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This study aimed to enhance students' learning achievement and experimental 

skills on chemical reactions by using 5Es inquiry learning incorporated with the predict-

observe-explain technique. The participants were 4 1 grade-S students at Yasothon 

Pittayakom School during the academic semester of 1 I 2 0 1 9. The scientific-oriented 

question and prediction were used to draw students' attention and motivation in 

forming a hypothesis for the question during the engagement step and to further 

explore and explain the data via the 5 E inquiry process. The data was gathered by a 

learning achievement test on chemical reactions (28 multiple-choice items) and an 

evaluation of experimental skills. The dependent samples t-test analysis indicated that 

the students' post-test score (mean 21.34 and SO 1.80) was statistically significantly 

higher than their pre-test score (mean 6.98 and SO 1.94) at the 95% confidence level. 

The actual learning gain for the class was 75.09% and the normalized gain <g> was 0.68 

which was classified in medium gain. The percentage of experimental skill score was 

78.75%. The results verified that the 5Es inquiry learning incorporated with the predict-

observe-explain technique was effective to develop students' achievement and 

experimental skills on chemical reactions. 
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ClJ \J , v 

oiftJ'jdtJ"1l'W1 u-r'Uu1-l U(l-l 1 

cl'1'!! n1 "111 fl1'j bb(l fl1'jPJ (2551) m1 TJ il-l fl1'j b tJ'Wf bb 'U'Ui1'U " 

b'li'W fl1'jcl'1'j1"iJ 

bb 'U'U"il1(1B-l b U'UI'i''U 
" 

d] 'U fl1'jvl1 b il'W fl1'j b tJ'U fl1'j?IB'U tJm b {] 'U 1 m tJ'U bn bn 
" " ' 

b .vJ m1'1:w1tl rl'1 B'U BoU B ?i'jtl i(,.w bB-l fl 'j'Y11vttJ 1ffi 'U fl1'jB1'U1 tJ 
" ' " 

oUB:W(l fl1'j?l'jUoUB:W(l fl1'jBi1U'j1 tJ 1191 bbEJ-lVl1-l1"111 fl1'j bb(l tl'U 
\1 , \J cu 

(2553) nr;11TJ1 vt:w1t1i1-l 
' " 

fi11:Wb .U1 h ., 1 't.J5'j'j:\J"1J1&i 1 
' " I 

fl1'j11-lbbt:.J'U 

fl1'ji1 'U fl 'U fl1'jVJ'tJVl1'Ufi11:W{ .y1 B t!' B 1iJ fl 1 vt:w' "il1 fl fl1'jVJ B-:1 fl1 'j 1 i fi11:W fi " " ... 
b b b 

' 
n'WtJ1tl (2558) 1 t1-:i1 fl1'j bb 

" 
Vl1-:JlVl tJ11"11 1 b U'Ui5 B bb vi'11 n b tJ'U ?If B 1il f'U B-l r1 fl11:wf i1 1 tJ \?l1 

" 
"11 B-ltJ flb tl'U b B-l t:.J' 1'U m 'U fl1'jcl'1 'j1 "iJ 'j1 "iJ ?I BVl B -l fl 'j vf1vttJ 1Vl, b U "1h tJ 

" " 

know what we know" we know what we know" 
" " " 



11 

'"]1 

1fl { Lfl fl11:W fi 11 'U ':il:WoU B:W (I bb(l n:iil'U -:JVI1 fl11:W{ tJ 1 oU m 'U1 'U fl1 1 
'U 'U d.!l 'U 

'VIl-:ll'VItJlf"l1Ml1 ., 
I ' 

mvi'lVItJ 1i1' Bl'UltJ n 1 'Ufll':ib tJ'Uf 1-:J ., 1 VI bbn\T m tJ'U b -d'U ,Y bb B:W I 

1 VI b fl1';j 61-:! 1 Vlir flb tJ bb(l b 1tJ-:J 

m1:wfl Vll1n'UtJ':i1n!Jrn':itlhh-:J 1 1 

2.1.2 
'II 

n:W(ll':i':iru (2558) n"'ll'Jl 

5 tJ-d ' "' 
(1) 

LnVJiJ 1-:J ., 1 'U1 VI 'IT tJ'Wbil VJVI 
v I '\.1 " 

L 

'VI 1 'U-dl-:J €ll"il b'\J'Ub ., tJ 1 'Ufl1';i 
, 'll "" I 

tJ b E.! b bb V(iJ tJ'U 1 fl1':ifl BtJ-r'U 

-ifBfl1fll:W 1 Vfb (Testable question) 

fl1TYll-:Jl'U'V11-:Jl'VI 

(2) 1 mn'U 
"' "' 

i1' m1 B-:!(1-:Jii BtJ5tT&i m b 1-:J '1 b -d'U "ill n fl1';j 

£1111:u 

1 U 
fll';j 1 'Urn';i1 '1 

tJ n B'U b Bn 1 b "' 

(3) iJ V"ill noU B:W (I bb(l n:li1'Ui1' ij BiJ V'Ubtl tJoU B:W l\1 ., 
'U os '\J I 

€l-:J't11oU 1 otlb n:lil'U 1 'Ufl1';i 1 "' 
flb -:J:u"1 b U B-:!1 oU b e.J(l 1 'U nl';ifi l Vl 5 fl1';ii1' b €l v' 

' 
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( 4) tin b1CJ'Wb m1 CJ'U n 
'\.1 'U '\.1 <£a 

1 i nll1 b bb6l'1 tin 

mi fi fll'J1 b fl.:J nl'i1-:J 
" 

b "li'W flfl11fl!) 1 i 

(5) U flb CJ'Wi1' fl?l1i bfi 'U fl.:Jrl fl11lJ f fl CJ'1-:Jlh t:J flb CJ'U ?tf 1-:J 
" ' 

fl11ll-ri (l 1ll 1"1ifl11ll-ri 
'U 6..J 'U 'U 

tJ bbl'i b U'Ufl11ll-ri 1 
" " ' 

'I! .:J n1ivl1-:J1'W'IJeJ.:Ju ni'Vl 1ll' i 'W?t b vi 
' 

bbl'i ,r fl11ll.r n .:J b u 'U n 
" 

b U'U u 1flfl1?11 CJ'U 
' " 

bU'Um1-d1 tJ 1 VIti Vi Glt.:Jb u'U 
" " " 

m1"li1 tJ b U'U n11tl n1 Vi' tin 
" " " 

National Research Council (NRC) (1996) 

5 6111"1 ru'/Jfl.:J mi 
" v " 

i1 'U b?l1 f f 'U b tJ 'U fl11lJ b VllJ1 ?llJ'IJ fl .:J1 tJ bb 'U'U fl11?lfl'U fi fl11lJ 
" " 
CJ'W1 b "li'W 1 'W eJn 

' " " 

... 
\11fll11lJ'a 

1. 

1 

2. 

rhrm.J 

'll 

h 
rl1t:l1lJ 

r\' 1 t:nlJ 1 'V!lJ \1 1 f) 

rl1t:l1l.J\11fl 

oU€Jl.JG'l 

1 

Lnmnu 
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'U 

3. 

'U 

Q.J .q .di 5. 'UflL 'W'U61B611'i 

• 

1'U 

-D'Bl;J!;l 

I iJ .=i 
bb Vl!;l\1'1Je:Jl.J!;le:J'U 

" 

f'i1B5'U1tl 

' 
q Q,J d 
l.JVI!;lf1f11'ib 

" 

" 
" 

f11 d tJ m.J 'U 1 'U 

1vi'-r'U 

m1 

fl11l.J L Lti.:J 

bb'U1V11\If1l1-:J 'l 

"'"' 

1vi'-r'U 

f11'ib Lti.:J 

" 

.. l.:::::t.. Q.l q Q.l Cll IJ' 
l.J1 f) < ------------------ 'iti'U'i 'iti'U < ------------------ 'UBtl 

" " ' ---------------> ------------------> l.J1f1 
" 

National Research Council (NRC) (1996: 29) 

Vlfl1 'U (2546) 

5 
'U 

1 (Engagement) 

h'lla'lir tJ'UbB\1 m1l-l • 
m'jru b Vl(?l 1 'U"Iil\lb 1tJ'IIil1nm1l-l1' 

' 'U 

b ti'UI'i'l 1 
' 'U 

., l-l11 m 1tJ\Ib.U16'fb-dv'Vl11PiB hJ 
I ' " 

.ff 'U Vi' 2 .ff 'U 1 'j'JiiJ ri' 'U Vl1 (Exploration) b tJ 'U m 'j'J1 \1 bbt:.J 'U n" 1 Vl'U bb 'U l Vl1 \1 

L U'U mJ b mntJ'j'JtJ'jll.J.U 
'U 

1 b"li'U 
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n fl B n1 1 bi'!B{ b 1'l?ft:l1'W B'l (Simulation) 

'Ufll1'1Y 1 flb El fl?f1 1'1 flbb 'I 'IT Ell.! 1'1 ., b EJ1 'Vlbvl 'IT I'll'! ., I I 

1 H1 'W.frw,lEJ'WI'iEJ1 tJ 

3 (Explanation) Ell.! 
1 '\) 

1 b"li'W 

1 b"li'W 
'\) 1 

'\) '\) 

4 (Elaboration) 
'\) '\) '\) 

1 11JJ 

5 (Evaluation) 
'\) 

bb uul'i1'1 ., b 
" " I " 

1 nvl 111 tJ 1'1! 1-:J rJl 'W 'l tJ1vi' 11 n1 b CJ 'W bb u b?f1 b 1J 'W bb uu 
... \1 \1 \1 

(Engagement) b EltJ1b bif EJ'Vl1 2) 

(Exploration) 1 3) .ff'WEJ5'U1CJ 

'IT EJ?f tJ (Explanation) b U 'W n1 tJ e.J 1 n'/J Ell.! 4) off 'W'll CJ 1 CJ fl11l.l 
" , \1 \J 

(Elaboration) b tJ b 'Vli'J 1 5) 

(Evaluation) b 1 'UJi'1'UI'i1'l 1 

2.1.3 uuilu 1 'LI1"111 bfltij 
'II 

rl'Wfll1'Vl1b 'Vll'l (Good, 1973) bb 
1 "' '\) 

'V11'l1 'V1 CJ 11'11?1 1'1 { (Science inquiry) 'l b U 'W m b CJ'W f bb u 'IJ 'U b?f1 i 'V1 n 'W m 

'V11'l1'Vlml'l1?fl'!{ 255 1; Good, 1973) 
'\) 

255 1) b vh 1 m 'U 'U , \J 

25 58) dJ 1 EJ m?t1 'tT m CJ'W1vi' ri' 'W'Vl1 fl11l.l{ vi' 1 CJ l'l'W b "' '\) 

1'W CJ11'11?fl'!{ "1!1 CJ 1 m CJ'W 1vi' b ati 1-:1 b u 'W ( 
'\) '\) ' 

' < i EJCJn 1 2558) "1i1 m 

tJEJCJ1 CJl.l 1Jl bb?f'l'VlB'l 2559) 
'\) ' ' 

f!:Jf!:J1'1lEJ'ltJ 2554) 



't1v 15"'2-111 
1S 

bb b {] 'W'H.l bb uu 8'Wf vi tT n b 8'W {;1\Jl18tl b -w· 86'1{ 1\lb {] 'W8\Irl '\.-UJ 

1 'U?!Cl1'Un1'jtU.y1 \911\11 tl'iJ1 nuvn1m.J 8Vll1 'IX 1 'Un1'jb18'W 
' 

2SS9) b'li'W , v , '\1 '\J 

(2SSS) 
' v 

s 1(;181 'W1Vl1\l 

b:iJ 'Wvl n1'jVJ1\IiVl81 1'1l8\IU n b 18'WVi. b 18'W b(;l8'j tJ bb uu n1'j?f8'W 
'U 'U 

bb uu u bb 4 vi' fi 8 vi' n1'j tk n1'jf11U r1 111'1 bb tJ'j .. ' 

1 'Wn1'jVJ(;l(;18\l 8\1'11n'IY m18'W 

ru b tl'Wvi' 8 8'1J8\Ivl 
v ' 

1 'U 81bf1lj 

.OS v v 

b?I'W1f:.J(;1 (2SSS) 
'U 

6 b(;l81 8\1 
'U 

' ' "' 
&iVi .os '11 m18'Wlj Lb 'W1f1 (;lbn m nuLf1lj B'WV11 r1 t1 m18'W 

v 'U 

., ..., I ..., 
.Q tf .Q v.Jq v v .cf q v 

(2SSS) 

n1'HLni1 ty'\1!1 8\1 m(;l-b U?l n1'jbb m18'W 

n'l'J1U Vi' S 'WU1' 1 tJ nb (;lnl'j b 8'Wf n1'jbb 
.::::lt. f'd Q.l "" d Q.l d I I .ql 

