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The purposes of this research are as follows: (1) to develop a learning model based on problem-
based learning and scientific argumentation to promote the scientific reasoning of student teachers; and (2)
to compare the scientific reasoning ability before and after learning the learning model based on problem-
based learning and scientific argumentation. This research and development consisted of four phases, which
were used as a research methodology, as follows: (1) to study the fundamental information from research
documents and articles to synthesize the guidelines for promoting scientific reasoning abilities; (2) to develop
and validate a learning model derived from the synthesis of the key characteristics of problem-based learning
and argumentation that promotes scientific reasoning; (3) to pilot a learning model with a non-sample group
to revise the learning model; and (4) to implement a revised learning model to evaluate the effectiveness of
the learning model. The participants consisted of 30 second-year student science teachers from the Faculty
of Education of Rajabhat University in Northeastern Thailand. A scientific reasoning test developed in
accordance with Lawson's approach with 24 questions was used to test the scientific reasoning of student
teachers. It had an index of consistency and a reliability was 0.67-1.00, and 0.63, respectively. The results
indicated that the EEAEE learning model could enhance scientific reasoning among student science teachers
and five steps, as follows: Step 1: Engage & Identify; Step 2: Exploring & Planning; Step 3: Action & Creation;
Step 4: Explain & Debate; and Step 5: Evaluation & Improvement. The reasoning of student teachers after
implementation was higher than before learning and with a statistically significant difference of .01. The results
indicated that the EEAEE model could promote scientific reasoning among student teachers. All of the all
learning steps of EEAEE learning model resulting in a focus on reasoning, problem-solving, scientific process
practices, and provide opportunities for learners to actively participate in all of the learning steps. In addition,
the learning model emphasized the expression of opinions and supporting claims and argumentation using

scientific data and evidence.

Keyword : Scientific Reasoning, Science, Student teachers, Deductive and inductive scientific reasoning



naAnssNUszn A

o

NUAdRTUNAIFAATAEUAIIAYININAANTRI1ANTEN TN {AdRTeTeLINTTAR

2% ¢ dl v o = o o o o/ dl v 1
NAVLANAMNTIANTEY AT. ATTET ATAN niAdIneE wazAnusiinaanauniadlanuayliun

ArelnARANTZLIUNITINE

e A a dl v
WRDUNITEAN TDIANARTIANTE A7.Urean Liaslany VIIMF’]Q’]Nﬂ?MWNWLﬂMﬂ?ﬁﬁ’]u

aautln wWalFaainug wazreunszam fiiaA1anNa19e 959N wasLlsshng 7

Y v
a o A

nyandunssunisaeulnidandsoyayiinug luassil

| o

AVDLNIE AUV TUENTIAUR AT YNNI UEMFUNNTARZIIRRFIALATEIND

a a

o L

338 uazliAuuziInaaun1liaudssinauls sannaAIaneiLaLIA TN AL AN

ANARTANEN ATUTANENANARTUNANENAATUATUNIA LI VNTINunAatRnRNguas THNNAT1A
o o dld
wazALuzinNANI g naan

o o

o K & a a rdl ¥ ! A 2 Y
29 UBLAMUNANHIATANART A1213TINEANERT ARSI e ugade LAy
D3 A7AEIAULATAAL
nauraunszAmian 81301 AvaLAT NAeatilay luniaslalunisAnwuaznig
o = a '3 a rdld a T o dys,«a o
MUy inus AuanaNakaztszlamiiniannTyaninusetiuigidasene iy

WPIBNYTIUARAN A1 N19A0 UAZAZ B1ATERARAAUEINTZARMNTINY

g3NA W



A19100y

v

1®U

LMARRBNNINIIE oo g

LNAREBN T VEINE oo q

LT TR ST F=A2 LoV TSRS !

BNTITEL oo, i

Al T o] Lo e N OO OOOOTRURURRO al

ANTUTUTLNTI o By

4

YA T UM B oW, SRS T W s 1
,ﬂl o o/

NUAZANAVATUTBITEUIY oo 1

T AT UL LTSS 5

ATHHIHVEIUBANTTATE oot 5

AR VATUTBINVTVREL ..ot 6

L NG T2 LS T e Lo 3 USSR 6

BT 1 e T 7

NFRLIEUYR FINNTFREL 1.ttt e ettt s et e et e ettt 9

ANNATIUNTTIRE oo 11

UNT 2 LONANTAZINUATETUTEITTE ..o 12

1. NS BN ATTINEVAVRT ..o 13

[ % = v &I 1 a v a a c
2. N19AANNIEUFINAANATUNT TN ATANUVAVRAT ..o 19
o = .
3. mmmnwmuﬁmaﬁmmLflugm (Problem-Based Learning) .........cccoeeeeveeeuneennne. 43
4. n133AN"9EUI AN TALENMIANGNANART oo 49

5. UULLNITIANTTEEUT oo 62



6. sununisdnnisGauilnelduuisAnnisdnnisGauslne lddoymidugusiniunig

TN 199N A A SN AUATHNT I NATEINVANEAT oo 66
e} aa o a a o
LN 3 FFAMIUNNTIREL oo 75
= = 5 g
FLEEN 1 NITANETBIANUT N oo 75

dl [ o = ¥ ! o Y v
TEEN 2 NITN mmgﬂ LLLINITA mmnmuﬁmhﬁmm Lﬂuﬁqu?QNﬂUﬂ%‘IﬁlLLﬂ\Wﬂ\‘]

' a

MNNANAATINAANATHN TT MG ATAINGVANANT oo 78

dl ¥ o = ¥ ! o Y v
szaehl 3 nanasedligluuunisdnnisFauilag 1o udugiusiniunisiiudamnig

N AARFINGAUATHNNT IAMBLATGINEVAVRRT ... 85

d‘ o o = ¥ ! o Y v
ITUSN 4 ﬂ’]ﬁ‘quﬂLLT_I‘]_Iﬂ’]ﬁ“\]ﬂﬂ’]ﬁ‘Lﬁ‘ﬂuqﬁﬁﬂiﬁﬂﬂgﬁ’lLﬂ%ﬂ'\%ﬂﬁdﬂﬂﬂ’]ﬁ‘tﬁmﬁ\im’]\i

neAAATNAATNNT A NATANEANARTIITATE oo 86
UM 4 WANNTIATIEWTBH ..o 94

dl o o = ¥ ! o Y v
RAUN 1 Nﬂﬂ'ﬁ‘w%JquﬂLL'LI‘]_Iﬂ’]‘il‘"\ﬁﬂ’]ﬁ‘L?ﬂuﬁﬂﬂiﬂﬂﬂgﬂ’\Lﬂuﬂ’)u?QNﬂUﬂWﬂlﬂLLﬂ\‘mqﬂ

INYAN QRTINS AWATHNNT IAMBLATSINEVAVRRT ... 94

paud 2 iansldluuunisdanisGauiiaadfynndugusaniunisihudemng

MNP ARF R AUATHNNS I MANATNEVNEAT . 117

U7 5 A7 BAUPIENA UAZTBLAWBMBE (oo covvv e 125
T AR THFREL ..ot 125
2. AVVHHEIHVUBINVTTRED oot 125

3 ANNATIMIIUAITTVE o 125

4. ABNNFANTUNNTIRE .o 125

B BTUBANNTTREL oo 128

B. BITLITVEINA 1o 130

T ABUEUBILY .o 136

LUTTEUNNTH e 138



.. 156

.186



AN9UTUA519

F1379 1 A7UNANTIATIEURANINARARAFBITRITLILLILNIFAANIFEUTAINNITNLNIY

1990uN9TH AUANHOEAIATY 189N199ANNIEEUINANATINT HMRRATINNAERT ... 36

FI1979 2 NANNIILATITHANINADAARBIIDIAN BT AN ATYDIN133AN9TeusTae 1diTnymn
dl ! 2 ¥ a a 3 o o o o =
LﬂuﬁmwmmemﬂuLwlmmmwmmmm LL@Z@ﬂHmzﬁﬁﬂﬁyﬂ@\‘]ﬂ’ﬁ“ﬂﬂﬂW?L?ﬂuﬁﬁﬂﬂ’]ﬁ‘

TudaudanaanamanfaaasunisivauaidaneAans iy Anwoued1Atyaednis

o = ezdl 1 a ¥ a a I's

“’Mﬂ’]ﬁ‘L?ﬂqu@\‘lL@‘J‘Nﬂ’]ﬁ‘ﬁlﬂmﬁlﬂmL°N"J°V]EI’W1’]’&[§]? .............................................................. 55
= A o = ¥

AN 3 rJLﬂﬁ"]ﬁﬂ‘ﬂﬂﬂﬂﬁ‘tﬂ@um‘ﬂ\‘]gﬂLLUUﬂ’]ﬁ‘@ﬂﬂ’]ﬁ‘Lﬁ‘ﬂug .................................................. 64

19 4 Han1sdaAIzsizlununisdnnisGeuiiag doyviduguduiunisiiudomng

INUNANAATINDALATUN T ITMANATANEVAVNART ..o 68
o 1 = v = 2 dl o = 4

M9 5 ANUIUMUIEINITUT WIUNITFEUT WAL T NI TANIEEUT. o 80

m1974 6 TAsaFeuuLdanisIimRNATEINeN AR TULLR BB LAZ LULITINR .o 82

A9 7 WULLLKUNNTIAE (One Group Pre-test Post-test Design)........ccceevvveeieeieeiieenenn, 87

[ % [ =

M3 8 HANNTUATITIAINNABAARBITBIAN BT ATYTBIN13aAN"3FEUs tne Loy

2

dugnundaasunisivguaidaingmans uazdneuzdAnaenisdnnszeuiingnis

6 o o o

Tudaudanaanamanfaaasunis Wsuaiadnemans 1y AnwuedAtyreanig

2

AANFEUUTNALATUNN T IAANATRNEVAVART ... 102

F11974 9 Han1sduAzsizlununisdanisGeuiing Mdoyviduguduiunistiudmng

NUNANAATINALATUN T ITNGNAITSANEVAVART ..o 107

f1979 10 unungaenuazaumngtuuunisdanisGauilngldloyvidugusniunig

B T k(LT Y o VT O 109

1979 11 wanTsdszifiupnnaenrdestesguuunisdnnisGauslae dioywidugiu

FanfunIlFudamsinenmanfinedudun s MANATRNAIERT oo 112



1974 12 unuangaenuasgsaunngtuuunisdnnisFauiine i iomndugausniunis

AN AN AN RATARINNTIAABG K ..o, 115

F1979 13 WREUWEUNINIINATIBLNEULASHAY T EUTBINIT AR AE AN AansTag

1ENNINAADLANPIULLNGNAIDENIRLD ..o 118

P94 14 AzuuUIedALsznavtean s AN EAERSTIauETEULATUAATEY 120



d19inyglnn

v
i
ANLFENAL 1 NIBLUWIAATUNNTTRE oo 10
o o = ¥
ndszney 2 nezuauneimwngluuuwazuEunsanniBeuitne T uidugu
Fouruns AU Imeine A anfined L aTun T IAMANATERNUVANART ..o 86

nwisenay 3 AzuuunislimeRadana AansIaninAn AgANART ANNANENANART

ABULATUAITEIURTUI 30 oo, 119

nndsenay 4 AzuRBNE TEENAEINY 1A ARSI UETIUUAZUABTE. ... 120



UNN 1

UNU

AxuazANNIIA AR YN

o o o a Y o

laqifudsanmasndnyuitiunssuanisidaauulasatnesnizoaasianAnasswi

21 paanauniasuLlamnaanendansiazmalulatiagnelfrauien (Gedikoglu, 2005,

p.67) damansenusaseULIATHgNA d9AN WAZITULNNTANEN IReanITNanIsnURNFAanIg

=

o = Y a - N oy = dl o o
W[;'Nuqﬂqﬁ‘ﬂﬂﬁqmq\‘]ﬂquqmﬂqﬂ’]@[;ﬂ?u@zﬂwﬂTuT@ﬂ @qgﬂq?ﬂﬂHqLﬂuLﬂ?ﬂ\?N@@q Q_,lsluﬂqﬁ‘

