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Abstract

This development research aimed (1) to develop Physics Instruction Model Based-on STEM Education
Approach to Enhance Physics Learning Achievement, Critical Thinking, and Adversary Quotient of Upper
Secondary Students and (2) to evaluate the effectiveness of the developed instructional model. The research
procedure was divided into two phases. The first phase was the development of the instructional model
that proceeds as follows: (1) define the study of the concept and relevant literature to the rationale of the
constructional model, the objectives of the instructional model, the learning process, and the evaluation,
(2) examine the quality of the teaching model by expert evaluation,and (3) experiment with the instruction
model by the pilot study. The samples of this phase consisted of 31 students in Mathayom Suksa 4/1 of
Kraburiwittaya School in the second semester of the academic year 2016. The lesson plans based on the
developed instruction model were used in this study. The results of the pilot study were for improving
the instruction model. The second phase was the evaluation of the developed instructional model by
field try-out. The samples of this phase were 80 students in Mathayom Suksa IV of Kraburiwittaya school
in the first semester of the academic year 2017, who were chosen through cluster random sampling.
The experimental design was the randomized pretest-posttest control group design. The instruments
used in the study including (1) The Physics Achievement test with the reliability of 0.92. (2) The Critical
Thinking test with the reliability of 0.98. and (3) The adversity Quotient Test by Kannika Suksamai (2006)
with the reliability of 0.89. The data was analyzed by Multivariate Analysis of Variance (MANOVA)

The findings of this study were as follows: 1) Physics Instruction Model Based-on STEM Education
Approach to Enhance Physics Learning Achievement, Critical Thinking, and Adversary Quotient of Upper
Secondary Students consisted of four components; (1.1) rationale of the constructional model, (1.2) the
objectives of the instructional model, (1.3) learning process which comprised two steps. They were (3.1)
problematic situation design which was created a problem situation using the P-T-PM-E format and (3.2)

the step of the learning process consisted of 6 steps: Step 1 Identifying the problem, Step 2 Investigation,
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Step 3 Generating possible solutions, Step 4 Decision making, Step 5 Producing the product, Step 6 Per-

formance assessment, and (1.4) evaluation 2) Physics learning achievement, critical thinking ability and

adversary quotient of the students who were taught by the developed instructional model was significantly

higher than of the students who were taught by the traditional teaching model.

Keywords: The Physics Instruction Model, STEM Education, Physics Learning Achievement, Critical Thinking
Ability, Adversary Quotient
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luvoaen o ﬁaﬂ‘ﬁsﬁ;Lﬁm%aaﬁumizﬂm’%m%Lmuﬂmﬁaﬂﬁ@%u A AANTIIMINAADY AANTINMIE5e
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Tumasnuaveitugyasse I@Eflém,t,mmam‘swwmﬂ’smﬂwmiasl,ummm;LLaquW‘\Tuqﬂa‘m oo LEAD
Sequence §NNLWIAAAY Woa (Paul) (ﬁwﬂmmmm%miammiﬁﬂm, 2552) VL(;LLﬂI L:Listen to your adversity
response wanefiy m‘aVQa@ﬂi“Lﬁumi@]auauawiaaﬁaﬁmaqﬁﬂﬁml, namide nwindewlufinmausuasme
aﬂm‘mmﬂmw‘sauﬂ Sunlafonam mmmsl,umiwa@]wamﬂwm‘sammmmmm@ mamaammum‘ﬂwnumau
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46

AEHAAN T@mgeaﬂ%ﬁwmmizéwﬁash;ﬁﬂL%femq;ummLﬁ@gmaqqﬂﬂiiﬂ e aﬂiﬁammsﬁﬁﬂﬁl@immlﬂmma
foems snBeudeniiamslaneiasilnannit Wuaw Sduaen A:Analyze the evidence. My M3
?JL@iWSﬁgWLLWMNLLT?L%M%@‘U%‘UUEGNNW% I@aﬂgazel%@hmmizémﬁaﬁlﬁﬁﬂSaumummu% e %m?lmmmq
maaﬂmmfl@?aéﬁb Tumi uag DDo something AsNEg miaeﬁaﬂﬁﬁ@ﬁmuﬂmﬂmm GavinZendiunmelu
ﬂmu?lmﬁmmm‘%aqﬂmimga @'g%gaﬁaﬁuﬂwl,l,am%mm delmindeusssuamsshi$alunsunlzdymvie
BilareE) uaAunaudt 6 maUssdiunaam shioushisweonadriufenbdudowmy Toonanuzaainde
azgﬂﬂmﬁﬂ@aﬂgLﬁausluﬁau%wuamémﬁﬂL%aw,aa%mﬂa‘ﬁ%ﬁmﬂmiﬂixLﬁumammmlﬂﬂel%sl,umiﬁ@umﬁﬂL’%w
Tursomaly

