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A Meta—Analysis on the Effects of Educational Programming Language
on High-level Thinking
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Abstract

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

the total effect size for the improvement of high—level thinking through meta—analysis and to confirm

the effect size according to various variables. So, we have objectively identified and generalized the
practical effects of EPL education on the various elements of high-level thinking and high-level
thinking. The results of the meta—analysis showed that 1) EPL is a teaching-learning tool that greatly
improves students' high-level thinking. 2) Education based EPL has greatly contributed to the
enhancement of creative thinking and logical thinking among high-level thinking. 3) Kodu, App

Inventor, Scratch, and Dolittle was confirmed that the effect on the improvement of high—-level

thinking was great.
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[l. preliminaries

1. Educational Programming Language
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Scratch, Entry, App Inventor, Blockly, Dolittle, Kodu,
AgentSheet, Squeak 5°] AH1-3].

2. High-level thinking

1S5 (high-level thinking)e] A ojol] thel] wHa}A]
Fol 1 ofu]E dolr 7] 91, vlsegh goi)l agAtalE S
o asAE e S AAIG 9] ole] satEe A3
A EE vt 2

Newmann(1991)ell  9Jsbd,  GAlaLHE(higher-level
thinking)& 7198k AHE AAISAY 29 A5 st
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(lower-level thinking)®} &%, B4  Alal(critical
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3. Meta-analysis
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[1l. Method

1. Analysis Target

o] 7= EPLY &3y Q91| gfo] &tk WeHEA s 4
Yatr] 91a) 2018 49 5UARE 159714, 1043 S
g B ARISS)S &-8-3te] A 2008WF-E] 20184 2€
A #1067 Fuloll A By Ak} a9 =i 2 g}
SA s AUGeR Gtk AT =R RISS 4
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The result of key word searching: 3,635 papers

1'st checking : Excluded 3,509 papers

l, Reasons
for
exclusion

A paper in which dependent variable is not related
to high-level Thinking

A paper in which independent variable is not
related to EPL

A paper in which a study is not for students

A journal paper in which unregistered paper by
KCl

The result of 1'st checking: 126 papers

2'st checking : Excluded 74 papers

l« Reasons
for
exclusion

A paper in which the pre—post results of
the two groups of experimental studies are
not presented by statistical figures such as
mean and standard deviation

A paper in which the data are duplicated in
journal and degree paper

The final analysis target papers: Total 52 papers

Fig. 1. The checking process of studies

2. Coding of data
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Table 1. Cases of effect sizes

Item Number Total

EPL education program 50 50
Scratch 33
Dolittle 6

EPL type App Inventor 3 50
Entry 3
Kodu 3
Squeak 2
Elementary school students 41

Target Middle and high school students 9 50
University students 0
Big city 17

Area Medium city & Rural 30 50
None 3
Doctor's degree 3

F;jgsr Master's degree 39 50
Journal 8
Logical thinking 25
Problem solving 20

High-leve | Creative thinking 4 50
I ' Thinking | Decision making 0
Critical thinking 0
Metacognition 1

Ao} 22 =Zde] A3, I EPLS
SAL ] HR=

o
ScratchE |43 97, 2SS oz & A+, <
3

¢

Bl :

geie o ¢ k=, 151 5 oz
Sol oj@ wEe AEEA ggee 3

A A7 APE AHS AAA B =el 37 AT

3. Variables and model of meta-analysis
EPLe] 33AME ol nix= a9 3718 33k vl
EREA]of S EPLY 2 &9]99 s o3 EPLS,
A= 2 A e < R B A e = RN
de AR FHE TF WIES FESY W8l
H ZAFE Scratch,
Dolittle, App Inventor, Entry, Kodu, Squeak 522 AAY
Ak FEHRIQN A5 ALY ST AR AP AA X
A=A AbaLY, EAAY, oA AbaY, HERIA

R

Q%) BB A WalE 9] w3
& AAsIGith g 2RIl At} AA el wE
AL A= G Afoloh o] dAd el NS ERlE
A AAEITE o] dAte] =2 she vt £ 2ELE Fig. 2.
3 2.
Indepen EPL type
dent ) App
variable Scratch Dolittle Inventor Entry Kodu Saueak
i
Target
Control
variablel Elementary school Middle and high school
students students
Control Area
variable2 Big city Medium city & Rural
i
Depende High-level Thinking
nt . Logical Problem Creative Metacog
variable thinking solving thinking nition

