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ABSTRACT

The purpose of this study is to design an artificial intelligence classification model using
an Al education platform, and an Alsscience convergence program that can be applied
to elementary education with the Al classification model. First, an Al classification model
was created that has been trained with image data of four representative rock types in the
elementary science curriculum. With a recognition rate of 89.1% for the rock samples, it
can be fully utilized in the classroom. Based on it, a six-hour-program was developed for
elemontary school education. This program was developed based on the 2015 Science
Curriculum and the artificial intelligence area of the Standard Model of Next-generation
Software Education, and was reviewed by three elementary science education experts and
three software education experts to ensure feasibility. The program is easy to be applied to
classrooms and will meet the expectations of improving students’ science core competencies
and artificial intelligence performance expectation on the Standard Model of Next-generation
Software Education.

Keywords: Artificial Intelligence, Teachable Machine, Ai-science convergence education,
standard model of next-generation software education
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Introduction
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Theoretical Background

Standard Model of Next-generation Software Education
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Frame of standard model of next generation software Expectations of step-by-step performance in the Al area

education among sub-regions of "Converging with AI”

Fig. 1. Standard model of next generation software education (Kim et al., 2020)

Machine Learning
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Table 1. Types of machine learning separated by types of feedback (Norvic & Russell, 2016)

Types of Machine Learning Contents

Surpervised Learning The form of learning a function that learns input as output through a labeled
training set. Classification and regression are the main learning challenges.

Unsurpervised Learning The form of learning patterns from inputs without explicit feedback.
Clustering is one of the main learning challenges.

Reinforcement Learning The form of learning from reward or punishment.

Passive and active learning is the main learning challenges.
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Table 2. Al education platform available in elementary school education (Lee & Lee, 2020)

Al education platform Contents
Teachable machine Tensorflow-based platform developed by Google.

It is highly expansible and is able to model various image information without coding
Machine Learning For Kids  IBM Watson-based platform. It can be used in block coding programs (Scratch, App

inventor).
mBlock Developing its own learning IDE based on Scratch. It may be utilized with robots and
integrated kits
Entry A platform developed in South Korea. It can learn big data through open.
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Classification As a Basic Process Skills and Machine Learning Classification
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Methodology

Participants
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Production of Al classification models based on Al education platforms and development of
elementary education Al and Science convergence education programs using Al classification

models.
Al classification model based on Al education Development of elementary Al-science convergence
platform education programs using Al classification models

| Design Al Classification Model Prototype | | Science curriculum and Al curriculum research |
3 4

| Select contents to use for machine learning | | Develop a prototype program |
3 4

| Data collection and machine learning | | Expert validation and program modifications |
3 4

Measuring the recogn:ltllg(rilei:te of Al classification Develop a final program

Fig. 2. Program development process

Development of Al Classification Model
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Fig. 3. Prototype development process
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Fig. 5. Al rock classifier development process
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Elementary Al-Science Program Development
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Table 3. Standard model of next generation software education (Kim et al., 2020)

Content Area Converging with Artificial Intelligence Subregions Artificial intelligence
Subregion -Cultivate the ability to use artificial intelligence correctly with a sense of ethics. It deals with
Description implementing simple artificial intelligence that is needed to solve problems.
-By finding and analyzing technologies applied with artificial intelligence, Students understand
how to implement artificial intelligence and carries out projects that apply artificial
intelligence to real life.
Elementary Stage [E3-AIC-02] Based on cases where artificial intelligence is used, students explore the concept
3 Performance  and value of artificial intelligence and its impact on society.
Expectations [E3-AIC-03] Students experience simple artificial intelligence that is used in everyday life and
understand the possibility of using it.
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Table 4. Elementary Al-Science education program using an Al classification model

Period Key Activities
1 Observe rocks and compare commonalities and differences
2 Planning and designing Al rock classification models
3 Create and test Al classification models
4 Using AT Rock Classifiers
Data Analysis
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Table 5. Verification questions for program feasibility (Shin, 2020)

Area Evaluation Questions

Appropriateness of 1. This program is well aligned with achievement standards.

class application 2. Teaching and learning strategies guide students and teachers' behavior appropriately.

