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DEVELOPMENT OF THE INQUIRY SKILLS BUILDING
CHEMISTRY EXPERIMENTAL UNITS (ISB-CHEM)
FOR SECONDARY SCHOOL STUDENTS
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ABSTRACT
Title : Development of the inquiry skills building chemistry experimental units
(ISB-Chem) for secondary school students
By : Asst.Prof.Dr.Saksri Supasorn
Keyword :  inquiry skills / science process skills / matter separation / chemical

reactions / matters and changes / nutrients

The objectives of this research project were to develop the Inquiry Skills Building
Chemistry experimental units (ISB-chem) for secondary school students and then use
thelSB-Chem as a means to enhance students’ understanding as well as science process
skills or inquiry skills. Four 1SB-chem experiments were developed and implemented with
four different samples as follows.

1) The ISB-Chem M1 “matter separation” (12 hours) was implemented with 33
Grade 7 students at at Ban Nathung School in Sisaket Province during the second
semester of academic year 2011. 1t was found that the students obtained the post-
achievement test score (mean 14.24, SD 2.45) significantly higher that the pre-
achievement test score (mean 7.73, SD 2.76) at p-value of 0.05 as their percentage of
gain in content knowledge was 32.58. In addition, their satisfaction towards learning
science after the implementation (mean 89.00, SD 8.97) was significantly higher than prior
to the implementation (mean 77.76, SD 8.39) at p-value of 0.05.

2) The ISB-Chem M2 “chemical reaction” (16 hours) was implemented with 24
Grade 8 students at Ban Koksawang School in Buriram Province during the second
semester of academic year 2011. It was found that the students obtained the post-
achievement test score (mean 21.17, SD 6.20) significantly higher that the pre-
achievement test score (mean 15.00, SD 3.71) at p-value of 0.05 as their percentage of
gain in content knowledge was 15.43. In addition, their integrated science process skills
score after the implementation (mean 15.14, SD 3.55) was significantly higher that before
the implementation (mean 10.08, SD 4.69) at p-value of 0.05.

3) The ISB-Chem M3 “matters and changes” (16 hours) was implemented with 26
Grade 8 students at Ban Phakaew School in Ubon Ratchathani Province during the
second semester of academic year 2012. It was found that the students obtained the

post-achievement test score (mean 16.19, SD 1.79) significantly higher that the pre-
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achievement test score (mean 9.27, SD 2.01) at p-value of 0.05 as their percentage of
gain in content knowledge was 35.46. In addition, 7€.93% of all students obtained the
integrated science process skills score equal or above the proposed criterian at 70% of
possible score, while 23.07% of them obtained the score less than the proposed
criterian.

4) The ISB-Chem M4 “nutrients” (8 hours) was implemented with 39 Grade 8
students at Srimuang Wittayakharn School in Ubon Ratchathani Province during the first
semester of academic year 2013. It was found that the students obtained the post-
achievement test score (mean 21.38, SD 3.69) significantly higher that the pre-
achievement test score (mean 11.59, SD 2.56) at p-value of 0.05 as their percentage of

. gain in content knowledge was 32.63. In addition, their percentage of the integrated

science process skills score was 75.19% which was in a “good” level.
In short, all four ISB-Chem experiments were effective to enhance both
styudents’ understanding and science process skills. Moreover, their satisfaction towards

learning science was in the positive way.
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AAKUIN 3 UNAY Enhancement of Grade 7 students’ learning
achievement of the matter separation by using inquiry
learning activities
AARWIN 2 UNAY Development of Grade 8 students’ learning
achievement on chemical reaztion by using scientific
investigation learning activit'es
AIARUIN P UHUNITATLIURaEAlATINITITELAZIUUTEL
19398 Yauuseana 2555 - 2556 aufilauave
AANLIN % LHUNTTAITLUAARALATINITINEUA ZIUYSEu
19398 Deudssunm 2555 - 2556 amdisndiunis
APELIN B Tvuanswagsedefidismeusdadfians
“UfinmaiaiiieaaiuaheinvensduiasseainiGeu
TssuAnwimeauny”
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v fURMsaiasuasvinvemsduasdmiuinGeuseiu iy 1

a
uvia 1
Ui

o el d d o o o
1.1 ﬁ'?'mﬁ'IHQJVLLGSVIU”I?JEN‘UCQW'WWI'IH’ITJQH

wiifunisluivuguisidudensdoudinemansuaisann (Ware, 2001) s
Inenmansuians (du Fiven Wand wastuad) wavinermansuszgnd 9y wmdaans
\ndueans inuasaans waydmnssumans) falu thideussdutseudnu Safeseuien
lunguansynisioufinermans lnefiviedleghiluanssd 3 avsuavauifvesans

uninenduguasivsiildatunuanuiuile (MOU) AulsaFeudarmig 15udisu
lngaueIng1mans uminerdsguasesiil lalianudismdouavarwusiilunisdnns
SoudiewauninGoulunateq du sildldsunsuistlyguivesnsdanisdaunisaey
InenanivaneUsenns uenani paringeans dailvdngasuTyyln anvninenenans
Anw Faidelisunianveudiuenansdiuinulumsininerinudvosindnmdatunside
Featumsdanissuvnedideuianssunisidoudsieg famanguisazniaufiinns
nnswanidoulssaunisaifudndnuiivinidedasliamilgminisdanisifous
Ingrmansluseruisaufnudaauunndedu luiidazvendnivanistdgwilunisianis
Seudnedvuaiiluszruliseudnuineudu wasiiunisinnsiguiauljiinised g
annsnudsilymosniutsuiiusineg Wil

1) dndeulasulszavnisallumsindjiansieiiliifisawe Tnglawizedie
feufiAnisiadiuuuduians (Windale, 2008) Fsffammunantsafeuruindnuingunsal
Tumsvilfuanag dmfulsaFeurunalvgasniunisasuniaussersiieliiniFsuaeuidi
Sousiala gasudslianudfgyse

2) fnsdmufoRmsneudiaion wazluuazufiRnsdoamsliinGeulsivs
iovanuduaginuenssurumsmeivermansaudiuly widsshetedifaveniai
TisessianaussazidundAgunegrswasljuinisiaisanty (Hofstein, 2004; Mohrig,
Hammond & Colby, 2007)

3) YjURnsaauluaidudi TRnmsuuusaiiu (traditional experiment) 1iu
Tingeurhaudinvaassegwnddadouseudanatlunsifuins viliinsey
gintanalunsWaYinyeNsAUEIBUYiInes Wy mséﬁamﬁgwumwmaaq N1398ALUY
nMsvAaes warmsefuTienansnnass sy

4) unUfiRnsdruluguindeulesdunianguiuiniull viliaenis
douloadhfuiinuseditu Geality Unk) shlifiSoulinssmindamud dgesdaiiings
VInaBIaY ﬁLLsagq’I,aﬂs'Jé’(qu%{ﬁw wazenvdenalilividunfieaunaivnall (Kegley, Stacy &
Gutwill, 1996)



FosatmmardviliinSeunalenalunmsiauinvenseuiunmainemans
(science process skills) LazfinwrNILUIUNTAANIINGIAIERNS (scientific thinking skills)
agAnAnan I (Windale, 2008) fatinaitu

1) nsdefanunnsnaaes (experimental questioning) LLa.,msof"flqauu?\mu
N15MAQBY (experimental hypothesizing) Iﬂaﬂgummsmu‘lwc‘gavmmumauwﬁmmmmu
iafumsusendanan dlitndouramsiinsemanideniofounimaass Sedenalsl
umsaulummsamaumﬁwuwaamﬂaamummumsmaaﬂm

2) N1508NLUUITNIINAADIAIEAULDY (experimental procedure design)
Lﬁmmnmswmaaqdau’twnjﬂumsv‘hmmjﬁaﬂﬁﬁams (laboratory manual) fuantuneuls
pgsaziBeamilausmsnUsie1mis (cookbook) UuuAn sdnuarannsotisliingeu
IWuan1snrasensamiungul] uadumadlunisadrenrudilaiifjodnisudassuil
ANUMINgNIaA A Ay oeals Lavdsmangralsrenanisnaaanile (Clark, Clough, & Bere,
2000; Lord & Orkwiszewski, 2006; Russell, & French, 2002)

3) MIMAaes (experimenting) uarn1sldgunsaliviendans (manipulating
scientific equipment)

4) arsasnAeiurganudngun1sneass (making  explanations from
experimental evidence) nan1svaaosfildfumuimainemans iesnujifinisdiu
TugjaiuliinGowihnismaasafefiguinguiuinnininisnaasudeaiieesdanng
oty faeuistuugviouaniznisdneg lunsieseideyadundngiu warlunisadhs
ANBTUNLINVANFIUNTVAGDA

aurITeanuuInstavheuuianisaiiluaisy “arswasauifvesans”
Wawauvinsenisduiaizvesinisussiusoudnunousiu Inolddeminedn nise
UgvansiniiasuaiievinsenIsduiarz (Inquiry Skills Building Chemistry Experimental
Units #3® ISB-Chem) g ISB-CHEM dwmisutiniGeusyiuiisandnwineusu aesilnndnuuy
devey amtaluil
1) 1938ns@uiasivainuas uasnefuianinisvesdifou (el
tneulaiidusinlunisesnuuuisnismaass ai1vd1aduiy wazveIsuwIARIINNINAADY
ikumuas weilitealondliinGeuliwamuisiussdmiudmugludunsianvinus
NFAULNEMIANUIAILAULDS
) wiulilumieyfuRnisuuvdediu (small scale experimental units)
wazaoaunInAwdu Green chemistry asluluufuinsiiteyssudavaduanlddelunts
MUfURNT wazannselunisidnveads (waste) 1NUHURNS
3) Ussendldaunsalnavasindifiannsomifieuaesailiung venniss
fosamnsauszgndldgunsnidug wldlunsdiiiniagunsaiieasiaiiuisedie
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wheufienmsediasuaivinssnsduawdmivinGeussiu weu 3

- v da o w v oo Yo oA ] 0w
4) annsalisuloaiuiinussirule elwlniSoureuiuniudAgves
UfjUuRnsegnauiaie wasiliamadseujufinisniilulunauin
= o < o ¥ oa P | [
5) fmnmunsniduszeze alidnisaunsuisnnuineuionud Ay
1 5 o a wva v v v ¥ d d )4 s
gasurazdunaurasmsiujiiing  wagldidoudiudenvianquinineiluniendunis
uﬂl o « « A v L I v v °
vaaes usnnfifadaudlssenaienseaulitinieuragenniuinignsvilasany
agly

1.2 Jwnendnuasinguszasdvaslasiniside

Tasansisetididwunendniive

- WanwazUseliuuszaninmeshgyjuiinisiediaduaiaineensduians
° L s LY <¥ v s L% d
dwiuseaulseudnuinausiu (SB-Chem) Tuseaulisendnuln 1 uaz 2

- 14 15B-Chem wpdasiielumsimunvinuemsiuiansuievinuenszuaunsmis
Ingrmaniduysunisvesindeunduiegiesedudsandnuidi 1 uaz 2 Taunsavh
UURnNI5duLae (inquiry experiments) 16

- AnwINawes ISB-Chem siap 1 laLBenlun® (conceptual understanding) 484
UniFeuneularndnsieuianiy ISB-Chem

a w

Tasamsidelifiinguseasiseniied juiinis (SB-Chem) sall

§

1.2.1 aguszasAvamiieufiinig ISB-Chem M1 n1susnans
- Wofnuwadugvdvnamadsuneuiou wdaFuu uazmnuRUTaIAILY
MnmIFeudsgaianssunsFsuiuuuduiasmamnng Sos msuenans vastnsund
PLERN
- iaAnwirnufiseladanisiFoussynionssunisiouivuduiansm
A3 (389 suanans vestinFoundusiegng
1.2.2 aguizasdvamiiigufjifinig ISB-Chem M2 Ujjissiadl
- \eAnwmadugvivnanisdouneusulazviaiousisanssunisigous
wuudulanzmanug Fes Uiieed veniniFoungudioga
- iefnuWinuznssuiunsinermanstuysainisteuiounazuduioudae
AanssumsiFeuiuvduianzneud Ses Ujiseund vesinidoundusedng
- Wednwimnufinsladensi3ousisianssumsGeuiuuuduiasmanug
309 UFASeall vastinGounguiags
1.2.3 fnqustasdvaaiagufiAnas iSB-Chem M3 suaznisiudsundas
- WefnwmaduguivenisidounousutasudaFouseyafanssunisFous
suuduimnemaug Fee msuarnaudsuuas vesdinFoungudietng



Anfm

a2
RNy
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- iedAnuinvenivuauntsmsinermaniduysuinisndaieudioyn
AanssunsFeudiuvduimzman Bee ansuaznisiasuulas vesdniFounduiiodig

- WednuanuRanelaremsdoudugagaianssunisGeuiuuvduiaism
Awd (Fee ansuaznisivdsundas venfniSeunguiiote

1.2.4 FaqUszadvamiagujiinis ISB-Chem M4 81591113

- iefnwnadugviniimsFeuneutsutasudaFousogaianssunsfeul
wuduansmareg Bes msewns vetinFeundusetng

- Wefnwinusnszuauniameineimanituysuinisdaieusoyn
AenssunsBoufuvvduiasmanug (Fee arsewns veedniFeunauietng

1.3 YaULUAUBALATINIGIY

Tasan1sdeiiilun1swamn 1SB-Chem Waauluy (exemplary) Tunswaiun
Ujuinsviefanssunaiidus Wiiduwuvduensseld Tneliveuiwsveanisidenadl
a & = LY 5 Y =1 o s:l/ L% e o) o
- WUV IANTEAY TUNSEUANYIUN 1 Lay JUNSEUANWYIUN 2

[
v oo W =

- e 1SB-Chem uilonuaiisviutulisendinun®il 1 waslil 2 5o 4 \3as

- ndunnaauludunistaiun 1SB-Chem Ao Tnidsuduisendnudi 1 waviu
FoeuAnu 2 lsadeudedmngautisu sunoriutinu Sminguasivenil U
nsAnw 2554 wag Ymsfnwn 2555

- Whmnevdnvaslassnmsiedfedataudnenmiuinuenisduiazvieinue
nsEvIUMIEInemanituysnsvesingou Tnsfidlwmneseadumamdlaluidon
LSDGICLINHT PLIER

- lsadgunguudvinglumsmeuns 1ISB-Chem laun Tsaseusisendnuluiun
Sneniutiny uazdunailes Sminguasesd warlsafeudu dauladhiuiums
ousy “UftRmsiaiiieiaiuavinuemsdumeveninouisendnunousy”
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1.4 Uszlevdiimadinaslasu

1.4.1 Uselevidaciseuy

3
- Wnioungudagaiiinugnszurunismeinermanituysuinisidunas
asavinfuRnisduians (inquiry experiments) 161
- dnSeunguiegniiianaideiviailulunisuinuaziinusegelalunisi
TrssnAnemansdadunisduaemaineimansuuudase (free inquiry) seld
1.4.2 Usz\ewildaasdns
- augingrmansiimhsujiRnisieaiuaiiainusnisduansdmiuinise iy
Tseufnuineusu (ISB-Chem) $1u7u 4 mie 1ensUINITIvINg
1.4.3 Usslemidug

- infnwmdngasivermansumdndin a1wivinemanidnw ivinanide
wagIveniinusiineuilasiunmsimmuiuagnisly 1SB-Chem lunsiasumsiSeuiiasinue
ATTUIUMSINAansuaIdnSsusTIUNsHLAN YR D UAY

- wsunludineaiaedsuveinisawieafulfuiinislu ISB-Chem M1 waz M2
v o v ad o '
wazlddunumadunisuiuuinlunineaiaadoussly
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2.1 NTBULUIAIIUAAUBILATINTTIAY

Ufvanmsiniluuudad (traditional scripted laboratory) iuisfiuszaunadga
sgraunlunisimuwinsemsdanaveniniou wazaruisadeulssnianguiiiifu
mMaujudldegnedivsvangnm LWiUﬁﬁ?\msuuué']"’qt,?ml,ﬂunﬁv‘hmuﬁ@ﬁauanuamﬂuéqﬁ
Tndsunsuuds sy Ugjﬁc?lmsLLUUGT"qLﬁu%qﬁmmﬁwmawmaEﬂcgcgwﬁauﬂwﬁaaﬁqﬁnlﬂ
stauwaE?’]L%ru'lumsLﬁuﬁnwmsﬁmmzmmwi (Green, Elliott & Cummins, 2004)

Tunnsmssfudy Yiddnsuuuduansdajuiulitnioudeini dauuigiu
2ONULULLAZYINTNAABIRIEAULEY karadreadutlanieineadians (scientific
understanding) Tngnisidaulosszninsmuiidudrfundng1uildannismaasm
Iuneans (science experimental evidence) LLasa%'NLi‘Juaqr-ﬁmmi"ﬁ"um (Hand & Keys,
1999) UfjudnsuuuduiaziadunisilalenmaliinGeulsldnmsdrsisnsiadaunianisdu
wgmaimaingmansdaiunsruiunisitninemansldlunisfunuauivng
Inenenansthies (Green, Elliott & Cummins, 2004) faju dantunisinuyivansq wids
aduayuliianisSeufuuuduasianiausssteuasufiing sauiinisadudaniaioud
dannseiindlasandendnnisduiansmanuisneae wail Weliindeuldadrsanudnlalu
wann1swagvinvenszuIunslunsmANIIAIneImanimenuLes (Sanger, 2008) &4
asamdssnuanInuIndsum aiTsuiuvunnsdyntion (constructivist learning
environments)

ARTIUT 21 LﬂuqﬂsuaqmsUﬁgUwwﬁwmmaméﬁnmﬁyﬁﬁmmmﬁ'l,un‘famuas
AU MaTeus lngszvumsfinvvesUsemaanigamsnilanseiuludansisouilag
Tgn1sduianzniaruiidugiu (inquiry-based  leamning) Tuszauiisaufnw Imamlﬂum
UnIngnansdnwildanin “n1sduians” (inquiry) Tu 2 9 (Blonder, Mamlok-Naaman &
Hofstein, 2008) louA

1) msduinzluwdveseudlademn (content understanding) TnggiFouduny
aSalunianudila was masma’luaqwmLsaumaqauwaﬂs“aumsmuuaa

2 msduadudauainsasazinuy 1Wn msdasio nsdeauuigiu n1s
panuULkavatladIsIansInaaumineimans n1sadisuasuilvdArasuismiaineieans
uazmsdsasuazuanauanalunsnsudiomommisidedsd  Feufuanisuuvduians
(inquiry-type laboratories) ffneamismelunswanvinzddywmeni

msthassuunsauiasslilumsdanadouinieu fuaduildsuanadessn
Tuti 23 ensswiliumn Wy Suzanne Black (1996) lsmmasalduftAnuuduiansiv
fndsuseiriaiivialy o McGill University wazsssuinljiiniswuuduiansiisslond



LY

whoujoanmsiailiaduawinuensduansdmivinitousedu wsu 7

aatneunn wsvluwdavduresd Juinig (@ueion tuvih wasilisusenunal jiinns)
vniseulafnnstdnswensnisieuluamninends Annnsvinudungy wasiuvinuenis
a o (4

A

a _a ¢ do w o & Y] Y o a e o @
AATITRLAEAITARINING uasid1Agyfian Ao YniSoulavinideviaaiivavduda
INYIANERSALYIDI

