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# # 6083309327 : MAJOR SCIENCE EDUCATION

KEYWORD: PHYSICS PROBLEM SOLVING ABILITIES, METACOGNITION
Chayawat Siripantasak : The Study of Physics Problem Solving Abilities and Metacognition of Upper Secondary
School Students in Schools under the Office of the Higher Education Commission in Bangkok. Advisor: Asst.

Prof. PARINDA LIMPANONT PROMRATANA, Ed.d.

This research was mixed methods research with the purposes to 1) study physics problem solving abilities
and metacognition of students 2) examine fitness of conceptual model showing components and relationship between
physics problem solving abilities and metacognition with the empirical evidences and 3) analyze physics problem solving
processes of students who were good at physics problem solving. Samples were 187 upper secondary school students in
schools of the Office of the Higher Education Commission in Bangkok. Research instruments were 1) a physics problem
solving abilities test with difficulty indices from 0.35 to 0.71, discriminant indices from 0.24 to 0.42 and reliability of 0.807
2) a metacognition scale with reliability of 0.745 3) a think-aloud form for studying physics problem solving abilities and
4) a physics problem solving interview protocol. Data were analyzed using percentage of mean, standard deviation,

structural equation modelling analysis and content analysis.

Research results were as follows:

1) Students' physics problem solving abilities were at the moderate level while students' metacognition was

at the high level.

2) Conceptual model was fitted to the empirical evidences (X* = 9.19, df = 11,
p-value = 0.60, RMSEA = 0.00, RMR =0.02, SRMR = 0.02, GFl =0.99, AGFI = 0.96). Metacognition had positive
effect in high level on physics problem solving abilities at statistically significant level of .05. All factor loadings in measuring
physics problem solving abilities and metacognitions had statistically significant at .05 level. Physics problem solving abilities
and metacognition components which had the highest standardized factor loadings were overall physics problem solving

procedure and knowledge of cognition respectively.

3) Students who were good at physics problem solving had 3 steps of physics problem solving including
analyzing physics problem, operating the solving process, and checking for correctness of the answer. When solving physics
problem, students used metacognition in both knowledge of cognition and regulation of cognition. Students’ derivations
of physics problem solving were self-practice, searching when being unable to solve physics problems, studying with

teachers in schools, tutoring and discussing with peers when being unable to solve physics problems.

Field of Study: Science Education Student's Signature ........cocoevereirninn

Academic Year: 2020 Advisor's Signature ........ccceerenennee
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s
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Pol (2009) 531 Jaymmaildnd maunefs anunisalmaildnddiiniSou
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Pol (2009) szudsaumanevesdymmeildndliaenndesiuiiin nunedaniunisaivse

¥ '
= ]
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1) Jgnmafldndifl osuunanuisnislunisd@ne fuundgnndu 2
Uszian loun
1.1) Jgyndsn1snnans (Experimental Problem) nungds ﬂzy}mﬁl
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1.2.1) Ugud9aunis (Formulated Problem) wunefg
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AUAA (Idealization Process) Tunsuadgmlalagnse
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1) Ygyn1u1ms31u (Standard Problem) n3edgynignszulisgradaiau

d‘ )

(Well-Defined Problem) 1Jullgvniitinnis@nenszydn \Wulgmluiinidefignaaudas

Y
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Y I

UL 1 dhegrstlapmnanmsgiu (Niss, 2012)
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U7 2 Fregatludingse (Hejsaard, 2003; Hejeaard, 2004 $nsfialu Niss, 2012)
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Milbourne & Wiebe (2018: 166 - 170) ¥IMA1SANYILUIANYDIUNNITANE
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Belikov (1989: 18) 5231 M13wA Uy In1aNadnd vu1edis n1swadand
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anuamsalunisuddyminiefdndd slddauvasannuulfnaes Hill (2016) Tngld
WUUNAFULUUSATE 2 new Tneminesddsznoulunisussdiu waznasinnsliazuun
dmsuasdusznevlunsUseiuanuannsalunsuddagmmeidndidudmnsed 2

a gol Y s a I3 v o (% s
A1T19N 2 umuaamﬂamaﬂumﬂasL;Ju LLﬁ%Lﬂm‘V}ﬂ’ﬁs[fl/iﬂ%LL‘LlL!ﬂ']‘Vii‘UEJ\?ﬂ‘UiSﬂEJ‘U

s

TunsUsziliuanuanusalunisundyminieildnd (Nikat et al,, 2017)

29AUsZNAV 1 AZUY 0.5 ATKUY 0.25 ATHUY 0 ATHUY
n1sUsEdiu
1 nssviums  idmeud Widmaugnees, 1 Iidweude, Timaeule, i
waznaanslas  gnded wawd adunsuidymd Sddums  drdunns
AN a19unIs Aawanelusuann  uidymd e
(Magnitude, M)  uiliymfignéios  LAdomaneg vide gnaedludy  ’Aewanalusiu
i 10% #FAVvedanmes U YU

LASDINLNE LASBINUNE
WIaNANIG I0NANIUDS

YDIINADS  LINLHIDS

2. MY FEUAMOUT JEUAMOUT
(Answer, A) AELNITGE ALY
Wwitin 10% HNALLEeN

AmaUNgNsas
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a9AUsENBY 1 AZLUY 0.5 AZLUY 0.25 AZHUY 0 AZUUY
n13UTU
3. M FEUNUILYDN 1) seymiigves
(Units, U) ANMDU LATHANS  AIMDU Y198
vhuidn 20% MIUATIERWT 2) LEAINITIATIZA
WNYVDIANOU  WIRUIYUDIAINDU
4. fuus Tieavidensn 1) Wsvaziden
(Variable, V) wsiidenndas  fudsfidenadasiu
hanin 20% Aulgm wag Yeynn 139

