nations to become a developed Indonesian state, post Gen Z generation education must be prepared as early
as possible. Moreover, it is equipped with the use of technology as early as possible in learning something so
that they are familiar with the use of this technology. However, in Indonesia, education for post Gen Z
creation, which amounts to 10.88% of Indonesia’s total population of 270.20 million people, has not been
fully carried out by the government and mostly carried out by the private sector, which in this case differs in
the way of teaching and delivery (Jiménez et al., 2018).

The current condition of the world makes it almost impossible for many activities to be held normally, it
is because of the ongoing pandemic, caused by the Corona Virus in late 2019, up until now. Since the Virus
has continued to claim lives in many countries, it is risky and dangerous especially for the elder and children
with weak immunity. One of many activities hampered by this pandemic is of course teaching and learning
activities, where many places held them by online learning technique using video conference platforms such
as Zoom or Google Classroom (Kulik & Fletcher, 2016).

In an early learning environment, it is especially hard to provide a good learning experience, especially
without face-to-face contact with the students themselves, where a teacher can give an immense amount of
attention and observation to the students’ behavior (Malekzadeh et al., 2015). With this ability to tend to the
student directly almost entirely removed because of the online learning barrier, it will affect the process of
learning on each student. Because of this inconvenience, our group decided to write a research paper about
intelligent tutoring systems, specifically for Math subject, hence the research title “Learning Math for 1st
Grade Primary School Students using Intelligent Tutoring Systems”.

Math Intelligent Tutoring Sytems that we make will focus more on the 1%t Grade Primary School, because
they need teachers who can teach them basic mathematics learning, different from the upper class who can
begin to use their logic to start thinking about how to solve mathematics because they have learned the
basics of it before. Alongside video conference platforms for online learning by the teacher, students in 1%
Grade can use intelligent tutoring system tools for independent learning or as supplementary to the school
lesson (Mousavinasab et al., 2018). We can learn and compare the effectiveness of an intelligent tutoring
system with a traditional (peer-to-peer) tutoring system, and visualize the end product by creating the use
case diagram, class diagram, and the user interface of the product, which is a web-based intelligent tutoring
system.

2. Previous Research

The proposal for the idea of an intelligent guidance system that we designed is made web-based that
takes into account efficiency and effectiveness, which is based on previous research by Kulik et al., That
with controlled evaluation, the intelligent tutoring system is proven to be able to improve student
performance when stacked up against traditional classrooms. (Brawner & Gonzalez, 2016). Another factor is
effectiveness and efficiency and has also been described in research conducted by Almasri, A et al., That the
survey conducted from 2000 to 2018 produced major progress in the knowledge transfer process as part of
the teaching and learning process. In addition, the application of using various media can ultimately
contribute to education from all parties, be it, teachers, students, and parents, where the ITS implementation
process motivates students to learn independently and sustainably. Besides, previous research in 2017 was
carried out by Nour N AbuEloun and Samy S Abu Naser, where they created an intelligent math tutoring
system for selected students, showing efficient and positive results and great building the teaching and
learning community (Nye et al., 2018). Moreover, there are several works based on previous research, the
context of ITS, such as from another research, Bartelet et al studied the effectiveness of an ITS, and shows
that the tools improve the general skills of the student, but with the outcome needing more touch on the
guidance of the teacher to also motivate the student to learn (Bartelet et al., 2016).
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Meanwhile, research in the field of Intelligent Tutoring Systems (ITS) is a research that has been done a
lot where there were 1,740 published papers throughout the year if we do a search using google scholar with
a search for the term "intelligent tutoring system" (allintitle: "intelligent tutoring system") or (allintitle:
intelligent tutoring system) in the title of the paper (Abueloun & Naser, 2017). However, ITS in the field of
math or mathematics is still very rare where if you use google scholar a search is made on published papers
throughout the year which only search for math words and "intelligent tutoring system" in the title of the
paper (allintitle: Math "intelligent tutoring system”) or (allintitle: Math intelligent tutoring system) there
were only 6 published papers with the oldest paper in 1996 and for the search for the words "intelligent
tutoring system™ and mathematics in the title of the paper (allintitle: mathematics "intelligent tutoring
system™) or (allintitle: mathematics intelligent tutoring system) there were only 41 published papers with the
oldest paper in 1989 (Almasri & Ahmed, 2019). The next search was a search for the Indonesian language
published papers using the words “matematika” as a translation of mathematics in Indonesian and
"intelligent tutoring system" in the title of the paper on google scholar (allintitle: matematika intelligent
tutoring system) then the result was only 1 published paper in 2020 (Akkila et al., 2019).

