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ABSTRACT 

TITLE DEVELOPMENT OF SCIENTIFIC CONCEPTUAL UNDERSTANDING OF 

INTERNAL STRUCTURE OF FLOWERING PLANTS USING BY SIMPLE 

EXPERIMENT AND JIGSAW LEARNING FOR GRADE 11 STUDENTS 

AUTHOR 
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SCIENTIFIC CONCEPTUAL UNDERSTANDING, EXPERIMENT, RETENTION, 

JIGSAW LEARNING 

The main aim of this study was to develop scientific conceptual understanding by 

using simple experiment and jigsaw Learning in the topic of internal structure of 

flowering plants. The samples were thirty six students of grade 11 in Lahansai 

Ratchadapisek School, Lahansai district, Buriram province, who had registered in 

biology course for the second semester of the 2016 academic year. The research 

tools comprised of Learning achievement test. The one group pretest posttest design 

and used dependent sample t-test used to analyze data. The result revealed that 

students after using simple experiment and jigsaw learning in four subtopics, such as 

plant tissue, internal structure of root, internal structure of stem and internal 

structure of leaf were increased in scientific conceptual understanding. The score 

mean are 24.89 (SO 3.69) in posttest which are higher than that in the pretest (mean 

10.42, SO 2.90) at 0.01 statistical significant differences, but not different from 

students knowledge retention at 0.05 statistical significant. In addition, this technique 

is useful to attract student interest. 
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UflL~tJ'\.J.ff'\.JUt5tJ3.JPifl~1U~ 6 h \IL~tJ'\.JG'l~VI1'\.JVI~1tJ-r"11~1.fl L ~fl ehLflaG'l~VI1'\.JVI~1tJ ~\IV!-J~u ~~3.J ~ 
' 

yjtJ';hum~t~tJi1e.J3.J~3.Jt)VJtVJ1\Ifl1~L~tJtJ~1n11Fi1LO~tJ~~~u'll1~1'lm~a\l 2 tlm~~n~1 (2558-2559) 

fiai1fi~LL'\.J'\.JL1J~EJL'\.J~~~Uh\IL~tl'\.JL'Yhnu 32.66 LLG'l~ 31.711'113.J~1~U (-..J1flfi~LL'\.J'\.JL~3.J 100 fi~LL'\.J'\.J) 
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"!.lru~~e.Jfll"l~Lb'U'ULO~!:J1~~U'I.h~L'VlPlflel 33.40 Lbfl~ 31.62 1'11l.J{;h~'U ~.:J~B11LU'UI"l~LL'U'U~~1 

Lda~"ii11W11"1~ LL 'U'U 1 'UG'f11~ m1L~t:J'U~~.:~iH'l11'lnu m~u1'W n11~11.:~~11'1~.:~ LU'U G'f11~n11 L~t:J'U~~ 
" " 

l'l1l.l!;h~u (G'ft:nU'U'Vl~G1B'Ufl11~fl'I~1LLvi-:~"111~ (B.:!rlfl11l.l~1"11'U), 2560) ~.:J"ii1fl~Bl.lf!~.:JflG'i11~.:!1"111i1 
" .. " 

fl11L ~.:~tl-r.:~tl1.:!~11l.l'U11 ~iJe.Jf! ~l.Jn'Vlfi'Vl1-:J~lltJ1'Vl !:J1Pl1G'fl'lfl ~a.:~fli'U fl11~11l.l'U11"111l.l L ~11 "ii"!.IB.:J~ L~!:J'U 
, ul "' " 

1 'U fl11b~t:J'U1"111~11'Vl !:!1~(1 nl'i' a.:~ LLf!~m~~,r nfi.:~m1l.l l'i'a.:~fl11"1.1B.:J~ L~ t:J'U~Bl.!Vh 1 ~~ L~t:J'Ui11"111l.l 
" " " I I t,l I tl' 

~ .c::!il i.l Qf Q Clio c::::l q Clio q 0 IJ ..::::11 oC::il Q qq I or:::.. q q lt!:f 

m~l'lB1B1'U'Vl"ii~L1t:J'U1"111"1111'Vl!:J1l.l1flt:J.:J"!.I'ULLf!~'Vl1e.JL1t:J'Ul.IL"iil'll"ll'l'Vl~l'lm"111'1!11'Vl!:J1l.l1fl"!.I'U 
" 

~1~ !:J b~G1111"ii bbfl~~fl'I~1'U~'U'Vl"!Ja.:J.ff'UL~ !:J'U LL~1 'W'U11 "iJ 1fl n11G1111 "iJ 1"111l.ll'i' el-:1 fl11"1.1 el.:J~ b~ !:J'U 
" " 

1~t:JflG'il.IG'f11~ fl1';JL~t:J'U ~1'Vlt:J1P11G'fl'l~ tl1~"il1tJ fl1';J~ m·n 2558 (nG'il.IG'f11~ fl11L~t:J'U ~1'VlmP11G'fl'l~ , \J , , 

h.:~L~t:J'Ufl~~1'U'Vl';i1t:J-r"~~~1.iiL't~n. 2558) wu11~ L~t:J'U 1 ~m1l.IL i1'U 1 'U';J1t:J1'111~11'Vlt:J1 Hfia L u'U1"111~ 
" 

t:J1fl sa'ueila'U LLfl~l'i'a.:~ 1 im1"il1 Lt:Ja~ l'i'a.:~vl'11"111l.l L~1 h Lbf!~~m~1a ~1.:~~.:~1"ii l"l~i:I1'U 1 ~qj1 i~tl LL uu 

fl11{.'feJ'ULL'U'U'U1';lt:J1!:! 1~.hu'U m~'U1'Ufl1';l1 ~~L~t:J'Ub~~l1l.I'U1fl11~1'l 1 bl"l';l1~-H ~.:JLI"l11~-H fl11 
" 

LbG'f1.:!~11"111l.l~~1!:JI'l'ULB.:!bU'Ubtl1~~1!:JI"l11l.!Gi'1'U1fl Lbfl~~G'IB'Uir-:~1~~Bfl11G'fB'UhJmn ~G'fa'Ui:I1'U 
" " " 

1~qj1i"ii~u'U'Vin 11-:~L~t:J'Ui1n"iim1mt:Ja~vh 1 ~m1L~t:J'U hh.Wt:J.:~wa ~(,'fa'Ui:I1'U1 ~q)G'fa'U h!~'ULtra~1 
~.:JL ~G'11-d'vh 1 ~~G'IB'UI'l';l:m'Wnfi.:~m1l.l~1~qj 1 'Ufl1';l~~fl1';lL~t:J'Ufl1';JG'feJ'U 1 'U11t:J1'111~-ru~~"11B'U 

';ltlLL 'U'Ufl1';JL~t:J'U~LL uu~n61la1 bU'Ufl11~1'lfl1';lb~t:J'UbU'UflG'il.IL~ ntl1~l.l1ru 3-6 l"l'U ~~~L~t:J'U~iJ 
, '\1 , "' 

1"111l.IG'f1l.l11(ll"lfl~tl'U~~bU'U 2 nG'il.lb~t:Jfl11 nG'il.ID1\J (Home oroup) bbfl~flG'il.l~iltl1~G'f'Ufl11W , , :> , \1 

(Expert group) G'fl.l1=ti fl"!.IB-:1 LL~fl ~ fl~l.l~ fl~1~1.Va~1~-r'Ul.IB'U~l.l1 t:J 1 'U fl~l.l~i1tl1~ G'f'U m1ruml'1t11 

1"111l.ITI tlafiu 1!:! 1 ~L ~a 1 'U nG'il.ID1'UYl.:~ L U'U m1 L~t:J'U~i:I.:~LG'f~l.ll"ld1l.l~1l.li1a LLf!~ rl1t:J'VlB~I"l11l.l~1~~11 
" . " 

L~B\JL'UflG'il.l ~.:~.Va~'!Jel~fl11L~~\J~LL 'U'U~n61la1'fi1~L ~di~LL ';l~'OJ~h i1fl11LG'f~l.ILL ';l~L ~Li1~1i''U 
' " " " " ~~11t:JflG'il.ILLf!~';l1~'UI"ll"lfl (B1~111UJ 51~~. 2557) LLfl~'Uelflfl"ii1n\1 iJ;'il.l1.fl1W 'UVJ~1nf1 (2558) 

• , , GUll , 

ir~nci1111fl1';J{,'feJ'U 1 ~u ';l';lf!l'l1l.IL U1~l.l1t:J 15m1L~t:J'U~LL uu~n61la1 ~m U'U1Bfl11L~~'U~~i1e.Jf!~ fia 
' " " 

ncil.ILLf!~.fl1~1 'U ncil.l L U'U m11Jn~ n~~'Vl1~~1'U~~I"ll.li:I.:~L(.'f~l.J 1 ~~ L~t:J'Ui11"111l.l-ru ~l'l'IIB'U n~ 1~1'1 
' ' " 

fl~1~~a'U1"iJ fl~1LL(,'f~~elelfl iJaG'f';l~LL vf~fl11L~!:J'U~ bbf!~fl111 ~bl"l~eJ.:JiJB~LoH'U b~"ii~.:JL 'U~i~t)';l~"i]TJ'U 
" 

l.J1tl1~~ n~1 i~.:J"ii~'fi1 !:J L Vf~ L~~'U L ~11"iJb~~1~ G'f1l.J11m111"111l.J~~bm tJtJ-ru 1m 'U~1~tJ ';l~-;]1-J'U b~ 
' " " 

el~1.:J(lfll'i'B.:J ~ L~~'U b~ L~~\JoW'lf~~al fl~fl1mLfl~L ~el~l'lJ'U1fl11L~~'U~ Bl.Ji:I.:Jt:.Jfl1 Vffl11L~!:J'U"!Jel~~\~!:J'U 
" " " 

i1tJ1~a'Vlfi.fl1'Wl.J1n~.:J~'U 
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L ~el'WI'lJ'W1fl11lJ L -ff1 h!lJ hllJ~1'Vl v 1P11Ml i L~m 1m.:Jt'1~1.:JJl1 v 1 'U"Ua.:Jfi"ll~rem G'I1V1-ruu m~v'W.ff'W 

~tivlJPin'l!t1tl~ 5 

1.2 11Plflt1'a::fl.:~fil"llt~.:~m'a1~a • 
m1i..ijv 1 'Ufl~.:Ji1'i111Vlmh~t'~.:JriL ~a , 

1.2.1 Plf1'1!11fl11lJL-ff111illJ 1 'UlJ~1'VltJ1P11t'I\Pl{ L~a.:J 1m.:Jt'I~1.:JJl1tJ 1 'U"Ua.:Jfi"IJ~an tla'Ubb~:::'VI~.:Jb~tl'U 

1~ tJ m11 off"ll~'Vl~~ a.:Ja~1.:J41tJ~'.llJtl'U fl11L~tJ'U~bb 'U'U~ n"lla1 -ua.:J'I!m~v'W.ff'U~titJlJPlf1'1!11U ~ 5/1 , ~ 

1.2.2 Pi f1'1!11 fl11lJ fl.:J'Vl'U fl11lJ ~ b~a..:) Lfl1.:Jt'1~1.:JJl1 v1 'U"Ua.:Jfi"ll~ an "il1 n f111 b~tJ'U n~ tJ 
~ ~ 

n111 off"ll~'Vl\Pl~a-:~a ~1.:J~1tJ~'.llJtl'Ufl11b~tJ'U~bL 'U'U~n"llal "Ua-:~ir n b~tJ'U.ff'U~titJlJPl f1'1!11U~ 5/1 , ~ 

' ' ' 
n-htia'UL~v'Wa~1-:~ntrmh~qJ'V11.:J(;1~~vh~~ufl11lJL~a~'W~av~~ 95 

1.3.2 irm~v'W.ff'U~titJlJPlf1'1!11U~ 5/1 ~L~tl'U 1~v 1 -ff"ll\Pl'Vl\Pl~a.:Ja~1.:J41tJ~'.llJtl'Ufl11L~tJ'U~LL'U'U . ~ 

:: .. ..; t ... 1 .. a d !:'11 I 
"ilf1"1la'.l b 1a-:1 ~fl1-:1~11-:!Jl1tJ 'U"Ua.:J'Y'I"IJ~a f1 lJfl~bb 'U'U LO~ tJfl11lJfl-:I'Vl'Ufl11lJ1 ~lJ Lb\Pl f1\Pl1.:J"il1f1fl~ bb 'U'U 

~ 

LO~ tJfl'.l1lJ L "li11"illJ L 'UlJ~i'Vl tJ1Pl161\Pl{'VI~-:I L~tJ'UmJ1-:1i1iJvri1~ qj'V11-:161~~~1~~'U fl11lJ L ~a~'U~m.J~~ 9 5 

1.4.1 nqlJ~1t~Ei1.:~ f'la 'l!m~v'W.ff'W~tit~lJPln'l!t1U~ 5/1 ~1'W'.l'W 36 fl'U 1~lJ11\Plt~fl11L~amL'U'U 
L"il1~"il.:J (purposive sampling) "il1nth~"ll1m'l!m~v'W.ff'U~titJlJPlf1'1!11U~ 5 ~1'U'.l'U 1 -M'a.:JL1V'W 

Lbt:-~'Ufl11L~v'Wi'Vlv1P1161\Pli-flru\PlP11~\Pli 11lJ 36 fl'U ~n1~.:JPin'l!t11'Un1flL~v'U~ 2 um1Pin'1!11 2559 

L1.:J L~tJ'U~~'VI1'U'V111tJ-r"ll~11iL 'l!tf1 eJ1LJla~~'V11'U'V111tJ ..ij'..:J'VI-1\Pl'U~-rl,J~ , 
1.4.2 L dt~'VI11't111h1'VI v1~1"li1 'U.:I1'U1~ Vfl f.:~d f1 a L~a .:~ Lfl1.:Jt'1~1.:JJl1 v1 'U"U a.:~Vi"ll\Pla n 

'VItJ.:J~BL~tJ'Ui"ll1~1i'VltJ1 L~lJ 3 "!la.:J~CmJ'U61-:!Lt'l~lJfl11t'la'Wi'VltJ1P11t'I\Pl{bL~~L'VlflL 'U L~EJ 'VI~nt'lm 
~ 

2551 ~1'U'.l'U 4 Lbt:-I'Uf111..ij'\Plfl11L~tJ'U~ 
~ 

1.4.3 ~1LL tJ'a~L-lil:um'a1~a 

1.4.3.1 ~1LLU1~'U f'la "ll\Plfl11'VI\Pl~a.:Ja~1.:141tJ~'.llJtl'ULLt:-I'U~\Plfl11L~tJ'U~LL'U'U~f1"1lal , ~ 

