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ABSTRACT

Mathematics is a discipline with a strong systemic structure, and learning deficits in previous stages have a great influence on the
next stages of learning. Therefore, it is necessary to frequently check whether students have learned well and to provide immediate
feedback, and for this purpose, intelligent tutoring system(ITS) can be used in math education. For this reason, it is necessary to
reveal how the intelligent tutoring system is effective in personalized adaptive learing. The purpose of this study is to investigate
the functions and applications of intelligent tutoring system for personalized adaptive learning in mathematics. To achieve this
goal, literature reviews and surveys with students were applied to derive implications. Based on the literature reviews, the functions
of intelligent tutoring system for personalized adaptive learning were derived. They can be broadly divided into diagnosis and
evaluation, analysis and prediction, and feedback and content delivery. The learning and lesson plans were designed by them and
it was applied to fifth graders in elementary school for about three months. As a result of this study, intelligent tutoring system
was mostly supporting personalized adaptive learning in mathematics in several ways. Also, the researcher suggested that more
sophisticated materials and technologies should be developed for effective personalized adaptive learning in mathematics by using

intelligent tutoring system.

Key words: intelligent tutoring system(ITS), personalized adaptive learning, personalized learning, adaptive learning,

artificial intelligence.
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Table 1. The composition of the questionnaire

No. Function of ITS Question No Yes
Through the Al diagnostic assessment, | was able to know my mathematical
1 ability in detail, which was helpful for my study. DOR®EOOE®
— Why did you think so? Write down why.
When studying with the intelligent tutoring system, it was helpful to study
2 because I could immediately check whether my answer was right or wrong, DORBOEROE®
Diagnosis and — Why did you think so? Write down why.
evaluation ‘When I studied with the intelligent tutoring system, it was helpful that I could
3 study only the wrong questions separately. DORBOEO®O®
— Why did you think so? Write down why.
‘When I first turned on the tabl.et, I thought that while talking to the Al it DORDBEODE O
4 understood my feelings(emotions) well.
— Wirite down specific experiences related to the above.
I felt that the problem repommended when learning using the intelligent tutoring DORDBEODE O
5 ) system was the most suitable problem for me than my friends.
Anal?‘s > Why did you think s0? Write down why.
an
. It was helpful to study because I could know my mathematical ability and
dicti . . . o .
6 predicion learning habits in detail through the intelligent tutoring system. DORBOCOO®
— Why did you think so? Write down why.
‘When studying with the intelligent tutoring system, it helped me when I learned
7 or supplemented what I did not learn at school. DOOBOEROE®
Feedlzlack — Why did you think so? Write down why.
an : . L .
content delivery ‘When I studied at home with the intelligent tutoring system, I chose what to DORDEEODE O
8 study on my own.
— Write down specific experiences related to the above.
. rer;at:;ning using the intelligent tutoring system at school was helpful in studying DORDBEODE O
— Why did you think so? Write down why.
i ing the intelligent tutori tem at home hel th
0 Overall impression Il;/cl;]agnwr;g using the intelligent tutoring system at home helped me study math on DORAEODEE
— Why did you think so? Write down why.
1" Itis fun to learn using the intelligent tutoring system. DIOIOIOISICIVIOIO)
— Why did you think so? Write down why.
A7) A
2 Aol A7 £72 HGakaa she QgAY WAL chet ojsheh LS, o4 S B el ot olsh
A7AE 71 A5 Aokl stel ATt A SYES IO R UL AW 42 AAstel AEsT 18
ATA} S S A3kE HFslo] AR B ol A8 47 L B oA Apake] 32 % shol chat JY
ol 7HUE 7Fs/d = A 4 gloh. wheha] Ato] A= =5 =o]7] 9fs A7tAte] = 9l sHAof thigh J&Fe 2 wiAle 4= Qo=
A2 HAIsAAL, BHEE0) Q1T Al s A A8 B-gsto] Zoigh A5 SHEstal Al 9] o) 2 olobr|d 4= Qe BVIE

ZA A st
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* Predictive
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Diagnosis

and
evaluation

« Diagnostic assessment

« Formative assessment

» Assessment of Learners' academic

achievement

/~+ Solving supplementary or advanced problemg.,."'

« Utilizing learning contents such as videos

« Completing assignments

.+ Talking to artificial intelligence
“..» Utilizing of data such as student records

Feedback

and
content
delivery

Analysis

and
prediction

Figure 1. The overview of learning plan that applies the functions of intelligent tutoring system for personalized adaptive

learning in mathematics
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Table 4. The example of lesson plan that applies the functions of intelligent tutoring system for personalized adaptive
learning in mathematics

Unit 3. Congruence and Symmetry
Lesson Let's find out the point symmetry and their properties
Time 40 minutes | Students |24 fifth graders (12 boys, 12 girls)

Students can know and explain the properties of point symmetry figures.

Learning objectives [ Students can know and explain the relationship between the line segment connecting the corresponding points in a point
symmetry figure and the center of symmetry.

