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Abstract

This research aims to: 1) study and develop a Virtual Reality (VR) card game using
discovery learning to promote environmental literacy, and 2) examine the effects of using
the VR card game with discovery learning on promoting environmental literacy. The sample
group included five experts and 30 high school students, selected through purposive
sampling. Research instruments included the VR card game, expert interviews, a quality
assessment form for the VR card game, and an environmental literacy test. Statistical
analysis methods included the percentage, mean, standard deviation, dependent t-test,

and correlation coefficient.

The research findings revealed that: 1) the developed card game comprised the
content, virtual reality simulation, card gameplay, and discovery learning. The overall
quality assessment of the VR card game using discovery learning was rated very high
(x=4.68, S.D. = 0.51). 2) The use of the VR card game showed that the average post-
experiment environmental knowledge scores were significantly higher than the pre-
experiment scores at the .05 significance level. 3) The comparison of the average post-
experiment environmental attitude scores showed a significant increase at the .05
significance level. 4) The study of environmental behavior indicated that the post-
experiment scores were significantly higher than the pre-experiment scores at the .05

significance level.
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2018; Frantz & Mayer, 2014)
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nMsiFsuiiarnisnseviniadgvidwinden (Markowitz & Bailenson, 2018; Fauville et al,
2020)
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2.3 HANTIATIEAATUUUNGANTINFWINGOUVRINGUMIDE9RBY kaenasldaumMIany

Tuan ML INA AL D UITIAINITBYUS WUUAUN UMD ALASUNNITIA LA INA DY
U U

A9 5 HANITIATIBNATLUUNGANTTUAIINGOUTBINGUAIRE9NBY warnasldaunITany

Tuan ML INA UL AL BUATIABNITIS U LU UAUNULNDAWESUNITI A UELINADY (n = 30)
Y U

. . ASIVBINITNAADY
AZLULLINARTILINADY B ., Ve

L Azhuwiy  newldan  wasldau t Sig

VBINFUAIDEN
¥ SO ¥ SD

msfudunidunis 10 75 024 827 033 13.11 <0.05
Uszrnduusifiodne
Awndou
A59RNIsVELlUN1SUN 20 14.6 023 1639 007 4283 <0.05
nduuldian
Ashiausndalunis 20 1475 021 1635 0.04 47.26 <0.05
ShwnAannaoy

574 10 75 0.24 8.27 0.33 57.62 <0.05
* P < 0.05

1NANTNN 5 WUIAERUUNGRNTIUFMINGaNVBINGUMIaE 1WAUNS gAY 36.85

Taudesuunnsgunaunsidaume 36.85 wagndan1shdauwingu 41.01 Jdudeuy

1msgIunaInsldauee 0.44 01
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2.4 HAN1TILATIFYAMUFURUT TENTNIALUUUNITT AT UAUINF 0UAULINAR LAE

ngAnssuvelniSsuneukazransidn1sanuluan nwIndeulaliauas a5 sous

WUUAUNULBAUATINTIMUALIAREY

M99 6 HANTTILATIZIAIUFURUSTENINALUUUNTIIUFIING DU VAN ARKAE N ANTTY
e ufaukaEndIN15idn1TanuluanInuInd oulal ouaT IR IUNITTHUT WU UAUNY

WaduaSunsImudwInaey

Aduszans .
o o . ASLUY v o . A1 p-value
ANUFUNUDS andunwus (r)
nay N& oy was ey nag
mndidanadeutuanad 6.7 11.52 059 055  0.0016 0.0029
24.8 32.05
Awudandeniv 6.27 11.52 047 046  0.0093 0.0102
WEANTTH 36.85 41.01
LRARNUNEANTTY 24.8 32.05 0.60 0.60  0.0015 0.0013

