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Abstract
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This study aimed to examine the overall effectiveness of early childhood environmental education

programs on young children’s environmental attitudes and to compare the relative effectiveness of different

program types using a network meta-analysis.

Sixteen Korean empirical studies were included, and the

programs were categorized into General Class(NO), Media-literacy-based(N1), Nature/Experience-based(N2),
Maker/Production-based(N3), and Project/Problem-solving-based(N4). The results indicated that environmental
education programs had a significantly greater effect than general classes, with an overall effect size of
SMD=2.0686(95% CI=1.3195~2.8176). Maker/Production-based and Nature/Experience-based programs
effectiveness. Consistency analysis confirmed agreement between direct and
indirect estimates, and sensitivity and influence analyses supported the stability of the findings.

showed relatively higher

Key words : Preschool-aged children, Environmental education, Environmental attitude, Network meta-analysis
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<Table 1> PICOS-Based Study Selection Criteria

Selection

Criteria Details
. Children aged 3-5 years attending
population .
kindergartens or daycare centers
Environmental education programs
Intervention  aimed at improving environmental
attitudes
Groups receiving general instruction
Comparison ~ based on the Nuri Curriculum or
theme-centered life-subject classes
Studies  reporting changes in
Outcomes environmental attitudes measured
through pre- and post-tests
Experimental studies comparing two
Study Design  groups (experimental vs. comparison)

using pre- and post-test designs

E Journal records identified
= through database
= searching(n=3551) :
s Through RISS (n = 1048)
5 Through KISS (n =960)
) Through DBpia (n =1543)
o) '
£ Records screened based on Records excluded :
& title and abstract Duplicate records,
2 (n =3551) Non—gxpenmeptal
ﬁ studies, Studies
__ [ without statistical
) data, Irrelevant
4 outcome variables
2 Full-text articles (n=3,518)
% assessed for eligibility
S (n=33)
w | N Reports excluded:
Non-early childhood
— ¢ population (n=14)
Studies focusing on
g Studies included in review other outcomes
2 (n=16) (n=3)
o
E

[Fig. 1] Prisma flow diagram of study selection.
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<Table 2> Number of Studies by Program Type

Number of
P T
rogram Type code Studies(k)
Qeneral NO 2
Non-environmental class
Media-literacy based
. . N1 5
environmental education
Nature- and experience-based
. . N2 4
environmental education
Maker-/production-based
. . N3 8
environmental education
Project- lem-solving-
roject-/problem-solving-base N4 3

d environmental education

<Table 3> Connectivity Between Program Types

Comparison Pair
N3 vs. NO 6
N4 vs. NO
N2 vs. NO
N2 vs. N1
N3 vs. Nl
N1 vs. NO

Frequency (n)

— N N PN W
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SEAIBAZIRE Nyl BlEl folek Al w2 2dE
Fovh A AAVIHN2) T Fo3E o=
o] ¢ro} F ] &y} o]l fAFSHA
e o] 3§t A¥i= P-score Rankingol| 4 &
934 gelgdnh  AlF-vo] A 7] HEN3)o]
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HHN2)o]  0.7755, EZZRAE-FEA A 7|HHNS)
0.5393, "|tjo]- B2 A 7]RE (N1) 0.2340, YW
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<Table 4> Overall effect size and heterogeneity (random-effects network meta-analysis)

ES

[ 2 2
Model ko . SE 95% CI Q(df) Q I r T
R;r;i‘;n 16 20686 03822 1319528176 122.70(15) <0001 9341 21285 14590

<Table 5> Treatment Effects Compared to General Class (NO) (Random-Effects Network Meta-analysis)

Program Type SMD 95% CI z p
General - Non-environmental class - - - -
Media-literacy based environmental education 0.4332 -1.3181~2.1846 0.48 0.6278
Nature- and experience-based environmental education 2.3043 0.4511~4.1575 2.44 0.0148
Maker-/production-based environmental education 2.5664 1.3096~3.8232 4.00 <.0001
Project-/problem-solving-based environmental education 1.4648 -0.4273~3.3570 1.52 0.1292
<Table 6> League Table
Comparison
(Column vs Row) NO NI N2 N3 N4
NO 0.43 2.30 2.57 1.46
[-1.32~2.18] [0.45~4.16] [1.31~3.82] [-0.43~3.36]
NI -1.87 -2.13 -1.03
[-3.74~0.00] [-3.89~-0.38] [-3.61~1.55]
-0.26 0.84
N2 - - -
[-2.32~1.80] [-1.81~3.49]
1.10
N3 j i i i [-1.17~3.37]
N4 - - - - -
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7] SMD=1.9883, NI vs. N2o{|4] SMD=-2.1132) %
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<Table 7> Direct, Indirect, and Network Effects Table (Random-Effects Model)

