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[Abstract]

With the advent of Industry 4.0, the discipline of Information and Communication Technology (ICT) has the potential to affect
all aspects of society. Accordingly, understanding of computing technology is required as a convergence study in various majors.
Therefore, the importance of ICT education is emphasized not only for SW major but also non-major. The core of ICT education
is SW education based on computational thinking(CT). As a CT learning tool, there are various programming languages such as
Scratch, Python, Raptor and Excel. In this study, the previously proposed Excel-based CT education model was revised into
focusing on information, pattern recognition, and algorithm, and education was conducted for SW non-majors. Tests were
administered before and after learning to measure CT ability and the effectiveness of the proposed education model was proved
through statistically significant test results. This study showed that anyone including SW non-majors can achieve CT education

effectively using Excel. It is expected that this study will contribute to expanding learning tools for computing education.
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Table 1. Functional Comparison of Excel and VBA

Excel VBA
Data Type Not supported Provided as a grammar
Operator Easy for learning Difficult for learning
Branching Functional access Provided as a grammar
Loop Not supported Provided as a grammar
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Sub bubble_sort()
Dim i, j, tmp As Integer
Forj=1To9
Fori=1To 10-j
If Cells(i + 1, 1).Value < Cells(i, 1) Then

tmp = Cells(i, 1).Value
Cells(i, 1).Value = Cells(i + 1, 1).Value
Cells(i + 1, 1).Value = tmp

End If
Next i
Application.Wait (Now + TimeValue("0:00:01"))
Next j
End Sub
[VBA code]
A A A A
1 7 1 54 1 54 1 2
2 54 2 58 2 29 2 29
3 58 3 29 3 31 3 31
4 29 4 3 4 58 4| 54
5 31 |M s 7 |t 2 5 58
6 78 6 2 6 71 6 71
7 2 7T 7] 7 7 T
8| w7 8 78 8| 7 8| 1
9 8 ‘Rz 9 78 9 78
07 0 8 0] 8 0] 82
[Spreadsheet]

J8 4. HE FHe| 3
Fig. 4. Bubble sort algorithm implementation

VBA®] Rnd() 4= 0~1 Ate]e] A5d s AAdsh=
T In) FE ol88te] BFP deE MaT 5 gl
EA 7S —'6‘]—7‘]1’}— oA AHo EL7] Z4 (scaling) ¥} ©]5
(shifting) 73S <58 = vt St G5 AA3IA 171 S
s} o] g1e)e] HlolEE Agata Aol S o 8alo] 71gs
L 94L& 2= 9ok 12 59} 7o) ¢lele] r = A
CHab7] S A R ol Aolal AR E 4
2 A 22 A3 Aok ek ol A% VBAT ol §
e S ma eyt ohe dueEs skl
= glold $& Ere 248 5 3l

_—

Sub Monte_carlo_method()
Dim i, j, tmp As Integer
Fori=1To 10
Forj=1To 10
tmp = Int(Rnd() * 10) + 1
If tmp < 3 Then
Cells(i, j).Value = "event A"
Elself tmp < 6 Then
Cells(i, j). Value = "event B"
Else
Cells(i, j).Value = "event C"
End If
Next j
Next i
End Sub
A B 3 D E F G H | ) K L M
event B | event B | event A | event B | event B | event C | event C | event A | event C | event C statistics
eventC | event B | eventA | eventC | event B | event C | event C | event C | event A | event B event A 23
eventA | eventA | eventB | eventA | eventA | event C | event C | event C | event C | event A event B 35
eventA | event C | event B | event B | eventA | event C | event C | event C | eventA | event C event C 42
eventB | event B | event B | event B | event B | event A | event C | eventA | event C | event A sum 100

eventB | event B | event C | event C | event B | event C | event B | eventA | eventA | event B

eventC | eventB | eventB | event B | event B | event B | event A | event B | event B | event C

Ve NGO L e W o

eventC | eventC | event C | event B | event C | event A | event C | event B | event C | eventA
eventC | event C | event B | event A | event B | event B | event C | eventA | event A | event B

s

eventC |eventC | eventC | event B | event C | event C | event C | event C | event C | event B

