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The objectives of this research are to develop students' concept on nature of light 

and geometric optics to with the inquiry method (5E) and to study the retention rate 

of students' concept gained from the learning activities about the nature of light and 

geometric optics. The samples were 37 students in Mathayonmsuksa 5, Yasothon 

Phitthayakhom School, Yasothon, sampled by cluster random sampling. The research 

instruments were a study plan based on the inquiry method and pretest and posttest 

on nature of light and geometric optics with reliability of 0.89, analyzed by average 

score and t-test. 

The results show that the average posttest score of the students' learning 

achievement on the nature of light and geometric optics increased, when compared 

with that of pretest, with statistical significance of .05 level. The student's retention 

rate is in a very good level and the average posttest score of the students' learning 

achievement after the two-week was not different with statistical significance of .05 

level when compared with that of the immediate test after completing the lessons. 
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" 1.6.2 15m"J~uLm~ f1B 15m'JL~t.~u~LLuu 5 -ir'U 

'U 

1) .fr'U?t~l-:Jfl'dlJJ?f'U h! (Engagement) 

" 
2) oU'U~l'J1"'ilbb£;1~A'UVil (Exploration) 

3) .fr'UBB'Ult.l bb£;1~£;1-:JoUB?f1U (Explanation) 

" 
4) oU'U"llt.lltJfldlJJ~ (Elaboration) 

'U 

5) .fr'U'th~blJ'U (Evaluation) 

1.6.3 fldld.J~fi-:J'VI'U 
'U 

mLL~1 Vi~-:J"'illn~1vl' 'VIBI'lvi'-:JHoff1'J~tJ~b1£;1lVitl-:J 
1.6.4 bb?I-:Jbb(;l~Vl~'Uf'll?IVJ{ 

'U 

4 

bb?l -:J bb£;1 ~vr ~'U ~ l ?I Vl { b tJ 'U n 1 'J Pi n'MlU'J l n!] n l 'J ru"lJ B -:J bb?I-:J 1 'U 'J ~ ~'U JJVi fll fl b -d'U n l 'J 

?f~VJB'ULL?f-:J LL(;l~fll'J~n L Vi"llB-:J LL?f-:J V1~'U~1?1VJ{L ~\lL 'J"lllfl ruVJ1 iL~'UVJ'J\l~~ \l~lnnUViUlfi~'U"llB\lLL?f-:J 

b ~B bb 'VI'Ub~'UV11-:Jfll'Jbfi~B'U~"lle.J\l bb?l\l b~'UVl'J\ltl b~t.1n'J1-r\l~"1JB\l bb?l\l Vi~'VI1\l"lle.J\lb~'U-r\l~"'il~ b U~t.I'U 1 tJ 
L~mL?t\llJfll'JLtl~t.~'UI'i'1nm-:J 



d 
'UVI'VI 2 

~Tt.t3~crdef3~tJ 1~Pin~1~B~~~1~ 1 b~m;ruLJ{;11.fW 1 'Wn111~CJ 1 ~{;11~11tl~1b uun111~CJ 1~B~1~ 
11LJ~'W ~1~CJ t~~n~1~B~~ bMt11n'U n11~~n11b1CJu~~1 CJn1~'U1'Wn11~'U b{;11~VI1 ~~i1~1~CJVI~1CJ 

'U 'U 'U 'U 

vh'W 1 ~rl11~{;1'W 1 '<\l'l11~11 m 'Wn11~{9!J'W1rlWflT~~m11b1CJ'W~~B~Un b1CJ'Wb tl'W"\l1'W1'W~1n b ~B~'<\l1nb U'W 
~ 'U 

bi11'<\l~B~Unb1CJ'W~tlbb'U'U~1~ 1 n11't11~B~~V1~1t1 1 ~1'W~1lbr111~v;r111~b~11'<\l~B~Unb1CJ'W vh1~ 

u n b1CJ'W bn~ nTH1CJ'W ~B ~1 ~ b~ ~ ~ nCJfl1'W ?!~ ~ ~~ B n11 b1CJ'W~~B~u n b1CJ'W b tl'W B ~1~~1 n ~~J'W~1~ CJ 
'U 'U 'U 

~~ 1~Pin~1~B~~~1~ 11~CJiJbBn{;111bb~~~1'Wl~CJ~bMCJ1iB~~~~B 1 tJcQ 

2.1 Vl"'n{;1~1bbn'Un~1~n11Pin~1~ui~'woTw 'WVH5~n"J1~ 2551 (uD'Uu-r'Uu"J~ 'W.Pl. 2560) 
'U ... ~ q 

... ..., """""" v 
2.5 ~1'U1'<\lCJ'VlbntJ1~B~ 

fl1BB'U1CJ"J1CJl~1YJ~n~ 2 "J'lX{;11~1 1302021 "J~ b1CJ'WCJ 1{;1Li"JcW'VlCJ1rl~ Pin~1 1 brl"J1~v; bb~~ 

BBiJ1CJn1"Jbfl~B'U~bb'U'Utn1~BlinB~1~~1CJ~B~"J~'U'U~1~{;1tl~~b'U1 b~1~B~l~tl~brl~B'U~biJ'W1~n~~ , 

.cS d Q I Q.J ~ .d Q i.1 q Q.J q 

bfl~B'U'Vl~B~ b{;1CJ~~1'UB1n1Pl B~"J1 b "J1~B~fl~'Ub{;1CJ~ n1"J{;1~'VlB'U~B~ b{;1CJ~ n1"JVInb VI~B~b~CJ~ n1"J 

biCJ1biJ'W~B~b~CJ~ n1"Jbb'Vl"Jn{;1B~~B~b~CJ~ r111~b~~b~CJ~ "j~~'Ub~CJ~ Vln'Un1"J1~8'W ~~fl11~'Vl1~ 
'U 

v w: 11 d~ Q..l iJ Q Q.J c::l 0 

B~"J1b 11~B~bb~~ n1"J6'1~'VlB'U~B~bb~~'Vl~11~~~1~n.r;Jn1"J6'1~'VlB'W n1"Jb ~CJ'U1~~~B~bb{;1~ n1"Jr11'U1ru 

~1 bb VIU~ bb~~~'W1~fl1'W~B~l~tl bilB bb6'1~~ nn1~'Vl'U n1~'<\l n b'I1"J1'U bb~~ n1~'<\l n b~1'Vl"J~ n ~~ n116'1~VJB'W 
~ 
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Q.l q .d d ~ 6' 0 I .C::::. Q.J Q.l 6' 

':i'l?f~B-Hl?f'll 'Vfe1 ll?f~'IJl1'V'fVllfW1~1 fll~'I..!?IU1'1 fl1':iVi11?l1ll VI'W'I ~'Wl~ ~'W~~fl'IJll'W A11:W?f:W'W'W5 

':i~VIll'l':i~CJ~ll?l~ ':i~CJ~Jll'W bb~~A11:WCJ11l ~n?f thlrt!] fl1':iuJ~lMCJ1rlUlb?f'l boUt! fll':ifl':i~~lt.J bl?f'l 

1-:~ fllTVl':i'lfl~~ iJ';il~ btlt!~'U '\-1~'UBUfl':iru boU'W bA~B'Iult.Jfll'W n~B'I~lCJ':iU n~B'I~~'Vl':i':i~U n~B'I 
, , 'U , 

1 'Vl';i'Vl';i';i~U l tl'U~'U A11:W?fl1'1 {911 bb~~fll':i:Wfl'lb ~'U~ fll';j~?f:W?fl';i~ fll';i~?f:W bb?f'l ?11 b Vll?l~fl'lfll';i , 

'UB~ffi~CJ 1 in';i~'U1'Ufl1':i'Vl1'll'Vlt.J1~1?fl?l4 fl';i~U1'Ufl1';i~'Ub?f1~VI1A11:W1' fll';i~Ufl'W~fl:W~ fll':i~'lbfll?l 
'U 'U 

bb~~~n~:wBch-:~~1CJ';i1:W~'lr1'1'U1ru'lJ~:w1ru~1'1 6) ~bMt.JliB-:~1~ 
'U , I 

2.1.1.2 BTIU1CJA11:W~l)';i';i:W~1~~fl'lll?l(lbb~~fl1';ibfl~fl1':i~'U'~~B'l1~ , 

I I !IJ 
~ '"' <1.1 I( <1.1 ~ <1.1 '"' <1.1 '"' <1.1 0 

A~'U~1CJVI~fln1':i~fl'IHBVbfi'W?f U~~fl1';i';i1:Wfi'W~fl'IA~'UI?l1:WVi~flfl1';i~fl'W'Vl'U 'W';ifl:W'Vl'IA1'U1ill 

ell?l':i1b~1 A11:W~ bb~~A11:WV11A~'U1~ 
v 

2.1.1.4 ~'lbfll?l bb~~BTI'U1Vfl1';i?f~Vlfl'U fll';i~flb VI fll';ibb 'Vl';ifl?ffl~ bb~~fl1':il~CJ1b U'U~B'I 

A~'U~1tl1 ':i1:W~'Irl1'U1illU~:W1ill~1'1 I ~b~CJ1~B'11~ 
I I I 

2.1.1.s Bfiulvnl';ibn~b~v-:~ nl';ibA~e:~'WYi~e:~-:~b~v'~ A11:w~:w'W'W5';i~VI11'1A~'U nl':i 

fl':i~..ij~~eJ.:J eJ'Ufl1AtlUA~'UA11:W~'W A11:W~:WcW'U5';i~VIl1'1eJI?l':i1 b ~1~eJ'I b~V.:J1 'U til fll~~~'U tl'U , 

fl1';ibiV1b'U'U ':i1:W~'Irl1'W1rutl~:w1ru~1'1 1 ~b~V1iv'l1~ 
2.1.1.6 eJTI'U1CJA11:Wbi:Wb~CJ'l ';i~~'Ub~CJ'I eJ'IrlU';i~fleJU~fl'lfl1';i1~~'U AillJll'Wb~CJ'I , 

bl~~:w~~~'Vll'lb~CJ'I ':i1:W~'Irl1'U1ru'lJ~:w1ru~1'1 1 ~b~Vl~v-:~1~ 

2.1.1. 7 'Vl~~eJ'I bb~ ~eJTI'Ul Vfll';i bfl~ fl1';i~'U~eJ'l1JeJ'leJ1 fl1~1 'WvJBU~l v b tJ ~Vi~'l~l'U 

':il:W~'l~'l bfll?l bb~~BBU1 Vfll':i bfl~UI?l A~'Uti'l thl fi!J fll':iuJ~BUb 'W~ B4 A~'Ufl':i~ bl V1 n~B'I b~ v 'I 

rl1'U1rutl~:w1ru~1'~ 1 ~b~Vl~B'~ bb~~'l11A11:W1'b~B'Ib~V'l1 tJ1 ~'U~l~?JU':i~'·ihl't~1~ 
'U 

2.1.1.8 Vl~~B'l bb~~BB'U1Vfl1':i?f~VJB'U~B'lbb?f'IVi~1ll?l~l?l1:WfiDfl1':i?f~VJB'U b~vt!-r'l~ 

~ B'l bb?f '~ bb~ ~rl1'U1 ru 19l1 bb VitJ'l bb~~~'U 1~fl1'W~B'Ill?l (] L:riB bb?f'll?l n n':i ~Vlu n ':i~ ~ n b'll':i 1u bb~~ n ':i~ ~ n b'll , 
!IJ I 

<1.1 ~ 0 '"'~ '"' 

Vl':i'lfi~:W ':i1:W'Vl'lfll5U1Vfl1';i'U1A11:W':ib ':ifl'lfll':i?f~'Vlfl'U~B'l bb?f'l~l n fl':i~~ flb'll':il'U bb~ ~fl':i~~ fl b'll'Vl';i 'I 
'U 

n~:w1t11~tl':i~1v~'U1'U~l~?Jtl';i~~11'U1~ 
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'!XnbVl 1l~~'leJBU1tJAl1~~irwtrB1~Vll1-:!Al1:W~n~1-:~ bb~~Al1~~f1U11f1!) ~~1n~~bb~~f111?l~VleJ'U 
n~uVl~~~B-:Jbb?l-:1 bb~~rhtnrutJ'1:w1ru~1-:1 1 ~b~tJliB-:~ 1~ 

I I 

2.1.1.1 0 Vl~~e:l-:1 bb~~ b~tJ'U1'-:J~~e:l-:lbb?l-:Jb cWe:lbb?l~-:J.f11'V'fVibfl~~1f1b~'U~U1-:J Vl1~1bb Vlti-:J 

~1...!1~ ~-u~~B-:!.f1TW bb~~Al1:W~:WcWtl'B1~Vll1-:!1~tJ~l~t1 1~tJ~.f11'W bb~~Al1:WtJ1l 1 vJn?l 1l:W~-:! 
~ 

f11'UlrutJ'1:w1ru~1-:~ 1 ~b~tJl~B-:~ LL~~BTIU1tJf111'l11Al1~iL~B-:~n11'1XnL Vl~B-:~ Lb?l-:J~TUL~'U~u1-:~ 1 tJ1 i 

tJ1~1tJ~'U1u~i~tJ1~~11u1~ 

2.1.1.11 BTIU1tJU11f1!Jf111W511:W~1~~b~tJltlUbb?l'l b~'U i-:~ f111VI1-:Jf)~~ lJ11~ f111 

b~'UVJB-:~YJ1LU'U~~1-:~ 11'U~l-:~n~1~1-:~nu 1~ 

2.1.1.12 ~-:!bf1~ bb~~BBU1tJf111:WB'lb~'Ubb?l-:!~ ~~B-:!l~tl f111~?l:W?l11~ bb~~f111~?1~ 
~ 

n11?in~1~u~'U:o1'U 'WVJ6P1n11~ 2551 (tn1utJ~\nh-:~ cw.~. 2560) 1~n1Vl'U~?l11~~1~ru ~i1A11:w 
dJI ~ , cu 

?~ e:1 ~A~ e:1-:~nu :w1 ~ 1:o1'U n11 L~ tJ'Ll1~ 'l B n ~:w?~11 ~~ 'l~-:~ 1 ~ ~ L~ tJ u L tlu A'U~ ilu ru ru 1 LL~ ~iJ Al1:w?~~ 
dJI '\J , , '\J cu cu , 

Bn~-:~5'li1Al1:w~-:~Vli'-:~~~~WJ'U11 ~~b~tJ'U,r'UL tJ'Un1~-:~ 1 'Uf111~WJ'U1U1~L 'Vl~~e:11 tJBn~l tJ ~-:~~b~tJ'U~~ 
, '\J '\J 

~ l 'U 1 l :U 1 'U f111 L ~ tJ 'U i 'VJ f1 ~ 'U ~ e:l 'U ~ l fJ f111 ~ -:1 lJ e:l tJ l) U~ ~ ~ ~ L ~ B1 ~ U 11 ~~~?I B ~A~ eJ ~ ~ 1 :U ~ 1 ~ 1 ~ 1 'U 

n11L~tJtJ1n~:u?~11~n11 L~ tJ'UTI'VI tJ1~1?~~4~nTvru~Aru.n1cw ~ L~tJu 11 L tJtJL i11Vl~1 t1~~1 ~ruli'UL B~ 
'\J , '\J , '\J cu 