%

afednanngirauliyinge AanipngInnsn uazanssauznaanndeiudianian

o o

(F11IN9NAUNTNITANINITANT, 2560, W. 1) LHAIFIENIITANITANHIANUANLNAERT
a & % ada a v 1 v
ANUVANEFT mmwwmfmmmmﬂummﬂum@ LLf\lzﬂ’]iLLﬂﬂﬂ&Iﬁ’]@EﬂQLﬂU'EZUU TpeIsiunng

autanzuianflaaldnszununismananmans (nseynsaeAnEIsnng, 2551, w. 1) 14

o a & i// ¥ o -8 dl 4 a :I/ 4
WIRANARINUANNITNWNINGIANARAT TINNUDYA Uszandwe 1 unun laa1989919lunng 14

a

|
A A

wigHaatiuayu vraliunnalunisliudauieinisAunudeys vrenangiulud iy

|dla d? aa o o o 1 a a I's =
wisn1saindninaauluadndszandu (anntudaasunisaauinedransuazinalulag,
2553, 1. 67; 2560, 1. 9) ) AIHUNITIANITANHIAIWINEIANGAT A9gnan LFidunig

v !
WeNWIN3AATUGY NsARsegLdumeLTuNG $9NTNN TN ANTTOUL A AT IIARITIET

o o

21 iNapTaNAINwTan Ul ssanduaatusazdssinalinsansusiunszuanis

o o = 2

wWasuutlasatnggamiaaesian WnuisdAnysesniszeuianeaians asuiiunig

v va o = 9 & A = £

gauasnly JirauansnasiuiiunnadiAnyreanisizauianeAans NAe Kiaeuned

Q) o

|
o v

a0 mauadanaAansineaiuayuianande uazdszifinudalduds Tnuandy

¥

dszdndnanundngiu nnslimeua uaznistiududeya annindeniosasiuia¥g

u

ANANNUS IFH A NaBARRei et TeNe (AD1TTUANATNNNTAa NN AN ARTUAY
waluladl, 2560, W. 9)
N lmaNaLEananAtans iuaruatnisaluniseasuneusualunisaiude
' ¥ = Y o = o - [ Y] [ o
na19819 vizamnua lunelauds TaliesAtsznen Taun nasasdeagy nsszyndngau nis
srUANe wazn1idenlavAudNRusIsudesdeagliundngiunazuuaAnnig

o

ANLIANANT (AD11TUALEINN1T80UANEANRRTLAT A TUIAT, 2554, 1. 55) 1iNatiwsTw

o=

Toaguinld audeagUiliiuduneeniu Mancudlng dnlddseynsfldluaniunisniau o

sialil (Friedler, Nachmias, & Linn, 1990, p. 173-192; Giere, 1991, p. 2) iaiin 9 1¥iuisna



anunsauiivesniiunislimana@aineiaansuuuiisdouazeildy Gannslivnnald
a o a o . . ¥ & = dl
nenAanTLULHEIIE (Deductive Reasoning) uAdnuatnsnlunis v naesizeun
=3 ) o = dl o v o v 1% ¥

wanstanisndnnas ng naed lWaenlasiudeyauasudngiuudaaitedeadlunis
a dl o A Y ¥ v 1 ¥ 1 ] v a
atunen e aduayunrelaudadanatagaluanrunisallud dounisliiunna da
a I's o . . v v a dl
nenA1ansuuLgLie (Inductive Reasoning) tlumanaiunsalunislivnuaeqsizaun
wanstan s daya nanguatnme sl anaunsal wisedsingnisad sine o) aannis
o o a [ di ¥ ¥ A o A
41799M39940LUNNITAT T ANITeN e naraadudeasUvirenannis wse
wuaAanIaneaans wazindeatiuldld luntsesunewnniond viaaniunisnlou
(Bao. et al., 2009, p. 586) atAMAINITD U AN ANIINE A aRTUTILNTIN LY
Haudnius lwdeuaniunisuiilgesnimeaatuwasa (Coletta, & Phillips, 2005; She, &
Liao, 2010) wazAINgTAluNIsaeNanAININN1 IUANALTNANENANART (Ates, &
Cataloglu, 2007; Jensen, & Lawson, 2011) aziiulaannislfinanaidsinaiaan i
ArNATuluN1IR LN LA 8N T LIAUNNINANEIAIaRT NaadesiunissusanLay
a [ o % ¥ Y v o dl % o .
UATITINANF IURARAAUNNTAT TR IAUE N AT NNAN §1UNGaAANBITU (Koenig, & Schen,
2012, p. 1-2)

'
[ o vl

ANEIANANATYIBNNTT IAMANAN N INENAaaTATInananndsu giunuimly

@

o v v a & A v 1 (2 dgl
ﬂ’]?WﬁHu’]E,J]Lﬁ‘ﬁlusl'wmG’]@Nﬁ‘ﬁ‘ﬂugiu‘izﬂﬂtﬂﬂfflﬁ‘\‘iﬂﬂ‘ﬂ A mmmgﬂu@mﬂim@uwuﬁm

Pqne9szuun1sAne uazlafunismandsdnasdudfunumdiAny unsimuidszma

o

AN NAUTHLAZLATUNANAIAUNT ALANTAIUNIZANEINTUA9T IR TUFIANTINTS

q

tnenendmusssnuarAtanaesdinnlildaugulud (Habaci, et al., 2013, p. 264) Wisliag

k)

a :J/ o a‘d! a o o d} 1 6
@zumﬁgﬂimﬂmﬁ‘ A ﬂgﬁﬂﬂﬁ‘:ﬁ@ﬂﬂ’]ﬁ‘m F991UARLANUIUNUIN LA Tz aUNITEag

o K = v ] 1 a = 2
uﬂﬂﬂ‘]:f’]ﬂﬂﬂ@uluﬁs’]uzaﬁﬂuﬂ’]@@ﬂN@lﬂ‘ﬂLLuQﬂﬂluﬂW?L?HuﬂW?@ﬂuﬂ@\‘]L°1I’11@ (Koballa, et

v
o o

al., 2005, p. 392-393; Vikstrom, 2008, p. 211) AIULN1IWMUIAZAIAS IHAIINENATYNN
BulunsWmuiANa 90 lun sl NaN AN A aRSUIIN AN AFINEI AN ARST

Y yva

delhAadszaunianiasi i1 dunsUf iR feeuliFourasmuliilanuamnen

lunnalhmauaiisingnaanida Jadugtunilirespaugiunsanisiandn (European

Commission, 2015, p. 14; Krell, et al., 2020, p. 2305)
andszaunisninisdnnisBeuiuiinAneagaiansananinenmans lusetan

a a d‘ a o = v as a rd@l
098N 16384 IeAgnTiasinalilag LL@XﬂW?LLﬂﬁﬂgM’WIﬂﬂQﬁﬂ’]?VI’N’JVIH’]ﬂ’]'&lﬂ? gty



NguIIEATILeNA113NeAanT TnAnEFausaniudungusasinisiiaauinig
Inenaansuiaflmalfudiiunedeaslinduaaniiuuefn i ldWmundiuau e
WinunTusuaiadusasinauaninduEaw wudn lunisliuguadanaiaiandiie
o A Y v A [ o‘d‘ a dg/ 1 a dl A o A dl IS
atuayw WralAudinszuaunng vzanadwsniinIusauuAaNaan WmuI9IL vee el
a o 4 ¥ ¥ o ! I o KR
naiauennAndnudelnadile Inaldudnguuazivnna dowluainAneazannanissey

1R AN INNIANTTN TENTEUINUAN FIUALUUIAAN NN ENIANERTIUNNS

'
J

astaagiinaiivnnaatiuayuieliudedana1ndns aanAdeeiLUNaIIHIAEANWIUNTINT
AnnaaiunisliuaNaEaneiaans wudn luduFeudnaiaransinAns agann
ANamnIn lun s aNaTanaIAans uaz 11N smeN lENUUIAAN HATHANT 1Y
dadsrantuariszgnsldaoiuiniedngAianslun19esuiedananidns (Kind, &
Osborne, 2017, p. 4; Koenig, & Schen, 2012, p. 1; Zeineddin Abd-El-Khalick, 2010, p.
1064) LanLgn un1TalMNAN A NTUTauNINTY (Boudreaux, et al., 2008, p. 163:
Shadmi, 1981, p. 93) vdenasiananFANdn lalunsBeuianeIAIanfuaraIaazang
] d‘ o K ¥ o ¥ dl a oA a ¥ 1o A
sallalnAnusewinurindfiREnasaeuinaAransliunidnFauresnuesluauan
(Koballa, et al., 2005, p. 392-393; Vikstrom, 2008, p. 211) andszifiuiloyyn uazn1sAuny
aal/da’ Y & K o ] a [ b4 a a " o K
waliduneanadulunisdadiunisimunns imeradanaAansreinAn s ag
WamuANNamIsn lunslfivnNaEanaAansAInaaNI AT sy
AINNIEANHLENAIT 99U39E WU JUUULAENI9aRNITTRUINT 8 WRUA
ANAINN D luN e TR UANAITEN AN e AR T T8 URMATERD 1TW NTALLANEUNANNE
(NANA QITTUNR UAZ THLT LNNTLNTT, 2562, W. 407) NTABULLLNNIASANNAF U e

o

(nFeednd asiaad, 2548) nasdaanasirauilae 4oy uniugiu (Fuans AFIde, 2560;

o cAa

UNT Beznsd LazATLY, 2549; 19199508 ARRZNIA, 2548) N13LALEINI9INLIANEART (NA

W3 A4, 2557, 1. 249: iNT1199704 L8INIAR, 2560, 1. 27) @4lun19998ASIRERYE AN

awlalugluuidsnisdanisGauilngldifoyyuiiugiu (Problem-Based Learning) 1184an

Y yva

nsdnnisBeuiineldToyundugin wdGauduguinandae Wl Faududivua i

u

¥ = % %’/ kg Y v o dl a dl
ABANNITLTEUIATEAULEN ':mqumzmummumwwamﬂgmLWfﬂmmmaﬂmmwwu
v
(Inena gasstutian, 2565, W. 3; BIUNIN LATLNA, 2565, 1. 2) aNesaNAumunn
a I8 a dl % A ac dl
FTANANDY ILATIN ﬂﬂﬂﬁ‘qﬂLLﬁﬁﬂLﬂﬁ]‘N@ L‘Wﬂimmﬂ’]ﬂL@@ﬂLL@ZQﬁﬂW?Wﬁ@WﬂM@WHIHﬂ’]?