WWHUIIYNT 2) WWYUTIUNTUERS
Fuaufiientes  suaafiieadostu
AUgdNnIT aUN13g

5. @Un3 Beuaunsii Weuaunslagnees

(Equation, E)  gneias Uay

vhuidn 40% FOAARDINU
ANNEFNNUGVO
Faulsfidesnis
WIANNBU

94l Nikat et al. (2017: 1244) lasgyinauainisuseiiuseauai1uaIniso

TunsundgmineildnduesiniFoulifemsen 3

o

A9 3 Lnaugin1sUsziduszauANaINITaluNTLAY YN NREndNd s utsaz U

#1199 (Nikat et al., 2017)

asaUsznaulunsusiiiu LNEU9IYIATUUL S2AU
1. NSLUIUNTULATNAANSIALAINT I 7-10% Huiidmelawn
(midn 10%) 4-7% Hudiumela
2. fmou (uih 10%) 0-7% Judmelatios
3. wiie (win 20%) 14 - 20% Judiuwelawn
4. fhuvs (i 20%) 7-14% Huiivmela
0-7% Huiidmelates
5. s (Wi 40%) 28 - 40% Dudidwelaunn
14 - 28% Huiimela
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(3 a ¢ 1 o/
asAUsznaulunsuszidiu LAEUNYIIASLEUU AU

0 - 14% Huitiwelaties

a

UDNIINUUIAAYBY Nikat et al. (2017) wwInan1siawazUseidiuainuaiuisaly
nsuidaymyeiiEndrinuluemasesie q luussmelnedused

ous§nil yurled (2558) THuuAniAsafudureumauddgmmisfiandues

Belikov (1989) lun1siauwuunaaeuauaiunsalunisuidammieidndlugvuuuves

wuunadeuLuusae Tnefwusiymmeiandludemanudounaznguivativesufaua

=

TdnSeunaununmusznounsauiadeussyrnauly 6 Tunaunalull

a A

1) SEUAMIANGADINITNIIUAINDU (1 ALLUL)

9

1Pl
a

2) syy@silandivuali (1 asuuw)

3) \Tougns Mieaunsiiigtes (2 Azuuw)

4) uanamsunuailugns viseaunis (1 Azuuw)

5) WHAINSANAINNMNANEU (4 AZLUL)

6) inufmaunuilangdoanis wiomteseymioe (1 Azuuw)

Waufln feing (2559) Wawwuunageuauaansalunsuddayminig

Handluguuuvesuunageuwuusntielngd19BeuuiAnueas Docktor (2009) Ineinundy
Hammaiidndluidemusuavngmsiadeuiidemunnasinsiinziuy 6 seiu o 0
89 6) muUssifuded

1) nsussenetymmnsiidnd (Useful Description) Usgidiuifianiu
msdansvhdeyaantiym dsoradusumsimusduyssensnauiunwiAgiulym

2) WUIAANISWANE (Physics Approach) Usgiiiunsiaeanuluiiatnig
Handfmanzaufunsuitym

3) n1sUsrenalYAIIuI N1l And (Specification Application of
Physics) Uszidiunsuszgndaluiimivnsiidndlunisidenuumsiiaenadesiunisuidam
Tnssyyludnuazvesaunmsiigitestutlagmmaiiand

4) NTLUIUNSNNALAAERNS (Mathematical Procedure) Usgiiiu

FJuppuNMIAuNTNeAdinmansignasazvsnzauiunsuAdym
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5) ANUALAAUHaYINISWATYNN (Logical Progression) Useiiiu
ANADNAGDITENINAM DUV MR UANMUmLNE auAUTa AT gy

dlevhnsAinwesdusznaurespnuaunsatunisuidaymniefidnd was

9Nt AZLUUAINEINITa I UNITUA T IS @ndmiunuafnues Docktor (2009)

iy wuin esdusznauwasnaeinislirzuuunuaansalunsuddymnaidndsia

parUsznaULlUfInNTe9 4
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AR gItuLUININNITIaLaz Uil uauansalunisun gyl @nd

a6 wudn Nikat et al. (2017) sanfsensin yunled (2558) uaziauden feding (2559)

I
Y

Tauvunegeuwuudaislunisuszdiuanuaiunsalunisundammisidndasdnanisuseidiu
daunszuiunsuAdynImaildnd Wy n195eYANABINITNIIV MSkanIunuAluaunIs

I v = a 1 v ¢ 1% aa 4 1 o 1% 1
Wusu i’JﬂJﬂx‘lﬂJﬂ'ﬁ‘UigLlluﬁ’)u&laaﬂ/\lﬁﬂ’]iLLﬂ{]ZyJﬂ’WI’NWﬁﬂﬂ bUU NS YAINBUNIDUNUIY

s

atldnnsAnwtsulasyyesdusznaulunisussiiuvanuanunsalunsuiteymiaildnd

aennanatulaiin1sirusaziuilun1suseliunuwananaiul

s

PnuAaAgItuLUIMIINITIaLazUssiluauansalunisun eyl @nd
1951 Ternnlasosrisznaulunisusziiunnuanunsalun1suAdymmeildndanniun@n

984 Nikat et al. (2017) v119997AkUIAATIAUTANUTALAUTUNITIATILA AL LUULE N AL

(%

p9AlsznaU Tudsdnisiansanauautsalunskndymnmsildndvisluniunszuiuns

waznaansveInsLAlymn1siand eesausznaunisusziliunuaiunsalunisundem

[
[ a o

mslandlun1siduasstidae
1) M358YMLUT N8BT MTAATILTRALUTAIMUTNADINITNTIUATLAZHY
wsInsuaudandymveildndnnivun