Fig. 2. Model of meta—analysis

4. Meta—analysis Procedure and Method

o] A= Egger M, Smith GD, Phillips AN(1997) 5] $
A ARG HEHEA] AAe] whet 1)=wE 1F A7 (effect
size)9] o] A (between-study heterogeneity) #A}, 2)HIEk
A9 BAEA, 3) S A A(publication bias) A}, 4)o]d
A AjAAAY, 5) AR AN B A 5o 59 AR Table 2.
o} #Zo] AcH18I.

Table 2. Process of statistical analysis of meta—analysis

Step Content & method

Search for presence of between—study heterogeneity:
Cochran Q test, 1”2

Performing meta—analysis: fixed or random effect model,

2
forrest plot

3 Checking publication bias: funnel plot, Trim and Fill

4 Search for causes of heterogeneity: subgroup analysis,
Meta—ANOVA

5 Interpreting and presenting meta—analysis result

A AR, o] @A (between-study heterogeneity) HAFS A
Al o144 AARE WA AAISHE ofie AR AT AT
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(random-effects

4 ;TJrE
= 28 (fixed-effects

oA A, O]é_]"é"ﬂ uje} wepEA] |
Wo] T}y wjEo|t}[17]. o|AA AAV= 2 AFES 3k~

7]‘ }1\_}%% §_J’} ] %}EjTEi Oqtl]-]/]— @E] Lﬂoixq 2}]\_“_:_11 = 74;&
&= 1ol Cochran Q A} #ES Hlg oz Hepa o g BAlgl=

WS I2E A 288kt 18], 128 AR A 3 4k
T AR TAke] aRAIslE A A gholw, Ate] v &
71¢] EFoll G WA @l o] dAdE AFAOE BAIEH
["2=100%*(Q—df)/Q (Q=Cochran Q |24} %k, df=degree of
freedom)Z ALFACTH19]. o] &4 AAF 23 AtEd 12 Fhol
25%H T} ZFom ‘22 7)o o)j@A o v [°27} 25~75%1 ‘F
kA7) ol o 127} T5%HIE A A7)0 o] FA L
2 A A ¢ AvH19].

T AR, WEHEA O SAEA S AASITh Uk o s
WA o 2-gal= F337] Cohen's d o] Fo] Z-&
o g33717F ) FEEE Aol glof, of AFelME avt

]
715 Hedges' g= 143}] AP 3191t 20]. 283 EAL
of that A &axt=719} EPL FHdl we av=7], $5%
nEA Y §9l k0] Y Q7 Aag o
- 91% z B_Nﬂ ﬁ#ﬂﬂe ’\P%E]—s’j\u},

%0,
X
I

=
RS -Ec*ﬁfg o %H@a{— %\1%‘1 B dohsloh
(2

tH21]. o] AFelA ETHAE Lol 7] $15)] Funnel Plots
sato] @aar] o #H9UHS AvEgla, E3Ere]
WA 7ol HERRA Al anarE BAE] 93l
N Y A 271E F4 2 AY dolgoR A
TXE e HAIFgHA] g adfarlg FAH4E F de
Duval S & Tweedie R's ‘“Trim and Fill' S AR5}
[22]

vl WA=, 280l wE o]d A AIAANE AAESIT.
o] o] AW shad A& dat A7A9 S A3t
Atk BT WFE Mo R Meta-ANOVA HAWH & o] 43}
of o]@Ae] sk Ul AALE AN o] Al Ujlem
FAY = 2w ATES Jdue® ERsta 7 A
o Ulol &3 e ATFEY aAr]Ee] TN, a8
Zb ek 3 g3 ar)7t o] AAIAE gelste] o]d Ao Al
& 25 7 dn23] & Je W aar)Ee] sdAolal §
@ 2 a¥ar)t oldHelgb, AT B4R BHE Ad 7t
aA7]9] ApolE AFEA ] Zpolel] 7|Q1g AoR wtsl=
2ot [23].