=

witleymn ( Savery, 2006; AiAWN WG, 2551, 1. 137-138) 11 IR FEUAANTWMUINIG



TiwnuadEnenAmans il Naoiuiieniae aasnaugainisniianulldssynsild
Ifatneriaiiies (Naen AURANATTY, 2548, W. 79-80; SUeIN ATITE, 2560, 1. 95; 1ignIus
WINARAT U, 2558, W. 111; T1unsn s99uyAel, 2545, w. 11-17) Ivaanndesiudeagil
104 WA gessoutiae (2565, . 3) NinungtuuunisFauilneldoynndugmllldlunag
o = Vo o =K o = a =S [ = U
AnnsieudiudinAnesraudTyanse arrnaneAansAnEuaznudn nnsiraulagld
Joynnflugudenaliifinnisiasuulamiesimuinisaesnsudnetnaainuanese
& = dl o A= . o a a o
goren dadulimnamuansasinalszasdmnundngnsnanagine Aans
= ¥ o = % a = %
nsizaugiae i doyuidugiu iun1sdanisFauimungensFeusiuuassa

=

g9 (Constructivism) iunasldanruntsaimiduloyundudansedunishnved ey

=

o [y = > [y o v 4 o
3 ﬂqucl’]qﬂqf]gxlLﬂ']l@ﬂfyu’]l,l,ﬂgﬂ‘]_lL@'\Zﬂﬂqsllﬂﬂalj@ﬂqqﬂgqqﬂLLﬁ@QL?ﬂugmq\‘]jLW@quq

el

Annzviuardunsziilias lunsudtymlaanistsegnsinanimnAuadiunlatiuin 114

aa o

Tunnsudtfyuinineadasatinanainuany (F3Wug Asiug was awn 1990w dsadan, 2554,

= v = a a 1 a

1. 108) TNHUUNIAAININE FUURBIANIZUIUNNTAARAT TUIDENHANANNTIUBHALT
INeAIERT 9aNIINTLaAszANENe LN aUNTsIaNaIANA lUNNFRANTENINA 1iTa
winnzanlunsuifayun egnlafinnaznudinisaeulnelddynidugulasdaulund

o

TdlAsjaiunisszyndangau nslimanamenles ineafdeativayunieliudedanang

q

¥ o

anasaduladanianiain il lunsuddymnednedaiaw (sans Taaaed, Al aed
409904 UAT aNdE ATWaN, 2564, W. 2-3; $AUN NAAN, 2559, 1. 2219) AW ANN1TANE
Tu911398509 7 wugn He1uadeanuaunnnindansidudemisinenaiansunldiduna
NS WN17aaUINEANARFINAdUATNNT WHLMANATANEANaRT (Acar, & Patton, 2012,
p. 4756; Berland, & Reiser, 2009, p. 27 ; Cavagnetto, 2010, p. 336; Lin, & Mintzes, 2010,
p. 993; Sampson, Grooms, & Walker, 2011, p. 217; NANT B4, 2557, UW. 249; ANT1ITI0U
laanana, 2560, 1. 27) Ten1slaudan9anaAans (Scientific argumentation) Liunns
' 1y Y o A  a o & L@ v !
wansaanaasusazuanasensiinausadau Walaumiuiadaaniuvize liiudaesie
dszifunnidsendsedantu daunisiiauedeyalugidenanadne (Claim) nangnu
. v . dl a G a c v
(Evidence) Lmeﬂmwlm (Reasoning) tWARTUNEUTANGAUUEIIATNNTLLIUNITNIN
neaans auladaagunidunluiFdianiu (Liewellyn, 2013, p. 19-21) nnslaudsdae

daasn i FeuaiieAetunedineanAaeuang ey WRNANWNIzZaN (Berl, &

v v
Reiser, 2009, p. 27) #4114 N131AWEaN19ANENANEA T R94IN1 DT ETNL T ANTA N



|
A A

12901338 uftae ldTyudugiwludunislivguaidaaneiaians Inaaniziled

a

(=3 ] 4?1 ¥ a a ' ] = ¥ ¥ o a o
AIMTHNEUUAINUU ﬂ’ﬁ‘l‘lﬁm[{lﬁl@L°I]\‘1’J‘Vl£|’1ﬂ’]’&m’i‘@:ﬁj’lﬁlEJﬂNL?ﬂuiTM@ﬂﬁun}’]\mV}E’]ﬁ’}@m?
ﬂizﬂﬂumi@ﬁﬂmﬂﬂﬂwﬁLW;N@ (Zohar, & Nemet, 2002, p.35) Junszua1nslaunae4nns

fnaulaiaeanisnislansnisuilalunisudilymn aannisduasusauiuaasaundnlungy

- v
caA o & A oA v o

(Gallagher, 1997,p. 332-326 ; ﬁ?“ﬁuﬁ; ATWNUG LA 8N 27904 ATRNARA, 2554, 1. 107) AN

El q

Y v
o a ;A o

lun193deaiall gadeauaenldnisFauiiae lddoyundugiusaniuiunisiiudanag

L1l

=

nenaans iadaasunslimsRadana A ansung e

o

anieyninisananani s lunis i uadanaAansueinAnwn Agan

o =K

naNuauu fRdeAsaulanasimungluuunisdnnisBeuilae I doyndugusoniy

nsliudanisinansanfinadeiasunis i nalionaiAransaasinAnagAans

dl Y o K IS v a a & o ) 1 v val b4 dl

WaliinAns A liuaNalEananAans suazdanasagirauliiaiuianaInisan

WHNzaNaanAfasiUNNATEWTR R Tudeanlanilaqiiusalil

ANDNNIAE
1.31uuunsdnnisBeufleeldiamdugusniunistiudmiadnamandie

AUATNNIIAUANATRN I AARTIaINANEATANART ArsHANHUzatinals

2. stuuunnsdnnisFaudiaelddoynidugiusaniunisidudiniainaiaany

WU TUANNNIANINUNNT WMBR A e AansaasinAnwaganans s vsald atndls

a

ANAIUNIEURINSIAE
a o :J/ dﬂl 2 o QJ:J/ 1 Y o dw
Tundelunian fadalasamanussunielinsi
d; o o = v ! o ¥ ¥
TaemunzduuunisannisFeuiine Moy ndugusiudunislaudonig
NAIERT INaWIWINNT IR NATAN AR TIaInANATANART
d; a b4 a a [ = o a v
2. el Fauaun s limeRA @R na AR NaREEBILAs AT UA L LU
o = % L% ! o ¥ ¥ a & dl o 4
nsann1sireutaald Ty uidugiusindunisliudamnadnanmansineWmuinisli

WRAKALTINNANdRTIBIN AN ATANART



ANMNANATYUDINIGIAE
ranAnmlavmuinisldfmguai@einendransaeaiunsnin 14 T8y
aa ° o N =
mndszarduuarlidmanaglueuinm
2 fuuuanslunisdnianssunisdnanisiEauidnuiung ananed tinAnunag was

gavlala 1l iwewmunvinsesunisldivauadananmansliungmausa il

ARLLAAURINIFIAE
naNAnEN

=] A o K] :j/ dd‘ o a & a [
NguAN® Aa UNANETUTN 2 AzAZANART @1213NUNANART NNTINEAE
o G o = 4 A = = a Ao a =
snudguisnilcluntanzdueeniaaunila Namaidauireulusadsaainan 1 lul
NN9AN®I 2564 A1191 1 Wea(Te a1uau 30 AL tAN1AINNIsguasinadng (Simple Random

Sampling) TaaildWaseuiumisagn (Koul, 1984, p. 108)

WUINIINISAAE

2 2%
o = '

Tun1979aATN Hqageunnaiienisimungtuuunisdaniszauding I tioymn

1
| a

dugiusandunisifudaimiadnearansinedauasun1slivnnaldaineA1ansaes
unAnwiauzagaans Inaldsluuuniaids wuueIuddauas W) (Research and
Development) 1sznawusag 4 sza12 (Gall, Gall, and Borg. 2005: 460) A4%
o P |
szeER 1 NTANETRYANUT Y
dl o o = ¥
928N 2 NIWAUIFULLLNNIIANTITEIUT
A 5y o oy
szeighl 3 NavAaed liIULuLNNIIANITTEUS
sveizd 4 nstgduuuniednnisEeng il ldas
AakLlsAnEN

¥

pautlsaase Ae stluuunisdnniszeuilne 14Ty wiugiusoniunisliud

o

NNANENAIAns nadaasun sl maNalEInanAanfaasinAn I AsAART NERAE

T
pauisan Aa
1. M WwnNaEane A ans
rauLIATRLEEIN

dal ai a o dgl a a a v a 1
ieannldlunisadeduilennlusnedanmainen 1 9Wa311 4031101 wungs

1 v 1
T8N INLANERT Fae UANNINUFIUNNTIINGT wazAaNTRLATAN ML 109AINTIN



FzazLIR L LuN15IAE

ANRUNINAaaluAIAEUUN 1 Tn19AnEn 2564 1daan 7 #UaNif sauvieAy

21 dinlua

ReNANVILR N

1. ms’lﬁ’mqwm%ﬁwmﬁmm% T GTIRR mmmmmlumm’%mﬂLwlmmﬁfa
A L% £ = % .l v £ v 1 v v v 1%
guduteaail vireaduayuizalaueadananiene dsenausae NN9921 1030 -NANF U UAE
dl = dl % o ' 1 v = v 1 v :j/ [ o/
WANaNLaAsDeNTimen laANNANTUTITndINeted sUvTaTanae9ll-TuuanguLaAY
LUIAANININENANERF

Tnautis 1w 2 Uszinn AanisimaratuLfisd uaznislivnuauuugiie 63

1.1 n1slimnNa L Eeine1A1amFiTeHsile (Deductive Reasoning) 1804

b

AvnaNnsnunsaieAesune e Wmnaatiuayudeas Tnauansdedeys ndngaum

ol

Iannnisldianismaanensans TngssyanAguieg IUNUgIUANININENAERTIE
aadluldld dnmene nsszysudssineminldgnszuaunisiigasanusgn i sanvians
o a a a rdlal d‘ o Y [
UANNIT WHIRRANGHYNIINaIAIdans A menlaeiudeys nangiu Uszneunis
afunemsuazka udeaglainain uazarnnsnun i g lunnanensalivanisninisaulug
v ¥ s o dgl
18 Tnaliaanuunneseasdlszney Al
v a a o =K v o a dl ¥ ¥
1.1.1 neasdaagiidalisds uunade nnsadraAiesuianszneusanda
annAguniauduldls Tnassyd@anldainnisfnmiduadilngldnszuaunis
WenAEns 1iu Tass nangiu saudsnineades uaTuANNIg WA NEYNITINEIAans
Ndamenleamnuarnalunisaiiayuzaliudedaasil
1.1.2 nsszyvangudaiisiauniens nnsszydeya udngunugens
LATLUIAAN NN ani dineaiuayuire huddaagy
1.1.3 neseyuANaLielsdavnnane n1ssrymuimanlasiy wse

o

ANHANTUSTULRINANNIT WHIAA NEINIIneAansiudeya ndngiu uazdlszney

AabLeLNeaduayuvTalauddangy
1.2 nnslinaualEeinenA1anfiEagiie (Inductive Reasoning) M4

ANANNIn TuNsaF A es LN ee s Raatiuayudeagviseudnnisiall Tnauana

'
¥ [ =

=2 v (=3 a dl v o rdl a dgl 90, o Z// A
tN12HA mngm‘wL‘]’_’IummmwmimmnmmqLﬂmﬂmﬂgmimmmmumnwmama nIe

1
v

anainannisdunadayaniaainiszaunisainiagneu dndayaiuanduniaiuun



a o al =X ¥ 4 14 v
Anszd FAnuuang warszytegluntveasieya andenadasaesdays Aanulullls
1a9amANINAWENIIARIU | TagliAnuunnaeesdlszney Al

