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Abstract

In the era of the 4th industrial revolution, the world and Korea are presenting the thinking process of computa-
tional thinking in order to cultivate future talents, and reflecting them in teaching and learning to conduct soft-
ware education. As the necessity of artificial intelligence education increases in elementary school computer educa-
tion, we are trying to cultivate the improvement of computational thinking through artificial intelligence education.
In this paper, after examining the relationship between artificial intelligence education and the improvement of
computational thinking, we analyzed the understanding of computational thinking of prospective teachers who took
artificial intelligence education for one semester. In addition, it was compared and analyzed whether the software
education method of prospective teachers affects the understanding of computing thinking ability. As a result of
the analysis, it was found that computational thinking, a core competency in the future, can be improved through
artificial intelligence education.
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Guo(2018)
Gathering Data
Data Preparation

Choosing a model

Training

Evaluation
Parameter tuning

Prediction

Pattern Recognition
Decomposition
Abstraction
Algorithms

Applying

Shin(2019)
Generalizing

Reflecting

Artificial Intelligence Learning Model
Experiencing

Rao(2005)

3
Decision Making

Casual Explanation

Parts—-Whole Analysis
Compare and Contrast

Prediction and Generalization
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<Table 1> The Framework for Al learning Model through Computational Thinking
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Data Collection

Data Analysis

Data Representation
Problem Decomposition
Abstraction
Algorithms & Procedures

Automation
Simulation

Parallelization

o
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Computational Thinking Model
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<Table 2> Computational Thinking

SW-related Capabilities Computational Thinking

Data collecting
Data analysis
Data Representation
Problem decomposition

Analysis ability

ST Abstraction
Design ability Algorithm
Implementation ability Automation

Simulation
Parallelism

Reasoning ability

Ao AIBASIS J¥ HEY AR Ol 24 127

<Table 3> Computational Thinking—Detail

SW-
1 ional .
related Comput:::ltlona Details
Capa— thinking
bilities
Remove unnecessary elements,
. leaving only the key elements
Abstract . .
straction needed for troubleshooting—find
features.
Analysis

Finding data for problem solving

ability Data analysis .
v Data analy and organizing data.

Decomposition Problem Into

Problem
. Small Problems to Solve
decomposition
Problem.
Find pattern Find repeating rules.
Design
ili . Find t of to sol
ability Algorithm ind a set of sequences to solve
a problem.
Automating or acting on tasks
. that require repetitive tasks
Automation . .
using a computer or electronic
Impleme .
. device.
ntation
abili . .
ty Experiment based on modeling
Testing and models to represent data or

procedures.

Using structured models
designed to solve individual or
special needs simultaneously to

fit more scope or general

matters.

General Application and
ability generalization
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<Table 4 > Introduction to Al Education

Ch. Subjects

Introduction of Artificial Intelligence

Artificial Intelligence Services

Solving problems with rules

Solve problems by probability

Understanding machine learning

DO |W N |+~

Al unplugged activity

Understanding Artificial Intelligence Learning
(Entry)

Understanding Al Learning (Teachable Machine)

© |00 3

Understanding machine learning
(Machine Learning for Kids)

Creating an app with artificial intelligence
(AppInventor)

11 Robots and artificial intelligence

SHAEC] G ol o8]
amEdel £ AUF AL 307 %elth A
A2 IBM SPSS Statistics 255 AFE3Fe] 41314
=3

3.3. AABR s BFS W2 o] nAA9 ‘SWHSH
of cist EHE’

AT wHS W on] wde] SWaLsol| sk
gol4 ool Wrhe Eal SWagel dd HE'E B4
SHTE A w32 10/1R 59 A HAE HE(AEH 1
2Ae, agAg, nE, agn, eIt A
ool WEith,

<Table 5> Survey Results of Computational Thinking 1
2y B Gh

Expect to increase computational thinking

through software education.(P5) 394 0822
With the introduction of software education,
the need for private tutoring outside of school 3.17 1.074
is expected to increase.(P6)
Less likely to hgve difficulty using 979 0953
programming tools.(P7)
I think that software education should apply 378 0827
different teaching and learning methods.(P8) ’
I believe that software education is a
fundamental competency that students should 4.2 0.735
have in their future society.(P9)
I think that students should continue to
improve their skills in software.(P10) 421 0769
I think I have enough expemse to conduct 28 0976
software education.(P11)
I think that a variety of teaching and learning
methods should be developed for good 4.1 0631
software education.(P12)
I believe that a dedicated software teacher is 39 089
needed to run a software education.(P13) R
In order to educate a small number of students,
the placement of an assistant teacher (practical 3.83 0.762