v A A=, A3 AA] 9 A o] dAlolt, o] AT
o] A3 ArE a7a7|2 2HEE Hedges' g dlAS st
95% CI, SE, Q I"2, p ¢ Hle|lH& ATt A A&
Cohen(1988)°] Ao+t 31474] AP 95% A1=7E a4
w28 8h8-513ItH201[24]. Cohen(1988)<] 3¥HA] a2 1t

o2 =0

He anari7h 04024 Fow R M-
0.40~0.802 ‘7 &x=71'%, 0.808t} 24 ‘2 Fg3=17]
2 e 4 gloH24], a8a aYarE 95% Ao
gAet ), Alggie] ‘OHu 2 7HS E3ehA fov]
s vERdTkaL sAe = deH201.
e} B4 794 HolHE vy

‘ol A sl R WlEREA] 22 a3S

‘2O
h A

© =2 CMA 3.0 Z=3}
AHg3te] AAIBHAEHE5

V. Result

1. Heterogeneity test

o] AFA A ZAHbetween-study
heterogeneity)E 913 14 &3 =3 (fixed-effects model)=
Ho R 35S AASE A Table 3.3 2t

o]é_]/ﬂ

Table 3. Result of between—study heterogeneity

k Q "2 P 95% Cl Hed@?es SE
0.67908
50 1%74'3 75;;65 0 goo ~ 0.69779 | 0.039
: 0.99713
A% A3}, 127} 75.165%% 2 7)) o|AAS ztal Q=
Aoz IHG} wahA oA HANE B8l o]dAde] 43
s A5 S elslsla, Akl FEtd APaTe 544 718
o= o|dAo] st A7HA 1 s W FHEHEY

(random-effects model)2] 4-go] Elgalrta =)

2. Publication bias

%7+ (publication bias)S AlZH o7 HES] ¢35 &
A g ATEe AAAR G£337]19) £XE Funnel plot®
vehd Ad¥= Fig. 3.3 Zuh

_u

Funnel Plot of Standard Error by Hedges's g

Standard Error
°

Fig. 3. Funnel plot



86  Journal of The Korea Society of Computer and Information

A%E Ao AN ul, ] Ht Au] o o
we] Qo] ieol] AR o] wo] Fwzle] EAL A
OF PUEA, Lr]A] B ATFEo] 27 91 F e
ZnT REHo] o] FRAACE A% ATATe] E3}=17]
g Sh) EE Sk 24T FSHE 24 g8 Ao wue
.

ojo} 4 AAl &3}=71E Trim and Fill ez BA4Y &
3715 A& aL, Adjusted Funnel plote Fig. 4.9 2t}

Funnel Plot of Standard Error by Hedges's g

Standard Error
°
°

Hedges'sg

Fig. 4. Adjusted Funnel plot

FAgdEge] #aE " g3=7](observed value)s
0.83(95% CI: 0.67908~0.99713)°]x BAH A &3 =77]
(adjusted value)™= 0.96423(95% CI: 0.78765~1.14080)=
S 7FskoiTh

3. The effects of EPL on High-level Thinking
o] "4?5 EPL o] 15*}134 217l 7 1 e F

o(random—effects model)S F3] 4

3.1 Effect size of the EPL education

WA, EPL& @%‘GP WK A AFARL | WX|= gt
ek A aa71E A=tk 2 A3} 2 Table 4.9 2
3l Forest plote Fig. 5.9} 2t}

Table 4. Effect size of the EPL education

Study name Liedges™ g and 95% CI

1 —-—

2 fln ™

5 —E—

. —E—

. -
—-—

: -

4,00

Fig. 5. Forest plot

EPL o] agAtargle] W= oo tigh A4 a#37]=
2 §937)(Hedges' g=0.83811D)F UebiQlon, 95% A& 7
o] ‘Urrt & 7Rhe X3t 7] wiieel asARaLY A7ge fejn]
g JIS nAE AR L}E}kkv} ulehd FPLE 443 485

= 0
5N el ABHQ FYUEFERD EAL O FolnE
GG VA, 1Y B FE Ao kg

EPL] %74 7}7ke] &#47)% Table 5.9 2th.

