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The Effects of Software Education on K-12 Learners’
Computational Thinking: A Meta-Analytic Approach
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ABSTRACT

This study conducted a meta-analysis on 356 effect sizes extracted from 111
studies to comprehensively examine the effects of K-12 software (SW) education
on computational thinking (CT) in South Korea from 2015 to 2025. Following
PRISMA 2020 guidelines for literature screening, overall and moderating effects
were estimated using a random-effects model and subgroup analyses. The results
revealed an overall effect size of A = 0.689, indicating a moderate-to-strong
improvement in CT. The finding that Al-assisted learning environments (A = 0.543)
yielded lower effects than non-Al environments (4 = 0.740) suggests that increased
cognitive load and Al-generated automation may have interfered with learners'
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the causal relationships between Al-assisted instructional mechanisms and

=EFIL 202614028 20 learning outcomes. By restricting the scope to K-12 learners and incorporating
s 202614 068 172 contemporary educational variables, this study provides empirical evidence for
AR 20264068 30¢ the effectiveness of SW education in South Korea.
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Table 1. Comparison of Computational Thinking Components Across
Key Educational Frameworks
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2011) Korea Woollard (2011)
(2015) (2013)

Data Collection O
Data Analysis @)

Representation O @)
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e 1o [0 [ o | o

Modeling @) @)
Automation (@] O

Parallelization O
Simulaton O

Generalization O O O
Evaluation O O
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E0HY 7452 93l funnel plote 53 A1ZH4 HE,
Egger’s 2724, Duval?} Tweedie(2000)2] trim-and-
fill WS AFESIT Egger’'s 3l HEAl0 Al AH o] p 7k
o] 0.222& Q95| ekgtom, trim-and-fill 27 F7}2
BHAE A 4 0H, B4 HAE HA| 1327](4 = 0.689)
o} 950% AlZFt7to] FAsHA f-AE o] EHHE 7HeAdS
32 e Ao wslgict.

Standard Error

Effect Size

Figure 2. Trim—and-Fill funnel plot

Table 5. Results of Egger’s regression test for publication bias

o
ot . ) 95% CI
LB UB
B 3685 0225 16391 (001  3.244 4126
-0.059 0048 -1220 0222 -0.154 0.036

Table 6. Results of trim—and—fill analysis for publication bias

A7 7k AEA
2 A7E BARHR ol SN BAS F12 4
stk

A171(2006-2017)7F SW w-&2o] =9l 9 eh 7| QITHH,
Aol BA 7|17H2015-2025)2 7178 wLgS S A=
WEo| Fus P4 AFOoE 22| FE A

7
A7k 420l WY Fo|Setelo] BFE
A

Table 7. Overall Effect Size Using the Random—Effects Model

K - 95% CI

add) & ¢ P B e e 95% CI
Observed 0 0689 1549209 <001 0631 0.746 k X e ‘ P B UB
Adiusted. 0 0689 1549209 <001 0631 0746 356 0689 0029 23475 <001 0631 0746

*k=Number of effect sizes included in the meta—analysis, X' =
Estimated difference in effect sizes between groups

3.6 &3 7]9] Ak} a4
€ E42 R 4.5.1 FHoA +Y=o
metafor(4.8-0) T7| 22} dplyr, tidyr, purrr 5& 2835
Ak &3t=3719] 342 Cohen(1988)2] 715(0.20: 22
a3}, 0.500 57 &3, 0.80 o4 & &3p)ol uet o]
HeH29].

-

4. A7 2

4.1 AAaxar]

FAENEYS HJ&sto] A a3V & &St 2
3}, Table 73 Zro] SW w-go| K-12 sh&=ke] HFE A
T njxL W 737 A= 0.689(95% CI [0.631
0.746]) 2 e Cohen(1988)9] 7)ol w2 o]
At ol 429 Eatol| sfjgobm([29], = SW a50]

>~

19 rr

*k=Number of effect sizes included in the meta—analysis, A'=Estimated
difference in effect sizes between groups

AN Folo] AR 24 G137+ Table 8 2t o]
uebstth 2Alesl, 48 daefEsh A5 % CT
T 2E St 2aolM F1 ol A Bt 2RI
of. ZF &atke] 95% AR B 0.50 o[/F oz, IAH
CT FH2 SW w&2] 7P A2et Gt vehs 9de
HojEoh.

o|ZA AAtellA Qb = 1.19, p = 0.8792 LfehLt, Q1]
A otelacl 3t & 2fol= SAA R folotA Fho
o, o= SW W§o] 1A CTe H o4& 79 U &Y
A713L AE-& AAFSHE.

oj2|gt At 1Mo wERE A A[9]e} Hlwd uf |

bl
o] mEA Wekshi

.n.

M= 3 FA(8=0.409)2 71 G (4=0.259) <A &

F5he 20 tehdth vl 2 d7ol4
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(8=0.790), A& (A=0.704), ZAZHA=0.673), AFH5-3}
(£=0.662) 5 A FollA G373 7|7 A FE3tS &
gk ofyel, 94 7+ HAf glo] a1 E Hhgo] 01T01 213 A

2 1% 4 k.

