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# # 6280126627 : MAJOR SCIENCE EDUCATION

KEYWORD: Innovative Learning Media in Biology, Augmented reality, DNA Technology
Radchanon Ditcharoen : DEVELOPMENT OF INNOVATIVE LEARNING MEDIA IN BIOLOGY MIXED WITH
AUGMENTED REALITY ON DNA TECHNOLOGY FOR PROMOTING BIOLOGY CONCEPTS OF SENIOR HIGH
SCHOOL STUDENTS. Advisor: ATSAWANONTHAPAKORN THANETWEERAPHAT, Ed.D.

This research was a research and development. The main purpose of this research was to develop
innovative learning media in biology on DNA technology for senior high school students. The research process was
divided into 4 phases. Phase 1: Study basic information about the characteristics of innovative learning media in
biology on DNA technology, the target groups in this phase were 5 biology teachers and 5 curriculum designers in
biology courses in schools. The research instrument was the structured online focus group note on information
about characteristics of innovative learning media in biology on DNA technology. Phase 2: Design, create and
evaluate innovative learning media, the target groups in this phase were three content experts, three learning

media technicians, and fifteen 111"

grade students who have had the experience of studying DNA technology. The
research instruments were 1) the innovative learning media in biology on DNA technology, consisting of 4 topics
and 2) the assessment form for the suitability and consistency of innovative learning media, which is a 5-level rating
scale. Phase 3: Experimenting with innovative learning media, the target groups in this phase were a biology teacher
and eleven 10" grade students who have no experience of studying DNA technology. The research instruments
were 1) the innovative learning media in biology on DNA technology revised in the previous phase and 2) the 20-
item biological concepts test on DNA Technology in the form of a two-tier multiple-choice test. The items difficulty
value, discrimination value, and reliability value of this test were 0.36-0.79, 0.43-0.71, and 0.77, respectively. Phase
4: Evaluate and improve innovative learning media, the target groups in this phase were a biology teacher and 10"
grade students. They were the same group after experimenting with innovative learning media in phase 3. The
research instruments were 1) the assessment form for satisfaction to innovative learning media, which is a 5-level
rating scale and 2) the structured online focus group note about the opinions on innovative learning media. The
collected data were analyzed by descriptive statistics, effectiveness index, and content analysis. The results
showed that the innovative learning media in biology on DNA technology that combines augmented reality and
science kits was assessed for the suitability and the consistency of innovative learning media were assessed by
experts, single group and small group of 11™ grade students were 4.41 (SD = 0.58), 4.26 (SD = 0.59) and 4.22 (SD =
0.66) respectively, with the mean scores at a strongly agree level. The average score of biology concepts about DNA
technology after experimenting with innovative learning media of 10" grade students was more than before
experimenting with innovative learning media. The effectiveness index of innovative learning media was 0.4783. The
average scores of satisfactions to the innovative learning media of 10" grade students and the biology teacher who
used innovative learning media were 4.38 (SD = 1.20) and 4.90 (SD = 0.31) respectively. The mean scores of these

students and the teacher were a very satisfying and most satisfying level, respectively.

Field of Study: Science Education Student’s Signature ...
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way 93030 WIYINA (2560) aSUNeLiNIIUIANTIUNSISEUIINe eans v liinSeusedu
UsvaufnwiaudeseaudsenAnyiinnisiseuiuasiiusegelalunisSeuineaanslaly
SrevlIaduAULALIiUTYAVSHAZ WY
RnAMRmefina1ndsuagUlaan uinnssumsteudinetmans

wwIAn MU URRanss sedesedvgivi q Miunldlunisdnnisseudinermans e

ibndnseuiausegslalumsiteuiineimansuaziiuysednsamlunsiseuivesisey
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1.1.2 AMUKNIBVBIEDNSLIIUNTHIUINYANERAT

A9N13RHUNTADUINYIAENTHNTINUAINIBIINA®I Science instructional

media Anyanwu and Alafiatayo (2016); Jamuna and Pankajam (2017); Okpechi and

Denwigwe (2017); w3fnA Fuaysny (2559) syyin densiseunisaeuinermans mneds
ninens sulaun gunsalnivingamians Tngase wuudnaes 8ns Okpechi and

Denwigwe (2017); n3&nf Jua1ysng (2559) laliaunuiesiudedansaiin do

a a

adnnseilnd wazdesnsnunldlunsdnnisiSeuiinermans vidluansediinen el
Wand wagineraanslan asienanswazeinia ieasianudilalulvingrmanslviu

v % = =2 v =
UNLIYUTTAVUTZOUANYIAUNITEAULTYUAN N

1 ¥ =]

31NAMUNUIENNEINIT1FuaTULAI Fonsiseunisaeuinemans

N A

wunefls donsiiin deddannselind w30de35n15 U993 wWUUTIADY waTgUNIAINg

weeaninildlunssuiunmsiseuiwagldaianudilaliyineemansiidudnGeu

1.1.3 AunNIevasdaudnnssun1siieuineiaansuasuaziouinn sy

=] Y a
N13LIYUIVIINY

AouTnNITUNITTIUTINGIAIE@NTATINUAINIYITINGYIT innovative

science learning media R Sinaga (2019); Situmorang et al. (2015); Sutiani (2017);

% L4 ! =

a £ a o o a [N s = A a Y
NIANG "\]u@’]kﬁﬂw (2559) 5314’3’] aaujmﬂiiﬂJﬂ’]iL‘JEJug’JVISJ’ImaGl‘J PUIYO a@ﬂ"lilﬁﬁlug

' [ YR
(Y A A Y v A

Fnenmans lown d07an Fonin delanyiad Fedidnnsaiing sIuNeA 51T Nl

9

a o

N133ANIseuIINe mans laenidns Juaiusny (2559) laseysioazideniuiiuges

1%
tY

donaFeuinermaniduie doadudefifianulua uenand Sutiani (2017) 18nana
Fandindn desfianubanguunnduauainudesnisvesiingeu Snvis Simaremare et al.
(2018); Sinaga (2019) l#szyifisiindnin defiflaunindestisdaaiunszuiunsidous
wsagslauazaudiladenineemansvesinSoussiulsvouAnumaufessdudseufn
¢y

NnAEmIeAnaInduasulidn FeutnnssunisSeuiinenmans

a ®

< A a Yy s o a A v ¢ A & A4 A aa a !
L‘Uua@ﬂ"lilﬁﬂu%}lﬂuﬂ a@%ﬁﬂﬂiqﬁ/\]ﬂ ﬁ@Iam‘Wﬂu d2LaNNIDUNE KBIBADITNIT Wmﬂfﬂﬂﬂﬁll
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fpudangunasiannIng wugduiauIn1Tvelntey edanduasunssuiunis

Souiuavanudilalieminemansvesdnseulaney

[

INAIUNUIYBIABUTANTIUNTITEUIINGIANENTU190U Faelrasy

=

AMUTNIEYBIFOUTANIINNITEEUSTIINeT Fauluwvumiswedinermans lodndu
donsseuivinenlnd o Tanudandunazrslminieuinudilaluilon¥yine

gnApdlardIERonITSeUS

1.2 YANARBIINYIANENT

N13ANEIUTAIUTRYANARRIINEIAIERNS UTZNOUAIY AITUNNIBTDIYANARDY
WNYIANENS TUADUNITATINYANABBIINYIAIAAT WasTALATTRINNINVDIYANAADY

Ingenans Fedlsvazdunnsnalul
1.2.1 AMURNYVBIYANARBIINEIANERNS

sqm‘mmaaﬁ‘v]sJwmam%maﬁ’uﬁﬂmmﬁaﬂqwﬁ Science kits @4 Jones et al.
(2012); Setiawan et al. (2019) 58Y31 YANAADMINYIANAAT NU18D9 Fon15iTeuiidy
Useaun1sainisynaaae anve Dickerson et al. (2014); Koul and Verma (2018); Richardson
(2005) lalvimnunanesauluia insesdle yavesian ynauniainaass Aile Taudslufanssy
Mhutdlunisdanisieudinetmans e esurediduuiusssulmlugusssuuiniu
YANAABITIBETUATIIAMUD AN TIneIman s kagduasuaNaRn s lun ATy ved
v a ¥
wniseula

31nAUNNIEANa1INIT R uaTULed1 gannassineidians vuneds

=

donsssuinldluianssunaaesmaineimans Yngunsaivneass lUAINTIUNITNAGDY UaL

=]

Afonsldau awnsaesulrediiluuusssuliilugusssuuniu iliiAnaudile

Y

NluyrumIneIransuazvdLasunNansalun Al nvestnGou
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1.2.2 YunaUNNTE319YANARBINIAENS

nn1sAnwinaneviiuliseysiasiBenvestunaunisainayannass

[

IneananshInadl

[
v ¥

Ocampo et al. (2015) 5¥Yi19UAdUNITATINYANARDITNYIANEN S

(% a

Usenaumedunaudail 1) numuaussausinesmsiiiaiudiTouniundnans 2) nmvun

[y o

uluiiminazvinweiidosnslifatufSoulusiedn 3) szytanfisududmsuganaans
Wemans 4) Waufanssuwazgileu)Uinis 5) eenuuuuaraseyannaeingImans
waz 6) Ussllunouwigavaassingimansiuldisuasuiulsauile aonndastuduneu
nsaiIsyanaaesineransues Rachmawati et al. (2018) fiusznousie 1) AUTIUTI
M5ideuazdoyaiioriugannassingimans 2) MNULALDNLULYANARBINENAENS

3) HENYANAARIINIAIANSHAZALD wag 4) Urlunaasdldiaznsivdeuniluyannasy

[ (%
Y

WeIM1ans wag Huda et al. (2018) sEUUTUADUNITAS1NYANARRINGIAIERS L TYIUBS
Feafu Seusznoudietuneudsd 1) fuuaingUszasdvosganaassineimans 2)
pankuUkazidanianaunsallun1sasiaganaaeing fans 3) @319 NnasduasinwUad
YNAaaIngImans 4) naasdliyananesinemansluseaureauiinig wag 5) Usuuss

whluganaaesInemans

[
1% %

NTUADUNITAS1IYANARBINEIA1ANSANE1INITeAuazULa Tunou

q

nsasyanaaesinermans Usenauluaiy 1) nmsdnwivangas mvuadluiimiuagyiney

v Y a LY v a o L3 a b4 Y I3
V]G]@Qﬂ’]ﬁi%Lﬂ@ﬂ‘U‘UﬂLiE’Ju 2) ﬂ']%i&ﬂﬁ!ﬂﬂﬁgﬁﬂﬂﬂ'ﬁlﬁﬂugua83Wﬂﬂi$aﬁﬂﬂ@\7“ﬁﬂmﬂaaﬂ

9 9

a s A Y 6! 2/ a s a
Ingrrans 3) eanuuunaziieniagaunsallunisaiieyanaasdingrmans 4) uin

1 o

YanaaeInemanikazalonsidau 5) Ussilluneudiganaassineieans ildasaas

'
a

UFuusanly wae 6) lnyaneaesinemansuazalonnieuldauats

1.2.3 Yafuazdedrinvasyannassimedeans

[

UnnsAnvvaneitulassytofnaztodnnveyanaasddIngmEns Land

]

AIR15199 1
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v Uof 4231110
nn1sAnen - ) - )
VIIYANARDIINYIANEAT VOIYANARDIINYIANEAT
Jones et al. 1) Twuswdanuaziniasilen 1) agdoslanandnlailonigs
(2012) Jududmiuniveasdld anuazlasunstinalunoui

Mgl
2) ansvezhanaredldly
nswselgUNIaluazNaeuY

MULKUNITINNTITEUT

3) ALAINFDAITNAN

yanaanIneeansldlaiu

q

a

b38UY

e

Rachmawati et

al. (2018)

1) gganlun1snnniuay
44' o
\AROUEY
2) dlavanausun wu adnlu
Fuseu g@auUfun
3) winanuaulavesiseuly

nsiSeus

4) HrediFeuinmiutila

1luieL

Koul and

Verma (2018)

1) swnnTaaldlunisveasi
nduliseiu
2) Ysgndanianlunisvnnaes

3) ALAINADATTNAN

v 5

4) punusasduingiu

q

AuInay

1) Aneungneuhyanaaes

Aneneansluly
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ndefnazdediinvesyanaassingimansinaiuitisduasulain
yanpaesinemansiiven Wid 1) 1umsmunuanuasiatesionidndudmiunmmeans
ey 2) anszeznanfinsdedilunssdsugunsaluaznsaeunaununsdanisifeus
3) avaansonsnnynuarldlimansuiun 4) dunuiuasduiinsiudanedey 5) PaofiFeu
Anasilaslusiend wag 6) wineuaulavesgoulunaiioud dudedinvesyamaans

¥ = ¥

Wegreans loun 1) neudyanaassluldiviisounsiesdinudilatlonidnuay

o & v v a s ' ° o va Aa o
Indudedniuaslunisliyavaasdinermans 2) limangdmsudiseuniduiuan uway

3) ldanusanseungunguglseulannngy

1.3 anuduasaasy

N15ANEUTLAUTDIAMULT U UASUUTZNOUAIEY AIUNUIEVDIAMUTUIT WAL

Jupaunsasaniluasaasy wavdefnavdediinvesanuduasaasy deilsvaziden

samalUll

1.3.1 AUNRU8UBIAUTUISHETY

a

Anuduasuasuumdninsvdudineanladyaall Fensaiua
18199918171 Augmented reality, AR &4 Cerrato et al. (2018); Turan et al. (2018);
algeyn wIATAUS war ANTINA 130911Y (2559); @siaug JUNSNL Uag Waan Wiweasnd

1 [ a a = aa o 1 v A dy Y é(

(2561) s¥y31 AnuLduasuasy vuneds malulagmhandisuansteyavseileninasnetiy
luanmwinaaualoudss lneln155eyseaziBunvesdnasnay 1o lanstatauny
Aulanuvenuase Nsluguuuuresnnils Mwauds awedeulny Nenadinudeslsenay
wazliflidessznou wenanil Cerato et al. (2018); @swug JUNSNN wae Waan N3uLd I
(2561) fasvyBnitwmalulagainuiluasuasudanisonaninawuuriuiiaiogunsal
a o a s

Bidnusellnd

nauEieiinaudeiuazulad anuduadaasy naneds welulad
A 1 a = A v 49{ 1 1 fa a ¢ = 1
Inanulanuwisninuaswazlanadounasiavu lneaenansiegunsaldiannseting daly

aa1303U3meUssamduiave il g A TIUAL AR INALUUTIUT



16

1.3.2 TUABUNITES19ANUTUDTETU

tnnsfinwnaneviuldssyseavidunvesduneunisasnennuduasuasy

U s a a

0§ Awasy wazAmy (2557) szyindumnaunisasianinuiuaiaasy

Pl o

Usznoudetuneusid 1) aaﬂLLUULLazﬁmemmammﬁa Pnmstuatdouaradiedu
drugasvaliinanialusinsunauiitnes wu lUsunsy Autodesk Maya 2) 9nluuLay
Wal w1 Marker IagldlUsunsuasufiaimes 1w 1Usunsu Adobe Photoshop wag 3)
nsiaukeUnalaty FedldnuuussuuljoRnisueunsesdlaslilusunsunaufinneflu
AL 1w TUSWASY Unity 3D Saudusdulas Voforia (www.vuforia.com) wiasdeules
Marker fulanaa Tnglduiiuidnvieamnivinulussuuy jURnnsueunsessdamsnsue