assistant) is necessary.(P14)
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leAls W& W2 o] welo] SWalgol gk 3.4. Q3XN5 B{S W ofu nAS HFY A
B%’ o gk #4 A¥= <Table 5>9F #r}h o] i 8 24
AEo] U AZE(SW)AFS AT 5 9= F
8 AT 7P slvka Az gl @EolA o leAls w&E W dnjue] 5Fd A
282 AZEdO] W& AT £ s HEALS % 58S Hrtaly] S8, ofn] ade] SWalgo] g
FgA A & AA st dvka yebee dv] add AAE F9E FAEAT. HFE AES 2]
2 AZEYOI(SW)L S S0 e Algel 7} sl W 3o TAERYA =, AAAE], &
Aok sh= 71x AFoleta AZbRTh o 4291 SAE = 27DE ddste dow adu3] deAe ws
o] AZEOJ(SW)ot Bdd TS A&KHow Y S 2 duugde] HFY At g HEAde=
AlAoF dhrhal AZE ghhel] 4218 AT E O wK o] <Table 7>9} 2t}

<Table 7> Survey Results of Computational Thinking 3

<Table 6> Survey Results of Computational Thinking 2

o SW  Computation  Correct Wrong
NS PS P6 P7 P8 P9 PI0 PIl P2 PI3 Pl4 Ability al Thinking Freq Ratio Freq. Ratio
M 212 386 304 28 375 422 29 42 373 375 PI5 Design Find Pattern 150 915% 14  85%
Exist
SD 0.84 083 1.11 087 0.77 0.70 096 0.61 0.72 0.72 P16 Irnltjilgrr]nta Automation 136 84.0% 26 16.0%

M 203 397 322 281 382 42 273 405 396 3.86 . .
None P17 Analysis Abstraction 71  43.0% 94 57.0%

SD 092 083 1.06 098 082 0.76 096 064 0.86 0.78 . .
0% 0 06 098 082 076 0% 064 08 0 P18 Analysis Data analysis 8 48% 157 95.2%
P19 Design Algorithm 124 761% 39  23.9%

dujago] e Fo0]Q7] Aol SWEHEHE we

tion

FAET g3t Sole T SWHSS AL uke P20 Design  pattern 125 712% 37 228%
B9 SWagel diF HE'E wx 2AFE Ay po1 TP\ omation 133 831% 27 169%
2 2

<Table 6>3 7t} dn|alYdo
SWFHE &2 stEY fgighd o2 & SWisS

=
o= P17% o] Al 49N F43 THE 53

B we AT 09 TULE TAAL @ 2o, ikt bl it
I PO(ROISE 0016), PRI S 0), PLI(Re 5 1 o0 HRE SAS ddse A ook v
£ 0011, PI3(HIHE: 00500014 frofulg Aoy (P17 B SEE W 37, PIGE E e s
WA B GPOAIAE SWEES BX gpe shy  n WEAN AE w8 @ <Table ol PI5T
o] AlmS WaAo] ZJtE Ao ey B 915%, Ploe 81%l AWEE AL A7) A5 AS
0PI AE SWgol Hole ggSe] swrge o oot gls slem A,

24 @re sl el 2ZEASWSE Bed S A e AR ApnE A wes R
s Asdon PNA ok muegny g - v SAARSIIE A Al SYELT EAT
HPIDAAE SWoelol #old so] swoge | ooh PIE #4 o A w8, PIo Aol
B4 9o gAd wa AZegolSWngs Ay ooow)d TR A wH A <Table 7ol
2 glu 2Rl ARAS M1 QT Hoead B P17 43.0%, P18 4.8%, P19+ 76.1%9 AHES X
G IBPIDNAE SWHAS B4 &L ool swa o B LIPIDG #2458l Fystl i ezt
1o A% S A EEEAASW) 25 £ Aeshash e A LRLsE Gt e
93 AZESO(SW) s E3E A WA} "o AHES BYor, T3 18PIQ)NAE A5 B4
3 A

o3 A,



3

X H253 A1

=
(LN

L
[

2WF55]

PSS
o

4

glafop & A

130

il
A

3

]

A

3

=
S
ik

I
%
2020
(Avg)
394
3.17
2.79
3.78
42
4.21
2.8
41
39

3.83

o
R

]

