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Abstract

In the 21° century, biology education serves as a fundamental pillar for
the development of a bioeconomy and culture-base society. In the midst of digital
techological and artificial intelligence change, and the global sustainability crisis,
this article aims to analyze international trends in biology curriculum development and
propose innovative frameworks for enchancing Thailand’s biology curriculum into
the upcoming decade (2027-2036). The study synthesizes data from prominent
international reports (OECD, UNESCO, WEF) and performs a comparative analysis of
the curricular contexts in leading educational nations.

The analysis reveals a global trend in curriculum reform and development
shift the emphasize from content-based to competency-based curriculum, which
prioritize addressing complex global challenges. Consequently, this article introduces
the thai biology competency framework (TBCF), which integrates three core
dimensions: 1) biological innovation competency, facilitated through inquiry-based
engineering design (IBED); 2) digital and ai literacy, including bioinformatics; and
3) systems thinking and sustainability, grounded in the concept of green thinking.
policy recommendations focus on reforming curriculum structures to ensure
both vertical and horizontal aligcnment, establishing a performance task bank,
and enhancing teachers’ professional competencies to transform them into
facilitators of innovative learning. These recommendations policy aim to drive thai
biology curriculum to enhance student to be capable of future challenges in a

sustainable manner.

Keywords: Competency-Based Biology Curriculum; Global Curriculum Development

Trends; Innovative Proposals
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Co-Operation and Development (OECD) (485 mzuuu) wazliunnaieainseul 2018
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WWIAM STEAM Education (g@m., 2565; Huling & Dwyer, 2018) wags1841uv99 UNESCO
(2021a) 3949 Al and Education: Guidance for Policy-Makers wui1 TssSeuilankifedosas 10
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sefufsonnuni 2 Sazuuuiadoinenmansifios 436 azuuu eglududuil 29 ain 39
Uszinewialan (EA, 2020) nadwsivaniasiouii Asulnedadianudilanufiamaineiemans
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Asiivelusziusiseudnuinifesay 70 Sildgunuunsaeuiiiunsdenenmuiinnni
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LAENITOSUNLWLVANG (AAAS1 auAs wazAy, 2567; adm., 2557) %"’uﬂuﬁﬂwaqmﬁﬁaui
FIIMNYIMUWUINIGVBL Next Generation Science Standards (NGSS) (2013) uazandudaasy
msadotinemansuazinalulad (@em., 2565) 1eaufisniiuin Ugynmidnveansdnnisisens
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drevoadomiBednudvianisooniuuianssuiidalonaliidouaiisesdanuifonuie
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(Bioinformatics) wazinalulag@in ndaunsizyt (Synthetic Biology) (UNESCO, 2021b;
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Aawnndey
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wagdoapuuATIUNANENNNIINITUsEIuANTTAUEI3S (Authentic Assessment) Fautfunsld
anuiuidgymiluaniunisalads vilvasuazdSouiiusenaduiozsjsguanziuuninnin
st NsARTEAUs uennd maRauAsTnediliaensuiumalulaBnisous
gatud 1w MesufuAnisialioudss (Virtual Lab) n1591aeeuuudiineglfdvia (Digital
Simulation) wagnslateyauseAuglunisasu (Al-Driven Learning) (@@m., 2567; @nfi., 2560)

a <
ATENINY1758 | 21



ASANMAIN©1915Y Thailand Journal of Teacher Professional Development
Un 7 alui 2 wounAU — AJHIAU 2569

