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This study aims to 1) compare the academic achievement levels and problem-
solving thinking of students who were taught using 7E learning cycle and conventional
teaching methods when being assessed in a different period of time and had background
knowledge as a covariate, 2) to compare the academic achievement levels of students who
were taught using 7E learning cycle and conventional teaching methods immediately after
class and had background knowledge as a covariate, 3) to compare the problem-solving
thinking of students who were taught using 7E learning cycle and conventional teaching
method immediately after class and background knowledge as a covariate, 4) to compare
the academic achievement levels of students who were taught using 7E learning cycle
before class, immediately after class, and after two weeks, by considering background
knowledge as a covariate, and 5) to compare the problem-solving thinking of students who
were taught using 7E learning cycle before class, immediately after class, and after two
weeks, by considering background knowledge as a covariate. The samples were sixty four
grade 10 students in the first semester of the 2015 academic year from two state schools,
Bang Luang School (thirty students) and Bua Pak Tah Wittaya School (thirty four students).
The students from Bang Luang School selected as the experimental group and were taught
using 7E learning cycle teaching method while the students from Bua Pak Tah Wittaya
School were put into the control group and were taught using conventional teaching
methods. The control group time series design was employed in the experiment. The
instrument used in this study were 1) 7E learning cycle and conventional teaching
strategies which had the levels of item-objective congruency index around 1.00, 2)
background knowledge test which had the levels of difficulty between 0.294-0.794, item
discrimination power between 0.256 — 0.667 and reliability around 0.815, 3) academic
achievement test which had the levels of difficulty between 0.233 — 0.833, item

discrimination power between 0.216 — 0.667 and reliability around 0.889, and 4) problem-



solving thinking test which had levels of difficulty between 0.467 — 0.490, item discrimination
power between 0.922 — 0.980 and reliability around 0.814. The statistics used to analyze
the data included an average, standard deviation, and multivariate repeated measures of
covariance.

The results of the study showed that; 1. The results of investigating the influence
of time and teaching methods showed that both variables had an influence on the academic
achievement and problem-solving thinking with no statistical significance while the
interaction effect between time and teaching methods were likely to affect the academic
achievement and problem-solving thinking with statistical significant at .05 ( Pilai’'s Trace
Test Statistic = 0.191, F = 3.361, df = 4, p = 0.015). 2. The academic achievement scores
of students who were taught using 7E learning cycle method and conventional methods
were statistically different at .05 (F = 5.2332, p = 0.026). Students who were taught using
7E learning cycle method had an average scores at 16.999 while those who were taught
using conventional methods had an average scores at 18.800.3. The problem solving
thinking scores of students who were taught using 7E learning cycle method and
conventional methods differed with no statistical significance (F = 3.588, p = 0.063).
Students who were taught using 7E learning cycle method had an average scores at
22.167 while those who were taught using conventional methods had an average scores at
24.133. 4. The academic achievement scores of students who were taught using 7E
learning cycle method being assessing immediately after class and then two weeks were
higher than before class with statistical significance at .05 (p = 0.000). The scores of the
before-class test, after-class test, and after-two-weeks test were 12.317, 16.999, and
17.645 respectively. The academic achievement scores after class and after two weeks
differed with no statistical significance (p = 0.643). This reflected that students had retention
in learning. 5. The problem solving thinking scores of students who were taught using 7E
learning cycle immediately after class and then after two weeks were higher than the
before-class test scores with statistical significance at .05 (p = 0.000). The scores of the
before-class test, after-class test, and after-two-weeks test were 17.489, 22.167 and 22.821
respectively. The problem solving scores immediately after class and then after two weeks
differs with no statistical significant (p = 0.643). This means that students had retention in

learning
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wRISEU 2 gl F=1.029 (p=0.314)

a '

Namsmnaau%w'ﬁwa‘v\ﬁﬂmaamwjﬁau WU ANNUSLANNINTNRAaAZ UL

3
naFuONININISBuLaznsRausTywatnaSindadyniadafiseau .05 (rhdnasey
Pillai's Trace = 0.436, F = 22.793, df = 2, p = 0.000) LFAIIN AZULWMARINAFNGNINIINNT
L’%Uul,mfm’]iﬁmﬁﬂtymﬁLmﬂ@mﬁuﬁ?mﬂuwaLﬁaamﬁnﬂm’mj@maaﬁm’%muuaz'ﬁw%wa
Usunusuasaanly %‘aauua:mmﬁ@wmNa@iaﬂumum‘é"zlNaﬁqu§ﬂﬁaﬂwsL%ﬂuLLa:ﬂﬂs

o

Aauntlymiadsliivedragniaia (sii@nasay Pilai's Trace = 0.017, F = 0.502, df = 2,
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Q { Quas a ' % { Qs Qr
p = 0.608) L&AIIN HNSHUN lATUITMIROULANAINUIT AN LU ULARUNAFNNTNNINNT
a v 1 Qs [ g; 1 QJJ 1 vV A { [} Q (% g;
L’%fﬂuLLa:msmLm‘flz:ymLL@mmaﬂw%aVLuuuVLuvLmuaQﬂﬂﬂ’nugl,@uﬁl,l,@ﬂ@’laﬂu AITh%
;ﬁ%’ﬁ%dﬁflé’aLLiJsmmjLameflué’hLLﬂsiaulumﬁﬁ'ﬁ MNUALLDUAAILEN L UANTIIN 12

]
a o

TN 12 HansaTaReudaanadidasduaasaindyinu (G tGE) N llunsiae

UARIVD auds SANGERN Value F df P
ANy
wilsdsan
ITRINNGY mmj’lﬁw Pillai's Trace 0.436 22.793* 2.000 0.000
Wilks' Lambda 0.564 22.793* 2.000 0.000
Hotelling's Trace 0.773 22.793* 2.000 0.000
Roy's Largest Root 0.773  22.793* 2.000 0.000
BEGONRE Pillai's Trace 0.017  0.502 2.000 0.608
ﬂ’n&lj@&l Wilks' Lambda 0.983 0.502 2.000 0.608
Hotelling's Trace 0.017  0.502 2.000 0.608