14 meiadssfiunazasgiluuumasan MyTnuAsLsEduNG MumMs 2 dnwue Aa 1) MITauag
ﬂiZLﬁ%Na%WJINm%ﬁWLﬁ%ﬂﬁﬁ@ﬂﬁﬁﬂ%{i@Hsl%mms;lmﬂﬁ@mm% (Scoring Rubrics) firiwua b2 uunazusuns
ﬁ@miL’%w%uﬁaﬂmﬁummmmimmﬁﬂL’%w&lw,wiazo;m 2) mi"’i@LLazﬂmﬁuwam"amioﬁwLﬁumiﬁ@msﬁm%
I@Jlﬁ;ﬁm%auﬁwmemﬁauwaﬁmw‘ﬁimmﬁﬁau’iﬁmﬂﬁﬁ% Lmﬁmmmmmmhﬂﬁﬁ@aéwaﬁ%mmmmuﬁmmu
}iﬁﬂ’smmmﬁﬂuﬂﬁm%mLLﬁSﬁ»]WW%Q‘]Jﬂ’ﬁﬂ

2. wam'a‘ﬂ'a‘ztﬁunﬁsl;gﬂLmnmsaau

1) wam'ﬁLﬂiwzﬁaﬁﬁﬁu@maﬁaLmsmmﬁﬁﬂm loun mmﬁéLLasé'JuLﬁmmummgmmmémms

mwﬁﬁﬂmmmﬁﬂL‘%amémmaaﬁaL’%mﬂ@ﬂ%gﬂmeﬁﬂauﬁﬁwmémazmﬁmmuqmL%fsjulmagﬂLmumiaau
U@ TenewdeiasvdBen uameiom o 1

neiammam (N=40) néumu@u (N=40)
Gastlsanal nawiden wae5en nawiden VAT
X sp X sp X sp X S.D
waﬁmw%wnﬂmﬁauﬁﬁmﬂﬁn& (Ach) 1303 332 2470 313 1263 377 1975 322

amNEa0uMIAeensi R T (Cri) 2760 535 4205 381 27.02 480 3925 391

anasansn Iy uavshiugiasin (AQ) 12085 469 13218 364 11673 445 12483 426

‘I)ISJ']EJWIG!

1. Box'M test = 3.083, df = 44080.302, Sig = 0.815

2. Levene's Test : Ach : F = 0.172, Sig = 0.680, Cri : F = 0.001, Sig = 0.976, AQ : F = 2.500, Sig = 0.118

3. Bartlett's Likelihood = 0.000, Approx Chi-square = 17.276, df = 5, Sig = 0.004

2) wams’iLﬂswzﬁ;au“aLﬁ'amaanauuagm ﬁaumtﬁL@iwsﬁgagaLﬁamaauam&gm é‘ié’m‘iwm'ﬁm’m
AOLIANAI NPT TN SaLLls (Multivariate Analysis of Variance: MANOVA)
Fafdusdan e lumamesey 6’%@éﬁﬁﬂ@:ﬁwmi‘ma@ummLﬂmanﬁwgmaaLm’%ﬂ%mmmiﬂﬂm@ (Homogeneity
of variance covariance matrices) ﬂ@d@f’sLL‘]ﬁI@ﬂ% Box's M test ‘Wlli;’l LN@]%WEWJ’]MLLﬂﬁ?ﬂi’;%ﬁNiSWi’NﬂéN
mamuamammmmLmﬂmaﬂuamﬂmuam@mmqamwsu@u 05 uagHaMITaseLAMATe NI
LL‘]JT]JTJWIJE)W]’]LLﬂ’iLL@ﬂ“W’DﬂUﬂaNWJm‘E Levene's Test WU @%mumaafﬂmmLLﬂimamLmnmmuamﬂw
wufamy YNIEAGTITEM OBUALNAMINAFEY Bartlett's Likelihood WU GUUSHIMEANAE DR, 910
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M9ATIAFELLAN AL BTN T A NALL ST M e LS (Multivariate Analysis of Variance:
MANOVA) wim iiilumaraanasimmualy fesi sanseRlemeremaLsUTIIUIaEEAs (Multivariate
Analysis of Variance: MANOVA) VL@?