ATNN
99

M1319 1 aguilSeuiisuusunvangnsivinenlnedundnaasaaUseine

Uszihu ng Auuaud denlus AnsgalIEnT
wWisuliigy (s, 2560n) (EDUFI, 2020) (MOE, 2024) (NGSS, 2013)
wingeswnunanivue  vidngesseRunilvidass  vdngnssedued Liivdngasnduuusingud
. nseumsTuaridiTann  wianufnwireudige  deudediau s wildinesgiu NGss
Iﬂ‘iﬂam dwnane lsaSeuaninsn  wazlnlenalving UINTFIULAZHAGNS \unseudrsdeiivansiy
vangaT  yilyusulimuuion ganLUUNITEUS msdewdlidussvy dldusuld
ANLUTUN
WuanssuazinnsgIl Wuanssousvian vinve Wluaud@dn eavg  lulwnAnunuves
msiy  NeBeuiauAiuanssouy sy uazmsdenlos  msUssyndliuas nerenanssmiu
e HiSeu TIna39 NIARTEAUES MU TR mans
UALIAINTIY
duasuNISeusiTen atvayunsBeuidesn  MinsSeusuuy Tnsieusiuuanudin
. Meduiae uwagfanssy  NMsSeusluuYIIMS Inquiry-Based, lowA wuRanan
M yeaes uinslUiede wasmsAuianzetig Practical Work wa ASTUIUNIINN
ML gfutueuniones dangu matssgndldannuy  Anermansuasianssy
T5958u Tuanunsalas uaziAneules
Usedwssarihedouney  WumsUssidudionann  Wnnstssdu wWunsUsediuaenanos
s Uanemiie/Uarene msagteunanisfouy  duanuane dauy fuaussauzuazn1sU]UR
Useiuwa  Welsafeudiunum wazn1sUTHIURY sEninedeu NsURTR  msivenaans L
fvusdsUsediudiinfy aninae WAZMTADUNINTEIY NSV NNEI0EFE?
Yaaunaug vinwe TR PRHERHRED) e Seulnd yelmunsan
nsgvIuMIEinermans  Tunsfindiasies uilym  Anuseuing Feinendans n15esuY
WIS v amssouzddty uaziSeuinaendin Wenmaniuag Favewa wazn1siinngg
wWhwang VoIS wisudemsAnwide/  uitym
199U

vanoing: ToyadainsizinnienansvdngnsuesusiazUsena WeldiuSsufisuuiunmingnsveusiazdssme lallinsudansadh
NLBNAITNUAUU

911519 1 9zl Ysemalneeglutradasuiuainmatiuanssuagnsimue
namnanslugnmsdansBeudidsaussouranntu ulishiannsonssnesiunawasBanguld
WievuhuisUssmaduiin sugiifiusaud deald wozanigeuwiniduunltutiunisdeous
wuuysanMEMEURSATE warnsussdiuirenadestuausousdiBsuenednmumnniy fady
mMsaumdngnstiinenlnelussozasluismajuivnnudangulunisesnuuunisiFeus
duaSunisnszategunaganiudny wazialanaliiseuasisesnnnuiiiun1sduias
snaans warn1seenuuuduinnssulvininty eliaonadestuuuliunisiaumdngns
Tusgduunna

a <
22 | A3EA1INE19758



( ) ASANMAING191SY Thailand Journal of Teacher Professional Development
Pl Un 7 adun 2 woumAy - AuHAu 2569

fadu anmmsiamadouiiinelulssmalnedeglunnziidesnismsuulasy
Fesvvu lidfieaudlufmdngaaviity wismdaimsiaung n1sufuuuminisssiduna
waznsduadulilsaSouiidasylunisesnuuuminenisieuifinovaussuunviosduuay
anuaulavesiBou mswdsuhugvdngnsTyivendeaussaurdadudsduiuiesnsedunnm
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flsanuddgfunsssgndldanud mauddym wezarwdiumniu wnninisgadiy
Fesesdeudifadevifissosnafien maufsundngesludnuasisasioufinauisuumum
AsTaAnenan “gaeneadion” g “dennsanuduaznisioud” faenndestuiuiin
M3GeuiisaiassAton (Constructivism) uazinAnmsBouinnusaunsaiihiliGou
BeufrinunsadioufuiRess msazvieun uaznsdenlesszaunmsaiifufuamsl

fedu madlawulifilanlunsiamuvdngnsdineldifiesdeldimunulous
wazaslnafiunmnsAsuudamesiienainisfens uidaduiiugruddglunisesnuuy
“ATOULUIANENTTOULYIINY1vBlNY (Thai Biology Competency Framework: TBCF)”
Tansaieuidssuaz@eslosiuinsgruanaldlusuian 9nnsevanssauzainafing
Predunazuurulouienis@nwiveslng wieoudoulosduiianiandngnigiuanssous

waziAsegna BCG voslszwelve fllsuldeonuuuiarauilunsounufndiil

AUTTAULNIINYIFNENS dussaULAINIALAL AUSTOUTAUANNE B Y
wazUINNIIU UayayrUszhugnediainen WAZIIUTITUNIYIINED
(Scientific & Innovative (Digital & Al Literacy (Sustainability &
Competency) in Biology) Bioethics Competency)
[ Inquiry & Design Skills ] [ Data & Simulation Skills ] [Ethical & Sustainable Mindset]

4 ! !