Roy's Largest Root 0.017  0.502 2.000 0.608

d3fl 3 wan1sIaIzitoyatiNansInFaLFNNAZIW
a a a o &£ a a Y o A A v
3.4 aulSauisunadugninienisisaw midaunilawiaasiniawilasy
N3IANSTERIUULINININITIan3 7 uuazuuudnd Wiadaludasianarein lay
= ¥ A @ o 1
Neanasaatlnanlsin
HaMIAIAFELANTNaNaNTIaILLT laun daudsauazaiulitaannginada
el Ag a v 1 g; Q a a 1 e A€
NARNONTNIINITULAzNIIAALAT YWY WU NIsaInulINanTwasdanagugnIn1anig
Bounsznmsfaunilywiasnsliinednynesia Tsaw : si@nasay Pilai's Trace =
0.015, F = 0.442, df = 2, p = 0.645 ; 1781 : &NANARDU Pillai's Trace = 0.036, F = 0.526, df
{ [ £ a 1Y { ' o
= 4, p = 0.717) URAIT1 ATUUARYNARNONTNIINMIIURAENMIAAUAT YR INILANG1INY
unlildilunattasunandniwananvasaaudsiaauazaauditaamn
NANINIIIFOUBNTWAY JRUNUTIZAIN 1IAUaLATREU WU LA UazITaON
{ % Q‘ a v [l @ o o aad o
RINAGAAZLUULARINAFNNTNIINIILULAENIAALAT I8N RYRAYNIaDaNIzaAL
05 (gi@nagay Pillai's Trace = 0.191, F = 3.361, df = 4, p = 0.015) Na12A8 AZUWKL

-5 Q( =Y U Q { o g; =Y g;
HARUONTNINISeuuaznIfaLAdywirasbniTaun lasunsgawns 2 Aonuliaw



96

' o oA v o ' A ' o a v a & o '
LANAINNULY QVL@?UﬂWTJ@’IﬂzLL%%SL%"U'NL'Jﬁ"ﬁ’lLL@]ﬂ@]']x‘]ﬂ%I@ El@Jﬂ'J’WJEL@’INLﬂ%@]'JLLﬂ‘JTJN

= e dl
UKD U@@GLL&@GI%@I’]‘E’NV] 13

a a a a { 1 1 a Q‘
@1314d 13 ﬂ']‘i’lLﬂT]zﬁﬂVl‘ﬁWﬂ“llax‘] ADROWUAZLINT NHINAGAE Nﬂﬁuﬂ‘l’lﬁ‘i’l"lx‘]ﬂﬁﬂ%ﬂuuﬂtﬂ’ﬁ

dauddymlunmmu leslanufidudududin

LIARIVD

Ay

ROANAROU

Value F df p
AN
IS1E31 1!
TAINNgN  ADEew Pillai's Trace 0.015  0.442 2.000 0.645
Wilks' Lambda 0.985 0.442 2.000 0.645
Hotelling's Trace 0.015 0.442 2.000 0.645
Roy's Largest Root 0.015 0.442 2.000 0.645
mﬂumju L3R Pillai's Trace 0.036  0.526 4.000 0.717
Wilks' Lambda 0.964 0.526 4.000 0.717
Hotelling's Trace 0.037 0.526 4.000 0.717
Roy's Largest Root 0.037 0.526 4,000 0.717
LIRLLRY Pillai's Trace 0.191  3.361* 4.000 0.015
ADROW Wilks' Lambda 0.809 3.361* 4.000 0.015
Hotelling's Trace 0.236  3.361* 4.000 0.015
Roy's Largest Root 0.236  3.361* 4.000 0.015
dlasnnnmuaziTreuiiljFunusiudsinnmnaseudniwanodiuseda’ld
WudﬁlqaﬂuazﬁﬁaauﬁdNa@awa§NQﬂ§#naﬂﬁsﬁﬂuaﬂwaﬁﬁbﬁwﬁ@vnaaﬁa(F = 7.692,

Q QF = { v =)
df = 2, p = 0.001) LEAIIN HARNNDTNIINISLUVBIBNST WA laannsaen 2 I5ANN

UANANNT LDIAIHUARLTIINNUANAIIAY DA ILA A T RanEINadDNMIRALA T

pdNRBRIAYNIRAANIZAY .05 (F = 7.600, df = 2, p = 0.001) L&A1 NsAALAT YN

£ a A v
Tﬂd%ﬂLiU%‘Yﬂ@"ﬂ’]ﬂﬂ'ﬁﬁﬂ% 2

a (% A
FY[LLDUANINTINN 14

ATRAMUULANEIIN LHATA LWL TIIIAINLANGEIIN
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a a a a { 1 1 a QGI a
@1314 14 ﬂ"li'JLﬂ‘i’]z‘ﬁla‘ﬂﬁwaL’JE‘]']LLaz'J%ﬁauﬁﬁ\‘iNEW]6NE‘]ﬁ&lt]“/]ﬁ‘l’l’]dﬂ'ﬁL%ﬂ%LLﬂZﬂ’]iﬂ@

wityw lasfanufidudududliu

Sphericity Assumed
AU A% Audsany SS df  MS F D
NAUAATREN  WAANONINNIMISEU  79.792 2 39.896 7.692*  0.001
myfaustyn 84.124 2 42062 7.600*  0.001
CITTOTITTITITTITTIT TR & $ 8o &LI1& 881 &edd [ [ &)
20
18.800
18 17.645
16.999
6 14.961
4 12.666
12 12.317
10
REREY [T % [T T &6t &
i §
7E =t [ ( 8
CTTTITITTITIT T IOTT88 8% & " &LI&L g3 [ 1§
26
4 24.133
2;.821
2 2.167
0 20.051
8 17.672
17.489
16

