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Abstract In liberal SW education, nurturing student with creative problem-solving ability based on SW is
considered important. The purpose of this study is to design SW education and to investigate the effects on
students' computational thinking and creative problem solving abilities. This study designed classes in
accordance with convergent project and the CT-CPS model and 38 undergraduate students have participated
this study. The questionnaire survey was given to students and analyzed the effectiveness of class. The results
of this study were as follows: Fitst, SW education significantly improved computational thinking and creative
problem solving ability. Second, computational thinking improve significantly in high and low initial score
group and creative problem solving improve significantly in low initial score group. However, creative problem
solving ability did not improve significantly in high initial score group. Third, computational thinking improve
significantly in all majors and creative problem solving improve significantly in college of natural science.
However, creative problem solving ability did not improve significantly in college of humanities and social
science. In examining the effects on students' computational thinking and creative problem-solving abilities
and verify differences by pre-test and major, this study provides significance in expanding the understanding
about the nature liberal SW education.

Key Words : Computational thinking, Creative problem solving ability, Effectiveness by pre-test,
Effectiveness by major, CT-CPS model
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Table 1. Lesson plan and educational methods

Educational
Week Lesson plan Mothods
1 * Orientation
* Importance of SW
2 * Importance of
computational thinking )
3 + Decomposition * Explain
2 Concept P — * Lecture
) * Pattern recognition
learning - * Debate
5 * Abstraction Di .
- * Discussion
6 * Algorithm
7 * Algorithm
* Automation
8 * Mid-term exam
* Sequence
9 + Selection
« Convergence project plan
10 * lteration
1 « Variable * Debate
Scratch * Practice
rogramming * Function * Project based
12 P « Convergence project plan learnin
feedback 9
13 « Artificial intelligence
14
5 » Convergence project

B Aol sEo] AR, Hol2 BA)3
298 4371 sl @E A= 2

Table 2. Example of lesson (CT-CPS model)

Steps of CT-CPS model Examples of lesson
* Motivating students by explaining
the importance of problem solving
Motivation * Thinking about the connection
and SW between CT and majors used to
selection solve problems
Problem * Introduction about EPL (Educational
identification programming language) and Scratch
and analysis « Finding real-life problems related to
Problem computational thinking
Recognition * Describing why you want to solve
and Problem this problem
Definition * Expressing the final problem to be
solved
« Find the core of the problem
« Thinking of various ideas that can
Thinking of various solve problems through SW
) ideas * Organize ideas through
Conception brainstorming, mind mapping and
SCAMPER
S‘ng:émg « Simplifying ideas (Abstraction)
Design Designing * Expressing ideas step by step and
ideas creating flowcharts (Algorithm)
Implementation Implgmenting . Implemgnting ideas using Scratch
ideas « Debugging
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Table 3. Example of students’ activity(problem
identification and analysis)
Students” major

Examples of Students’ activity
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Fig. 1. Decomposition of Jeju Island travel
(conception)

“Kindergarten facilities seem to become a little safer through
College of  |the loT. For example, it would be useful to have a system
humanities | that automatically turns off the fire when you need to move
and quickly while cooking meals.”
social “In the field of early childhood education, there is an
science increasing demand from parents who want to teach coding
from an early age.”
“In the field of IT-related majors, many unimaginable
technologies are likely to arise in the future. | think it is
necessary to develop the ability to generate new ideas and
computational thinking in order to respond to these
changes.”
“Due to the 4th industrial revolution, the loT or big data is
used to control the dosage of medicine in real time and to
speed up the development of new medicine.”
“In particular, in the case of bio engineering, numerous
experimental data are particularly important, and data
collection, analysis, and statistics have become easier with
software technology and the loT. In order to respond to
these changes, it is necessary to develop the capability to
apply the analysis results to other fields.”

College of
natural
science
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Fig. 2. Why dogs bark? (Design)
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Fig. 3. Untact elevator call program
(implementation)
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4.1 ZREAD

5910 wake A Sstel, ARYATE A
Aok AL AF0) Folo] T T B (AHE AA
Sioick. 7L Ak, SIS FHPARTE A4 Kol

AZ R Fogt A0 R YEPHTH, = -6.383, p=.000).
AFGAEY o191 a8lof st g & +FHS A
Algt A3k W (e = -6.886, p=.000), =B(t=-5.757, p
=.000), TA(r=-5.814, p=.000)2] BH< 2T EAA

O oI5 F4H A0E Ueket.