YsannsHuguLUUNMsIansiteudiuuduiEsnaun1seanuu UL Irn sy

(IBED Model) saunun1susziiunatdeanssaus (Competency-Based Assessment)
|

Nan1sleus uinnTsu AUTEY walaslan
(Learningoutcomes) (Innovation) (Sustainability) (Global Citizenship)

AN 1 NSOULUIANANSIOULTIING1Va9 Ny (TBCF)

NN 1 NTURLIARANTTaUETIN1veslng (TBCF) sfsimugSeulvidaussaug
MaBInglunsidanuindnermansiiensanseldn nsuidym waznisasreuinnssy
oA ] | a  yd a A Aa Y] oA . .
9e19898U lpgaiaguuguuunfn “@aInguitedin uinnssu wazaudsdiu” (Biology for Life,
Innovation, and Sustainability) N30UAINEIALVOUAITYTUINITANINS TiNWe LALAMAT
MU 3 @NTTOULUAN Lol dussausmaineimansuazuinnssy aussauzavauazdyan
UsEAYINITIINGT waraNssausAIuANEIBULALTEFITUNINTIINGT Ineauleanisdn
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nsieuiiunsUsslunalisausTaue Weiawgiseuliaunsaseus aieasse wasUssynaly
AN lAeg 19 mMuzauiuuTuNaITe @onAdeIfURLININANEATLALNITIANITISEUS

gmammummﬂasmmlm (@ng., 2567; a@uu., 2567)

29AUIENDUNANVBINTBUANTIOULTNNE1VBNeY (Core Domains of TBCF) Usznaume

3 fifaussousuan (Core Competency Dimensions) ag 9 aussnuzeay (Sub-Competencies)

&
U

=L

A1519 3 8IAUSENDUNANTBINTOUANTTOUETVINYBLlNg

NRdussaushan

fUsTaUzRY

Aasunelagea

1. @USTOUSNG
MeFEnsUa
UINIIU (Scientific
and Innovative

Competency)

1.1 miéiy’ﬁﬁwmuLLaza%ﬁaamuagm
N3N

1.2 NM398NWUULALALTUN TR
NTVINE

1.3 NM9a5 19U TN TIUTO LU
INNANNTIHUINNTIINEN

WawAuausatunisly
NTLUIUNMIMANYIAERS
og19adeassd wievhauiluly
Tunmsundgmuazasisuinnssy
Aduusslevidedny

aa v

2. dUIIAULAINALLAY
Uy rUszhuwgnia
3723ven (Digital and
Al Literacy in
Biology)

2.1 msldwalulagfdvianazgiudoua
Fransauna

2.2 mylasguasianadeys
MM seAsesiie A

2.3 N308nNLULABILaTUUUS a0 TN

f9a (Simulation & Visualization)

wiumslfinaluladiiiediass
anuN1saldTIvien Anseideya
WugNTsy wavaduanudTlagedn
lusgavlaanauayszuy

3. #USIOULAU
ANUdEuLas
3UHITUNIIINYN
(Sustainability and
Bioethics

Competency)

3.1 Msnsemininansenuveunalulag
Fanmsonywduardandon

3.2 mssndulasgrsfiasusssulunsly
wAlulagdinmn

3.3 Msfdusulunmsimuiyuyy
wasdanndeuagnediiu

AUEINAMNTURATDUA DAL
nskininensiininegsauns
LaZNITNAUIAILAALTNASETIIU
Tuuseiiudineasielvsl

anuazuleurevangnstiiimenlnglunalssylml (w.a. 2570-2579)

Uszinalnglasuduinieunisusunisfinwnitelanseugnsaiansyid 20 U

(W.f. 2561-2580) ULATLHUNITANYILIIYIA (W.A. 2560-2579) Inggegniswauinulng
Tiflaussouzuaiinvendnluselanewnn nmelduufandnansgiuaussausdaduuuimmdn
Y8InsUTUUTImangasLAunaensAnwTuiugulueuiag (nsenswdnwisnng, 2567;
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and.. 2560) wuruleurednanasiounisiuasunlandlasiadieuesseuunisane
mnmsiiuievnuasuanisaulugnsiaundFeunuvesdnn Insluduvesnduansenisdous
nermanswazinaluladegniglanisaniunuvesaniduduasunisaouingiaans
wazimalulad (aaimn.) (25609) lANIMUANTOULWINIYBINANGATTI TN LnedifiAnig
A0AAARINUULEUIEYDIDIANITIEIINIUsENA (OECD, 2019; UNESCO, 2021b; WEF, 2023)
iieensriumsBouiiivevedneliiisudsunnnsgiuana lsulddunizsiuaziauonseu
fiandngnsinedaussourlvallu 4 Sivdn fod