NERE'Y LTIl % LTI &$# sl &

—o—TE [T &2 el
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A = a o =3 a o A A Yo o a [7)
3.2 LwaL&Jiﬂumﬂnwaa&mﬂﬁmamswﬂumamnLsslwnvlmumiaﬂmswﬂ%g
o o =1 v 09: a o A o =1 Y a ®, -] 1
WUUINININITIEUI 7 Inuazuuuln@ KaslTaunwi Tﬂﬂumw;smmﬂumuﬂsim
v g v 1 % Qg
NANNIATIARALTRANRIT0IA% WU WUTUTIUDDIAZUUBNATNONDINIINITITLY
o o o a ' AN ve o a o & a = v A & o '
RRITUUN N SZ‘WJ’]GﬂQSJ“/]VL@]‘E‘IJﬂ’Ii?d@m’]‘ELSUuE 7 muu,azﬂﬂ@ﬂ@mm’nwgmmﬂuml,l,ﬂﬁw
fanuuanaranuadn linafen19aia (Levene’'s Test dd1 F= 0.917, p = 0.326) Lila
A a v a ' ' %) &£ % ') '
mnaaua‘ﬂ'ﬁwa“ﬂaommgmmwNamamLLuuwaaquﬁmamiL’%muﬁaoﬁﬂuwuﬁ WL
v Aa 1 { %) £ @ ) ' v o @ P
mwgmmaNaﬁ@]aﬂ:LLuuNaauqmmamiﬁﬂu%mL’%ﬂuwuﬁamaﬁuymmymoamﬁ .05
(F = 43.803, p = 0.000)
~ P ~a A o £ a v o AN v @
WaldSouiuuAzLUUIAR UNARNGNTNIINISITUUTBIRNLTBUN LA TUNNTIANNT
= v L e =} v g; a g =} a = =1 v A & g 1
FouUUUIINTNNIRen; 7 TBLasuuulng wasounun I@ﬂummgmmﬂumuﬂﬁw
{ Q Qsl > { o a U Qs >
WU ﬂ:u,uumﬁsJwaawmﬁmamﬂ%wma\mﬂL’%Uuﬁvl,mumswmif%wgl,l,umgﬁmimi
Fou3 7 Tuuazuuudnd danuuandranuadeiiisdaynesiianzay .05 (F = 5232, p

1
' a

= 0.026) lasfinguiiSouuuudn@lazuunadowiiny 18.800 waznguTuwuULI)InINT
& =

A o o< =i | o 2 A ! v & o A
Lislug 7 Vb UAZLUWBLRIYLNINY 16.999 PINAANVLANANNNWLRINUD L ANUILBYA
9913190 15

ad s s A U g; aaid. s ag a
f1774 15 Nfﬂ"ﬂaﬂ')ﬁﬁa%LLUUjgfﬂﬂiﬂqiLiﬂug 7 muLLazLL?LJU'iJﬂ@m&J@lawaammﬁ‘ﬂ"mmﬂmu

o A o A a vV a I s 1
NRILILUNUN IG] U&Iﬂ’]’]&lgL@]&lLﬂ%@l’)LLﬂii’)&l

LRRIDaIA MUY TUTIN SS df MS F p
ﬂ’J’mé’La&l 600.182 1 600.182 43.803 0.000
ADwaw 71.688 1 71.688 5.232 0.026
error 835.803 61 13.172

Levene’s Test F =0.979, p =0.326

dll nl a a Y v A v ve o a Y

3.3 WawSpufisumsAaunilywizasknisewi lasun1sdansiseniuuy
o @ s U & A o | o A ~ ¥ A [ % 1
AN Ma3au3 7 Zunazuuudnd vasSauwnnd laafienasidadwaiudsion

NANNINIROUT NI BIAUANLLSUTINTBIA LU UNTAAUAT YR INRITEU
o A ' v A e [ a v 7 a P v a & o ) =
rufizwivnduildiunsianmatoud 7 unazundlasfianuiiaudududsnuiiany
uanansnuadg Lilvesamneaia (Levene’s Test Aein F= 0.657, p = 0.421) Lilaa1adal
BnEwaTaIANNFIANNFINadoAzLLIINIAAUAT YMINAITIUIRA WU auLANEIHNAdE

AZLUWBNNIRALAT YR IRAIT U W aEINhE A UNIIRDEN .05 (F = 32.314, p = 0.000)
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a = a A a Y v A Y v o = Y

WanisuisuazuuwadsnsfauidymizesinGaun ldsundamaGeuiuuy
[ [ = v g; a w A o A = v Aa & o U J
Tpaninadeui 7 auuszuuudn@ naadeunuil lasfanafidududiudsion wud
azuumadsnIfauidymiesinGeunldiunsdanmatouiiuniginsmaitous 7 Juuas
wuuln@uandnuadnelilideddyneaiid (F = 3.588, p = 0.063) lasfinguiiFouuuy
Un@fiazunnlafuivinny 24.133 WasnguReuwwuuIINIMIEeu] 7 94 Jnzuunadoirinny

& 1 e v L= {

22.167 FILAMNUANGNNULANUDY T1882LDIAAINNINN 16

adaA

1319 16 NATIIDFOUULLIPINTANITUF 7 dulazuuulndniidansfeuddaywinasiun

s =} =1 v Aa & N 1
N 1 ﬂummgmmﬂumuﬂimu

LASITRIANNLYTUTIN SS df MS F p
anuiau 587.558 1 587.558  32.314 0.000
ADaan 65.326 1 65.326 3.588 0.063
error 1109.138 61 18.183

Levene’'s Test F =0.657, p = 0.421

A ~ a o £ = o A Yo o a [
3.4 LwaLﬂssmmsmwaamqwmnmstsﬂumaa%nLsﬂ%nvlmnmsaﬂmswﬂug
o o = v qq: [ = - | L - | ] o I's ~
WUUININITNTILNS 7 U NOWLIN nadlSanNuNLazrnadsawr1wlil 2 §lav laad
VY a [~ a [
ﬂ’)’]N;SLﬂNL‘]J%GI’)LL']Ji‘S'JN
o ¥ o o o = o
NANNIATIARELTDANRILL 0IAUVBINTINALUBBRATNENTNIINITIUVBINNLILW
AN v [ a o & A v o 7 & ~ 2 - - ' . .
w"lmumsﬁmmsmwg 7 2% 1alesumIag 3 m\ﬂ@wmmgmmﬂumuﬂsmu WU
AN TUTIUTAIAZ LW BLARIATNNITFALT LA TIII AN AU LANAIIN A LN 14
WHRAYNIIENGE (Mauchy's W = 0.951, Chi-Square = 2.761, df = 2, p = 0.251) L&AII
Qs Af > 1 g: 1 1 > {
ATLUBHATNONINIINTS DU TIALAaTATIRAM VLY TYTIN LAY v iNanny
a a vV a 1 1 Q Qg = g: g;
mnaauamwamaammgmuaaNa@laﬂzLLuuwaammﬁmamsﬁﬂumnmn@m3 A4
v Aa ' ' [ £ [ & & 1 @ o (%
WU mmgmmaNa@]amuuuwaauqmmonmﬁ%wmnn*m@mo 3 a3 agin&Ia
Aaad ' [ £ o { '
NNRDGEN .05 (F = 50.428, p = 0.000) LFAIIN NARNNDNIINITLIOUVDIBNLIDWNUANG