1.4.3.2 ~1LLth\Pl1lJ f'la 

1) fl11lJL.ff1 t"illJ 1 'UlJ~1'VIV1P11t'I\Pli-ua.:Jirm~v'U 
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' 2) (;.J~~:Wt]Vl5vn-:~m~L~tJ'U 

... "" ""' 3) fll1:Wfi'IVl'Ufll1:W~'ll'EN'Uflb~tl'U 
'IJ 

1.4.4 ~::v::L1~1~f1n~1 ~a mfiL~V'U~ 2 tJm~Pim~n 2559 hm1-iinm1'Um~~~m~L~v'Uf 

8 -if1 L:W'I hhl:Wn1~Vl~G'fa'Ufll1:Wfi'IVl'Ufll1:W~"IJa'IUflL~V'U~L~tl'Ul'll1;gllVlCJ1 L~a'l Lfi~'IG'f~1'1.fl1tl 1 'U 
'IJ 

1.5 t.h:: 1v"'1'11~fi1W.h~:: 1~-rmnnm~1:5'v 

1.5.1 'IJv1fl'l~Vl~~a-:~a~1'1~1tJ~1:Wn'Um~L~tJ'U~LL 'U'U~n"lla1 L~eN Lfl~'l?f~1'1.fl1tl 1 'U'/Ja'I~'IJ~an 
' 'IJ 

a 1:W1~~fr~ 'U 1fll1:W L.ff1 1-i:J:w L 'U:W ~lVl tJ 1Pl1?l 1'1 i'lla 'IU n L~tl'U ~ L~tl'Ul'll1~h lVl tJ 1 LL6'1~?11:W 1~ ~ 

u~~vnl'l1in'U;ai~'~u~~~11'U1~ 
' 

vl11 ,X(;.J~~:IJflVJivn-:~m~L~tl'U'IJa'I~L~tl'UG'f'I~'U LL~~~L~tl'U 1~fr~'U1~n't'J~ 1 'Unl~Vl~~a-:1 
01 '\J '\J " 

1.5.3 ~L~tJ'U:iJfll1:Wfi'IVl'Ufll1:W-rl 'UL~m Lfl~-:~a~1'1.fl1 tJ 1 'U'l.fa-:J~'IJ~an ~l:W~'I?l1:W1~~?1~1-:Ja-:~f'1 
'IJ 'IJ 

1.6.1 fr~'U1fi11:WL<ff1 li"J:w L 'U:W~lVltJ1f"11?ll'l{ VI:W1tlfl'l fl1~L?l~:W?l~1'1fll1:W~fll1:WL.ff11~ fll1:Wfi~ 
'IJ 

LL~~ m~ 'U1'U n1~Vl1 'I~ I'll VI tl1~ L~ tJl-iJ€1-:J tl'U~ -:~1~~-:J'VI~ 'I ~'lvl11 'iX'U flfl~ G'f1:1J1 ~~fi~'U ~~ fl'I~'I,!'U LL~ ~ 
' ' 

?11:1J1~~ 1 i:w t 'U~I"ltJ (concept) L~a~~m~n'U~'I,!'U 1~a~1-:JL.Wt~-:~'V'la ~-:~~n~11fi-:rdm~~:::iJ~n't'Jru~ 
L U'U'U1:Wn~~:w 'VI~m tl'U~Un~~:wr11~~'~1 'UL~m-d'n~1lfl'l L~a.:J Lfi~.:J?l~1'1.fl1tJ 1 'U'llm-rl'l.f~an 

'IJ 

1.6.2 'IJ~fl1~VI~~€l'la~1'1~1tl 'VI:W1tlfl'l 'll~Vl~~€l'l~m~tl 1~a€lflLL'U'ULL~~?l~1'1~'UL ~a 1 -ifLU'U~€1 
' ' 'IJ 

1.6.3 fl~ LL 'U'Ul ~fll1:W L .ff1 1-i:J:w L 'U:W~l'VI tl11"11?ll'l { 'VI:W1tlfl'l fl~ LL 'U'U~1~~ 1n n1~G'f€J'Ul~(;.J~ 

~:Wt]VI~'VI1'1n1~L~tl'U L~a'l Lm'l?f~1'1.fl1CJ 1 'U'lla'l-rl'IJ~an vr\lna'ULL~~'VI~\11 -if"q~fl1~VI~fla\la~1\1~1tl 
"' I V d i.l Q 6 

~1:Wn'Ufl1~L ~tl'U~LL 'U'U~n"l!al 
'IJ 

1.6.4 fll1:Wfi\I'VI'Ufll1:W~ 'VI:W1tJfi\l fll1:W?l1:W1~~1'Un1~fi\IH~\Ifll1:W~ fll1:WL'1i'1h L~a\1 
'IJ 'IJ 

Lfl~\1?1~1'1.1l1tJ 1 'U'lla\1~'/J~an t~vvi'1m~1~'VI~.:J~1n~L~tl'UL?l~~~'U 1 ULL~l 30 l'U ~lmL'U'UVI~?la'Ul~ 
' (;.Jfi~:Wt]Vl5VI1\I fl1 'J L~ tl'U"q~L~tll tl'U LL 'U'U'VI~?la'U ria'UL~tl'ULL~::'VI~\1 L~tl'U 



d 
'U'VI'VI 2 

bi1h~ 1 'U~&i1VJ tJ11"1161t911 b~eJ~ 1m ~61~1~.fl1tJ 1 'U"lleJ~oW"11111eJ n "ll eJ~'!J m~ tJ'U.ff'Ul!utJ~Fim~ntJ~ 5 

1 ~~b~tJ'U m:'VI1'UV1~1 tJ'!"I11111.il b ~n ~~ 1~ ~1tJ~1~ beJ n611~~1'U1~ tJ~ b~ t11-b'm bbm~Fin~115m~61eJ'U 1 'U 
... 

CLI II I Q.l ..:::::1 

'VI'J"lJeJ\911~ 1 \11~'U 

2.1 ~b'U~~ (Conceptual) 

2.2 'l!111t!l)tmm~1VltJ11"1161t911 (Science Laboratory) 

2.3 fl1~b~tJ'UibbtJtJ~fl6!!eJl (Jigsaw learning) 

2.4 Fl11~fi~Vl'UF111~i (Retention) 

2.1111'U11~ (conceptual) 

2.1.1 fi1111VI111El"lleJ..:111L 'IJ11~ 

fl1~61~1..:1fi11~VI~1tJ 1 ~ntJ ~..:1~~..:1 bf)\91 b ~'IJVI~eJ b~tJ'IJ ~ b ~ m11fl11~ b .rr11 'l ntJtJ~::61tJ m~ru 
'U 

t!u 1 b~11~~fi'T·ihn111m1~1~mnn'VI~1tJ'"h fl11~fim1tJtJeJI11 bb'U1m1~fi111 ~1'U.n1'1"1 ~htl1'filu 
111 u11~ ~-.:~1 um~1~EJfl~~.n~~tJ"J::1ifl'111 "111 'U~~, ~..:~iim~fi1111VI111EJ"lJeJ..:1111 'U11~ 11~..:~-d 

'U 'U 

I I I I II 

Vl~eJ~-!!1111~·mi1..:~ 1111 tJ e1 1 P1 tJ m ~~~ bflt91'VI~eJtJ ~:: 61tJ m ~ru b~hJ bb~11 ifl ru~ n~ru::"lJ eJ-!1~ -!!'11'U~Tt.J~::l.n ~ 
' 

b i1~1tJtl'Ub tJ'U<U'eJ61~tJ b ~eJeJ5tJ1EJ~ru~ n~ru::"lJeJ-!1 b~eJ-!ItY'U 'VI~eJ 1 ~fi1-;J1 nl11fl11~"lJeJ-!I~-!!tY'U 
1'1"1 h'lu b~~b\91"ll1'1"1.:JPI (2550) 1m ~rn1~VI~1El"lJeJ-!I~ 1 'U~~11 fie1m1~fi111 fl11~b.U1h 

b~tJ'JntJb~eJ-!IL\11b~eJ~VI~~ b"li'Ub~tJ'JntJ ~~1'~"~~~ru '-lt1!'1!1'461'Ut (2554) l111tJ fl11~fil11tY'Ubnl111~'l1n 
fl11~ b <U'1 h"lleJ~tJflfl~ b~ tJ'J ntJ1t91tl b 'VI\91 m~ru ~~b tJ'UI:.J ~~1'l1 nm~'W-;v1~ru1.Um -vl-;v-;v~~ bb~::'t11~-!l~ 

' ' ' 
b~EJ'JieJ~~1tJ~::~1~ b ~eJ 1 eUeJ5tJ1tJ b 'VI\91 m~ru 

' 

n1~b~EJ'U~ "J1ntJ~::61tJ m~rum~'VI~f)-;v1nfl1~~-!lbfl\91-;v1 fl61tl1'Un1~ruvh~ '1 b\11EJeJ1PltJfl11~~b~~b tJ'U 
'U I 'U 

~'U~1'U 1 'W m~61~1-!lfl11~-rl 'VIll~'U~1 Lb~::m1~~~t1 n61~1~~'WmtY'Wiim1~-u'l11 m1~ntJ bb 'U1 fl11~~~ 
-.. " " 'U 'U 

~~fi~Vl1~1VJEJ11"1161 t911611'U 1 'VIqJtJeJ~-!tJ 
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aii191J'I.J uruL~a.:J (2552) mh1()-:Jl.l1'Ul.l~ ~am1l.lboU1h 11'1EJG'I~tl~dil'!lil1nnTH~EJ'U~ 
" v , \1 

"!Ja.:J bbl'lrl~'IJ\"11"16'11'1 a~.:J 11'1~-:J'V!i!.:J ~.:] 11'1lJ1':il1f1f11~a.:Jbf11'l'V!~atJ~~G'!'IJ m~ru~11'1-ru 
' 

Vi"l11 <U'EJ~'U~ (2552) mh111'111 b'iJ'UI"111lJAI'll"111l.lboU1h"lla.:Ju\"11"16'1 ~dJ'UoU'aG'!~tl 
' ' 

b~ EJ1 nu~.:J 11'l~~V!'ii~'Vl~m~a~ 11'1L~a~V!'ii~ el''ULnl'l':il1nm~a-~ uw1 'V!~a 11'1-rutJ ~~ G'!um~rub~f.l1nu 

~~t!'U'V!~m~a~t!'U LL~11 il"1ru&rrrt!tru~"!la.:J~~t!'Ul.l1th~l.l16'1 L <U'1Jl1 f.ltl'ULtl'UoUaG'!~tl b ~a . ' 
a6u1f.li01ru&r n'l!fru~"ll a.:J~.:Jt!'ULLG'l~ 1 ~fi' 1~ 1 tl1'11"111l.l"!la~ L~a~t!'U'V!~a~.:JJ'U 

' 
'U~'UVI~ -r\J1'U'V11 (2554) 1~1"111lJ'V!lJ1EJ 11'111 lJ 1 'UlJ~Ltl'UF111lJAI'l'V!~a'IJVIG'!~tl"!Ja.:J'IJI"11"16'1~ 

' ' 
ijl') a L~a.:J11'1 L~a.:J'V!i! .:J 11'1 EJ LLG'!I'l.:Jaa f1l.l1 L~ a1 ~ LU'U11ill"111l.lci'1fl t1J L~EJ1tl'IJ &r n'l!fru~ b ~ au.:Jua n 

' " 
1"111l.l'V!lnEJ"lla~~~,r'U 1 mh~<U'I'lb':il'U 

':i11f1Fl11lJ'V!l.l1f.loU1-:JI'i''UG'!~tJ1Jl-h lJ 1 'Ul.l~ ~a 11"1~~G'!~1-:JF111l.l~Fl11l.l L <U'1 h~~G'!~Vfa'U 1 ~ . " 
Li1'U()~~~I"111lJ~~u\"1\"16'lt!'Ui1a~LLG'l~~n'l!fru~"lla~m~~~'~~~Luf.lum1lJTII'lf.lm~E.Jtl~~G'!um~ru~cJ1'U 

\1 , cu \f 

I tl I i,l 
dil Q.l d o<::!o v 

1"111lJ"!Ja.:Jb ~a.:J'U'U'V!~aG'!~'U'U 

2.1.2 1"111lJ'V!lJ1£JlJ 1 '1Jl.l~1VIa1fl1al>li 

1 'Uf11~1 ~1"111l.l'V!l.l1f.IL~£11tl'Ul.l 1 'Ul.l~VI1-:J1VIEJ1fi11G'!\J1TII'1i11Jn1~EJ 1m ~1"111lJ'V!lJ1EJ 11~~.Q 
Klopfer (1971) f1~1T;h lJ 1 'UlJ~VI1~1VIEJ1f311G'!\J1i 'V!lJ1f.J()~ ~~~Ltl'U'U1lJ5~~lJ eJ'ULtl'U 

~6'lm1'11i11 nm~~ f1'1!f1U~1 f1!) m~ru'V!~al"111l.lalJ~'U51'11~ 1 ~\1Uf11VI f.J1 f311G'!\J1 fll'1yj'1Jl1i1tl~~ 1EJ"l1'U1 'U 

m~~n'l!f116'ln5~~l.l"!11~ 

Vi"l11 -uf.J~'U~ (2552) 1m ~m1lJ'V!lJ1EJ~a LU'UI"111lJ~VI1~1VIf.J1f311G'!\'l'~tJ~~b.nVIV!'ii~~ 
" 

.. .3 ..I .. .3 .. "1 ..I ·'' ..:., ..: ..I ""..I 'I"" ...11 bf11'1"1J'UVILf11'l"lJ'U':il1f11"111lJ\"11'11"111lJb"ll1 ':il"lltl~~fOl\"16'1VI':il~G'!~ ul>le:JG'!~ bi'IG'!\IV!'U\1 'V!~e:JL~a~ bi'IL ~tl~'V!'U~ 'U 

1"1111VIEnfi11G'!IJ1i bb~1G'!1lJ1~fmcrU1E.Jtl~1f1!Jf11~rul'11\l 1 ~Lnl'l~'U1Jl ~\ILU'UoUe:JG'!~tJ~'\Jn1VImf311G'!\J1i 
Li1'W11l.Jtl'U~~G'!al'l1"1~e:J\Itl'IJ (1 yj h~'\.J b~l.Jb\J1"111~yj~f3i, 2550) 