Lb 'j8'UV!{;1\Ib 'j8'W (26.14, so = 4.43) 'jEJ'W 

(10.38, so = S.S4) .OS v v 

(18.4S, so = 3.13) ?l\ln11n8'WL1EJ'W (7.26, so= 2.30) .OS 
'U v 

b 'li'Wn'U b(;)EJ'!! 8'U n(;l' 1\lii \I'W 81-;;) \918 (;) 8'Wf f) u&i nl'jbb 
' 'U 6.J 

m(;l-bU?! (4.10, so= 0.69) 
'U 
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b D'W fl11 (J'U tl n".i1lJ 
'\J '\J '\J , d..J 

CJ'WL t1JVI1 11\1 B\1 Ln'U11'U11lJoUm.J(l 

611tl t-J(l 'HJ t>l'W bB\1 1 'W.ff 'W61f 1\1 m 1lJi.'1'W 1"ii 'IT m E.J'Wii €i 1 'W m1Pi t>l1lJfll1lJ 61'W 1"ii f11 L v:l E.J\1 , 

'\J nL f1 CJ'Wf bb B Li'i B\1 d.l 

1 CJ'U 

(Predict- Observing- Explain; 

POE) b;] 'U 1tl bb 'U'U fl11 b CJ'Wf VI'IT \lv1 \1 11X'I1 (J'U 1 'U fl11vl1 n n".i1lJ b D'W1tl bb 'U'U 

CJ'Wf 'il1 L oJ 'W'\J m CJ'Wb tJ'UG11rl' ru E.J'Wf L Vlf1'W Lnt>l-B5'U1 CJ ... 
3 

'U 2551) 

(Predict) b 1 
B\l.y1 bn 'U b tJ'W fl11vl1'U1 CJath\lii b Vlt>l ; \lvl , 

IV"> 

(Observing) b 

CJ H 'W'\J ani6m1 'U'U 

bb 'U1Vl1\11 b ii'W CJ t>l'U bB\1 

(Explain) L 

H L ViCJ'U 1 
m1 CJ'Wf CJ L Vlf1'W \1 bn t>l -a5'U1 CJ L D'W m1 b CJ'Wf'il1 '11 n CJ'W 

2554) , , , 
(1\lii 11lJ fi'l m1a6'U 1 CJ L CJ'U L V1 1\1 m1v\'1'W1CJ n'U n Lnt>l ( 1"11115 

2553) b D'W".itlbb 1 ., , "' , I 

1 h b if BVI1'il1 E.J'W (Kearney, 2004) 1 

(ru11.mru 2553) 

CJ'WLn f1\1Vl'W L i'i n'\J m CJ'W 
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.r::::t. -=! 0 QJ -C\. I QJ CV .:::.1 

:u1 n n1'jf1 :u m'jl.J f11'H 'j tJ'U n1'j61'EJ'Ubb o'\J1 tJ 'V'l'\J1 1 m bb VI'Um m 'jtJ'U 

ri 'El'U n1'j b tJ'U fl'El'U611wr fl 61 t1 1 ii5 POE 'IT n b tJ'Uii 1911 bb VI'U 

bbf!:::'!Tn 1 Vlru:u::: 1 i·th:::61'\Jm'jru ., 'U 

1 bb 'IJ'IJ 

fl1\Pl'El'IJI1i'1 tJ 1911 b&il.l"tl f!:::fl'U 'IT n nf1 m1-:J bbj;J'Ubbni:l ru'Vl1 b 'El'Vl1 
'U 'U ., 

fl11'1'El'\J"tl'El.:Jb Vll'l 1-Mbbf!:::th::: tJ nl'l1 b Vll'l q , '\.1 , 

1 ii5 PoE 1 Vlruiil911 bb bb61-:J b&i'UV11-:Jb 'U ., 

90 

Pl<j115 'U1b611tJl.J (2SS3) 1 if11'j61'EJ'Ubb'\J'\Jvl1'U1tJ-«.:Jbf1\Pl-'EJ5'1J1tJ bb 
' 

tJ 0 Q..l .Q. .::f Q.J.:! d II Clj 

mtJ n1'j61'EJ'Ubb 'IJ'\JVI1'U1tJ-61-:J bf11'1-'Elo'IJ1tJl.lfl::: bb 'U'Uj;Jf!61l.lt]VI5VI1-:Jn1'jb 'jtJ'U ( 12. 08) 'jtJ'U 

( 4.32) . os tl'U o. 73 

.:J b u 'Ufl11l.J n 11Vl,J b 'EJ.:J:u 1 n n1'j61'EJ'Ubb 'IJ'\Jvl1'U1 tJ -« .:J bfl\Pl- 'EJ5'1J 1 tJ v111-MLT n b tl'U 
'U 

iiA11l.l61'U 1:u bbj;J'Ubbf! 

'j1l.Jii.:J n1'j'EJ5'1J1 tJ b tl'\J b V1 tJ n'IJ :u1 n md«.:l bn\Pl n :u f)J'jl.Jvl11-M 

1lJmn 1:u 
'U 

'EJ.:J 1 'Uf11'j tJi) tJ1 bflii 1111 bb 'IJ'\Jvl1'U1tJ-«.:Jbf1\Pl-'EJ5'1J1 tJ 
IQJ.::f c::!l QJ..! Cll CV-C:il t.l It .:::.1 il 

'V'l'\J11'Uf1b 'jtJ'Ul.Jj;Jf!61l.lt]VI5VI1-:Jf11'jb 'jtJ'UVlfl.:J b 'j(J'U ( 'j'E)tJ(l::: 80. 36) d tl'U ( 'j'E)tJ(l::: 4S .23) 

1-:J:U'!Tm1'1ri' t1JVI1-:J61i1 .os bbf!::: :U m 1l.ln 11Vl,J 1VI1-:J f11'j b tJ'U"tl'El.:J'lT m tJ'Ub tJ 'U o. 64 

iJ-0' f! t1 'El 1 'UJ::: n bbf! :::A1 bbf!::: 

1 (y = o.s3) bb 'U'U 
cv .:::.1 Q.J .:! .:::t 

VI f11'j b d 'U ., 'U 

61J::: bbf!:::m'U::: (2SS8) 
' ' 'U 

'EJ6'1J1tJ Vlf! 'V'l'U'h 'IT 1 WJ'U1fl11l.lb i 1h bb 'U1f1 

1 1 'UVI f) bb 'U1 'E)(J 'EJ.:J n'IJ bb 'U1 f) 
' 

l.J1 'U bbf! ::::U "if1'U1'U'!T f1 b tl'U VJ' :jj fld1l.l b i 1h bb 'U1 f1 flfl1 'El'U :U 1 f1 bb 'U1 VI tJ 1 P1161 \Pl { bbf!::: 

1lJ b -rr11 :u bb 'U1 b P1161 1 Vlf!(l f1l1 ri 'El'U 1 'j b b tJ 'Uj;J f) f) 
'U 
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1';i1.mru "1J11V'l';i11:J (2560) bb';i\1 

1 otl';iU bb'IJ'IJ Predict-
'\) 

Observe-Explain (POE) Y'l'U1'1 Predict-Observe-Explain 

(41.45, SD = 7 .23) (21.45, SD = 4 .98) 
'\) 

60 1 1 h 

1 B'W'IJ1\1611'U (PS) b oU1 1 B'W (AC) 

1 (CU) 
'\) 

2.3 

(experimental skills) 

b tl'W n1';i EJ'Wf b v1 B\91 B'IJ 'Vll:.l r.J B m';ivl ?11 f1 ru '\) v 

2554; 1'Vlm1\l,_;, 2557) bbD\Ibtl'W 4 flB 

(1) n1';ie:l 8 nbb 'IJ'IJ n1 8\1 Cl.:Jn 1';i11\l bbe.J 'W n1';i'V1 Bfl1VI'W VliB nT'J'VlVl (I B \1 

b v1mJ11 tJ61n1';ifl1VI'WV1 BtJmru d.i \1 , , , 

1m 

(2) 

1 b'li'W 

1 
(3) vi' VlmE.Jei \1 n1';iD'WVi 

b bn\91 
'\) '\) 

'\) , 

2.4 

1 
V'l'IJ1, 1tl' n b EJ'Wii 'V11\I n 1';i b b EJ'W 1 n' B'W b EJ'WB d 1\lii tT EJ ?f1ri' 

'\J \J 'U q 
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(iJEJ5vn 2557; 2556; iru1 ' 
OJ -=! c:t. ..::::lll v .::S II cv tf 

B.fl'U161Pl'J, 2555) STEM Education (md1dl'l'U ' 
-iJEJYlm 2559) 

2557) Underhill ' 
(-u1ruou'Un 2555) 

v \1 \J cu 

b"li'U 

(2556) 'IJ6i'Hmflii 

1 2 iiim1:ub 

mn ( x = 4.48, so = 0.47) 
' 

(E 1/E2) bvhn'U 82.45/83.65 (bnrusnbvhn'U 80/80) 

b hd'IJ 'IJ n EJ1 bflffi BEJ1 hm 
\1 d.J \1 , 

rndtl1 b -dB 1 EJ 1 'U fl1d 

b'if B'VI1b tJ'UndB'U 'if B'VI1b ij fl1J 

bb 'Vldnrhm:u 1 b 1m 

1 'U fl1d EJ'U EJ1 bflii EJ'Ui bb 'U'Uvl EJ 
I Q.l .c::'il q Q..l .<:!II Q.J c:l II I I .c::'il 1.1 

80.36) 45.23) 

tl'U B EJci' 1rl . 05 ij fl11:U n 11'VI'l! fl1d EJ'U'1J m EJ'Ub tJ'U 0. 64 

iiVI EJB EJ 1 n ,j' 'U VI EJ b 'Vl flti 

B5'U1EJ 

-iJEJYl611 (2559) 

bb 'U'U bb 'U1 fi VI STEM Education b :u m 'U fl1d bbn t1 11J'VI1 B EJ, 

2 

'U fl1dbbnDtu'VI1B 88.35 1 'U v 

1vil i m1:uf 4 1-u1 hi' bbn' i'Vl { b 'Vlfl1 'U 161 f1 1 
:u11 m 'Ufl1JbbniJ 1 

v1'11n bbniJ '1J'VI1 b vhv1fl1d b ti b 1 off b 

111 1 '1!1 eJ'IJmwmrl1'U1 n:u1 n:ff 'U rnd bbm '1J'IJ -r'U'IJd 
'' ' 
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rrnl.lVtm nVtm e:J fl1'j uu t:J6UJ b -dtJ 

i '1J :U fl11l.li'VltJ1Pl1Ml{ bU'U fl1161e:J'U1 'U1 '\.J bb 'UU (U tJB m . . 
niK1Vt1qj 2555) 

1 
1 ii b61m, 2559) d] b .U tJ 1'\.J bb uu m1 b 1 , \1 'U VI 

' " 
fl11 

6'11Vt-ru1'\.J bb uu bb uu bb uu fl11 b tJ'U 'VlfliJ rl'Vll'U1 tJ-
'U 'U 'U 'U 

b .UtJ1'\.J bb 'U'U 1 :U'tle:J-:1'11 n tJ'U vh 1 . 
ntJ n:u m1l.l f b 1 1 n11 m1tJ 1 u.n n11 b 'VlfliJ r1vl1tJ1 bfl e:J5tJ 1 

1 tJ n11 b f bb tJtJ tJ b611 b u tJ 1 '\.J bb tJtJ vi i1 efi 1l.l 11-rt tJ n11 b f b vi w.JtJ 1 
'\1 \l 'U 'U 

m1l.l b ·ih h n tlfl11bb 'Vl1nn:u 

1 tJ'Uf bb b -d'U .ff 'U61f1'1fl11l.J61'U h .ff 'U'tltl1 tlfl11l.Jf b .UtJ '11'\.Ji 

fl11'U1tu1fl11 b 'VlfliJf1v11tJ1 e:JB'U1 t1 1 fl11 b -dtJ 

e:J1bb (2558) .ff1 hl.l 1 e:J'I • 
bfllJ 5 .fftJ t1 1 tJ.fftJ • 6,J 

'tl tl1 tlfl11l.lf 6'11'\lt-r'U-u i)tJl.JPl 5 riu11 -u bb tl'U (36 .3o, 

so = 7.13) (22.23, so = 4.13) .05 
v 

23.4 7 e:JPl 1 m 1 '\.J 30 1tJ YitJ11 

bb 'U'Ufl11l.lfl'I'Vl'U'tle:J'Il.l 1 m 1JtJ 36 .51 (SO = 9.20) e:J'I:U1 n 

5 .ff'U b .UtJ e:J'IlJ 6,J 

6'1111:um1:u61e:J'U ., b -ff1 h I 

:u'Uv\'11 m1l.l b .ff11 :u 

61'U'Vltl1 tJ'I'Vi1l.J (2558) • 
1 vJvh bfliJ 5 .ff'U t:J61l.Jt:J611'Un'U b 'Vlflilfl tJ 