Comparison Network Effect(TE.nma) TE Direct Effect TE Indirect Effect
N1 vs. NO 0.4332 0.6100 0.3600
NI vs. N2 -1.8711 -2.1132 -1.4526
NI vs. N3 -2.1332 -1.9883 -2.3260
N1 vs. N4 -1.0316 - -1.0316
N2 vs. NO 2.3043 2.0731 2.7338
N2 vs. N3 -0.2621 - -0.2621
N2 vs. N4 0.8395 - 0.8395
N3 vs. NO 2.5664 2.6162 2.2785
N3 vs. N4 1.1016 - 1.1016
N4 vs. NO 1.4648 1.4648 -

TE values are

Positive value

standardized mean differences (SMD).
= first treatment superior. Negative value = first treatment inferior.
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<Table 8> Local Inconsistency Results
Comparison K Direct Evidence NMA Direct Indirect Difference s _value
P Proportion Estimate Effect Effect (Direct — Indirect) P
N1 vs. NO 1 0.27 0.5656 0.6100 0.5488 0.0612 0.04  0.9673
N2 vs. NO 4 0.78 2.5999 2.5856 2.6510 -0.0654 -0.05  0.9630
N3 vs. NO 6 0.84 2.5356 2.5373 2.5271 0.0101 0.01 0.9941
NI vs. N2 2 0.56 -2.0343 -2.0634  -1.9980 -0.0654 -0.05  0.9630
NI vs. N3 2 0.55 -1.9700 -1.9654  -1.9654 0.0101 0.01 0.9941
(SIDE: Node-Splitting Analysis)
<Table 9> Global Inconsistency Results
Analysis Model Statistic Q(df) p-value
Overall heterogeneity Total Q 112.6644(12) <.0001
Within-design heterogeneity Within designs 112.2134(10) <.0001
Between-design inconsistency Between designs 0.4510(2) 0.7981

(Design-by-Treatment Interaction Model)

A& glg 4 Qltl. <Table 82 = 4x(local) =
A= HANME NI vs. NOz=0.04, p=9673), N2
vs. NO(z=-0.05, p=9630), N3 wvs. NO(z=0.01,

p=9941), N1 vs. N2(z=-0.05, p=9630), NI vs.
N3(z=0.01, p=9941) & EE Hlweld HHFY
o} PR ETe] Ao|7F FAALE Fo5HA ok
th Z=W(global) FTFOlAE  <Table 9>°llA]
Total Q7} 112.6644(df=12, p<.0001)Z #z ©]=
L EASARE ol FE A U
(Within-design Q=112.2134, df=10, p<.0001)°] 7]
Qlstar A 7+ &YX (Between-designs Q=0.4510,
df=2, p=7981)= Fo]3tA ol AEA {3 el
2 EYA= Ak 2 A1 JEYA vE

o1

of os A7t FHEskA
glshy] fs 1A E 4
A&kt WA Leave-one-out
<Table 10>°|4] A|AlE nfg} o
Z AAsYEE  AA &¥ay)
SMD=1.80~221 W%l dellA FA=AoH, 95%
AFTFE TS BF o Fos HojuA] sk
kS Qi P gk 9A & WEs HolA ¢
oHI>= 89.07% ~94.00%), XA &I~}
SR ICEIEFCRIDES P
q 720e AT Fhw
e Awas] fetol duY A
Ay}, <Table 11>°]A  &Q1¥%0]  rstudent,
DFFITS, Cook’s D, Covariance ratio, z ?(deleted)
AR Al oY A7 71ES RoluA
AIA T AFE A (study 5, study 15)7F A4

=

=

nglEd o ATES FE

75 AARRE W A4 & FH7F A W
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<Table 10> Leave-one-out sensitivity analysis (random-effects model)