2) N1558UaNNIs waedle n1sasiginasusdaunisidndudedldly

s

nsuntgynimeiand

3) n3zUUNTLA TN andluninsiu wuneia TuneuLazisnsi

s

dniseuldluszninsnsuitynimeidnd

4) MITTYIUINVBIANBY N8 Nsasuduavivsuenisinulsnaesns

s

nIUAINeRaINITLAUgnmeiand

5) MIEUNILVRIAINDU UI8Ae N1TaTUNLIEYRIRILUTARBINITNSIUAN

s

AEnRaINTATYMINISHENE
Wil “ﬂﬂ%ﬂﬁiﬁﬁmilﬁui’rui’m%’a;ﬂammmmaalummﬁﬂﬁymm Wandlagla
wunageudateilesanannsaliteyanussdusznevlunsinuas Ussiiuanuaansoly
nsundgyrmeitdndlaegrsnseungu wazdnulasnaeinislingiuulazinusinIsUszily

ANansalunsuAdmimiesil@ndannuuiAneee Nikat et al. (2017) 1i9991n0UIAA
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Peruiianutaauluseazdeanisiiaviuusiutelinisseyna n1suseliuauaIunse
TunsuAdgmnNRENaNTALRUTnINTILA SIUR9AUTENDU
2. M33AN

Unns@nwlaldanin msgan eddygn swdsnsasendninisian Tunwilve Tu
N15UNUAIIT Metacognition Tun1wdsnge lenaisiednunisiantundaglddiinisian
& v o A ! ¥ v o < ! dy
JundnunuAninaniutnedy wagdnauenuuseiiusdelul

2.1 anudfueIn1Iian

] [

ns3AndaNudAyiauAnannYIeiy (Martinez, 2006) o nNAsiAnliyAAa
4117130 ULAEATIIFRUNTEUIUNTARLABE 1T UTEENS AN (Ambrose & Lovett, 2014;
Schraw & Graham, 1997) viluuaradAndeunauluiin1snsevivesnuwesdasliasviou

AnuAnlusEausng 4 lunisilayuueiuaznisiseus nd sudansuumRauegiedl

1%
[y

UsednSam (Grotzer & Mittlefehldt, 2012) uenanil Wetniseuiin1siseusluseAungdu
o Y U a i = % L & o oa o & W a ado &

Uniseusesianuiuiinyeudenisiseuivewulesny Fediniseudnudesseydanindy
lun1siseug 1938msee 9 Tlunisiseuiegeadasy wasiiusmdavasunuasisnistu 9
AABATEEELIAINITIEUS (Ambrose & Lovett, 2014) uazuaniaini nsujifnunieiudn
fszaunudniauenINfeteIfunusiiieme yaaasedo1feAnTEnlnLaznIS
AIUANAIINT U o ag 1 ganaLyui Y (Garofalo & Lester Jr, 1985) 4 4na11la 31

o

ns3AndiaudAey

o

'
A a o a 1 =

ofiansanmnuddyeanisianfifinenisdnuinieineimans wuin ansli
Uniseuladdiusinlunisduaeunainemansegnsszavanudusasndudesende
NISWRILIANAINITal NS AR WU Auatn1salun1siduuudnaemieaudn
Laznsradeunutila (White et al, 2009) wariid1dny nsidsuanunenlidniFou
o1dvaglulaniuluiaimaingrmanifanududoutuasdeddnsadvayulidniSou
piSeuiogne3an (Grotzer & Mittlefehldt, 2012)
MnauddyTassAnTidluiunsnwuassfineinemans Sanarlddn
nswauidnseuinissaadulimuneddyvesnis@inea (Thomas, 2003) wazidu

Wmnewilslun1sisududnganissen 21 (Ozturk, 2017) wangasane o Jsadsduasuli

Uniseuiin1swaminwen153An (National Research Council, 2000) @asaudansaaasulv
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UniseuiinisiAnluseninamsiSeunsasus eI Hand (Lukie, 2015; Pimvichai, Yuenyong,

Thomas, & Art-in, 2015)

2.2 ANUINEUDINITIAN

a

UnNsAnwInazesAnInINIsAnwlalivuiAaf gafuaunuevesnssanll
9L 1MAINYATY IAgaNLTNINNGUANUNNIEYDINITIAN ARSI
NaNT 1 AMUMANEURINITIANLULLNANAINNTAAEINUNITAR TnatdinnsAny)

usng 9 laseyanurineveInsiantuwdyuauausaiediunsan Tissil

1) Flavell (1985: 104 919819lu Taasoobshirazi & Farley, 2013b: 453 — 454
) seyi mafAndufanssumsanuAsiinauauAsnssuynanufneis o

2) Schraw & Dennison (1994: 460) S¥U31 N53AA M18H9 AUAINT
YoayAnaLluN1TAEYIaY WD LasMAunTieuiueemuLes

3) National Research Council (2000: 12 - 97) 5¥U 31 N33 AN NUNBD
ANNENANIvRsyARAlUNIUIBANNEIsavesnteslunsUFTRN s unannans
19y Awamnsalunisandid adieng ) sauisanuaiuisalunisesivasusediu
amnutinguazanitlavesmuesifiegiazanuanunsolunsussifiuiaudilaves
puteati uiigsnans ol uonaind nsfAavareanudeaiuauisalunisazieon
MsUFRNUvesyAnanis q

