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Abstract

The periodic table is a fundamental framework in chemistry, linking atomic structure with
elemental properties and periodic trends. However, instruction on the periodic table has often
emphasized memorization of symbolic information rather than conceptual understanding,
limiting students’ ability to use it for chemical explanation and reasoning. This article aims to
review and synthesize research on instructional innovations to teaching and learning the
periodic table in chemistry, with a focus on developing students’ structural and conceptual
understanding. This study employs a literature review methodology, analyzing research in
chemistry education from both international and national sources, with particular emphasis
on articles published in the Journal of Chemical Education and Thai academic journals. The
reviewed studies were examined and categorized according to their theoretical perspectives,
instructional approaches, and types of instructional innovations. The results of the review can
be synthesized into four major themes: (1) a shift from rote memorization toward structural
and conceptual learning; (2) the role of the periodic table as a cognitive tool for explanation,
prediction, and chemical reasoning; (3) diverse instructional innovations, including inquiry-
based learning, collaborative learning, educational games, and digital media and technologies;
and (4) emerging trends, strengths, and limitations of instructional innovations. Overall, the
synthesis indicates that effective instructional approaches should be grounded in robust
chemical concepts and support continuous use of the periodic table as a cognitive tool to

promote meaningful, long-term learning in chemistry.
Keywords: Periodic table, Instructional innovation, Chemistry teaching and learning
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Fedliduumasinsdatoya daduiladdgueinsSeudiesiosnalanumneuasssdu

Tusmunsusziiuna NuidesmateiedltUeaeunuu open-ended, two-tier diagnostic test
uazmUspiunmsiiivanaiiaineimand dsamnsaagviouanudiladdassaiulifninteasy
Ustly (Treagust, 1988; Taber, 2019; Rocabado & Bhattacharyya, 2022)

sUnuuuIRnTsIMsIanTsBunnsaeuEas s luiviail

21NAINUNILITIUNTIIAIUNTAnwLafslussduuIusAuazsedudseina wuin
uinnssumsdanisdsunisaeudesmasndanumainuaedluiuuuaa 3303 wasedosilo
Al eehslsfinm sunvuuinnssudwlngfidmanesaudu de msdaasaligiFouldnssg
Juedestlomannudniiionisesuie nsminaziu wazmstivanaldslassains 11nninisand
Toyailedydnualiiiesee1aie (Bierenstiel & Snow, 2019)

1. MIINTRHUSTIFUEIZUAZIBHUIAA (Inquiry-Based and Conceptual Learning)

sUuvuuianssuiinuldvesfensdanisiseuideduieny JadalomalifiFouadisanng
Aeafumsssmanmsdanauulduant® mafsinig uarnisefvnemaua msligEsuai
#3aUTUlATeas19veIns1esInInteyaandivessinieimuiaud ladaluiadlaandn
msﬁauifmﬂmiwﬁmﬁwﬁagﬂ (Eichinger et al., 2010; Bierenstiel & Snow, 2019)

NAdglulsemeAlngatvayuLIAnfina 118 19Taau Tng 3593500 NN Waztys huzsh
(2563) S1warumslinsiamsdsuiuuduiens (5E) SwfvdeUszautianulusifieainiadeu
Aerfununltuandivessy waghlifiouannsneduismgravesmsiniossialunsssigls
agadlATnamLngY

2. M3l3gujuuuTILile (Collaborative Learning)

msiFsuduuusiudegnihanldlunisaounisesig laslanzAanssuiilalenaliiSou
waniUAsuuuAauasmamamaed Fidiuinadoudsuiudsaduayunisesuedavnuauas
msaiannudiladdasiaiaefioufesedusuuianvemusierdu (Perry et al, 2018)
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Syswe 1n3mi uavaniy (2560) Warmndneeimsmuuuauaiuaiy $189m3111590
Aanssumsiseuuuuiudetisliisvudilalasiaiiwemiseinuasdeyavessinuiazyilnla
o nfeutidaaiunsiidiuinluningous

3. MsMNNN15ANYT (Game-Based Learning)

uinnssumsdamaiseunisaeumssgiildsuanudeuislusaginassna o mslding
Msfnw1 JetheaiiansgdlanazuiunnisieusAfinanumane 19y Chemical Battleship wazina
Advaiiion1sBouinesin waaslifuinnudeligSeulddeyannaesnnlunsdndulauayls
WARALTLATNINATINNTINT UMY (Bernardo & Gonzalez, 2021; Stowe & Cooper, 2017)

NuIdelnesisunalufieniasfeidu Tne nquan assnla wazeusini Tmuifan (2564)
wuiuesain Periodic Quest FalfiunadunyEn1ensiFou usegdla wasnginssunisihaungs
voaf{Foustaiitoddy uenantnuvennvnd Milvasei uazany (2568) MBnUINNLATAUL
sTUULBUnTOLATIeIiuNadgSuazA L TmelavesFeulunsSeustouardadnuaisi

4. nslddowayweluladidva (Digital and AR-Based Learning)

nslédeuazimaluladidna Tnsanizmaluladaiuaiaasy (AR) Judnuuimanis

'
a1 o

nevinlanisldnsslunsosionisanudnintueginlugusssy Wi dodddnaute
5L Y Y a dl

VHSeuveulooyaledydnualiunisesuneidalassainelangadu (Talanquer, 2011)

Y

A3uss TnleR wazay (2565) T1891u31d0 AR saufunsseuiiuuldinundugiudielifiseu
Junuimslassasiseznauazuulduauifivesnldnvuy vush qindn W wasaue (2562)

[y

WUTIIED AR TELNUNAFUO VTN NN EULAZANLANETNETIANIINeAan T eltidAgy

o

M15199 2 9ALT-gRgeuveI IINTIULAazUTTAY

Uszinudnnssu AU qndU

QREGIGRE duasunsAnaveng Ignanlunisdnfanssuge
wazmsaluimldedn deserdevinweagad

nsBgudiuuTNie nIzAunseAUTY Annsfiannngs
LAZNSYIMANE waztiniseuuaAuduuoy

NUNSANW Wiausagele anaaneden  Wumwaynuinniaadladedn
lunisiseu

walulad ARG viliuiAaluuuusssy rodldninensas uagminesnuuulis
Jugussau 919V Wfin cognitive overload

a a

wud-gnseuvesuinnssuusazssan (fansadt 2) wansliifiudiuianssudisiuszansam
AITHALHAUTALAUTBMA8TULUY WU Msldinumde AR Sauduaudsesue iendnides
N9SeusHUURBRY wagliiAnaudiladiedn (Talanquer, 2011; Taber, 2019; Clark et al., 2016;
Sailer & Homner, 2020) uinnssuufazUseinnilidoulvanudndaiunnaieiu TneeASedlsisiuin
mseonuuuAanssufideslsstununanmaaiivasnsldmandavnuaiulladoddnyiidmasio

nsmAulaveiseu (Cooper, 2015)



Innovative Approaches to Teaching and Learning ... Journal of Education & Learning Development Innovation
Hirun Hirunrattanaphong et al. Vol. 5 No. 1 ISSN 2822-0773 (Online)

wiutanssui 4 Yssuanazuansdnoainluntsiauinindousd winan1s3ded difud
mmﬁ’]L%Waaui’miiuﬁuagﬁuL‘q"auimﬁwﬁzg Igun (1) mssenuuuAanssuiideslesiunuidniai
ogadaiau (2) mslddmudanaaa wag (3) nsfiunumuasaslugugddtnnisin (Cooper, 2015)
Tngiavnzinumsdne uhstefiuusagdle wilidedindfyio mneenuuulimanzay fiiousna
siafunmsvuing innhmadilawnde desalfasdeusidaluimilifatuoguiinga (Clark et
al., 2016; Wouters et al., 2013)

wualdaaudnnssunsinnsiseunsaau

INMINUNMILITIUNTIINUI ualduvesuianssunisdanisiSounsaoulioamsesn
TuAruaiidlussfuuumasseAuUssmeifiamaiiaenadesiusgnsdniay nanfe fmaudsu
Mnnsasuiiiunsanevendeyauaznisviesst lugnseenuuunisieusiiysdaasunudila
Wanluvied nslivuaniead waznisldnisesglugiuensevlunisAnuwazesuiedsingnisal
19.A3 (Bierenstiel & Snow, 2019; Scerri & Restrepo, 2020)

uinnssusmanslianuddyiunisesnuuuienssuilalonaliiSouldansasn
[fioMIAIAALIY N38BUIY LATMIATIVEBUMANA JINNINNTTE YUV ond1teyavessn
unazvia (Stowe & Cooper, 2017; Taber, 2019) LLmIﬁmﬁ’ﬂﬂa'ns‘]’qtlimg%ﬁlumu?%’almﬁaja
WaIN19SeRTeIn Msileuiuuuduieny uasn1sldnseuIunsAnding1mansiunsaeun1sese
(35875500 HANA wasNYT WNINL, 2563; suAa Vunsuruasae, 2566)