ﬁuﬁfmﬂuwaLﬁaammﬂmmflﬁu FURLLDHA AIAT19N 17
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a a v Aa 1 { s Q€
@139 17 NANIIAJIIRDUY a‘YI‘E‘WE‘l"]Jadﬂ’l"INEL@’IN@]aﬁﬁﬂzLL%%NE\]NNE]V]ﬁ‘YI'Nﬂ’WL%UW‘UE’N

o a A A Yo a a o & A [ o ¥
uﬂLiUuqﬂLSUuI(ﬂ Ulﬁ'}gﬁlﬂiﬂqilﬁﬂug 7 Ut LQJE]VL@]?Uﬂ’]T)@sIﬂ

LASIBIANNLYIUTIB SS df MS F p
m’mflﬁ&l 974.965 1 974.965 50.428 0.000
error 618.682 32 19.334
Mauchly’s Test of Sphericity :  Mauchly’'s W =0.915 df =2
Approx.Chi-Square = 2.761 p = 0.251

A a A o £ a o o AV oo @ A o
WanSsuisuazuuukadunnImimatsusasinioun ldiunmsianaSeuiuuy
o o a 'y gj a 3; a’: =} v Aa & > 1 = =)
TpInImIGud 7 4% anmsians 3 a3 leslanuiidududiudsion wanswioudioy
{ Q Qg o { s Q v Q Q
7o WU azuuwalBRasIgNITIMItEuasiniTeun laTunsanatouiuuuiping
MIGFIUT 7 U% NawIBUUAZNAITDUNLA Januuandsnuagalinadaynaadan .05
o a v Aaa A ) £ a ' ' a
(P = 0.000) launAilSouriufifiazuumalonadugninimIteugIniiazuuutiauion
Q Q 1 Q 1 ] Q o Q L Ar
(MRILTDWNWA LYINNL 16.999 fawlTeh LYNNY 12.317 @UE1GL) ASUBBNAFNYNINIINIT
a 1 A = | 1 o 6 A 1 > 1 A o o [ aad
Sounawssulaznadisauiwll 2 e Januuandinuadslinesayneaian .05
= 1 = { = Q( 1
(p = 0.000) laswaaFouiuly 2 FlaidazuunafonadunnINIMIEEUFINIIALLL
Aowisun MadToweuld 2 §Uandt winAy 17.645 Aawi3uu Ny 12.317  @N&aD)
A o £ a v a v A o A ' o & \ o
YU NAZULBUHATUNININITIToURR IS sunuinaznadToudwll 2 sankuanarany
v o @ Aaa % ' % { > £
asgLilnadaneaia (p = 0.643) lagnasisewdinll 2 FUaRLAzLBUARENARUOND
Qs L™ ' > { Qo Qg
NHNSRUUFINTIIALULBUARITOUNUALYINAL 17.645  IDANAZLUUNAFUONTNIINNIREY
WRITDUNUNNALYINNY 16.999 auRIAL
WanaIan wud AmsdemsBeuiuuudginmatoui 7 ou soldinGeull
o £ a o a v a o A v a . o ¢ X Vo a
HaFNONTN NS suRRITDuRGI T ounuAuaznaa ol 2 dlandgelunitnensou
dl dl Q = L s o A 1 L 6 1 Qs 1 =
YUNHANZLWILARIARIT W UALBLARIS oUW 2 FUaRIaNuuandrenuadne il
wdanaaiia wude wnispunldiumdanaSeuiuuiginmsdeu 7 au e

mwumamiﬁﬂuf NUFLLDUANIATIIN 18
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a = ' o £ = ] = v a o A o a
a179 18 MITBUNEUTIANAFNONINIINITIRADUTEH KA TUUNUNLITAAITEY
duly 2 dlandaasinGeudldsunmsdanadouiuuuigininmaGeug 7 2u laodl
anustduduaulsiu

TR nowiIun waslSounuil  /wld 2 fUenw
ALaag (12.317) (16.999) (17.645)
fiani3au (12.317) ; 4.682* 5.328*
NRILIUNUN (16.999) - 0.646

Huld 2 adenk (17.645) -

a o o s Aadl a
FARYRIAUNNINANICAU .05

- a a a 1% o o A vo o a [y

3.5 WawSaufisumsaaunilywizasinisauilasunsdanmsiseniuuy
o o = U & 1 = | o A | 1 s ¢ ~
FPINTMAIAUI 7 2w nowiin vasSaunwiinaznagsowdinly 2 e laad

Y A @ % 1

anastaatilnanlssn

NAaNMIATIIFaUTaanadLlava eI TIALBWMIAALAT YW aIBN IS 8w las

o a @ & A (% o & a v a & o ' oA

mysanaGeug 7 24 Waldiumaiadn 3 a3 lasfianuidududaudsiin wudy fany
uwivisnpasnzunnadsanmasaud luudaztisnmdanuuandisnuadig i dnesan
NN&DG (Mauchy's W = 0.926, Chi-Square = 2.734, df = 2, p = 0.226) L&A1 ASLBLNIT
Aaudtgwimnmytaudazassdanuudslsinlddnu smeinanisaasaudninavay
ANUIANFINAADALUUBNNTAAUATYINIINMTIANT 3 A3 WU ANNGIANFINAdDAZILLYL
MIAAUATWIINNTIANT 3 A9 B NRRBFIAUNIIEDAN .05 (F = 28.574, p = 0.000)

a e dl
FYHTLBYA AINTITNN 19

1379 19 wamMIanIFaUBnInasaIauAuilidenzuuunfeunymivaannisoud

Li&lﬂ@ﬂ%g%ﬂiﬂﬁﬁﬂ%g 7 9% e lesunITIaTn

ULRAIaIANNLUTUTIN SS df MS F P
GRREVHTET 913.348 1 913.348 28574 0.000
error 1022.858 32 1022.858
Mauchly’s Test of Sphericity :  Mauchly’'s W = 0.926 df =2