1. fifeefAuIN1eTIneadelnd (Modern Biology Content) sjaitiulvifiSeu

v

WlanwiAananluseavliana was seuuling LasTiIngnTedwIndon Niaunasuus

Y

o

aimvthmameluladanim wu 3luiind Fanendaesei ussmaluladiinmiitenisunmd
(Biomedical Biotechnology)

2. AANNWLANTIAUZNIINGIAENS (Scientific Competency) WaIUTINYE
msssdaL mssenuuunsvnaes Msliteyauasvdngudaseing mufinmsdeasnaniside
msiinenegrsiianauazaiisassd oaeEouiinusouimaineimansuazaiansa
Toanuslunisuidamilaes

3. UAvnweRdviauazlsyey1uszhng (Digital and Al Literacy) duasulyigiseu
Twalulagansaunauaz Uy useivglun1sBeuianiner wu nsligiudeyatiansaumna
TUsunsudiassmsvhauveswad uaziaiesie Al dmsuiieseiteyaiusnssy ieiloules
Fmeniunaluladadelv

4. fRnnuuRnveusadauLazAaandau (Sustainability and Bioethics) Ugnils
Indrdindnuasessaunazanudadu TnoligiFeunsevinfmansemureanaluladdanin
souyuduardnnndon Taudinslininenstainmedwauga aeandosiuitimingnisiamn
og19dsBuve AT IR

uenanil ulsurglnelddnduuuamis BCG Education Model Seysannisdaine
dhfuuimnssuasugRamyudeulasdanadon shunsdansFouiuulnsenu (Project-Based
Learning) WazuUUAUIMEHAUMIDONUUY IoaisBoufiannsalinmidimelunsimun
wealuladnsouinnssuiiodnn (nTens9@nwIEnIs, 2567) fhegratu Tassnsaziudss
(STEM-BCG) TiaaiealilseBendidiinendugilunsuitgmawnadosluviesdu Tneysanns

[

fumeluladuaziasughaguey Weosnssiudisaudnisidutdnuinnsmuanussinisvosssme

Y Y
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MnuwIsazuleueianaaziiulad ndngastinenlvelunaissylnddladuiies
nsUfuvgadenisiniy uidunisufsudessuoiideulosssnitamdngns niadou
nsasunsUszifiuNa uaznsiaunag Iasnadestunisiuasuulameslangadania
(Bio-Digital Era) msduindouulevisiegraususssumsdduddysonisensedvaussnuy
Aseulngliauisaudsdulussdvununnid wazdinnuidiinerluldlunisaiauinnssy
diernudsduluounnn

WUINNWAUIVENGASTIINSUTeaUTTAULLAZUIANTIN (Guidelines for Developing a
Competency-Based and Innovative Biology Curriculum)
MnRansiesginuldunisudsuudasveslanuazuleuienisnwiveslng
Tunenssulnl nsimwmdnanstiivelelifivsgdnsnmuasiiisuwiunnsgiuainad i
sosriunisegiatusyuu lnegdaysannisesdnug inve wasauandiieiu nelduuife

MSWAMUMENEATILUULELTIOULLALUINNTTY (Competency-Based and Innovation-Oriented

(%
v A

Curriculum Design) il ansnsarfvuaiumansiauils 5 fuddey da
1. aulassadremangas (Curriculum Structure)
Yagtundngnsiiinelnedinsidnvusdemuiunazdrdou vl Sousous

wuvAaiunarliifiunnudenlsswendonden nsfwumdngasluddsesusulndu

Tnssa¥ranuuluga (Modular Curriculum) fitlalentalilss3ouniensatuisatden

uazeanLUUeNsFeuifiaonndesfuuuniiosiu Wy $rinorguvuiiiomiedaine

nunsdadu (@uu, 2567) Tnsannisgideussniteseimfiugiuuasiisiin KuuuImis
nadoslosuuiiavasanszuasvinuenuseAutu (Vertical Integration) ielgSeuifiunin
nssesanveInIaf uararsdadduionludnuasndngasuuuindea (Spiral Curriculum)

