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The Effects of SW Education Using Robot on
Computational thinking

Jiyae Noh, Jeongmin Lee
Ewha Womans University, Dept. of Educational Technology

ABSTRACT
In this study, we conduct SW education using robot in elementary school, to examine the effects of SW educa-
tion using robot on CT and gender differences. In order to achieve the purpose of this study, SW education using
robot was conducted to 143 students in 5, 6 grade in GyeongGi. After collecting data, we examined mean differ—
ence using matched pair t-test and ANCOVA. The results of this study were as follows: The SW education us—
ing robot is associated with significant improvements in CT, however, computational concepts is not associated
with significant improvement in high initial score sub sample. And CT is not associated with gender. This study

was investigated effects of the SW education using robot and identify gender differences. And expanded the un-—
derstanding of the SW education using robot.
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<Table 1> Lesson plan
‘Week Lesson Classroom activity
1 - Orientation Hello! Entry!
2 ' Sequenc.e Cat and dog
- Debugging
- Iteration
3 Entry - Selection Flying drone
- Debugging
- Iteration
4 - Selection Keep running
- Debugging
5 - Sequence Meet the
- Debugging Hamster
- Sequence
6 - Iteration Hamster maze
- Debugging
- Iteration
. H
7 - Selection ams::;orobot
Entry - Debugging b
. - Iteration Hamster
8 Hamster - Selection bumper car 1
robot - Debugging D
9 - Selection Hamster
- Debugging bumper car 2
- Iteration Trainin
10 - Selection g
. hamster
- Debugging
- Selection Hamster
11 . .
- Debugging monorail
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<Table 2> Learning procedure(Lesson 5, 6)

. Classroom Classroom
Learning CcT . ..
rocedure  component activity activity
P v (CPS) (4C/ID)

[Activity

objective]

' It? ration, 1. Fact [Learning tasks]
Selection, findin + Today’s mission
Debugging g Y

- Today’s
mission

[Mission l]A - Data analysis 9 Problem [Learning task 1]

Hamster going - Problem finding + Worked-out

forward once decomposition example 1(simple)
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Classroom Classroom
activity activity
(CPS) (4C/ID)
[Procedural
information]
* Run and modify
problems

Learning CcT
procedure  component

on board - Automation

[Part-task practicel
- Move forward once
on board

[Mission 2]
Hamster going

to look for a [Learning task 2]

+ Worked-out

well
(pair-program example 2(complex)
ming)
+ Data analysis l[r?fl(l) ﬁgil(\)ﬁ]
 Organizing - Problem 3. 1dea - Reorganizing ideas
thoughts decomposition - wdea corganizing
. finding with friends
+ abstraction .
(Brainstorm
ing, [Part-task practice]
- Data SCAMPER) - Move forward once

on board/ Turn left
once on board/ Set

- Write down  representatio
commands in  n

order - Algorithms & left led to red/ Stop/
precedures Beep/ Repeat ()
times
- Implement [Procedural
thoughts and + Automation information]
check + Usable blocks
EIVh ssion 3] [Learning task]
amster maze .
4 student) + completion task

[Part-task practice]
+ Move forward once

* Data analysis on board/ Turn left
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o nds in represgntdtlon
order - Algorithms & [Procedural .
precedures information] <Table 3> Matched pair t-test(CT)
- Implement - Usable blocks (n=143)
thoughts and - Automation
check pre/post M SD t D
5. CT 2.49 97
pre . .
[Evaluation, Acceptance st CT 361 ) -12.62% .00
discussion] finding D . .
(PMI) *p <.05
3.3 S8EF

CTY F42
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<Table 4> Matched pair t-test(Sub sample)

(n=143)
. Pre-Post
Sample difference ! p
Full sample -1.12 1262« .00
High initial score(n=48) -32 -2.60% 01
Medium initial score(n=42) -1.05 -841% .00
Low initial score(n=53) -1.89 -16.38« .00
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<Table 5> Matched pair t-test(Sub factor)

(n=143)
Pre-Post
difference b
Computational 112 1155« 00
Concepts
Full Cornputgtlonal 114 19,37+ 00
sample Practices
Computational 108 “1176% 00

Perspectives

2 SW 80| ZSstMo ZELATI0| D|X|= &3t 291
Computational B _
High Concepts 2 20 ®
initial Comput?ltlorlal -133 —2.3x 02
score Practices
(n=48) Computat}onal _q7 9 7x 01
Perspectives
Computational B _
Medium Concepts o o i
initial COmDUt?UO“al 116 -9.0« .00
score Practices
(n=42) Computat}onal ~95 —7 9% .00
Perspectives
Computational 195 1658+ .00
Low Concepts
initial ComDUt?tlonal -1.86 -1548« .00
score Practices
(n=53) ~ Computational oo 06
Perspectives
4.2 MHo| mE CT xt0| &4
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<Table 6> Matched pair t-test(Gender)

