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Angnmnisiseusvesiaazuanale (Brookman-Byme, 2017; 2018) winilunisiazaiiauasimun
[ a o 1 [ = 1 ) vg."/ o < a v ¥ A A A
winnssunazihluduuimenisdnnisAnwuuuiiugladudndunvgdedddiniodlenaunsalssuianas

2

Fmnasaldegauiudifannsaiaulduuuussatoditauazdansidludaiidululdenduinvesnis
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navaueIaAULANATIvatnvaigluseRuaus karAUansalunsUURnUNSaeuveAI Ay
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. A & = v ¢ . . =i
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] Y ¢ a v A o Y g Y =2 - A
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Y 1 |

ARILAET 0ONUUUNITIAToY AT DUNSUKUUTUNIZUAAE F13TN1TAINEIEINANTENUSBNTLESY

AuansalumeleunnuivesiomansentnAnwindnasinadiasousla @ Gamrat et al. (2014)
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ARTeINNALAZAIIUABINITIUNITHAILIVITNYBINWBILY LieduasuaNaIunsatun1sujuRanuns
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the blending of content and pedagogy into an understanding of how particular topics,
problems, or issues are organized, represented, and adapted to the diverse interests and abilities
of learners, and presented for instruction (Shulman, 1986, p.8)
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knowledge of pedagogy that is applicable to the teaching of specific content. This
knowledge includes knowing what teaching approaches fit the content, and likewise, knowing how
elements of the content can be arranged for better teaching (Mishra & Koehler, 2006)
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ruluud mudrdu dedumuiildanmsdidunisfinudanamuin dnAnuindnagifanisnszmiing
Aetuililidevninemansnniemitasmnyausunmsliiinsaeuniuund uwazdamdilaldly
nsoukAnigiuauilunsaeuunsidevilaslfmalulafuazuuimenislfiaiosfiomaluladun
auayunuufinisaeulufuseuinemans

Agyei & Voost (2012) suiiuaunisdnwidi owamuiaudlawazauaiunsalunisld
Tusunsu spreadsheet iuiedasiioluntsufifnuiomadamanslutudoudwivindnuindneg
adiamanslulszimanin lnesjmisedilugnsimunanudlunsaeudumsndomlngliineluladuves
UnAnwIvdnasadnmans Tnesanainiseenuuunsdumundafoiintg (Workshop) luszesian
2 &an¥t TnsudsianssunisBouiiitunssiloruduiinlunsdusundananesnidu 3 @ ldud @
findls Lﬂuwﬁ'}Lﬁ'mﬁ’wé’ﬂmﬁﬁauﬁwsjmsaamw‘u (Learning by design), ﬂiaULLmﬁmﬁmﬁ’ummﬁu
nsaousmedeviagldinelulad, inweiiugulunisldeulusunsy spreadsheet, uazunideudiatis
vosmslilusunsa spreadsheet lunszuaunsiSeusadinanans drufiaes luniseonuuuianssunis

a ¥ a 6 o dy 1 a dy [J
Liﬁugﬂmmﬂﬂﬁ(ﬂiﬁ]’]LW’WLU@VI’]I@E&“HU?LW?&J spreadsheet NIUNTITLWYULNUNITEDULUBWINUNIE LAY

dauitany WunmeassljuRnuaeuludussuressednn (Micro-teaching) auandu dasunuiilaain
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Ay o 6§ a

nszvUNsSeusadnmansvesiiFouegsiiufiuiusesals dsdmaliindnuviindnagadinmmans
fanam¥infiesufuasunaisnsaeulseguuiiugudnuueniaiouivesido

uaNINEUWE Srisawasdi (2011) ua Srisawasdi (2013) lausvendldnseunuiAnaIus iy
nsaeudumsiomlasldinaluladifienseenuuuiommeivunelulafasaumeanaznisdoas
AMTUNUNIINGIA1ENT ANIEINTUNITIANISAN T AT NAnw I Idnaginemansluseu

o (% 4 a [
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UnANYIIYITNATINGIAENTA1UITANRIUITEAUBIAAIINS bUNTaUIN IAansInzilonlagly
walulagansaumeuazn1sdeanslafdy wazanusneenwuuisn1sdnnsiseuiinermanslneiiansan

9 ~ a I a = Y = Y Y] & v . .
misléinalulagansaumanaznisdoasilueiasiiolunsatduayunisseuila vaInuuwa Srisawasdi
(2014) lasufiunisesnuuuilomseinuuuseliesiuiainludgnsuumswazduaiunnuilunsaou

[ d’lJ £ N a a wva £ a wa a s IS
Jzilonilagldmalulagluuiunnisufifnunisaeulaeldnsuiiinismeasdingrmansuuuasiie

(% % (% '
Y U

nszvhassuaziuuiaiioudmiuinfnuindnagineimansdsudsudi 2 deiestuuistudi 4 rou
ooninUjiRnsaouluanudne feyadsussdnsuandisiuindndnuindnagiléfunisdnnisbou
msaoufinainsiauauilunsaeusinsidomlnglfmaluladldegradususssuialuiunnis
Uszgnaldufoinimaassineimaniuuvasiienssvhaiasuvuiadondmiunisasuludusoy
uenniuududioliunsni Srisawasdi, Pondee, & Bunterm (2018) léannseuuwafmieatuamg
lunisaeuinermansagadnmziwIAananingldufdin1smaassiuuadiiansevinasaiugunsaluy
nnwuarldeeniuuuasianTeiviiionisunmzuasndosenisaiunnuilunisasudunsiion
Tneldimealuladuesindnuiivnaginermans lnsosnuuunisiiauaidonlumeivladuduan
sEAUMsaiInsiug msadenmdile uazlugmsiinuudiieainanimanansalunisuszgndlinng

UURn1smeasskuuasiionseyinaseiugunsaluuunnnienunsaewInemansluseaulsaseule

ANNNANITANYIRINAIINUIN ﬁﬂﬁﬂwﬁ‘m%mﬁmmmam%é’f&ﬂénlé’%’umiﬁwmszﬁu@mmwmmmmﬁ
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asRUsznaugiuANuslunsaewine maniesgdunzuwIfavantaglduiuRnimaasswuuasiie
N3eNAT L UNTAILUUNNIN AR NTUNAIINTIAUN ST U SR U U 8T IRINATILE
91n318un1sAnwIvedagiudrunisiivnausdinats aunsaiuladediiod19vaauu
aN13alunTg Feldun nseenwuusiedvilunangns wazn1sduuundu)uinig lnelunisda
1 < = 1 | a = val A o v §f v a 1 a wa gj a a
wusluszeensediun1e vesfanssumseuinwenlesduiusiuainnguiungnisujofaulutuseun
sganansailuldlunsufdR nuaeulutuSsuniivsednsamaenssuiunmsisouivesiSoulauas
dl o 1 > a = 1 1 Y a o dgj £
a1unsafazihlugmsimuaun nindnagiiuntsutiniziiiaaanulunisasudwmeziienilagld
a N & Ya o a I3 = A vy v P & Yo a
welulag wingelsianu3dednsginanisdnufiiusasla tedunuiidulssinumislasunisiiatan
famalull
Q Siliweusingsenunsiseiiesnuuunmsinnisanwiionsimuiganinnsu iR
a ) A g = yvala v Ay o & ! Aaa o
nsaeuIngmansludnuuzidulugansiseuiniiniseeniuulaeduljduiusseniranalulagiia
(Digital technologies) Lagidn15aauUINYIANE@NITEULANE (Inquiry-based science leamning) Be19MBLTBS
v Ly 6 1 LY a o -dy ¥ a 1
duiusiuegitnaununsoukwiAnauslunsaeudnmzilenlagldmalulad (TPACK) dneu
QO SilidsenunsidefiosnuuulusunsunisdanisAinyiiionisiaungaun sy uRnu
a s a o r-:qu ¥ a o v Y A va a a
nsaeuIngmansmunseuknAnauslunsasudimzilonmilagldmaluladdmiugui dRnuivgn
ATHILUSUNNITYIUINTTINAUTENINNTRONLUUTIEIY T UL T I IzhU Lo aulads UM SduLw
FafiRnsnnznidudnvasinssuadundngasseaiunisujifnuluaaudnvinuumdgy
1INDU
a av a Y] Y] ° & v P a
d f5enumsidenierdunsimuanuilunmsaeudimnziomlngldmalulagluuiun
nsldnsesdiomalulagdmsunisufianunsasuniglaviunnislddwanasufdasuulinntn we
1 <@ v 1 a o a [y 1 [ & v a
ag1alsimudelaisenumaideifertumsvawianui lunsaeudumzilenlagldimalulaguas
AnuaEnsalunsuiRnumsasulaglddanindeunivia (Teaching in digital environment) lagAug
UNTEUIUNTIANTSISEUTIMEIMansauLane (Inquiry-based science learning) dmsuin@ny1Ivanag
wagATINemansusEanIsuIney
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weanIINUuLED NMsfiseiauianuinnduiinesiunseuiunisdanisiseunisaeud iy
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UnAnwnivdnaslany Jadenugruddgrinidudsimuanisideniiaziunielifuuinnisunisdanis
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al F 7 Y a 5 a 5 & [ . ¢ o A [ [ 1 a 1
Seuine lldaseluruseuiupie n133u3 (Perception) Fedaauiduiinsiuiuduegeftunuii

Y

Y ]

UnAnw I naTiudinazdaud alauAgIfukLINIWLaITN1INT IANSIS U o8 LAINaUNIN NG

Y Y Y

nangasNIsHanAsLNaNTUNIANYY Fedamansenurion1sFuINaeiRuIANSdwmannswaseU  URly
n13dan1siSeussanadeveslndnwivdnagiduedneuin (Faget et al, 2005) dewsiinludagdu
Aunmivesasasdamalulad, Inginisnisdnnisseuilagldnalulad, waresdaiuinlainnis

nAdglunsldmalulagiduniasdomanisiouivesisouazinlnalyunniieds winnsenuide

LY

#in9e) MenurnAgamudmiaindnundv@neg, Aguszdinis, wazenasdssiugaufnwiduioniias iR

a a

aeuludussulagenfonisussenelaedaowiunan uasldisnmsaenentoanuianagiaeuludiiseu

Ingnsaguin Judunannnanudonaznisiuinilegiuvenjiaoutiuies (Ajayi, 2009; Alghazo,
2006; Bryant, 2006). lagn155uivesindnyivndnaguuddadesieg ieatesegunn lauwn we, 333ene,
seauauliula, seiunisusediudsednsamlunisufifauvesnues, Ussaunisalify, lanafdiuyana

, hardue Aeduudmindesnisnaziauissrauismaienisladwiuindnuividnaguiu Wy 9

Y

AusineatuaLslunsaeudimzileniagldmalulad nslaudedoyaindunissuinisnen sl

Y9

° & 9] a o = a O @ v Ao a v A
ﬂqiaau‘ﬂqLW’]%Luaﬂ'ﬂﬂEJISUL‘VIQIUIaEJGU@QUﬂﬁﬂUnsU']GUWﬂEuuLUusUalla‘l/]ﬂiﬂmﬂ']@EJ'NEJQ@@W]{LGULUUWUE'WU

Y

dufunsiaulusunsunisseussendngnsnisdnnisnyvesinAnwdsndnagiieunlugnisidung

o N A Yy oA oA a & a ° Y a va ! o Y a A
N@@W%WWaqmqﬁﬂimLﬂﬁa\?ﬂJ@LV]V"IIUI@EJLUULaﬂJ@u@WQﬁaqﬂiuﬂqiﬂgUmQWUifJﬂiﬂUVaﬂﬂqiLLaSWQUQWUE'Wu

ATUNTIANTSIFEUILADETIAT

2.3 AanndeuAdiafunisufiReunsaeuingrmansludagtu
maiuiaﬁﬂauﬁaLmai‘gﬂﬁmW’LSﬂmmmﬁwmmam%ﬁﬂw%ﬁaLﬁ'flut,ﬂ%aﬁamqﬁﬁyapﬁa'awa
mzwuiv’fl,ﬁmmiLU?wgﬂiunizmumi%’mﬂ’liﬁﬂuﬂWiaamﬁaiﬁiiu‘iwmmamﬂwmﬂwmaﬁa U il
Tuwassdnnuiinermanslyiogluguenaiefiannsadileld, ilewamnmsasnudlastnadeaui
Iumiumﬁﬁwsnmam%uazmmLﬁmﬁ]L%ayjimmﬂum‘[umﬁiwmmam%u,azﬂigmumﬂﬁmsﬁqmﬁmmifma
INYAERS, Lﬁadua%umiﬁwmmmLsﬁﬂ%miuua%msJ'lmam‘uazﬁﬂmﬂszmumimﬁ‘mmmam%, iie
afuayumsUFTRnum anermanslnesniorusazulstiudeyadinemaniiiiethlugnissuiledu

duianzlussdanuiingreanssiuadeluguyudnineimans, ienseauliiianisseusluddninie
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enmans, Weatiuayunisididuvadeyanartoyantiueginlussuumainemans, iieded1uie
< % ca a Y o a s A 3 a =
nsiusIUTIdayauIngNIsalnneItesiunumIneremans, ienivaeuauduasslungulnig
INYIAANTNQNLAUDTUNT, Uzt aADUANDIRBTTTUYIAVDINTLUIUNITAULAIEUULINYANERS LN
WU gIAuAun DU Uaswadevesmaininenrians (Srisawasdi, Kerdjaroen, & Suits, 2008;
Srisawasdi, 2012¢). MMNNFANYIAUATINUMSINEIMansAnwngnatuayulagnisidinsesiiamalulad
= Y = I3 v v O v v a o 6 ' = a & 1 )
WelildundeesAnnuiswadedutedunudalsy dngnuinmalulagreuinnesyislun1susuuss
= va Y 1 o= a a v a ] o v 2

N3EUIUNITSEUSINgIA1anstaed el usednsan Tnsuwilduwasfieniesvadelunisldin osdle
walulaglunuuiRnsaewinermanstuaiunsafiansaniisenialy 2 anvue lowa UfURnsmeass
WUUasHoNIEYiNAsINIUABNNILADS (Hands-on Computer-based Science Laboratory) hazaniun1sal
TasITIneIEmEaTuuAeNines (Science Computer Simulation)

2.3.1) U§URn1sveaeawuuaiionseyinasewinuneuiines (Hands-on Computer-based
Laboratory)

2.3.1.1) hwaAniugu: B3 e3adan (25520, 25529) lananfsufufnisnaasiuual
= o a 1 a 1 =~ a vua a & v a <@
Hon337TIHIUARUNINDT I3 Ao N1sUHURNIIMAReINemansinenisidaeuiimeslunisiy
sswdayalu@nenin Wy gumgll anuieu anuvila Anudunsa-wua WWudv) Alesuiisududa

a & a 3 . 1 P 1 (5 a s o

wuudiannseilng (Electronic Sensor) 149 MlpusiaUsyanu (Interface) agfiuaauiiines lage1dunis
wUaspnuiludygrawuueunion (Analog) uiluteyawuuiinea (Digital) nieuvisdansevitoyauas
nsdnaueteyawuuAdneatunuszuunisadindunsiw (Graphical system) n1suszuaadi (Word
processing) MaNTULT @i @ n3oLondNs spreadsheet e luldlunisiimsisinalunienads lag
UuRnNsnaaeuuaianssinaseinursNiwesUssnaulumeansands (lun Aeuiames fdsududa
o A 1 a fU o U U W & =3 ¥ PN (%
MenUsTaUIEINABNTImes UM SUduNa) Larveruisnldlunisinuriuniudeyangnuuasdayeyo
wuvswdenundududygranuuiineaandisududa nszuiunisnie) Iinadungludfjifnisvaaes
wuuaalonsevinasuneuimesisuduAuTIUTINTayaun sevsthlugnisulauedeyauuusiieg
138171 “Data longing” (Lavonen, Juuti & Meisalo, 2003)

2.3.1.2) Aaanu@dnnig: Russell, Lucas & McRobbie (2003) lainafisnuaudfives

U iAnmeasuuvasiiensgyinaswiuneuiiunesilieon1siansiseusinemanslinweludl
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2)  Walddhe mangdmsunaglSeunivinveasuiunesiussauleswunioiseu

Y

a

TANUTL IO
3 advayudenisimuinwvenisAnvesiiseu laegisananuundeveanisiiu

IWTNkarInnTEyveyalunsuuRnisnaaeinemans

49 psgduliAansusniUaeuseusseniniueaeiseu

5  fivsgAnSamlunisaeuiediunisndentariinsigideyaainnsm

6)  wwliudsuteayanianuduuiusssugiliegluguvesnadnsiianuisauans
Halalaeviui

7 dwasendanivavesissungiiuanugeinlunisiseuiinemans

< S P a a = DY U o o va v vo

8  WuesewendmayszAnsningeantumsiseuslaiudnseiedmsuiSounlasy

nsnEuLTey

mﬂms%’ammLﬁaaéfmﬁmﬁ’wﬁﬂ’ﬁmiwmamLLwaaﬁaﬂssﬁw%amuﬂamﬁaLmas‘ Ch)
UjtAnsmnassassinunenfiumes ildreufiumeslunmsfvsurudeyadsnenm msldugiodianns
naaesassuneufinmeslunsianisifounisaoutiuazdesidsisnuaonadestuseving e
waluladfidouseruneuinmosuazauififeansesliiniGeuldsu

2.3.1.3) Anuanuagiiiey: ArgauauURdmzvesvesljURn1smaaeineimansniu
poufinnosudatiu Russell, Lucas & McRobbie (2003) ldnamisnadnumsfivawuosufifinsmnaans

a & 1 a Y v 1 éj
InemansuuAaunnes s Ul

1) nszdulidiSeuinaunseiesesulunsaseau ladenlunmnemans
2)  dudSuuazaduayusien1sdanisiseuiineimansniussansnmavuvesitey
3)  awnsaasensvliiouannadnslalagiuil (Real - time) Faded1uemeisn1s

lumsdrmansiaaey lun1siSeudinemansluduiSsuniavinnduresisey
4 1B091w38ANNAZAINUNTEUIUNINIINEIMmanslun1sinusIvTIndeya N3

AN N1SAAY UagTlaTevideya
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5 weshwiwldseulaldmnunenenalunseuiuaslaldmetinnsivaeudoyaiive
a ¢ 1 a J= S a Y s o a & awv o a
Agauinduaswintu Fudunszuiunisiiasioud it ulun1sidenaznisandunisnielu
o UANITINEIMIaN T

6)  dawseulanmalidiseulaiinnisviungainaziu MReraIL waznsussendly

[
=

uluyfAnsinermandiiessuneumngnisaiiiniu

7) duasunsiseuiedaiuduiusiiunseuiunsasiieuuRasimnainemans

8) neliiAnuszansnmiimnniulutsszsznaildlunmsdiufanssunissou

nsaeuluduiieuund

2.3.1.4) Fofunusani1siseus: MNKaUITeMadngrmansfinyimuinujiinmaaes
Inemansuuvasdensgiaieueouinnedtudalenalv S sulduf oA umunszuIuniamis
Inenmansldaysanndudeldindsninilugnmsnseaeuanigiuwardisansaasunnuduiug
gaadladonsnaaneineg Ialuduseuinermansvoslsasou (Kelly & Crawford, 1996; Rogers, 1995;
Thornton, 1987) uagdafislonmalunisiufduiusluseninsmsujsRnunsmeaedinermanssiudu
voaf{iFou dwalvidesweremanalnmuanidsuninin Foudsenineiu uareAuneiilevndeasulu
WD UIAMINENFAIANSANUTIIUVIRVDINUANEA1EnS LabUuae19f (Russell, Lucas & McRobbie, 2003)
SnviadidnnadaaiunisimuneudtlalusAviouuAnineimansvoidou (McRobbie & Thomas,
2000; Nakhleh & Krajcik, 1994; Russell, Lucas & McRobbie, 2003) SﬂﬂyﬂﬁwﬂﬁﬁiﬁEJULﬁﬂﬂ’NSJﬁUELQ
aula LLa3ﬁﬁumﬁﬂwﬂumiﬂﬁﬂ'§mu‘iwEJ’lmamfmﬂﬁﬁu (Friedler, Nachmias, & Songer, 1989; Friedler,
Nachmias, & Linn, 1990)

2.3.2) @01UN1INIIADINIIINYIFIAATUUABUNILADS WUUTUJAUWUS (Interactive

Science Computer Simulation)

[
=

a v 6 o a =] o w <
2.3.2.1) wwrAafiugw: Jagduaniunisalinassuunsuimesidunumddglunisdu
al A A Y a a ) a & a a ¢ '
wnseslefdwalviianisiasusilunssuiunmsdanisiieunisasuluduissuingremansidueeg1auin
T¥ad p3adan (25520, 25529) linandsaaiunisaldtaesuunsufianestitndunisujiinisveass
Wemanslasnisldnauiuneslunisdiassmnulunainswaznalnuesusingnsainienismaasanig

Ieeans Jeanunisaiignitaesduansliiiuiseyadamguinidinermansvesusingnisal
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U a e‘d' | =3 Y YV 1 1 q' v a o U v
Togratowassluusngmsaiildaninsausaiulameniiual, wazdiunannsaasisufduiusiunisly
Uszaunsaluuinismaassuunsuiimesiailouasio U iR 933le (Akpan & Andre, 2000; de Jong,
1991)

2.3.2.2) AuauUAdnunIzharAuanyueilAY: AuauUivesdniun1saldnassuy
ADLILAD TN UILABNITARASUIUNITIANITSBUTIEIAan STuaNsaasUladn anunisalinass
UUABUN A UUYI8ES 190N 1@ U 1NT UIUNITEI5I9RTIFBUBUIAANIINYNANERAS bANINATINNT
UfuRn1sveasauuuadiionszyinasawuudasiy JaUfURnsnaaskuvasionszyinasdlianunsanauauss

A N Yo oA Y o w | ) ¢ al A v ~ &
violdoeueldsuileunandesiin wu TanaunsalnTainseiesneg mildeinuazdsings, Juneu
Ut mieasiidesdudaneliiinsunsnels, Ujiinsmeassisndudesoderinuzsedugdunis
UjiRau, mveassitliannsouansaiifieduliiuldlagiui wideddsseznaenumlunsding
A a X v & Ve Y] a 1Y) = ! ] v o Y

HaAnTy, wanslnauladmainsniswisuudadlusesrulianaddliaunsanesiulanisnisdunasie
auuUnd, IWalendlilanaasslasurmisilmesaneg Mfeitesiunalnnisiintuveslsingnisel
a s & o Y oA a wa & a 9 v A o = al
enmans, weswiglilnasisujiAnisveassaliowasaaglildnarunniiienasfAnwRouluveinis
NAaRINIINermansAlasunillaiunsanansdiiunadns Lo lurieseeziiatdu (Morgan & Morrison,
1999; Strauss & Kinzie, 1994; Sahin, 2006)
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2.3.2.3) YaAUNUAoNTITEUS: MINNANUITENITINeIMmansAnyinudinisidaniunisel

YV a

"\TWaEN‘U‘LlﬂEJlIﬁ’JLG]EJ%IUQ’WW]?‘?]J@ﬂ'13L‘%‘EJ‘Lli‘i‘VI‘EJ’]ﬂ?ﬁ@ﬂﬂ%ﬂﬁﬂﬂﬂh«lﬁﬂB\I’ﬁi‘ﬁmLi‘c’JULﬂﬂﬂ’]i‘Ui‘ULUa gUAMIU

Lsi’fﬂwiumﬁﬁﬂmmLﬂﬁ'aummﬁuﬁ'msﬁaquJ'ﬂmstﬁ‘JummLﬁﬁwiﬁ]miuuﬁ?maﬂﬂwamﬂﬁ (Zietsman &
Hewson, 1986; Bell & Trundle, 2008; Zacharia & Anderson, 2003; Windschitl & Andre, 1998; Muller

o

Sharma, & Reimann, 2008) WaznuiedawsInermansfigiouldsundeiufduiussvaniunisal
Fraesvunenianefiuinudnd wazvesveualudsuuAnldidued 9i (de Jong et al, 1999;
Veemans, van Joolingen and de Jong, 2006; Winberg and Berg, 2007) uammﬁuué”smamﬁaﬁaui
fuanunmidiaesuunoufinmefdmareianailunnFousinermanivesidsulubsuannntu (Geban,

Askar, & Ozkan, 1992; Swaak & de Jong, 1996)
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2.4) nsuuReusauIngimansiiunagnsn1siseuiIneaansduians (Inquiry-based Science
Learning Strategy)

grsmaninIsinn1sisuyinemansiaudamssed 19 audsiagiiu mansedunioth
mai5ouliidnguiunvesmsdviazuuuinermansii eduasuliiAnamdilalusluimivay
nszvannIasingrmand uaglifianadinermansiuduialandnnisduineraansdnyn