~1~Vl~f1?1~1Lbf1'Uf1~1'lf111?if1~1~'U~'U:01'U 'W'Vl5P1f111~ 2551 ( uUUU1'UtJ1'l 'W.~. 2560) Lb~l f111 
'\J dJI , , 

1~tJ1'UA~~d~B'l?in~1 f11 BBU1tJ11tJl~1LL~~~~f111L~tJ'Ui~B-:J?lt11'U?in~1J'U 1 L~:WL~~Bn~ltJL~B 
t111 tJ1 m 'Uf111?11'1'l bb~'Uf111~ ~ f111L~tJ'U1 bb UU~U b?l1~ b ~B1 ~~ b~tJ'Ubfl~f111b~tJ'U1l ~1YJ~ f1~ b~B-:1 

'\J '\J '\J 

511~~1~~€1-:Jbb?l-:1 bb~~bb?l'lb ~~ b 1~1AW~ 1~ BEJ1'lA1Utll'U 1l:W~'lb ~B 1 ~lJAl1~b ~11~VI1-:!f111b~tJ'U1~ 
'\J 
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n1 1?1 ~VI B'W'VB'l bb?l'l b u'Uu 11 n D n1 1ru~ bb?l'l b&l'W'Vl1'l-;u1 n ~1 n !;11~~:n A11:WVI'W1 bb u'Wr11 

Vl~~:w18'~~1 fl{;11'l~iJ r11A11:WVI'W1 bb U'W B fl~1VI~'l vl11 ,X bb?l'l~ fl fl1~'Vl'U nu ~1 fl{;11~ 1 Vi:U bbil1?t~VI B'W 

~1VIU1'VB'l fl1~-;u fl b'l1 11'U bbil1 nil tJ~B1 fl1 Pl~'l b&l:W b~B bb?l'l ~ fl fl1~'Vl'U nu ~1VIU1'V B ~ ~1 fl{;11~ 1~ I 

u1:w1 tubb{;l~Vi Pl'V11'l'V B'l fl11?1~ VI B'U'V B'l bb?l'l -;u ~:W1 flVI1vu B tJ ~'Uvci fl'U511:W6lj1~ 'V B'l~'U~ 1VIU 1'V B'l 
'IJ 

' ' " 
?llJ1 b?I:WB ~'l fl11?1~VIB'W'V8'l bb?l'ltJ'U 

2.2.1.1 'Vl1'l b&l'U.SVB'lbb?l'l 

bb?l'lb U'U'r~il'l'l1'U1UVI~'l b&l'U'V11'l1 'U1UA~'U~1tJeJ~11b~1?1'l 300,000 nt{;l b:W~1 
'IJ 'IJ 'IJ 

~8l'U1Vl bb Vl~'ltl1 b U~bL?I'liJ~'l bb Vl~'ltl1L ij~~ bfl~~'UL8'l~1:W511:W6lj1~ b~'U bb?l'l~1'lB1Vi~ tJ~ b U'Ubb Vl~"l 
'Wil'l"l1'U'VB'l~"liJ~1~ LLVI~'l tl1b U~Lb?l'l~:W'U~tJ?I~1'l~'U b ~'U bb?l'l?ll1'l-;u1fl'Vi~B~ 1 yJ b U'U~'U b~Bbb?l"l 

~ 

bfl~B'U~~1'Ufl~:Wfll'UVI1v~'U~~BB.:J -;u~b i1'UbU'Uci'1bb?l'lb~'U~1'l bb~~?I1:W11tl'Vl~~~1'Ul~tl1~ l~tl~ 
~ ~ q ~ q 

tJv:w1~bb?l'lLA~B'U~~1'UbU'Ub~'U~1'l1u1~J'U b11b~tJn1~tld11 -r~tltu1--'l1?1 b~'W bbn1 B1fl1Pl J1 bU'U 
q q 

~'U fi'1bb?l'lbfl~B'U~~1'Ul~tl'U1'l6ljU~bbil1bfl~fl11fl1~-;u1tJ'VB'l bb?l'lBBn1 U t~tJ18'U vl11 1Xbb?l'lbfl~B'W~ 
~ 

1:UbU'Ub~'U~1'l b11b~tJfll~tlJ'W11 i'~tl ttJ1-:Jbb?l'l b~'U n1~-;un~1 fl1~~n~1-v 'W!;11G1~fl~1 bU'U~'W ~1'U 
~ , 

-r~~~1:UtJB:W 1 ~bb?l'lLfl~B'U~~1'U 1 u1~ b 11b~tlfll1l~~Vi'Ubb?l'l b ~'W ~U.:Jflv'Ufl~~ fl1~~1~bb ~'lVI'W1 I 

b U'U~'U l~tlVitJbb?l'l-;u:::?t~Vl8'Ubb?l'l'U1'l~1'Ubb~:::~~fl~'ULb?I.:J'U1'l~1'W 11v111 ~btl~ b'l1~'U 
~ 'IJ 

' " ' v ell ell ""' Q.l .,. .,. cll ""' 

fl11?t:::VI8'U'VB'l bb?l'l b:WB~fl fl1~VltJ'W'U~11~~'Vl b 1 tJ'UVI1B'V1'V1~ 'W ~~ fl11:W'V8--'l 

bb?t'l8'lA"lbU'U1U~1:Wfl!Jfl11?1~VJB'W'VB'lbb?l"l 2 ~B ~'ld 

l~mJn~ 
I 
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.QI 0 Q.l ~ i.J Q.l Q.J Q.J ..::::::. 

b:UeJ(;l1bb61-:J~f1f11~'VlUf1Uf11~"\lf1b-:1111U'C\l~6f1(9)f11161~'VleJ'Wf1{;ltJ:U1tJ-:J~1f1(;11-:Jb(9):U 

b(9) tJ Ln(9):U:U61~Vle:JU~i1~LJ1(9) L vl1 nu:u:u~ f1 f11~'VlU L61:Ue:J 6~e:Jtl1:U1U1~ tJ f1 ~1m tJ f1111'(9)f111:U ~-:J~e:J-:!1' ~ tl 
, , , 'U ~ 

rlTVILJ(9)1~ 

Y fie:J ';i~t.l~'C\l1f1"\l(9) B ii-:J \1(9) A , , 

~1:un{]n1161~Vfm.J~e:J-:~66~-:~ ~:u~nn';i~'Vlu (e) Lvhnu ~:u61~VIm..~ (a) 

\l1f1Jl1~\l~ 1r;)A11:U~:U~'UB~e:J-:11U611:U L ~~ t.l:U~-:~11' 
'U 

H = YX 
s 

l 
H 

(2.1) 
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2.2.1.3 1-:!~B-:!bb?i-:J 
' ' ... ~ .111:::\ o ~ v qv v v q 

bl!Bt.J-:J~1b~b6'ljB'J"~nn'J"~'Vlunu~1~'Vl~-:Ju1nnuu1n1ubb?i~ \l~bn~1-:Jn~l!U'U 

u1n-rubb?i-:J ~-:JilTV'fVi 2.3 

\l1nilTW~ 2.3 ?i1lJ1'J"flfl1Vl'U~vl1bb'lh b~BVI1fl11lJ~lJ~\.Hj~B-:!vl1bbth1~ b~t.J 

B1~t.JVI~nn11?i~VJB'U~B-:! bb?i-:! bb~~'J"U?i1ll b VI~ t.lllfl~1 t.J 1~~-:Jd 
\1 

i 
l 



"il1ncf11'W~ 2.4 n1VI'U~1~ 

R AeJ 11'lliJ1JeJ,n-:~n{;ld.J 

X AeJ ';j~tJ~';i~VIl1'1"il~ c ~'I E 
~ 

d dv v c::1 2.1 v v v 
82 fiB d.Jd.J'Vll~"il1n';i-:J?l?l~'VleJ'Ud.J1tJ'Ib?l'Ubi.'Ul';i~~u 

~ 

?11:W1';it1rl1'UlruVI11'1'llib-:~1JeJ-:J bb?t-:~1~ ~1d.J?ld.Jn1';id 

R = Xtan 82 

11 

(2.2) 

Q.l ~ .d .d d I OJ cJq 
n1';i'VIn b Vl11 eJ'I bb?l'l (Refraction) bn~"il1 nn1';i'Vl bb?l-:J bfl{;l eJ'UVJt:-J1'U~1 n{;l1 ~VId.J 

fll1d.JVI'U1LL 'll'Uvi1-:~n'U L U'Ut:~mvl11 ~Vil'll'Vl1~1JB~LL?l'IL tJ~tJ'ULL tJ(l~ 1tJ~ltJ ;-:~1 'U1Jru~~bL?l-:Jbn~n1';ilXnL VI 
v ' 

n"iJ~Ln~n1';i?l~VleJ'U1JeJ'Ibb?l'I~'U'Vi~eJ:W I fl'U~ltJ ~'li11'WVl 2.5 

n2 = 1.00 

d I I 

ilTWVI 2.5 ~\l~~nnra~'VI'U ~\l~~nb'VI Lbf;l~~\I~~~~B'UtleJ\Ibb6N biiBbb~\lb~'UVI1\J<\l1n~';Jnf;l1\IVi 1 

1tJEi'.:t~1nf;l1.:t~ 2 

"il1ni11'W~ 2.5 bde:Jbb?l'lb~'U'Vl1'1~1'U J1 (~ln{;l1~~ 1) iJril~~t1lXnLVI n: ltJt'T~ 

tl1 (~ln{;ll'l~ 2) iJ~l~~ij'tXnbVI n2 "il~L~'U1~-Jl'r~~1JeJ'Ibb?l'l~b~11tJ1'U (~ln{;l1'1~ 2) iJbb'Ul'Vll'l 

LtJ~t.Ju1tJ"illnLb'Ul1''1~~nn';i~'V1uL~d.J LL?t~"il~Ln~n1';ilXnLVI 1~CJ~1 811~f1B~d.J~1-:~~~nn';i~'Vl'UVhn'U 
L?f'Utl n&l bb~~ 82 AB1Jd.J~1'1~lXn b VlvhnuL~'Utl n&l L~t.Jnl11Jd.JlXn b Vl (angle of refraction) "ill nnD 
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.., .., 
~1fl~1~r1~(;1€J~ ~~~~ ~~u 

(2.3) 

\?l';i';i~cW'tXfl~ Vl~€!~~~?1~ fl€! eJ~';i1 ~ 11~€!~ ~~£;1~ 1 'U£;1tutu1fl1~~€leJ~';i1~ 11~€!~ ~~?!~ 1 tl 
, QJ QJ 

~1n~1~ 1\?1 1 ldBll£;1~~r~~Bu~~1'U~1n~1~~1~~u\?lnu~~:Wer~';i1l ~1~1~nu ~~vn 1~~1n 

c 
n=­

v 

.d .::11 ""' ..... 

l:U€! n riB \?l';i';i~t!VIfl~VI~B~~l£;1~ 

c f1B er~';i1l~1~B~~l£;1~L'U£;1ruru1fl1~ 
, QJ QJ 

v f1B er~';i1~~1~B~~~£;1~1'U~1n~1~11?l 1 

(2.4) 

(eJ~';i1l ~1~€l~~l£;1~1 'U£;1tutu1fl1~ = 3 X 108 ~:U~';i/i'U1Vi) fl1';i~fll Vl~e:l~~~£;1~'Vll 
, QJ QJ 

1 ~l ';i1:UeJ~l ~tlfl1'W~eJ~1~rtB'uVI~~~~:ueJti1 untl£;1';i~ 11 EJJ1eJti~un11r~11:u L uu~1~ ~ l tl'UL ~udn 
, 'U 'U 

I lJ I :: Cl.l aA q ~ I ~ ~ ~ d 
l ~';i1~11 ll?l~~1 fl fltl£;1';i~11 EJti1~~VIfll VI ~:UeJ l\?lti'Y11~ ~1 fl'W1~eJ1fl1~ 'Yl~tll ~';i1 ~r111:U l ';i1~eJ~ ll?I~'VI 

~~uvn~ 1 'UeJ1fl1~l11fll1l~'W'Y11~ 1 uJ1 ~~vi11 ~~ i1ufl1~~eJ~l~fleJV~'Wfll1r111:U l uu~1~ 
, 'U 

fl';j~'lJ1tlfl1';il~EJ'Ufl1';i£;1eJ'U~ U'Wfl1';i~'U ~£;11~~~~ Ut!fl1';i~w.Jt11L ~~ l~EJt11~~Ur111:U~ll~~r1 fl~~ 
'U 'U 

fl';i~'U1tlfl1';ii'Y1EJ1~1?1~i u~n~~ 1 ~~ ~~EJ'U 1~1~n1 ir~11:U~\?l~eJ~~'UleJ~ ?11:U1';if"H?I1~Ll?I'NVI1A11:U~ 
'U 'U 'U 'U 

VI~Bi~A';i1~~ieJ:u~ 1~ (lu~:U~~ ~1bijeJ~Ufl, 2551) 
'U 

fl1';i~'U l£;11~ ~ U'U ~~ '1..11 ?11?l~lJrl11:U~'UieJ'U lL~ ~lJr111:UVI:U 1 EJ ~~~ fl~ 1~ n'U 1 U~1:uu1u'VI'vi1 ilL~~~~ 
'U 

~6~~ tJfl~~EJtl (Budnitz, 2003) 

fl1';i'<ill?l fl1';i 6~EJ'U n1';i£;1eJ'W~ b uu~ ~~EJ'U ~ uurl1f1 ru ~ uu ~~ 'U1'Y11~~r~';i ~£;1eJ'WA1 ';j 1 ~r~11:url1fl ru ~ uu 
'U v 'U'U QJ 

eJV1~:U1fl lJVI~1EJiB~£;11:U1';irt~WJ'W1fl1';i6~EJ'W~~eJ~U n b~(J'W 1~ ~~A';i~£;1-eJ'W~eJ~ 1 iA11:U~~lBEJ\?l';ieJU 
'U 'U'U 

A';ieJU 1 'Ufl1';ib~eJfliBfl1';i~\?lfl1';i6~EJ'Ufl1';i£;1eJ'Wb ~B1 ~?IB\?JA~ eJ~nuun~~EJ'W:U1fl~£;1\?l l~~~bfl\?JU';i~ 1EJ~tJ , 

£;1~£;1\?lnUUfll~EJ'U 1 'W~1'Ui~EJd~i~EJ 1~~~€1 fl 1 ifl1';i~~fll';i6~EJ'W1LL UU~Ub£;11~ :U11 it 'Wfl';i~U1tlfl1';i 
'U q 'U 'U 