(n=143)

Gender pre/post M SD t D

Boys pre CT 291 94 ~

(n=65) post CT 363 &9 o80% .00

Grs preCT_ 215 84

(n=78) post CT 359 75 1285+ .00
*p<.05

A9ldE BUaA USHE (HAS AT 23,
A, @, B0 A e wF e of sl
T g Zo] F Ao YEITH<Table 7> #x).
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<Table 7> Matched pair t-test(Sub factor)

(n=143)
Pre-Post
difference P
Computational —67 -5.00 00
Concepts
Boys Computational B _
(n=65) Practices &0 0w
Computat}onal -0 536 00
Perspectives
Computational -1.49 ~12.08¢« 00
Concepts
Girls Computational _ _
(n=78) Practices 143 e W
Computat.lonal 141 ~1186% 00
Perspectives

H, 7 X]E”}/] CT«] afol =
B THF=1.526, p=.219, <Table 8>, <Table 9> %)

<Table 8> Descriptive statistics

o] A}% CToll w3
;117(3 P& 3682 LEFFO
o517 e Ao U}

(n=143)
Pre Post
Group n -
M SD M SD AdiM SE
Boys 65 291 94 363 &9 351 1.00
Girls 8 215 84 359 B 3.68 .09
Total 143 249 9% 361 .82 3.60 07
<Table 9> ANCOVA
(n = 143)
Type 1 Mean
Source Sum of df  Squar F D
Squares e
Covariance
(Pre CT) 8.390 1 8.390
Gender 916 1 916 1526 219
Error 84.086 140 601
Total 1954.161 143
xp < .05
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A& JUIEF:HI[S] "ZO] e 8t

o~

45 ek ol 71Ee] A
=il

o o @ol FAAEANOY, 1L Ko7t %ﬁl@ii et
2] gkgrth o] e g Su A xpolrt EA)
Adohe 7]1E9 AF5I320[45]9F AAEHA ek Aol
u, olgfg A £ A9 7401 A HIZE HAoR
welth, APAF[45]d A= M Z2AENA FIA

sAE
So] HAES} BATE AL WA Aojgy, B A7
qRrel Feo] How AaEonw Fq BA

Ael7k 91917] o],
AT B Aol AT SW &S W HuolA

el zol7 glrks ABATeH30), depynt o

el CT A% @4 Zol ¥ o Juel Aot

fa13

4oJ



oaa) ergtrh Z1Ee) AT Asleh o
zzady agoAe guel Ao e o)zt

ofvgt &7], =9 Afolo]m[39], HEAYES N =
EAE oA ZRAE FHE SW uFS AA
st SEFEENE =Y 7 AS Aolga AR 7EY
A [45]E A A g}

AT 2E 28 SW uSo] CTY el &z
7b QTR gotral, e xpolE HFse, 2E &
& SW &Ko g o]s& FFAHTE HollA 1 ¢
9F ZE g Utk AW B AFE I HRle=
CTe| ®izgvhs SAsdonz A4 5o e
o AABAES 23 FEHATE AdErt

ZuEd
[1] Atmatzidou, S., & Demetriadis, S. (2016).

(2]

(31

(4]

(5]

Advancing students’ computational thinking skills
through educational robotics: a study on age and
gender Robotics
Autonomous Systems, 75, 661-670.

Baek. J. E., & Kim. K. H. (2015). The Effects of

a Long Term Robot Based Instruction on the

relevant  differences. and

Creativity of Elementary Students. The Journal of
Korean association of computer education, 19(1),
45-56.

Brennan, K., & Resnick, M. (2012). New frameworks
for studying and assessing the development of com—
putational thinking. Proceedings of the 2012 annual
meeting of the American Educational Research
Association, Vancouver, Canada.

Chae. S. P., & Chon. S. J. (2015). The Effects of
STEAM-based Programming Education with
Robot on Creativity and Character of Elementary
School Students. Journal of the Korean Association
of information Education, 19(2), 159-166.

Cho. S. H,, Song. J. B,, Kim. S. S., & Baek. S. H.
(2008). The Effect of a Programming Class Using
Scratch. Journal of the Korean Association of in-
formation Education, 12(4), 375-384.

28 SW u50| =559 AFZALHO| B[X[= =3 293

[6] Cho. S. H, Song. J. B, Kim. S. S., & Lee. K. H.
(2008). The Effect of CPS-based Scratch EPL on
Problem Solving Ability
Attitude. Journal of the Korean Association of in—
formation Education. 12(1), 77-88.

[7] Choi. H. S. (2014). Development of a Holistic
Measure of Learning Effects in Robotics Program
. Connecting Sociocultural Context and Computational
Thinking. Journal Of The Korean Association of
Information Education, 18(4), 541-548.