36.85 41.01

NATWN 6 WU 1) AUUTZANTANFUNUS 7= 0.59 waradsmnudunusseauUIuNaIs

o w

WIUINANTudAYN19ad @ (p-value = 0.0016) FEMINAMUIANUFWINAONAULINARADUNIT

Y

199U 2) ANFUUTLEANTS @NAUNUS 77 = 0.55 kAR IANUA NN USUNUNa1udIuINN A ded ey

o

1Y £

9@ (p-value = 0.0029) 581319AIINIAUAWINRDUAULAAANEINTIEU 3) ANduUsedns

(]

anduius 7=0.47 uansdsmuduNus UunaadsuInididudAgn1sada (p-value = 0.0093)

sgnineeuIuAunadeNtuNgAnTIURBUNSIYY 4) Adulseavdanduiug 7'=0.46 uansds

o w a

ANudURUSU NN LTUIN LT d A vneaEs (p-value = 0.0102) seninAuIAuEINd oY

[y a

AungRngsunaInIsleeu 5) AduUssansanduius 7=0.60 wansdenuduiusiiunaiudsuin
Ndded1Agyn19aidf (p-value = 0.0015) T¢NINNLAAAR A UNGANITUNDUNITITINU LAY

6) ANFUUTEANS ANAUNUS 7=0.60 LaAIDIAUFURUS UIUNa1TuInN AT 8d Ay n19ai i

(p-value = 0.0013) 5317 19LanAR A UNGA NTTUNAIN151T 91U wansliiudinisldnisany
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Tuanmuindeuiaiioua3wien1sssus L UUAUNUANTOdHAlAAINS WAAR wasNgANTTULYeN
fndeuierfuiunndeuiauduiustuegalitedfymeada
anUsuna

mimnsluanminedesnaiiouaiarionsBouiuuudunuiiiodauaiunsiiudundon
annsaeAuTenals il

1. 91NNISNUMUITTUNTTURAZUITaTiRgadeatunisany annwandeuadowsss
M sufuuUAuny waznnsiuuazanuidilalull esvesd wandeu aguldimisanuly
danmuwaindeualioussidmiutnSeutuisonumetiuannsathuniannnianaluanmuwandon
iadleuaiesnonisiSousuuuRunuiiodaasun1sidaanden deUsznoudeesduszneunay
Supausied 1) o oud nsdaliivhatets msdansves vafemai uazuaivnisennia 2)
WAlulagan NI auLElnUITI N1T99NLUUAINLAZIENIUTENOU 1ABNIST180I8NINLINA B
aflountafioaiausstumalauasdonlostuidommatous 1dun fazes anmuindendes
wardaru 3) Miany axUszneusemsmnuiteenuuutuiiodiudusetalumsldnudeniin
i IuA mdanuuuudie e mianuiithieuausaldfuanmsdifamsBouiuaznsudly
Jywmvidensianmusluusazunidou 5w 5 4da lneannsaazadldvinay 1 lu wazniie
nuwuuliin fe msmnufitniZeuaninsaldsuannisdidanisadesluusasunieuiisiuau

2 ¥l Tpganunsoazaulaviinay 51U 4) MmaSeuguuuauny lneddunounsiseuinal Tuneu

Y

(%
a [

snszdu diausuvaseyaiidniulunisdnu Taemsiaesanmuindeuailouass duneuns
Fuasdlgm thiauedigmdwindoukiunmssiassanmuindonaiiouats dunountniuioya
Auteyailifedesiutigm senstaidiulifFoulldusalunmsdmnateyaluunFouusdias
mize dumeun1sUsznanatoyalinTziuarsrananadeyaiifuumudiomdinouvie
nsudtlym duneunsnsiadey asedeUANgNRBITeIMITIATIEikasIUsTnanatoya
runsaesanmwIndeaiiouds uarduneunisasy agunadwsndeyauartuneunis
Seouddisiun e luldlunmsuddgmasmdeldlunisioudluounan sisdnsanaly
anmuaadentaiiouaisiiensid suduuuAunusunInTIvaeunmAmlaed g svgdiua
5 aw WaUSulTamudeiauanuy waglanan1sussiliuqunineyluseauaNin Han1sIve
danndodiuUIT8ves Markowitz & Bailenson (2018) wuiunalulaganiniindeuaiiouasa
(Virtual Reality) anunsagagliinisaudisranaziufdunusivanimwindeulaed1alnddn vl
Tndsuddndonlsstudomuasnssmindstosunseresdunndoneteiiussaninm

