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Development of an Effectiveness Scale for Carbon-Neutral Forest Education

Jae Hyeok Choi and Si Yeon Ha

Division of Forest Human Service Research, National Institute of Forest Science, Seoul 02455, Korea
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Abstract: We aimed to develop a scale for evaluating the effectiveness of carbon-neutral forest education programs
by firstly, constructing items; secondly, verifying their reliability and validity; and lastly, developing a measurement
scale. After literature and expert reviews, we constructed 41 items based on the theme and content of the role of
forests in carbon neutrality. A final list of 31 items was developed after eliminating and revising overlapping items
through expert evaluation. Using these items, we surveyed 2,097 adolescents (4th grade elementary to lst grade high
school) and conducted exploratory factor (EFA) and confirmatory factor (CFA) analyses to examine the suitability
of the factors and items based on the survey results. The EFA excluded items that overlapped between factors and
those that did not meet the factor loading criterion (>0.4), resulting in the final selection of 3 factors (knowledge,
attitude, behavior) and 24 items. The CFA results showed that the carbon-neutral forest education scale had
meaningful fit indices, with CFI, TLI, RMSEA, and SRMR values of >0.90, >0.90, <0.08, <0.08, respectively. We
successfully developed a scale that measures the effectiveness of carbon neutral forest education and contributes to
enhancing the quality of forest education by verifying the effectiveness of such education programs in the future.

Key words: carbon neutrality, scale development, factor analysis, educational effectiveness
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Table 1. Measurement Items for the Effectiveness of Carbon-Neutral Forest Education.
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Div Items
AbEo] HAE A9, AER A %ol HEEHe A AT
! I worry about the destruction of forests in case of a wildfire.
5 U ojihsletas Fasta gas AShe wol wile] ok
I am interested in forests that absorb carbon dioxide and store carbon.
“g7Ht7]” ool oju|e} sfjof Sh= o|fE HWT & Utk
3 I can explain the meaning of the term "forest management" and why it is necessary.
s T AFEOA 71FHEke] fEAd w9 Fadd W olopr|d Aolth
I will talk to people around me about the dangers of climate change and the importance of forests.
o €0 EoIEE A% Bl AZeA et
I don't consider the reduction of forests to be important.
syl s Ad 4= Sl
6 I can explain carbon neutrality.
, G2FUL GG URE W 80| wopAok doka Az
I believe that achieving carbon neutrality requires more wooden buildings.
g ofd Ao o s A HojA= o Hek
Under no circumstances should trees in forests be cut down.
%0l SAVLAE B AgdtE AL 41 Ut
? I know that forests absorb and store greenhouse gases.
Aol Ui gavh i ve AS gl Utk
10 I know that wildfires release carbon.
" W7t & HEsta x7]7] sl of @A sfof sh=A & Sl
I know what to do to protect and conserve forests.
2% B3 A7E 5L gt gtk
12 Actions to protect and conserve forests are meaningful.
. Arolut FoflA 28715 WA &Far, W A7 F& Zolth
I do not litter in mountains or parks, and I will pick up litter that 1 find.
el gho] #al QIEY, A 58 FobE Aotk
14 I will look up information about trees and carbon on the internet and in books.
o A" Hms 2 g2 AR 93 vE 4 ok
15 My lifestyle can affect the carbon storage of forests.
%o WAo] FhaTtTh ol Az ABelA of® olelgel YA AAY 4 Atk
16 I can imagine the difficulties for creatures living in forests if the forest area decreases
L, URE WE BAS A8eE A Baol § A% Eaol Hrta Azt

I believe that using wooden products helps in carbon absorption and storage.
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Table 1. (Continued)

AN3Y A4Z (2024)

Div Items
8 o AtlA gaE AHShE €9 Sadl el 2 4 Utk
I can explain to others the importance of forests for carbon storage.
o et it QS Ao sk olfrE AWE 4 JUth
I can explain why we should use domestically produced timber.
20 FHof eyl dalo] Sl
I am interested in the trees around me.
y A BEE ol 39K ghe gun B Y Seo) Hold 0§ 8 49T 4 gk
I can explain why well-managed forests have better carbon absorption and storage capabilities than unmanaged forests.
%9 Aol ZolErhyl L] dof ol @aFS wAX AT 5 9k
2 I can guess how the reduction of forest areas might affect my life.
L, ET Eae dsl o e S gl st A Feie el
I will participate in opportunities to learn more about forests and carbon.
b PR S8 w2 Gpg vl BEe] Wasin Yzwc
I believe that sometimes cutting down trees is necessary for forest management.
js e ERE SO, R wEeln A% A4 Aol
If there are similar products, I will use those made of wood.
oSt AE Fdtal gaE ARS] s e de Aol T8t ATt
26 I believe it is important to plant trees to absorb carbon dioxide and store carbon.
,, & BEsE A goich
I will protect and conserve forests.
£e 7ML FAE7] f1%t EFol o A zbol Sl
28 I am willing to participate in activities to manage and maintain forests.
RO} oSt AE E4ta HaE AYSh, A4S WEste S 2w gk
29 I know that trees absorb carbon dioxide, store carbon, and release oxygen.
30 Ue 7HES AFEA & £53] o rhal ojoprd Zlojth
I will tell my family and friends that forests should be cherished.
L ATE S8 ues 4w g
I want to plant trees for the sake of the Earth.
2. EAM HhH Approximation(RMSEA), Standardized Root Mean-square
H L= R(ver. 4.4.1) 0] &35to] A nE BASIACH Residual(SRMR)Z} ZE A 3512|4221 Turker-Lewis Index