2.2 miFsusuuuiuidemnaug

2.2.1 ANUNNNEYAINITFTBUTUUURUAIE AN
o v o v . o o o va
N1ILBHUFLUVAUEIEIAII] (Inquiry Approach) WUFULUUNUITRINTITITEUIN
° v a a va v v o v a
dnldlinaluierinermans Wunssuviunmsdeuindaeudndwindon aotunisal uasds
ane WgSeulailemaduna Wisuiey sufedym ndudasussnszaugiouniy
o v v i d o 14
Ao wianseAulvESsunwAa e duaiumavguesdymiluguvesniseduie wazlv
Aisunmafigatinmsesuetudulymuninuduaimisla (wasdu yuasuiu uavedas
7@, 2550)
a_ . < 0 v ] (Y [ ' a P
A111 Inquiry Tunwlveiidenldisonuansrsiusenld leun “nsduianz” “nns
duasy” “msdvaiu asuaiu” “msduazmanus” Fnteiianuvineluvieadeadu
wseindannisingq wileudu dalumsideasslfidelddirin “nsduiansmiaiui” laeil
AWinIvIneveInsduLaEm AL 3Linal
n1sduiansvianiidugduuunisiiouinldniunguinisadieniiud
R : ' v oo v )
(Constructivism) FsnanliindunszuiumsninSeuasdesduiu w@zmn dr513n529d0u
wasAuATIAI8ISN1Ti199 i liinisewianudila uaziianisfuiaiuiiuedied
g Jszawnsoaiiadussdauiveaindouetasniiuludeyaliluatesldodi
° v d o L4 LY 1 o o L4
g awsadunldidlefiaaunisallag sl (@Eewudaasunsaowingmans
wasialulad, 2546) wardudumadeuilidideuldnssuiunmanssvesnumarwslu
dnvauznaiiAsnssumileudnglumsuitdym lnenismeauufgiu wazniseonuuunis
VAaauiomIsnisen g duianzfissingnisel AuduRuse1eY Ye9595uR (Carin and
& & v & = v a vy & vy O]
Sund, 1975) wenaniimsduidzmaruiidunisiSouindaaiulug i ToudugAunvsedy
v o U a y o do o ' - v ' v & a v
wzmanuiingriudiladmilaiinGeuliveiimiuituunou (@iwn doudn, 2531) oy
Tnssviunmamisinenmans dugasuluderunsanuazanieliindsuussaimung
o ada v v wva & o w a a w ¢ ¢
FOIDAULA MM TSNS HUTUAAYUDIN I8 (WUWUS nrzAUs, 2544)
MnANUMINETaIM s uvvdu@smaNiludiesiu Jeasdladn naseul
v a val | a v o Y °
wuuduasmenufiduisnmsssuindaaiuliinGeududu e dsansideu wiedy
v d v g s i v ° %] a
nzmauiineaivddledmil visrumdineuvesldgmilasldnszuunmeingimans
Tumsuaanaaud sibiindewinaudilawas Suimndiuedwiinuming afady
aafmuimaues lnefifasudugduismivasamniieliindeuussaudmunglunis
a
Sou
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2.2.2 wann1iEeuiuuuduidsmanug
nsaowingrransuuuduianzmenius YadaasulviniSeuanunsountymisineg
Iiweaues TnosiliaueunfauasudnmsFouifeisnmsduasmanuilived
M33euimedsnsduasmanuiduaiubidnieudauannsalunisauaiy
wazduaznauilitenues SusdiwliinGouiamnudnagieivgra n1sFoufuul
wnelAmsGeuslinnnimsdeudidaeududuontmun fiFouildasslunmmanug
oghamnzaunuamanns WumsGeudinebiAausegalalunisfuaimnanuilibu
agfimsrsdnFouaynautu awnsasiwAensuldeswdasy uazawialdannisSous
feisnsduiaizasiiquen faumnedmiuiinuinninnudnldanauduvenlie,
wsrwdnindeududdunuauding q Froauies mniiiAatudiedsiTeiuudy
UsrlomidetinGoululiumm wasdy wuavwiu wazedas yod, 2550) uonanil qims
flanen (2531)  Galgdsiziuuinmsasuingrmans 1inmidovesaniduduaiunisasy
Ingemansuazmalulad delenansusznounsifouiinineimans anineimandialy
atfuunsiay 2520 agUanszddailiieatostundnmeFeuideiinsduansmanug il
1) fenssunazawudurasianssulunisdoudurozas antudaasums
aowingenaniuasivalulad laudsfanssueandu 4 adns Besdrdude n1sdiddun Seu
Taamsdadgm msefivsedeunisnaas nsmaaes wagniseivTIendanisnaaes
2)  dnBoudedduny dniSeudugmanss daunm Tuiindeya uarluiignd
Jugagdlnesiwvinuenssuiumamneinermans wasvinwed juinisnaivenaans
3) unuwmesasuasimihfidugdrevielisuusiuindu WednZuui
Telsudmauln fasuszuidnoudomvesinouluuuiiosnszqulian uazazweren
wuzthiinFoulugteauiigndes
4) yamnedareneveansGeuderliviudenivudiissasraion i
sefmuninueang uaziampimdineimanslifniuluginiGou
MAnanMsAsna1ddy asuladmdnnisFauiuuuduiasnianudiniuly
tnFeuiinfanisnistunsuidywedalivena wasAumanuinenues laeiidmung
TunsWauiang finvedusieg wagsinuainiivermans tnelidasududnszauly
inSsudadeasdovdomaniietlugnisduiasmanuilnonislédaumviaitnislag
uazfiddryffaousomeemaineussmmaiidadensnssiulbitnidoulfaudnuesunuies

2.2.3 Yumpuismaiguiuuvduianznianiug

ASTUIUNMIAUE@IBMIAINSIULUY 5B (SE  Inquiry  process) TugUuuy
nMsIRMsiseuinuzaiunisasuingamans @adudaaiunisaeuiveimaniuas

wialulad, 2546) FaUsznaume 5 Tunau Al
Y v I o v 1 a o A = o
1) Muaswanuauls (Engagement) WhimadrduniSouviasoiaulad
271AATuLeY nANNANdY nieenaduanmuaulavewiniau watinainniseiusiy

) & @ o o4 o Va da a v v @ w v Vo o v

aelungu visludesivenlssiuanuiiiuninassuiiug WumnsequlbiiniGeuain



wihoujiRnaiafiaduainwineenisduagdwivinGauszdu ueu 9

o susssduiiasne daeuerslidnwiandesiieg vislugnsequsenisaue
Ussiiiufuinneu aunseiaimaiadla wasdneudiulingseniulsaiuiedasdine
FeswtusmusveuluaFoafiosAnuvidniou

2) fudrsrauardum (Exploration) Wievarudlalulssidunioanudi
aulaasAnyiadiedeing Afnsnaunufiruauunanisdisansiadey seauuigu
auaniadaniidululy asfleufifitaifiusiusudess deauma uisusingnisaisieg
FBn1smsredeusnavilivatsds 15y iinisveass vinanssunieaaun nnsldneufiamesiie
Freaidarunisaiiiass nsfnwideyasintenarssriduiestnunddayaniieg (el
ndstaynngaiame farldluturely

3)  dusSursuazasiaasy (Explanation) iflelddayaifisamesinnisdiss
nTrvdeuLdd Jnideya deaumaiiliuniiass wana asUna wastiauerailalugy
A9 LU UTTEEaTy aduuudiass U a$19m1919 wnude laelin1s8198eanug
Usgneumslimauadiauinnauna n1sastoasu gnies 1edals fionarsdnads
uasndngudaiau nmsduwulutuiiowatuayuauuigiaiisely Iudauufgiuiiaaly vield
\Rerdestuussiuiildmuunly winaildazedluglafanmsnaiieruiuasteliifnnis
Seugle

4) fuverenng (Elaboration) iuntsinaruiiaiisdusluideulesiy
A suwiAndildduniiuiy wisdeasuildluldesursantunisaiviommnisal
3uq Feasdreliidonloatudosineg LLasv‘h'I,ﬁLﬁﬂmmi’n"iwmw“ﬁu

5)  Suussifiuma (Evaluation) \unsussifiunisieudienssuiunisneg
Pufndeuiianierlstis ednsls uazntesiitedla 9nduigdilugninianuily
Usegndldluiseadun soly

Suchman (1966; $198439n NuUMSIA AW, 2549) Idiniauaduneunis

Fouduvuduimemanuily 5 dunau i

il 1 N3y iutigym Q’aauwﬁwLauaamumsrﬁﬁlﬂuﬂmm wazeduny
nszurunsduazmeanuilitniFouldaunasoiunisaiilgm wddemamiidaouanse
mouldilivislil

]
o

i 2 msrunudeyaiienisnsivdey Wudunounisiguiannuads

oo

Renfuusingmsaiidanals dufedeyaifofusssuminasdnuuzsianznaonauiouly
#ne Awandaner

i 3 msnusudeyaifentavaass WiiniFeuldvanssiigadiiguinie
aundgulaedasuielidFoudnitdmudsunsiifigndld doldassigadnazassnane
POULIAMTAULNEMANNS VRIS EY

0‘: d v v o o v LR } 24 o o £ 4
Uil 4 sunuteyanazaiemaduie gasulifiseuaieieiuielnglv
1 LY o ‘a‘ d. 2/ v 2/ d v L d' v
drefusSurediidilaviedeuwy Welianunsasiurundudmeunauysalla
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Jufl 5 irTginszuaunsduiaisminiiig Wnedaeuasiifiseuiinsey

2/ a ' o v da a Py . o
nszvIuMsAvtEzma; weRasurimansledididsednsainanndige winmaiile
4 b 2/ 4 ¥ a 2/ (% v
nfuvsrlovduarlifulsvlowd wismnuiuiassinvingSeusanisuadalilan

National Research Council 38 NRC (2000) ldl#tunaunazunuimeasngiy

dniisulunisdaianssumsieudinermaniienisduianznigivermans (science
inquiry) saiansluaisiai 2.1

A15797 2.1 paudnvaurdidguazunuimsesag-dniisulunisFauuvunisduianznig
nenenans (National Research Council, 2000)

U1n € ynuamraainigsy ——— ey

AruanuwurdIAy
oy +— unumvesa; — > un
1. g3oudnusansle | dniSeuasiow | dnidouden UniFaudsuun UniSauaula
o o ° ° ° - °
wazaulaludow | wea Aosaindany | aonsaindianundl | Tudanu
emans Mflogudn uay aEui Vitlagudn
fadudanulng
V = -1 o - o f v « -3 (") - YVas v L% - YVas
2. gdswiviuny | dndeuiened | dadewiudeys | dndeuldsudeys | dnieulsiy
wanguLaL/v3e Jmdngiusio AUAT U LLa:’FJLﬂTlsvrl‘l‘l'm‘.l‘a Toyauariiasieyt
o L7 h A v v o ;
arsiundngui Usenaumie FoyanuAdiuy
aunsaldaing avlsthavay
Aasunuenay ViusIus
Aol nangu
3. filiouain uniSeuasy tndeuasna dndeulasudduue | thiSeu
o a u v o a t 74 a A Yo u
Aesu1eaINn wanguuazasie | Aeduiwann MNalimdnguie | ldsundngau
wanguianau Aasuny wang LA anresungla
A0 ALY a8alsUna
va 4 @ o v v v a ) @ a \
4. fi3euaulea dnSeum tnSeulaiuns | dnideugnuend UnSaugnuenii
Aesueiiiv widannug Fuuzumaemmy | Aeduieilonaay Aredunell
mugiemans | mdinemans | nivermans | Wenlewduand | Wewlsatuanug
wieuSsuieuiu | uazireules Walauleafu mainemansiald | meinerenans
AaSUNEU fludaduny Aodune U wdbminiGou | azlsdng
o v v o ™
Adulule MuFILed \ien
5. fi3guanse unsoulivena | dndeuldiunns | dndeuldiunis Uni3gugnuen
doansuazuany Jizneu Andowaunms | Buwuziumaning | dunsunazitlu
- o a y { o v o o
wanalivanay AatuEuLaY doans worlUdseyndld | nisthdedns
ANOINOUT HOUANTY Tunsdeans
WNetes MAutes
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n153§eluadadl ﬁ?i‘]’alﬁ'fl‘z’j"ﬁv’umau‘uadmsf%'au%’tmuﬁmm mﬁwmmam‘

(science inquiry) lnefmunnmsdaRanssunsiisunsaeuiiuseneude 5 tumeu dall

1) fumsdatansaunioanunisainsequlidiZouindoacds ndiaw
ndinearaniudnialuldgnn waznszqubiinFsudiludnszuiunismAneunie
NSEUIUMINININ MRS

2) fufiunusumdngiuuas/misarduanudidyueandngudiannsold
aberesuraitenausany wieleneiliideyalaansonoudiomuiinelild

3) duasiedraiuieainudngiuniedoyadiild Renaudiniuni
Weeans

1) dudeulssmasuridifuauinivivetmans ng nqul wieride
Faduaruinicivermanififiaguds wieuussuifioutudiasuindug deradulylsi
wilaunIouandainvanguwazauilastials

5) Hudoarsinmaniuas guanamgua Wonaudinua uiiiuades
flanunsoadurnesdemug Winanausznoumesuisuuiuguamuieivemans

2.1.4 doduazdedndinvasnaFeuiuvuduaznieinendans
2.1.4.1 YoRvaImaisuiuuudiulaemainendans
maFeuuuduiasmaineimaniuiuisnnsvainemandiy
winnsrunukasdlalundnnisvesineimand IviiliiAnnaGeuslasni

LY

oAU I5¥55UlY wasInTwd TnResuiu (2549) lanaaetef
YEIMISIUUUAUMEN N INe mans asulanad

1) dnSeuldilenmaimuianudnegraiui ldnwauat
MyAULe AUBEINIBYINAURABALIAT

2) dnFeuiilonaflnaudn  wasflinnsuun  1a3dnas
INTTUUANLAR UaLITENELaIMIAUIFIEnuLeY

3) dniSeudsuiulunAvasvdnnaeineamanslagy

a) inGeudugudnanvainaieunsdou

5) WndsuilardfiaranisSeunsdaudvendans

6) mTildana faumiedmsudidou Wuuselon
LLazfma‘iﬂﬁuwummim‘?}auimmmé’uaxﬂﬂxl'l‘ﬁ’lu%%mUi:ﬁﬁﬁu‘léf

aaa

& ad doqvya a = a a
7) UuiBnsvi i G ouiausegela fannudase 388

wazaynauuiumaGeus

fufus  wvaud (2544) ladeufstefvesnisieuiuuviuians

@

MOMeans st

1) Wumswaundnenmmaiuaatygrdelvaantuduin
AnsEuasassaliudninsadou



€

2) msAunuigaues  vliAausegelaneluinnniinig
SeuluUviesdn

3) AnlininGeusismanui widymishenuies

4) trwlwmansianuilaunu wazaninsaceleseula

5) thFeuduaudnaremsidounisaou sgvilAiAsmssoud
fiaraming uasdunsFoudidiagn

6) reRmnluvimiuAis ey

7) Wauminouliiianaddidm dnemans

8) aglhindeuinanudeiiuin apinsdday avdude
muaussEsofakazIsuidymeismuesliderios egUasia

9) WniSeulduszaunisalnse Anvinysasuntdgnn  uay
wnmisldiedoalomeinonmand

10) annsathauslutdluiiaussi iuld

2.1.4.2 fe3rinveamaivuiuuuduideneivenanans
auad35 I5ee53uly uarindand dafiszanu  (2549) Tdnanadia

fadrfomesnaFoudiuudumemainermand U

1) Waennnlumsaeuusazads

2) $ranrumsaifagairatuliviiliasdoudantla  agvinlif
tniFewdonine  wazdraslidlaunumniriiveamsasudsid  smunuwginssuves
UneunniiulasilidnGeuliilonaduiansmaiimenuies

3) thidouiilantlygi wasiioninidoutrsenn ey
anvzlianansa@nymanuilasnonuies

] o

v o oS o v |
4) dniSsuveaundelududlvgwe vinivausegalanay

U [
27

AnwlymuazdniSsuiidesnisusinseiuliidnnmnssieToiulumsdouning a1vazne
o 2/ 1 as < 1 ] < 2/ & Y 1 :l
aaumoslauiineuaghivssauanuduiatumsGousieisivinas
Ruius WnyeAUd (2544) IdegudedrinvesnisBouduuuduiany

as

MIMemans 1eail

Y ' o M v & A '
1) Matunlunisastusazasy visrssoalatiaSesly
AsUAUANINUALY

v (A b2 ] s ] a o v
2) fanmmsaliagaiieldviuads lwuinnin azvinli
unissutenirgliesniiou

3) UnBeudiilssivaddyyi wiolifinsnsedumnnweas
iannsnGoudeisaeunuuils

4) \Wunsasuge Feoralinalifudrfunsaou

5) dindouliidnndnnsinunguiignies eyl
dniSeuvauvandsanuddiionsGous
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6) Agsipaldiiannmuin  a1Asintszuinelialgm
suetsnal Felnadeusseinialurosduu
7) daimondovinavadilyyr  oravilindniould
ansednuieiSaeuuuuil
nanvausaina1feasyladn dedvesnisiiousuuuduiaisnig
Ingnenani Ae Hroiiudnenmnsadtiyan dnideuiuTuimddertusuesddaty ednw
manuduazAauidyniianisrunumsaues dnissuduaudnarswenisivunisaeu i
aARIsIIman sdudedfndeldinannn agsesdlaunuinyemutas dedldiian
Tunsnauey wasdindouissdvadtlyasaylilssaunadnsa
Iﬂeflumﬁi’]’aﬂ%v’qﬁé’ﬁé’ﬂlﬁtﬁan‘l‘t’fnizmumiﬁEJui'LLUU?iULawmﬁ'mJi' 5E
(5E Inquiry process) mINWUINNYBIda U UALATUMTARUINYAIAnsLazinalulad
FeUszneusiy 5 fumeu e 1) Yuadrerduaule (Engagement) 2) fudisruasdum
(Exploration) 3) %ua%mau,azm%’aaqﬂ (Explanation) 4) {Ju’wmﬂmmﬁ (Elaboration) wag
5) $utsziiiuna (Evaluation)

2.2.4 unumvasgdaulunsfuiuvuduiansmanul

TumsiFouduuvduianzmaug faeussiunumiwansaluannsiFouduuy
Un Tneffaeusesiinnudinoadunssuiunmsmadnine wasiunumlumsiduasvime
ingeudn idasnmlunisvaaes nmadnow wazniseivse widsieteaduayy n1s
Auanzmenwivesingou Paelinsiziarugeniidndeuliamsoviild waglianug
dududlotnSoudants (Suchman, 1966: $1adivlu nunissa waew, 2549) usnaind
daeunasiiunuimlunsugéruismazmn (fadilitator) tieWigiTsuamsafumanud
meauesldedaiivszdninim laadudnssquliindoudn (catalyst) (Judlinsiaduuse
(reinforce) 1Quglndayadoundy (feedback actor) Wuduuzdwasiiy (guide and
director) waziluginszidiou (organizer) (niWus inveavs, 2544) uazdaoumisduguuy
wamRertimmdlniSsulazainamumsaiieliiiansiFoud Ineduthaidoumonnie
1hlugmsaunh Seaeusionumomieliingsuinmmdn amsh wieaudila uas
msnoummuinsoutinduundy nssfulitniFouiuiuiueivnediensununio
fmuaismsuitynmdediiigmeniduluenmduingsuionuumaAdymsusy
(¥l fondh, 2531) dwunisdouiuiamamanesiu faeussasiiunumaig lums
wasumsarmtilagd1saannuwionnssgunsal a1siadl wagdamSonlvndandmiunasly
U oalinmwvhmveseteuitefnymavietiymiiasiaty nszdunasduaiuliingoud
dwiulunmsdouinasaian enldfmowimmnziudnenmesstndou detnGouin
Aomeslifuuziniodisliingsumsmaeuiulfios wininiseulddeyaannnis
naasaaInsnseduliinieusiusisuazasuna msvaaeaaueskazaastiinou
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[

veassdniedududeya wenanllfasuasldisniseuiiuudu Whansulunsdeuiiuy

u
a

duavmanuiime (@audualunisaauineiaansuasinalulad, 2546)

nfindmnddy aglidlunsdouduuviuaemauiiy reududasuses
firludnsunssuunsiuasmanuiignies feumuiuasuiugluiiomitasaoy
Wuedai Tnorouitasiiumadouiiaounsiinmiaiounsenag Windou wu devsznaunis
Bouf qunsaiuazarsiedl Aawdiagldlunisonningou Wudu Welinisdudufanssuns
Bouifulueddadeuarsuiu lusewinaeudaounsidaszdmivinEsusdraduilu
nmsdauna n13Ain N1sreuAININ MIUJURMMAaes n1sedusuwaraTinanmvaaes lny
Haoudasnstmuaugua s1ursamazan wekuvelidniSsuegluyssifuiiosdn
waznsgauliinFouansasuduianssumsduiaymannilulimenuies uaritddy
faeumsaduussmaiidoliingouianuaulafivsFou Wunsdnfanssuiliingeu
Igilennadeuil nsdafanssuludnuusnisutsdussvinangy viansnanvuesuaylv
fdslafuinideu FeazdnlitinGouannsoiFouldeeiinmge

aw odd 2
2.3 UYNLNBAVDY

ALITY & University of Puerto Rico (Montes, Lai & Sanabria, 2003) lanmassld
Ufuinsuuvduiansiienfiundnms Like dissolves like war3n891uan ndsanidnisauvin
a A 1 4 / 2/ L2 o/ A i Y )
UfUAmsuuvduazudy dnsewdilandnveimsararsuarladeiiinadenisazarg@tund
Pnmsihuuanisuuuina augidedaauait luujianmsuuvduianzdu gasunareile
a wa L) 1 val ' 3 < < y o o =] v o o Vo o
UjuinmsarliildunasnnuiBnsaly wisznluiodeinunimisuswmanduivihliinsou

annsagauilagnuassvIumMsAuarmenuLe
Kelly Morgan Deters (2005) lidsrannudaiuresinssuseufjifnsiaduuy
=] i a wva =) oY o w dy
dulasuarseud UURmsuuuduiansived fad
- WumsBeunssuiunmameinerdianisgiauiaie

WUNWE M SE0a1s Ut UL aU

Fouimsdnszuuvesiinameasasmsldnanansinemany
W uansalumsedue eiuse agy uasinnsainveaes
<) a wva o

Judiinsmirauls

wurAdgluseimmanigeiing (Chatterjee, Williamson, McCann, & Peck, 2009)
Idsaennideuftanisduiaadeduug (ouidedinguiry laboratories) wagUjusng
duiaziatela (open-inquiry laboratories) waatin@nwisiedonaivaly a Texas A&M
University ¥ 2005 Tddfoasudr dndnwnilonafidauindeufuinsduasdaiuuzannnia
UiiAnsduiazyatsda uanindnwidedilizouianufvinsduasdetuuzannnds
Ujdinsduiavuamadns lnelhindnuissnia 77.8%  annsasy Uﬂgummiﬁmmsm
Puurld way 53.5% annsnszyUianmsduanzdaadeale witdesnit 50% fawnsasey
ﬂgummiamm.,wwuu.,ua.,ﬂgummiammuﬂmaL"um ﬂzu.,malﬁlwumauauu.flumiﬁ]m
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UfTAnMsauasvaralaeilia faeusavirensequuasiasausgelaliindny uazdes
draithliinfnuuiudsiiddyiisesdouslufunounisiaufoins wasmslitndnwsh
agUansrdrfgesUjiRnisfazannsadislitnAnunilienaiazanudaiefuufiang
duianzUansdalulunsuanunniy

sruunIsdauIveenanssyaulssuAnuilulssvadasuea lawdafanssunnious
wuuduianzeenlu 3 svey ldun 1) ssezmieunIsdulass (pre-i mqusry phase) LUumi'l:w
Wni3swinisvaassmudunauiitusls Tnefldaoulililidoyalaq erfunimeass
JalemaliinFoupndaiiiertosiunmeaes 2 szeenIsduiary (nquiry phase)
Tnidsudensnmuiissrionudisrnnsemasananuauszesi 1 mnduliindsunily
Budowduian: fauufigiu senkuunisviaass wazasiovinisvaaes kag 2)  seey
Ansrzvilasasuna (anal yzmg and concluding phase) Fudunisialen la'l,wumi&lﬂm
wuwau'aauamvmcaa1nmamuamwa’bz’ﬂumsamiww.:,auasﬂwamsautmu Faumail r1s
rmm]nsiummauguuuammumuJummJﬂ‘[ama’lwunmuwaugmmJi.,a*um:uw.ml,az
a%’waLi‘Juaqﬁmmﬁ‘TYumﬁwmuLaq (Blonder, Mamlok-Naaman & Hofstein, 2008)