2. nan1sneaeLazAnyInavesnsiinsantluaniniindeualeuasemaseusiuy

AUNULINBA AT UNTT3 A 1Ind ouanAsnaaadldn1fandluaninuingdeuiaiauas wuin
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1) AruuudsmuiiudanadenvesinFoundinmsmaassgenittounismaaseg afidddry
NEdATisEAU .05 (t=6.43, p<.05) NAN1TITe donrdeatuIuITeves Frantz & Mayer (2014)
fiszyinsFeudiuusunuhlitnSeummnsadidninuazdnateyamonues Dreifiunimg
waranulavesinideusedymaunndey 2) azuuundsanafsudundouvesiniseumds
mwmamqmdwdaumswmaaqaéﬂqﬁﬂ’aﬁwﬁcquaaﬁﬁisﬁu .05 (t=5.27, p<.05) NaN15398
AOARABINUIUITDI Markowitz & Bailenson (2018) wuimAluladanInwIng ouailousa
annsovilidndsusdndenlestuden uasmsemindatosunsevosdundeyldegied

Usgansnw wenannfunissuanunsadunaUssaunisaltnagnnuaninwinasululanailiouasa

ada o 14 1

YIUTUANUATLAUNKALLANARTIAGDFWINA DU 3) HANITANYINGANTINATUFWIAFOUNU I

!
aad U

msveasstiniFouiingfinssuiudaindonganitneunsmnasiegniituddymaaianisziu 05
(t=04.89, p<.05) NANITIVE ADAARDINUIUITBYO Liu & Chen (2013) ﬁwudwmiﬁauiﬂmm%m
nutefindunsdindulanasnginssufifvesindeu wae 4) msldmiainyluanmwndeuaiiou
93 af suuuuAunuasnsodawalianng lned uagnginssuveadniFowi vy
FaedoufiruduiustuegalTuddynadn nansHde aenndasiuauideves Fauville et
al. (2020) #iszyiunaluladanmuindouiadouaisanunsafsgaanuaulavesiniFounaz

'
a A =

wRuasUsEauNsainsSEusNUsE S Bedwmalviniud ead uasngAnsuvestinbeu

JoLEUDLUY

tatauauuzlunsialuly

1. lsaSsuazanfunisfnwanansadinidandluanmuindemaiioudssluldlumsasu
WiedaieiumsiiudanndenvesiniFeuls Tae lwmzmndndundantluanmwndouaiion
F3aluseganiumsfny gl jun InemsussgndldminnalunisiseusiBaldihvasnisdraty
anminedeuaiionusss uagliiniFeufvazanniinanmsisouaz U iRansAadiviimenii 4
Tuanmuedesasioulinsumuioulutmnevemangns eldsunimduseialumaFeus
FudumaistuaiousgdanasfiuuszavsnmmstouivesinGeu

2. mimnuanansatlUsulluuunmsBeunsasuinarnvany wu liiviineimans
dsrufnwn videRanssufiiay dmmnhaulauazvsnzanfiugiSeulussiudng o laewunisain
Usvaunsainiaifeusiifimsiduvauezannsndenlsademmaiouifuaniunisaiasly
FinUszadniu

forauauuslunisiseadedaly

1. mionsluanmwndeuasioualanemafeuiluudunuiloduaiunisiawndon

annsarhluiausosenluseivdu 9 enuamnuminas




140 ««« @vinmaluladnisfnyl unInerdealuyivsssunssy

2. MIANUIUANINLING DULEN DUATINIENITS BUUUUAUNULBALES UN1TFAWIAT B
anansalUlsuiuismsasudu o Wewmwiaes wasinwevesdnSeuludiudy 9 wu nse

inaluanmuandemalousssiiemsSeuiiuudunuiioduaiurinveasmans [udu

UTTUIYNTY
358an e, wazUsznau nading. (2561). nsiseuslagldlasnudugiuiedodeny

poulatliieduasunisimuduwnndonvesinieuliseudnwinoulaiy. 97597507539¢

n7157N®I, 12(2), 50-65. https://he02 tci-thaijo.org/index.php/Veridian-E-
Journal/article/view/150963

Altin, A, Tecer, S., Tecer, L., Altin, S., & Kahraman, F. B. (2014). Environmental awareness
level of secondary school students: A case study in Balikesir (TUrkiye). Procedia -
Social and Behavioral Sciences, 141, 1208-1214.
https://doi.oreg/10.1016/j.sbspro.2014.05.207