1
vlme} wBg e B 4T Suel ek B4

| S =
o191, Bat, FUaL R d J=E AEste] S
Ape] WG ke ARSI o] ©®ASY ug av
A 23] BgAS 2Rl ffsf BAE adlEAle
AAEEGATE altz B4 Al @91 AvdE e sto]
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QRN Ans aigor =EH A= 37 2l
KAB X g(Knowledge-Attitude-Behavior Model)2 H}&
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Lim, 2020).
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Table 2. The contents of the carbon-neutral forest education program.

Division Topic Objective
17 BHAFE JNd T S ARA
%3 =)0 o3t 91|
12}A] gasdY o4 2 34 Aoz [ daFHe o4 gk 34 4
Ist session =39 o %3 B o3t A FA
A AT HE CO, HIES &0l
AR 1w
1A sk QF vHte] s Uil CO, S5
AL HE
A FREAE AR AR BESA
2744) e e gAY Fo AALSR e F4
2nd session ot %9 CO, & BF : SWHRES 9% FF, 59 F 47
W2HE 53 mrebetal, AAkS FSl
Sag e Al el vl
Rxsirhs Ag A
WA 1R T ARA g £l Aol
A8kl w7718 a9
P Ape] gt ofsf
244 UHEE e g9l dig 2AEEA
3RFA| St dot=d =S F+= A4S Agtetar, ZAARE-o ot
3rd session %717)e) BaK A 2 T A4 AD
Y5 : CO, iEFS
R ST B A S B
A B9 ol S s A
AR S -ghgof gk AH HaAd A%t
Extraction of the carbon-neutral ﬁ‘_l"' 7E:!J_'—I'
forest education ltems through
reference_to prior research 1, QUHIK EM
literature Sady sug 5 2209 A AR SHAE of
l A0 48.41%(n=686)% FAl(48.27%, n=684) H T} Wit
Organize the preliminary o - e _
Szl 2538k 580 .90%(n= o7 7R 1k
41 questions with expert review oA 25OHL 530l 31.90%n=452) 2.2 71
: Selection of 31 questions UL, Feu 13Hd 28.65%(n=406), 253t 63HdA0]
l 19.90%(n=282)2 HE ©] % tHTable 3).
Conducting a survey with the 1,417
selected 31 questions students 2. TMEEE AS

l

Verification of model validity
and confidence through
exploratory factor analysis

|

Verification of model fit through
confirmatory factor analysis

|

Development of the carbon-
neutral forest education
effectiveness scale

Figure 1. Scale development procedure.

Ay ¢us 53 Hwo] 317 B4 W 28
AL, Qe 9 HEeE oIg Aat, ZF Wb 2.0~ 4.20,
HZHAE= 86~1.10, Y= —94~1.14, F= 237-3.828 U}
Bt £ A 25 2] A= —09-75%.8
™, A T389] Cronbach’s aZl2 .930]Qlt) “5. &0] &
o= AL TS AABHA] =tH-.09).” w2 A
s

A%} 30 mIRko.R Ueht 3 Hmolq A 2fsiic.
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Table 3. Profile of survey participant characteristics.

A13Y A435 (2024)

Division N %
Female 686 48.41
Gender Male 684 48.27
Non-response 47 3.32
Total 1,417 100.0
4th 104 7.34
Elementary School 5th 452 31.90
6th 282 19.90
Grade Ist 406 28.65
Middle School 2nd 149 10.52
3rd 23 1.62
High School Ist 93 6.56
Total 1,417 100.0

Table 4. Exploratory Factor Analysis Results of the Carbon-Neutral Forest Education Effectiveness Scale.