1.2.1 neasdaagihidegiie wnnads nsafeAesunenszytanislaun

1e9da3anangIu 1w n13AnETuIndayaannIsdunaainganuntsiiinaugn vve

A1NN1981999RTIRdaLANUUaITBYAsne Minmena seandszaunisaldn <) NNetnen

u

szynsanNIstays Wiu nistndeyanivinnisasziuiaudenlasudaasaiiaiy
dsznaumaiunaiiasiuayuvseliudsdaas uararuisnirdaagiuhildivasasung

anwpzesnaiatloyisemsnisalaunadieiu

o

1.2.2 neseymangudegie uniade nsseydeys udngauniinain

a 49

v
[

a Y o " ' A A A
ALATIE ‘VNE‘]JLL'LlULL@ﬁﬂ"J']N@'ﬂﬁﬂ@@\ﬂl‘ﬂﬂﬁlﬂ?ﬂ@@qﬂLLM@Q?@H@WW\? i NUNIEane Uszney

o a dl o A v Y Y
ABILNeWeAtLAYUiTe ALt Taa sy

o =2

1.2.3 N19szynanNaLEeg i unnede N19szyATan ey wie

]

o [ 6 v o v = v =2 1 v dl
ANANNUSaanARY vIagluuLaesdaya NldainnisAnensausananunasdasyad
Widenia nsdunsainlszaunisnl vieaInuan1INAaeIT 7 UsznauAasuneie uas
na Wneatuaywizaludidaagy Tnaanananslugtluuudannas vraaiaiaianudulil e

UDIANAFVBINITIA IBN190] vigan1awenand

v
o o o

o k4 o dl 2 o o d?’ dl a o dglaa o 4
Folalaelduuudaniaaswmuntues 39luuidssassigisanmuinuudntae 1
LuIAnEed Lawson Tnainuudaiissn 12 48 usazdad 2 nau Ingnaunniaduuiulei
o A ~ v a ° P P
3 falaen wazpeunasdunisliugnaesLe A naLlaan une LN

2. gtuuunisdnnisFeuilaelddoyudugiuianiunisliudaninemans

a

1
= 9 o o

UNEDN NIZUIUNIIIANNTFHUINHISE uwu‘imﬂmmmwmmﬂ@wﬂ@uma No|4])

as3Atlay (Constructivism) Hai@adn §rauanisnaieanuilamanuiaslaanisasila

a

' 1
a5 4

UguRAaunuLes Manufuaziles zmm@mmuLmﬂmimﬂummié’ﬁﬂu‘ﬂuﬁﬁLﬁmmﬂm@

o

Gl mmmﬁ‘mmﬂuﬂmm LAZATIANNLTNANAN (Social constructivism) \TRINN19A5N

a

mwi’@mﬁm@u%’fﬁ%mﬂﬁmiﬁﬂg‘jﬁuﬁu{ﬁumummqﬁq AN (Vygotsky,1978) uazld

o o o o = ¥ ' o Y v a e A
@ﬂ‘}:rmzmmym@\‘immmma‘mﬂuﬁmﬂhﬂﬂgmLﬂuﬁm FNAUNTTTALENNNINEN AN ART N

qaxjansnadAnylunisaaasuns s nadineaansliung e



NSAULUIAA LN

[ %

annsAnEenaIsIURsEnaadalunsimunis e aTanan A an i

| = ac % v I dl a o ¥
WL VA8 IUNITWRNYN 1®LLﬂ NN9ALLANZUIANNT N19aauRlLLTY nrsaewuineld

Tounngu uaznisaeniuuldudiminanmans islfideiiaananulansaeulneanisld

%

i

2 o
2

U

Toynudugu WesieiianuaenpdesividunteszeunduinAnmagsiesaiinnnug

panatnnsnlunis s uadananmiansllldlunisvmunzeu wazaanndasiu

o

o & a = ° = o ° Iy a -
@ﬂ‘]&l’m:Luﬂuq?’]ﬂQﬂ]’]m@ﬂE’mxﬂq?V]']\‘i']ul,ﬂu'ﬂg\lLL@ZW@\‘]H’]@Q’]NEW']QQWE’]FW@W?Nqimu
aal [y a2 | A a0 a o o a a !
ﬂﬁﬁ‘umﬁﬂ’}ﬂmﬂﬁyﬂﬂ @ﬂ%dWUQWNQ’]uQ@HVIWwuﬂﬂﬁﬂmuﬁlwﬂL%QQVIH’]ﬂ’mmﬂuﬂqu
o K 1 v v 1 ] [ A a o o d‘ ¥ o al k%
unﬁm:mﬂgﬂ@wﬂ%mﬂﬂ LL[E]'E]EI’NVLSﬂm WUQWNGﬁuQ@ﬂ@’]uquﬁmimu’]ﬂWiL?ﬂuﬁmﬂ%ﬂm_’M’]

dugulldwmunislimnuaidinamanfuiinseulussdudsantatanudn aamnsm

= o

Wanwn s Wiauadainemans Wungisauldetnadiud)

o

At (FueINg F3AGE, 2560, 1.

o

o e’

95;  1gNIUE WANARATIUW, 2558, W. 111) wazHFaudauianalaag luseAuuin (

d9

#ans ganzliy, 2550) Bn19lEauilnglddymidugiuiueguuuuann nosni9Guuiy

Do

TARYAe N assAtiey (Constructivism) WAL NawasIANENLTIFIAN (Social
constructivism) (Vykotsky, 1978) tnemnufjassatien Tumed1fFauainisnainamugla
AoeAed Haunsdyaniunisaidulyun wazasiediAnisGeuilnanismenles
dszaunisalifnidnivdmGaudlud was nquassatiandadinn TedngFauainnsnaing
% a d?j i/dd?J = = a o [ a o/ 1 dl ¥ =
AN uazaziinaulARIUMIN NN NUG AN LS A ULFUNN19AsAN wslillagdnenismaniing
I TyuduguiudsldazdenesdsznaunislimguaiiaineAransot 19asuiou
TnaanizilsziAuaesnisszymangu feyaatiuayudanaitdrereliudalunslinnds
ada % 1 2// 2 o 1 ada Y v a rz A o
Fanisuiifeymimantiu gasawudnsnistlyuntaanislaudanainenaansiuldneoy
neseulaebifFeuliiiavedeyandngudssdntneuuazinsfisinesiiden ety
LUIAANI9INEIAanfiNeaivunNae iU daatiuayudananad1ataliuds 39ann
= 2o o = ol 5 v v = c @ aa =

NMIANHINUARBAWILUTER Wudn FannsaeulngldnisTsudanisananaansiduisnismile
Adl | o ¥ a a 3 ¥ v
PqaRmuiANan s lunslimeraludsinanmansaezeuls (Acar, & Patton,
2012, p. 4756; Berl, & Reiser, 2009, p. 27 ; Cavagnetto, 2010, p. 336; Lin, & Mintzes,
2010, p. 993; Sampson, Grooms, & Walker, 2011, p. 217; NANT 849%, 2557, W. 249; fin

9199904 IRINaAa, 2560, 4. 27) BannslaudaniainanAans (Scientific argumentation) 1w



10

v dl o dl = =3 o = ¥ Y v 1 ¥ dd‘d =3
ﬂ’]i‘IVIL‘Wﬁ]‘N@LW@@HU@HHLN@NP}Q’]N Wiuesaiu wzalaudsdanainanslunsuni Ao

AN

2 o

= P Y o = . o = o
AMNNANITANINAATIINIUIEI L mQ"Qﬂ"N@UI@VWﬁWWHWE‘ﬂLLHH ﬂ'\?l’?ﬂuiﬁﬂi"ﬁ

[

Toyndugrusauiunistiudamidnenmansiienimuinisliivg nadadnaaansues

o XK dl = a o o Y o
UNANEIAZ TIATNTDTLUTUNTALIUUIANEN Q_IIVLﬁﬂ\‘]ﬂWWﬂ?‘?Jﬂ@‘LI 1

a B - ¥ s - ¥
WUIAR NOHYNNTITEUS suuuunsaamsiFausingldiloym
@) 1 Ld b L
I lugnusiununislauganig msliinaua
- ouarIatian - B - " A
MENANAATINEFUATNNT IR UARS BN AR
(Constructivism) VAN ANARSIRIUNANHIATANERS
S RGP GRS
» a ']J o a v o Uy o o
(Social constructivism) ULINFULLUNIFIANITLTEUZ »' Jaldanuuudanisliivnme
o = £ a A 1 o 2
(Vygotsky, 1978) suuuunnedanisFaufiagldiloyun Einenmansfasuaned
Wugusaniunsldudamanenaans AN LU R AT aIaaTAY
WedaaTunslimauaEainannans (Lawson, 1978)
WNNEDN NITLIUNIIANITEUGT
VRV .t
s TnalfuueAniugu

Usznauday nouassatian
1 PR

(Constructivism) TNLTAYN (LIEURINITD

9 Y A
adannlifanuesdnanisasiie
UfRMenwes Mdanuguas
dszaunisalinnimenlaeivdenlAzeug
Tminiiaannadyaniunisaiidu
Tyn arassaAtaNEsdsnn (Social
constructivism) @a4N198519ANNTAY
a dgl ydd? = = a o o o
AnaulaRaumndnslufdniugiv
LFUNNNAIAN (Vygotsky,1978) wazld
o o o o = v
anwauzdAtyreeniannisizeuiine 14
Joynuiug saudunaslsugonng

' o

Anenans NqmaamanadAtylunig

A

Auasuns WsNaEaneAansliun

=

LTEILS

oA

ANUTENEL 1 NTALWLIAA IN1TIRE



11

AUNAFIUNGINE

=

o & AN v o PEY o a o
uﬂﬁﬂiﬂfq%iﬂ?ﬂﬂq?@ﬁﬂq?l, ﬂug ’JﬂgﬂLL'Ll'Llﬂ’]i‘Qﬂﬂq?L?ﬂuIﬂﬂiﬂjﬁﬂ&]ﬁqLﬂug’]u

v
=

foufunstdudeamnsananmansnimunau Jaouaruisalunisliivaua@aneans

o o

WAFEUgINdINauEEuIY N INAzIaedAsznauat el &N ATy



UNN 2

LANFITHAZINUIFANLNLIUDY

TunsfnsimungtuuunisdanisGauilnaldloymidugusniunistiudonng

v ¥
s a o A 9A o

IneAARFINAAILATNN T IRMENATA a1 AaRTTuATE fadtlinunawenanseuddt

a

©

al

a dl dl ¥ o o o A
WWIAR MO NN teInNANAL A9l
1. M WMANAIINE N ANERT

1.1 ANHUNEUINIT IR ATINAN N ANANT

1.2 ANNAATYLRINN T WIMAN AN AN AT

1.3 dszinresnis v nadadneAans

1.4 BUINNNIITANANTINAUATNAMINAINITD LUN1T LA MR N A LTS
INEANGRAT

1.5 n3dnuartsziiunslianad@neAans

2. MedANeFeufiiedudsun s IiMANaL TN AanT
2.1 nsannisizanilaaldnisduanzunanug
2.2 meannsGauilag ldiFunidugu
o = b4 Y v

2.3 n39pnT9EeuTuLLTAWES

2.4 NN9AANNIFELIULILINNAINNTFTRINS

2.5 nM3dnniszeuilaeldiloywniugau

o = o s d” 4 a2

2.6 N17aANM9iTaulnan1suUE i e9ALsE N UNUT U RINT A NALTES
IeAaRsetinTAlRUnuEY

2.7 N19AANNIFIBIULLIANIWNNTIARILNLN

o = Y @ o o A4 o oa -
2.8 ﬂ'ﬁ"@Mﬂ’]iLﬁ‘ﬁluﬁmtﬂﬂﬂﬁ‘ZLﬁLW]'W\‘]ZQ\‘IﬁNV]LﬂEI')LlA’ﬂ\TﬂU']VIﬂ']ﬂ’]ZW]‘J‘Lﬂu