~l?lfl1';i6~EJ'U-rl ~nut!n 6~EJ'W 6~B~~1flL U'Ufn"J-cil~n1"J b~m..~1~ bU'U~b~EJ'Wb U'Url1flru ~~ b£;1'1:u 1 ~t!n L~m.J 
'U 'U 'U QJ 

A11:U£;11:U1';ifl£;11'1~:U 1 'Wr1f3l'U1~ ~1EJ~'Ub€l~ ~ U'Ufl1 "j~WJ'U1r111:U£;11:U1';ifl1 'U ~1'W ~1~ I ~B~tJf) b~ EJtl 
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1'VltJ1Pl1?1~~1 'Ufl1':i~16 'i"J'wn~ n':i':i:Ufl1':i6~tJ'Ui,i'U 1 (Good, 1973) 6661~:W'n~~t.~:U~'Wn':i~'U1'Wfl1':i 

6~tJ'U~~-;mf1'TW~ f1'1~1:U 1t1'1B6'lt1~fl1':itU~1~ 61 Vl1\l5':i';ilJ6lj1&J~1flfl':i~?IB'U b~8fl':i~~'Uf111:U?I'U1~~8~ 
'IJ 'IJ ~ I 'IJ 'IJ , 

Uflb~tJ'U ~~t:-1611 ~cWflb~tJ'U6fl~f111:U~'Ub~'U 1f1~~ i1f111:U~~ 1~ 1 'Ufl1';i~1btJ'Ufl~fl';j';j:JJ ';i1'U':i1:Ui8:U611t1'18 
'IJ 'IJ 

'lt1~fl:01'W~1~ 61 LL61~L ~8:U ttJ~r111:U~Li11t11 tl'W6 ~8U':i~:U161t:.J611 m~:u1~ ~f1'1~8'U1t1'18i8?1':iU~~fl~8~ 
6.!1 I 'IJ , 'IJ 

?l:ub 'lt1~?1:ut:-J61:u1n~?l~ v111 ~'t!nb~tJ'U:u8~b~'Urn~ 1~~~b~'U bb61~~n~~~~~'U dJ'Un~n':i':i:Ufl1':ib~tJ'U~~ 
~ ~ 'IJ 

1 ~ n ':i~ 'U1'W fl1 ':i n~:u 6 cW'W f111:U ~ 11 'U ~~v!1t1'18 rh ~ 1 n ~ f111ll (American Association for the 
~ 

Advancement of Science : AAA5,1970) 

fl1':i~'U b?l1 ~ b tl'U fl':i~'U1'U fl1':i~U fll'Vl tJ1 P11?1~ft ~~ fl~1Bfi'U1 tJU':i1 fl!) fl1':itUVI1~5':i':ilJ6lj1&1 ~~11~ 

8~'U'W~'U~1'W~8~1t1~n~1t!1t1'18 1, 1t1~ t:-161~1~ 1 bb61~Bnr111:u1t1:u1tJ~B6 tJ'Wn':i~LJ1'Wfl1':i~unb~tJ'W 1m 'W 
. . 

ILl ILl 0 I col <'I ""' .. I col ILl d/ <'I 

fl1':ir1'Wr1111t11r11~8LJ8tJ1~ll':i~'ULJ b 'W885LJ1tJ L 1t1~n1':iru~1~ 1 'Vl~8~fl1':iP1fl~1fl':i~'U1'W fl1':i?ILJ b?l1~ 

1 'U~8~ b~ tJ'Ui'Vl tJ1Pl1?1~~1 'U fl1 ';i~ ~ fl1';i b~ tJ'U fl1':i?I8'U ~?18'U?I1lJ1';i~ b~ 8 fl~ ~ 1 ~~ b~ tJ'U 1~ b ~ tJ'U ~ 
'IJ 'IJ 'IJ 

l'VltJ1Pl1?1~~t.Jl'Ufl':i~'U1'Ufl1':ivll~ 61 1 'Ufl1':i~'Ub?I1~~1:U'U1'UVI~8~~?18'U ~b~tJ'U t ';i~b~tJ'U bb61~LL 'lt1~~ I 'IJ 'U 

fl1';iL~tJ'U1~i18~~1lJf111lJL 'lt1l11~?1:U t~tJrl';ib U'U~?IU'U?I'U'U 1 ~cWflb~tJ'U 1~~1';i1~th1 flfl fl1';itU~1~ 61 
'IJ 'IJ 'IJ 'IJ , d.J I 

Lb~~fl':i~~'W1 ~'t!n b~tJ'W?I~1~f111:U L i11 ~'Vl1~l'VltJ1 P11?1~n~ 8 ~1~~ n~ 8~ (Hooan & Berkowitz, 
, 'IJ ~ 

2000) 

fl':i~'U1'Wfl1':i~~fl1':ib~tJ'W1Lb'U'U~'Ub?l1~,i'W Windschiti and Battemer (2000) 1~n~11(1~ t~tJ 
'IJ 

81~tJf111:U~L~l1~8~cWflL~tJ'UL tl'U'lt1~flbbU~btl'W 3 i'W~8'U ~~d 
'IJ 

(1) n1':i~~r1'1~1:u r1'1~1:u~~1~qJi1r111l11t1:U1tJbb61~?11:U1':i~~uL?I1~'V11~1'VltJ1Pl1?1~TI~ 

fl1':i~'l1n b~tJ'U~~r111:u b ~'W1t1'18~~?t:w:w&l~1'W ~ru~~G1\l bfl~U':i1 fl!J fl1':itU5':i':ilJ6lj1&1 vl1'W1 tJrl1~8'U~1fl 
fl1':i61~r111ll b ~'U LJ'¥LJ'lJ':i~~~ t11r1' 1 ~ 1:w b661~~~?t:w:u&l:o1'U~?11:u1 ':i~~?I~'W1~ r1'1~1:w~i1r111:U1t1:u1 tJ 