Table 4. The effect of education (computational

thinking)

Variable pre post p

/ Sub-factor M SD M SD p
Computational | 5 g5 | 797 | 4004 | 719 | -6383* | .000
Thinking

Computational | 5 31 | 784 | 4135 | 754 | -6886* | .000
concepts

Computational | 5 099 | 47 | 4083 | 736 | -5757 | .000
practices

Computational | 5101 | ggp | 4083 | 721 | -5814¢ | 000
perspectives

*p (.05

4.1.2 oM FHoEaH

49 538 407 Hoto, FoJd EASiEE

AP A AR A ool et thE B (HHE
AASIE 1 A, s eln BANEE 84
o Aol BAHOR o Ao ehgrh(=
-4.082, p=.000).
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< AN A, EFY9Y A4/ ATE/ 7€ olsh
1 &g of¥(r=-5.885 p=.000), X ARa(r=
-5.363, p=.000), 714 84(¢=-2.268, p=.029)°] B
2 FHA 7K Ao YEhTt vEhE /=3
A =-1.279, p=209)= U< AR 0% F+ A
7} FE o, T Aol 7t BAH o R [olokA] %Sk

o

Table 5. The effect of education (creative
problem-solving ability)

Variable pre post
/ Sub~factor M | SD| M | D f b
Creative problem | 3 o | 513| 3767 | .60 | -4.082* | 000
—solving ability
Understanding and
attainment of skill 2.958 | .656 | 3.39%5 |.718 | -5.885* |.000
/ability in specific areas
Divergent thinking 3.121 |.782 | 3.621 | .720 | -5.363* | .000
Critical 3868 | 583 | 4021 | 754 | -1279 | 209
/logical thinking
Motivational factors 3.763 | .611 | 4032 | .772 | -2.268* | .029

*p .05

2} A4 38789] SHYS TS A9l AT 198 (A A
HAE A4 3.071~5.00090 I 5k A 199
(AFA AFEAI Y H4= 1.000~3.0009! Hehoz &7
Sto] tig HE rHAHS AAGIGTh T A}, A9 Je
(r=-2.417, p=.026)7} 5}9] HYeHr=-8.611, p=.000)
HE S AFEAE Bt A7 FHESLS
APA-ARS 429] Zpoli= BAH O & Foot3t

SR8 QEE g Y-S AN ATt 519 {
HolAe HE okl aRlolA BAXHCRE Ro3t S
H o A9 JdolAe I st sl AT fogt
TS HA

TAH R, 59| o= 7E(¢=-8.051, p=.000),
Y(r=-8.050, p=.000), FH(r=-8.172, p=.000)<]
Bt A7 BE FAESQIAL, T Aol7t FAKHCE &
olstoirt. §HE, &9 JolAE Hd(e=-3.054, p
=.007)9] et H7E FFEQAL, T Aol BAF SR
Folston, £ =-1.922, p=.071), TH(¢=-1.472,
p=.158)Z Bt M7 FIEQI o T Aol7t SA A
o= {olstA]| ettt

Table 6. The effect of education by group
(computational thinking)

Sub-factor KED) ¢ 0
pre post
g | Laop) | (s | 247 | 0
=19 COLT?EEZZZ”&' (357225 ?91%2) -1922 | 07
Compuatersl | 355 | 60 | - | e
Compamird | 28 480 | oo | o
fon | Corpmed | 22 | il | e | o
(o | “peces | (o1 | (s | 8 | 0
Compuateral [ 256 1 30 | g 1 | o0

*p .05

4.2.2 X ZX[ollZ2=

AP, AR 9] A EAIS A Y 4=9] Aol el B
tASH 02 BASH| Qlote], Aol EAIAY M4
of e}, HA| 3879 Y-S FHAE aEst] A9 A
o 18 (A ol EAIsh 4 A<= 3.40-5.00)2 oH9
Ak 208 (A 93 EASIAE A4 2.65-3.35) 0.2
TFEoto] g HE  AAES AASITE 1 F3 5H
Ak sHYES Ao A1 47t Fd=Ilom,
A-ARE 429] Rpolz BAFCE RSt ATHe=
-5.269, p=.000). ¥FH, A9 Aot sPIE9] Zol2 £4|
12 Bt M7t FERAY, AP-ARE 429 3¢
ol= BAXCE FootA] SITHr=-1.687, p=.110).

sHlaQdz S  AgS AT At 5 A
oA 471 821 BF BAZHORE Folst P B
O, 4] Aol = g skl aRlol ATt 323t 3R
2 Byt

FAFCR, 519 oA EF GG A4)/AL
715/71€9] ol € &2 o5(r=-5.178, p=.000), &
AFA AFI(r= -4.958, p=.000), H]HZ]/=2]4] A}1l(r=
-2.173, p=.043), 3718 84(r=-3.157, p=.005) =5
EAH o7 o5t FAS Bt v, AF9] HdhoA
£ EXI9Y A4/ A7) 5/71€9] ofe] 2 &Y ofF
(r=-3.346, p=.004), BAHA Al3l(r=-2.821, p=.012)
o] BHAG7L BAF LR FotA =P vl
A /=28 Atal(e=-.203, p=.841), 718 84(=
-.640, p=531) A7 AU, I Zpol7t
BAXHOE FololA] ket
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Table 7. The effect of education by group (creative
problem-solving ability)