MnANINYeIN T AnludyNmNLaIn AR TUNsARTsuaNTe
a3UAUNLN8Y0IN1TE ARLATY NTIAN MUETE ANAINITALUATITAR IUKY AU
529a0U Uszidu uazazviould vaduninifous nszuiunsia nsUUAY uay
AUANNTNVDINULDS

naul 2 AamIneYeINsAnluwdyNAILS EeANaNTAEIRUNSAR BT

Aenadniifisusyasd Tastinnisfnwldusisanuanaruanevesmssaalungud 1 il
thnsanulsszyrumneveanisiisluniyueug viennuannsaifedtunisan el

sl Yo

WnNadnsANaUszasR 1Inad
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1) Jordan & Porath (2006: 124) 5¥U31 N153AR U18A1 N13ATENINDIEW

9] U = ad a a ° | = yala a a ) £

YARA LLazmimwmmaﬁmiwyﬂﬂaﬂm’mwﬂﬂqmiLiEJugvlaJUizaWﬁmWLLazmaaquﬁ
a Ao
NMNISLIUUNA

2) Ormrod, Anderman, & Anderman (2006: 46) izud’] mifﬁm NUBDY

ﬂ’ﬂllil,l,ﬁgﬂ'ﬂllL%@GﬂaﬂuﬂﬂaLﬁ&J’JﬁUﬂS%‘U’JUﬂWiWWﬂ’J’]QJﬁ@ imﬁammwmmmamﬂﬂﬂu

a

nsianisiunseuIun ety q deldaunsafiansfeuivasnisandilanngn

9

3) aondudaiunisasuInermansuwazimalulad (2555: 120) s¥Ud
aitaya (NM33A0) Mg mmamﬁmamﬂﬂaLﬁ'mﬁmszmumiﬁm Faldunnsnseniin
fedsmnzanfuauedunisfoui mnfnisidennagméiieafunisnaunu AsI9aeu uas
UssiliufeafunisiFoudvesauesrifamsufiinurewmuies ileliussquimaneddly
pg19ilusEAnSamn

MNANIMINETBINITSART 2 ndutedu vihldanansaasuanuvingvesnssAnld
91 M33AN MU1EDe ANUSLAYAIINAINITAVBIUAARLUNITAR UK AU ATIVEBY TIUA
Uzl UL 99 UA1NEIN15AV0IAULES SINFINTLTBUT NTEUIUNITAN N30

a k4 a a

nsUfURNY ieliinnisiSeus vion1sufiRnusng o leegeiiusgansnamn

Y

(7
[

WD991NN15IVUATIU

= ¢ = o

nwnsiAntuuTunnsuAlavaidnd Jsimunaiuming
voamsdAalunmsidonsaiin mnefe mrwduazanuansavesyanalunsin n133auHY
5fAAU N3M5I9A0U SINTINTUTEETUAEITUAINAIINTIVIMUIBILALNTEUIUNISAN
Tunsudlammaiiand WeliAsnisuddymmaiand Idograiussansam

2.3 9IAUT¥NAUTBINITZAN

[

UnnsfinwkaresrnInnsnwlamnunesrusenauyeanssanlina

[ s

Flavell (1979: 906) s¥y31 N3as2adoUANAR Wians3An iAatuanUfdusius
sewinvesdusEnouselUd

1) A3iAEINT3An (Metacognitive Knowledge) iunnufiieaiulanues

yananila q dadanuAeidesduyanasis 9 saudadivune a1sie MsUfuR uas

Uszaunmsainsyegivainvane



32

2) Uszaunisain133an (Metacognitive Experience) manefis Uszaunisalii
yanasusladedamnmifgtommatiyan
3) wWmung n3901303 (Goals or Tasks) MangAUde TngUseasAves
nanssunetye1eng o
4) MU UR vIenagns (Actions or Strategies) MU18AIINAY AIINAANTD
woAnssufiyaranils q lflumsussathmneviensiasig 4
Schraw & Dennison (1994: 474) ldAnwunAnifefuesdlseneuvesnissinain
nnns@nuising q §959uds Flavell (1979) udrfinnsanesdusenavvesnisanidu 2
3fUszney FallseaniBundell
1) AwiAgaiunisin (Knowledge of Cognition) Lunusfiagsiouds
33N JeUseneudie 3 ssdusznavdes laun
1.1) Mu3189UsEAne (Declarative Knowledge) 1umnufifeai
vinwe wiaaisoud wasanuannsavesyananis 9 lugueiidudiSou
1.2) A3705489n52UIUN15 (Procedural Knowledge) 1duai1us
AenfuBns (How) Tumslénszuiunisseuda 4
1.3) Anwidaieuly (Conditional Knowledge) LHunu3ifeaiu
anunsalazfouly (When and Why) lunsldnunszuaunsiSeudia 4
2) maffunmAn (Regulation of Cognition) Wunszurumsfiaiuayuls
AnmsmuauNsEuidasznouse 5 sadusznoutes laun
2.1) M3auE (Planning) Wunsivualuugu Faudimune uay
FIUTIUNAITBYAAN o ApuTEus
2.2) A53ANSESEUNA (Information Management) tugAuves
vinwevdenagnseng q Aldszninsnsuftinulunsussanaamsaumastnailussansam
WU N3IATEUY Nsveneauvesiaya n1sagude n1sdongawtiu lusiu
2.3) msfiuauan (Monitoring) {unisussidiunisldaunagns