ArungauvasLanTTIuiaUssvuegfusEauNmuMIeaRtiyg uariuguawg
vosfisou Inslussdudisoudnunoudu fissudseglutisSuduresnsimuiamuAndsunusssy
Javnzaufuuinnssiitisairsmmduasiazisegdla Wy inunsAnwuazdondvia deauan
MsgIeNAnuarduaiumMIasdyaiuguams19s (Pery et al, 2018)

seiuisennuinoulans fioudummsoAndaunusinuandoulouufnldfty Javne
fumsdanmsiSeuiuuvduiaziasmatsuduvusnile dweiauinslinauaddasaing uas
nsldmsesnlunsanaziuanifvesss (Stowe & Cooper, 2017) karseAUaANANYY HSEUAS
lesunsiannlugnsldmsssnluguziaiesfiomanudnogiafuguuu TagldRanssuiidunis
o3uIaLdeAn mauftiym uasnsUszgndlinng SsaenndestuuuAnnisSeusiBaluaitugs
(Cooper, 2015; Scerri & Restrepo, 2020)

wulihilussduanaaeifounsiisuriugnisinninfoudiduaussousuasmstniuga 1wu
Next Generation Science Standards (NGSS) ¥89@%135044501 Fatfunsesunsuarmslduuudians
(NGSS Lead States, 2013) Tutszwmelne wleuignis@nwiludagUuy aduaussausisounazns
Seusigegn (Active Learning) ag1alsinin nsthwleuielddnmsuuadsidedninsmumineinsuay
AunFoNvesaeu Ussmanuszaunudisa 1wy uuaus WunsiSeudluuysannisuaznnsan
Baszuu Beannsadunmsdmiudsemalnglumsiaunuinnssueeadsiu
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ALAUVBIUIANTTUNITIANTIUNTHDOU

NANTNUMUISIINSTILARsI LI uTanssunsdansSeunsau e s m ALy
vaneUszns Usensusn winnssutiefinussgdaaznisiidiusinvesifou lnsamznslding
Msfnwnazdeddvia JsafrsudunnisBoudidauminotazanmdaninalumsdouiviad
(Bernardo & Gonzalez, 2021; Galizia, 2025) 1u3stlnetAvatuvesanunasinuAdnasosui
FFoudamnufimelauasnadugninamsSougeduogieiidodfy (nquan assla uazousiai
Twuean, 2564; 1v13al 1NHYaTIH kavAue, 2568)

Usgnnsiians uinnssutiedaaiuanuiiladdasaiuaznsliiauamand nisdans
Boudieduiany madouiuuiiuile uarAanssuiliyBouaiaieiinszsinasinainuudli
audf Gzh81‘15?{{1,%‘EJuL%amimimaa%’wawauﬁuamﬁ’ﬁmaaﬁmléfa 19852 U (Eichinger et al., 2010;
Perry et al,, 2018) Tuuunuszwelneg nslddemnuaiauaiunaznisdnnisiiousuuy POE Haels
FFeuduauinislasiaisesneuuareiunsuuliuantAlataauddu (Afuss inled wozame
2565; supa Usnsud uazane, 2566)

Ja3MAYBIUINNTIUNITIANTSITIUNTEOY

wfuinnssunisinnisissunisasuisesmsssigezuansinenwsunsisoudlunaedia
uinansMumLTTN TSR ifudesiindamiddy Ussduisnfe uimnssuunsguiuusady
muaulavesdendemaluladiinniinisesnuuuAanssuuugiuiAamaAiidaa U dwal
audlavessifounrafatwaneluuiunvesiansay udldannsodielouluganiunisainde
demdu 9 loluszezenn (Taber, 2019 ; Talanquer, 2011)

Usziiuiaesiie fisouunngudnddimaesgludinissdadoya snnninsliidueiesile
Tumshimena ulvzegluaninuindeunisiousideuinnssufinny winfanssululaesnwuuli
f3sufeseismmnavesnsmaazuiensindulaegradussuy madeudiiintueadnseglu
JEAURIIAY (Stowe & Cooper, 2017 ; Cooper, 2015)

uenani uAdElulssmalvedadlfidudadiaduuiun wu erumieunesay naiiou
wazvinenns dsoradsuariomstuinnssululdliAnnaeswaidodutuFouns @eeassa wanm
wawigs vmeIni, 2563; ATuss INLYRA Uavauy, 2565) d1uANENNIAIUNITVEERALAYLIANTTY
Mmaluladgs 1Wu AR nieinuddvia onaldlddlulsaSousunlngluwnies wifldediinluns
il lulsaGeumnadnuieiufivuuniiininenssisn feaefiounrumdoudmienisine

daiauauuziBauindmiunisihuianssululdlunisaaunisiesig

IINMTFUATIENITTUNTTUAUUTINTTUNTIANITTIUNTAOUNITING ANLTALAUBLUINAY
FeUfuRdmsudaeuldsad

1. {mounisesnuuuianssunsiseuiidunisldnssigdueiedenisaudnuinniy
nmaluunasdeya lngldiaiudsesuie wu inssmslasiglunygifertuidaudfndieiu vie
wglavuneraenduUdsunUamiuny enszdunslianaueatfi3ou (Cooper, 2015; Stowe &
Cooper, 2017)
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v

2. ffaoumsidonlduinnsniliaenadostussivvesdiiou wu msliinumsedendalusesu
freusuioadausegdle uarlifanssuiddumeienmssiuneluseiuseaeifioimuinisan
\WalAseasne (Perry et al., 2018; Taber, 2019)

3. mslduinnssy wu nuvidemaluladanueiaady gaeumsesnuuuliidenlostuuunin
maedegnsdmau fasiufGouenaatuaruaynvesiansaulagliiiaanudladedn (Talanquer,
2011)

4. fapumsinfanssumaSeuiuvunaunaulnenudervematouuima wu Mnufiedudn
guniFeu linsdumsiiofmuinia uarldnseiuneiioasuanuitile feisandediinves
uinnTsuLAazUsEan (Scerri & Restrepo, 2020)

5. fasusmilaisuiunvadlsaniou wu naSeu wwaduSeu uasninensiitey Tneusu
sziumuiuduveshansallinzay ielfaunsmiluldldeetnaddy

Torauonuzdinanagiioulidiuin anudisavesinnsalildduegiuriavesdoifivsogg
Ao wituegiunisesnuuunsdeusiiniunisldmassndueiesdolumstnuaslfmauanaed
GERNIVIEER
GEL

unAnuUSEmiatudiag Uszasdiflenumunasdauangiouifedunianssunisdanis
Boumsasuiesmausglvivied Tassjuunsinmanudiladealuimisagnsldnsesigly
g1uztaosdien1enuAa 21nNINUMUITINT TR SlusER UL Ak sERUUsTING Ut
unliuinsdnnsBeunisaouFewisesnldiuasuinannsiumsviesiifeyaidedadnuallug
NSAIESNNITETUIY NTAIAAZIL kaENSIYIMARAN AT 1A LMY

namsdATIit i msssmiiunumddlugugnsouunAaiugiuvesiviad way
annsavimihildueiesdienmsnudnitiaidenlosnnuiiferdulasaiisesney mnaduay
uazauiAvessnn Wensdansiounsasuldiumsesnuuuligieuldmsaselunisin ez
uarodutgegaralios fiFeuarannisfiemnisviasdias Snviedadumsdaaiunsfnddassads
Fadunnguddyeniadoudieilussduduge

TusuguiuuuinnssumsdanisBounsaou wuidimsiannuianssudivainvans Téun ns
FamsFeudideduieny maSeuduvunie msldinunsinu waznslideuazimaluladddsia 1wy
weluladmusiaaiiouasy (AR) winnssumariifiyadulunisifinussgda mafidmudan uagnisv
TunAndaunusssuvesmasgdususssuanniu sgndlsfiny anudisavesuianssuilituey
furiiaesdeviomalulafifivsegnafor mnudduegfunisesnuuuianssumaiFeusiidngou
wnAsmaeiidaau wazatuayumslimasiadueiosdslunsfnuasliivauasausiase

uanantl wamsnumudsagiiouiiciosiiadmveautnnssunisaesu Iéun anudsdunis
yatdugvuuufanssunsawmalulaguinniinisainanudiladaluwimilusseze1d saudetednin
FruvdunnisdaniaSeunisaou iwu aniFeu Aundouvasng wagniwensAild fafu n1siau
winnssunsiamsiseunisasuiesmsnesiglusuanmseysannsianssy de wasmaluladiin
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uarnsazfieufin nantsmumudmifiuiinsiamateufuuulasauiiinisesnuuvegisdissuy
wazdalesdulanuvsanuduais anunsadwadsuindonnudladuuifn n1sAadaining
mauftym nsviusiuiu wazanududasslunisdous uenani suuuulassnuilysannis
AAgRaIMNIsUEITIBIEsRas1inven1sIsukasaunsenlueInveiSou og1lsiniy
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AdARy:  MIIANTISEUIWUULATINY, RAGHENITITEUS, inyeuianndssun 21