2.9 neapnsizeusiuualungylue
3. msauilneldiloyulugau
3.1 AnunnnevesnsBeuslae I Toywiiugiu
3.2 ULuaAn wqizr,f]ﬁLﬁmﬂi’mrTumﬁmmiﬁﬂui‘EmH’ﬁmmLﬂuﬁm

3.3 MadseynsduuamAangeassanan lunisdanismauiiaelddoymdy
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3.4 dnwnizdAyrednisdnanisdeuiine M Tyundugiunedaasy
ANNANNTD LN MR AN N ANAnNT
o = v v v a &
4. n3aan3Feuitneiuntsliudanisinenaans
4.1 ANNHNe9N13 TFEan9an A ans
4.2 dszTamananisdnnissauslneiunisifudmnanenaans
[ o o o = SJdI v Y v a o
4.3 AnUEgIATY1IN1I9ANNTEEUINIILN TR TN A anss
o o o o = % 4 v a a‘d‘
4.4 anunizd1Any1e9n139nn9Teutnaldn1staudan19anen A an i
AUATUNTIWIMAH TN ANRRT
5. gUutunnesdan g Eang
5.1 ANNUNNEIBIZUULLNNFAANTRILS
5.2 aaAtlsznavvesguuunisdnnisizeny
5.3 NMIWEUNFLILLLNIIANNTFEUT
6. NamugUuLLNIIIANIsFRudn e duwI AR saani s udiae L4 Tyl

dugnusauiunisTiudmaneimansinedaasunislivnuadangans

1. M5 I UARALERNENAERS
1.1 ANNUNIZBINTT LI UARALBINENAE AT

wnnisAnuaztindsnslaliaumnaaeInsliuaRa @GneAans 13

b%
Yo A

59 ] fiu weagL lARad

nsWwRradanemans iWunisesuadeaginisinemans el

Y v dl <KX v dl a v dl Yy ¥ @ a2 ¥ a

nsludaneyunuisdanuenisllandaianeniislnglddagyaaindewiaase n1sdnedeann
WANFIUTeLsTan (Zeineddin, & Abd-El-Khalick, 2010, p. 1064) filfainnszuaunig
Anmm1eananaans sannanisldianauazsintrnisuitywediaduszuy (Morris et
al., 2012, p. 61) IngldnsAsdinsnzl menlaandng uild Aundnnig wuaA A NgeInI9
IneA1ans (Hogan, & Fisherkeller, 2005, p. 95; Moshman. 2011, p. 273) ietiusidasgt

1 v 1 |
1 audeagUiliiuduneensy Wanonuilud dnlddssynsldluaniunienian o seld

9

=D

(Friedler, Nachmias, & Linn, 1990, p. 173; Giere, 1991, p. 2)

nanalasagy naslimana@aanaimians Ldun19esuEunNaNnIa
a o‘d‘ v ¥ ai v ng a Aa s dl dl o o &
WenAanTTINUsznaLnag 1adslnaieauaINNIAAIATITY IaN e ANNANIUE

¥ < a ¥ o a o rd‘ v =2 ¥
TANUYRLNAAINUY DIV DY D ﬁ@ﬂg’]%L‘HQﬂ‘I5@ﬂHW1®@Wﬂﬂﬁiﬁﬂﬁzﬂiﬁﬂi‘ﬂﬂi:U'Juﬂ’Wﬁ‘W’N
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INLVAEAT TUUANNNT LLm'ﬁmmqwﬁmﬁmmmmrm*rLﬁfaﬁl%”luﬂ’mmifmé’wLﬁ@ﬁuﬁuﬁ@
arduayudeagl vieielfudeAnanngns
1.2 ANAIATYLRINS IANANALTRNEANRAS

ﬁﬂma‘ﬁﬂmL?ﬂ"afif]ﬁﬂmmﬂﬁmaN@ﬁmuzﬁ’ﬂﬁ”mﬁq'fammmm@mm@ﬁﬂu"’lu
nsWRUNIAMNEN lanEneNAd AT ANTIUNNTALLAZNINENAERT (Kuhn, 1989, p.
674; Lawson, 2004, p. 307; Lawson, Banks, & Logvin, 2007; Schauble, Glaser, Duschl,
Schulze, & John, 1995, p. 131; Tytler, & Peterson, 2003) fiNHENFWMAHATANENANANT
Lﬂuz?'qﬁmeﬁqmﬁ‘ﬁmmmmﬁmmL%’ﬁslwméﬁ‘ﬂu (Klaczynski, 2000, p. 1347) 111
nsamdulavaznisuiynillsz@nsua (Greenhoot, Semb, Colombo, & Schreiber,
2004, p. 217; Kind, & Osborne, 2017, p.8; Moore, & Rubbo, 2012, p. 010106-1; Hogan,
2002, p. 341; Holyoak, & Morrison, 2005, p. 1; Williams, Papierno, Makel, & Ceci, 2004,

p. 107) uazdailudandrdnylunszuaunisuanamariuiiaznisilasuilasuuapainuin

v
o o

2831AAA (Kuhn, 2004, p. 371) BniadadnAtysionisBauanananans (Gerer, 1991, p. 1-
4) Lmzzﬁ’ﬁﬁa&lﬁi@Nmﬁ”uqﬁmﬁmmﬂmtliﬁmsl,m:mmq (Bao, 2009, p. 105) Ingany
maﬁma’wﬁmamL‘W'M%'Nmﬂ‘ﬂqmqﬁj"mﬂﬁmﬂﬁmwmmﬂuﬁ I Inendeslaeszudinedefiaase
WATUANgITLsEAnE af1eAnetune uaznisreneAuilganiunisallud santanng
ﬁ@ﬂﬁi’fmﬁ;mmmwﬁﬂm@mﬁmmmamﬂﬁ'@mﬁﬁmu (A011TURULATNNNTFDUINYNANGRT
wazinalulatl, 2553, u. 5) uazinwznisldmnuailudoud gy luaaudfaniadanig
wazdamilszandu (Zeineddin, & Abd-El-Khalick, 2010, p. 1064) a2 ludAm rednduriu
nslmgualdeinansnans (Scientific Reasoning) 1aeyppaiuntsAndenlaeszmdng
udnnnalaevivlufuanailugsss uazdegnihan Flunszusuniadunuesshaiuinig
nanaansud 7 i Feuiiaondilawazarnnmlssiindayadiaansiivnua i
ANFINENANARTRLNNRANTIYI (Gerer, 1991, p. 1)

nanalaaagd azwiuladiningFauiauaiuisolunislivinualis

a ¥

a o‘d‘d % ! dl = v % a & o
INLIANARATNAILLAT @32\10[%2\]1/]@6’1@&1L?EIMIHG]’WHF]']WNEVHQQWHWPM@ 7F) @WNWiﬂuﬂiﬂ%ﬂuﬂ'}ﬁ‘

a

'
a & a

v a a dl A v a ai ¥ o 7
LLﬂﬁQ.JM’]LLZ\]t@ﬁ‘LIWEIL‘Mﬁl&l@L?ﬂﬁ%ﬂqﬁﬁﬁmﬁ‘L‘W@ﬂuﬂum\‘]WL ﬂugmmmuﬂiﬂﬂu

Famszandulaasinanlsz@nsnin
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1.3 Uszianuainsbiiupuaidanendmans
wnnsfne lddndssinnaesnislimanadananaanslising o fuainiem
aqldwail

1. nslimenatuuisit (Deductive Reasoning) 1udannsliivsna an
61’J’famf;ﬂuﬁqﬂﬂmqg”qwﬁq%’@%ﬂﬂ foiludefifunnon EFunseeufudndupauass a1
Hung deannag Awide viaeunilenn wazinllgdeasUfiuuen ugduuusing 7 1
A0AN NI TB A9 Tmﬂm?é’wLwlm@fful,ﬂui@@qﬂmmLﬁﬂmmizﬁ@gmﬂumuLﬂm
10390819R R uA (Greenes, & Findell, 1999, p. 128; Lawson, 2009, p. 356; Sternberg,
2009, p. 578; AUNTLNLDY L%@W’]Eﬁﬁj, 2542, . 72: NANT BATY, 2557, UW. 57)

2. malmmuaiGeguiit (Inductive Reasoning) iAannalsmnua 7ildu
nsigalngdredszaunisafannasannglldaoiall tnadenanugnnanadnelingg
mTuMuuﬁﬂgmmqmuﬁﬁ@ﬁqmmLﬁ@@?\mm%mﬂ (Greenes, & Findell, 1999, p. 128;
Lawson, 2009, p. 356; Aungingy evndle, 2542, 1. 72; NANS BEsY, 2557, 1. 57)

3. msliweraLULANNFAYE (Abduction or Abductive Reasoning) Hlunng
indeyaainnisdaunmmnnisaiainysngnisaln e s TN RYTANANTINA TR TIAR ]
LATAINANNAFIUNEIEINAIAANAIRRL (Lawson, 2009, p. 356)

4. N WWARALLLETLNY (Retroduction or Retroductive Reasoning) L1
mﬁ‘wmmmuuﬁgﬁmﬁ@@%mwwLﬁ@ﬂmnﬂ?@Lﬁ@@?‘qmﬁmnm?mmumeﬁﬂgm
dsznaunissndula (Lawson, 2009, p. 356)

5. n19lmAnalnedggiie - 1313y (Inductive-Deductive Method) %32
ABNNIMINENANERT (Scientific Method) Lﬂumﬂﬁ’mr};mﬁiﬁmmﬁﬂmimﬂﬁ%m@wN
Anendnans fausn1zdang Lﬁmqumm?@gmﬁﬂﬁﬁmmmLmﬂm&ﬂf]ié?muuﬁgm%qLﬂiﬁ%

'
Al

gihie ilunisaguuaiiifinannudngiudeifiaasaniet Wansannnisliveuauuyiissds

u

maeriudniu lusneideagiainnisliunnauuutsiaiuazuuuen ANNLiaaT92909
faggUannnislimauanuugldaariasiutiazdlumiundngunlang (funfifiny e

W, 2542, 1. 72)


https://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B9%83%E0%B8%AB%E0%B9%89%E0%B9%80%E0%B8%AB%E0%B8%95%E0%B8%B8%E0%B8%9C%E0%B8%A5%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B8%99%E0%B8%B4%E0%B8%A3%E0%B8%99%E0%B8%B1%E0%B8%A2
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%99%E0%B9%88%E0%B8%B2%E0%B8%88%E0%B8%B0%E0%B9%80%E0%B8%9B%E0%B9%87%E0%B8%99
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6. NI IUANALLLALATIZY (Analytical Reasoning) tlunnslusuaann
nsaasean unIsnilusaavisaadoutdaniia i ladayanainsldldluniiToymd
(Stiggins, 1997, p. 260)