AtgId8UIlag Blonder, Mamlok-Naaman uWaz Hofstein (2008) 31 Chemistry
Group of the Department of Science Teaching 31n@21Uu Weizmann Institute of
Science  Usewadasnea livimsiteieAnwifnafunisfasomduianzresnifen
UsguAnwInauauINn1IIAUfUANsniivatela (onen-ended experimentilagldvaiin
'va’uqq \309 wialasuninns1i (gas chromatography) 91nA1s AT IERAIa YR TnE ULl
ssiunaduquiuanaaiy wuin dniSeuiiinadugninuazuunats low and  average
achieving  students) %é?aﬁ’wmuﬁmmmﬁmﬁ’uﬁamﬁﬁamﬂudau’tmﬂ vamdeunns
yumudsiineFounnlidilannty ussniedauigliaenndasiuianntaes dwtu
IniSeuiilnadignige (high achieving students) iunguitirladoniuds dnasdaran
duanziieriumsliinioaioduganasitlunimndimevludenisise dailazauiwae
wnnilunsalusn daw Unidouiduadugndfian (excellent students) Snazdadannludy
msysanmsaeg mate wesiadodlefliidniuivnndug uazfudiausedu ausives
avfeaguin UfuRnisduiansuaaaiildinadiaduas (advance technique and oper-
ended inquiry experiment) annsaUssgndlglaiungulinFouniissdvaiiyguasseiu
AnwEsaAa nuarsldegalissavsnn

Laura Bruck Wag Marcy Towns (2009) laluvaiateuuslunisinsounsouninisouls

ansasunauszlegiainianssuduanzieTliin lunmsdafanssuduiaviuasdasatana
Useiiuaaluil

&

- ﬂ’)']u'iWUﬁ']u‘VﬁﬂL‘lJUﬂ']WiUm]ﬂiiua‘ULa’lg

u o

:er

‘Ll

2

- 'l:zmnwvﬂﬁuﬁm'i'wmmvauﬁmsﬁwaaumiau

- IdaszdlSuunasanisiuiens 31Nt UM TAIMaNY udetun
fuiens Tnoaeumaslimduusihitsnds.
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Tuuszmalvelidmdwi “nisduianz” ag 2 i loun n1sdularznianug (inquiry)
wazmsAuiaIwnIeInImans (scence inquiry) 9i33n153nmaizouduuuduiasiiuansng
ffusanly 1wy wuuu{URinns wuu 5E waz 7E wuullgniiugiu waziuulaseau (Wusiu Tee
drwlngazduneiunisdansisuiiuvduasnunseuauns 5E egnlsnay Aanssuns
Soufuvvduiazdusniudeiiliequinvasdidey 5 UszmsveimsGouiuuvduiansi
Avualilu Inquiry and the National Science Education Standards ¥83au3gaisng
(National Research Council, 2000) ¢}

1) {iFoudaussplalusmonmsivemansuazaulaflazmdneudisizng
mans

2 flsunmdngudieldlunmsnoudionn Tnendngrudusisassunainnis
ponuuUIEnImidney aslefundngrumedaiingsues visldundngiunnanundsdy
Tnginousiwhiidduamudrdyremdnguitannsadnnaiudesuiaiensumaniils

3) {Fauadedeiusanudngumsnnasaiiensuman

8 FFeudoulasdioduis wieufulssiduisuifisusudoiuisvesmuieaiu
Mosunedug foradululs

5) fi3suannsadeasuazuanavasalunsnaumauiiiedads

sztiuladnisdularsnisinemansiiiunamedaunnlunisSeudvaiiseau
Tsoudnur IneifunisdanisiFoudiivssadamlunsfauiradugvdinisnisiiounas
ulunAininermans ArugiunIIRRINIYInYENITUIUNMINININgIAIans  (Abdulhanung,
Supasorn & Samphao, 2011) LlAARADIVEIAIERNT NISAUEIZNININYIAERSIIANIMINE
ﬁuét'%’auﬁﬁmmmmmmaaﬁi‘]zyzymnssﬁ'u (Pholdee, Supasorn & Samphao, 2011)
nanfe anunsatreliSouitnaduqvisiuasuunandiidlanlundléaty wasduneii
mﬂﬁ’nwmaaaﬂmm%uqa (higher-order cognitive skills) z%’m%’ué’f%’auﬁﬁmaé’quéqﬂﬁ
et

uanNG MsduiasmeingmanidiannsaRanneenssuunsAald Wy N1
ARIBININYuIan1TAnIasuIN (critical thinking) lnedaaunlsdananssuiasunisin
InsugraniteldlunswaunuznsasimndvesinSousasldesusoides  feuae
donarluihwsiduaiuinuemsanfidsiulufvesinieuwazansmininuznisanly
Usrgndldlu@inussiriuld Gundan indand aiua et wey asty dwngy, 2549;
Yasukham, Supasorn & Wongkhan, 2011) Tﬂﬂnﬂ%umauﬂaqmsﬁmmsmﬁwmmam%ﬁw
Wuiuguiidenleatuuasiu Soztnasuliindouldanediiosugia wazaiaiy
oA lafmeauled wasnisdnfanssualinugmsfninsugianisasiicudedes
wssmswavinvensAadunszutumsiiniGeudesefonamariinwaiauslunis
Anlu Funiy asuvinln uaz a1d WA, 2550)
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agalsiniu mswmaamu'uﬁuLmzmmﬂuﬁaamnﬁm%’uQaauuazﬁmﬁauﬁmm
Uszaunisaiifeafumsvaasawuuduians mi'l‘z?ﬁamiﬁauiw%af-jﬁamiwmaamuuﬁuLmsﬁ
Duwuamanidunistslidasunasinouduinsiunisaasslssianiianingu i
Tsudoumsdaliiinisvaassuuduiaivedatesnianisiiouas 2-3  n1svnaaed el
tndsuianasiulalunisiinermans (doing science) uananidadiunswaninuy
nizmumimfmmmam%iwﬁmwmumﬁuLmzmﬁwmmam%mmmﬁ Fududed

darfguazindulunisdnuide waznsidemsinemansluouianasstdniSou (Deters,
2005)
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3.1 mswaumdsufuiniaefidiuadieinuznisduians (1SB-Chem)

3.1.1 N1599ALUVLATWAIUT ISB-Chem M1 uag ISB-Chem M2

Az ifnudoyatiuguieatuideniluneivued madeud 1 sefu 11 was u.
2 terduuuamdlunisiann 15B-Chem aaigidoasiannjifmsduimeiiidnuusdods
nsWaILYinYeMIdusn I maninualliunsiauinesnsaanineaans

3.1.2 A1SMAGOU ISB-Chem M1 uas ISB-Chem M2 oy

A isedAnv o (preliminary study) WngvaanueyAsIERIINAFUTEINTIEIY
wafl wastndoudu 1.1 way 1.2 Tald u.1 Tsadeudedmig 13udrs1u 1wy 1
vomnasitufuin1g 1SB-Chem M1 uaz 1.2 311U 1 Vomaaaavihujuanis ISB-Chem
M2 910ty Uiuuguasuiluunufoinismusuusiesnguasindeu Indounguiflaile
NANMBE1NIT)

3.2 ISB-Chem M1 L?aa AMSLBNENS

o o a v @ a
3.2.1 \A30eiiaddudmiu ISB-Chem M1 1389 n1suendns
1) fanssunisiseuslu 1SB-Chem M1 1389 n1skenans 37U 5 Aangsu 594 12
o <
D (115799 3.1 Uazn1ARwINn n)

o a a 4
M99 3.1 ﬂﬂﬂiiﬂﬂqilﬁﬂu%‘lﬁu ISB-Chem M1 1584 N1suandns

=l a L= v o
1599 NaNssuNIsITeu; Halan
L. Msugnansiliends: MInsas | -nsuenindewns utaiunisys 3

wasmsaiamesiiarane | -msaiaduaznduainds nendytu wasuasen

2. MIkEnansilalnen: N19NAY | -N1INSULUUSITUAT (NSLBNNABLNIeBNINLN)

3
3. MIANKAN -msansdnindauna gud thana arsdu 2
4. lasunnsnsw -MIugnasAlsEneudnaue s 2
5. MINARNWENITUENAIIIN | - DURLALABTIINGTTUR 2
5ITNYA -mavidduy
974 12 -~

U @ Qr Ad Y] o = [ 1 2
2) LUUYIAZDUIANAANOND 1383 NTSLENENT WuUUsUY 4 faen 914U 20 98
) < ' P a ¢ v o
3) LuuinAnuNanelanansiSsuIvienaansaie ISB-Chem M1 3849 n5uenans
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3.2.2 Us39nTuasngunaa8ne 1ISB-Chem M1
Usgmnsuazngusiaguildlunismeass 1SB-Chem M1 1Foa nnsusnansiaeld
arssssumidugnudundguiionty Wun dnidoussdudufsendnudil 1 Tsadoutuuve
Fvainlv sunevieuiiy Saiaadazny luaaBeudl 1 Snsdnw 2554 $1uau 33 Ay
TredenuuumzasmnUssansinGeussiuiuifsoudnu®i 1 Tsadouduus

3.2.3 Matfiusausindaya ISB-Chem M1 (389 n1suenans
Tasamsilfuenddouundsuay (mixed method research) fistgazidanueints
sniums Tasausissvernuoyasisianagusesnseivineaand u 1.1 Tsadoudy
wmis shuadnlv Sunevheviuiu SwinaSazny Tagliingoudy u.1 dhsufenssy fei
1) dndswhuuunageuianadugnivninisFouneuey $es nsuenans was
nsenuuuinAuimelasensseuivetmans
2) f3uviUAURNS 1SB-Chem M1 (Fa9 MIkona1s 117U 5 Aanss 574 12
Al
3) i euiuuunadeuiaadugnivnanisifeundadeu See Msuenans way
nsenuwuuinaRmeladenisieuinemans

3.2.4 msuATeidaya 1SB-Chem M1 msuenans

Az definsissideyaanmanaaes sl

1) Wisuifleudnadeazuuusadugvivnainiseuneuiounasudaiou Soa ns
WeNaIs A8fINTIY ISB-Chem M1 TnanrsvaaeuAtfiuuudedislidassrany (dependent
samples t-test analysis) fissiumnuidiaiudesas 95

2) LU‘%UULﬁUUmLaﬁ"aﬂsLLuummmwumaammé’uazﬂuuuuwaﬁqu‘émam'ilﬁau
wiuFeu $es Mswenans Mefanss 1SB-Chem M1 Tnsnsnaaeumiiuuusiedalisasy
oy (dependent samples t-test analysis) fszumnudesudenas 95

3) WisuisuaAnaionnufiielanenisiSeuinermandtouSouuasuasoy
1309 MUENA1T F1RnsIu 1ISB-Chem M1 Tnsnisnadaudiiiuuuiesslidaserofy
(dependent samples t-test analysis) fisviumnudoriudosay 95

3.3 1SB-Chem M2 (303 Uf3uuadl

3.3.1 ndesleTudmiu 1SB-Chem M2 Fae UjAuadl
1) AanssumsiFeuslu 1SB-Chem M2 3as UARTeAT 17w 7 Aanssu s 16
FTa (157971 3.2 wazaAnuan )
2) wuuvadeuianadugvisnisnsiBey des URASe ATl S 40 4o
3) wuuTainuznszuaumesmengmansduysanms s 30 4o
4) wuudounuA IARUABN1SIRNSS LM eRINTTY 1SB-Chem M2
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Wednwiransenuainnsldansiall
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3.3.2 UszyInsuazngusiaegne ISB-Chem M2 (3a1 Ufjisuadl
Usgvnsuaznguinegieitldlunisvaass 1SB-Chem M2 Wunduidioasu Téun
tniFoutuisoufinudi 2 Tsadoutulanatng sualanading sunewuesd Samiauisug lu
aaBouil 2 Insfnwn 2554 S1uau 25 au ldnnsidenwuuinnzasantszsnsiinGou
seduduiTsondnundd 2 lsadeutilanadne

3.3.3 mstfusausaudeya ISB-Chem M2 (381 UFATu Al
Trsamsidunu3douuudinay (mixed method research) fsuagidonveinis
afiuns lneaneIdgvenuaynisnanazUssinseivinemans $u 1.2 Tsafout
Tanadne dualanadne sunevuedd dmdaudsud TnelitniFoutu .2 wddwRenssu dil
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1) niFeuvuuunadeuanadugvimanisiounoudeu 3eq UfAsouad uas
Ltuui'ﬂﬁ'nwnssmumim\ﬁwtnmam"ﬁv'uqsmmi

2) tn3euriuFuRAnTg 1SB-Chern M2 $1uru 8 Aanssu 5au 16 Fla

3) Wnisuriuuunadeuianadugvivnisniaioundaiou 3es UiATeas uay
NIONUUVABUAMLAILWILABNSIANISIBuSAmeRanT sy 1SB-Chem M2

3.3.4 n3aszvidaya ISB-Chem M2 (321 UjAseuadl

AugITelinslinssideyaannnismaaes o]

1) Wisuifsuaadsaziuunadugninisnisdsunoudsuandauiou Fos
UjiTeniall aaefanssy ISB-Chem M2 lngnisvaasuatiiuuuaiegslidaseriediy
(dependent samples t-test analysis) fissdupmudeiuiovay 95

2) WisuifisuAnadevinuenszuaunsmaineimanituysunisieulisunay
n¥3ou Fos URATuail Mefanssu ISB-Chem M2 Tngnisvaasusifiuuugiegnalidass
saff (dependent samples t-test analysis) isvfuadoriudanas 95

3) mAnadauimeladenisiansiSoudivermandsg 1SB-Chem M2

3.4 I1SB-Chem M3 L%EN a'\ittasn'\sw?\auuﬂm

3.4.1 1A399i279ud115U ISB-Chem M3 1384 d1suazn1silasunyas
= A A o
1) Aanssumsisouilu ISB-Chem M1 1389 anshaznrsasuulas S 5
AINTIN 531 16 119 (FN5799 3.3 LasNIAKWIN A)

< a d <
A5e9 3.3 Aanssumaiiouilu ISB-Chem M3 1389 a1suazniswasuilag

309 nansIuNTIEEUs :’Jm
(ala19)
1. Mawasuudaswesans ﬂ’]iLﬂéUuLLﬂa\W]’]x‘lﬂ’lfJﬂ’WiLLaZﬂ'IiLﬂgEIULLlJaGWNLﬂﬁ 3
2. wiufumswieu msvnqmLﬁamLLasqmLﬁanu%waamsu‘%qm‘éuas 4
anue arsazany
3. wawwivansazany | gamglifunisazatsuuugeaidounasmenmion | 3
4. mainufasenadl nMsinUjiseail 3
5. Asldansiailedn Adasnstlunisldasiadl 3
anfesazUaansiy
374 . 16

2) Luuvindaulanaduqvs 13ee a1suasnisivisunyas S1uau 40 de




3) wuudszdiuinuenssuruniasdinermansduysanisuuuzuin (Scoring
Rubric)

4) wuuasunuAnuRsweladon1sdanisi3ouseRanssu 1SB-Chem M3 1389
asuazmsiAsuula

1 o 1] i d
3.4.2 Usz¥niuaznguaaagne ISB-Chem M3 1389 dsuaznisildeuunyas
1 o 1 d A A v 1
nauegafildlunisvaass  ISB-Chem M3 1383 ansuaznisildsuuuas laun
fnSsusziutuiseuAnnin 2 lsadoutunui suneles Jminguasusiil 'lummsau

d

2  Un1sAnw 2555 910U 26 AU LAELEBNLUULANEINUTY ﬂ?ﬂiUﬂLiEJ‘LliuﬂU‘UU

TsoufAnw Ui 2 Tsadouthusuia $1uau 33 au Wasusiuau 7 au dsaufanssuly
HEN)

3.4.3 mnﬁuswswq’iaga ISB-Chem M3 (384 asuasn1siUaauudas

Trsanisifunuisouuuiasay (mixed method research) ﬁiwau@mm‘umms
AUIUNTT ImUﬂmmwammaumﬁwmnmﬂsumswm«mwmmam $u 3.2 TsaFeuthu
i Tnsliindeutdy 1.2 WhdmAanssy fdl

1) unLiaumuwwmaammwaamqw‘émamsﬁaudauL‘%au 1309 @154aTN19
Wasuula

2) tnFowhujifinas  1B-Chem M3 1304 ansuaznisiudsuutas 1w 5
Aanssu 52u 16 $alus wazddluduiinfanssutitevinnussiuinvenszsurunisme
iwanmam%‘t’?ugsmmsﬁaagu‘%nﬁﬁmmﬂﬁu

3) dniSsuiuuunaasuianadugninieininieundaiou es a1suaznis
WasuuUa waznsenuuvasuniAuRawelasien1sinnsieuaieianssy ISB-Chem M3
3o asuazn1siasuutas

3.4.4 myuaszvideya ISB-Chem M3 d1swavn1sdsuntas
uzdeiinTlinswiteyasinnisvnaed e

1) Wisuiisuriadonaduquinamaiisunouiousasvdaniow Feq a1suasnis
Wasuulas fefanssy ISB-Chem M3 Iﬂums'vmaaUﬂ'wﬁLLUUﬁ’aaejwlﬂﬁawdaﬁu
(dependent samples t-test anaty5|s) fiszduaruderiudovas 95

2) aLﬂﬁwmLaaawnwnssmumsmnwmmam‘uugswmwé’aﬁauﬁaa
Aanssul 1B-Chem M3 Taeilinusidhvaneifevas 70 vosrsuuudnwasiiswuautingoutiiy
nueidauas 70 voninGuiaun

3) ‘mﬂ'%aﬁUﬂamﬁawa'lwiams{fmmsﬁuuﬁﬁaUﬁﬁmsm ISB-Chermn M4 1384
81997413 ISB-Chem M3 L%IEN msuasnmﬂﬁauuﬂaq .
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3.5 I1SB-Chem M4 L‘%IEN #41991%13

3.5.1 524103588 115U ISB-Chem M4 (584 61597415
a al o ° a
1) nanimmitiauﬁ‘lu ISB-Chem M4 1589 @1991%19 91UU 5 NNTTU 57U 8
o o
G719 (M990 3.4 LazNIANUIN Q)

< o P o
M1519N 3.4 nanimmmaué‘lu ISB-Chem M4 15849 d1991%19

4 - a v V87
1504 Aanssumsieus o
(¥3lue)
1. arslulainse minaasuailulawnsalufiedniutu 1
2. Wsfunaziaulai nanaaeulusiu wazoulelluewnsviesiu 2
3. lafunaztiniu anvRvesluiu wasisilumdeiugity 2
4. \nFousuariniug mvedeuinfiuduazindeusluningdum 1
w3esiuiwalsl
5 msvudeulhuay | mammsaeuamstudeuluth uavauns _ 2
9IM15
39U 8
2) wuunadey TanadugyS (Foe a1sems Sy 20 Fe
3) LLUUUszLﬁuﬁnwnszmumimﬁwmmamé'ﬁv’ugimmmuugu%n (Scoring
Rubric)

P ) v a vy a A
4) LLuuaaumummwawa’lamammmmmaugmanﬂnssu ISB-Chem M4 13584
GRPRE EF]

3.5.2 UsEBINIUALNAUFI9E14 ISB-Chemn M4 (393 615819113
nquiregwiililunisvaass ISB-Chem M4 13a1 a1501m15 loun Fni3udy
Toufnwdi 2 TnaGeuriidesinerns sunerdifiesimi fuminguasiesd luniaFoud 1
Insfinw 2556 Tnewdenuuuianzasussenstnieussiudutisonnudi 2 Tsadouad
WHieaingnAns

3.5.3 nsiiusausandaya ISB-Chem M4 (584 1581913

S < aw ad . o a
Tasansiiluauidunuuisuan (mixed method research) 151888 08AVBINTS
Autiuns laganzdfevennueuaisiainagylsednednnivermans 4u .2 lsaiouds
Wesivenas IeelidniSoutu 1.2 whsiutanssy aell

1) dniFguvinuuuneaeuinnadugnsniinisiSeunswseu 1389 a1samis
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2) nFeuviujiRnng 1SB-Chem M4 1304 @158115 $1u7U 5 AaNTH 570 8
Halug Ltasdaluﬁ'uﬁnﬁanﬁmﬁaﬁwmﬂimﬁuﬁﬂwﬂizmumimﬁwmmam%susugimmi
ﬁwgu‘%nﬁﬁ’mm“ﬁu

3) WniFeuvuuunageutanadugrinianisioundudeu $ea arsems was
nsenuuuasunuANNRInelaren sInn1sSeuiiieianssu ISB-Chem M4 309 81587915