Approx.Chi-Square = 2.734 p = 0.226
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o = a = a v o o P Y o a @
WanlisufisuazuumadsnsfaundymzesinGoun ldiunmdanmsitouiioy
> a o & o & & a v a & o ' = =
TPININIEERY 7 % 1Inm3ians 3 a3 laslanuifududiudsin wanswioudioy
g WU azuunadsnsfauddymaesiniFoun ldiunmsdansSeuiuuuiginims
SUu3 7 % fenltuuLATnAIREUIRNlANNLand e iuaieldedayneatan .05
o a v Aa = a v ] . a v a
(p = 0.000) lapnaaFourufiiazunmaionfauddymginiiazuuunanion (MasGou
NUN LYINNU 22.167M81w30% LAY 17.489 @NE1aL) AzuuwunIAauiyminansuuuas
wasRauAwll 2 e Januuandrinuwadslinedamnegian .05 (p = 0.000) lag
o o \ @ ea = a % ' ' = o o \
naaFouduld 2 dlandliazuumadonmifeuddymgeniiazuuunenon (AIToUEY
1 2 §daw iy 22.821 nawFow Winny 17.489 awdaL) daiazuuwnsAawiynl
wasIpunuiuaznasTawiwll 2 sleruandrsnueadng lifivedaneada (p = 0.643)
laaraasowdnll 2 slendlecuuniadensfauidyrivinny 22.821 UtkeNasLunNIAN
WA QYWIRSISHUNUN 1IN 22.167 auaay
Wanasan wud Amsdemsleuiuuuiginimatous 7 au soldinGeull
= a Y o o A v o A . % ¢ & P
AzuumalnMIfauidymnasTounasSouiuiiuaznaaiouiuld 2 fleigaduniron
= dl dl e A o A e A 1 e A 1 o [
31 P NNanzUBIAA AT IUNRILaznAISwK Y 2 FUaRTnNuLandInagng
lLifidoddgyn1eadd sude dniFounldiumsdanisdeuiuuniginamaioui 7 2w

ﬁm’mmwumdmiﬁyuﬁ IYURLLDUANIAITIN 20

13719 20 MuTeufisunognseuidyminawion nasdeuiuiiuaznasiouiuly 2

) & v a AV v o a o o o a o & A v a &
ﬁl]@']ﬂ“llaﬂuﬂLs&luqﬂvl@lillﬂ']iﬁ]@ﬂ’]iLiﬁluELLUﬂJqQﬁ]ﬂiﬂflflﬁﬂug 7 U I@UN@')WNEL@INLU%

AL1397%
PILIR Aauisen RRITHUNWA  HwlY 2 sanw
Ao (17.489) (22.167) (22.821)
NowlIan (17.489) - 4.678* 5.332*
NRILIOUNUN (22.167) - 0.654

Hwld 2 sk (22.821) -
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a\ [ ]
m;ﬂwa anUsrgHanazyatdwalbe

nmyAsgaRkianuinaneiiadnsnanisdananTsunsseuilasldipinims
o & { ' [ £ a 1Y o
Buu3 7 9% Nldanasugndninsiten nIfauidaniuazauaInunIINITEen3109
o a & o = A P \ A o £ a a
wnSpuTudseNAns U 4 laofiaasinane 1) iNed@nsnadugninimiaiiou n1ida
witywizasiniounldiunsdanmaiFouiiuuipinanmsitou 7 uuszuuudnd iedalu
) : @ a v a & @ ) A = o £ a v a
19m6nn laslianuiidududuldsng 2) iiefnsuadugninemsiiousesinitou
nlatunsdanmaSeuiuuuipinamaitons 7 auuazuuudnd wasSeuniui lasfianuiay
\ududsiin 3) iefnsnsfeudiymizesinGewildiumsdanmaGeuiuuuiginsms
a % & a o A v A a v a & o . A = o £
Foud 7 Tuuazunudnd nasGeuiud lasfianufidududulsng 4) inefinsuadunnd
nmIisouasinGewi ldsunmsianasouiuuniganimaSeus 7 7u fewSou nassou
rinfiuaznaaFouiwly 2 flerd laslianufidududaudsig uaz 5) tWefinsniidae
witymvasinGounldiumsianmaGeuiiuuipginmsdeu 7 s dewdou waadou
niufiuaznasFouduly 2 dlandd lasfianafidadudiudsiou
' 5 1 A A o & dw | o A & L = a A =

ngudadanliluniidsassinduinSoutudsandnui 4 TsaSsuuninais
InpwazlsnFauiadinriningy sanedunauuaiuinIdnwlTendnes 126 9 n1a
a P | 2 o a e & o a a Y
Soui 1 Tnsfinen 2558 $9uan 2 13at3ou inausiuud1ainnisfiinuasuwiadninaale
ldsunsy G*Power  118357% 3.0.10  lasldd1ainauidvves 23ny Jaygriaunade

d Qo o Q( a a

(2554: 89-93) TIANWINIFIANRFNNTNIINIITIUINYIAEAT UAZANNEINIINIUNIIAA
witywinadinmensasidwdsinugide ldawmedninaiiy 0.76 lduumangudiadng
Tudradneen 30 awu laslunuiseiudadungunaass laun lsaSeuunmariing
Fwan 34 au ldiunmsiatanmsumaFouiuuuipginGeu 7 9w dawlsatouialinm
a o [ ! AN o 04 = v a A v ad =)
Anen $1man 30 au Llunduaiuquinldsumdenatsuiuuuing svldanlesisnaden
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WHUT ;‘TL%mmty fin 10C
Aufl 1 Aufl 2 aufl 3 aufl 4 Aufl 5