(Srisawasdi, 2009) N5t3eusINeEIERsIUEULE1E (Inquiry-based Science Learning) Wuisn1sdnns
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emansuavmaluladfnwseivuunivaremhsanulamnual i duiuimiainisinnisiseuivan
AE NI UNENADUALDIW DI NYLTTTUYIRVBINT MINT IR INeImans laegiiussdnianuag
donndaudusted dmsuuiunnisdnnsfinyineimansluszaunisfnwduiiugiuduanid udaesy
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Aanssud1sansvdeulazn1sUfuAnisvaaes welidnizeuldifnaudilalunlun@inedians
(Scientific concept) haglasunNIIHAILYTINYENTEUIUNTNIAINEIFERT (Science process skills) Ta194

duasuliiinlanainiaingrmans (Scentific attitude) aunangnisiauinwen1sAnegelissuulng

AilaflipnuduTussEn I LR asNaUEugIuTINatuayudeasUumeUssInneuNaI NN T0nTIvEeY
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Auesla (@a13nd araduwasling fsadan, 2555; I1u1e Yinuwastiad ASatan, 2555) 911N
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(1 mmmﬂ%’ummzaﬂwaﬁmwfammLmﬂmﬂuﬁjug’]uﬁuamg (Adapts to Each
Teacher)

2) Lgaéﬁmwiamiﬁauﬁwm’mazmﬂiﬂﬁuaamuwﬁé{ (Allows Self-pace Learning)

1 b4

(3) Fremszitedatisedudlile (Fisures out the already know)

AURIRT)

Y o

@) FamTeudunianisifeus 3niguaaalil (Provides personalized learning
pathway)

(5) aﬂmmLf]ﬂﬂizaﬂﬁ‘miﬁ&uiﬁﬁLWWQ@@@W (Follows personal learning preference)

(6) HaeliudazyanaiFouslduasifiunndududidu (Helps individual learning and
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wingnsldauseuulan https./p-tpack.com/ fan1ni 3.1
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P-TPACK.
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Technological
Pedagogical and
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Training System for
Teacher
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uwuusuwryanadHsung

ABOUT

P-TPACK adapts to Each Teacher
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(%
[
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(1) Tuga 01: TPACK dwfunisdamsiSeusifieduasunimanunsalunisaitsdosuieid
nemansmeluuieuey (T-SEE)

(2) Tuga 02: TPACK dwiudaasumsiananisBeusifionswauilagldluusuey (T-FAE)

(3) Tuga 03: TPACK dwsunmisdnnisiseusujdinismeassingimansduianzlaeluuieus
Uvasaunialiu (T-SIL)

(@) Tuga 04: TPACK dwisumisianisiseuiinermansauiaglagldaniunisalinae (T-
ILS)

Y]

(5) laga 05: TPACK dwfunsinnisiseuiinenmansduaglagldinuadnia (T-LG)
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(6) laga 06: TPACK dwfunisianisiteuiinermansauanzlagldmalulagainuaiuasy
(T-ILAR)

(7) Tuga 07: TPACK dmsumsdansiseudinermansduianzlagldansalnudugunsal
ATIVIANTNARBY (T-ILES)
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3.2.1 lugansilnausu (Training module) FududufiIngnsginniseusuaiuisaniasiuiieiiiy

luganisineusudnlulussuudmsuagidnsumseusudmesuiaals
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s P v AV v Yo Y] a
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TuQa 03: TPACK dhndumsdomsiZeuiufivamsnaaoudnenmaas
Fuan-Tosluusuadvavauisolwu (T-SIL)

5-0004

Tuga 04 TRACK shrsumssomsiSeudaninmaasauanloati Tuga 06: TPACK shrsumsSomsiSeusanenmans
amumsaidiaso nAILTABAIILENT

Tuga O7: TPACK dhindumsSamsidauddnenmaasiuiarliosldau 3 Z A HWUG0
Salwulbugunsniasyasomsnaaao (T-ILES) 5 neifaudafuaunsalwu (T-SIL)

5-0008 5-0009
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lugatlnausuAdinizlatganuraunieniveinius tlunsaeudwmeziienilagldmalulagn
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Tnsvaswlugainausy # ninan
1 Tuga OF TPACK disums SamsideugiitadoaBunawmunsalumsasodasunelBosnemansaselune
usu (T-SEE)

B Unil 1: ANLFavAUS:NEUNUZIL (Fundamental Knowledge Object: FKO)

k3 mw%‘(u\ﬁarﬂ(cm: mMsaSunendodnenmaas (Scientific Explanation)
O dnandwo (Claim)

O ussSndwenu (Evidence)

O msliiigra (Reasoning)

O msaBuneoSneman (Scientific Explanation)

= Axwiluzsmsasu (PK): 35missomsiseuipnenmansduian: (Inquiry-based Science Learning Strategy)

O ns:uoumsEsuiSnevmaciguia: (inquiry-based Science Learning Process)

O msSomsiSeuisnemansd JuRLiLFEMSMU3NEMans (Scientifc Method-criented Inquiry Learning Orchestration)

O uwujddoumssomsiSeusSninmansduia=Ailua (Best Practices in Inquiry-based Science Learning Orchestration)

£ avwituinalulad (TK): luneuauwaindu KKU Smart iNote
O msdwnuniionssuduaiu (Master)

O msadounfionssudieauian (Create)

O msdviuGamuuniionssuiignuhluls (Employ)

O msthuni JUGnumsSamsiSaud
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B unA 1: AYWSpVAUS:NBUWUTU (Fundamental Knowledge Object: FKO)
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« Fnandw (Claim)
* Us=SnGwenu (Evidence)
* mslitHqua (Reasoning)
* msaSueBolngnmans (Scientific Explanation)

AnuuSEMsaou (PK): 38mssamsideuddnenmansduia: (nquiry-based Science Leamning Strategy) 3 0
* NS:DUMSISEUEINEIMAansdula: (Inquiry-based Science Learning Process)
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* wwUfsEnumsSomsidoudSneimaasduian:iidulan (Best Practices in Inquiry-based Science Learning Orchestration)
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Tuga Joaau
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iugnu (Fundamental Knowledge Object FKO)

(CK): msaEuneBaanenmans (Scientific Explanation)

Folivloany daaourionua 430
# fow

1
Alienuuae Anade (Claim) Aoads?
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doerhiyanadailtiluoso
doyaBous:Sniiwgodldsuluta
dafiafiudausingmsaintoia

Us:dnuwenu (Evidence) Huneduols?
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GoAatfiubuyana
dannuiidudolutufirmuasoriuthu

© dayafgnsoiuniisatiuayurinanag

misiAlHGHa (Reasaning) Hunefiva:ls?
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/ Tuga 01 TPACK FHdunn: sansnlumsadomadneBosnenmansielung

8 = uaU (T-SEE)
Tuqaknausy = x
ey

£ anwiludom(CK): msaSuBIEosnenmans (Scientific Explanation)

# daaau AT

Andndw (Claim) e
Ao Andndn (Claim) Aoosls?

————
© foviryaaadoiudusta

fovdfiyasalo HliDuste Usedindwenu (Evidence)
TayaiBousdnififgeildiulata
defactusiausingmsnintita

mstiimaua (Reasoning)

msoBunuiBainuAians (Scientific Explanation)

—
dndmidg (Claim) e
Usedndwunu (Evidence) winefiools?
fovrfiyasaiiohiuete
doRadtusuyaaa Ustdindwenu (Evidence)
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mstlingua (Reasoning)
msobunuBeinurnans (Scientific Explanation)
—
3 dnamdw (CL
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uaJ (T-SEE)
ndung e = ~
& wuusaiuSuwiyana unieu uwAaHan ooy
AWIDOA WUz Object: FKO) * wwuiidnumssomsEouSnomaasduiariluian (Best Practices in Inquiry-based Science Learning 3 o
- Orchestration)
* msdomsiZouSneimansduiauuuiitiudEmsmoinenmaas (Scientifc Method-oriented Inquiry Learning
noINS0U Orchestration)
* Anando (Claim)
* Us:SnGwenu (Evidence)
* mslAtigua (Reasoning)
* msaENBIBINENMAn (Scientific Explanation)
* nAs:UMSSoUSSNeNMansdula: (Inquiry-based Science Learning Process)
* msdhununiionssudiuadu (Master)
* misaduniionssudeautay (Create)
* msiudamuuniionssuiignuhluld (Employ)
. mst G6i SECT
AW Bonsysanms (D d Object om awndursluiariudamumsiEeudsnemansuotini 3 0
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= AwSooAl iz (R Kr ge Object: FKO)
# daaau AT
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Uszdndweu (Evidence)
—

mshimema (Reasoning)
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Usedingwenu, mstlivesa, msaBuieusingnsel nerundeuinnamanfiua (Inquirg-based Science Leamning Process)
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£ anwuidon(CK): msasue@o3nenman (Scientific Explanation) o

01 Usingr feiterde weBuwiBmnmant

* Amdandw (Claim)

* Ussdndnuu (Evidence)

* mistimgua (Reasoning)

o nisoBuuBuinnmant (Scientific Explanation)

02 aviusnouues msebuwByingmant

£ mwilusEmsasu (PK): 38mssomsidouddneimaasduian: (inquiry-based Science Learning Strategy) 0

05 Tassabfugnitmsdammtoufimnmaniiune
* nsrunsifoudinemanidua: (Inquiry-based Science Learning Process)
o nisdamsuuiImnmaniuauuuiiuiuiBnsmeinnmans (Scientife 06 B uj ®
Inquiry Learning Orchestration)
* wUftBoumssamsiSoufinnmandduaeiuda (Best Practices in Inquiry-based
Science Learning Orchestration)

= anwituinalulad (TK): luneusUwalABU KKU Smart iNote o

o1 ¥ilen d; KKU Smart iNote Taogllunny

dl o 1 v o dy 1 1
LLNUATINT 3.10 mamwu’mamimuumgﬂLLUULuamLmangLLuuaaeﬂuizUU
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& 5U|[uu[daﬂ1 TPACK 1 / Twga O1 TPACK dmsumissamst NABUAN reuay (T-SEE)
nouRuZ U (Fundame Scientific Explanation)
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+ i 15wms

msasunelBoinemans (Scientific Explanation)
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1 ANUZEVAUSNOUNLU (Fundamental Knowledge Object: FKO) / AnLZTUIdoMI(CK): msaBuneiBo3nenmans (Scientific Explanation)

i VercAp : dauluUfdudiugshumssuiouusyuuaoUs:aumsai
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R - Claim Evidence Reasgning

msasuneBolnenmans (Scientific Explanation) Us=nau
deaddstho?
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Pre- and post-test measurements | n Mean rank | Rank sum z p r
Negative rank 4 14.00 56.00 -7.571 | .000* | -.78
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Tie 14

Total 94
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a

Foudinermansduiaglagliinuddvia (TIL6) Afideruslugeudumsiiomlngldmaluladin

Y

’«T]”asuaaﬁﬂﬁﬂmwwwmwmmamﬂmLﬂuamq e N YA (ﬂmu’]’]ﬂa’lﬁﬂ’ﬁﬂﬂﬂ’]iLiEJ‘LliLL‘U‘Uﬂ’ﬁ

Y

ho))

IS a wa

AneusrihunslinsdAnwetaiinsufiinsidonasinunauasinadniiduaiunisiioudves
fieludevmsumnslanilnialy asthomionhmatsusifieaiumuilunissimaienlaeld
welulaflfiduegraszaniua WesnldFousiunsdinisufifets uasdumsujuiRidasednd
punsiAnuasee SnddlddnanuuumsussendlduuaufiRaunsdAnudnansautuiu
ﬂ’ﬂﬁﬂwﬁm%ﬂgmﬁuﬁw Fenadnisinantduaenndestunaiuideneuntiives Jimoyiannis
(2010), Jang & Chen (2010), Srisawasdi (2012),Srisawasdi (2014), Srisawasdi & Panjaburee (2014),
uag Srisawasdi, Bunterm, & Pondee (2018) @ldoanuuuluganisilneusuuaznnasdldlunis
Janssunsaeulusgivivewmangnsfinmemansdudin dmsudnAnuividneg wasysannis
NaI5NMTLTUIAINNNTAAN (Case-based learning) uagnuinaisnislulugadenaiaiunsnasng

suanuslunisasudnmsilemingldnalulagvestnAnuindnagineimansiiiuaule

5.2 NAAWSYRIN1TRNUUUKAZNITWAINITSUUTATULUULATNAaRa L5 suUTlARULUUNIY
Tuga TPACK dnsunisdanisiseuiinerrmansduianziuujianimasadlaeausdaiuauisn

Ty (T-SIL) Tueseud 2

¥
v A ¥

J37edldvinisasiaaeunisiudsundawesauslunisaeuasfiudnwiding

=

idemlpgldinaluladuftfnismaasdlaeiensoruaunnlnu (T-SIL) vesnginermaniusydinis
Tngltns3As1eanfTao9d s uuldwndwaswuuisnis Paired t-test kagyinn1ShUSHAYDIYUN
BVBNA 3 SLAUAUNTBULUIAAUBY Rosenthal (r) (1994)
o [ a s o dy % =l a wa
HaangINIeTeiavkuuauiluaeudnnsidemingldnalulaguiiin1smeaaes
1AL DUABDNUANITAINY WU ASLUUNEILS JULASALLUUNDULS S UL NAANTVDINITILATILILTIAD

AIP15199 5.2
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A5199 5.2 NANNISILATIZAALLUUNDULAS A S UMUEDRA

Domain Test TPACK score (N=161)
Mean SD t p ES

CK Pre 2.14 1.100 -6.209 .000* 0.489
Post 2.89 1.255

PK Pre 0.54 0.592 -6.193 .000* 0.488
Post 0.99 0.689

TK Pre 0.90 0.743 -6.659 .000* 0.525
Post 1.43 0.722

TCK Pre 0.38 0.487 -4.696 .000* 0.370
Post 0.64 0.482

TPK Pre 0.44 0.498 -2.540 011* 0.200
Post 0.57 0.497

PCK Pre 0.61 0.488 -2.394 017* 0.189
Post 0.73 0.444

TPCK Pre 0.25 0.437 -2.898 .004* 0.228
Post 0.40 0.491

Total Pre 5.26 1.653 -10.177 .000* 0.802

TPACK
Post 7.64 1.879

'p < .05, (N = 161)

3(Effect size = Z/N, Rosenthal (1994)).

A ] a s ° ~ o £ = va &
1NHN1TNN 5.2 ‘W‘U’J1ﬂg%%ﬂﬂﬂﬂﬁ@iﬂizmmimNaam]‘l/lﬁmil,ismgmL‘IJu%LLuummiﬂu

msaeuaziiudnwIumziemiegldinalulagufifinisveaedaedousaiuausali (T-SIL) g9

wnfulpgiUSeuifiguivaziuunaunaglasunmsdilneusuriussuuilnaduwuuriuluga TPACK

o U (% a VY (=) ! a wva P 1 [ s 1
a']Wi‘Uﬂ'l'i'ﬂG]ﬂ']'ﬁL’iEJUE'JV]EJ']ﬂ?ﬂGﬁ?{ULﬁ?%NWUﬂQU@ﬂWiWWaBQIWEJL“Uallm'é]ﬂUﬁll']'ﬁ{ﬂIWU (T-SIL) B89

(]

pmd)}

9 v aaa Y 4 o s v N
UYANAYNINANAN TEAUAINULT BN U 95% 1unﬂ@ﬂﬁﬂ§$ﬂ@U‘U@\‘1ﬂ’J’m§j§7u ASUATIYUINUBDN

NaN3ENyU Rosenthal (1) Tuudazesdusenauvesnuigiumisly 3 seav liun auiaidn (S) wuin

[

nas (M) wag aualng (L) asidiauslalunini 5.1
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*n =<.05; Total N = 161

WHUAINT 5.1 AT1vluanwansIneiileufiguazkuuauslunsaous vewasIne mans

5.00

Score

L
*

S

| fw fw fw FW
| [T

TPACK Total score

o

M Pre MW Post

U5EINNSAINIINBUSY

WINIASAIHATNENITIATIZARINa I Tuand LT sadnsves ssuudnaduwuy
iuluga TPACK dwmsunisdnnisiseuiingimansauiansinuliiinimeasdlagdeusaivauise
Ty (T-sIL) Ndsieanuluasudnmziilemingldinalulagujifinsnaasdaouseivain sl

a I3 ) Y 1 a
mamgwmmamﬂizmm'ﬂmL‘Uuamqm

[y

vYa a @ 1 a v 1 o [y [y = Ya s
ﬁ;lj’.lﬁ]EJﬂﬁ]Wm’]’ligUUUL’JﬁC‘luLLUUNWUIEJ@Ja TPACK E‘I'WﬁUﬂ’ﬁ‘\]fﬂﬂ?ilﬁﬂuz’]‘ﬂ%ﬂﬂﬂﬁﬁi

a va

duianzruluanisneaedlagid eudenvanisaliu (T-SIL) dudnisussyndldinalulag
Jayayrsedvg (A) tieasinalnnisiSeuswuudnmizyana (Personalized learning mechanism)
| =i ° = v oA v ° & v Ay oA a a
wyrswmieninsseuiineaieanuilumsinmzionlagldinalulaglaegeiussdnsnauas
wlughInmziuseauauiguvenLslunsaeudimzioningldinalulagvedusiaryana 39

ganAdpsiuuAnIINIsisBusiussuuinemuuuunilussuududiunmsSeusuuudunzynang

Y

[ '
v a

(Personalized learning system) 6 @1315091988nIEAUANITTAULIUAITTANITITBUNITAO UV

&9

AsRaauld (Harris, 2016) uenanntuudy n1sussgndldszuumalulagndugiulaedyyiuszivg

\Wwagan sRLIANNENNTalUNSUfURMUegnileaTnuareaduayulingiaeua1unsad

gzasmuinvideanssausn1sUfURNunsaeulmdued19d (Hwang et al, 2020) uonaniiy
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LAT NAANS AINA1IU UADAAD BIA UNAIIUITUN o UNU1UBY Angeli et al. (2014), Timotheou,
Christodoulou, & Angeli (2017), Gynther (2016), Ma et al. (2018) wag Kajonmanee et al. (2020)
FelAT18UNAFNEN1TIE W aUNITTEUT WUUTINIBYARAFINNTAFS 10ATUAINS LUNT

U iRnunsaeuresnglsednsiinaula

5.3 NAANSYDINITONUUUKALNTHAIUISEULTIARNY Taluaznaaasldiuluga TPACK d1usu
n13dansifeuinedaaiuadnuaiunsalunisasnemasunsBeineimansnigluunetay waa
YU (T-SEE) Turesauin 3

5.3.1) mawagugupuFlunisaoudumzidomlngldinalulad (TPACK transformation)
Ya o dy Y o a < =3 o
A338dlavn1snTIraeun1siUdunyaseinnus lunsaeuazsiudnwidung
WavnlaeltnalulagluungwaUnanduiioas 19a5 UANUEILITALUNNSAS19Aa S UeTINeNfdns
(T-SEE) vasnAnuividnaginermans lagldn1sinsigvatfigednsdawuuldniivesuuuisnis
Paired t-test kazyINISLUSHATDIVUINDNTNA 3 SLAUMIUNTOULUIAAYDY Cohen's d
HATNSIINIATIEAzLUUANNS ugaud I zilenngldnalulag luuiswaUnain
FUN DA 1WA UANUAIUITOLUNTASNAIDTUIULTIINGIAIENT WU ALLUUNSILS S ULAEALLUY

' a = v s a ¢ a aa o a
ADULIYUUNAANTUDINITIAIILWLYIENG AIMNI1T19N 5.3

A15199 5.3 NANISILATIZAASLUUNDULAS RIS S UMEDR

Domain Test TPACK score (N=59)
Mean SD t p

CK Pre 0.83 0.79 -18.25 .000* 0.89
Post 2.93 0.64

PK Pre 0.88 0.42 -24.51 .000* 0.60
Post 2.76 0.54

TK Pre 0.34 0.58 -27.14 .000* 0.92
Post 3.59 0.70

PCK Pre 0.85 0.52 -12.10 .000* 0.56
Post 1.73 0.45

TCK Pre 0.64 0.48 -8.60 .000* 0.70
Post 1.42 0.50

TPK Pre 0.47 0.50 -12.32 .000* 0.67
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Post 1.54 0.50
TPCK Pre 0.63 0.49 -5.88 .000* 0.49
Post 1.00 0.00
Total Pre 4.64 1.59 -38.47 .000% 2.07
TPACK Post 14.98 1.49

"0 <.01, (N = 59)

NN 5.2 wuegInermansussanstinaduguinisisoudiiunsuuuaauily
nsaeuanfisdnusuimaideningldmeluladufoinismanedasdendesvauinliu (T-SIL) g9
wndulpgieudisufuasuuureuiiagldumatifineusukiu ssuuiinaduuuusluga TPACK
dwsunisianisSeuiinemansduiagsiwuifnsmeassdaeideudefuaunaliu (T-SIL) oens

o v

Wod1Ayn1eadifAnseauaud oy 95% lunneinlsznauredndnus §Iu wazda1vuInves

pmid)}

nansznu Cohen's d luusaresdusznouvesruigiunisly 3 seau laun vuiadn (S) vuianand

(M) waz vunlug) (L) 69
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Aivauslalunng 5.2
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=l
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m Pre mPost

— % —

=i
TPK

— % —

v I

TPCK

L
*‘_I

Total

WNUAWT 5.2 nsvluansmansinTeiiuSeuliiguazuuuauslunisaeus Yesindnuivninag

ANYIFANSNLUITINBUTY
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wiInfiarsaraansnIsiaszdtenantuandiiudwadnsves ssuuinaauysel

H1uluga TPACK dwmsunisdnnisiseuiiieduasuanuauisalunisasideiuiedangimans

o

feluunsueundindu (T-SEE) fifdeanuiluaeusimzidenlasldineluladluiswoundiady
duasuauanunsalunmsadsiesuiedaivenmansvetin@nyivdnagineteansiaiduegn e
MNUAENSAINGT FRITuAmuINTEULTnAaNysainuluga ’iuluga TPACK dwsunis
famsFeudieduaiunrmasalumsaiiadosuiaddineimansdneluueueunaindu (T-SEE)
fuiinsuszgndfldinalulad dygruszivg (A) weadianalnnsifeuiuvuinmeyana
(Personalized leaming mechanism) azdhewniisninaiisudifioaisnnuilunissimadenilae
Tdwalulaglaeg19fiussaninanasiiugTmeiuseauaINsgIuYesAus lunsaoudnieg
domlagldmaluladuowusiazyana Ssaonndesiunuafniiiinisléidoudifussuuinafuiuuiiiu
sswa’aLa'%mmiL%uit,wuaj’%wwqﬂﬂa (Personalized learning system) ﬁ?u anunsafiazenszey

aussouzlun1sdnnisiSeunisaeuvesagiasuls (Harris, 2016) wananntuuad nsussendlydsyuy

Y
ad & a ¢ & J ! [ a va 1 o
waluladfilugulaedygiuseivgiaegiuedanisiauianuaiisalunisuifauegiedie

e

o1¥nuazsaduayulvinjiaeuaiunsaiazasuanuinninneaussaugn1suuAanunsaeula
I 1 a & [ LY Y] | & [ (9] a o 1 12
Wueded (Hwang et al., 2020) UBNIINUULAT NAFNEAINANIUUADAAABINUNAINUITUNDUNTINUDY
Angeli et al. (2014), Timotheou, Christodoulou, & Angeli (2017), Gynther (2016), Ma et al. (2018)
LAy Kajonmanee et al. (2020) @slasrgaunadnsnislddawindounisiiousuuuinnizyana
aunsaassasuaNuslunsufiRnunisaeuvesngusedmsiiiauaula

5.3.2) M33UMdnenslneUsuIvITNaIuTE UUTIANITANOUTIAEITUNITTOUUUTTUN 2

vamanelanalnvesssuullyg1usedvs

%
Va v A 1

AadeillivinnisnsiaaeunssuInddenisineusuiv@inEusruuinensinousy
NeatumsasuiuuInzuaraniglinalnvessyuutyauseivgvesinfnuividnagineimans
[ AV Yo '3 =1 a o 1y 4 1 <) (% I v 1 o
nde1nilasuyszaunisainsivduius Ineuuseanidu 6 d1uges laun n1smvuadnung
(Goal setting: GS) 1AT9a519¥8358UY (Environmental structuring: ES), nAlau1ev8n15A9 (Task
strategies: TS), N159AN19L381 (Time management: TM), N15Wa291162%98 (Help-seeking: HS),

a

wag N15UsTliuAWeY (Self-evalution: SE) laeldnisimsneviadiidsussene laun A Aade
drundenuunInggu wazseeay WousseneaNuUIINgNIsNAnTumunsaukuIAniimua bl
HAGNEINTIATIENNITUINTNSENRUTIAINANEUSEUUTNANSHNB TN IR

nsaeuLuuIzyaranielinalnvesssuulyavseivg anunsainauelannisnd 5.4

80



M131991 5.4 HANMTAATIZVIAZLUUNTTUIMEERA

Domain Test Descriptive statistics
Mean SD Percentage

Goal setting (GS) | Post-test 18.14 1.34 90.68
Environmental Post-test 15.15 1.86 75.76
structuring (ES)
Task strategies Post-test 15.44 1.21 77.20
(TS)
Time Post-test 13.88 0.83 92.54
management
(TM)
Help-seeking Post-test 14.49 1.47 72.46
(HS)
Self-evalution Post-test 18.19 0.78 90.93
(SE)
Total Post-test 95.29 3.61 82.86

¥

NENTNN 5.3 nuInANININATINGIMERSIAzLUUNTTUTEEA lumMUNTIANITIAN
(TM) Aevlusosas 92.54, n1sUseiiunuiad (SE) Andusesay 90.93, n1siivusstivane (GS) An
Hudewas 90.68, nalauravesnsia (TS) Andudesaz 77.20, lassasisvasszuu (ES) Anluiosas

75.76, WaNSWaIMNetae (HS) Anvdusoay 72.46 mudisu deanuisatnaualaluning 5.3
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Goal setting

(GS)
100 90.68
©,
0 .
Self-evaluation Environment
(SE) 90.93 60 structuring
75.76
* 40 e (ES)

. S o
Help-seeking  72.46 77.20 Task strategies
(HS) (Ts)
()

92.54

Time management
(TM)

WNUAWT 5.3 N51MlLansan1sinTeiAzuuun1sius vesln@nwnivndnaginetmansmdis

UIU

Y 8 o a a ecda Y] ° Y ° ‘:4'
aensUseynd ldmaluladUyauseavgniauanvagdnmziasilsndunisvinaui

9

o ¥
v Y A o

Bedhwnedensineusumenuedlaganysaiuuuilumalulagfdvianu Judedwiglifieniens

o

SudiFauanifntusieldausyuu §afi Van Schoors et al. (2023) wag Pfeiffer et al. (2021) nanl3

1 [

1 MITHUTWUUT N IZUARARUSEUUATTALR U s levdnan1siseuiderldanunindunsiaounse

UniFeu wagaisananwuzwaslandudimzvesnalulagUyaiuseivgaenaitu nsaiuise

<9

Wnausyfduiusuuudnmzyana (personalization) iderdldaussuulatudaadenuamiauin
vosusvaunsaimsldnulunmsiuvesldauls (Ram, Harris, & Roll, 2023).