Abstract
Project-based learning (PjBL) is a key pedagogical approach for addressing the demands
of 21°-century education, particularly in promoting deeper learning, higher-order thinking, and

career readiness. This article presents a systematic review of project-based learning research,
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synthesizing evidence related to its theoretical foundations, instructional desien principles,
and learning outcomes in secondary and higher education contexts. The review is grounded
in cognitive and social constructivist theories, which emphasize active knowledge construction
through experience, interaction, and reflection. Findings indicate that well-designed PjBL,
especially when centered on real-world problems, has positive effects on students’
conceptual understanding, critical thinking, problem-solving skills, collaboration, engagement,
and learning autonomy. In higher education, industry-enriched PjBL models further enhance
employability and career readiness by linking academic learning with authentic professional
practices. Despite its benefits, the review highlights ongoing challenges, including limited
theoretical alignment in practice and insufficient assessment of higher-order and long-term
learning outcomes. The article concludes by suggesting directions for future research and

practice to strengthen the effectiveness of project-based learning in 21*-century education.
Keywords: Project-Based Learning, Learning Outcomes, 21°' Century Skills

unin

Tuamsswd 21 ssuunsfne Tasewizlusedudsondnuiuazeaudnun AMdandyiu
Anuvmgagadudulumaiauseulianunsamsdinuagyinnulaegadiusydnsnmvinunans
nMswdsuuamading asugie waemeluladfiiatuegssansy aufawimesiygUseivs
(artificial intelligence, Al) wazszUUSATWITALAUSUWE BUlATIaS 19U IR LI IURAT S N YL
Yaainugiiutsdnsfosnisedaiifoddn vinlianduns@nudndudonjudunisiauinee
flannsaaneleuls (transferable skills) uazanundenluadnvesgiFoumuglufunsimuiaiug
9391n15 (Naseer et al., 2025)

MIUNA1UTUNANE1Y N159ANTTLT8US UULATIIIU (project-based learning, PJBL) la 5y
mspeNsueganwiduuimnsinnisiseudifidnenmlunisaevausssroninudednis
yosmsAnwluamssuil 21 esndumsianisBeuifiniugSeudugudnans Welenaligizou
IWasiloufuAase drsatiymilidenlosiulanusisnmiduaie uazadrseadanussenuies
HIUNTEUINISAN 34A51291 wazmsausinty dwaliAnnisiSoudiBsdnidaumneuasdsdu
(Ashraf et al., 2025)

'ﬁ'mg']uﬁ']ﬁ’ayummﬁﬂmsﬁsJuj:LLUUIﬂ'swu@‘?qaq'uuU%’suiyjmauam%'ﬂﬁ?aﬁ a9
nMaiFeudidunszuiunsi fiFsuaiisnnununsvesaud sreaule s uUszaun1saluas
NSUHATUS 1INNTINTTUAIENBAANUIIINAABULUUNIUALT LABIaNnZLUIARABUARNATAR
L%mm%f]zgzgwaaLﬁawﬁﬁLﬁuﬂfliﬂ’wuﬂmqa%ﬁamqﬁcgagwhumzmumﬁm%’uLLamJ%'UImqa%"m
ANuAn wazuuAnaeuaninAiadnisdinnvesifenaniilvinanuddgiun s sudsiul jauius
msausiniusastewvdesuurselursgly (Blumenfeld et al., 1994; Al-Kamnzari & Alias, 2025)

MATdsUsgdngsuaumntiifudn nsdanmadeuduuulasanuannsnduaiunadng
msFeusves]Feuiafiumiudrladuuda msAndeimnduaraiinassd dnwenisudtam
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msvhausmiy mmdldiusalumsGeus wesmmududaszlumsGous dewSeuisutunsians
Seuuuudiu (Guo et al, 2020; Ospankulova et al,, 2025) uenandluudunuesnisnu
sedugauAnw) nsdanisiseusuuulassnuiysannisnirgaaivnssudaiunuimdidy
TumaidouleenisiFouimalnnsiuuTunnsdnusds wasgheiamuinuznsdisnusazam
wionlueAnvesiseulangaiiused@nsnin (Naseer et al., 2025)

wiNsIAnTsseuskuulaTsnuaslasumMseeniusg NI a1 winstuwIniedanaily
Tlumeuf iadamandydutadrianateusenis i nsusegndldlaguinainuidnlang g u
fdoiau msleudfgdunszuaumannitnunmessadns uaznsussiunadndnisizous
fjadufiosunmssuiuioauafves]Fou nnininuedugauassansevulusszen (Guo et
al., 2020; Al-Kamzari & Alias, 2025)

ANEEITEATIUAUALITIUNTINLAE I sEInYa N Iutayam v TsEAu Auas
uneAifeIdesiumsinuegisnsounau Taun giudeya [szylegiudoua 1wWu Scopus, Web
of Science, ERIC waggudayanviin1sa1sdensansing TCH TneruntasnalunsauAudsiun
fwounsszined a.e. [1Wu 2020 fa 2025] Wisllddeyativiuasiouaraenndosiuuiunmsdnulu
AR155uR 21 dmSurdunngn (Keywords) il lun1sduduiianivilnenazavisangu
UsenaumemdAyuasnssnydu laun ['Project-based learning” OR "PjBL"] AND ["21st century
skills" OR "Learning outcomes'] kar ['Ms¥AnTsiseusiuulasany’ v3e "mMaseuilaelilasenu
Dugu'l

dielilsanAdefisinunwnssmuinguszasd anzdiseldmvuanarinisdaidenaiuidoth
dn1sdaAs1ent (inclusion criteria) el (1) Wuumeudsodasednd (empirical research) il#3u
M3UszliuangmIsnand (peer-reviewed) (2) flmsneriieAnyinsdanisiSeusuuulaseeud
Jeulostusngrungufireuansndiad ndnniseonuuy vienadwsniaifouy way (3) dudy
nsfnwiluusunseauliseufnuiviseseiuaaufiny dmsuinaeinisfneen (exclusion criteria) fig
unanuiduiswndngenulssyuiving uninsaindade vielassnuiliszynsruiums
sonuuuNsSuiuasinsesiieTanaidniou

dremni uneuUTimdatuitaiingUsrasdienumussunssudessuuiAnfumsinnis
Fouduvulassuluamssui 21 lnegedaanegissdemdiusngiunmaud vénnisesniuy
nMsdan1ioud uasnadndninieusiiAndu il eliiAnanmd ladaysannis wasilug
JalausiuzuInslumMIiRnLazenszaunsianisiseuiuulassnuliiuss AnSrauazaanndes
fuusunnsAnwssadionnd i

\iloi3es
AN LATANYd1ARYYRINTIANITITEUIUULLATIY
nMssenisiFeuuuulassudutuimenisdanisiseusi i Soudugudnarauas
TanudAgyfunsiseusiulszaunisalase lneseuilunummanlunisdrsiatym faFany
Mauny fdun wavastunudonananitarumnsneldusunvesaniumsniais malious

[

ludnuaeilysdaaTuligiSowinnsSeusidedn (deeper leaming) H1uUNsEUIUNITAR T1ATIEN
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duATIE waTAXTIDUNANITITEUFVRINULDY WINNTINTTUANLIIINHaeNesEeIRed (Ashraf et
al., 2025; Al-Kamzari & Alias, 2025)

msdamsdeuiuuulassnuiinngumamguianuivgireuansniian Saiesinauiile
anievealasnsaninaglugdifeu urgnasied ulned Souiiunisasiioufun Yssaunisaings
warnsURduitusfuay unAndasieuliifiuinnisdeudifunssuiunsidaumnedodisou
fdutinedunsriesesulunisaiieerauimieaue (Blumenfeld et al,, 1994; Novalia et al.,
2025) s Tasseudwhminidudenansid eulosseninmgui fun1sufofase uazsening
nsseuslueassuiulannieuen