Items Factor 1 Factor 2 Factor 3 Skewness Kurtosis Mean SD
ql 47 -.935 3.767 3.941 989
q2 .56 .007 2.847 3.15 1.018
q3 59 -.035 2.713 3.074 1.028
q4 S1 -.173 2.857 3.277 1.016
q5* 1.139 3.815 1.962 1.065
q6 .70 .003 2.636 3.071 1.047
q7* .070 2.554 2.854 1.091
q8* 146 2.373 3.147 1.045
q9 S1 -.495 2.612 3.661 1.083
ql0 48 -.484 2.561 3.612 1.095
qll 45 -.504 3.096 3.796 933
ql2 .70 -.948 3.817 4.191 .861
ql3 .65 -.403 3.213 3.658 919
ql4 .54 -.024 3 3.1 995
ql5* -.258 2.99 3.509 952
qlé 57 -.531 3.005 3.937 901
ql7* -.033 2.898 3.12 1.012
ql8 71 -.063 2.87 3.311 974
ql9 75 .160 2.971 2.962 986
q20 47 -.089 2.649 3.23 1.062
q21 .73 180 2.82 3.003 1.023
q22 42 -.445 3.007 3.703 965
q23 .56 -.115 2.817 3.462 .980
q4* -.123 2.764 3.046 1.030
q25* -.010 3.175 3.056 939
q26 .67 -.561 2916 4.018 .895
q27 .86 -.545 2.929 3.967 911
q28 .68 -.155 2.898 3.536 955
q29 41 -.343 2.58 3.759 997
q30 .61 =273 2.868 3.644 .959
q31 81 -.674 2.964 3.938 1.010

k7)ol A QFob HEkt &t
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obi7] 98] KMO 7t} Bartlett®] T84 A4S A3st 972 el Bartlett®] T84 AAR= ¥=191583 (df=
Ark. KMOZES 960 & Uelydar, Bartlett®] 7184 @A} 207 p<.001), Ak 53.18%2 QQIEAL 317 23tet
£ = 21681.54(df465 p<001)Z 224 517]0] o] SRl a9 A0E HiEge s &%
e Ao vehgth 247) Bo] 4G KAB WIS vlgro 2 37) 2918 7}

_1>~1

A7 E =3l sl Oblimin 3]7dof 23k Z{of--=R< ZF AP, HE, e or YHskilnh =S A4
AAEHE AL, 9219 4= Al W HEIF o] AL 7|HE (Factor 3y 2912 77119 &0 & 787k 4,13, AA| H
O 37 Q1o F uAste] TAA Qo EAS ZY5IS Ol 17.21%E AH319 1L, ‘Bl =(Factor 1) 2212 97[9]
CHTable 4). 3291 J1xgko] 1.00] Fof @QliAof & O E IR 640, HA| HFO] 26.67%E A6t
Ao ARG 7 Ut on, ZakoA =EE a9l F o, ‘g5 (Factor 2)" 8312 879 £Fo2 IH{HZS
St % Vg we Bolakg JhA aolo] Bake AR 223, WA weFe] 930%S Awsigith
oh S - 1 Aol 04 ofskel R Al A
oA e o] Yrhs A QulstRR ofof g 3) 214 8QlEA
sh= 67119] &2 APAISFATH(EDel, 1965; Choi and Ha, 2 goEAo R olE gagy gl Gy 3
2022) wo] THEYES PFoAl el AQRAL A4

o1F £2E 24/ Y| 28 AT AAs] Sk B4 e 27 B 12} A%} 05 of
el FAA 2Rl AS AAsk: 1 A¥ KMOgo] &, SMC7F 20 o]Fo2 FHF Fdo = st lt(Table
Table 5 Confirmatory Factor Analysis Results of the Carbon-Neutral Forest Education Effectiveness Scale.

Factor Items B %ﬁ?ﬁiﬂlz&g SE CR p-value SMC
q22 1.000 703 .506

q29 959 .653 .041 23.599 xRk 573

4 ql0 917 .568 .045 20.540 HEE .678
Knowl?:dge q20 1.069 .683 .043 24.617 ok 534
q9 .865 .546 .044 19.764 ok 701

qll 872 .631 .038 22.814 HEE .602

ql 794 .545 .040 19.713 ok 704

q27 1.000 .802 357

q31 1.039 752 .034 30.989 HEE 435

ql2 781 .666 .029 26.646 A 556

q28 1.028 786 .031 32.793 ok 382

At]ﬂtﬁie q26 .816 .668 .031 26.710 HEE 554
ql3 874 701 .031 28.527 ok .508

q30 1.010 770 .032 31.961 ok 407

qlé 821 .669 .031 26.671 HEE .553

q23 969 722 .033 29.333 ok 478

ql9 1.000 .597 .643

q21 1.188 .684 .050 23.802 HEE 532

ql8 1.285 77 .057 22.630 ok .396

PR q6 1.202 .676 .058 20.583 ok .543
Behavior q3 1.159 664 057 20.312 ok .559
q2 1.234 714 .058 21.378 ok 491

ql4 1.228 730 .056 21.770 ok 467

q4 1.275 739 .058 21.900 HHE 453

k< 001
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Table 6. Fit Assessment Results of the Carbon-Neutral Effectiveness Scale.