2o Aol 2020

o3

P5, P9, P11A]

5]
2019
(Avg)
3.67
3.49
2.7
3.85
3.99
392
2.7
3.99
3.98
3.78

H(20194:

A3+ <Table 9>¢} Zt}
o] &

A 4 Bgke)

B =’

=

1

O
]

ol us WY IE ofje wo H

o]
DA
T

9

7ol 7}
of o
NO
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14

1
o=

kel
i

<Table 9> Survey Results of Computational Thinking 5

Bl of o
<Table 5>¢] L}ER} gl

‘SwW
}

ol

2 o]
A

83.1%
o
P21
1.15
1.18

o

Q)
2% A

7
} 21(P21)

[<]

)

.

2 olsjetn
O

.

=

S|
Y
P20
1.22
1.23

0E

HP20 :
I
P19
116
128

R

°©
E
=

ke
ol SW

=

=

L
P18

2
193
17(P17) ~

[

.

N &
o] Q7]
]

P17

1.55

158
VO

=
-

=

=2
<Table 8>3 ZT} <Table 8>
P16
112
1.18

L

»3%1—
o] 5o

1.08
SD 027 033 050 000 037 042 036

25
s
P15
1.09
SD 028 039 050 026 045 042 039

S
2 e 2715 A5

A=

ou] o] ojste]
£ o

SW

Class

A
<Table 8> Survey Results of Computational Thinking 4

A A3} <Table 7>o14 P20 77.2%, P21

7HA] elr]aLglo] o g}l

2@ Astoln.
tjeae] A SW

1
Exist
None

A
of

U

°

xr
1K

=
__R

St S0l

5 o

2 e,

Al

L

AT

Aol 7k

1

©
el

ofv]

27 Ao, 2020

3T

1 (20199:

HO
WE
A

i

<Table 10>3} 7t}

L
L

A3t

1

ke
pa



<Table 10> Survey Results of Computational Thinking 6
Computatio 2019 2020

SW n
Ability Thinking
Find

3 [0) 0, 0, 0,
P15 Design Pattern 89.1% 109% 915% 85%

Automation 67.4% 32.6% 84.0% 16.0%

Correct Wrong Correct Wrong

Implemta
tion
P17 Analysis Abstraction 39.9% 60.1% 43.0% 57.0%

PIS Analysis DM 909 07.0% 48% 95.2%
analysis

P19 Design Algorithm 62.3% 37.7% 76.1% 23.9%
P20 Design 1P jggor m9496 7729 22.8%
Pattern

P16

P21 Imi)ils;ntaAutomation 645% 355% 83.1% 169%

=~
jg -
o
jincd
o o
S L)
o,
>
£
W
1o
>
K Lo
o
o
o
2
>
_O|£
R
=
4 o

2
=
o
QO‘E
2
[
It
(m
o
o 9
=
Ho
o
4
Og{:”,
QQ‘L
=
%0
i
£

1o
%
)

e = % ox
oy o
o

o bk

Elo|H e
(g Mo

Bl o (m
o,
4 5
e 2
ot El ol
x o
> oF
2z N
o lo
M
%0,
o

o Z K

2L

0%
£

N
off
Ho
o

0% of
N
off
Bl ol
44 e
i
o
— R
32
[
o r|r

o
™ o o
Rl o
O
o
oo oo
1o
o
ot
>~
>
fd
1% o
9
%

m\l OE\'L é‘ HU
RS
OE E
>
=
B g0 =

o oy do
%
oX,
Ta
o X2
o
eI e)

A b
& [l
& I

EL)
U 2

e
2 3
= o4
ST
o ol
>
>
=
1

o
o
N
off
=|
E _th QZ‘I_,
o
)
0 <
=
=
fo
2,
=
o
=
]

2
]
o,
~
>
=
i
2 &
o
o
o,

EoHr B Mg i o oM
2L
32
o
8]

Ac)
£ )
2,
|m
Ac)
N
E
b i
H
[m
j_g‘
2
=
fo
ol

o
B
o
o
¢ o
=
=
it
ol
ol
2
=

o 2o
2
o
oK
D)

