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Abstract

The purpose of this study is to examine effects of maker education for high-school students on attitude toward
software education, creative problem solving, and computational thinking. The program was designed to develop
an artificial intelligence robot using mBlock and Arduino and implemented at a maker space. We analyzed 19 stu-
dents among 20 who participated in the program, the result of paired t-test indicated significant increase in all
variables. Also, we performed a multiple regression analysis to investigate predictors of perceived achievement and
satisfaction. The finding demonstrated an initial attitude toward software education was found to be the significant
predictor of perceived achievement and satisfaction. With the results, we confirmed maker education enhances atti—
tude toward software education, creative problem solving, and computational thinking. Lastly, we discussed the
implications and limitations and suggested the direction for future research.
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<Table 1> Attificial intelligence maker program
Topic No. Detail
1 Introduction to Artificial Intelligence
Foundation of & Machine Learning
Al & Machine 9 Understanding of training models
Learning using mBlcok

3 Developing my machine learning

. 4 Physical computing using Arduino
Understanding 5 Utilizing a sense of Arduino
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& Machine —— learnin
Learning 8 g
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ool
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<Table 6> paired ttest of creative problem solving

Variables M SD 3 D
Creative Pre 3755 0570
Problem -3.657  0.002

Solving Post  4.008 0583
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<Table 7> paired t-test of computational thinking

Variables M SD t p
Computational Pre 3579 738
Thinking Post 4056  .703
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Att,yzﬁables M SD 4 D <Table 8> A multiple regression analysis of perceived academic
itude Pre 4126 0634 achievement
toward SW -3508 0.003
education  Post 4389 0488 5 B -
Intercept 1.681 574 2927
2. HOH 2HHZEY Attitude toward ) 155 2.972"
SW education
) Computational
o] WS Fo| FolH EAsAaze A Fr= Thinking -.164 186 -0.883
}3r gl } O TR t_ “reati
AR 98 A, ALE AALE Bl o R SRR ¢ Lreatévﬁ Problem 4 203 1874
AL ANEG 7 A} <Table 6> 7o wo]7] L B
o = Adjusted R? 424
JT—'-‘T _T’ZO]] éﬁ— 375501]/\1 4009i X]—_/] S| Xﬂ BH ao] Model F 8121***
oA S/t es & 5

“p<.01, "p<.001



593

100

=A

B, Bl

Fl0f wsof it

I E

Ssp of4 ool B0l 4

a

Egjole] 8ol A9

hA

olAlE A&

WA 2, <Table 9> 7o]

o}

ZEJo W

o9 &

JE

S} A
<1

R

=

e = <]

i

3|

ZEYo] S

o &
EEss

R

=
=

A wt

rvze]

&1
e

el
T
Nfo

<Table 9> A multiple regression analysis of perceived satisfaction

SE
664

2.547

Intercept

A+ 0N
- A
< el
%0 . oF
w BT
. R =
o W Wy
GG
o o) o
Mo N ol
i
W o=
o
T, B
=
ol
TR
= 0 o
Wﬂ- o .10%0
E| &e E
5 < o
&= o
poE W
H o
io [o9)
s B
[aN] |
8 9
- N
g 8
. |
T oo
25,
B RIS 2
L gl
ERIEE
£E|EF
200

0 A
™ e
B
e
oy
TS Wy
k"
ah
¢
w X
ol X
7
el WW
O#U o
T
g
N~
Mo =
= O
—_
§
A|m
of or
B o
G
(o>}
2
&R
N
()]
N
—
§
3
£ 2
>
=
5

201
3.426"

Adjusted R?

Model F

oy

SteH34].