é’ﬂwmzﬁﬂﬁmﬂizmimﬁwaami%’mmiﬁauil,l,uuimwu fio nsisuduandgrmseussiiu
Afauddglulanuisaauduaie (real-world significance) Tassaudi fAnasdus uni uiass
(authentic context) waziAgadeaiuiinnsonuauloveiFou onszduusagdlanazyirli
mﬁﬁauiﬁmWMMWMﬂ?}asﬁu (Ashraf et al., 2025) AIHaaNAmEN (driving question) 7ilelona
Wﬁﬁmawmﬂmmas’]’aL‘fJunahﬁﬁmﬁ%ﬁwdu&%mmsﬁmL%ﬁ‘wwﬂﬁu,azmiﬁmmzmmmfé’w
ALYl (Novalia et al., 2025)

aﬂaﬂwm“mﬂmﬂami'«aﬂiﬁimmuwuﬂuaﬂmwawaﬂam (curriculum centrality) ndafie
Tnsssulilffudfiofanssuaiy widuwnmdnuesnisdamadeudiysannsdeniiving fnws
LaznIruIunIsseusdaeiueguduszuy msoenuuulud ﬂwmvumﬂmyﬁauuiama
yheudlannAnddyresseinedidngs waransathanudlussondldluaoumsallnaild
(Ashraf et al., 2025)

uanant msdanaFouuvulessnudiddnuasduluiunsdaadunisiauianiu
wazUfduiusvnadeny JsaonadostunAnnouanindiadnisdaunesifenad n1adeusiintu
rumsuaniUAsuAAARiY MsuUsunumg wagasaduayudsfunasiunielunguliseu
sudimslisunisdiewmdewvursaduregluandaeulugiugl s1uneauazain (Al-Kamzari &
Alias, 2025; Ospankulova et al., 2025)

nanlagazy m3danmsiFeuiuvulassuduuuminsiGousitdnvardidn T s

Y
v

Aisewduaudnans madeudiulymass miyimﬂmuﬁamuawwz N5VN9USIAY Ay
nsadnsdauiiulsraunisaings dnvaswardsilinisdaniafeuiiuulassuans
peuAUDdf oLl MUIBN TR AL N UMaAnIS5uR 21 wazaunouluenTnvead 15 ouls
oaiisyAninw Mluseiuleufnuuazsedugaufinu (Guo et al, 2020; Naseer et al., 2025)
Fansnadi 1

NGV NNUABUAATNAIEA

N139ANT5L5 80U wWUULATIUT SINFIUNIN U] d1AYIINUUIAA ABUAATNAT A
(constructivism) adunseunndanisnisiieusiiuiianuslilsiAnannsaeneslagnsaain
Faoulgfiou mnuwiidunavesnssuiunsiigidouaianumnevesnuiTudtonuioawiu
Usvaunsnl maasdioufoR uaznsufduiussuiunndouuasdu unAntussnmaiiouslugius
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N3EUIUNEITITN (active learning process) BafiSouifunumadglunsidenlosanuilnidfy
UsraunsalauuaInued (Blumenfeld et al., 1994; Al-Kamzari & Alias, 2025)

Taald nquieouansniiadiiusingiuvesnisdanisdeuiuvulasanuannsadiuun
u 2 wwanmandn lawn Aeuansn@ianBenvzUeyay (cognitive constructivism) uazasuansnAdan
yadany (social constructivism) Semsaesuuidndunumievyuiulunsesunenszuiuniadous

dl a é’ a
MmAndulufanssulasaay

M13197 1 WSBUgUALALYRINTTIANTSEEUIHUULATINUAUAUNMTIANSISBUIUUUAALAY

JAnsseus N133ANsEUsIUUlATIY nsdansBeuduuunaia
WIAAMSSEUS  Hiseuaseaus aenaneaiu leamer- \Wudenenaug
centered Wag constructivist learning
(Dewi, 2025)
aunmnsdsya a'qLa‘%uﬂﬁﬁm%guqaa%’wmmLsﬁ’ﬂ,ﬁ]lﬁmLLmﬁm wiunmsansuiemviengud
LazAIULUNLA fanduazamu fauinstnlnseiuay Tusezdu uendaumy
ASARIINING (Al-Kamzari & Alias, 2025;  UNLS8U
Guo et al., 2020; Ospankulova et al.,
2025; Zhang & Ma, 2023)
Uiummsens  Gusuanndgmniduiuneis Weulesiulan  Bawuiiindasmusiin v1a
wazlang ey wisadusiauasnsine (Albkamzari  Anudenleafuiadiness
& Alias, 2025; Ashraf et al,, 2025; Naseer
et al., 2025)
NSEUIUMSTENS  Wunsauenzuasinlasanuy duasunisin wiun1susIENgLagnLuud
uaruMUmE3o  tugeuarn1sSeusidedn (Zhang & Ma, Inedieudugiuannus
2023) Ineisouduaudnans (active) Iau  (passive) se5un1sanenen
Judaszuasiiinuznisiiumues (self- INFAOU
regulated)
NadLgVEVIaNTS maé’qu‘éqmdmﬂwﬁﬁaﬁﬁm e meta-  waawsUIuNaNg
\SouY analysis WURALTIUINAD achievement
(Zhang & Ma, 2023)
VinvrAnIsIul WannAsUTT Critical, Creativity, W ladnin
21 (4Cs) Collaboration, Communication (Ratih et
al., 2024)
nsildusaly  ge Tesuiunsiiduimuazuseiuniala i
ARFIET) (Rehman et al., 2024)
AunTonluy fimuninwenneleuld (ransferable skills)  1WhiAu3iBsinns o19iin
91N wazvinuznsianusmiumngavnssy  Jesiadlodigraauseny

(Guo et al., 2020; Naseer et al., 2025)
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ABUANSNAEALTINNSUsueun

9 v v
a

AauansnAtandanslayandsingruanngulnisiauinisaidygives aed Wiewd (Jean
Piaget) @ alauoinsisouiidunszuiunisansluifiFouaislaseadranedayan (cognitive
structures) 4 uanUszaunisalvesauies Ingordenalndidyasiusznis taun n1sdudu
(assimilation) wazn15UsulATIa31e (accommodation) NMsfuduninefisn1sUsEaun1sainie
Foyalmiluidenlostulassadamanudniifogiiy vazfinisuiulassairoamneisnsuiuaou
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Novalia et al., 2025)

dovuundeiinldlunisdaniadouiuuilassny awdldhmsligSouldaileufod de
naaos uazuAtgmmemueaduteulvddyivienszdunsiaulassaironsdyan ALSeulaile
WE99nTIAIIN3 wAneIRAN Tasiedt wazasieauilalndainUseaun1salae nsruINnsi
Tasaau dwaliAnnsBouiidedniitinnuamunazansahluvszgndldlaluaniunisalluel (Al
Kamzari & Alias, 2025)

ABUANINAIAANINEIAY

AoUARINAIAFN ISR RLILNaINUWIRAYEs tav Afenan (Lev Vygotsky) uag a8vy A1d
(John Dewey) Futiuimadsudvowuyudidunssuiunmsmediauiiinuiuufduiug n1sdeans
nazuSUNMIeTausIsy Fenafiausuuifniies lwamuIn1silndlAss (zone of proximal
development, ZPD) §9o8uneii3suannsaimuinuannsalunnisudldgeduiloldsy
MsatuayuaIngdudifianuiuioussaunsalinnnin (Blumenfeld et al, 1994; Ospankulova et
al., 2025)

mnAnfananiimuaenndeesbeiudnunrresnmsdnnisouiuuulasiny dednfanssu
TugUuuumshaungy WalemalwgiSoukaniuasunnudaiu wisunummii uazairsanud
Sy vz gaeudunumidugduisanuazan (facilitator) Alkmstremdonuurseidy
Aol (scaffolding) Tuthsiigioundgyfudammierauvinne dwaliisouaunsaiauiney
meleyauarinwenedenuniuaiuly (Al-Kamzari & Alias, 2025; Ospankulova et al., 2025)

AuBenlesszninamguiaeuaninddadiunisianisBeuiuuulasey

MNsdesuIAnt iy sziulimgul aouansniiadidusngudfaiiesuenaln
N19:58U3Y0INTTANITTEUT WUULATINUBE1NTALAU N1TTUTLANIINNITHAURAIUTENT
ﬂ'ﬁvmumﬁmﬂmawLﬁauﬂumiﬂgamwuﬁmamﬂumauaﬂ TssonudsimihiduiuiinsGeus
falonaligiSouasisosdanud Wannmnuantugs uasieuas 1saussousdidndudonisisous
wagmaiauluamssui 21 sgrausds GN?LJ‘V] 1 (Guo et al., 2020; Naseer et al., 2025)
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msdnnsiSouduvulassnuluanssed 21 szneliiAanadnsmanisiSousesauviassle
FndudesedunisesnuuunsiBeudifinngummauidauazaenadeiud mu18 989013
faudifou nuidedunsdanmaseuiuoulasaudiiiduin enuuen senindassuds
Usgandnanulassnudiliinaiisadefanssulaildegiinsasiievihuiivsenaies snnusiogiingnns
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1. madealesiulanisisnranduais (real-world relevance)

wdnmsddyUsensusn Ae nseenuuulassnuliideslesfulam anunisal vieussidiu
fiintuasdlulanuisdinuiolvdn lassufiiiusunas (authentic context) avaaelfiFoundiu
AuALArALTNereInIsiFoud uusagdla uazBesensiarudlutszgndliluantunisailul

9

¥ethadiusz@vanin (Ashraf et al, 2025) Mmssermauvdniiasioutamilulanasedadunalndiay
finszunsAndainntuazmsduianzmauivesiseu (Novalia et al,, 2025)