M99 2 HAMTAATIANALS eI sTe s smafivhmsanm

Multivariate Tests Value F Hypothesis df Error df Sig.
Pillai's Trace 647 46.500 3.000 76.000 .000
Wilks' Lambda 363 46.500 3.000 76.000 .000
Hotelling's Trace 1.836 46.500 3.000 76.000 .000
Roy's Largest Root 1.836 46.500 3.000 76.000 .000

Tests of Between-Subjects Effects

Type III Sum Mean
Source Dependent Variable df F Sig.
of Squares Square
I3 A A A €
waﬂmwﬁwnml,wmﬂmﬂaﬂa (Ach) 490.050 1 490.060 48514 0.000
AMNENANID M IAnaen BT (Cri) 273.800 1 273800 18357  0.000
plShileaiil ‘
amEnanan s dnuashiglaase 1080450 1 1080450 68.765  0.000
(AQ)
Error Ach 787.900 78 10.101
Cri 1163 78 14.915
AQ 1225 78 16.712
Total Ach 40794.000 80
Cri 136574.000 80
AQ 1323286.000 80

’ 3
NI 2 HAMTIATIAANNIUTUT LA BIF IS (Multivariate Analysis of Variance:
o P .
MANOVA) WuN Welnnenanenand Pillai's Trace, Wilks' Lambda, Hotelling's Trace, Roy's Largest Root
LLﬁ@ﬂ‘MLW%’J']@MLL%HL%@EJEUQQNaﬂNﬂW‘Eﬂ’]@ﬂﬁLﬁﬂ%’J“ﬁ’lﬂﬁﬂﬂ ﬂ?’mﬁ’mﬁﬂiﬂmiﬂ@aUNNQ’QW?M‘EU']MLLauWJ’]NmN’ﬁﬂ

sLumiLN“ﬁZULLaumﬁ%aﬂﬁﬁﬂ mmﬂaam@aaammmammmmamamam@mmmmmmu 05 Fonnaadiy
ammﬂwmmwu@% mmwzpaﬂ@mﬂmmewgﬂLmumiaawnmﬂqwma@LLaxﬂquuQNmwamamummaa
TaumaLiuLsaesls Fevhmanasauaey Univariate Test WNamMInasay W Huaemestiafseey .05

1) AZLUWLRA EJEIJE]\‘INaﬂNﬂWﬁWNﬂﬁLﬁ&J%’l‘ﬁ’lﬂﬁﬂﬁ%adﬂa&l‘ﬂ@aaﬁﬁdﬂﬁ’]ﬂa&lﬂ’]‘uﬂ?&

2) ALLUULRA EJ?JEKI@')']NH’]SJ’]‘JDSLHTT]?@GWQ ammmimmmmaaﬂaw@ammmmaxmum
3) ALLUULRA EJEIJE]\‘I@'NNH’]SJ’]‘JDSLHTT]?LN%M LLﬁUN’]W%E]‘JJﬁiﬁﬂﬂaﬂﬂa&m(ﬂaaﬂﬁ@ﬂ’]’mﬁ&ﬂ’]U@N
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‘mmﬂmmﬁg'ﬁl’mizmumiﬁ@ﬂm’%w%ma@;ﬁLmumiﬂawﬁ’gﬂﬁﬁm‘%wﬁwmwaé’mwémqmiﬁw AMNENANTO I
miﬁ@aénﬁ’imm@mmzmwNmmiﬂumﬂw%mLLazsjwﬁuqﬁasiﬂmaqﬁﬂL'%fwvl,o;

2.matlssiinnagiuuumssen

wammam@mﬂﬂﬂmmmmmwmm@% Ao mummawa@waﬂmwﬁmqﬂmﬁammﬂﬁﬂa AN
mmanhmsmam@mmmmmuaummmmimﬁlummmLLaymﬁuaﬂﬂﬁmmﬂawc-waa@mmmémmmm
amamam@mmaammmmu 05 iﬂLmumiﬂauwwwmmwwammuﬂiwqmmm