U!J.;lyj~ nl.IG'lVi~v (2554) 11'1n~11'"h l.l1'Wl.l~'Vl1\11Yif.l1f311G'!\J11 'V!l.l1f.1()\l A11l.IAI'l 

Fl11lJ LoU1 h"ll tl~'U fOl\"16'1 b~ EJ1 tl'IJ ~~11'1 ~ ~'V!.Q~ 'V!~tl b~a~11'1 L~tl\I'V!~~~~ Ln 1'1 ~1 f1 m~fai f1'1!f1oU tl L ii~ ~~ ~ 
' 

tl ~1 f1!Jf11~ru'V!~e:JI"111l.lalJ~'UG~1\I 1 ~ b~EJ1oUtl\ltl'IJ1VIf.l1f311G'! IJlftl'l f.J 1 im~'IJ1'Uf11~VI1-:J1VIf.l1f311G'!\J1i 

~1f11"111lJ'V!lJ1E.JlJ 1 'UlJ~VI1~1VIf.J1f311G'!\J1{ G'!~tJLI'1l1 lJ L 'UlJ~1VIf.J1f311G'!\J1{ V!lJ1f.Jfi~ \"111lJ~ 
' " 



2.2 'Y!fltl~~m-ai'VIfl1fi1~Vl{ (Science Laboratory) 

2.2.1 fl11:u'VI:u1fl'Y!fltl~u~m-ai'VIfl1fi1~Vl{ 
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"qfl'tJ~u~m-ai'VICJ11"1161Vli ~B "qfl'tJ~u~~t1'm~mJ611:UTmPin~1~'Wfli'1vt1fl1VlB'U bb~~ 

b~t!'Ufl~~1 tJVl'UbB.:l L~tJn~m~:u t 'U'qfltl~~m~bU'U n~m~:U~b 'LJ'U 1 ~-u m~tJ'U 1~ b~tl'Ui ~1tl m~1-rr 

tl~~611VJ61':u~61 b~a1~tTm~t~'W1m.U-nn~~m~u1'Un1~'V11.:li'VICJ11"1161Vli 1~t~tl~~bfl'VI"VB.:~m~lij~ 

n~m-a:utJ~u~m~i'VItJ11"1161VlilfltJ~11tJ~ijV11~ 2 bb'U'U ~B n1"a'VIfi~B.:lbb'U'UG11b~':il~U (structured 

Laboratory) bb~~m~'VIfi~B.:lbb'U'UhJn1'VI'Uflbb'U1'VI1.:1 (un structured Laboratory) (:U1~~ 'VIB.:ll,J~. 

2554; -eJ1.:~~.:~-:u1n ~-r~n 'Wt1:u~1 2531) 

2.2.1.1 m~'VIVl~B.:l bb 'U'UG11 b ~':il ~'tJ m~'VI Vl~ B.:l bb uud m b'U'U~ n1vt'U VlU fl1Vf1'U B ni6 
\J 'V '\1 v~ 

m-aLbtlU'lJ'VI1'UBni6m~LbtlUqJVl1bb~~5'U 1 H L61~-:utTm~tJ'Ub oWtJ.:lbb~vl1Vl1:Ufl1~bb':il.:l 1 'U~l1amW1V1~B.:l 
2.2.1.2 m-a'VI VJ~ a.:~ bb uu hJ rhvt'W V1 bb 'U1'VI1'1 m-a'VIVJ~ a.:~ bb uud iJ m~CJ'U L U'U~ ~'Uvt1 

'U 

l"l1VlB'U LV1tJfl~n1vt'UV1UqJvt11 ~ bija 1~bL 'U1V11.:~ bb~1:;.i.:~ bbCJmJ1tJti''Wvhm-a'VIVJ~a-:~ bL~TU1t:-J~~1~:u1 

ai1tJ 11 t~vt.U 1-ff'W ~ nfl# .:~wd.:~ m-a'VIVJ ~a.:~ Lb uu db U'U m -afi-:~ L61'1:u 61m-a (lfl 1'V'IV11.:l ~1'U fi11:U fiVJ fl1-a1 ~ 
tTm~tJ'U11.:1 bbt:-l'Un11V1Vl~ B.:lnB'U bb~'J~.:j~ .:~l1~'VI Vl~e:J.:j(;l1l.J~ n1vt'UV111 ~.:lfi1B tlb 'U\i1'U~ b U'U~ b~ tJ.:j 

'U 'U .... 

n1~11.:lbbt:-J'Un11'VIV1~B.:!U1~nB~1tJ m~n1'VI'UV1Uqjvt1 m~~.:l61:U:U~~1'U bb~~n11VlV1~B.:lVl1:Url'1~'U 
m-alijV1m1b~tJ'Um-a61B'U~L 'LJ'U 1 ~~ b~CJ'U 1~tJn~~1.:~~a:uLnV1t:-J~ 1 'U m-alijVJm-ab~tJ'U~~~ 

'U ~ 'U 

~61 V1 Lb~ ~ m-a L~CJ'U~l1 Lfl~B.:li1B'VI Vl~ a.:~~ LL 'tJ~ n 1 vtlJ ~ a:u'l11:U1~.:lfi11:U61'U h"VB.:l~ L~CJ'U b U'U a~ 1.:l~ 
• 'U 

~.:~t!'UenlijCJ:;.i.:l 1~61~1-:~'I!Vl'VIVl~ a.:~a ~1.:~~1t1~'U b ~at~~ b~tl'U 1~u n~-:u~.:l bb~~~.:l\91\91~ b~tl'U 11'1 tJ m-a1i"l!fl 
"' ca " d.J \1 "' '; 

'VIV1~B.:lB~1.:l~1tJ 1 'Wm-alijVJm~ L~CJ'U m-a61B'U 1~ijiJnilij tJ LMm ti'u m~1 oU"IlVl'VIVJ~B-:~1 'U m~lij\91 m~L~tJ'U 
' " ' "' .. 

n1'~61B'UVl~1tJV11'U Vl.:l'U 

Roth ( 1994) U1"11V1fl'OJm~:um1VlV1~B.:l 1V1CJ"IlV1VlV1~eJ.:ltl'UtJm~CJ'U 1 ~.:lb~CJ'UlJoCJ:Ubb'l-i'lvt~'l 
' ' 

'V'I'U'J1tJn b~CJ'Ub .U11 -:uvt~ nm-aV11-:1YJ~ n~:u1n~'U b ~ B'I'OJ1 n 1~ b ~'Ubb~~~.:~l1atJ~~ m-a~1 tJVl'ULB'l 
' ' 

m~Vl~ lij'UVJif!.:lLL61.:l (2550) 'V'I'Ul1~1nm-a~~'U1'1!V1VlV1~eJ.:lb~B'lm-a61'U~eJ'l"VB.:lb~tJ'l , 
L ~B 1 'W 1 tJ1 m 'U m-a L~CJ'W m-a61B'W'VI~.:~-:u1n 1 i'Wu'i1t1'n L~CJ'Wijt:-J~ a:u~'VIB'V11.:lm~ L~ t~'WL ~:u~'U "qV1VlV1~B.:l 

61~1'lfi11:Ub .U1 h 1 ~~b~tJ'U~n11nT~b~tJ'Un1'~61B'Ub :a.:~u-a1mt1 1 'U~B.:lb~CJ'UB~1.:l L~CJ1 

n~1~ '1-ieJVl-r'V'I~ (2557) 1~Pim~1'V'I'Ul1 irm~CJ'U~~1'Un11L~tJ'ULV1CJ'I!V1n11VlV1~B.:l , ' 
I I ~ CV .c:! c:::al 3 I c:::al CV 0 CV QQ CV oC:Iil 1.1 1.1 

a CJ 1.:l'l1 CJ:U t:-J ~ 61:U ~'VIo'VI1.:1 m-aL 1 tJ 'U~ .:l"V'U eJ CJ 1-:l:U'U tJ 611 fl qJV11.:161 (] m~VJ u o .05 Lb~ ~:u m1:u n11'VI'U 1 

V11'ln11L~tJ'ULu~mvhti'u 0.75 eJCJb'U1~~'U61'l t:-J~m-ai~CJ:fit~L~'W11m-alijV1fi-:um-a:um-aL~CJ'UTIV1CJ1i 
'U 'U 'U 

II I CV CV.! c:::a1 1.1 II q cJ 
"qVln11'VI Vl~ B.:lB CJ1.:l'l1 CJ "111CJ'V'I ~'U 1t:-l~ 61:U~'VI5V11.:1 n11 b 1CJ'U bb~~fi11:U n11Vl'U 1'V11.:ln1~b "atl'U b 1€J.:l 
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~ Pl'U1 bb 'lJ~~ ru (2553) f1~ 11'J1eJ'lJ mru fl1~'Vl ~~ eJ\I:V:::iJ~"J'U'Ih CJ 1 'U f11'H~CJ'U ~'lJeJ\1 
' " 

,:r f1 b~CJ'U ~\l,r'UeJ'lJ mru'Vl~eJ"11~'Vl ~~e:l\1(;) eJ\IG'11~1~()'Vi'11 ~,:r f1 b~CJ'U 1~ b~CJ'U~ bb~::: b ·ih 1 :V~\l:V::: ~eJ 1~11 . ' " 

lJ1~SJ::: 'Vl eJ\1~~ (2554) 1~Pim~1vru 11 'Vl~ \I:V 1n~ir m~ CJ'Ub~CJ'U L~B\1 m~L~ CJ"J b 'IJ'U Lb~::: 
" 