5.3.3) msgeususionsldinaluladssvudinanisiineusmAgafunsaeusyus uwIzyAna
melanalnvesssuudlygivseavg

fideillévinnisanaaeumssuiiifidensfinevsuindwiruszuuinansiinevsuieaty
n1sapukuuInnizyaranigldnalnuesssuulygyiuseivgvesindnuividnaiinelmans
vdsniildsuuszaunsalmsiiujduius Tneudsoonidu 5 sudes loun msfldfmansznunns
\Seug (Perceived impacts of learning: PIL) n15% Lo eUselovivaaudunianisiseus 91wy

(Perceived usefulness of learning suggestion: PULS), mﬁl@fﬁﬂmmdw (Perceived ease of use:
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PEV), 1amAfR (Attitude: ATD), Uszaansan1shaanu (Intention to use: ITU) lagldn1s3asizians

WausTene lawn AU Aedy diudeuuuuinigiu wagsesar aUsse1uALUTINgNITali

WAATUAUNTDULUIARTAR U LY

HAdNSINAATILINTTUINTden1sHneusIAv I usTuLTnANSEnausILAgIiU

nsaeuuuIzyaraniglinalnvesssuuldygivseivg anunsaiauelanwisned 5.5

A5199 5.5 HANNSIATIZIALLUUNISERUSURDNS IwmAlulagmeadi

Domain Test Descriptive statistics
Mean SD Percentage
Perceived impacts of | Post-test 18.49 1.18 92.46
learning (PIL)
Perceived usefulness | Post-test 13.61 1.19 90.73
of learning
suggestion (PULS)
Perceived ease of Post-test 12.88 1.42 85.88
use (PEU)
Attitude (ATD) Post-test 12.14 1.70 80.90
Intention to use Post-test 13.08 1.60 87.23
(ITv)
Total Post-test 70.20 2.93 87.75
1nA15199 5.3 nuidnAnwiindnagineimanidazuuunissugeanlunisyleds

nansenumaieud (PIL) Andusaeaz 92.46, mslataussleriveondunianisiseuisnime (PULS)

Anduseway 90.73, UszasAnanisldau (TU) Andusesas 87.23, n153ladeAnudng (PEU) An

WJudesax 85.88, wazianaf (ATD) Antdudesay 80.90 sud1sU Feausavtauslaluning 5.4
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of learning
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Intention to use 60 Perceived usefulness
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87.23 » . 90.73 (PULS)
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0
80.90 A
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(ATD) of use

(PEU)

WNUAWT 5.4 n51vluanmansiinTeiazuuunsius vealnfnwnivdnaginermansimdnig
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'
a &

aensuseynaldmaluladUygiuseavgniausnuvagdnnizsiasilandunisvinaui

%9 9

v
CY K Y [ ]

Lﬁ"aﬁﬂmwiamiﬂﬂamm’hamuwﬂmsamyiiﬁmwLﬁuLMﬂIuIa%?mauu 3 afududdnyvialer
JldsnuszuuiionsiSouuasiannuedinisseniuseuumiansidoudfmenueaiussuuia
nalnveanaluladiinan Geaenadosiudedunuainnsiseves Panjaburee, Komalawardhana, &
Ingkavara (2022) #151891ul491 AudnvazYesn1sSsud i mdunsnsiSsusigauugiian

aTAUNANTISEUIVDAaTANRE T Iz vt udmasesinsunsreusuluU sEle v nia T

1 a ¥ ¥
W@ﬂﬁiLiﬂugﬂJ@ﬂﬁﬂ‘Nqu
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unil 6 A3UNANITIY

lasaNIdeilyjsiageaniuusasinugliuunsineusudmsuasiasusuulndludnuuen
I3 a = ° % = a A o
Juszuvinanisinevsusuuinmeyaealagldmalulagdyaruseavgimeinuianuilunisaou
° & v A o v a 1 = va s Y °
FJumstilamilagldinalulagdmivd windeunsisouiinermanswuunnninag auisatilty
Uszgndldlunsiaunnunimnisufiianunsaesulagldinalulagidviad wivasiaou suagdinig
I oA [ (Y] = 1 [l o .. . a a a
JuwwimanivseuinnssuvenisdnnsAnwiegiausiugl (Precision Education) Tuusuniwainag
= d‘ 1 LY v =2 a IS =€ % a wva
Anwiienisusimiziazvaundndnyividnaguas sauludnisenseauaaninnsuguiRanunis
aouluanufnuvenzuszdnnis

o a a v q' gy s o A 9

nsAdunTITeeseun 1 Ifnussasdndniiiossnuuuskazaiisluganisineusuaiusiy
nsufiRnumMsasuInermansdmsuagIneremansnunseukfnauslun1saeuInemans
=] ! o a U RJQ' ¥ aa v d' ¥ Y o U a v dy = o
dulazognednzwnfAavanlaltdundoufsviantieenuuulidmsulasinsided uaz@nwiun
= o ¢ = v Aa ° & v a
Jefanadnsvesluganisinevsuduwuundseanuslunisasudnmeziiomingldnalulaguesns
MeAmEns nnanIsnaaedldluna TPACK dmiunisdanisiseuiineimansauaivlaelding
Ada (T-ILG) WiensAnwiisestunuinduasunenisiauinuilunisaeudimzilenilagly
walulaguespFinemanslviavula

N13ALTIUNTIT8950UN 2 TinUsvasandniiionanuuuiasimussuudnAsuLUUE MY
nadsnsiinevsufeIfunsasukuUIIsyaranielinalnuessuutyguseivgioasnaasy

° & v a v <, o a oA °
anuslunsaeudnmziomingldinaluladvesniiaeu Ingn1silunisaniiunisdeiilesainnisil
Wemuniseuvasluganisineusuauiiunsaewineieansauiatzeg ninmsiuIAavaniagly
Awnasufdvianlaaiunisuinan luteszezn1Iaaun19I98 1992959UN 1 tilaAnyINadwsNil
sornuslunisaeudnmeillevlagldmalulagd mivawindeun1siSeuiingmansuuunnnives
ATINeImManiUsednnis lagleneaasdddluga TPACK dusunisdnnisiseusiiedaaiuniuanunse
lunsasAresuial@sinermaninieluuisuaUnaiatu (T-SEE) ens19aaun1siudsuliasves
@ =2 o 4” v a a wa S 1 [y 3

Auslunsauasiudnwdnmzsiiemilagldmalulagujiinisnaasddesieusiaiuauiinly
(T-SIL) vengInemansuszdnnis nuan1sAnwimuiiunaslesussuuilinanisinevsuag il

AuluuITRuALansaasasuanusiumsasuduneilenlagldmalulagvesaginemansl

funIJule
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JumgzilomlagliinaluladdmivawaseunisiseusinermansuuunnnivesinAny I dnag
eeans lnsliveaedddluga TPACK dmsunisdnnisiseusifiedaasunnuaiuisalunisasng

' Y v
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available at the end of the article Pedagogical and Content Knowledge (TPACK) framework is formally recognized as
essential qualities of knowledge for a highly qualified preservice teacher in today’s
education. TPACK has been attracted to educational researchers for preparing
preservice science teachers nationwide. In this study, TPACK was employed for
restructuring a preservice science teacher education course with mobile game
technology, which was offered in two consecutive semesters with a total enrollment
of 115 student teachers in the first cohort and 94 student teachers in the second
cohort. A pedagogic module of Mobile Game-based Inquiry Learning in Science
(MGILS) has been designed and created in two settings, a usual separated and
integrated case-based TPACK support module, and then implemented with the first
and second cohort respectively in general science teacher education program at a
Rajabhat University of Thailand. They were measured TPACK in terms of four
constructs, namely, (a) technological knowledge (TK), (b) technological content
knowledge (TCK), (c) technological pedagogical knowledge (TPK), and (d)
technological pedagogical content knowledge (TPCK). Considering both qualitative
and quantitative data analysis from two cohorts, the results showed preservice
science teachers’ incremental TPACK improvement from the implementation of the
usual separated and integrated case-based TPACK support module of MGILS. Based
on the results of MGILS intervention, it seems to indicate the alleged superiority of
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Introduction

Currently, mobile technologies, such as smartphones and tablet computers, have been
increasingly recognized to apply to educational settings for improving the quality of the
learning process mediated by portable devices and wireless networked technologies.
Besides, applications of mobile technologies have been recognized as mobile learning
or m-learning. Scholars have mentioned that mobile learning or m-learning is an
enhanced instruction with “anytime, anywhere” situation perspectives and have grown
rapidly in educational activities in many subject areas (McQuiggan et al, 2015; New-
house et al., 2006; Srisawasdi, Burnterm, Pondee, 2018). To take the benefits of the
manifold opportunities of mobile technology into account, the learning environment
with mobile games is a frequency format used (Schmitz et al., 2015). That is to say, the
incorporation of mobile learning into gaming has been an increase in the adaptation to
the educational context as part of improving learning enjoyment and motivation
(Hakak et al., 2019). Nowadays, mobile game-based learning in school education has
become a popular research topic since it allows students to not only boost their learn-
ing in an enjoyable way (Chen, Liu, & Huang, 2019; Huizenga, Admiraal, ten Dam, &
Voogt, 2019) but also enhances their motivation (Daungcharone, Panjaburee, & Thong-
koo, 2019; Gamlo, 2019) and content understanding and process skills (Hussein et al.,
2019). However, it seems, in the context of Thailand, that mobile games are perceived
only as a means for recreation and entertainment. Vate-U-Lan (2015) mentioned a study
report in Thailand that the word “games and entertainment” was the most searched key-
word of any search engine. Moreover, Momypedia (2013) reported that Thai children
spent approximately 80 percent of their time using computers to play digital games, and
game-playing seems to be the most favored activity of Thai youths reported by the Minis-
try of Information and Communication Technology of Thailand (Vate-U-Lan, 2015). Ac-
cording to the evidence, playing computer games has become a normal recreation and
entertainment part of Thai children and adolescents’ routines. This could also bring today
teachers’ perceptions toward digital or mobile games falling into only as a means for re-
creation and entertainment and not for learning. Consequently, many schools and many
teachers oppose the use of smartphones at school because mobile games are distractive
and therefore reduce students’ attention and concentration in class (Baker et al., 2012;
Thomas, O’bannon & Britt, 2014). This situation might cause them to lose their ability to
control the class (Sad & Goktas, 2014). In other words, the teachers have less ability in
examining how to use mobile games to support their teaching and learning pedagogies
and to transfer the content for establishing the informed teaching decisions. Thus, preser-
vice teachers require a specific kind of knowledge to appropriately design meaningful
learning experiences with mobile games and pedagogically implement mobile games in
their teaching, which is, specifically, technological pedagogical and content knowledge
(TPACK).

The TPACK framework builds on Shulman’s (1986) construct of pedagogical content
knowledge (PCK) to include technological knowledge as another essential part of the
professional teaching knowledge, and it was first proposed by Mishra and Koehler
(2006). Current educational studies revolved around the employment of TPACK
framework to design technology-integration courses in the context of teacher education
(Janssen, Knoef, & Lazonder, 2019). In the community of science teacher education
development, the current reform expects preservice and in-service science teachers to
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effectively integrate digital technology, such as a mobile game, and inquiry-based teach-
ing into their instruction (Srisawasdi, 2014). In an effort with the reform, Hsu, Liang,
Chai, & Tsai, (2013) proposed an adapted TPACK framework called technological
pedagogical and content knowledge-games (TPACK-G) as a guideline to improve in-
service preschool teachers’ professional development for teaching with game technol-
ogy. The results indicated that game pedagogical knowledge (GPK) and game peda-
gogical content knowledge (GPCK) are more specific knowledge building on the
fundamental knowledge, game knowledge (GK). To enhance the development of GPK
and GPCK, learners, first of all, are required to possess sufficient GK. In the study, they
found that the teachers rarely require such knowledge that uses games to represent
subject matter knowledge while excluding the element of pedagogy. Moreover, Hsu,
Liang, and Su (2015) revised the implementation of TPACK-G for 49 in-service pre-
school teachers. It was found that instruction with game knowledge tended to promote
higher competencies in-game knowledge and game pedagogical content knowledge to
teachers more than that with game pedagogical knowledge first. In the context of preservice
science teacher development, preparing preservice science teachers for mobile game inte-
gration is a complex and challenging job for teacher educators. To overcome this obstacle,
Smarkola (2008) has suggested training preservice teachers in educational technology, in a
particular implementation of the mobile game, when they were in the beginning stage of
teacher education. Moreover, it is suggested that the teachers, who can know using the mo-
bile game technologies to create science teaching and learning activities, could gain high-
quality science teaching competencies (Becker, 2007; Srisawasdi, Bunterm, & Pondee, 2018).
However, preservice science teacher’s supports and training for TPACK of the mobile game
in science learning have been the least explored topics in preservice science teacher educa-
tion research. As such, the purpose of this study was to evaluate the effects of a pedagogic
module of mobile game-based inquiry learning in science (MGILS) designing based on
TPACK framework and assess preservice science teachers’ TPACK in the pedagogical ap-
plication of mobile game-based science inquiry learning.

Literature review
A basis for science teacher education movement and preservice science teacher support,
technological pedagogical and content knowledge (TPACK)
In recent years, a well-respected professional teaching knowledge model that depicts
what professional teachers should possess is the technological, pedagogical and content
knowledge (TPACK) framework. This framework builds on Shulman’s (1986) construct
of pedagogical content knowledge (PCK) to include technological knowledge as another
essential part of the professional teaching knowledge, and it was first proposed by
Mishra and Koehler (2006). This framework acknowledges the interrelations among the
three kinds of knowledge addressed: technology, pedagogy, and content (Thompson &
Mishra, 2007), and it was introduced to the educational research community as a
theoretical model for understanding teacher essential knowledge required for effective
technology integration in teaching (Koehler & Mishra, 2005, 2008; Mishra & Koehler,
2006). The TPACK framework is visualized in Fig. 1.

Figure 1 shows the integration among three core categories of knowledge, such as
pedagogical knowledge (PK), content knowledge (CK), and technological knowledge
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Fig. 1 Technological pedagogical and content knowledge (TPACK) framework (http://tpack.org)

(TK) to forming four intersections of knowledge, such as pedagogical content
knowledge (PCK), technological pedagogical knowledge (TPK), technological content
knowledge (TCK), and technological pedagogical content knowledge (TPCK). There-
fore, there are seven essential components of knowledge providing for teachers who
prefer to use or apply technology in their classrooms. PK refers to knowledge about
teaching and learning practices, strategies, and learning tasks used to deliver subject
content to students. CK refers to knowledge or understanding about the particular
subject matter or learning content learned and taught in the classrooms. TK refers to
knowledge of the features of the technologies and particular skills to use such technolo-
gies. PCK, which is knowledge integration between PK and CK, explains about
knowledge of particular teaching methods concerning subject matter content. TPK,
which is knowledge integration between TK and PK, explains knowledge about using
technologies to plan and monitor the teaching and learning process, to construct or
transform the different forms of subject matter representations, and to facilitate the
teaching and learning process. TCK, which is knowledge integration between TK and
CK, explains knowledge for selecting appropriate technology to present the subject
matter taught in the learning activities. TPACK, which is knowledge integration among
TK, PK, and CK, explains knowledge for selecting appropriate technology to implement
teaching and learning methods or strategies for the different representations of subject
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matter content. In other words, TPACK has been recognized as a framework to
professional development or teacher education in which a teacher is trained to have
knowledge or ability to designing learning activities to present subject matter content
with an appropriate technological tool (Koehler & Mishra, 2008; Mishra & Koehler,
2006, Niess, 2005; Niess et al., 2006, 2009).

Current educational studies that employed the TPACK framework were mainly con-
ducted in the context of teacher education (Janssen, Knoef, & Lazonder, 2019). Most of
these studies intended to design and develop technology-integration courses that aimed
to foster preservice teachers’ development of TPACK (Voogt et al.,, 2013). In the light
of science teacher education development, the efforts of current science education
reforms expect science teachers to integrate digital technology and inquiry-based teach-
ing into their instruction (Srisawasdi, 2014). Current science teacher education reforms
are recognizing the importance of TPACK for preservice science teachers and the pre-
service science teachers are targeted to improve their teaching proficiency based on the
implementation of TPACK as an integrative framework of instructional interventions
(Srisawasdi & Panjaburee, 2014). However, there was still a limited number of study
targeted the development of teaching intervention to foster preservice science teachers’
TPACK. To give examples, Cetin-Dindar et al. (2018) designed a pedagogic course fo-
cusing the learning how to integrate simulations, animations, instructional games, data-
logging, virtual labs, and virtual field trips into chemistry instruction, and then
implemented it with 17 preservice chemistry teachers. They interacted with the course
for one semester and the result revealed that the preservice chemistry teachers’ TPACK
improved partially on some components. Similarly, Srisawasdi, Pondee, and Bunterm
(2018) designed TPACK-oriented coursework, as shown in Fig. 2 (left), and imple-
mented a technology-integrated pedagogy module of mobile laboratory learning in
science (MLLS) for improving 119 pre-service science teachers’ TPACK. They partici-
pated in the MLLS module in 4 weeks. It was found that the MLLS module could foster
pre-service science teachers to gain better levels of TK, TCK, TPK, and TPACK.

To promote preservice science teachers’ TPACK regarding computerized laboratory
environment in physics teaching, Srisawasdi (2014) adapted the TPACK framework to
address physics teaching competencies, as shown in Fig. 2 (right), and designed an
alignment of pedagogic courses for the preservice science teachers’ TPACK develop-
ment. A series of pedagogic courses have been implemented within 3 years and the
results revealed that the preservice physics teachers had relative teaching performance
in which technology and pedagogy were combined to facilitate the learning of specific

cK PCK TCK
PCK Science Concept TCK (Inquiry-based (MBL & Sim-transformed
Inquiry-based Mobile MBL-transformed conceptual physics physics concepts)
Conceptual Learning Science Concept learning)
In Science
. : |
uiry-| science
Conceptl learning) (MBL & Sim) |
oy e Bt PK TK TPCK
~ 5 (MBL & Sim-based
w—— inquiry learning in physics)
TPK (MBL & Sim-based TPK
Inquiry-based Learning Process inquiry learning in science)
‘with mobile MBL
Fig. 2 Adapted TPACK framework for preservice science teacher development: TPACK emphasized inquiry-
based conceptual learning in science by mobile-assisted science laboratory (left) and TPACK emphasized
microcomputer-based laboratory and computer simulation-based inquiry learning in physics (right)
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physics concepts. Moreover, Chittleborough (2014) reported a result of 28 preservice
chemistry teachers’ TPACK development after they undertook a chemistry curriculum
studies unit that adopted a technological focus. It revealed that the teachers were able
to explain the features of technology in teaching and learning and to increase skills for
performing a variety of technologies. Moreover, some of their students had doubts
when schools did not provide technological resources to support learning activities.
Janssen & Lazonder (2016) also reported an experimental study of using pedagogical
and content support to foster preservice biology teachers’ TPACK in designing an
effective lesson plan. In this study, 54 pre-service biology teachers were divided into
two groups and each group was asked to participate in the different instructional inter-
ventions. The experimental results showed that the preservice teachers who followed
the integrated support had more integrated pedagogical and content-related justifications
and higher quality lesson plans than those who received separate support.

As seen in those previous studies, it is clear that the TPACK framework plays a
crucial role in proposing the development of a science teacher education program. It is
also recognized as essential knowledge to fostering the preservice science teachers to
gain more teaching competencies in terms of pedagogically presenting science content
with appropriate technologies. Besides, Hsu et al. (2013) mentioned that the current
TPACK studies are inclined to treat technology in a general manner because the gen-
eral approach to technology may not be able to provide adequate guidelines to improve
teacher preparation for teaching with emerging and unique technology, such as games.
To date, digital and mobile game-based learning has been receiving great attention
from and applying by educators, researchers, and practitioners, and its positive impacts
on students’ academic learning outcomes have been reported (Hsu, Liang, Chuang,
Chai, & Tsai 2020). In terms of the complexity of digital and mobile game technology
integration, science teachers require an understanding of the deep connections of the
three primary components (i.e., technological knowledge of the mobile game, peda-
gogical knowledge, and science content knowledge). As such, there is a clear need to
promote preservice science teachers’ knowledge about the teaching science with games
or TPACK in mobile game-based science learning.

Digital and mobile game-based learning in school science education
Digital games have been gaining tremendous interest in teaching and learning in the
twenty-first-century education. In recent years, implementing digital game technology
in school education is recognizing increasingly as a pedagogical tool to induce students’
learning interest and also enhance their learning effectiveness in science. Digital game-
based learning (DGBL) refers to the learning approach that incorporates educational
content for learning into digital games, and this approach has been recognized as an
effective way to situate students into authentic learning contexts (Chang & Hwang,
2019). In this regard, the implementation of these kinds of pedagogical tools can motiv-
ate science teachers because they need to transform the teaching-learning process to
being almost a recreational activity (Antunes, Pacheco, & Giovanela, 2012).

In the particular context of school science education, DGBL has been perceived as an
engaging teaching approach to foster elementary school students’ learning, and it
showed promising potential in the area of science content understanding and process
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skills, and role-playing game (RPG) was the most popular game genre for learning
(Hussein et al., 2019). For instance, Hsu & Tsai (2013) examined the effects of an edu-
cational computer game with and without self-explanation prompts on science learning
of light and shadow concepts. In this study, a total of 58 third graders recruited from a
primary school in northern Taiwan involved to interact with the intervention, and the
results showed that students who played the game with self-explanation features did
not outperform those who played the game without any prompts. Besides, Sung &
Hwang (2017) created the repertory grid-based educational game (REG) to facilitate
students’ knowledge sharing and organizing during the DGBL process. In this study,
the results showed that they expressed significantly more aggressive learning behavioral
patterns during the DGBL process.

With the pedagogical potential of DGBL, this approach has also been examined its
effectiveness relating to instructional methods (gameplay design) and science game
variants enriched with mechanisms (game’s mechanism design) by Tsai & Tsai (2020).
The results of this study showed that students significantly benefit from the DGBL in
science in terms of scientific knowledge, and its learning and gaming mechanisms play
key roles in the significant learning gains. To give an example, Hwang et al. (2012)
developed a personalized RPG based on students’ learning styles and then implemented
it with 46 fifth graders of an elementary school in Taiwan. The results showed that the
personalized RPG learning approach not only promotes learning motivation but also
improves the learning achievements of the students. Moreover, Sung et al. (2018) devel-
oped a 3D experiential game facilitating students’ deep-strategy learning behaviors and
positive inquiry learning performances in science, and the game has been implemented
with 53 sixth graders from an elementary school in Taiwan. They interacted with the
3D experiential gaming system in a geoscience course, and the results showed that they
gained better learning achievements, problem-solving tendency, deep learning
strategies, and deep learning motive than those who learned with the conventional
technology-enhanced learning approach.

