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[Abstract]

Recently, the topics of SW liberal-arts education are diversifying, from ‘Computational Thinking(CT)’
to ‘Programming, Data Analysis and Artificial Intelligence(Al)’ in universities. We expect that the
diversification of SW liberal-arts subjects does not just mean that the learning contents are different, but
also differentiates the educational goals and educational effects of each subject. In this paper, we
conducted a case study to analyze the educational effect according to the educational goals of two SW
liberal-arts subjects, CT and Data Analysis Fundamentals(DA), for humanities college students. We
confirmed that the educational effect of ‘CT Efficacy’ increased significantly in accordance with the
common educational goal of ‘Improving CT-based SW convergence competency’ in both subjects.
However, we also analyzed the difference in the educational effects of ‘CT(the goal of basic SW
education)” and ‘DA(the goal of major-friendly SW education)’, which have different subject goals.
‘CT’ mainly showed an educational effect on how to solve general daily problems, and ‘DA’ showed

confidence in how to solve major problems along with general problems.
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II. Preliminaries

1. Change of SW education for non-majors
tiste] Moy SW w52 2015 = SW FA st At
o] ARk @) Ale] &b gt 3 4 9lck 20224 @
M7ER] SW sAldister AH dishk> 197|(2015
F~20199)0] o]of 26 A|(2021'A~AAK)ofl F5 A of
st Z3stol & 587 chlolul, o= chele &2 Mg
o 97} dish2 AelstE &4 67hEollA 2T 89 <t A
P4 SW 282 Ta2 ofRalstel 183121 9IcH18).
SW ZATet AR 7190 A% 0 SW 283} SAH



A Case Study of Educational Effectiveness by Software Subjects for Humanities College Students 269

AEY AT e SE2 AT gugol ARl
A ZARYAD LRSS SUsP] LesHgtolt, A2
AT UE SW 30| A Al AL glon), T
2§ Al QuAoR wests 2wt ulmstel, vl
ABAL SW 8ol Ozt 394 A4 3 8% 5718 o
eQlcka eid 9lcHe]10-13]119].

1154

o] HIASA} SW n-50] ARH|AE Aol 2
ARIe] A AAE BN EE2 &5 A

\
3
==

e

TSI SO0, A ML AU

QAR 79 W2 SW .88 KR A7)

QIckn $A3HCH 0],

ARUE A AN Bnged, ol3AY
o

TR

K
Kl

)

o
of et @ Al

=
>
wn
=
=
Lok
D
i
)
1o EL 4% o

S
R e
do ol ML

=
£
o

ks
o
fn
N
S
n
=

o

&)
o Mo

4 o9 -
L g
okl o
)
5
_OL

¥@ g
0 fo
— oXx
= 2
o
o
r r%
re =
Tl rE
uju ok
ofm =
b
> o
rrore o

1
S o

2
o

)
=
2}
oK
~
=
2}
ok
i)
v
=)
oH
2
BN
ro
Ho
2
o
oZ g

r rlo
of

i)
o
=
Az
i m

ifte

on tE kI
T;
u

of Jjm
I o,
o
im
(e}
4 L 1> o

o,
=
2
o
i)
o
oL o |4
=]

L dlm
)
e
jgh
i
= |
5
of
e
i)

gharo] Aol BIFEALE Yot SW W& SW 7|
= 55RO Ay A2y Al $82 FO

| B3] jokst Atel Hofox SW7T ALE]7]o] 7t
S

NEQe $Y SW J|AnBY sy 2HAS AT
Agol Dastol 2P AT B3] WA Bg
AR 2ol AN} ARGl F71, Al
23 G AW 4 ok 3 oojel 2A=z2, U2
Qe 44, GAA, SNS 29| HAE FHIAZ Apgslel
of Y T 2740 S5 5719k B BEES 2
P EIE 9SS BRI

oPe HF WEY SW B UL 2g wIY A
of U AL UIFSAIT, YA ATZ0IN BEo| 427
o] A3 Telah SW 80| $740] Q1] wate} of
& 7] Py N at Uge Bl