9
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2.4) MsuAlvtealianain (Debugging) Lﬂuﬂaqm‘ﬁiﬂﬂummﬁlm
anudlasiufensufiRauiiiemaialignios
2.5) nsUseifiuna (Evaluation) Wunisiwsigiusednsaimves
NSURURNUMTONAENSHN 9 MRINITSEUS
Taasoobshirazi & Farley (2013b: 453 - 454) Way Taasoobshirazi et al. (2015) ¢
AnwuuAninfussduszneurensianaindnnsineising q Fasauds Flavell (1979)
uaz Schraw & Dennison (1994) Tntiuldvhmslinnesiesdusenouvasmsdfalutiunves
Handlagldn1siasieniesrusenaudad1siatul 2013 wagldnsinsieiesnusenauidy
Bushilull 2015 Fawut ms¥RavmeiiEndflesdusznoudsil
1) Au§iAeItun1sAn (Knowledge of Cognition) tudsfiyanasifeaiu
AARTsUTENOUMEBAITIUANEI 3 Ussiam Bsleiun
1.1) A31u3483Us52n14 (Declarative Knowledge) 1duaa1u3 203
yanaLRgiunuesluguzdiousvsoduidam
1.2) A7745489052UIUN"T (Procedural Knowledge) 1duai1us
Aeafuisnislunsvhnistandenanssumis o
1.3) Anwidaieuly (Conditional Knowledge) LHunu3ifeaiu
anunsaiwazifoulvnaiimnzaulunsldaniidessmauazauidanssuiums
wila 9

2) M3fmfuauAn (Regulation of Cognition) un1sasdioUfuadivae
ffuvieruaunsBeuiuaznsudtlayn Gaflesduseneudes 5 esdusznau leua
2.1) 1193198NU (Planning) Junsaadmnenazeonuuuisnis
suflumsiiieliussaimanenewihnssanumia
2.2) N139AN5A5AUNA (Information Management) LﬁUﬂGQWéﬁ
amziinSeulduidaymldededivssavinmannty
2.3) MsnAuAuAL (Monitoring) 1 unsUsziiust1sasiame

Wneatudming 9w wagnsufiRenuvesunaanis q
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2.4) nsunluteRawann (Debugging) Lﬂunaqms‘ﬁi&fﬁlwﬂmmiﬁsui
waznsuilutgnlvignaas
2.5) M3Usziuna (Evaluation) Wunisdnduniszauveyana
uils 9 nevdansinntssauEIAuLd
NNuAMABITUBIAUTENBUTRINTS AR e Y WU 9 ALIAAEuF ALY
aﬂﬁﬂizﬂa‘ummmﬁﬁmaq Flavell (1979) thu Taasoobshirazi & Farley (2013b: 453 - 454)
ey Taasoobshirazi et al. (2015) liiszyasausznauvesnisiantunmsiuliaenndaeiy
Schraw & Dennison (1994) Fafiansaninmsaauszneuseanuiiieadunisin uazns
mfuAIUANNISAN 19T Schraw & Dennison (1994) Wa1501n135 Aaluuiunves
miﬁﬂui Tuvauzil Taasoobshirazi & Farley (2013b: 453 - 454) wag Taasoobshirazi et al.
(2015) agfinsRansansiAnluvunvesnsuitdymiiiaduanuuifnves Schraw &
Dennison (1994)
NNUIARRITUIAUTENEUTBINSIARTItnMsAnw AT s sAnsmMan SN Lfszy
1349y annsadnnguosdusznauasmsianliiu 2 esdusznou loud anufifeatu
M3AR LATMSAAUAIUANNTAN FIENANTIRATIZAITINEYBANLSIAEIFUNSAR waz
msmiuauANNIAn AUsIngluluiAniefuesdusyneureanissanuuadnsiig 9 1¢
Famnsnedi 5
M99 5 ANTINevesANLABIfUNNSAN LagmstAumUANNSAn AUsInglulLafn

NeITUBIAYTENBUVBINTIARLUIARAIS 9

v AMuSAEafUNTAN N1SAMNUAIVANNITAR
unn1sAnen
(Knowledge of Cognition) (Regulation of Cognition)
1) Flavell (1979)  avwiiAeafuyana/ TgUseasnvasau TIuds
Whwne/msie/mauii/  anuAn/mRnssuiliussg
Uszaunsaimatayan W
2) Schraw & ASiavioufisnisian nszUALMSTaTiUayUNIAIUAY
Dennison (1994) nsseus
3) Taasoobshirazi & AfiiAgIRUAIMAR nsasileUiivremiu/muny

Farley (2013b) uag nssgusiarnIsATym

o
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. AU3INEUNITAR N13AMNUAIUANNITAN
1nnNsAnen
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ingnslalianunuieveslunaaun1slasiass (Structural Equation Modeling,
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Hair, Black, Babin, Anderson, & Tatham (1998) VLG’Tiqu%'W lULAadUNIS
T59a$19 wneds wadan1s3nss iU sranefuUsinsHauNausEnI 191 A 52
annouNYA (Multiple Regression) 4 91A Ba9aiunsAnwIANNFNTUSIT a1 uay
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4anAR 03U Usdnwal 3597y (2537) uag Hair et al. (1998) Matldin1sszyanuvungly
Snwazvenndesiefilinaaouanuasnadesseninnsouuudariolinaiivauiuain
WAAMgufee 9 Audeyaidalsedng
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niou q Aunteluasuien Tngenadunisiasigviesnusenou (Factor Analysis) #30

NTIATILVBNTNATE N (Path Analysis)
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adlnmans lilennaouAuaenndedsEninseuLAnNTITeutoyaiBeUsedng i
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1) Wumani1sia (Measurement Model) LﬁjUﬂi@ULLu%ﬁﬂﬁlLLaﬂﬂ
AMNFLNUSTENINIMILUSURANS 9 AusmuUsdunalang 9 Tuniside
2) lulnaaun1slaseasy (Structural Equation Model, SEM) 1u