1 1 1 1 1 1 1
2 1 1 1 1 1

3 1 1 1 1 1 1
4 1 1 1 1 1 1
5 1 1 1 1 1 1
6 1 1 1 1 1 1
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1719 23 HamTlaNzRdasianusaaadIvasiadmuiuIadszaidauTalIuYes
1010 ANURNIZRNVBIAUTONUAZANUTDAAR BINUNYANTINNABINNTINVDY

Lmumaaui'@mmf@mm aa;ﬁﬁw’im%ﬁw £

Tafi QL%U’J"E’]EQ fi1 10C
Aufl 1 Aufl 2 Aufl 3 Aufl 4 aufl 5
1 1 1 1 1 0 0.8
2 1 1 1 1 1 1
3 1 1 1 1 1 1
4 1 1 1 1 0 0.8
5 1 1 1 1 1 1
6 1 1 1 1 0 0.8
7 1 1 1 1 1 1
8 1 1 1 1 0 0.8
9 1 1 1 1 0 0.8
10 1 1 1 1 0 0.8
11 1 1 1 1 0 0.8
12 1 1 1 1 1 1
13 0 1 1 1 0 0.6
14 1 1 1 1 0 0.8
15 1 1 1 1 1 1
16 1 0 1 1 1 0.8
17 1 1 1 1 1 1
18 1 1 1 -1 1 0.6
19 1 1 1 1 1 1
20 1 1 1 -1 1 0.6
21 1 1 1 1 0 0.8
22 0 1 1 1 0 0.6
23 1 1 1 1 1 1
24 1 1 1 1 1 1
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A1319 23 (68)

T
v A

iafi [tk bl i1 10C
Al 1 Aufl 2 Al 3 Al 4 Al 5

26 1 1 1 1 -1 0.6
27 1 1 1 1 0 0.8
28 1 1 1 1 -1 0.6
29 1 1 1 1 1 1
30 1 1 1 1 1 1
31 1 1 1 1 0 0.8
32 1 1 1 1 0 0.8
33 1 1 1 1 0 0.8
34 1 1 1 1 0 0.8
35 1 1 1 1 0 0.8
36 1 1 1 1 1 1
37 1 1 1 -1 1 0.6
38 1 1 1 -1 1 0.6
39 1 1 1 -1 1 0.6

40 1 1 1 1 1 1
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LLTJ‘]J‘Y]@]aElU’)@]Naﬁ&IE]YIﬁVI’Nﬂ’ﬁL%EI%?JGGEL‘%U%TE’]%’J’W] g

Tah QL%U’J"E’]EQ #1 10C
Aufl 1 Aufl 2 Aufl 3 Aufl 4 aufl 5
1 1 1 1 1 1 1
2 0 1 1 1 1 0.8
3 1 1 1 1 1 1
4 1 1 1 1 1 1
5 0 1 1 1 1 0.8
6 1 1 1 1 1 1
7 1 1 1 1 1 1
8 1 1 1 1 1 1
9 1 1 1 1 1 1
10 1 1 1 1 1 1
11 1 1 1 1 1 1
12 0 1 1 1 1 0.8
13 1 1 1 1 1 1
14 0 1 1 1 1 0.8
15 1 1 1 1 1 1
16 0 1 0 1 1 0.6
17 1 1 1 1 1 1
18 1 1 1 1 1 1
19 1 1 1 1 1 1
20 0 1 1 1 1 0.8
21 1 1 1 1 1 1
22 1 1 1 1 1 1
23 1 1 1 1 1 1
24 0 1 1 1 1 0.8
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©

T
v A

A5tk gLt fn 10C
Aufl 1 Aufi 2 Aufl 3 Aufl 4 Aufl 5
26 1 1 1 1 1 1
27 1 1 1 1 1 1
28 1 1 1 1 1 1
29 1 1 1 0 1 0.8
30 1 1 1 1 1 1
31 1 1 1 1 1 1
32 1 1 1 1 1 1
33 1 1 1 0 1 0.8
34 1 1 1 1 1 1
35 0 1 1 1 1 0.8
36 1 1 1 1 1 1
37 1 1 1 1 1 1
38 1 1 1 1 1 1
39 1 1 1 1 1 1
40 1 0 1 1 1 0.8
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AT 25 wamﬁme:ﬁmﬁ'f‘ﬁﬁmwaa@ﬂﬁawaa"ﬁaﬁwmuﬁug@ﬂizaaﬁmm‘*ﬁ'@Lfﬂwuaa
0NN ANULRINERUTBIALRBNUAZANNFEAAR BINUNYANTINNADINTIAVDID

wuunesewIanIRauAlywvedgisauindiine

T
v A

af (ST gl fi1 10C

e

2

AWN 1 AUN 2 Aun 3 AWN 4 AUN 5

1 1 1 1 1 1 1

1 1 1 1 1 1
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ERGRREGEET
o ANANNENIY (p) AEIUIT WA (r) uiana
1 0.588 0.235 1515
2 0.382 0.333 o 6v
3 0.588 0.267 1l
4 0.529 0.267 T
5 0.294 0.533 o 6v
6 0.412 0.267 1515
7 0.676 0.333 T
8 0.559 0.200 16
9 0.353 0.267 T
10 0.647 0.267 o 6v
11 0.559 0.257 1515
12 0.559 0.333 T
13 0.382 0.467 16
14 0.588 0.267 1515
15 0.441 0.333 o 6v
16 0.471 0.267 e
17 0.471 0.400 15151
18 0.618 0.257 o567
19 0.382 0.467 Tl
20 0.412 0.533 15151
21 0.735 0.600 16
22 0.647 0.400 1515
23 0.294 0.267 o 6v
24 0.618 0.333 1515
25 0.676 0.333 T
26 0.353 0.400 1l
27 0.529 0.667 1515
28 0.559 0.333 o567
29 0.647 0.267 1l
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Fafl A1nNNLINIY (p) AN WIAILWA (1) uana
30 0.647 0.267 16
31 0.706 0.400 T
32 0.412 0.400 o 6v
33 0.794 0.333 16
34 0.765 0.267 T
35 0.353 0.267 16
36 0.382 0.257 16
37 0.324 0.600 o 6v
38 0.441 0.333 16
39 0.382 0.333 15151
40 0.294 0.533 o 6v