90% Al =413t

Fitness ' df CFI TLI SRMR RMSEA o
Value 1843.488 240 916 903 050 069 066 072
5). olek oA Ao A= A Y2(EE 3), SRMR 822, B 912, % 88602 ARSI TS} Hopol A atahs

o

I= )
<08, RMSEA<.082 slol5}4]

(
Jeon, 2023), & A= 2|41 TLI=.90, CFI>.90 7]&S Bl &A%Y 2ns a1 = 232 Figure 22} 2t

Agsto] A= mdlo] AjdS sk th(Browne and

Cudeck, 1993; Park, 2019). 4] A7} £& 1843488.54 3. Z5 EHAZE 208 51t Mg =5

(@240 p<00D)E E7| Yeptst), o) o] F& A7)0 AxHow w2y BGAazy 278 71} HEl 379
Qo) 247 Bz AE 53 Likert HE(1 A 1

u7ksl7] wEo|tkPark, 2019). 71 @] RMSEAL .069, Qo019 o
SRMR-& .050, TLI®} CFIi= ZH2} 9031} 916202 £2 gt 2] orep, 53 le- 1g )2 S Qi sHE 2.4l
T5 Hol B Hwrt Agst BeelS o 5= lIcKTable w2 57t z

6). 2= w4l 29I Cronbach’s o AHEMH, %4 d 159 aiE EAots EEHN &8 o+ 3L
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Figure 2. Model of the Carbon-Neutral Forest Education Effectiveness Scale.

(Hu and Bentler, 1999; AlF %= 7]&(Cronbach’s 0. 0.6 0|4 ==3= o0& U
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Table 7. Final Carbon-Neutral Forest Education Effectiveness Scale.

Division Items

AbEol WA A, AR Qe go] e AS AATH

I worry about the destruction of forests in case of a wildfire.
o] SAVIAE Fosha AT A 4 ok
I know that forests absorb and store greenhouse gases.
AbEo] UW gravt wiEdrhe AS ¢ Sl
I know that wildfires release carbon.
A4 %9 wBela A717] 9a) oA sfoF sl T ek

Knowledge I know what to do to protect and conserve forests.
FHol Sl yioll o] Atk
I am interested in the trees around me.
%o WAo] ZolErhu L] o] oW Qe wAX WA 4 k.
I can guess how the reduction of forest areas might affect my life.
Uoh olARSIERAS F4ta S AAShE, AaE WESHE 2e 93 gtk
I know that trees absorb carbon dioxide, store carbon, and release oxygen.

s BRIkl A7le Fe2 ou7h ok

Actions to protect and conserve forests are meaningful.
Arolu oA 28715 WA ar, HExl 2E7]= F& Aotk
I do not litter in mountains or parks, and I will pick up litter that I find.
%9) WHo] Zastthy fol Az ARo|7] of| ool Y& AAT 4 gtk
I can imagine the difficulties for creatures living in forests if the forest area decreases.
<0 g g8 o wiE 5 e 7187 A7 o Aol
I will participate in opportunities to learn more about forests and carbon.
o= AR AT T GAE AR S5 YRS HE AL Fasttin Az
Attitude I believe it is important to plant trees to absorb carbon dioxide and store carbon.
%% wsetn 42 Aol
I will protect and conserve forests.
£e 7ML FA 7] 9%t EFol e A zol Sl
I am willing to participate in activities to manage and maintain forests.
e 7H5 AEoA €8 2535 dfof qtthal ojopr|d Aot
I will tell my family and friends that forests should be cherished.
A7E 98 e Hu Ak
I want to plant trees for the sake of the Earth.

U oA A S50 ©ASE AASHE «o] Tl Ak
I am interested in forests that absorb carbon dioxide and store carbon.
"7 )" dol o] ofujer sjof Bhi ol 95 MW 4 Utk

I can explain the meaning of the term "forest management" and why it is necessary.

RS _ - _ _ _
BlE 2 RS A1Fuske @ dT 29 Fa4e) Bl olopr g Zoltt.

I will talk to people around me about the dangers of climate change and the importance of forests.
ol s ¥ 4= Sl

I can explain carbon neutrality.

Uoh ghae] Y, W 5 FohE Aotk
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Table 7. (Continued)

A13Y A435 (2024)

Division Items
I will look up information about trees and carbon on the internet and in books.
U2 ARgelA $aE AgsE 29 Fa4 ds 4¥E 4 Uk
I can explain to others the importance of forests for carbon storage.
BE SE|Uetel A A BAE Ao sHe ol g2 AWE 4 gtk
Behavior

I can explain why we should use domestically produced timber.

2 gelE gol A UL HuTH BAFS AF Heo] Hold ol g2 AT 4 k.

I can explain why well-managed forests have better carbon absorption and storage capabilities than unmanaged

forests.
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