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Abstract The purpose of this study is to develop and analyze the effects of an educational program that
can cultivate artificial intelligence(Al) convergence education competency for future education and
enhance students' understanding of pre-service teachers. For this end, an Al convergence education
program using Machine Learning for Kids and Scratch 3 was developed for 15 weeks under the theme
of classifying the state of matter. The developed program were treated by K University pre-service
teachers who participated voluntarily. As a result, pre-service teachers were able to metaphorically
understand the learning process of students through understanding of machine learning training process.
In addition, the pre-post t-test result of Al teaching efficacy showed a statistically significant
improvement with t=-7.137 (p<.000). Therefore, it is suggested that the Al convergence education program
developed in this study can help to increase the understanding of the pre-service teacher's students in
an indirect way other than practice teaching, and can contribute to foster Al education competency.
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G: Pre-service Teachers
O1: AI-TEBI Pre-Test
X: Treatment

02: AI-TEBI Post-Test

Fig. 1. Design of Experiment
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Table 1. General Background of Participants (N=20)

Category Number(%)
Male 9(45.0)
Gender
Female 11(55.0)
1st 7(35.0)
2nd 4(20.0)
Grade
3rd 9(45.0)
4th 0(0.0)
Experience Yes 10(50.0)
about SW
Education No 10(50.0)
Geography
Education 4200
Earth Science
Major Education 3(15.0)
Physical
Education 2(100)
Others 11(55.0)
33X 4
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&= Ak
Table 2. Consist of AI-TEBI[19]
Area Factors ltems
Personal Efficacy
Personal Al -
Teaching Efficacy Pedagogical Content Knowledge 3
(PATE) Technological, Pedagogical Content
Knowledge
Al Utilization Concept
Al Concept Relevance of Al to Computer Science
Cognition - 7
(AICC) Relevance of Al to Society
Real life Application
Al Teaching General Outcome Expectancy
Outcome Outcome Expectancy toward Students 7
Expectancy
(ATOE) Outcome Expectancy toward Society
Attitude toward | Attitude toward Social Effect of Al
Al Social Effect 4
(ATSE) Attitude toward Empathy with Al
Interaction with | Attitude toward Interaction with Al
Al Attitude toward Communication with 4
(IWAI) Al
Total Number of Items 30
34 x| U8
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Table 3. Curriculum of Al Convergence Education
using ML4K for Classifying of the Matters

Weeks

Steps Contents

> Understanding Scratch 3.0 Programming

1. Signing into and exploring Scratch 3.0

2. Learning how to write programs using
Scratch 3.0

3. Making simple programs using Scratch

3.0

» Understanding ML4KIDS

1. Signing in, setting API(Application
Programming Interface), and exploring
ML4KIDS

2. Practice how to code and utilize 4 types
of data

» Development Program for Classifying the
State of Matter Using ML4KIDS
1. Review the textbooks, curriculum, and
content about the three states of
matter at the elementary school level
2. Development of solid, liquid, and gas
classification program using ML4KIDS

» Checking the Results

1. Inputting materials into individually
developed programs and checking the
classification results and operation status

2. Debugging in case of a problem

3. Entering the matters individually and
checking the classification results and
operation status

» Team Project
Developing programs that can
classification errors by teams

5 11-12 resolve

> Presenting Team Projects and Checking
the Results

1. Presenting programs created by each
team

2. Checking the results of matter
classification presented by each team

3. Self-reflection and feedback

6 13-15

| 45Alo] A WA BA0) v Bl T Ho]
e gusly] 98 25t 35hd et wapAolA
ek TR, 9R), 7)A] Tt e Bk Aol
%t A} WA o] HolAgt 7| A Srsiciet
T AN B8-S Table 49+ 2ol Felsterk

(O8]

Table 4. Classification Criteria for Solids, Liquids,
and Gases Presented in Korean Elementary
School Science Textbooks

regardless of
the container?

Criteria Solid Liquid Gas
Is it visible? Visible Visible Transparent
Can it be
grabbed? grabbed Not grabbed Not grabbed
E;rzs thave | \with hard No hard No hard
properties? properties properties properties
Does it have a Changes Changes
fixed shape Fixed shape shape shape

according to
the container

according to
the container

Does it have a
fixed volume
regardless of
the container?