, 6.!1 'IJ 

~BcWflL~tJ'W~'U8~tl'Ur111ll?I'U 1~ r111l18tJ1fli8tJ1flL~'U bb61~U':i1fl!Jfl1':iru~1~ 1 ~8~Uflb~tJ'U r1'1~1:u 
~~~t111 U~fl1';i~'Ub?I1~VJ1~i'VltJ1P11?1~~ A1';ib tl'Ur1'1~1l1~1 ~rl'Ult11r1'1~8'U~b~8~ ttJ~~~~btl'Ub'lt1~ bb~~ 

'IJ , 

L tl'Ut:.J~ L ~8't111 tJ~n1':i8fi'U1tJth1n!JnTH11:w1nn-:hn1':i'U';i';itJ1tJth1 nnn1':iru 

(2) fl1':i~8'Ur1'1~1ll fl1':i~B'Ur1'1~1l1~1LU'U~8\l':i1'U':i1:Ui8:u~~bu~1~b~1~~~ ~~b~8bLU~ 
'IJ 

f111lJ'lt1l11tJ~8~~8l161 6b~1 ~~ b U'U'lt1~ fl:01'U~~1 A ru~~~'V1~?18'U?I:WlJ&l:01'U~8~ r1'1~1ll,r'U 1~ n~ fl';j';jlJ~ 
\.1 d.!i QJ d.! 

~1~ru~11t1'¥LJ't!nb1CJ'U~8 fl1':i':i~'U\911 6L tJ':i~6~CJ1~8~ ~\l~~~1tJ 1 ~?11l11':i~':i~'U 1~11~~~8~';i1'U':i1:U 
Q.l ~ , 

~8lJ611t1'186Vl~ tJlJ~~ 1~u1 \llJ1VI~?I8'U?IlllJ &l:o1'U 6661~ fl1';i'Vl ~ 618\l 6 U'U~ n~~~'U:01'U~~1 ~ru ~11 fl 61 tJ'U 
cu d.3 dJI v 

~ ~vl8\li1 f11~ 8:w61~1~~?11:w 1 ';i~~?t~u?t:w:w &~ :o 1t~l~1t1'18 eX 8\l ~, u~ tJ'U r1'1 ~ 1:w 1 1t1~ 11 n ~.~ tJ'U ~ ~~ 8~ 
'IJ 'IJ 6.!1 
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'VI ~fl e:J..:J A1 1:w f1 ~ 1 Vl:ti 1 vl1 n1 'J ~ fl'l.~n A'W All l.l.fl ~ e:J5u 1 CJ ~ ..:J ~A' 'W'YfU~h CJ (?l..:J 1. eJ ..:J fl1'Je:J eJ n 1.1. uu fll 'J 

'Vl~fle:J..:J Ufli.~CJ'W~~~e:J..:J6~11~11~~'J1'U'J1:W~e:J:Wfle:J~ 1 'JUl..:J Bth..:J 1 'J~..:J~~f:11:Wl'Jf:l(?leJ'Urllt:ll:W~f:1..:J~CJ 1~ 
'lJ 

(3) fll'Jl 6A'J1 ~~ bbfl ~ e:J5'U1 CJ~..:JViA'W All ~1 fl fll 'JcWf:1~Uf:1:WiJ~l'W AB fl'J~'U'd'Wfll'J li.A'Jl ~~ 
'lJ ""' 

61.~~B5u 1 CJ 1 ~~~'W 1. ~11 ~l.l.fl~CJB:W'Yu 1 'W~..:J~ fl'W~'U~lfl fll'JcWf:1~Uf:1:W:U(?l~l'W t~ CJ fll'Jli.A'Jl~~l.l.fl ~ 
'lJ 'lJ ""' 

B5U1 CJ 1 'WI.I.~fl~~'W(?leJ'W~ B..:J fl'J~'U'd'W fll'J'Vll..:Jl'Vl CJ1Pllf:1(?1~ I. tJ'W I.A~eJ..:JijeJ611 ~'lJ~ B..:J fll'J~'UI.f:11 ~'Vll..:J 

l'Vlt.J1Pllf:1(?1~1. uunl"J8'Wir'WA11:W t:1 n~B..:J~e:J..:J~Bf:1'J'IJ~..:J~ ~'W~'U 1. tJu 1.1. 'W1VJ1..:J 1 'W fll'J'Vl ~f:1B'Uf:1:U:w ~~l'W 
'lJ , ""' 

' II 

i~I.~'U~..:J~'W 

f:1t:ITU'U61~1.f:1~:Ufll'Jf:1B'WlVJCJ1Pllf:1(?l~l.l.fl~l. Vlfl t 'W t~ ~ (2544) 1~n~11~~fl'J~'U1'WflTH~CJ'Wfl1~ 

f:1B'WI.I. 'UU~'U l.f:11~ 11 5 ~'W(?leJ'tJ~611~f:l!~~cQ 
( 1) ~'Wf:1~1~A11:Uf:1'W1~ (Engagement) 1. tl'Wfll~Ull. ~1~'\J'Vli.~CJ'WVI~B I.~B~~f:1'W1~ ~~Bl~ 

l.fl~~'WLB~~l flfl11:Uf:1..:J~ CJVI~BBl~ I.~:U~l fl A'd 1:Uf:1'W 1 ~~ B~~1Ufl I.~CJ'WLB~ VI~B l.fl~~l fl fll~BJ1'1J~1CJ 

.n1 CJ 1 un~:u I.~B..:J~t.ilf:1'W 1~B1~:w1~1n1. VI(?] nl'Jru~ n1~~ ~.n~~uB v1 u~1~1. 1~1,ru VI~BL uu1.~B~~ 
, , 'lJ 

~fl~11 'Wfl~W~EJ-:J1:Ji1'1J'J~b~'W 1~Ulf:1'W1~A~B1~~~ 1 ~~fl~l~lfl~B~l-:1 61 Vl~eJI.tJ'U~fl~~~'W~1CJfl1~ 
'll I 'll , 

l.f:1'WBU~~ I.~'W~'W:Ul n B'W 1.1.~1:J A1 ~U-:1 A'U 1 ~,)' n L ~ tJ 'W tJ B:U 'Yu U ~~ 1.~ 'WVI~B rl1 t:l1:U~ A~ tl1~ 'l?i'W 1 ~I. tJu 
'lJ 

I.~B-:1~~~ 1 ~~fl~li.~Bi1rllt:ll:W~1Jlf:1'W 1~ l.l.fl~Ufll.~tJ'W~1'W 1 Vlqjt.JB:W'Yu 1 ·~\uu'IJ~~I.~'W~~B\Ifl1~~fl~1 

~\lci1:u tl'W tllVI'W~~e:J'U I. ~(?ll.l.fl ~ 1.1.~ fll.l. ~\1~1 t.Jfl~ I.BtJ~~ B'II.~B-:1~~~ ~ fl~11 ~i1A11:Wi~ b ~'W~\l~'WB1~ 

~1:U~\lfll'J~1'U~1:UA11:U~U'J~f:1'Ufll'JDJb~:W V11Bfl11:U~~lfl bb Vl~\1~1\1 61 ~~~~1CJ 1 ~t.h61A11:Wb~11~ 
'll 'll I 'll 

Vl~B'IJ~~~.~'W~~~~n~l:w1n~'W bbfl~l1 1.1. 'W1'Vl1\lm m 'Wfl1~611~1~\?1~1~f:1eJ'UeJ V1\IVI~lflVlfl1tJ 

(2) ~'W611~1~bl.fl~A'WVI1 (Exploration) b~Bvl1A11:W 1.~11~ 1 'WU~~b~'W Vl'1Brllt:l1:U~?i'W 1~~fl~1 
I I i.l i.J ~c::l 0 0 t ~ 0 c':li 

e:JCJl\lt:leJ\1 bb 'VI bl.fl1 fl:W fll'J11\I 6b~'Wfl1Vl'W ~ 1.1. 'W'd'Vll\1 fll 'J~ 1 'J1~(?1~1~f:1eJ'U(?l\l?i:IJ:W(?l~l'W fl1Vl'W~'Vl1~b~Bfl 
""' 

~~. uu 1 u1~ ~\lilBuiJu~ 1. ~B ~.nu~1U'J1:W~eJ~{;j ~B~'Wb 'VIPIVI~Bu ~lfl!Jfll~ru~l\1 1 15n1~(?1~1~f:1Bu 

Bl ~vl11~ Vlfll t.JlB I. ~'W vll fll 'J'Vl ~ fl B..:J vll n ~ fl 'J'UJ fll A r:1'W1 :W fll ~1 ~A B:W'W1 b(?l eJ ~ b ~ B~'d t.Jf:1 ~1 ~ 

~t:ll'Wfll~tU~lfleJ..:J fll'JPifl~l~B:Wfl~lfl 6eJfl~l~VI~eJ~lfl bi.Vl~..:J~B:Wfl~l\1 61 b ~B 1 m~:Ul~\I~B:U~ Bth~ 
'll 'll I 'll 

b cWCJ\I~eJ~~~ 1m 'W~'W(?leJ'W~eJ 1 u 
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(3) ~'W eJ B'U 1 tJ bb61::: 61~~eJ?qtl (Explanation) b~ eJ 1~~eJ~61 eJ Vl~ b ~ tJ ~ 'W eJ ~ 1 n n l'H~ 1 ~l ~ 

~ ~l ~61eJ'U bb~l ~~111~ eJ:w 61 ~ eJ61u b 'Vlfll ~1~:w 1i bfl ~1 :::~ bb tl61 ~61 61~'ll ~ 61 bb61 :::111 b61'W eJ ~61 ~1ffi u 
~ , 

~tlbbUU~1~ I b~'W u~~t.J1EJ611tl 61~1~bb'U'U~161eJ~'Yl1~flru~fl1161~1Vl1eJl1~~tJ 61~1~~1~1~ "161"1 n1~ 

rl'W'WU 1 'W~eJdeJ1~ b U'W 1 tJ1~VI611tJ'Yl1~ b ~'W 61UU61'WL.l61:W:W~~1'W~~~ 11 t~ bbEJ~ fl'U61:W:W ~~1L.l~~~ 11 , ~ ~ 

il 
!1.1 cf 

fll1~~l1~~L.l 

(5) ~utJ~:::dJ'U (Evaluation) bUL.lfl1~'ll~:::Lijun1~L~tJL.li~lt.Jfl~:::'Ull.lfl1~~1~ 1 ':hirnb~EJL.li1 

fll1:W~eJ::: 1 ~u1~ eJ~h~ 1 ~ bL61::::w1nueJEJb~t.J~1~ ~1n~ud~:::1111 'll~n1~111fll1:WTI 'llth:::EJn~1m 'WL~eN 
~ 'U 'U , 

~'W I ~lfl~ fl~1l:W1611:W1~fl611'l11~11 fl1~61eJU LL 'U'U~U L611:::Vl1~i'Yl CJ1fl11?11'11~::: bL tJ~ L U'U~'W~ eJ'W 

'tJ~:::fleJ'U~ltJ~'U~eJ'UVI~fl 'l ~el fl1~~~rl1fl1:W L Yle11111 'tJ~~61?t~tJ fl1~~1~l~ fl1~'Vl~61el~ bL61:::fl1~ I <u , 

Bii'll~1 EJ LL61:::61~U~61 , 

flll:Wfl~'Vl'W 1 'U fl1 ~ L~tJ'Wi1fll1:W~1 L U'WLL61:::~1 ~qj:W1fl~1VI-r'Ui'YitJ1f!11?1~1 L 'W~l:::Li~~:W~l~~el~ 

i~1i'VlEJ1fl11?1~1~1L U'U~el~ 1 ~fll1:W~L~:WL U'W~'W~l'W ~1VI-r'Ufl1~L~tJ'U~L cdeJVI11 'W~:::~'U~?I~~'W LL61::: 
'U d.t 'U 'U 

~B~i1fll1:WLMEJl L ~el~fl'W~1:W~1~'U Li~'elVI1fll1:WtJ1fl~1tJ EJ~~el~~~~1~~~1~ 11~ LL61:::?11:W1~fl1111 'll 

1 ~LLnUruVI11 u:ai~'ll~:::~1i''W~'W'UBV L?I:WB1~ L U'WBV1~~ ~1flfll1:W~1~ru~~n11i1m ~flll:WVI:WltJ 1 i 
OJ 'U OJ 'U 

~:::EJ:::n611~~~~l~vh~nueJeJn 1 tJ~:::tJ:::Vi~~ 

-rn~~~ bb'W~ueJ~ (2554: 65) n~1111 n1~~61:wB~1~u'WVinL~eJ~~1l~1~ 1 ~~~:w~611~~lEJ 

'll~:::611'Vl~:W~61~~ 5 b U'Wfll1:W611:W1~tl~~::: Ltl'U~~~ b~EJ'WTI ll~L U'U b l611'W1'WbL61:::?11:W1~tl fl'Ufll1:W11~ 
'U 

Vl1B~:::~n 1~ 

1ui611 neJ~b61'U (2558: 39) n~1111 fll1:Wfl~'Yl'U'Y11~fl1~L~EJ'W Vi:W1EJ~~n1~fl~11~'1 

tb:::61U fl1~tUVI1eJfll1:W611:W 1~fl~ er L~ EJ'U 1~-ru ~1 fl fl1~ L~ tJ'U~VI~ eJ'tJ~ :::61'U fl1 ~tUVI~ ~~ 1 fl~~ 1 i~l 'I 
~ ~ 
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66 uuuv1 61 t.Jt~tJl)u~ nT;i VI~~ ~1 n ~tl~ ~ nT;j 61t.J'U 1 tJ 66~ 1~ eJ~ ~tJ ~ 1~ 1~ t~i' ~ ~1 n r1 ~ 66 'Utl~1~ 'U n 1';ivh 

66 'U'UVI~~eJ'Ul ~~~~~'lVIBvn~ n1';iL1tJ'Ul~1flW~Pl1~~1~1 VI1'U~';in~ ~~ b U'UuU'U b~tJ'Jfl'U nu~1 i~eJ'U 

Vl~~~1 n L~t.Jt!~'UVIU1 t1 61t.J'U6L~1 

fl1 1~ A~VJ'U 1 tl nl';i L1t.Jtl 1nfl11~~1 ~ruln n ~ eJ n1';j L1t.J n1 ';j~eJ'UlVJ t.J11"11~~~ 6 'W';il~u n L1t.J'U 
'U cv 

-o51 b U'U~eJ~ 1 if111~1' b~~ b U'U~'Uf01'U 1 'Unl';ib~tJ'Ub i1BVI11 'U';i~~'U~~~'U nm ~f111~VI~1 tJ~eJ~ f111~ 
'U ...,. 'U 'U 

A~VItl 1111 f111~f1~VItl 1 'Unl';ib~t.Jtl~ Vl~1t.Jt1~ fl11~~1~1';ifl~eJ~~~eJ~~eJ~b6~~~'Uf1f1~ 1 tlnl';i';i~~ n~~ 
'U , 

U';i~~un1';iW~1~ 1 ~~~~~11~t~~1~1';it1tht~VIeJ~eJeJn~11~ Ci't~~1 u'U~1, 2538: 41) VI1B 

A11~~1~1';ifl1 'Un1';i~~-o51~~~ 6~t.J'U~~~1'U~1 L~eJnn1';in~11~~~1~1';ifl';j~~ n~~ 1~ t.J~1~1';ifleJB'U1 t.J 
'U 

V11B1~fl11~VI:u1t.J 1~ (~';il.fl';iru Vlcwi1t~, 2547: 12) LL~~~1~1';it1U1f111~1'~~1'UU1~~un1';iruJt~~1 
'U 

1m~BnVI~~~1n~~1~t.J~n~1VI~~ CYicw1~t1 ~~';i~, 2sso :41) 

n1';ib~t.J'U~~A~VJ'UbcWtJ~1~J'U;fftleJ~nu~n~ru~~1~ '1 ~~d ~eJ th~n11~ 1 Aru.n1'W~eJ~n1';i 
'U I , 

6~t.Jtl n~1111 ~1n1';iL~t.JtlnAru.nTr~~-:J~1n n1';j~~n~eJ~i1 n1';iL~t.J'U1 ~b~11~~n~~~~~ht.J 1 ~~~~1 
, 'U 

nrn1~A~VIt!~eJ~n11b~t.J'U~ tJ1~n1';i~ 2 ~El Lu~t.Jn11tlnu~LUt!';i~tJ~~'U 1 vh1~fl11~fi~VJ'U~n11 
nl';i~~~ t.J~eJ'U b tJ 'UL1~1'U1'U '1 6b~~tl1~ n11~~Vi'1 t.J ~eJ ~-:J~ b~t.J'Uflf111~~~'W'U5n'U ~~vh 1 ~fl11~ , I , 

A~VJ'U~eJ~ n 1';ib~ t.J'U ~ n11~-:J~1l-lnf111~VI~1t.J LL~ ~ 1l.l b~t.J1Yi'U5n'U c ~~ .nil.n1r1, 2523: 72-73) 
'U 

2- 4 ~tl~1~VI1eJ 14 ltl b'W11~Ltl'U~h~f111~-.J'11~t.J~~tl~~~1n~1t.JbU'Ufl11~-.J'1';i~t.J~t.J11 Vl~eJf111~ 

A~VItl (~t.J'W';i 1~~115, 2550: 118; bO~~cw~ ~111LijeJ-:Jun: 2551: 54) 1~t.J~eJ~1~LL'U'UVJ~~eJ'UuU'U , 

6~t.J1n'U c~cw-r~t1 ~~';i~, 2sso: 37) 

n1161t~'W1'66~~n11-o51flA1111~1l'W'U5~-:Jnt!LL~~n'U b'W11~n1';i-o51 ~eJ~tl';i~neJ'U~1t.J 
'IJ ,., 

cw'l~n';i';i~~1~ 1 ~~u 

(1) n1';ib~t.Jt!1' (Learnino) er~~1111';it1-oJ'11~:lJnbn~~1nn1';ib~t.Jt!1'~bbYJ~~~ flLVII?l~~ bb~~ij 
'U :::> 'U 'U , 

Vl~nLnru~ ~1~1';ifl~~~~VI~eJ-.J'1n~Lnru6f1'~1-:J 11~ 

(2) f111~~1111';it11tln1';i~~~~ (Retention) Vi~lt.J~~ n1';i';i1'LJ';i1~U';i~~'Un1';iW~1~ 1 ~~bn~ 
,., 

~1 n n1 ';i L~ t.J'U1VJ~VJ1 ~ l?l ';i ~ 66~ ~VJ1~ i5 B~ 
'IJ 

(3) f111~~1~1';it11tln1';iri1t.JVIeJ~ 1~ (Reproduction) ~eJ n1';i~'Uflfl~~1~1';itl~~beJ1 ~-:!~~~11 , 

BEl ~11m~ 2 ';iULLuu fiB 
'U 'U 

- nl';i';i~~ n 1~ (Recall) AeJn1';iri1t.JV!eJ~f111~-o51 eJeJn~1L~t.Jn1';ib~1'U';i';it.J1t.JVI~eJeJB'U1t.J 

~~~ LAt.J~11~JtleJBn:u11~~n~eJ~ 1~t~il~eJ~n~~Jtl~1'lJ';i1n!J 1 ~L~tl 
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- n11,]11~ (Recognition) ~Bf111~1tJ'VIB~fll1:W-c51BBf1:lJ1b~tJf111~~,nfu 1~~n~B~bdB 

iJ~~b ~1~'W I tJ~tJLJB~~ltJ 
U1~cWLJB UBtJbfl1 (2541, VlU1 38) f)~1TJ1fll1:Wfl~'VILJ'VI1~f)11b~tJ'W~VI:W1tJ~~ fll1:W?f1:W11~ 

'll 

1 LJf1111~~ n~~~~~1~ 'OJ1 n f111b~tJLJ~Vl~BU1~?f'Uf111uJ~ bfl tJ 1~ -ru:w1nB'WVl~~'OJ1f1~~~l~1~tJ~ b l£;111 tJ 
'll 

1~tJ~VI~~bb~l bl£;1~ 1~bLU~1~tJ~6fJB-:!f111'<\l1 BBnLtJLJ 4 1~tJ~ ~B 

(1) f111L~tJLJi (Learning) 

(2) fll1:W'VI1-:J,)1 (Memory) 

(3) n11i~n'C\l11~ (Recognition) 

(4) n111~~nun1~ (Recall) 

U1~cWLJB UBtJbfl1 (2541, VlU1 38) f)~1lBf1l1f111fl-:J11~~~(;lf)11l~tJ'UVl~Bfll1:W?f1:W11~~'0J~ 

1~~ n 1~~B~~ l ~1~ lfltJ l~tJLJVl~Bi1U1~?f'Uf111ru1'U~:W1lb~ l'Vl~~'OJ1n~1~VJB~~-:J 11i11~tJ~ b l£;11Vl~ ~ fl 
'll 

Vl1B bfl~~un11 L tJ~ tJLJ Ll U£;1-:J 1 tJ:w1 n'Vl1BLJBtJ leW tJ~ 1~ l11 b 11t11~ liJLJ~r;l~'UV1~ti' n b~tJuvi1~-:~~ l11 

~B~n111~~1l ~'OJ~(;l~1~nf1B~£;16(JB~n11 b~tJu~~.~.~~1L 11flBtJ 1 ,x~, l£;11~1~ L(;ltJ 1 t11~tJ~Vl~-:~B1'0J ~, tlu 2 
'll 

u1V1 5 u1V1 Vl~B'Vl£;11 tJ 1 1u ~BtJU1~ LiJLJ~£;1f111 L tJ~ tJLJLL tJ£;1~~1~ nf1eJ~£;16fJ eJ~ n11L1tJui LL£;l~fll1:W 

fl~'VI'U 1 un11,]11~tJ~L l£;11L tJu~-:~~i1fll1:W~:w~u5nufll1:Wfl~VJ'W 1 un11'<\l1 u~Jun11~ l11'0J~~l tJ l?t~:w 

fll1:W,)1 Vl~eJ'YJ~?feJUl1Vl~~'OJ1 n~~L1tJLJ 1~l1tJLJ~ L~eJ-:1 1~L~B~Vl~~ 1 tJ U~l,!LJ ~ L1tJLJ'OJ~tJ-:1?11:W11~fl~ 
'll 'll 'll 

b?l:W eJ bb~l ~l-:1 L l £;11~fll1:W,)11~ tJ~iLJ 'OJ~ ~~1?11 b cU'U flll:W'C\l11~ tJ ~ tJ1l'Vl~B fll1:W fl~'VI'U 1 'U fll1:W,)1 

t11~:w1ru 14-28 1u VJ~.:j'OJ1n~1~~1LJf111l~tJu-rlt1ll~l (itJ~1 i~~1lu, 2544) LLr;l~L~eHleJL~Lfi~ 
'll ~ 

fll1:Wfl£;11~Lfl~eJu~1~ 1 cU'BtJ(;l~fll1L1u~l'~n(;l16(JeJ.:jf)11?teJuvh~nueJ~1~i!eJtJ 2 ~t1~1'Vi' L~11~ 

fll1:W Lfl tJ~LJ 1 'U f111Vl1 LL U'U'VI~ ?1 eJU'OJ ~vi11 ~~1~:U~LJB1~Vll1~ fl~ LL LJLJ vr~?f€J.:j n~:U?f.:j ( fi:W£;1-r~u 
~ 'll 

Vl~1?fl~~' 2528) , 

1, ~ 11~n111,~ tJ'W~LL£;1~ n11'<\l1 ilfll1:w~:ucW'u5nuB~1~ 1n~~~ 1l:uvr~i5?reJLJ~th?tu L'OJ Vl~eJ n111 i 
'll 

~tJ rnru1 'Wf111?feJLJ~ilt11~~'VI6fl1Y'l rieJ 1 'lXLn~fll1:UU1~~u L'OJ~~'OJ~~-:J~(;l~eJfll1:Ufl~VJ'U 1 un11'<\l11~ 
L'U'WB~1-:~~ (1ui?t1 neJ~b?f'W 2558: 39) 