Table 8. Effect Sizes by Cognitive Domain of Computational Thinking

PD Ab AT Au Comb

k 34 37 39 40 68
n 2074 2479 2600 2418 4335
N 0.704 0.673 0.790 0.662 0.753
SE 0.091 0.081 0.107 0.073 0.061
95% LB 0.522 0.515 0.581 0.519 0.634
Cl UB 0.908 0.831 0.998 0.806 0.872

Test of Qb df p
Heterogeneity 1.19 4 0.879

*k=Number of effect sizes included in the meta—analysis, n=Sample size
of each group, A=Fstimated difference in effect sizes between groups,
Qb=Between—group hetergeneity statistic used for subgroup analysis

Jold o] antar)= Table 9 3t Zro] Yttt &
A7) A o2 ZZoA T 229 272 AAH
FAEL; Gih= ohh drp 7t @4@ QA4AY git= BE
p < .05 o2 folFlon, 950 AZ 77t TS o] o
of Qltt. 5t9f 24 7t Zpol= Qb = 0.941, p = 0.9192 &
o5}A] gkokrt.

Table 9. Effect Sizes by Affective Domain of Computational Thinking

ATD MTV INT SEF SAT

k 7 7 10 8 3
n 956 159 1216 1888 87
N 0.544 0539 0642 0476 0.654
SE 0.080  0.146  0.124  0.080  0.215
95 LB 0387 0253 0398 0320  0.233
a UB 0702 0825 0885 0632  1.076
Test of Qb df P

Heterogeneity 0.919

0.941 4

*k=Number of effect sizes included in the meta—analysis, n=Sample size
of each group, A=Estimated difference in effect sizes between groups,
Qb=Between—group hetergeneity statistic used for subgroup analysis

4.2 AWML I 531397

Table 10 T} Zo] W& £Zo] & g1 Qb
647.90, p < .001 o2 5AK o2 for|sitt E3], =
283 (UE, Upper Elementary)olA 7H4 &2 &3}t
Eh, SW a2 e 2719] 49 25 9A(LE, Lower
Elementary)7Hd &a4 0 2 2535 &2 4 9lr}.

Jl‘“ r[r

L ol

FOI'

Table 10. Effect Sizes by Educational Level of Korean Learners

LE UE MS HS Comb
k 66 132 18 29 7
n 3,260 7461 1543 1031 4,907
N 0505  0.889 0503  0.653  0.329
SE 0.053  0.054 0041  0.059  0.027
959 LB 0401 0784 0422 0537  0.276
Cl UB 0609 0995 058 0769  0.382
Test of Qb df p
Heterogeneity 647.90 5 <.001

*k=Number of effect sizes included in the meta—analysis, n=Sample size
of each group, A=Estimated difference in effect sizes between groups,
Qb=Between—group hetergeneity statistic used for subgroup analysis

3ol Eﬂr% G Table 11 3} Zro] Lrebyt

ol gats Bglon, stelye 2
= 0.93102 EAHo R gol5tx] o
= (Hybrid Type)(&' = 0.968)014] &=
3] oj g5t EEEAE & 4 gl

L

Table 11. Effect Sizes by Programming Language Type

LEUnplugged  Block EZ:; nglysgt?lllg le; b;éd
k 35 33 10 124 49
n 1330 3450 425 6139 6591
N 0.703 0.619  0.687 0.680  0.968
SE 0.085 0.048 0.094 0043  0.145
95, LB 0536 0526 0502 0595  0.684
Cl UB 0870 0712 0873 0.765  1.252
Test of Qb df p
Heterogeneity 0.856 4 0.931

*k=Number of effect sizes included in the meta—analysis, n=Sample size
of each group, A=Fstimated difference in effect sizes between groups,
Qb=Between—group hetergeneity statistic used for subgroup analysis

Hoj w2 &I} Table 129F Zo] Uyt
o} = 249 §J+ ZFol+= Qb =19.703, p < .001 2 LtEh
vk oz oo, 719l &< ZA(Individual)
2 237t yetgth ol des A
(Collaborative)oll A QU2 Reto|u} & Hfo] Bhyst
% e AR

S SW K0] K—12 ShEAte] AFE Atnof 0jx|= 24t HEIZMH B2 S SHe=
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Table 12. Effect Sizes by Collaborative Learning Condition

Table 14. Estimated Min(d.©), d.€, Max(d.€) for Sub-Domains of
Computational Thinking

Individual Collaborative
k 40 200
n 1036 15273
N 0.736 0.719
SE 0.061 0.034
0.617 0.651
95% CI
UB 0.854 0.786
Test of Qb df p
Heterogeneity 19.703 1 <.001

*k=Number of effect sizes included in the meta—analysis, n=Sample size
of each group, A=Fstimated difference in effect sizes between groups,
Qb=Between—group hetergeneity statistic used for subgroup analysis