3.4.4 msiasizidaya 1SB-Chem M4 309 15015

AEITEINTIATIIdRYaIINNTVIAGDN il

1) WisuiisuAadanadugviniimsiFeuieuiesunasdaiou (309 a1581m03
fa8faNTIY ISB-Chem M4 Tlagnrsnagauatiuuudleg1eliidaseaanuy (dependent
samples t-test analysis) fiszfumnuidiedudasas 95

2) '“JLﬂﬂ::v?FhLaﬁﬂﬁnmnismumsmﬁwmmam%«ﬁy’ugsmmswé’u‘%‘auﬁasJ
AanT31 ISB-Chemn M4 Tasiinawimanaiiseas 70 vesrswuuiuasishuiutind oy
neusi¥aas 70 vaatini3oun e

) i = 1 L L. 3.d a A
3) MWﬂWLQﬁEJﬂ’)’]MWQW@IQﬂ@ﬂ’]i‘i]ﬂﬂ’liﬁﬂuzﬂ’lUﬂﬁ]ﬂiill [SB-Chem M4 1584
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anzdglduentduananTivguaraAuI1INan1TINY fall

4.1 I1SB-Chem M1 L'%EN N1SUYNET

v
<l

1NNSIATIEsTEYAIN ISB-Chem M1 (389 msusnans Téuadisd]
4.1.1 UszAnsawvasianssunsiEsuiuuuduieng
MANTIATIEIUTEAEAW (E1/E2) vesyaianssumsifouuuvduiany
399 MIUNATEITUNA WU YaRanssuMsiSouiiussansaimenssuiuniswienzuuy
nMsVeasutasndaugaianssunseuiusasyn €1) Andudosar 73.90 vasnzuuu
Wi uaziiussAnsnmuesnadnsusenzuuuwuunaautanaduguivdaiou (£2) Andudes
oy 71.21 wonzuuuliy Fady UszdnSameainisinnisisousaeianssunsisouiiuy
Auiene Sy 73.90/71.21 Feiiuszavanmgailaisuanszduauasisovasingeu
Aeulieu (M50 4.1)

a a a v o
A179 4.1 USza‘V]ﬁﬂ’]W‘UaQﬁﬂﬂﬁ]ﬂisﬁJﬂ’]SLSUUELLUUEULa']g L3849 NFLLEUNENT

- ﬂzuuuiwiwﬁﬂu ATLLUUIINNITIVIAADU
yananIa 1t | mean | SD El |4 | mean | SD E2
1. ﬂ’]iLLUﬂ’d’]SLﬁE]NﬁM

1.1 AN 5| 424 |071|8485| 3 248 | 0.71 | 82.83
1.2 msadamisnvinazans | 10 | 7.42 | 1157124 | 4 | 2.85 | 0.67 | 71.21
2. MIndu 15| 955 | 1976364 | 6 | 439 |1.20|73.23
3. ANSANNEN 15 | 1091 | 1.65 | 7273 | 4 | 273 | 0.94 | 68.18
4. lasulnsnsd 15 | 1130 | 1.72 | 7535 | 3 | 1.79 | 0.74 | 59.60
5. RNN1SWENA1SAINGTIUIR 10 | 830 |047| - - - - -
77 70 | 51.73 | 6.55|73.90 | 20 | 14.24 | 2.45 | 71.21

miwﬂsvawﬁmwmawmmnssummaumwamawu 1509 MSLENATT ganin
mcwmmla yisil snilennannisaeuwuudumnaiunisfansBeusitudiGoududy
FansdnRansuay Luu'lwu“t.wulmamaﬂgumsq Wunszvunisvinudunguy e
AanssumsdeuiusznaumeienssumsGouiiuiunsuitgmiivernvane hingeut
dusaulunisiioudyntuney fimsifanssudnisasiied jualasldnisuenansain
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sssuranidonlosiuluynununisiananssy  silidndeuiiruala wasnseiodedulu
mM3nnty Seennsowannvineenadoudilumeiiadunienq fu dsaliuszandam
yagaRansTunsFeudiuuduiens 3oa mausnanssssund geandnnasiiiimualy

NNNTIATIERIATIEIIUTEANEA N (E1/E2)  1839ARanTsunsisouiuy
Auiany Iswenanuniom wud gafanssu nsuenansidenan Jesnisnses fiussAvdam
(E1/E2) gafigauvinfiu (84.85/82.83) sasaunfeyaianssy msusnandenay Jeemsada
Frwdvinazvas fusedniaw (E1/E2) wihitu (71.24/71.21) uaggaianssumsuenansiile
e Fodlaunlngnisi fussansnm (E1/E2) drfiganinfu (75.35/59.60) anailaaunainya
Aanssuedlauninsmsit dedldrnudanudnnisit msudazeisdaimaruissoluns
avangludvhavangléinaiy uazlimwannsalunisgngadusinetu Wenviaudnlsly
Boai] uazinGudsmuduadludeimsvaaestudimaasdum aulunuianssy o
mswgnansiasiBlasiinans @ wamsvaaesiildnsuendldlidaou YszneufuiniFeuls
yhnnannaes fuveneaug Tasansdiataanieiiic Gouaula inlasuilnans iz
wednwuasiunsuendilivanuisianduguassalumaoudest JuhliinGeudou
Fadeilldhirond dhdaideanmsnsasuaznisaiafedviaraisiiussansamuesyn
Aanssumsidoudgaidonadeunnndanidesdlion Hull mavasssdurseaiug
Tnethiteidndsuaulanadinduasnauldnanimaass Adnau aguauslfeuasin
Hendeatumasiiiudinussdriu wasdhideudimuailalunisaasadueged Souasail
AT aynauuishlitnoudarudlaludonifmnntu

4.1.2 wadugmsnamsBsunsuTsuLaIuaaSY Bae nswenans

NANTIATIERLUUIAdaUTIRadUgENINIaF oY 1309 Mskendns WU
TnisunguietafinzuuuiadetouFou 7.73 azuuu wazazuuuadendauiou 14.29
avuuu TnoasuuuRdondaFouganiasuuuadondadou 6,52 Andufesay 32.58 uauile
Aneidensvagsvadfriivuungusiegelidassaotu (dependent-samples  t-test
analysis) wuiwﬂzLLuuLaﬁamaﬁquéwquwsL%'auwé’~1L'%'au'uaaﬁ'ﬂﬁaunejuﬁaatmqamH
AzuuUlRAg fauFsussnilteddyvadfisyiu 6.05 (1519 4.2) nnsisuliiou
AzuuUKadUgMENIINTFeuiasnsuenansneuSeuiamndaiou Fssuunawidaden 5
vhiedey wuhilfesasmmudwhluhdemsndumniian Ae 38.38% Tneifinvuuuiads
nowSsumiiu 2.09 Azuuu wazAzwuuRAENdFouY i 4.39 Avuuy dauvadanisnses
fi¥evazanufawieniian Ao 20.20 % TnsiasuuuadonouFourintu 1.88 Asuuy way
AzuuUdEnduFouvinfiy 2.48 azuun iJumsisvidemsnduduianssunimaassil
dniSsuAnauanlasazifeadestunsanidudiausesi iy Usenoutuinssuduuens
A dnlsududidenfivifieviinisnaassienuies vldiiauvannnaislunisi
fansau dnsuiuefunouarasoagildedredaau Sohliilanuiiwihvomadugnd
luhdeiigetiu dwshiensnses fifovavmnufnmhlunsSousiifign Weananingeu
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drulngiinla Wemissanisnsedlaefinuiiduuarlisnnin Jsdwaldasuuulunisasy
neultuLarwiasBuwAnaAaiursuthaley

M1919 4.2 WadugVENIINISISEY 1389 Msuenans Suwunanaitedes

y Wy nowiTeu | waassu AUA1IUTN ,
1599 At
mean| SD |mean| SD |mean| SD | percent
1.88 [0.78] 2.48 |0.71| 0.61 | 0.75] 20.20 | 4.66
1.52 |097| 2.85 |0.67| 1.33 |1.02]| 33.33 | 7.51
209 11.04| 439 |1.20| 2.30 |1.07| 38.38 12‘31*
133 |0.89| 2.73 |0.94| 1.39 |0.97| 24.85 |8.29
5. Tasuninsna W 0.73 |0.72| 1.79 |0.74] 1.06 10.86| 3535 |7.05

3 20 | 7.73 |2.76|14.24 |2.45| 6.52 |1.64| 32.58 |22.80

Y

wansveglidadRtyiiseau p 0.05 Weavinaausit dependent-samples t-test

1. NINTAN

2. psaneiesyinayany

3. NSNAU
4. NSANKEN

Wl (W

wiuldIniteulinadugrinnanisifeundadsugenitneuSouluyn
Aungau wsstindeudngiifuguauiiiuandeiu TarwaulaliiFouiden Lidesd
AnunssiteTeduiivsiou Tadeliflanuidmsviiasvidoasy wivdwnidniFoulsdsunig
Seufuuvduaneiegaianssunsuenans wuiwndouiirsuuundadougsiu wnens
Seuduvuduansdeyafanssunisuenans laawunsvinAenssiutursrsnuliingey
tarwildantudisiawardunidadnideuldiiinisaassnuiidimualy §ivels
fvuansnaneuievansailiAestseiuiiaussd1iu enseduliiAnauaulalunis
Fou dnouiidrusnlunimitianssulagmsideniviaulanndneidgauies dewal
dni3eudnarunseiodosulunisfounnielu emumdaidismiesunslungu 3
nszuaumsnguiliiniFeulfuandsumufaveladefunasiu WniSeuliunisinw
Aunhivdszaumsainseanmsifous IRUfoReselududmanazduniteniusudoyaas
Tudueiussuazasteasy Wndeuiidassindoudldmenuedliissdy venanifludurene
mnny §3deldnensndafanssuiiviliindeudlauazandnionliuiug: Anvinue
nszvIuNIImMIIne mand duaiuauaulaldidisauias anunsatludsegnaldly
Finse Ml InibitnGoutenudlaludansnniu dualiianufnwhlunsadou
gty it dumsiistuosiitudiymeadansesy 0.05

4.1.3 ATUUUAIAMUYBIAIING
 nmsiaTginuamureinuiveainioudildiunisianinieudae
Aanssunsauiuuduaemanuiinliug 30 Yu wui dnSsuireuuuannuamues
v} finzuuuiad 14.09 Azuuy (SD 2.17) anasannAsuuuRadugnENInIsdoundadoy
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3 1 4 d “ 2 aa | ) U ] Ia 1 U
0.15 Azuuu Anduiesay Welnsisiamensvagauadfirafiuuunguiisdwlidasyeaiu
. ] d Y o
(dependent-samples t-test analysis) WUTIASLUUIAAEATINAINUYBIAIN] vaRUNTaY
1 L ) :; [} 1 + L o r nnd L L
ﬂqumamam‘luumnmqaaWaﬁuaaﬁﬂmwﬂaanmwsxmu p 0.05 9991579 4.5

= Q‘ e
A1579 4.5 Han1Ivadeu dependent-samples t-test W3gUBUATLUURAFNGVENFLTY
WASAITUAIVIUTBIAIN]

Naﬁuqmé N mean SD t p
nduioy 33 14.24 2.45
— " 0.906 0.172
i3y 30 Yu 33 14.09 2.17 |

L | v

wailidasnnnineuiuuvduiaisniaiug dnleudeaduniidiusnlufanssy
mMsdsunnduseu 1wy maurunndeya nsianseyit

¥

daya AMTuUanumnIIgLasnITa
daasy vilwinieuianssouihismsuntymuasinieuansoverganuimenuasly
nnfanssunsseuilagldnisuenasannsssunalumsarelounnuziuldluaaiunisellu
Faiudsdaasumuasaluiuaidyan vldcnssuiidnsnmlunsudguianndu
wazdaaiunmsansinuilumsGeusddifeudadeiammng fafu dnidsuasianug

a da v v ° v o y 2 v a IR B4
Wunfeginliuigmimasaiian laedgwasimhidudinsyiuliifamsssdnle

4.1.4 arwiwaladanisFsudlgyafianisunistsuiuuuiiuiasmanug

M laeiaufieladentssuaigyafianssuniaifeuiuuudu
ienzmanuveinisunguitatiienisiamsiFeuiiviiveimans Ses nsusnans 3
UszidiulaslduuuinmufawoladonsiSeuinearans 25 4o wuin dniSouiidade
snuunrwfimaladenisiSoumeyaianssunsdouiuuvduiazmenud davuuuiade
fowsou 77.76 Azuuu (SD 8.39) uasAzuuuladendadou 89.00 Azuuy (SD 8.97) lny
AvuuudndaGsugaIniasuuadondaiou 11.24  Andufasar 8.99 uandledisd
munsagavadfrfiuuunquiiedishidaseroiu (dependent-samples  t-test) Wuin
AzbuuaferAdgVEIMFoundadauraindsunduiiednsganitaviuuadadeuday
e aifuddyvnsadfifisesu 0.05 fam1sne 4.6

A9 4.6 mmiewelademsiTowivenmansmeyannssunisideuduvuiues

L Aunawala N mean SD t p
| doudey 33 7776 839

— 832 0.001
| wdudey 33 89.00 897

unnanegwiidoddyy

d L
N3Lau p

p v
0.05 wavnaaumea dependent-samples t-test
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saFeuidiouasuuuanuuuianufimelasensiSoushegafanssuniaiioud
wuvAuiazmauiveainifounguiied usemsinnisBouiininermans 13ea n1suan
a3 Inefamuitanelarenisidovinermanina 6 ¢ dal Fruauesniesiniiu du
Ariivewa dumssauasaulunisdadula dumuillaniie fuewdednd v
Wiswenen wuih myinanufiawelasenaifeuivermandvia 6 diu fasuuundudougs
ninewdey dsarufawelasumiusauaseulunmsdnduls finsuuusufianifasas
21.40 Fegafian sesasnde amwfawelasunimesiniosiniiu fazuuuaufamihios
ar 17.40 wazaufianalasuanuiilandrs fazuuuarwinmiiesas 3.16 Faiiian 3
nsfitheuldilanadoudionuias fdwdnlufanssuniaFoudyntunay Aanssunds
yhldmsmawumshianssy nsuananfiawela uaznisasiiovhianssuiifunisdesen
AwdanUszaunsaila sy lunsimuanufiselasenisisuinermansbiingous
AIeEINIpeINIuLarTNasdy Tmnafissweneny Swesa anasdeasouaseunou
msedulafiarudednd fanulanhaandulaiuirufielalmiq fmnse 4.7

A5 4.7 muianelasienisiSeuivenmanicmegaianssunsiseuiiuudviang

. “ flout3ay wauiuu % AU

[ ven P nean | SD | mean | sD finanii
1. anwfianeladumueenesiniiiu 15 | 730 | 081 | 991 | 2.02 17.40
2. awfiawalasuauivweme 30 | 19.70 | 2.76 | 2094 | 2.51 4.13
3. anuawelasuausaunseulunis 20 | 1030 | 313 | 14.58 | 3.01 21.40

anduls

Q anuiaelasuanulaning 25 | 1591 | 196 | 16.70 | 2.05 3.16
E anumelasunnudedng 10 | 724 | 044 | 828 | 1.03 10.40
6. AUNINBlIAUAILRBITNENEY 25 | 17.24 | 256 | 18.64 | 2.61 5.60
37 125 | 77.76 | 8.39 | 89.00 | 8.99 10.35

mswumsauummwawa’lamamstsuumwmmnssnnmsausuuuﬁmmum
A3 Aifudu ondumssgaianssugaianssunisiSouiuuudu umsammswauswu
nr\]nssuwmrmmuunﬁ]nssumswmaaamswmmau’hLﬂuLsaq'lnamwmss waza1u1snn
aulalUlludinuse sty imsufuRfanssusmiuieuduianssunguitodiofum
Amauiazunlgmedniivdnnimisinermans uasianssulusioysna vildinGey
28NILYINNNT maammnanssuwmwumhLLa.,urmnssu’lwwmammswlwumsaulmm
nmvnaadasldRyiiinisouiaula maqwa’lwuﬂL'iau"l,mﬂmm']muawmauamsmasasu’lu
nsSeuduegnd  flanuguunsdou ummgﬁm’\ﬂmammamwmmams LRI
wisglonivesnisdeuiifeh Ui tRauuasuusidaulisndae
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4.1.5 msaiusena
PnMFensikadugninansioureindeuildiunsianisiouide
Aanssumsdeuduuuiuzmanyy Besmsuonars vivldindouiinaduquivnainagou
wda3ouganitnoudsuediifoddymeadarisedu 0.05 Faenadestunuifoiium &
wuhisnssunsFeuimunszuiunsuuuduasansaiansadugriniinisdounes
TnFeuliganiunusivisiualy visganimadugrinoudsusdreiivodrdynisaials
(numssal awfwus, 2551; WSAs1 Sumeun, 2553) Yeilwsrzmsdansi3ouifeismsi
s udinligidsuannsoaiueudioauies thiFeufimnudilaludeon Isasle
UftRTR Boudnszuiunisvinnungy ntemdedetunasiu fufduiustuieutasas i
aunseiosefulunisviifanssy  nduanseen  HarwAnasassalunisaiiawady
naenuai1snuildFenues (Furyay Taued uastigunnsel fuvivies, 2553) uenani
dnwaizresianssunsiieuddulvguivunumvenindsududdy dniSeuliiidasslunis
wanamAuiIIndeaumasieg vnliindeuianisieuiladuaziiaiuamu (nunissa
wae w1, 2549) SempiivdwaliinGeuinswanduradugrinianisndou 3es nsuen
arslulunneiigedudag venanidmslddeiiivuesaiamiaguam ilansedunrumilaves
undeulunisdoud msesenwuuianssuliindewinudungy wiensldniadeuduuy
sufeludumsdrsiauasium FailiinGouldilenauansauionels waniudsuious
Faunaziu i ldiAnn1svaemdeszuhradniFeuiins Uiunans uasdeu dawaliingou
ansaviaudlaldastu (e3yan atalwyad, 2549)
NMsieszianunmuresmuiveninFeuiildiunisianiseuife
AanssuMsFeuwuvauasmanuiiuluud 30 Tu wud dniFeuiinzuuuniunmuyes
ATufiade 14.20 (SD 2.45) anamnazuuumadugqvisnanisGeundniouiondnies 39
liuandvesradifeddymeadfszsiu 005 Maiiosan mssuiuuvduazmanug
TniFeudeadunildusinludsnssunisidounnduney Wy nisifususudeya nsta
nsyihdioya Mmswlarnumnewarnmsasdeasy vinliindewinnsdeuiluismsudiiym
Souslumsdrsleumuiuldluanunisallmi dafufsdaaiunuannsoluduaatyyn
vl suiidnoaimlunisuddamnniy uazfedaasunisandinrulunisiFoudaed
L?Uu%’azhaﬁmmwma avanLﬁuﬁ'uﬁﬂ'lwﬂwmmﬁwsvUvmwaaauaq wazaunsasen
ndunldlddn WefidaimnasusninnsduazhlfiAnaussanld Fammddananiaz
gni3onulddnade muummswLnulw.,nﬂmm'l'umaamam AN enmldauinly
nszuumsInhinnuiadunssuaunmsuitignde Wesnndunsuiumsititeinug
wiiuduiintiedndussuu udramnsasonuildlidnauaudeinis fafuinEouasi
mmsmuwuaam’[‘dLm{]mmmaamm Tnetgmaziwihdudnszquliiannisseanls
muu’qwumaaqLasunmmnmmswsam’lwummsm‘nuaumn @stiuv 9B, 2552)
mnmsamswvvmamsﬂsvmummmwa'lamaﬂmsamwmmam lngldyn
Ranssumsdeuiuuvduiazmanad e msuenans wstuummwawa'lamamst,sﬂu
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Inemaniviadeuganineueu sl arufiaelasenisideuinermandilumuiinyes
yararainemans dadusasnnsdeudiverrmans lneswfanssuiivainvans awudn
sandm Tin aruwelanuaivsuazeuds uanAuasUsslond asswinlunmuasiny
arussladounasdisuianssueingimans  nsidenlditvisineimanslunisfauas
U{UR msldanuineineimansegniinauniniaslasasig nsnsasdmaivasnads dwa
TiinGoufienufenelefiddenemans@aniudaaiunisaeuinermansuazmalulad,
2546) nsdalonaliinGeuldvifanssuislulazueniea3ou In1sujuananssusiuiy
wou (uRenssunguitetisfumdnoutasufamediiivdnnismaivemans uaz
Ranssuduneyana dnideudsbifarudemis waslimuguuusiFou suzsieaufiviy
UsglonvasmsFoudieiluldugianunasuunidaulddnde Guau snund, 2546)
uananiinanssuiieenuuulidnFeulsfnufvalasunuianssunis ddeulossuluyn
wun1sdaianssu Hroairmnuidniidveninouiidenafeuivemans viligizou
Boufagnfinnugy  wasasviilinanisSouigitudie mnmenainaudreduTainla
UniFouiiioudeyaisnssuinermand  (3aa nswenas danufianeladenisidou
emanivauiaugininneuiey

4.2 1SB-Chem M2 1383 UjA3eiadl

[

NNMIUATIEITEYAN 1SB-Chem M2 (383 UG uall lanasall

4.2.1 wadugnimaniaou Fes maiaufiseued

1AN1sIATIERAIAzLuLIINLUUYAdeU TaRadugvivnannFey Feenns
finusenedl venfniSouiildfumsdaniseuidisfanssuninidouslasldnseuaunis
Souduuvduasmanug wui umsauumuuwamau (\dy 21.17, SD 6.23) ganinnoy
Fou (ady 15. 00, SD 3.71) ammuaaﬂﬂmmqaommuﬂu 0.05 IﬂUNﬂVLLUUMaQL'ﬁUUE‘Nﬂ’J’I
noussu 6.17 Azuwuy Andudesas 15.43 (m519 4.8) Luawmsmwaaquﬁmammau"uaq
umsauuanmunanssummaus WU ﬂ%nssumsLsauswuanauumaé’uqmaquawumnﬂa
Aanssud 6 msmmJgnsm‘uaansﬂnumsuamm fiazuuuinTy 1.13 azuuy anduiesay
28.25 uazfinssud 7 asiaflluddaussruilazuuudindy 145 azuuy Anfudosay
36.25 mumaamnn%n's'sumnamunmmmmau%‘lwaaﬂﬂaaaL‘uau‘laanummﬂsvmauuav
TdenFoudiimlaluasiu mm’lwunwau’lwmmau'lﬂuaU'Ia'la'luLuammsuaumnﬂwu
Tnoanzlufanssufl 6 Aagdaoudalontaliiniswinnisdissnsasaeuiiion
arsUszneumisvannddlndmedudassiliiniZouinmnunseietoiunaraulslunis
msnmmaamﬂuamamn stwuwamsmaaumulﬂamwmw niFoudedanauduiunis
nansdrsaafidmaiFeuduny Tasanzislewuin aqwaai'lnamwmaqauﬂumsﬂs nav
A1$ualun BansedulitnSeuinaiwesn nSeudundtiu dlufanssuf 7 arsieiily
FIndszdniu wﬂwaaubﬂwumsaumm]nssuaﬂsnmmaa‘u lagn1sdndmunaisaieg
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sanilumuany lagliinGeudugimuanaeilunisiwunies aundnlunguasdasiuszan
auAailanunuiimnaiignnoudnsiuun Ssansidndeuthuidasuun dauduansi
tniFouedfludinuseirfunarlndsidu Taadlatnoudadwunansiaiaingouingou
ﬁwﬁaaaanuwﬁuauaﬁaawséaﬁﬁuwdﬁﬁmﬁauq'lunejuﬁ'u‘]Iﬁwsw%'a'lu'ﬁ"'umauﬁﬁm?auas
Ainmsuaniudsuiioufiiatu wldnsranudaunwies wasteRanannvaandunuiasitotun
Uudgdumavihauauioly uazdudunindulitinFeudouiiiessonulunuienelad
uand1eBnde SniaionuazisnssudinannsasuiingdalituinGouiulisnauduly
tnFeudulvgannsavild iliinidsuiaanunssfielesuilasFouiteiu

A9 4.8 AZLUUNRANNININNTLIIULENAUTIYNTINTIU LIBY ﬂ']'iLﬂﬂﬂ{]ﬂ'iU’]LmJ

U L= v o
fidulIyu NIy % AY

1509

,_
=
=

.