[8] Chon. S. K, & Lee. Y. J. (2012). The Effect of CPS

Programming Model on promoting Elementary

and Programming

school students' divergent thinking. The Journal
of Korean association of computer education, 15(2),
1-8.

[9] Chon. S. K., Seo. Y. M., & Lee. Y. J. (2011). A
Study
Education. Korean association of computer educa—
tion, 15(1), 73-77.

[10] CSTA (2011). Computer science standards. Computer
Science Teachers Association. http://www. educa-
tion2020.ca/Content/K-12ModelCurrRevEd.pdf

[11] Ginsburg, H. P., & Opper, S. (2006). Piaget’s theory
of intellectual development. Seoul, Hakjisa.

[12] Hwang. Y. H., Moon. K. ]J. & Park. Y. B. (2016).
Study of Perception on Programming and
Computational Thinking and Attitude toward
Science Learning of High School Students through
Software Inquiry Activity: Focus on using Scratch

about Creativity and Programming

and physical computing materials. Journal of the
Korean Association for Research in Science
Education. 36(2), 325-335.

[13] Kim. B. S., & Kim. J. H. (2016). Effects of Scratch
Programming Learning based on CPS on Verbal
Creativity. The Journal of Korean association of
computer education, 16(6), 11-19.

[14] Kim. J. H, Kim. J. J,, & Lee. T. O.(2006). A Study
on the Development of Creativity in Elementary
School Through Micro-Robot Education. Journal
of the Korea Contents Society, 6(8). 124-132.



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

2 uSsE=2X M213 A3=

Kim. J. H, & Kim. T. Y. (2016). The Effect of
Physical Computing Education to Improve the
Capability of Secondary
Gifted Students. The
Journal of Korean association of computer educa—
tion, 19(2), 87-98.

Kim. K. H. (2016). The Effects of the Robot Based
Instruction on Improving Immersion Learning. The
Journal of Korean association of computer educa—
tion, 14(2), 1-12.

Kim. K. K., Lee. J. Y.(2016). Analysis of the

Effectiveness of Computational Thinking-Based

Convergence

Mathematics—Science

Programming Learning. The Journal of Korean as—
sociation of computer education, 19(1), 27-39.
Kim. S. H., Ham. S. J., & Song, K. S. (2015).
Analytic Study on the
Computational Thinking based STEAM Program.
The Journal of Korean association of computer ed-
ucation, 18(3). 105-114.

Kim. Y. M, & Kim. J. H. (2015). Development

and Application of Software Education Program

Effectiveness  of

of App Inventor Ultilization for Improvement of
Elementary School Girls’ Computational Thinking.
Journal of the Korean Association of information
Education., 19(4), 385-398.

Ku J. H, & Chon. Y. ], & Kim. T. Y. (2016).
The Development and Application of Lesson
Contents Based on the CT-CPS Framework for
Improving the Creative Problem Solving Ability
of Elementary Informatics Gifted Students. The
Journal of Korea elementary education. 27(2).
339-357.

Lee. E. K. (2013). Computer Education Curriculum
and Instruction : Creative Programming Learning.
The Journal of Korean association of computer
education. 16(1), 1-9.

Lee. E. K., & Lee. Y. J. (2007). The Effect of a
Robot Programming Learning on Problem Solving
Ability. The Journal of Korean association of com—
puter education, 10(6). 19-27.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Lee. E. K, & Lee. Y. J. (2008a). The Effects of
Scratch Based Programming Education on Middle
School Students' Flow Level and Programming
Achievement. The Journal of Secindary Education,
56(2), 359-382.

Lee. E. K., & Lee. Y. J. (2008b). The Effects of
a Robot Based Programming Learning on
Learners' Creative Problem Solving Potential.
Journal of the Korean Institute of Industrial
Educations. 33(2), 120-136.

Lee. E. K., & Lee. Y. J. (2008c). The Effects of
4CID Model based Robot Programming Learning
on Learners' Flow Level. The Journal of Korean
association of computer education. 11(4), 37-46.
Lee. H. S., Han. J. H, & Cho. M. H. (2013). Effect
Analysis of Learning with a Robot for Improving
in the
Elementary School. The Journal of Korea Society
for Child Education. 22(2), 19-35.

Lee. T. W., & Choi, H. ]J. (2016). Informatics
education. Seoul. Hanbit Academy.

Lye, S. Y., & Koh, J. H. L. (2014). Review on teach—-
ing and learning of computational thinking through

Creativity Regular Curriculum of

programming: what is next for K-127. Computers
in Human Behavior, 41, 51-61.