wamaesﬂu.wm'saauwmawaauqﬂﬁwnnmsﬂm‘mﬂana

iﬂLmumaﬂauwwwmwawaﬂmmamwua@m’m uﬂLiamwm‘wmmhmmamawaama@ﬂ
mm%@?’mmmq I@amg@aaﬁmﬂm Sumaunrsovduneud 1 seitlszdulm %ﬂi&:@}%iﬁ%ﬂﬁ%l%@&ﬂﬂg 28N
LLf?ﬂE]alm Sunoud 2 Faamesen ﬁﬂL‘%Wﬂﬂﬁ%ﬂizmmﬁﬁuLmsvﬁ'awmmﬁ:ﬁﬁ‘m%mﬁuﬂmﬁuﬂagm S9WA
GLﬁZﬁﬂSawﬁmmmL%ﬂ,ﬂwﬁamﬁLﬁ‘m%aaﬁmﬂmms’?}aaa@ﬂgaqﬁ’ummmumiL’%&Ju;uaseﬁ%i@mmﬁmvl,e;aaﬂLLmJ
' dupeudi 3 msmaummu N n?amummm;mo;mﬂwmaw 2 mmm@Lm'mﬂmmmﬂmmmamammﬁm
mLﬂumimLﬁ%ﬂmﬂﬁawﬂ@mmﬁm miﬂ‘suﬁﬂ@ﬁl“ﬁ (Applying) mi’amwm (Analyzing) meﬁmamaﬁﬂ
(Creating) ﬂam@aaqﬂuwmmﬁﬁmmmammwmwaa PNALHIARYDILGN LLauﬂiiJﬂi\‘]I@EJLLa%L@aiﬂ% Tud 2001
(WAwg ditumtl, 2558) mﬂm’imLﬂ@l‘Wﬂ(ﬂﬂﬁS\l‘ﬂad%ﬂLi%l%“ﬂi%ﬂ@’i‘].lﬂﬁﬂ@ﬂﬁLﬁ&%ﬂ@Hﬁl‘ﬁzﬂLLi_Ii_ImiﬂaW/I‘W@Nm
S wum tdmdlenamsieton memsslatuanumendm SenasilalumaAuismsmenagiitaan
TelumsunifymmesinGemes domalminGouinadugmimmsdeuiigiu donrsasimidtres sdamm
s, gt Taioes, waedit waemus (2561) nanaan mdamadaugiisasialmindeudmemnaun Smawms
lumsssarmeseuuasdalemelysinGewnansin alaelsnsdeos azﬁfnaﬁlﬁﬁmL‘%wﬁwaé’mw%‘m@miﬁw
ﬁqﬁu uasdaARRaIL nawan STuA, wiline aana, way 1ilne ummes (2555) wum mimsém;wﬁmm
dumssasinlmindendiananssiatomlunsEen Amsiammenudeaes i GoudinadugrimenEum
qﬁu

wamaesﬂu,mJm'saaw?iﬁﬂ'amwmmm‘lumﬁﬁﬂaaiwﬁ'“msmmm

iﬂLmumiaawwmmmmwaﬂm{lmﬂLimamamumLLaummmwmﬂmimmﬁammmmaa
ﬂiumuﬂﬁa@ﬂmﬁammaﬁﬂLmumiaau‘nw@ummummevmmmﬂmumumiaaﬂLmummmmiu Sunoums
a@milﬁwﬂ@ﬂéﬁﬂmmﬁmm ﬂiumums@@am@mmmmmuauLmeqmswwmmmamﬁﬁmﬂmmﬁmLLau
mﬁuaﬂﬂﬁﬂ mwael,mmﬁsmmiymums@@aamﬂmmu W@ummmmmimhﬂﬁmammmimmmm@m
Usznaueme) mmmzyﬁismuﬂmm gﬂwwuﬂmmam 1 ﬂgﬂﬂﬁnamumﬁmﬂmmLmumw sinGevarladn
Mg ﬁmmmxiwﬁmisﬁwﬁmaaamumiaiﬁménLﬁaﬁmu@wLﬂmmﬂmmﬁﬂagm Tdunendt 2 sinBevarle

FumsWaeNENaNI0 MMsTILTILeYR ManTnuenuszaayaa3s Teafiduas@aiu wesyafifeiracuay
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lRenasfumauntleym mamaﬁmmﬁﬁﬂSamqm@ﬂ@ﬁqmﬂwmL‘%ammzmﬂma@L’%ammﬂﬁmmuLLazﬁi‘ﬂ
mammmuaﬂummumumum Sugaudt 3 mLﬁ:auvlmumiwwmmimﬂmmmﬂ@a%mwmmnmumwn 2 iu

¢ 1o %

wumuLLaJmam4mmmuﬁﬂmiﬂmmLaauvlmmammmﬂﬂmmaaﬂammﬁmmLﬂummmsmasl,ummﬁ
ﬂi”mumamwmmauimmawmaumLﬂiﬂmﬂL‘muamaeﬂmm;%aammaewwmmt“mmﬁﬂ@Lmvm“mumi
Fahmanuatnefissuy dennnastunANTiSeas Kwan & Wong (2015) wum asAUsznaudanaminams
maee AR AR e sindeilusssaneaniunA R mmAaN T (Metacognitive
Strategies) Faaznaume mamausm marhiuasLssdiu dummians brinGen L%w%%%miﬁau (Learn how to
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