In accordance with the description in the previous paragraph, the use of ITS for learning mathematics is
still very rare and this is an opportunity for this research to be carried out. The following are some of the
research that has been and is being carried out in the application of ITS for learning mathematics. Starting
from research conducted by Zhang et al. where ITS is used to help elementary and middle school students in
learning show amazing results where students who are equipped with ITS in learning mathematics have
satisfactory test scores compared to students who do not use ITS (Zhang & Jia, 2017).

In the research proposed by Mondragon et al, for learning mathematics, an experiment was carried out
comparing students who were divided into 2 groups with six students each using ITS and not using ITS and
the results showed that the selection of tutors was very important in supporting student success. in using ITS.
The assistance of a tutor, which in this case the teacher can represent is an added value where the role of the
teacher as a parent in the school is one of success, where sometimes students do not get the support and
attention of their biological parents because the parents are preoccupied with their duties. their job as parents
is to take care of the house and earn income and are ignorant of the world of education (Mondragon et al.,
2016).

Other previous research involving the use of a math-smart tutoring system was also carried out by
Bringula et al, by conducting experiments that were divided into two groups, where the experimental group
with access to an intelligent guidance application system called MathCal, and a group that did not use ITS
(Bringula et al., 2016). The results of this experiment concluded that the ITS used in the experiment to
improve overall student performance in problem-solving shows a positive and encouraging result which
supports and encourages students to be able to learn mathematics independently. Also, Walkington et al tried
to personalize mathematical problems by matching students' interests using the help of an intelligent
guidance system application. This experiment also utilizes selected students to solve several maths problems,
either normal problems or personal problems which are of course given as part of the level of education that
the student is taking. The results show that higher overall performance is seen in personalized problems,
which in turn can confirm the advantages of using an intelligent guidance system which essentially has a
major influence on students in understanding and studying mathematics (Walkington & Bernacki, 2019).

Furthermore, research conducted by Huang et al. shows that the use of the ITS application called ALEKS
(www.aleks.com) for learning mathematics for sixth-grade elementary school students in the USA is a big
stepping stone for the student that can be done after school hours and is an additional subject matter. This
study raises the use of ITS to improve understanding and learning mathematics by paying attention to three
parameters, namely race or ethnicity, gender, and socioeconomic status and the results show that there is
equality of results in terms of classes taught by teachers of different ethnicities and in this case gender and
status does not affect (Huang et al., 2016). Besides, the online guidance system that utilizes ITS to help
elementary school students in learning subjects has always been a scourge for students in every consultation
opportunity held by counseling teachers to elementary school students. This study uses data from 572
elementary school students and the data is processed using a statistical approach, namely the Principal
Component Analysis (PCA) method using thirteen variables compared to the results of a survey built on a
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scale of 1 to 5 to identify four components of motivation. namely mood, outcome, attitude. and declarative.
This study found that there is a good relationship between motivation and online guidance for mathematics
subject matter which is divided into three levels of approach in implementing ITS (Tywoniw et al., 2020).

3. Proposed Model

In our proposed model, we design to use a use case diagram shown in figure 1 as a representation of the
business processes displayed on the model and use a class diagram shown in figure 2 represented as a
relationship between classes where each class is represented as a database table. In addition, the User
Interface (Ul) shown between Figures 3 to 10 are displayed as a prototype display for communication
between the user and the application.

As seen in the use case diagram in Figure 1, there are three actors, namely users, tutors, and admins
including eight use case activities. Starting with the use case activity register where each user must register
before they can use the system, where they must enter user data such as user name, Name, phone number,
date of birth, gender, address, email, and password where these attributes can be seen in the user class as
seen in Figure 2. Figure 4 shows the User interface (UI) for the registration process. The login use case will
be used for users who have registered and can enter the system by entering their email address and password
where the Ul can be seen in figure 5. The system will check the stored database to check if the entered data
matches the saved login data. If they match, the user can log in to the system and if they don't match, the
system will give a warning indicating that the user does not have access to the system and also provides a
link if they forget their email address and password. In this case, only dealing with cases if they forget the
password while cases of forgetting the email address cannot be handled, wherein the case of forgetting the
email address they have to load a new account. In the link to forget login data such as email address and
password, the user must enter the registered email address and the system will send a link to update their
password. Then the user opens an email containing the contents to update the password and updates the
password which will be updated to the system.