Marker Hunasdduaninalinaauilnnmseiule daanpdoatutunaunisasnnuduasuasy

faa € a v

999 WAUASUNS AT uUNY (2560) NUTLNOUMIE 1) 90NLUULATAS19 Marker Lagld
TUshnsuAuRmaskaziIuled Vuforia 2) @d1enishansnawazluing Jaluinanasiad
sUnuvanuiifniinisiadeuln lagldlusunsunauitames way 3) Weulusunsy wivevinun

wounalAdu uay Syahputra (2017) Syyd Fudunountsarunnudustaatuliiueafeity

o

FeUszneumetunaused 1) Tinsziien lngnssmualinanse nOifeINIshaAnILaY
Marker M38ULEL U ETLYUleIN UL AL dDAAABINI DAL ANN UMDY 2) 88NWUU

waras1e Marker lagldlusunsumeuiiames 9 Marker Niasnedilavaieguiuy W QR code

[y

sunmvisediydnual war 3) sanuuunazaiianranvediient lngldlusunsumeuiiunes
Tunisiaun waglduiiuidnSoaunsvlvugiuan Marker Hundes ouaninalinansoing
Mmaeulesld

v o

ma%’umaumsa%wmmL*T;JuﬁqLa%mﬁﬂénmmmuasﬂiﬁ'j’] TUnNoU

9

o & a a o a ¢ X 2 O ° o
A5a519ANUUsRasuUsENaulUA18 N15IASIEilenT WudunaunIsiInua e a i

(%
v

ADAARDIVIDLVUNITAUNULIDT NHINNUUIS °1majsuumumiaaﬂLLUULLazﬁwuﬂmma W

=

“EJJUG]E]UGLUFYﬁE]E]ﬂLLUULLﬁ%ﬂ’]iﬂ%’]Qﬁfﬁ]QM'ﬁﬁ]aﬂ FRINIThERING LasrIunITaseAelusunsy

ABURLADS UAIINTUIINITERNLUULAE WAL Marker taldidusiadmsunanslunanse

v A v

£ o a U = o Yo < [ = s
ANONETINUU LL@SﬂWi‘WWUWLL@‘UWﬁLﬁ“U‘ULWE)LLﬁﬂﬁNaLLﬁ%‘lJ’ll‘UeL?IN’mLWI‘ULﬁ@mi@ﬁuﬂiﬂiwu
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V23RN T LTI v29AULTUT Y
% v 6 9/ o o & ¥/ £ L4
alg wiegdud 1) awnsoadauaziiaue 1) 9nJudedldaunsal
LA ANTINA \WemlanuaufeIns dudnwselind 1wy
A a 1 ' 0 3 =) =3 [
13897119 (2559) agslalennin GRSV AT
2) anusauunUsseynalaly fldlunsgudoya
nsseunIsaeulannngy 2) peslditugiulasasneves
GRECTU )M sruuAToUEBUmeslnT
3) Yreliuuussugalmity ARUYNLEADYS
TodNinveIANINAININ
WUULAYN NSUasmeUszam
= 1 =
ANEIBEIFEN
4) Prelvdnseudilaiion
a v dy
unssulauNTu
Akcayir and 1) freg1uwaNNgzaINiy 1) dnFvuinUszaulyninig
Akgayir (2017) nsdanawnn1sainty watiavagldanu
anunsadunalanieniian 2) enatudewiuludmdu
2) aansaLiiuwsegelaves ARy
unLIsy 3) dudusedldinanlu
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ANSUSTEELALLGN LDy
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= Y o Y o w < a A |
f13199 2 UBALLATUYDAIINAVDIAMULUUITILEIN (§1D)

. - Uof 4231110
UNNISANEN ... L
Y2IANULUUITILEIY Y2IANULUUITILEIY
Martin et al. 1) mslvanuduasuasuluy 1) nmsienuduasaasuunld
(2018) wosUuRnsladndudes Tunsfinwdndudedlasu
aSunEILUSENAUYB nsLESumeNTERaTiuag
gunsaliniseuly Fetoya LHOANAUARULATOAY
WAANTNS DU LARILUUTIUN FYAD TN YUY

2) msldanudussaeasuinlig
o o Aaa
msvhanuvesinseuniidass

wnBuluesufianis

ndefuazdotninvasarnuduasuasufinariuidrsduaguledn
& a a avy o < ! & 1 J [ calv
anuiduasuasuiivenlulsznunaluil 1) dgduisauazainlunsdunamnnisaiinlyl
annsadunalanieanlal 2) YrgliiuussugaluddinteIinreesrIndiuiuuuLANain
FuansmgUseamaiiieed1ufel 3) aunsaaiisaziiauaiienliniunnudednis
agsldentin 4) awnsaussendldlaynnquansemsisens swdaelidnSeudilaiiom
uniSeulaundu anansaiiuwsegslavestdniseunasdagltniseullvinyensd151996uY
5) nsihanudusiuasuanldluiesufifnisludnludesesuisdiulsznauvesgunsald
v o [P Y = v A a o Yo o o ]
tniseuld Fedeyawmarindeuuaniuuuiiuil uay 6) wndasslunisvinulviuinEeu @
Y o w [ a a £4 ! [ ] ¥ 14 fa = a s ! 3 =
Todninvesnnuduasauaiulaun 1) dndudedddgunsalddnnselind wu auninlnuwie
3 [ ! £ £ o & 2 A 1 a s & A 1 v
wiudn Tuniserudeya 2) dedldiugiulaseaiieesssvuinsetnedumeiiilniAouti
wies 3) utinissulinUszavlynmanatavagltnu mszoradudounulidmsu

ey seuindudeddialunisusseefiadinainng eananuaauiniouasyIende
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1.4 nguflunsiauidoudnnssunisifou;

a &

n1swudeuinnssunisiteuisiineluanuidel Wunsnaunaiuseninede

=

Ussanganaaedingieansuazanuduaiuaiuddaludedadiifie Ussinnnils lng
N un1n1sAnunifettesdunisiauidouinnssunisseud laun nguinisiseuinig

wnslaeyrveausiues (Cognitive leaming theory) N ¥)A158N 1TV BIAU D

o

(Cognitive load theory) LLaz‘wqwﬁﬂ?iL?ﬂUiNﬂuﬁamaaﬁLaﬂ (Cognitive theory of

multimedia learning) Fausiasnguiisneazidensnssioluil
1.4.1 vgefmFeuimamnidyaveusiuaes (Cognitive learning theory)

Bruner (1964) szufianisviinuvesdygyivieauoweuyud lngusiuesiae

o o

Tmnalulagaunsarigliuyuddulniu iedanisdnyazuesanmuindeungdudou 910

N1 NUVUTIABINIUNITATEYN TUAUINIT WazA1IMIodydnwal wazdudedn

{ & 2 o

nsnspivesyudilussuy WuaduliausouiJgymianelagldniedoyaisiauin

[

Tngila uiwesdinandnindsiddynastunisvinnuvestygyife niheanud delaladu

o

'
= a

2 cal i | & A v g v 1% | & Y
LA NUUSEAUNITUNHIUN LLG\Lﬂuﬂqﬁﬂﬂﬁ\ﬁ/ﬂ,ﬂﬂ'ﬂmaﬁiuzﬂLLUUWI?JQ']UI@U’N&’JUGUU@%ﬂU

v a

a DY) el A o o A o @ v o =
FasihsvawazyssuanaUsraunisalnciug Wwednldnudednludeddviuil @
HadnsaINN1TdsviaLaryseuana Send1 AIunY (Representation) UgiuesLaLaue

[

nsiudununnanudeauluy 3 dnvae eail

1) mafuunuainnsnsgyi (Enactive representation) Wunsguiunisi
wanafamgnisallusfariunisnevauswinenisnsziidundn wsiznisnsziieavinli
Y a % Yol 1 a ¥ o Y] 1 cl'u d' % dl> I
dsewdnlalafndinisesunemedya f19819 N13TINTEIU NIRNReY N13TUse Fady
FANUNAULT DD WA UNITANYINOSUIEDINITITUMILNUIINAITNTEYTNVD

\ead (Piaget) anwginssuvain o Nueusglulatazivginsshisay vasinnivg

1 4
a o a I3 @ o 1

nszhstaudgrinnszhsmnasinudnala inagneadivazudleniiotug WwnvinvinUserainle

Y

v
@ a 1A v oA a

oA 1 1 dl @ oA 1 g d' (= q'
wazweniataunall n1siwnwgndanalutulaenliiinseis msishnAninilatuAenseh
waziiowgilafazladuldsunilouweinszfy nands ena1enandved (nseae) Tu

anuN1salieunIeUsEAUNISAlNIEN1INTEYINMUAIININEYBIUTIUDT
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2) Madudiunuainduauinis (lconic representation) WunsguILN15An
4 o a ¢ v A 2 & Y] & Y ) | s
wiednaulaaguimanisaiannnisidnmiiiudundn wiuldandeginismaasiveugiues

funnde 53 uaz 7 U laenshidngnmnisdauia 9 Tu desntunduniesniiazuaiuas

1 A

Tidndaudlmiliniiowdn nausingin lddanuuand1esznineeiy 5 uaz 7 Y nanfe
< o & S vy A a ' =~ S @ da
Wwn 9 ynaudszavanudnislunisunuiiniilimiiowdy wilunisiesiuaniieny
] v vy a ] a =t & s = Y & o DY) v
WNNI1AEIRMTINTuaBnuilaanunsaln ugiuesaaese Iianssauiadulaeglmsy
nlulnglegniadredio nausingin enuuansisszninaen 2 Jellfe Windy 5 U Gudu
| v M v PB4 = Y - g v o ] )
ag9gnAed uilianunsadasewiold lunganndneenuimnilouiuunlviangAsuansn du
WinTe 7 Ulu anwnsaseauiiadulaegiegndes vgiwesdaguinnsiinamluiuauinis

wansliiunudlaiiadunisent

o s

3) malusunuaindeyanwal (Symbolic representation) 1unsguaunisi

<

1 I's SJSJd' % % o I~ [
anusadenenlszaumsalvesnulinaunsulalagnsldniuluguuuuvesdesAandunen

v
=) 4

#0813 Philadelphia \Huresaiumesludidednaiuvesns wie (x + 22 = + dx+ 4 =
= 2 o a v & = a A & W 1Y Y
x(x + 4) + 4 Fanwnludananslinuianuanwarieinduiimuinsmieuausiay

AN latugean

a Y

PNNGuYNITIEUINIINNs Ty reugiued awnsatunldidunwimidly

A7} Y]

a

ANSHAIUIADUTANSSUNITIOUSTIINGIUTLLANYANAABIINUIAIARS LA 99T National

Y 9

Research Council (2006) a3Ul331 vsiwesuuziliinsowdudnuilymiinszfesedu

wienarSeuinemanisienues uarnandnirtdndeuliaslifunisaeudemiantmis

Ingneanifueneananiu uimsheliinGeudunulasiadne wnfavienguliiugiums
Ineneans Jadunsadvayuliiuiinnudfyivianssuvesnsasde UfoR yannas
ngrmansdgniunldlunisdnassnisudinisluiesdjiinisesanaz i seulid
TemaldenuazAunvasfidesnisiiouisonulos dnvazvesyanaassineimansi

UsgAnSnma s S suinnssuIunisiseuinen1salis UJUR Seusaienin uaziseus
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1.4.2 MEHN13ENI5919IUV9ENBY (Cognitive load theory)

Sweller (2011) 85U1871 NWHN152N1991191UV0IENBS (Cognitive load
theory) Lunqufildesuneiisafuarudlavesyud Tassairmtyyivesyud
(Cognitive architecture) Lioas19HaTeININARBILAZNNSISHUNTABY TMATIANT AT WARS
IiudowFeuiisussringisnmatsunsaounuulnifuisnsGounisaounuusaia vin

FBnsseunisaeulnivielinisseuivesis suiietu lneiasananuagevdulunan

& aa

ﬂ’]ﬂﬂ’l’]&lifﬂ?ﬂﬂ?iﬁUi%@QM‘u‘HﬁJ 9n195sunsaeuln ﬁE’JWT{IL usaendnsuiineonuuy

NSIEUNTABULALAT

nounsznisvinuesansdiladidnuasianiglunisldnisiuivewyud
lun1saseisnisseunisaou wildudnuilamiaudenluniseeniuunisiSounisaou fe
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1.4.3 wqwﬁmiﬁ'fmimuﬁlaﬁaaﬁtﬁﬂ (Cognitive theory of multimedia
learning)

C% a

Mayer (2009) 83U1871 ngufnsiseudiudediafiiveilunguiieduie
NsSEuFvRIYBdNAar U Aeldanufgiu 3 Ysens Teseavidundiall

1 a

1) auufAgIuN1sTU3AeteInIe (Dual-channel assumption) s¥Ui1§b3eudl
doan1gdmiunisussutanadeyariininuaznisladu laun Yoamianisus iy
(Visual/Pictorial channel) wagdan19n15tadu (Auditory/Verbal channel) Wiaa1an15u

Y

Taya Wy AnUsznau amadeulnd Iaviainsedenuuuntne uyudIvisUAUMIY

msUszaanateyauulutomnenisueiiu Wevldsudeya 1wy Aussenenseidsayudas

SusumenisUszananadeyatuludasmmanislagy

wiiideyadsiingsruudeyaraiuuudi1uremaied wionaauisauas

=

Y - | A vy A ¢ | v v o o v

munuLieUszalanalutemniduls Weuyvdienlaldaius anudilaniiigane Jeya
Uaueludewmilaszgnuanduyesdume g1y TanuuuntnneeagnussuIanaty
Fowmnanisuesiuluneuusniiesnndugniiauenisaisni wigeuiniivszaunisalons

I3 a P 1 1 Ya
mmaaLL‘LJaﬂgﬂmwmmammﬂizmamamwawwmﬂmu

IS o

2) auuAguliniintunisiudeya (Limited capacity assumption) s¥U31
& o w o v r-:ll ! 1 gj a dll o
wywdgnitdndutudeyanatunsauszulanalaluudazdomisluaiufiod Welaue
awlsznaunsenimedeulmnysdanusanunmlmiissliinmluniieainudilugis
o 1 . 1 :j o v dg‘; ¥ 1 = I3
aueg (Working memory) lussiazass ilvaiuisavanaiienilauisdinununavily
& & A o~ o ° 4 o o A gu v
e mamue wazidlelin1suaueAusseny uysdagarunsaiiuaudnieldaulaiies
Ldfluudazass ldausaandrdeyalduuusier dededninvesairuaiuisaly
L A= o qw o & v v a v v v =~ 1 1
nMsUssianawail Jvihliuywddndusesdndulasudeyaiiinuiissuisesns lawnse

Sudayaliviavunluasnimen



24

Aa

3) duuRgIunsUsTIIaNantUsEa@NSnm (Active processing assumption)

52U WyedildusalunisSeuiegaiiuseaniam eteyanuiinunangesnanisius
HIUDNENIEUIUNITNAUNTOL ARLGDN INTHUU UATYTUINTT ANBIVDINYBEILNELULTY
v b4 A ] 1% < 1 o « k% < Y A v 1Y

Joyaliunfagavinmdululduazinulumiieaiudi weafanisiludunuinaenadeiu

YosUszaunsalluAuy 9 U

v aa

Mayer (2009) 85u1811A21u1ladedadilinednifedeeiunisasig
lassadennuivssianlalszinnuils lnelassaseanudiugiuuiadu 5 Ussan fe

= = Y] Y ° Y] N
N5¥UIUNTT MSIUIBUNEU ‘Viaﬂﬂqim'ﬂﬂ ASHANLAY LAZNITIWUNUTLLAN AIAIT1N 3

A5197 3 Tassadrannnad 5 Uszian Tae Mayer (2009)