1 tJ.ff 'U'tl tJ 1 tJ m1l.lf 6'11Vt-ru'11 m 5tJl.l Pi vi 6 YitJ11 tJ'UlJ bb 'U'U b tJ'U 
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iJ' I I .<::::111 d iJ' 71.12 (42067, SO= 8094) 32037 (19.42, SO= 
" 

6 0 94) -ew' 1·:1iJ' tT ?1.1 fi' t1J'Vl1 \I ?I i1 0 05 1V1 m1 f 8 E;l 8\1 fl11:w n l"J'\Ilu 1 fi vH'u 'W 380 7 5 

bb?!Vl\11 5 1 'U b .rr1 1\l:w t 
" 

5 
'U \J d..l 'U 

1 n b E.J'U 1vi':Wt8n1?tvl1n 'i\1 f111l..lvl1E.JI?l'Ub8\l i1 f1 1111\l bbt:.J'U v111 bnV1 
' 

m1Vl1\11'Vl ru 1 
" "' ' 

f18 E.J bb b iJ'Un'i\1 nd')l..f"ll8\ILJ E.J'U f1 f1 E.J'U 
' " 

bbm "lll..l t bflVl b tJ'UlJ t t b 
" 

5 POE 

LTn b 1 t 
" 

5 (;.J?fl.J(;.J?f1'Unu b 1 

?f'U 1\1 E.J'U.ff'U:W'LiE.Jl..IPi mntlvi 5 'U'Ufl11l..lb i 1 hl..l t E.J'U 

(19032, SD = 6009) (8006, SD = 3021) " "' 
005 28016 <g> 

b 1J 'U 0035 \18E.J'1 nm\1 bV1E.J?f1l..f1')t11i11bb'U nm1l..l b -[11\ll..l t b tJ'U l..l t t1 8\1 
" " 

?fl..f'U')W (SU) (MU) (NU) " " "' 
(2560) 

"ll8\ILJ 5 E.J m') bb nu 
' " 

b bfll?l-85u1E.J bV1E.J 1 offn'i\1 m1l..lvl1'U1 E.J 1 h 

E.J 1 'Ufl'i\lnd')l..ff11') n n bb 'U'Ufl11l..lb .rr11\ll..l t 
" 

(19032, SD = 6009) (8006, SD = 3021) " "' 
m1l..lb:U'mi'U 95 28016 <g> 

btJ'U 0035 t 
" 

bV1E.J1 bb 'U'U bb 'U'UVJV1?18'U1 V1fl11l..lb -[11\ll..l t ?tl..IV1mflii i\11'11 b Vl\?1 
' ' 

1 t (NU) lJ t 
(MU) l..l 1 (PMU) E;lVl!;l\1 

" 
l..l 1 Vlru (PU) t (SU) 

'U v 'U 'U 

1e-i Yr'W\11l..l (2560) vl1C.Jf11') 
' 

5 b 1 1\1 
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1 1 (31.89, SD = 4. 90) 

(15.75, so= 3.86) .05 

35.87 <g> b'i'J'U 0.55 

1 i EJ'U 1 b i1 1 ' 

12.08 EJ'U1 1 tlfliKB-:!b 45.00 ' 
36.25 42.92 

' 

'\.J(;l-:J 1 tJ1 
"iJ 1 'U 611 u1il11 n11 EJ'U f bb LJ'U LJ b611 n '\J b 'VlAiJ Avi'1'U 1 bn\?1-, 

BB'\J1EJ h 
2558) 

' 
(61'U'V1EJ1 2558) 

' 

(61'W'Vlm 2558) 1 
' 

1'W 2558; 2559) 
' ' 

(leJ 2560) (61'U'Vlm 
' 

m11 i bb oU1EJvl11 1EJ-:Jf111b EJ'Ubb 1 
1'\.J.n1-w 61 v\'11 m 1 BVI1 

'U 'U (1.1 'U 'U 

ow1J'U-rrEJ 2560) 

"il1ni e.T1 EJ b m1 b n b EJ'U 1il b EJ'Uf 'UI'le:J'U 
'U '\J 'U 'U 

EJ'Ub i1 1"iJ 1 'Ub if 'U8f1"il1f1,'j' f111vl1 fl"il bb '\J'\J 1 i61m'U f111 ru 
i11:i! 1 1"il 1 'Uf111 

1 'U B-:1 tJ5 bfliJ 'Ubb 
"' ' 

b bfl\?1-8B'U1EJ 2 

(1) (Predict) (Engagement) 

(2) (Observe) 1 (Exploration) 

(3) (Explain) 1 (Explanation) 
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(4) n "il n':i'Jl.lvl1'U1 'IJ1 CJ (Predict -Observe-Explain) .J1B nr1f CJ1 CJ 

f111l.l{ (Elaboration) 1 d mn 1 .if"Jtl 
'U 'U 

; m e:Jl1"Jtl bb uu m"J b 1 CJ'Uf 11"il w.J'U « ll nVJ B m"J b 1 CJ'U 1 'U 'U 'U 'U .. , 

c:l.c::::t II Ql Ql 2.6 

'1-1 b tJ'U'I-1 ?f1rl' 11 ' 
dd IV I I V Q..l & d 

m 'JVl 'U eJ mn n'U Vl m"JVJ c;J CJ 1 CJ l.l bbc;J w.J 'U 1 t:.J c;J l.l t]Vl5 m 'J b 'J CJ 'U 

'Vl&.l 1 vh1 

.) 'V'l'Ul1 bb 'Um"Jvh U'U 
'U ... 

{e:J 88.00 bbc;J bb 'U'U'\-1 'JW1 CJ'U{e:J CJ 57.32 
'U 

(22.93, so = 8.42) 34.00 (13.60, so= 3.36) 

23.32 
'U 

34.13 
' ' 

19.25 q , 'U , 

1 v\'11 1X1! b1 m "J 1 -ii'l-1 CJ 

1 Lfl'J CJjjfl'JfleJ CJ bb 1Xm1ll'li1CJ b 
'U 

1 "il 1?1 eJ m"J b 1 CJ'U 1 CJ 1 n 
'U "' 'U 

b b tl'Um'Jm n 1 
'U 'U 

'je:J'IJ 1 1'11 tJ1 m bU'U 
'U v v 'U 

1 1 1 

(2557) 2 

3 
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B-:J 1 'Ubb\91 

\911-:J 1 
(1) ?l:w:w&ifj1'U Btlmru ' 

v 
B-:J B-:J 

(2) 

fl1 1 b nu Btl m ru'Vl1B bfl ,:jlJ B 
' 

tl bb m 1'Yl B-:J"ll B-:!11 n b tl'UVi' ii fl, 1 tl ?l -:J ?l B m1tl ihJ'&i B-:J 
" ' d..J 

83.67) 78.67) 

75.65) 
' 

1 64.7 6 59.3 7 ' 
B-:J m1 tl'U b n 

(y = o.s3) &S-:J b 
q Q.l ..! c:::l 

c;'l-:J"iJ:t:lJ f\11 b 1 tl'UG'l-:J 
" "I " 

Natjareeporn Simmaroon & et al. (2559) 

'Yl1-:J1 'Yl tl 11'111 ?ll'l { .rr 'U u 1 ru1 n1 1m 1:w ?l1:w 11111 'U m 11 bfl 11 1'11 'Yl tl11'111 G'll'l { "ll B -:J11 n b tl 'U 
" 

4 1 'll1bbm:wvi i l'll'U1; 'Ub u'U 
" 

1 tl1bbm:wvilJ-:J b tJ'U 1 m::::ul'U fl11'Yl1-:J1'Yl 1ru1 fl11fll 1:W611l.l1 111 
' " 

1 'Uf\111 b ti'Un"il 1fl1m1 'Yl1m1Yi 

u b u?l1 'U;g11'1tl1::::"il TJ'U bfl bi'IB{"il1fl511:W"1!1&i 

m1t111 tl'U-rl. 'Ubb\91 n"iJ 
" " 

b 'IT 1 nu 1 tJ bb uu fl11G'l B'U bb uu1 n m b tl'U f 5 .rr 'U bfl b {] 'U.rr 'U 1'1 B'U 1 'U f\11 b tl'Uf 6 
flJ d.J 'U \I 

tl 1) b:iJ'UI'l'UbB-:J b u1V1mtl m1 2) 

3) 4) 

5) 6) 1 tl1bbm:w 
' 

b 1 1 tl1 bbm:w . os " "' 
1 tl1bbm:w b 1 

" 
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tJ1:Wb :a \I DB u&i VI fll'Ufl bb VI VI 

'IJ ' 

'I! n b tJ'Uij fll1:W6'1 1:w1 (11 'U m bm1 bbfl 19li VI tJ11"116'1 \91 i b vi 'U 1 tJ b Vol 19li VI tJ11"116'1 \91 i 

b n ml"116'119li 
' 'IJ 

(2559) 

"IJ€1\IU 4 
'IJ 

bb 'U'U'tln&i 'V'l'U';h Vl1\l b tJ'U"ll€1\IU tJ'U \1 n11 :WFll'Ufl:W (p < .05) 

'V'l'\Jl1 tJ'U lii'1'Ufll1:Wb -ii'11'<il 1 LJ1-il 

(p < .05) tJm1'W 
' 'IJ 

(p > .05) 
'IJ 'IJ 

(p < .05) 'V'l'\Jl1 

ij 4 11ii'bLn 

n11 (p < .05) tJ m 

-iJ e:J:w f1 1 n11 b i1'Wl1 1 off 
'IJ ' 'IJ 

vJ1'U1tJ-«\I b U'U b oU'UU n tJ'U L tJ'Uci'1f1ru 1 1\ii' tJ'U{ 
'IJ 'IJ 

L -ii'11'<il n 1\ii' L U'Ue:J b e:J\I'<il1 n 

tJ'U{bL LVI flii flvl1'U1tJ-«\I bn\91-€JB'\J1 tJ L tJ'Un'oil 1'<iJ LLfl 
'IJ 

1Bm6'11 1 1 n v111 

-.5'tJ6'f'Ut'<il1 m vi :We.Jfl«:wnVIE Vl 1 \l 1 'U b e:J\1 
" " "I 

LJ5 tJ 1 bflij "IJ€1\IU fitJ:WPi' 2 Iii' l tJ tJ'Uf LL b Vlflii flvl1'U1tJ-

« \1 L n \91 -€16 '\J 1 tJ e.J
1

1'U ii 'oil €1 \lvt '11

1 tJ bbfi Ln' m-5 €1\1 n'U-11 i \9lD '<il
0

11'U"ll €1\IU m tJ'U 

4 fie:J 

«\lbn\9l-e:JB'U1 tJ 'W Ll5 

m-ile:J\Itl'\JVJ 1'<il L 1Bm6'11 n 
' 
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Q.J .c:::l 4 QJ QJ 6' Q.l Q.l Q.l .c:::l 
B.:J"1JB'l'W n b 1 CJ'W 1'UJtl'lfll1l.J6UJY-l'W6Vl1'1'tn n"1JB'1Vln"N::: n11 b 1 CJ'W 

11if 'W bbf{ 1 v\'11 'IX 'W VJ1-:J n11b B'l 

tJfl bflli bb b?l1dll.l n'U b VlfltJ flvl1'W1 

'I! CJ'W.ff'Wil5CJl.IPi 2 t:.J.1'Wfi'1tnl.liVJ lilm1l.lm1 CJ'Wi 1 
btJ'WJ11 'IX'!! n 'U'U 1 1 eJ 1 'IX 

" 



d 
'U'VI'VI 3 

1 b 'Vlfli1mlh'W1CJ-61\IbfWl-

B5'U1CJ 2 
"' "' 

(1) 

(2) • 

3.1 bb 

tJdii bb 'U'U CJ b U'Ubb U'U B CJ1ii (One-group 

pretest and posttest design) 

T 1 ------------ X ------------ T2 0 2 

BB'U1CJ T 1 T2 (Pre-

test) (Post -test) 0 2 

3.2 mhuth'VI111EJ • 

1 2562 16 eJ1b.nmiiB\I 

b'tll91 28 41 fl'W 

1 1 
'IJ 



;; 
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3.3 

-if b {] tJ fl CJtJ{ bbe.Jt.l n11 CJtJ{ bb 'U'U tl'U 

5 bbe.JtJ 10 mu 

3.1 

Q 

bfli'i 

CLI CLI 1.1 

3) 

e1'm1 m bfli'i 

2) 

3) 6.J 

4) (C02) 

... 

