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Abstract

In this paper, we propose to investigate the existing SW education related studies and to collect

the total effect size for the improvement of computational thinking(CT) through meta—analysis and to

confirm the effect size according to various variables.

generalized

the practical effects of SW education on the various variable.

So, we have objectively identified and
The results of the

meta—analysis showed that 1) the overall effect of SW educational activities on CT improvement was

'Hedges' g=0.643',

so SW educational activity can get a CT improvement of about 24% over other

educational activities. 2) EPL is a SW teaching-learning method that greatly improves students' CT.

3) Since SW education can be guaranteed to improve CT among elementary school students and

university students, essential SW education for these should be further promoted. And it was found

that SW education activity were more effective for CT improvement in small cities & rural areas than

big cities, but the cause was not identified, so further study will be required.
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[l. preliminaries

1. Software Education
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2. Computational thinking
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3. Meta-analysis
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Table 1. Hedges' g computing formula
X X [~ D8+, —1)8.
v Spoolf*d pooled e +n(72

: n,+n, F(n +n,)
a n, Xn, n, ><n

mean of control group : X,

c

mean of experimental group:
pooled standard deviation: S,
sample size of experimental group: n,
sample size of control group: n,

standard deviation of experimental group: S,

c

standard deviation of control group: S,

1. Analysis Target
o] A= SW a&o] CT a/del WA= afel ¥t we}
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\ The result of key word searching: 944 papers

1'st checking : Excluded 906 papers

Reasons

l, for

exclusion

A non—quantitative paper.

A paper in which dependent variable is not
related to computational thinking.

A paper in which independent variable is not
related to SW education method.

A paper in which a study is not for students.

The result of 1'st checking: 38 papers

2'st checking : Excluded 18 papers

Reasons

l, for

exclusion

A paper that measures the affective domain
of computational thinking.

A paper that did not present the result data
by computational thinking measurement tool.
A paper in which the data are duplicated in
journal and degree paper(selecting a journal
article).

The final analysis target papers: Total 20 papers

Fig.
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Table 2. Cases of effect sizes

Item K Total

SW education 24 24
EPL 12

edusc\(/ivtion physical com pu.ting 11 o4
method Java programming 1
unplugged computing 0
elementary school student 20
middle school student 1

Target - 24
high school student 0
university student 3
big city 10

Area small city & rural area 13 24
nothing(absence) 1

o
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3. Variables and model of meta—analysis
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SW education method
Independent hvsical Java
variable EPL physic: .
computing programming
|
Target
Control elementar )
. middle school . .
variable1 y school university student
student
student
Control Area
variable2 big city ‘ small city & rural area
|
Dependent ) —_
epg de Computational Thinking
variable

Fig. 2. Model of meta—analysis

4. Meta—analysis Procedure and Method
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Table 3. Process of statistical analysis of meta—analysis

Search for presence of between—study heterogeneity:
Cochran Q test, I°

Performing meta—analysis: fixed or random effect model,
size effects(Hedges' g), forest plot

3 Checking publication bias: funnel plot
Search  for causes of heterogeneity:
analysis(Meta—ANOVA)
Interpreting and  presenting
Cohen(1988)’s 3 steps

1
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V. Result

1. Heterogeneity test
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Table 4. Result of between—study heterogeneity

k Q 12 p 95% ClI

24 58.646 60.782 0.000 0.579~0.756
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Fig. 4. Adjusted funnel plot
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3. The effects of SW Education on CT

o] 9= SW o] CT Aol wA= a4& a
HI7HA whaE 24719) ARE AL 6L ’:ﬂ”éé}oq Rl
a3 ¥(random-effects model)S F3 HEFHEAS A}
At &a397) S Hedges' g%, 23 31412 Cohen(1988)
o 39Al A, 95% AF TR A, v E e
(percentiles of nonoverlap) A5=¢ UsA5S 53 a4 uby

ol w2k Aasqi

X

3.1 Effect size of SW Education

SW w5858 483l Alg|Eo] CT9
M &3=3719 AA 233718
5.9} 2t

Hx)= d gkl ojgt
YeRd Forest plot2 Fig.

SwoYnama  5U3gToup wWIEn stady Hedgas's £ and 92% CI

Huslypn'n Sl anal
i wrrns

Froam i1y 0.478 0.253 L

EFL o.7eT 0.243 RN —

Pl sl L] 0.297 —

Pt leal 0.C3& 0.297 ——

Tt ical 0520 0.204 L

Fris lcal 037 0.293 &

Tt ical 0.547 0.204 L

Fris lcal 0.0az 0.203 o

oL a.cic 0.205 ——

Fris lcal oz 0.182 ——

Tt ical 1.408 0.342 L

Frs leal 0278 0.371 —_—

rL 1.430 0.28) il

FFI nnT LT —_—

T ical 2436 0.1°1 —i-

PR Iral rean ans e

oL 0.C004 0.227 ——

FFI nATL 0 IRT ——

oL 0.04C 0.227 —a—

FFI nETH 3831 ——

oL 1048 0.202 —a—

FFI ama 0723 o

crL 0877 0.282 —a&—
‘74 FFI CLES LR L

054z 0.073 o

.20 0.0o 4.00 20

Fig. 5. Forest plot

SW w4E 283k AlglSo] CToll vX|& Adko] st AA)
a7 3715 e A7 gk Table 5.9F 2t}

Table 5. Effect size of SW Education

k Hedges' g 95% ClI SE p Us(%)
24 0.643 0.490~0.796 0.078 <0.000 73.99
SW w&&-5o] CT 47l mx|= @kl g dA a3

715 Hedges' g=0.6430.2, F7+ i#ﬂ 15 7}
83 95% Cl= 0.490~0.796 0.5

2
=

TS Egsta 9] wiiEel SW _u_ITO] CT PAEAS R b
FEFE VA= Ao sAdrt

g4 SW 2SS CT Ao =7 A% g3 grka
3 4= 9loja] SW wEEES CT 3 dulae] 52 AE
Mol SelubEE T S AEr)h $7F Solu, 11 Avke B
AR felmsta g = ok



244

Journal of The Korea Society of Computer and Information

23.99%

experimental

pd group

control

group \

0 .643

Fig. 6. Uz — percentiles of nonoverlap

U452 B3 siaakabn, a9 06432 Bitol ‘0 ’ol
3 EEAR} 1Y REYTFREAL) gho] 0.23990] 22, ¥
9 913 e 370 90 0508 A 073997} Slo] e
£= 3kstn 73.99 wAlEtdde] dt o] Avtw sf4fstd, o
uel WSS X §E Pruc SW S BES 483 Yo
CT7} 23.99% W G4 FQL, 491 79.99 3 AlEk
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Table 6. Differences in effect size by SW education method
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Table 7. Differences in effect size by target

method k |Hedges' g 95% CI SE p | U3(%)
EPL 12| 0.755 | 0.578~0.933 | 0.091 |0.000| 77.49
physical | 411§ 505 | 0.262~0.788 | 0.134 |0.000]| 70.02
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3.2.3 Differences in effect size by area
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Table 8. Differences in effect size by area

area k | Hedges' g 95% CI SE o) Us(%)

big city | 10| 0.537 | 0.350~0.724 | 0.096 | 0.000 | 70.44
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