(1) ~~U'Vll~tJ'W 1 ~lJf0111lJVllJ1tJ (Meaningfulness) l~'W 

( 1.1) fl1'j~~1~~e:lii11JcW'WB (Mediation) 

( 1.2) fl1'j~~l U'U'j~UU 11~1~VlU1 (Advance organization) 

(1.3) fl1'j~~lU'UB'W~U~'W (Hierarchical structure) 

(1.4) fl1'j~~li1lU'WVllJ1~Vl~ (Organization) 

(2) f11'j~~~(11'Uf11'jtlJ~1tJfl1'jl~tJ'Uf (Mathemgentic) 

(2.1) fl1'jUfl{)~~~~l~tJ'W1'U~ru~~fl~'UB~ (Recall during practics) 

(2.2) fl1'jl~tJ'Ul~lJ (Over learning) 

(2.3) fl1'j'VJU'Vl1'WUVIb~tJ'U (Periodic reviews) 

(2.4) fl1'j-o51 B~h~iJVl~fllnrusvl (Logical memory) 

(2.5) fl1'jvJeJ~-o51 (Recitation) 

(2.6) fl1'j1eV~'Wt9l'W1fl1'j (Imagery) 
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fl1'j'Yh 1 ~t!n l~tJ'ULtl~f0111lJ-.J'1 'j~tJ~tJ11 1~m~tJfl1'j"\J~U'VJ b~tJ'W 1 VJlJf01111JVllJ1 vJ'Ub U'U f11'j"\J~ 

u'VI b~vu 1 VJlJ'j~ b uvu bU'WVllJ1~VIlJ'Y'ltJ1tJ11J b ~BlJ 1v~f01111J~lJYru5b ~B 1 ~u-nl~tJ'U-o51u'Vlb~tJ'U 1~~1 v 
'U 

Lb&;~~'U1'U~'W ~1'Ufl1'j~ ~~(11'Wfl1'jruezi1 v fl1'jb~ vucfl~ Lln fl1'j~ ~~(11'U f11'jtu1 ~~ L~vui11B n1~vi 1 
'U 'U 

fl"\Jfl'j'jlJ~1~ 61 "\1~~1v1 ~~ b~tJ'Uln~ fl1'jb~tJ'U~ bl&;~~fOI~ 11~~tJ'j~~u fl1'jWVI1f0111lJTI 'U~1~l 1&;~1VI~ ~ 
I 'U 'U 'U 

~~ b U'Uf01111J fOI~'VJ'Ub 'Ufl1'jl~tJ'U~~t1 f1l~tJ'U~11J1'j()lJU'j~~u fl1'jru~-o511~ tJ1 m 'U~it9JU'j~-.J'1l'U 
'U 

1 'W~(11'Ufl1'jtu1 VllJ 11~Bci1~i1tl'j~~'V15n1'Y'l 

(~~t9Jt9J'j1 'W11J\!Tt.l1, 2546) n~11fi~i6n1T)~f0111llfOI~'VI'U1'Un1'jL~8'W~Vi~e:J Retention 
, 'U 

lJ 4 iB~B 

(1) Reconstruction l U'Ufl1'jUf1BBf1lJ1VI~B-o51 1vi'ldBiJ~~b ~1'lJ1~U'j~fl1'jVJ~B~~~bU'W Partial 

cues ~1B~1~lezi'U U'VIfl&;~B'U ~B~~'j~~fl'jUflTW b~&;~~ ~~bVI~TdbU'U~~~vi11~lfl~f11'j~~1~il1'W 
'U 

bVl~f11'jW~1'l lb'UB~t91111Bf1fOI#~Vi~~ 

(2) Recall LU'Uf0111lJ-.J'1LLUU'j~~n1m~v1lJiJ~~L~11~ 1111f1'j~~'W B1"\JLU'Wfl1'j'j~~n1vi'~~Vill~ 

bb&;~~~ nl?1 B'lf11'j~ dJu~'ldb 'W'j1~ bfl~"\11f1 Repetition lJf11'j~11 tli11J1"\l'U Overlearning Vi~B 1 eff 

UeJtJ 1 "U'W-o511vi' ~Bi1f11'j Recall information lVl~1dB~b~lJBi5n1'jl~f11'jb~tJ'W~i5Vl~'l1~tJ 1 ~f11'j 
'U 'U 

Recall ~f~nnu~~Bfl1'jt9JeJUI.bUU'VI~~BUbbUUBt91UtJ (Essay question) ~b~tJ'Wtl"U~I?1B-:J Recall 

information f01111Jf~1'l 1 ~1~L~tJ'WlJ1bb~1L6lltJ'Ut91BU&;~~1tlf0111lJ~1lJ1'j(11'Un1'j Recall "\1~&;~~ 

UBtJ~'lb 'W'j1~B-:Jrh.h~nBu b~'U f11&;~LJ~1~~1'U 1tJLb&;~~~'lb ~1~'U~bn~~'Ub~BtJ 1 ~~~11'1 (Interfere) 
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(3) Recognition ~ U'Wfl1';i~ih 1~~i1~-:~~ ~1~1-:1 1 ~~~~?11:W1';it1~1~~'Wfl~~~~~~~'U~~u~1~~-:~1 thJBfl 

1~11~ ~ tJu~-:~ ~ ~1~ ~f1 tJ ~~tJ'W:W1 ~~rX l 1 'U~ ru~~ Recall ~ tJu fl1';i';i~~ n~-:~~-:~{1 -:JVI:W~~ ~n'U?I~?I:W eJ 81 'W 
'IJ 

f1l1:W~1 b~tJ~'W~~-:Jb~tJhJi1~-:~1~ 1 :W1fl';i~~'W~~'U'U'Vl~?leJ'Uth't!tJ (Objective test) AeJ ~leJcJ1-:JVI~-:J~ 

~~?!~-:! Recoonition 1~~~ ~~'W 1 'W'U';i';i~1TU ~~ 'U'UV11B~l ~~eJfl~tl1VI'W~ 1 ~~~iJeJtJ~ eJ~fl fl~eJ-:J~eJ ~ ~'W 
~ 'IJ 'IJ 'IJ 

~ eJ:W~~flfl~ eJ-:1 ~';i-:1 fl'U~ ~fltJ ~~ tJ'U ~:w 1 n~ ~~11~ ~ 1 tJ-:!?11:W1 ';jfl Retain information LY'W1 it~ ll~ 
'IJ 'IJ 'IJ 

Recognition ~li1~~'WB1~11il~tJ-:!~';i-:!66U'WeJ'W (Inaccurate) VI1B ~~ I n1~ 

( 4) Savings Vl1 eJ Relearning ~-:~ 1~ ~ bf1 tJ 6 ~ tJ 'U i:w 1 bb~ l 66~ ~ :w 1 tl ?11 :w 1 ';i t1 Recall Vl1 eJ 

Recognize 1~neJ1~~~~11~Bn t~tJfl1';ib~tJ'Wi~-:~tfu VI1B~-:~ 1 Vll.i~-:~~~ 1 ~n~1ll.~~f1l1:W~tJ1tJ1:W11B tJ 

n-J1~~~ 1m 'Wfl1';il~tJ'W~f1~-:~ lL ';jfl 
'IJ 

f1l1:W?I1:W1';ifl~'t! n L~tJ'WtY'W 1~-ru ~1 n fl1';i L~tJ'Wfl 'W l~eJ.:JtY'W 1 L~B~-:~ L 1~1 L U'W~l-:J';i~ tJ~VI~\1 11 n L~tJ'WtJ\1 
~11vl 1 'Wfl1';ii~tJf1~\ltl~~tJ 1~~fl~1f1l1:Wf1\I'Vl'W 1 'Wfl1';il.~tJ'W~L~eJ1111 tJ1 m 'Wfl1';ii~tJVI1f1l1:Wf1\I'Vl'W 1 'W 

'IJ 'IJ 

I I 

2.s .:~1'LI1~vViLnv1eU'v.:~ 

V I 
~u qo cv oC:II d 1.1 cv o cv 

\11'Wl ~ tJ'W'W1 L?I'W B fl1';i~ ~'W 1'U'V1 L ';i tJ'U L ';ie)\1 fl 1 ';i?l ~'Vl B'W bb~ ~ fl1';iVIfl LVI~ B\1 bL?I \I?I1VI';i'U 

11nb~tJ'W~'WlJ5tJ:W~fl~1~'WU~ 5 'WBfl~1ntl \11'Wi~tJ 1vi''l11L?I'WBf1l1:Wb~11~~~';il:W{(\Ifl1';i~~'W1f1l1:W 

l ~11~~ ~~'W~ eJ\111 fl b~tJ'W b~ tll fl'U L~~J\Ifl1';i?I~VJB'WLb~~ fl1';i'IXfl LVI~ eJ\Ill?l \1 ~l tJ 61'1V1-r'U'U'Vll~tJ'W ~ 
~~'W1~utYtJ tJ<;j~flv'U~ltJldeJV11VI~n 5 l~v\1 AeJ fl1';i:WeJ\Ib~u1~flLL~~f1l1:W'VI:W1tJ~eJ.:J-r\l~bL?I.:Jn1';i 

q 

?I~Vi'vu~v\lbl?I.:J fl1~~lfi~~1flfl';i~~ flb\11';i1'U fl1Y'l~ Lfi~~1flfl';i~~n L.:J1 bfl\1 LL~~fl1';i'IXn L 'VI~v.:Jbb?l-:1 

n~:w~leJcJ1\11 'W\11'Wi~tJtlAv11nl~tJu~ul!ntJ:w~n~1u~ 5 ~1'Wl'W 196 fl'W t~tJ~ 99 fl'W l~tJ'W~ltJ , 

'U'Vl b ~ tJ'W~~ ~'W 1~'W lb~ ~ B n 97 fl'U L~tJ'W t~ tJ?I eJ'U ~l tJi5~ \ll~:w ~.:J 11li1 fi ~ fl<;i';i:W n 1';i L~ tJ 'W L ~ \1 

tlij~:w~'U51~ 1 1 'W~'U L~tJ'W ~?I B'W11 n L~tJ'Wll~~~ n~:w 1~-r'U rl'1~LL ~ .:J L~ tJl nu l.Q eJVI1 Lb~ ~ r111:w f)~ ';il'U 

tJB~~~~ 1 ~?lv'W11 n L~tJ'Wv cJ1\I~~b~'WL~vb~:W?IeJ'U fl1';i~~'W1f1l1:W L ~11~~v-:~11n L~tJ'Wl ~ 1~~ tJ fl1';i 

cW ~ 1 ';if:U1f1~ bl 'W'W n eJ'U b~tJ'W bb~ ~'VI~\Il~tJ'W~ v\1 bb 'U'U 'Vl~?leJ'Ul ~ f1l1:W b ~11 ~ 'U eJ n ~ 1 nd1~'W ~1 ';i ru 1 

f1l1:Wfl~';il'UtJv~~1\ll ~v\111 nl~tJ'W~?I1:W1';ifltJ'W'Vin1~ 'W~ru~~?IB'Wvll tJ ~1 nn1';ii Lf1';i1~~e.J~'W'Ul1 

'U'Vl b~tJ'W~~~'U1~'Utl?11:W1';ifl~l tJ 1 ~11 fl L~tJ'Wi1f1l1:W b ~11~~~~'W 1 'W'VI~1tJ I f1l1:Wfl ~';il'U tJeJ~'VI~ fl bb~ 
~B\Iu-rutl1'11 ~~~u t~tJLu'W1~'IXl~eJL~tJlfl'Ufl1';i'IXfll Vl~v\ILL?I\1 (n~srn LLtllfl\1, 2553) 
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bb~~bVIfl'Wfl~n~1-:j-'l.J11fl{) t~tJ~~fl1';JVJ~~eJ-:jii1~~1'Ufl';i~'Ul't.!n1';iVI~~B'UV11';i'lh~~VI5Jl1~bb~~n1';i 

'lh~blJ'U~1n~\~tJl~1ru t:.J~fl1';iVI~~B'Urh~~ti~nbVI~eJ-:jtl1 ~'Ul1 rh~~ti~nbVI~eJ-:jtl1~1~~1nfl1';i 
'U cv 

Vl~~eJ-:j t~tJ1iVI~flfl1c;i~eJ-:j~b'U~~ :iJr11 1.29 bb~~A1~~U~flbVI~eJ-:jtl1~1~~1flfl1';iVI~~eJ-:j t~ tJ1i 

b VlflUfl~n~1-:j-~fl'lh1fl{) :iJr11 1.28 b~BLJ1~~VI~~eJ-:j;i1 u1i~B'U t~tJfl1';i~~fl1';ib1tJ'Uibb 'UU){)~fl';i 

fl1';i~'Ub~1~bb'U'U 5 ~'1..1 nuwnL1tJ'U';i~~'U~'l.ll!nmJ~nt~nu~ 5 t ';i-:jb1tJ'Ul-:j ttJ-:j~fl~1 ~-:jVil~b~~';i'U';iW 

VJ1-:j~~~~';i~~'U 0.5 bb~~:iJA1fll1l.Jn1lVicU1VJ1-:jfl1';ib1tJ'Ubu~tJ';i~~'U 0.67 (c;i~~uth'Un~1-:j) 

('U1-:j~1tJ~ru ~['.J1~, 2560) , 

1 'l.lfl1';ib1tJ'UTI~tJ 1 i~~uihj'~n1';iVI~B~~VI~~eJ-:j ~~B'U~~ b U'Ufl'U~bb'U~bb~~L11 b ~1~ 
'U , d.J , 'U '\) 

'U 

vh~1'Ub U'l.!Viuvh 1 ~t:.J~crl.JnVJBVI1~n1';iL1tJ'U~ B~ir n L1tJ'U~~~'U Lb~~~~ n11nB'UL1tJ'U ( -cil'UVI4'U.n1 ';jeJ~ 
u I 'U '\) 

~'U,255o) b~el~bb~~bb~~n1';ibn~.n1~b U'Ub~el~~~b1tJ'U~l'U 1 Viru:Wfll1l.Jb ~11~~fl~1~ bfl~el'U 1 'UVI~1tJ 
'U .... 