2) (6% HCl) 

(6% CH3COOH) 

"'... "' 

2) (HCl) nune:JtJ 

1 8 

4) 1) .. 3% 6% 

2) 10% HCl 

6% HCl 



5) €1tl.!'vtfliJ"1JB'If11'Hfli'1Uf1n1mbfliJ ' " 1) 

"111 bb "111 
' 

2) 

1 
' 

29 

1/.c:::::t. d II Ql d II Cl 1 Ql Q 3.3.1 n1'5!;1'51.:1 f1lil f1'5'511f11'H '5tlt.!'5 '5tlt.!'5 bb UU!;l'IJ b!;l1::'5111f1Ub Vlftt.!ft 

I !V I 1,1 1,/ 

Vi 1 3.2 1 3.2 lJ. 2/1-4 " ' 
2551 

3.3.1.3 

bflfi n111ii'1'1 n11 b tJt.! -fll'l tJ1 i 1 tJ bb 'IJ 'Uvl1t.! 1 tJ- -BTI 'IJ 1 tJ (POE) tJ bb 'IJ'IJ 'IJ b?f 1 
" " " 

(5Es) b Ut.!bb LJ1'VI1'11 tJf111BBn bb 'IJ'IJ 
" 

3.3.1.4 

tJ b ,JLJ nlil m1 bb b 'VIfi'Uflvi'1LJ1 tJ-61'1 BTI'IJ1tJ 
" " 

vi'1t.11 tJ-61'1 tJ 

3.3.1.6 b tlt.!bbt:Jt.! m11i11'1 m1 b tJLJft ,x ?fe:JI'l n'IJ m11i11'1m1 b bb 
" " 

b 'VIfi'Wflvi'1LJ1 tJ-61'1 BTI'IJ1 tJ 

3.3.1. 7 1 " " ., 
fl11lJtl B'lil1LJ1U bb 'IJ'IJ f1111ii'l'l f111 tJLJf fl11lJtl B'I"11B'I b if BV!1 B'I"1JB'I b if BV!1 fl'IJ 

\J 'U 'U \1 

1' f111 tlt.! f fl11lJtl B'I"11B'I b if BV!1 fl'IJ m::'IJ1t.! l'lfn1 b tJLJf fl11lJb V!lJ1::?flJ"1JB'I 
' 'U \1 'U 

1m 1 
" 
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.ff'Uvl 1 (Predict) 1'W.ff'U6fh-:Jm1l.l6'1'U1:u (Engagement) 

LV1 (J 1 fllml.!Vi' b bf;' CJloU eN CJ'Ub vi 8 
' 

LV1CJ b ' 
b 1 'U b b b v1 ivv tl bb uu 

2 (Observe) (Exploration) 1'W 

b CJ 111V1CJ'I!tl tl'U 

er 88mb bbt:.J'U -ilm bM 

1l1'U.ff'U6'1{1-:Jfn1l.l6'1'Uh (Engagement) :U1mT'U(l-:Jij8VJV1(18-:J 1'W.ff'U.Q 

'!! m CJ'U :u tl bb(l CJ 1 { 1\ii' bbn' mb uu -:J 
QJ 4 '"' i.l I 

8-:J tlt:.J(l 8-:J 1 

3 (Explain) (Explanation) 

8 1\ii'.U (18 d 1-:J b Y1 :U6'18'1J1 'UVI1 (Exploration) 

., bbD(lt:.J(l I , 

4 (Predict-Observe-Explain) 

(Elaboration) 1 

tJ1 ., 1 
' ' I 

5 (Evaluation) 

h'IJ1-:J 1V1 :U1tl1 

3.3.2 b btl\Pl-el'5'1J1ll 
" 

n:u CJ'Uf bb tl'\J b Vlf1iif1vl1'U1 tJ5 bf1i1 

3.2 



1. n1'Hn\>l 

(2 flTU) 

E1: (Engagement) (Predict) 

h 1 LJ\1 

1.1 1 hJ 
'IJ 

1.4 
'IJ 

E2: (Exploration) (Observe) 

11 n eJ eJ n bb uu bbi:t bbt:J'Uvl1 nl';iVl\>li:teJ\l 
' 

bflU';ilU';il11-rreJ11i:t 
'IJ 'IJ 

2.1 'Utl1 1 
'IJ 'IJ 

+ 

+ 

31 
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3.2 b b6l1d1lltlU b 'VIf'lilf'lcvl1'U1£l-

" vl.:Jil1'W 

E3: (Explanation) • 
(Explain) 

• • • 
l'l'Ube:J.:J " . 

1 ud 
3.1 1 hJii 

" 

3.2 

" 6.J " 

(Ca(OH)z) 



3.3 

r11{UB'U (C02) 1 'U;;J:W'Vl1CJ 

( Ca( OH)J btl VI b ( CaC03) 

tl1 (H 20) 

bflVI;'U bbG'l bflV!;'U b 

f11::na!J'II7? 

E4: (Elaboration) 
'U 

1 .. b 

"tl'1L 1 -u 

'j'" 

+ 
ES: '!i''Uth::Lij'U (Evaluation) 

1 'U'U 1 U'ITU/bb 

33 



2. 

" ' CV l.l d.::::lil I 

\?1-l\?l'U'Vl:We.Jft\?le:J 

bflij (2 ATU) 

El: (Engagement) (Predict) 

6'11'1-lf111:W6'1'U h "tl1b'Vltl1 

1 b'Vli'1e:J'Wfl'Wfl'l.Jfl1'jb 

E2: (Exploration) (Observe) 
CV d I I I V 0 

'U fl b 'j flft:I.J'j1:1.J fl'U e:Je:J fl bb 'U'U bbft bbe.J'U'Vl1 bfl'U 
' 

e:1n1 bfl\?1 b 

vl-l.fl1'W 

+ 

E3: (Explanation) 

(Explain) 

11 n L CJ 'W LLI'i ft :w :w n'U eJ fi'll 1 CJ Lbft 6'1 'j'\.J e.J ft n1 'j'VJ ft m "'J e:J-l 
' ' ' 

\?l'Wbe:J-l "il1 m!'W fl'j n'U e:Jil'\.J'j1 ;-l1 'W b eJfl 
'U ' 

(CaC03) 1 
b Lb\?1 nl'i1-l n'W Liie:Jv11'1J5 ( b U'W 

(C02) 

e:J-l 1'1 1-l n'U Lbfl L tl'W vi'-ld 

CaC03 + C6H80 7 C6 H60 7Ca + C02 + H20 

u!J;y 

34 
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3.2 L L 'Vlfl'Uflvl1'1J1ll-
" " 

tl d.r:::;:,l I 

(2 fl1'U) 

tl'U:U 1 

E4: (Elaboration) 
" 

1 b 

(6% 1;1-l'U'U 

1 1 (6% 
" 

1:W 'j" 

+ 
E5: (EvaLuation) 

(Ol'j'J:U 1 bb'U'U 1 

El: (Engagement) (Predict) 

1:u "tl1b 
" 

b uu bbe.Ju b n'IJ 



-ew bB EWl 

b U'U b LJ b eJ-!1 b eJ EJ n'i1"1Jd'U 

+ 
E3: (Explanation) 

(Explain) 

'!! n eJfiu1 EJ eJ-:J"IleJ-!1 
' ' ' 

b ir 61"il:w'IJeJ EJ bB 

b 

' ' Ca(OH) 

...,----4 
HO OH U'l'.i1J (•ua) HO 

H, al.n;.,. ' 
,:i, (O,R) 

OH 

n 1 
b EJ n-J1 

36 



... ' 

(2 mu) 

E4: (Elaboration) 
'U 

1 n m':i:wvi'1'LI1 t1 -"'.:J bfll'l-BTim t1 b Bufh;n:u 

l'VltJ1P11G11'li " fl1b 1 vmJ 
'U 

+ 
E5: 'ti'L!U':i::Lii'LI (Evaluation) 

l'l':i1 1 bb 'U'U 1 'U'I1'U/bb Lii'U.X 

El: (Engagement) (Predict) 

h 
3% 6% 

b" 

37 



E2: (Exploration) (Observe) 

'11 fl n'IJ tJ tJ fl bb 'U'U bb6'1 
' 

11 -ii'll-if'U 
'U 'U 

(H20 2) 6% 

( 0 2) Hi'b 1®" -ii'll-if'U 

(H20 2) 3% 

+ 

E3: (Explanation) 

(Explain) 

tin EJ'U n'U EJ5'U1 EJ bb6'1 tl'l"tltl'l 
' ' ' 

'U ' 

b -ii'll-if'U"UEJ.:J 1®" (H202) 6% 

(o2) 

b -ifll-if'U"UEJ.:J 1®" (H20 2) 3% 

bb6'1 bb6'1 n1 tl'U 

H20 2 + KMn04 Mn02 + 0 2 + KOH 

una 

38 
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" . 

E4: (Elaboration) 
'IJ 

" . 
10% HCl nu 6% HCl 

'U 

f • oj'A;w: l . 
+ -. 

'"11111111 

E5: (Evaluation) 

1 'W'W 1 m1'W/bb 



; 

40 

3.2 1 b 'VIflilfl't11'U1tl-

a.:Jbnl'l-e:JGtl1tl 

' .:ICild I 

bflll'VllJ(:.J"' 

(2 fl1'\J) 

El: (Engagement) (Predict) 

'Vltl1m 

"111 'Utl1bb bb "111 'Utl1e:i'U 
'IJ ' 

E2: (Exploration) (Observe) 
Q.J q I I I QJ 0 

'Um uu bn'IJ 
' 

'IJ 'IJ 

CHCL) 

CAl) 1 "111 1 

vl'IJlTW 

+ 

(Explain) 

11 n CJ bb"' (:..!"' m m"11e:J..:J 
' ' ' 

l'l'Ube:J..:J 
'IJ ' 

CHCL) 

CAl) 

1 bb"1Jb b i1'U bbn?t 
' 



; 

i 

bbG'l 

HCl + Al AlCl3 + H2 

u!fa 
fi 1 n11 , 6.J , "' \1 

b 
' 'U 

E4: (Elaboration) .... 

1 n';i';il.lvl1'U1 f.J f.J b €J'Ufl1fllll 

b 1 '1J 1 'l11 'l11 'U 

';j, 
' 

+ 

E5: (Evaluation) 

1 'U'U 1 

3.4 .... 

41 

QJ Q.l ,J .c:f II oCt I QJ ca.o QJ 

3.4.1 bb n1'ib 'iV'UlU b 'VIfli'U 

b 11 'U nl';iG1f 1-:l bb 'U'U'Vl 'Vl1\l m f.J'U b €1\1 ufl n1 f.J1 bfl:W 

bU'Ubb f.J'U f.J'U b U'Ubb 4 -o.i'1'U1'U 
... ... 