3. The teaching and learning process is systematic in teaching.
4. Easy to apply to class education.
5. The program is based on artificial intelligence technology.
6. The program has improved existing teaching methods.
Key Competencies 7. This program is suitable for developing science and core competencies.

in Science and Al 8. This program is well suited to meet the performance expectations of the next generation

software (SW) training standard model.

Artificial 9. It is appropriate to use artificial intelligence for science education.
Intell'igepce 10. This program reflects the characteristics of artificial intelligence.
Application 11. The program's Al platform meets the achievement criteria.
Student Needs 12. This program brings out students' interest.

13. Student-centered exploration takes place in this program.
14. This program is suitable for learners' level.

15. This program helps students to improve creative problem-solving skills.

Learning 16. The coursework of this program is satisfactory.
Satisfaction 17. This program helps students to foster creative talent.
18. It is appropriate that this program is applied to classes.
The others There is an opinion that the program should be improved. (Descriptive)

Table 6. Expert validity verification results for program (N=6)

Area Questions Avr. SD CVI
Appropriateness of class application 1 4.00 0.00 1.00
2 3.83 0.53 1.00
3 4.00 0.00 1.00
4 3.50 0.82 0.83
5 4.00 0.00 1.00
6 3.83 0.53 1.00
Key Competencies in Science and Al 7 3.83 0.53 1.00
8 4.00 0.00 1.00
Artificial Intelligence Application 9 3.83 0.53 1.00
10 4.00 0.00 1.00
11 4.00 0.00 1.00
Student Needs 12 4.00 0.00 1.00
13 4.00 0.00 1.00
14 3.50 0.82 0.83
15 3.83 0.53 1.00
Learning Satisfaction 16 4.00 0.00 1.00
17 3.83 0.53 1.00
18 4.00 0.00 1.00
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Table 7. Questions that need improvement and review comments
No. Sort Contents

4 Q Easy to apply to class education.
A Need to increase teachers' understanding of artificial intelligence.
14 Q This program is suitable for learners' level.
A Students need activities to understand the concept of artificial intelligence.
The others Students need activities that apply Al classifiers to various situations.

AR} aho] ALZ 417 ofsh
NE RIS SO AI LR

w

A 835101 Z-Re 4 = A S 2715tk AR EFG I S-S AR 634 £ EH _El 2 Table 8?4

2o

Table 8. Expert validity verified programs

Period Contents

1 - Observe and classify sedimentary and igneous rocks.

2 - Learn the principles of artificial intelligence image identification.
- Experience a Teachable Machine.

34 - Manufacture artificial intelligence rock classifiers by group.
- Evaluate and improve artificial intelligence rock classifier.

56 - Draw a picture by emphasizing the characteristics of rocks.

- Classify pictures with artificial intelligence rock classifier
- Use artificial intelligence rock classifiers with classmates
Improvements - Activities are added for students and teachers to understand artificial intelligence and experience

artificial intelligence platforms.

- Artificial intelligence storytelling techniques are introduced so that students and teachers can easily
access artificial intelligence.

- Students Draw a picture that highlights the characteristics of rocks, classify them as artificial
intelligence classifiers, and share them. Applying Al rock classifiers to various situations through this
activity.

Results and Discussions

Recognition rate of Al Classification Model

& Aol A ARG AL RO QIAES ARSI A EjA] 5 MAl Yol A Bl AESH A3t ghe &
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X o
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o] 2 RRyE| ks 21 elsigict

Brain, Digital, & Learning. 2021 Vol. 11 No. 2 236



Development of Elementary Al-Science Convergence Education Program Using An Al Classification Model

Table 9. Accuracy of Al models by class

Class Accuracy #Samples
Basalt 1.00 90
Granite 1.00 90
Sandstone 1.00 90
Conglomerate 1.00 90
Empty 1.00 90

7 AR AL S0 2 dolelE Yot ANEE SUstsich colelE Yereia
o o}A]

LI |
Ry

Sampling Same Background Different Background Painting
(Granite) (Sandstone) (Sandstone) (Basalt)