-

-

mean SD mean SD f1antia

1. Ujiseeildeatls 221 | 118 | 283 | 127 | 1033 | 253

2. wasrwnunafiaufizen 121 | 106 | 208 | 118 | 2175 | 371

3. Yaduiinasenisidaujasoail 308 | 117 | 363 | 154 | 687 |0257

4. mainufjievadlany 146 | 138 | 221 |098| 1875 | 291

5. maaufizenveansaduiva 150 [ 093] 225 [098| 1875 | 243

6. MmiiaUiTevansaduaivaiun 079 | 088 | 192 | 155| 2825 | 351

7. aseiluTiaussdniu 113 | 074 | 258 | 1.06 36.25 505

B E-NE- NN NN

8. namsl¥ansiaiineTiauasdainde 354 | 156 | 404 | 1.20 833 181

37U 40 | 1500 | 3.71 | 21.17 | 6.23 1543 8.46

s

wansnvagalidedAnyiisedu p 0.05 Wianmaaudae dependent-samples t-test

nﬁmssuwunLsauumstu‘uumawaaquﬁmqmswaumam Ao Aanssudes
{]aaawuwamaamswmsmﬂﬂgnsmmu fasuuunuiu 055  azuwuu Anlusseas 6.87
\leannfanssusanaiiiomfideutrannuasdudou fonarreutieifadncous
L‘%Uué'loﬁ'lmﬁuﬁ msﬁmﬁa}nsiuﬁalﬁussawamuﬁﬁ"ﬁﬁ wanffofnsaunisuiiounisdanis
Lsau%‘[ma'lwnsvmumsLsausLLUUﬁULmvmmmsLﬂiaUmaunums'bunﬁmssummaus
WUULRY mwuqﬁaﬂuaﬂswLﬂalﬂuﬂwmum wuhtnissudlugliauaula wasiianny
nssiededunarldlalunisiFouniniu st'lus‘dLLUUﬂﬁmssumswausmLUan'l,mJ wazdens
aauwumrmmU'LnamLﬂumsmUﬂiumuﬂﬂuaulaﬂummau'uaqumsau SnvannsdaRanssy
mswmaaamuquaﬂﬂumaLuamwwisqLsau'mﬂqﬂnsmt,t,azmst,ﬂu iliasluaiunsedn
tnSewihmsmaastls dwalitnifounainvznismaass nsldgunsaiuazeiainue
nIsUIUMIMYIngImaniduieuazdmalinedouilivssanuingussasd anuidall
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4.2.2 ﬁnuznszmunﬂsmﬁmmmam%i"fuu“smﬂms
MmMAETSIEERsT UL aRituys M svesinsud
lﬁé’umi’{fﬁ]nwsﬁuuﬁﬁwﬁﬂn'i'ium'iﬁaui’lmU'l‘ﬁn'ismum'iL’%'uuﬁLLUUEULawsmﬂamﬁwuiw
ﬁnﬁ'aufxﬂsLLuuanwnssmumsmﬁwmmam%‘??uy"immswa”q@au a8y 15.13) gani
ey (ady 10.08) adeltudfyneadansedu p 0.05 fuanduniss 4.9

v

71314 4.9 ﬂ%LLUUﬁﬂU&’;ﬂ'ﬁSU’)Uﬂ’]iW’N%WUﬂﬂ’]aﬁli{‘l‘]’u‘t{im’]ﬂ’li‘ﬂaﬂLLEJﬂC‘I']iJ'i’]EJ‘V.I’ﬂ‘L*}%’;

iy | Adaudau | wawSEu | %Ay | At

NNuy v
mean| SD 'mean| SD ATINUN

229 |157] 3.08 [121] 1129 | 248
146 |0.83] 229 |100| 2075 | 374
150 |1.28| 267 |1.09| 1883 | 425
204 |127] 363 [121]| 2271 | 561
275 |1.89| 346 [132| 1183 | 253
524 30 |10.08 [4.69|15.13 |3.55| 1683 | 831

unnAnsatniltoddyiiseau p 0.05 Wevadaume dependent-samples t-test

. MAUALAEAIUANAILUS

. PauyfgIu

- AvuatienandaljuRnig

. NIAEBN

A LN |-
AN | ~NO PN

< vV v
. mmwwmwagauasawaaqﬂ

Lﬁaﬁmsmv‘fmwnssmumsmwﬁmmmam%‘i?uuvswnmﬂuswUﬁnw wuin
ThEoufinsiufuresinuenisvaasiuazesniuunisnaaeanniign (fauas 22.71) uaz
sasannAernuznssmuniomidfiing (Govas 18.87)  diuvinurlusudus fins
daturesezuuuilndidssiu KadidlesnnmsdaienssunsGeuslaeldnssuiunsidous
wuvduiazmnanudidusuuuunmsdanisdouiiiulithiFeuldindusenuuunismaaes
wazvhnInaaeseaues Javilitndeulifnuedunseenuuuiasinisvanefistugs
dmalminFouiiazuuuaioiiuiu warluurariunaureiansaumsdouilaglinssuuns
Soudwuvduazmanudasituneutesnsfiniineenssuiunismeinemansasaunsneg
naluynduney SuihliinGouiivnuziuty leedideldeenuuuianssunisdiss
asaeuiiiiiladiouarinds Wy AnssuiFecadeiiivadedasmainufaten giduls
HenlduiTenseninnsatuansusvneuasueiununlilumsdafianssulagfidelmineu
\donldasusznaumiveiunileglndd 1wy wWaenldda Wl Wasnveswiladag luguwy
ulflunismnass nMsdaRanssuazuanmssmuadgmisiuindeuud ddndeu
penuuUIEn1Imaaeiionauilgm fedreilym wu “dniSeudadnudenvesiiuangiu
wazunazdon szinadennuiluniniaawfaniali’ 9ndu dnieudazdestetuia
wazoanuuuIsnslumsuitigm Andmuadiudslunisvaaes wasyinmsnaasssuiu v
ThinGeuifnaynauuuasiuuluiunssudidasiion danaiddudunsaduaduay
WavinwenszuIunIMYIngmansiiuniniGey
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4.2.3 anunanelavestinieudanisdaianssunsissuiuuudrsnansiaciey

nn1Tasuatnauianelavesinieudenisdnfianssuninieuilaneld

v o v 2 = v ¥ vaw vo
ﬂ'53U'3UﬂqiL%UUELLUUaULaW31)1']?]'3'1113 LLUﬂL'fJu 2 aUuAe 1) ﬂ']ULﬁaW'\LLaSﬂ?'\MEV]‘LW'iU

wuin UniFeumumeinfanssunsiieuilagldnssuiunmsiouiuuuduansmanuidasii

Tnidouldsumudiiuanntu uazidewt wnans luaud famnumnzauiudesiiou uaz
eliindsudladennldfuasiiulstlonidenisifou waz 2) dufanssunisdouuas
Yan wuth dniFeudiudied Aanssunisdeudiidatukaznisnnaes faumutzauiy
devnfidou iliiniFeussinasdieujifuasdeusdrsaunauiu drufangunsaiil it

< 3 ° v o
AUV SAULATIWEIWORDITUIUUNLTEU (R15N 4.10)

R1919 4.10 ANuTnalavesiniaunan1sinRanTTIMasEusLUUA15I9I I8 UN

L s1en1susidiu mean SD 52AY
| n) dudlamuazanudiilas 415 | 1.35 Wiusae
Ll.ﬂ’nL‘%’uulc'f%’ummftﬁ:mﬁumn%ummﬁu 4.08 0.81 Wiugae
Lz.Li“:z)amﬁﬁau'l,uuﬁiazﬁnnssmLwiaxﬁv'iiahimntﬁulu 4.29 1.06 Wiumne
3. psvuuuindiataglvinGsudlsludemfGounnddu 3.83 1.03 WA
a. 'lummi'ﬁmﬁaﬂﬁuﬁm'lﬁﬁnL‘%uuvﬁ'ﬂmﬁumﬁu 4.17 0.85 Wi
5. iewluwuudndialiisnniAuly uasfivSinuiingay 3.92 0.70 Wiuse
6. msasflaufiinevaaanilvinGsudleluidevunnd iy 450 | 076 | \iukwednds
7. nGeuiivinuenssuIunMsnanemans isanny 4.38 0.73 WU
| 8. ndeuienudnenniGewirinemansiunniu 454 | 064 | uhuseagiede
9. tindeuRniivermaniludedndiunniaiuy 4.13 0.78 WAume
10. ﬁ’m‘s'auﬁnmm@'%'uhﬂ'ﬁ'ﬂssTa‘nu"lu%%mstﬁﬁulﬁ 4.25 0.88 Wingg
| ) AuianssumaGsunasae 4.02 2.47 WiuRng
| 11. mivmassisntuaanadasiudomiou 408 | 1.10 Wy
le. ﬁanﬁuﬁﬂ"ﬂ‘ﬁuﬁmwuﬁwma'lﬁﬁ’nﬁ'auamnaaﬁaﬂﬁ% 383 | 107 sy
13. Jangunsaiiildfienumnzan Uoond wanitsame 367 | 094 WudaY
14. nsdafanssuvihlminSeulaldauanunsomuineraans 3.88 1.05 Wil T
15. UniSvulauanianuieoneals LLaz%’Uqu'\uﬁawa'lwaq@ 4.08 1.04 Wiughe |
| 16. dndeuldFouinssunaumainunduanniy 388 | 093 Wiuey
Ll?. ﬁanssuﬁ%’m%u'&w'lﬁﬁnL%auaignauwu'lun"m,‘%au 4.21 0.87 Wiusg
Ll& N1VAastiaNeINEwLrautuALa I Save NG By 4.17 0.75 Wiuaag
19. fanssumeaFguiuuudinssdeunnaivemans vinla 3.96 0.93 Wius
UniSeureuiuAmnivemansunday
| 20, nsvaesiirRy FliinGeuiladomiGeulATay 392 | 1.00 Wudy
| 57 405 | 758 |
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9101579 410 TaenwsiunudninSeuiuiisdunisdaianssunisiouiuuy
d151amsraaaun1eingreans wlusuidemanudildsu wazdufanssunasYagild
yaideannfanssudisansndeunsinenmans Afideaiietu wunislifanssuilie
warlndiTni3auuiniu detaggunsaiiléfuiuldandseciifioglndsiniiou vild
dnFuitumnudidiydonisGeuineimans warannsamiuiiveimansludenleeiu
FAnUszirTunnbetu dwaliimunseiedosulunsdounnndsty Snvishanssuniseu
wuudrsansrsaeunivivermanidadufanssunineuifidalonaliiniSouls An
ponkuY wazuitaysmenuies WisouinsyiAanssungy AunuAuilnignienuesnin
nsufReTanasidalanaliinFeulfinounsmuiuasdiaudunuliuniious Bianns
wanidsudeudetunasiu sakimehinsalunsGouitniFouldadioujifdeauies
fnswedeulnisianme wavldaudaudlatlyw dndwmaliinSeuliianudends uas
TarwaulalunisSounndaty fawandnnnadeulugluuuiniiaslddedulng
tnouasthegiud Boufudfsadaniwasvgu]] Wldadiaujiivevinsnnasass
tnFouiadnmnudamie deagfasuuuasusuuuuiinsmsaeuiithilitniouasile
UftRnntu dndeuddienuaulasazayndunsGounnd ety

4.2.4 MsadUsunNa
v a < v a v v 4
nnsdafanssunsFeuilnglinszuiumaieuiuuuduasmanug 5eq
Uiiseuall vinliiniSeuinansieuisednnineimans Sas madaujisenad wdauiou

a . & ] 'V dw o w aad Y 4 & o v Y a v
LWNaQ‘UUQ']ﬂﬂE]UL%ﬂuaU'Nl]u{:la']ﬂfy]ﬂqqaﬂmVﬁxﬂUﬂjquL‘Uauu 0.05 93damAdaINUIIUIRY

u

frhuiniinudt msfamsiSeuiladlinszurumsidouuvuduasmauddisiiliingou
fvaduquimansBeuiiaduaniad dudseiu, 25saisimssianssuninoulaeld
nsruumsitsuiuvduazmaiuiidunssuiunisdanissoudinseduazaiaady
wsepslalifniSeulaldmnuirnannsovesmuadunisujiafenssuiitiunssuiunisuasy
nMsidmiinvenindou wandenniesiiniFouaunsafuaiildfieauies uarlndm
mmnumswl«zﬂummﬂsumau bR waynauniwdawduinlunmsSous (dannsw
duéy, 2550; RN thumzudy, 2551) ms'L‘uaﬁmsaauLLauﬁanﬁaauwmnuawmu'l,vi
ussainqussasAlunisaeunay duaeligiSeuliiiamnudemielunsidoud waveaels
AeuiipmnseAesaiulumsiouiediane (Manssa wialy, 2551; qantad dewsny,
2553) anmsﬂLLUU'Lumsammsmusmuu'l,wunLsﬂulmawaﬂgum Wowaunaug Tovinue
nszuumsiuns Snduna Ao auufignu LLmqmmwsmammauwamaummw
aung el ouiivinuzmsfiniinsizd Anduaseifiiugedu (eodud agguanan
fix, 2550) aqNa'qunLsuuuwaaquﬁmqmmaumwu‘uu
unLiuuwLsaumamswmamssunﬁtsauﬁma‘lﬂnsumumstwusLLUU%U
LnEmANg umsmwuwuaqmLLuuwnwunsumumsmmwmmams‘uuusmwmwaqLsauaq

mwnaulﬁauaa1quuamﬂmmqanmm"mummmauu 0.05 %QﬂﬂﬂﬂﬁﬂdﬂUﬂ?u?%&lWN?uN’]
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(amtad  dudsedu,  2554) esnindanisiFeuiiciuliinsuldujdasse wesld
nszurunsngy dniseuldfndrfanssudunmsduaiulaineuldinue nssuiunisns
Inomaniilbiiniouduiasuarlinszuaunsldedragndesauysal wazlmivinue
nszuIunseIngImansiiiaannistniianssunlilunsaitgn ef dunae,
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4.1 YRUNUNIVAADY 319 | 292 | 312 | 3.08 | - | 1231 | 308 |0.11
4.2 UjuRnisvaans 350 | 3.62 | 3.65 | 3.62 | - | 1439 | 3.60 | 0.07
4.3 AuAgILAaI LY
335 | 354 | 369 | 323 | - | 1381 | 3.45 | 0.20
N1INNABY
4.4 Yuiinuan1sveaaa 327 | 3.27 | 335 | 335 | - | 1324 | 331 |0.05
5. finuvuetayanay
y i 319 | 323 | 304 | 331 | 3.19 | 1596  3.19 | 0.10
adaagl
6. YILaUBLAZ 189 TUNE 342 | 354 | 331 | 354 | 373 | 17.54 | 351 | 0.16
52U 23.04 | 26.08 | 29.21 [ 2632 | 9.88 | 11453 | - | -
B Souay 82.28 | 8150 | 81.14 | 82.25 | 82.33 | 81.81 | - | -

e nasidunfesas 70 fifevavveaindeuiiuwaslifhuinasiiu 76.93 uas 23.07
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AvuaRIMIIBLALYaULIAYEIR IS aTaA WA T e sHuRuFuUsaufiegly
auudgnliidlansafunazannsndunavdotaldlumsusseradagusssudadumsimun
AUMINE VS evaUATBIR VT aRuUsae g ldanauasTald IHldAwinfiaasT e lile
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Wasuuamisneniw mnefa nswasuulasiiieadestuani@vaineniweesans wu
n1swdsuaniug nsazats nsiisuiaasuulamdanisidsunlasandananaiss
wiloudy wagmsiasuulamiaadl vnefis nswdsuwlasiAsafunisiaujizead 3
aslmiatulnsanslmifiiatuasiiosduszneunazanimmaniiuandeanaaiu sy
MsWRUITNYENTEUIUN I INE Aanstuy s nistagldyaianssunis
Boufuuuduiasmng 383 msuazmsidsundas Inefinusidmnediesas 70 ves
AzuuuAILas s winGouiunsiieas 70 vesinGouiamua wan1idenuth Wy
nszUILMIMIInImanituysumsveindeudiavuuuiadoogluinmeii (3.28 910 4
azuuy vie¥avar 81.81) lnsiitniFeudesariiunasinsuuudosay 70 Wy 76.93 uarly
ANt 23.07 muadu Fesunasiitmun Jaduluauemmigiuiinel
nsdafanssunsdouilaligefnssunisSeufuvuduasmiaiug o
ansuamsidsuuvas annsovilidnsuivinuenssuaumsmainemansduysanmsls
061937y msiineuiasuuwinuznszuiumsmisinermansgmdnnldgatansuie
duasivinuznszuiumsmainemansanadumaein gatanssudlfduliingouldadle
Ufiinsmnaesais wazlimsiduianssunisifoudiasmsmaasidefisnssunsiFousild
nsvuumsduanzmag WuefesdlentisbitnSouiamsGouiedraiufuneu Ju
szuunnszvaumaieud SandnnisSeuiuuuldnssviuniamdinermand dudy
nsruuNIsualImIAINiTINNsUTReTifiaenadesfun smuinuznssuIunI M
Inormanstuysainisvesinigou (Yeassn anen,2545) n1sYARINTIUATSoUS
nenrnanstifivszansamivdndudesiiiunmsluguiuuiiver avanglidnaanfumaia
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a v a al s L g < L Add’l 3
eAaas ‘I.JﬂLiEJ‘IJi.Iﬂ'ﬁWWU'WIﬂ‘i:}:;’ﬂi%U')uﬂ'ﬁVI'N')VIU'lﬂ'laGlﬂui%ﬂU‘Vlﬂ'UULLaL’WU']'lﬂ'ﬁ

Aaldonfanssy nuwazwalaunIeIneImansissanaldiiininzauiunving ey
FnvgnszurunamsinemaniluidasyaianssuwazAsnssufinnuiraulailefiaz sl
YnisvuaulanasiinaunssielefuiivsAnuaginfanssusdeaynauy ildnisiege
AanssludduaSuinusenszuunismainemaniUszauaudnianndstu (nunid uas
33nsUsan, 2550) dniFouiiiousiogaianssunisiiouinunszuiunisduiaizn
Inermaniannsailiiinuselunsuaameanudituiivinvelunsideulosaufadn
mufulaedisourruvadunqulneusasnguagladnvisouianyaianssulaesindunans
Auawale wagedusefumealunguvilvigiSeuiinnsTouimedites nszauliinay
auly nsvfiedefulumadouiumntudmalivinusnssuaumamsingimansisdu

4.3.5 aravsnwelavaniniFeuranisiisulaeldyafanssunisdeuiuuuduians

MMTiaTgikuasuamantielanenisdaniseuidoyniansmuns
Fouduuvduiaismennd Bes asuaznisivAsuulas Tnsudsauioneladu 2 dau
dauit 1 WunafanelafifisensdnnsidoufegaianssunmaFouiuuuduansmeanug
yiaunsiaulssuIual (Rating Scale) 5 szaulnsuvaiu 2 du Ae diuanumunzay
vosaRgnssunsiFouiiuvduasmanay  Swau 9 9o uasdulslewinieddidann
gaRnTsINsEBuiuUUAUIEIEANLS S1uau 6 de daudl 2 dniFeulidelausuusifiua
Tuusziiusneg suanuAnuesinsey