7.mslimanauunzaLWey (Comparative Reasoning) Lunsliiusua
o - ¥ o o o o ” de o -
mnmanauiANidtlanldlunimivusdennasidaauinauanAnuviaulaz AN

1 ¥ . .
ANTB9UR34A (Stiggins, 1997, p. 260)

8. nslmpalun19tszidiu (Evaluative Reasoning) Hlunisldivaua tne
IfAauanvnualunsinduanAILarANgNAsTesdaya (Stiggins, 1997, p. 260)

ANN19ANEIUEINNIRINTIHMARATT N A aRFI195U wudindanis
o =2 Y o ¥ a a 2 ¥ !
uwaztinnisdnen laantlszinnassnislivanadinamanslinendimainuans Tnadou
Tnnazszydszinmnisvnuadainaiaanseandu 2 dssianuan laun nslivsue
dellanlt uar naslimaradiegiie aalunimdell dadeasiassylssinnaainisivinna
daanenans aanidlu 2 Uszinn Tneliaonumsng ail

1) mﬂﬁm&;mmmuﬁiﬁﬂ (Deductive Reasoning) NNILD9 NTLUIUNIIN
@ = o o = Y a 1
firaivannig ng noed) T ldesuiaaniunisnlng

2) nnelmauaunuugilie (Inductive Reasoning) N804 NFEUAUNITH
¥ = °o v [ « e an o
diraunisindaya wanisad annuniead deangnisal Aldannnisdnsaansaaaaunn
a I di v ¥ A o A a a & o
AAzviAImen lenuara i uudaaglvzeuannis vizeuuIRANININEIAIAnT LAzl
daagihiullld Tunsesunawmanisal vseaaniunisnfau

1.4 Msssiiuns IMANAERNEAERS
Tunnsdniszifivannainnsaunsivnuadaneaans
Tuauddesng  dnazlduvudamiinainisalunisliiguaiag

-3

ANUNARART

a

Al luanuAseun1sUILuLdR Lawsons (Lawson’s Classroom Test of
Scientific Reasoning : LCTSR) #7814 AAU8a Lawson (1978, p. 11) 111 vizaunwmun
o £ A o ! o & o & LA o
WULTATY TIANBUSLAUIBILLLIANAZ T UTadeu@anNAaUwUL Two-tier ABLludag L

A £ v A o o 1 dl d} 1 21/ v
wanAaLLLLAINe TngdnaufadaanAnauresAInId budunuilanauw aaniusies
A o A dl o 1 dl o 2// le ¥ & o ij
wansaaaniiumnuatasAInauludiun 2 AuWisaY 24 48 qalsvasAresnLLdnti

WeilsziiuiiRtes s limanadanamans Inoutiadu 6 Au laun
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1. MTAUSNENIA UATLTNNAT (Conservationof Mass, & Volume)
2. n3AnatNdudndau (Proportional Thinking)
3. NMIAARNUMANAINUNALLTU (Probabilistic Thinking)
4. NIAATNAINANNUS (Correlational Thinking)
5. NN3AYUANFALLT (Control of Variables)
6. n1sliuANaLL LRI eI FaaNNAF1Y (Hypothetical-deductive
Reasoning)
A9ULLLTA2849 Bao, et al. (2009, p. 586) LAWmMUIIALEI9BINIAIN KLULIA
2194 Lawson laainuudntiazuieaniidu 2 aaw
dl ¥ o dl & o ¥ =
naud 1 udasniumdusdniunisal dseneududeya uwazgilnan &
qaxasnainednAnaNsnresyFeulunislimnuadainamans uazatinaans
sauen1siiAszfaniunisad afeanensaluazudifyuiniinannaniunisali
nvuald 8 2 LUy Ae wuudsaRenuaziuu@auney TasuuuusnAadadaulszinnig
o A ~ o A , A o = 2 A a9
AOLABNGILA 2 - 4 Falaen daukuuy 2 Hureae il uneudu UselAntenIN
ni v o Y yva = o a ni A o dl
paud 2 iudeA o WglrauasuAasunsmnnaniaanAIno L lunaun
1 gouinnuginig WazuuwaziansananAeaunAIRey dinaugnunAneuasldazLLl
WAin wneaugnliasuyndaasldnzuiunagan
o z d dl b2 z v A o dl U v [ v
patnAnauNarldaziuuiudaiiiunisaanaAnaungnaasnFau il
o a A Ao a = A ~ A o >y P
AesLneNaNmnanEg tnafiAiesunedu o uenumteliannigFausyy Wiaauiansan
AN ANTIHLNTAININ AL WazANNANMAANNATIA T I Az UUA N NARY LA
uedan InafinaainaslipzuuunainisadangAnssndedlafall (Bao, etal., 2009, p.
586)

L4

1. IAAZLUU O - 5 LT 167

= = o

e UlsEAUNNTAARLLEIU sE AN -l

(Empirical-Inductive Thinking)

=

NHiraularAuN1IAng szud 1 uNTILs TN -

2. IAAZILY 6 - 8 LT L6
/1" (empirical-inductive thinking) WazLUUANNAF1U-911e (Hypothetical Inductive
Level Thinking)

3. WWAzuuu 9 - 12 T LA FaulssAuNIsARUULANNAT14-91 1Y

(Hypothetical Inductive Level Thinking)
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@ al

wuudan1slimnNameInenA1ans 189lAsen1s TIMSS ANANHMurdeaad
U =3 o o A al al o A o A o
ARNYAANALLLLIALEY Lawson A LULLIEUARLLAZBULNFILAAN 4 FALaan (40111
A9A3NN7RDUINANERFLAZINALLIAT NENTIANKIBNNT, 2557, W. 11) AnHzdadal
wpazuuunannlasdaalaa
= o = e A 'ﬂl 4 % o
1. LUUEgUARaL Ndouaasaniunisaisatlyunnnivualid deenauiu
AnnTae A TauRaLLULLANAT LazlUUEEBuLILET U W3e1aglatuny HReulafe
- . L4 e o
WAaNaENg PagnaniaTailulszAuNfA19ann Lawson
A o A al v J d‘ I's o A
2. WIUAANAAUNANALADN IALNIDAIDINNTWADWNIT WAZFALAAN
o A
4 FinLann
AVUANBUEIRIUULTANT AR ALTIIN LA AT a0 4NENA LAYAR
%1 AR (2556, 1. 110) Hanwuzifuuuuduarsniuuunelassairaduseyana
srnaumaa a0 uNITINTaNAIUAIDIN A UAU 4 98 TaasanlasniatnAIn Ny
WUUNAABLU Science: thinking with Evidence 189 New Zealand Council of Education
Research Ingdiasnzvirnauninesrlsznauvesnis imeuaidinaieans Ae vangiu
- X -
N19EILNLTUAY hazdadiL
nannlasagy uwimislunisdauazlssilunis s namaananmansinisld
uULSA 2 ANHLEAN Ad
¥ A v 1 dl o
1 DA LARNAALLLLABINIY Usenaunas @9un 1 1iun1snetAInI
= o A i‘/ 1 o A 1 dl a
IngnisiaananAalaan Faus 2-4 salaan kardauin 2 lun1sesuneiugralsznaunis
- o
ABNAAL MIEIUN 1
¥ al ZJ/ = o a U o dld
2 U4 auANITADULLUAY BWAZEIEWAIDE LY UsenaumaeANnINAN
k7 QI a o di v o = o = a dl £ Y yva
dayaiisiminluannuna A ndanNdaRuLarianna e nAaan1s WETeuaIN19m
ﬂi:qﬂm‘mmflﬂzﬁmmumiaiﬁm I IpeRn191Em1919 NN RN
dl a o :J/ Adgj v o A [ [ % a
AeluanudsaafaigadaanwauInuudnlaglduuafnaas Lawson Tnt

<

sznaudasminiunddsziduaniunisalmdulyun Inedansuziduunaaiunig

&

Ingnnans NEgUNNW YTaABBLNLTNALNN HAZNINBANITABLAIDINLLLABINIIAS

A

doun 1 1flusaden 2 - 4 faaan wazdoun 2 iunisebunamsnalsznaunisaanmayly
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2. NM5AANTE U NaRUATNNT I UANALEINENAERS
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2.1.1 N15AANISITEUSULUALLAIEUIAMNSIAY LUUAINLTTLALES
a a s @ a ¥ al a o
wusAAREanulsIngnIsaineassuasuazliuanauaualutiasisau tng
Benford, & Lawson (2001, p. 14) aan1sizauilaaliindnmauaizuimaing wazliin

NeEsna 7 Wy n1sARdATIEEaLFNN nsiananan1sAnEAuAdn wasliinAnsn
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2.1.2 MSAAMSIFEUFULLALIAIEMIANNSIAY N1suLiNasALsEnauaas
ANNTN L UNgNIRRANNAINNTO UM IAUARAFNS o Y
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o a & .
3. mfmmn']ewﬂuﬁmﬂﬂzymmugﬁu (Problem-Based Learning)
3.1 AnuuanansiEauslaeldlywniugu

nsirauilagldilnyunilugiuniainnisndangsan Problem-Based Learning

%

(PBL) ?ﬁlqﬁuﬂ%qﬂ’mmzﬁﬂmiﬁﬂmmﬂmﬁ%ﬁﬁdq nnsapnanssunisiauiiae 4l
ugnu ”Lumi%"ﬂm%@ﬁ@‘fﬁm:?L%’ﬁqdﬁmﬁmmiﬁﬂufﬂmﬂ%ﬂm&lmLﬂugm
mn’?‘auﬁmﬂﬁﬁ’ﬂmmLﬂugﬂmﬂumﬁmmiﬁwiﬁLﬁuﬁﬁ?ﬂmﬂu@uﬂ'ﬂma
(AR99A LANULLNEYUAN, 2549, U. 139) HAUTWRNLINHEN13BauSAE ALY (AT AU
HANTaE, 2548, W.77) Hrauldauiinduinerenisha uaznisusiloym Tddseduloyun
{usansesuniaEaus (Barrow, & Tamblyn, 1980, p. 12; Hmelo et al., 2006, p. 24 ; W3

o ey

i AUATIY, 9auN AU uaz &Ing NAadsA, 2551, w. 21; BiAwuaNnl, 2557, w. 138) 11

3Q

= o o

Jlraundyiuaniunisaiiduilyuiniinie Taetfyuiviseaniunisaliugaaudug

o

o o =

ANUA UTBNIANNANNAUTATDIFITUULEN $INNNTELAUNT A NANRUSAUADHITE
(Vernon, & Blake, 1993, p. 550) viatilgyuisananalidaniufasiainauignaasiie
o = [k v yva a A o al U £ U dld dl

ARaULAEY wisasn s IiTauRatsnisdenuazdnasanda lEudanivana1ie
atuaywIsN1suiilymnnanianaing (Christine et al., 2006, p. 46; Hmelo et al., 2008, p.
21) W Fauinnisssaanuivati llgonaunuduianzundeyanaug (Akcay, 2009, p.26;

Van der Vleuten, Norman, & De Graff, 1991, p.110) vinAoutinlatloyunuazAniiasnesl
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v

aal U 1 [ 1 o o =

Apnisuiifyminunszuaunisinusaniwisuuuisuazseuana (Spencer, 1999,
p.2; Gallagher, 1997, p. 332; AR99A LATNLIWTYLAY, 2549, W. 139; NAWIUINNN, 2551,
1.137; 2557, . 138) anlse D@ lfizanifenuied Laztilauananisfne1a9niLes

laainnisuitloyun (Barrett, 2010, p. 165) TnadaaunasliifEnuuazdasaiuianany

=

AzAaN TUN9FEUFUNN U (A6796 LANUZINIUAY, 2549, W.139 ; 3Tmul ARNENIAR,
2545, U. 55)