Moon. O. S. (2008). Influential Error Factors of
Robot Programming Learning on the Problem
Solving SKkill. Journal of the Korean Association
of information Education. 12(2), 195-202.
Moreno—Leon, J., Robles, G., & Roman-Gonzalez,
M. (2015). Dr. Scratch: automatic analysis of
scratch projects to assess and foster computational
thinking. Revista de Education a Distancia, 46,
1-23.

Oh. J. C, Lee. J. W,, Kim. J. A, & Kim. J. H.
(2012). Analysis of the Difference of Tangible
Programming  Achievement on  Learner's
characteristics. The Journal of Korean association
of computer education, 15(3). 11-23.

Papastergiou, M. (2009). Digital game-based



[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

ol

EX

fl

learning in high school computer science education:
Impact on educational effectiveness and student
motivation. Computers & Education, 52(1), 1-12.
Park. J. S, Kim. J. H,, &S Kim. T. Y. (2011). tudy
of Instruction Model Using Viryual Robot
Programming For Creative Problem Solving.
Korean association of computer education. Korean
association of computer education, 15(2). 301-305.
Park. K. J. & Lee. S. J. (2010). A Comparative
Study of the Effect of Dolittle and Robot
Programming Education on Creativity. Journal of
the Korean Association of information Education,
14(4), 619-626.

Park. Y. S. & Seo. H. J. (2012). The Effects Blended
Robot Education Program on Learning Motivation
and Immersion of Children. The Journal of Korea
elementary education, 25(4), 1-20.

Resnick, M. (2008). Sowing the seeds for a more
creative society. Learning & Leading with
Technology, 35(4), 18-22.

Séez-Lopez, J. M., Roman-Gonzélez, M. &
Vazquez—Cano, E. (2016). Visual programming
languages integrated across the curriculum in ele—
mentary school: A two year case study using
“Scratch” in five schools. Computers & Education,
97, 129-141.

Seo. Y. H, Yeom. M. R. & Kim. J. H. (2016).
Analysis of Effect that Pair Programming
Thinking

Creativity in Elementary Software Education.

Develope of Computational and
Journal of the Korean Association of information
Education, 20(3), 219-234.

Song. J. B, Baek. S. H,, & Lee. T. W. (2008). The
Effect of Robot Programming Learning Considered
Gender Differences on Female Middle School
Student's Flow Level and Problem Solving Ability.
The Journal of Korean association of computer ed-
ucation, 12(1). 45-55.

Song. J. B, Cho. S. H, & Lee. T. W. (2009). The

Effect of Learning Scratch Programming on

=

g SW 10| =5

[41]

[42]

[43]

[44]

[45]

[46]

[47]

o

A o]

d A BIX[= =2

295

Students’ Motivation and Problem Solving Ability.
Journal of the Korean Association of information
Education. 12(3), 323-332.

Sim. J. K, Lee. W. K., & Kwon. D. Y. (2015).
of the of Tangible

Programming  Achievement Learner's

Analysis Difference
on
characteristics. The Journal of Korean association
of computer education, 19(1). 19-26.

Tzafestas, C. S., Palaiologou, N., & Alifragis, M.
(2006). Virtual and remote robotic laboratory: com—
parative IEEE
Transactions on education, 49(3), 360-369.
Wing, J. M. (2006). Computational Thinking.
Communications of the ACM, 49(3), 33-35.
Wing, J. M. (2008). Computational thinking and
thinking  about  computing.  Philosophical
Transactions of The Royal Society, 366, 3717-3725.
Yoo. B. K, Kim. J. M, & Lee. W. K. (2012). Analysis
the
Achievement and Problem Solving According to
Gender. The Journal of Korean association of com-
puter education, 15(6). 1-10.

Yoo. I. H. (2013). The Effects on Flow at Using

Robots of Introductory Programming Course.

experimental  evaluation.

on Relation between  Programming

Journal of the Korean Association of information
Education, 17(3). 329-337.

Yoo. S. K., & Kim. T. Y.(2013). The Effect of the
STEAM-based Robot Learning on the Creativity
of Elementary IT-Gifted Students. The Journal
of teacher Education, 29(3), 219-236.



206 FEISSE|=2X H21E H3E

s PN/

= Ao

2004 At skar 74 o tak(3tAh

2013 o] st A}t 8kl L5 8¢l
W53 EIH(A AL

2014~ A o|stoi A gl L&
3sta wAlA

ok 28 &8 SW w S, ~
ntE Y

E-Mail: gabielove@naver.com

of g ul

2001 o] stofAfh st ul 53-8t}
(eHAh)

2003 Oli}oix}tﬁﬁw E2hlasl i

W5E I (AAL

2009 Z2E Aot w54
2] B W&I3 (HHA

2010~ A o) gAx}If et w5
&%ty Faa

Aok HaszA 70 shad
Al, SWals, 3h54A]

E-Mail: jeongmin@ewha.ac kr

s