A8l Aok s 7%
ASo] 4ol (SW)eh

GHom gt @rhn Az
o

=
£
Ho
o flo
i)
o
e
o
=
o =

2
to
N
r
2
w
=
4 e
%
o
Ll
o
=
2
2
il
<
o

R
dlo
-3

[ c S <P A

mlxﬁ %

=
i
- 110

de o
£
o,
it
&
o
(e}
=)
o
B
o
i
T
ot
o
of
ol
rir
oSt
fa

2ol OISXNSuE J|gt ARE AL Ol =4 131

= RdEn. dulaidoe] kel So]er] Wl SW
FUL L S dEtel 5ol §F SWusS A
& e SAES] SWaLgd oigt A4 gl AF
g Ahags w243 A AFE A 24
sop s A FFAM A ARES HAh

E wwolMs RAZEgC] wsUwe e AFE
A olsl s A ESt=E eAs wEYHE T
F wgo] AFE A FE5 AdEel o v AF
of AATE = cplade] HF ATAs wE P
AFE AbEs FINE F des 3 T A
o F& AR AxEY 0] wg WA Fgste} A
2 240 et dsd FEe] Rl digk At
dasit

[1] Ara Cho.(2019). A Study on the Applicability of
inspection and  Self-Report
Computational — Thinking
Assessment on Problem-Solving Programming

Paper  type

Questionnaire  for

FEducation. Theses for Master's Degree, Korea
National University of Education.

[2] BBC(2015). Introduction to computational thinking.
BBC Bitesize. Retrieved 25. November 2015.

[3] Brennan, K., & Resnick, M. (2012). New frameworks
for studying and assessing the development of com—
putational thinking. /n Annual American Research
Association meeting, Vancouver, BC, Canada.

[4] Chul Kim. (2020). A Study on Strengthening
Software Education Capability through

Thinking
pre-service Teachers. Journal of The Korean
Association of Information Education, 241), 29-37.

[5] Denning, P. & Martell, C. (2015). Great principles
of computing, The MIT Pres.

[6] Eom, (2019). Effects of

Competency-based Teacher Curriculum on the Key

Computational Understanding  of

Hyunsik.

Competencies Development of the Elementary
School Students. 7he Journal of Elementary
FEducation Studies, 2&2), 95-116.



[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

H2EWSE[=ER H258 M1z

Gwangryeol Park. (2020). Development of Learning
Materials for Computational Thinking Education .
Journal of Korean Practical Arts Education, 2&1),
33-50.

Heenam Shin, SungHun Ann. (2020). A Study on
the Evaluation Direction of Al Education through
the Analysis of SW Education Learner—centered
Journal of The
Association of Information FEducation, 24(5),
511-518.

Hyeong-Jong Han, Keun-Jae Kim, Hye-Seong
Kwon. (2020). The Analysis of Elementary School
Teachers’ Perception of Using Artificial Intelligence

Assessment Cases. Korean

in Education. Jowrnal of Digital Convergence, 187),

47-56.

Hyungshin Choi. (2016). Developing Pre-service
Teachers’ Computational Thinking : Analysis of
the Five Core CT Competencies. Journal of The
Korean Association of Information Education,
206), 553-562.
Hyungshin Choi. (2018).

Review on Computational Thinking Development

Domestic Literature

through Software Programming Education.
Journal of Educational Technology, 343), 743774
Inkee Jeong. (2017). Study on the Preliminary
Teachers’ Perception for the Development of
the Robot-based Software
Education in the Universities of Education. Journal
of The Korean Association of Information
Education, 21(3), 277-284.

In-Seong Jeon, Soo-Jin Jun, Ki-Sang Song.

Curriculum  of

(2020). Teacher Training Program and Analysis
of Teacher's Demands to Strengthen Artificial
Intelligence Education. Journal of The Korean
Association of Information Education, 244),
279-289.

Jee Hyea Oh. Soo-Young Lee. (2017). The mul—
ti-level modeling analysis on the effects of teach—
ers’ teaching competencies on elementary school

students’ academic achievements, Journal of

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

FElementary Education, 284), 179-200
Jeongmin Lee, Somang Kim. (2019). Qualitative
research of perception and experience of elemen-
tary pre-service teachers about SW education.
Journal of The Korean Association of Information
Education, 231), 39-53.

JooYoun Lee, KeunHo Lee, ByeongCheon Lee and
EunA Ka. (2017).

petency-based school curriculum design and im-—

Case analysis of com-

plementation: focused on curriculum research
schools, 7he Journal
Evaluation, 20(1), 1-30.
KERIS. (2017). A Study on Developing the
Evaluating Tool for the Effectiveness of SW
Education 2017

Keunho Lee. (2013). Study on the restructuring

of curriculum focused on core competency,

of Curriculum and

Ministry of Education.