43.5.1  anuimeladantidanisiieuiateyaianssunisiTouiuuy

duidng
nansAnwiauianeladenisianinouilaeldyaianssunis
Seujuuvduanzmanngg Fewsuazmsidsuas udinnsdanindeuiingldye
AanssunsBeuduuvduasmad 3o arswernnawdsuulas @n1sad 4.17 wui
UniFeuiinnuiianelavasdnifouduauminsanvesafanssunisisuiuuduiizm
mnufeglusziuinnlasinEoulianuiiuin Muanuminzanvesyaianssunisdeuiuuy
Auiazmaruiiidinede 430 uasfulsslonifldangeianssumadouiuuuduezm
miiiRade 4.28 efsansivazdentasdadan wuii dnigouiianufioweloves
tnideudumumnzanlagaglide aunsel triesile 1wy gunsainndinemans suaw
YOITTImNzANAUYARInsTIMsIFEuIUUUAUEMIATN] wag nsFeurggaRanIsunTS
Feufuuvduasmanuiihlitndeouianuaynauy fidiade gega wiidu 4.62
sevaan A Mdemiannsaiimavaassieauiedd Srnadowihiu 4.58 waz  wuin
iniFeuiinnuiiaelevesinidoududssloniilfangaianssunisiFouiuuvduazm
arwiaglussiuinniidnade 4.28 efinsanneasidenvastosomnisiouiioa
RanssumsiFouuuudumznmanudriliinGoudnawaynauu e gaawiiy



AnAFs qnws a6

1%
st o

S a vaa o v v v é‘ Q.
4.6259383U1 AB msﬂg‘umn%nssumsmaaam'lwunL?Uuﬁm’mgmmvm'lmuammnwuuu
U A 3 L2
ALR[YMWINY 4.38

ATEn 4.7 anudianelavetinideusegananssunisissuiuuuiuswiaug

widaRasan mean | S.D | ¥R
ATUATUMLNZANVIYANINTTUN I TOUS 4.30 | 0.19 | wn
1. Aanssunsvaaeslutpiangsy muwmshzaniudniEou . 2 412 | 065 | @
2. ilomlugaianssufimnudiladng 423 | 065 | @
3. dnwilugaianssuoude e 4.08 | 084 | @
4. mawaeandesiuianssunmsisuiuuduasmeanul 415 | 073 | #
5. gananssun1sieuiwuuduaesmanuiiisrwaul 435 | 075 | @
6. nwlsznaugananssuMIEsuingay 431 | 047 | #
7. aanilunsdafanssuniadeudiiemummnsauuidon 4.27 | 067 | @
8. fidlemilaunsainsveassenuiedls 4.58 | 0.58 | fun
9. asldde qunsal Ldesle 1y gunsaldneenand sUAm

A v - 4.62 | 0.5 | fuan
ﬂﬂﬂﬂiﬂtﬂﬂ?%ﬁﬂﬂuﬁﬂﬂ%ﬂiiu

y o a
aulsluniviadildnngafanssunisiou 4.28 | 0.21 | wn
1. dniFsuausasuilewiuasnaumaunnyananssula 435 | 049 | @
2. ansmhaudnngananssdluilszendltluginuszariuld 408 | 063 | @
3.n3duussgananssuvitbiaulslumsdeuinermansuintu 423 | 071 | @
4.ms3eusmegananssungidlademiuunGauniniu 404 | 072 | @
5.msufUananssummeaesilvilifnulalievnunngsiu 438 | 064 | @
6.n3\3uurnggaianssuviTbiinEsuliaauaynauy 4.62 | 0.57 | fvn
P
lnglades 4.29 | 0.10 | wn

43.5.2 daausuusiuinlulsaidunicg auanuimelavesingou

tniFeuldlddeiausnusiiudunazdofauiufsadunisianig
BouslagligaRanssunsiFouiuuuduasmanululssidudsielud A vaunismaaes
a3l sanlviinsmaasannming ssnlifiAanssuuuuduiasmanuidn sunliagde
gUnsainsmeaaaiia wazilsuusznavfanssuiinunnty wavesnliagwidunudiieaiu
Imermandiunndulusswitehianssy Nnuan1sAnwmuianelasienisdanisiseud
Tagldyaianssunsioufuvuduiansmaimg Besaisuaznisivdsunas ndsannis
FamsiFouilagldgnfanssumsiFouduuvduiarsmaimg Fos arsuaznisidsunlas
wullasnmsuilanuiisweladenisianmsGeuilagldyaianssunisGouiuvuduasm
mwieglussivinnlasiirniade 4.29 dudoauumasguiiainfu 0.10 wassinGoud
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Auanelasmuaumiranuassul seleniven1sinnaisuaiggananssuniaious
wuuduiansmaiiade 430 uay 4.28 Feegluszdusnisaesdnuidoradunationn
yndnieuiidasslunsGeuannisiadeuiiaeldnssuunsduiasmanud ladnwAuat
1NMTdITIInITaAedLagATnssuivatnuats  lunisWauniineznszuIunImng
Ingrmaniduysunisvesinidounasidadielumsufuannssusmenuies Annmgaly
nsseuitnseuiniannumagilavasiiawiitnelalunisiSeulegldyaianssunistoui
wuvAuiaemannny (nud dudan, 2550) Fansdananssy nsFeuiinermanslagld
nsrvumsduanemanuiinGsuldasdislunisujudnanssuimenues weauaalunis
SouitnSeuinieaunagiilanariiauiwelalunsSeulasldnssuiunisduianzm
mdoglussiuiniign fuiu  msdaRanssuniaFeudfeyaianssuniageuduuui
wgwnd  uennagvinliinGeuinadugvinanisFeuituuddetauaudnusd
RaUszasaunaineuamangnslnos 1uase
nfinaranagdliingeianssumsisauiuuuduimsmanuiidudonisiSeus
IngrmansannsanszuligiFoulsauduniemmmneululsafuiiimuanunssuiuns
fuiangmanudiieliifiansdouiiudeniudn udnns voui aaeasuntsasiioufjiints
dulansmaingrimanidedisdauaiuuasiauninuenssuaunmdnemanstuysunnis
yoainiFou Fasznause ﬁﬂwsmiﬁv'aaugﬁgwu vinwenisivuailenndaljianis inve
mMifmuaLazAIUANFILYT Yinwen1smaaes Minyensiinnuvinedeyawasasioagy Wnus
msthiauauagssnusanIvnaesdaezdmalifiFoulidnuusifaszasdld

4.4 ar1inaasy ISB-Chem M4 L‘ﬁ'aa #1591U15

nan153detutsennidu 2 wine Tiun nadugnsniamsiou wazvinwensruIung
enAaniuy I Al

4.4.1 ASHUUNARNNENIIMSISEU 1589 81981915

4.4.1.1 AzuuuRaFugUENIINISITEY 300 @150775

1nnsianaduguinianisiouiounasvdanisdaniniouiiie
AanssumsGeuduuuduians wui dnioulineduqinoudouads 11.59 wasnaduquings
Bouady 21.38 Tasuuunrufminade 9.79 wiefeuar 32.63 (el 4.8)

Mnmslangiasuuusuunasidenn wuit ludewd 1 auddues
Ufisomesmnilulawmsn wuin dnSeuilievazusinuinamingsiiande 34.43 azuuy
nadugniniansFeuneuounazmdnioy whiu 3.10 uas 5.51 audity Jaduidoly
mauﬁuﬁﬁ'ﬂﬁau’tﬁm'luau'la'lumﬁﬂﬁaﬂiiumiﬁ'aufmﬂ iefnsanAaendeuaze
gundwuniuiete wuirfeasuilsziuaunniraglusziudoudteenn sgralsfinu
pEhuuMdATBUNINN I ARIULABU S Bue el ddyn9adRTisesu 0.05 (AsuuuRdsnioy
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Founazvduseunindiu 3.10 uay 551 audau f¥esavvesniuinininge 34.43) dmiy
ol 3 audAnazujAsuvesnslulaasa FududonnAnrmilassadanazauiivig
Uszmsvasluiunasisiu fenFeuldasdiovnmeasnisntu Uinunsaluiulidud,
vonhuirusia uarmsafaluiuluewsueiinlasliiuassnisududwiazany
WedsaazAummedidnsuevihiinSouianunszieTe fulunsdey dnsld
nszmumsnzﬁuﬁﬂﬁﬁm‘%au‘tﬁuamuﬁaummﬁqwa'lﬁaﬁ'uuasﬁu fnmsthewmdedetunaz i
vlvinZouiinudlaluienundu Weinnsandmueindsuazagunaduundy
sredeveruunadeuianadugniviinaiou Tudifenn Bes audAuagUiAzervesdiia
wuideasuilsviummenieegluszdutunan Ussnesufuifuiidelusewheduingou
annsavAanssulunsruadaniaSeudlanay

< @ £ o ° Y W
19190 4.8 maaquﬁmamsﬁau L399 d1991UNT muunmmﬁamwan

s . L | reudeu | wdaSeu Aufun _
\Wawuan \Au A1t
mean | SD [mean | SD |mean| SD | %
1. audBuarufiizevasmilulawmsn 7 | 310 [1.37| 551 |1.37| 241 |[1.27]34.43|11.84
2. audfuazujiseivesivsiu 13| 521 |1.78] 9.18 |2.06| 3.97 |1.40|3054|17.67
3, auvAukazUniowesina 10| 3.28 138 6.69 |1.82] 3.41 |1.62|34.10|13.17
| bl 30| 11.59 [2.56] 21.38 |3.69| 9.79 |1.85|32.63 3303

* ' ¢ du o w aad ) P v
LANANBY NUUBEAYNNADANIEAY 0.05 Wanaasumie Dependent samples t-test

doRasanezuuudwunaudonmdnlunimsn  wudr dnious
AvuuuradugrEndaFeuginitnououedeitud dymadaiisedu p 0.05 w3 lew
waneinn1sdan1siseuiiieianssunmsiseuiwuvdviaemauinuiuianisuviung-
Funa-eduns annseilidnSeudulngivaunsmmsdeuidedu dewnainnis
Jamaseuiiefanssunsseuiuuuduiasmanuisuiuinssuiung-duna-asuiy i
TiinGoufiaudlaludom  Sdwdnludnssumadoudediaib Wasleufuaese
Boudnszuaumeviheungy finthowvdedeiunasiu Tufduiusiuiounazay fianu
nigdeTeulummhfanTsuiinnu Anadvassd naenauamnsnainmuilamenues (45
WaR uazdnded gaiws, 2550) wasdsdaaduligiFouliiBnsiununudeyanuanes
msvaaefils udnnwssuidusandailsaiifundnnisitiduanuimainemans e
tineduisuaniudineuresdinuilddsliluneudu dnFeudamdlaludenwnniy
(a¥yeyn afimlwyad, 2553) Felutuadremuaula (Engagement) wasnisasuluudutaIsm
A} §idulddaRanssmiune-dune-eduie FadumsnssdulsitinGeuinusagddaniely
wiansakedainermaniieafuiandaniou e lugmaniiinisduniim
fmeusinam warannsmhadiunaaduawilnisnoaues fwonndasiuauite
waneisoalldtinisdnfanssy POE iensefumiuesnniesiniFeuasiniiou Tasfanssy
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POE agtaudrsiauwuinnuda anudile wavannsansyquliinifeuduiazmiaiuime
pues (1fiwn Usegsus, 2553) uenaniimsdafanssuuuu POE Saiilidnidouliideules
sywinanunsaifiietuludiausesniuiagnszuiunmamdnemansiindoulddaing
yasowazdufufisnuoudnihungnseuisaniunisaiiug @ansud yarsuta, 2553)
TneiniZsuudaznduisiudnnmvassaielildidneunaniunisaliingmualivasds
frufussnuuumsniufinuanisnaaedle (Filwe wiyd, 2553)

4.4.1.2 Matsuliisuasuuuaufivesaduqnsnenisdeuntely
nguYaNInFeY nguie ndudiunans uasngugeu
AsWisuiiguanufmieesadugn 139 a150m1s sewine
tndeunduis nguuiunans waznduseu Tneuanguanazuuukadugrsnnamai3ouneu
13U (AzuuULAY 30 AzuuY) nduina A dnidouiifinzuuunououganindiedouindu
Wesuunesgiu nguunans Tiud dnieuiiiiasuuunoudeusgludisues Anadeuinay
dnndoauunnsgiy wasndusey taun dnifeuiifiesuuunoudousiinit Anadsavdiy
\Wouvuinasgiu :nmsiesigd wud dnideunguinedaiaduaziuuauiimines
wadugrivisnisiFeu 10.67 Fesay 35.57) uannirdnidsundguuiunans Aileadsaziuy
Aufuthuewmadugvivnamadeu 9.76 (Fevar 32.53) uazunnningusey fisiAady
AruuAI AT e e dug VSN T3y 8.80 ($ouar 29.33) miudsu waiilasan
msFsuseianssumsouiuuvduiasmanuy dnasFeuduvungy dnSeuiliieinesd
unumaniian Usenaufuiinginssulid nssdedeiulummiienssn fauAnaiiassd
naamauansaaiinuilithsaues Juilfienuiamime swadugriniimsFeuiias
dufnidsunduurunanuaziniFsunguseuiidnadsazuuunmuinamiiveswadugns
vensBeulndifeeiu WesniniFounguuunanswazdnsundudeuiidnuniwlunis
Seudheisnsduiaymaiwiegluinasiviunans Yssneuduianuaulsldideudtasii
dwalinuimihvsmaduguinisnisioudeutiad egrslsfnuiletinssidaenis
nadsuAiLuunguinadelidassdaty wui1 asuuuadenaduguivieinsifoundasoy
'uaaﬁnﬁUuﬁqamnejuqaniwdauL‘%ﬂuatiNﬁﬁaé’wﬁ’cgmaaaaﬁsxﬁu p 0.05 fapn3197 4.9

| o = o o v o 4 v o
AN 4.9 N1SUTBUBUATLULLARENaUTINLATNEUTEY 1589 @199 vasdniSou
melunguine nguuina uaznqussu (ATIULLAY 30 ATLUL)

Ve UniSeu | neuisey G AN ,

QGHLEELURR At
(Aw) mean | SD | mean| SD | mean | SD %

naaAa 12 | 14.58 | 0.67 | 25.25 | 1.36 | 10.67 | 1.07 | 35.57 | 34.43

nguwnan | 17 | 1141 | 118 | 21.18 | 213 | 9.76 | 1.79 | 32.53 | 22.53

nauseu 10 | 830 |0.82| 17.10 | 2.60 | 880 |230 |29.33 | 12.10

' ' v oo W aad [y o v
LmnmqamqﬁuUmmquanmwssﬂu 0.05 wanadsuny Dependent samples t-test




nNanIsaaeuAtivuungusiendlidasyaeiu wuin dniaungy
fhagnwiaunguiinsuuudsunsudounasazuuuasundaiouuandiaiy Ingasuuuaey
rewdsuraaini3ounguin ssfidnganininiFeunduunaniuasinoundudeu dsenady
wsrzdindounduidianuiifeatu Bes a1sems uthadr wseiniFeuuiseuluag
Soufimwnnewhldaunsavhdeaeureudoulsun dualinsuuuadsveainiFoungui
av dmsutinGounguuiunaniuastinfoungusou  Jefiasuuuasuneudousininingou
nduiis sraumneindounguifiifugiuaudiieaty e arsemns Aoudhaies duly
Fepsnszqulitnsuiuaudifyreanisidsunuuduazuiniu wasdosailaldiy
nigsunguiindnlitianunssieioiunazsjsiufiosdounniuiie Tneagesdudnssdul
inFeuhanudildsulvanadummilnl dudduligiouldvamnssuumsan ild
Adsuilenuannsolumsfniiasisigetu dndeuinmunssioteiuiiazdsusowuaim
arufuasasiiavhianssudisues iausuadiliinGoussinfesnitunntu Tiheaug
Widatmmilmilaowrewsumvdngunatuayuainufawelavesnunouiaztin
Uspgndldludinusediiu (Jesed ASygunn, 2551) uraghslsfimmmdsainidniGousisany
naulasun1sdnninissuingAansrumaisuiuuvduiaizmaiiug ufuianssuvinung-
dunm-a5une Fos s wuhiiniGowhaunguiezunuadondufouintuaniy 3
fodunsiiutuethaiituddgmeadaiisesu p 0.05

4.4.13 mswWieuiisuazuuuainuimiiivesadugnininistoy Bas

#1597 seminnguvatinissungulns nguutunas uasngudou
INNITNAFDUATIURANANVBIATUUUAIINAIINUINIINITTOUR Y
AddRn1sTATIZEANILUTUT UMY (One-Way ANOVA) wui tineusaiundus
Aadyvasnzuuuaufmitliuansfuegreiiteddynieadnnissiu 0.05 (mean
square = 9.517, df = 2, F 3.077, p = 0.058) iiaiUSsuifisuazuuuainufmimanisiieu
sewidinisunguinsiunduliunans nquiisiungusau wasnguuiunaniunguseu e
vadeuiAzuuunuiImhresuaznguiuuansfuetditeddauiell wui tndou
ngusiunguunanedinzuuumuinimansdoulivandaiu uasdniSounguuy
nasiunguasuniazuuuauimimanisSeuliuandeiutusiu agaslsinng dnigeu
naunslipzuuumuimmimuenaieuganinindeungudsussiitudfgynisadavsei
0.05 (M57197 4.10) uanslifisiulen mmmmiﬂ'l.unWit?ﬂui"‘uaqﬁ’m?ﬂuﬁ"’amuna'uﬁmm
WaNA1AY ‘[maumiaunammmminLiau%lsmmwumfaunauﬂmnaNu,auumiaunauaau
Tuawiniy LuaqmnmiﬂﬂnﬂniiumiLiauiLLuuaULm“mmwiutﬂuiﬂuuumiaaw
a\‘iLaiu‘L‘VI‘unLiﬂulﬂﬁUL?l%W]ﬂ’WlE]U‘UEN{]QJM’Iﬂ’JEJG]’J‘UﬂLiEJ‘lJLENIﬂEJ‘L‘UﬂiuU’JumiWﬂaEN 150
vihiansaungu Ussneuiulinieulinimaula uasiuirveulunisidou SuhliiAansFeud
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A1519% 4.10  N15USHUTREUAZLUUAUNNMIVTININNTISISEU 1589 @1981115 V8tins ey
FEWINNGILA NgIUIUNaNN waznqusau

- L NAAIYBIATIUY
n1svuliisussvdtensgu —— p
HaA19ALRAY SD
ngana (12 Aw) nauUunana (17 aw) 0.90 0.66 0.372
nAuLN (12 AY) naueau (10 Aw) 1.87 0.75 0.046
nauyUmnae (17 aAu) nauaau (10 A) 0.96 0.70 0.364
"unnanasusdraiitaddvnaadnvisesu 0.05 Wenaaausie One-Way ANOVA analysis
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Wenmdn (a1351a91 4.11) leetdniSeunguinsdiiasazariuinamiuiniigaluien (Bea
L7 aaa 1 L% d = d ﬂy L 1 =]
aulfuazujisenvasnislulawmsn wiriu 39.28 Wesnnfanssuniaseusluilavidang §
a do ve o v va o da o w ° v
fanssunIveasanivinssulansivsasvautivesaisivlamsanleludinusedntu vl
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f1919% 4.11 ﬂ%LLu‘UNaﬁNq‘VIﬁVlNﬂ']iL?EJUﬁﬂLI.UﬂﬂWIJ“’J‘UE] 1389 §179U19