M(SED)
Sub-factor D " t P
pre pos
Creative problem-solving| 3.839 | 4.097 _
bility ) | (71p | M7 | M0
Understanding and
) attainment of skill/ability 3422 | 38m -3.346* .004
High in specific areas (565) | (701)
initial nsp
score Divergent thinking ?758\?; ?69988% -2.821*% .012
(=18) - -
Critical/logical thinking ?522673 ?;&; -.203 84
Motivational factors ?515181) ?;;; -.640 531
Creative problem-solving| 3.058 | 3.470 ~ "
ability (193) | (446) 5269 000
Understanding and
attainment of skill/ability (245&3 (24%?7(; -5.178* .000
_Li\_NI in specific areas ’ ’
initial
score Divergent thinking 2( égg ?52?5(; -4,958* .000
(=20) : -
Critical/logical thinking ?35518(; ?478%; -2.173* .043
Motivational factors (34:1851(; (368;0(; -3.157% .005
*p (.05

AP, A AR 4] Holo] Bl Bk 4]
FH0 BAE] Slstel, A4 Sye ALz TR

SHel8 QR oS HE AAS AAISH A, QLA
SAE, AATA LA 37 291 BT FAHCE K
OJ%t e Bt TAHCR, JIZARIA oA = A

FApaE ] 59182l F Ad(r=-3.874, p=.001), &
(r=-3.455, p=. 003) Wi(r=-2.542, p=.0209] ¥
TAG7F FFHEAL, 1L Aol FAXLE FO5HA L
o, AAA QoM = Hd (e = —6.063, p=.000), 5%
(r=-4.697, p=.000), TH(r=-5.319, p=.000)2] B
A7t B FAEAAL, T Apo7E EAH 0 & {OI5HA
=

4.3.2 &M 2H[eHE

AP, AFE 39 ZAINAY ] Aol el B
o ASHoR 45| floto, A s AGERE
TEsto] oS EE 1 AS AASHlTE 11 A, A
A A(r = -4.545, p=.000) SIS Zol EA3]
A9 A7) RAEIQ O, AFH-ARS H4e0] Ajol= &
Aoz Folstltt. BH, ARARIAE(r=-1.731, p
=.101) SRBEY YA EA A B H57H FEE
Ao, AP-ARE 420 Aol AR {OfsHA|
&oxrt.

Table 9. The effect of education by major (creative

o g B +FAES AT O Zd ARAEA problem-solving ability)
cé(l’ = ‘3534 D :.002)31]- Z]’Oq-ﬂ:a]'ﬂ]cﬂ(t = ‘5640 D Sub—factor ore MK;D)post t P
= OOO) E—r 9]'}\3‘%_‘-4 ;S ‘U‘EA}‘_’ C=e] 'W‘ 14_/’\_7 ]’ OJ:}\CI' 51 A Creative problem-solving| 3.532 | 3.758 1731 101
bility (549 | (719 ) )
o b R 2~0] Z}o o 5] a
‘11 /\]- 4 /\]- ? —l_"] X}- ] 7:" “li TI"’] 0]—}»7\1:]—~ College Understanding and 3011 3358
of attainment of skill/ability (;544) (602) -3.154* | .00
humanities in specific areas ’ ’
Table 8. The effect of education by major and Dvergent thinking | 32% | 3674 | om0 | o0
(computational thinking) Sif’;i'e ég‘g 2704201)
N MSD) . , (n=19) Critical/logical thinking (.691) (.'933) -.301 767
pre post L 3863 | 3.979 _
College Computational | 3238 | 4011 | o | oo Mofivational factors |0 | (gay) | 030 | 596
of Thinking (667) | (.869) ) i Creative problem-solving| 3324 | 3776 | _, a5 | 000
huma Computational 3175 | 4015 -3.874% | .001 ability (506) | (615 i )
—nities concepts (.658) (.887) ) ) Understanding and 2905 3432
and Computational 3224 | 3961 3455+ 003 College | attainment of skill/ability (764) (833) -5.361* | .000
social practices (692) | (887) ) ) of in specific areas ’ '
science Computational 3386 | 4.070 = " natural . . 2947 | 3568 | "
(n=19) perspectives 780 | (879) 2.542 .020 science Divergent thinking Gon | (719 4,756 .000
Computational 2040 | 4177 | e (n=19) L - 3779 | 4021 |
Colege Thinking (909 | (542 5.640 .000 Critical/logical thinking 459 | (509 2,068 | .053
Computational 2836 | 4.256 ~ " . 3663 | 4084 | "
na;)jral concepts (839 | (599) 6.063 .000 Motivational factors ) | (599 2.888 .010
. Computational 2974 | 4145 ~ " *
S(;qu;) practices (.982) | (.555) 4697 000 p (05
Computational 2982 | 4.035 5319* | 000
perspectives (912) | (543) ’ ) s}._?,]_g_o]tﬂi ;HQ_ HE A pabs -L% ALX ]’{)‘_ J,]— X]—ﬂ_l,}-
"0 (05 A QoA 371 S92 1o BAH o7 folg it
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