MITS({Mathematics Intellegent Tutoring Systems)

Show Available
Tutors

Updaie Courses

A

)

i<<extends>> Admin

Figure 1. MITS Use case diagram

Tutor

In the next use case activity, namely use case "courses", the user can choose which math topic he wants
to study as seen in Ul Figure 6. For the record, the Ul in this paper is in Bahasa because this application is
implemented for elementary school students in Indonesia. Use case "do quiz" is a sub use case of use case
"course" which has a relation <<include>> which means "do quiz" must be done when working on use case
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"course". Figure 7 shows the Ul for an example of answering a quiz on one of the selected math subject
topics and where previously the user will have Figure 8 as a Ul with a choice of three types of problem-
solving options written in Bahasa "mudah”, "sedang"”, and "sulit" which means in English is “easy”,
“medium”, and “difficult”. Moreover, figure 9 shows an example of doing a quiz selection categorized as
easy or "mudah” in Bahasa.

Meanwhile, chat use cases are represented as communication between users and there are the possibility
of selecting a use case "show available tutors" where users can communicate with tutors who can be
represented by their teachers in the class. Communication between users and tutors can be represented by
parents of students who, in this case, want to get advice on math lessons for their children who are still in
grade 1 elementary school, where the ages of the children are between 6 and 7 years old. Figure 10 shows a
chat page that shows the conversation between parents and tutors that can be represented by elementary
school teachers for grade 1 students. Table chatting and ChatComm as seen in figure 2 as saving tables
database for this chatting purposes. Furthermore, the admin actor can carry out maintenance in matters
related to the continuity of this application and also has the task of updating the course by updating or
entering course content including quizzes for each course content.

Figure 2 shows a class diagram as a representation of the relationship between classes or class relations
where in this case there are 7 classes such as chatting, chatcomm, user, usercourse, courseQuiz, Quiz and
CourseLevel where each class is represented as a database table which means there are 7 database tables and
of course Figure 2 is shown as a database model diagram showing the relationships between tables database.
This class diagram is formed based on the processes represented by use case activities in the use case
diagram shown in Figure 1 whereas previously mentioned where the table or class user is a data storage
place in the use case activity process such as registration and login, and in addition to the classes or tables
chatting and ChatComm are used to store conversation communication data in chatting use case activities as
shown in figure 1.

Next, is the relationship between these classes in Figure 2 where the user class has a 1 to many
relationship with the chatting class, which means that each user in the user class can do many chats where
each chat comes from 1 user in the user class. Additionally, the user class has a 1 to many relationship to the
ChatComm class which means each user in the user class can have multiple chat replies in the ChatComm
class and each reply chat in the ChatComm class comes from 1 user in the user class. Furthermore, the
chatting class has a 1 to many relationship with the ChatComm class which means that each chat in the
chatting class can have multiple chat replies in the ChatComm class and each reply chats in the ChatComm
Class for 1 chat in the chatting class.

Hereinafter, the CourseLevel class is a representation table of the mathematics curriculum in the form of
a chapter or learning level for grade 1 elementary school students and the Quiz class is a representation of
multiple-choice questions for each chapter or level of learning the mathematics curriculum for grade 1 SD
contained in the class CourseLevel. Multiple choice questions are represented as attributes in the Quiz class
in Figure 2 where the “question” attribute is a multiple-choice question, while the “optionA”, “optionB”,
“optionC”, and “optionD” attributes are alternative answers to multiple-choice questions and the “answer”
attribute is the correct answer choice for attributes “optionA”, “optionB”, “optionC”, and “optionD”.
CourselLevel class has a 1 to many relationship with the Quiz class as shown in figure 2, which means that
each course level or chapter in the CourseLevel class has many multiple-choice questions in the Quiz class
and each multiple-choice question in the Quiz class is for 1 course level or chapter in the CourseLevel class.