AaNULTaNUTaRaUNIAUL  Alpha = 0.815
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Pah A1ANNLINIY (p) AN WIAILWA (1) uiana
1 0.633 0.333 o567
2 0.267 0.400 16
3 0.500 0.261 T
4 0.567 0.261 o567
5 0.600 0.400 16
6 0.233 0.333 T
7 0.467 0.267 1l
8 0.733 0.400 1515
9 0.700 0.333 o 6v
10 0.533 0.400 16
11 0.800 0.400 15151
12 0.333 0.400 1l
13 0.833 0.333 1515
14 0.800 0.400 o 6v
15 0.633 0.333 1l
16 0.667 0.267 T
17 0.733 0.533 o 6v
18 0.800 0.400 1515
19 0.700 0.333 T
20 0.500 0.333 16
21 0.833 0.333 1515
22 0.833 0.333 o 6v
23 0.733 0.267 16
24 0.333 0.267 15151
25 0.767 0.333 16
26 0.767 0.333 1515
27 0.833 0.333 o 6v
28 0.667 0.667 1l
29 0.600 0.400 15151
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Fafl A1nNNLINIY (p) AN WIATLWA (1) uana
30 0.767 0.467 16
31 0.733 0.267 T
32 0.733 0.267 o 6v
33 0.733 0.400 16
34 0.667 0.267 T
35 0.633 0.600 16
36 0.800 0.400 16
37 0.733 0.533 o 6v
38 0.500 0.261 16
39 0.833 0.333 15151
40 0.733 0.400 o 6v

AaNuLTaNUTaROUNIALUY  Alpha = 0.889
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#1314 28 wamﬁmﬂ:ﬁ SN AN AANNL TRV RILULNAREL

Tansfaunynd

Fafl A1ANNLINI8(p) AT WIAILWA(r) uiana
1 0.467 0.922 o567
2 0.486 0.961 16
3 0.490 0.980 15l
4 0.485 0.974 o567
5 0.473 0.956 16

AL TaNUTaREUNIATY Alpha = 0.814
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a v
HANIITEN]
A A o o o A ~ & A Ada
4. afunafenulassansuasninnuesasiedluisasuasdaiiia
N1A351% 2 8.1 1TNITUIUNIINIIINEIAIFATLAZIATNEIAIR AT IWNITULEZMN
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abunsuazamaseuld nelddayauaziatasdanfaglugrsnanugdiladn Inmmaad

WAlwlad 90N LATRILIARANTAMNLNLITDIRNNUI N

2. @1szdran

n3a#infan (nucleic acid) ussiiluananfiamalng vhuihiiduuazdienaa
@ o A Ada ] = o 4 @ o : A aAda
ToyannugnIwmsafiidfiaanniunilludoiude luliusasanunizdns 9 209598870
waninidihnihfaiugumseiyidulauaznszuiunsdeg 1eiasidiansafindand 2

9 Ao DNA (deoxyribonucleic acid) L8z RNA (ribonucleic acid)

= v
3. #1333
a aa 7 1 1 A A 1 a A 6 .
Imaqamaaﬂmmﬂaaﬂ UsznaumisniisgasNiSunin Hiadlang (nucleotide)
a =y 6 U 1 l 1 (% 1 1 ? d'd 6
Imaqamaammiavlm@ Usznaudisniindas 3 1 ldun wiwemua shanandaniven
5 2 auLas AT URIUE ﬁmﬁia%ﬁﬁagﬁwﬁu 5 THa LANF1INWAINEIWLTzNaUNLT®
Tulasidmus wananidaadlainddauduasnldiwasanugs 1w ATP (adenosine
. a = 6 a (N [ IS a ' an = [ .
triphosphate) fndlalndaziSosardenuiduasenSoninnedinailena (polynucleotide)
Imaqamaa DNA 1sznaudis wadtiaalalng 2 818 15u9a8aURan 19N wlas I8 w10 U
Aanuar1ownszlalasian a1y DNA Tarduwinfelraaiutinlatd ouui1d7 RNA 1w
Aaa =) 6 A =
Wadtadla naLneIsnLae
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DNA 18z RNA fsna1antdwadddsznavdnsni 1 DNA uinanadaand bslug
(deoxyribose) #3111 RNA (ribose) Luafiwuli DNA waz RNA Junssfianinilannuiazuid
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M 44 HLWA1IFIN O snenaddulng M f5asmivme
O agatninaLe O shandensst neasy