Uszinnlaseasng A183U"Y AUNY A8
N3EUIUNIT oS LAYKAT ARNLY N1595U18I Y VeINYYe
(Process) Andu (Flowchart)  via1ueesls
nswWieudigy WlsuiiguasAusEney  m1se Wisuigungunisiseus
(Comparison) aosedvzesnnndtly  Wlsuidley  aesnquiMiiuadesdy
RRIH (Matrix) 5ITUYIRVDILTIUY ATUAY
W|Nsdeu
vanmsly gaunghuIAavanuar  uWuQiduld  nasuaueivendnus
(Generalization)  188LOYARNY (Branching L‘ﬁ'mﬁ’ummaa‘”} ALY UD 4
tree) A9ATIUNANNLBIDLUTAN
niouAumang I
NTHINUAN UEUeTIuNIT 596013 (List) 578715 12 %ENN1508NWUY
(Enumeration) deffaAdiAe
mstuunlszian  eszilugauas Srdutu S19A¥L8AUDITEUY
(Classification)  wngey (Hierarchy) ~ N15314UNNINTININYDY

dnineia




Y

TamRanInd 1 tnen1siseusnilenunuienasiinduluan nwinasundsianiifewasaisewsl
Y Y

(% L)

drwulunszuiunisseud Fedinszuiunisill fisusrSeusldndewdloaussinisdaden

v a

(Selecting) Toyaaindedafiiferutoimnianisusaiuwaryaan1insdudundnszuy
(Organizing) lumusrezdunIenIzaIuIlugIvineuey (Short-term memory %38
Working memory) Tuguiuuraasiunuuwazysanng (Integrating) funutuiuausiay

(Prior knowledge) Tuniiaanuinszyze?

sunuunsULEue adunz ieanuIlugvinuey ANANTTEZE?
Tnvdedafiiie Fumanuidn (Working memory) (Long-term memory)
. Foude - faszuu| WUUIIEDIRIN
i 9 VB ve
4 Mslagu
l T Uszanama ﬂ’]WlJ%JLaEJ
( of (wuusaesen )
S A IATEUU
sUn W M il am P
Y ANTTUDILNU
./ \-

%

AN 1 NsEuIuNsEuiNudeTaRilie AnlUaian Mayer (2009)

= o 1

Mayer (2009) a5ungfissagenszuiunismsdiausdeya 3 Ussianiign

[
ada a a

a a [ A o = o
ﬂizmaNaiumqwgﬂ’liLiEJugmuaauamuL@EJ UINYALLBYNMIU

1) Myiawedeyamenn

nsdnauannilaienimafeulnl azawnsadudiulsramdudaniann

¥ (%
L3 =

FavansaliiindulaglideddanunereudiSeusnnin uinauiin1sussiiananisaneday
Suduty mndieulinnuanladuamiidiiiun uvsdmvesnimaznatsdudunuly
WEANNTTUYININUEY Wegiuvenisiiun miulufietudiuveanin nsuseuiana
anuirnudilaluasiieluanineadesiunisinssuuindiesnmvandiidulassadem
N o 1y < v & vad a & & °

Wesleaiu Ban1sdaszuusunmmdunisuansiiiuiennuinfetuduiuudiaseain
nsueaiu (Wuudtasanin) luiganisussananannuiaudilalunilsaudilugag

[ 1 £ =~ 1 1d Y Iala o = &
VI’]Q’WUBQQ%G]@QL“UB?,JG]EJﬂ'ﬁLﬂUGI’JLLVIUIWNVINV’YNNEBU ] BIMBNITYTUINTT UBNITNUNIN



26

ALSEUATIUUUTIRDIINNTIABUNTD319T WINWIIANE e TBNRBA UL UUTIABITUA N

aelavheanuinlugieviaied

2) mstausteyamean

A1USTENENToLAgIaza U sUSHIuYsTa I ndudantannaziAvly

Y Y

v

nsUszrananuiauilalunilsau lutiinnuegaunsaintule mngiseuli
Auaulatudssiidiuluyvesdisey deowdnunuisdmazgnideniesiuliluguvesdi
agluguvendes Fsdlugruvesmuudutudunliiluszuuisieadinisdnssuufie msad

° & Yy  a A Y] o I3 ° ya a
F’]’]LﬂaquuaﬂIUIﬂﬁﬂﬁiqﬂmlejalliﬁlﬂﬂu LLagaﬁqﬂLUULLUUﬁ]WﬁaQWqQﬂqi‘l@aiﬂﬂia?'ﬁﬂ ﬂLu

¥
o

N = < v o = d'
ﬂi%‘U’JUﬂWiuﬂﬂﬁ]%L‘UaEluf\ﬂﬂzllLL‘U‘U‘EJENLﬂ?;lﬂL‘U‘Llfﬂ')LLVIUG]’]@J@’N@JV@J']EJGUENW] N30019 U8

[y

miugunmmeiy

3) myauetoyamefieglugunuuveinsiud

n1sUszanananuianlavesnindrulvainatuludeanisueaiu
luvagnnmsuszananamiuianudilavesmediulvgiintulugeminislaguuazaind
a a ¢ I v o °
eglusvuuvveanisiiun agarursasudiudssammdudanimim wazuiunlily
mitgauitugivihnueglugiuresnin annuuainsatd i luluguvesdaluguuuy
Fed viaeantuaunsaas kU UTIasImenIsiBunionfNdennaosiugununmle wag
lunganisuszananannuianudilaluniisanudilutivihnuegasdesteuseninyi

AU 9 NANIINMIYANUTITEELE1ITIRBNITUTUINITVBIAINS

a

lusgnintamsisgurudedafiify aueaveiseuaziiANTEUIUNITNIN
Uayay (Cognitive process) T 3 Uz B9aAAG0IIUNGBANITZNITVINIUTDIELDY LauA

Mszneuenlaznszaely

lunsdnnisuazAivpunszuunedyausiazysenm Mayer (2009) 161
aSulseNlasnunannITeenLuUdetaniliiy (Principles of multimedia design) lnetkug
NUIANLAINUTENNVBINITENTVINUVDIENDIDY Sweller (2011) wel Mayer (2009) ¢

A a ° a a ! Y] wa L.
WNLALANTEATYINIUTDIEND99NUTELANITENTT N15EERLUlA (Germane cognitive load)

Fanuneie n1sen1sianuntnvesanesiiinanlunisuseaianasenitensiseuingld



27

Y YV a

ws9gelavesiidisowes Pgligiseuinauinlaluuniseuiueg1adngs ndnnisesniuy

Y Y

A3vuiiiaufifudes saudsnnslidonsiFousidanududeutugBou WelvifFouin

Y

=

mMs3euionelivszdnsnim wisdu 3 e neseaziunusazmadansielul

nuIad 1 n1sannszulrun1melyginisenieusn (Reducing extraneous

processing)

nszuIUN1IN1lg1n1sza8uen (Extraneous cognitive process) 139
& oA Y o = =
Aszatpuen Wunszuiunmsnelyginlineitesdudmunsveinisiseunisaeu dadu

NALNAINNNTODNLUUNNSHSHUNTADUNUTUSLANT AN F1987198U N15INNANLALY AU

[ a

WNeatesiulinuasnin ligiseudesdansearvlianviendnnseaeluun deundnnis

[ ]
v aa £ vy

ponuuUAeTaATifefiAty rasannszatsuenlilduiniian lnonslddeniiuszansam

(%
Y

o ad a aAa a a | v & I aa
ﬁaﬂﬂqiaaﬂLLU‘Uﬁ@Na llLﬂf‘JV]llﬂ'ﬁgﬁﬁ/lﬁﬂqWLLagsﬁrJﬂaﬂﬂqﬁgﬂqﬁlu@ﬂiﬂL‘Uuaﬁn@@lWN‘VilIG] 5

[

PANANT Mail

1) nénn1sanngunau (Coherence principle) 58U Hl8uazITEUS

v
CY a A

Taadu Wededaniiieldianiznin o0 vialdueiiiodeestuumSeutTy daudils

\eTIAsAnaanty

2) MaﬂmimimummmﬂmmaqLs’em (Signaling principle) 38431

14
= P A A o Y] ¢

b EJTJ’«J%L%EJ‘H%I@WU‘N Wedeilantineidudiudfay GUENL‘HE’J‘VI’]‘H‘LJ Wy AAwlnd Feudnwal

o

ey

Mo

Wiy Azt fdwing q nnisudu

[

3) WiNN13N15aAAINTITeU (Redundancy principle) 5¥Uin Jiseuy

[
Y = d

a ' 195 A & &
wiBouilddty Wedeadiifednisiazesszneunm limsldderuiiduilemussone
Ysunaann ¢ Tadnlulude

4) nann13aulnadin (Spatial contiguity principle) suin Kisou

14 1
P o A

gispuilanTy WededafAlifuunauaninuway sUaﬂ’J’]m/lLﬂEJTUE]QﬂUl’J%’NﬂUMﬁE]USL’JﬂA
TnalAganu

5) Mﬁﬂﬂﬁﬂ’]iﬂi’mgﬁi@lﬁjﬁﬂ (Temporal contiguity principle) s¥y

1% '
a VY d A

1 fiFeuaziFouilandy Wededadiivisdausnimuasdeanuiifetdesiunoy q fu

2819MDL DY



28

- ) . .
nuIAd 2 N13dRnIInIzUIUMIN U gin1senielu (Managing essential

processing)

o & . .y b=
nsgvrunImstyin1sesndu (Essential cognitive process) n38a15¢

'
1 A

[ A o & Y a [ Y a o o o
ety Wunssuaunismstygyrndndudegisouinodudiunudiigndnausliniy

Y
= = 1

Wnnngvesnisiiaus Jausgiuanududeuresdatiu Meg1ady Jiseusuraunseui

C a

LU’EJ%’W%JF’]’J’]QJGZIU‘UBUN’]Uﬁ’@Mﬁ LG]EJVITJ’]L?{U@LUBM’]LTJLﬁUITJ waraneUTuaTe ZLIaLﬁ‘Ll

(%
v ac 0y

Fns1iA (Overload) Faundnniseanuuudesafilfefiaty min13sans vsenaniaes

anzdsnadeyaiiudaininannszuiunsnilyainiseaislu lnendnnisesniuude

v aa (%

= Ha & o &
dapdelumnaidinemun 3 nannis fadl

1) 1anNN19NISHUEIUEDY (Segmenting principle) $8471 E:I:LiEJuR]S
Zoudléfty dededadilifefinsinauadonuludiuges himsﬁ%auat,ﬁamﬁmm
w3

=

bIYU

1Y

2) ¥aNN1INITMIEUNBUADY (Pre-training principle) sU71

eXp

1%
Y A A v aa A a

wTeuslanau LmaaamammmsﬁmiivmwazL%ﬂ@lﬁt,ﬁumwmmLﬁamﬁwmdauﬁmL &1

a

bIYU

[

3) UENAIINT MIATNLAY LﬁEN‘IN(ﬂ (Modality principle) S¥yin

e3lp

[
Y d d v aa a

QSL‘%EJ‘H%TLQWU‘H LﬂJE’Jﬁ@ﬂJﬁG]@JLﬂEJ‘L!’]Lﬂ‘u@L‘HI’J‘VT’]WJEJﬂ’]‘WLLﬁuLﬂEJx‘i‘UiiEJ’]EJ mﬂmwmsu%auama

ANLATTDAIY

d‘ £ dll a IS~
nuan 3 nsaduayunszuiuntsnelgyienisiseuslui@edn

(Fostering generative processing)

sz TNl iivenisiseusluledn (Generative cognitive process)

wsanszdnlulifdunszuaunsmalygrdmsunisvianudileegadnds Fa3ueg iu

1 L =)

usegalavesisow Wy vngiseuidndedmunieliaulanazhaudlaunSeundeiniaus

Y

¥ ¥
A

nszviun Ity givssianifaglifintuudanesasinuiimiessguinnenniy 3

ﬂizmumimqﬁmm%ﬁamiL%ﬂuﬂuL%aﬁmzﬁﬂﬁﬂﬁEJiJLﬁ@@@ﬁﬂ’JW%’MﬂWﬁQEJmﬂmﬁ

(%
v ad &Y

svaze dudundnmseenuuudesaaiideriatu asteliinnssuiumsmadayauite

Y

mmauﬂumaﬂlﬁlmmmam Tnendnniseenuuudesaniieluninediianun 4 ndnnis

[

&
JU



29

1) wénn1snnslddenan (Multimedia principle) 53171 ASHPEE
Seuinnteanunieudunm laanidernuiiesegimes
2) ndnn13n1stdanwraunun (Personalization principle) 5¥y3n
FiFouazBouddedafiideminauen wiisluuulndifssunaunu (a1wime) I6dndy
nsldnwImienis
3) nénn13msldides (Voice principle) 53y fisouaziSouide
artiAeRidssussenadudsayudldfniidouseeanlusunsuneuiinnes
4) nann1sn1slesuaIn (Image principle) sey31 n1sldninves

Aussenedesadludedaniivieliididisiigisewianisseuslan

(%
v aa Y

ngun1siseusiudedaniiife lassunanniseenwuudedafiliiens

9

(SN

v ada

IR 594 12 ann15ves Mayer (2009) dadunannisiesuieieanuusvesdedafiinen

ho))}

o
= £ a LYY

wazgasnsainlUldlade sudsanansavmuinsiseuinesunmsyyivesiseu fatuy

a 2 ! =

[ 4 o aa &) [ Ql' o [ = aa a a
‘Viﬁﬂﬂ'ﬁ@@ﬂLL‘U‘UﬂE]lIaG]lILG]ElGNﬂﬁ’]')"NL‘Uu‘ﬁaﬂﬂ']iﬁ/lg]ﬂU’]MﬂﬂUﬂWﬁNWUWﬁ@NaG}ML@EJ N

(Y

Lan 9 UANUT LIS LS UTINEUNAUAUYANAADINE1ANERS YD TE

1.5 wuamensussLiiudauinnssunisiteus

[ [

AINAITAN WD NATTHALINUITNLNYIVDINULUINIINITUTLLAUTDUTNATTY
= % 1 [~3 < = a d' v a Yo ) %
n15i5eu3 wualy 2 Ysenude msUseliudeuinnssunisiseuineuinluneasslduas

a A ) a Y o o Y a o &
ﬂ'ﬁﬂﬁgLllua@u’]G]ﬂiimﬂqﬁlﬁﬁuzwaQu’ﬂﬂm@ﬁ@ﬂi‘;ﬂ UINYALLYNMIU

1.5.1 msuszidiudoudnnssunisseuineutlunaaasldy

(%
&Y

a A o a $% 1 o Y o v = a
mamamaammﬂﬁimmﬂiauguu ﬂaumiﬂmaaﬂmmLUumawmﬁJizLmu

A A

\endeuinnssunisiseusianuduiusiunadnivield Auludndndouinnssunsiseus

Y

£ o ¥ o & L a a = ! o v = d' A A
7\]\‘1"0'1LUU@@QUWH@‘U’JWﬂiillﬂ'ﬁLiEJu%:L‘UUi%LlluLW@MWQMﬂWWﬂ@UMWIU‘W@@@ﬂ‘U PILATDIUDN

[

Tdlunsussiiudeuinnssunsifouiannsinyienaisuazanuidenineites dsgaziden

[y

D!