Over the past decade, researchers have attempted to understand the application of
DGBL in the context of the mobile technology-supported learning environment. The
incorporation of mobile learning and digital gaming has been gradually increasing in
the context of educational improvement (Hakak et al., 2019). Currently, the develop-
ment of mobile learning games is known by the term “mobile game-based learning”
(MGBL), which refers to the use of mobile games incorporating educational value for
learning or gaming software applications designed for learning purposes through
mobile devices (Troussasa, Krouskaa, & Sgouropoulou, 2020), constitutes a popular
issue in the scientific literature of technology-enhanced learning. For example, Hwang
et al. (2015) explored the effectiveness of augmented reality-based learning games on
students’ learning achievements and attitudes in an instructional context real-world
investigation. In this study, 57 fifth-graders received the 90-min intervention during
studying in an elementary school ecology course. The results showed that the
augmented reality-based gaming approach can improve their learning performance on
the field trip.

However, the MGBL was rarely studied in school science education in the context of
Thailand (e.g., Komalawardhana & Panjaburee, 2018; Komalawardhana, Panjaburee, &
Srisawasdi, 2021; Meekaew & Ketpichainarong, 2018; Srisawasdi & Panjaburee, 2019).
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As such it is plenty of room to develop effective MGBL and also investigate its learning
effectiveness for students at all education levels. Moreover, successful integration of
MGBL into school science requires one to focus on the integrative interplay of mobile
game knowledge, pedagogical knowledge, and science content knowledge, and the
TPACK framework would be able to serve as a pedagogical platform for a professional
science teacher. In science class, the technology of mobile games can be potential
means of not only promoting learning engagement but also enlarging learning oppor-
tunities (Hsu et al., 2013). Besides, the inadequacy of teacher preparation programs
treating MGBL in science and TPACK in isolation is a growing concern among educa-
tors, researchers, and practitioners. Moreover, a particular context of teaching with
games might not be able to use general guidelines for teaching with general technology
to gain effective teaching (Hsu et al.,, 2020). The lack of specificity could reduce the
usefulness of the TPACK framework in terms of promoting TPACK comprehension
and evaluating TPACK in a specific context (Willermark, 2017). Therefore, effective
interventions to improve preservice science teachers’ professional knowledge to
leverage their TPACK in mobile gaming environments, and specific guidelines for
MGBL in science in their teaching should be studied.

Context of the study
With the advancement of educational technology and a wide range of digital tools in
education over the last two decades, educational researchers have made significant
advancements in theorizing, designing, and repurposing digital games for learning in
school education (Foster & Shah, 2020; Kafai & Burke, 2015). As digital game technology is
an integral part of modern teaching and learning processes, teacher-candidates in teacher
preparation programs need to fully achieve a new set of technology-pedagogy competencies
through ongoing and timely supports provided by teacher education institutions. In this
regard, the need to promote adequate digital game-based pedagogy training of future
teachers has led the researchers to design and develop a pedagogic course associated with
digital game technology integration in teacher education programs. As such, this study
emerges from an understanding of educational technology, teacher education, and science
education where the digital games should be situated in a flexible framework of knowledge
of content, pedagogy, and technology for science teacher preparation and professional
development. By following a TPACK model as an intervention approach in this study, the
researchers applied those mentioned understanding to create a strategic technology-
pedagogy interaction learning module emphasizing the pedagogical application of digital or
mobile game-based inquiry learning approach for science content. Figure 3 presents an
integrative framework of essential knowledge for using the digital or mobile games in
inquiry-based science learning for promoting the learning of science-oriented concepts.
With applications of TPACK framework, this paper focuses only on the four categories
associated with technology. That is to say, TK, TCK, TPK, and TPACK are particularly
considered, as shown in Fig. 3. Those categories are strongly interrelated regarding their
common denominator. In the integrative framework, TK refers to technical understanding
and skills required to interact and manipulate the digital or mobile games to achieve its goal.
TCK refers to technological competencies or knowledge of digital or mobile games to
present particular content of science. TPK focuses on instructional competencies in which
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the teachers can enhance science teaching and learning strategies with the incorporation of
the digital or mobile games in the enactment of the curriculum. Finally, TPCK or TPACK
represents the set of instructional competencies regarding the use of digital or mobile game
to support content-specific pedagogical strategies (e.g., the use of the digital or mobile
games to facilitate inquiry-based learning in science). To do this, the researchers developed
an educational mobile game as a pedagogical tool and embedded the game into a peda-
gogical basis of an open-inquiry learning approach. Then, a pedagogic training module of
mobile game-based inquiry learning in science (MGILS) has been designed regarding the
proposed TPACK framework.

This study has been conducted with two cohorts of preservice science teachers aimed
at improving their TPACK regarding technological integration ability and also reflect-
ing the pedagogical design of a teacher preparation course. The ultimate purpose was
to promote a well-design teaching practice focusing on the use of the mobile games in
school science classes for preparing high-qualified preservice science teachers in today’s
teacher education. The results of this study will provide baseline practice in teacher
preparation for the design of or renovating new pedagogic course emphasizing how to
use the mobile game for enhancing science learning with inquiry and explain how
TPACK for mobile game-based inquiry learning in science may be reflected in future
teacher education curriculum or preservice teacher’s instruction. The primary research

question in this study is as follows:

1) What are preservice science teachers’ TPACK of inquiry-based conceptual learning
in science by the mobile game before and after an implementation of the usual
technology-oriented pedagogic module of mobile game-based inquiry learning in
science (MGILS)?
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2) Is there a significant difference between preservice science teachers’ TPACK before
and after implementation of the revised, case-based approach, MGILS?

Most of the studies in the literature have shown preservice science teachers’ TPACK
levels descriptively or have presented information about their development of TPACK
only on survey findings. However, there have been very few research studies that have
analyzed preservice science teachers’ development of TPACK that have included both
quantitative and qualitative data and indicated both descriptive and inferential informa-
tion in statistics.

Methods

Study participants

This study employed a pre-experimental research design that involved two phases of
data collection—pre-and post-intervention. The participants in this study are defined as
two science pre-service teacher cohort groups from 2018-2019. The study participants
consisted of 209 pre-service science teachers, the fourth-year students in a five-year
undergraduate teacher education program in a public teacher former university located
in the northeastern region of Thailand. They were 166 (79.4%) females and 43 males
(20.6%) divided into two cohorts, named cohort 1 and cohort 2, and the age between
21 and 22 years old. Cohort 1 consisted of 91 (79.0%) females and 24 males (21.0%)
who went through the course in the school year 2018, and cohort 2 consisted of 75
(79.8%) females and 19 males (20.2%) who participated in the course in the school year
2019. In the last decade, an extended 5-year teacher education program (4-years
coursework and 1-year school internship) was widely implemented as a standard
platform for new-coming teachers in Thailand at all levels of education. Later in 2019,
there is a calling back for a new version of the traditional 4-year program to respond to
the new Thailand Qualification Framework (TQF) and educational policy. Concerning
the current transformation of the extended 5-year teacher education program in
Thailand, the university is preparing to revise the teacher education program to be 4-
year program to meet the new framework, policy, and requirements, such as TPACK
and STEM (Science, Technology, Engineering, Mathematics) education, and to improve
the quality of teacher preparation. In this study, instruction is defined as coursework
that encompasses a variety of technology-pedagogy interaction learning modules and
learner-centered activities. The study was part of a course called classroom manage-
ment and learning environment for science learning.

Both cohorts enrolled in the pedagogic course instructed by the first author. The
course content was aligned with national undergraduate teacher education standards
regarding Thailand qualification framework and emphasized on how to design,
implement, and manage emerging technologies and science learning environments that
promote meaningful learning in both elementary and secondary school science. One of
the learning goals of the course was to apply theoretical knowledge of the learning
sciences, such as digital game-based learning, inquiry-based learning, and information
and communications technology in teaching and learning, as the method of teaching
with technology to promote active inquiry learning in science, thus helping students to
align learning theories with learning design practice for effective science learning. In
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cohort 1, they received an intervention of four-week mobile game-based inquiry
learning taught by the first author. In planning for cohort 2, they received the same
intervention with a reduced number of weeks in the course, because of the change of
the teacher education program, and a difference in instructional design for the content.
For both cohort 1 and 2, all were working toward licensure at the elementary or sec-
ondary levels. In terms of technological experience, all of them did have satisfactory
basic information and communication technology skills but they had no any experience
with using mobile game technology in science instruction before. In terms of learning
experience, the participants had never taken an instructional design course but had
some experience with group learning.

A mobile game on blood circulatory system of human body

An instructional game named “Red Blood Cell Simulator” has been created as an entertain-
ment game with educational value, and it was used for the current study. In a previous
study by Lokayut and Srisawasdi (2014), the computer game, in biological science topic of
blood circulatory system of the human body, has been developed for assisting secondary
school students’ conceptual learning and their motivation to learn science. The game was
built to align with two major learning indicators contained with the national curriculum
standards: (1) to describe heart structure and its functions regarding blood and blood vessel
and (2) to explain blood circulatory system. For this study, a new version in the context of
the mobile game has been further designed and developed as a pedagogical tool for utiliz-
ing in pre-service teacher training. Before the game, an introduction of how to interact with
the game was provided to guide players who may or may not be familiar to play a mobile
game and assist them to realize what is the mission of the game and how to control a blood
cell in the game, as shown in Fig. 4. Literature suggested that providing some instructional
scaffolds or prompts before the game enhanced students’ learning (e.g., Barzilai & Blau,
2014, Tsai, Chai, Wong, Hong, & Tan, 2013).

The Red Blood Cell Simulator mobile game has been designed as a serious educational
game (SEG)—the content of the game is structured on a proposed curriculum with the
intended learning outcomes (Annette, 2010). The game is in charge of executing the role-
playing game based on the biological science concepts. The role-playing game (RPG) is
concerned with a storyline of the journey of a red blood cell, in which its purpose is to
carry oxygen from the lungs to tissues throughout the body, as well as carrying carbon
dioxide to the lungs so it can be exhaled. In this mobile game, the red blood cell goes
through a complex journey through the body, going from a deoxygenated blood cell to an
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Fig. 4 An example of the Red Blood Cell Simulator mobile game
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oxygenated blood cell, and entering the heart twice. Figure 5 displays details of the mobile
screen in the game.

During the learning process, the players play the role of the red blood cell to travel to
the heart and organs via a blood vessel in circulation. To complete missions in the
game, the students have to move the red blood cell to the right way and manage time.
Besides, hints focusing on current position and mission guidelines are displayed during
gameplay. After playing the game, students are shown feedback information to
persuade them to rethink instances in which they failed the mission or to provide infor-
mation about how to complete the mission. Following the storyline of the game, the
players can collect the information needed to develop their scientific understanding of
heart structure and its functions regarding blood and blood vessel and blood circulatory
system.

In this study, the mobile-based “Red Blood Cell Simulator” game app is a gaming
software application designed for science learning purposes through mobile devices. To
create the pedagogical structure of the mobile game app, four principles from the
science of learning have been emphasized, including (i) active involvement, (ii) learning
engagement, (iii) meaningful experiences, and (iv) social interaction (Hirsh-Pasek, Zosh,
Golinkoff, Gray, Robb, & Kaufman, 2015). Besides, the game was carefully selected and
recommended, as a cognitive tool, to the participating preservice science teachers as it
had been shown to have a positive impact on science learning outcomes in previous
empirical studies and employed game mechanics that mapped directly to learning stan-
dards, indicators, and objectives in Thailand national science curriculum (Lokayut &
Srisawasdi, 2014). In terms of the TPACK framework, these could refer to technological
knowledge (TK) of playing the mobile games for preservice science teachers’ profes-
sional learning. For promoting TCK, preservice science teachers should understand that
the content of the blood circulatory system was transformed into simple knowledge
representation to enhance the understanding of the complex biological processes of the
human body system, and enjoyable scenarios to flow students’ learning interactions and
motivation. Concerning the pedagogy of science learning, the genre of the mobile RPG
game can act as an implicit pedagogical approach to the particularly facilitate inquiry-
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Fig. 5 An illustrative example of a storyline of red blood cell journey embedded in a gaming mission
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based learning in the game. This component targeted to professional learning of TPK
for preservice science teachers. Finally, the TPCK in this study denotes knowing how
the mobile game and the pedagogy of inquiry-based learning can be appropriately
integrated with the content of the blood circulatory system in the human body to form
sound lessons for the teaching of science. Those technology-infused components of the
TPACK framework were used to facilitate the focus on content, pedagogy, and the
game in this study.

The setting of the training intervention

The cohort 1 participants were introduced to a TPACK-based pedagogic module of
mobile game-based inquiry learning in science (MGILS) for pre-service teachers. The
MGILS module consisted of four 4-h weekly lecture and practical works, and divided
into three phases: learning with technology (P1); enacting with technology through
pedagogy (P2); transferring the technology-pedagogy interaction (P3) (Srisawasdi,
Pondee, & Bunterm, 2018), as shown in Table 1.

For cohort 2 in the next school year, participants interacted with a revised MGILS
pedagogic training module for pre-service teachers. Research conducted by Lokayut
and Srisawasdi (2014) and its digital game material has been employed as an instruc-
tional case study in the module. The case selected was not presented to increase factual
information but rather to improve the participants’ solid understanding of applying
mobile games in inquiry-based learning in science content. This module covered 2
weeks and it was divided into three steps of instruction regarding case-based learning
(CBL). CBL is a constructivist pedagogy which targets to real world situations by
presenting richly detailed, contextualized, narrative accounts, and has the potential to
prepare readiness for career challenges, promote critical thinking, contribute to
cognitive growth, and affect value orientations for learners (Beck, 2007; Hemphill, R
Richards, Gaudreault, & Templin, 2015; Levin, 1995). Further, Rovegno and Dolly
(2006) pointed out that the CBL approach does not only presents concepts within a
context to learners but actions are also illustrated to emphasize well-connected
knowledge that learners can flexibly apply to learn about how to. In the context of
implementing CBL to foster TPACK, Srisawasdi (2012) designed a pedagogic course
with a CBL approach and then implement the course with 43 participants of pre-
service physics, chemistry, biology, mathematics, and computer teachers in a course of
information and communication technology (ICT) in education. The result of this
study showed a change in their teaching beliefs and the transformation of their TPACK

Table 1 Details of the MGILS module for cohort 1 pre-service science teacher

Phase Week Topic Learning strategy Knowledge domain
P1 14 h) Introduction to digital and mobile Interactive lecture and TK

games in science learning demonstration
P2 2(@h) Pedagogical application of MGILS Interactive lecture and TCK

demonstration

3(@h) Hands-on practical work with MGILS Collaborative hands-on TPK
practical work

P3 4(4h) Independent designing of MGILS Collaborative hands-on TPCK
for school experience practical work
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competency in STEM teaching. Besides, Salton (2017) implemented online CBL to fa-
cilitate preservice teachers’ TPACK and their self-confidence, and the result indicated
that the online CBL method significantly improved their TCK and TK, but their TPAC
K’s confidence did not improve significantly. As such, CBL seems to be an effective
pedagogic method to foster preservice teachers’ TPACK. The CBL approach used in
this study was adapted from William (2005), and the adapted approach consists of
showing the case (S), practice in the team (P), and application of the case (A), shortly
named SPA, as shown in Table 2.

For the S phase, the main aim was to introduce the selected case and to present
information about instructional practice regarding mobile game-based inquiry learning
in science. The pedagogy of inquiry-based learning in science emphasizing both
instructional strategies, i.e., learning cycle-oriented and openness-oriented approach
(Srisawasdi, 2016), and its application with the mobile game has been presented and
analyzed to create a bridge between theory, research, and practice through interactive
lecture and demonstration by the instructor (the first author). Moreover, the instructor
also described and demonstrated how to play the game in the process of inquiry
learning in science. In the P phase, the instructor organized a hands-on practical work
experience as a mini-lesson on how to use the mobile game in a practical way of open-
inquiry science (Srisawasdi, 2012). Figure 6 shows learning activity in the S and P
phases.

In the A phase of this module, all small groups of the participants have been assigned
to collaboratively design mobile game-based inquiry learning experiences by their team.
They were assigned to discuss in the team how to apply the Red Blood Cell Simulator
mobile game for enhancing biological science learning of the blood circulatory system
of the human body regarding the national science curriculum standards and indicators.
After, they brainstormed and independently design a science lesson plan and presented
their teaching ideas in class. Figure 7 illustrates the pre-service science teachers’ collab-
orative designing the mobile game-based inquiry learning experience and presenting
teaching ideas to the class groups.

Data collection and analysis
This study investigated the effects of using the training intervention as a tool for
facilitating preservice science teachers’ TPACK associating technology integration in

Table 2 Details of the MGILS module for cohort 2 pre-service science teacher

Phase Week Topic Learning strategy Knowledge
domain
S 12h) = Establishing and analyzing the case Interactive lecture T-infused TPACK
= Demonstrating the research-based and demonstration
MGILS
= Formulating a study pathway
p 1(2h) = Self-discovery of evidence through Collaborative T-infused TPACK
practical work with MGILS hands-on practical
= Digesting essential knowledge of work
TPACK of the case
A 2(2h) Designing and proposing a MGILS Collaborative T-infused TPACK
for school experience hands-on practical
work

Note: T-infused TPACK refers to TK, TCK, TPK, and TPCK
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Fig. 6 An illustration of the showing the case (S) (left) and practice in team (P) (right) phases in preservice
science teachers’ class (Note: all photographs were permitted to be exhibited in this paper from people
who was involved in this study)

\

two cohorts of preservice science teachers in Thailand. For cohort 1, the participants
were asked to complete a seven-item open-ended question regarding TPACK in the
context of MGILS for 40 min as pretest and posttest. In this study, the researchers fo-
cused on only four constructs related to technology regarding the TPACK framework
(i.e., TK, TPK, TCK, and TPACK). The questionnaire and its scoring scheme were
adapted from Srisawasdi, Pondee, & Bunterm (2018), and the participants’ responses to
each test item were coded independently by two raters. For the coding, inter-rater reli-
ability was computed using Cohen’s kappa, and its reliability was 0.93 between the two
raters. After calculating the inter-rater reliability, coding discrepancies among the raters
were discussed and resolved through further personal discussion. Following this, if re-
sponses were unclear or problematic with the coding, the raters were discussed by the
researchers (the second author) to reach a complete consensus agreement across the
four targeted constructs. Thus, test construction can be considered successful in terms
of objectivity and reliability. To analyze their TK, TPK, TCK, and TPACK for MGILS
context, their responses were categorized in four levels, ranging from unclear, naive,
mixed, to informed, respectively, following Bartos and Lederman (2014)’s teaching con-
ception analysis framework. In the analysis, their responses to individual questions were
classified according to the examples and explanations presented in Lederman, Antink,

Fig. 7 An illustration of the application of the case (A) phase: collaborative designing a mobile game-based
inquiry learning experience (left) and communicating teaching idea in class (right) (Note: all photographs
were permitted to be exhibited in this paper from people who was involved in this study)
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and Bartos, (2014). For this study, the “Informed” level denotes views of a particular
TPACK construct wholly match the target TPACK aspects, while the “Naive” level does
not. “Mixed” level denotes reflecting partially consistent views of the target TPACK as-
pects. “Unclear” level denotes lacking in addressing the particular aspect (Lederman
et al., 2014). Concerning the open-ended format of knowledge integration among CK,
PK, and TK, any essay-type questions is required additional effort by the researchers to
discern the different levels of TPACK of the preservice science teachers. That is, this
type of open-ended instrument was constructed with the four-tiered assessment scales
to exploring general trends in the preservice science teachers’ TPACK at the module.
The format also best serves the overarching intent of the instrument, which is to create
a profile of preservice science teachers’ TPACK.

To examine a significant effect of the revised MGILS module in cohort 2, the
researchers assessed TPACK improvement by comparing its scores before and after
receiving the intervention. A ten-item close-ended questionnaire measuring TPACK in
mobile game-based inquiry learning in science was developed by the researchers
regarding the previous seven-items open-ended question items. The answers in the
questionnaire are based on common pre-service science teachers’ replies to the open-
ended questions which common errors were used to create distracters. As abovemen-
tioned, this study focused on only TK, TPK, TCK, and TPACK, the responses obtained
from six closed-ended question items were the unit of TPACK score analysis and the
total score was six points. The item discrimination index of the multiple-choice test
was > 0.03 for all items (average 0.54) and Kuder-Richardson Formula 20 (KR-20)
reliability coefficient was 0.83. To confirm the normal distribution of our data, the re-
searchers performed the Shapiro-Wilk test and the normality of distribution of data
was denied for both pretest (W = 0.926; p < 0.000) and posttest (W = 0.925; p < 0.000).
Because the preservice science teachers’ scores on the scales of TPACK did not fit the
assumptions of the normal distribution, the researchers implemented Wilcoxon signed-
rank test to examine whether the preservice science teachers’ TPACK changed after
being involved in the intervention. In further statistical analysis, the quantitative data of
TPACK scores obtained from pretest and posttest were analyzed with the means,
standard deviations, and Wilcoxon signed-rank test, to compare a significant difference.
All of the statistical tests were analyzed using the IBM SPSS program, version 26.00,
with a significance level of .05. Moreover, the effect size (r) for the Wilcoxon signed-
rank test was also calculated by using the formula: Z/VN (N is the number of the pairs).

Results

In our study, we recognized the importance of a pipeline of evidence that begins with a
qualitative study, as primary evidence for initial investigating the effects of proposed in-
structional intervention and also assisting us to maximize the instructional intervention
to targeted study participants and then ends with a quantitative study. Moreover, we
conducted firstly with the qualitative study which could assist us to design the better
and possible research process in the later quantitative study. As we stated, this study
aimed to discover whether the benefits of well-design teaching practice focusing on the
integrative use of the mobile game in school science class for promoting preservice sci-
ence teachers’ TPACK can contribute to the accumulation of empirical evidence and
development of theoretical models for the preparation of today’s teacher education. We
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have conducted two distinct studies in which we have used the TPACK framework as a
preservice teacher preparation platform to enhance preservice science teachers’ emer-
ging pedagogy of mobile game integration.

To promote preservice science teachers’ emerging pedagogy of mobile game tech-
nology integration in this study, a pedagogic module of mobile game-based inquiry
learning in science (MGILS) has been designed which represents our attempt to
maximize their TPACK in term of four constructs: (i) technological knowledge
(TK), (ii) technological content knowledge (TCK), (iii) technological pedagogical
knowledge (TPK), and (iv) technological pedagogical content knowledge (TPCK). In
this teaching improvement study, two cohorts had been implemented with the two
different pedagogical settings of the MGILS: (i) usual separated TPACK and (ii) in-
tegrated case-based TPACK support module. In the first study, cohort 1 received
the MGILS in the version of separating TK, TCK, TPK, and TPCK, and the first
study had been conducted with a qualitative study to provide phenomenological
evidence of the intervention on how it works in fostering preservice science
teachers’ TK, TCK, TPK, and TPCK. In the second study, cohort 2 received the in-
tegrated and synthetic version of MGILS integrating all the four TPACK constructs
into the teaching case, and we explored the effect of the revised intervention with
a quantitative study to indicate a significant impact of revised MGILS on preservice
science teachers’ TPACK of mobile game integration. Besides, the results of cohort
1 implementation represent our first attempt to answer the first research question,
and cohort 2 represents our pursuit to improvise the MGILS module with some
critical change in teacher education program, and argue to an impact of the
specific type of TPACK implementation. We believed this approach would be helpful by
locating our study in a more thorough design and hopefully getting a more robust finding
in developing preservice science teachers’ TPACK of mobile game integration.

What are preservice science teachers’ TPACK of inquiry-based conceptual learning in
science by mobile game before and after an implementation of usual TPACK-based
pedagogic module of MGILS?

Regarding the first research question, this study utilized quantitative content analysis to
reveal the preservice science teachers’ TPACK both before and after receiving the usual
MGILS module as a training intervention. According to explore the effect of usual
MGILS module on cohort 1 pre-service science teachers’ TPACK, focusing TK, TPK,
TCK, and TPACK, the results are shown in Table 3.