'lh~ L~'U ~\IVI1LL 'l.llV11\11 'Ufl1';ibbflU'1!VI1 t~tJ 1 m5n1';i~1~ 1 L ~B~w.J'U1t:.J~crl.J~VIBVI1~n1';iL1tJ'U~B~ 

~ L~tJ'U t~ tJfl1';i-cil'~n1';iL~tJ'l.ln1';i~B'UbL 'U'U~'U L~1~Vi1fll1lJ~~ll.ln'U fl1';i 1 i~~ fl1';i b~tJ'U~ b~B~ LL~~ 
'\) '\) , '\) 

If II • 

t:.J~fl1';ii-ciltJ'W'Ul1~L1tJ'U:iJt:.J~crlJ~VI5VJ1~n1';ib1tJ'U~~~'UB~1~:iJiJtJG1'1~'1!Vh~~'U .01 (n~~~~~ VilJBfl 

l.J~biJB~, 2546) , 

fl';j~~n bb~~ L~'U~L U'UL deJVI1~l'UVI~~~B~ L~B~ LL~\1 LL~ ~'Vl~'U'lJ n';iru LL~ 1 '1..1 n1';j-cil~ fl1';i L1tJ'U 
'\) 

n1';i~B'Ut~tJ~l1 'lJ~'Ul1~L1tJ'l.l:iJfll1l.Jfl~1~Lfl~B'l.l bb~~ 1lJ~1l.11';i~B5'U1tJU';i1fl{)fl1';iW~1\11 ~ 

b~tJl~B~ n'Ufl1';ibfl~Jl1~~B\Ifl';i~~n bb~~b~'U~~tl~~1~ 11~ bL~~~1flfl1';ii-ciltJ'W'Ul1~L1tJ'U:iJfll1l.Jb ~11~ 
d d q ' ~dv d 

fll1l.Jfl~1 ~ bfl~B'Ub ';iel\1 fl1';ibfl~Jl1~~ el\1 fl';i~~ fl b\11';i1'U 'U1\Ifl'U'Uel fll1Jl1'W bfl~VIVI'U 1 fl';i~~ flVI';iel 

rl1~B'ULU'UB~1~~'U (Goldberg and McDermott, 1987) fl1';i1iX~L1tJ'Ub~tJ'Ubb~~~bbt:.J'U.f11'W-r~~~~ 

v111 iXfl';jVJ';i1'Ul1~b~tJ'U:iJfll1l.Jb ~11~ 1 'Ufl1';ibfl~Lb~~iln~ru~.n1cw~1 nn';i~~n b~1';i1'U .f11'W~1\I~ bfl~~1n 
'U '\) 
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normalized gain b vhn'U 0.75 1~8~'l1rn18'WG'11:JJ1'jfl bfl~fl1'jb18'Wi~1'Wfl1'jVJ~(;leJ~ 1~~18\?l'Wbe:J~ 

bdeJ 1~!;1~ijeJtJnu~fl1'jVJ~(;leJ~ bB~'VJfl~'U\?IB'U v'h 1 ~Uflb18'W 1~b~'Wt:-J!;1~ bfl~~'U"\11flfl1'jVJ~(;leJ~ 1~8\?J'j~ 

BV1~i~b"\l'W fl1'j1 ~~b18'Wb~8'WbbG'l~~ bbt:-J'Wfl1~1'~~"\l~vl11 ~f01'jVJ'j1'Ul1~b18'Wijf01l1:JJ b~11"\l 1 'Wfl1'jbfl~ 
'U 'U 'U 

"\11 flfl1'jl~ 8 'V'l'Ul1 fl1'jb18'W~~l8l5G'leJ'Wbb U'U~U bG'11~VI1 f01l1:JJ~ 1~8bG'l~:JJfl1'jbbtlUlliV11 
'U 'U v 

\?11:JJ b Vlf1cWf1~B~ t 'V'l(;1EJ1 'V'lUl1t:-J~~:JJf:lVlBV11~fl1'jL18t!Yl~ n~bb(;l ~f1l1:JJG11:JJ1'jfl1 'Wfl1'jbbnU~V11Vl1~ 

Yl ~ fl ~ ~ eJ ~ U fl b 1 EJ 'W VI~~ b 18 'W G'1 ~ fll1 rl eJ 'W b 1 EJ 'W bb ~ ~ f01l1 :W G'11 :JJ 1 'j fl1 'U fl1 'j bb n U ru Vl1 V11 ~ Yl ~ fl ~ G'1 ~ fll1 
'U v 'U 

bflWsrl (beJfllVl~ ~l~bbtll, f'll1ru8 JiU1!;16ij'W~bb~~ b6ij~~ ~~G'llG'l~, 2559) 
~ 

fl1'j~~fl11b1EJ'Wfl1'j;;'leJ'Wbb 'UU~U bG'11~VI1f01l1:JJ~ b U'W'jU bb UUfl11~~f)1'j L18'W~~~\l bG'l~:JJ 
'U 'U 'U 

Vl~18vl1t!'l11 b VlfOlcW f01fl1 ~'Ul'W fl11 L1 EJ'Wi~\l fl~1l :JJ1~WJ'W1VI~B bbtlU~V11!:-J~~:JJf:lVl~V11\l fl11 L1EJ'W~B\l 

U fl b 1 EJ 'W bb ~ l 'V'l 'U l1 fl1 'j ~ ~ fl 11 b 18 'W fl11 G'1 eJ 'W bb U 'U ~ U b G'11 ~ Vl1 f01l1 :JJ ~ ~ l EJ Vi w.J 'U 1 VI~ eJ bb n U ru Vl1 
'U v 

t:-J(;l~:JJfiVJBVJ1\lfl11L1vt~1~G1\l~'W1~ (B 111'\?l.U 'V'lt!bcW6ij1, 2552 ; ti'~~1 B\lG11ll1'v, 2550 ; "\l\ln~1\?l'l1 "I 'U 1 'll 1 

€11"\1~~1, 2544; 5l6ij EJ~G'lrl1 2553) 1~t11fl1~Ul'Wfl11~~fl11b1EJ'W~bbUUfl1~Ul'Ufl1'j~UbG'11~V11\l 
'U 1 'U 

lVl EJ1f'll1G'l\?li:JJ11 m 'Ufl11Vi w.J'W1!:-J(;l~:JJf:lV1BY11\lfl11 L1m.Jbb~~l1 fl~~fl1'j~~ b ea\ll'V'l1 fl,; b~B\l el\?111fl11 

bn~unn~EJ1bf01ij 'V'l'Ul1 unL1v'Wijt:-J~~:wf:lVlBV11\lfl11L1v'W~\l~'W 
'WBfl~J1fldEJ\lijfl11l~ EJ b ~eJ~w.J'W1!:-J~~:JJf:lVl~Vl1\l fl1'j L1 EJ'W~eJ\ltJ fl b~EJLJ 1 'U11EJl6ij1Yl~ fl~ 

t~EJ 1 ifl'j~UlLJfl11~~fl11 L1EJLJ~ bb U'U~U bG'11~VI1 f1l1:JJ~ ~B\lU fl L1 vuiulro8:JJ~fl~1U~ 5 'V'l'Ul1 
'U 'U 

fl1~'UlLJ fl11"\11fl n11 L18u~ Lb uu~u LG'11~VI1f1l1:JJ ~~\l t:-J~ 1 ~t:-J !;1~:JJfiVJBV11\l n1 'j L18u~ B\lU n L1 vu G'l\l~LJ 
'U 'U "I 'U 

(tlv~o\?li ~'W:JJ1(;11, 2550) bb~~EJ'\lcwu11ij~w.Ju1n1'jVJ1\l~1'Wfl1'jfl~~'W~\l:w1n~u (bu~"\l:JJ1fdl bn~ 
bbtll, 2548) fl1'jl~8~B\l~Vl51Ufl1ru f"111G'lfl1 (2554) 1~tJ1~~n~1i~t:-JG'l:JJB1VI1'j1LJfl1'jVJ~(;leJ\l 

b\?11EJ:JJ;;'l1'j(;1~!;118f01l1:JJ b ~:JJ~LJ 1 LJVItJlEJ~1\l 6l bb VlLJ fl111 iG'111 bf01lJf01l'Ur1 tl'Ufl1'jb18'U~ bb 'U'U~'U bG'11~VI1 I 'U 'U 

il I Q.l ~ Q d IV Q .J' Qo..J Q d' 

f01l1:JJ~ 'W'Ul1!:-J!;1G'l:JJf:lV15V11\l fl11b 18LJb 1eJ\lG'111~~!;118~eJ\l'Wfl b 18LJ~\l~LJbb!;1~ fl1'jl"\J 8~B~~511'V'l~ f1 

1~'Wf"11iv (2550) ~t11 fl'j~'tJlLJfl11~~ fl11b18LJ~ bb 'U'U~'U bG'11~VI1f01l1:JJ~ :JJ1~w.JLJ1!:-J(;l~:JJf:lVl~V11~ fl1'j 
'U 'U 

If ' 

L1EJLJ'j1EJl6ij1~hiV1EJ1 ~u,;h'l!n L18LJlJt:-J(;l~:JJf:lV15VJ1~ fl1'jb1V'W~1LJbfl rusri'Vi n1VI'W~~B ~eJEJ(;l~ 7 5 ~~ 

b Ut!~€18(;1~ 80.9 5 ~B\l~1LJl'UUfl b18'W~\lVI:JJ~ bb(;l~U fl b1EJ'WlJf1l1:JJ~~'WB 1 "\lfl1'W'jl:JJB ~1 LJ'j~~'U~:JJ1 fl 
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~1nnT~~fl't~1~B~£;wh-:~ 61 ~dJutl~~ t~~u~Bn1~l~tAWfl~'ld ~1~~ 1~vru11nTa~~n1~ 
~ I ~ 

b~ ~ u ~ bb 'IJ 'IJ ~'IJ b611 ~Vi1 fl11~ ~ 611~ 1 ~t;1cW WJ'W 1 e.J(;=j ~~ n VI BVI1'l n 1 ~ b~ ~'W~B-:~11 n b~~'W 1~ bb(;=j ~ n 1 ~ ~ n~1 
~ ~ gl 

fl11~ b ~11~~B'ltJ n b~~'W n EJ'l~h ~61~Vl B'Wfl11~ b ~11 ~~B'ltJ n b~~'W 1 ~fl~~61B'W611~1~!;1l bfl~1~~fl11~ 
~~ 

e.-~ (;=j ~~~VI B Vl1 '~ n 1 ~ b ~ ~ u bb (;=j ~ ~ n ~ 1 fl11 ~ b ~ 11 ~ ~ B 'ltJ n b ~ ~ 'W b ~ B 'l bb 61 'l bb (;=j ~ bb 61 '~ b ~ 'l-r-:~ ~ t ~ ~ 1 ~ n 1 ~ ~ 'IJ 

b?f1~VI1fl11~~fl1'1Jrin'IJ~~n~n~~~n1~VI~(;=jeJ-:J 
~ ~ , 



6 'J~1rHlJ~ iJ£;h~'U~'U~fl'U~\I~fl 1 tJd 

3.1 th~~1f1'J66ft~f1~lJ~1B~1\I , 

3.2 'JU66U'Uf11'Jl~tJ 
'U 

3.3 lfl~f)\l~f)m m 'Uf11'Jl~tJ 

3.4 f11'J?f~1\llfl~fl\I~Bl~tJ 

"" ~~~ 
3.6 f11'J1lfl'J1~VI~fllJft 

'U 

3.1.1 tJ'J~~1n1 

d 
'UVI'VI 3 

11 n 6~ tJ'U~'Uiru tJlJ ~ n~1u~ 5 1 'J\1 l~ tJ'U tJ 1?tu'J~'VI tJ1 fllJ el'1 l.fl B lii B\1 ~\I VIi'~ tJ 1?tu'J 

66e.J'Uf11'Jl~tJ'Ul'VltJ1f'll1?1~1-flru~f'll1?1~1 .n1flf11'Jl~tJ'U~ 1 un11~n~1 2562 ~1'U1'U 32o fl'U 

3.1.2 f1~lJ~1B~1\I , 

11 n 6~ tJ'U~'UllutJlJ~ n~1tl~ 5/2 11\1 l~ tJ'UtJ 1?tu'JcW'Vl tJ1 fllJ rl1 l.flB lii B\1 ~\I VIi'~ tJ 1?~u'J 

66e.J'Uf11'Jl~tJ'Ul'VltJ1f'll1?t~i-flru~f'll1?t~i .n1flf11'Jl~tJu~ 1 un11~n~1 2562 ~1'U1'U 37 fl'U 

\11 'Ul ~ tJdiJ 66 uu l6e.J 'U n1 11 ~ tJ vu 'U 66 u u 0 1 ---> X ---> 0 2 ( ll u u 'V1 ~?I B tHl B'U l ~ tJ u ~1 nJ u 

~1 b u'Uf11'J?lfl'Uf1~lJ~1B~1\I~htJn~n'J'JlJ~~~b~~tJlJ 11 ll~1'Vl~?ffl'UVI~\In1'Jl~tJ'U) , 

(3.1) 

01 66'Vl'U f11'J'VI~?lfl'Urlfl'l..!l.~tJ'l..! 

X 6l'Vl'U f11'J~~f11'JI.~tJ'U~~1tJlB~'U6?11~Vl1fl11lJ~ 
'U 'U 
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d ~ 
3.3.1 bfl)e:J\I:Ue:J'Vl~~e:J\1 

ll~'Wfl11~~fl1'H~tJ'W~ll 'U'U~'Ul611~ l 'i1e)'Vi1~l m 'Wfl11l~tJ b'U'Wfl11tl1~flB'U~';ItJ 6~€J-:j 
'U 

bb 61 'l ~ 11 ~ru ~ n b VI osu €) 'l bl 61 'l ~ ~ 1 'l I n 'U fl d 11J tJ 1 d fl ~ 'W osu €) -:j bb 61 'l ~ ~ 1 'l n 11 n 1 ~ \11 tJ osu €) 'l bb 61 'l) 11 tJ 1 ~ 1 

YJ~n~t.~lJb~lJ 2 1~61 130202 ~'WlJBtJlJ~n't~ntJ~ 5 ~11JVI~n61~1t.bfl'Wflf;11'lfl11~fl~1~'W~'W~1'W 
'U ~ 

'VW15~fl11~ 2551 ( ucUUU~'Utl1'l 2560) fl~lJ6111~l'VltJ1~161~i 1 ibd€;11 12 ~l llJ'l 1'llb6'U'Ufl\lfl111J 
q q q 'U 

tl1~flB'Ub U'W~'l~111'l~B 1 tltl 

. 
~1';!1\IVi 3.1 rl'c\Jn';i';i:Un1';ib~EJ'U~VIan b 'Ubbrl~:aU~J'Un1';ib~EJ'lJ~ 

d 
bb~'U'Vl 

1 

2 

v v 

2 

2 

2 

2 

2 
I V ~ q 

1?11-:l I fl'Ufll11JtJ1lfl(;l'WOSUB'lbb61'l61 

~1-:J I 

2 

~ q vd v v q vd v 
fl11~fl~11J11?11~1'W bb€;1~~(;1 fl11 b 1tJ'W1b 'WB6111'l bb~'Wfl11\l~ fl11l 1tJ'W1l 'V'Ie:J6111'l bb~'W fl11 

~ 'U 'U 

v v v 

~~fl11b~tJ'W~'I1'W ~l~tJlbfl11~~\11flVI~fl611?11~'W~'W~1'W 
'U 'U 'U ~ 

d ~ ~ il 

3.3.2 bfl)e:J\111e:Jbn'U';J'J'U';J'J:U~e:J:u~ 
v 

1 q vq ~ v v 

bb 'U'U'Vl ~61€l'U fl B'W b 1 tJ'W bb€;1 ~VI(;l'l b 1tJ'W b 1B'l fl1161~'V1B'WOSU B'l bb61'l bb€;1 ~ fl11VI fl b VI .SUB 'l bb61'l 

b U'Wbb 'U'U'V1~61B'U~~lb~Bfl b~Bfl~B~tlfli91B'lb ~tJ'l~Bb~tJl bfltuSVJ1 'Wfl11 ll~fl~bb'W'W LdB (L~BflA1~B'U 
'U 