2. mdalilassnudugudnansuemdngns (curriculum centrality)

nsdamsBeuduuulassnudifivssansuamsesnuuulilassnuduinunatsveansisous
lLildAanssumasundsnisaeunvuaaiu nsdalassnuugudnarsomdngnsvilng Souldviha
funuAnudnvossisiviedeeidiouarinds 9aoysannisaug wnse uagnszuaunisfe
Adefusgadusyuy (Ashraf et al, 2025; Al-Kamzari & Alias, 2025) #§nn5i Seaonndaary
unReNs3ousidedn Saduanudladdaseiamnnrimssnsueniieasserdy

3, nsfidusneesaiieazddu (sustained engagement)

TnssuiifiuszansuamsosnuuuliiSouiidusnlunszuiunsisousedwedaddudig
syogafiieane WU sasavhensieudvrionanisine nsiinaiismetieligiFoulddise
ﬂmwwadwﬁn%& nAans USuun wasWmunanuegrududisu e?fwf]uﬁauimﬁﬁmmmm%ﬁaui
fAfsBu (Ashraf et al,, 2025) AdsfugauAnwInuin lassnuszezentsduaduemndudasslu

o

nsisguiiavinyen1siansnueesiseueildudfey (Novalia et al., 2025)
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4. msUalonalvigiseuilidesuazniaden (student voice and choice)

mslvg3sudidusulunsdndula wu madeniade 38nsduiuau vieunummini
aelunga uialaddguosnisdanisiouiuuulassuidadiFouduaudnans wdnnsd
Fagasuadrsnuiduidiveanisifoug (ownership of leaming) uazli 4AIINTUA ATBY
ABNTEUIUNITUATNAANTVDILATIY (Al-Kamzari & Alias, 2025; Novalia et al., 2025) N15ilidys
uazmadendaonndesiununfnaouanindiadiuesiniseuseusliafandefdasslunmsais
ANUMINYYDIAITLFAIUAULDS

5. M3vinusmnulagMsatuayuniesfaag (collaboration and social support)

mMseenuuUNIIAnsifsuiuuulassnuiivssansnasududosideianisviausudu
vosgFoududdny mevhaudunguidialenaliiBeulduanidasuanuaaiu Boudanyumes
7ivainuany wazWaunwenedannAIun fuinwen1edeyeyr (Ospankulova et al., 2025)
vty fasunisvimiiiduddrueanuazain lnslinisgremdouvudesidudesld
(scaffolding) TugsiifBeundyfunnuenvidorududouvesnu ieatuayunisisoudnelun
Waunns7ilnaiiss (Al-Kamzari & Alias, 2025)

6. M3tidayagaundu n1sInng wazn1suFulTmau (critique and revision)

vanmsdRayBnusznnilefignaziaslunsufod fe msdeliinslrdeyadeunduegiaiu
szuuiagsiaiilos nsvuIUMTIMNYIansUUUTHa Ul S ouldavviouniwdn iugauds
wagqafimsiaL uazensduauamusstunulaenadoatuinAsg N Geusiinly (Alkamzari
& Alias, 2025; Guo et al., 2020) msaamwu%umauﬁasmsﬁ’mLﬂuﬁdauﬁwﬁ’wfamiﬂ’wmmiﬁﬂ
fugauazniadoudiddinvesiiFou

sUkuuNMsIansiteuiiuulassnuluuiundng 9

msdamsdsuduvulasanuluamssedl 21 flddinegiiossuuvuion mnuddnswaun
uazUszgnaldlununmsnisfinviuazanunindivannmans iieliaenndesiutmanevosiSou
Snuurnein wasnadndmadoudiinants muiddeiiiundiifuiemudagureauuannis
FanadsuiuuulassnududadeddyiidoldausilUldld o eiiussans anlusedy
IsgUfAn SEAURANANYT WATUIUMIVITNANIENI (Al-Kamzari & Alias, 2025; Guo et al., 2020)

1. msdensseusivulassnuluseaudseudng

Tursunmvesseiusisennu msdansSeuiuvulassnuingnesnuuuiiieduaiunisinim
dlawwfefiugiumalrnisemugiunmsianineensantugs Tnsamglunguansyine mans
walulad uazadinanans TasanuluseduiiFuandymilndiaFounazarmnsnd eulssffy
FAnUszdriuld ievasanniszmannityaguazainausagelalunisifous (Alkamzari & Alias,
2025) mssaniuulassuluszaudseudnumdniduunumvesiaeulunmsiinsatuayuegalngdn
runszuIunsTReNTsmasuuUAesIdurssly (scaffolding) Wle Wi Fuanunsaiamuiuufn
waziinweldnieluwaiauinsiilndifes (zone of proximal development) nan1s@nwnuinnis
Tassmilussduiheinuaudiladumnin nshaddnng uasmsidunslutuboued
ftlvdAty (Ospankulova et al., 2025)
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2. msdansiseusiuulassnuluseduaaudne

Tuszdugaufinet msdanisdeudiuulassnuiidnvardudousnntu uagsjatiunsysainis
arugidmguiiunmsdszgndldluviunindn lassouinduiunisluszesnaum Wi aaeanie
nsdnw visesdusedomanssiein eWalenalidiSeuldnaun dudunu uavasviouna
msseuiegrauszuu (Guo et al., 2020) By T e B nsianseuiiuulaseny
lusgavgaudnwanuiseduasuanududasslunissens invenisdanisnuies wazn1snids
AnseidednldesnaiisyAniam diteuiummudivenisdousinntu vasiifaourhmdai
Hugfennemiuazainuaziiuinwmednnis (Novalia et al,, 2025)

3. m3dnsSeuiuulassnudiysannisaagnamnssy

sunuuMsdansiSeuiuuulassnuiiysannsaingaainnssy (industry-enriched project-
based learning) uwuameild Suauauladiiud uegreaunnlugrmds Tnoanizluusunves
MsfnwszRugeuAne wuamsiiadonlosnisfeuimednmssuiymuazarudeinsiees
AIARAFINNTTU N1UAMUTINTBTENTEn1TUNISANYINUDIANIN1BUEN (Naseer et al., 2025)
Imqmﬂué’ﬂwmwfﬁaaiﬁﬁziﬁauiéﬁm%mﬁuiaws?ﬁzyuﬂuiaﬂmiﬁ’mm‘%q Ann1sviaruduiiudu
a9 wagRauINEeN15919971 (employability skills) 1w n1sdeans nsudtyniddudou uas
mMsUfuiseanunsaiilisiuou nansAnwinuitnsysannsnngaavnssinfunsinng
Foufuvulassnudisiaivadisnnunienluondnuazifiuaud eulesszwninmdngasiu
nanauseulaeeslitedfny (Naseer et al., 2025)

4. JULUUNTIANTSSEUTHUULATIURNE ALY TNINTT

WBNIINUTUNTEAUNISANYILED N139An1s5ausuuulassudignitmunduguuuuanizmig
iWonouausssaidmanensiseuslumunivIndunnsaiu degradu sUunuulassnuguide
(research-based leaming) iz afamnsinwensisonaznsaineesdaudifeininig (Faun §n
UNINY, 2561) n3e3UuUlATIUEEAY (steam PjBL) ﬁgiﬁmmﬁwmmam% walulad AN
favy uazadinemand teowwuinuzmsuidamideesnuuu GAsns weiwathena wazans,
2566) FULUURIMEMAEazTouliuiinsianisFeuduuulasanulilauamimnes o
HunseunsizeuifiannsauiuuszgndldmuuiunuasidmnensianndiSousd1sdandu

HAANSNI5EEUZINNITTANTTEBUSLUUTATI
n153nn1siseuskuulassnulasunseensueganInuINEusanelviaNadnsNsIseu3

vannanolazaAsoUAgUnaTsdi ﬁqﬁmww%ﬁmm'} WNYe NTPUIUNITITEUS WAAMGNYMEUBY
Bou iddednssdneinungldiduin Wemstanaduiuuulasnuldsunsesniuuegis
usyuuuazdnleafusngiunimgefegamnyay goua1u1saensziununInnIsseuiveisou
lé’fmﬂﬂdwmﬁmmiﬁauiuwﬁ%@m (Guo et al., 2020; Al-Kamzari & Alias, 2025)

e ).