Lee, Chul-Hyun. (2020). Direction of Software
Education in Practical Arts for Cultivating
Competencies in the Al Era. Journal of Korean
Practical Arts Education, 262), 41-64.

Lee, Hee-Sook, Chung, Jae-Young. (2011). An
Analysis of the Influence of Teachers’ Traits on
Student Achievement - Focusing on Teachers’
Efforts to Enhance Professionality in TIMSS 2007.
The Journal of Korean Teacher Education, 251),
243-266.

Min Hu, Tae-Wuk Le. (2014). Exploration of
Information Subject-centered Curriculum
Integration Strategies for 21st Century Key
Competencies Extension. Journal of The Korea
Society of Computer
Information, 192), 253-261.

Minjeong Kim, Wongyu Lee,

and

Jamee Kim.
(2017). Presenting the Development Direction
Through the Analysis of Tool used to Measure
Computational Thinking. 7he Journal of Korean
Association of
Education, 2006), 17-25.

Computer



[23]

[24]

[25]

[26]

[27]

[28]

[29]

(301

[31]

[32]

Off H| 1 & 9

MOE. (2018). SoftWare Education for all
Elementary Teachers Business Plan, Korea
Ministry of Education.

MOE. (2015). Guidelines of Software Education
Management, Korea Ministry of Education.

M. Voskoglou, S. Buckley. (2012). Problem Solving
and Computational Thinking in a Learning
Environment, Egyptian Computer Science Journal,
36(4). 28-46.

National

of the National

Academies. (2010). Report of a workshop on the

Research Council

scope and nature of computational thinking. The
National Academies Press.

Seonghee Jin, Ilju Rha. (2009). A Framework of
Teaching Competencies and Comparison of the
Perception: between Pre-service and In-service
Elementary School Teachers in Korea. Journal of
Elementary Education, 221), 343-368.

Seungki Shin. (2019). Designing the Instructional
Framework and Cognitive Learning Environment
for Artificial Intelligence Education through
Computational Thinking. Journal of The Korean
Association of Information Education, 236),
639-653.

Seung-eun Lee, Young-mi Kim, Hye-jin Baek.
(2020). Analysis of Learners Core-Competency
Achievement in College English Classes.
English21, 332), 1-20.

Seungsu Paek. (2020). A Study on the Problem
and Improvement of Core Competency-Based
Liberal Arts Education. Korean Journal of General
Education, 143), 11-23.

Soojin Jeon, Seonkwan Han. (2016). Descriptive
Assessment Tool for Computational Thinking
Competencies. Journal of The Korean Association
of Information Education, 20(3), 255-262.

SRI Education.(2015) Principled Assessment of
Thinking.

http://www.sri.com/work/proj-

Computational

ects/principled-assessment-computa-

[33]

[34]

[35]

[36]

[37]

ol

[

SAsus 78 AFE A1 Olsi 24 133

tional-thinking—pact

Sook-Hyun Park. (2015). The eflect of practical
teaching competence girls’ middle school stu—
dents’ perceived on educational achievement
‘Focused on the mediating eflect of attitude to-
wards mathematics. Theses for Master’s Degree,
Graduate School Seoul National University
Sung Hun Ahn, Sanghyeon Lee. (2019). Analysis
of 2015 Revised SW Curriculum in Elementary and
Middle School based on Core Competency. Journal
of Creative Inormation Culture, 51), 63-70.
Wing M. Jeannette. (2006).
Thinking. Communications of the ACM, 443),
33-35.

Young-Shin Park, Jin-Kyung Hwang. (2017). The

preliminary study of developing computational

Computational

thinking practice analysis tool and its
implementation. Journal of the Korean Society of
Earth Science Education, 1(2), 140-160.

Yeojin Ju, Daisung Ma. (2018). The Development
of  Abstractable

Standards for the Measurements of Computational

Competency  Assessment

Thinking. Journal of The Korean Association of
Information Education, 223), 375-383.



Pel=E X M253 M1z

b PNV |

Mg A
2019. 9 ~ @A FFu st
AFH ST FAL
2012. 8 ~ 2013. 2. Adoj&w
FHIAE 2 W1 b AR e

T

e-mail : pineperson@hanmail.net

4 #

19927 @A FFa S gk

AFE TS} W

1998 University of Washington
(AL L)

1997 JAdistal ojghel

A2 A) 8} (o] hupal)

4
>,

=
=z
= AFA TS, SWg
= o
LS

e-mail : chkim@gnue.ackr