30

Billah and Widiyatmoko (2018); Irwansyah et al. (2017) An®1n15WeaIUN
= Y = Y 3 ] a A = v i °
doudnnssumsiseuiinermans lnessyinnisusslivdenisiouiiieninuninneuinly
Y o &, £% v A =] < ¥ PN a 14 1 [
naaadld Indudedddinsasdielumsifiuriunudeyanudausunauazaanin toun n1sly
WU UnIY WU ArkuURAsL s uAUNMTLaz N TaLaUD LU IINETEIY Y AUFD
Y = % v & @ 2 @ = v X [T Y
WinNssuMsseuswazauilomuUIulTideuinnssunsiseusinun AT Wulhedty
38704 Asikin and Daningsih (2018) Tin1sUseiliudenisiseuimewuvasunil Neilla
= A a v o L3 v - vy a = v o v i
fn1siaiunslduuuduntvalsiunieg welilateyaldadnanngletviyausie q way
o v 'Y o o = o = Yoy ' ° 1]
anunsathdeyanliundiuluasinundeuinnssunmsieuiividauninnouilunaaedd
futniSeuy
31nn1sAnwudTemandaiunsaagulein wiesdiendndusdenisiiv
swusindeyalutunsunisyseliudeudnnssuniaieuinoutnlunaasddd laun
o 4 P ¢ ' a o o ¢ =
LuugaunNariuUdINwal IngligauseasAiiioTenumaziuadeigufiunue s

[

deiauenuzngisivyluldiaundeuinnssunisBeuslvdaunnaguy
1.5.2 myUszaiudeudanssunisiseuivasilunaaasdly

a Y} = Y o o ya o ¢
fﬂﬁﬂigLlluaEJU'J@ﬂﬁiﬂﬂ'ﬁlﬁﬂug%aﬂuqlﬂmﬂa@ﬂisﬁﬂiﬁﬁqﬂﬁgﬁﬂﬂLW@T]UTJ@J

Y a ::1

JoyaingInuran1snaaedlddeuinnssunisseuisenguidmungluaningse et eyad

v a

audnduladndouinnssunisiieusnasiadutuiisednsng auisaldlaass ussaany

—

[y

npUszasAnaznalvinauieneladenguidmanevselal lnefiis nsussiliudeuinnssy

[

a ol ‘:1' o Y a = &
ﬂﬂiLiEJug‘Vl‘Vimﬂ‘wmsJ Vla’lmiﬂmmﬂizqﬂﬂ“fﬂﬂ HINYALLBYNAIY

119ng 819UBN (2561); SAUY UIdUS (2563) 85U1871 USLANTNAUD
A ) a P P P ) = v oA
HOUTRNTIUNITITEUS NUNYD Nﬁ%@ﬂﬂ?i‘l/lﬂa@ﬂ‘ﬁﬁ’e]L!’JG]ﬂiiiJﬂ’]iLiEJug LI
A A a & a ' a U a P A Y]
A5 A URUAITARNTY TAgNITTAUIIINALLUUNDULIYULAZ VTN IUAILFDUIANTTY

nsiseus danleaneivilusedvna (Effectiveness index, E.L) mldainans

_ Z Xposttest - Z Xpretest

- (N) (A) - Z Xpretest

gns  Ell



31

dlo  EL fe evailiusyAvisua
DX et A mas’amamzLLuuﬂ'auﬂwwmaaﬁsﬁﬁaui’misumiﬁaui
Y X e 1D mas’amamzLLuu‘mé’ﬂms‘mmaaﬂ%ﬁaui’mﬂﬁmmsﬁaui
N Ao IULNETYU

A Ao ATLULLALYDILUUNAGDY

=

Y= | a a a I~ v Ao 1 a
Aveiuszansna dandululageanme 1 TunsaNAwINwazARAaU Lana

LUV}
£

771 AZLUUADUEEUAINTIALRUUNA WS Tedouinnssunisseuiilidussansna Tu
n1suUsnaAdutiuseansnavzirAmauIalddrluiioududn El geanfe 1.00 1 i
E.l.= 0.3526 nuneia Ardwduszansuawindu 0.3526 wanadntniseudaziuuainnisisey

medouinnITuNITTEUSLNTIU 0.3526 nioAnuSouay 35.26

1 =

YININAITATUIUAINFUUTLANTNG 2L UIUBNDIAMNAINUDIADUIANTTY

q

=< adq

a v v Y Y s v o a

nsBeusliud Smug thaus (2563) Iduugihiiuuiasnmsiivainvanedu 9 Feaunsn
vhandsegndldlunisussidiudonisiBeusls wu 1) msdaussyugiifeides Wuisnsd
azmﬂL,Lawi’ﬂﬁ'lﬁ%a;ﬂamﬂmmmméfaqms Tneldsoznmdoudnedu 2) nmsduniuel 14
A 2 v a - = 9 = a = = o
WedudeyanruAniiuvesyanadifisedouinnssunisiseuiludedn uaviiusslovily
mahluldiieusuugedeuinnssunsdeudiladu 3) nmsmenuauwes iWunisazviou
gmawaqmjmL{lmmaﬁﬁ&iaﬁau’?mﬂisumsﬁaui waz 4) n1slduuvasuaIuAUANTIY
[ Yyaa a % vy 1Y) = % a & ¢
Gunsligifdruietestunmslddeuinnssunmasousliananudniiuiazanuiionela

4 ~ [ M v a 2/
fﬂa@fﬂf\]usﬂﬁLﬁu@LLu%LW@Ui‘UUEﬂﬁ@UQWﬂiillﬂ'ﬁlﬁﬁlug

nalavasy nsUsediudewinnssumsieudinermansidunisussidununinues
= @ = v oy X - P2 o = vy v ]
douinnssun1steuinainiau Welvdeuinnssuniseuiiinnugniesuaziunvause
n1sulUlgliussaniuingussasa wasirdeyanlauiuuuswasimu Fouinnssy
Ms3eusiaunnuNYy Fawuadu 2 Jussu laun nsusadiudeuinnssunsiseusineu
lunaaedld ensiaaeugunmneutlunaaedd uagnsuszdivdeuinnssunmsiseus

naslunaaedld wefnwiuseansna nisldauliasuasanuiisnelanengudmaneg



32

2. ulunAin1edInen 59 walulagn1emdue

a a 14 (%

ANSANYBNAITHAZIIUITENNYIVBINUNTUNTALN19TIINGN 1589 mAluladnig

i 1 [y

a & 1 [~4 < LY '3 a a o
AU aansawuadu 4 Usziou laun 1) anununevesuluiiatin1e@ininegn 2) aisedify
o9 maluladniemdure 3) slusiriaraiandaulsos waluladvniemdure way 4)

WINNSUsERULTUFINI9TINe d51eazidensana Uil

2.1 A2UNU18VIUTUNALNI9TIINe

UUAIN TN TNV B8N 8RB Biological concept 138 Biology concept
:ﬁ’q Akerson et al. (2015); Chavan and Patankar (2018); Krishnamoorthy and Perumal

(2013) Taunune uluiminising I dulunfnnseninuienlanuansdnvaeyluues

' ] [
a A (Y

A9 9 uiNe19997UTINY1 waraIu1sale019098 Lan1z191229lun 193N Bn9g

'
a a 1

Akerson et al. (2015) TAszUiaLANIN kAR TUNITING WUlUAIUANULANAITENIN

]

a a

a ada I aa Y ) a aaa v &
ﬁﬂ@JGU']G]LLang@JQJGUUW @WUﬂqiL"ﬂiﬂJuLWUIWLLagﬂqiwmuqﬂaﬂﬂﬂutﬁjm ﬂqULsﬁaiiﬂLLag

o 6

NSRRI SIUDIAUNTLAL AR

S a =

nAUINETng 1IteRuaUlad wluiimine@iiner vuneis Ynveawuifie

= Y A a Y U oa ada ! I a Ada I aa a a
ieAulaiiie eI uaddIn AnuuenAeTEnisdliTianazldiTin nsasgLAvle
LAZNITHAUIVOIEILTIN WBlsALazN1TARLTD WELazdn NuansanuuzyalUvodds 9 Uu

LazaNNI0ltoR SR UEMIRNNZATluN TN lusuAna N LA

2.2 @szanfgyes waluladnefauie

PNNTANILENETLAZUITBANEITITvaTEd ARy Laztllon1Te waluladnig

AduLe (DNA technology) kuadiu 2 Useaude 1) anununsvesnaluladnisiidueuay

LY

Auddglundnans uag 2) evmwealulagnsdduwenldludeuinnssunisseuidvive)

Y

f5nwasidunnal



33

2.2.1 aAnavnngvaanalulagnisiidueanazanuddgyluvangns

Nordqvist and Aronsson (2019); Urry et al. (2017) Tiiaa1uuungu99A197

waluladneidwe wneds wealalunismiaduuazdnnishidwe Jeuszgndluldszuy

2 ) Y L3

NN FLIIM Y5EIUUTLNOUVDIRILTINNDES 1995 0USUMAUUNAN ANV ONTEUIUNIS
dnsunisidauiianiy Jailemfneivesiumealulagnimidue Wulevnianuviuaie
aonadaion1smsaTintutagiunazeuian Snviaduleminiududunluaszdine,

nquasENssEuiInemansiazinalulad vangasunuNa1aNITANYITUNUEIL WNSANT1Y

o w

2551 (aUuUFuUse n.a. 2560) lagszynanisseuiiazansedrAgidesnsiiiinduinEey

4

(NSENTMANYITANT, 2560) AIR159N 4

[y

a = 1% ° dl' = a o’
MA1919N 4 Naﬂ’liLiEJugLLazm’iza’mmLiaﬂ LV]@IUIE?EW]'N@L@UL@

o

A152329Ne

Whlanisanenendnwaenaiugnssy n1satenenduuulasiuley audivasninfves
a19iugnssy msieliandu wealuladniesddue vdngiudeyauazuuifnieaiu
Y € acs

TIMUINTveEdiTIn nvaunarasenin-liisn madeaddvl aruvainvatemsinm

Milavesddldin anuvainvanguedudidin wareunsuistu auviaihanudluldusslov

HaNISISeuS

aAaa

1. oSuievdnmsavddPindaulsiugnssulaglifidueomenay

A ¥

2. HuAudeya enfivgg LLazaﬁﬂswmsﬁwLmiuiaﬁmaaLﬁuLaliJiJiwﬂﬁ%ﬁﬂuﬁm

aaa

mmmaam JAInenans nsunng AN BATUASRAFINTTU wazdoAIsAtedenIu

19385554

o/

dsedAey

v

1. msldmalulagmedidue iuﬂﬂia%ﬁaﬁLSuLamawam anansnhluldlunsadededdin
Foudsiugnssu tnsvBuiieosnandesioldludsddin vilFdddinduianifn
ABaNI3

2. waluladnsiidue annsoildussgndldludusing q wu duwnedeu Giinemans
N1SUNNG N15INERT wazgnannssy tnenisldmalulagnisiiduiedesadeds

ANUUADAAYYNITININ FIVTUEITU LATHANTENUADEIAL




34

NNTIATIEVRANITIEUTVDA1583TINe Tunluiirin1e@iaingl (Seq
welulagniafiowe wulifiseuladududoya aduie undieg1e uazediusy Feusdazan

[

NSENTWANWISNT (2560) labrauununglined

v

1) duAudoya nuneds ndeya seteaunaniysiusiuliudianumas

Ang 9 anlguselemd

2) 85U18 MUY NA1IN9T0951I69 9 eg1ilivaNa Lazdveya 30

Uszdnuneuaneds

3) gneitegne vaneda Iideyawnnisal wsean1un1sal iiveuansaud1la
Tudemilaiseus

4) afus1e Muneds wanruAnuoUIERY IR uedliaralay

91figANuArUsTauNTaivasefiuseuasayauseneu

aatunslddonisseuinmunzandugSeudadudndifysonisussana

n19i3eus elidniSswinanudilaluniseuiilenuazannsoduaudeya esuny
5y ' a a & 1 LN Y v oa 1 = a o
gnieEg e WagefusanuAndiuseUsEauee 9 Ia deiinandsluanwideves Chang and
Yu (2017); Rachmawati et al. (2018); vifad wsngazsal (2556) 11n1sihden1sseus wu
a s =) a [ a a L a 14 a wa

Yaneaadinemans visomalulagauduasaaty lldlunsdanisseusluvesdjians
Wermant anunsavibrdniseuilaillemiaundulagnisduaudeya a5une enfieegng

LAEDAUTI8TINNY

dnsulusuiloniseanaluladniefidue Aiduladnisfinwinariiasiey
a A Yo ! | Py a a A a YY) =

WUULSHUN LG UDE1 WIS Va8 tokn wuuseulng 5183918 N0 seaulseufnwinoulane
MUNANEATUAUNAINTANITUIUFIU WNEANTIY 2551 (RUUUTUUTS W.A. 2560) Yaudes
a s v 1 a a 5 =
§9¥19579A havAy (2561); @01 UUANASUNISABUINYIAIENSHALINALULAE
ATENTIANBITANT (2562) WATLUULSIURNNUSLNA 5187381993787 SEAUNSEUANBINDU
Uany U9 Jones et al. (2014) Sus03lag Cambridge international examinations WU

a $ 4 v ¢ a LY S a & =) o w [ =]
ﬂ']ﬁLﬁEJUELLﬁZJJIUVIﬁULﬂEJ?ﬂULV]ﬂIUIaEJV]']\WIL’OULE] UATLEINYAINITIN 5



35

a a o v e = a a = a A a
M1919N 5 Naﬂ']iLﬁEJuELLa%@JIUV]ﬂ‘ULTEN WlﬂIUIaEJVI'NﬂL@‘NL@ ANLLUULIYUIVIYIINGN

LUULSIUSI9IB1TIINN
vaUszwndlng
(B85 55875296 wavmny, 2561; @1ty
duasun1saeuIneransuaznalulad

ASENTNANWIDAIS, 2562)

LUULSEUSI8ABI1TAINN
UINUTEINA

(Jones et al., 2014)

nansiteul 1 eSuteundnnisaieddlidindauys gsungnannIsveumAlulagnig
WugnssulagldRduoaenaula Aowe insesdlouazinaiiams
2. duAudeya enfl981e karaiusneg Wugimnssule
msdwmelulagvneiidweluuszyndly asunewmAilafigensuay
elududwindon 4ATne1AmIans waddninsvleidale
NTWNNY NITNYATHALAAAINNTIH asutenanmsvestulasansisdle
wazdanisiiedianuginsesssula sSuelssleninniansaumearmansls
gniegensldinalulagnig
a v
Aduelumansunmgle
a5ueNIsUsTeNAlTAETInAauwU
fugnssulusunsinuasta
o ¢ a = a &
wluiadies  nalalumalulagnisiduie

|a ada

waluladnne 1. nisdndeuaznisaieBudndddidin
aa P A o a va adca
ALdwe Ingldinalipiugimnssuasladdidin
AnLUsRUgNIsUNTaudRn U LY LY

v G a v !ﬂ' a
foansuselanuwarildsuluanniy

2 a a [

2. A15@519ALd U ANgNAN D1V LAY
nsldioulwidnsmiefinans fAeuLe
ntuldeulsifduelanadiayans

a @ ! v 1%

AdueNgNANLAT Fuiudrufidue
duiigndimuguiuliunsenu

3. nslaauduvinlalaeldnatalinves
wuaSeluntsas1emduleaenay
wdhluifinsiuau Tnegeiidue

anewantiigiaduuniiise

waluladmsiidueduldinadad
na1nnaglun1snsIdeUAINU
fandlelndnsedduivalufidute
warnsiasuudaslutanadiduie
YasadiTin

wedla Crispr Ae3Ensudlofidued
fimuAnuniviesesnisudly 3
Junddumeluladmsidue
Wugimnssuiisdesiunisuendu

o I3 a

NAINTI0 Nl Fnsaldfldure an

DAL U AENAY

20
Lo
)
=7}
1))

-3
=~
=D,
Lo
=

Wladalddndaudsiugnasy




36

a = o v e = a a = a A a i
M1919N 5 Naﬂ']iLﬁEJuELLaSQJIUVlﬂULiﬂﬂ WlﬂIUIaEJVI'NﬂL@‘NL@ INUBUULTIUIVIBINGN (71D)