1. naansiunvs Uy uazAnu ity

maé’wéﬁmwm%f]mmwﬁaLﬂuﬁﬁﬁﬁ@ﬁié’%’uﬂ'ﬁﬂdnﬁqmﬂﬁqmiumu%’aL?fsnﬁ'umié']’mﬂ'ﬁ
Bouuuulaseu unvivatedunudt fsuilFeudiulassnuiauannsolunisiiai
dlauwdendnvesneivlussduiiandeuiniu Wesnd Foudoauhauiluldlumsuddgm
Tinmgvianiunisal wazadnduauiidenumnsluuiunads dwaliiAanafeuiiddaseadie
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1nnnnsans e Guo et al., 2020) uonanil ns3anTsseukuulasudduaSun TR
Armannsalun1sAntugs InslanignsAndaimnbuarnisiniinssy didsuldsulenalunisis
fonu NedeuwLaAn wasUszdiumadeniivainvatenngldnsyuiuniseidamidiudeou Jadu
ﬁﬂmﬁwﬁ’zgé’m%’umsﬁﬂuﬂuﬂmiwﬁ 21 (Ospankulova et al., 2025; Al-Kamzari & Alias, 2025)

2. HATWSAUTNYELAYNTEUIUNNIITEUT

luiifvewinyeuasnszuumsiseus n1sdnnsiseusiuulassuiunumdidglunisiaun
vinwznsuidasn mevhaududiy uagnsdeans fiisuioudiniunsyhanusuiu msuanivdeu
AuARIiY wazmsuvsunumwidianglungy Jeteiaiuaiieinyenedin wazAuaanso
1umi*vi’ﬂmus'wﬁuQ’ﬁuaﬂwﬁﬂssﬁw%mw (Blumenfeld et al., 1994; Ospankulova et al., 2025)
uanandl MuAdedmuiinsdanisideuduuulasanuanmsaduaiuenududasslunagoud
Larnuen1siAunuLes (self-regulated learning) ¥aei{13 By 199 n1Tvudosddius
TUNITIUNY FARIUAIUATIIMEY KazUEETUNANITYINNIUYDINULBINABANTEUIUNITLATIY
(Novalia et al., 2025) ﬂ’ﬂwwﬁ’ﬂﬂa'nﬁaLﬂuﬁugmﬁﬁmaqmiL%uifmaam%%LLazmi‘ﬁmmmuLaﬂ
Tuusunnsvinauase

3. wadnsauInafuaznsilduTnlunsSeus

luiuanaftarnsildnsin n1sdnnsiseusiuulassuiinadauindousegelanasiaund
YaIlTgusanTsTeuIetelitaddny miﬁ;:Iﬁaulé’vhmﬁuﬂzgmﬁﬁmmwm&JLLaﬂﬂé’Lﬁmﬁ’daﬂ
wisernduatetelid FouiuauuarausidureaionilGou dwaliiineuaula e
SURAYDU LLazmmmﬂqﬁiﬂumamumamum (Ashraf et al., 2025; Ospankulova et al., 2025)

4. wadnsenuanunTouluoTniasinyen13319nu

TuuFunvesmsinwiszdugaudne nadwifilanudnusznisviavesnsdanaiFeusuuy
TAssu fie mswawanundeuluednuazinuenisdnseu (employability skills) Muideiieatu
nsdamsissusuuulassuiiysuinisningaaiunssunudn §ieulillemanmunsinued
AANALIIUFBINTT WU nsFeasiiinndn nsvhaudufiudivainn nsuddawiluaaiunisal
959 warmsususneloulaiiliuiuou (Naseer et al,, 2025) nsseusHulasuluuIunang 1
Pgantodieseninnisteusluiesiouiunsvinnuase uasdaasulvdisouiianuniaulunisdi
f;jmmmLLSﬂmuMé’qﬁWL%ﬂmﬁﬂm (Guo et al., 2020)

wuaAn 13asile wazmeluladnnsussfiunanisianisiGouduvulassauluanissuil 21

n5iauazUszidunalunsdnn1siseusiuulasIumITaRAAR 8N USIIUYIAVDINISIT B USLA
Andlfunmsduiany msuftym mevhausuiy uasnsaidununeliuiunad sl ving
Fsefunuiiinisdaniadeuiuuilassudmaidaandenadugriniininiou weaf uasinuens
ﬁmaﬁﬁamﬁam%uLﬁauﬁumiaamwuﬁy’uﬁu (Zhang & Ma, 2023)

wRAndAYTeINTUTEEININNTIANI ST BUTLUULASINUAD N1SUTEEUANANINGSS Uag
mMsUssiduieiamn esaninusursanssei 21 Wy Mm3aadainnyd nmsdeans My
Jufiu ANNARETIeEsIA wasnskAdann ldanunsadnliediaseunquaetaaay Usteiieseens
Fen Mavssdiudsmsysiaiinssuiumaiieud eruinimii msasvieufin uaramN WY UL
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TnsmslideyadeunduszninadoudunalnddgyivaelvifiSeudlatmane 9aidesian uay
WUINNIUTUUTIN 9583099 Ue4 (Hopfenbeck et al., 2023)

uonanil nsuspdunuestaznsUssidiulnefouiunumddysometanauiuinyey
MsiduAues uaznsazTieuAnvesiseu Jsaenndesiundnanvesnsinnisiiouduuulassnud
TeFeuddmsulunisadsesdauddenues agslsfinu nsvssidud nunedaisldinaeid
Fauuarilunumvesgaeulunismivguninvesdeyadeundu (Hopfenbeck et al., 2023)

\n3osiiefdiavaesilvnisussifiulunisdanmsouduuulassauiinudeiau Tussda uas
Aamuiauinisvesieulddeides lny suinesulat Yremmunuinsg ez TERUAMA YRS
naueg 1 luszuy di wilnazannudidnnseind Yresiusiundngiunisiseus sesseenisdn
nIEUILNIRALT Wasdunuvesfiiounasnszeziiainisvinlaseny s1uideves Garcia (2025)
wuitaraunuAIiaatuayunsuseliumuanInass bavduasun1sildinsiy wsegdle uaz
AU dudveINsSeuIe T e

Tugatiganuszing walulad Al anunsaatuayunmsussuiiedmulunsdanisBouduuy
lasanuls lnsaniznislideyadoundusieynna N13ATIANIUTINU LATNISIAUBLULEINIG
USudgstuau generative Al aunsnvimihfiduldnatiouatsfitnelifizoudladmanoningoul
Uszilluaniuz i waznsunuimuiuaeluldagnesinsa (Prompiengchai et al., 2025)
og1dlsAinn nsldl Al ansegnnelinsiiuresiasu tendlidsaugnies amnufusssu A
TUssla wazasusssulunisusziiiu (Hopfenbeck et al,, 2023; U.S. Department of Education,
2023)

dwsunisusziiunmsinaungdludanisseusiuulasenu malulad learning analytics uag
collaboration analytics @11130Y8AANINTBITOENTHEIUT NV LToU 1YU UseTAn1sdeanuy
mnudvesnsaeans uazfenssuluunanlesudivia Fsvaelvfasulssifiuunuinuasmstidausu
voji3suusarauldiusssunniu (Arthars et al, 2024) visil nswaudeyasinmsuszidiulag
ieuusessesidviaausoliiiudoyavszneunsdndulavesiaeuld udlinslfifuunastoya
wedlunstyaguy (Katsenos & Pierrakeas, 2025)

AMITIMeLasdadninveInIsinnsseudiuulaTeau

wiinsdansdeuiiuulassaglisunmsseniuinduuumisnsdinnisiGousiddnenn
adlunsdaaiunnieuidednuaginuruiaanisswd 21 uinshuwdadananluldluuium
nsineesensndyiuanuimesasdesifavaneusyns uddertlusasinasemeasoulst
it UssfutgmmandlilfiAenndunaavemnisiamadouiuuulasanulanss vnusii
Mntedrinlunisesnuuy maduiuns uazmsUssidunanisiiousidsliaenadesiusngiumis
nouegniene (Taun Saunsvy, 2561; Guo et al., 2020)

1. Msneanudladmguilunisinluly

Anuvimefinuegedalaulsznnsvida e mahinsdanisFeuiuvulasanululdlneuia
mnudladadnifnafusngumamguineuaninidas Tunanensdl Tasanugmianldludnume
vpsnsHaUnEIed uiutateni Iasldldeonuuunszuiuninieud i enenisadnsninug
msawTtauRn ien e uAndugeesiiouatradusruy S Shunava (2561) Fliiduin
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ymnmsdnnsBeuiuulassnugiisenanisidenlesiunszuiumsAnmainnsiidaau desl
aunsatlgnisiseusiednlasgauwiase

2. TOIMAMUUNUINUAZAUNTBUVDINADY

SnUsziauddfe AuvinneiuunumYeIaeulunisinnssEuRuUULASIY Haeuded
Usuumumanngaenenanuiluidugdwisanuazein Sefesederinuzlunsesnuuuianssy
n1slAUIneT wazn1sfnniuaduinntiveddiSeued19lndda eg1slsiniu 1uideluuium
msfnwlnenu faousunmnndmiaarmdenisiiung mudarudiladnssuiums woy
mMsaLInIniidenadestunumisnisFouiiuulasenu WUhda fun wasame, 2568; g i
A& uazdeaun rsaTan, 2568)