NTDULLNIAATILAAIA AL UG TE IR UTURNANS 9 Tun1939e
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anuna Saaled waramy (2552) sTymIAAALIRUDIAUsENOUYRSTLLARANNS
lassasvaenndesiu wadnal 3vde (2537) lngszydn inaaunislaseasnssznaunig
p3AUTENOUAIATY 2 du Laun
1) lnan153n (Measurement Model) %aneds nsoukwiRadiuans
Fenuduiusiduduseninsiwusulsiuiwsdunaladlunside dadudiundduy
NTIATIZNDIAUTENOULTIBUSY
2) lwnalasadns (Structural Model) Manefia nsounuiAnfiuandds
AMNANNUSTENINAILUTLESANS 9 Tun iy
uan1nil wuAnfsatuesivszneueslunaaunislasiadises gns
Lneassas (2557: 208 - 209) @eaAefULEIAATEINNNITANYITIU Tnaseydn luna
aunslassasianils 9 annsavsznevtuainlnea 2 Tuwa eldun
1) laanisia (Measurement Model) 1 unsauuwiAnd uans
AMNANNUS LT U UTENI19A U USUES (Latent Variable) Ausauusdanale (Observed
Variable)
2) Tawnalasaasne (Structural Model) 1 unseunusAnd uans
audutusvestinUsulslulumaridufuusmuuaziuyswldulinaiiiusuysdase
NNuANA BT UsdUsEnauTeslInaaunislaTaTeTas Ui unaaunis
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1) Tumansin (Measurement Model) {unsaunwafniiuaninnnudumius
syieinUsunazinusdanalalunisidey

2) Tuwpalasaasne (Structural Model) tfunseunuifndwaniannuduiug
5y UIURRANg 9 Tun1939e
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wIsnwal 3597y (2537: 19) 58YI1 W3RN LAINN1TIATIEIUnaaNNTT
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“1) Lambda-X = LX 11889 uninddudszdnsnisannse

P9 K U X U718 (NX x NK)
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2) Lambda-Y = LY mneds wvindduussansnisannasves
E vl Y 9u1m (NY x NE)

3) Gamma = GA yu1889 ln3Ingdnsnaisannnain KU E
AuIn (NE x NK)

4) Beta = BE vun80a lun3ngavnsnaeanvnsening E vun
(NE x NE)

5) Phi = PH %u1889 lun3nganuudsusiu-anuudsusiu
S5z USIReN8TU K auam (NK x NK)

6) Psi = PS ¥i1n8819 913 nganuslsusiu-anuiususiusiy
S¥MI9AUAAIAAEDY Z TUIR (NE X NE)

7) Theta-Delta = TD 189 9 LuNS AY AITNWUTUTIU-
ANULUTUTIUTISEsAI LAy d aun (NX x NX)

8) Theta-Epsilon = TE #1188 tun3nd auundsusiu-
ANULUTUSIUTITEIIATUARIALAREY © YU (NY x NY)”

Yaanw 3597y (2537: 19)
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1) Menuualasiassesluma (Model Specification)
nsivualassasieslunatdunisivundnwazves
nspuLARNfelneldfusuardoyaiidinyiegnsdndsainuuafangufisng 4
2) msszyanululdldanfesveduma (Model Identification)
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el IngiansaunanA10emdass (Degree of Freedom, df)
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3) MyUsEaANTEwesvadliuna (Parameter Estimation)
mMsUszanaudnnimesvedinatziinlfidessmdasd
ﬁhmm’jﬁ@uél,vhﬁ?u %qnwﬁﬂmﬂﬂmmmﬁwL%ﬁ]gﬂ Weil Awsdmesang 9 iuszanaaily
zgnidlunisAuiamiAusUsUsiuLarANLUsUTIUTINveIA L UsFunala 9Nty
thiausluguiminddsiideFonin wyndanuuUsUsIuLesANLLUTUTILT N0 IR U
dunalanunsauluiAnnisIve [Computed Variance Covariance Matrix, 2(0)]
4) NMINTIABUAINADAARDIVBILILAR (Measures of model fit)
n&ain1sUsznuaniweiasduduneunisnsaaoy
ANUADAARBIYDINTBULUIANNITIREAUTRYaITIUTEINY d1nToukAANTTITuaenARed
ufoyaiiesedndasifonaudenndoeiudl Model fit #evinlasnisinaming Z(O)
WNAUNLUNS NG AULUIUTIURAZAIULUTUTIUT MDA 19819 (Sample Variance
Covariance Matrix, 2) 4§ wW§sananisaeuiuii wndndd1uLfiu (Residual Variance
Covariance Matrix) udaldaifnaaeulaainds (Chi-Square Test) lunsnagevauufigiy
yrsadinselul
Hy : 2 = 2(0) (unagenndesiudoyauszing)
H, = 2 # 2(0) Quwaldaenndesiutoyaidalszding

gnsoukAnnsIdeldasnadesiudeyaleusednd i
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nswlananll (ua Asniuv, 2553 enedislu ens lnenssa, 2557)

A15199 11 APTRAINUADAAADIVDINTBULUIAANITINE

AYTUANUFINARDY ANTILEAIANUADAAEDS Afivausuldindenndas
X’ 05<p<1.00 0l<p< .05
X/df 0< Y/df < 2 2< Y/df <3

RMR 0 < RMR < 0.05 0.05 < RMR < 0.08
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AYUAINHDAARD