LUULS8US18791Y2INe
YasUusemdlng

(B85 55875296 wavmny, 2561; @1ty

dauasunisanuineranswazinalulad

ASENTNANWIDAIS, 2562)

LUULSEUSI8ABI1TAINN
UINUTEINA

(Jones et al., 2014)

4. nsteaududnisnileaunsalymaie

s

T35 (PCR) Fasduniseiiuusuna
a e A ao = a
ALOWINITUIY InganunsaiuUS e
YRIMDUBUIIUNABINITIINALDULD
LUBUUNTUS UL IUNTEUIUNTT
fraesMdutedInunane o seulu
NaRANAaDY TUSZEELIAITUTINNG
a a aa ) a
Wwadannswesdaluwmalaniswhen
Tanaasyudhiawe Alvuiauas
sUTrwandrsiuluauiulfiasy
fnansfiluiu wazaunsaldmaun
voslutanald laswSeuiisuiy
d' a A a &
ANSLAABUTNVDILASDINUIUALDULD

(DNA marker)

G915 (PCR) WuITn1531a0amduLe
F1UUUININUTU UL ULB UL U
Aouun lnetAnn1swenalsfdue

P

aneeduaneneneausou uasl
Aduolnsiues (DNA primer) iU
ﬁuawﬁLSuLaLL;JLLUUﬁQmLsmaaﬂ
WioldfAduLanadiuaLsa (DNA
=& & ¢ g v
polymerase) @ st utoulyinlaly
AsduAsIzRansfduLe taaly
a = ¢ A Y a g '
Tealalnaisadefduieanslul
uayvinszuusItuiinany 9 seu
a aa @ aa

wadaninsnestaluisnisuen
TUsAusasBudInalsugnssund
ANEILATIUSIUANAAY Lag
lUsAunsoansiugnIsuNIznagaeu
zgnussyludedldaisiunasly
auutndlwdieliiianiswen

VAU TY

. lulasensisddumaluladiviedn

ASUARIDINVBITUTILILINN LA
weniu lnensendeva nnsleus lawty
(Hybridization)

Fransauwnamansidunsiaiuuay
AATEdayan1sTinin lneianiy

o

deuthndlalnawasnsawaiily




37

a = o v e = a a = a A a i
M1919N 5 Naﬂ']iLﬁEJuELLaSQJIUVlﬂULiﬂﬂ WlﬂIUIaEJVI'NﬂL@‘NL@ INUBUULTIUIVIBINGN (71D)

LUULS8US18791Y2INe

YasUusemdlng

(B85 5875296 wavmny, 2561; @ty

dauasunisanuineranswazinalulad

ASENTNANWIDAIS, 2562)

LUULSEUSI8ABI1TAINN
UINUTEINA
(Jones et al., 2014)

nsuszandldmalulagnnefidueludiusiig o

1.

ANSESINAR AN 1NNy
YSununn 9 wagsiasa iy Tadu
u199ide gasluy (Judu ande
msUszendldinalulaneiidue
nyiladelsanaiugnssuualsnain
mstdmalulagnisiidue v¥lingia
wuldTiaga fanudumg wiiidiae
wunmensedliuanioinisues
15A

N335 ¥LIAN NGNS INTINEIDINT
HAUNFAsI 9 FAnTuanansuanseen
99398 wazn1suiladulusmundsd
Aaundludluulaegnedinizaiunsa
Vinalulagnieidute unlaly
Assnwla
wmalulagvnisidiButognuun

Uszgnaldlunisusulganugivuas

Y A ada

dnluazaieddldindnuy siugnssy

e Y 1

Tl asdiTinafidnvazafonis

nsldndnAusionddFindauys
wugnssulunsesuiuntsndnduaily
\Begaamngsy WU M3funTafauds
fiugnssuililugnavnssunszay

N13953AMINONYIUN19TYINE 1ag
THimaluladnsiidule ofigais
yanansefigauauduiusnig

ANBLaDATILIUEN

1.

n13a39lUsAUY DY BETINIULIN
Tngldwmalulagni9diduieann
msai1edsdPindaud siugnssu wu
gosluuBugay (insulin)

waluladnisdduedunuinly
mimwﬁmmmmaﬁuqmsmLﬁa@
Tilueadafifnunffioravilvinlse
Frogalsaiamsadnnsodld wu

yziSadu lsasluae

'
=

BuvUmdumaluladnisiidule
DumaiuBuluwadiyudviodai
4101305 ¥ IU30aNDINIVOILIAN
WUFNTTY

wugimnssuldifoysudgenmnin
LagnandnvesiivuazUadniiile
witymeanudeanislusiewnsii
Tan fregrau 1lna TN Ty
IMfuLe

n1sUszanaldinalulagniafidue
W Gene probe Fudufiuioans
Weafidnaainiieliaiuisodung

4 a

wsaRnmule wWetuldnsiadsu

N19TFAINEIF1EANS LNDAUMIALEULD

VBIYADIAFIINANUTLAAWS)




38

a = o v e = a a = a A a i
M1919N 5 Naﬂ']iLﬁEJuELLa%@JIUVlﬂULiﬂﬂ WlﬂIUIaEJVI'NﬂL@‘NL@ PNLUULTIUIBIBIINGN (M1D)

LUULS8US18791Y2INe LUULSEUSI8ABI1TAINN
vasuszwmdlng Ya9IR1UsEINA
(B85 55875296 wavmny, 2561; @1ty (Jones et al., 2014)

dauasunisanuineranswazinalulad

ASENTNANWIDAIS, 2562)

navaunalulagmefiduefifideuyeduazdwindounazdiasesssy

1. msldmeluladniedmidule A1592  1. NANTENUNINEIRLUaIwmAlulagnig
WWululneseidnsede wazadada Avuadudunssylevivazlnysie
Hansenufetainduluniumng 9 GRGRCUNTG]

swiAnuvasadenndinmuas 2. Sesssuduyaresnasgiuinguay

F19305574 naulangunils iudefiagaiunu
2. A1UAManIUAIINUaeAA NI wgAnssulimdufisoniu uazdas
Fanw esnmaluladnisiiduie sndulanauiinisidewmealuladnig
HunmsuFuudaiugnssuvesdaiidin Asuetuduiiveusunielinoud
Feen9vilAndssiTinan e wuglaii gl
919 ANALEANN 9 AU 3. nsldwmaluladnisidue Adsay
3. msldUsylomimalulanissiduieds Wululneszdinsede wavendsds
1A1UAAAIUTINTUSITULALAIUY nansynuiiervinduludiusig 9
Fanu §9%29305350 vueds WU guamuesuywd Aedidindu 1
nsujuRetsdinusssu neldvine uazdsndon

P39Y1IUNT18MADFINTIN

nRanIsEeusises malulagnisfidue Tua1sei 5 veawuuisaurisly

Usginanaganalseine nudeunne1edall lusiedvdiinelukuuissunialseina &
= = 1 I~ I~ a A a '

Hansiseuslusetlulasuasduasiiansaumeamans Fesedndiinelulsemelidusing

Han1sseusluestl 8nnvlisivazildunursiisesnuans1eiu lawn wseunataly

s

waluladnisiidute laun Ussiiuwmaia Crispr lulasesiss wazdansaumadians 9
Usngameneglndinerluluuissudlsena duiiseinisussendldmalulagnie
< 1Y i a a Aa ¢ a 1% SN a ~
Wueluaueng 9 wasnavaavalulagnafdueNlinouywduasdsIndeunastiasysssull

ANuASeAdaiuNILUUSsululssakasa1aUssne taun nsussgnaldlusunisunmg



39
LAZLNFUNTIU NTNUATHATERAIINTTY Wasdifive1mans Siudmansenuuasdenaiaain
msldimaluladnisiiduledeuyuduazdinden uazainnisiiasizinluied 3eq
wealulafynaiidue uvuidsulusemauagisUssmeaanansatmuaiiiemdn Tl
wadaluwaluladniwiowe nsuszendldmalulagnisfidueludiuiig q waznaves
weluladmefiduefifionyuduardunndounasiniusssy Tnsanunsaaguidudenluviad

Ly} d{' 1 £y} 4 a a d{' a a a [ d'
W399 9 TualuiAunsT?ivne) 1509 wAlulagn19adue AInIwn 2

[ walulagmaefidue ’

wiatia nsUszyndld AMulasadenisdann
Tuwmalulaimefdue waluladnefidue uaztiaaiesisu
T ;

L ] ¥
[ﬁwaaqmiﬁuﬁ‘nﬁu ] [‘imﬂsﬁmsﬁuﬁﬂim }

_[ ASWANSLATINATNTTY ] Aalifin ]

wadwdninsweida

Tulasondisd
—[ Tensaumamans ]-

MIALUTIIN

—[ NSINEATURTYAINNTIU ] dawndeu

_[ dfinemand J

- v e
Aduelnlduuaise

QEEA TR TRhY

Aduelnumalinfidons

Ad 2 WiFeeng 9 Tusluirin1edinenses waluladniedidue anLuuisey

vouwnvatlomniluldludeuinnssunisiseuidvinenses walulagni
Aduie N lae3Teuszneudeiisesisil milraudulunaeavaassinemadiafidens

o 1

Wwadanlnsnesda fedranisdinaluladnisiduiennldusylewiniwmiunng o uay
auUaendenstinmuaznansznunsiudsaslunislidinalulagnisiiduie esan
FauFounaifumngdmiuinGeussduiseudnuneuuats Snviaduiugiudfguay
FesnedmiumsAnnideluseiugaudnulusuineimans ilousznouivInluanuitly
Inemanfilugiuluewan uenaniiemfsnaniaruiaiy aeandosiunssisdin

Tudagdunazeuan (nsensw@neiSnis, 2560)



40

2.2.2 dlenunalulagnsdidueildludouinnssunisFoudtainen

domlunlusieniniedinedes maluladniiduie Aldludeuinnssy
ne3suiiinendes weluladmefibuie Usznoudae 4 wades fail 1) nslaauduly
NaeANAABIRIEWATATNTeNS 2) Wwaddnlnsneida 3) fredranistmalulagnisiduenn
TrUsglosunneaumng 9 wag 4) miuvasndsnsdinwuazuansenunisaugsaulunisly
wmalulagvamidule dadomdsdannuuuieundulssmanassisssma (Fullick, 2016:
Jones et al., 2014; 1585 §5¥1539A wazAy, 2561; aandudaasunisaauinenriansiay

wAlulad nsens19An®IsnIs, 2562) ds1eazidensanabuil
1) nMsteauduluviaannnaseflemaianNGans

n15lAaufLduta (DNA cloning) LUAISIALTIUIUALOULD LYY ALDULD

a Y ) A ' ° v ¢ = ) a
FAUNANNNIUNSAARDNIN YDA b genanen1sUnlUTdUs lov Feodenisinaumdute
~ a o Y ! ° v a & a & @ = ]
Weatindruuliieamenonisialule wagmnmwueusiauuludu (Gene) 98158031
nslaaudu (Gene cloning) uuseanidiu 2 35 Ae mslmaudulasondenarainvesiuaiise
wazn1siraudulunasannasdasldinatai@ens (Polymerase chain reaction, PCR) @glu

a o lel 1 = a % a aa 6
NITLUITnaMNeNsirauiuluasannasdlngltwmalaigens

nsieaudulunasaneasdasldvaiaidens gniauitulay Kary Mullis
Tul a.f. 1983 Wuwadanisiindudiuvesfduelunasnnnass lngafaiaioq

wosuealynass (Thermal cycler) fiduisanivauaamgdiliusuildeuldagnesniii

(% (3

FITIMUATIIUTIULas a1 msuU IS e luwsiaztunoulaeg19dnlul FeesAUszneu

v
[

o aa s & a o’ 1 = & a1 a o’ a
VY99N15YNTD15UAY 1) @1efdueiiuy (Template strand) FadududIuvonduLad
Aaansiaau 2) fouelnswes (DNA primen) Wufduealsduniiaduivanauivansy
Aulenduuy 3) dandlelnans 4 ¥dia (Deoxyribonucleotide triphosphate, dNTPs) Way
4) oulweifoulenediuelsa (DNA polymerase) Wuteuleinfivinfiadwaofouenazio
<, ¢ a o 1% | = sl a N =
Jueulwdiyfianarunsanuaiiuiouaslalagliideanin usulednfouldluigens Ae
WANeAWBLsd (Tag polymerase) FvsAusenouiamunazazarseglualisazaletnmes

emuanlilinngivngausion1siiauffsen



41

gj aa s ¥ gj ¥ ! a & I @
JuROUIDINTD1SUTENOUAIY 3 TURDU LALA 1) ﬂ?iLLEJﬂ@LE)uL@ﬁWEJ@LU‘UﬁWEJ

o v

a . 2 O Aa & | < a %
\Ag3 (Denaturation) luduneunfloueaegineinsiaaugnuenesniduaeineilagl

a a &

Aufoungamgil 92 - 95 asmgalliea 2) n1sduvedlnsiuesiuAueliUY (Annealing

Y

(%
1Y (%)

of primer) utuneunisivredlnswesividuieuiwuuiiluaenes lnvanaungiag

= =

& s o Yy A a v ° N &
bAaD 45 - 65 DIANYALYYH %QlWiLll@iVl']%quLUU@@IL?@JWUSU@Qﬂ']iVl'N'WUGUENL@‘NVLGUﬂJWLE]UL@
a A o s & VA o s s &
W@aLﬂJ@LiﬁLW@ﬁQLﬂiqg‘ViﬂL@‘UL@aWEJI‘VIlI 'E)ﬂ‘VNﬂ'J']@JEJ']']SU@QI‘WiLlIE]ﬁLLﬁSLUﬁIu‘l‘WiLN@iQZLﬂu

QI al' o a 3 dy (v = [ 6
dannvunguugiiludunsuil way 3) nsduaszisdueatelnddeainlnsiues

[V
v

(Extension) Wudunaunisduasizinpueatslmilaanisiiudinalelng (dNTPs) Meawsta

a

Mangvedlnswesluiianie 51U 3' Tngmsinuveseulylifiduenediueisa J9gumngl

Y

vosUfisenagnuiuliegsening 65 - 75 pamiaaltes

s

N < aaa oA (J a & A X ) !
#gorfiludnsenanld Wesnduiuanueagndiiuuluasarinly
' a < 1 k% [y 1 o Y o’ aa 1 [y v &
wiazseuuazfoueaglminfouivaeniazi i iilufouewduuuluseudaly deilu
o a W n dl' o aaa = aaa 1
UULENAVRIALBULD AU 2" 1B n wiuduIuseuveslfisen Jelfiseudazseu
a1 Uszunad 2 - 5 ui wazanusavingalanud lneuiseniiaiu 25 - 30 seu 14aan

Paunin 3 T2lug denaliuSunuA S UL NTUNI AUV

Tofvesiidens loun 1) YfAsenduldegisimSmazarnsasdunisle

aelulaindalus 2) idensimnuhigauazdimzianzasiuiidueniuuy fudfdueudliuy

a a v oo a s

USSR UNUReNNN way 3) Aee15TUselevdlunistoauraleussnn Wy a1y

a a 1

TRINOIANENT AIUUTINTIUINGT AUBNTIINGT WANISYINATDISET0I 0 AunY Tawn 1)