II q Q.l 1.1 Q.l q 

30 'IJ€1 

(1) bb b€lnG11';iVhn m nm';il 

tJ biJ b 'Vl flU fl n 1';iG'1f 1-:l-U' €]1;'1 €J'U n1 ';ii;'1f 1\1 bb 'U'U'Vl €J'U bb 'U'U B \1 bn rusn nG'1 bbn'U nG'l1 'l 
'U 

... " 
2551 .... ' 



; 

42 

(3) Pl b tJ B'Vll tJ'\.J'l LJ5 fi1tJ1 bfli1 

2 
'U 

' v 

(4) mr fl?l b ru"1J B-:J b ij B'Vll tJtJ 
'U v 

' ' 
3 .3 

(s) LJ5n1mbfli1 b utJbb off 

vf-:J n B"LJ b tJ"LJ tJ"LJ b utJ bb tJ tJ 1 B?IBUB -D11 
'U 

(understanding) (Applying) (Analyzing) \111l.l Bloom 's 

Taxonomy 

(6) tJ1 bb 1 tJ1 m "1J 
'U ' 

oVBU bb 1 b m-:J b ;a-:J b -deJvtl 
'U v 

yj' fl1 -:J fl1 ll.J b 'Vll.Jl "1J B-:J.fl1\oJ1 1 bfl fl1 ll.J \11 -:J b o'ff -:J b ,j B'Vll tJ 1 'li' 'l1oW 

(IOC) 0.50 (i-:J 1.00 
' 

(7) tJ1 bb UU'Vl BU 1 tJ 'Vll fl11l.l tJ 1 fl 1 tJ ( p) eJltJ lif1 bb tJ fl (r) "1J B-:J bb UU'Vl B tJ 

(8) BU nu.J li 3/7 b -:J tJtJtJ t!lfll.l 

eJ1b.nmi1B-:J 2562 ..S11J1tJ 51 fltJ 

unn1mbfli1 

(9) tJ1 e.J \11 bb tJtJ bfl 'Vll fl1fl1 ll.J tJ1 fl-:J' 1 tJ (p) "1J B-:J bb UU'Vl BU 

(p) 0.20 - 0.80 (r) 

0.20 1 tJ 
' 

(1 0) BfloVB?IBUb B 1 offbUtJbb B-:J LJ5 n1m 

bfli1 ..S1tJ1tJ 28 oVB 2 

"1l B ?I BUB tJ iu fl1 ll.l boU 11 (understanding) fll tJ fl 
'U ' 

(Analyzing) ml.l Bloom's Taxonomy 

( 11) 1 tJ1 off tJtJ 
'U 

UtJflcil.lb thvtl.lltJ 
' 
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('tiel) 

d 
C'liv) fl1111 ... If 

L 'li1b:U \hhJ1.Y 
1) 2(3) 2(2) 1(1) 5(6) 

2) 2(3) 2(2) 1(1) 5(6) 
" ' Cl.l 1.1 «::11..::::.1 ' 

X v v 1.1 3) 3(3) 2(2) 1(1) 6(6) 

1.1 "' ct 1.1 4) 3(3) 2(2) 1(1) 6(6) 

5) 
• 'U 

3(3) 2(2) 1(1) 6(6) 

... 13(15) 10(10) 5(5) 28(28) 

3.4.2 LL 

LL uutl1::Liimr CJ LL uut11:: Lii'U LLG'l:: Lnrusnm1tl1:: n'l3:: 

4 

fl'l3:: fl11D'UVi fle.JG'1 fl11'Vlf!G'1e:l..:J LLG'1::e:Jilt!11 CJe.JG'l • 
(1) fl11'V11..:Jl'Vl mm 

(2) 

(3) bbG'l bb uut11:: bbG'1:: Lnrusnt11:: 

( 4) '111 bG'l'U e:Je:J1"il11 b Lbm "1Jfl'J1l.J fl e:J..:J b Vll.J1::G'll.J 
• 'U 
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(6) 

fl1';i(>lT'"J 'OJ61e:J'U flWil1'V'l b 1-ff b biJ'Ufl'U 
' ' 

... 

1) 
.., 

1) 'V1 fl1';je:J t1 n bb 'U'U ... 
2) 

3) 
' 

4) 

2) 1) 

2) 

3) ' 
3) 

.., .., ., 
1) 

2) 

4) 1) 
' 

Bn'tJ ';i1 2) 
' 

fl1';ibb 1 1(9) 1-ff bb 'U'I..I 

(>11l.J n1';il 

'V'l.l"l. 2551 ... 
' 

3.5 ... ... 

..; 
fl::bb'l..l'l..l 'VI fi'J1:1J'VI:IJ1V 

1 80- 100 .,..; 

2 75- 79 
., 

3 70-74 
., 

4 65-69 ' II ., 

5 60-64 
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d 
fl:m'IJ'IJ 'VI fl1111\1111tl 

6 55- 59 fl1 "j tJ .:ruth -:J 
' 

50-54 
I 6":; 

7 e.J1'Ubntu6Vl'tl'Um 

8 0-49 

m b u'U a-:J vu nlli\ 
3.5.1 

3.5.2 tJfi .ffm"j:il b VlflUfl 

tJ"j::: biJ'WVl' ; -:JtJ"j:::nauli11v 4 V1 11i1 bbn 

' 
3.5.3 

3.5 .4 '1111"1::: bb 11 1 n t)VltV11-:J n1"j -:J ti'W 

3.6.1 m '1Jn1':i\11fl m '1Jn1':i1:5' tl 

2543) 

IOC= L.R (3.1) 
n 

. o II d n bbVl'W ... 
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3.6.1.1 (p) 

bflii -:u1n61m 2543) 
" 

R 

R p=-
N 

' " 0 Q..l .c::l .:; 0 i.l Q.l 

bb Vl'U ':il1'U'J'U'Uflb 
" 

' IJ IJ o cv.c::l doi.lcvcu N bbVl'U ':i11'U1'U'Um 

(3.2) 

3.6.1.2 ri1eJ1'U1':illil1bb'Ufl (r) 

bflii 2543) 
" 

Ru -RL r = ----"'----=-
N 

(3.3) 

2 

bbVl'U ri1eJ1'U1':illil1bb'Ufl 

bb Vl'U n 1 
" ' R" 

N bb Vl'U 
' ' 

3.6.1.3 

Kuder-Richardson KR20 -:u1n Microsoft Excel 
" 

3.6.2.1 1 i m tJtJ b Vi bb 'U'U':il1 mb tJtJVl\9161eJtJ1 tJ'U 

b\9ltl 1 t -test bbtJtJ Dependent 

Samples 1 \9lb 
" ' 

2552) 
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3 0 6 0 20 2 b e:J b b Vi EJ'U bb 'Uti ":il l mb e:J'Ul EJ'U 

Normalized gain 

?flEJE.Jf'f ?flEJE.lf'f , 2543) 

(o/o Posttest)- (o/o Pretest) 
<g >= --------

100 - o/o Pretest 

bije:J <g> bbVl'U rll Normalized gain 

o/o posttest 

%pretest 

(3.4) 

' ' "' 
rll <g> (Actual gain) 

(Maximum positive gain) e:Je:JmU'U 3 
'U 

High gain 
.. 

<g> > 007 

Medium gain bije:J 003 < <g> < 00 7 .. 
Low gain <g> < 003 

3060203 b 1 t1 

(Gll'W ?flEJEJf'f ?flEJEJf'f, 2543) 

X 

y 

n 

bbVl'U 1 

bbVl'U 2 

r 
- rll y bU'U + rll X tl'U y 

- r11 y btl'U - f11 x n'U y 

- fll y bU'W o rh x tl'U y 

(305) 
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- rh 1 ri1 x n'U y 

- ri1 o ri1 x n'U y 



.-
.d 

'U'VI'VI 4 

'<il EJ LJ5 bflil 1 EJ'Uibb b 

eJ6tJ1EJ 2 

Q.l .:! t.l t.l .<::::11 il 

( 1.1) 

( 1.2) 

( 1. 3) n11VIU1Vl1\l b tlu"J1 EJ 

( 1.4) 

(2) 
Q.J v d i.l 

(2.1) 

(2.2) 
' 

d Q./ .1_ II tl Cl II 
4.1.1 "W'U';i1£l'VIeJ.:! 

1.1 d' II I 

1 EJ'i1 Pi Vl1\l EJ'U'lleJ\lU EJ'UoU'UlJ n"e}1UVJ 2 '!Xm 16 

li11u1'U 41 fi'U 

4.1 

4.1 bb 

(fl::bb 2a f\::bb 'U'U) 

. "" f>l1 b 'I.J£1-:Ib ... t 
Ci) (SO) 

6.98 24.91 1.94 
31.12* 

21.34 76.22 1.80 
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.,J 
'Vl 4.2 

4.2 (average normalized gain; <g>) 

Pre- Post- Actual gain Maximum Normalized gain 

Test Test (%Post-% Pre) possible gain %Post- %Pre 
100- %Pre 

( 1 00-o/o Pre) 

6.98 21.34 51.31 75.09 0.68 

6.98 (SO= 1.94) 24.91 

briv tJn i bb 

21.34 (SO = 1.80) 
' ' ' 

7 6.22 65 bb b n-:11 n' m1'1ri' .os ... 
d .<:::::!1 1.1 tl .:::111 .::::.. tJ q tJ tl' q 

(\11111-:I'Vl 4.1) 7 5.09 1tl'U 

bbuutln&1 <g> btJ'U 0.68 

1tl bb 'U'U m1 tJ'Uf bb nub 'VlfltJ flvl1'U1 bn\11-v6u1 b "I 

1 1 . 
(2559) 1 'U 

4.1.2 • 
bri bb bb 'U'U 1 2.00 - 10.00 tJ'U 

7 .14- 35.41 

bb 17 .oo -
27.00 60.71 - 96.43 ' 

4.1 
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111 %Pretest %Posttest 
100 

90 

80 

;I 70 

60 •• «= 
"7 50 (i) 
iP •• 40 (tO 
;;J 
(i) 30 >II" 

20 

10 

1 2 3 4 5 6 7 8 9 10 11 12 13 lll 15 16 17 18 19 20 21 22, 23 2£1 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 

La't!Vi 

tT (average normalized 

gain; <g>) LiJ'W 0.48- 0.96 

11'1;,1 j'j,J nL tl 1lV!tJ 25 flV\ L tJ'\.J 

60.98 16 39 .02 

c ·n; 
on 

"0 
ClJ 

ro 

1.00 

0.90 

0.80 

0.70 

0.60 

0.50 

0.40 

0.30 E 
0 c 0.20 

+ t 
1 
! 

• • • • 

• • • • • • • • • • • • 
• 

'U 

• 
High gain • 

• • • • • 
• • • • • • • • • • • • 

Medium gain 

l Low again 

::: I-··!--1--+--·-·-+-+--+-.. -+··-•--+ .... ,--·-+--+--;---+--+--+·-+---+--·+ .. -+--+----;--..;- ... ; ...... +.--·--+ -+-+--"-+·--t-t--+-t-·-+-·-+ .. -+--+ 
o 1 2 3 a s 6 1 a 9 to 11 12 n ta ts t6 11 ts t9 20 21 22 23 24 2s 26 21 2a 29 30 31 32 33 34 35 36 37 38 39 ao a1 

d 
ll1W'VI 4.2 
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4.1.3 .. 

1 1 - 5 

bU'IJ 1.22 (SD = 0.88), 1.12 (SD = 0.98), 1.07 (SD = 0.93), 1.54 (SD = 0.95) 2.02 (SD = 

1.44) 24.39, 22.44, 17.89, 25 .61 33.74 

tln 1 b 'VII"l'WI"lvl1'1J1V-61\I bfWl-BB'U1V 
'IJ d.J 'IJ 

3.76 (SD = 1.22), 4.02 (SD = 0.91), 4.88 (SD = 

0.95), 4.17 (SD = 1.05) 4.51 (SD = 0.98) 75 .12, 80.49, 81.30, 69.51 

75.20 <g> bU'U 0.67, 0.75, 0.77, 0.59 

0.63 
'IJ 'IJ 'IJ 

tl B'U V'U €J . 0 5 "il1 fl bb 'U'U61B'U tl€J'U V'U 

;{ 1 V €J'U 1"1, TVi bb 'U'U m\ Pl B eJ fl'U (dependent samples t -test) yj' 
' ' ' 

9 5 U V'U61\Ifl-J1n 
'IJ v 

.X\1 5 iX1-rreJ 4.3) 
" 

61\1 bfl(;l-€JBU1 v bl"li1 1 'U 

1 bb 1 1 

vl1'U1 b tJ'U v B 1\li1 b 'Ill(;") t:J" bb 'U1Vl1\l m ml11 tJ bb(;l rl'U'\1!1 
' 'IJ 

I V V 

1 tJ vl11 61'Uh 1 eff1 1"iJ b ij v\'1 1 'IJ 'IJ . , 

q v .X 1.1 IV .o:::a. cv 

'IJ ' 

(2558) V'Ui' bb 5 n'U b Vll"l'WI"lvl1'U1V-61\I bfl(;l-eJB'U1V 1 
'IJ 

b U'U h 
'IJ 

beff1 1 1€Jm611 'U'Ui6n1'j 

1 b 1;;;;1 V(;l'UbB\1 v111 bb 1 V'U61\In-J1 
'IJ v 'IJ 

(2557) 

bl"li1 ;]1m Vll"l'W l"lvl1'U1 v-61\1 bfl(;l-BB'U1 v tr V'U 1;]'Vi'1'U1 v t:-J(;l B\ln €J'Uvl1 

'11 'U.ff'UBB'U1VU fl V'U 1;] bb(;lflb V'Uf fl'U 1 
'IJ ' 

vl11 eff11"il1 'Ub if 'U \lt:-J(;l1 bb V'U 
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4.3 bb n'U"llel.:Jfl::bb • 
fl113J n11 'VI'll1'VI1.:1 m-a n bflij -a1 

u " 

1) 

Lf'lij 5 

. 