Individual profiles were developed based on a holistic analysis of TPACK responses.
Results indicated that most of preservice science teachers’ TK (a) were mixed level in
both prior and finish to the intervention, and (b) increase their understanding from
unclear and naive to mixed level. For TPK and TCK, the results indicated that their
knowledge (a) was distributed from wunclear to informed before the intervention, and
(b) both increase and decrease their knowledge to mixed level. Finally, the results also
indicated that most of their TPACK (a) were unclear level in both prior and finish to
instruction, and (b) increase their understanding from wunclear and naive to mixed and
informed levels. More details regarding the preservice science teachers’ TK, TPK, TCK,
and TPACK levels are illustrated in Table 4.
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Table 3 Percentage of the pre-service science teachers' TK, TPK, TCK, and TPACK categorized as
holding unclear, naive, mixed, and informed views of TPACK

N=115 Unclear Naive Mixed Informed

% of pre-service science teachers Pre Post Pre Post Pre Post Pre Post
Technological knowledge 28.70 1826 2783  0.00 4261 80.87 087 087
(TK)

Technological pedagogical knowledge 3130 2957 4696 4348 2000 2696 174  0.00
(TPK)

Technological content knowledge 3739 5565 3739 000 2435 4435 087 000
(TCK)

Technological pedagogical and 4696 3826 2609 2261 2696 3826 000 087

content knowledge
(TPACK)

Table 4 provides example responses to each of the open-ended items regarding
TK, TPK, TCK, and TPACK. These are verbatim quotes selected from the re-
sponses of preservice science teachers who completed the open-ended items at

pre- and post-MGILS module. The naive view respondent examples are taken from

pretests and the more informed examples are taken from the posttests. These views

are presented along a continuum from naive to more informed TK, TPK, TCK,

Table 4 Exemplary responses in all level across four categories (i.e., TK, TPK, TCK, TPACK)

Knowledge  Unclear view Naive view Mixed view Informed view
category

Technological “Digital technology.”  “Digital game “Digital game offers “Digital game allows
knowledge (PST022) provides enjoyment.”  challenge to pass students to accomplish
(TK) (PST0O43) missions.” (PST111) missions and interact

Technological  “This technology

pedagogical  offers students to

knowledge have fun. Pedagogy

(TPK) can support to
simplify
understanding.”
(PST009)

Technological  “Digital technology

content proposes challenge
knowledge accomplishing
(TCK) missions and fun.”

(PST005)

Technological  “All components are

pedagogical  important for

and content  teaching. Students
knowledge are also an effective
(TPACK) factor.” (PST033)

“Digital game is used
to support pedagogy
for science content
learning. So, students
were getting more
interest in the
learning.” (PST095)

“Digital game is fun
and we can play
much time. It can be
applied in biological
science
content.”(PST103)

“It (digital game) can
help students to gain
more understanding.”
(PST007)

“Digital game can
support teacher to
assist students to learn
science by no
explaining science
content, but the
teacher can facilitate
students how to play
the game.” (PST037)

“Digital game
transformed boring
science content to be
more interesting and
challenge with its
mission, rewards, and
the way how to win
the game."(PST073)

“Teacher assigned task
that provides students
to interact with the
digital game to learn
about the science
content.” (PSTO19)

with its challenge to
receive points and
rewards.” (PST111)

“Student can inquire
science information by
playing the game and
also learn how to
investigate scientific
phenomena with
inquiry in the game.”
(PST 083)

“Digital game can
convert the content
difficult to be easier to
understanding,
enjoyment, and doing
practical work with
playing” (PST016)

“Content, pedagogy,
and technology are
associated with each
other for enhancing
students learning in
science. Playing and
learning with fun is in
the inquiry learning
process, where
content has been
changed in-game
style.” (PST023)

PST preservice science teacher
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and TPACK. Despite receiving overall positive results as abovementioned, the re-
searchers also found some apathy toward the implementation of usual MGILS. The
results indicate that the number of unclear levels on TCK was increased and the
informed level of TPK and TCK were disappeared after receiving the usual teaching
intervention, as seen in Table 3.

In summary, the results of this preliminary study provided evidence that
preservice science teachers’ TK, TPK, TCK, and TPACK have been fostered
during their interaction with the usual MGILS pedagogic module, and this
teaching intervention still had various effects on preservice science teachers’
TPACK.

Is there a significant difference between preservice science teachers’ TPACK before and
after implementation of the revised, case-based approach, MGILS?

The second research question focused on examining whether the pedagogic
module of MGILS improved cohort 2 preservice science teachers’” TPACK asso-
ciated technology scores, descriptive statistics were calculated, and nonparamet-
ric tests were conducted. The descriptive statistics of the preservice science
teachers’ pre- and post-test TPACK scores are presented in Table 5. The result
shows that there was a statistically significant difference between the pretest
(M =1.93, SD=1.34) and post-test (M =3.78, SD =1.20) scores, the total score
is six points.

As shown in Table 5, Wilcoxon’s signed-rank test was used to test the signifi-
cance of the difference between pretest and post-test TPACK mean scores. Table
5 shows that the preservice science teachers’ TPACK scores after the interven-
tion (Z94) = -7.571, p <.001) were significantly higher than the preservice science
teachers” TPACK scores before the intervention. Table 5 is also shown that the
differences between the preservice science teachers’ TPACK in the pre- and
post-tests reached a large effect size (r = -0.78). Overall, the pre-service science
teachers’ TK, TCK, TPK, and TPACK significantly improved after participating
with the case-based MGILS module (p < 0.001) as measured by the increase in
TPACK scoring.

Discussions and conclusions

The present study facilitated a series of course transformations as a means of
developing preservice science teachers’ teaching comprehension with the digital
or mobile games and also investigated the effects of the technology-oriented

Table 5 Wilcoxon signed-rank test results of the difference between the pre- and post-test TPACK

scores

Pre- and post-test measurements n Mean rank Rank sum V4 p r
Negative rank 4 14.00 56.00 —7.571 0.000* -0.78
Positive rank 76 41.89 3184.00

Tie 14

Total 94

*p <.001, indicates a significant change from pretest to post-test
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pedagogic module of Mobile Game-based Inquiry Learning in Science (MGILS)
on preservice science teachers’” TPACK. The results indicate that a significant
difference between their TPACK scores at the pre- and post-tests, and this re-
vealed that the revised, case-based approach, MGILS improved their
technology-oriented TPACK, in term of TK, TPK, TCK, and TPACK for the
pedagogical integration of mobile game into school science class. This result is
consistent with Jimoyiannis (2010), Jang and Chen (2010), Srisawasdi (2012),
Srisawasdi (2014), Srisawasdi and Panjaburee (2014), and Srisawasdi, Bunterm,
and Pondee (2018) that implementation of well-designed coursework could fos-
ter preservice or in-service science teachers’ essential knowledge of TPACK. In
the present study, the finding suggests that when integrating a case-based ap-
proach to delivering the content of how to teach science through the inquiry
learning process by using mobile game into the school science context tended
to raise the preservice science teachers’ competencies in TK, TPK, TCK, and
TPACK. It was likely that inducing them into the establishing and analyzing of
research-based case study first, in the showing the case (S) phase, allowed the
preservice science teacher to perceive relative advantage of mobile game tech-
nology in school science improvement as well as to get an idea of how mobile
game worked to enhance inquiry-based inquiry science learning and to trans-
form knowledge representations of science content. This may help them
articulate their tacit knowledge about instruction (e.g., TK, TPK, TCK) and then
foster their TPACK (Scott et al., 2008; Sahin, 2012). Moreover, preservice sci-
ence teachers can realize theoretical aspects of instructional models for using
technology in education, and also learn about the effects of using technology
and specific learning model or method for promoting better learning through
the presented case (Han, Eom, & Shin, 2013). In the collaborative hands-on
practical work to discover how to pedagogically integrate the mobile game into
a science content-specific domain, in the practice in team (P) phase, this
process allows richer contexts to preservice science teachers to build integrative
knowledge about how to embed technology into particular learning model and
when to apply the models or theories in different instructional situations (Kurz
& Batarelo, 2010; Sahin, 2012; Sutton, 2011; Zhang et al.,, 2011). Besides, the
principle of setting an anchor by case study and of segmenting the case (e.g.,
breaking a whole presentation into coherent parts that can be digested sequen-
tially) is an effective pedagogical support to improve learning and memory
(McLarty et al., 1990; Mayer, 2009). As such, digesting essential knowledge of
TPACK of the case after the hands-on experience could be a supportive factor
to indicate focal points that provide a link for preservice science teachers’ per-
ception and comprehension. Furthermore, preservice science teachers worked in
collaborative teams, in the application of the case (A) phase, to design a school
science learning experience. The team was anchored by the case-based MGILS
and then ultimately creates an artifact of mobile game-integrated science lesson
regarding the case. Alayyar (2011), Koehler and Mishra (2005), and Shin, et al.
(2009) stated that the collaboration and design of artifacts to solve real-world
instructional problems enhanced preservice teachers develop a better under-
standing of how to use technology in instruction to enhance learning and
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potentially increasing their abilities to integrate technology fitting pedagogy in
the classroom and curriculum content. These features link to the aforemen-
tioned finding that preservice science teachers’ TK, TPK, TCK, and TPACK
have been improved significantly after receiving the case-based MGILS (see
Table 5). As such, it is reasonable to say that the case-based MGILS seems to
benefit preservice science teachers’ TPACK development more as it allows them
to accumulate professional learning experiences with particular research-based
case studies following S-P-A phases. Thus, this implies the possibility of im-
proving preservice science teachers’ TPACK of mobile game-based inquiry
learning in science and it could be an effective way to develop their essential
knowledge of mobile technology-enhanced learning in science to address the
twenty-first-century education requirement.

The results of this study have practical implications for teacher educators
since the findings increase our understanding of how to design effective
technology-integrated pedagogical learning modules that promote the improve-
ment of TK, TPK, TCK, and TPACK in the context of mobile game-based
inquiry learning in science for preservice teachers. Also, teacher educators can
gain a more insightful view on how the adapted TPACK emphasizing mobile
game-based inquiry learning in science can be implemented pedagogically in
preservice science teachers’ professional preparation in the teacher education
programs.

However, more teacher education research needs to be conducted to
maximize the improvement of preservice science teachers’ TPACK by redesign-
ing the pedagogic module of mobile game-based inquiry learning in science,
and this study still has several limitations. Although the findings were framed
in the literature on technology-integrated pedagogical approaches in teacher
education, this study was, firstly, based on the implementation and evaluation
of only one pedagogical module of mobile game-based inquiry learning in sci-
ence of one science teacher education program. Therefore, the researchers
should make it clear that the findings of this study should not be generalized to
the pedagogical module of mobile game-based inquiry learning in science in dif-
ferent teacher education contexts. Secondly, another limitation of this study was
the sample population utilized. The research study only recruited preservice sci-
ence teachers from a specific science teacher education program at a small uni-
versity that only offers one major of science education program that is general
science. Other majors of science teacher education programs, such as physics
education, chemistry education, biology education, should also be studied.
Thirdly, both cohorts of preservice science teachers were investigated their
TPACK in different measurement methods. Both quantitative and qualitative
methods should be emphasized in a balance and utilized to examine the effects
of the usual and revised pedagogic module of mobile game-based inquiry learn-
ing in science on preservice science teachers’ TPACK, and gainfully understand
the transformation of knowledge related TPACK. Fourthly, to gain more deepen
insight on how to completely foster preservice science teachers’ TPACK, all
seven TPACK constructs should be investigated to indicate an impact of the

teaching intervention.
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An example of open-ended question item in measuring preservice science teachers’

TPACK
Situation no.1:

Teacher A taught a chemical concept of ionization energy to particularly promote

students’ conceptual understanding of the trends in ionization energy across the peri-

odic table. In the chemistry class, teacher created an investigative learning experience

with the support of digital technology, which can create personal challenge through

missions and/or tasks in multi-levels. In addition, the teacher provided an essential

question to all students and then students could interact personally in groups with the

technology by playing and receiving rewards regarding their missions/or tasks accom-

plishment. In the end, students had been assigned to present their group answers to

the prescriptive question.

Questions related to TPACK

Purpose of the question.

The answer

1) Please describe the scientific
concept of ionization energy (SC)

2) According to the
abovementioned situation, what is
the teaching strategy used (TS) by
the teacher, please describe?

3) According to the
abovementioned situation, what is
the technological tool used (TT) by
the teacher, please describe?

4) In this situation, is the TS used
influences to facilitate the SC
learning, please describe?

This question allows you to express
your scientific conceptual
understanding of a specific content
area.

This question allows you to
describe the pedagogy or learning
approach conducted by the
teacher based on your
interpretation.

This question allows you to
describe a specific kind of digital
learning technology implemented
by the teacher based on your
interpretation.

This question allows you to explain
how the selected pedagogy or
learning approach could positively
facilitate the learning of specific
scientific content, based on your
interpretation.

The general trend is for ionization
energy to increase moving from
left to right across an element
period. Moving left to right across a
period, the atomic radius decreases,
so electrons are more attracted to
the (closer) nucleus. In addition, the
general trend is for ionization
energy to decrease moving from
top to bottom down a periodic
table group. Moving down a group,
a valence shell is added. The
outermost electrons are further
from the positive-charged nucleus,
so they are easier to remove.

Inquiry-based learning has been
characterized as an approach in
which teachers will provide
challenge problem/essential
question and set up the
background and context, while
students must determine the
procedure/design, perform the
investigation based on the
specified design, and then make
the scientific communication and
draw their answers as conclusions.

[Here is your answer]

To promote an effective
investigative learning experience,
an inquiry-based learning approach
is a recommended teaching strat-
egy to address the learning of sci-
ence by its nature. To enhance
students’ conceptual learning of
jonization energy trends, the inquiry
learning process can facilitate their
direct experience of exploration to
collect data and/or evidence, and
then draw a particular conclusion
regarding the posed question in
learning activities.
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An example of open-ended question item in measuring preservice science teachers’

TPACK (Continued)

Questions related to TPACK

Purpose of the question. The answer

5) In this situation, is the TT used
that can support TS, please
describe?

6) In this situation, is the TT used
that can transform the SC
presentation for students learning,
please describe?

7) According to those three
components, ie, SC, TS, and TT,
please describe the relationship in
terms of chemistry instruction?

This question allows you to explain
how the selected digital learning
technology could positively support
the selected pedagogy or learning
approach, based on your
interpretation.

[Here is your answer]

This question allows you to explain
how the selected digital learning
technology could positively
transform the specific scientific
content, based on your
interpretation.

[Here is your answer]

This question allows you to express
your integrative understanding to
evaluate the appropriateness of
using the selected digital learning
technology to enhance the
selected pedagogy or learning
approach on the specific scientific
content.

[Here is your answer]

(Note: This is a translation of original version in Thai language)

Examples of a close-ended question item in measuring preservice science teachers’ TPACK

1. Which technological tool is able to use to characterize content of learning as

narrative story or scenario, and student can interact with the tool through playing in

missions, having challenge and fun with different unique situations, receiving rewards

and upgrade to higher level by mission accomplishment? (Note: TK measurement)

A. Simulation

B. Animation

C. Augmented Reality (AR)

D. Digital Game

2. According to the content-specific domain of blood circulatory system, which

technological tool can change the representation of the content into the most chal-

lenging mission and maximizing learning enjoyment during playing with mission?

(Note: TCK measurement)

A. Animation

B. Digital Game
C. Simulation
D.

Augmented Reality (AR)

(Note: This is a translation of original version in Thai language)

3. According to the use of mobile game to facilitate inquiry-based learning, which

technological tool can change the representation of the content into the most chal-

lenging mission and maximizing learning enjoyment during playing with mission?

(Note: TPK measurement)

A. Tt can support students’ inquiry to measure scientific signals and then

automatically display the obtained raw data from the measurement.

Page 23 of 27
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B. Students can immediately check the correction of their investigation, and then
personally receive feedback from their interaction.

C. It creates particular challenge to students to investigate target learning
phenomena by receiving rewards and scores from playing.

D. Students can inquire into the relationship among variables and visualize the

learning phenomena in invisible level.

(Note: This is a translation of original version in Thai language)
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In contrast to traditional teacher professional development (TPD), the importance of individualized professional
learning and expert content delivery is increasingly focused on as a challenge to transform the TPD. This study
investigated the effects of an andragogical design of TPD with an embedded personalized learning system on
technological pedagogical and content knowledge (TPACK) of in-service teachers. One hundred sixty-one in-
service science teachers from 92 secondary schools located Northeastern region of Thailand voluntarily partic-

ipated in the proposed TPD program. Results indicated that the in-service teachers significantly improved their
TPACK. These findings add to the limited body of research on TPD that facilitates adult teachers’ professional
learning with the support of a personalized learning system to be equipped with the know-how to pedagogically
apply digital technology into students’ learning experience in science.

1. Introduction

Applications of artificial intelligence (AI) and its contributions to
education are on the rise. They have received much attention from
educational researchers, developers, and practitioners in the last decade.
In the context of educational progress, Al has been indicated significant
commitments and potentials to facilitate both the teachers and the stu-
dents in their teaching and learning improvement, respectively. With the
implementation of Al in Education (AIED) for research and development
over 30 years, Al has grown the additional attention of researchers from
the fields of both computer science and education (Hwang, Xie, Wah, &
Gasevic, 2020), and it has been applied to various domains related to
teaching and learning development. However, AIED is still unclear for
educational researchers, developers, and practitioners how to make
pedagogical advantage of it on a broader scale and how it can impact
meaningfully on teaching and learning (Zawacki-Richter, Marin, Bond,
& Gouverneur, 2019).

Recently, AIED refers to the use of Al technologies or application
programs in educational service to facilitate learning by providing

personalized guidance, supports, feedback, and teaching, by assisting
teachers or policymakers in making decisions in educational settings
(Hwang et al., 2020). One of the crucial objectives of AIED is the pro-
vision of personalized learning applications which maximize the
learning with individual guidance or supports based on learning status,
preferences, or personal characteristics (Hwang, 2014). In the context of
professional learning and development settings for teachers, taking
advantage of these features would call for a new form and broadening of
approaches used in teacher professional development (TPD). In addi-
tion, the increasingly wide application of AI to serve the broader
educational practice of personalized learning offers challenges for most
educators, researchers, and practitioners from the fields of TPD to
implement relevant professional learning activities with Al. Moreover,
the advancement of Al offers the chance to create a possible and
somewhat logical appearance of personalized innovations in education,
such as teacher training, based on the highly technology-dependent and
cross-disciplinary field. Unfortunately, Southgate et al. (2018) reported
few TPD resources and opportunities related to Al, and there will be
important that quality TPD programs with Al be developed in the
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current educational improvement area.

To date, the improvement of TPD has been documented and has
taken in various modes and actions. TPD programs need to be recon-
sidered to meet new expectations in the new digital era. Al technologies
can offer innovative learning modes for more personalized and
customized professional development of teachers (Alawani, 2019).
Moreover, scholars have also pointed out a personalized learning system
as helping teachers to improve their teaching competencies (Ganser,
2000; Ma, Xin, & Du, 2018). With the use of an Al-powered personalized
learning system in TPD, there are enormous opportunities to design
precision learning activities and develop better technology-enhanced
learning applications or environments for promoting teacher’s profes-
sional knowledge. As a professional teacher in the digital era, they need
to incorporate different kinds of knowledge, i.e., content knowledge,
pedagogical knowledge, and technological knowledge, as widely
mentioned in the technological pedagogical and content knowledge
(TPACK) integrative framework. Moreover, the professional teachers
also were required to use that knowledge in various flexibility and
fluently combinations. Applying Al as an integral part of TPD to foster
teacher’s TPACK, a new body of knowledge that teachers need to possess
to teach with technology effectively, is essential and exciting for edu-
cators, researchers, and practitioners to consider how this can happen in
practice.

To achieve the point, this could be an essential educational appli-
cation of Al in TPD to offer an opportunity to develop a personalized
learning system as an intelligent tutor for mastering teachers’ TPACK.
Hwang et al. (2020) mentioned that Al technology, i.e., adaptive or
personalized learning system, has provided new appearances and op-
portunities to fulfill the needs of educational purposes or learning
design, i.e., teacher professional learning and development. However,
till now, there has been minimal scholarship (i.e., Angeli et al., 2014)
regarding whether Al-based learning technology, such as a personalized
learning system, could be implemented in a regular TPD training pro-
gram for TPACK development. Therefore, in this study, the researchers
not only develop a particular Al-based personalized learning system and
also proposing its implementation framework in the context of TPD for
TPACK development (TPD-TPACK), but also investigate an initial effi-
cacy of the TPD-TPACK approach with an embedded personalized
learning system for both experienced and non-experienced teachers in
digital learning pedagogy. To evaluate the effectiveness of the proposed
approach, the researchers intent to answer the following research
question: Does an Al-based personalized learning system support
TPD-TPACK approach, affect in-service science teachers’ TPACK
improvement?

2. Technology-supported teacher professional development

Several studies, i.e., Timperley (2008), Cordingley et al. (2015),
Darling-Hammond, Hyler, & Gardner (2017), have been reported the
synthesis of characteristics of effective professional development to
indicate how teachers learn to be professional. Based on the reports, a
research-informed consensus indicated that the use of technology for
teacher professional development needs to be considered into the
broader context of thinking about effective professional development.
As we have known, technology has powerful potential to innovate
teacher practice and student learning in various contexts and situations.
Unfortunately, teachers are bombarded with information about tech-
nological innovation for their students. They may, however, lack expe-
rience with the integration of technology into teaching (Hughes, 2005;
Rawlins & Kehrwald, 2014; Schrum, 1999) and receive far less guidance
on the pedagogical use of technologies that can support their work
(McKenney & Visscher, 2019). In recent years, teacher educators and
researchers mentioned that professional teachers should possess the
Technological, Pedagogical, and Content Knowledge (TPACK) frame-
work (Mishra & Koehler, 2006). However, current educational studies
that employed the TPACK framework were mainly conducted in teacher
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professional development (TPD) (Janssen, Knoef, & Lazonder, 2019). In
addition, most of these studies intended to create technology-integration
learning interventions that aimed to promote teachers’ professional
development of TPACK (Voogt & McKenney, 2017). However, there is a
prevalence of research on TPD program management rather than tech-
nological innovation to facilitate teacher’s professional development of
TPACK and their teaching performance.

Moreover, within this limited literature on technological innovation
to support teacher’s TPACK development, the theoretical and empirical
basis is also extremely limited. To date, various tools for professional
teacher learning are in development. However, a structured examina-
tion of such resources is severely lacking as well as Xie, Chu, Hwang, and
Wang (2019) reported that there are no studies of applying a person-
alized learning for leaners (working adults) and there are rarely
employed a personalized learning guidance of profession to facilitate
their learning process. A response question on this issue is how TPD can
be supported by technological innovation, such as artificial intelligence
and related technological tools?

From the perspective of precision education, Hwang et al. (2020)
mentioned that adaptive or personalized learning systems are the most
extensive artificial intelligence in education (AIED). From now till the
future, artificial intelligence (AI) could play various roles in TPD settings
and provide new technological appearances and opportunities for the
professional technology development of teachers. To advance teachers’
professional knowledge of technology integration, incorporating new
technology such as Al-powered personalized learning systems into
teacher learning settings will open up new concepts of TPD. Interest-
ingly, it could also be a promising approach to reconsider and revise
existing TPD research practices. In the context of TPACK research, the
newest approach to TPACK development is a software-based adaptive or
personalized learning system (Harris, 2016). To promote teachers’
TPACK development, Angeli, Valanides, Mavroudi, Christodoulou, and
Georgiou (2014) created a self-paced adaptive learning system called
e-TPACK as technological innovation to scaffold teachers’ professional
learning. In this study, an early exploration of personalized TPACK
development shows considerable promise for the role of data analytics in
the e-TPACK system for future TPACK-based professional learning.
Regarding TPD for TPACK development, Kajonmanee, Chaipidech, Sri-
sawasdi, and Chaipah (2020) developed a personalized ubiquitous
learning system for teachers to personally foster their essential knowl-
edge of teaching particular content with the support of digital technol-
ogy. The system corresponds to three simple main phases: diagnostic,
customization, and monitoring, and it would be described in the next
section. The study results have shown promising effects of the TPD
embedded personalized learning system intervention on improving
in-service teachers’ TPACK in Science, Technology, Engineering,
Mathematics (STEM) teaching practice.

3. Personalized learning for adult education

Over the past 30 years, a research trend on smart learning environ-
ment has been growth rapidly (Hwang & Fu, 2020). This trend illus-
trated the effort to apply numerous technologies for learning and
teaching. One of those implementations is offering learners’ individual
learning experiences efficiently based on their profile and learning style
called “Personalized learning” (Hwang, 2014). Recent research on
personalized learning has revealed benefits to using technology to adapt
the learning experience to learners’ preferences. For instant (Wong-
watkit et al., 2017), developed an integrated learning diagnosis and
formative assessment-based personalized web learning system to pro-
mote elementary students’ learning performance. The result revealed
that their learning achievement significantly better than those learning
with the conventional learning as well as their perceptions. While there
are some evidences that showed learners are satisfied with their learning
experience with several personalized learning approaches and systems,
researchers noted that there is limited study on whether and how the
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learner are improved their learning through the approaches and systems
or the learning process (Murray & Pérez, 2015). In addition, Chen, Xie,
Zou, and Hwang (2020) mentioned that although artificial intelligence
technology has been utilized in education since 1996, there was still lack
of studies that implement both artificial intelligence technology inte-
gration with educational theories.