I3 5. EHFIEZ Wiel Mg
Fig. 5. Applications of the Monte Carlo Method
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Table 2. Contents of Excel-based computing education to
improve computational thinking
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To Understand Operation of Computer a‘md SW,
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of Data (1) Data in Computer Autofill, SUM, Recognition
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Presentation To Express various Data Formatting, Serial
3 :5]; 2 (;) using Excel Form, Number, YEAR, Abstraction
ot Lata To Create Automatic Calendar| MONTH, DAY
Input Dataand | To Create a Histogram with | CSV, Histogram, .
4 Output Data Excel and Build CSV files Chart Abstraction
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5 by Procedure 0. MIN(O RANK, Flowchart Algorithm
4 To Understand Flowchart
Arithmetic/Compa To Understand Pattern MOD, AND, OR, Pattern
6 rison/Logic Expression using Operator and | NOT, Conditional ..
. " . . Recognition
Operations Conditional Expression Expression
To Understand Various Decomposition
Expression of Pattern Expressions using Conditional P!
7 . . . Pattern
Pattern Conditional Formatting Formatting ..
Recognition
and Operators
B hi d To Understand Branching, IF (AND, OR),
8 Ir :?cml:i%i a: To Understand Information |COUNTIF, SUMIF, Decomposition
Pro : ir? Processing using Text Functions| RIGHT, LEFT, | ccOmPostio
ocessing and Control Functions CONCATENATE
To Understanding the Data | Variant, Integer,
9 Data Type Management between VBA | Double, String, Simulation
Code and Spreadsheet Cells
10 Control Statement TT)OC[;T :;:lte.rst:;:}lc! IgOSt:;tesmen;, MsgBox with | Decomposition
in VBA 1ng VISEBOX a SUIVeY | (ytions, If Simulation
Program
Loop, To Understand Loops Abstract
with Flowcharts, Cells, For Loop, .
11 | Increment/Decrem . Algorithm
Accessing Spreadsheet Flowchart . .
ent operator . Simulation
Using the Loop
To Crcatc»Random Number, Randomize, If, Abstract
12 Random To Scaling the Range of . .
Rnd, Int Simulation
Random Number
Data type, For Abstract
13 Implementation Automating the Copying Looyp I’ £ Algorithm
Project1 Process between Spreadsheets p. 1L Decomposition
Flowchart . .
Simulation
Abstract
Implementation | To Understand the Control of Data type, Rnd, Algorithm
14 . . For loop, If, ..
Project2 Random Data Generation Decomposition
Flowchart . .
Simulation
Abstract
15 Algorithms with To Understand Search and | Cells, For Loop, If,|  Algorithm
VBA Sort Algorithms Flowchart Decomposition
Simulation
2= & = [e) 3T ) 55
AR AEAE16] AR Aharg> 1 RE|H7}F F5FE]
- 5T O o] A
o An A2 Aol & Aol mw AT Alele 9lsha
[e] I~ E T = =z O~
59 o] 7P gapAolel 7= Fek B3 7 o]l 9
2[919] A= B E A S olsfstaL, VBAE ol-&-alA &
9 O =l 3T e [e)
9 05E HYSHES pEgonE BFY Aue we
=] )= e L
s710] st & 5 ek ol 1 Aol A Aist =
=] e) 5k Z=A)3) 1 o ° =
AY 4L 0§ F43 9 TR 214 W5, VBAE o] ¢
. . [ ) 2] = 2=
G A stet Y WSS Aepgro R o571 £)2(917} A7)
= 3L o] o] o
g al Rl A CT 84 wol H5d 4 Qs N

ABA 0 7 At = A 207 (autoﬁll)?— o] &3k s
1} AFE o] A8 T t)dt wS-L, 7|0l 55}
5] 2 37400l A, o= 27 2
gk 5 35=xfof| NS o] 83fo] 2 2}
] AGolet. HFEIF ol E 5
F52 fEet, o8 Ao 7}
A ZA 52 F 36k H
%%?Hw4ia%ﬂiﬁ
EE B DR
2 F@3hs gelA Fdsteh ot