Table 5. Effect size by EPL type

k Hedges' g 95% CI SE p
0.67908

50 0.83811 ~ 0.081 < 0.000
0.99713

Type k Hedges' g 95% CI Q |1~2
Dolittle 6 0.8271 0.3521~1.3022 | 26.14 | 80.9%
Kodu 3 0.9949 0.3314~1.6584 | 33.76 | 94.1%
Scratch | 33 0.8743 0.6675~1.0812 |117.90| 72.9%
Squeak 2 0.4963 | -0.3009~1.2935 | 2.41 | 58.6%
Entry 3 0.5295 | -0.1257~1.1846 | 1.47 | 0.0%
App 3 0.8747 | 0.2001~1.5493 | 3.52 | 43.1%
Inventor

EPLS #2381 115 A 18] Aol B3l A5 A Scratchs

Agek A77F 7P wekar, yA| Dolittle, odu, Squeak, Entry,
App Inventore= A 0.2 A7} At} 2lE] 7] ‘0’ Rk
2 e Kodu(Hedges' ¢=0.9949, 95% CI:
0.3314~1.6584), App Inventor(Hedges' g=0.8747, 95% CI:

e 2 R
z3ele=
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0.2001~1.5493), Scratch(Hedges' g=0.8743, 95% CI: ¥+ Table 7.7} 2t}
0.6675~1.0812), Dolittle(Hedges' ¢=0.8271, 95% CIL EPLo] a15AlaEel] mX&= G8ks B8 =% To| 1%
0.3521~1.3022) < Fofulgt &35 JepiRla, gk o]52  AlEe 198k F =84 /‘} ol nx|= G AT
A AAFE EAUR ARE Yol = G Aot Vel o] AlY B %Xﬂﬁﬁé S AT =Fo] I TS o
omn], B Z g937|5 /Mt Squeak¥} Entry= $3F £¥7] Aok A Al 4709] AbElek AERIAE 171] Al

& UEMIRARE ek Aas oflrh. =, Kodu, App
Inventor, Scratch, Dolittle 52 st&52% E?i A8+ EPL
WEZ RTINS FAE el frojn] g ks miAw, 1
g ATt =& F32 Aoz Yepgt),

EPL &7 Sl 53] agitaddd nA& g37t 2 EPLE
olr 7] $13] Meta-ANOVAE AA|SITE 1 A3t= Table

6.7 o] Aek 7+ 2}0](Q=1.90, p<0.8622)7} a1 ek 1 =}
(Q=185.20, p<0.0001)7} 714, ole] BPL 1+ &3] 7ol 7}
SAA SR frofatA] erol st o] Bxs] g iAQl
EA4 EPL2 2] X3t

Table 6. Result of Meta—_ANOVA by EPL of studies

Q d.f. p-value

Between 1.90 5 0.8622
groups

Within groups 185.20 44 0.0001

Az o] A7 AT EPL w&o] mEAbmE dkibo] 1%
TOR UEom, 31GANL

Aol tist AA av= Z &
Skrbo] g ¥bA ¢l EPLS Kodu, App Inventor, Scratch,
Dolittle 52| =02 dolx|g) o} nSAlud o] E3] &
#49l EPLS B8 0% 213 = il

o

3.2 The effects by subgroup analysis of High-level Thinking

SEAIEe] A7) e AN HEE H§8 a5
sl siel e AT g il a5 Y 7 3

desrd g3g712 A&
%é_ﬁ—tﬁqjﬂg 3+t H-41(subgroup analysis)< A §F A3},

g0 wad Aad, TAaY, Pl
Apael, UﬂEF’JZ] Sow 77t H32718 AFadn) 1 4

Table 7. Result of subgroup analysis
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4. Causes of heterogeneity
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4.1 Meta—ANOVA by target of studies
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1.76 0.6228
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Creative thinking 4 1.1464 0.6284 ~ 1.6645 9.68 69.0%
Table 8. Result of Meta—ANOVA by target of studies
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Table 9. Result of Meta—_ANOVA by area of studies

Between groups Within groups
Control variable k Hedges' ¢ 95% ClI Q ~2
Q d.f. p Q d.f. p
Big city 30 0.8376 0165305; 80.43 63.9%
Area Vodi v a o ;’)624 0.00 1 0.9790 |[179.21 45 |< 0.0001
edium city . ~ o
Rural 17 0.8330 11036 98.78 83.8%
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4.2 Meta—ANOVA by area of studies
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