88.9%
70.0%
50.0%
33.3% 33.3%
25.0%

2015 2016 2017 2018 2019 2021

Fig. 1. Status of Major—friendly SW Education in
SW-oriented Universities
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Fig. 2. Status of SW Liberal—arts Curriculum for
Non—majors in SW-oriented Universities
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2. SW education for humanities college
2.1 Status of SW-oriented university
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Table 1. Status of SW Liberal-arts Curriculum in
Humanities Colleges in SW-oriented Universities
L:glr\;zrlilst;/ SW Subjects
A e Computational Thinking
(6) e Data Analysis Fundamentals
e Computational Thinking
B e Basic Programming (Python and R
(3) Programming for the Humanities and
Society)
C (2) e Computing Problem Solving
D e Computational Thinking
(5) e Programming (Scratch, Applnventor)
£ e Understanding Software
) e Computational Thinking and Problem
Solving
F e Computational Thinking and Game Design
) e Algorithm and Game Contents
e Basic Al and Contents
G e Computational Thinking
(6) e Text Data Analysis
H (3) e Problem Solving and Computing
I e Data Analysis Fundamentals
(7) e Computational Thinking and SW Coding
J e Computational Thinking and Problem
(5) Solving
e Future society and Al
K e Computational Thinking
(6) e Al Convergence Basics
L e Al and Future Society
(6) e Introduction to Computer
M e Computational Thinking
(6) e SW oriented Future Society

B e =m ==

SW Literacy

Al

Fig. 3. Status of SW Liberal—arts Curriculum in
Humanities Colleges in SW-oriented Universities
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2.2 A university SW education model
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Table 2. Status of
University

SW Liberal-arts Curriculum in A

SW Competencies

Main SW Subjects

Computational
Thinking

e Computational Thinking
Computer and Human

Data Analysis

[ )

e Data Analysis Fundamentals

e Business Statistics and Data
Analysis

e Analysis of English Data

e Data Analysis for Applied
Chemistry and Biological
Engineering

Programming

Computer Programming
Interactive Programming
Convergent Programming
Financial Programming
Computer Programming for
Science Computation

e Python Programming for
Engineering

Artificial e Understanding Al

Intelligence e Physical Thoughts for Al
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III. Case Study
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Table 3. Educational Goals and Educational Effects of SW Subjects of Humanities College

SW Subjects Educational Goals and Educational Effects
CT1. By systematically utilizing the learned capabilities as needed, students can solve new
problems based on computational thinking.
Computational CT2. Students can find problems in everyday life that are similar to the learned problems and
Thinking apply the learned solutions to them.

CT3. Students can solve problems by working together in a team discussion.
CT4. Students can express the solution to the problem found in a well-organized form.

Data Analysis
Fundamentals

DA1. Students can define solvable problems with data analysis and solve them with scientific
problem-solving methods, including computational thinking.

DA2. Students can advance your research based on their major-related data.

DA3. Students can understand and explain data analysis procedures.

DA4. Students can collect public data required for data analysis through a computing environment.

DA5. Students can apply visualization and analysis techniques suitable for data analysis purposes.

DA6. Students can interpret the results of data visualization and analysis.
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2. Research method
2.1 Questionnaire
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Table 4. Questionnaires of SW Educational Effectiveness
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2 X
1_.