5 

t .... ' 

6 

4) 

6 'U'IJ) 

5) 

6 'U'IJ) 

fh 
d 

Lili'IV 

CXl 

1.22 

1.12 

1.07 

1.54 

2.02 

' .. flil'UL'W'IJ 

24.39 

22.44 

17.89 

25.61 

33.74 

111""i!1'1J CXl 
(50) 

0.88 3.76 

0.98 4.02 

0.93 4.88 

0.95 4.17 

1.44 4.51 

75.12 

80.49 

81.30 

69.51 

75.20 

d 
L'lJtJ,:JL'lJ'IJ 

1.22 

0.91 

0.95 

1.05 

0.98 

" " 1'1111Jfl11'VI'IJ1 

<g> 

t 

75.61 0.67 11.93* 

77.56 0.75 14.51* 

82.11 0.77 18.63* 

74.39 0.59 13.18* 

66.26 0.63 11.25* 

'i'llJ 28 'U'U) 6.98 24.91 1.94 21.34 76.22 1.80 75.09 0.68 31.12* 

' ., ' 
"il1 n.U bb 'U'U?fe:J'U n tJ'U"IJe:J\I'U m cn.rVIiJ fl:: bb \1 5 -M1<U' e:Jfl:: bb 'U'Url 

'IJ 

bb?f{;l\l'hu n tll fl'U f) tJ1 e:J tJ n (;) tl'U 1e:J tJ 
'IJ 'IJ 

5 4.3 

"fll1l.ltl1l'V!ii'1'1J1'Unm\l-?f\l" 4.4 
'IJ 'IJ 



100.00 

90.00 

80.00 

;::! 70.00 

!! » 60.00 
c ., 

50.00 (Q) 
i> .. 40.00 (!;; 
iil 
(Q) 

30.00 

20.00 

10.00 

0.00 

c:: 0.8 'iii 
"" '0 
<II 
N 0.6 

E 
0 0.4 c:: 

0.2 

0 

• 0.67 

High gain 

• 0.75 • 0·77 

• 0.5C,. 

Medium gain I 

Low again 

d 
LLe.J\J'VI 
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II % Pretest %Posttest J 

• 0.63 • 0.65 

'1X1-ff e:rv( (3) 'U.y( '11'1 'U.y( ij Bfl1'Hn 191tll) m bfli1 b tJ'U'IX1-ffa 

fl bb b bn\9ltJf1 
'\J , \1 d.,J 

b tJ 'Ubbe.i'U 'U.y( b5 EJ\91 'U (J11Vi.y( 4.5) b tl'Utll) EJ1Yi tT flb 1 EJ 

Vi'IJ 'U;gi EJ'Ubb vh 1 i1 h 
oW'U'I1l.J (2560) 

' 
1 

Vi'I!'U-i!EJ (2560) 

EJ'Vll 1 fl b .ff11 "iJl.J 1 'Ul.l n'J1fi EJ'U bb 
" 

fia'!X1-ffaYi (2) bn 191tl f1 bfli1 (5) 
d..J ' " 
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(1) (4) f"l11lJb-rrlJ-rr'U'1JB-!1(;111 

bf"lii hw 1 'U'\X1-rra "f"l11lJb 

tJ5 bf"lii " b bb 1-vi 1 'U'IX1-rradm\l\l hJ 
b Vlt.l11-:Jt1 (2557) 1 

'lJ 

H11 1 'U'IX1-rra 

m 'Ufl11l 'U "f"l11lJb 

Lf"lii" (-rravi 18 - 20 26 - 28) 

(rh p = 0.31 , 0.42, 0.42, 0.42, 0.36 0.38 

1 'U 

+ 

'11 . 1 8 tlB'U 
'lJ v 

4.5 3 
'U 
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4.1.4 

el'W ')VIi fn1ll n 1'"JVI111VI1\I nTH 1 tJ'U 11 tJoU eJ ?le:JtJ'YfU'hoU oU 

ihf 1'U1'W'l1 n b1 e:J'U 1:1 b1 tJ'U b n ri e:J'U b 1 tJ'UVI n.U eJ 11?1 tJiJ n b1 n 
'IJ • 'IJ 

3 - 24 fl'W 
'IJ 'IJ 

' dl I Q.J .:::t. 0 Q.l .<::Ito iJ I .c:::fQ.J .<::11 .:;::1 Q.l .r::::f Q.l I 

bb uu?lu b?l1:::'.i1l!nu b VI fl'W flVI1'U 1 tJ-?l\1 e:J'B'U 1 mbml'J'U11 ll'W m b 1 tJ'U 20 -
'U 

39 fl'W 27 39 fl'W 95 .12) 
'U 'U • 

1 (O. 94) (3) 
'U 'U 'U 

11Kll e-1 n11 bn l?lD B n1 tJ1 bflil \1 b {] 'U b ,1 n iKll')VIi 

oU'm'feJ'UoUeJ 18 20 fl'W 
'\1 , q,J 'I 

(fil?lb 48 . 78) b nmn 1 (0.45) 
'U 'U 

11?lmtJ'UoUeJ?leJ'U 1 f) \I ( 4) fl11ll b e:Jn11bnl?lLJ5 n1tJ1 bflil ilfi1fl11ll tJ1 n 
(p) bvhnu 0.31 (r) bvhnu 0.64 

' ' ' 
4.6 - 4. 7 • 

45 

39 
40 37 36 37 37 37 37 

34 34 35 

;l 35 32 33 33 32 32 'I 
31 30 29 28 28 29 28 29 

26 

25 
24 24 24 

z , 
s: % % 20 i. 

"11:>;: : 
;l 20 , 
;l , 

::: % C" 15 
;l 1o% 

10 
% 

::: ;. 
I. ;t. 

10 11 12 13 ., 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 
'tltl 

d cv Ql 0 d I .tC:ill cv .c:l II 
.fi1'W'VI 4.6 n ne:J'U b b ';itl'Ub U'U';i1tl"lle:J . 'U 



; 

c • • • ·;o 0.8 

"" • • • 
"0 • • ClJ 
N 0.6 • :::; • I'C 

• 
E ..... 
0 0.4 c 

0.2 

1 2 3 4 5 6 7 8 9 10 11 

4.2 
4.2.1 

High gain 
• • • • • • • • • • Medium gain 

• • • • • • 
Low again 

12 13 14 16 17 18 19 20 21 22 23 24 25 26 27 28 
'!IB 

57 

"il1'U1'U 41 f1'U 

n 
.:!II • cu o v .<::Ito rr • v q qcv 

'U'U ?I'U Vlf1'U f1Vl1'U1 E.J-?1 \l e:J5'U1 E.Jl.ll'J 'W'U'J 1 'U m -;i EJ'Ul.IVl e:J-:1 

78.57 4.4 

1 (255 7) 1 EJ'Uf EJ e:J-:1 
" 

"llm'IT 2 'IT 'U'U 

1r11 

tt 41 

C.i) 

(SO) 

12.00 10.86 90.49 0.98 

9.00 7.33 81.41 0.63 



; 

41 fl'LI 
uljmrJ1bflii 

<.i> 

(SD) 

6.00 4.65 77.56 0.57 

6.00 3.09 51.46 0.48 

33.00 25.93 78.57 1.74 

58 

bdel'W "il1'HU1 fl bb 'W'Wvl fl11'Vl I?IG'l b U 'W11 v1 1 '11' fl b fl bb 'W'W 

v1 fl n11 t1 t1 flbb u u fl11 Yl 1?1 G'l t1 b u f t1 G'l 9 o . 4 9 t1 lu b fl ru GVf l.l r1 bb 'W 'W v1 fl 
'\J 

m1u5'\J&i 81.41 1 bd bb 'W'WVI m..m 
77.56 bb 'W'WVJ 

'\J ' 

·" • fiWtnJ 

............ 46% ' ... . 

n. 

100 

90 

80 

70 g s 60 . ,. .. 
50 

"' 40 

"' "' 30 . 

20 

!0 

fl. 1 
'V. bb 1 

"!J. 
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' ' 
-;;J 1 tl e..J ft tl111 t:J'W'U11 fl bb 'W tl11'Vl ft ..:161 eJ fliK el..:J n 'U 61lJlJ tl t:J'W 

"' 
b e:1..:1 LJn t:J1 -rr b611d'dl.ln'U b'Vlfli1fl 

1 'Vle..J11..:J,; (255 7) vi' m t:Jui1 bb 'W'Ul.l1 nvi' "\ fi e:1 

'U'U 1 bb fiB tle..Jfl 'U'U 
' 

1 :lJ1 tl -;;) 1 tl (:..!"' tl111 t:Jvi' fl bb tl11e:J eJ tl bb 'U'U e:J..:Ji:i fl bb 'U'W61..:!61 b i1 e:J..:J-;;) 1 tl ' 
n11 bb u nft' lJ i1 n11 1l.l 611l.l11trvh 1 oJ n b t:J'U i1 bbft 'IJ 11 t:J 

' 

bb 'U'UoU eJ t:Jvi' 61 ' ' 
m1e:Jii'IJ11 t:J (:..If! n t:J'W hlan'IJ11 t:J e:J ii 'IJ11 t:J (:..If! m1'VJ hlr1 

'd'W (.fl1"Wvi 4. 9) ..:J(:..Jft 1 bb tl11611'\.J bbft e:Jii D11 t:J(:..Jft e:J..:Jii fi t:J 
' 

4.4) (2557) 

'U'UoU e:J t:Jvi' b i1 e:J..:J-;;J1n1 'U..:J1'Wl 1 'Vle..J11..:J,; (2557) 
' 

3 

ne..Jft 1 

611'\.J t:Je..Jft t:J 'U..:J1'U1 t:Jif efi t:J bbt:J t:Je..Jft ' ' 

4.9 

e:JVl-;;J bb tl11'Vl e:J..:J'1Je:J..:J1! tl t:J'Ub tl'U 11 t:J'Uflflft'W'Ul1 ,r tl b1 
' 

65.45 - 86.67 -

lil1'U1'U 3 fi'U 7.32 lil1'W1'U 6 fi'U 

14.63 lil1'U'd'U 13 fi'U 31.91 lil1'U'd'W 

19 fi'U 46.34 4.10 



100 

.. 90 s r.; 80 
(G 

70 ,. 
r fi 60 
1J 

50 
;;:! a 40 .. 
IE: r.; 30 
i> 

20 
;o 

10 

60 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2! J2 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 
Lil'!I'VI 

4.2.3 

bd "iJ1'j ru1A bb 'Ut.rvi' n 1'jVJfl G'1 e:J'I'lJ m11 n b CJ'U b U'U 'j1 bbe..J'W vnn' 1 11 n b CJ'Wijfl bb 'W'W 

1 - 5 dJ'U 25.34 (SD = 1.74), 26.46 (SD = 1.79), 27.46 

(SD = 2.20), 24.63 (SD = 2.02) 25 .73 (SD = 1.87) 

whntJ 76.79, 80.19, 83.22, 74.65 77.97 
' ' 

- 4.11 

100 l 90.65 91.26 
86.18 

90 3 8019 

80 1 76.79 
71.95 

;;:! 70 
2 » 60 
IE: 

50 
40 4 ;o 

30 
; 

20 
3 

10 3 
0 

2 

1 

3 

5 

86.18 
83.22 

79.67 
74.65 

68.29 

52.85 

.I 
3 4 5 

2 

4 
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1 'U,r 1i (3) 'WVi. 1 'Wvi a nTHn (;jtJi) tJllflil :i1 fl:-5ll 'W'Wvi' n'l'l:-5 
tJ (2) t!llrlil 

ll 'U'Ue:JtJb cnJ (5) e:J e:J 
'\.1 , '\.1 6.J 

(1) 

( 4) a ilfl:-5ll 'U'Ui! 61(;la tJ '1 vi' 
d.J ' 'U 

l-d a\l"illn (3) 