Fig. 6. Test the recognition rate of rock samples
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Table 10. Recognition rate of rock samples based on background color
Recognition rate by rock sample (%) .
e v Sandstone Conglomerate Basalt Granite L B4
Green 94.6 94.6 99.7 73.4 90.6
Black 81.0 91.1 92.8 91.9 89.2
White 87.6 96.6 91.9 74.3 87.6
Avr. 87.7 94.1 94.8 79.9 89.1
Ok AL 510l 9ol 5702 22 2l Uit 571 5] dshigteh gl
B2 S 4] Aol thstol 2 oA o o) TS el Selsleick 9ol 548 AR 1o
E AAEC] Ht-2 88 5%01111 ZYHE Table 113} 2Tk o] 232 Hof 2Fkeh 213l 2.8 3o ol

25 melo] 2.2 uh 2 ofsfal 850 #8153 st

Table 11. The recognition rate of a picture of rock characteristics
Recognition rate by rock sample (%)
Sandstone Conglomerate Basalt Granite
95.6 88.0 89.0 81.4 88.5
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Elementary Science Program Development Results
AFAs E77 15 285 25 ot T2l I iy 2AE HE71e] B HES Al
Fom, g T2 o] | Table 129} 2Tt

Table 12. Elementary school science program using artificial intelligence rock classifier

Grade 56
Subjects Science 4-1-2 Strata And  Areas of Standard model of next V. Converging with Artificial
and Units Fossils generation software education. Intelligence

Science 4-2-4 Volcanoes 2. Artificial intelligence

And Earthquakes

Science and  [4S06-02] Students can classify Sedimentary rocks according to the size of the grains, and explain

standards of  the process of sedimentary rock formation through this model.

achievement [4S11-02] Students can understand The process of formation of igneous rock formation and
compare the characteristics of granite and basalt compare.

Performance [E3-AIC-02] Based on cases where artificial intelligence is used, students explore the concept and
Expectations value of artificial intelligence and its impact on society.
[E3-AIC-03] Students experience simple artificial intelligence that is used in everyday life and
understand the possibility of using it.

Detailed Period Contents

overview 1 - Observation and classification of sedimentary and igneous rocks.

2 - Learn the principles of artificial intelligence image identification.
- Experience a Teachable Machine.

34 - Manufacture artificial intelligence rock classifiers by group.
- Evaluate and improve artificial intelligence rock classifier.

56 - Draw a picture by emphasizing the characteristics of rocks.
- Classify pictures with artificial intelligence rock classifier
- Use artificial intelligence rock classifiers with classmates

(1) Period 1. Observation and Classification of Sedimentary and Igneous Rocks.

s At} shgek BES S HR5H AAE TS B Tl 412 A5} 84, 424, 8
A A7 Sh10) 7127 WA D A=A U2 BAsle] 35S PASIeIt) 53] E2ieke 7]
o] 27]oi wre} 5 he EE T SHYoS A ol met HlwsHs B} AR = 2 Sloick

Table 13. Major contents of teaching and learning course plans and activity paper (Lesson 1)

Science and [4806-.02] Students can distinguish sedimentary rocks according to the size of the grains and
standards of explain the process of sedimentary rocks being made through a model.
achievement [4811-02]S_tudents can understand the process of producing igneous rocks and compare the
characteristics of granite and basalt.
Main focus + Educate students to obsewe the characteristics of rocks and estal?lis_,h classification criteria.
of the class + Educate students to classify rock samples based on the characteristics of the rocks they
observe.
+ Observe rock samples
o - Observe the size, color, and surface conditions of grains by type of rock
Key Actvities |, Classify rock samples by establishing classification criteria
- Classify rock samples based on classification criteria
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(2) Period 2. Learn the Principles of Al Image Identification and Experience a Teachable Machine.
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Table 14. Major contents of teaching and learning course plans and activity paper (Lesson 2)

[E3-AIC-02] Based on cases where artificial intelligence is used, students explore the concept and
Performance | value of artificial intelligence and its impact on society.

Expectations | [E3-AIC-03] Students experience simple artificial intelligence that is used in everyday life and
understand the possibility of using it.