MUUUIAAYDY Bruner (1960) niaudalenaligiseuideniduninisiseuiniuniiuaula

AT UTUNUBINLDS
2. AMUN1TDRNUUUNTEUIUNITIANTSIBEUS (Pedagogical Design)
MsdnnsBousTineimsivdsuanmsasuiliodlugnsSeuiifeainsassd Tagld

FULUUMTIANITEHUSULUURULENENANUNTRRNLUUANIAINTTY (Inquiry-Based Engineering

Design: IBED Model) KALNaLNI3HIFIAIM MIFUEE NM88NLUUALLUY WagnsUssiiiuna

dieaseinuensAntieseiuagnaudtiyyidauinnss venindmsduaiugiiuunsGous

FelassauuaznisiFouiiiuiiymads (Problem-Based Learning) titelifiSouiionles

T2Ane1fuuiundinade wu nshinssinisudsuutasssuuinaluiuiigusy vie

nseenuuLLInNTIITINNTlRAWIndeY
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3. iumaluladuaznisiseuindiia (Digital Learning and Technology Integration)

walulagadviailuiiladAgvemdngnstiinengalnd nsdeuddrineiaasly
Lﬂ%‘lmﬁawlﬂiuiag Wi Al, Simulation, Virtual Labs wag Bioinformatics Platforms Lﬁ'aa%ﬁ\‘i
UszaunsainsSeuuvuiiasaiiouaieitrelvfiFeudlalassaianaznsruiunsvos
éqﬁ%ﬁmiuizﬁuimLaqaﬁaﬁzwlﬁasmﬁﬂ%ﬂ WWIAA “Al literacy in Biology” A35NYTANINIT
Wguangns TnowiuligiFeudilonsuszendlitdyarussavglunissnuniusddidin
Ansziiteyailuy Meaauuuiiasnisunsszuinveslsa dsaztiewdouanuniengEou
Wndanviendnlvdlugadmava

4. én'wumsﬂimﬁuwaLﬁ'amiﬁﬂui’ (Assessment for Learning)

sruumMIUszdiunamsiUAsuaInmTunsaeuUateATA (Summative Assessment)
lugnisussiliuaussaus@Uua (Authentic and Performance-Based Assessment)
Gﬁqi’mmmmmaaiumﬂs’&mm%;l,l,a3‘17|’ﬂwﬂuaaﬁuﬂmﬁﬁq WU Portfolio, Project Presentation,
Performance Task %38 Rubric-Based Competency Assessment IagA33MyungusNaussauznang
(National Competency Rubrics) (@Uu., 2567) Lﬁasl%’lﬂumm%mmsgmmﬁﬂﬁzLﬁuémﬁ’u
vhusina wieudelonalvinguasinGeuidwsulumsussiiufioainsnsBouliBsasvioudn

5. é’mmiﬁ’wmammuzﬂg?jﬁwsn (Biology Teacher Competency Development)

a

= 5% a 1% < v a 1% .
AsAvelunassulnifeudisuunumangaewdudosnuuunisiieus (Learmning

Y
al

Designer) fiaunsonauna ution1inemansiuinaluladuaznisiseduianssy
laognedangu NMsRALIAIAITIUYNTURIANNITSEUINITVITIN (Professional Learning
Community; PLC) fTalonaliinguaniudsuBsuiuazaiisdenisasusiniu msdalnd
wdngnsousuAsiiinenAdvaiielauiinuenisld Al nseenuuundngnsguansIaus
N13a319AANTTUULUVAVLEIEHATUAITORNLUUBIAINTTY Uazn1Fidunannosuialousy
Tunisaeunisenszfvaussouzasinduedodidyiezilinsimuindngnsdiine
Feausousninduldriuasdaiu

Ael NsiaIraNgnsTTInewdsaussauslunessulnd wa. 2570-2579 Ad53jed
nMsas1eszuuNISeusnganey (Flexible) whudiFeuiud1Agy (Student-Oriented) wazysainis
walulad (Tech-Integrated Learning) tileasefiseuiarunsaldainuidiinelunisdia

FATIZI 9DNLUU hazas19UTnNTsUinANNdIE LT InwarFaInasu Aot 19w

a <
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FaiauaBuleunewasdaiauanuziiiaaunn (Policy Recommendations and Future
Directions)