' = o = o = YR Y
ﬂ@’](ﬂﬁﬂ@?ﬂ mﬁ‘L‘?ﬂuqﬁmﬂhﬂﬁywﬁLﬂuﬂﬁu NHIEDN NITIANTTETEUTNIUU

v

v al s a = izal ¥ ¥ rai a}
fireudududnansfianssunisizauiizuauannisldanunisaidudeyvnvinanieuay
N A v o aa °o o o al a = o Y o= D =
NZQ"JULﬂE]"J‘IJ@\?ﬂU‘T]Qﬁ]ﬂﬁ‘ﬁ@q’]um@\?QL?ﬂHLﬂUUﬁ'UVﬂHﬂW?L?ﬂug mnizaummuu@ﬂmmiﬂlﬂ

U
2 o o val i o =l 9 o =
FaANAINAINERNFEuAINANAUNlA asandEauiudnuuauaza 1NN ANEN
v % o 1 = del :j/ v ] 1 [ a
AUATIMNIATADLAINUNGI FEUTNUAINUAIEIIAIEAULEILAZAINN1TTNN USRI UM
walilddayannldlunisadeaandilailym Aadirsgiasnisudtyw Anainuany
atialwmnna Wainsznisuddyuinazainisndeaisuazaannditdseensfldiu
anunaadlvdnina ludialszanduls
3.2 uwiAn Naejninesdanunmsaansdauslaeldywniugu
a dd‘ % o a % ¥ Yo
wuarangrNaenndasiunisirauilae lddoyuidugiunariaiunis
o o =2 1 A = o d’ 2 o o o dqj
avbayuaInInNIANEAYINY Ae niEdassAtN Gaisareiiauslnsagy Al
wqt@mm‘ﬁﬂu (Constructivist Learning Theory) LﬂuLLmﬁmﬁﬁiﬁﬂﬁ’]um

= e, N 1 = o = = ) aa
AN LWELABR (Piaget) kazanandn (Vygotsky) smLﬂuuﬂ‘wqa:rgmmﬂué‘ﬁluﬂ@mwmuﬂu

'
= o =

v - = “ e ” = P \
(Cognitivism) TeaulamnsnaQiy Cognition m‘::mumim\iﬁm;aal’] BINAINN TR

'
a 2

AFaududadeesimnuifenueddaaifaannisfidBeulufduiusiuiaunndon uay
paInnnsTnduiTagadniszaunisallug whanviainsufulaseairaamtToyn W dn Ay
tszaunisadlug (Seifert, & Simmons, 1997, p. 90; Hmelo, & Evensen, 2000, p. 4) {iANNS
denlaetszaunisafiisidnfudszaunisallna AUNANITEFAUTAUAAN TR UIN
aftToyry W ld I lunnsdsusaldag luaninzanna nezununisdananlszneusog nns
APTTUULALTIUTIU (Organization) Warn19Uiusa (Adaptation) FaiRendesuimuinis
nanloy1ra9AY %qﬁﬁﬂwmzmﬁﬁwm@ﬂ'wﬁim‘ﬂmLL@xLLMﬂﬁmﬁumumqmﬂ (
Vygotsky, 1978 81901911 AAUUANN, 2547, W. 91; ¥umen p93uAel. 2545, 1. 30; FTNs

madnila, 2547, . 46) nanlasansuAe
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NN UIN1TNIE19LTY Y0 289 Piaget (1952, p. 1) NEuiAIN

o

v
=S

Eadn YaAaarAnIImuINIInNaRtly o uNi laain 2 nszuau Ae nszuauNNTLgL
% A o o A | o Y a =
aya visasudsnitulszaunisaflud uaznszuaunidiulaseairamnsaiynyn Tnede

u

Yo o ¥ 1 = dl o % c ¥ ¥ o
i_qlﬁﬂ@iﬂﬁ‘ﬂﬂ?:ﬁﬂ’]ﬁ‘mu@?ﬁﬂﬂﬂﬂﬂlﬁm ’QZNT’I’W?L‘I]@NIENﬁ’)’]ﬂJZ‘]ﬁJWHﬁ‘H’ﬂ\?‘H@H@L‘H’mU

Uszaunisainieginalilassaiianarfilyiauanns uazaziAWMUINIINIG

a

"y
£ K o

aftTyaasauiunis lidszaunisniiaduisdauandannielupenisAnEme Ha AN

k% 1 o QI v 1 Y ¥ % di dl o
Wianlud09e LAZRIUIARANNNEUAN LT ﬂqi1@ﬂWEWﬂ®TﬂH@ ﬂ’J’]NgLW‘ﬂ@@@W?ﬂUﬁ/\‘]ﬂN

%

L4
aaa

a ¥ Y v < d”
nouinisainananiacamnuies 1aslafenan (Vygotsky) nauiimau

1
a v

1897 AAUIAABNTHARBNIRENWINIIEEUTANAALINYARS T91lsynaumadauInaan
NNETTNTA Lazdsndaunvduan Tmusssa lnglaianan TanudAyiudnnaas
NNANAN TussTNNNNIiasaINTLnwdsanddanlunisadnsilsyaunisndinynns uay
dl 1 al v =l v al e‘d‘ 1 o o U
dadnyanaiANnienlunsFauiuacllszaunisaiunnsnaii arnnsoimuAe s
o : = o = o ~ o a = a
wnlaunisdasmae aduayuluniszauf InanisliilanialunisBauinuusuniduass
AnARAINUEBE (Vygotsky, 1978, p. 84)
nanlngas wuaAangedasnadesiunisdnnismeuilngldoymndy
1 1 = a . dl ¥ a o s
374 ag lunqungegassailen (Constructivism) T9lsznauAeNg ) WMUIN1TN1LT19Y
Teyeyn 2eaiieias wasnguniraeanifaunues 1ealifenan Tnavisasangu] i
o o o 1 1 T a v a Yo
ANNANATALAINLANANTENINYARS Uszaunisalianaasydizauw n1slilanialasy
dszaunisniuazdeyalud aniswdyiuiloymn udanwenaiuvimiauila wiassislilania
Tun1sFEuaINUTUNAS Weias uazlonrenan TadedinisiUfduinsivdeuandening
dl c a % o ] LS a [ = ¥
wenlevtsraunisadifsidiutszaunisallug nymdasiian1swmuinisFaus uay
WanantTyyayn Aevinezlunisudtymau  anulaseld

3.3 msszansuurnnngujassananlunisanmasauslaeldilyguniy

o o

ANNITANEIMUIAREIATY IR B FTsANEN H1NATINITLazENNISANEN
AuesNEIZIaIN S AN s FeuBeuinu e Aang s flauie duuuanisadnis
dpnsireuiiaaldToymiduguld waagldwail

3.3.1 Q’m@um’?ﬁﬂmmummﬁLfluﬂtyml,l,m 1°iﬂn&|ml,ﬂuﬁ:uﬁumiﬂ$m

nazuaunsEeug wasudanszduliinanszuounisGeu emniudtoyun (Borrows,
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& Tamblyn, 1980, p. 191; Tan, 2003, p. 30: AAUILINNE, 2551, U. 138; tUNT1 5794
el 2545, . 13; ANINUATIBNNTANINIANEN, 2550, 1. 2)
3.3.2 gaaumrangununesloymidaauinnig (Tan, 2003, p. 30) A99

=

bTEIU

o o

dsziin faiuliinissusndays waziiulymnifiaiuludinags vieduiusiu

e

(Akcay, 2009, p. 28; Borrows, & Tamblyn, 1980, p. 191; {nunn ﬁ??ﬁduﬂﬂr, 2545, U. 13;
£11IN9UABNNIANINNIAN, 2550, U. 2)

3.3.3 faeudnniBeuifuiudGoudurudnatanisBend Aaiuiades
SuRareunimiununisAnEAuaduaztszfiudeudieliidundaiufdymuaz
ANRALIAREAULEY (Jonassen, & Liu, 2008, p. 488; AAWILINNG, 2551, W, 138; Toume
sesuyAel, 2545, W, 13) nelinisliansnmnuarnsatiuayuansdaau (Barrow, 1996, p.
5: Tan, 2003, p. 30; A11N91UALIEN1TANINTTANEA, 2550, 1. 2)

3.3.4 Jaaudnliinisaufidunguedas nquazlszunm 56 AunFauny

vy =

y o o o P T, B -
daautszanguive Wi Fuuivineylunnginnusnniugausartoamaanii dnnisedidang
Wrauiaununaunaz TiudsludadnGaunansnruauisalunislimeranissyan sl
g a = % dl o Z’/ = ' ?/
ANNIUATNNTLIIUNANNTEEUTANE AU NNz AN T LT URa BIBIN 9T uS lulAas T
(Borrows, & Tamblyn, 1980, p. 191; Tan, 2003, p. 30) T9azaagliNLlsz@nsn1naednns
T B : o a - a | = o
U Jraulnissanfkdyan unisaddayniase vreaenioyuinnseiuaiinanla
a -8 % Y o v ¥
A MsununsuAdaymkasnatvnresym Mineenisuidoymmamnuas g
% Ol v ¥ o dld dl %
pogANUAINUafEaedyARaarn lFlAAN uazAmaunRANA N AN NlANIAIN
N139LAIITIAaLATIZ AT A nAR ATl (Barrow, 1996, p. 5: NAWWINNEL, 2551, 1. 138;
Noungn s9suyAEl, 2545, W, 13; A1UNIATIBNTANINITANEN, 2550, 1. 2)

¥ o = v o Z// 1% ¥
3.3.5 {ARUAANTL ety NP USNITYTIUINTTVINAITNIURIHLTHUUR S

a

=

o 1 dl Y v Yo % o dl 1 o/
inwrnszuaunigang o e WdreulafuasniuazAineuiinszansdn (Borrows, &
Tamblyn, 1980, p. 191; ¥tun31 593uYAe, 2545, . 13; A1INIIULATIENITANINITANEN,
2550, u. 2)
3.3.6 fAauAANI9FHUiUAY ANFTIRATUAINNNsEIUSAL AN EUAT
= % o dl % 1% o U :l/ = ¥ ¥
nIvLIUNsFaugnIsinaun lfangiasineswmaiulunisGaulag I doymiiuguuan
(Borrows, & Tamblyn, 1980, p. 191; faun3n 5990y Ael, 2545, U. 13; 411N91ULA21TNNS

AN1NI3ANEN, 2550, UW. 2)
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3.3.7 HaauinisUsziiunaidunislss iunaaInanInase MauasIuLas

AILLIUNNT (RAVILINNEL, 2551, W, 138) Tngfiansaunannnisdf iRaumninauinzes

=

AEeu (STunsn s9uyeAe, 2545, W, 13; ANINIIUATIBNNIANINITANEN, 2550, 1. 2) 3901

=

W Faunsaaaauad1lasaswanian uasieBauinazdsunagnsdniunisGaus
fall pnanisdaviauAnmqemuLed (Jonassen, & Liu, 2008, p. 488)

3.3.8 HaaulunununIsgauieANazaINNeBeus 1w uiaaEeuily

v Y v a cY :l/ a a oA v a v
nsAuAdIdeya wazn19aLATIYdeya 3aNTN AnrdNnisUdReueesdTeunaz i
ArdTnen TnenienseduligiTaunaainin imados I Feunnaudnlatloym Aumn

madenlumsuitymiiivainuans uasfiansanissiiuie dendsfiunzay (Akcay,

2009, p. 28; Tan, 2003, p. 30; Barrow, 1996, p. 5; Jonassen, & Liu, 2008, p. 488; A1

WINNTY, 2551, 1. 138)
AINNNIANHINITLABDANHUTLBINIANFEUEEUFAINULUIAAN ) ATTA

a dl o/ a U o = 1
Henimaduuuinisresnisanniszaustag lddaymidugiuresinnis@nmn wuda nns

@mﬂmiﬂuﬁmﬂhﬂmmLﬂuﬁmmum@ﬂmﬂumuﬂﬂmq wazFauianues Ingldngung

AUNALAN "]’N'VN 3 ﬂ@vl,ﬂu"ﬂw\lﬁQWN&N‘WMﬁﬂu@ﬂ"NIﬂ@mﬁLL@%Lﬂﬂ?.IuV‘lﬂ‘lIMZVIQLﬁ‘ﬂu@’nuuﬂ’}ﬁ?