Main focus | - Make students interested in artificial intelligence technology.
of the class | - Experience and use artificial intelligence platforms.

Key Activities | - Easily understand artificial intelligence image recognition technology

- Find friends in complex playgrounds (input - feature extraction - dimensionality reduction)
« Create an artificial intelligence classifier with a Teachable Machines

- Access the Google Teachable Machine and decide on two objects to classify

- Set 3 classes (Class 1, Class 2, and Empty) to enter images and learn artificial intelligence

Examples of | ° Let's learn the principles of artificial intelligence - Let's understand artificial intelligence technology
worksheets technology used in teachable machines. briefly by thinking about the situation of finding
classmates in a complex playground.

Sequence Activity
Input Who do I want to find?
| Feature extraction ~ What are the characteristics of
the friend?
Dimensionality What are the three biggest
reduction characteristics of the friend?

Structure of Artificial Intelligence Technology ~ AIST Model (Yeo & Kang, 2020)
(CNN)

o Create an Artificial Intelligence Classifier with a Teachable Machine

: _ By TTTTTT
: == . EEmEmEy -
= — . ANEEEEE
1. Connecting to an 2. Classification 3. Entering Data 4. Machine Learning

Image Project
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(3) Period 3-4. Manufacturing Al Rock Classifier and Improve It.
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Table 15. Major contents of teaching and learning course plans and activity paper (Lesson 3 ~ 4)

Performance
Expectations

[4506-02] Students can classify Sedimentary rocks according to the size of the grains, and explain
the process of sedimentary rock formation through this model.

[4S11-02] Students can understand The process of formation of igneous rock formation and
compare the characteristics of granite and basalt compare.

[E3-AIC-03] Students experience simple artificial intelligence that is used in everyday life and
understand the possibility of using it.

Main focus
of the class

« Allows students to design and build their own AT rock classifiers.
- Enter data that highlights the characteristics of the rock sample.

Key Activities

« Create an Al rock classifier
- Prepare rock classification data: Distinguish between input data (4 sets) and test data (1 set)
- Machine learning: Classifying - Data entry — Learning

« Artificial intelligence rock classifier assessment
- Enter test data
« Improve artificial intelligence rock classifiers
- Classify well identified rocks (more than 70% match) and poorly identified rocks (less than 70%
match)
- Explore poorly identified classes of data and improve recognition through data cleaning

Examples of
worksheets

o Create an Al rock classifier with a Teachable Machine

S TTITer

2. Classification

1. Connecting to
an Image Project

3. Entering Data 4. Machine Learning

o Artificial Intelligence Rock Classifier Recognition Rate Assessment

1. Preparation

2. Real-time image data
recognition rate measurement

3. Enter photo data
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(4) Period 5-6. Classifying Pictures with AI Rock Classifier and Sharing AI Rock Classifiers.

SxAOIAE Qo] B Ate] 13 IR Al Y B BEE EESHE 852 Sk o] S B A1 A
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Table 16. Major contents of teaching and learning course plans and activity paper (Lesson 3 ~ 4)

[4506-02] Students can classify Sedimentary rocks according to the size of the grains, and explain
the process of sedimentary rock formation through this model.

Performance | [4511-02] Students can understand The process of formation of igneous rock formation and
Expectations | compare the characteristics of granite and basalt compare.

[E3-AIC-03] Students experience simple artificial intelligence that is used in everyday life and
understand the possibility of using it.

Main focus |- Increase observation skills by observing rocks and drawing pictures.
of the class |« Allow students to think about artificial intelligence and the human classification process.

Key Activities | - Draw a sample of rocks and identify them with an artificial intelligent rock classifier
- Draw a sample of rocks using the characteristics of rocks
- Enter the picture into the AI Rock Classifier to view the results

« Share Al rock classifiers
- Upload and share an Al rock classifier to the cloud

Examples of | o Let's draw a picture thinking about the characteristics of rocks that we classified as artificial
worksheets intelligence rock classifiers.

Types of

Rocks Pictures

o Share the Al rock classifier with your friends in the following ways.

1. Upload to Cloud 2. Generate URL Address 3. Applying in a variety
of environments

Conclusions and Implications
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