LY

N15vRge1sT Il udoansiuaisutanate lnavesfdua niuy taldeanuwuy

b

[ ! a x a

Adutalnswesdinvefdue inswesaznluiulneasoudliuve B ULNS T UNH oINS

Y
=

Anwn 2) Msvuleuvesdidwedu q NldldAduelinuy winfouelnswesaunsaduiv

3 d' v a a

MAuedUld TN 1SRN UILTUAIUYRIALBULUU I UNS U A UAURALD UL UL UUNHIN1T

D

Anw waz 3) lneluid@enshiaunsodunsgimoueaslninernduiirels Insunfay

lanafingalonandnyuintiosnd 1000 giua is1zdadndnlunisviauveseulesd
& a | P Y a A a X

winnedwelsa (Tag polymerase) lifinala#ldlunisnsiageunazunlutenanainiliiniu

Tunsdauesgifdueaelni Weinsrethrdlelndlignaesgldamnseduasenalule



a2

2) wadidnlnswasda

&

o A o = A4 aa v o aa 4 o’
RAJIINNTITLNHITUIUYURIDALDULDAIYNIININY DT EJ‘U‘Vii@WL@‘ULE]"UZQﬂ

[
¢ a U

a a ‘& . v v

WATIEN 1380TT NTIATIRRABWE (DNA analysis) Ingldarusiugiuvesnisuenluana
a o ] o o o’ Y, a & aa
Aduenilvwauaz Uiy MeldauuwimininihlagedendnnisadidninieIda
(Electrophoresis) H1ufanaNanwuzAa1eiu (Gel) 3938071 19adianlnsne3da (Gel

electrophoresis)

wadianlnsne3da Wuisuenluanavesaisluiudronssualin udn

AsrvdsuINIalutana Uninluana JUs1e wasdszgainanusivesnisiaasuily

Y

awnlih 3935Tansaldusnlaluanaldvisioue o15dwe wazlusiu Tnglullenilay

©

v
ad

Wunswenluanavesiduelunan 33dlduensuindudiuvesiioueuundudinaidly
asazarginieifinszualuiilvnasiou feusdudinarsidnvusiuiu Tnsenald Acarose
gel 130 Polyacrylamide gel Juimarifinnautfreidoiuasdsngudn 4 Afduean
\doutiinuls

[
o

ansunsewalninlinualsazals U eshashiuf1na199si97aue

e

b2
1 [ A o

Yy Ao | % B - 1
magunildedldmauie (Well) vaugntivinazegaunsatnu Wesanlaswailuanaves

<,

Aueiivszylresiuluavifiesainuyneaws Wesgluawuliinluianavesfiduiess

£
=

wasufiantiavlugiauiniane anmsrlunisindeunaziuediuruinuazusnwes

Aowe lnefuenilvundnazimaeulmsininmeuenivuialng

Naa

lunsaifdduwedvuialuanawiniu Adueguraundnisiiuvadu
\nAgauUY (Supercoiled DNA) a3dlusudunn utlasnInAouoRUULEUATS (Linear DNA) 3
« Ay i a v « Moy A’ a
FRUTLAEINTT LagAdueuuuEUnTRBARaulAlSINTABWE JUWIUUNG (Relaxed
circular DNA) vilsianunsauenFudrudiduenivuiauazusiauanansiuesnainiula
lelw a 6 o 1 a a = ~ Y a a @ a
wananduninermansinldiniosmnisfdute (DNA marker) ialgdiiguwauLduLe?
Aaduindvwiauinla lnendadusiannisifidensifuasgndeaslidudiudid uen
o v 1Y A 1 o ay a (Y
TALULAZATININTUIATADINT Uandvuialipseiuiidesnisuaziaufouelidaiau 919
Judiduedlidunwig (Non-specific DNA) wisaldunananfitinainn1sduiueseslnsiues

(Primer dimer) Asiun1sviaadidnivsnesdaszdesdingualuauideuan (Positive control)



43

LAENEUAIUANLTIAY (Negative control) MELaNe F99vUUanfisnI UL ITonoU8IN1TYN

Uiseunaznss

LN UIVDIALDULBUULIANIYNFINIThENBAIAINITUD A UL Tae
n158auA18 Ethidium Bromide (EtBr) L‘ﬁlua’l'ﬂuﬂﬁju intercalating (Intercalating agent) 7

IzunInmegsenitnvaudazanisluluanavesiiduieyihliaunsanewiudidweniels

v

Sedvansitilawan (Ultraviolet, UV) 19 wariaandeusie EtBr IWdssinussdsansnlilowan

edunanaduaumduengniousziinissouaddy willosnn EBr iWuaisniiliiia

[y

¢l ) 1 I3 v & 14 £% ¥ 1 (% [
ﬂﬂ’iﬂﬁﬁﬁlWUﬁqVIEuLLiﬂLLﬁgaﬁﬁ]L‘U‘L!E‘ﬂiﬂ@llglﬁﬂ @QU‘Uﬂ’ﬁI“ﬁ EtBr @QQI‘?JE]EJNi%@J@iS’N SL‘L!

a & a

Jagduiinsimunddeunidueniainulasadeuinnii EtBr 11 SYBR Green, SYBR Safe,

SYBR Gold fedinaiazduriusesses (Minor groove) 303mLduLe

a d! 14 1

a N @ aa o v a a .
ﬂ’]i’JLﬂﬁ’WM@L@uL@@ﬂWu\‘i’]ﬁiﬂLLﬂ AT UALDULD (DNA sequencmg)

pibivsuaduavestudiiue suluteyalunisfinwiiuiugmansuazaunsold

(%

HudutudruiduemiasurgindudunrsaTudunduendasnisvse b
3) Amegrensianaluladnisiidueunlduseloviniasrusng o

Yagiumnaluladmaioweiinauinviiegsiags Snvisdudandunum
o w ! o Na & = ) = a @
d1fysian1smseiinveswysdundy lagnisdumalulagnisdiduenyssenaldlunany

AU NIUAUNTINYATUATEAAIMINTIN MUNMTUNNELaEINEYNTIN Wagiuliineamans

msthwalulagnafiduesnyssgndldlusmunisinuasuazanann sy {u

'
a

msldmalulaBnisiduelunmsadneddiiadawusiugnsssy wWesusuusaiuglilidnvue

v
v ¢ A = (%

vsoAuauUANATY feg1an15adednivietvanuUsnugnssy iWelindnasvsouans
ANBAEAINABINITEDNIT FIRE1Y 1) NYRnLUsHugNTsuNTiaLamTalunsiumIu

wuad lagn1sanedunanuisaaseansieaniuaiiisy Bacillus thuringiensis FI@UNTE

a ]

ManemsouvelNaIuNUsEINeg1anziatras lngliidusunseneddlitindu o 2) i

'
| a

AnwUsiugnssuifinaAvesindu wu 9198es (Golden rice) WWudmitausaasa
Fndiuiele lnemsansieguanauuanlnga (Daffodil) NAmaIunsalunsasainfiue

WnlUluslunwestnn 3) HeaawUsiugnssunsumuselsa wu nsaeduasidusiudion

hfaddwadvesuzazsne wadnilingaznea selusiudenany Mlaunsasuniue



aa

<

h3afiduavnuesdsalusagmaumuld 4) fudauusiugnssuiiednorgvesnanan tng
nsthBufiiinadudinsasiaevledildlunsduasziieiiay (Ethylene) 1wy uzidowme v
Teunsanuinwliuunazauddluszozmslnald uas 5) nsdaudsiugnssuludnd duu
Tnajasgnldiieusuusmandelidiquan ity Masuiinauazamuam iwu Fandain
Suazany

v

nsUszanaldludegeamnssy Wunsldmalulagnishidue Tuniswaun
wawdnTliuingAulugaamnssuing 9 1wy mafaulsiusnssuvesiudSameuguileifie
71 Amflora potato ¥83USEN BASF LiieiUasuutadlassadrsvaantslusiunss Ineunfuds
TusiuSaflassaadulsnsmanfulafs udifurSangasauusiugnssuasilassaisiiduly
Aufeuvimun Tnedturfsdauusiugnasutaggninluldduingdvlugnamnssusdanszany
LATAAWNITINAANT YN INTNIsRALUsugnsTuTesAunIfifielilunisnanevde
gosluuunwiadldlunianisunnd 1wy sesluudugdu Agniunuszndlilugnainnssy

44' vy a a @ &
LW@IV@JﬂWiNa@luu5lﬂm1ﬂﬂuagiﬁﬂLi?sﬂu

nsduneluladmedduendssgndldludunsunmduazindynssy Wu

nsltmalulagnisfduelunisitaaslse n15snelse Lazn1sNARE1Us 080 SUUUIITLn

'
= =

fipg1adu n1s3tadelsa leeldmadandei1sniniseankuulnsiuasliannIziudun

=

Nedasivlsa nsvrdamedu lnsunsndudnfdngsiinevesiUiensegiinnuiaunf

a

‘:1' v a v aa a a o a da N o
LW@IMUU‘UﬂWHﬂIﬂLLWUV]EJUV]N@‘UﬂW LACATUITONINTULLNUYUN N@Uﬂm‘l@ NIBDNITAIN
a o ¢ o N A a a Yo a a Y o a
NARANUNNINLANFVNITN I@IEJLwliﬂ?Ju%ﬂ’]llqiﬂma@aﬁi%ﬁ@@@ﬂmlﬂ%ﬂULLUﬂVHﬁEJ LL@?U'{LULWN

Ui laLsaNaRluUS U NN T

<

n1sUsegnaldlusuidfinemans lnen1snsiaatgfiunaLoute (DNA
fingerprint) USiad Short tandem repeat, STRs tJudiuaesidueiinisidestse o fu
= & a aa Yy ! ' ! ' [ LY L4
Fuduusnandenuanaegaazazlasunisaenenainnewilidan waziduendnual

lmryana Weszymuduiuslunsouads wazgnszhauraluafsiig o



a5

4) ANUAANENINTINTINRATHANTENUNAUFIANTUNSIgmAlulag

NIALIULD

1%

i malulagniefidue azivselomilunaitoniu wadadlanudnasiu

AuUaenfens@anin Wesainmalulagnisiiowe 1Wunisusuusiaiiugnssuvesddidin

v 6 a 1

Feo19vAeFdidInateiuslinanenaiinaldeds o aiuun JeiidendsAnteda dell 1)

' '
a A

) NN a ada A 1 P | a o say v
f’nqllﬂaaﬂﬂEJ?J'E]\T?N&I%'JG’]VINEJUGUGQ?NNGU'JWB‘UV]E)']"Ulilﬂa'ﬂ@.ﬂEJW'E]'QGUﬂ']W LYU Namﬂm"m'ﬂiﬂ

aa

nddiTindauUsiugnssuonanseaubmingdui 2) nsilunmzveatelsansoaisiiy

a ada

= = o A 2/ LY [ < LY I Yo 14 &
Luaamﬂauﬁ]’mhiaﬂsﬁumiaiwaqmnmmﬂmuqmammaL‘Uuaumwmasﬁulm 3) N19AD

NN

8103 BLIALLBIINNTATNFHTINFALUTHUGNITURIAARAURANAALAZYI IAAALYE
Aolspanenuglniniroussuazhos Jug ilieandonisinw 4) neliAnlsauzisa
BN NIINIUNTAARUTAUTNTTUNIUMUADA T2 wI ATt inan AR T AN AT Y
! 1 al a 2 PP o | a < val a Y (9]
willanansananideanisandsvedansiadl dsonatdngnisiialsauasdugnuilaalmguiy
5) nsularunsiiudiunn Weswnudndusiniunisaauusiugnssueaviliguslan
1ASUAI591MITUINNTINDIUNTNEAAINEITUL RN Baze1auInnuldauneliinlnese
519018 Taglaniznnisnietadudunsiols 6) HanTeNuAoFIlIndaUNTINaND
a d‘ = %} l‘:l' [y U Y 1 [y e’g.// a
ANUVAINTAIENNTINN TBsanealiatenuglndnaunsausumlaaninaneiugaaauly
A o 8§ v U fu a v ¢ P A aAda & 1la Ada Y oA |
533UYA i IiengRudAuANanug waz 7) nMsaeguannddidiavilgdldintranes wu
nsansdudunulsavseduniuiaslug i lnddes o1avin A TvReATA M LLTLT

ﬂu&’]ﬂﬁi@ﬂ’ﬁﬂ’JUﬂiﬂJ

MNToAITATIRIANUaRR 8N 1eTININLaENaNSENUN A uF ANl

¥
1 v A

nsliineluladmeiidue Seunsnistlosiusng q dell 1) nstestumsindedisinisde
wsiusnssuvestinide Tnetestulilvdsdidinfauy stugnssuvaneenainiesd fo@nns
Tnsamzaneiusildlunsviiugimnssuazgnililianunsoitinsesuentios foAnns
suamsveassuesiiiusunmsesnstanuargninahnsmaaeaitedesiunanssny
Heussinunn 2) msadadennasfieanulasadudmiuguilaalnenisinaainsyyuy

'
&

a P a Ada o @ A4 a a - & Y o
AR ANl JunanvesddidindnuUsiugnssy ednslunisidenyevesduilan uag
3) n1sUsziiiumnulasnierese1msiasaniunazfognUszsiiiuamnInaINaIY

UL NIDIANTBNMITHALYT MUILIUANATEIFWIN N FD1TUAVA WU FULAL



a6

a dy E24 L4 = a & v % 14
nsuIEINITNERs yenaind n1sldusslestarnmalulagnismduedilinunianiu

a Aada 1

F193u555ULAaYIUTIAN F9TI93555U NUeds 15U URAeFNTInoe1lAnsITY laividne

WIevdunTIEadn IS NN EdIENTAN Y ILAEN1TIY

2.3 AluiirifiranaAdauisas walulagniefduLe

yluirufinaIAARaUASIRUNILI8INgYAB Misconception &3 Abimbola and Baba

Y

(1996); Gurel et al. (2015) 85U1971 UUNANNAAIALARDY UNUIYDI WUIAATNTALTIAY

<

wluviminsengwfed ndaaunaziluwuifaiilignses 8nvs Halim et al. (2018); Juiigy

o

v ea

AN (2560) a3urgianindl wlufiAdiaaandoutusIniau; Audilanie

= k =

AatueldauysaluazunndnaIndangnses anmsanyienarsnuindidnldlindifeeiu

Y

A1371 AluAUNAa1nAaoY wAdAIUNLIgLANAI9een Y ADA13T wluiAUNIdaen
(Alternative conception) @3 Abimbola and Baba (1996); Dal (2009) lseSu1a31 1Tu

wwIRnANFSeunlidaudiuvie liaenntesivuluirinseng wi ignees

NANUNINENTeluiaTiaa A deut e uIaneazUledn uluviainaainedou
2 a % v 4 o a o ¢ o % ] L |
Ao wuida A3 Anudilavsermesuteilauysal daudazuand1eainuluiieivie

Mo Ngnaes LaziiioveneAuanANunIetuluanumnevesidn dlurinatng

'
a = 1

FMINe1NPaIALAFULTY Aluladn1sddule F9919liAunLI8veIA1TI WukUIA.