PNuansdsaTziklilaniarnsieseivsunvestsemalnelugimenssylng
MsALMdngRsTIIneBsaussaur s dudesduiunisneldnsouidaulovieiidaiay
fiszvvatuayuidainns wagnalnauiuilesznitemiisaundn ilosnszfununn
M3BeusTAneliiviunsasuulamedanya@iAda uasnovausertmanenswmu
9819898 ureIUsEINA (and., 2560: UNESCO, 2021b; OECD, 2019) ATEUIUNAUBUUININ
Feulovsuazdaiauauusiitonsiundeuluowan 3 sy il

1. szfuFguravientasnuiguazasAnsitieadas

nsenTeAnBSnIs @ty demhenuiiuazesinsiiisidemsinraniieay
f3uiaveuniequiitonasiamnmangnstiinedauinngsy (Center for Innovative Biology
Curriculum Research and Development) tioviutifidugudnardlunissiusndeya
unlthmdngnsiinenszsvlan Idouasiaunedesiionsiousfidva wu unasesy Virtual
Biology Lab syuuUsziiuanssausdiingn (Biology Competency Assessment System)
wavAdsde Bio-Al Learning Hub wiasmudsnanasiiunumddglunisusyaiuanusiuile
SEMINMIeaUIvINT unAne1de uaglssdeu eafraszuundngnsiisianudangu
waznauauatUsuUnvesUsuna lagliteyaamangiulunisesnuuunazUsiiuna (OECD, 2025)

fiatl a1atia “YANINTTUAULUY BioSTEAM for Future” Viuuﬁmwmi%ﬁmm
fArmnssy welulad wazAals WeduaduaussuzdBoulufunsfndeszuy maudtym
B9a¥19a534 wazniseenuuvuianssuiiieduandon lnsfanssuluynaisiidnuusidy

¥

nien135eu3Un (Open Module) NanunsausuldlanslulsaFeumly Tsaleuinemans

= X Ada | Y] a a d' U A . .
warlsaSeuiunfiiay Wy lasain1suinnssudinewiveainudsgu (Sustainable Biology
Innovation Projects) NVKISEURBNKUULUINEAVELINMUTBLARNUTEANTAINAITHARNY
Tuguyu Ingldguwuunmsdaniseuduuuduiasnaiuniseoniuu@aimnssuidunseundn
(Huling & Dwyer, 2018)

2. sEAUERIURNE

= v U = a dﬁl dl . . .

ADTUANYIAITWAIUINANGATADIUANYNYINUN (Localized Biology Curriculum)

Maeuluaiamiinerdudymluvieddu wu Jymiauaindl Ay ¥seaAunainvaley
= & A o a = Y o = Y o

MaBInmMesiun aglduufnnisieuiileysannisuazn1siSeusidalaseny (auy., 2567)

e lvKiSeuillonaiteuiaNUIUNITIVOIUYUAULEY N1T0BNLUUNGNGATB LNz 8T
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Fimondudosilowiamsivdsuuvasyuey uazairanisBeudidauming (Meaningful
Learning) MuuuIAAYDs Ausubel (1968) Fsaanndosfugnseaninisnszaus1ung
7N19N15ANWILALLUINIG “One School, One Innovation” Y8INTLNTIANYITNS
(NSENTWANYIBANT, 2567)

3. STAUATHEAUTIINGD

AsTAMemslasumssuTIas AN AL sTauradwialodlufu Al uay Bioinformatics
Education tiielfauisaliinaluladansaumeauaziniosiiodiasizideyaniadaines
Ippeiaiiuszansnm wu nsligiudeyadlus (Genomic Databases) TsunssAnsgviandugu
(Sequence Analysis Software) wagunanwosy Al dwiuduunastidin nszurumsiauIng
AITEUTULUUNISIEEUSAINN5UURARTE (Learning by Doing) UazyuyuLmanIsiseus;
93T (PLC) iileadengdunvuiidianssaugsunisesnuuunisieuiifeuinnssy
(@d@m., 2565; UNESCO, 2021b)

foauadeulovions 3 sdvisassruumsianaGeusiinelnefifiaudelss

9

senIneuleuy vanans ag wazdiseu agrnluennin leedigayanuneiiieasnagiseu

e

Aa N a Y Aaa o Aa o = v o A = &,
NUAUTTIOUENINYITINYN LGUWIQLWﬂIuIaEJQ‘UV]a LAZHANFAIUNATUAITNEIYUY %QQ%LIJ‘UWTJEWU
YPINITNAUIUTZINARIURUINILATEFAD BCG wazidvuiensiauieg1adsdu (SDGs)
Tuouan