Recently, researchers conducted a systematic review then pointed
out that the distribution of personalized/adaptive learning were rarely
found in the field of working adults (Xie et al., 2019). According to the
literature, it is worth to pay attention to adult learning which supported
by personalized/adaptive learning. Focusing on teachers who are
working adults at school setting, researchers have indicated that teacher
professional development (TPD) programs providing specialized
training to adult teachers generally have more significant and positive
influences on learners’ outcomes (Connors-Tadros & Hororwitz, 2014;
Zaslow, 2014). To be effective, TPD needs to address the principles and
methods of adult learning and training for teachers. The focus must shift
to a rigorous capacity-building process for adults so that handling their
educational needs is viewed differently from that of children. According
to this point, andragogy is defined as the art and science of helping
adults learn, in contrast to pedagogy, the art and science of teaching
children (Knowles, 1980). Thus, andragogy is an educational approach
that explicitly considers adult learning needs, andragogical principles,
and highly suitable methods for any form of adult education (Loeng,
2018). The andragogical approach, developed extensively by Malcolm
Knowles, is a well-lauded response to the TPD approach that considers
adult learning needs. According to Knowles (1980) perspective on
andragogy, Chan (2010) summarized the six following main assump-
tions based on andragogy:

- Self-concept: Adult learners are self-paced, autonomous, and
independent.

Role of experience: The repository of an adult’s experience is a rich
resource for learning. Adults tend to learn by drawing on their pre-
vious experiences.

Readiness to learn: Adults tend to be ready to learn what they believe
they need to know.

Orientation to learning: Adults learn for immediate applications
rather than for future uses. Their learning orientation is problem-
centered, task-oriented, and life-focused.

Internal motivation: Adults are more internally than externally
motivated.

Need to know: Adults need to know the value of learning and why
they need to learn.

According to the premises of the andragogy theory, Carpenter and
Linton (2016) reported that the learners’ opportunity to engage in direct
learning, collaborate with others, and contribute to the learning of
others motivated high levels of enthusiasm for their TPD experiences.
Furthermore, active learning, autonomy, and collaboration are vital
features to indicate effective TPD for adult teachers. In addition, Tsuda,
Sato, Wyant, and Hasegawa (2019) applied the framework of andragogy
theory to create a series of intensive workshops supporting elementary
school teachers’ development of unique teaching perceptions of the
societal shift toward depopulation. The findings indicated the impor-
tance of providing context-specific TPD, where a problem-centered
approach and self-directed processes are critical for effective TPD. In
the 21st century, these principles have been used to design online
learning environments for adult learners. Several studies (Blondy, 2007;
Cercone, 2008) suggested that learning designers need to pay attention
on prior experience, self-directed learning, independence, respect as an
expert, mature individuals with external responsibilities, and limited
time and resources of adult learners. Consequently, not only training or
banking of knowledge was provided to adult learners, but also facilitate
individualization, interaction, and collaboration in the learning
environment.
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4. TPACK-based personalized learning system for teacher
professional development

In this section, the personalized learning system facilitated TPACK
development which can support individual teacher learning of profes-
sional knowledge is demonstrated.

According to a mobile-assisted personalized ubiquitous learning
system, named Khon Kaen University Smart TPACK (KKU Smart
TPACK), for teacher’s TPACK development was created as a professional
learning environment for both pre-service and in-service teachers
regarding their prior knowledge of teaching and learning style and dif-
ferences in equipment and network qualities (Kajonmanee et al., 2020).
Fig. 1 displays the personalized learning system for in-service teachers’
TPACK development used in this study.

The system is a machine-centered adaptivity technology created with
a set of predefined rules. At the same time, the adaptable personalized
learning mechanisms are those functions in which teacher trainees can
intervene and personalize the TPACK-based learning lessons for them-
selves. Facilitating teachers’ professional learning regarding essential
knowledge of TPACK, this system contained three main modules,
namely personalized diagnosis, personalized recommendation, and
personalized evaluation, respectively, as displayed in Fig. 1. This system
process typically begins with the personalized diagnosis module, where
the users (teacher trainees) have had their personal context analyzed by
the system algorithm; that is, the personal learning style and all essential
knowledge are clarified following the TPACK framework to apply the
desired TPACK knowledge objects, define the learning pathways, and
identifying particular kinds of learning materials for which the user
needs to improve. The online learning material file types used in this
study include video, pdf, ppt, and HTML. Fig. 2 shows screenshots of two
diagnostic templates available in the proposed system after the trainees
completed a multiple-choice TPACK measurement test validated by
educational experts.

Based on the diagnosis module, individual TPACK problems are
identified for each trainee. Then, personalized TPACK learning contents
and the appropriate file type of content are recommended for each
trainee by the second module, the personalized recommendation. In this
module, the trainees can learn individually interact with their person-
alized learning contents and activities via the KKU Smart TPACK mobile
application. This module operates the process of selecting and sorting
different kinds of learning material based on the trainee’s learning style
and their device’s capabilities, including the flow of learning contents
and associated resources that users are expected to follow. In addition,
this phase seeks to ensure personalized and uninterrupted mobile
learning for trainees. Fig. 3 shows screenshots of the two personalized
recommendation templates available in the system.

The last module is about the personalized evaluation and feedback
stage for the trainees. They could evaluate their TPACK and monitor
their TPACK score compared to others in the same cluster and the
community at this module after learning with specific TPACK learning
materials due to the personalized recommendation module. Moreover,
the user can compare previous performance with the final performance
to reflect and visualize the current status of the TPACK. Fig. 4 shows
screenshots of the personalized evaluation templates available in the
proposed system.

In order to develop the system, many Al applications in education are
aimed at automating didactic activities, and the researchers explore the
potential impact of educational Al applications in personalized learning
autonomous. To automate some teaching tasks by Al application in
learning system, the selection of suitable learning materials for an in-
dividual teacher trainee according to their learning style, TPACK prob-
lems and device capabilities has been centralized in the system
development. In the learning material selection and sorting algorithms,
each learning material file with different values of relevance to learning
styles value (Crs) ranging from O (not relevant) to 1 (most relevant),
indicating how well each type of learner can learn from a given type of
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media, has been assigned. For example, a text-and-picture media has the
Crs of 0.5 for a visual learner and 1 for a verbal learner. On the other
hand, an animation media could have the C;s of 1 for a visual learner
and 0.5 for a verbal learner. The learning media file types used in this
work include video (streaming), video (downloaded), pdf, ppt and html.
In addition, learning material types have different computing resource
consumption (Cpr). The Cpr value ranges from 5 (requiring heavy
resource such as video streaming) to 1 (requiring low resource such as an
html file). In addition, the researchers proposed also an algorithm for
particularly selecting precise media of learning material to individual
teacher trainee. The algorithm identifies the TPACK knowledge prob-
lems of a teacher trainee and searches for corresponding learning ma-
terial as follows: (i) If there is only one media item for the given topic,
pick that item (ii) The media file size must be less than that of the
available storage size on a learner’s device (iii) If the learning media is a
streaming video, the learner’s mobile network quality must support the
minimum effective access (iv) The learning media must be corre-
sponding to the learner’s the learning style. In order to personalize the
learning, all of collected personal data and learning material informa-
tion, i.e. individual learning style, media file resource consumption and
file size, wireless signal strength, mobile device’s storage space and
download speed utilized into the proposed system algorithm. As such,

the cost of learning material format (content cost) is calculated as shown
in Eq. (1), as follows

Costeontent = (1- CLs) + Crr/Dnss * (Crs/ Drss + 8* Cgs/ Dps) (@)

where Cpg as the relevancy of the media to the learning style, Cgr as the
resource consumption of the media file, Dygg as the internet signal
strength level, Cgs as the media file size, Dgss as the device’s available
storage, and Dpg as the download speed.

From Eq. (1), each media file is calculated as content cost by the
following concept. The content cost will be small if: (i) The relevancy to
the learner’s style (Cyg) is high (ii) The ratio of resource consumption
used and network signal strength is low. That is if the media file requires
high resource consumption (Cgy), the network signal strength (Dnss)
must be high enough to fully support the file transfer. On the other hand,
if the media file requires low resource consumption, the network signal
strength can be relaxed a little bit (iii) There is a plenty of available
storage (Dpss) compared to the file size (Cgs) (iv) The download time is
small. That is the ratio between the file size (Cgs) and the download
speed (Dpg) is small. If the file size is large, the download speed must be
very fast to lower down the ratio. In contrast, if the file size is small, the
download speed can be relaxed a little bit.
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5. Study context

5.1. Teacher professional development in Khon Kaen University Smart
Learning Academy (KKU-SLA) project

The quality of teacher professional development (TPD) in Thailand is
critically vital for the educational outcomes for young Thais. Khon Kaen
University Smart Learning Academy, shortly called KKU-SLA, was
initiated by Khon Kaen University (KKU) in 2016. After, the KKU-SLA is
a unique large-scale educational project funded by the Thai Government
and launched formally in 2017. This funded 3-years project has ambi-
tiously attempted to improve middle school students’ learning

achievements in English language, mathematics, and science regarding
the Programme for International Student Assessment (PISA) framework,
and also build teacher digital competence of Thai science, mathematics,
and English teachers through its focus on TPD programs. The project’s
primary aim is capacity building and the systematic embedding of
Technological Pedagogical and Content Knowledge (TPACK) in in-
service science, mathematics, and English language TPD. The TPD in
the KKU-SLA project focused on systematic change in TPACK of
approximately 1700 science, mathematics, and English language
teachers in the northeastern region of Thailand by building effective
content-specific training programs and developing resources providing
rich professional learning and digital exemplar packages. The TPACK
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framework was explicitly selected to underpin the KKU-SLA project
because it represents the professional knowledge of teaching required of
Thai teachers to achieve the intent of the national curriculum areas of
Science, Mathematics, and English language. Moreover, the design of
TPD intervention across the KKU-SLA was guided by the TPACK
framework and aimed to enhance the TPACK capabilities of participant
in-service teachers. In addition, the KKU-SLA project represents the first
attempt of an interdisciplinary educational project, which experts and
researchers in several fields, i.e., Faculty of Education, Faculty of En-
gineering, Faculty of Human and Social Sciences, and Faculty of Science,
at Khon Kaen University, work collaboratively on building the TPACK
capacity of in-service teachers (Panjaburee & Srisawasdi, 2018).

For practical learning support, TPD intervention in KKU-SLA is
mainly designed to address the principles and methods of adult learning
and training for teachers, and andragogical principals and methods find
themself very suitable to any form of adult education (Loeng, 2018). As
we have known, teachers had to improve their competencies to
harmonize with their anthroposphere particularly, and the andragogical
approach, developed extensively by Malcolm Knowles (1980), is a
well-lauded response to the TPD approach considers adult learning
needs.

5.2. A proposed andragogical model of intervention for adult teacher’s
professional development in KKU-SLA

Andragogy provides a professional framework for how adults learn,
and contemporary educational researchers have explored its validity
and usefulness in varied contexts of TPD. By understanding how to
implement this framework in TPD practice, practitioners and re-
searchers can further inform the impact and relevancy of the model

Recommendation
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across professional learning environments. To improve teachers’
knowledge, skills, and integration of technologies into instruction, re-
searchers recommended professional development focused on using
technology within up-to-date models of teaching and learning. In
crafting an innovative teacher professional learning environment, an
andragogical TPD model has been proposed in this study to enhance in-
service teachers’ TPACK regarding their particular needs and learning
goals (see Fig. 5).

According to Knowles (1980)’s perspective on andragogy, Chan
(2010) summarized six main assumptions based on the andragogy: (i)
Self-concept, (ii) Role of experience, (iii) Readiness to learn, (iv)
Orientation to learning, (v) Internal motivation, and (vi) Need to know.
As andragogy is identified as an as-yet-unstudied setting, we propose an
andragogical model of TPD intervention for the KKU-SLA project (see
Fig. 5). The model is divided into four main phases as follows:

1) The Motivation phase consists of three main andragogical assump-
tions: Internal motivation, Readiness to learn, and Self-concept. Self-
directed learning with KKU Smart TPACK, a personalized ubiquitous
learning system, has been introduced to teacher trainees in this
phase. The system could trigger their intrinsic motivation to learn by
revealing the current status of their TPACK and induce them to
complete what they need to know regarding TPACK by themselves.

2) The Conceptualization phase consists of Orientation to learning
assumption. In this session, a role play as a student is used to provide
a point of view of learning science to teacher trainees, an experiential
session of learning how-to-learn.

3) The Consolidation phase consists of the Role of experience assump-
tion. In this session, teacher trainees are guided in an experiential
session of learning how-to-teach to simulate how to use digital

Consolidation

Fig. 5. The design of the andragogical TPD model for intervening in-service teachers’ TPACK.
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learning tools from the previous phase then apply them into their
teaching context.

4) The Recommendation phase consists of a couple of assumptions of
Need to know and Self-concept. Repeated self-directed learning with
the KKU Smart TPACK system is encouraged to assess teacher
trainees” TPACK progression for this phase. A discussion on the
TPACK results would be used to address the assumptions.

6. Methods
6.1. Research design

In our effort to investigate the effect of the TPD training program,
quantitative data in this study were collected on two different occasions,
at the beginning and the end of the TPD intervention program.
Considering the purpose of this study, the hypothesis was that there was
a statistically significant difference between in-service science teachers’
TPACK (pre- and post-intervention scores). To provide more details, a
two-day intensive training workshop has been designed following the
TPACK framework, equipped with the personalized ubiquitous learning
system to cultivate the in-service science teachers’ TPACK. In this study,
all in-service science teachers voluntarily attended the training work-
shop in February 2019. In the TPD workshop, they were trained to
teaching a particular science lesson of state of matter with heat transfer
related to the 7th-grade national science curriculum standard.

At the beginning of the intensive TPD workshop, the participants
attended the face-to-face session (1.5 h). The personalized ubiquitous
learning system allowed the in-service science teachers to interact with
the entire self-directed professional learning system. After finishing the
learning and assessment in the KKU Smart TPACK, situational intro-
duction for instructional pain points and findings from research-based
learning innovation are presented. After that, in the following session
(1.5 h). After completed the Motivation phase, the following phase is the
Conceptualization phase (3 h). In this phase, the in-service science
teachers participated in a role-play environment as learners called
learning how-to-learn. They were experienced with the mobile-assisted
Science, Technology, Engineering, Mathematics (STEM) learning inno-
vation by hands-on practice and fostered to form a concept of the inte-
grated STEM learning process. The second day of the workshop starts
with a complete learning how-to-teach (3 h). In this phase, called the
Consolidation phase, the participants were promoted to interact with a
specific mobile application to support an authentic task in integrated
STEM learning. They were then encouraged to consolidate the teaching
practice of seamless STEM learning. In the next session, the participants
interact with an individual with an entire self-directed professional
learning with the personalized ubiquitous learning system (1.5 h). The
last session of the training workshop is monitored the participants’

Session#1 Session#2
1.5 hour 1.5 hour

- 00
> e
©
a

3 hours

o~
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> i
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TPACK results from the personalized ubiquitous learning system (1.5 h).
The researchers used these results to recommend and open discussion to
the participants, specifically on the TPACK outcomes. Fig. 6 depicts the
TPD intervention structure for non-digital experience participants.

6.2. Study participants

This research was implemented through a series of Teacher Profes-
sional Development training. The training was following the instruc-
tional model (see Fig. 6). The authors of this research conducted the TPD
training program. This study involved 161 in-service science teachers
(84 females and 77 males) from 92 secondary schools in the North-
eastern region of Thailand teaching in a 7th-grade class. They were
selected purposefully to attend the training workshop by Educational
Service Areas located in the Northeastern part of Thailand, who were
MOU with the KKU-SLA project which aimed to develop their essential
knowledge of integrating technologies into science learning in class-
room. These participants were new attendees for the KKU Smart
learning Academy Project, and this implied that they do not have
experience in digital learning workshops. Their teaching experience was
ranking from 1 to 22 years. They had an average of 12.8 years of
teaching experience. Their age range between 24 and 55 years old.
Before this study, they all had some experiences of using digital tech-
nology in scientific classrooms. Most of them held a bachelors’ degree,
and some held master’s degree in education.

6.3. Measures and data analysis

To measure the effectiveness of the TPD intervention that may affect
in-service teachers’ cognitive aspect on TPACK of integrated STEM ed-
ucation, the TPACK scores before and after the intervention have pro-
ceeded. A closed-ended multiple-choice questionnaire was employed to
address their TPACK in integrated STEM education. The researchers
developed the questionnaire, and it was validated by the research panel
consisting of three experts in science education, educational technology,
and teacher education, respectively. To complete the questionnaire, the
measuring instrument was embedded into the KKU Smart TPACK mobile
application, and the in-services science teachers have to interact with
the mobile application individually. There are 13 question items for the
face-to-face TPD workshop, and the total scores are also 13 points. The
questionnaire consists of Content Knowledge (CK) (5 items), Pedagog-
ical Knowledge (PK) (2 items), Technological Knowledge (TK) (2 items),
Technological Content Knowledge (TCK) (1 item), Pedagogical Content
Knowledge (PCK) (1 item), Technological Pedagogical Knowledge (TPK)
(1 item), and Technological Pedagogical and Content Knowledge
(TPACK) (1 item). Its reliability was 0.75. The TPACK questionnaires
require 45 min to complete for the study.

Session#3 Session#4

3 hours

&,

1.5 hour

1.5 hour

..

Personaliz Reaction
I Discussion &
Recommendation

Fig. 6. The structure of a TPD intervention with the support of personalized ubiquitous learning system for non-digital experience participants.
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Before analyzing data from the participants in the intervention
program, researchers manipulated the data by eliminated incomplete
data. For example, some science teachers who did not finish the tests
during the workshop session are excluded. This study used IBM SPSS
Statistics 21 as the analytic tool. First, to compare the pre- and post-
intervention mean score, the Shapiro-Wilk test has been used to test,
and the test scores do not violate the assumption of normal distribution.
Then, the paired t-test was conducted to examine the change. A signif-
icance level of alpha that used for testing the hypothesis is 0.05. To
quantify the size of the difference between two groups, the effect size
indicator was used to computed (Rosenthal, 1994). Effect sizes were
interpreted using Cohen’s guideline, 0.2 represents a small effect size,
0.5 represents a medium effect size, and 0.8 represents a large effect size.

6.4. Findings

The descriptive findings from this study of in-service teachers’ mean
score and standard deviations (S.D.) on the seven scales of TPACK are
reported in Table 1. The statistic revealed an increase in all TPACK
constructs and the total scores.

To examine the influence of TPD intervention on in-service science
teachers’ TPACK, the paired-sample t-test was used in this study. The
basic assumptions were checked before initiate the statistical hypothe-
sis, and no violation was detected. As a result, there was a statistically
significant increase in their TPACK-STEM scores from pre-to post-
intervention in large size for the teacher professional development
programs regarding Technological Knowledge (TK), N =161, Z = 6.659,
p < .000, Eta2 = 0.525, and Total TPACK, N = 161, Z = 10.177, p <
.000, Eta2 = 0.802. Moreover, there was also a statistically significant
increase in their Content Knowledge (CK), N =161, Z = 6.209, p < .000,
Eta2 = 0.489, Pedagogical Knowledge (PK), N = 161, Z = 6.193, p <
.000, Eta2 = 0.488, and Technological Content Knowledge (TCK), N =
161, Z = 4.696, p < .000, Eta2 = 0.370, in medium size. In addition,
there was a small size effect of the statistically significant increase on
Technological Pedagogical Knowledge (TPK), N = 161, Z = 2.540, p =
.011, Eta2 = 0.200, Pedagogical Content Knowledge (PCK), N = 161, Z
= 2.394, p = .017, Eta2 = 0.189, and Technological Pedagogical and
Content Knowledge (TPACK), N = 161, Z = 2.898, p = .004, Eta2 =
0.228. The result reveals that the TPD intervention significantly
increased in-service teachers’ TPACK in STEM education. Overall, the
in-service teachers’ TPACK in STEM education significantly improved
after participating with the andragogical TPD intervention programs as

Table 1
The descriptive statistic for all components of TPACK for TPD intervention
programs.

TPACK Score (N = 161)

Mean SD Z P ES"

CK Pre 2.14 1.100 -6.209 .000* 0.489
Post 2.89 1.255

PK Pre 0.54 0.592 -6.193 .000* 0.488
Post 0.99 0.689

TK Pre 0.90 0.743 -6.659 .000* 0.525
Post 1.43 0.722

TCK Pre 0.38 0.487 -4.696 .000* 0.370
Post 0.64 0.482

TPK Pre 0.44 0.498 -2.540 .011* 0.200
Post 0.57 0.497

PCK Pre 0.61 0.488 -2.394 .017* 0.189
Post 0.73 0.444

TPACK Pre 0.25 0.437 -2.898 .004* 0.228
Post 0.40 0.491

Total Pre 5.26 1.653 -10.177 .000* 0.802
Post 7.64 1.879

*p < .05, (N = 161).
2 (Effect size = Z/ \/ N, Rosenthal (1994)).
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measured by the increase in total TPACK scoring. Fig. 7 displays the
results of statistical analysis for evaluating the effects of TPD in-
terventions on TPACK development.

7. Discussion

For TPD research, training teachers to teach with technology effec-
tively is undoubtedly a complex task, particularly regarding individual
differences. It demands applying various bodies of knowledge related to
teaching (Angeli et al., 2014). In this study, the results indicated a su-
perior effect of integrating a personalized learning system into an
andragogical TPD intervention program that in-service adult teachers
significantly improved their TPACK of integrated STEM education for all
TPACK sub-components. The result of this study revealed that inte-
grating a TPACK-oriented personalized learning system as a
cognitive-facilitated mechanistic tool within the TPD intervention
would facilitate teachers’ professional learning achievement. This pos-
itive finding can be further explained that the personalized learning
approach is a considerably process-based method of TPACK develop-
ment, and personalized learning resources are an effective way to
improve teaching competencies with technology for teachers (Harris,
2016). Moreover, the provision of Al-powered personalized guidance or
supports to individual learning based on their personal status, prefer-
ences, or characteristics has been mentioned as crucial in education
(Hwang, 2014). In addition, the utilization of Al-based systems offers
much promise to enhance professional learning performance and assist
teachers in advancing their teaching competencies (Hwang et al., 2020).
The empirical finding regarding teachers’ TPACK development in this
study is consistent with numerous studies showing that the technology
of personalized learning approach seems to be a considerable promise
with the usefulness of data analytics in future TPACK-based professional
learning (Angeli et al., 2014). Furthermore, the personalized learning
technology could prove highly effective with adaptive operation and
system in situated professional development (Timotheou, Christodou-
lou, & Angeli, 2017). Moreover, this is consistent with Gynther (2016)
and Ma et al. (2018), who found that personalized learning for teachers
positively influences their professional development. In addition,
Kajonmanee et al. (2020) reported a positive result for creating a
personalized learning environment concerning in-service teachers’
different learning styles and TPACK problems that the personalized
environment could significantly improve teachers’ learning outcomes in
almost all knowledge domains in the TPACK framework.

In accordance with Knowles (1980)’s theory of andragogy, Garet,
Porter, Desimone, Birman, and Suk Yoon, 2001 (2001) and Loxley,
Johnston, Murchan, Fitzgerald, and Quinn (2007) mentioned that
andragogical principles and practices—that is, collaborative,
classroom-based, and research-informed approaches in TPD—positively
influence teaching performances and competencies. In this study, the
TPACK-oriented personalized learning system played a vital role in the
trainees’ self-directed process on what they believe they need to know. It
encouraged them to autonomously accept responsibility for their pro-
fessional learning as being in adult education, addressing “self-concept,”
“readiness to learn,” “internal motivation,” and “need to know” aspects.
This echoes the argument about the importance of self-directed,
autonomous, and independent manners, underlining an assumption
based on the andragogy (e.g., Carpenter & Linton, 2016; Chan, 2010;
Tsuda et al., 2019). For the aspects of “role of experience” and “orien-
tation to learning”, the trainees were impressively immersed in gaining
adult active and collaborative learning experiences with the proposed
TPD intervention. In the sessions, they had opportunities to learn new
essential knowledge and skills by drawing from their previous teaching
experiences. Moreover, what they learned was targeted directly as
problem-oriented and real-life-focused situations, and then they were
assigned training tasks for immediate applications in the TPD inter-
vention rather than for future use. According to the results, our findings
are consistent with previous studies that suggest active learning and
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Fig. 7. Results of TPACK in integrated STEM education development based on the andragogical TPD intervention program.

collaboration are critical components of effective TPD for adults’ pro-
fessional learning (e.g., Carpenter & Linton, 2016; Garet et al., 2001;
Ronfeldt, Farmer, McQueen, & Grissom, 2015). As such, the researchers
think that the use of andragogical principles and practices in crafting
teachers’ professional learning experiences is critically important to
promote a better quality of TPD for TPACK development. The findings
and the process of this study could be an alternative way to guide ed-
ucators to embed artificial intelligence with a personalized learning
system for educational application as an intelligence tutor (Hwang et al.,
2020) for TPD. Furthermore, in order to maintaining a strong workforce
for education in this 21st century, teacher professional development will
be an important factor to pursue this goal. Personalized learning will
support the needs of adult learners to improve quality for their careers
path. This study could be a case study which employed Al technology
with educational theory regarding adult learning. Mainly, integrating
the Al-powered personalized learning system in this study into TPD
intervention could be considered as an emerging innovative platform for
precision teacher education and professional development for this
century.