~ Q.J~ QJ~ v 
bb~~b~tJ'U1~61V~nn1~'Vl'U 1~6161~'Vle.J'U ll~~ 

b~'Ubb 'U1u1n~1e.J:w611tJ b U'U n~n1161~VleJ'Ubb61~ 1~ 

61~Vle.J'U~e.J~bb61~ b~'U Vl1fl11:W~~~eJ~lV1~~1~ 1 

1~"1n61:wu~n1161~VJeJ'U~e.J~ bb61~ 1~tJ 1 ir111:w¥ 
'IJ 

Q.J ~ ""' QJ ~ 

- tJnl 1tJ'U611:W11t:le.Jli'U1tJ~n~ru~~e.J~lb61~'Vl 

61~VJe.J'Ubb61~"1n~1i'VJ~"'n~ru~~1~ 11~ 
Q.l .c:l ~ Q.l QJ if Q.l 

- tJn l 1tJ'U611:W11t:le.Jli'U1tJ fl11:W61:W'V'l'Uli~e.J~VJ1 

bb tJ1~61e.J~fl~e.J~ tl'U61lJml n1161~VJe.J'U 1~ 

QJ QJ 6' I d'QJ 

Vl1fl11lJ61:W'V'l'Uli1~VI11~n~~e.J~ 61l'U~~nu 

V~11~cU~e.J~lVJ~ l~e.J611tlb'UtJn~~e.J~61l'U~~ bl~~ 

1 ~n~~e.J~61l 'U~~l ~tJ'U~tJ~~~~eJ~bb61~ b ~e.Jbb61~~ 

1 2 

2 3 

1 2 

2 3 

1 2 

2 3 

q Q.J .c:i Q.J Q ~ Q.J Q.J if I 

~ 11~'U'VIn l VI~ e.J~ ll61~61 'U n l 1 tJ 'U 611 :w 11 t:1 e.Jli'U 1 tJfl11 :w 61:W'V'l tJ Li1~ Vl11 ~ 1 2 

~1~ 1 nur111:wtJ11 fl11:wtJ11fl~tJnu~1~11~u~e.J~lb61~1~ 

fl~'U~e.J~bb61~~~1~ 1 

't!n b1tJ'U611:W 11t:l'Ue.J nu"..ij tJ~il ~~ ~e.J n1 'j n1~" 1 tJ 2 

~e.J~ lb61~ bb~ ~611:W11t:le.JB'U 1 tJ"' n~ru~ n 11 n 1~" 1 tJ 

~e.J~ bb61~ 1~ bb~~U1fl11:WV UeJB'U1tJU11 nn n11ru 

511:W~1~1~ 

3 

25 
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~1tJ~TW'd'U 2 bb~'U 1'1tJ~'IVI:WVl 12 flTU fl1U(;l~ 50 'W1Vl 1~bbn 

3.4.1 bbll-J'Un1-a<5'ftthm-a-a:unTn~f.I'U~Vi 1 b~eN n1-aa~VIv'Ubbav.:~ 
'U 

Q ""' .dl ,. "" ,. .dl ,. 0 t{ 

n~n-a-a:uVJ 1 b 1€1'1 'Vl1'1 bVl'U~€1'1 bbG'1'1 :WG'1€l'l n"il fl11:W fl1 1'V1Vl~ €l'lfl€l tJ'I(;l1 b(;l b ~€11~ fl fl1 ~'Vl'U 

~1 n1~"il n t.'I111'U 11V1 1tJ"il1 n n11~-:~ t.n ~~ bi1V1~'W'U €l n "il 1 ndu n t.1tJ'WEJ'I~€l-:~ BB'U1 tJ"il 1 nn11~-:~ bfl ~~ 
'lJ 

G'1 ~Yl€l'W G'11tl ~ ~"il1 fl fl11'Vl Vl~ €1'1 tl'U fl!) fl1 1G'1~Yl €l'WG'1 f)V) fl ~ €l 'I tl'U 

n~n-a-a:u~ 2 b~€1'1 fl'd 1:WG'1'1~ €I'll ~() dJ'W fl11VI1 fl'11:WG'1'1~€l'li'~tl LVltJ €11~ tJVI"' fl fl11 
'lJ ~ 'lJ ~ 

G'1~Yl€l'W~€l'l t.t.G'1-:~ tJ1~ fl€l'U ntJu1 t.~€1-:~ t.(;l~1 flru~ t. i1:w1 t.t.m "il'Vl~UtyVI1 6li-:~1 ~~tJ n1ru~1tJ 1 1 'Wfl1 1 

'VJV)(;l€)'1~€1 fl1~"ilflb'I111'U 1~u11~V1 b(;lb~€li ih~€l'U1 ~ ~1:w1m~'U11~Vli'Vlfl11:WG'1'1~€l-:~1~t1 LVltJ~1'~ 
'lJ ~ 

L1 fl t.1tJ'W"il~ b i11 "i) fl!J fl11G'1~Yl€l'W~ €1'1 bbG'1'1:W1 fl~'W bb(;l~ Er-:~1~ ~ bfl~€1-:JiJ€11 'W fl11'Vl V)(;l €1'1 €l ~1'1~1 tJ bb~ ~ 
£.11:W11tlrl1'W'1UIVI1fl'11:W£.1'1~€l'll~tl1~€l~1'1 bbll'WEJ1 LVltJ 1ll~1 b U'U~eN 1 m~'U11YJV11Vl LVl tJ~1'1 £.11:W11tl 

'lJ ~ 

I I I 1.1 

n~n-a-a:uVi 3 b~€1'1 '1'1~€1'1 bb£.1'1 ~'1~1 b~ b~€li~flfl1~'VIU tl'U~'1Vl~~'lu1 fl tl'Uu1fl-rtJ bbG'1'1 

L1 fl b1 tJ'U~'I bfl~ bb(;l~ U'W'Vi fl~'l~ btl Vl~'U L1 fl b1 tJ'W €lBU1 tJ b 'VI~t:-1~~ btl Vl~'W"il1 flU11 fl!J fl1 1rud "il1 ntiu 

b tJ~ tJ'W"il1fl~'1Vl b U'Wfl11 1fl1 ~'I bfl~ bb~~U'WVlfl~'l~ btlVl~'W b tJ1tJ'U b VltJU1~'VIl1'1~'1Vltl'Ufl111fl1~fl'11:W 

b 'VIil€l'Wbb~~ bb~fl~1'1€l~1-:~1 1 'VI1flb tJ~tJu:w:w1~'VI11-:~~1 b~ b~€linu~1Vl b tlu:w:w 3o, 4o, 5o bb(;l~ 6o 
~ ~ 

€1'1 Pl1 ~-:~ bfl ~ bb~ ~ucu'Vi n~-:~ ~btl Vl~'W t1 n t.1 tJ'U €l5u 1 tJ ~ 1 bb tJ 1~ btl Vl~'U~ r111 :w ~:w ~ 'U 5 n u €l ~ 1-:~~11 tJ~ 1 ~ t1! 

bb~ ~ G'1€l Vl fl ~ €1'1 nun !J n1 1r.1 ~VI €l'W~ €1'1 bb£.1-:~ bb~ ~r.11:w 1 1() b ~€l:w ttJ-:~u 1:w 1tJ 1 ~ ~ n ~1 i1 u b VI~ n11 ru 
~1~tJ1~~1l'W 1~ 

n~n-a-a:u~ 1 b~€1'1 Vl11~cU'iXflb'VI~€l'l bbG'1'1 ~'1~1bbG'1'1~flfl1~'VlUtl'Ubbvl'I'W(;l1G'1~fl1G'1 LVltJ 1 ~ 
~1b(;l t.~Bi~-:~u1fltl'U1€ltJ~Bn'U~'1~1'Wi1-:~~€l'l t.t. vl'I'W(;l1G'1~fl1G'1 ~'lbfl~ t.b~~uu'Vin~-:~~btlVl~'U t. tJ~tJ'W'Y11 
:w:wtJ1~:w1ru 30 - 60 €l'IP11 n'Ub~'Wbb'U1u1fl ~'lbfl~~'l~bflVl~'U bb~~11V11U"'fl~ru~'Vl1'1b~'U~€l'lbbG'1'1 
~ 'lJ 

lV1~:W1~'VIl1'1VlPI'Vl1'1~€l'l~1bbG'1'1n'Ub~'Ubt. 'U1u1fl1 'W~1fl(;l1'1€l1fl1~nu 1 'U~1fl(;l1-:Jt.b vl.:J'W(;l1G'1~fl €lB'U1tJ 

fl11:w~:wcW''U5~€l'l~1 bb tJ1 "il1 nti'U'W~"ilUfl11'VJV1(;l€l'l nu fl!J~€1'1£.1 t. 'U(;l~l1G'1€lV1flfi €1-:J n'U'VI~B1ll 
n~n-a-a:w~ 2 t.~B'~ Vl11~u'!Xnt.'VI~€l'~t.t.G'1'1~~1'~ 1 nufl11:WtJ11fl~'W~€l'~t.t.G'1'1~~1'~ 1 ~'~~1 

t.~ t.~Bi~t.t.~'~ t. ~tJ1 li1--J ~1'U~11fl(;l1--J t.t. vi--J'W(;l1G'1~ n~ruV1t.~ tJ1 n'U 1 ~:w:w~ n n1~V1u t. vi1 n'W un t.1tJ'U 
~ 
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~~ Ln~:w:wtrn L Vl~B~~1 L61 b6ijrJ1~ bb~61~~ b tluBtJ1~ 11 1~ tJ n11i'~:w:wtrn b Vl~B~bb~;;,~~ 1l111~1tl bb61~ 
~ ~ 'U .., 

QJ c:.f 2..1 V Q.l Q ~ ({ I ~I I Q.l ~ .C::f Q,.J 0 I d VI 

'U'U'Vlf1~B:W61 \11f1'U'U'Uf1b 1tJ'Ulbfl11~Vl:W:W bb~61~61l1~1~f1'UVl1Bb Vl:WB'Uf1'U bb61~'U1fl1:W:W:W1b 'VltJ'U f1'U fl1 
'U ~ ~ 

fll1:WtJ1lfl~'U~B~ bb61~ bb~61 ~~ ilfll1:W~:W~'U5tl'UB tJ1~ 11 bb61~U1:W1i bfl11~~~ltlf1~~B~ 61 b 'U61~ iJ 

fll1:W61B~fl~B~Vl~B 1~ A1'Ultufll~11~U~B~bb61~ LL~61~~ ';hilrh L vh tl'UVi~B 1~ ~1~11~U~B~ LL61~iJ 

fll 1:W~:W~'U5 tl'U fll 1:W tJ1l fl~ 'U ~ B~ bb~61 ~ bb61~~ bb 'U'U 1~ 1~ tJ f111b ~ tJ'U f111'W 61 ~ bb~~ fll1:W~:W~'U 6--J1 ~ 1 

~11~utrn L Vl~B~ LL61~ LL~61~~nuf1l1:WtJ1lfl~'U~B~ LL61~ LL~;;,~~ t!n L~tJ'Wilfll1:WL i11 \lt1~o11:w~1~~B~ 

bb61~bb~61~~~iJfll1:W tJ1lfl~'U 1~ b 'Vlltl'U~~~m1 ~~1~11~cQ'\XnL Vi~B~ bb61-:J 1~L 'Vlltl'U~ltJ 

n'<\ln11:U~ 3 b~B~ f111f11~\11tJ~B~bb61~ Uf1b~tJ'U:WB~bb61~~TUtl1U~Slf:W bb61~tl1:W1b~tJ'U 

Lbt:-J'UJlTYW11f11~\11 tJ~B~ bb61~ i Lfl11 ~~t:-J61~ Ln~~'U 1~ tltl1fll1:WTI 'U Lbt:-J'U f111~ ~ f111 b~tJ'U1~ 5 :W1 
'U 'U 

ibfl11~~ bb~~611:U11tltl1:W1B5U1tJf111bn~1-:~n'Utl1~~'UL~'UUBtJfl~~bl~1~'U~f1Lb~~BBf1 , 

~-:~1'Ubb~~~bbt:-J'U\1~1ii5n11~~f111L~tJ'U1LL'U'U~'Ub611~Vi1fll1:W1' 5 ~'U~B'U (5E) ~B ~'U 
'U 'U 

61 1'1-:~ fl 11 :w L i 11\1 (engagement) ~'U ~111 \1 ~ 'U Vl1 (exploration) ~'U B5'U 1 tJ LL61 ~;;, ~i B61 ~tl 

(explanation) ~'U~tJ1tJfll1:Wi (elaboration) LL~~~'Utl1~L:iJ'U (evaluation) 

<C>.c:l 0 <C> ~ lll 

3.5 15~1L'U'Un11'Vl~i;HNLL"~bn'U11'U1'l:UtiV:U" 
'1.1 

1'Uf111i~tJfl~-:Jtl ~~tJ1~~1blJ'Uf111btl'U'VI~~B-:Ibb61~btlU1l'U1l:WiB:W61~1:W~'U~B'U~~.n 
'U 'U 

fll1:Wb i11 \l~B f111'Vll f111'VI~~B-:1~~1-:I tl'U 

(2) 'l1nL~tJ'Uvl1 LL 'U'U'VI~?fB'UriB'UL~tJ'U 1~tJ 1 in;;,11 'Uf111vl1iB61B'U 30 'U1Vi 

( 3) ~ ~ tJ u'UVi n t:-J ~ fl ~ LL 'U 'U \11 n n11 'VI~ 61 BU riB 'U L ~ tJ u ~ B~ 'l1 n L ~ tJ 'U L tJ 'U 11 tJ'U r1 fl61 i B~ ~ BU t1 n1 ~ 
'U , 'U 

1 fl~bb'U'U iB~~B'U~~ 1~ 0 fl~bb'U'U 

(4) fl1~61B'UmJ~Uf1b~tJ'UBBf1btl'U 5 f1~:W f1~:W61~ 4-5 fl'U 1~tJbb~~~f1~:w1lXf161~fll1:W?f1:W11tl 
'U 'U , , , 

n'U ~~cW\111tu1\11 n fl~ bb uut:-J~~:w~'VIB'V11~ n11 b~tJ'U 1 'U.n1 fl b~tJ'U~~1'U:w1 