3. YainMuUIAILaENINEINT

msdamadoufuuulassnudeddnauasninensganiinisiamadouiuuudiaiy Tassy

niinaunminduseatalendlifisoulinnaunu §1599 neaes USuUs wazasiounanisiseusodns

q
'
| =

soiiles Fsenaliiaonadesiulasiaiimdngns nalGeu wagninensislegluanudny Tnslany
TussdusisoudnuuarsedniifinseuansensiSeuined (@inen Snuasae, 2567; Ashraf et al,,
2025)

4. Tadiainunsusiiunan1sseus

miﬂszLﬁumaﬁaLﬁuﬁaﬁf’ﬁmﬁﬁﬁmaqmﬁmmiﬁauiuuﬂmqmu NUATHIUIULINAE DU
71 nsUsslugautiuiiesmadnsiuanuddniornufeiiuveadiseu wu enufiswelavseviaund
NN TUTEIURAaNS A UNNS Ve ﬁﬂwz%uqa uazAnN Y09t uruegadusruy (Guo et
al., 2020) wonanil Mavszdumeyaaaluuiunvesnsrhaungududunrvimeivhliende
NN5aLTIoUANEN TNV UL AUREIWYITY (R Ianl AdanT wazlnyun fsatan, 2568)

5. 9AfinveIaNgIUTIUsEINBlusTezen?

wifaefinuAderdlusagsinsssmaiinenunaduinvesmsdanisidouduuulasenu u
nsfnwmansenuluszerendeausiausmAnTnwarnsinanuiiuldlunsvinussdsliegedsg
1170 TRLan1zUl T WA ILasNSAAMIUNANSIFITINISANE (AFN VRNT WAY wazaue,
2564; Naseer et al., 2025) WWInaMsimukasAan1aNsITeluouian

MnMIUIWsUNTIAgUNMsiamsFsuuuulassnluansswi 21 wui ufunfe
fanamazfidnennaslunsdaaiunisouiifednuagmsiauninus uiaanassud 21 usinnsg
iluldlhAnUsyansrangauindsdndufosinsiaunegaduszuy sidlud unisoonuuums
Seus wuufuansasy uasndelalszdnydlueuian MSAMUALLININ TR AANI9ATS
Heddanuddgsianisenseaunisdanisiseuiiuulasaulidenadesivuunnmsfinusivard

KUINMIIAALINTTANTRBUSWUUTATI

1. m3dudunazidenlosnngrunamguiaouanindiaditniunisesnuuunssanmaious
WUULASIURE 1AL Jaoulasi iRuIrangniaisnsenindl n1sannsseuskuulasenu laily
desfanssndaUfoiiensueunmnetuny uidunssuiunsSeudiifdouateesdarudiunis
asflouUR n13Andasid waznisazieudnegruduszuy Taun Saunsuu (2561) Lauad
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Hoyan WleduaiunisBousidednegawiage

2. MU URnnsasuinovauesrsunumvesasulugiugeruisauazain
(facilitator) ffasuadsldFumsiamIvdnetseiios Insianzsinwgluniseonuuulasasu
msdanmstudsudanszuiuns mslianudismdeuvurenfudenly uaznslideyadoundy
ogafinmnin sideluusunivedliifui maatuadvaussousvesaewduiladuddnyfivaely
msdansseuswuulasauUszaunnud s alunUGUR @mniad Mdmd wasBavun saTan,
2568; U15d Ju1 uazAug, 2568)

3. MswaeSosileuazImMansUssllunaiiaenndesfudnymuesnisinnisiiouduuy
[GENRIY msﬂsvmumsmLuumﬂsvmumsLﬁ&JuiLLavwaaWﬁmﬁLsam lumﬂmamwmmimmqu
nelavenaulateynawiniu Lmmamammmiwmmmmmwm Vinwe N15YIUsIAY Lay
anududasglunsiSoudvesfiSou #3 Guo et al. (2020) uay ARww Jansmiiu uasane (2564)
seliiui melfiatesdosmduiivarnvas wu 3U3n Mneituny uasmsdssdunuies
voafiFou wveliasviounadndmaouslfesneseudumniy

#iAn1ensidelusunan

ludufian1en153de MuIdTelusuianaisvetevaulnnsAnwlugnsinseinadnsnis
L‘%ﬁlui’@aww%ﬁzgzyﬂLLaxamaauzaeiNLﬂugﬂﬁiiumﬂﬁﬁu Tngldnseenuuunsisudamnasnsons
naaes Wielianinsnesuionansynuvesnsdnnisieuiuuulassauldegudaaunininideids
wssaunTiaediin (Guo et al, 2020)

uennil msiimaIdedegunniissdnunssuiunsBeudvesSeunasanisiuiiulasany
WU MIesesinsilduian nsldmeulungy uaznsagvieudnvesiiiou Wevihanandlanaln
MaiFeudiBedniiintuase Feazdeideslosseninmguifunisufoaliesnafinnumneunisty
(Ospankulova et al., 2025)

luvSunveanisAnwnszdvgaudne nuidelueuianmisysfinyinansenussere1I909n1s
FansFeusuuulasany Tnslanzsuuvuiiysaunnsningaamnssy deaumdesluendnuas
aussouzMIMnUswosiisundsdisansfine nsinaunaluszerenivzdisBududnenmees
msdamsdeuiuulassnulunsidenlosnsiFeudiulanmsiaulsogiadususss (Naseer et
al., 2025)
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paraussnuiidesnsifeuddinninudidainms uidesdiinuenisAnduas auanansn
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AuLesa819iimNuTLIY (Blumenfeld et al,, 1994: Al-Kamzari & Alias, 2025) #8nn1509nwUUTdl
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Abstract

The objective of this research was to study the science learning achievement on the
topic of Flowering Plant Classification using Active Learning management for Grade 4
students in the 2025 academic year at a school under the Sisaket Primary Educational
Service Area Office. The target group consisted of 12 Grade 4 students selected through
purposive sampling. The research instruments included Active Learning lesson plans and a
science learning achievement test designed to measure both knowledge and analytical
thinking skills. Data were collected using a one-group pretest-posttest design and analyzed
using mean, standard deviation, and paired-samples t-test.

The results of the study revealed that: 1) Learning Achievement: Students who
received instruction through the Active Learning approach demonstrated significantly higher
post-test scores than pre-test scores at a .05 level of significance (t = 18.88), with an average
score improvement of 7.75 points, showing particularly outstanding development in
analytical thinking and classification skills. 2) Learning Process: The Active Learning approach
enabled students to construct knowledge independently through hands-on practice and
effectively correct misconceptions through scientific argumentation and collaborative work
with peers. 3) Teacher's Role and Classroom Atmosphere: Highly dynamic learning activities,
combined with the teacher's instructional scaffolding, fostered effective interaction. This
resulted in increased attentiveness, enabling students to concretely achieve the learning

indicators.

Keywords: Active Learning, Learning Achievement, Flowering Plant Classification, Primary

Science
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Abstract

This research aimed to: (1) study the characteristics of classroom research conducted
by student teachers in the Mathematics Education program at Chiang Mai Rajabhat University,
and (2) analyze the quality of classroom research conducted by student teachers in the
Mathematics Education program at Chiang Mai Rajabhat University. The researcher collected
data from the entire population, which consisted of 58 classroom research reports produced
by student teachers in the Mathematics Education program at Chiang Mai Rajabhat University
during the academic year 2025. The research instruments consisted of (1) a checklist for
analyzing the characteristics of classroom research, and (2) an evaluation form for assessing
the quality of classroom research. The statistics used in this research included frequency,
percentage, mean, and standard deviation.

The research findings can be summarized as follows:

1. Regarding the characteristics of classroom research, Part 1 on general characteristics
and context of the studies revealed that most classroom research focused on improving
students’ learning achievement, with Active Learning as the main instructional approach used
in teaching and learning. Overall, the studies mainly aimed at improving students’ learning
achievement. In Part 2 on research methodology, most studies were quasi-experimental
research. Instructional media or innovations were mainly used as independent variables, while
learning achievement was used as the dependent variable. Achievement tests were used as
research instruments, and descriptive statistics were mainly used for data analysis.

2. The analysis of the quality of classroom research conducted by student teachers in
the Mathematics Education program at Chiang Mai Rajabhat University showed that, overall,

the quality was at a good level, with a mean score of 3.64.
Keywords: Classroom Research, Research Quality, Student Teachers in Mathematics
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Abstract

The purposes of this research were to 1) compare the students’ learning achievement
before and after learning through the Active Learning instructional approach and 2) investigate
the students’ satisfaction toward learning management through the Active Learning approach.
This study was conducted using a quasi-experimental research design employing a one-group
pretest-posttest design. The population consisted of 201 students in the General Science
Program, Faculty of Education and Human Development, Sisaket Rajabhat University, enrolled
in the first semester of the academic year 2025. The sample group consisted of 56 third-year
students in the General Science Program, Faculty of Education and Human Development,
Sisaket Rajabhat University, enrolled in the first semester of the academic year 2025. The
participants were selected through purposive sampling. The research instruments consisted of
1) lesson plans based on the Active Learning instructional approach (TQF 3 for the course
“Science Learning Management at the Elementary Education Level”), 2) a learning
achievement test based on the Active Learning instructional approach, and 3) a questionnaire
assessing students’ satisfaction toward learning management through the Active Learning
approach. Data were analyzed using mean, standard deviation, and the paired samples t-test.