unasy
[ v a a ! [ a o v aw v =

nsimuImananstinenegnassulniilunisisd Ay iseserdunisiasuuas

WBasyuu Wielinmseustainetliiiessadnnuinang e wivenglugaussousidaljuinuag
@ PR ° Y v Na  avy 1 Ja S v vo ¢ 1

winnssuigSeuaunsatllduidymluiinaidaegaddu unanuiiRsladuaseiuunldy
seaulan wlevielne wazuwimadauinnssun@limdiuin wuifandngnsgiuaussous
°o v < a v a a Ao w -
Masnangdunseunsusunanansiiinendfaluanissen 21

wildulanagvieuimmanansiiinerlunatsussinalausuaniienigdnaniy
dn1sNAUIANTTOULVAN 3 AU LAk aNTTANEAIUAINTBUINIINGIAIERT ausTaus
aunalulagfdivatasdygiUsesivgn1tiing) wasaussausaIuAINGBuLaLITe555
MBI FehelvidiSeuaunsafngasyuy Annendeyavuinivg uwavdnauladiasusisy
leegaiinsugin vagnusunveslssmalngiaamdsusvuleuienugnsaansyif 20 U
LATLHUNISANYILYIA W.A. 2560-2579 ieaseseuunanansgiuaussausnnoulang

lanauIANKALLATYEAIFIUTININ
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LUINNISNAUIMENEN STV WTauTTaugAITaiy 5 Gfnan laun 1) nsusu
Tnssadramdngaslidavguuaglisndou 2) nseenuuunszuiunsBeuiuuuduiasnany
mseonuuy 3) Mmiltinaluladidviauas Al ileadsUszaunsalinsBousiatioussa 4) maUssdi
aussuL B URARNUNITADULULYIBIT uag 5) nsenseauaussougajiiine by
foonuuunsFeudideutanssy venuadfesduiunsmudiumsadsssuuulevisatvayu
ogefiionnw TnslangnsdadmhenurieaudifovdnansiiinenBeuinngsy n1saun
Tuipa BioSTEAM for Future uagmsduaiundngmsanufnyideiud

Tavasy ndngnstrinedeaussaurgnanssulminaduvdngasiBangu ysanms
Aavia wazdedu Fsliieadnenenmuimainemans uidsianngFoulidunailiosdinen
uwiveaRiinuAnassass Snmsssumainenmans uasdinddndodaunnden unauil
Fejsiauanuwamadeulovisuazuinnssuiiosnsgduitine i dundsduindeuddy
YosMsAnuYAmegdenuwisnnug uinnssn wazarwdiiluanssui 21

LONET19D9
N3ENINANYITNNS. (2567). wleu1en15@n 19090389 599ANYI5071T Useardutseuia
WA 2568-2569. dinUUanNIzNINANYIENNS. https://www.moe.go.th/ulyune
N13AN®168-69/
anduduaiunisaeuinermansuazinalulad (@aimn.). (2557). UuvUNIsSEUNITaOY
ﬁﬁ’@/mnismunﬁﬁﬁzim”z@a T seaUlsEAnYImaULaTE. https:/biology.ipst.
acth /7p=688
. (25600). m”r?fyﬁ’mmzﬁﬁsn754?5/uq;"24nufm%m@'i/ma‘sn754?%3""3745/7?775&75 (aUv
YSUUSI WA, 2560). https://www.ipst.ac.th/curriculum
(25600). gllon1sTavangassresvuituduinermans nquarsymsSeusinemans
(@UUUSUUSS m.A. 2560) mumdngnsununaNnIsAnwTuiiug 1Y WisAnTIY 2551
T9%91Ine7 seavilseufnyIneutals. https://www.scimath.org/e-books/8416/
flippingbook/78/
. (2565). gaan. WwuingdanIsiTousgvaussougiulangalvuniuuay 5 U
(W.A. 2566-2570). https://www.ipst.ac.th/news/28579/20220614-ipst-3i-2h.html

a <
ATENINY1758 | 33



ASANMAIN©1915Y Thailand Journal of Teacher Professional Development
Un 7 alui 2 wounAU — AJHIAU 2569