1 o

A3 Anuilansereiureilignaes lauysal daudsiuulusia 5ee walulagnig

Y

a ¥ o

a a ) v ea ‘:1' dll & A a o o
ALBULD NONABDY aqﬂiUﬂJIuWﬁumﬂa’]@Lﬂa@uluw@\‘iu WU’J’]MUi"IﬂQIUQTwQ"\]'EJVI@’]EJQ‘UU

Y

LAAIFIDENIAINITIN 6



ar

a o ! Y4 S a d' = K a aa
M19190 6 9]'3@EJWQ@JIUV]WUVI'NSU'J'JWEJ"WIF’]@']WLﬂa@uwa\‘i LW@INI@HV]WQ@L@UL@

o ¢al ¥
wunAdNanfaanay

A . Fannuuluvial
ulwiiAdinaanaau
WiFaq nannsaidalidindauuswugnssy
ulusienifignife - MsaTNEdTindauysiugnssulaeltugiminssu e3sin
(Campbell et al., 2018) Buiidosmsanivadvesdedtiovildetniuuyeadan

FulvIanile wielvlaaedvinidnadnyalz vy

SUanangwwadaalIIniil

T

ylwiminaanAdeu . MsaseddTIndawUsiugnssuldl

(5UUA BumAnTIn, 2560)  Buiidesmsiinlvegludniwaduesdaldinnis

- n1saiedalidiadaudsiugnssuliitadaarsulannead

a ada )

a Ada daa Ay a Y A ¢
ANUYIONUYUNADINTIRALVIFAD YA AVDIAINYIN KU

U

#5094 ANURUIYVDIALDULDEBNEY

ulusimifignees - FiSuemenan wuede B ueNUIINGTTIavaIeYiase
(Campbell et al., 2018) ogAe lnenszUIUNIsNINNGIAINTITU
ulusimifinanindon .« Adueanenan vnefs Aduedigniudnuvidetigndians
(Wisch et al, 2018) . ALduEENEN U8 ﬁLSuLa“‘gﬂ_ém

1

o o A
KILIDY AMURUYVDINYDI

uluimifignees - WG995 na1ede madadlelunsiuTIvumdue vnai
(Campbell et al., 2018) wanrzluviaannaaealngnisvug e nsiesianiy oulysl

Fidueonadieisa nupuioukazdmalolng
wluviifinanndenu . 13015 nuneds nszurunsTImS e snaLTivhnsSase
(Halim et al., 2018) luvaeanaaauigiwad

v ¢ S a a d' d' ~ a = awv o
llIu‘V]ﬂuV]"IQSU’J'JV]EﬂVlﬂa”IﬂLﬂa@‘HLiﬁN L‘VWII‘UI@EJ‘W'N@L@‘UL@ YINNITFANHYINTIUIEN

a v I v )~ v e A o A [ Y} Y a ada o
LﬂEJ’JGUENWU'J']NLiﬂu&llliumﬁumﬂa'}@Lﬂaalﬂu‘wrgLi@ﬂ 1®LLﬂ NANNITATNEUYINAALY T

Y

Y ¢ 1 A& v 1

UINTIY ANUVLBVRIAMANTIYUY ALDUDAEHANKAT TS NEI0819TDAIUNTUTIANT

' o
A Y g

AAIALAREUN UL EUTIUTIALNARIALATOUNIAUNUNBYDIAANAS 9 UagnannI1TH
Nerteatuwmalulagnisiiduie dnulunisdnnisseuidiineimslduuinisdunisdn

a ya v o YA o ea a X
ﬂ'ﬁLing‘WLUUﬂ']iWWU']ZJIUWﬁULLaza@llIu‘WﬂumﬁﬁqﬂLﬂa@utﬁaﬁlu



48

2.4 wuamean1sUseiualuAinied23nen

av o a 14 (%

A1SAN®DNANTRAZINUITENNYITDITULLINIINTTU ST TUTANN19T N ha e
wIesilonsuseiiunluviay anunsanuady 2 Usewu tawn 1) wsesdlanisusziliuuluyieg
191NN hae 2) TafkazdaInnnveaAsaelan1sUseuLluYAin1sTInen J51eazidun

g lUll
2.4.1 A3diian1suseliunlunAinedaInen

nsUseiiuluiaIn1eddIneUsediularatanuInig Ingannnisaned

£

Joyanuintndnisnumsfnuilstauenuinienisussiiualurial el

Mintzes et al. (2001) na1afensUssudnasunsiseuiiazauilaly

1UTALN19T23I191 Inetauansosinni1suseiunluiaun1s@3nenly 9 viia Town 1)

[y

£ CY &) ] o ea o a dl' ]
waluvietl (Concept maps) iWumsiauauluirindAyuaznisiwenlesnuiluzosiy

o

'
o

9 oanluuwnunin 2) f3Udad (V diagrams) Wunisdnauslassadisanuindudou

s =

NET0IAUNITUTEINUTNBEN1TANDE1TATUYTULAZATEUIUNITNININYIANERS T
a3l inaudlalusssurAreIn1TANNUYIINGNITANIINGIA1EAS LaTN 1S9
AUSAIEAULBIINATEBNLUUNITAUAUTDYR 3) lUTUNTU SemNet (SemNet software)
= a ¢ o D e v u € o v vy

Julusunsumeuinames nannsaldseunluvimivazainuduiusveluiimils laglieu

aiawuuassanuivesnueigIfute A mualu UL ULYeIUnAL 1nTulUsUATY

¢

o a [ 14 % 4 E24 [
gyhnsiasgiiieinanudilauluiml 4) wuunadeuuuuldgunindugiu (Image-
based tests) {unisdausnsfinusegunimiidinnuvainwate Jansdnaveniuslagld
sunmdunangiuanudilavesdiseuld 5) nisduniwal (Interviews) Wunisasuaiy

a ! a [ d‘ Ay v v 6 1 = &
ANuAnvawiazyanafelfulynifianie iWeduanudilalunludiaisiig 4 saluy
wsesilonyiglvingidlalaymvesdiseuusavaulataauiiy 6) uiluavaunaay (Portfolio)
< a £ ¥ o J £4 a va = o
JumsussiiuanudilavesyiSouarnnisiaulugusey e juRnig vseannisi

nanssu laganasinayaduiin nasu fauludiend 7) 91u31AN15WeY (Written products)

Ao o

JuanundrdglunsuanstemnuanuazanudilanainemansvesinEeu 1wy 51897
IS v = [ a wa & a o o A = ¥
nsWsuduiin 8) wuuinnsuuR (Performance measures) WudsdAgAsyyianudnla

29UNB8Y FILUIUNITUSLLEUNTEUIUNITYNUTDITNS U WAL 9) LUUNAABUINIAY
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wuluvieind (Conceptual diagnostic tests) 1uleseasiianisuszifiunyuiunisusediunluvie
<

=& a o a . . a o ' &
Fedruuniidnvausilunuunaasunuuidonnou (Multiple choice) LARINLANATIAD

wuunageullasviouandseudlanedtunluiaminiagineladaay

weananAIesiion1susziuves Mintzes et al. (2001) uds Faflindeile
AU iunTuieives Kic and Saslam (2009) 303unelid1 n1suszdiualusiainig
Frinenegadiuseansnmsududesiadiandefiefimuivan wu felused (Concept
maps) LUUNAdOULUUIaDNAaU (Multiple-choice tests) N13dun1wal (Interviews) 533819

LUUNAEDUINARIUUULIAONADUADITEAU (Two-tier multiple-choice diagnostic

v
I

. = a 1% o P i o

instruments) FudunisuseliuanudlavesdniseulanduwaziredanisinaziunLaz
WY wuudssiiudssinniisenauiie 1) Terniunaziiiben wag 2) wanainldly
n1sneuAnINd1eiuY wansitegdlunng 3 lunasiarsanliasuuu §iseulsdasnay

Aanulvignaeang 2 duidslasunzuuy

Item 7 Which one of the following is the best description of a gene?

[ ] 1. The smallest unit of structure in a chromosome.

[ 1 2 Asequence of instructions that codes for a protein.
[ ] 3. A segment in a DNA molecule.

[ ] 4. Don’t know.

Reason for the above:

[ ] 1. It is about the information of a gene for producing a characteristic.

[ ] 2. It is about the structural relationship between a gene and a chromosome.
[ 1 3 lItis about the chemical nature of a gene.

[ ] 4. It is about the gene being a protein.

MWN 3 fegruunaaeuIiadenuuidenneuaedseiu uluirdmaiugeans

£1989991A Tsui and Treagust (2010)
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Knight (2010) 1958 YunauN15a3194aN15ATIERUAMAINLUUUTEEY
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QLGUmmzyJLLaSUSUUqaLLf’ﬂGU 6) uwlﬂwmaaﬂﬁuﬂugmu LWBANUIIATAIINEIN BIUIRILUN
warANULREUaUUUsEEIuNIUAY way 7) Ygntunoun 5-7 aruanusdunauiild

Usziliungudmang

Gurel et al. (2015) e3uneiuLANALATo o Teuldlun1TINaduulusim
voefiseu laun 1) n1sduniwval (nterviews) Wun1sasuasidadniieliladesuiglng

aviBeaneanulassasametyyivesisou wanluisnmeyuisiasuluvirinaainmdeu

al

veefiiou 2) uuunnasulaeldaiaiulaneila (Open-ended tests) Wuin3oiie
Usgnaumedemauitlinsisaes uanudilavesdiSeu defiseuinldnalunisfauasiiou

NEITUANUAAYDINULBINTY WarauIsanTIdeuNluirlinanAdouasdiseuls 3)

(% '
= A o

WUUNAEDULUULABNABYU (Multiple-choice Tests) LUulp3nsdlofiimunuiiondladadin
Yp9n15duN walkazkuunadsulaeliaiaiudatelanenunisnsialiaswuy 39

LUUNAAaULUULDNRBVANNTasEYLa Inulurivesisuulaegsnsounguuluviai

' '
A =] =

Tudu 4) wuunegeunatasyau (Multiple Tier Tests) lulaSeslloANmu1Tuiionils

[

193D UUNAFB UL UULGRNARUNIA NS ST YMaHaag . UBvan1siaenmnauved

Seoula LLUUVI@ﬁ@UﬂﬁWSiBﬁ‘ULLﬂQL%M LWUUVAADULUULABNABUABITEAU (Two-tier

ey

multiple-choice tests) LUUNAADULUULADNABUAINTZAU (Three-tier multiple-choice
tests) WAZKUUNAABULUULEONABUATEAY (Four-tier multiple-choice tests) G Suryanti
et al. (2018) iqu,ﬁmLﬁmﬁm’mmmw\"m%amuuwmaauwmaizﬁuLLUW}'N 9 fail
WUUNAEDULUULAINADUEINTZAU UTENoUnIudIuYeIAIn ulazd 1uto9mInauLtuLAeafiu
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51

M3 ensUssdudluisinmedinedinslieiosdevssidu
og 5 Usziam Juegiuuiumuesnisthluld 16ud 1) wouussifiunaanuy wu dsluviem dag
A3 N5 NM5eBUIEFUA N wiltazaunay TUSLATUABNTIADS 2) Luudseiliy
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a Y = Y o w Ao a v ¢ ] i
A19IN 7 GU@@ILLﬁzsU@‘U']ﬂWGU@QLﬂﬁ@ﬂll@ﬂ'ﬁﬂi%LNUNI‘UV]F]‘ULLU'UG]'N 9 (p)

1IN 1sUsEITU Joh 4937100
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ULUUNAdDULUULEaNRaULTeAAD Ussndaliatdau @1u15ansiali
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Azuuuwariiveyatoundudniseulaviuviad danunse wasldiuditraaudiuiuuin 9
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wiouiuld dnifiuszaumanasazauiulalunisneufaznatalusuunageuiuy

v A

A o o= o I I oAa v e v a v ea
Hennauva1esEiu Fzaunsadniuntnissusendunquiniiulusinignaes duluvialn
AaIALARBY kaznauiliiaingg diudedninreduuuNAaoULUULADNABULALRUUNAEY
LUULABNABUNANETEAU AD WUUNAABUNLAMAINTY YINlAeIN Ao 1AuAINTEIY T4

Hosnwuunagey wagldhatnnlunisiuuunagasy

3. AMUNINale

= awv o 4 ¥ (Y =3 1 [ [
n1sAnvenalsuazuIdemfertesiuanuianelagiunsawiadu 3 Useiau
lawn 1) auvangvesaufienela 2) nguineitesiuanuianela waz 3) wuinig

[

AsUsEiuANUNINela J51eazdeneail

3.1 AUVUBVBIAIUNIND 1D

Auianelansiiun1widinguhe Satisfaction &9 Collins (2020); Saif (2014) 1%

ANUMINgYeIRNfianela vanedie AusAnfiuiaruAalAsUNITNUALDIHEAIUABINTS
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u®na1n1d Cambridge Dictionary (2020); Weerasinghe and Fernando (2017) 85u1®
A a1 I3 veg A ) a a =% A a ¢ = o
LWHLHIAIN L‘U‘Uﬂ’l’]llgﬁﬂ‘ﬂLLG]aS‘IgﬂﬂalﬂiU"ﬂ’Wﬂﬁﬂ@ﬁﬂMUQ‘VlLﬂﬂ‘ﬂ’]ﬂﬂi%ﬁUﬂ’]imﬂWiLiﬁJuz

NSV AVd1nEANEEAIN SIuTdWosnyil wdidwralryAnatulnINgY

NANUNEIENnaNTIauasUladn aufianela Ae Anuidnvesyana 9 nile

' ' ' '
Ia a = U a

noddladmilanifinanUseaunisainsiteuivielasudandesnisvseliinluddiseniiugs

a
1A2EY

3.2 npufiiiigatasiuadnunanala

fimun wunud (2561) 9501871 Ngegn1st¥oulusvessesulaa (Thomndike’s
classical connectionism) Wungeiidein nsiseusiinannisgeulessznineduiiu
N1sMBUANDY JaillnareJULuU YARadziin1sasinaelgn (Trial and error) YSuwasuly
a i =i v ool - A a = v
1398 9 AUNTIAENUFULUUNIIRBUALD AT iRaNflanalaunian eiinn1siTeus

W YaAadglisULuuNInRUANBIIMENTANLUULAYY wardzneeuldsunuutuelys

[
a ¥ =

fudaslunsiteuineluses o dangnisseuivesseiularasulaned 1) nguriaunsey
(Law of readiness) N13i38u3aziindulafaESulaunSouian1asenenazInla 2)
NOUMINITHNIA (Law of exercise) N1sHAANTONTEVINURY 9 AgA1ud1ladgyinli

nsseudiuamuans lilansgvies o msleuitualinmunnis wavlunanenadule

3) nuian1sld (Law of use and disuse) A15138UFAAIINNTITBNLEITENINEUITY

1%
a =

o = v vl ° Yo 1 ° 1
nsnaUaUe ANUTUAaINTSEusazinty mnladnsiluldues 9 mnldlinisdluly
912 sAuAntula war 4) ngurakaniianela (Law of effect) lilsypralasunaiiianals
gonaenaziseuinely uidlasunanlifanela avlieeniSeus dwdunislasunaniianela

Jadudadedfglunisiseus
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3.3 LUININNITUTLAUAUNIND 1D
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a A a 19 1 A & 4 v a P =
FINLDAFITLATITUA EJV]Lﬂﬂ?sﬂﬂﬂlﬂiguLﬂﬁaqmawaqmqiﬂlsﬁﬂiﬁL@JUF’]'J']NWQW@I‘U 4

nuazdunsInalul

Fieger (2012); Richardson (2005) 83u1871 AsUsziiiuauiisnela aansalduuy
dmamnuiianela nmsdunesiasmsaununguduedesiielunsusziiuanuiielals
e?fami‘dizLﬁummﬁﬂwalﬂLLamalﬁLﬁuﬁﬂmmﬁﬁcgmmﬂazaumscﬁmiﬁauiéumﬂu q
finufianeladedslndnidsluszdula s9us Fieser (2012); Garcia-Hernandez and
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4.1 udTemngatasnunluiAinaanmdou 509 mAlulagn1emauw
nugludssnd