1 1 
n"il tJ '* 'Ul lB tJ(;j l tJ'UtJi) 

l 1 l tl'WtJ5 tJ'Ull 

vh 1 h 1 
'U 

ll (3) 
., 'U ' 

ln(;JtJ5 tJllflill 'li'Un'U (4) tJllrlil 
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mm n1'";il l'J bbMFJ 'Ul1 n1 '";i b l'J'U bb lJ b?f1d 1:W n lJ b VlfltJ flvl1'U1l'J-f.1' \l bn\11-
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r;11'Vl1''U 
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d Q..l ..:! tl tl .&::11 

5.1.1.2 
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18 b 111 1 'U q 'U 1 

"il1'W1'U 20 fl'Ufl'U 48. 78) 1 
'IJ 'IJ 

tl1'Wnm\l (0.45) 1 (4) 
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4) d 3.2 11. 2/4 1 

8 1 
1 8.1 1 '1l m 'Vl tJ11'111?l!'l{ I'll 'VI tJ 11'111 ?1 1'1{1 'U ... 

f11'jbbntl ty'Vl1 fi 1tl'j1 n!J f11'jru'Vl1-:Jli'j'j11"!.11 'U?i1'U 1 Vlt1Ji1 bb bb ti'UB'U6'11111'jt;le:J5'U1 t! 

hl.f11tJ b 'U'Ih.:J 61 b oU1 11iJ·;h1 'Vl tJ11'1116'l!'l{ b 'Vlfl1 'U I 
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Q,l J Q,I 
\Pl1 'r11\Pl 

1) 1 8.1 :IJ. 2/1 

2) 1 8.1 :IJ. 2/2 

3) 1 8.1 :IJ. 2/3 

4) 1 8.1 :IJ. 2/4 

5) 1 8.1 :IJ. 2/5 

6) 1 8.1 :IJ. 2/6 

7) 1 8.1 :IJ. 2/7 

8) 1 8.1 :IJ. 2/8 

9) 1 8.1 :IJ. 2/9 

h 

'VImtJ 11TI 
8 n L Vll"ltJ l"llTifl1'j611'j11il L L 

' 

\?l'j11iJ?I8'\J 

LL uu"i11!;18..:J LL 
" 

(?)'j11iJ?I8'\J 

1 
" " tJtm 'U?tm'U fl1'jru1 'V!lJ 

e.J!;1'1J8..:J 1 .V1 h 
" 

Q...l d .:::. Q.l 0 i.l !U .r:::::., .«:::\ I 

'U'UVJ n LL!;1 85'\J1 tJ !;1 fl1'j?f..:J Ln \?\ fl1'j?f1'j11iJ m11il?I8'\JI"l'Ufl11 L L\?l:Wiil1n LL '\11!;1..:1 

" I " 
v .c::lll dv cr. 
Iii \V1 LL?I\V1..:Je.J!;1..:J1'U L '1l CJ'U'j1CJ..:J1'U tJ Ln CJ1 nuLL 'U1 

1 
" 

n1'j Lil \V1tJ5 tJ 1 Ll"lii L u 'U n 1 'j L tJ CJ 'U LL tJ !;1..:1'11 8 ?11 'j LLii ?f1'j 1 Lil \V1;ff 'U n1 'j Lil \V1tJ5 tJ 1 

'1J8..:J?f1'j 

1) 85'1J1(Jfl11:1J'VI:IJ1(J'1J8..:Jfl1'jbfl\V1Ulj 

2) 
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(P) 

1) 

(A) 

1) 

2) 
" ' 

m:::u1'L!n1'i 

1) m::'U1'Wn1'j'V11-:Jl'V1Enl"l1?f\Pli 

2) 
' 

3) 

4) 
" 

5) 21 (3R 7C ) 
" 0 5.1) (Reading); R 1 

0 5.2) (Writing); R2 

D 5.3) (Arithmetic); R3 

0 5.4) 1 'Wn1'jbbtlDqJ'Vl1 

(Critical thinking and problem solving); C1 

D 5.5) 
v II il <V 

m'j:u 

(Creativity and innovation); C2 

0 5.6) n1'j'V11\11'WbU'WVi:u 
" 

(Collaboration, teamwork and leadership); C3 

D 5. 7) hl'i1\ll\1ll'W5'j'j:IJ 

(Cross-cultural understanding); C4 

0 5.8) 

(Communication information and media literacy); C5 

0 5. 9) vl n 1 'W \9 B :U 'W 1 b \PI B { bb b 'V1 1"11 'W 1 1 'j ?I 'W b 'Vll"l bb n 1 'jiB ?I 1 'j 

(Computing); C6 

0 5.10) (Career and learning self-reliance, 

change); C7 
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1) 
' cv vd 

2) 
'IJ 

3) 
'IJ 

4) 

5) 

1) f111lJ611lJ11t11 

2) f111lJ611lJ11t11 

3) f111lJ611lJ11t11 'Uf111bbfltJqJV11 

4) f111lJ611lJ11t11'Uf111 1 

5) f111lJ611lJ11t11 'Ufl11 1 otlb 'Vlf11 'U 

"' "' a1':i::nT'H 

fl11bfl mJfi f.J1 bf1ij b'\J 'Ufl11b f.J'U bb 61111 bfl 'U fl11bfl tJ 1 

-um6111 

I "' "' L"U.I\.11 .. "' 
(K) 

" 
1) e:J5U1f.J 

"Ue:J.:Jfl11 

2) 

1) 

2) 

3) fl11t11b61'Ue:J 

4) 

-

61'-Ju1ru 
'IJ 

- bb uu 

Lntu'rl 

m-ath::Lij\.1 

' 

70% 
' ., ... ' "' 2) b'l"jeJ'\.J1llJ'1l'U 



L'iv\Ja 

(P) 

1) 
.. 4 

'1Jijn1mLAinv1 

(A) 
Clill I 

1) 

2) 
btJ'UA'U"Ii1'1 

\1 

• 

... 
V!1fl11lJ1 

\1 

2) f111'l11b?l'Utl 

- 'l11b?l'Ue:Jlv1 

- bb'U'U 

'IJ1::; biJ'U 

f111'111 b?l'U tJ 

3) 

1/ 
LOW91 

2) (K, Rl, R2, C1, C3, CS, C6) 

3) 

4) b 

5) fl\J 
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(K, R1, R2, C1, C3, CS, C6) 
'IJ 

1) 

2) 

' 
m·n Ae:J fl11b tJ'U-;u1 tl'U 

n11 b tJ'U bb 'I n1 tJ.fl1Yl b tJ'U bb 

FiB wJ bnV1;fi'U 
.v 

'U'Ube:J'I 

m1 bn tJ 1 b e:J'I m1 bb 

.c:::l il 

1 vi''l-d 
" " 

• v 

'liuVi 1 (Predict) (Engagement) 

(K, R1, R2, C1, C3, CS, C6) 

3) 'IJlJ'U t!'U (tl1tJ'U1?t) (1-tlm,-;unru.nv1'1J1CJm:w 
\1 'U 'U 'U '\J 'U , 

im:wu1'U) 

4) 
" " 



"l.liJ'U 

• 

" • 1 
1 ';jtJ1'1 

" " • "l.liJ'U 

• Vll'llvfl i 
bb 1 VI I'll 

bbfll.J beJb 

tl'UbeJ ih61 

'U 

1 
b tl'Ub 1 -tlvh b tl'U 

';jfl b 
.:Jd I I( 4:lto , 

Vl'lffil1 bfleJ';ifllJ'U (Curcumm) 
'U 

.d I( 

• Curcuma longa Linn. 
.. 

• "lleJl'll'll ZINGIBERACEAE 

• Curcuma domestica Valeton 

• Turmeric 
I I tl IJ' Sl 

• "l.liJ'Ubbn'l "l.liJ'U-a''U "l.liJ'U,.,tJeJn 
tl vv tl cv Q 

'1Jl.J'U,l '1Jl.J'U 1?11tJeJ ,l.J'U 

• m1 
'U " 

Curcumin 

0 0 

Curcumin 
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• 
'U 

eJ1'W0(;11n 1 

• ?lmbl"liifieJeJ::: 1 'j 
'U 

• 1 otlbb'dell'V!TH 1 

me1u b UeJ\ltl'W 
' 

"l..11l.Jl(;l:::mtJ 1 

(Ca(OH)2) 

J'1tJ'W1?1 
'U 

• (Baking powder) 

"l..fl\l?l1'jbflii fieJ 1HbU\l 

b 1 
'U 

(Baking soda) fiB 
(Sodium bicarbonate: 

NaHC03) bb(;l::: 

iiq'VlBbtJ'l.wh\le:ieJ'U 1 

vl1"l..'Wl.l 
v 

b eJ 
\1 '0 

93 



• 
'U 

e:i1'Womn 1 
' 

• b 
'U 

" " • 
'U 

• (Acetic acid) G'imbfli1 
'U 

f1e:J CH 3COOH 

• ()11lJi1 

1 bb 'Vl'W 
'U 
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. 



1 Lflil 

1 1 
'IJ 

" n'lm'l:wVi 2 
'IJ 

1 n11LOfi\Jijm!11Lflii 

1 
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.,;1\J1Ui1 

vn1:::u:: l 
' 

..,,.n,um" 0 0 'l1iii 
1o•ri .. 

o o 
l>i•n .. 

..,,,mum" 0 0 'l1iii 
l il•ri ... 

lo•n ... 

..n•mum" 0 0 'l1iii 
l fi•ri .. 

loi•ri .. 

>11</l1Uil1" 0 0 'l1iii 
l o\'•ri ... 

lil•ri ... 



1 .. m lumru.ia 1 tid 

1) . 

2) 

3) . . 

' u u 

..... ..... .. ..... .. ............................................................ . . 
........ .. .... ...... .. ... .... ........................... ..... .. ... ............... .. .................................. . 

• u u 

................. ...... .... .. .... .. .. .. ................ .... ............... ..... . . 
........... ................ ................... ..... ..... .. ...... ... ...... .... ........... ............. ......... ...... .. 

' u 
..................... ................... ...... ................................ . 

4) Li'1 

....... ....................... ........... ....................... ......... .... ... .. ..... ........ ..... .. ..... ......... . 

................. ...... ............ .... ... .......................... .... ....... . 

2 (Observe) (Exploration) 

(K, P, A, Rl, R2, Cl, C3, CS, C6, C7) 

96 

6) 1 lJ'Vll fi "il crJfl'U fl11 b CJ'!Jbb en tl'U fi "il 1 
' 



97 

1 1 'UJl 
'\J 

" 2 t:-J61l.l'IJDwl'u'tJ'U 
'\J 



.. 
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3 (Explain) (Explanation) 

(K, Rl , R2, Cl , C3, CS) 

7) 2- 3 
' ' ' 

" Q.J ..::::'111 I I 0 tJ' Q.l 

8) 
' 

9) ,r CJ'Ubbi:1 n 'U 8.ih.J';il C.lbbi:1 tJ "il1 f) u&l n "il b\91 CJ 1 i bb 'U'Jrilm:w 
" ' '6.J 

9 .1) 

9.2> h 

1 

1 

l'i1"U1trh 
•ii•u•h;ll. 

(L"'')"'t'l) 

Lifan:R1tllfulmh 1fuo:ff7ll71n 
8Z81tlJ?!ti'U7 .. f?V H?IJ;(W 

Lifat./fllJffiJIJnVIf!JIW1ti?t1tliJOZ 
thl>ilfuT177ltidoui1 

8Z81llOZUf171JRBtla(j un:o: 
Lifa,f,tf, 

l? 

\'11Jn1Vn1'1'! 0 0 
Muti IJuft:ft?oM'v?•aJu 

o n o 
1o\'uti .... 

i1m1tt!douut!Mmm1vn1w 

\'11Jn1Vn1" 0 u 0 
lo\'uti ... 

o o wn 
lO"uti fffluttfiivuil 

i1t!ijmo?tiioifu1ZH11•f1iliJI)u 
lfu nR7lliUIJ«71lHliiliJi1,;1,o7n 

LifmmhAv«?or U/" ''i•= 

m•mvm'l'l 0 n 0 
l>iuti .. 
.., ... no n 
t,;un 

J?Avtnornvtu':f n«1lliUIJff11 
lHliilil«n?u=tuuii« 

Lifmt17RliH7llloU/t1n,jul«o:i1 

\'11Jn1Vn1'1'! 0 0 
Muti .... 