f11~bb 'Vl ~f1G'ieJ ~ 1~ CJ 1 i"11~'Vl ~ ~ eJ \1 eJ ~ 1\l41 CJ ,:r f)b~ CJ'Uil b:V ~ fl ~ IJi eJ f11~ b~ CJ'U eJ ~1 'U ~~ ~'IJ~1 f1 fl~ bb 'U'U 
' " ~ 1 II I 1.1 

~~~~~'VlG'Vl1\lf11~ L~t~'Ub -w~;'Ua~1\lilirmh~'f1!'V11\16'f~~V\ o. 05 "/l~'Vl~~a\lil~~IJ!a m~L i1 h 1 'UL ua'Vl1 

'lJe:l\1~ L~CJ'Uvi1 1 ~~ L~CJ'ULn~fl11~tl11'VlU1 1 'Uf11~L~CJ'UL ~lJ~'U 
" " 

~\I,!'U~i ~CJ ~ \1 b -M'W11ch'l! f1 L~CJ'U 1~~\liJe:JtJ~,j'~ f11~'Vl~ ~ e:l\1~1 CJ~'U Le:l\lfl:V~~\1~~ 1 ~ 

,r n b~ CJ 'U bn ~ fl"J 1~G'1'W 1-:v~ :v ~Pi n~1t1 ~1 n!J m~ ru ~ 1 tJ ~'U ba \1 bb~ ~ ~ b~ CJ'U 6'11~ 1~() ~ I9),J 'U 1l1' n~~ 

m~'IJ1'Uf11~Lbti'ilni'Vf1 h'Vlfl~i'Uie:J'U 1~~1f1~'U bb~~bdm.h"11~'Vl~~e:J\Ie:J~1\141CJ~bb tJ~ n1 'Vl~1 ~~ b~CJ'U 
·~ ' " 

1~L~CJ'U~fl:V~~\Ib ~~fl11~G'i'U 1-:v 1 ~~b~CJ'UG'1~1\1Lb ~\I:V\lh 1 'Uf11~b~CJ'Ub ~~~1f1~'U 
" " " 

2.3 nTn1a'UiLL'IJ'IJ~n~a1 (Jigsaw Learning) .. 
Cll II A ~ 

2.3.1 fl11~'VllJ1CJ'lJel\lf11~b ~CJ'U~bb 'IJ'Ulilf1~e:J1 

ilirn1"111 m~ 1 ~fl11~'Vl~1CJ'lle:J\I m~~~m~ L~CJ'U~bL 'IJ'IJ~ n'ila111~\ld 
" 

Johnson and Johnson (1974) 1~n~11L~EJ1tl'Uf11~L~CJ'U'lleJ\l~L~EJ'U1~CJfl1~b~CJ'U~ 
" " 

LL 'IJ'IJ~f1'ile:J1fla f11'H~CJ'U~~~ L~CJ'Ufl1~~11Jiie:J 1 'Uf11'H~mJ~lJ1f1f1'J1fl1~Lb oU\IoU'U b 'W~1~fl1~LL oU\loU'U 
" " " 

1.1 Cl II II t.l I I 4 

:v~~e:J\I~~LL'W ~"11'\.J~ m\I:V1nm~~1~~a 
" " 

Steinbrink and Stahl (1994) f1~1TJ1 fl1~L~CJ'U~"J~ilmL 'IJ'IJ~ f1'iie:J1 b U'U~tl bb'IJ'IJ'lJe:J\1 
" 

m~ b~ CJ'U~11Jila Lb 'IJ'IJ'Vlii\1 ~ n~ru~'lJe:J\1 m~ L ~ CJ'U ~1 ~iia Lb 'IJ'IJ ~ n'ila1 :v ~~ ~,:r n b ~ CJ'U b tJ 'U n~ ~ n~~'Vlii \1 
' ' 

G'1~1"Bn n~~~'U ., 1 'U~1ieJ~tJl1\l n'Ufl'Ubb~"J'Vl f1fl'U:V~f1~'1Jm~n~lJ'lJeJ\I~'U b ~e:Je:J5'1J1 CJ 1 ~b ~e:J'U'W\15\1 , I , , 

~\I~~'U 1m tJb~CJ'U~1~1~n'IJ6'1~1-an'lJa\ln~~~u , 

:v~EJ1 'll'ULPl~~~ (2551) 1~n~110\Ifl1~b~CJ'U~bb'IJ'IJ~n'i!a111 'Vl~1CJO\I thn~~~~ . .. " 
fl~~6'fe:J'U~e:J'IJ'Vl~1CJ 1 ~G'1~1"Bn1 'Uf1~~LbtJl~~n~~Pin~1b da'Vl1~ n1'Vl'W~ 1 ~G'1~1"BmLIJi~~fl'U:V~()f1rl1'Vl'U~ ",. , , " 
1~ CJ n~~ 1 ~Pin~1 b d e:J'Vl1fl'U ~ ~~B'U~ bb~ n~Ji1\ln'W ~ L~CJ'U:V~ 1 tlvi1\11'U~1~6'1~1"Bnn~~~'U~1~~'1J 

' " ' 
~eJ'IJ'VllJ1 CJ 1 ~iii f1~1 L d eJ'Vl1~ b 'Vlile:J'U n'U'Vl~\l:V1 f)~'Vl f)fl'U iii n'\~1 L da'Vl1,r'U:V'U b i1 1-:v~\lf)~'IJ f)~~ L~lJ LL~'J 

' ' 
a5'1J1CJ~\I~~'Uiiin~11 ~G'1~1"Bn1 'Un~~'W\1 1~m~CJ\lm~~1~'1J L~e:J\l~11 L6'f~:v Lb~"J 1 ~6'11J1"8n 1 'Un~~fl'U 1~ . ' 
fl'U'VliJ\lG'i~tJ b ifa'Vl1'lJ€l\16'flJ1"8f1'Vl f1fl'U L i1~'W n'U m~G'ie:l'U e:l1:V L~~CJ~ie:JG'ie:l'IJ b~ CJ'J tl'IJ'IJ'Vl L~CJ'U,!'U , , ""' 
11'Vl~G'ie:l'Ufl11~L i1 hL da'Vl1~L~CJ'U 1 'U'ti1\IG'i~Vl1CJ'lJeJ\If11~L~CJ'W • 
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ClJ ..! d II' g ~d .J' d 1.1 • J( d 
';i'IJ'V'I';i b 'V11'J'VIli (2554) fl1':ib ';jCJ'U~bb 'U'U~fl'lje:Jd flab 'Ue:J'Vl1'VIfi~~G'Ie:J'Ubb 'U\Ib 'Ue:J'Vl1"1Je:J\Ib ';je:J\1 

~~ ~ L~ CJ'Ue:Je:J m U'U~1"1i'mJe:J CJ L vhlil'1'U1'UG'Im~n LL~~~ mi~ LL~~~e:J'U'\1!~1 CJ 1 ~,y n L~CJ'U LL~~~ nri~f!'U fl11 
' ' 

fi'U ~~~1"1i'e:1 LVJ CJ1! n L~CJ'U LL~ ~ ~ fi'U ~~ L U'U~ L ~ CJ1'111fll LU'V'I1~ L~e:J\1"1le:J\II'l'U 1111 -ru ~ e:J 'U'Vlm CJ~1 n mi~ " ·~ ' 
G'l~1'il n ~1\lflri~~1111~u~ e:J'U'\1!~1 CJ 1 'U-H1aUe:J L~ CJ1 tl'U ~d1~fdi mn ~1 n,!'ULL~ ~~fi'U ~~ L .U1n ri~ L~~"1le:J\I . ' 
IJl'UL ~e:le:lB'U1CJ-H1aUe:l~(;)'UPJ mn 1 ~L ~e:J'U~1~mi~~\l L ~e:J 1 ~ L ~e:J'U~\1 nri~ 1111L .Q'e:J'Vl1fl':i'U~1'U 

' ' 
e:J1~1':i':itu 511'1~ (2557) ~ fl'l1e:J1 LU'UL 'VIfltJfl~~9lJ'U1oiT'UL ~m>f\ILG'I~~m1~~1~iimL~~ 

' 
ri1CJ'VIeJVlfl11~~';i~'Vl11\ILYie:J'U 1 'U nri~ ~ L~CJ'U~L "111~1~ 1 'U15m':iG'Ie:J'Ud~~LL u\1 L tl'U'Yi~ LV1CJiiG'I~1'iln~i1 

" ' " 
fi11~G'I1~1':imL(;)fl~1\ltl'UL'Ii'UL~CJ1 tl'U STAD LL~~ TGT ~~L~CJ'ULL~~~fi'U~~ 1111-ru~e:J'U'Vl~1CJ1 ~~1'U 

" 3 4 .=lo cv ca.~ 11 o u 11d dt.~ 4 L "' ..,,J 
L 'Ue:l L ':ie:l\I'VIfl1'Vl'UV1 bb~ ~':i'U'\1!1"11 e:IG'I1'Vl':i'U ~ L'11CJ1'111qj'VII'le:J\Ifl1':if'1 fl~1 Vl CJ~~ Le:J CJ V1 Lb~ ~~ b '11 CJ1'111qj~~ 

fl~'U~1~,rVi~"1JeJ\I(;)'UL ~e:le:JB'U1CJ 1 'UG'i1'U~1'1'Ufl ~~~'U~\1 LL~~ 1 'U~~Vl~L~Cl'U'VJ flfi'U ~e:J\I(;)e:J'U"Ii'e:JG'Ie:J'U~ 

fi~~L .Qe:J'Vl1'VIfl~1"1i'e:J fi~Lb 'U'U~~ L~CJ'U 1111~~ 1 i':i1~L U'Ufl~bb'U'U"1Je:J\IVJ~L'Ii'UL~CJ1 tl'U STAD 
' ' " 

~\l,f'U;ij\lflri111111-;h ~1 hci'1f1qJ"1le:J\I Jigsaw Ae:Jfl1':i~\I'V'11~\Itl'ULL~~n'U~L~CJ'U'VJflfi'U~e:J\I 

~\I'V'11fl11~~~1fl~L~CJ'Ufi'U~'U ., 'VIflfi'Ui1fl11~ci'1fi'ru 1 'Ufl1':iL~CJ'U~L ~e:J~~ 1111vhaU'e:JG'fe:J'U 1111~ 
~ ~ I ~ v ~ 

fl1':iL~CJ'U~Lb 'U'U~ fl'l1e:J1~ Aronson ( 1978) ~VJ:ff'U,f'UG'I1~1':imL U\leJeJflL U'U 2 th~Lfl'VIAeJ 
" 

(1) 'tJ':i~Lfl'VI~ 1 Jigsaw 1 Lde:J'Vl1~~~fl~VJe:Je:JflLU'UG'i1'U 1 Lvhnulil'1'U1'U~L~CJ'U1'UVI~ 
1111L .Om,n hl~1n'UYi'11 ~"'~1'iln LL~~~fi'U1 'UVJ~L U'U~ L~CJ1'1J1fll~i1ie:Jm1~~e:J~1\I~'U 1<U'n'U~1n1 'U " ·~ " 
':i1 c.J1'111~ ~ e:J\1 L ~ CJ'U L .Q eJ'\1!11'111~1 nl'\' 1 ':i1 L~ CJ'U eff'U 1'1 eJ'U fi ~ fl ':i':i~U ':i~ fl eJ'U l111 CJ 

(1.1) fltLLU\IL.QeJ'Vl1~~~L~CJ'UeJeJflbU'U~1imJe:~c.J i1~Lvhnulil'1'U1'UG'I~1'ilflfl~~~\l 

(1.2) ~V1nri~~L~CJ'ULV1c.J1~i1m1~G'I1~1':itlfl~~n'U L~CJfll1 "nri~D1'U" (home 
' " ' 

group) LL~1~eJ'U'Vl~1CJ 1 ~G'I~1'ilflLL~~~fi'Ufdifl~1~1oUeJ~~1\Itl'U 

( 1.3) ~ L~CJ'U 1111-r'U~1oUeJ b~CJ'J n'U~1 fl LL~~ ~ flri~m,i\11111 CJ n'UL ~ e:Jvl1\11'U bb~~Pl fl~1 
" ' 

~1~n'U1 'U-H1oU'eJ~\Inri11 L~CJfll1 "fl~~~L~CJ1'111'\J" (expert groups) 

( 1.4) G'l~1'ilmL~~~fi'Ue:Je:Jfl~1flflri~~ L ~CJ1'111ru LL~~fl~'U 1 'tJ nri~L~~"1leJ\I(;)'Ut:-J~VJti''U , ~ v , 

( 1.5) fl':i'VIVJG'Ie:J'Ub.Qe:l'Vl1~Plfl~1bb~11 ~fl~bb 'U'U':i1CJ'Uflfl~ 
" ' 

(2) 'tJ ':i~ Lfl 'VI~ 2 Jigsaw II L U'U L 'VI fltJ fl ~'W ~ 'U 1oiT'U ~ 1 fl Jiosaw I i1~ VJl.i \1'\1!~1 CJ L ~ eJ 
;:, ' ' 

G'f\ILG'I~~ 1 ~~L~CJ'U 1111i1?b'U-d1m 'Vl~eJ LL~~~\I'V'I1n'U 1 'Uflri~~1floiT'Um~'U1'Ufl1':i"1JeJ\I JIGSAW II L 'Vliie:J'U 
" ' 

JIGSAW I 'VI n'tJ ':i~ fl1':iL Vi f.! \ILL(;) '1 'U"li1 \1 fl1':iU':i~ Lii'Ut:-J ~ m~~'l11fl~ LL 'U'U'VI nfi'U 1 'U nrim.J1':i1~n'U L U'U 
, \.1 , , 

fl~ LL 'U'U nri~ nri~~1111fl~ LL 'U'U ':i1~'Vl~m·h LU~ CJG'I-:JG'I VJ~ ~ ~ VJU':i~mf'111th c.J~e:J\1 ~ L~CJ'U15d~ ~ LL U\1 L U'U 
• , \.1 , \J 

VJ~i16'1~1'1Jfl~fl~~n'U ~L~EJ'Ubb~~~fi'U 1~-r'U~eJ'U'Vl~1CJ 1 ~~1'U L~eJ\I~rl1'Vl'UVl LL~~ 1~-r'U "-H1oUe:J~1'Vl-r'U 
" 
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e!L~tJ1'111fll" ~~e.Nm1Pim~n L~e:Je! L~tl'l.J'VlnfltJ~TuLde:J L~e:J\lo:uu 1 tJ~'JoUe:J L~tJ'J ntJ"I.le:J\lLL~mmmJo:u~ 
\1 at '\1 Ill 'I 

~11J ntJe:Jihh1tJ 1 tJ~1-umrtJ hw 1-u b 1mth~1J1ru 3o tJ1Vivt~\lo:u1 m!tJ~ b ~tl1'111qj i1-:u~mru1J1cJ'lVi1J 
"l.le:J'II'ltJL ~e:Je:JB'U1tJ 1 tJG'i'JtJ~I'ltJ-rl 'iXfltJ~tJ 1 tJ~"'~e! L~tJtJ'VlflfltJ~e:J\ll'le:J'UoUe:J"'e:J'U~e:Je:J nfl~1J L de:JvtTVI n 

" , \1 , , , 

~'J"!i'e:J fl~ bb tJtJ~ er L~tltJ 1~ -:u::: 1.U111J L utJfl~ bL tJtJ'!Je:J\j n ci1J bL~~e:J1o:uilfl ~ LL tJtJ~ bfi'l~ 1 ,xer L~tltJfltJ~vi 1 
" . " 

fl~Lb tJtJ 1~~LOtJfl1~ ~\l,!tJ e! b~tltJ'VlflfltJ~e:J'lPifl~1~1oUe:J"I.le:J\ll'ltJ 1 'IX~L ~e:JO:U~ 1~'1i1t!'Vi11 'iXL~e:JtJ 1 tJVi1J'Vi1 " . 
~ w 

2.3.2 'ti'tJI'ltl\Jfl1'a~~ n~ fl'a'a1Jfl1'H'iEltJlLL 'Utl~fl~fe:J1 (Jigsaw) 
~ w ~ 
v Q.l..::::~~t. Cill II o:::::~~t. tiCIIV .ct o Vc::i 

"l.ltJI'le:JtJ m1-:v~ fl"il fl'S11J fl11 L 1tJtJ1 LL uu-:u fl"lle:J'J 1JtJ n fl11fi'l n~1tJ1 L"'tJ e:Jvtm nvtm tJ ~\ltJ 
" 

Clarke (1982) L"'tJe:Jfl11"'e:JtJLL'U'U~fl'lle:JlLUtJ~tJI'le:JtJ ~\l.Q' 
~tJ~ 1 LL tJ~'l11~1.Um~'lvt1J~ 1 '!Xnuirm~t.JtJ 
~tJ~ 2 ~11T'ilirm~tJtJ111Jflci1J nci1J~~ 4 fltJ irm~t.JtJLL~~~fltJLLtJfl hJnci1J~e:JtJI'l11J • • • 

"" "" O:UtJfl1'U LL~~'Vl~"'e:J'U"I.Je:J1J~fl11m 