Fixed volume

Fixed volume

Changes
volume
according to
the container

small amount?

Does it flow? | Not flow Flow Flow

Does it ].(IH the Does not fill Does not fill )

space with a Fills the space
the space the space

a wood block,

plastic, a

book, an water, orange .
Examples S ; air

eraser, juice, milk

scissors, a

pencil

CERVEES

S Table 59 o] 13} 022 3t

Table 5. Labels, Features, and Training Data for
Model of Classifying the State of Matter

Solid Liquid Gas
Visible 1 1 0
Grab 1 0 0
Hard 1 0 0
Shape 1 0 0
Volume 1 1 0
Flow 1 1
Full 0 1

olgA F2E HolHE2 ML4KOIA <A Bt

v 2Ee PAsH] o) Yesn, EAE
Feo] gru¥ wlAled BUS BEte] Fig 29 7
T ATYEE A5, Fig 32 T2 Ay
q
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Fig. 2. Code Script

visible

grab

hard

shape l;w.‘!‘.:w:“‘

volume

flow Q ‘
full o

Fig. 3. Example of Program Execution
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Table 6. Team Project Case of Revised Labels,
Features, and Training Data Sets

Solid Liquid Gas
Grab 1 0 0 0 0
Shape 0 0 1 1 1

Solid Liquid Gas

Volume 1 1 1 1 0

Full 0 0 0 0 1

Powder 0 0 1 0 0
oo gt =29 Aol 275 %t dg¥ 2=

Table 73 2t}

Table 7. Example of Input Values and Classification
Results for Various Objects

Pudding | Lotion Fog 1 Fog 2 Dust
Grab 1 0 0 0 0
Shape 0 1 1 1 0
Volume 1 1 0 1 1
Full 0 0 1 0 0
Powder 0 0 0 0 1
Expectation Solid Liquid Liquid Liquid Solid
Result Solid Liquid Gas Liquid Solid

A WA QHAof thet 42 FE S W, Aol
7F GA%E By glo] A2 FoRE BE I
A 4= Aok wegt g YAAl(Fog 1), 1 23} 7]
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3l A WARE 7t =9 Bofl, $49] AFF-E Hil 5
g EAL dEsidla, a4 2 ERESI

Uiz 192 Fig. 49 #Zo] 24 E&](Decision
Tree)S 7|¥tog T2 S ZH5HYc)
Mixture?
Yes No
Mixture Shape?

Yes No

Solid Full?
Yes No

Gas Liquid

Fig. 5. Decision Tree for Classification Program
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Table 8. Another Example of Input Values and
Classification Results for Various Objects

Mercury Fog Sugar Dust

Mixture no no no no

Shape no no no no

Full no no no yes

Expectation Liquid Liquid Solid Solid

Result Liquid Liquid Liquid Gas
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Table 9. Result of Normality Test (N=20)

Mean SD Max Min Stat p
Pre-test 3.245 | 248 | 3.361 | 3.129 943 272
Post-test | 3.988 | 405 | 4.178 | 3.799 .959 515

*p (.05
H|ARS9] AI-TEBI AFI-ARS- ARl dieh ¢
7 A3l= Table 109} Ztt.

Table 10. Paired t-test result of Pre-Post AI-TEBI

(N=20)
Mean SD t p
Pre-test 3.245 248
-7.137 .000***
Post-test 3.988 405
***p (.001

AP W) A 2Tkt Aatgon, olejd 23
£ OJEHE 001904 I8 Hol7t Qi Ao Lt
k. 58] 2] Bie 134 e Table 1134 2k

Table 11. Paired t-test result of Pre-Post AI-TEBI

according to Area (N=20)
Area Classify | Mean SD t p
Personal Al Pre 2863 | 642
Teaching Efficacy -4.972 .000
(PATE) Post 3.975 584
Al Concept Pre 3957 | 321
Cognition -5.071 .000
(AICC) Post 4.550 .348
Al Teaching Pre 3300 | .307
Outcome -6.248 000
Expectancy Post | 4.043 | .564
(ATOE)
Attitude ) Pre 3.225 479
toward Al Social —2534 020
Effect Post | 3.688 | .653
(ATSE)
; i Pre 2.688 493
Interaction with Al 2910 009
(IWAI) Post | 3.238 | .759

***p (.001, **p < .01, *p € .05
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