== Z At 5
I

>,
o
N ]I[)_l

K
O il
ol
o ﬂ% 1>, rr
2 o o
£ Lm o
H 011' ml
)
[ &l
L L
m
rlo

£ o
|
Hrt
M
o
PRCS
L

fr o 1o yo 4
8
s A

A
EEEQL

e
we @
)
X

ox
L
oo M
a
30,

A
bt

f

£

Al

N
Wy
¢

2

18 KoMt g @ %0 M T 2 o
ol

ol
oL
o K
o,

-le
_>|J_|‘

RANK(OZ
N=F 8-S 43k M%ﬂfﬂ ] =]
A3} Aol AikArer 21
= thF|ske] siE Q14 04% %@}oﬂ 45
1, 7]9] 8~9FAtel] g ]o] QW IF 2727 Bl
°] &-8-& 8FAke] A A o] o] & FoFgrk tial 9
A= 33} Wael sl 1577 aSho =) A A
2y wSo] 7Fsshes ek
105729 &= MsgBox 9} If ZAFE o] 831 5§ T2 aaS
Mashed], old AR 8-S oG A 7H3lA] o] b2
1A A7 o} H oA < Jilﬂ%

=
hy

o
ot
i
Nt
2
a2
Ho
2
:?l_lﬁ
O{N
£ nZi
mlo
—m
ST
=]
fo
m;

2
32
o r_\’IL
2
2

ox i

[
¥

o
o A

[ N

¢

r
XN o=

m
-il'm i

o 2
rm

=

;LH ek 115Apol =

gl gheel 7128 U} f&ﬁ} 125
L—gs}o:] Loy Qjol|w gt s 4
B3FAREE SaE st 22 A E 7)Y
Al A HAES =3k A For 9HEE3} [F, YR8 o
ato] 9lo]e] Hlo]H & A4}, o] S ThHE A Eol] Hala}
g AeEH s W8-S SEdi 14TXP°ﬂ
3ol Qolo] AR = MAFIL o] S A0]3
== ek 1552l A, AE L1
og2x daelF sy aE Aake 4= 9l

ﬁyjrﬂgi 7)E oﬂ 14 ol ﬂ%ﬂ%%

yone g
x

s
Lo
El>
ol
_&

o
&
ol

[
r_‘
2

-

oot 2,
4y
)
)
e
_\1 1

r

o}i
o
N
N1

zflfd
oz ¥ oo & oo MI oY

aly
\
il

T

.E&
i T
- 1

tlo

—
-
oX
e
&

M TE
o
£

|

et

flo o
1
i)
2

W
N
=
)

_E

oxl M

PE

wa 7

=2

r,

ol

jebad

F

o

é

_>.:

e

<l

i

rO

1>

Rl ol
i)
N

)
L
A=)
K o

2 oofn

al—u— = 2] VBA JLIToﬂ/qE x}%ﬂ 2 2,

2

i ge e

[

SR R E ERRER B L PSEE SRR
Bl o= 3

3 1840l S7150 3 %ﬂ oIk, sl 91443 w7}
2 BAl A Gk AT AolA Fad qolk, A%
(1718 39 Al AFE S 7ew @ 24 sdd) Bt
Shbe] A g o el 5= glekar 714 eka Qi et

http://www.dcs.or.kr



CIX|" 2=l = s+5| =& X|(J. DCS) Vol. 20, No. 10, pp. 1969-1978, Oct. 2019

B Aol A= oA AR wEe] gIdS /1SEl] SAsl o
& A A E AR 54D e e HAE 2de A

Al

12 Hl=E9] A WA £ 17 63} 7o) 1~5 Alo]9] &
27} A 072w X 40x40 H7)2] sl A AFE A7
Uloll FAIE AEshE 2o & T4 sl 3 e EA4 A S
sl ARE-E dnkabe 28 7)Esl s AAg A S A
< SlaliMe= A Bt Do 5 sfefslof itk 403 408 =
T3 e 53 sErbr} $Y e} sjElo] NHEEHBER 5x5
3719 wjdo] 647l Q= AT 2a, FAE e vpAlo = Ak
8 4 Ak g A71E vetsla W % S22} e
sjelal= Tl A e 914 g, o] 2 U
FAAY Axks dshs el A el 43t 04%&%
apoteh 4= oIk B, 40x40 7] Wi ] A 7l
A B &AL vid o] A7) E 41x4271A] 23S v A
9} A2 A W I RS 7L E FxFFoa N o
o] A& A% A s E S e vk

[pro1] As shown in the following figure, the number of 1 to 5 in the
1600 cells is described as a pattern, and the filled number
pattern has a certain rule.
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* Calculate the sum of the entire sheet.