" " 

;\lmo:u nci 11 1~-h~tJ 1'1 e:JtJ m-a L~tJtJ~ LL uu~ fl'lle:J1 L UtJ m'S-.5' ~ fl11 L~tJtJ~ LL uu nciw~ n ., 
'\1 " , I 

~ L~tJtJ.fl1 tJ 1 tJ n ci1Jil m 12J L ~ tJ1'111 n1 ~1\l tltJ il fl11LL tl.:~ nci2J L UtJ 2 n ci1J L~ tJ n-l1 n ci 1JU 1\J (home 
'\1 Ill a~ Ill Ill , 

group) LL~:::fl~1J~iltJ1~"''Ufl11uJ (expert group) "'1J1;afl"l.le:J\lbb~~:::fl~1JU1tJ 1~~'ULUtJ~L~tJ1'111qj 

~1\l~'J"!i'e:JntJ Pin~1LL~~tJ1fl111J~~1~ tJe~fiu1 tJ 1 '~XL ~e:JtJ.fl1tJ 1 tJnci1JU1tJoW\l L utJ m1L~tJtJ~G'i'~ L"'~1J " . 
' I 4 I IJ' I Ql 

flJ11J'S'J1J1Je:J LL~~m tJ'Vle:J~flJ11J'S1~VI'J1\l b 'VWtJ 
" 

Yif"1tJ1 bb"IJ1J1Jru (2553) 1~L"'tJe:J~tJ\9le:JtJfl1'S~~no:um11JLLuu~n'~~e:J11~m~1Jo:u1nm'S~~ 
~ 

~L~tJtJLoU1nci1Jfl~~m11J"'11J11fl (Ln'l nm'l ~e:JtJ) nci1J~::: 4 fltJ LL~~L~t.Jnnci1JoU11 nci1JU1tJ"I.le:J'IL11 'U , , , , 

(home group) "'1J1:an1tJfl~1JU1tJ"I.le:J\lL 111~~'U1Je:J'Uvt1J1tJ1 'IXPin~1Lde:Jvt1"'11~fltJ~~ 1 ci1tJ LL~~vt1 

rJ11'le:J'U1 tJtJ'S:::L~tJtl ruvt1~~?1e:JtJ1Je:J'Uvt1J1tJ 1 'IX "'1J1:an 1 tJnci1JU1tJ"I.le:J\lL 11 LLtJn ~1tJ 1 tJ111Jtl'U"'1J1:an 
"' " , 

fl~1J~tJ~'l1~~'UL.Q'e:JVI1L~tJ'JtltJ ~\lLUtJfl~1J~L~tJ'J'111ty (expert group) ~tJ1J1 LL~~~'J1JtltJ'vl1fl111J 
L "li'1 h 1 tJ L d e:Jvt1"'11:::JtJ e:J ~h'l~ ~ LB tJ ~ LL~ d11J ntJ e:JJi tJ 11 t.Jvt1ri' 11'1 e:J'UtJ 1~ L~tJtl ru vt1~ ~ "'e:JtJ 

"' " 
1Je:J'Uvt1J1tJ 1 ,X ?lm:annci1JL ~tl1'111f."Ufl~'U 1 tJcinci1JU1tJ"I.le:J\l L 11 LL~~~fltJ'Ii'JtJ"'e:JtJL ~e:JtJ 1 tJ nci1J 1 '\XL oll1 1o;u 

'I tl 'U '\ , 

1 \.1"'11~~\91\J 1~~fl~1~11Jtl'Uflci1J~L ~tl'J'1!1fll . " ·~ 

"'flu5 t.J:::ru::: 1 '11~ (2554) 1~"'1tJ~tJI'le:JtJfl11"'e:JtJno:u m-a1Jfl1<,iL~t.JtJTI~tJ1 inci1J~11Jile:J , , \1 • 

~fl'lle:J11~ 5 ~tJI'le:JtJ~\j.n 

( 1) ~tJLI'l~tJ1J 
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fl':irl 1Vl'U vl'l (;1 f'lth~ 6'1-:Jfl fl1':i b~ EJ'U~ bb~ ~ n :u fl':i':i3..1 fl1':i b~ EJ'U fl1':i6'1 'El'U bVJ t~16fl1':i b~ EJ 'U 
" . " 

LL'U'U~13..1i1mL 'U'U~fl'1l'El111 fl':i~VJ LL u.:~ L .Q'ElV!1'El'ElmtltJ~1i'El~'ElEJ ., ntJ'<i11'W1tJ6'13..11:an"U'El.:!fl~3..1 ..ij'VJn~3..1 
" I , ' 

1!m~EJ'U'El'Elflbtl'W 5-6 n~3..1 n~3..1~~ 4-5 fi'U LVJE.Jfi~~L~n~ijm13..1~13..11':if1~1-:Jtl'U fl'El Ln.:~ tJ1'Ufl~1.:~ eJ'El'U • • 

" 
(2) "1JtJ6'1'EltJ 

fl':i'I11L i1?i'UV1 L~EJ'Wvl1 E.Jfl1':i 1 ~VlflfltJ6'1tJVl'U1 inm3..1 L~ mntJ L-d'Elm1 tJLLr.JtJfl1':i6'l'El'U 
" " . 

" 
(3) "11't.~n:um':i3.Jfl~3..1 • 

m 1 ~,r n L~ E.JtJ~ Pi nw1~1i 'ElL~ EJ1 ntJ:U1fl LL~~~ n~3.Jvl1-:J1tJ~13..1 n'W L~EJ n'l1 n~3..1 " . . 
~ L ~EJ1'1l1'1J fl~'U n~3..1u 1'W"llv.:!\9ltJ LL~"Jr.J~ V1 L tJ ~ E.JtJ Ll E.JtJ n'U 'El6'U1 t1 L Yl'El~1 EJVl 'ElVJfl113..1fl ~L Yl'El'W 1 tJ 

fl~3..i'W.:!:U'Ufl':i'UVlfl~1i'El LL~~lifl1':iiflm3..1i'El6'1-:Jii1EJ l'l'El'UFhm3..1 LL~~Vl'UVl"J'U 1 ~L i1 h-liVJL:UtJ :U'ULL 'Ub:U . ' 

... 
(4) "11'tJVlV16'l'El'U~'EJEJ 

fl ':ivl1 fl1 ':iVlV16'l'El'U ~ 'El EJ L V'U ':i1 EJ 'U fl f1 ~ VI~ .:J:U 1 fl~,j' fl b~ EJ'U bb~ ~ ~ fl ~ 3.Jvl1.:11'U b?I~:U " . . 
b~EJ'U~'EJEJLL~"J bVJEJ 1 ~1Jm~EJ'U~1-:IfltJ~1-:Jvl1 hJotbmVI~'EltltJ LL~1'111F1~ bb tJtJVlV16'l'El'U~'EJE.l':i1EJ~flfl~"ll'El.:J 

Vlflfl'U 1 'W nci3..13..11':i13..1 n'U b tl'Wfl~ LL tJtJnci3..1 nci3..1~1~f1~ LL 'WtJ':i13..1Vl~'Elfi1 LO~ EJ?I.:J?IVJ:U ~~VJtJ':i~fl1Pl11~ 
lt , " , "' • 

u1t~tJ':i~fl1P1'tlv.:~~'El.:~ 

(5) ~tJ1~':i1.:!1~ 

fl ~3..1-ffi~fl~ bb 'U'U ~.:J~VJ:U~ 1~-r'U':i1-:J1 ~Vl~'El fl1':i'll3..1 b 'lltl 

'U 'El n:u1 n,!tJiJ.:~ij-:~1'U1~ EJV!m E.Jvl1'W~1~'11116m':i..ij' V1fl1':i L~ EJ'U ~ LL 'U'U~fl'1l'El11 tJ1 i~VJ fl1':i 
" 

.. I 

b ':itltJfl1':i6'l'EltJ'V'I'U11 

Abdullah Sahin (2010) fl~11l1L~mtJ~EJ'ULVlEJ'ULVlfliif1Jigsaw II tl'U':i~'U'Ufl1':iL~EJ'U 

fl1':i6'l'El'U~ L tJ'U f1 ~ ~6'1 'El'U L tl'U ~'U 6 fl~ 1.:1 Lb~ ~vl1 fl1 ':itJ':i~ LiJtJ r.J ~ ii13..it1Vl B"U 'El-:1 fl1 ':j..ij Vl fl1 ':i b~ E.J'U fl1':i6'l'El'U 

Vl1-:JI'i1'W1'1l1fl1':i LVJE.J 1~1!m~t~'Ui'UtJ':i~f13..1PlflW1itJtJ~ 6 Dfl1':iPlflW1 2009-2010 1'W..ij'.:JVI1VJ Erzurum 

vl1fl1':i?i3..1Lb~~LLU.:J1!flb~E.JtJ'El'ElflLU'U6'l'El.:!fl~3..1 nci3..1VJVJ~'El.:! 35 Fl'U 1-tiLVlfliifl Jiosaw II LL~~fl~3..1 , , , :::> , 

f11'U 1"13..1 bVJ EJ 1 ~fl':i b tJ 'U PltJ 6 fl m.:~ fl1':i..ij' Vl fl1 ':i L~ E.JtJ fl1':i6'1'EltJ 36 fltJ Pl flW1bVJ EJ 1 otl bb 'U 'UVl V16'lv'U1 V1 r.J ~ 
' " " 

ii13.JtlVlBV11-!J fl1':ib~ E.JtJ bVJ EJV1V16'l'EJ'U rl'El'U b~EJ'U LL~~Vl~-!J b~ E.J'U LL 'U'U1VJF11 13..1~~ fl-!JVltJ :U1 fl,f'U..ij'VJ fl1':ib~EJ'U 
" ... ... 

QJ c:l cv 0 v oQ. I'll Cll 

fl1':i6'lel'U \9l13..1Vl~ fl6'1\9l ':i\9l':ifl :U1fl'UtJ'U1r.J~ fl1':iVlVJ~el.:!Vl.:JV!3.JV13..111 bfl':i1~Vl"ll 'El3..1~ fl1':i b ':itl'Ufl1':i6'l'El'Ubb6'1Vl-!l 
" . " 

1 ~L ~'Ul1fl~3..1VlVJ~eJ-!li'jr.J~~3..itlV1BV11-!l fl1':ib~E.J'U LL\91 fl~1-!l tltJ';J1fl fl~3.Jfi1'UfJ3..1'El ~ 1-:~i11!mh~''lJ tJ 'Elfl';J1fl.Q 

'El1~flci11 11'11111flb~E.JtJi'jflT~Lb6'1Vl.:I'V'Itl~fl':i':i3..1 1 'Wb"li.:J'U1fl~'Elfl1':ib~f.ltJ LVJE.J 1 otlb Vlfliifl Jigsaw II 
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liJ ~ ~ 1 'lJ 'U Ll"l 'j~~ (2551) Pl n ~1t:H'l ~l.J ']'Vl B LLfl ~ L'IJ~ V'I.J L Vi~ U Vl n~~ n 'j~U 1 'U f11'j 

'Vl1~i'Vl ~11"11G'II'li"lla~11 m~~'U.ff'UiJ5~l.lPl n~1tl~ 6 ria'U LLfl ~Vl"'·:Jn1'j'<il ~m'j L~~'Ui LL uu ~1l-liia 1~ ~ 1 i 

L 'Vlfi'U fl~ f1'1ltll~1l.J tlU LL(:..J'U.fli1l-l 1 'UVll"l'I.Jb~ ~ 1 iLL UU'Vl~G'I t!Ul ~Vl n~~m~U1'Uf111 Lbfl~ bb UU'Vl~G'ItJU 
'IJ 

l~(:..Jfl al-l'1'Vl~'Vl1~ f111b~ ~'U (:..J (;l f11 'jPl f1~1'WU 11 tJ n b~EJ'U~1~-ru f11 1'<il ~ f111 b~ EJ 'Uibb UU ~'"Jl-lii eJ 1~ EJ 1 <if 

b 'Vl fi'W fl ~ n 'll tll ~1l.J n u LW 'U IJ ij lJ 1 'UVl 1"1 '!JiJ (:..J fl al.J '1 'Vl B'Vl1-:J n1) b~ EJ 'U bbfl ~ (:..J fl ~lJ ']'Vl B~ 1'U Vi' n~~ 
m~U1'U f11'j'Vl1-:Ji'Vl ~11"11G'II'l iVl~.:J L~ ~'U G'I.:J f1l1 n tl'U b~~'U f111 1 <if bb(:..J'U.fl i1'U 1 'UVl l"llJ1 'U f11)G'f'j'\.J fl11l.J 

'IJ 'IJ ' 

lil ~vh 1 ~,r n L~ EJ'UlJfi'J 1l.J b -u 1 h LL(;l ~ m 1l.J~ 1~~'U LL(;l ~ 1~-b' a a.:) bf1 l'llil1 n f11 'j Pi n·en11 f11 'j'<il ~ f11'j L~ EJ'U ~ 
'IJ 

bb UU~'"JlJiieJ 1~EJ 1 <if b 'Vlfi'Wfl~ f1'1ltll~1l.J nu bb(:..J'U.fli1l-l 1 'UVll"llJ b U'Um~U1'Uf11'j'<il~f11'jb~EJ'Uf11'jG'ftJ'U~b U'U 
'IJ 

1 ~ti' m~EJ'U ~'<il n LLG'I1~Vl1 fl11l.l~ 1~ EJ 1 iVi' n~~ m~U1'U m 'j'VJ1-:Ji'Vl EJ11"11G'II'l i 65-:J L U'U ~ .:J~1 L U'U 1 'U f11'j 
'IJ 'IJ 

L~EJ'UTI'Vl El11"11G'II'li~~~.:J(:..Jf11 ~iJFi1 LO~ ~fl~ LL 'U'UVi'n~~m~U1'U f11'j'Vl1-:Ji'Vl El11"11G'II'li"ll a~ti' m~~'UG'I~~'U 
'IJ 'IJ 

L~ EllJ'l"ll 1 '11~(:..J1 (2553) 1~Pin~1'WUl1Um~EJ'UL~EJ'ULfllJeJ~1~G'I'4f1G'I'U1'U LLfl~~'U'I1t!U 

'j'\.J LL uu f11'jG'ftJ'U Lb uu ~1l-lii a~n'lla1a ~1 'I.J'j~l?ium n 11 n L~~'UlJ(:..Jfl f11'j'Vl ~G'ItJUVl~.:J L~EJ'Ul.l1n n'i1 
'IJ 'IJ 

na'Ub~ EJ'Ut:J~ 1-:JiJ11m111"1 t1J (p<.05) Lbfl ~iir111lJ LoU 1 hr1m~ bfl~eJ'U b~eJ.:Jm~ LUG'I(;l ~(;1-:J L ~a~lil1n 

11m~EJ'U'I1t:JUU'j'jEJ1 ml"l f11'j L~EJ'U m 'j'Vh.:J1'U L U'U n~l.J•th EJ 1 ~~eJ'Uflfll EJ fl~fl11l.l~~ bfl~EJ ~ 1 'U~eJ~ L~EJ'U 
' 

-r'l1-n 'Vl1 LVI~ n (2556) 1~Pi n~1-wu11m1l.lG'I1l.J1'j(}1 'U m1~~i bfl'j1~~"lla~ti' m~EJ'U 

.ff'UiJ5EJlJPim~t1tl~ 2 Vl~.:J1~-ru f11'j'<il~f11'jb~EJ'U~LL uu~ n'lla1G'I~n11na'U1~-ru n11'<il~f11'jb~EJ'U ~ 
'IJ 'IJ 'IJ 

a~ 1~iJ'li'm111"1 t1J'Vl1~G'I (i ~~1~l?i'u o. o 1 'I!'U L tl'U L -w11~ti' m~ EJ'U ~ L~EJ'U Ln~lil~-d1 EJ afiu1 m ~lJ L~lJ 1 ~nu 

ti'm~EJ'U~b~EJ'UBt:J'U b ~a·th EJvh 1 ~ti' m~EJ'U~ b~EJ'UBt:J'UlJfl11l.l~'U 11il1 'U m1n~ut111 tJ LG'I'Ua 1 ~b ~a'U1 'U 

n~l.lU1'U~.:J u 'j)EJ1f111"1f111'<il~ f11'jL~EJ'U~ b~l-l1 tJ~1 EJfl11l-lG'I'UnG'I'U1'U hJ ~.:J bfl~EJ ~ bb(;l ~-um~EJ'U 