b4
dinnunmenssunsnsEnwtuiug i (awg.). (2567). UsehAuNITaUTIUN 1T IANITITEUT
FIUFUTIOULMINYIYANAT. NTENTIANYITNNS. https://www.moe.go.th/
wp-content/uploads/2024/11/4. 1-—U35LﬁumsﬁqLa%umiﬁ"fmmﬁﬁau%ﬁmamiauz.pdf
difnnuuimsiuiiuianssunisinu @uw). (2567). gllanissnvimangnsaniudnugiu
qUTTOUL. hitps://www.edusandbox.com /13-3-24-cbe/
AUNNUANYNTTUNTENLESIANYIAIERS AqBUaruInnII (@nan.). (2567). s9g9IudaIunITal
Inemans JWeuazuinnssy U 2566-2567. https://www.tsri.or.th/
d11N9UaUIEN15aNINTANYT (anel.). (2560). BAUNISANWIUIIYIA W.A. 2560-2579.
NIENTNANYIZNT. https://www.moe.go . th/LHUN1TANYILAYIR-W-A-2560/
drtnauimuIneImansiasinaluladuiavid (@), (2567). $1891utse97T 2567.
https://www.nstda.or.th/home/nstda_post/annual-report-2567/

¥

a a (3 ! L3 v a 3 v a a
gNd97 AU, WIAITIA NaDWY Uas WIU WNAAI. (2567). HANITIANANTTIUNITLILUS

Y

€

mukurgziiudnet Ineldnssuiunisesnuuuldaifanssy Lﬁaﬁmmmig
Foviveneani Fesanwaunavesindeutulisenfinundil 4. 19msiaun Sy
17950 YUNI1INEIAE3IEs, 15(1), 151-166.

Ausubel, D. P. (1968). Educational Psychology: A Cognitive View. Holt, Rinehart and Winston.

Bruner, J. S. (1960). The Process of Education. Harvard University Press. https://www.hup.
harvard.edu/books/9780674710016

Finnish National Agency for Education (EDUFI). (2020). National Core Curriculum for
General Upper Secondary Education. https://www.oph.fi/en/national-core-
curriculum-general-upper-secondary-education

Huling, M., & Dwyer, J. S. (2018). Designing Meaningful STEM Lessons. NSTA Press.

International Association for the Evaluation of Educational Achievement (IEA).
(2020). TIMSS 2019 International Results in Mathematics and Science. https://
timss2019.org/reports/

Korea Institute for Curriculum and Evaluation (KICE). (2022). 2022 Revised National
Curriculum (Science and Biology Sections). http://kice.re kr

Ministry of Education, Culture, Sports, Science and Technology, Japan (MEXT).
(2022). Course of Study for Science Education (Science for Society Integration).
https://www.mext.go.jp/en/ unesco/title04/detail04/sdetail04/1375712.htm

a <
34 | ATANIING15Y



ASANMAING191SY Thailand Journal of Teacher Professional Development
Pl Un 7 adun 2 woumAy - AuHAu 2569

Ministry of Education, Singapore (MOE). (2024). A-Level H2 Biology Syllabus (9744).
Singapore Examinations and Assessment Board. https://www.seab.gov.sg/docs/
default-source/ national-examinations/syllabus/alevel/2025/9744 y25 sy.pdf

Next Generation Science Standards (NGSS). (2013). High School Life Science. https://
www.next genscience.org/sites/default/files/HS%20LS%20topics%20
combined%206.13.13.pdf

Organisation for Economic Co-Operation and Development (OECD). (2019). The Future
of Education and Skills 2030. https://www.oecd.org/en/about/projects/
future-of-education-and-skills-2030.html

. (2023). PISA 2022 Results (Volume |): The State of Learning and Equity in
Education. OECD Publishing. https://doi.org/10.1787/53f23881-en

_.(2025). What Should Teachers Teach and Students Learn in a Future of Powerful
Al?7. OECD Publishing. https://www.oecd.org/en/publications/what-should-teachers-
teach-and-students-learn-in-a-future-of-powerful-ai_ca56c7d6-en.html

United Nations Educational, Scientific and Cultural Organization (UNESCO). (2021a).
Al and Education: Guidance for Policy-Makers. UNESCO. https://www.unesco.org/
en/articles /ai-and-education-guidance-policy-makers

_ . (2021b). Reimagining Our Futures Together: A New Social Contract for Education.
UNESCO. https://www.unesco.org/en/articles/reimagining-our-futures-
together-new-social-contract-education

World Economic Forum. (2023). The Future of Jobs Report 2023. https://www.weforum.
org/ publications/the-future-of-jobs-report-2023/

_ . (2025). The Future of Jobs Report 2025. https://www.weforum.org/ publications/
the-future-of-jobs-report-2025/

a <
ATENINY1758 | 35