ANMBENIAINUEDAAADY

AMeausulaindannany

SRMR

0 < SRMR < 0.05

0 < SRMR < 0.05

RMSEA

0 < RMSEA < 0.05

0.05 < RMSEA < 0.08

GFI

0.95 < GFI £ 1.00

0.90 < GFI < 0.95

AGFI

0.90 < AGFI £ 1.00

0.85 < AGFI < 0.90

CHl

0.97 < CFI £ 1.00

0.95 < CFl £ 0.97

P86 AYHAINADAARDIINAITIN 11 dounanesialuil

RMR = Root Mean Square Residual

SRMR = Standardized Root Mean Square Residual

RMSEA = Root Mean Square Error of Approximation

GFl = Goodness of Fit Index

AGFIl = Adjusted Goodness of Fit Index

CFl = Comparative Fit Index

qnuna 99 lR wagAug (2552) srudunaunisiesiziveyalagldluing
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N135TYTUINVBIANBY (PS4)

NSSyyYnUIEvasAImey (PS5)

URUAIW nTaUkUIARluNITIAAINEINITalunSLA U Yl @nd 4 suansa1u1uiin
13
DIAUTENOUNINTFIU

M1519 YmtinesAusenauunsgu (Beta) dautlisauuanuaainazou (SE) adanaaeu t
WAzAIAURULUTTIN (R) 10909AUTZNOUAN 9 Tunisinanuainisalunisud gy
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X° = 0.215 df =3 p-value = 0.975 RMSEA = 0.000 RMR = 0.038
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*p<.05
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KMO uag Bartlett’s Test of Sphericity

Met1 Met2 PS1 PS2 PS3 PS4 PS5

MET1 1.000

*%

MET2 .602 1.000

*% *

PS1 234 A73 1.000

*% *% *%

PS2 373 270 .558 1.000

*% *% *% *:

PS3 447 323 .556 804" 1.000

PS4 443 292" | 492" 723" 942" 1.000

*% *% *% *% *% *:

PS5 .410 313 .556 = (31 700" 1.000

KMO = 0.807, Bartlett’s Test of Sphericity: X* = 978.84 df = 21 p =.000

*p <.05 .01
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psi ~=0.61

0.63

0.87
0.51 =

0.92

0.

0.

0,201 metl ps2 ~--0,25
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0.67

/

ps3 0.1
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0.55-# met2

/
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\ psd #03)505

psS ~=-0.2¢

Chi-Square=9.22, df=11, P-value=0.60129, RMSEA=0.000
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The following lines were read from file D:\Thesis\Stat Data Thesis\After cut\Causal Thesis.spj:

met ps causal relationships

observed variable

metl - met2 psl - ps5

correlation matrix

1

.602 1

234 173 1

.373.270 .558 1

.447 .323 556 .804 1

.443 292 .492 723 942 1
.410 .313 .556 .726 .731 .700 1

sample sizes = 187
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latent variable

met ps
relationships

metl - met2 = met
psl - ps5 = ps

ps = met

set the error between ps3 and ps4

set the error between ps3 and ps5

path diagram
LISREL OUTPUT: ME = ML nd = 3 MI EF FS SC

end of problem

met ps causal relationships

Correlation Matrix

psl ps2 ps3 ps4 ps5

psl 1.000

ps2 0558 1.000

ps3 0556  0.804  1.000

psd 0492  0.723  0.942 1.000

ps5 0556  0.726  0.731 0.700 1.000

metl 0.234 0.373 0.447 0.443 0.410
met2 0.173 0.270 0.323 0.292 0.313

Correlation Matrix

met2 1.000

met ps causal relationships

met1

1.000
0.602
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Parameter Specifications

LAMBDA-Y
ps
psl 0
ps2 1
ps3 2
ps4 3
ps5 4
LAMBDA-X
met
metl 5
met2 6
GAMMA
met
ps 7
PSI
o
8
THETA-EPS
psl ps2 ps3 ps4
psl 9
ps2 0 10
ps3 0 0 11
psd 0 0 12 13
ps5 0 0 14 0

ps5

15
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THETA-DELTA

met ps causal relationships

Number of Iterations = 9

LISREL Estimates (Maximum Likelihood)

LAMBDA-Y

psl 0.626

ps2 0.867
(0.090)
9.622

ps3 0.923
(0.095)
9.739

ps4 0.831
(0.091)
9.135

ps5 0.847
(0.092)
9.246

LAMBDA-X

metl 0.893
(0.091)
9.812

met2 0.674
(0.084)
8.039



GAMMA

Covariance Matrix of ETA and KSI

ps 1.000
met  0.512 1.000

PHI

PSI

0.737
(0.165)
4.474

Squared Multiple Correlations for Structural Equations
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THETA-EPS
psl ps2 ps3 ps4 ps5
psl 0.608
(0.066)
9.226
ps2 - - 0.249
(0.037)
6.659
ps3 -- -- 0.148
(0.038)
3.894
ps4 -- -- 0.174 0.309
(0.038) (0.044)
4.640 7.025
ps5 -- -- -0.049 — 0.282
(0.016) (0.042)
-3.023 6.642

Squared Multiple Correlations for Y - Variables

psl ps2 ps3 ps4 ps5
0.392  0.751 0.852  0.691 0.718
THETA-DELTA
metl met2
0.203  0.546
(0.129) (0.092)
1.575 5941

Squared Multiple Correlations for X - Variables

metl

0.797

met2

0.454
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Goodness of Fit Statistics

Degrees of Freedom = 11
Minimum Fit Function Chi-Square = 9.190 (P = 0.604)
Normal Theory Weighted Least Squares Chi-Square = 9.223 (P = 0.601)
Estimated Non-centrality Parameter (NCP) = 0.0
90 Percent Confidence Interval for NCP = (0.0 ; 9.139)

Minimum Fit Function Value = 0.0494
Population Discrepancy Function Value (F0) = 0.0
90 Percent Confidence Interval for FO = (0.0 ; 0.0491)
Root Mean Square Error of Approximation (RMSEA) = 0.0
90 Percent Confidence Interval for RMSEA = (0.0 ; 0.0668)
P-Value for Test of Close Fit (RMSEA < 0.05) = 0.867