' 'IJ ' 

Ln~m'jL~EJ'UTI~~ 
'IJ 

el1~1'j'jt;U 511'1~ (2557) 1~Plf1~1'WUl1f11'j'<il~ f11'j b~EJ'U~bb UU~'"JlJiJeJL 'Vlfl'Wfl~f1'1lell 
' 'IJ 

L~eJ.:J'j~uu(;\'1b~EJ~"lleJ.:JoW'I1~an iJtJ'j~~'Vlfi.n1-w 84.53/83.85 ;~G'I.:Jn11Lnru~~~~H l?i'11-Q'\.J'j~~'Vlfi[:..Jfl 
'IJ 

Ciil II "' 4 _J -=1 1.1!1 CV 4:::1 II" I Cal A. !! ~Q 1 1 CV 

f111b 1EJ'U ~"llt:J~'U m 1 EJ'U'Vl b 'j EJ'U ~m EJ f11'jliJ ~ n11L 'jEJ'U~ LL uu 'j'"Jl.Jl.leJL 'Vl fl'Ufllil n'llt:J1l.lfl1 L 'V11 nu o. 71 
Q CV c! .c::i CV .<::::'11 I I q I c:l CV 0 CV q,Q d CV Q.l 

Lbfl~l.l(:..Jf~G'fl-l'1'Vl5'Vl1~f111b 'jEJ'UVlfi.:J b 'jEJ'U~.:Jm1nt:J'Ub 'jEJ'UtJEJ1-:Jl.l'UEJG'I1flt1J'V11~G'I(ll'l'Vl1~~u .o 1 Vlfl~lil1n 

f11'jL~EJ'U'ti' m~EJ'UlJfl11l-lYi.:J-wa 11il1 'Uf111'<il~f11'j b~EJ'U~~1~l?i'u ~l.l1 n 
'IJ 

lil1 n-b'1~~'U a 11il n~ 111~11 n 1 'j'<il~ f11'j b~ EJ'U ~bL uu ~ n'l!a1 v111 ~ t:J b~ EJ'UiJ fl11l.l b -t'111il 
'IJ 'IJ 

1 'U f111b~El'Ub ~l-l~'Ubbfl~'th EJ 1 ~t:J b~EJ'U~'<il nm1•1h m Vl~ aLb u.:Jtl'Ut:J~'Ubbfl~ t:J b~EJ'UlJfl11lJ-rue:i~'l1au 1 'U 
~ v ~ ~ 

f111L~EJ'Uf1~1bbG'I~.:Jtltlf1 1 'Ufl11l.J~~ 
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2.4 fl'J11lfl~'VI'Wfl'J111f (Retention) 

1'Wm~lij~n1'H~~'W~ unlvr1a~1~vr-ct~"Ua,:m1~b~~'U~vr~~\!1n~erb~~'W1~\~~'W~~~~1~ 61 1tlbbiK1~'W 
" Vt 'U 'U 'U I 

fia fll111fl~'VI'W1 'Un1~b~~'W~;~erb~~'W\l~ir~?t1111~~fl~ 11;~t:-J"m~ b~~'U~vr~a hl~'W 1Jlih!nm~iaim~n 
" " " 

mh1ii~1B1~m111fl~'VI'W 1 'Um~b~EJ'Wi ~~d 
~l'l'U1Jnru ?t1't~l'l~ (2553; a1~8~\!1n Adams, 1967) mi11ii~f11111fl~'VI'W1'Wn1~~1 

(Retention) 11vr111~ii~ f11111fl~ H;~t:-J" m~b~~'U V!~Bf11111?11111~~~\l~~~~ n 1Jl ~a~~ b ~1~ bflm~~'U 

vr~mfl~i1tJ~~?I'Um~ru~'U~111 bblK1V!~~\!1n~1Jl'VIa~~~ 1l'i1~~~~b 1m 1~ b 1mvrii~ nfivf1111lfl~'Vl'U 1 'U 
" 

m~~1bb"~ 1 'Um~tJ~~biJ'Wt:-J""Ua~m~b~~'W~11i1m~ b tJ~ ~'Wbb tJ "~bb~1vr~a hJ b ~1~ a~flav1 ~b 1m 
" 

~1~b"~1 tJ~:m~vr-ct~ v1\lbtl'Wvrm~ 11'W~a~tJ~~biJ'U t:-J"~1Jl\!1nm~tJ~~biJ'Wfivfl111lfl~'VI'W 1 'Um~ 

~1iJ'UbB~ 

Gaone (1994) 1Jla5'U1~i'U l'lB'U"lla~m~tJ1'U m~b~t.J'U ~b~B 1 ~bfl~f11111fl~'VI'W1 'Un1~b~~'U~ 
:> " " 

?t~tl1Jl~\ld • 
(1) m~~\11\1 btl'Um~-tln~'l1~~b~~'Wiv~1m~~'Wi 

(2) m~vhm111b·ihh btl'W~'W~erb~~'W?t1111~m·ihh?tm'Wm~ru~btl'W~\Ib~1 
" 

(3) m~b~~'Wi'll1'1bb~\l~b~~'Wfll'btl'Wm111~1 ~'Wdi1m~btl~~'Ubbtl"\lbD'Wf11111?11111~~a~1~ 
1 V!~bfl~~'U 

c 4) m111?11111~(11 'Um~G1~?111~~b ~1bn'U 11 b tJ'Ufl'J111~1 ~'Udb iJ'Wm~l11~\l~ b~~'Wn tJ bn'U 111 'U 
" 

I 0 I ~ 

G11'U"lJB\If11111\!1"lJ1\I~~~~bl"1V!'U\I 

(5) m~~B~'U ~'Udbtl'Un1~ba1~\l~b~~'UntJbb~1 bb"~bntJbB1Ll~'U ?11111~~t11vvn1111m'W 
'U 

~n~ru~"Ua\lm~m~v'h~~\1 bni'11Jl 

(6) m~G1~tlvr~nm~ ~'Udbtl'Uf111116'11m1~m m 'U~~~b~~'Url tlbbGl1 1 tltl1~~n~nu~~b ~11 vr~ 
• 'U • 

~tl1~G1'U111 

(7) m~"\lilatllj~ btl'Um~bb?I~\I"W~~m~1l~bb?l~\laanii~m~b~~'Wi 

(B) m1?t~1\lt:-J"~a'Un~'U ~'Wderb~~'U~u'V1~1'Ut:-J"m~b~~'W~ t:l1~'U'01m111bi1hbb"~m~b~~'W~ 
" " 'U 

1~~ ~'Wm~~1n\l~"~"~vr~a~11111Jlb"~\!1nm~ul'Um1b~~'W~ bb?t~~1~b~'W11fl'Ub 11\1~~1~\l~b~~'W 
'U 

1111~111ntJBEJb YiEJ'11~~'Wa ~ tl'U m~~tJ1'W m1 b~~'U~ 'i1\!~·1h ~ 1 ~bfl~f11111~11~~~~1lbbnerb~~'U 1Jl~ 
" " 'U 

b~~\11~ 

-rl'l'W1.mru ?t1'Um (2553) a5'U1m~EJ1fl'Ufl1111fl~'VI'W1'Um1b~~'W~ fiam111?t1111~(11'Wm1 . " 
f1'111~\I(:.J"n11b~~'U bb"~fl1111?111111~ 1 'Un111~~nii'lb -davr1i'll1~ bfl~ b~~'W 1Jlbi1vb1"1~1'U 1 tJ-ti'1 

1~~~nmvrii\l 1~~1~\!1nt:-Jm1'11~'Vl~'Vl1\ln11b~~'W 
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1"111~VI~1tJ~eJ~L~m.J ..ij~th~~um~rum\ILLfi~~L~m.Jihhu~1~1'Un~m~~m~L~tJ'U-r 1-b'~e:Jtn~L~tJ'U-r 
\1 'U \J 'U 

~~\l~~m1~~'U 1~ ..ij~ b d e:JVI1mh\l L U'U~~'U'U L U'UVI~1~Vtl.J Lbfi~WJ~ii n1~Vl'UVl1'U Lbf!~!J m.J'Ue:J ~ 
'U 'U 'U 

L~v1nu"li1\IL 1"'11 'Un1~Vl~~Bum1~1"1\1Vl'Um1~TI 1~'~-d' 
'U 

-rn~~~ bb'V'l\IU€1\1 (2554; eJ1\IB\1~1fl Atkinsion and Shiffrin, 1986) iim1~Li1'U111'Ufl1~ 

Vl~~e.J'UI"l11~1"1\1Vl'U1 'Ufl1~~1 m~L 1'U~~tJ~b'Jfl1'l-11\1~1nfl1~Vl~~e.J'UI"l~\ILL ~nt1~:::~1ru 1 1'1..1 L 'V'l~1::: 
b U'U"Ii1\l~::: tJ~ b 1ft 1~1"111~~1 ~~ v~~'U~~~\1\911 nm tJ L U'UI"l'J 1~~1~~tJ~tl11VI~e.J 1"111~1"1\IVl'U 1 'Ufl1~~1 

L~~n1 ~\1-MVJB\1-B'v (2553; eJ1\IB\1~1n ~'1..1~-B'v LVJtJ'UVle.J\1, 2548) n~1111 Lnrusv'i1'Um~ 

tl~::: Liiw:.J"' 1"1\IVl'U 1 '1..1 m~ L~ tJ'U -r"tl e.J \1~ L~ tJ'U ~e.J \liim1~ 1"1 \IVl'U 1 '1..1 n1 ~ L~tJ'U -rbbfl~ 1"1\IVl'U m1~-r~~~ e.J\1 
'U 'U 'U 'U 

"'~"''~hhn'U-re:Jvfl~ 10 b~m1me.i1'Ulu 1 1'1..1 bbf!:::~~~€1\lfl~"''~hJLn'U-re.Jvfl~ 3o b~m1me.i1'Ulu 
30 1'1..1 Vl~\lfl1~1 ~t:.J"' fl1~b~tJ'U \>l1 e:J~1\Ib "li'U t1'1~L~ tJ'U~B'U1 ~t:.Jfi\"1~\ILL ~n llii'l"l~ LL '1..1'1..1 7 5 1"1~ LL '1..1'1..1 

'U 

~\1,1'1..1 n 1~~B'U 1"1 ~ '~ ~ Bl t1 Vl~\1 7 1'1..1 LLfl ~ 30 1'1..1 1"1~ LL '1..1'1..1 ~ ~"' ~"' 'lll.J Ln'U fi1~ '~~ f\'1'1..11 ru ~ Bl ud 

VJ~\1 7 (75x10)/100 Lvhnu 7.5 VJ~\1 30 1'1..1 (75x30)/100 Lvhnu 22.5 LL~~'~1~Li1'1..111irm~v'U~ 
"" Jt ~ c<JI ' ~ .. ' 1·' ,Jt ' ...... "" 1 

L ~tl'UL 'U€JV11 b~~~€11~~ b 'U e.JVI1'U1\I~'J'Ufl ~fl\1~1 flb~~b~e.Jb 1fl1t:.J1'U u LL\Jl L 'Ue.JV11'U1\1~1'UVl'Uflb ~tl'U~'U ~ 

" tJ'U~~~\11"1\1€1~ 
'U 

11'& ~'U~1f31~ (2549) 11ii'~n~1fl1~b tl~tJ'U LVltJ'Ut:.Jf!G1~~Vl~Vl1\lfl1~L~tJ'U 1"111~~1~1~tJ1 '1..1 

m~1LI"l~1~-M LLfl~l"l"l1~1"1\IVl'U1'Um~L~tJ'U-r 1"1n'ih1VltJ1 .ff'Ul!5tJ~~fl~1tl~ 5 ~:::VJ11\I~ULL'U'Ufl1~6'1e.J'U 
'U 'U 

LL 'U'U~1~iie.J tl'U L~tl'U -r tl'U ~tJ LL 'U'U fl1~~€l'U LL 'U'U~'U b611:::VI11"111~-r 'Y'I'U'J1tJ n b~ tl'U~b\ii'-ru fl1~~€l'U LL 'U'U 
'U 'U 'U 

~"l~iie.Jtl'UL~tl'U-r iil"l11~1"1\1Vl'U 1 'U fl1~b~tJ'U-rfl11tJfl b~tl'U~b\ii'-rum~~e.J'ULL 'U'U~'U b~1:::VI11"111~-r€l ~1\1 
'U 'U 'U 

iiirtJ~1flqJVl1\l~i1~~~:::~'U 0.05 L~€l\1~1fl~1flfl1~"1i1 tJ b Vl~€1~\ltl'ULLfl~"tl€1\IU m~v'Uvh1 ~'I! n L~tJ'U 

iin1~'~ h~~ 'Ufl1~L~V'U 1l.J-r~n 1~~L~t11 LLfi:::~'Un1 'Um~L~t~'U 
'U ' 

-B'vru~\lrl LLn'J~n (2550) 11ii'~n~1fl1~~e.J'U~11VltJ11~v1i~'LlLL'U'U ED3U ~1~tl'UI"le.J~oW1L111e.J~ 
, 'U 

~'g I Q.J' .::! ol::iil 4.1 V 41:111 ct.1 

~fJ1'Un1~tu~1fl€l\l 'V'l'U11 \"1::: bb 'U'Ut:.Jfl~~~Vl5Vl1\lfl1~b ~tJ'UVIfl\lfl1~Vl~fl€l\IVl'UVl bbft~VIfl\lfl1~Vl~fl€l\l 

2 &ru ~1-M ll.JLL\Jl n~1\ln'UB~1\Iiitr mh•i'qJVl1\l~n~~~~~u o.o5 LL~~\11 ~ L i1'U11'1!m~t~'U n~~Vl~fle.J\1 

iim1~1"1\1Vl'U1 'Ufl1~L~tJ'U~11VltJ1 

1'1..11~1 fl€1\lb~'U (2557) ~fl~1t:.Jf!G1~~Vl~Vl1\ln1~b~tl'U 1"111~1"1\1Vl'U1'Ufl1~b~tl'Ui bbft~b~\Jl\"1~~€1 
Ciil Q. A Q. 4 V ~ clc:IC\ t.1 Q.l c::l II Cl.l Q.l 4 

fl1~L~tJ'U1"lJ1"lJ'J1VltJ1 b ~€1\1 €l1tu1~m"tle.J\I~\I~"IJ'J\Jl ~'JtJ fl1~~~fl1~b ~tl'U~Lb 'U'U1!J~m~'UL~1~VI1 

1"111~-r 7 ~'1..1 ~1~nuLV11"1UI"lm~1iir'll"l11~~~"1le.J\I'I!m~v'U.ff'Ul!5tJ~~n~1tl~ 6 Y1u-J1 irm~t~'Un~~ 
'U ' 

~1€1 ~1\liil"l:::LL 'U'ULU~ tJ 1"111~1"1\IVl'U 1 'Ufl1~ b~tJ'U-rVI~\1 b~tl'U b~e.Je.i1'U b tJ 2 &1tJ ~1-M6'1\In'J1 bfl tusvl ~ €l 
'U 'U 

.re.Jtlfl~ 70 "11€1\11"1::: bb 'U'UbU~ tJVI~\IL~tJ'U ~\llfL ~€l\1~1fln1~ 1 otlb Vll"lUI"lfl1~Vhir\lm1~~~~1~n'Ufl1~b~tJ'U 



15 

bn~~1flflT~1i~n~t~\l,l.l~'llv\I,UJv\l vhh11"1112JR~,~n fl11l.IR~~a\l bb~tfl11l.IR~vmJb~f.l1ob'a\l 
~l.l~'U5n\.t "1!1 f.! 1-H'-J m~f.l'Ub ob'1 h bb~t&'f1l.l1~(1~1'U'VI b~f.l'U~ih \ia,1~i1rn1l.l,m n,mf.l i1f11~Ylvl 

bul'l1t'VI1\I"!l11'VImb U'U~1'W1'Ul.l1 n~'W 1~ 

~n~.a'f.l ~1"iliif.ll.l (2557) 1~Pin~1Yl'U11 fl1~~~'U1fl11l.lbob'1hbb~ti"l11l.lfi\I'VI'U'llv\lrn1l.l~ 
'IJ 

b~v\1 tl~1fl!Jfl1~ru1 V'l1~~h~ n'VI~n 1~f.l1 im~'VI~~a\laV1\1~1f.ln'Ufl1~~~n'OJn~~l.lbb 'U'U b"8'11n1~ f.l1i 

bb~'Ufl1~~~fl1~b~f.l'Ui bb'U'U'VI~&'fa'Ui'~~~~l.l~'VIB'VI1\Ifl1~b~f.l'U "llii~ 4 19l'1b~an vh1-H'-Jm~f.l'Wi1 