X . . | fAeutsu naasou AU INN ,

Wenvan T At
mean | SD |mean | SD [mean| SD | %

naAY (12 Aw) 30 | 14.58 | 0.67 | 25.25 | 1.36 | 10.67 | 1.07 | 35.57 | 34.43
1. audRuavufitenvesenilulawmsn | 7 | 3.75 |0.87 | 650 |0.52| 275 | 0.97(39.28 | 6.62°
2. audRuasUjisenvealusiy 13| 683 [1.19]11.08 | 1.31| 4.25 | 1.42|32.69 | 10.71
3. auUmukarUjisu1veiann 10| 400 |1.28| 767 |150| 3.67 | 1.37|3670| 9.77
nauuunane (17 Au) 30 | 11.41 | 1.18 | 21.18 | 2.13| 9.76 | 1.79 | 32.53 | 22.53
1. audAvasufjidowasnslulawsn | 7 | 312 | 117 | 535 |1.54| 2.2 | 1.39 | 32.00 | 3.36
2. audRnazyjisenvelussiu 13| 523 1097 9.12 | 1.36 | 3.88 | 1.50 | 29.85 | 5.15
3 auﬁ'ﬁuasﬂﬁﬁ%awaﬁﬁm 10| 3.06 |0.90| 6.70 | 1.40 | 3.65 | 1.54 | 36.50 | 4.54
ngusau (10 Au) 30| 830 |0.82|17.10 |2.60 | 8.80 |2.30 |29.33 | 12.10
1 andhwasuisowesenilulainsn | 7 | 230 | 1.06 | 4.60 |1.07| 230 |1.42 3286 | 5.13
2. anvAnazujiserveslusiiu 13| 320 [1.40| 7.00 |1.56 | 3.80 |1.32|29.23 | 9.13
3, auWLLazﬂﬁﬁ%mwaqﬁﬁm 10| 2.80 | 1.87| 550 [222| 270 | 1.95|27.00 | 4.39°
wisswsEmngy 30 | 11.59 | 2.56 | 21.38 | 3.69 | 9.79 | 1.85|32.63 | 33.03
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. ' VAo o w o4 v
WANANBENNUGAIRYNNENANTEAU 0.05 LIanaasunie Dependent samples t-test analysis
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nssmun'lsﬁvi"f[ﬁﬁnf%ulﬁmnﬁnwn'ﬁri’muml,asmw}m?\’auﬂs GRHREOEPATE PRI ERY)
Ranssuadald delhinSeudutionvinfuiissydwuslilinseunay Ansaildandedn
FnaulumshAsnssunisvaaesi 3 nsmzneulusiiuaduluununeiia fannil 4.1



mheUfiansaiitaduaiivinyemsduianzdmiviniGeuseiu ueu 53

A19199 4.13 AsuuRinwENITUIUMTIMEIManituysaniseesiniey

FNUENTTUIUNTINENATERS YT ” ikl 52U
¢ WY | Mean | SD %
1. feauufigiu 15 | 1127 | 121 | 75.15 7
2. MVUALALAIUANAINYS 15 | 12.01 | .25 | 80.05 | @wn
3. NAQDY 40 | 30.46 | 2.68 | 76.17 0
3.1 BONLUULAZNAITINUNUNITVIAADY 15 | 11.47 | 1.00 | 76.44 9
3.2 UjUAnsmeaes 15 | 11.35 | 0.92 | 75.64 A
3.3 pBNLUUATTIIMBLTUTINNAMSNAaBY 10 | 7.64 | 0.76 | 76.44 A
4. frnuvinedoyauazni1sasdeay 30 | 20.82 | 260 | 69.41 | Uunana
4.1 fAnuwnedeya 15 | 10.35 | 1.30 | 68.98 | Urunan
4.2 axleasy 15 | 10.48 | 1.30 | 69.83 | Ymnan
\ady 100 | 10.65 | 1.11 | 75.19 0
n) 21 s'f;uﬂuiiu ) \ L
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VinwenszuIuMInIIvenmanituysannsieglussiu “f” Ae vinwens
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“4” Ao ﬁnwsmsﬁ'ﬁqauuagwu (Fowag 75.15) uazn1ivaasy (Feuay 76.17) wieglussau “
Uunan” Aa winuznisfinumnedeyauaznisasieasy (Fesas 69.41) enaidennan
Tndeuldilonalninusilunisdmuauazauauiauls msdauufignu uaznismaaes
mnniwinugnsiinnumneteyauaznisasdeay Suduinusifiaudonantu iows
msimumnedeyauazmsasteagudonihmuiainy quianeg saduayunanisuaassd
1 wazinavldnannu WuraliewasnsovesfGouluinuedldfunsiauniasadusme
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Ussuon ueds, 2553) LLas'[.ut.wias‘vaumauv‘h'lﬁﬁnﬁ'ﬂulﬁmﬁaﬂﬁﬁ'ﬁwﬂaaﬂéf‘%’ffnﬁmur
Ugymues (a'rv gras, AT amvs washnfhen 2099us, 2553) I naununsmeaes § 39N
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PnmswaLmhsufiamseiiasuaiainuenisduiazmie 1ISB-Chem dmsy
tnFeussauiseudnwimoudu S1utu 4 ga Toun nsuenans Ujisouad arsuaznns
Wasuwlas waraisamns wasvaaaeUjiinsvariifuinGeussdulseudnumeudu
mminajﬂwamﬁi&LLazﬁﬁaLauaLLuzﬁm%'umﬁa‘faﬂ%u'wialﬂ il

5.1 d@5Unan153vY

5.1.1 niawufiRn1stad ISB-Chern M1 (383 n15U8NA1S
nmswauLaznaasdly ISB-Chem M1 (399 Msusnats auau 12
i funduiegrainiFouduisoudnuiin 1 Tsadeuthuuis mmmmiavmw Tunie
Foudl 2 Yn15Anw 2554 §1uau 33 AU WU umiauuwaaquﬁmqmmUuwauwu
(mean 14.24, SD 2.45) @aninauliou (mean 7.73, SD 2.76) aadidudfyvnealinnseeiy
0.05 luynifownden Tnsfinzuuummiuiiludeimsnses msaindednhazats n1s
ndu msmnudn Tasuinsns i wazsuyniiiomdes Amfuiesar 20.20, 33.33, 38.38,
34.85, 35.35 waz 32.58 Adwiu waziaufaneladenmaieuingimaninduiou (mean
89.00, SD 8.97) geninewiuusiefianssu ISB-Chem M1 (mean 77.76, SD 8.39) adndl
Yoddnaadafiseau 0.05 FsanuRaneladiuauseunsevlunsdinduls favuuu
pufinntihfesas 21.40 Fagaiiga sesaunfe awfianelaniuarwesiniesiniiu &
AruuuAuAIMesar 17.40 wazauianslaniuauiilandn Sasuuuanuinmi
Yovar 3.16 Jesinfian
5.1.2 mgUfiiAn15adl 1SB-Chem M2 1309 RSl
nnsRmUILaznITeaesld ISB-Chem M2 1381 UFA3ouAdl 1uau 16
Hlus funduirednainiFeuduisondnuii 2 Tsadeuthulanaing Smiayisud luae
Souit 2 Tn1sdnw 2554 $1uau 25 Au wudt dnideuiinadugnivisninfeundadey
(mean 21.17, SD 6.20) genifauldeu (mean 15.00, SD 3.71) agraiiuddymiiadad
eiu 0.05 'luwmffam TneilazuuuauinmiAaduiesas 15.43 Lﬁaﬁmsmwaé’qué
‘WNmiLiEJ‘wuad‘uﬂLiUULLUﬂmuﬂﬁ]ﬂiiuﬂ’liLiUUi WU ﬂi]ﬂiillﬂ’lil.iﬂﬂi‘/lﬂﬂLitluunaﬁuqmﬁ
iugaiuinn@e Aanssumaiaufiseesnsasuaduaiun favuuuiuty 1.13 azuuu An
dufevas 28.25 wazAanssuanaailufiausyirTudasuuuinty 145 azuuy Anduies
ay 36.25 ﬁ’Wt%"Uﬁ%ﬂiiuﬁﬁ'ﬂL%‘Uuﬁmﬂﬁlu‘ﬁu%aﬂuaﬁ'ﬂqﬂéﬂNﬂ"lil.%ﬂ‘tl@%’\?!ﬂ s Aanssu
Jaduiifinarosnsmainuftonad dasuuuintu 055 avuuu Anduiesas 6.87 Wil
ﬁm‘%‘auﬁﬂzLLuuﬁnwnizmumsmﬁwmmam%ﬁugsmmmé’u‘%‘uu (mean 15.14, SD
3.55) gendneuideu (mean 10.08, SD 4.69) sgsiitfeddvadafissdu 0.05 aRarsmn
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YnwenseuIunImeingrenanssuysannislusieinee wudt dndouiinisidisiures
MnwensunaellaraaniuUnNIIaaeundian (fesas 22.71) waz TevannAainuyns
Amuafiemndljusinig Gevaz 18.87)  dwuvinwe lufuduq fmaduiuresazuuud
TndlAeiu
5.1.3 mizsUfvamaiadl ISB-Chem M3 (Fas ansuaznisiAsuuas

NNIRALILAEN1TVIAABdlY ISB-Chem M3 1389 arsuasmstuAsuuvas
Suu 16 Halus fungudedrainidouduisenfnwdi 2 TsaFeutumiui - Jwia
guas sl lumadeudl 2 Insdnwn 2555 S 26 Ay wudh dni3ouiinadugriviams
Soundaiou (mean 16.19, SD 1.79) gandnewisu (mean 9.27, SD 2.01) agiidudfny
ynsadavszdy 0.05 Tunniden TastnFousiniufamimesmadugrinianisFeuluya
AvnssumsiUasuudasweans nisufunsidsuaniug wisaudvaisazats ns
Anuiisenail msldansiiiedegnisasuaeade uazsmmniiionn Amdudesas 30.72,
35.71, 33.40, 37.50, 40.00 Wag 35.46 A1UAIAY TINNTSIMUNUNTEURUS DAL VBIAZILUY
gaundasswlugpzuuuisuiununidmineasuuudesas 70 vaswzwuuliy wui i
tinZeufthuinasinsuuuiesas 70 Suaufesar 88.46 uathituinwet fesay 11.53 uanq
I utinssuiidiunasieswuiesaz 70 innnidesas 70 senin3eumun Ao
fitniFoutanun 26 au finsuihunusidenas70 agianun 23 au Andudesas 88.46
waglisuinusinzuuuiasas 70 agianun 3 au Andufesay 11.53 dwmdurinuy
nIEUIUNIININEIEmERsTuYsInTS wuth Sindoufesasiiiunuriazuuuiesa 70
iy 76.93 uazladriuinust 23.07 uansiduinditinGouiiiunusidesas70 unnindesas
70voniniGouanun AefitniFouinun 26 au SniGouriunasiSesay 70 egtaun 20
au Andudesas 76.93 wasliihuinusidosas 70 agieun 6 au Andufasay 23.07 (e
fnsadusievineg wuh nwgdfiRnsveassdinzuuuadedian Wity 3.60 sesasn
A N1sULAuBUAZI18UNE ANATGILAGIluUNITVIARY Tufinnan1snaass n1s
MaANuPgIL 1HUHUNTYAG DS fuuauazmuauiIuys Ineilaade winfu 3.51, 3.45,
3.31, 3.27, 3.08 waz 2.85 lngvinwziifiazuuusiign Ao MnweimunioniBalfoinng §
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Abstract

This study aimed to enhance students’ learning achievement of matier separation by using five science inquiry learning activities
(12 hours} on separation of natural substances. The participants. purposively selected, were 33 Grade 7 students in the first
academic semester of 2011 at Ban-Nathune Schoal in Sisaket province ol Thailand. The data collecting tools consisted ol a
learning achievement test of matter separation and a survey of studems’ attitudes towards learning science. The dependent
sample t-test analysis indicated that the students abtained a post-achievement test score (mean 14.24, SD 2.43) higher than the
pre-achievement test score Omenn 72,73, 5D 276y at the 0.03 level of stnistical significance. Hawever, the students obtained a
retention test score (mean 14,090 8D 2.17) 30 days after the post-achicvement st that was not different [rom the post-

achievement 1est score at the 0,03 level of statistical

igniticance. In addition. students™ attitudes towards learning science after
the implementation ol science inquiny learning activities (mean 89.00. S0 8.97) was statistically significanty higher than prior to
using the activitics (mean 77.76. 81 839} at the 0.05 level ol statistical significance. In conclusion, the implementation of
inquiry learning activities was elfective to enhance students™ learning achievement ol matter separation as well as their attitudes
towards learning science,

© 2013 The Authors. Publishied by Eisevier Lid.

Selection and/or peer-review under responsibility ol Academic World Education and Research Center,

Kepwords: science inquiry. separation, matlers:

1. Introduction

Ban-Nathung School is anc ol the educational opportunity expansion (EOE) schools located in Srisaket province
of Thailand. EQE schools are primary schools located far from a lower secondary school and, as a result of this
remoteness EOL students continue their lower secondary education in their primary schools. The majority of 1O
schools encounter many limitations. for example, shortage of chemicals and laboratory equipment and science
teachers. and also many low achicvement students. The lower secondary students (Grades 7-9) at Ban-Nathung °

* Corresponding Saksri Supusorn. Tel: -0-081-834-62K8
F-mail address: saksri.supasorn ¢ gmail.com
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School did not realise that leanung science was interesting, useful. asd exciting sinec they had few opportunitics to
experience scienee experiments, and they thought that scicnce was difficult as most of the scicnee content taught in
the xchool dealt with something that was inaceessible, imtangible, and nor applicable, since the teacher mrely
lastrared applications of scrence m daily hile comtexts. Therefore, then science leanung achievement had been
lower than the cducational standard proposed at 2.50 out of -LOO in previous years. In addition, the Ordinay
National Educational Testing 1-NET) score For secondary school students at Ban-Nathung school was lower than
that of Sisukel provinee and of Thailand as seen in Table 1 (NTETS, 2011). The students hatd few opportunities to
perform science experiments in a classroom since the school encauntered limitations of chemicals and laboratory
cquipment problems. Matter separation is one of the major ditficult szience concepts for secondary students since it
also nvolves many reaction fctors

Table | Percentige of QWNET scores in_science subject for lower seconsdary stndents (Grade 7-9) in 20092010

009 2010
Level Yoan S Alean D
Ban-Nathung Schivot 2182 1256 L 11.539
Sisuket Provinee 2762 1649 9 12.73
Thailand 29.16 964 29.17 8.67

Leaning aclivily based on the science uxquiry approach: has teen widely venfied as etfective in the enhancenient
of not only students” conceptual understanding of the activity but also science process skills and atlitudes towards
learning science (Balel, Cukiroglu & Tekkaya, 2006, Deters, 2005; Lati, Supasom & Promarak, 2012). By wilising
mnauiry learning, activities related 1o matter separation, the stated probiems could be resolved.

2. Literature review

There are a number of models of inguiry 1n learing seience. The 3Es leaming cycle is ane of the most common
wquiry approaches and nvolves the following steps {Balei, Cakirogle & Tekkaya, 2006):

D) Lngagement  students are engaged in inquiry questions

2 Exploration ~ students plan. design, and carry out their experiment, and record the expetiment data

3y Explatation - students make explanations from the experinent:] data to answer the (uestions

-by Elaboration - students extend and apply thew findings i a new vontext, especially o daily life one

) Bvaluation - students evaluate tieir experiment process and results i a varicty of ways, such as an activity
repon, Listructor observation during the activity, and student presentation of the experiments.

Tmplementation of the mquiry leariug approach has been highly adyocated i recent decades (Sanger, 20091 and
it has been widely venfied that it 1s suitably utihsed both n classream and laboratory in all study contexts, such as
primary schools (Sanger, 2007), secondary schools (Lau. Supasom & Promarak. 2012: Patrick & Urhievwejire,
2012; Pholdee & Supasomn, 201 1< Rochrig & Lult, 2004), and aniversities (Green, Ellion & Cumning, 2004). 11 cim
enhance students” potential to develop their setence process skills and ligher-order cognitive skills, which in mm
erthances their conceptual understanding and fearning achicvement. Inquiry is not only supporting students to
mklerstand science concepts but also ilhstrating how 10 comnxinit kivwledge themselves wough the inquiry
leaning cycle. In addition, the 3E5 leaming cycle s celleclive te promote students 1o comect their altermative
conceptions rather than textbook-criented instruction. Liowever, students' altermative conceptions and existing
knowledge prior to the ingquiry instruction should be explored. This information can be used in designing inquiry
activilies that support students 1o clumge their allenative conceptions (Baleil, Cakiroglu & Tekkaya, 2006).

3. Research methodology

3.1, Goalx and objectivex
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The objectives of this one-group pre-testipost-test study were to investigate: 1) students” Teaming achievement of
matter separation prior to and alter the miplementation the inguiry leamiug activities and 2) students” attitudes
towards Teaming science prior 1o wnd after implementation of the inquiry leaming aciivities.

3.2 Rescarch tools

320 Laguiny activities of mailer e paration

Five inguiny leaming activities of matter separation (12 hours) wete developed including 1) Tiliration, 21 solvent
extrachon, 3y dishillation, H crystathisation, and 5) chiromatography . Each activity wis based ontbe nxquiry learmmg
approach that required students 1o explore answers for therr testable questions through the inquiry process.
Separation of natural substances used inevervday Life was proposed as inguiry leaming tasks 1o promote smdents”
erestin the learmnmg activines
3.2.2 Datu collecting 1ooly

Data collecting tools in this stidy consisted ot two mam tovls:

. Matter separation leansing achievemnent test, The test consisted of 20 multiple-choice iteins which were
selected [rom 30 ftems with i stem difliealty (py mdex between 0.20 and .80, und the diserimiration mdex ()
between 0,30 and U.70 respectively.

2 The questionnaire of students” attitude 1owards leaming science. The questionnaire consisted of 23 items on a
Likent mating scale which was divided o six aspects: 1) caniosity, ) rationality, 3) cautious consideration, 1)
magnanmity, 3) probity, wl 63 endeavorr. The shudents were asked 1o rate Useir opiinons between 1 10 5 levels of
attitudes fowards leaming science. m wiueh level 1. 2, 34, and 3 means “least”™, “less”, “medium™, “lugh”, and
“highest” resprectively.

3.3, Implementation

The parhicipanks of this study were 33 Grade 7 studenis purposively sampled from the whole population of Grade
* students at Ban-Nathung School in Srisaket provinee of Thailand, during the first semester of academic year 2014),
These students participated in the following process;

1) Completed the pre-test of matter sepantion leaming achievement mid the pre-questiomaire of siudents’
altitinde 1owards learning science

2) Performed five inquiry activities of matter separation (1.2 hoursy in wlnch they were required (o submit a group
xquiry repott after finishing cach activire

3y Completed the past-test ol nutler separation learning achtevement and the post-questionnaire of students®
attitude towards leamtng seience ipavallel to the pre-tests

3.4, Data analysis

The collected data in this =tudy cluded pre- and post-test scores of matter separation learning achievement and
the pre- and post-questiomiaive tating scores of students” atlitudes towards Jearming, zeience. The stidents” attitudes
were calculated in the form of percentages. The percentages between, 0U-30, 50-60, and 60-70, 70-80, and 80-100
were categorised as “poor”. “fair”, “fairly good”, “good™ and “excellent”™ atlitudes respectively. Dependent-samples
I-lest analysis was performed 10 identify mean differences between the pre- ad post-scores for the matler separalion
learning achievement tesl and the questionnaire of students” atlitixles 1owards lenming science.

4. Results and Discussion
The shudy results were categorized into 1wo aspects: achievement scores and attitudes towards leaming science,

S D) Students” learning achiovement scores of matler ye paration
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The dependent-samples 1-1est amlysis idicaed the shixlents oblained o 1olal average post-achievement score of
matter separation (mean 1.1.24, SD 245 that was significantly higher than the total average pre-achievement score

6,32 (SD 1.64) or 32.58% (Table 2). This arose because these activitics were based on the inquiry learning cycle and
students’ chaily lile contexts. More specilically, the post-achievement score for each topic was siatistically lugher
than the pre-achievement score at p-value less than .03 Their gain i content knowledge of matter separation in
decreasing order was distillation, clvomatography, crystallisation, solvem extraction, and filtvation. They obtained
the highest gain wnihe topre of distillation (28.25%01 This may be due to the fact that this activity wtroduced new
equipment which was interesting for studens, and daily life application of the disullation was clearly demonstrated.
They obtamned an average gain in the topics of solvent extraction, crystallisation, and chiromatography. On the other
lrand, they obranred the lowest gain i the 1opic of ilation (20.20%) becanse they already b some understacding
about the (ration concept as their pre-test score of filiration was bigher than a Talf of the possible score, while the
pre-test scores for other topics were much lower than a half of the possible score, Theretore, they gnined in content
knowledee of filtzation lower than ather topies.

id post-achicvement tod scorss of the malter separation

Foics Possible Lre-test Posteivst Cain intost
. seure Afon  SI* % Arpan S0 “ Abean  SD ‘o [

1. Filtration 3 188 078 6247 248 071 367 061 078 2020 166 < 0.001
2 Sehent sktraction 1 1320 0% 3800 288 067 M8 £33 102 3333 751 <0.001
3. Distillation 6 209 104 A8} 13 120 77 230 107 2838 1231 «Q.00]
1. Crystallisation B 133 08 33128 27 0 6828 L3 097 385 829 w00
S Chiromatoeraphy 3 ¢I3 07 i3 1.79  0.71 5907 1.06 086 3538 705 <6001

Total 20 773 276 3865 424 245 7120 652 164 3258 2080 < 0.000

4.2} Students’ atritudes towards fearning science by the use of the inquiry learning activities

‘The pre- and post-questionnaires of students” attitudes towards leaming science were analysed and shown in the
form of means. SDs, and percentages (Table 3). The students’ attitudes towards lecaming scicnce before the
mplementation of mquiry learning sctivitics of matter separation averaged 62.15%. Their attitudes in decreasing
orcker of aspects were probity, endeavour, vationality, magrminuty, cauliows consideration, and curiosity. Their pre-
attitndes towards learning xcience were “fairly good” More specifieally, their attitikles were “poor™ in curiosily,
“fair” in cautious cousideration. “fanly good™ i endeavour. rationality. and magnanimity. and “good™ in probity.
However, olter the implementation of the inquiy leaming activities, thelr attitudes towards learmung science
improved as their overall atitude was wt u “good™ level. Their attitucdes were “fairly good™ in curiosity, ratiomlity,
and magnenimity, “good” in cautious consicleration and cudeavour, and “excellent attitude™ in probity

Tuble 3 Pre- and post-attitides tosea ds Isaming scicnce by the nse of scknce inquiry aclivities i matter separation

) . Pre-attine Post-autitude B
Attined aspert Seore T D o Tove] "o SD o Tovel vaafl diflerene
1. (Curiosity 15 T30 081 866 poor 991 202 G607 (aidy so 1740
2 Rationaliry RIY) 19700 276 6567 fairly post 209 51 69.80  iairly good 413
3 Contions ¢consideration 0 ol A1y L& far 58 301 N 200d 2140
-k Magtininity 5 1391 L9 6361 fairly 2oud 1670 208 6680 fairly 2oed 316
5 Probity 10 2 ol 1240 voud $28 L03 $280  oxceliont 10.40
& Lrdeavour 23 1724 236 63,96 Iy sond 1861 261 7456 goud 5,60
Tolal 128 7769 839 6215 fairly eood §905 899 7. 2wl 9.08

The dependent-samples t-test analysis indicated that students’ atlitudes towards learning science atter the
implementation (mean 89.00, SI) 8 99) was statistically higher than before the implementation of ngiry lemning
activilies of matter separation Gnean =776 SD 8.39) at pvalue less than 0.05. These activilies supported stckans®
cautious cotisideration and curiosity as there were lugh improvements in students” attitudes tosvards learning scicnee
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in these aspects However. these activities slightly intproved ther attitudes in aspects of magnanimity, rationality.
and endeavour.