study removed Estimate SE 95% CI Q r? I2
- study 1 2.1609 0.4008 1.3753 ~ 2.9464 115.5784 2.1936 93.4171
- study 2 2.0246 0.4062 1.2286 ~ 2.8207 117.0583 2.2693 93.9633
- study 3 2.1863 0.3886 1.4247 ~ 2.9479 113.1886 2.0563 93,2957
- study 4 2.1144 0.4105 1.3097 ~ 2.9190 122.6058 23152 93.9175
- study 5 1.8028 0.2976 1.2195 ~ 2.3861 90.9039 1.1560 89.0713
- study 6 2.1265 0.4101 1.3228 ~ 2.9302 121.2609 2.3024 93.2989
- study 7 2.1907 0.3867 1.4328 ~ 2.9486 110.2819 2.0320 93.1546
- study 8 2.1713 0.3969 1.3934 ~ 29493 112.1151 2.1474 93.2739
- study 9 2.0684 0.4127 1.2596 ~ 2.8773 119.9330 2.3392 93.8817
- study 10 2.0831 0.4128 1.2740 ~ 2.8923 121.6773 2.3417 93.9109
- study 11 2.1011 0.4115 1.2946 ~ 2.9077 122.6659 2.3288 94.0021
- study 12 1.9929 0.3992 1.2104 ~ 2.7753 1119786 2.1852 93.7410
- study 13 2.0006 0.4004 1.2159 ~ 2.7853 115.1081 2.2036 93.8410
- study 14 2.1184 04111 1.3126 ~ 2.9241 122.3387 2.3162 93.5191
- study 15 1.8952 0.3593 1.1910 ~ 2.5994 96.9296 1.7391 92.3341
- study 16 2.0841 0.4127 1.2753 ~ 2.8929 121.8552 2.3405 93.9491
<Table 11> Influence Diagnostics for Individual Studies
Study rstudent Dffits Cook’s D Cov. Ratio QE(deleted) 7 *(deleted)  Influence
study 1 -0.8790 -0.2381 0.0583 1.0998 115.5784 2.1936
study 2 0.4856 0.1117 0.0132 1.1294 117.0583 2.2693
study 3 -1.2371 -0.3130 0.0949 1.0338 113.1886 2.0563
study 4 -0.3812 -0.1153 0.0144 1.1539 122.6058 2.3152
study 5 3.4613 0.8463 0.4836 0.6064 90.9039 1.1560 *
study 6 -0.4925 -0.1459 0.0230 1.1512 121.2609 2.3024
study 7 -1.2887 -0.3266 0.1022 1.0237 110.2819 2.0320
study 8 -1.0059 -0.2678 0.0723 1.0786 112.1151 2.1474
study 9 0.0681 0.0003 0.0000 1.1659 119.9330 2.3392
study 10 -0.0714 -0.0365 0.0015 1.1668 121.6773 2.3417
study 11 -0.2500 -0.0817 0.0073 1.1593 122.6659 2.3288
study 12 0.7872 0.1957 0.0392 1.0910 111.9786 2.1852
study 13 0.7238 0.1752 0.0316 1.0974 115.1081 2.2036
study 14 -0.4121 -0.1252 0.0170 1.1570 122.3387 2.3162
study 15 1.8140 0.4940 0.2058 0.8838 96.9296 1.7391 *
study 16 -0.0811 -0.0389 0.0017 1.1658 121.8552 2.3405
ZAF 7P FAS] A9 Fumel Plotst Aol wEHon, wmd wHol WY [Fig
39 HES AAETE [Fig. 2] dXE &33 31945 FARSE A3zt yelstt) ole g3t &
b B ggo Ay HEo LTS w3 =

Standard Error

0.233

0.465
.®

0.698
I

0.93
I

Observed Outcome

[Fig. 2] Funnel Plot.

AA #HZ A}, Egger AEHANA 3G
ES=0.3102, z=5.1915, p<.0001 % Z@HEF 7}5410]
FAACE FostA YEFstTE ©]F Trim-and-Fill
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(95% CI=1.320~2.818)% # A2 £33 v 54
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+ i 1 (QE p<0001), B 3t w3 93~95%C.% UEhd 7
* S Ve Diference coneed a < FHuS ZEIHY gt desh AT g
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[Fig. 3] Comparison-Adjusted Funnel Plot. g wds g% Axl e my A=l
WEHY AAe el fi FEgFE ws Tt
5. =FH=of ME SIAAT &1 H HEL  yo Axeg
87124
RS T2 g3t A7 546 whet V. A =
S A=A S Fleh] SlE 2 243 )
EFS) A EA S AT 2 R S, B ATE frobs: UdeR s dAuS TE
frobe] A%, T2 7F, 71H F8S A o] AR FAd ouI S A=A
it ol frol SAug ZIF A, 2 BEHor et a9 §9 7 g
g, Y AR, w3 wEt g £ 53 o)F FelEy] Y8 EYA WEHEA S
Atk WS4 =oe LA STHCho and Jeon, AR Y. 4 Ay, d3AFwS TS d
2021). 1 A3, <Table 12>0)4 AR vpel 2wz oz Aukdde] Hlg] folo FAHHES
o] e ARFY AATE FANCE F9  gaA FATE Foz eyt
4 ke Ao® uehdth ERALY A4S 4 ATEA 19 B4 A fol BAuE Tz
=-0.0348, QM(1)=0.0702, p=7911= UER} A7+ FE AbrdlE SHCE vt Z2ad §9
S5 wE 'y WL BAEA Ao, # o] A% ddE MEYD 25 It o,
<Table 12> Meta-Regression Results by Moderators
Moderator kK Ta® PB%)  QE@)H  p(QE) QM@ pQM) Effeet O(f B“;["derator
Publication Year 16 2.3222 93.83 122.41(14) < .0001 0.0702(1) 7911 B = —0.0348 (ns)
Child Age 16 2.6741 9449 119.48(12) < .0001 0.6785(3) .8782  [(age categories) ns
Number of sessions 16 2.0781 93.15 118.88(14) < .0001  1.5951(1) .2066 B = —0.0956 (ns)
Institution Type 16 23318 93.79 121.43(14) < .0001  0.0020(1) .9639 B = 0.0364 (ns)

k : number of studies, ns = not significant , Tau> = unexplained heterogeneity, 1> = heterogeneity test statistics

QE = residual heterogeneity, QM = moderator effect test
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