6. BWINNKRIDNTLING
- wuuingie 1389 nIAAAEN

- Taaalassains DNA

7.ms$’mﬁanswmsﬁﬂu§
il 1 WAIIVFOUAINILAN (Elicitation)
U 6 = v
1.1 azudsaadszaadnaion;
o a ' o a = % P Aaa A a &
1.2 azuaztiniiouhunuadlnansinuniaiangan Jfeezly duselomt
' . A Ada D & A oA
atnglsdaRIiTIa wuadwnudia
1.3 ﬂgﬂinﬁmzﬁummfﬁu 1589 NIAHIARDN VAIWNLILWINNNNIIINAALUIY
P96
& 4 <& o
AT 2 VWLTIAMNA LD (Engagement)
2.1 ﬂglﬁﬁfﬂL‘%ﬂuﬁﬂm?i'nmimnmUﬂuﬁﬁlﬁmamaaﬂm*wluﬂﬁé&mmﬁu
2.2 lwnniSauaaudiouinania Anazls aQﬁdauimmaoiwonwm stmmﬂ@ﬁa
1%’3%’1113@153%LSuLaﬁqﬁ]ﬁ@T’mwfw
211 3 AW&19529AUNN (Exploration)
3.1 LLﬁoﬂﬁjuﬁfm’%'sJuﬂ@;uaz 5-6 A% LAUARZIWALAZANRINITD WIIRUNLTa%
nNunaunIUuananI
3.2 ﬂga'aLa'%wlﬁﬁfﬂL‘%ﬂuﬁ’mu‘hun”usl,um‘imﬁ’mau Tagl¥iniSuudansn
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3.3 ﬂﬂﬁna’]‘ﬁﬂL%Uuluﬂ’]iﬁ@‘ﬁ’]ﬁﬁ@lau I¥inSsusnwawrIfIfauan U
(2 o A a a a n' a 1 = d' A d'u/ = v & £
ANUIARIFDITIUTIINDUANANLEN 1 TIWDIFOAY 9 ARNISEREINITALENDI 1A
3.4 liiniSuudszdng lassashs DNA 9nnszae wisunsduiinuanisl jud
AINIIN I@Uﬁﬂgtﬂu@ﬁﬁﬁﬂ?ﬂm
2% 4 Y%adUL (Explanation)
4.1 ﬂgﬁioLﬁ%ﬂﬁﬁfﬂL’%‘Uuaﬁmsjm’mﬁmwUa@LLazﬁﬁagaﬁvL@T PNLATITAURL
agﬂwaﬂ’aga
4.2 @TaLmuﬁﬂL’%‘yuLL@iazn@;uﬁ’]Laua"ﬁaa;ﬂ%ﬁﬁﬁaaﬁw
43 am%ﬂmmluﬁaaL’%'Um"mﬁuaﬁﬂﬁwamsﬁ%auamauwiazﬂﬁiw NIDUNI
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SNOINRINENIS DI L3 ]a
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Wi Mo sasnsadiinddnsinliinSowdnladn nsafiiedan Wuensndenudng
ﬂ“'mfwmslstmﬂua']sﬁl,ﬁm*’ﬁaaﬁ'uﬁagaw”uﬁqﬂﬁmaaﬁaﬁ%’?m
Tl 5 2u2818AIN3 (Elaboration)

5.1 MNNNIABLAIDNVDINNLILW ﬂg@‘i’dﬁmm@imfﬁ RLIUUAAINNTAIIARDN
fianudnedsls dlasvaisuasnininiivinuednels winmenseafianidnazaina
athlsdasamerasdiidianialuatngls

5.2 lﬁﬁfﬂL%Uul,%auimmmé'uw”uﬁi‘mj’mmﬂufﬁvl,@i”%'u iszguniInt Az
L3 Iﬁé'ww”uﬁn”uathdﬁm@;mgﬂﬁad

v ] v
299 6 A szidinHa (Evaluation)
6.1 ﬁfﬂL%ﬂuﬁﬂuﬂluﬂaﬁujl,ﬁwLammmauﬁﬂmwﬁwﬁaﬂﬁu
6.2 ﬂgﬁiumwﬁfm‘%’ﬂmﬂmmqﬂﬂa WWalsziuauidnla
6.3 BNSUUFNIIVRULRNNYINY 1589 nIafiiaRAN VL@TE]nGTao
i 7 auran3lyls (Extension)
A o o v A o A o A Aaa a o o oo v A A
L&Jaumiﬂu"lmmugmmm nIafiIAReN LSUUTBLAN ﬂgl%mmuummmwa
v A & A v A o Aa o o
mwaaummgﬂmaaaﬂmaLLa:LwalﬂuﬂLsﬂumm‘mmvl,ﬂﬂi:qﬂ@“lﬂumcﬂﬂi:m'mvl,@ LT
@ = 1 o A 1 Aa o o n' AdAa a U 6 a 6
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Awla atn9ls lWiniSuuvintagay O-NET
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A 1 A [
8. 80 /UNAILILN]
1. ‘Lummf 1589 NINIIAADN

2. wuuin®e 1389 NIARIAAEN

L
' a a =

3. AHIRDLIIWTIAINGNANLAY Lax 1 TwiTaNAnTIN 4-6 Va9 ’aIN.
9. NMIAKAzUILLNBHA
Qs dl =3 aAa v 1
- azuwwnuuudnvia 1389 nIadinaian e kktasnii 75 %
- sa1natuuluealasizi1y DNA LLamauﬁﬁmﬂﬁgﬂﬁaa laittasndn 75 %

Aaq e a n== -~ > a ' a
A5 InuazlzIdnEe iIadiadlauazilzidniue N3l sLan
Fanannansumaion; woudszidumssananginssy | laazunwlivesndn 75 %
Madung . L
. g N laasuunlaiannit 75 %
A3NNULUANKG wuURAN®A 1309 n3atianfan

10. YN NKRAINITADW

10.1 HANIIVIANTIIILNS
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v A a aAa
1‘1Jﬂ’3’l&l§ 138d NIAwIANaaN

DNA

1. DNA 1{lu woRlwe$ (Polymer) Usznaududigniiggas (Monomer) 13anindiana
To'lneg (Nucleotide) TasudaziianalendUsznaudiesinaadeandlslus, wasialasia
witdlu 4 wiia Ao waazdin (A), ndiu (G), lalndu (€), wse niu (T) uaznsanaanasn
siiaaz 1 luana lasiiiadlalndudazniag azﬁ%ijxlam%lmL%awﬁuaﬁuau@i'}l,l,uuaﬁ 5
yagiaauszfiumBentuensuaudiunied 1 vatiiaa

2. wiszfanalalndideunmdusoena lapdinsasanuszazninynasnavasii
2l lndnilinuinaavasfinedlendannitsianfuaudunisd 3 (81w 3 Iwia) 1ia
Husnwenaisonin wediaeale'ng (Polynucleotide) Gaditmsauniiadueniuaudiunif
5 (87%731 5 W) %”uﬁuijaaLWmLa:aﬁﬂmwﬁuﬂum?yanu@‘i’nmuﬁ 3 S’i@édﬁ%yj OH
Yo9%nana

3. DNA Imaqa%ﬁaﬂs:nauifumnwaﬁﬁmﬁia"lm@? 2 mo lapmerisasiasfiani
druWuszlalasian (Hydrogen bond) sewinagius A nu T droWuselalasian 2 Wise uaz
C nu G danuszlalasian 3 Wis:

4. wadithadlalndzasaululuianazas DNA t udazapasiifianisann 5 4 3
YRIBNBUULATITIN (Antiparallel) Lazazdnisdanusaunwiduinqsilignwisen
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