Al-assisted oj%ol w-& &3=37]+= Table 13 2} Zo]
LreRgTH 28 E§3H= Qb = 7.17, p = 0.007°.2 SAA S
FoJsict. o3t 2] Al-assisted B8 ZZol|A ¢
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Table 13. Effect Sizes by Al-assisted vs. Non—Al-assisted Conditions

Min(d.©) dc Max(d.©)
PD 0.698 0.704 0.710
Ab 0.667 0.673 0.679
AT 0.787 0.790 0.792
Au 0.659 0.662 0.664
CT 0.748 0.753 0.758
ATD 0.525 0.544 0.565
MTV 0.537 0.539 0.541
INT 0.629 0.642 0.654
SEF 0.461 0.476 0.493
SAT 0.646 0.654 0.661

® o

mean effect size for the control group

A &337]) =3 Min(d-), , Max(d.©) 271 250l A
719] 5514 UebttH(Table 15). 95% Al 37F oA &
£ Z70IA 0.631-0.746 +F22 U5 OH, 73k &=
St 23.47 AF 2 doE Fou]4d (p = < .001)S FASHA
o 3 A o] = (Q) GAl Al 2710l oF 1546-15532
2 2 #o|& Ho|z]| o}, Ml gt FAghol =] Wt

of chslh vi- Z7Iehe B 4 ck.

Table 15. Heterogeneity Tests and Effect Size Estimates Using the
Fstimated Min(d.©), d.¢, Max(d.©)

Al-assisted Non-Al-assisted
k 66 187

n 8117 10095

N 0.543 0.740

SE 0.048 0.035

0.448 0.671

95% CI
0.638 0.810
Test of Qb df p

Heterogeneity 717 1 0.007

*k=Number of effect sizes included in the meta—analysis, n=Sample size
of each group, A=Estimated difference in effect sizes between groups,
Qb=Between—group hetergeneity statistic used for subgroup analysis

4.3 U= 24
2 AFolM e BANTS] H §AsHEE d.c FH]ol o
Sk ]2 gRlstr] sl g9 #&Min(d.), 7%
% de, gk Max(d)S 483 U= 24 3853
t}. 5t9 9oy Ertar|et A&y A3t= Table 14-16
of Akt

-

g Aol &9 g =49 Min(d.9), d.,
Max(d5) 2710l w2 g737]|9] ¥ist= Table 13 3 o]
LFERSTEH 270 w2 §3t37]9] ¥idhs A Al 2
2] 452o] o ojo|sh Zpojof] 2 Hth o] 51 Y &

Min(d.©) dc Max(d.©)
Q 1546.214 1549.209 1553.697
p ¢.001 €001 €.001
Effect N 0.688 0.689 0.689
Size SE 0.029 0.029 0.029
Z 23.477 23.475 23.472
¢.001 ¢.001 <.001
LB 0.631 0.631 0.631
95%
aI 0.746 0.746 0.747
F449 Min(d"), d°, Max(d)ol o2 2dH- 4 5
AA g0l W3} o= Table 16 1} o] A&
mz2afY 9o §FoME BE ZHoA H|-G25H
ok &, =20 dojo] - ayh= A Hstet £
SHA| patel folshA] %2 HE S fA5H3It EE s of
Hof|A= Al 27 BEFolA| pgho] folsteint. #=2ehs o
B 274 wigtet dagle] d3td xdavts Zheth
Al-assisted &8 oJHo] ZAHEFIE A 24 BEoA] &
9J&} z}o]7} Stel=]qict. Al-assisted & ojH7} &t4
7] Miso 12H o2 JFES uH= 5 2 WpdS

Upepict.
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Table 16. Moderator Analysis Using the Estimated Min(d.©), d.¢,

c 15
Max(d.©) 0.968
1 1 O g n
]i (3;;1 PL Type  Collaboration ~Al-assisted . : : ﬁ— 5
b 34.678 1.467 19.735 7.253 0.6
Min Q 0 0.41 0.454 Prior Studies
9 df 5 6 2 1 0.211 ' ! ! ! 0.125 ' a@wThis Study
P €001 0.962 <.001 0.007 & 2 & <
@ o W e B®
Qb 34709 1462 19.703 7.170 Y o SO
<@ N N
de df 5 6 2 1 st
p {.001 0.962 <.001 0.007
Ob 34738 1.458 19.663 7076 Figure 4. Comparison of Prior Meta—Anal‘yses and the Present Study
Max T 5 . 5 : on Effect Sizes by Programming Language
d)
P <.001 0.962 <.001 0.008
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Figure 5. Comparison of Prior Meta—Analyses and the Present Study

on Effect Sizes by Collaborative Learning Condition
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5.2 Al-assisted 8r&2] 2 a9t W2 )4

Z2HF 240lA 1§ £2(Qb = 647.90, p < 0.001)
SW u§ §tof ot 9 A3} 3} Al-assisted -8 oJ2(Qb = 7.17, p = 0.007)7} F-2J3t
z24 ¥iQlo 2 FRlqrt. £35] Al-assisted &8 of Fol
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