8. Conclusion

For developing an effective TPD intervention program for adult
teachers based on the andragogy theory, integrating an Al-powered
personalized learning system is an important issue, particularly
addressing andragogical learning assumptions. The new perspective of
integrating the personalized learning system as a value of the andra-
gogical practices is presented in this paper. Remarkably, the system has
been applied to induce the “Self-concept”, “Readiness to learn”, “Inter-
nal motivation”, and “Need to know” assumptions within the proposed
TPD intervention program. Moreover, it has been a critical part of
creating a connection for designing adult active and collaborative
learning experiences related to “Role of experience” and “Orientation to
learning” assumptions with the support of the personalized learning
system. The results have shown promising effects of the TPD interven-
tion on improving adult teachers’ professional knowledge, called
TPACK, to pedagogically integrate digital technologies into their STEM
teaching practice in particular integrated STEM-related situations. The
finding from this study directly contributes to the growing body of
research on Al in teacher education and teacher professional develop-
ment for improving the methods of specialized professional training to
adult teachers to transfer more significant and positive influences on

learner’s outcomes.

In addition, the proposed method can overcome the drawbacks of
Chaipidech et al. (in press)’s studies, resulting in a more reliable or
better quality of the enhancement of teaching professional knowledge
regarding TPACK based on the integration of the personalized learning
system. As the proposed TPD intervention program showed, integrating
the personalized learning system is a practical way to facilitate adult
teacher professional learning in a real-world training environment.

However, this study has two significant limitations. First, the par-
ticipants were purposefully selected from regions and school districts
involved in the KKU-SLA project in Thailand, and the number of par-
ticipants was small. Therefore, the statistically significant results of
TPACK improvement in this study may not be contextualized to other
countries or generalized to all in-service STEM teachers working in Thai
secondary school education. Second, the researchers focused on quan-
titative inquiries to capture the effect of andragogical TPD intervention
programs equipped with TPACK-oriented personalized learning systems;
they did not use any qualitative inquiry in the analysis. To better cap-
ture, both quantitative and qualitative inquiry methods should be syn-
ergized and emphasized in tandem. Furthermore, they should be utilized
to examine the effect of the proposed TPD intervention and gainfully
understand the transformation of professional knowledge related to
TPACK. Based on these limitations, there remains a need for further
investigation, and therefore, the researchers suggest some guidelines for
future studies. First, future research should be implemented in other
subjects to investigate the results that might be affected by these dif-
ferences and comparative studies between trainees who have received
and have not received the application of andragogy and/or the inte-
gration of personalized learning systems. Second, to increase meaning-
fulness, future research is needed to investigate the effect of
andragogical TPD intervention and the role of personalized learning
systems on TPACK development, using quantitative and qualitative in-
quiry practices that will advance the development of TPD intervention.
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ABSTRACT: Several previous studies have indicated that teachers require knowledge to enhancing technology-
integrated instructional practices for representing and formulating the content to students. Therefore, the
technological pedagogical content knowledge (TPACK) framework is essential for advancing teacher
professional development (TPD) programs while using technology-integrated teaching. Moreover, personalized
learning systems have been increasingly recommended to improve the quality of professional teacher
development. This TPD study was based on andragogy theory and the TPACK framework. This study
implemented an andragogical TPD outreach program integrating a TPACK-oriented personalized learning
system as a 2-year face-to-face training mode for TPACK-focused science, technology, engineering, and
mathematics (STEM) education to in-service STEM teachers from secondary schools in northeastern Thailand.
They were employing a pre-post intervention design method, this paper reports on an ongoing longitudinal
investigation of the influence of the TPD program, disseminated in four 2-day intensive training workshops, on
153 in-service teachers’ TPACK development. The study measured participants’ changes of the cognitive
outcome on how to teach STEM situation-related photosynthesis, friction, light and vision, and composite
materials with digital technology using multiple-choice TPACK tests embedded in the proposed personalized
learning system. The results showed in-service STEM teachers’ incremental TPACK improvement from the
implementation of the TPD intervention. The results indicate the alleged superiority of the integrated
personalized learning system as a critical part of promoting TPACK development in STEM education.

Keywords: Personalized learning, Mobile technology, Andragogy, Teacher training, STEM education

1. Introduction

Previous research has indicated that, while students from primary education receive learning activities in the
fields of science, technology, engineering, and mathematics (STEM), they tend to have less interest and
motivation for STEM learning, especially in Western countries and more prosperous Asian nations (Thomas &
Watters, 2015). Importantly, students’ STEM interests and motivation are major prerequisites to promoting
meaningful STEM learning. They are closely related to their future career choices associated with STEM
disciplines (Christensen & Knezek, 2017; Maltese et al., 2014). Concerning this problematic issue, several
nations continue to transform the conventional subject learning-related STEM disciplines and grow STEM
education improvement to meet the twenty-first century’s environmental, social, and economic challenges
(English, 2016; Kelley & Knowles, 2016). Regarding the global urgency, the demand for preparing a STEM
workforce equipped with STEM skills and competencies has been increasingly acknowledged worldwide, and
the need for an educational transformation of science, mathematics, and technology education and development
into integrated STEM education and STEM professional development has been pointed out by educational
researchers, practitioners, and developers (Cheng et al., 2020; Honey et al., 2014). In addition to the growing
global interest and substantial endeavor to promote STEM, not only do all students need a more robust integrated
and holistic approach to STEM education, but STEM teachers are also needed to educate and prepare for gaining
high-quality STEM teaching competency (Kajonmanee et al., 2020; Srisawasdi, 2012; Srisawasdi, 2015).
Educational reforms and efforts should increase STEM teacher supply through well-designed teacher
professional development (TPD; Jong, 2019a; Jong, 2019b). Research about TPD shows that it is most effective
when the process of professional learning is active, consistent with intrinsic motivation, focused on individual
performance, and reflecting actual progression (Harris, 2016). As such, the TPD program movement is widely
related to the intervention that can support the diagnostics of individual trainees, provide customized professional
learning opportunities, situate active learning within professional learning communities, and then be used to
monitor adult teachers’ progression (Joyce & Calhoun, 2010). To be effective, it is crucial to consider the
conceptual theory of andragogy, which refers to methods and principles used to facilitate adult learning,
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particularly creating a professional development class conducted with an adult STEM teacher audience. To
generate a true mirror of pedagogical methods teachers employ with their students, the andragogy should be
concerned with the enhanced education of the teaching forces to improve the quality of education received at the
K-12 level (Marshall, 2019).

As Chai (2019) and Fore et al. (2015) indicated, TPD has been laying the foundation for reforming education.
Thus, professional development is a growth-promoting learning process that empowers STEM teachers to adopt
an integrated and holistic approach to teaching STEM and going through it yearly to improve the quality of
integrated STEM teaching competencies. However, there is still a lack of TPD studies for integrated STEM
education (Al Salami et al., 2017; Cavlazoglu & Stuessy, 2017; Chai, 2019; Chai, Jong, & Yan, 2020). The
approach to combine some or all of the four disciplines of science, technology, engineering, and mathematics
into one class, unit, or lesson and bound by STEM practices within an authentic context or real-world situation to
enhance student learning (Kelly & Knowles, 2016; Moore et al., 2014). In the context of integrated STEM
education, the teacher’s role is to design and implement STEM instructional practices to facilitate students
achieving higher-order thinking competencies, such as problem-solving via active participation and their creative
thinking abilities via teamwork, using knowledge and skills (Bell et al., 2018; Condon & Wichowsky, 2018;
Hwang et al., 2020; Lee, 2015). Therefore, providing teacher knowledge is key to effective STEM instructional
practices, especially technology-enhanced STEM education (Kajonmanee et al., 2020; Hwang et al., 2020; Nikou
& Economides, 2019).

Regarding teacher knowledge, Shulman (1986) pointed out that it is necessary to engage teachers in representing
and formulating the content/subject that makes it comprehensible to others. In other words, teachers need to use a
particular tool to deliver content to students rather than substitute or augment content with available tools. In line
with this concern, Mishra and Koehler (2006) suggested teacher knowledge of how to effectively teach with a
proper technology; that is the framework of technological pedagogical content knowledge (TPACK), making for
effective technology-enhanced teaching. Thus, TPACK can be regarded as an effective technology-integration
model for TPD (Chai, Jong, & Yan, 2020; Lee et al., 2019; Pondee et al., 2021). In addition, teachers would
think first about what they want students to know and how they will blend technology into STEM content;
therefore, Chai (2019) indicated that teachers should activate and expand their TPACK for STEM lesson design.
However, training teachers to teach STEM lessons with technology effectively is a complex task, particularly
regarding their different instructional profiles and characteristics. To respond to the demand for multiple
knowledge applications for teaching with technology in STEM education, the technology of a personalized
learning approach seems to hold considerable promise with the usefulness of data analytics in future TPACK-
based professional learning (Angeli et al., 2014). Moreover, personalized learning technology could prove highly
effective with adaptive operation and systems in situated professional development (PD; e.g., TPACK-STEM,;
Timotheou et al., 2017). Therefore, the connections between TPACK, STEM, and personalized learning systems
could contribute to a composite framework to analyze and promote TPD quality in STEM education. Thus, this
study employs the TPACK framework as the theoretical basis for designing STEM teachers’ TPD programs and
then implementing the programs via the integration of personalized learning systems to cultivate their TPACK
regarding integrated STEM education.

Finally, a TPACK framework that explains essential knowledge types has been suggested as a requirement of
effective technology integration for teachers. Similarly, for adult teachers to use technology effectively in their
STEM instruction, TPACK is essential. This effort may foster connections between TPD and andragogy in the
fields. It is necessary to advance teachers” TPACK in STEM education and contribute to a composite framework
to analyze the quality of andragogical TPD approaches for STEM teachers. Hence, this study will examine a
TPD intervention implemented to develop TPACK in the STEM education of in-service teachers in Thailand.
The intention is to provide an answer to the following question: Does an andragogical TPD intervention program
emphasizing TPACK in integrated STEM education, with the support of a personalized learning system, affect
in-service science teachers’ TPACK improvement?

2. Literature review

2.1. Andragogy in Teacher Professional Development (TPD)

In the past decade, scholars have identified factors for successful PD. For example, practicing or training content
knowledge alone is not sufficient; teachers must also learn the appropriate pedagogies to foster student learning

(Shulman, 1986; Mishra & Koehler, 2006). Improving instructional knowledge and skills among teachers is
through PD with sustained learning periods (Garet et al., 2001). To avoid failure of school improvement,
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teachers should be active participants rather than passive receptacles of knowledge through PD (Darling-

Hammond et al., 2017). In addition, researchers have indicated that teacher professional development (TPD)

programs providing specialized training to adult teachers generally have more significant and positive influences

on learners’ outcomes (Connors-Tadros & Horwitz, 2014; Zaslow, 2014). To be effective, PD needs to address

the principles and methods of adult learning and training for teachers, and the focus must shift to a rigorous

process of capacity building for adults so that the way of handling their educational needs is viewed differently

from that related to children. As indicated by Knowles (1980), andragogy refers to the procedure for supporting

the learning of adults, while pedagogy refers to the strategy that teachers use to teach students. Thus, andragogy

is an educational approach that explicitly considers adult learning needs, andragogical principles, and highly

suitable methods for any form of adult education (Loeng, 2018). It is well known that teachers have to improve

their competencies to harmonize with their anthroposphere particularly, and the andragogical approach,

developed extensively by Malcolm Knowles, is a well-lauded response to the TPD approach that considers adult

learning needs. According to Knowles’ (1980) perspective on andragogy, Chan (2010) summarized the six

following main assumptions based on andragogy:

e  Self-concept: Adult learners are self-paced, autonomous, and independent.

e Role of experience: Adults tend to elicit and apply their previous experience to learn.

e Readiness to learn: Adults tend to be ready to learn what they believe they need to know.

e Orientation to learning: Adults learn for immediate applications rather than for future uses. Their learning
orientation is problem-centered, task-oriented, and life-focused.

e Internal motivation: Adults are more internally than externally motivated.

e Need to know: Adults need to know the value of learning and why they need to learn.

According to the premises of andragogy theory, Carpenter and Linton (2016) reported that the learners’
opportunity to engage in direct learning, collaborate with others, and contribute to the learning of others motivate
high levels of enthusiasm for their TPD experiences, where active learning, autonomy, and collaboration are key
features to indicate effective PD for adult teachers. In addition, Tsuda et al. (2019) applied the framework of
andragogy theory to create a series of intensive workshops supporting elementary school teachers’ development
of unique teaching perceptions regarding the societal shift toward depopulation. The findings indicated the
importance of providing context-specific PD, where a problem-centered approach and self-directed processes are
essential for effective TPD.

2.2. TPACK for teachers in STEM education

Recently, the TPACK framework has offered opportunities for providing teaching knowledge and guidance in
professional teacher development programs. According to Mishra and Koehler’s (2006) framework, it currently
seems to be the single most significant factor in the success or failure of TPD in STEM education. Since STEM
education is increasingly drawing attention from different parts of the world, there is currently an emerging call
for STEM education to be synthesized with the TPACK framework for TPD, and the integration of STEM
education and the TPACK framework is considered as a means to advance the state of affairs (Chai, Jong, &
Yan, 2020). Moreover, technology is integral to TPACK and STEM education, and TPACK and STEM aim to
develop students’ twenty-first-century capacities (Chai, 2019). Scholars have emphasized the importance of
providing the TPACK teaching model to let teachers understand and apply it in classrooms based on the
knowledge addressed across technology, pedagogy, and content (Koehler & Mishra, 2005; Koehler & Mishra,
2008; Mishra & Koehler, 2006; Thompson & Mishra, 2007). Thus, interest and challenges have grown in
incorporating the TPACK framework into teacher education to support the knowledge development of teaching
in teachers (Janssen et al., 2019). Most of these studies have intended to design and develop technology-
integration learning interventions to foster teachers’ development of TPACK (Voogt et al.,, 2013). To be
effective in promoting TPD in STEM education, these two fields of study—TPACK and STEM-—need
integration because teachers’ competencies in technology integration and facilitating interdisciplinary STEM-
based learning are both likely to enhance students’ knowledge and skills that are crucial to their career prospects
(Chai, Rahmawati, & Jong, 2020; Parker et al., 2015). To establish effective STEM classrooms, teachers must
acquire specific knowledge related to TPACK to use educational technologies in particular STEM-specific
learning situations (Milner-Bolotin, 2012; Pondee et al., 2021).

2.3. Personalized learning systems for TPACK PD

In the past decade, personalized learning systems have been used across contexts, particularly for supporting
students’ learning achievement, attitudes, and motivations, such as mathematics (Hwang, 2003; Panjaburee et al.,
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2010; Lin et al., 2011; Panjaburee et al., 2013; Wongwatkit et al., 2017), computer science courses (Chookaew et
al., 2015; Latham et al., 2014; Wanichsan et al., 2021), and physical education (Huang et al., 2011). Nonetheless,
the personalized learning systems concerning PD are mostly few studies. It might be because training teachers to
know how to teach effectively with technology is undoubtedly a complex task, and it demands the application of
various bodies of knowledge related to teaching (Angeli et al., 2014). Therefore, it is challenging to improve the
quality of teaching and promote TPD, the personalized learning approach is a considerably process-based
method of TPACK development (Harris, 2016), and scholars are increasingly considering personalized learning
resources as an effective way to improve teaching competencies with technology for teachers (Angeli et al.,
2014; Kajonmanee et al., 2020). Personalized learning systems, which consider individual differences and tailor
specific learning paths and experiences to current situations and learning needs, have become increasingly
crucial for TPD. To support professional teaching development in the digital era for teachers, researchers and
developers have attempted to develop technological solutions, such as online-mediated personal learning
platforms, to support TPACK development. Angeli et al. (2014) proposed an adaptive and interactive electronic
learning system for fostering teachers’ TPACK, called e-TPACK. The system has been designed and developed
specifically to promote teachers’ ongoing TPACK development by personalizing the content presented to them
in the form of technology-enhanced instructional scenarios. Moreover, this online learning system and approach
show a particular role of personalized learning analytics and are also helpful with the logistics of planning TPD
to further develop teachers” TPACK.

Regarding the pedagogical application of personalized learning systems for STEM teachers’ TPACK
development, Kajonmanee et al. (2020) developed a TPACK-oriented personalized learning system to personally
foster their essential teaching knowledge with particular content and digital technology. The system corresponds
to three simple phases—the diagnostic, customization, and monitoring phases—as described in the next section.
The results of the study indicated a promising effect of the TPD-embedded personalized learning system
intervention on improving in-service teachers’ TPACK in STEM teaching practice.

3. The Andragogical TPD-enhanced TPACK in teaching STEM (TPACK-STEM TPD)
3.1. An Andragogical TPD model for enhancing TPACK in the teaching of integrated STEM education

As is known worldwide, one way to improve instructional knowledge and skills among teachers is through TPD
programs. The study presented in this paper focuses on a TPD instructional model emphasizing an andragogical
approach for providing specialized training to adult teachers and enhancing positive influences on their TPACK
of integrated STEM education. The main goal of the andragogical TPD model is that teachers, who are adults,
learn to improve their TPACK in STEM education in relation to their needs, emphasizing how to implement the
TPD using a personalized learning system in a supportive role. The proposed TPD model is expected to support
all teacher professional learning design activities, and when integrated with a personalized learning system, the
model promotes TPACK. Figure 1 shows the main components of the andragogical TPD.

The andragogical TPD model for the TPACK-STEM workshop is divided into four main phases (see Figure 2),

with the following structure:

(1) The first phase (motivation phase) consists of two sessions. To prepare teachers to learn what they need to
know, to meet adults’ readiness-to-learn and need-to-know assumptions (Knowles et al., 2005), the first
session is an introduction to instructional pain points in conventional science classes, findings from
research-based learning innovation, and seamless STEM learning and its potential advantages. Then, the
second session comprises self-paced learning on TPACK-STEM with a personalized learning system, the
Khon Kaen University (KKU)-TPACK. This session will address self-concept and internal motivation
assumptions for adult learning (Knowles et al., 2005), supporting learners in believing that they are
responsible for their lives. With the KKU Smart TPACK system, the teachers can develop their latent self-
paced learning skills and are motivated by intrinsic rewards using a sense of accomplishment to complete
their TPACK.

(2) The second phase (conceptualization phase) comprises a seamless STEM learning authoring tool—a
seamless mobile application called KKU-iNote—and a tour of its learning process through interaction in the
learning-how-to-learn workshop. This phase emphasizes the adult’s role of experience (Knowles et al.,
2005), which is a way to encourage the adult to learn by drawing on previous teaching experiences.
Participants carry out a complete seamless STEM learning process for a sample lesson using the detailed
step-by-step practice for this phase. Participants then experience the student role and are expected to explore
and conceptualize the learning process designed for integrated STEM education perspectives.
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The third phase (consolidation phase) comprises a presentation of a learning-how-to-teach workshop that
addresses adults’ orientation to learning assumptions (Knowles et al., 2005). In this phase, participants apply
the same learning process, supported by KKU-iNote, to an integrated STEM learning lesson within the
participants’ teaching context located in the curriculum guidelines. Moreover, participants are expected to
select one or several lessons to design integrated STEM lessons and implement them in the upcoming class
after the workshop. This phase can support the assumption that adults learn for immediate applications
rather than for future uses. In other words, adults prefer tasks that engage them to deal with authentic
problems.

The fourth phase (recommendation phase) consists of the two following sessions: (i) repeatable self-paced
learning on TPACK-STEM with the KKU Smart TPACK system as a reviewing process of their TPACK
progression, and (ii) a reaction to discuss the TPACK result and to draw the final main lessons learned from
the workshop addressing TPACK of the lesson. Those sessions have prepared them for the readiness-to-
learn and need-to-know assumptions, as done in the first phase.
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Figure 1. The framework of the andragogical teacher professional development model for enhancing in-service

teachers’ TPACK
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F igre 2. Desigh of the andragogical teacher professional development model for intervening in-service
teachers’ TPACK in STEM education

3.2. The TPACK-oriented personalized learning system

A personalized learning system is an adaptive learning environment that fits well with different learners’
different learning goals and capabilities and is adapted for learners’ specific needs; it is available on the learner’s
mobile device anywhere and anytime (Kajonmanee et al., 2020). Regarding the TPACK framework, the
personalized learning system should have the ability to modify professional learning lessons using different
TPACK parameters. In this study, a TPACK-oriented personalized learning system produced by KKU Smart
Learning Academy (KKU-SLA), called the KKU Smart TPACK application, is a mobile-assisted professional
learning system for teachers to personally cultivate their essential knowledge of teaching any particular content
with the support of technology; they can accomplish this by focusing on their learning needs and capabilities in
an anywhere and anytime learning manner. In this study, the TPACK-oriented personalized learning system was
created as a professional learning environment for STEM teachers regarding their prior knowledge of teaching
and learning style and differences in equipment and network qualities (Kajonmanee et al., 2020). However,
empirical evidence has not supported an association between applications of learning styles and educational
outcomes (Kirschner, 2017). Evidence-based practices have guided educators to create proper learning
environments by balancing support and learning opportunities to encourage students’ motivation (Brophy, 2013;
Toste, Bloom, & Heath, 2014). Thus, this may be done by creating learning material that incorporates students’
preferred learning styles and allowing them to choose instruction (Chookaew et al., 2015; Panjaburee &
Srisawasdi, 2016; Wongwatkit et al., 2017; Thanyaphongphat, & Panjaburee, 2019). This empirical evidence has
suggested that learning styles remain a challenge throughout education courses. Given this challenge, this study
applied the Felder-Silverman learning style model (Felder & Silverman, 1988) to classify the participants into
visual learners who remember best and prefer to learn from what they have perceived from visual information
(e.g., pictures, diagrams, symbols), and verbal learners who get the full benefit out of textual representations. The
system is a machine-centered adaptivity technology created with a set of predefined rules. At the same time, the
adaptable personalized learning mechanisms are those functions in which teacher trainees can intervene and
personalize the TPACK of STEM education learning lessons for themselves. For promoting teachers’ ongoing
advancement of TPACK in a self-paced and personalized manner, the system has been designed and developed
explicitly corresponding to three simple main phases—the diagnostic, customization, and monitoring phases. The
system’s support to those three phases by a single platform using different combinations of tools and
representations is another distinctive feature. This system process typically begins with the diagnostic phase,
where the users (teacher trainees) have had their personal context analyzed by the system algorithm; that is, the
personal learning style and all essential knowledge are clarified following the TPACK framework to apply the
desired TPACK knowledge objects, define the learning pathways, and identifying particular kinds of learning
materials for which the user needs to improve. This study’s online learning material file types include video, pdf,
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ppt, and HTML. Figure 3 shows screenshots of two diagnostic templates available in the proposed system after
the trainees completed a learning style questionnaire and TPACK test validated by educational experts.
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Figure 3. Screenshots of the TPACK-oriented personalized learning system showing the learning style (left) and
TPACK (right) diagnostic templates

After diagnosing their learning style and prior teaching knowledge, teachers can start the customization phase—
the process of selecting and sorting different kinds of learning material based on the user’s learning style and the
device’s capabilities, which include the flow of learning contents and associated resources that users are
expected to follow. In addition, this phase seeks to ensure personalized and uninterrupted mobile learning for
users. Figure 4 shows screenshots of the two customization templates available in the proposed system.
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Figure 4. Screenshots of the customization phase screens showing the learning materials regarding the TPACK
diagnostics results (left) and an example of learning content following TPACK constructs (right)

The final step of the system is the monitoring phase. In this phase, a user can view the learning styles and the
TPACK learning progress for individual topics via the mobile application. Moreover, the user can compare
previous performance with the performance of other users in the project to reflect and visualize the current status
of the TPACK. Figure 5 shows a screenshot of the monitoring template available in the proposed system.
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Figure 5. Screenshots of the monitoring phase screens showing an accumulation of individual TPACK results

4. The Study

The research question addressed by this study is as follows:
RQ: Does an andragogical TPD intervention program emphasizing TPACK in integrated STEM education
support a personalized learning system that affects in-service science teachers’ TPACK improvement?