Chatting User UserCourse CourseQuiz Quiz
*

Idchattin 1 1.*JidUserCourse 11 IdUserCourse | 1..* 1]idQuiz
Date_chat Date&time 1dQuiz Question
Comments TotQuizScore JAnswer OptionA
% Score OptionB
1 . OptionC
. OptionD

1. 1 1..*4Answer

Password

totalscore Courselevel

IdCourselevel 1
TitleCourseLevel
Information

Figure 2. MITS Class diagram

ChatComm
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Meanwhile, the UserCourse and CourseQuiz classes as shown in Figure 2 are for transactions carried
out by 1st-grade elementary school students in answering multiple-choice questions as a quiz, where this
grade 1 elementary school student is shown as a user actor and this transaction is shown as a use case
activity "do quiz" on the use case diagram in Figure 1. whilst the multiple-choice questions that will be done
by students of primary school class 1 are in the Quiz class in Figure 2. The UserCourse class is used to
record each time students work on a quiz question as shown as a "do quiz" use case activity in the use case
diagram in Figure 1 by answering multiple-choice questions and the CourseQuiz class records the "answer"
attribute of any answer for each multiple-choice question from The Quiz class and the "score" attribute will
be filled with a score of 1 if the "answer" attribute in the CourseQuiz class matches the "answer" attribute in
the Quiz class and will otherwise be filled with a score of 0 if the answer does not match.

The following is a description of the relationships between classes that are part of the "do quiz" use case
activity which is shown in the use case diagram in Figure 1 which uses the UserCourse and the CourseQuiz
classes. Starting from the UserCouse class which has a many to 1 relationship with the user and the
CourseLevel classes, which means that each doing quiz in the UserCourse class is carried out by only 1 user
as part of the user class and each doing quiz in the UserCourse class is part of 1 level or chapter of the course
in the CourseLevel class. Hereafter, 1 user in the user class can work on many quizzes recorded in the
UserCourse class, and 1 level or chapter of the course in the CourseLevel class can be carried out on many
quizzes recorded in the UserCourse class. Moreover, the UserCourse class has a 1 to many relationship with
the CourseQuiz class which means that every time doing a quiz in the UserCourse class has many answered
quizzes as stored in the CourseQuiz class and each quiz answer in the CourseQuiz class is for 1 doing a quiz
in the UserCourse class. Furthermore, the CourseQuiz class has many to 1 relationship with the Quiz class,
which means that every quiz answer in the CourseQuiz class is to answer 1 question from the Quiz class, and
1 question from the Quiz class can be answered in many quiz answers in the CourseQuiz class.

Next is the User Interface (Ul) as an implementation of the use case diagram in Figure 1, which uses a
database as seen in the class diagram in Figure 2, and the Ul in this paper is displayed in Bahasa because this
application was developed using Personal Home Pages ( PHP) and MySQL databases are used by grade 1
elementary school students in Indonesia as previously mentioned. Figure 3 shows the Ul main menu as the
landing page of the application and on the landing page of MITS, the user will be greeted with several
information, such as the headline of the MITS web application, the button to register now, navigation bar to
view various information about this application.

Pembelajaran pintar

Belajar matematika secara efektif

Daftar sekarang

Figure 3. MITS User Interface for Landing Page
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MITS

Daftar

Email

Konfirmasi
password

Daftar

Figure 4. MITS User Interface for Registration Page

Figure 4 shows the Ul menu for the registration process as seen in the use case diagram in Figure 1
where the data will be stored in the user table as shown in the class diagram in Figure 2. Moreover, figure 5
shows the Ul menu for the login process as seen as well in the use case diagram in Figure 1 where the data
will check the registered email address and password from the user table as shown in the class diagram in
Figure 2. Every time a user forgets their email address and password, they will be refused entry to the system
and must register a new one if they forget their email address and update their password every time they
forget their password. In addition, if the input data for the email address and password match the data
recorded in the user table as in the class diagram in Figure 2, the Ul display will change as in Figure 6 where
the user can select the math subject topic to be studied. Furthermore, on the course list page, as shown in
Figure 6, the user can see the mathematics subject topic choices for grade 1 elementary school students and
by clicking the "join™ button, the user selects the topic option for that math subject and the Ul menu page.
will change to something as shown in the Ul menu in figure 7 which is the Ul menu for a particular topic of
the selected math subject.

MITS

Masuk

Email

Figure 5. MITS User Interface for Login Page
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Dasar penjumlahan dan pengurangan
Tingkat Kelas 1 SD
Materi |

Ikut

Aplikasi penjumlahan dan pengurangan

dalam kehidupan sehari-hari

Materi 2
Tingkat Kelas 1 SD

Ikut

Figure 6. MITS User Interface for a Selected List Page of mathematics subject topics.