~~~l.l~'VIB'VI1\Ifl1~ b~f.l'U~\I~'U~~t~'U-J' mh~'fl! 0.05 i1fl11l.l n11,U1'VI1\Ifl1~b~f.l'U bu~ m~\1-ff'Ua ~1 'U 

~t~'UU1'Ufl~1\l (averge normalized gain: <g>bvhn'U 0.43) bb~ti1fl11l.lifi\I'VI'U"Ilv\llJflb~f.l'Ubb~t 

Ylt)~m~l.lfl1~b~f.l'Ua~'1 'Ubflru,;~ 

'OJ1flfl1~Pin~m\ia,1b~f.l1fl'Ufl11l.lfi\I'VI'U 1 'Wfl1~b~f.l'Ui'OJ1flli'nm~Pin~1,mf.l 1 vl1'U'OJt b i1'U 1~11 
m1l.lfi\I'VI'W 1 'Wfl1~b~f.l'W~bU'U~\1~1Arubb~~m~tl~ n~'I1-H'bn~~'W 1 'W~1~b~f.l'W b Yl~1~'0J~vh 1-H 

~ v ~ ~ 

n1~'0J~~1~\1~1\I '1 1~a ~1\li1 b ,~~~ &'11l.l1~t;lm~vh 1m~ f.! 1-H b\ia,1~i1fl11l.l,l.l1f.l~a~b~f.l'U 
I ' "' 

ij fl1~'VI'U'VI1'U'U'VIb~f.l'Uv~ b&'ll.la bb~t b&'l'Ua b \ia,1~~l.l~'U5&'fa~fl~v\ln'W 1 tl~~a~~\I'U'VI b~f.l'U 'OJ~v'h 1-H 
'IJ 

~ b~f.l'Ubn~fl11l.l bob'1 h 1 'U b i1' a,1 bb~~'OJ ~~ 11~~~'U Ylv n~ 11&'f~tl1~11 fl11l.lfi\I'VI'UL 'U fl1~b~f.l'U ~ 
'IJ ' 'IJ 

~ ~ f' c:~ l.lodl d ~q>.e:. vd .c::~~ 21 

,l-11 f.! t;l\1 m~ bfl'Utl ~t&'f'U m~ru~ 1 n m~ b ~f.l'U~,~am1l.l &'11l.l1~t;l'V1'0Jt ~ t ~ fl(l\l&'f\1 b ~1'VI bfl m ~ f.l'Ul-11 bb~'J 
'IJ 

,~\I'OJ1n~1~~\IH~~f.l~wd\11'Wfl1~1~f.lfl#\l\i~1~f.l1~~'~~~f.ltnmH 30 i''W bb~1iii'ltl~tbiJ'U~1f.l 
'IJ 

khanitha
Rectangle

khanitha
Rectangle



d 
\J'VI'VI 3 

m1~1b \l'Wm1i..ij~ 1 'Wfl~\l;ib tl'Wm1..ij~m1L~~'W~'L ~el'WI'll'W1fl11lJL"li'1 l<i:JlJ 1 'WlJ~1Vl~1i311~VJ{LL~~ 
'II 

fl'J1lJfl\IVl'Wfl11lJ~ b~eN1fl~\1~~1\lil1~ 1 'W"U€1\I~"li~Bn 1~~ 1 "li'"ll~n11Vl~~B\I€1~1\1~1~~'JlJnlJ n11b~~'W~ 
'II ' 'II 

bblJlJ~nG~m11~~ncilJ~'JB~1\I ~€1 1Jm~~'W.ff'W~6~lJPim~1tl~ 5/llil'1'W'J'W 36 fl'W ~b~~'W1'Wmflb~~'W 
' 

~ 2 tlm1Pim~1 2559 ;\lb tl'W11m~~'WbbtJ'Wm1L~~'W1Vl~1i311~VJ{-flrul'li311~VJ{'1JB\I h'IL~~'U~~'V11'W 

Vl11~1'"11~1ii b ~n 8'1 bil eJ~~'VI1'WV111~ ..ij\I'VI1~D~1'lJ v ncilJ ~1e1 ~1\1 h'i'lJ1~1 n n11b~eJ mb lJlJ b~1~~\l 
' ' 

(purposive sampling) b~€J\1~1n1Jm~~'W~\Inci11 b U'W~eJ\Ib~~'W~fl~~,Jm~~'Wbtl\1 tl1'U fl~1\l bb~~ 

eJeJ'W bb~~,Jm~~'Uiifl~ bb 'U'U 1 'Wm~~eJlJ~1~1"111~h1Vl~1U €!~~~~ 1 'W1~~lJolf'W~5~lJPim~ntJ~ 5 1~~ij 
' "' " 

"I!'WVJB'W m1~1 b u'U m1~\I.U 

group pretest-posttest design) 

d ....... 
V11~1~Vl 3.1 bbUUbb~'I.Jn1~1~e.l 

n1~VJV]g:feJlJrlel'W 
.... .... 

~1bbtl~VlVJ~eJ~ 
n1~VJVJg'f€JlJ'VI~~ n1~VJVJg'feJ'I.J'VI~~n1~ 

n1~Vlft~€J~ n1~Vlft~€J.:j VlVl~eJ.:j ~h'W1tl 30 1'W 

Tt X T2 T3 

' "" bbVl'U n11Vl~~eJlJneJ'Wb1~'U 

X bb Vl'W m1..ij~ n11b~~'WTI~~ 1 "li'"li~Vlfi~B-:J€1 ~1-:1~1 ~~'JlJtl'Ufl11b~~'W~bb uu~ n'1m1 
'II ' 'II 

bb Vl'U fl11Vl~~€J'U'VI~-:J b~~'U 

bbVl'W fl11Vl~~BlJ'VI~-:Jb~~'W~1'U 1 tlbU'Unm 30 1'U 
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~1l.ln'U :jj n1".iLL~ m tl~ 8'Ufl11l.Jfl~L~'U"li1 m VI~ B"'i\ln'ULL~~ n'U.fl18 1 'Umll.l ( "il~~1'1'1U ~\lv1?1l.JU~, 
' ' 

2551) 1~81'Um".il~W'l~\lifm~81~?1~1\I~'U~\I'VIl.J~ 4 LLe.J'U LLe.J'U~~ 2 .ff11l.J\I ~\l\?11".i1\l~ 3.2 
" 

d 
bbt:J'UVI 

"ii1'U'J'U 

f'l1'U 
~----'--------------'------+-----------------1 

1 

2 

3 

4 

1fl".i\1?1~1\lfl18 1 'U 

'llel\lc;t1~'U 

2 

2 

2 

2 

8 

V I V I 

fl11l.J bbl?l nl'i 1\l".i ~'VI11\I b -u m8 eJ b "il ~ t1J nub -u eJ b~ eJ 

m1".i 

Pi n~1 n1 ".i~ ~ b~ 8\1~1'VeJ\I b 11m~ eJ 1 'U~'U ~1\1 '1 

fl18 1 'U".i1fl bb~~btl~8'UbVl8'U-iJelbbl'lfll'i1\l".i~'VI';h\l 

1f1 J \1 G1 ~1\lfl1 81 'U 'V eJ \l".i1 fl~ 'll1 'U b~ 8\1 b~ 81 nu 

1fl".i \IG1~1\Ifl18 1 'U'llel\l".i1 fl~'ll1 'U b~ 8\1~ 
" 

Pi n~1 n1 ".i~ ~ l~ 8 \1~ 1'll eJ\1 l 11m~ eJ 1 'U ~'U ~ 1\1 '1 

mv1 'Uc;t1~'U bb~~btl~vub V\ vu-ii'mll'lfl~1\l".i~'VI11\I 

1fl".i\IG1~1\Ifl18 1 'U'VeJ\Ic;t1~'U~'ll1 'U b~ 8\1 b~81 nu 

1fl".i\1?11'1\lfl18 1 'U'llel\lc;t1~'U~'ll1 'Ub~8\l~ 
" 

Pi n~1 n1 ".i~ ~ l~ 8 \1~1'lleJ \1 l if m~ eJ 1 'U .ff'U l'i 1\1 '1 

fl181 'U1 'U bb~~b tl~8'U bVl8'U-iJelbbl'l fll'i1\l".i~'VI'J1\I 

tfl J \1{;1 ~1\lfl1 81 'U 'V eJ\11 'U ~'ll1 'U b~ 8\1 b~ 81 nu 

1m\IG1~1\Ifl18 1'U'VB\11 'U~'ll1 'Ub~8\l~ 
" 
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n1';i"Pl n'l~1l.J11'l';i~TU bb~~~~ nTH~tJ'U~~I'I1VJV!'J.:J 1 'U n1';i?I~1.:J bb~'Un1';i~ V!n1';i b~tl'U ~,r'U ... " " 
~1 ~ tJ1 bl'l';i1~-M"il1 nVt~ n?ll'l ';in1';i"Pl n~1~'U~'U ~1'\.J 2551 "UeJ.:J h.:~ L~tJ'U~ ~V!1'U'VI ';i1 tJ -r'11V~1ih ~n 
" " ... 

a an LL UU'qVl'VIVl~ el.:Jel r.h.:J~1 tJ 1 ~?leJVlf"l~ el.:J tl'U ~.:J LL~ ~ ~ Lb~'U n1';i~Vl n1';i L~tJ'Ui't~c.i1'U n1';il'!';i"J"il?leJUrl 1 

~LL tJ~ LL~·nhm';jtJ-rutb .:~ LLm "U"il1 na1"il1';iV~tl~n~1LL~~~ L ~tJ1'111 n11 ~L Vtl.l1~?1l.lnu?l.n1'V'j~ L~tJ'U~.:~ 
't 'U u~ \J 

' 
.f11'V'jVi 3.1 

l 

' mtJ 
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'<il1f1Jl1'W~ 3.2 'll~Vl~~B\1Bci1\1~1CJ (bfl~B\I~~b.nm~By;'ll) tJ<j:;:f)eJ'lJ~bCJ , 

(1) 'l .• h'W~l~~nbb'U'U'l\lnm.J 2 bbe-i'U 'll'Ul~ 12 em. ~~b"!l1nuvla PVC CJ1'l 20 em. 

~\1~1'U'U'Ubb~:::~1'U~1\IL~CJbbe-i'U'W~1~~m\ln~1J~1'U'U'U'<il:::btJ'Ubbt:-J'U~i1m'jb'<iJ1:::~'ll'U1~l'i1\l 1 

(2) thl?l~u~nu'U'll'Ul~ 1.5 x 4 x 2 ~l'U'J'U 1 l?l~u ~~nubbn'U~l'U'U'U'lla\lvla Pvc 
'U 

b~B1~Lbfl'Uvt1J'U 
' 
(3) 1 .• hi1~ Lf1'U~~~~fl'Ubbf1'Uvt1J'U ~lvt-ru 1m 'Uf11'jl11~b.nm~By;'ll 

' 

3.2.3 bfl~B\Ii1B~1oUi. 'U fl1'Hfh.J'a'JU'a'J1J"!i'eJ~%1 

bb uuVJ~~au1~t:-.~m11J 'lV1~1 'Ul'll1~1hiVJCJ1 ~'UiJ5CJ1JPlm~ntJ~ 5 b~B\1Lm\1~~1\1Jl1CJ1 'U 

"lJ eJ \1~ 'll ~ B f) b tJ 'U bb 'U 'U tl 'jU CJ'llU ~ 111 'J b~ eJ f) 4 111 'J b~ eJ f)~ \Jeri~ CJ 1~ U11J l'<il 1 n.U B ~B 'U ~1~ 1J1 \?) 'jifi l'U 
'U ~ 