Z=
o~

Aol A w

)

}o2o SAdA Bt} gador 8" 4

Wlo]7 230

&z

&l

K
ok

M

%0

il

ol 7}

tol =

S

ShyEw

)l

oA Ao groleta & 4= IH18]. FAHeE B

H|

o Aloko] Aol A o] 7

Tk

Ho

N
<

B

o

W5l A7)

ol 8
o

3|

jpuze]

il

S

o
%9} oju

rvze]

b4, %

3
il

ESE

RE
&
7 1tk

L
L

A}
=

FAZE EA

>
u

=g

ouj /Kéi

o AHFETH28] 2w

s

o) AEA A
uh ZaH o A

Ho]7] =l

o
4

—_

o
o
il
a3l

i
0

Mo

=

ul el 4el ofeldo]
S QEI0] 2 Aol

mg

NV
)

o

L
L

3}
=

ERES)
#4350,

o7 weo] AEAow

ol
=

EF 2
=

e

Aoz ool

&

gz o ASe sy

13
o}

AHoz HH

ATHIL

ofolt]o] 2 W

o]
1

o 7129 cloldol& % o 39

Al7]

(autonomy)¥} & A (control) ©]

M & asleh

713]&

L
L

N
70

X

!

g
Ao

ol

=7 AEH19) whebd AAYEe s

=
= —

7} g

"

iid

43} 7ol

or

LA

o))

=
=

o] A AR CH11[14]17] T-A A o= A

o

Al
]



=l

Al 243 X6

=
(LN

L
[

2WF55]

4

PSS
o

594

AR T R T RN Td T § 4 L ¢dEs s s EE BEESH
m o © 0 Eaﬂﬂ .CI .OOO W S.m = o O T m g)[w ‘B © anw «1_
FE o oo B L 258 £2EEEETZEE o£.ESw
ROl Y SE®¥E°ES 222588833 I-el
— < - a - 8 5 = & g Y 3w R v S &
ﬂm:tﬁmouﬂﬁgﬂwh%ﬁ m%Mmmw mwmm@RHﬁw mMmdM
e —_— o O 9] Q = Q ) & .
%) Hr O — — = Ao Tl (ke = Lo 8 X N o L 9 QCL - g B N
D FE R o B 90 28y e BE £33 8 = .2 55
TTEE o BRL T Ee2 (8598 02888 g7
— S =
EEiErETeHTY ESTCTEg EEuEvdd ELisxs
! | = _— p= : i - O
ey 2 LEL moOSSSE7 TS Eig e 8 SHUES
RN T P R b o S yEEZE05CrSifgis 5830
Ty s A T M ES s PERSRE3 23225 g7~ & E 3
drom%ﬁ_i%ﬂm%ﬂmaﬁ il %mmmna% MmbmHm.hMMMSomﬁm
wow "o\ : . = § =% &2 TR T gRREE
— lo — ~ 5B < S E T g - 8K B s B S S
ZEPlgLisZFEE PP I RN MR
K 0 ! 0 . S £ S g £ < >
pEPan G B CEifgEsS s EE s EESEY D2 g
; ; ; . £ . § & .
do nr o, o o= N o g8 E N LT EEBYEES DY ES PE oS
T e P o E KNG < 2FEPg e 5T EaST 588858283
eaﬂﬁﬂ_.uﬁﬂﬁ%oll o L2 B8 uv = 2 53 £ .@m RS R == =
w1 2 o L) (- sE g 88 & 38 4 e I Es YRR EEFEE 5 B
g X R R oo S ESSEIREEEeSESs58885s55 82
o B AL S G 5 EE A WUNm e g 5 §0 3 8AQ 0 8 g <
M o = ° - = — - —
< ENRET R PTG T = ol jag) = Lo}
MOT W R B R WK TR RS TAET T NS B hw s w R o
st mrsn et 2fEiAaafill® iy TES® AT EXO
Z TR d T T R %R mop TN Ve 2w o T Do 2
; TR gl - ol J
D T R TR M o ® T, T o X = g
jt n = ° o i w ﬁ&o T M GRS _ﬂo N ,;l.ou o o— T ~u o oA El o uly m%
Perxw ey zga e gTTde TR g V¥ e B0
3 it o ! R e - o o 20 =
K T i A O B SR A - S i N A M = S
i S B S L =TI el R i N g %o .
B TR T E e e suETHes T L gL TE T ML FRT
Ky FHadw Lkl gm, Uopg  PHRoggdg® gXg ) W
FEE g K e Ty Ty WAL AN B R PR pwomom g
W_MJﬂEﬂuiaﬁmM.cu%m.ou%uAl imuaei_nﬂwuvﬁlﬁnﬂ/ - oo m L lﬂ%moiﬂh
q_mﬁli%.ibommaﬂww;omaﬂ mﬂ_aﬁwﬁﬂﬂﬂWm ﬂoﬂ%%%ﬁmﬂﬂwme Wﬂﬁ}ﬂﬁiaf
T B O T T N T == ' P = o e Bl
Hr_owmd WL = M o 7 oﬂr il Mﬂrﬂaf M N oy Mo o Hl 7w %MW@ ﬂa JJo Jxlw M.m_ ﬂmﬂ o JEL%
- o) E oy A X oop B~ & = e
uxoﬂemﬂmuwoﬂwﬂﬂxamaﬂ%% M%%M_Mmh%%n@%oﬂgﬂﬂmomm% @uxmm%ﬂr.ﬁ
~n B AR _ ™y 9 = ! I W A ~ — oo 0 = Tt
R O R B G, RTINS SRR - AR
AT e o Tw o ML mE Ay B R e
A 2L N = iy i~ o B o mo R i Nk
Moo 5 M T — W = o A o A — B = o o TR
L] o =2 ge o= ‘ﬂlut o o © il B ™ ﬂgedﬂ Sy Mr M o (- .mﬂdﬂﬂ% H;%.d; W A
J @ oEo L oo wm MR S og X o w7 L Bl o G s B N
% or © @ gl o MR P d2dis "2y d s g™ o)
A A == S ) M ® & W FE AR ok A G iy M E BT M