On the MITS single course page, as seen in figure 7, the user is greeted with video-based learning
materials for each level of the lesson, with a clean user interface and also a playlist for selecting other video
parts of video-based learning. Playlists and video-based learning content will be continuously updated
according to the latest curriculum to ensure that every 1st grader of this elementary school gets the latest
lessons and understanding of mathematics subjects. At the end of the shift in the learning page of the
selected mathematics topic as shown in Figure 7, there will be an option for users or grade 1 elementary
school students to choose to answer multiple-choice questions in order to test their mathematical skills at the
level or math topic being studied. The Ul menu for the multiple-choice questions has 3 categories as shown
in Figure 8 with the choice words in Bahasa such as "mudah”, "sedang", and "sulit" meaning easy, medium,
and difficult in English.

MITS

Matematika tingkat 1SD  Daftar video

Penjumiahan adalah ketika kita menambahkan 1 bagian ke
bagian lain, sesuai contoh berikut (bola):

1 bola 1 bola 2 bola

Figure 7. MITS User Interface for learning on one of the math subject topics.
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Quiz Category Page

MITS

Matematika tingkat 1 SD
Pilih tingkat kesusahan quiz:

MUDAH | SEDANG | SULIT

Figure 8. MITS User Interface for a choice of three different difficulty levels of the quiz to be
done.

After the user selects a category to work on math topic questions that suit their abilities, the Ul page
display will change to a Ul menu page for working on quiz questions as shown in Figure 9 wherein this case
what is shown in Figure 9 is the work of multiple-choice questions that have a level "mudah” or easy in
English. The process of working on questions as shown in Figure 9 will use a database table as shown in the
class diagram in Figure 2, namely the UserCourse table to store data such as iduser, date and time of
working on the quiz and the total score of the quiz score obtained and the level code of the level or the
chapter studied refers to the CourseLevel table. Each quiz question that is displayed will be taken from the
Quiz table which contains the following question and answers choices as multiple-choice questions and of
course, the multiple-choice questions displayed are limited to questions whose designation corresponds to
the level or chapter of the lesson being studied which refers to the CourseLevel table.

In addition, the CourseQuiz table will store each answer to each question answered by the user
according to the question restrictions that are following the level or chapter of the lesson being studied. If the
answer given by the user matches the answer in the Quiz table, the answer given by the user will have a
score of 1 and the reverse will have a score of 0 if the answer is not suitable. The total of the assessment
score from the activity of doing the questions for the specific level or chapter of the topic of this
mathematics subject will be stored in the TotQuizScore attribute in the UserCourse table. Besides, the
totalscore attribute in the user table will also be updated with the total score obtained.

MITS

Matematika tingkat 1SD
Tingkat kesusahan: mudah

865 x 96

+

Figure 9. MITS User Interface for “mudah” or easy quiz examples of difficulty.
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MITS

Matematika tingkat 1 SD  paftar video
Diskusi

Silakan ajukan pertanyaan jika masin dirasa kurang
memahami materit

Permisi kak, anak saya masih kesulitan memahami
bagion pengurangan. Apakch ada saran kok? Terima
kasih!

Bisa ! Seporti
menggunakan ilustrasi barang, mungkin bisa dicoba
lain kail.. semoga bermantaat!

Figure 10. MITS User Interface for Chatting Page.

Lastly, figure 10 shows the Ul menu for the chatting process as seen in the use case diagram in Figure 1
where the data will be stored in the Chatting and ChatComm tables as shown in the class diagram in Figure
2. This chatting process is used by parents when they are going to ask about the difficulties faced by their
children who are still in grade 1 SD when learning a topic of this math lesson. Student representation is
represented by parents of students because grade 1 elementary school students are still aged between 6 or 7
years, so they need to be represented for discussions either with other parents or with the teacher who is the
real tutor for math topics for 1st-grade student of this elementary school.

4. Conclusion

The use of ITS for mathematics learning is expected to encourage interest in learning mathematics for
grade 1 elementary school students, especially during the COVID19 pandemic where class meetings are not
possible. Also, the use of ITS after the pandemic period has passed will strengthen and sharpen the ability of
teachers in learning mathematics and especially for the 1st-grade students of elementary school and likewise
parents who always pay attention to the education of their children. For future development, IT must be
equipped with artificial intelligence (Al) technology such as the use of essay scoring which makes it easy to
assess essay answers automatically. Besides, it is necessary that unstructured data on chat conversations need
to be screened to find out what topics are often discussed by discussions between parents or between parents
and teachers.
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