3. Conclusion und implications

The results of this study Indicated that science 1nquiry activities of matter separation were effective to increase
students’ learning achievement sinee their post-uchievement score was statishically higher than he pre-achievement
score at pvalue fess than 0.03. This learning approach effectively engaged students in the inguiry questions and
provided opportunitics for students to explore their answers through their own experiments. They formulated
explanations Irom their collected data. and elaborated their Dudings 10 everyday life (Baleil, Cakiroghu & Tekkaya,
2006). These opportimities gradually enhanced their undemstanding of the incuiry concepts and then increased their
learning achievement. In addition. utilising learning activities based on natural substances in daily life effectively
engaged shdents i achive leanmmg (Pholdee & Supasorne 201011 These 1ypes of activibes were elfechive 10 promote
active learning, meaninglul Jearmng. lemnmg retention. conceptie) understanding, and leaning achievement
(Kipnis & Hofstem. 2007 Patnek & Urluevwejire, 20121 as well as improving attitudes towards leaming science
Deters. 2005,

The study results may have smplications thal implementation of nquity experiments based on daily life is
cflective to promote stwlents” attitiedes towards learmng science which i wm inereases their coneeptua)
wlerstanduig and learning achievement. It is advisable that nquiry learning activities should be utilized throughout
primary and secondary schoo! study 1o support students” capubilities .o unprove then seientific progess skills and to
construct knowledge trough the inquiry process. Moreover. if wkuiny activities are designed appropriately, then
they will etfectively support students o overcome axd correet their alterative coneeptions (Baleil, Cakiroglu &
Tekkaya, 2006,
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Abstract

I'his study aimed o enhance students” learning achics ement ol chemical reactions and integrated science process skills by using
cight scientific investigation activities (16 hours). The panticipants, purposively selected, were 24 Grade § students at Ban-
Koksawang School in Buriram provinee of Thailand in the first academic semester of 2011, The research tools consisted of a
learning achievement test of chemical reaction und an integrated science process skills test. The dependent samples t-test analysis
resulted in the students obtaining a post-test score of achics ement (mean 21,17, 8D 6.20) signilicantly statistically higher than
that of the pre-test score {mean 13,00, S 3.71) a1 the 0.05 Jevel of signiticance. It also indicated that their post-test score of
integrated science process skills (mean 15,14, SD 3.53) was signiticantly statistically higher than that of the pre-test score (mean
10.08. SD 4.69 at the 0.035 level of significance. "This study showed that the implementation of scicniilic investigation was
cetlective to promote students” learning achievement of chemical reaction and 1o increase their integrated science process sKills
since this learning approach alowed the students 16 use their science process skills to investigate and understand the concepts of
the activities.

32003 The Authors, Pubished by Elsevier Lid

Sclection and/or pecr-review under respansidility of Acidenue World Education and Researeh Center,

Keywords: Chemical reaction, scicanilic investigation. integrated science process skills;

1. Introduction

The Learning Achievement in Science subject Tor Grade 8 students at Ban-Koksawang School in 2011 in
Burivam province of Thailand was lower than the school standard proposed at 2.50 {out of 4.00) in previous years.
In addition, the Ordinary National Fducational Testing (O-NET) score for secondary school stadents at the school
was lower than that of Buriram Provinee and of Thailand as seen in Table | (NIETS, 2011). Morcover. these
students also possessed insufficient science process skills..especially integrated skills. They had few opportunities to
perform science experiments in the classroom since the school encountered limitations of chemicals and laboratory

.
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cquipiment problems. The topic of chemical reaction is one of the major ifficult scienve concepts for secondary
students stuee 1 involves mwany reaction factors (Gongden, Gongden & Lolulip, 20115 Lad, Supusom & Promarak,
2012)

Table | Percentaze of O-NET seures in seivnce subject Jor secondary dudents (Grade 7-9) in 2009-2010

ol 20(H 2000
Love Noaun B D
Ban-Koksmyvang School 2617 1095 1112
Burimm Province 26,30 1028 852
Thailanc 2916 9.64 3.67

Scientific iuvcitig,"llion 15 one of the effective science learning approaches to enhance both students” conceptual
understanding and science process skills (Resnick, Berg & Eisenberg, 2000). Theretore, scientitic investigation
activibies of chemical reaction for Grade § students were developed 1o solve the stuted problems.

2. Literature veview
2.1, Scientific investigation in Chemstry

Iny us(l‘_’.u(lon 18 |u-( one type of activ iy m science. The eenwal featire of an mv g,\nv ation is that wmudnnv_.
15 clianged and the effest that it has en mm-,lhmg else 15 measured, Sciemtilic investigation is the process that
uwnvolves shdents me 1y fomnng a hypothesis including identifying variables and selecting a variable fo mvesligate,
2y planming and carrying out the myestigation. X recording. presenting, and interpreting the resvhs. - evaluating the
hypothesis m relation 10 the results of the mvesugation, 5y drawing an inference from the results, and 6)
commumeating the findigs, as shownin Figwre 1 (Bevins, et al.. 20011 During the investigation process, stklents
have 1o make the tollowing decizions  deciding on key variables to change ard 10 measure, asking an nvestigabing
question, predicting or hypothesizing the inveshgation, planing and designing the 1est. recording resubs, finding
patterns in results, making sense of patterns in vesults, and evakmting the reliabiliy of the results (Windale &
Puangmanee., 200%).

Revord sid inturpret resulls !

———P  Plan And(.ur\ out thu |||\um,:nwm Jl——){

1
Conymmicate the fidings !‘_ o Draw mferences ]{--——-—-L Evaluate the hypothesis J

Fizure 1. The whole process of scicnti fic invesligation

2.2 fntegrated science process skills

The mitegrated science process skills involves stuwdents in: 1)y wientifymeg anxd controlling variables, 2) deﬁmng
operationally, 31 tormulating hyporheses. 41 experimenting including hemg able to design their own experiinent to
test a hypothests using procedures to obtam reliable data, 3) mterpreting data and drawing conclusions, and 6)
formulating a mental or physical model of a process or evem (Padilla, 1990). However, this stud\' did not cover the
skill of formulating a model. loaclung and learning approaches are one of the important faclors affecting students’
performance of integrated science process skills (Beaumont-Walters & Soyibo, 2001). It is very important for
students to have opportunities 10 experience the leariung activisis that allow them to combing all their skills
together ina complulc mvestigation. These skills need to be taught to the students und there is often too little time
during the excitement of investigation to bring out all the importaat points. In case of low -capability students, skill
development wnits andéor mterventions coukl be wsed o develop particular skills. such as recording in tables
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drawing bar graphs, or interpreting data (Bevins, et. al,, 2001 ). The whele process of scientific investigation allows
students 1o experience and practice their integrated skills.

3. Reseurch methodology

3.1 Gools and olbyectives

The main goal of this study was to develop the seientific inveshgation activitics of chemical reactions and e
these activitios as 4 means to enhance Grade ¥ students” conceptual understanding and integrated scizuce precess
skills. More specifically. the olyechves of thix stkly were 10 investigate 1) studens” leaming achrvemert of
chemical reaction prior 10 ad after the implementation ol the scienufic wvestigation activities and 27 students”
mtegrated scienee process skills prior 1o and after implementation of the scientific mvestigation activitics.

3.2, Rexearch waly

3.2.4. Scientifiv investigation actvines of clhenncal reacrion

Hight sciennific mwvestigation activitiex of chemical reaction (16 L oursy were developed includine 13 whest s
chemical reaction?, 2) energy and reaction. 3 [actors influencing chemical reaction, 4) chennical reaction of metals,
3) chemical reaction of acid-base, 6y chemicul reaction ol carbonates. =) hauschold chemicals. and 8) cheraical
wsages and environment. Kach aciivaty was designed based on the scientific junvestigation approach that requuives
stidents to explore mmwers for their testable queshion or hypothesis Huough the seiennfic investigation.

3.2.2. Data collecting tools

Data collecting tools m Hus study consisted of:

1. Chemical reaction leaming achievenient test. The test conssts of 40 mudtiple-chotee iems wlich were selzcted
from 60 items with item difficulty (pi index between 021 and 677, and the discrimination index (r) between 9.21
andh 0,536 respectively.

2. hitegrated science process skills test. The test consists of 30 maltiple-choice tems which were selected from
A3 ttems with item ditficulty (p) index between G633 and 077, and the diserimination index (r) between 0.36 and
0,65 respectively.

3.3. Implementation

The participants of this study were 24 Grade & students purpesively sampled from the whole population of Grade
& students at Ban-Koksawang School during the first semester of academic year 2010, These students participated i
the Tollowing process: 1) completed pre-tests of chennent reaction lemning achievs
process skills, 2) perfommed eight scientific mweshigation achvities of chenncal reaction (16 howrs) in whick: they
were required to submit a group scientific mvestigation report after finushing each activity, and 3) ccanpleted post-
tests of chetnical reaction learning achievement and integrated scietice process skills (pacallel to pre-test),

el and integrated sciznee

3.4, Data analysis

The collected data in this study included pre- and post-test scorss of chemical reaction leaming achisvemers and
integrated process skills. Dependent-samples t-test analysis was performed to identify mean ditferences betwe:n the
pre- and post-test scores for boll ¢hiemical reaction leaming achieverient and legrated process skills,

4. Results and Discussion

The study results were categorized into achievement scores and irtegrated] science process skills,
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4.1 Students’ learning achievement scores of chemical reaction

The dependent-samples -test analysis mdicated the studerts blamed average post-uchievement score of
chemical reaction (mean 21.17, SD 6.231 sigtuticantly higher than the average pre-achievement score {mean 1 5.00,
SD 3.71) at p-value less than 0.05, us the average gain in content knowledge of chemical reaction was 6.17 (SD
3.37) or 15,1 3% (Table 2). More specilically, the post-achievement score for each topic was statistically higher than
the pre-achievement score at p-value less than .05, They lad high gains in content knowledge in the topics of
household chemicals (36.25%) and chemical reacuon of carbonates (28.23%). Tlus may be due to the fact that the
students were familiar with houschold and kitchen chemicals and carborate compounds. In addition, the activities of
these chemicals were well ilustrated and casy to investigate. On the other hand. 1here were low gains in the topics of
factors mlluencig chemical reachons (6.87%), chemical usuges, and enviromuent (8.33%%), arct mdicators of
chenuical reachion 110.33%0. These tesults may have ansen becanse there were mamy factors that affected cherical
reactions (Lati, Supasom & Promarak. 20121 and no hands-on chemica. reaction shown chving the chemical usages
and envuonment topie. There may bave been some confusion in the choice of which changes such as colow, gas.
precipitate, arkl heat indicatedd the provided chemical reaction. Although their gzain in content knowledge (15.43%)
was statixtically different. it was still low as their otal average posi-lest score was only 52.93%. This indicated that
chemical reaction s sull ditticult Tot these studens

Table 2. I're- anil post.adiicvemient test scores of the chemical reaction

Topics Srore Pre-test Post-fest Clain i-test
i Mean  SD < Afean SD Mean_ SD ! p

1. Indicators of chemical remction [ 221 118 3683 281 127 062 060 250 0005
3. Energy and reaction 4 LM 106 3020 208 118 08* LIS 37 «0.001
3. Factors influencing cheniical reactions S 108 11T 38%e 363 1. 058 1a 0.26 0405
3. Clientcal reaction of metals 4 tda 138 3650 221 09 0l 136 291 <0
S, Chemieal reaction of acid-base 4 1500 093 . 228 098 078 1381 243 <00l
6. Chemieal reaction of carbonales 4 079 D88 1978 192 1.5% 113 1.% 3150 =00y
7. Honsehold chemicals 4 113 024 2828 258 1.06 145 141 508 <0001
8. Chemicals uszes and environment f 35 1586 X9.00 401 1.20 0.50 1.38 1.81 <0001

Total A 1500 371 3780 2147 423 617 3257 846 <0001

4.2) Students' inlegrated science process skills

The dependent-samples t-test analysss indicated the students obtained average post-test score of integrated
scienee process skills ancan 1313, 8D 3,535y significantly higher than that of the average prestest score tmean 10,08,
5D 4.69) a1 pevalue Jess than 003, as the avernge gain in integrated science process skills was 5,05 (SD 2.97) or
16.83% (Table 3). More specifically. the posi-test score for cach skill was statistically higher than the pre-test score
at p-value less than 0L0S.

Tabie 3. Pre- and post-inlearated science process skills test scores

Degrated science process skilly Ko = & :1'; = % .\#nnpoﬁl)w ©; ot (“:;')' 1 - ‘w&

1. ldentifying and controlling variables - 229 157 3271 308 1M 4100 ¢79 156 1129 248 0008
2. Delining operationally ) Lag 083 dwso 229 LOO 5728 033 109 20735 A <0001
3. Formufating hypoticses 6 L3 128 2567 267 104 4450 113 130 1883 1235 ~qool
). Exparimanting” N L T T A B 36} b2 5136 LS9 138 2271 361 <0.00%
£, Interpreting daty and denvine condgsions 6 TR B A 346 132 5767 071 137 1183 253 <0001
Totul 301008 4.6 3360 1543 355 2043 505 297 1683 831 ~0.001

" Experimenting skills consigts of the skills of desigaing and condncting an experiment, and recording and presenting data,

They obtained high gains in the skills of experimenting {22.71%) and defining operationally (20.75%). This may
have l?ceq due to the fa‘ct that the umplemented activities supported students to define operational terms for their
wvestigation. and to design and conduct an investigation regarding their hypothesis, On the other hand, they had low
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eams in the skills of identifving and conuolling varables (11,2971 and mnterpreting data and drawing conclusion
(11.83%0). This sy have arisen because tie skill of identifying and controlling variables may have been dificuh for
students with low-science process skl (Beaumont-Walters & Soyibo, 2001, The skitl of mrerpreting data and
drawmg conclusgions was one of the complex mtegrated skills. To wierpret data and draw conchmions correctly,
studlents were required 10 have gowd basic skills andd also the other Tour mtegrated skills. In this case, the
supplemental skill development units or:and mterventions should be considered (Bevins, et al., 2001).

5. Conclusions and implications

The results of this study verificd that scientitic investigation activities were elfective in the ctthancement of
students” leaniing aclievement of chemical reaction since the stiklents’ xost-achievement score was statistically
higher tham the pre-achiey ement score il p-vahie less than 003 These typex of activities also promoted stilens” (o
integrate their science process skills to explore their testable question or hypothesis throngh the process of
mvestiganion. it contirmed that the scientific mvestigation approach provides stucents with opportunities to practice
how 1o test their bypothesis like scientists, In other words, the students had a chance o pose their own question,
idertily variables and fonn a hypothesis. plan and corry out an ivestigation, record and interprel resuhs, find result
pattemis, evaltzte hypothesis, and muke inferences wkl draw conclusions (Bevms, et al. 2001). This process
gracually enhanced both students™ conceprmal understanding and integrated science process skills.

It is suggested that continucus practice of seientific investigation activities enhances students” integrated science
process skills (Padlilla. 199Gy Tn the case of low-scicnce process skill students. the instuctor may consider
mnplementation of the specific =kll development wts @ help those stadents work though the process of scientific
mvestigation (Bevins, et ab, 20010 1t shonld be clanfied that the mstiictor’s role 15 to facilitate and guide, not 1o
lead or domimate, the students to be able 1o explare thewr answers by themselves during the nvestigation process
(Wirdsclutl & Thompson, 20061 To promote more weantngful fearning and inerease mueh leaming achievemen, it
1s advisable that students™ acquisiton of knowledae shoubd be considered durmg designing the leaming aclivites.

The authors plan 1o futher mveshgnte how scienific unestigations affect students™ progression of integrated
science process skills when they have opporhinities to practice » few sciennfic vesnganon activities each semester
throughout thew lower secondary school careers.
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8) mdnnsdavihusuRusaziuleRusysduwus 1SB-Chem 4,000 4,000 0
2.3 WA 83,800 | 83,485 315
1) Tagdrninau 9,000 | 20,728 | -11,728
2) Tapmida uazein 7,000 4,968 2,032
3) Yagreufiunas (Youuey wavfinaussouy) 5000 | 10,558 | -5,558
4) TanInerenans 62,800 | 47,231 | 15,569
s2sudsEuuauiiunig 197,000 | 197,324 -324
3. Juaamu
4. AasagUlng 19,700 | 19,700 0
MuUsTNuTaa Yo 216,700 | 217,012 -324
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Juft 3 - 4 wquaAY 2557 a1 08.30 - 16.30 U.

a a1 fiEniaedl anineirans aninerdequaivetil

L8N

08.30 - 08.45 u.

fiangsu

- amslouuazAsilna ANEINGINT
08.45 - 10.00 U. | - UfUAn15Afl ISB-Chern M1 Fa4 asuaznIsUenans Andes qn1ws
10.15 - 10.30 u. | - SudssmiueImsIng FAUINT Azna
10.30 - 12.00 . | - UUAnsiadl 1SB-Chem M1 1303 ansuazmsuonans (o) | amild wadnd
12.00 - 13.00 u. | - fudszmiuemailes SauInS Mewa
13.00 - 14.30 y. | - UAURN151adl ISB-Chem M2 1303 UASeuail fnaet anus
14.30 - 15.45 u. | - SudsEMIuBIMITINg FauIng Naewa

14.45 - 16.15 u.

08.45 - 10.00 u.

a a

UFUFEN9AT 1ISB-Chem M2 1589 Uiisanail (sa)

B

Ll et

- Uuan1iail 1SB-Chem M3 (382 ansuaznisiasuuas

o ¢ 1 «
t@anis waida

nusns Al Jdlivaan
10.15 - 10.30 u. | - Suuszmiueming FaunT Mswa
1030 - 12.00 u. | - UfuAn15LAdl 1SB-Chem M3 1Fo1 ansazn1sivAsuutas @il wdrdm
(#9)

12.00 - 13.00 u. | - fuusEmue Moy AU azna
13.00 - 14.30 u. | - UUAn1siadl ISB-Chem M4 (381 ansanms nuaAng i eliiaan
14.30 - 15.45 u. | - Sudszmue msin fmums Mewa
14.45 - 16.15 u. | - UjURAnsiadl 1SB-Chem M4 1309 ansa s (o) @il wd1de
16.15 - 16.30 u. | - #5la ANYINGINT
AUEINENT 1. fHaerans1ansd asdnand qnivs meng

2. FeAanIINTed ng.ase vy Mmens

3. AnMuAnsIRY JdlE@an WEINg

4. UNTAUINT Mzwa ddeInens

5. uNanaild wiand A9I8IMeINS

6. unaNalgdien vdeu Usgauauiily



wiheufiinsailiaduaiiwinwenisduazdmivinGoussiu uiu

109

MaNuIn a1 MvuanisiarsededidnTineusndudljuinig “UjdRnnsiaiivive

l@suasinwensauanzyeins sulseudnwinauau”

-1 AMvueMIausBTUfisng “Ujuimaaiitiadiuaineineenis

dularvaninSyulsuuAnwnouau”

Jufl 3 - 4 waunnAY 2557 11a1 08.30 - 16.30 u.
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= Qdf;‘fs
- aansliguLasnsldn

08.30 - 08.45 u.

08.45 - 10.00 u. | - UfAn1siAfl ISB-Chern M1 (J9 ansuazn1suoNans Andnd gnnes
10.15 - 10.30 u. | - SuUsewiuemIsing TAUINT Fnrwa
10.30 - 12.00 u. | - UjjtRnsiadl 1S8-Chem M1 1309 ansuaznisuenans (o) w@anild wadan
12.00 - 13.00 u. | - SuUssmue NI FnUINT inzwa
13.00 - 14.30 u. | - U0An1sLAdl 1SB-Chern M2 1309 USRS fndas anes
14.30 - 15.45 4. | - SuUsEMIUBMITIN Fnung Mzwa
14.45 - 16.15 w. @il wwada

- UfuAn ATl 1SB-Chem M2 \3as UiASenadl (e)

5

e Broats

08.45 - 10.00 u.

- UUAnaiail ISB-Chem M3 1384 ansuavniswisuulas | nusnsiod 9didan
10.15 - 10.30 u. | - SuusemiueImIang Fauns Avwa
10.30 - 12.00 u. | - UfjURn151A% 1SB-Chem M3 3o msuaznUAouidas w@ild anded
(si0)
12.00 - 13.00 u. | - fuUsemiuawaiies FAUINT Mizna
13,00 - 14.30 u. | - UUAn151A8l 1SB-Chern M4 1Fa9 ansawns nuRzI qdllaan
14.30 - 15.45 u. | - Juusemuemsing Faums ewa
14.45 - 16.15 u. | - U§URAmsiaTl ISB-Chem M4 130 @150 (510) waild wandan
16.15 - 16.30 u. | - WoUn ANYIVNYINT
ANZANEINS 1. fYeransnansd asdndng anius nenns
2. {hemansesy fs.asy RN WINg
3. an.nudngiml aidan Inens
4. uninung fewa Y IngIng
5. wnaanid wardm {98 INeINg
6. UNANNFUY MooU Usgauauialy
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