Feuf (mesduns wedanisnst, 2538, 1. 5) AsagtuwIn1aN1IANEEBIA NN UM FEY

£
uwazianu TR

v a v a o a

UNUINUBIGLTEU: FLT reuldausanlun1sizaun1sdaausuinreusannsg

P [ . G e A o ea =
LTEUTANALLAN (Active Learner) Iuﬂﬁ‘guquﬂq?ﬂ@ﬂﬂﬂﬂﬂ@ﬂq??'}ﬂm@ﬂuNL?ﬂuﬂu@uiu

a q u

naxive iR NN AN @ninn fanfulfiRnsFaufuazafeesAnanuiig

q

andafFeuasielfiRfunuieset198asy Anwnduadn sausaudeyalaeldnisdy

ya a u‘dl v a o 1 dl aa v ¥
LANSUIAITNG V’WVJLﬂﬁ"]xﬁL‘ﬁ@NIﬂﬂﬂQWNgL@NﬂUﬂQWNﬂVﬂ LW@V’]QﬁLLﬂﬁQ’IMWIﬂHﬂ’]{L‘ﬁ
o v 1 =
Vlmfftﬂ']ﬁ‘LLﬂﬁﬂalﬁ’]ﬂEﬂ\iNLﬁﬁ]‘N@

9 ¥ v = Yy e‘dl A v
UNUIWMTBIHADU: HABUNTEAUNITLIUUIAVEADIUNITIUN Lﬂu‘]jﬂu_,lﬁ’] NN

a

b

18 wardANANRUSILEIA auiaANazAINNIsEeug 1w uiasEauilunisAuadn
¥ =

GH Lmeﬁmmw’i@m R AnpunsUURBredFauas liA SN Taenns

= a

v Y Y v v a ¥ v A
ﬂ'i:ﬁlﬁluslﬂﬂgl]L ﬂuﬁlﬂﬂﬁﬂ’]&l L‘Wfr]"ﬂ'lﬁlsl NHLT refnA NN latlyun Auuannsiaanlunig

o

v dl a a dl A add‘
witleyyivainuane wasiansaindssiliuivelaenisnininzas
3.4 anvuzdrAgaaanisaanisiiauslaaldTyuniugruiidaads

ANAIHNITO UM IANANAL TN ANEAST
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ANNNIINUNIBBNAITUANUIABNNATeY aglanszdIATy19InIsdanIs
Grudleeldlyndugrunduainanuainisnlunisivsuadanamansls Al
o a A o v va 19 T o ¥
Anwouzaedianssy Hanwue i Fauldnisysuinisiediumanniuay
PNBENITUIUNNINIINGANAAT LEBLUININNNTUANIIANNFULLNANHATWTITINLEE N
a c Y o ¥ a o ¥ v a a o G ' ] 1
nanenAmansidiiuaunsuiTay lunedfus W Eautyduiugsendnaudyusing o
2BIANINAANIANE VAN AR IUANINUIAFBHNITYINNUFINAUUNUTAETATIETRAALLAEAT
a a = S I va = v v va IS ' 1 A A v
AnmAen AAnnEangulidasslunisAnen nezfuliFeulidiuiinetanszieseiu

a

(Dunbar, & Fugelsang, 2005, p. 705; Lave, 1991, p. 63; Norman, 2005, p. 418; Patel et
al., 2009, p. 176) anwouzaasaniuniand ansazassifymaniunisaiduilym
o dld o Y v o a v A dl ' ] o ¥
anwuzlynINiANTUTeN AT4aAAARIALLTUNTRIE T 11BN T8 WMWIN17 19
WBNANIAINE bAR (Lave, 1991, p. 63; HgN s WINTHRIIUUA, 2015, W, 70) ANHozYes
Sy vy v, s D ° = A

nszuaunsFaud danwaurlidFauldfuiuineonudilatyun dvuadeindulogm
AT MNNEN139971 BN TANEIAWATIdaY s wangau Nl lunismeuAann
4 A Y > = v o = v |
isaeuuuInnsuiteyuiilymn uasivelilarneunsanwmianisuifoyuieting

= =2 v o 2y = a @
NAINUAELATHANNANIMAANNA A9 lTHN19e Uy senisuanidaguaNAnil
FLANANEY AIAIDIN T9AMNeN Lazdaauineiduninsedunishin n1stssiiuing
MIIRABLAIINYNABY ATNATALAQNUBITRYA (Kind, 2013, p. 530; Simon, & Newell,
1971, p. 145) inwen1sAndudugenandy 1w nnshsiasey dnszvidaya nnsssiiu
¥ [ 3 dl v a ¥ d” a a a s
dayanang uililunisaivedunsuazasdea i uuiuguLLIAR NOEINNINEIAEanS
wazAuLuaEus uasdaya gaauiugaiuiunasizaunuainuans (Chandler, &
Sweller, 1991, p. 293; Lave, 1991, p. 63)

naalaeagd nsdanisFauilneldifyunduguiedudinacnainim

A o o o =

TunisliwnualianaAmans danuurdAcy Ae

2

[ % o

na1atasag anwurdrAnrenisdnniseuilae lddoynuiugu

o

1%

iNaALATNAINAINID lun T B A EINaNaans HanwniedAny NAsl
1. WiGaulddnasiiadjuintsuasmnanuilaeldnszuounimis
WNUVANANTAEI AL
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Frudniwinendunuianisduaizauiuaznisdon
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LAPNANAAWILIzANAN BN TR Ay NNDININANUATE
o ol o = Y A o
4. Anwouzradan un s ldlunnsdnnissaug danwuziiy
o‘d‘ dld o Y % o a v a
anunsaiidunianndudeu aenadesiuLsUaessBew
5. Wigiraulasauniuwinanudnlailym dvuedenduilymuey
° P = [y ¥ Py o = o =
WiNEN9inam ed RN sAnEAuadwndeys vdngiu Aldlunismeumaiuvie
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Wanuuanensud ity wazivaldlaAinauvdauuanienisuiymiaig
AU UATHAHANIAANEA

6. T TUUNINANTINNITLANLUALUAINAALITYL TEANAND

U
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FIANDIN Heanniven uazdaauiieuninzfunisin n9ssiluineansnaaaunay

QNABY AINATELIAGNIBITDLA
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o o

7. W niineen1sAaduduga ey Wy n1sARILATIEE alAgeif
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v

faya n1stlsziudayandnguinidlunisadesuneuazasdeaguunug 1w AR nam])

al

a - [y LAy o o oo A A
NNINYUVANRE T HAZANULNANLTEUT LASTDHA H@ﬂuLﬂua@unﬂLL‘W@QL?EH‘WM@WﬂM@qﬂ

4. nMsaAnsEauslngiunstaLdwaIneAans
4.1 ANMNMNIEURINTIAREINIINENANRAT

nslsiudantedngnmans iunganssuniaiauemeualuglasanisimue

[ %

(Driver et al., 2000, p. 290; Sampson et al., 2011, p. 220) laglddana Uang1u a1nn9

o 49

-3

Auane (Llewellyn, 2013, p. 19) ATN1981NBILWIAANG HNIINEAaRT (Sampson, &
Schleigh, 2012, p. 4) {1XNNTIATIEA ININFUATNITLILNULUIAA AINNTTLIRNITNNIU
unu ieasdaagiuazinllldtiuduvseaiuayudananadng (Dawson, & Venville, 2010,
p. 135; Sampson et al., 2013, p. 30)

naalaaagy nsliudamneinenmans vunada ngmnssnlunisesune nang
[% = v v A a £ = 1] [% [
819 9ra ALEUAUATNANLAATUAINNTEUIUNITANEIABAIN Taaldnszuaunismig
a o ¥ o ¥ ] a 'S a A
wenAans nsldivanauasinsensuAtymetraduszuulunisigadannmgiu vive

o %
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4.2 dszlamdaasnisannisisauilnaiunislaudanmaanemans Je
na1INNAMNAIAYERY Na1alaaagl Al

4.2.1 FoaduasnlifFaundNaziausAnAniuIeIAUe U UN LY

a

Mﬁﬂﬂ'}ﬁ/]’lﬁwmﬂmmf(Cavagnetto, 2010, p. 336; Levin et al., 2012, p. 158; Llewellyn,

2013, p. 19)

v v a o

422428 W T UANmMUIN1aF19A2T LN LLZ\]&‘I]E]’]EIF"IQ']NZWJ@EWH?I

U

Uszneumiadeyandngiu naNNITUATIMANANNNINENEAAAT (Levin et al., 2012, p.

158; Llewellyn, 2013, p. 190; Osborn et al., 2013, p. 265)

v val =

4.2.3 dnadagru it Bautinisnaindne viranislsusaludaniaaumaiiuly

a

aanAdes lngendudeya nangiun1einanAiansauay (Cavagneto, 2010, p. 336;
Osborn et al., 2013, p. 265)

4.2.4 ﬁqamm’?umiﬁmmqmmQ’Gfau%\m’wﬁﬁmul,l,mﬂwmmmmﬁmﬁu
Fudla naadnenauide u’??@mmiﬁﬂmmﬁﬁﬂmmimﬂmﬂfmﬁwﬁﬂﬂmmﬁwmm@m{
@ﬂ'ﬁmumﬁlmm@ (Cavagnetto, 2010, p. 336; Osborn et al., 2013, p. 265)

4.2 5 doadas s i Fautauidn1aluassna Rue9Ing A g s waznigil

u

o o

A3Inem1ans (Cavagnetto, 2010, p. 337; Levin et al., 2012, p. 158; 1anH AuNIduf,

2559, U. 217)

PR I'La/ A

4.2.6 doadudiulimauldasiieljiRnsduazmiaug Ysaunisaans

u

b4
=K v

5119 7] NRAF19ANINNATINUNIEANTIAILAWLEY (Cavagnetto, 2010, p. 337; Osborn et

al., 2013, p. 265)

427 doa A Faula WM UL UALANNATNITONEIATY LTU ANEy

NITLIUNNINIINNANART Nsatiuayudananadns nisdaanseeadlsz@nanin uaznis
§An souvivinmenisAnduge taun nstinssiiaznistsuiiiudayandngiu nshneenei
Aanounyrou nsAaianTe (Cavagnetto, 2010, p. 336; Liewellyn, 2013, p. 19; Sampson,
& Schleigh, 2012, p. 4; AN AuNsdus, 2559, w. 217)
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