Expected Cross-Validation Index (ECVI) = 0.242
90 Percent Confidence Interval for ECVI = (0.242 ; 0.291)
ECVI for Saturated Model = 0.301
ECVI for Independence Model = 6.366

Chi-Square for Independence Model with 21 Degrees of Freedom = 1170.030
Independence AIC = 1184.030
Model AIC = 43.223
Saturated AIC = 56.000
Independence CAIC = 1213.648
Model CAIC = 115.152
Saturated CAIC = 174.471

Normed Fit Index (NFI) = 0.992
Non-Normed Fit Index (NNFI) = 1.003
Parsimony Normed Fit Index (PNFI) = 0.520
Comparative Fit Index (CFI) = 1.000
Incremental Fit Index (IFI) = 1.002
Relative Fit Index (RFI) = 0.985

Critical N (CN) = 501.468

Root Mean Square Residual (RMR) = 0.0222
Standardized RMR = 0.0222



Goodness of Fit Index (GFI) = 0.986

Adjusted Goodness of Fit Index (AGFI) = 0.964

Parsimony Goodness of Fit Index (PGFI) = 0.387

met ps causal relationships

Modification Indices and Expected Change

No Non-Zero Maodification Indices for LAMBDA-Y

No Non-Zero Modification Indices for LAMBDA-X

No Non-Zero Modification Indices for BETA

No Non-Zero Maodification Indices for GAMMA

No Non-Zero Maodification Indices for PHI

No Non-Zero Modification Indices for PSI

Modification Indices for THETA-EPS

psl ps2 ps3 ps4 ps5

psl --

ps2 0.500 --

ps3  0.046  0.290 --

psd  0.211  0.017 -- -

ps5 1.046  0.664 - - 0.160 --

Expected Change for THETA-EPS

psl ps2 ps3 ps4 ps5

psl --

ps2 0.026 --

ps3  -0.004  0.013 --

psd  -0.010 -0.003 - - --

ps5  0.041 -0.036 -- -0.018 --

Completely Standardized Expected Change for THETA-EPS

213



psl ps2 ps3 ps4 ps5

psl --

ps2 0.026 --

ps3 -0.004  0.013 --

psd  -0.010 -0.003 -- --

ps5  0.041  -0.036 --  -0.018 --

Modification Indices for THETA-DELTA-EPS

psl ps2 ps3 psd ps5

met1 0.536 0.130 1.505 3.880 0.002
met2 0.096 0.376 1.133 1.536 0.492

Expected Change for THETA-DELTA-EPS

psl ps2 ps3 psd ps5

metl -0.032 -0.011 -0.020 0.037 0.002
met2  -0.014 -0.020  0.018 -0.024  0.026

Completely Standardized Expected Change for THETA-DELTA-EPS

psl ps2 ps3 ps4 ps5

metl -0.032 -0.011  -0.020 0.037 0.002
met2  -0.014  -0.020 0.018 -0.024 0.026

Maximum Modification Index is  3.88 for Element ( 1, 4) of THETA DELTA-EPSILON

met ps causal relationships

Factor Scores Regressions

ETA

psl ps2 ps3 psd ps5

ps 0.056 0.188 0.792  -0.301 0.299

met1

0.027
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ETA

psl ps2 ps3 psd ps5

met 0.006 0.021 0.090  -0.034 0.034

KSI

met 0.203

met ps causal relationships

Standardized Solution

LAMBDA-Y
o
psl 0.626
ps2 0.867
ps3 0.923
ps4 0.831
ps5 0.847
LAMBDA-X
met
met1 0.893
met2 0.674

GAMMA

met1

0.723
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ps 1.000
met 0.512 1.000

PSI

met ps causal relationships

Completely Standardized Solution

LAMBDA-Y
(o
psl 0.626
ps2 0.867
ps3 0.923
ps4 0.831
ps5 0.847
LAMBDA-X

met



217

met1 0.893
met2 0.674

GAMMA

ps 1.000
met 0.512 1.000

PSI

THETA-EPS

psl ps2 ps3 ps4 ps5

psl 0.608

ps2 - - 0.249

ps3 -- -- 0.148

psd -- - - 0.174  0.309

ps5 -- -- -0.049 -- 0.282

THETA-DELTA
met1 met2

0.203  0.546

Regression Matrix ETA on KSI (Standardized)



218

met ps causal relationships

Total and Indirect Effects

Total Effects of KSI on ETA

Total Effects of ETAon'Y

psl 0.626

ps2 0.867
(0.090)
9.622

ps3 0.923
(0.095)
9.739

ps4 0.831
(0.091)
9.135

ps5 0.847
(0.092)
9.246

Total Effects of KSlon Y
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ps2 0.444
(0.074)
6.038

ps3 0.473
(0.076)
6.190

ps4 0.426
(0.071)
5.995

ps5 0.434
(0.072)
6.032

met ps causal relationships

Standardized Total and Indirect Effects

Standardized Total Effects of KSI on ETA

Standardized Total Effects of ETA on Y

o
psl 0.626
ps2 0.867
ps3 0.923
ps4 0.831
ps5 0.847

Completely Standardized Total Effects of ETA on Y

ps
psl 0.626
ps2 0.867
ps3 0.923

psa 0.831



ps5

0.847

Standardized Total Effects of KSI on Y

psl
ps2
ps3
ps4
ps5

Completely Standardized Total Effects of KSIon'Y

psl
ps2
ps3
ps4
ps5

0.321
0.444
0.473
0.426
0.434

0.321
0.444
0.473
0.426
0.434

Time used: 0.031 Seconds

Time used:

0.000 Seconds
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