The research findings revealed that: 1) the learning achievement of students after
learning through the Active Learning instructional approach was significantly higher than that
before learning at the .05 level of statistical significance; and 2) the students’ satisfaction
toward learning management through the Active Learning instructional approach was overall

at a high level.
Keywords: Learning Achievement, Active Learning, Satisfaction
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Abstract

This research aimed to promote scientific literacy on the topic of Force and Motion
among Grade 8 students through STEM Education learning management with an emphasis on
technology. The study group consisted of 32 students from a large school in Phetchaburi
Province, selected through purposive selection during the second semester of the 2024
academic year. Data were collected using three instruments: STEM Education lesson plans
with a technology emphasis, a subjective scientific literacy assessment, and an objective
scientific literacy test. Statistical analyses employed included mean, standard deviation, and
dependent samples t-test. The findings revealed that students' overall scientific literacy scores
from the subjective assessment had a mean of 3.27+0.56, indicating a good level of scientific
literacy, with 46.88% of students rated at the excellent level and 31.25% at the good level.
Regarding the comparative analysis of objective test scores, students achieved a post-
instruction mean score of 13.81, significantly higher than the pre-instruction mean of 7.34, at
a statistical significance level of .001, with a Cohen's d effect size of 2.51, classified as very
large. These results demonstrate that students showed marked improvement in their ability
to apply scientific knowledge to explain phenomena, analyze situations, and solve real-world
problems. In conclusion, STEM Education learning management with an emphasis on
technology proved to be an effective approach for significantly promoting students' scientific

literacy.
Keywords: Scientific Literacy, STEM Education, Technology
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2w uagduariiou Reflect) {3 Tvaziounandnisdaninfousluudaruny wiousn
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UFuUg99ash 2
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.
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Tud
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S19N1S NOULIIU  WANSHU  Warng t p Cohen'sd  Normalized Gain
(D) (9)
AzULLRAY 7.34 13.81 6.47 12.61 <.001 2.51 0.51
S.D. 2.57 3.12 2.90

WUBLIAG: ATLULLAN 20 AZWUY, n = 32, df = 31, **p < .001, Cohen's d = 0.80 = Large effect
(Cohen, 1988), Normalized Gain: 0.30-0.69 = Medium gain (Hake, 1998)
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Abstract

The purposes of this research were to: 1) develop and determine the efficiency of an
inquiry-based learning activity package entitled Life-Saving Technologies in Flood Situations
using the Engineering Design Process for Mathayom 3 students in the Design and Technology
subject; 2) study the learning outcomes in terms of learning achievement and problem-solving
skills after the implementation of the activity package; and 3) investigate students’ satisfaction
toward learning management through the developed activity package. The study employed a
Research and Development (R&D) approach together with a One-Group Pretest-Posttest
Design. The sample group consisted of 26 Mathayom 3/1 students at Anuban Chiangkhong
School during the second semester of the 2025 academic year, selected through purposive
sampling. The research instruments consisted of: 1) six inquiry-based learning activity
packages, 2)a learning achievement test, 3) a rubric-based problem-solving skills assessment
form, and 4) a student satisfaction questionnaire. Data were analyzed using mean, standard
deviation, efficiency index (E1/E2), and dependent samples t-test.

The findings revealed that: 1) the inquiry-based leaming activity package entitled “Life-
Saving Technology in Flood Situations” using the Engineering Design Process achieved an
efficiency level of 81.74/84.73, which was higher than the predetermined criterion of 75/75,;
2) the students' posttest achievement scores (X = 16.92) were significantly higher than the
pre-learning scores (X = 11.85) at the .05 level of statistical significance (t = 12.36, p < .001).
In addition, the students’ post-learning problem-solving skills scores (X = 4.57, S.D. = 0.50)
were significantly higher than the pre-learning scores at the .05 level of statistical significance
(t = 14.82, p < .001), and 3) the students’ overall satisfaction toward the learning management
was at the highest level (X = 4.61, S.D. = 0.47).

The findings indicate that the inquiry-based learning activity package integrated with the
Engineering Design Process and connected with flood situations in the local community could
serve as an effective instructional approach to promote active learning and enhance students’

problem-solving skills in the Design and Technology subject.

Keywords: Inquiry-Based Learning, Engineering Design Process, Life-Saving Technologies,

Problem-Solving Skills
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4. s eilsransamussyaianssunsiSeus Taeldauseansam E1/E2 Sedunaein
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HANTIATIAABUNITWANUIUUUNRVRITRYAMEATA Shapiro-Wilk WUTIAEUULNASUGYS
NN BULATAZILULTIN BN 1SN TN 1sHLantaswuulnd (p > .05) FeadunisiTsuiiey
AZLUUAIDEDRA Paired Samples t-test
2.1 wadunysniensideu
wan1sUTsufsuasuuunadugrsnisaFeunoukasndaisureainiFounguiegiaie
WU 26 AU WU AzLuURRETdISEY (X = 16.92) ganinAzuutdsneuiseu (X= 11.85) oens

g
T fyneadfiisedu .05 (t = 12.36, p < .001)
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UssifiunmsufoReiluaniunsaiiesndesiuiniunmsesnuuuuumathemaedUssaugnnde
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Abstract
The purposes of this research were: (1) to determine the efficiency of problem-based
learning (PBL) activity packages on the topic of the gas exchange system for Grade 8 students
based on the 80/80 criterion; (2) to compare the students’ learning achievement and students’
creative problem-solving ability before and after learning through the PBL activity packages.
The results revealed that: (1) the developed PBL activity packages were rated at a high
level of appropriateness, with an efficiency of 83.25/80.20, which met the established 80/80
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criterion; (2) students’ post-learning achievement and students’ creative problem-solving
ability scores were significantly higher than their pre-learning scores at the .05 level of

statistical significance.

Keywords: Gas Exchange System, Problem-Based Learning, Learning Achievement
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Abstract

This classroom action research aimed to develop and examine the effects of Design
Thinking-based learning on scientific problem-solving skills in the topic of Solutions among
Grade 10 students. The study employed a predominantly qualitative approach supported by
descriptive statistics. The target group consisted of 40 Grade 10/7 students at Udon
Pittayanukoon School (second semester, 2025), divided into nine groups, selected through
purposive sampling. A One-Group Posttest-Only Design was used. Instruments were Design
Thinking lesson plans (Empathize, Define, Ideate, Prototype, Test; 11 hours) and a four-level
rubric (20 points; I0C = 0.87-1.00). Data were analyzed using mean, standard deviation, and
qualitative analysis. Students showed scientific problem-solving skills at a good level (x =
16.66, SD = 1.23, 83.30%); 4 groups reached a very good level and 5 a good level. The findings
suggest that Design Thinking-based learning can serve as a practical approach for fostering

scientific problem-solving skills and meaningful learning in science classrooms.

Keywords: Design Thinking, Scientific Problem-Solving Skills, Solutions
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Abstract

This research aimed to compare the scientific explanation ability of eighth-grade
students on the topic "Earth and Changes" before and after learning through model-based
learning instruction. The research sample consisted of 32 eighth-grade students from one
classroom at Anuban Penprachehanukul School, Phen District, Udon Thani Province, in the
second semester of the 2025 academic year, selected through cluster random sampling. This
research employed an experimental design using a one-group pretest-posttest design. The
research instruments included four model-based learning lesson plans on "Earth and
Changes" and a scientific explanation ability test comprising five scenarios, each containing
three sub-questions: claim, evidence, and reasoning. Data were analyzed using frequency,
mean, percentage, standard deviation, and dependent t-test. The research findings revealed
that eighth-grade students who received model-based learning instruction demonstrated
scientific explanation ability after learning (X = 24.25, representing 80.83%) significantly higher
than before learning (X = 16.94, representing 56.46%) at the .01 significance level. This was
attributed to the four-step model-based learning process that effectively promoted students'
scientific explanation ability. In Step 1, students constructed mental models by asking
questions about phenomena. In Step 2, students explored and experimented to find
empirical evidence and practiced connecting claims with evidence. In Step 3, students
presented and discussed their models, then revised and improved them until they could
logically explain the phenomena. In Step 4, students applied their models to explain and
predict other phenomena. The study found that students' scientific explanation ability after
learning was higher than before learning, as they were able to effectively present claims,

provide evidence, and connect reasoning between evidence and claims.

Keywords: Model-based learning, Scientific explanation, Earth and changes
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