Area Questionnaires
. 1. SW plays an important role in developing our society.
Social - -
Importance 2. SW makes our lives convenient.
» P 3. SW plays an important role for communication and collaboration among social members.
= p | 4. For me, SW is a useful tool that makes my life convenient.
P In?rz(;?aance 5. SW education helped me solve my daily life problems.
3 P 6. 1 am using SW as an important tool for my studies.
5_ 7. 1 think it is necessary to learn SW as a liberal-arts subject.
o 8. I think that learning SW helps me understand my major more effectively.
Education Needs | 9. I think that the computational thinking ability will increase through SW education.
10. I think SW education is helpful when choosing a job.
11. I think that SW education helps to solve problems in life.
12. I want to continue learning SW in the future.
SW Interest 13. I became interested in SW through SW class.
14. 1 would like to recommend SW class to other students.
%) 15. I am confident in applying computational thinking to solving general problems.
= . 16. 1 am confident in solving problems related to my major by applying computing thinking.
> | Computational - - — - -
= Thinking Efficac 17. 1 am confident in explaining logically how to solve a given problem.
g 9 y 18. If I continue to learn SW, I am confident that I can implement the program I want.
@® 19. I can explain what it means to solve problems using a computer.
. 20. I can understand and use computer and IT technology.
SW Literacy -
. 21. 1 can judge how to use computers and software.
Efficacy - - - - - -
22. I am confident in analyzing and managing the collected information.
SW and 23. 1 can analyze and utilize the information collected using SW.
Information 24. 1 can interpret analysis results using a computer.
wn | Utilization 25. 1 can understand and apply the basic usage of computers.
= . 26. 1 understand the impact of SW on social and cultural change.
— | Understanding - - - - -
= 27. 1 can imagine the changes in the future society that will be changed by SW technology
@ | SW Technology } .
o such as Al and virtual reality.
< | Information 28. To protect personal information, I tend to properly set passwords and manage access rights.

Security and 29. 1 tend to use computers in a healthy manner according to internet ethics.

Ethics 30. I know that SW is a literary work and must be used in a way that does not violate copyright.
g Ao oty et o] Ay AIHA & 0 & £ 5 o2 'SW U JHEE SW 7[&old, FYEHEF
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< 2.2 Analysis method
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Table 5. SW Educational Effectiveness of Computational Thinking Class (diff.=pre-post)
. pre . pre post .
Metrics M (SD) M (SD) t diff. M (SD) M (SD) t diff.
1. 443 0.86 452 0.46 -0.40 -0.10
2. 448 0.56 452 0.46 -0.17 -0.05
" 3. | 405 095 | 457 | 0.66 -2.33* -0.52
= 4. 419 | 126 | 429 | 041 -0.33 -0.10
B 5. ] 3.90 149 | 405 | 0.35 -0.46 -0.14
3 6. | 3.33 1.13 | 4.10 | 0.69 -2.31% -0.76 3.90 0.14 4.26 0.05 | -4.02%* -0.36
S | 7.] 405 [ 105 | 419 | 041 -0.33 -0.14
= 8. | 3.57 1.26 | 3.95 1.15 -1.22 -0.38
> 9. 3.81 1.56 4.05 0.75 -0.67 -0.24
10.| 3.62 105 | 429 | 0.71 -2.26% -0.67
11.| 3.48 186 | 433 | 0.63 -2.69* -0.86
12.| 3.76 079 | 3.76 | 0.79 0 0
13.| 3.48 106 | 3.62 | 0.85 -0.62 -0.14
14.| 3.71 1.21 3.67 | 0.93 0.22 0.05
%] 15.| 2.86 073 | 3.43 | 0.56 -2.83* -0.57
f 16.] 300 | 070 | 3.38 | 1.15 | -1.45 ~0.38
= 17.| 3.52 096 | 357 | 0.56 -0.20 -0.05 3.32 o.M 3.54 0.06 | -3.43%* -0.22
g 18.| 2.95 1.65 | 3.05 1.25 -0.37 -0.10
o 19.] 2.95 1.15 | 3.29 | 091 -1.38 -0.33
20.| 3.29 0.41 3.76 | 0.69 -3.21%* -0.48
21.| 352 1.06 | 390 | 059 -1.50 -0.38
22.| 3.43 086 | 3.48 | 0.56 -0.24 -0.05
23.| 3.29 0.81 3.81 1.06 -1.71 -0.52
o 24.| 3.29 0.61 3.62 | 0.75 -1.38 -0.33
= 25.| 4.00 060 | 3.90 | 0.69 0.46 0.10
- 26.| 424 | 039 | 433 | 0.93 -0.44 -0.10
8 [ 27.] 376 | 079 | 371 | 091 | 0.0 005 | 391 | 020 | 404 1010 | -1.50 | -0.13
5 28.| 3.90 1.29 4.29 0.71 -1.36 -0.38
29.| 4.33 043 | 424 | 0.49 0.62 0.10
30.| 448 | 036 | 4.43 | 056 0.24 0.05