W51n50] UrseUnned way bwlsay Whuwuidned (2556) leanwiaarusinlaulusie
a & A ) | o o =~ Yoo a ~ | )
NINYIAIEATIIDINUTNTTN NouwasnduIeu Waldisn1sasuuuuisuiiisusiudu
nsinkazUseiliunaiioimun lnenduidinuneg fie dniSeudseudnwin 4 91wt 40 Ay
d‘ A d‘ a v v 1 % a $ % d' % % L% '3

w3eelanldlun1side laun unun1sdanisisousisesiugnssy wuudauluviminig
Ingeans (Two-tier multiple-choice diagnostic test) 1509UENTTN WU 14 Vo 1A
ANNEININYTENING 0.43-0.77 A1DIUIILUNTENING 0.20-0.37 WALANAINULNLYINAU
0.74 wazhuudunwaiialasase namHTenudn newssutinFeuliuluieiises Wugnssy
Tuseauldnlanluiriineneanssogas 0.18 seaudluriAlnainAiausosay 70.35 SeAU
TUAUNIINYIFI@RSUNNEIULAT U U ALAB 1ALAABUUNNAIUSBAY 26.07 WALILAU
wluvirinnenaanswuuliauysaifosas 3.40 WeldisnsaeunuunIsuiisusiuiunis
TawazUsellunationmun dniSeuliseauuluralnainAaousseay 14.46 5¥AU

v € a ¢ | o ¢ A | P Y} v €
LUAUNIINGIANARSUIEIULA LU LU AUARIALARD UUNIEIUS DAY 13.04 SEAUNLUNAL

medngmanswuuliauysaliosay 65.00 warszaunlwimimanermansiesay 7.50

a a Y =2 a ) aa [ 1
FUUA BUNRINNTIA (2560) ladnwinan1sideuiisunisidansseninauuuasu

ANANULUULADNABUANUSLAUNULUUADUINITULUULADNADUATEAU hAZILATIEW
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A = P < ) a
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NANNNFET NS InFAwU UGN TTY

nNsEnyINEIdeTuUsEme nundnuidevesivsinsal taszianes waglnlsa
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v a

a a ¢ g 19 Y 1y s AR a
LALLAYIANIA (2556) V]ﬁﬂ‘lﬁ']ﬂ')qlllfll'ﬂ‘ﬂlliumﬂum']ﬂWUﬁqﬂ']ﬁmﬁLWEJﬂ 197U LL@EJQI@J?J\?']U'J"UEJV]



57

Anwruluieyd 1599 walulagniamdue wazuluirinaaiaedau dnaluanuidevassuus
Buminnsan (2560) WWunuidenusingsivazidenvesdisoulunluiiminaainndou

SAaa

2 Yszhu loun anuvinevesiugimngsy waswannsassddidindnudsiugnasy
UINYNANUTZINA

Osman et al. (2017) laAnwiuluiimiiaaiaiadouvesiniseuseaulseudnw
mousunazaeulatgluauvewfefutluiriniaiugeans 1935nsinudeyadauiunm
wazlanaun e ildteyaiddnifediusssumivesluiminaaiamdeuvetinGeu lag
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Halim et al. (2018) lassyuazunbunluniaiiinainndoun v usuyslnAnw
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Ly
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HANITNTIVADUAMAINIINAIANYIN (p) A19IUIITIUUN (1) LAZAIAILLTIINT
atu TnefiA1Anauenn (p) agluyas 0.36 - 0.79 A181U1TMuN (1) agluyae 0.43 - 0.71 uae
A1AgaRsaduiniy 0.77 Fetarnuiniianueinsedu 0.20-0.80 A181U133MuUN 0.20
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NINALDULD

Tormaulunuuasunumuianelasedeuinnssumasouiivineses nalulad

a

MeRawe dmsulinGeutulisenfinuin ¢ wazasiiveriveasdddouinnssunmsiteus

Y

v ! v A

IN199539dUANURTITWLBINAILAIRINANLADAARBY (Index of congruence, 10C) 1ng

v a

AN59A0Al LOHANINTIVEOUAST
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: = v o v
daufl 1 deyamluvasdnaunuusauniu
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1, 1.00 Jolsaonndas
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4o AnYtiAudanndas (I0C) AURUY

1. 1.00 Taldaonndad
2. 0.67 Taldaonndad
3. 0.67 Taldaonnans
a. 0.67 Taldaonnans
5. 0.67 Taldaonnans
6. 1.00 Taldaonndad
7. 1.00 Taldaonndad
8. 1.00 Taldaonndad
9. 1.00 Taldaonnans

10. 1.00 Jaloaonndas
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M1519 asunansUssluAunsudallommegarviiniuasnases (100) IngENIAm Al
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10. 1.00 Taldaonnaad

NAN1SASIFABUAIRTUAINADAAADY (I0C) VaIA1a1N I ULUUFDUNINANURINDLY

(%
a U LY =

A Y] a v a ‘:1' a a o’ ° Y A
W@a@u’lmﬂiiwﬂqilﬁﬂuzﬂnﬁmEJ'WL?EN LV]@IUI@EJV]'N@LEJUL@ AMTUUNLIIUTUNTEUANYIUN 4

a1 v A

uwazasiInenaaedddeuinnssunisiseus d1uiuaduar 10 To dewviaiuaennaes

Y

agfluyae 0.67-1.00 wansirermanuinnuaenndesiuingUseasd

5. anvastadaulumsaunuinguuuuesuladuuuiilassairaeiuanufngiu

o o = Y a o a a <
ﬁaﬁau’)ﬁﬂiiﬂﬂqiLiﬂugqjﬁﬁwEJ']Lﬁa\i LMﬂIuIaﬂWqQﬂLQULa

Jormaulunisaunuinguseuladwuuilassadrauferiuanudaiiunedeuinnssy

a v a ::4' = a ° o S a v o = Al
ﬂ']iLiEJUEGU’J'J‘V]EﬂLi'E]Q LVW’]IUI@EJV]'N@IL@UL@ ﬁ']clﬁﬁ‘Uﬂ?U']’J‘V]EﬂLLag‘iJﬂLiEJu@JﬁEJiJﬂﬂH"IUVI 4



189

eaedlddeuinnssunisiseus 1n1nT1aaeUAUnTITRlanIsIgrIRvilnIlaanARed

(Index of congruence, 10C) IneAM59AnRAl LHHANINTIVEOUAI

M1519 asunanisusziduanunsadailomagenvilaiuasnaaes (I00) IngENTIAMA
gasdomaulunisaunuinguesuladuuuiilassadinfeafuanufaiiudedeuinnssy

M33eusTINe S wmaluladniadioue

JaA1nu ARrtAUaINARDY (I0C) AUNUNY
1. 0.67 Taloaonnans
2. 0.67 Talsaonnans
3, 1.00 Talsaonnans
4. 1.00 Tnlaaenadans
5. 1.00 Tnlaaenadans

HAN13ATIRARUAIRYAINARARREY (10C) vestamaulunisaunuingueaulall

= Y A Y a & A Y = Yo a ‘:1' = a
wuuillassaiaiegatuauAniudedeuInn NS euIIIMeNTee waAlulagmadule
=

° o N a v a o = apal N vy Y a Y o v
a’WﬁUF‘WEGU'JTV]E’J’]LL63UﬂL§8u3JﬁEJ§Jﬁﬂ'H']1JVI 4 °I/Wlﬂa@ﬂi%ﬁ@u’lmﬂﬁﬁﬂﬂqﬁlﬁﬂuz UIU S5 U U

Advllanuaenndaegluyi 0.67-1.00 uansiemnuiinnuaenndeiuingUsyad



Yo-ana

U ey U 1A

gn1une

AN1ANE

UsedInnL e

FrwUu AaTey

5 Ww1gU 2540

NAVNUNIUAT

1. emanstadin (33nN81) WNeTANENSUAU 1 @197138TINeN
AAITVINGT ALINYIANERNS UMNINSFEATUASUNTILIAl d59
MsAnwUnisAnen 2561

2. WhAnwludngnsairansumdudin a1v13vnsing
WMEIENT AIPIVIMENGATLATNITADU AMYATAIANT WNAINTA]
wnInenae TulnsAnwl 2562

27 %aaqﬂmai’aé 38 WYRAIANTTY LWAAIANTTI NTHNNUNIUAT
10230

1. YEUONANUITBULUUUTTINIITD “Alterations in
acetylcholinesterase activity and histopathology revealed acute
toxicity of clothianidin on Cyprinus carpio L., 1758” IUﬂﬁ‘UiSGQEJ
FN55ERUTIR “Inenrnansise” adedl 11 o Auyineneans
UANINYINUATUASUNTILIA

2. UMAIATEISeq "miﬁwu’]ﬁauﬁmmimmiﬁaui’%ﬁmmwammu
audussaasuEos walulaBnsidue dmsutnSeuisoufnem
peulany” M3asTi 4 atudl 12 (Fuenew-suney 2564) Tunsans
wialulaBuazdeansn1sing As@numans

UWNINYIRYUIFITAY



	การพัฒนาสื่อนวัตกรรมการเรียนรู้ชีววิทยาผสมผสานความเป็นจริงเสริมเรื่องเทคโนโลยีทางดีเอ็นเอ เพื่อส่งเสริมมโนทัศน์ทางชีววิทยาของนักเรียนมัธยมศึกษาตอนปลาย
	Recommended Citation

	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	สารบัญตาราง
	สารบัญรูปภาพ
	บทที่ 1 บทนำ
	1. ความเป็นมาและความสำคัญของปัญหา
	2. คำถามวิจัย
	3. วัตถุประสงค์การวิจัย
	4. ขอบเขตการวิจัย
	5. คำจำกัดความที่ใช้ในการวิจัย

	บทที่ 2 เอกสารและงานวิจัยที่เกี่ยวข้อง
	1. สื่อนวัตกรรมการเรียนรู้ชีววิทยา
	1.1 ความหมายของสื่อนวัตกรรมการเรียนรู้วิทยาศาสตร์และสื่อนวัตกรรมการเรียนรู้ชีววิทยา
	1.1 ความหมายของสื่อนวัตกรรมการเรียนรู้วิทยาศาสตร์และสื่อนวัตกรรมการเรียนรู้ชีววิทยา
	1.2 ชุดทดลองวิทยาศาสตร์
	1.3 ความเป็นจริงเสริม
	1.4 ทฤษฎีในการพัฒนาสื่อนวัตกรรมการเรียนรู้
	1.5 แนวทางการประเมินสื่อนวัตกรรมการเรียนรู้

	2. มโนทัศน์ทางชีววิทยา เรื่อง เทคโนโลยีทางดีเอ็นเอ
	2.1 ความหมายของมโนทัศน์ทางชีววิทยา
	2.2 สาระสำคัญเรื่อง เทคโนโลยีทางดีเอ็นเอ
	2.3 มโนทัศน์ที่คลาดเคลื่อนเรื่อง เทคโนโลยีทางดีเอ็นเอ
	2.4 แนวทางการประเมินมโนทัศน์ทางชีววิทยา

	3. ความพึงพอใจ
	3.1 ความหมายของความพึงพอใจ
	3.2 ทฤษฎีที่เกี่ยวข้องกับความพึงพอใจ
	3.3 แนวทางการประเมินความพึงพอใจ

	4. งานวิจัยที่เกี่ยวข้อง
	4.1 งานวิจัยที่เกี่ยวข้องกับมโนทัศน์ที่คลาดเคลื่อน เรื่อง เทคโนโลยีทางดีเอ็นเอ
	4.2 งานวิจัยที่เกี่ยวข้องกับการประเมินมโนทัศน์ทางชีววิทยา
	4.3 งานวิจัยที่เกี่ยวข้องกับการพัฒนาสื่อนวัตกรรมการเรียนรู้เรื่อง เทคโนโลยีทางดีเอ็นเอ
	4.4 งานวิจัยที่เกี่ยวข้องกับการพัฒนาสื่อนวัตกรรมการเรียนรู้วิทยาศาสตร์ประเภทดิจิทัลตามรูปแบบการวิจัยและพัฒนา
	4.4 งานวิจัยที่เกี่ยวข้องกับการพัฒนาสื่อนวัตกรรมการเรียนรู้วิทยาศาสตร์ประเภทดิจิทัลตามรูปแบบการวิจัยและพัฒนา
	4.5 การนำผลการศึกษางานวิจัยที่เกี่ยวข้องไปใช้ในการทำวิจัยครั้งนี้

	5. กรอบแนวคิดการวิจัย

	บทที่ 3 วิธีดำเนินการวิจัย
	ขั้นตอนที่ 1 ศึกษาข้อมูลพื้นฐานเกี่ยวกับลักษณะของสื่อนวัตกรรมการเรียนรู้
	1. วัตถุประสงค์เฉพาะ
	2. กลุ่มเป้าหมาย
	3. เครื่องมือวิจัย
	4. การเก็บรวบรวมข้อมูล
	5. การวิเคราะห์ข้อมูล

	ขั้นตอนที่ 2 ออกแบบ สร้าง และประเมินสื่อนวัตกรรมการเรียนรู้
	1. วัตถุประสงค์เฉพาะ
	2. กลุ่มเป้าหมาย
	3. เครื่องมือวิจัย
	4. การเก็บรวบรวมข้อมูล
	5. การวิเคราะห์ข้อมูล

	ขั้นตอนที่ 3 นำสื่อนวัตกรรมการเรียนรู้ไปทดลองใช้
	1. วัตถุประสงค์เฉพาะ
	2. กลุ่มเป้าหมาย
	3. เครื่องมือวิจัย
	4. การเก็บรวบรวมข้อมูล
	5. การวิเคราะห์ข้อมูล

	ขั้นตอนที่ 4 ประเมินและปรับปรุงสื่อนวัตกรรมการเรียนรู้
	1. วัตถุประสงค์เฉพาะ
	2. กลุ่มเป้าหมาย
	3. เครื่องมือวิจัย
	4. การเก็บรวบรวมข้อมูล
	5. การวิเคราะห์ข้อมูล

	การพิทักษ์สิทธิ์และรักษาความลับของกลุ่มเป้าหมาย
	สรุปการดำเนินการวิจัย

	บทที่ 4 ผลการวิเคราะห์ข้อมูล
	ส่วนที่ 1 ผลการวิเคราะห์ข้อมูลพื้นฐานเกี่ยวกับลักษณะของสื่อนวัตกรรมการเรียนรู้ชีววิทยา เรื่อง เทคโนโลยีทางดีเอ็นเอ สำหรับนักเรียนมัธยมศึกษาตอนปลาย
	ส่วนที่ 2 ผลการออกแบบ สร้าง และผลการประเมินสื่อนวัตกรรมการเรียนรู้ชีววิทยาเรื่อง เทคโนโลยีทางดีเอ็นเอ สำหรับนักเรียนมัธยมศึกษาตอนปลาย
	ส่วนที่ 3 ผลการวิเคราะห์ข้อมูลจากการทดลองใช้สื่อนวัตกรรมการเรียนรู้ชีววิทยาเรื่อง เทคโนโลยีทางดีเอ็นเอ สำหรับนักเรียนมัธยมศึกษาตอนปลาย
	ส่วนที่ 4 ผลการประเมินและปรับปรุงสื่อนวัตกรรมการเรียนรู้ชีววิทยาเรื่อง เทคโนโลยีทางดีเอ็นเอ สำหรับนักเรียนมัธยมศึกษาตอนปลาย

	บทที่ 5 สรุปผลการวิจัย อภิปรายผล และข้อเสนอแนะ
	1. สรุปผลการวิจัย
	2. การอภิปรายผลการวิจัย
	3. ข้อเสนอแนะ

	บรรณานุกรม
	ภาคผนวก
	ภาคผนวก ก  รายนามผู้ทรงคุณวุฒิ/ผู้เชี่ยวชาญ
	ภาคผนวก ข  ตัวอย่างเครื่องมือที่ใช้ในการวิจัย
	ภาคผนวก ค  คุณภาพของเครื่องมือที่ใช้ในการวิจัย

	ประวัติผู้เขียน