in K-12

Thinking

International Society for Technology in Education
Computational

[6] Computer Science Teachers Association and the
(2011).

il

=

diell lo] A& dlo]el 7} A4 o]t}

L

o

[

=7



nSeHd iy Mol WS0| AZEN WSO thet Bix, Fo/N =ACHZH, AFEY Ao AlXl= ¥ 595

Education, teacher resources.

[7]1 Dougherty, D. (2012). The maker movement.
[nnovations: Technology, governance, global-
ization, 7A3), 11-14.

[8] Halverson, E. R., & Sheridan, K. (2014). The maker
movement in education. Harvard educational re-
view, 844), 495-504.

[9] Hsu, Y. C., Baldwin, S., & Ching, Y. H. (2017).
Learning through making and maker education.
TechTrends, 61(6), 589-594.

[10] Jo, Y. J. (2019). Development of maker education
program with creative problem solving(CPS).
Journal of Fisheries and Marine Sciences
Education, 31(3), 856-876.

[11] Jung H. N., & Jhun, Y. S. (2020). Physical
Computing Classes using a Flipped Learning
Strategy. Journal of Gified/Talented Education,
30(1), 1-23.

[12] Kang, M. S. (2009). Development of learners’ per—
cerved interaction model and scale between learn-
er and instructor In e-learning environments.
Doctoral Dissertation, Korea University.

[13] Kim, M. Y., & Kim, S. W. (2018). Korean secondary
students’ computational thinking based on prob-—
lem solving. Journal of Learner-Centered
Curriculum and Instruction, 1816), 807-830.

[14] Kim, M. Y., & Kim, S. W. (2020). The effect of
scientific problem-solving education using phys—
ical computing on computational thinking. Journal
of Learner—Centered Curriculum and Instruction,
20(8), 387-410.

[15] Kim, H. J., Seo, J. H, & Kim, Y. S. (2016). The
effect of scratch programming education using ar—
duino on middle school students’ creative problem
solving ability. Journal of Learner-Centered
Curriculum and Instruction. 16&12), 707-724.

[16] Lee, S. S., & Lee, Y. N. (2007). Development of
blended instructional model for creative problem

solving. Journal of Educational Technology, 232),
135-159.

[17] Lee, J. M,, & Ko, E, J. (2018). The effect of software
education on middle school students computational
thinking. Jowrnal of the Korea
Association, 1812), 238-250.