*p<.05, **p<.01

2.3 Participants

2 ARl A tiste] 2022 1517]0] )

il Z‘E—g _F‘SW 7]§—ﬂ EEEH

AEI 5 47 e Ao S
]

o

¥ Rl o dH

re r
>~
>,
in)
Eﬁ:
N
of.
ru[3
0 7
ofr -
1
xS
o M0
X of

wotERI =y 2%‘(10%), *}i*ﬂ} 4%‘(19%),
I

(12%), o =-2atut 11111(21 5%). Atefat 119(21.5%),
Bl 1698(31%)2 F 5190] +7dst3ltt.

3. Research results
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Table 6. SW Educational Effectiveness of Data Analysis Fundamentals Class (diff.=pre-post)

. pre post . pre post .
Metrics M (SD) M (SD) t diff. M (SD) M (SD) t diff.
1. 4.41 0.29 414 0.52 2.13 0.27
2. | 453 0.29 4.31 0.42 1.80 0.22
» 3. ] 4.20 0.52 3.90 0.53 2.60* 0.29
= 4. 416 0.65 4.10 0.61 0.44 0.06
P 5. 3.49 1.05 3.69 0.94 -1.11 -0.20
3 6. 3.37 1.00 3.47 0.85 -0.55 -0.10 3.84 0.23 3.80 0.08 0.53 0.04
S [ 7.] 39 | 068 | 384 | 061 1.06 0.12
§' 8. 2.90 0.93 3.41 0.93 -3.06%*x -0.51
9. 3.88 0.67 3.78 0.77 0.73 0.10
10.| 3.76 0.70 3.61 0.96 1.03 0.16
11.| 3.59 0.77 3.59 0.89 0 0.00
12.| 3.08 0.95 3.08 0.99 0 0.00
13.| 3.24 1.06 3.08 1.03 1.09 0.16
14.| 3.27 0.80 3.35 0.99 -0.63 -0.08
w0 15.| 257 0.53 3.02 0.62 =3.29%x -0.45
= 16.| 2.39 0.64 2.88 0.70 -3.125%x -0.49
5 17.| 284 0.81 3.04 0.80 -1.35 -0.20 2.97 0.09 3.15 0.04 -3.24x%x -0.18
g 18.| 2.73 1.00 2.86 0.72 -1.00 -0.14
® 19.] 2.96 0.84 3.16 0.93 -1.32 -0.20
20.| 3.06 0.62 3.33 0.79 -2.52% -0.27
21.| 3.25 0.87 3.43 1.09 -1.29 -0.18
22.| 3.25 0.99 3.39 0.73 -1.95 -0.14
23.| 3.24 0.78 3.51 0.73 -2.52% -0.27
i 24.| 3.02 0.90 3.41 0.80 -2.98%x -0.39
= 25.| 3.43 0.89 3.55 0.93 -0.97 -0.12
— 26.| 4.06 0.46 3.92 0.63 1.02 0.14 _
F.'f 27.| 3.86 0.52 3.84 0.85 0.14 0.02 3.79 0.26 3.78 0.06 0.08 0.1
§ 28.| 3.94 0.78 3.88 0.63 0.45 0.06
29.| 4.39 0.48 4.06 0.58 2.56* 0.33
30.| 4.35 0.47 4.06 0.66 2.53* 0.29
*p<.05, **p<.01
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