Learning materials |Intelligent tutoring system(ITS), tablet PC, powerpoint presentation, ruler, protractor, textbook

Assessment

Criteria A B C
Can a student know and explain the properties of point symmetry figures?

Can a student know and explain the relationship between the line segment connecting the
corresponding points in a point symmetry figure and the center of symmetry?

Elapsed

Stage Detailed stage Teaching and learning activities fime(minute)

Materials(o)

© Utilizing the results of diagnostic assessment and
formative assessment

Checking and supplementing prior learning based
on the learning data of ITS-diagnostic assessment
and formative assessment results-

Moftivation - As aresult of checking the percentage of correct
answers for the questions you solved last time,

the percentage of correct answers for the following
questions was low.

- Can anyone tell me what was difficult about this
problem?

- Can anyone explain me how to solve this problem?
If you get the question wrong, please go home and
solve the wrong answer note of ITS again.

- Can you explain what point symmetry is? 0
Can you explain what the center of symmetry is?
Powerpoint

Introduction 5
Presenting leaming|  Presenting learning objectives
objectives # Students can know and explain the properties of ITS,
point symmetry figures. tablet PC
# Students can know and explain the relationship
between the line segment connecting the
corresponding points in a point symmetry

figure and the center of symmetry.

presentation,

Guiding leaming (] Guiding learning activities
activities - Activity 1: Exploring the properties of point symmetry
figures

- Activity 2: Investigating the relationship between the center
of symmetry and the line segment connecting the corresponding

points of a point symmetry figure
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Activity 1: Exploring the properties of
point symmetry figures

- Let's explore the properties of point
symmetry.

- Is the given shape point symmetric?
Why do you think so?

- Let's find each corresponding point
in the given shape. 10¢

A D

o Ruler,
Activity 1 protractor,
8 < textbook

- Find the corresponding sides of the sides
AB and BC, respectively, and measure

the length of the sides to compare the
lengths of the corresponding sides.

- Find the corresponding angles of the angles
ABC and DAB, measure the size of

the angles, and compare the sizes of the
corresponding angles.

- What are the properties of point symmetry?

Activity 2: Investigating the relationship
between the center of symmetry and the
line segment connecting the
corresponding points of a point

symmetry figure

- Let's connect each of the corresponding
points of a point symmetry figure.

Development

A
B

10°

D
o Ruler,
Activity 2 - Find the center of symmetry of a point protractor,
symmetric figure and mark it with a point © . textbook
- Measure the lengths of line segment

AO and line segment DO, the lengths of

line segment BO and line segment EO,

and the lengths of line segment CO and line
segment FO and compare them, respectively.
- What is the relationship between the line
segment connecting the corresponding points
of a point symmetry figure and the center of
symmetry?
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Assessment and
review

Formative
assessment

© Formative assessment

© Solving supplementary or advanced
problems

© Utilizing learning contents such as videos

(=] Formative assessment using ITS

- The ITS has recommended a problem
where you can apply what you learned today.
Let's use the ITS to solve the problem related
to the properties of point symmetry learned
today.

- If you have solved all of these questions,
then you should check the wrong questions
and solve them again.

- If you have time to solve problems,

then you should try solving advanced or
supplementary problems or choose what you
want to study more.

10°

o Powerpoint
presentation,
ITS,

Tablet PC

Review

© Assessment of learners’ academic
achievement

[w] Review

- What are the properties of a point
symmetry?

- What is the relationship between the line
segments connected by the corresponding
points of the point symmetry figure and the
center of symmetry?

o Powerpoint
presentation,
ITS,

Tablet PC

After class

Presenting
assignments,
supplementary or
advanced learning

© Solving supplementary or advanced
problems
© Utilizing learning contents such as videos

(=] Supplementary or advanced learning by
ITS

- Please solve the wrong answer notes stored
in the ITS again at home.

- Students who had a little difficulty

in learning today can use the ITS for
supplementary leaming, and students who
want to study something a little more difficult
than what they learned today can do
advanced learning with the ITS. It will also
helpful if you solve the problems
recommended to you by the Al system.

© Completing assignments

(=] Presenting tasks using ITS
- Please solve the 8th problem of the ITS by
tOMOITow.
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low percentage of correct answers by
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- Identifying individual learning levels and
supplementary or advanced learning

- Using the ITS to check the amount of
class

(=] Checking data using ITS
- Checking items with a low percentage

| © Utilizing of data such as student records |

Identifying and
analyzing data
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Table 5. The results of survey No.1-4

Number Question mean

1 Through the Al diagnostic assessment, I was able to know my mathematical ability in detail, which was helpful for my study. 6.8

2 When studying with the intelligent tutoring system, it was helpful to study because I could immediately check whether my answer 8.8
was right or wrong.

3 When I studied with the intelligent tutoring system, it was helpful that I could study only the wrong questions separately.
When I first turned on the tablet, I thought that while talking to the Al it understood my feelings(emotions) well.
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