[18] Lee, S. C, Kim T. Y., Kim, J. S, Kang, S. ], &
Yoon, J. Y. (2019). The Effect of a Design
Thinking—based Maker Education Program on the
Creative Problem Solving Ability of Elementary
School Students. Journal of The Korean Association
of Information Education, 231), 73-84.

[19] Martin, L. (2015). The promise of the maker move-
ment for education. Journal of Pre-College
Engineering Education Research (J-PEER), K1),
30-39.

[20] Mumford, M. D., Supinski, E. P., Threlfall, K. V.,
& Baughman, W. A. (1996). Process based measures
of creative problem solving skills: III. Category
selection. Creativity Research Jowrnal, %4), 395 -
406.

[21] Osbum, H. K., & Mumford, M. D. (2006). Creativity

and planning: Training interventions to develop cre—

Contents

ative problem-solving skills. Creativity Research
Journal, 18(2), 173-190.

[22] Papert, S. (1980). Mindstorms. Children, computers
and powertill ideas. New York, NY: Basic Books.

[23] Park, J. H. (2015). Effects of storytelling based soft-
ware education on computational thinking. Journal
of the Korean Association of information Education,
19(1), 57-68.

[24] Peppler, K., & Bender, S. (2013). Maker movement
spreads innovation one project at a time. Phi Delta
Kappan, 9X3), 22 -21.

[25] Ringberg, T., & Reihlen, M. (2008). Towards a socio

cognitive approach to knowledge transfer.
Journal of Management Studies, 455), 912-935.

[26] Seo, M. G. (2012). Critical thinking and creative
problem solving. Korean Journal of General
Education, &3), 221-247.

[27] Shim, S. Y, Kim, J. O, & Kim, J. S. (2016).

Development of steam learning program using ar—



(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

HEWSE[=ER H24d M6z

duino to improve technological problem-solving
ability for middle school students. 7he Korean
Journal of Technology Education, 161), 77-100.
Taylor, B. (2016). Evaluating the benefit of the mak—
er movement in K-12 STEM education. Electronic
International Journal of Education, Arts, and
Science (ELJEAS), 2 1-22.

Treffinger, D. ]., Isaksen, S. G., & Dorval, B. K.
(2005). Creative problem solving: An introduction
(4th ed.). Waco, TX: Prufrock Press.

Wiebe, E. N., Williams, L., Yang, K., & Miller, C.
(2003). Computer science attitude survey. Dept. of
Computer Science, NC State University.

Wing, J. M. (2006). Computational thinking.
Communications of the ACM, 4943), 33-35.
Yadav, A., Mayfield, C., Zhou, N., Hambrusch, S.,
& Korb, T. (2014). Computational thinking in ele-
mentary and secondary teacher education. ACM
Transactions on Computing Education, 141), 1 -
16.

Yin, Y., Hadad, R., Tang, X., & Lin, Q. (2019).
Improving and Assessing Computational Thinking
in Maker Activities: the Integration with Physics
and Engineering Learning. Journal of Science
Education and Technology, 292), 189-214
Yoon, J. K, & Kim, Y. S. (2018). Influence of pro-
gramming education utilizing arduino on creative
problem solving ability of high school students. 7he
SNU Journal of Education Research, 2743), 53-73.
Yoon, J. H, Kwon, J. H, & Kang, S. J. (2019).
Verification of effectiveness of design think-
ing—based maker education program for middle
school students. Journal of Learner—Centered
Curriculum and Instruction, 1410), 561-584.

PSP/ |

E-mail : hongkey83@naver.com

2 MM

2003 A st AFEEE At

2006 U. of Texas at Arlington
Computer Engineering A}

2011 U. of Texas at Arlington,
Computer Engineering ¥}

20167@AA] Ao gta

AN EY A

E-Mail : jschoi@sunmoon.ac.kr

o

1998 oSk AAA LS S}

2002 ARehshan hekel A AA e
4t

2010 U. of Texas at Arlington,
Computer Engineering 2FA
201273 A - AE) e

E-Mail : mahyun91@sunmoon.ac.kr