* Describe the procedure that calculated the sum or the rule that you
found while calculating the sum.

J% 6. 14 HIAE 28 mied Q14
Fig. 6. 1% test problem : pattern recognition
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[Pro2] Find four integers that fit into the cell that satisfy the following

moving rule:
Cl C2 C3 C4 Cs5
Rl Num; | Num,
R2 Numg | Num,
R3
R4
RS
[Moving rule]
- The coordinates of the row : The remainder of Num,; divided by 9
- The coordinates of the column : The remainder of IV’ um; divided
by 6
- Find the Num, whose row and column coordinates match.

* Find the four integers that fit into the cells.
* Describe the rules found during the problem solving.
* Describe how you came to the conclusion.

J8 7. 1A HI2E 28 28 sl

Fig. 7. 1 test problem : problem solving
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[Pro1] In the array below, calculate the remainder by dividing the sum
of all numbers by 10.
75 76 77 78 79 80 81 82

83 84 85 86 87 88 89 90

91 92 93 94 95 96 97 98

99 100 101 102 103 104 105 106

107 108 109 110 111 112 113 114

115 116 117 118 119 120 121 122

123 124 125 126 127 128 129 130

131 132 133 134 135 136 137 138
* Calculate the remainder of the sum of all the values in the upper
numeric array divided by 10.
* Describe how you came to the conclusion.

J8 8. 2&t HAE &
Fig. 8. 2" test problem : pattern recognition
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Table. 3. Description of experiment group
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[Pro2] Find four integers that fit into the cell that satisfy the following o1 o= A= H SA| gkRk Aol F8-d  AEE A3
moving rule: c}.
Cl C2 C3 C4 C5
E 4. 35 2 HAE AF
Rl Numy | Num, Table. 4. Schedule for learning and experimental testing
R2 Numy | Num, Week Subject Focus
. . L Computation
R3 1 Introduction of Computational Thinking al Thinking
R4 2~3 Presentation of Data in Computer Abstraction
Input Data/Output Data and .
R5 45 Problem Solving by Procedure Abstraction
6-8 Conditional Formatting and Control Pattern
[Moving rule] Statements in EXCEL Recognition
- The coordinates of the row : The remainder of Num,; divided by 7 Lst Test
- The coordinates of the column : The remainder of Num divided 9~12 | Control statements and Random in VBA | Programming
by 6 13~15 | Projects and Algorithms 0Algorithm
- Find the value where the coordinates of the row and the coordinates of 2nd Test
the column are either (4, 1), (4, 3), or (4, 5).

* Find the four integers that fit into the cells.
* Describe the rules found during the problem solving.
* Describe how you came to the conclusion.

a8 9. 2%} HAE 2% : 2H siZ
Fig. 9. 2™ test problem : problem solving
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Table. 5. The statistical description of samples for each problem

Case Mean | samples S.D. Standard Erro
Mean

1% test 8.82 125 2.505 224
Prol -

2" test 8.39 125 2.808 251

1 test 6.29 125 3.941 352
Pro2

2" test 9.73 125 1.095 .098

1 test 15.11 125 5.252 470
Total .

2™ test 17.88 125 3.395 304
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Table. 6. The analysis results of the paired t-Test for each problem

1 test - 2™ test
95% signific
Standa confidence ance
d | t df
Case |Mean| S.D interval of the (both
Error | jifference sides)
Mean -
min. | max.
Prol 43 | 3.80 | 340 | -24 | 1.11 | 127 | 124 | 207
Pro2 |[-3.44| 390 | 349 |-4.13|-2.75]-9.86| 124 | .000
Total |-2.77| 6.10 | .545 | -3.85|-1.69 | -5.07 | 124 | .000
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