Barboza, G. L., Cozar, A, Gimenez, C. B., Gimenez, L. T., Kershaw, J. P., & Guilhermino, L.
(2019). Macroplastics pollution in the marine environment. In C. Sheppard (Ed.),
World seas: An environmental evaluation (pp. 305-328). Academic Press.

https://doi.org/10.1016/b978-0-12-805052-1.00019-x

Bruner, J. (1966). Toward a theory of instruction. Harvard University Press.
Chen, C. H. (2020). Virtual reality in environmental education: The role of VR in
enhancing environmental awareness and engagement. Journal of Environmental

Education, 51(2), 123-135. https://doi.org/10.1080/00958964.2020.1717188

Dewi, R. S., Nurmilawati, M., & Budiretnani, A. D. (2017). Improving of scientific literacy
ability using discovery learning model at the seventh-grade students of state JHS 3
Ngronggot Nganjuk-Indonesia. Journal Pendidikan Biologi Indonesia, 3(3), 266-271.
https://doi.ore/10.22219/jpbi.v3i3.4597

Fauville, G., Lantz-Andersson, A., & Saljo, R. (2020). The potential of using virtual reality
technology in environmental education. Environmental Education Research, 26(4),
518-538. https://doi.org/10.1080/13504622.2020.1738346

Franco Mariscal, A. J., Ortega, J. M., & Benitez, M. P. (2012). Teaching the nature of

science through the learning of chemical equilibrium. Science & Education, 21(7),

961-988. https://doi.org/10.1007/s11191-011-9442-9



https://he02.tci-thaijo.org/index.php/Veridian-E-Journal/article/view/150963
https://he02.tci-thaijo.org/index.php/Veridian-E-Journal/article/view/150963
https://doi.org/10.1016/j.sbspro.2014.05.207
https://doi.org/10.1016/b978-0-12-805052-1.00019-x
https://doi.org/10.1080/00958964.2020.1717188
https://doi.org/10.22219/jpbi.v3i3.4597
https://doi.org/10.1080/13504622.2020.1738346
https://doi.org/10.1007/s11191-011-9442-9

717817 D90 nalwladuazdasa1In13Ans TN 19 AUUN 27 « « « 141

Frantz, M. C., & Mayer, S. F. (2014). The importance of connection to nature in assessing
environmental education programs. Studies in Educational Evaluation, 41, 85-89.
https://doi.org/10.1016/j.stueduc.2013.10.001

Ibanez, M. B., Di Serio, A, Villaran, D., & Delgado-Kloos, C. (2020). Experimenting with
electromagnetism using augmented reality: Impact on flow student experience and
educational effectiveness. Computers & Education, 71, 1-13.
https://doi.org/10.1016/j.compedu.2013.09.004

Kinney, P. L. (2018). Interactions of climate change, air pollution, and human health.
Current Environmental Health Reports, 5(1), 179-186.
https://doi.org/10.1007/s40572-018-0188-x

Liu, Z., & Chen, P. (2013). An exploration of the use of card games for teaching students
in learning computer network concepts. Computers & Education, 68, 441-451.
https://doi.org/10.1016/j.compedu.2013.06.010

Makransky, G., Borre-Gude, S., & Mayer, R. E. (2021). Motivational and cognitive benefits of
training in immersive virtual reality based on multiple assessments. Journal of
Computer Assisted Learning, 37(3), 759-773. https://doi.org/10.1111/jcal.12520

Markowitz, D. M., & Bailenson, J. N. (2018). Virtual reality and the built environment: A
critical review. Building Research & Information, 46(4), 444-459.
https://doi.org/10.1080/09613218.2017.1356128

Orr, D. W. (1992). Ecological literacy: Education and the transition to a postmodern
world. State University of New York Press.

United Nations. (1997). A new blueprint for international action on the environment.

https.//www.un.org/en/conferences/environment/rio1992

Usgdnheunsngian - SuAn wnsdnsiv 2567



https://doi.org/10.1016/j.stueduc.2013.10.001
https://doi.org/10.1016/j.compedu.2013.09.004
https://doi.org/10.1007/s40572-018-0188-x
https://doi.org/10.1016/j.compedu.2013.06.010
https://doi.org/10.1111/jcal.12520
https://doi.org/10.1080/09613218.2017.1356128
https://www.un.org/en/conferences/environment/rio1992