(5) Uf1b~tJ'Uvl1f111'Vl~~B~b~B~ 'V11-:Jb~'U~B~bb61-:J b~B~fll1:W61~~B~l~tl b~B~l~~B-:Jbb61~ b~B-:J 
'U , 

d Q.l .d d Q.l q I Q.l .d Q I .d 
~11~'U Vlf1bVi~B~bb61~ b 1B-:1~11~'UVlf1b Vl~B~bb61-:!61~1~ I f1'Ufll1:WtJ1lfl61'U~B~bb?f-:J61~1~ I b 1B~ f111 

Q.l ..,. v 
f11~\11tJ~B-:Jbb61~ ~1:Wbbt:-J'Uf111\l~f111b 1tl'U1 

'U 

(6) LdBvJ1f111'V1~61B~fl1'UcvY~ 6 f111'V1~61 B~ bb~l 1lXun b~tJ'Uvl1 bb 'U'U'V1~61B'UVl~~L1tJ'l.J b ~Bl~ 
Q.l.::! q Q.IQ .d C\ .c:::. Q 

t:-J6161:W~'Vlli'VI1~ f111b 1tJ'U~B-:J'Uf1 b 1tJ'Ub 1B~Li11:W~1~~B~ bb61~ bb61~ bb61~ b ~~ b 1~1fltu~ 

(7) ~i ~ tJU'UVif1t:-J61 fl ~ LL 'U'U n~ 1'VI ~ 61 B'UVl~ ~ L 1 tl'L!b tJ 'U 11 tJ 'U fl fl61 i B ~ t1 n ~ B~ 1~ 1 fl~ LL 'U 'U 
'U , 'U 

iB~~B'U~~1~ 0 fl~bb'U'U 

(8) tl1fl~bb 'U'U~1~\11f1f11161B'UnB'UL1tJ'Ubb61~VI~~ L1tJ'U 1 tJi bfl11~~iB:W6l'VI1~61~~ 
'U 
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3.6 nT;i1bRca1~·tHie>:~J~ 
'U 

e.J ~~~f:1VI~VI1'1 fl1~6~EJ'U~eJ'l~6~EJ'U~'lnB'U6b~~VI~'l 6~EJ'U Vl11~'<\l1 flf1~ 6b 'U'U61B'U'<\l1 fl 66 'U'U'Vl~61B'U 

e.J ~~~ f:l'Vl~'Vl1'1 n1~ 6~EJ'U~B'IUfl b~EJ'U 1~ EJU1~B~~~11 6f1~1 ~~rr:n~ bb{9) n~1'1~ B'IA~ bb 'U 'U n Btl 6b~~VI~'l 

b~EJ'U~B'!Ufl 6~EJ'U'<\l1 n fl1~~~fl1~6~EJ'U~6~B'l fl1~61~YleJ'U6b~ ~ fl1~'tXn 6 VI~B'l 6661'1 1~EJ 1 i~~fl1~VI~~ B'l 
~ ~ 

Dependent {911 ~ 1 tJ ';i 66 n ';i ~ Microsoft Excel (t-test: Paired Two Sample for Means) 1 ~ EJ 

'Vl~61eJ'Uf111~66{9lfl~1'l~i1iTEJ~1~qj'Vl1'l61i1~~ .05 

e.J~~~f:l'Vl~'Vl1'1 fl1~b~EJ'U~B'l~ b~EJ'U~'l n€J'U6b~ ~VI~'! b~EJ'U 6d€J b l'U~~ EJ~ fl1~61€J'U61€J'l~tl~1~ Vl11~ 

'<\l1 n A~ bb 'Utl61€J'U'<\l1 n bb 'U'U'Vl~61€JUe.J~~~f:l'Vl~'Vl1'l n1~ b~ EJ'U~B'lir n 6~EJ'U 1~ EJU1iJB~~~11 6f1 ~1~~r111~ 

rl161i1~'Vl~G1€J'U t-test 6b'U'U Dependent {9)1~1'l.J~bbfl';i~ Microsoft Excel (t-test: Paired Two 

Sample for Means) 1~EJVl~61€J'Uf111~bb{9lfl~1'l~i1iTEJ~1~qj'Vl1'l61i1~~ .05 



d 
\JVl'VI 4 

~~n111~f.J 

~ £;1 f111 ~ f1~1 1.~8~ lB f111~U 1.?11 ~I.~ BoW~ 'W 1 fl'J 1 :WI.~ 11 ~ b ~ tJ'J tl'Ul511lJ6lj1 ~~ 8~ bb?l~ bb£;1~ bb?l ~ b ~ ~ 

1. 1~1F1ru~~ B~t'T n b~tJ'W1~~uiul1'utJ:w~ n~1tJ~ 5 n~:w~'JBEh~~Bt'T n 1.~tJ'W~'Ul!utJ:w~n~1tJ~ 5/2 , 

.fl1flf1111.~tJ'W~ 1 Uf111~f1~1 256211~b~tJ'UtJ b?ll51~VltJ1fl:W B1b.fl8bij8~ ~~VI'J~tJ b?ll51 ~:W1~1f1f111 

1.~8f1bbUUb~1~~~ ~1'W1'U 37 fl'W ~~tJ~8U1b?I'W8~8:W£;1~£;1f111lbfl11~~~8:W£;1 l.b£;1~f111Bihh1tJ~£;1~ 
~ ~ ~ 

1vl~1f1f111~f1~1 bbtJ~~£;1f111lbfl11~~{?11lJ~1~U~~d 

4.1 ~£;1f111b tJ~tJUb VltJU~£;1f111~f1~1fl11:Wb ~11~ b~8~ l511lJ6lj1~~8~bb?l~bb£;1~ bb?l~b ~~b 1~1flru~ 

4.2 ~~f111~f1~1fi11:Wb ~11~ b~8~u11lJ6lj1~~8~bb?l~bb~~bb?l~ b ~~b 1~1flru~~8~Uf1b~tJ'UV1~~n11 

~~f111b~tJ'W~bbUU~Ub?l1~ b~8bl'W1~tJ~f111?18'U?I8~~tJ~1~ 
'U 

4.1 ~~nT~ibmtJuLVitJu~~nToaAn'M1fl11:Ub 1i1l'\l L~v.:~ 5'i'i:U'Y11~evv.:tbb~.:tbb~~bb~.:tb~.:tb 'iev1fHllt91 

'i~VI'h.:ttiv'Ubb~~VI~.:tn1'i~~n1'ib'itJ'U~bbuuauLa1~ 
'U 

1 fl~bb'U'U) V1~~~1ntYu U1~8:W£;1:W1lbfi11~~Vl1\l?lt;1~vl1tJ t-test ~1~~'UUtJ~1~ruV11~?1t;1~ 0.5 
~ v 

1vl~£;1 ~~{?1111~~ 4.1 
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~111 ~~ 4.1 b ti~EJ'U b Vi EJ'U f1 ~ bb 'U'U ~ 6Hl11A n'M1 f111 :U b ~1b ~ b~eN 51111~1 ~i'Y.J B ~ bb6l ~ bb6l ~ bb6H b ~~ 

b11S{J1f1W~1~Vi'h~riB'Ubb6l~Vf6l~n11<5'~n11b~EJ'U~bb'U'U~'Ub611~Vf1f111:U~ (5E) 
~ ~ 

f111:U 

b~1b~ 
Mean so 

riB'U 

ct 

4.92 2.265 b 1EJ'U 

Q,l ct 

16.05 2.788 Vf6l~b1EJ'U 

I cf 

f11bu6lEJ so 

11.14 1.294 

t df 

52.324 36 

Sig 

1 

tailed 

0.000 

fl~bb'U'U bb~~ijfl~bb'U'UVI~'Ib1tJ'Ubu~tJ b'Vlltl'U 16.05 fl~bb'U'U djeJLtJ1tJ'UbVltJ'U<;i~VIl1'1fl~bb'U'U~B'U 

~'I~B~fl~'I'WUl1 fl~bb'U'W~BUVI~'IL1tJ'U~'Ifll1flB'WL1tJ'WBV1'1ij'l!m-f1~f.1J'Vl1'1~~~~<;i~~'U .05 (1BtJ~~ 
~ v 

5) ~'lfl~Tl1~l1 fl1<;i~~fl1<;ib1tJ'W1L~B'It51<;ilJ~1~~B'I bb~'l Lb~~ bb~'l b ~'I L <;i~1flWI'l ~18fl1<;i~~flTH1tJ'W1 
~ ~ 

bb'U'U~UL~1~VI1fl11l.l1' (5E) ~1lJ1<;if.ltJn1~~urn1lJL~1L';J~eJ'IUflL1tJ'WL~~'I~t.mti1-:~i~b';J'W 
~ ~ 

4.2 ~6lnTaAn'M1fl11:U b ~11~ b~B~il'f'a:U111~tt~B~bb6l~bb6l~bb61~ b ~~ b 1tt11flW~ezJB~cUnb~EJ'U'Vf6l~n11 

<5'~nT'ab~EJ'U~bb'U'Uilt'Ubifi1~Vf1fl11:U~ (5E) b~Bb1'U1~EJ~n1161B'U61B~6l'tl~1~ 
~ ~ 

~1~81~~1 b U'U fl11'VI~~ B'l t~ tJ fl1<;i'Vl ~~B'UVI~'I LdeJ b l'U 'J~ tJ ~ fl1 'J~ B'U~B'I~tl ~ 1~ t~ tJ 1 i 
~ 

bbU'U'Vl~~BU~~1b~Bfl b~Bn~B~f.ln{9)B'IbcWtJ'I~Bb~tJ1 Lnrusn1 'Wfl1'Jl ~fl~bb 'W'W LdB (b~Bflrl11'1BU~ 
~ 

' .., ' 

f.lf1{9)€J'IVIU'I~B ~B~~ 1 fl~LL'W'U) VI~'I';J1fltJ'W tJ1~BlJ~lJ1lbfl<;i1~~'V11'1~~~~18 t-test vh~~'U 
~ ~ 

'l!t1~1~~'Vl1'~~~~ 0.51~~~ ~'~1'11<;i1'1~ 4.2 
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~111'1~ 4.2 bm~ubifi~'Ufl~bb'U'Ue.J!;lf111Af1't!t1fl'l13Jb~1b:U b~eN 5113J~1~CSUB'Ibbt;l\lbb!;l~bbt;l\lb~'l 

b1CSU1flW~1~Vd1'1rlB'Ubb!;l~'VI6l''ln11~~n11b~~'U~bb'U'Ua'Ubt;11~'VI1fl'l13J~ (5E) 
~ ~ 

so 
Mean so t 

1 16.05 2.788 
GJ ct ~ d 

'VI!;l\lb 1~'Ufl1\I'VI 

2 (b 1'U:U1f1f111 
0.03 0.499 0.329 

GJ ct 

t;lB'U'VI!;l\1 b 1~'U 

2 ~tl~1~) 16.08 2.812 

IJ I I 1.1 t I 

df 

Sig 

1 

tailed 

* 36 0.372 

~fl~I.I.'U'UGHJUfl-r'IVl lbtl~tJ I.Yhn'U 16.05 fl~bb'U'U bl.~~~fl~bb'U'U?IBUfl~'IVl 2 l.tl~tJ bVhtl'U 16.08 

fl~ bb 'U'U b~el b tJ~tJU b VltJ'U1~'\,rJ1\Ifl~ bl. 'U'U?IB'U vY'I?IB'Ifl~\1 Vi'Ul1 1lJ bl.~ f1vl1'1'<\11f1fl~ bb 'U'U?IB'Ufl~\1~ 1 

B ~ 1'1~11 t1 ~ 1 ri' ruYJ1 'I ?I~~~ 1 ~ ~ u . 05 ~-:~ n ~ 111~11 n 1 1~ ~ n 11 b~ t1 'U ~ b ~ e1 -:~n11~~1 ~ ~ e1-:~ bb?l '~ bb~ ~ bb?l '~ 
u ~ 



511~~1~lel.Jv\lbb61\l bb~::bb61\l b ~\lb 1~.11rHU{9} 

4.3.1 n1161::VJv'U~B\Ibb6l\l 

1. u~"~m~'l!Elf~t~nm~l'l\J~ 'ln1::~m~1'l1\J 

1~~·i~~1nn1~~~Ln~~~~~~~~·u 

2. B~a1LcW~t:Ji~nm::\'l\Jtnnl::~m~1'S1tJii1tJ~1J;i1~1 a~LniJl uuiin~~~Lnfi;'U LL~::1fi~1J\Jlnm::\'l\J 

11lJ~::Yiau ({DFt1'i1::1~ : 'W1.1a~~1LL~~Lm~ErflfltJ~~~ v1\ILUu8umlv;iaV!1~1Jl1) l.ll.l"::~au~a 
.., • " • " " - 4 .., 

~1J'V1a1ua~a::\'l vtJ'V11 nuLautJ nVl"Mla L~\J u tno1 n 

I 

~JJ~nm::-YJu 1 

- ~ 
· '> · , • ' · · ~·~--;·-:_,.-.~ .. - ==-~-~_:-===~ m'::"'nl.JI1JU 

32 



~n·-n~~ t ~·n ·He.m nYfYl~lfiH~ 

~11~nm::,1u 
1·····-·· ···-------------------- -

I 
I 
I 
I 

l' lfmodimnm•u~• -~ ~ 

. 
;.~ -~. {: ! ... Jr, ~ 

------r 
/ ; 

JS 
I 

bO 

nr '!/lhll'lNl 

~~- -~ I Jt'U>.;t)rl# 
/ 1 "-... ' 

t "' : '~ 
t k!ii:li''PS 

I 
bO 

! 

~~c1 

lJlJ~ nn'l::YIUnUlJlJ41Zli'tJUijrn1lla1Jn'U6numh~ l "i 1. • • 

.. .. ~~~D.:1t!.l.V.~~l~.!D~9~~~:.n9.~ .~~.t~. ~ ..... )~~~!.~0.~.1•1~~i.!D .. .. .. .............. .. ......................... . 

2. Li1u~tmnn ~~a,nm:::..,n.J i'-1~~ :::Yi'uu ijfl11lJa'lJ~u5numh~1"l 

111\J~fi nT~Yifl iHH 

··- - -\ ~~V} .h~tJn~~- -~~nn.~-~ -~D.1J. 0_--;.o r.~. ~DnH~~-~~-q,J.P.:l/.YH~.!:~.~~ - -~(t.f!.~~- - l:;!: ..... S ~:.'}-~!.~ .. ... . . 
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~1nn1~~ 4.4 b~en1TtJ~1fl!Jfl 1~ru5~~~eu1 ~ll.~eNl,l,61-:j ~11 ~~nb~tJt~1~bbm~VJ8th1J~1~ 

-a''U~Bt!~t! ~~~'Ull~fl l,~tJt!l,~~~,:j bfl~ b~t!U ~l n~ n1 ~ru1~~~'W ~1flfl1~~B'UA1tn~ 1 'Wn~nn~~~.Q' 
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5. L\J~E.l'Ul.!l.r~~vr11--1~lUW\1c_11n\H:rJV1lll,; 30, no . . )0 ll"~ 60 eFwn i1,anll1lU1:!'1.J'UYin~,,~Ln~<6u 
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