0 0 
l.'iuti i1••na!Jin.Ju 

nvJ?IfVf« nR1lliUuff11fHliil 
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4 (Predict-Observe-Explain) 
'U 

(Elaboration) (K, R1, R2, C1, C3, C5, C6) 

1 o) ·ih lil bAil 
11) 1 

b -d'U tl1'Uv1 vl1'<il1 nYJ 'U 'lJ'U11thv1 '\J'j1 nv1 b uw;1tl111111 '<il1n,1'U 
" " 

11.1) il m CJ'UA whri 1'UY1 vl1'<il1 nYJ'U 'll'U11tl '\J'j1 nv1 b u 
" 

11.2) hJ 'j 
11.3) CJ'Ubb m1 

hJ 
11.4) 1 
11.5) 

11.6) 1 h 
11. 7) 

LL Vlfl : CJ1tl'U i1'U 1 
1Ji'tJ 

" 
LL bVIA : el1'U 

'1.1 " "I 

CJd tl'UUD CJ1 n 1 '<il 

"' ' "' 'ti''LIVi 5 'ti''Ut.h::bij'\J (Evaluation) (K, R1, R2, C1, C3, C5, C6) 

12) 
" -:..J ' 

13) il n'Utl biJ'U n '<il m111 11'i1iltl a 1Jlil m-a 

14) ,r tl'U 111 fi b i1'U CJd nutl n f11111 
1CJ"Il't1 

" 

15.1) h 
1s.2) 



1 
17) .. 

'U 

1) 
'U 

" 1.1) 3 oU'W l.l. 2 

1.2) 
' 

1.3) 1unliJm'j"1J 

1.4) 

1.5) 

1.6) I 

2) 
'U 

2.1) 
' 
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.. .... ...... ... ... ... ... ....................... .. ..... ..... .... ... ............ .. ...................... ............. .. ..... .......... .. ... ... .... .. ..... ........... . 

........................... .............. ..... ... ...................... ................. ... .. .............. ... ... .......... ... ..................................... 

··········· ··· ··················· ·· ····· ···· ······ ············ ·· ····· ····· ··· ···················· ············ ·· ········ ····· ······································· 

···················· ··· ········ ···· ··· ··· ······ ······· ·· ··············· ·· ··········································· ··· ··· ···· ···· ··· ······· ··· ··· ······· ·· ······ ·· 
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..................... .. ... .. .. .. ........ ... . 

... 

" "'"" 'VIA 
" 

.. 
"\l"/J€! .... ................ .. ..................... . 

(. ............................................. ) 



fl 
bbuuu'UcVinrhm·rn.J 
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.. . 

I __ 

1 

1 

L CJ L tJ CJ'U LL tJ CJ.fl1'V'l LfliJ ( fl1';i L CJ 1 LfliJ) 'lJ eJ'I CJU'U 1 'UJ1 fl1';i'VI 
q 

fl1';ib 1-:iJ 1?1 
" " " 

1.1 

1 ; 1.2 1.3 1.4 1.1 'U'U1 
'U 'U 'IJ " 

vhtmrh 

rnmJ 'U bb tJ G1 'Vll'lf11Wll'V'l D ij D hJij D 11 D hJi1 D 11 D hJi1 'Vll'lf11Wll'V'l D ij D hJij 

......... ........ ...... ...... ....... ....... .. ... .... ...... ....... .. ..... ..... .. ... ... .... .... .................. ........ .. ........ ... ..... . 1" . (;l bbfl ...... ........ ..... ........................ . 

'Vl l 'lbf4i1 D 11 D 1:Wi1 'Vll'lbf4i1 D 11 D 1:Wi1 'Vll'lbf4 i1 D 11 D 1:Wi1 'Vll 'lbf4i1 D 11 D 1:Wi1 
1 " . (;lbbfl ........ ... ............... .......... ..... ....... 1 " . (;lbbfl .. ...... .... ... .. .. .... ...... .. ... .. ....... .. .... ........ ... ...................... ........ Mbbn .. ..... ... ... ...... .. ... .. ...... ...... ... ... 

b'V'l'll:!B:! 1 
" b'li'UtJ'U 

D D D D D D D D 
,_,. 
0 +> 



2) 

3) 

4) 

m.J"JflTUflll 

bb 

q 

bb 

m.J"JflJ'Uflll 

bblJ"Jmll 

q 

bb lJ"JflJ'Uflll 

105 

b ........................... .... .......... ... .... ... .... ..... ... ........... .. ...... ....... .. .. ..... .... .. ... .. 

. " " 
b:U BV!CJ .... .... .... ..... .. ......... ........... ......... ... ............. ..... .. . 

" 

b .......... .................... ... .. .. .... .. ........ ... .. ... .. .. .... ...... ... .. .... ..... .. ... .... .. ......... .. 

d ::... 1 yJ 'Ut:N " .......... .. ...... ... ........ ........ ...... .... .. .... ................... . 

b ....................... ......................................................................... ... .. .... .. .. 

b oJ l(llJV!lCJ h 1?1 ..................... ............ ............................................... . 

b ....... .. ............... ..... ........ .. .. ....................... .......... ................................. .. 



1.2 

•• 

- tJ'U 
'IJ 

"' - 'l11 

.. . -

3) 'Ue..J\1'\'J 
'IJ 'IJ 

e..J\1'\'J 
'IJ 

" 0 " -
'IJ 

-

eJtJ 

.. 
4) 

'IJ 

'IJ 
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d 

.. mvmw UUJ 

1) 1 :,' tJtJ1 
" 

b bAinJl bUt.! 

2) e.J 61lJ 'llil wi\J tJ tJ 
" 

b tltJ 

3) 
" 

e.J.:Jvl 
" 

b bUt.! 

4) LU16'1l1Vt1CJh 
"' 

" 

b nT:iLAinJlL Ut.! 
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(L CJ'U L Vi e:J.:J fl'U ?ll.Jl.J&i 

0 Ill "" fi1Cl111'VI1tlflli!n';i';i11 

o 1 'J 

··········· ···· ········ ···· ······ ··· ······················· ······ ·· ·· ···· ·· ····· ···· ······ ··· ··················· ····· ···· ···· ···· ····· ···················· ·· ····· 
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.... 
'Vlfl-!l , ------- ' ---------------------- --

. .... 
2 

'U 

d 
L ":i€1..:1 ..•.•.•.•.•.••....•.•..... .•.••.•.•..•...•.••••••.•.•.•..•.•..•••.••••.•••.•••••.•••••••••.•••.•. 

2.1 n1":iVh'U1tl 

"· "' L tJilvn \,jlfi 
·,, 

vl1'U1cr;h 

1 

vm m wnw D i1 D .. 
'Vl1-!l bfl:W ······ ·· ············································· 

D i1 D 
·· ·· ··· ········· ············ ········· ··· ··· ······ ·· ·· 

1 "' 0 b 
.., 

b"li'U'!!'U 

, 
0 0 , 

CJ V)J 
'U •••• •• • • • ••••• •• •••• ••••• ••••••••••••••••• • ••••••••• • •••••••••• • •••••••••••••••• 

' 

·· ······························· ··········· ····· ····· ·· ····· ······· ····· ·················· ··· ·· ························ ··········· 
b ············································ ·· ·· ········ ·· ···· ·· ·· ·· ··· ····· ·········· ··· ·· ···················· ······· 
···· ····· ···· ··· ··· ············· ·· ·· ···················· ····································· 

··· ·· ············· ····· ·· ·· ··· ··· ····· ··· ··· ··· ·· ·· ······ ·· ···· ···· ······ ·· ··· ·· ············· 

··· ····· ··· ··· ···· ··· ··········· ······· ·· ····· ·· ······ ···· ····· ···· ············· ············ · 



2.2 

•• 
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.n1 fit t.J 'LI 1 n \1 

112 
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.. 
L";iel-:1 ... ..... .. .............. ............• .... .•• .... ... ..... ... ....... 

lri 
If" (i: .. .. -;=! it! 
:::S r Vll.l1mVI\Jl \'{;; "7 ' \.) ' 
<;;: (t;; (t;; 

;l ;l <;;: 
r :::;; If" qg r If" r 
ri •c: c: c: If" -;=! liO ri r (;)' qr ri c: 

........ N cri .:::i 

_ _______ 

... .. 
') tJ'Vl _ _ / __ / __ _ 
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fi::U 'U'U 1"' LflWft'ln1'l 'VIfi::LL 'U'U 

1. 0 ... ' ... 
1 

LL hJtlfl 
'IJ 

2 

LL1Pl1l.JL • 
3 L LL LL 1l.J 

1 
' 

2. 0 
' 

1 1 
'IJ 

2 2 
'IJ 

3 bL Lb Lb B'l 
' 'IJ ... 

3 

3. 0 
' ' 'IJ 

1 , 'IJ ... 
3 

2 
' 'IJ 

1-2 

3 
' 'IJ 

4. 0 

1 L '\J'U eJ 
'IJ ... 

1 

2 L '\J'UB eJ 
'IJ ... 

2 

3 rl1VI'U B'UlB fl1 (1 fl B'li L '\1 'UVl n-rr'U B'U 
'IJ • 
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.. 
b1e:J\I .............................. ................................... . 

"7 
\.) ·a «;; If" @>: c:: 

-;::> 
If" Q· \.) r "7 c:: ;::J ..i ... \.) "7 

«;; ;;::! "S \.) 'VIlJ1m'VIIIl 
' @>: If" ri ' -(G r (""" 

V" (0:: c (0) If" 
r ::j c "7 

«;; :> !§ \.) ::j 
-«;; qc:;o (0:: 

-;::> ri If" If" r r r (""" c:: c; (0:: 

....... ('oj ("() 

i''UVi I I ----
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n11th:: Lij'U f'I::LL 'U'U , 1"' LflW91n11 'VIf'I::LL 'U'U 

1. 0 

3 

1 

2 

1 

3 
' 'IJ 

2. 'U 0 Ul.l1nn-;h 20 'U1Yl 

1 20 'U1Y1 

2 u 10 \11Yl 

3 
0 ... 

0 bb" e:Jumru1 3. 
'IJ 'IJ ' 

1 ' 'IJ • .. .. .. 1.1 d .:If ... 
bfl'je:J.:Jl.Je:J lJ fl1'jbfl'\J b "IJ1'VI b 

2 , ' 

3 b , ' .... .. .... 
'IJ 
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.. 
L ':i'e:J-:l ••• •• ••• •••• ••• ••• ••• ••• ••••••••• ••• ••••••••••• ••••••••••••• •••••• 

"7 
co:> 
(t; 
@> 
:;;;: "7 ... II" co:> r (t; c:: @> ' (t; :;;;: ri ' AI ("" 
c:: II" II" r c:: 

(t; 
AI 

"7 c:: r 
II" r e;: 

,....; N 

.... .,j 
'l'U'Vl ! _ ______:! __ _ 
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tJ L 'lJ n T'flh:; Lij 'lJ fl:; LL 'lJ 'lJ 1"' 'VIfi::LL 'U'U 

1. 0 e:Je:JflLL 

1 e:Je:J fl LL 'U'lJ\Jll'j1\IU'lJVi 

2 

2 e:Je:JflLL 'U'lJ(;'ll'j1\IU'UVi 

1 

3 e:Je:J n LL 'U'U (;'ll'j1 \IU 'UVi n e..J fl1 e:J\11vl fl e:J\1 L n'U 
.., 

'U 

2. 0 tlJu'UVi a \I 

1 ij fl1'j'U'lJVi e:J\1 L fl'j'lJ51'U 
"' 3 1 tJ 

2 iifl1'j'U'lJVi 1-2 

3 iim'ju'UVi ti'1'U 'l11 
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d ..::::a. d I 0 0 Q,/ Q,/ 

fl1'a1.:1'Vl .:1.1 (p) 'Un (r) 

2a .;Ja 

., ..1 ., ..1 
'!Je:J'Vl p r '!Je:J'Vl p r 

1 0.60 0.21 15 0.40 0.43 

2 0.64 0.50 16 0.47 0.64 

3 0.53 0.57 17 0.42 0.36 

4 0.51 0.21 18 0.31 0.64 

5 0.60 0.50 19 0.42 0.79 

6 0.58 0.29 20 0.42 0.36 

7 0.56 0.29 21 0.51 0.29 

8 0.44 0.57 22 0.38 0.29 

9 0.36 0.21 23 0.42 0.43 

10 0.29 0.29 24 0.49 0.29 

11 0.42 0.29 25 0.36 0.43 

12 0.36 0.36 26 0.42 0.43 

13 0.40 0.36 27 0.36 0.29 

14 16 0.47 28 0.38 0.29 

d 0.45 0.39 

(Reliability of KR-20) LVhtl'U 0.76 
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