A quantitative research setting framed the study. Because this research focuses on the in-service teacher training
context, supported by the particular learning system and structured according to a specifically designed TPD
training intervention program, which is approached in conditions that are as authentic as possible, mostly relying
on statistically significant results or generalizations. The study involved in-service teachers from a large-scale
educational improvement project called KKU-SLA, initiated by KKU in 2016 and funded by the university to
promote social devotion to local communities. The KKU-SLA project targeted the quality improvement of
compulsory education in science, mathematics, and the English language by implementing KKU in-house
learning innovations in the three fundamental subjects. The KKU-SLA implemented by Smart Learning
Innovation Research Center is an educational improvement project for secondary schools located northeastern
region of Thailand. The ultimate aim of the project is to renovate middle school science, mathematics, and
English education regarding the national basic education core curriculum of Thailand for gaining expected
science literacy, mathematics literacy, and reading literacy in students aged 13—15 years. To achieve better
learning outcomes in science, mathematics, and English, the project also focused on promoting the students’
global and digital literacy and twenty-first-century skills needed in the specific subject matter. Currently, this
project involves 218 secondary education schools from 19 provinces located in northeastern Thailand. In the
project, there were approximately 1,617 in-service science, mathematics, and English language teachers and
1,671 middle school students from the participating schools who have joined the KKU-SLA project. In the
context of smart science learning innovation for the project, the in-service science teachers voluntarily
participated in a TPD intervention-training program focused on developing their TPACK in STEM education. In
this study, the results of the first 2-year TPD intervention-training program are described and reported.
According to reach a large sample size, it is less likely that outliers in the study can adversely influence the
results the research question wants to achieve impartially.

5. Methods

5.1. Participants

The study was carried out in the context of a series of TPD intervention-training sessions following the
instructional model presented in Figure 5. The TPD program was instructed by four of the authors of this paper
and involved 153 in-service teachers (119 women and 34 men) from 208 secondary education schools located in
northeastern Thailand, who were teaching seventh-, eighth-, and ninth-grade science classes. Their teaching
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experience was ranked from 2 to 34 years, and they had about 10.5 years of teaching experience on average.
Most held a bachelor’s degree, and some held a master’s degree in education. Moreover, they all had some
experience of using digital technology for science classes before this study.

The present study used a pre-experimental research method to examine the effect of the TPD intervention
program on teachers’ TPACK in integrated STEM education. The research team adopted the methodology that
measured changes in individual TPD intervention during the study period. Pre-intervention and post-intervention
measures were used to assess the effect of the TPD interventions on cognitive outcomes for in-service teachers’
TPACK of integrated STEM education.

5.2. The Andragogical TPD intervention training workshops

To foster the in-service teachers’ TPACK in integrated STEM education through the TPD program, four
intensive training interventions have been designed following the TPACK framework and with the support of the
personalized learning system, KKU Smart TPACK. In the present study, all in-service teachers voluntarily
attended four 2-day intensive training workshops from August 2018 to June 2019. Table 1 shows the series of
TPACK-oriented TPD meetings for STEM in-service teachers considered in the present study.

Table 1. Description of the TPD intervention program fostering STEM in-service teachers’ TPACK

Intervention Date The topic of STEM  Digital technology [lustrative picture
program learning situation focused
TPD #1 August 2018 Composite Hands-on sensor
materials laboratory
TPD #2 November 2018 Friction Mobile application

(built-in sensor)

TPD #3 January 2019 Photosynthesis Computer simulation

TPD #4 June 2019 Light and vision Blended laboratory
(hands-on sensor
laboratory and
computer
simulation)

5.3. Research instrument

To examine the significant effects of the TPD intervention program, the researchers assessed TPACK
improvement by comparing its scores before and after receiving the individual intervention. To assess in-service
teachers’ TPACK in integrated STEM education, the researchers developed closed-ended multiple-choice
questionnaires measuring the TPACK were developed and the instruments employed in this study (see an
example in the appendix), which were then validated by the research panel, consisting of an expert in each field
of science education, educational technology, and teacher education. The measurement instruments were
embedded into the KKU Smart TPACK mobile application. For all four TPD interventions, there were 14
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TPACK question items for TPD #3, and the questionnaire reliability was 0.75; moreover, there were 13 TPACK
question items for TPD #1, #2, and #4, and the questionnaire reliabilities were 0.71, 0.74, and 0.71, respectively.
The questionnaires consist of measured items of content knowledge CK (five to six items, depending on the
number of main concepts), PK (two items), TK (two items), technological content knowledge (TCK; one item),
Pedagogical content knowledge (PCK; one item), technological pedagogical knowledge (TPK; one item), and
TPACK (1 item). The questionnaires required 45 minutes to complete. Examples of TPACK -measured question
items are displayed in the appendix.

5.4. Data collection and analysis

To monitor the development of in-service science teachers’ TPACK in integrated STEM education during this
study, the teachers completed questionnaires before and after the TPD training interventions (pre-post
comparison). To be more precise, there were four 2-day intensive workshops indicated as the TPD intervention
program in this study, and there were four phases of training intervention. For Day #1, the face-to-face training
started with a full self-paced professional learning session with the personalized learning system. In the session,
teachers could learn independently and individually with the system in two steps—self-monitoring as a pre-test
(45 minutes) and self-paced learning with TPACK materials (45 minutes). In the following session (90 minutes),
the participants interacted with a situational introduction (90 minutes) targeting instructional pain points in
authentic classroom contexts and findings and solutions from research-based learning innovation. Both sessions
were distinguished as the motivation phase (180 minutes). They participated in an entire session of learning how
to learn and roleplay as a learner, using the mobile-assisted STEM learning innovation created by the project
session (180 minutes) in the conceptualization phase. They were encouraged to conceptualize the integrated
STEM learning process with collaborative, hands-on practices in a learning community. For Day #2, the first
session (180 minutes) started with a whole practical work of learning how to teach, with the support of mobile-
assisted integrated STEM learning with an authentic learning task produced by the project, representing the
consolidation phase. Here, the teachers were facilitated to consolidate the teaching practice of seamless STEM
learning with mind-on instructional design and hands-on manipulation in both individual and collaborative
modes. In the next session (90 minutes), all trainees monitored their TPACK results from the system and were
encouraged to engage in a critical discussion about TPACK of the STEM learning lesson (45 minutes); they were
then reflected particularly to conclude how to implement the STEM learning experience in school science class
(45 minutes). In the final session (90 minutes), the participants repeated interacting individually in whole self-
paced professional learning with the personalized learning system in two steps—self-monitoring as post-test (45
minutes) and self-paced learning with TPACK materials (45 minutes). To this end, trainees were allowed to
conduct self-paced professional learning with the personalized learning system as much as they needed to
address their TPACK comprehension. Figure 6 displays the structure of TPD intervention with the integration of
the personalized learning system.

In addition, Figure 7 presents the data collection procedures along with the timing of TPDs 1, 2, 3, and 4. At the
beginning of TPD#1, the participants were administered a questionnaire on TPACK in integrated STEM
education. It was regarded as the pre-test data, meaning that the participants were elicited their TPACK in
integrated STEM education training without the personalized learning systems before participating in the TPD
interventions with the personalized learning system. Around 2 months later, at the end of TPD#2, the participants
respond to the questionnaire again, as the 1% mid-test data. Similarly, around one month later, at the end of
TPD#3, the participants respond to the questionnaire again, as the 2" mid-test data. Post-test data were collected
using the questionnaire again at the end of TPD#4, around 4 months after the 2"¢ mid-test. That is to say, the 1°
mid-, 2" mid-, and post-test data reflected the participants’ TPACK in integrated STEM education training with
the personalized learning system of this study.
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6. Results

6.1. TPACK pre- and post-test scores for each TPD program

After eliciting data from the participants during the training workshop, the researchers cleaned the data by
eliminating faulty and incomplete data. For instance, some teachers who did not finish the tests during the
workshop session were excluded from the data. This study used IBM SPSS Statistics 26 as the analytical tool. To
compare the pre- and post-intervention mean scores and ensure that the test scores did not violate the assumption
of normal distribution (based on the Shapiro—Wilk test), the paired #-test was used to compare the experimental
conditions. A p-value <.05 was taken as significant. If the difference between the pre- and post-test scores was
significant, the effect size and 95% confidence interval were calculated. For a descriptive overview, the
researchers reported the mean scores and standard deviations of in-service teachers’ scores regarding the TPACK
components.

The quantitative data in this study were collected on two different occasions to address the research question—at
the beginning and the end of the TPD intervention program. Following the purpose of this study, the hypothesis
was that there would be no statistically significant difference between in-service teachers’ total TPACK scores in
STEM education (TPACK-STEM; pre- and post-intervention scores). The descriptive findings from this study of
in-service teachers’ mean (M) and standard deviation (SD) values on the seven scales of TPACK-STEM are
reported in Table 2. The descriptive findings in Table 2 reveal an increase in all TPACK constructs and the total
scores.

Table 2. Results of descriptive statistics for all components of TPACK for the four TPD intervention programs

TPACK TPD #1 TPD #2 TPD #3 TPD #4
Components Composite Materials Friction Photosynthesis Light and Vision
Pre Post Pre Post Pre Post Pre Post
Mean Mean Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD)
TK 0.47 0.84 0.82 1.28 1.05 1.19 1.28 1.38
(0.50) (0.60) (0.82) (0.72) (0.7) (0.62) (0.63) (0.61)
CK 2.36 3.09 2.46 2.79 4.65 4.76 3.38 4.03
(1.03) (1.41) (0.85) (0.86) (L.1D) (0.95) (1.13) (0.97)
PK 0.60 0.47 0.33 0.59 0.78 0.86 0.97 0.81
(0.62) (0.50) (0.53) (0.64) (0.58) (0.59) (0.74) (0.59)
TCK 0.60 0.60 0.69 0.87 0.51 0.62 0.56 0.84
(0.50) (0.50) (0.47) (0.34) 0.51) (0.49) (0.50) (0.37)
TPK 0.38 0.47 0.44 0.69 0.46 0.62 0.38 0.69
(0.49) (0.50) (0.50) (0.47) (0.51) (0.49) (0.49) (0.47)
PCK 0.49 0.76 0.72 0.90 0.49 0.62 0.31 0.66
(0.51) (0.43) (0.46) (0.31) (0.51) (0.49) (0.47) (0.48)
TPACK 0.49 0.58 0.28 0.44 0.46 0.54 0.47 0.59
(0.51) (0.50) (0.46) (0.50) (0.51) (0.51) (0.51) (0.50)
Total score 5.38 6.80 5.74 7.56 8.41 9.22 7.34 9.00
(1.51) (1.59) (1.53) (1.83) (2.35) (231 (2.19) (2.11)

To test the statistical hypothesis, the preliminary assumptions were checked, and no serious violations were
detected. Then, a paired-samples 7-test was conducted to evaluate the impact of each TPD intervention on in-
service teachers’ TPACK-STEM pre- and post-test scores. There was a large and statistically significant increase
in their TPACK-STEM scores from pre- to post-intervention for each program as follows: TPD #1 Composite
Materials Program, t=5.407, p <.001, Eta?= 0.399); TPD #2 Friction Program, t=6.459, p <.001, Eta®= 0.523;
TPD #3 Photosynthesis Program, ¢ =2.906, p<.01, Eta®> = 0.190; and TPD #4 Light and Vision Program,
t=4.554, p<.001, Eta? = 0.401, as shown in Table 2. The intervention significantly increased in-service
teachers’ TPACK in STEM education. Overall, the in-service teachers” TPACK in STEM education significantly
improved after participating in the andragogical TPD intervention programs as measured by the increase in total
TPACK scoring. Figure 8 displays the statistical analysis results for evaluating the effects of TPD interventions
on TPACK development.
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6.2. TPACK scores across the four TPDs

The data collection procedures along with the timing of TPDs 1, 2, 3, and 4 were framed to further data analysis
about the in-service teachers’ improvement of TPACK in integrated STEM education during the TPD
interventions with the support of the personalized intervention learning system. This study performed one-way
repeated-measures ANOVA and pairwise comparisons on the TPDs of TPACK across the pre-, 1% mid-, 2" mid-
, and post-test results using IBM SPSS Statistics 26. This data analysis also measured the effect size, as
conducted by partial eta squared, for each of the TPACK components. Those effect size values are 0.01, 0.06,
and 0.14, representing small, medium, and large differences across the tests (Cohen, Manion, & Morrison, 2018).

The mean scores of the TPACK questionnaire, and their F-values and effect sizes, are presented in Table 3. It
was found that the participants had significant improvements after training with a personalized learning system
(i.e., TPDs 1, 2, 3, and 4) compared to that without a personalized learning system for TK, CK, TPK, PCK, and
total score. It is noticed that significant improvement was found on CK after the participants completed TPD#3,
and further significant improvements were found after TPD#4 for CK and total score. It is suggested that training
with the personalized learning system itself could help the participants improved their CK and total score of the
TPACK component. For PK, TCK, and TPACK, although there were trends of further improvements after
training with a personalized learning system (i.e., TPDs 1, 2, 3, and 4) compared to that without personalized
learning systems, the differences were not statistically significant. Regarding the partial eta squared values, the
differences of improvement across the TPDs 1, 2, 3, and 4 with a personalized learning system suggest large
effect sizes for all TPACK components compared to training without personalized learning systems.

Table 3. Results of mean score comparisons of TPACK components across pre-, 1% mid-, 2 mid-, and post-test

TPACK Pre-test 1% mid-test 2" mid-test Post-test F-value  Effect Pairwise
Components Mean Mean Mean Mean size comparison
(Total 100) (SD) (SD) (SD) (SD)
TK 18.75 60.94 57.81 68.75 15.525" 334 Pre < 13 mid
(4.35) (6.63) (5.55) (5.38) Pre < 2" mid
Pre < Post
CK 43.75 55.00 79.69 80.62 28.895" 482 Pre < 2" mid
(3.86) (2.98) (2.87) (3.42) Pre < Post
1% mid < 2™
mid
1% mid < Post
PK 26.56 31.25 39.06 40.62 1.525 .047
(5.49) (5.38) (4.88) (5.23)
TCK 65.62 84.37 68.75 84.37 1.675 181
(8.53) (6.52) (8.32) (6.52)
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TPK 31.25 71.87 65.62 68.75 5.312° .146 Pre < 1% mid

(8.32) (8.07) (8.53) (8.32) Pre < 2™ mid
Pre < Post
PCK 53.12 87.50 65.62 65.62 3.235" .095 Pre < 1% mid
(8.96) (5.94) (8.53) (8.53)
TPACK 53.12 40.62 56.25 59.37 852 .027
(8.96) (8.82) (8.91) (8.82)
Total score 39.42 57.21 66.29 69.23 25.114" 448 Pre < 1% mid
(2.09) (2.56) (2.84) (2.87) Pre < 2™ mid
Pre < Post

15t mid < Post

Note. "p < .05.

7. Discussion

Researchers have reported that the regular implementation of TPD based on the concept of pedagogy or the
pedagogical approach downgrades the impact of TPD to promote adult teachers’ professional learning
(Kubalikova & Kacian, 2016). In this study, the longitudinal experiment showed that the andragogical TPD
intervention program integrating a personalized learning system could improve in-service teachers’ TPACK in
STEM education. These positive findings are consistent with numerous studies showing that andragogical
principles and practices, collaborative, classroom-based, and research-informed approaches in TPD, positively
influence teaching performances and competencies (Garet et al., 2001; Loxley et al., 2007). In addition, the
findings can be further explained in accordance with Knowles’s et al. (2005) theory of andragogy in terms of the
aspects of “self-concept,” “role of experience,” “readiness to learn,
motivation,” and “need to know.”

EEINNT3 EEINNT3 ER T3

orientation to learning,” “internal
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Regarding “self-concept,” “readiness to learn,” “internal motivation,” and “need to know,” the TPACK -oriented
personalized learning system played a vital role in the trainees’ self-directed process on what they believe they
need to know and encouraged them to autonomously accept responsibility for their professional learning as being
in adult education. This result echoes the argument about the importance of self-directed, autonomous, and
independent manners, underlining an assumption based on the andragogy (e.g., Carpenter & Linton, 2018; Chan,
2010; Tsuda et al., 2019). During the motivation phase, personalized learning technology-facilitated their self-
paced learning of and self-monitoring of TPACK in STEM education and prepared them to learn actively and
know precisely what they should focus on as active learning participation in the conceptualization and
consolidation phases. This supportive training environment using autonomous technology is a perfect learning
path for the facilitation of self-paced learning and allows an adult to follow the path that most appropriately
reflects the need to learn (Fidishun, 2000). Moreover, the function of learning analytics could customize and
personalize adults’ learning such that they learn only essential contents that fit well with their professional
learning status or problem, and this is consistent with Knowles et al. (2005), who mentioned that adults expect
new knowledge to have an immediate impact on their lives and not to be used only in the future. In terms of
facilitating STEM teachers’ TPACK with the support of a personalized learning system, KKU Smart TPACK, in
this study, it seemed that the KKU Smart TPACK plays a dominant role in promoting their TPACK
improvement in STEM education. This result is consistent with Gynther (2016) and Ma, Xin, and Du (2018),
who found that personalized learning for teachers positively influences their PD. Personalized learning systems
represent a recent advancement in technology that has created new opportunities for learners to exercise more
control over how and where their learning occurs, making learning a continuous process (Cook & Gregory,
2018). Moreover, Kajonmanee et al. (2020) reported that creating a personalized learning environment
concerning in-service teachers’ different learning styles and TPACK problems could significantly improve their
professional learning outcomes in almost all knowledge domains in the TPACK framework.

As for the “role of experience” and “orientation to learning,” the trainees were impressively immersed in the
conceptualization and consolidation phases to gain adult active and collaborative learning experiences in the
sessions of learning how to learn and learning how to teach related to technology-enhanced STEM education.
Through interacting with both interactive hands-on and mind-on sessions, adult trainees had opportunities to
learn new essential knowledge and skills for integrated STEM education by drawing from their previous inquiry-
based teaching experiences. Moreover, what they learned from the previous motivation phase was targeted
directly as problem-oriented and real-life-focused, and they were assigned a series of training tasks for
immediate applications in the workshop rather than for future use. According to the results, our findings are
consistent with previous studies that suggest active learning and collaboration are key components of effective
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TPD for adults’ professional learning (e.g., Carpenter & Linton, 2016; Garet et al., 2001; Ronfeldt et al., 2015).
For the recommendation phase, the critical discussion and drawing of conclusions about TPACK of STEM
learning lessons in school science class assisted in boosting the trainees’ “internal motivation” and “self-
concept” via the andragogical principle. As such, in terms of implementing an adult learning paradigm or
andragogy as a theoretical platform into TPD intervention equipped with the personalized learning system in this
study, the researchers think that the use of adult learning theory and practice in planning and providing principal
professional learning is critically important to promote a better quality of TPD for TPACK in STEM education

development.

8. Limitations and future directions

The results of this study highlighted the importance of incorporating andragogical principles and practices and
integrating personalized learning systems into TPD for STEM education. However, this study has two major
limitations. First, the participants were purposefully selected from regions and school districts involved in the
KKU-SLA project in Thailand, and the number of participants was small. Therefore, the statistically significant
results of TPACK improvement in this study may not be contextualized to other countries or generalized to all
in-service STEM teachers working in Thai secondary school education. Second, the researchers focused on
quantitative inquiries to capture the effect of andragogical TPD intervention programs equipped with TPACK-
oriented personalized learning systems; they did not use any qualitative inquiry in the analysis. To better capture
the effect on teachers’ TPACK, both quantitative and qualitative inquiry methods should be synergized and
emphasized in tandem. They should be utilized to examine the effect of the proposed TPD intervention and
gainfully understand the transformation of professional knowledge related to TPACK. Based on these
limitations, there remains a need for further investigation, and therefore, the researchers suggest some guidelines
for future studies. First, future research should be implemented in other subjects to investigate the results that
might be affected by these differences and comparative studies between trainees who have received and have not
received the application of andragogy and/or the integration of personalized learning systems. Second, to
increase meaningfulness, future research is needed to investigate the effect of andragogical TPD intervention and
the role of personalized learning systems on TPACK development, using quantitative and qualitative inquiry
practices that will advance the development of TPD intervention.

9. Conclusion

This study aimed to train in-service teachers, who are adult learners, to be equipped with TPACK of integrated
STEM education through andragogy-oriented TPD intervention programs with the support of a personalized
learning system. The results showed a promising effect of the TPD intervention on improving adult teachers’
professional knowledge of pedagogically integrating digital technologies into their STEM teaching practice in
specific STEM-related situations. The findings from this study directly contribute to the growing body of
research on PD for adult teachers in several ways, as described below.

Overall, this andragogical TPD intervention program of TPACK-STEM was largely successful at improving in-
service teachers’ technological integration comprehension of digital technologies in their integrated STEM
teaching. The findings of this study hold implications for policy, practice, and future research. Related to policy,
the study findings suggest the practical implication that educational systems need to think through what types of
PD are most important because the challenge is that adult learning through PD initiatives is better self-paced.
Therefore, there could be a perceptual disconnection between the system and the individual teacher’s perceived
professional needs. To respond to this result, andragogy could be the suitable catalyst for the policy of TPD
improvement. For practice, this study sheds light on several ideas. First, andragogy—or adult learning theory—
should be used to upgrade the instruction of teachers and their learning process into the role of adult learners, not
students. Second, integrating personalized learning systems as an essential part of teacher professional learning
ecology could maximize the andragogical TPD implementation. Finally, PD in STEM education could be fully
aligned to TPACK to improve STEM teachers’ professional learning. This study also has many implications for
future research related to TPD for STEM teachers’ improvement. From the findings of this study, the TPD
intervention should include a follow-up phase of professional learning involving STEM teachers from the
training workshops engaged in improving their designs. Moreover, more TPACK-oriented TPD research for
STEM teachers needs to be conducted regarding andragogy or adult learning theory to maximize their TPACK
improvement by redesigning the professional learning activities for individual workshop sessions.
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Appendix
An example of close-ended question items for in-service STEM teachers’ TPACK measurement.

1. CK: Which item below is not categorized as a fundamental type of materials in materials science? (TPD #4:
Composite Materials)

a) Tin materials

b) Metal materials

¢) Polymer materials

d) Ceramic materials

2. PK: Which approach below is not the way to manage science instruction that emphasizes a learner’s
investigating capability and scientific explanation based on evidence? (TPD #1: Photosynthesis)

a) Cooperative learning

b) Inquiry-based learning

c¢) Problem-based learning

d) Project-based learning

3. TK: Which item below is a technology tool that can support visual learning in science and promote performing
multiple variables in science experimentation? (TPD #3: Light and Vision)

a) Computer simulation

b) Digital game

¢) Augmented reality (AR)

d) Video

4. TCK: According to a specific characteristic of the photosynthesis concept, which technology could transform
the concept into concrete content that is observable and adjustable? (TPD #1: Photosynthesis)

a) Computer animation

b) Digital game

¢) Mobile sensor

d) Computer simulation

5. TPK: According to an inquiry learning process, students have to inquire about phenomena, interpret data, and
acquire evidence. What is the technological attribute that fits the learning process? (TPD #2: Friction)

a) Illustrating moving images along with their descriptions

b) Displaying the results of variables’ relationships and including mathematics features

¢) Offering rewards and scores when an investigation is completed appropriately

d) Providing feedback immediately after completing an investigation
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6. PCK: Which of the instructional strategy processes below could appropriately promote students’ learning
process regarding the friction concept in the science classroom? (TPD #2: Friction)

a) The teacher presents and narrates keywords and theoretical backgrounds of the phenomenon, then allows the
students to perform a hands-on experiment using equipment that simulates the real situation of motion.

b) The teacher begins with a social issue and then lets the students learn through a problem-solving process
related to the phenomenon.

¢) The teacher begins with a problem/question that leads to exploration. Then, the students predict the
result regarding the problem/question, after which they perform experiments and conduct discussions.

d) The teacher assigns a task for the students, then lets them design approaches to continue researching issues,
topics, or situations of interest related to the phenomenon until appropriate answers are obtained through a
methodical process.

7. TPACK: To enable students to gain a complete conceptual understanding of scientific phenomena, in terms of
whether wavelengths of light affect reflection and refraction and what the reflection and refraction of light at
different wavelengths will be like when moving through different mediums, how should the teaching work be
performed? (TPD #3: Light and Vision)

a) Letting students predict what will happen from the red laser beam experiment by observing the real
phenomenon using laser light through various mediums and recording the result as an explanation

b) Designing instruction for the students to develop workpieces or models based on the principle of reflection
and refraction of white light through various media under the close guidance of a teacher

¢) Determining the emerging issues related to reflection and refraction situations and letting them design
solutions using the available tools and equipment

d) Assigning students a task to explore the topic through computer simulations that can change the
wavelength of light and type of medium to lead to the conclusion about the phenomenon of reflection and
refraction
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