:v1 n"li'a~Bu 1a~1Ju n;g11VJCJ1 bb~:::-ua~au 1m iJI?l1 'ULLI'i~:::tJ m'jPi m~1~i1L -d'avtl~B~fl~B\Inu b -d'avtl 

~~~'Vlll~CJ i1i'UI?lB'U1'1.Jm'jf9~b~Bn-ifa~BU ~\1-d' 

(1) Pin~1vt~n~\?l'jf11'jPlmni'U~'U:01'U'WV15~m1'll 2551 bb%1:::rii1eJm'j~~m'jb~CJ'UTI'll1 
'U ~ , \1 cu 

;g'JlV1CJ1 b ~eJ'j'J'lJ'j'Jl.Jb -d'avt1bb~:::f'1'J11Jb -if1 L'<iJ~'IJm~CJ'Ut9i'B\IPlm~1b~B\ILf'1'j\1~~1\IJl1CJ 1 'U'llB\I~'ll~Bn 

(2) 1Lm1:::'l-11J1m:o1'Uf11'jb~CJ'U~ ~1'j:::f11'jb~CJ'U~ t:-J~f11'jb~CJ'U~ L~m~an.Ua~m.J1~ 
cl.!l 'U 'lJ 'U 

~ ~ d ~ d ~ 

f')'jfl'I..Jfl%11J1J1\?l'j:01'Uf)1'j b 'jCJ'I.J'j ~l'j::: f)l'jb 'jCJ'I.J'j bb~~t:-J~f)l'jb 'jCJ'I.J'j 
, cU 'U 'U 'U 

(3) f9~b~BnLb'U'I.JVl~~B'I.Jl~t:-J~~1J'lVl~bb'I.J'I.Jtl'jUCJ 'llU~I11'Jb~Bn 4 ~'Jb~Bn b~B\1 
Lf'1'j\11;'1~1\lfl1CJ1'U'llB\I~'ll~Bn ~l'U'J'U 40 "li'a (l~'<il~\1 30 -ifa) 
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f' I V I 

( 4) 111 bb tJtJ'Vl~G1BtJtJ"~lJ~'V15ViG1~1.:~on'U bG1'UBI'lru~m~lJ m~ Vi'tl~n~1i'V1 ~nuY'l'UB bb" ~ 
' v 

~ b ~t11"1l1ru l'l'r'J';ij?l atJm1lJ m.:~ b "8.:~ b iim.lf1 r;.m m~b1tJ'U ~ fil11lJ b 'VIlJ1~?llJ'llB.:JJl1~1 'V11fl1~"1lUm1lJ 
'IJ ... 'IJ 

i.J I 1/ 0 QJ Q.l .:! QJ Q i.J <dil t,.l .::::::1.::::1 l 

?leJI?lfil" eJ-:J';l~'VI1 1-:J'l!amml.l'lle:J-:J bb tJtJ'Vll?l?leJtJ11?lt:.m?llJ~'VllintJc.mm1b ';l ti'U~ b"eJn'lleJ?leJtJ'VllJI'l1 IOC 

~-:! bb~ 0.50-1.00 6/i-:! bbG1 ~ -:Jl1 tJ" n11 b1 tJ'U ~ J'U 1~ 1~ fil1BtJ fil"lJlJ1 l'l1~1'U n1 ';l b1 tJ'U ~bb"~ G11~~ 'U , Gil , • 

1 Vlfil~bb 'U'U 0 b~B 11Jbb 'U b';ij11"1i'B?!BtJ,r'U?IB~fil~B-:JtJ"n1~b~tJ'U~ 
'IJ 

1 Vlfil~bb 'U'U -1 b~Bbb'Ub';ij11"1i'B?!B'UJ'U11J?te:J~fil~B-:JtltJtJ"n1';lb~tJ'U~ 
'IJ 

(5) U1bb tJ'U'Vl~?tauitl~u-ruth-:Jbbtll 'llbb~1 1 'tl'Vl~"m H'nuum~v'U';l~~uii'Lit~lJPin~1u~ 6 
' 

tJ m';lP! n~1 2559 bbtJ'UnTH~tJ'Ui'VlmP11?1VJ~ -l'lru VJPn?IVJ~~ bl'ltJPl n~1 b~a.:~ Lfil)-:J?l~1.:~Jl1tJ 1 'U'l!B-:Jvh~an 

lJ1bb~l h.:~b~tJ'U"~'V11'U'V1)1tJ-r"ll~1i1b~n B1bJlB"~'V11'U'V111tJ ~.:~'VI1~tJ~-rlJ~ :S1'U1'U 30 fil'U 1~v1i 
' 

nm 1 'UnWvJ1bb'UtJ'Vll?l?!BtJ 90 'U1Vi 

( 6) U1oUBJ.J"~1~"'il1 nm';l'Vl~" B-:J 1 oUbb tJ'U'Vl~G1eJ'UlJ11 bfil11~~'V11fl1AJ 1lJ v1n ( p) bb"~'VI1 
' v 

fl1B1'U1"'il:ij1bb'Un (r) bb'UtJ'Vll?lG1B'U11tJoUB bb~1b~an"li'aViih~~'Ufil11lJtJ1n (p) !'1-:Jbb~ 0.20-0.80 

" 
fl1B1'U1"'il:S1bb'Un (r) 1'1-:Jbb~ - 1 ()'-:! + 1 

(7) 111 bb uu'Vl ~G1atJ~iifiTeJ1'U1"'il:S1bb 'U nml.l bn rusfi lJTvhm';li bl'l11~~'VI1fi1m1lJ b ~mY'U 

(Reliability) 'lJB.:!bb 'U'U'Vl~?IB'U~.:!tlU'UV11lJ1B'llB.:! Lm1'Vl (tjqj'lflJ Pl~G1~B1~, 2545) 

(8) U1bb'U'U'Vl~?tatJ~bbm'll'tl-ru't11.:~bb~l 1'tl'Vl~?tatJnulrm~v'UmilJI'i'la~1.:~ ' . 

d "' " ~1'U1'U('ti'eJ) 'V1 6111::n11L 1V'I.J1 
'IJ 

1 
.. .... 

6 b'UBbtJBY'l"ll 

2 Lfil)-:JG1~1-:JJl1tJ 1 'U'lleJ-:J11n 8 

3 bfil).:JG1~1-:!Jl1tJ1'U'lJB-:!~1~'U 8 

4 bfil1-.1G1~1-:!Jl1tJ 1 'U'lJB-:! 1 'U 8 

11lJ 30 



• 

• 

21 

o IIICIIt. G II 
3.3 m,-(;'11b'U'IJnT~'Vl(;l~v.:~ bb~~bnu,-1'1n11l'llv~~ 

3.3.1 U1LL 'U'lJ'Vl(;'l~v'Ui'(;le.J~i11l(j'Vl~'Vl1~n11 L~f.l'Uuu\r;u~.:~ 11f.li"ll1:a1i'Vl m L~v.:~ 1fl1.:!~~1.:~ 
i11f.l1'U"llel~oW"1J(;leJfl ~~1'Ufl11VI1flru.f11~"1Jel~LL'U'U'Vl~~el'ULL~1 ~1'\..11'\.J 30 -ifv 'Vl~~v'Unv'WL~f.J'U"llv.:! 

' 

CU CV .::! Q 1U el CV I .::::11 

LL 'U'U'Vl(;l~ e:J'U1~e.J~ ~1J(j'Vl5'Vl1-:!fl11 b 1f.J'Uu'U'U b~f.Jd fl'U fl11'Vl~~el'U fle:J'Ub 1 f.J'W 

3.3.4 VI~.:!~ 1fl'Vl~~ e:J'UVI~-:1 L~mJltJ1~ 30 i''W vl1fl11'Vl~ii'le:J'U~1 f.Jbb 'U'U'Vl~G'Iv'Ui'~e.J6'li11l(j'Vl~ 

.., 
G'I1J1J~\11'U ~.:~iJ ' .. 
1J 1 'Wll~i'Vl f.l1f'l1ii'l~4'llm'l1n L~f.l'WLL6'l~ii'I11J11fi~\OAJ'W1e.Ja i11l(j'Vl~'Vl1~fl11 L~f.l'W'llv-:1~ L~f.l'W 1~f.li Lfl11~~ 

~1f.lrl1G'I~~ t-test LL'U'U Dependent Simple LL6'l~L~~1Jfi111JL-il1h"Uv~~L~f.l'W1~f.l1~~1fln111-il 

normalized gain: <g> fi111Jtl11VI1J1'Vl1-:!fl11L~f.l'WLL'U'UDfl~ (normalized learning gain: <g>) 

3.3.5.2 'l!m~f.l'Wi'WiJ5f.l1JPim.·ntl~ 5/1 ~L~f.l'W~1f.l"ll~'Vl~6'lv~v~1.:!~1f.l~11Jn'Ufl11L~f.l'W~ 
' 'II 

LL 'U'U~nfl:!v1iifi~LL 'W'W Lu~f.lfi111Jfi.:J'Vl'Wf1111J~"Uv.:Jm11JL -il1 hll 1 'W1J~i'Vl f.l1f'l1~~{ L~v.:~ 1m'lii'l~1\l 
'II 

• < 

'l!mh·i'~'Vl1-:Jii'l~~vh~~'U 0.00 iLfl11~~e.Jai11J(j'Vl~~1f.lrl1~~~ t -test LL'U'U Dependent Simple 
c: i.l .c::..Q..I.S::: Q..l .d 

fl1)bfl'U11'U111J"Uel1J6'l\11'U1~f.J1J"U'U~el'U~-:!~111-:!'Vl 3.4 
'II 

2 ~'lf'l~fl1f.J'W 2559 1.30 

1 4 ~'lf'l~fl1f.J'U 2559 2 

2 11 ~'lf'l~fl1f.J'U 2559 2 

3 18 ~'lf'l~fl1f.J'U 2559 2 

4 25 ~'lf'l~fl1f.J'U 2559 2 
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.., 0 

bb~'Ufl1'f'il~n1'a .., .. d :U1'U1'U 

vd 1'1..! b~ti'U u L 'ati.:J 
(off1b~N) "' L 'atJ'U'a'Vl ... 

26 ~~Pl~mau 2559 
.., "' 

1.30 VJ~am.Jvr~.:JL -a au 

26 5'W11fll.J 2559 
II 

1.30 Vl~atiU\911l.Jfl~VI'U\911l.J'a 
'IJ 

11l.J 12.30 

~ 6' V ..! .<::::!1 I q Q,J .<::::!1 c::t. If 

3.4.1 1 b\911~VI ~6'l al.J~'Vlli'Vl1~ nTH 'W'U n tl'Ub 'atJ'U bb6'l~VI~ ~ b 'atJ'U bb6'l ~1 b\911~VI\911l.J\9 ~'VI 'W 

1911l.J~'lleJ~e:ib~tJ'WVI61~L~tJ'W~1tJrha~~ t-test LLUU Dependent Simple 
'IJ 'IJ 

3.4.2 iLfl11~~\911l.JL•ihl'ill.J1'Wl.J~i'VltJ1Pl1G'II?l1'llt~~~L~tJ'Wb~tJ1off normalized gain: <g> b~tJ 

m-avt11911l.Jfl11Vl'I!1Vl1~m1L~tJ'WLL uutJn~ (normalized learning gain: <g>) rhu1ru 1vi'"il1fl~l?l1 
" 'lltl~ Hake (Hake, 1998) ~~,J 

-a~~ua~ (High gain) 
'IJ 

(o/oposttest - %pretest) 
<g>= 

1 00% - %pretest 

L tJui'UL~tJ'Uvi't~rh <g> 

1~~umn~ (Medium gain) b tJuiuL~ tJuvi't\?lrh <g> 

1~~u~1 (Low gain) b tJui'UL~tJ'Uvi'tvlrh <g> 

(3.1) 

~ 0.7 

~ 0.69 

~ 0.3 



.d 
'U'Vl'Vl 4 

~~n1-a1:5'~ 

m'ji~m~v\1 n1'j~l'lJtJ1fl11l.lbeV1 hl-l 1 tJl-l&i1YitJ1P11G1~4 L~v\11fl'j\IG1~1\Iil1tJ1 tJ"tlv\IVi"ll~vn 1~t~ 

fl1 'j1-ff"ll~YI ~ ~ v \lv ~ 1\1 ~1 tJ ~1l.l n'IJ n1 'j L~ tJ tJ ~ LL 'IJ u ~ fl61fv1 ~1VI1u oJ n b~ tJtJ ~tJ~ 5 CJl.l Pi mntJ ~ 5 
' " 

iim'j1Lfl'j1:::l1-t'vl.l~t11LG1tJmtltJ 3 ~vtJ vi'\1-d 
" 

4.1 e.J~vfl~-;;nnm'j"YI~~v\1~1tJ"ll~m'j"YI~~v\lv~1\1~1tJ ( Lfl~v\I~~L-dm~vYi"ll) 
' 

4.2 n1'j"L U~tJU L -vitJUfl11l.JL eV11'ill-l 1 tJl.J&i1YitJ1P11G1~{nvtJL~tJ\JLL~:::VI~\IL~tJ\J 1~CJ 1-fffl1'j"YI~G1vU 

f"11-vi "ll-D~ fl~l.l~ Pi m~n hJ b UtJBG1'j:::~v ntJ (t-test dependent) bb~:::VI1fl11W1'11VI1J1m1l.lb eV1 h 

bb tJ1fi~<tJm-J'm~tJ\Jrltl\Jbb~:::VI~\In1'j~~m'jb~tJ\Ji 1~tJl~'il1flfl1'j 1-ff normalized gain <g> 

4.3 L tJ~tJ'U L -vi tJ'IJ e.J~~l.l fJYI~YI1\In1'j L~ tJtJ L~v\11m \IG1~1\Iil1tJ 1 tJ"tlv\IVi"ll~v n 'j:::VI'i1\IVI~\IL~CJ\J 

~1 tl"ll~fl1'j"YI~~ tl\ltl ~1\1~1 tl~1l.J flU fl1'j~~ n1'j b~tJ\J~bb UU~ fl61fv1 bb~ :::VI~\I'il1 fl b~tJ\J b tJtJ'j::: tJ::: b 1~ 11 \J 
' " 

'il1nm~~ 4.1 'il:::~\ILn~1~11Li1mrm~t~tJ1i"ll~mwJ~~v\lv~1\1~1tJ (Lfl~v\I~~L-dm~vYi"ll) 1tJm'j 
' 

vhn'iJm'jl.Jn1'j"YI~~v\l ~'IJ'i1il1~~1~ijv\I~U'j:::flvUmun1tJ()fl~v\l ~1~tJ1~oJ1il1~~1~'il1flfl1'j1-ff 
" " 



.., d 
~~flTI'fVl 4.2 

(1) ~eJ 1m~61~1~mtJ 1 'U'VeJ~')1n 

(2) ~v 1m~61~1\lfl1tJ 1 'U'lleJ\1~1(;)'U 

(3) ~eJ 1m'l61~1\lmtJ1'U'Vv\llu 

(4) ~v fl1'V'l611~1ilml') 1m'l61~1\lfl1tJ 1 'U'VeJ\1')1n 

(5) ~v m'V'l611~1ilml') 1fl')\161~1\lfl1CJ 1 'U'VeJ\1~1(;)'U 

(6) ~eJ m'V'l611~1ilmT~ 1fl')\161~1\lfl1CJ 1 'U'Vv\11 u 

24 

~\I:U1nn1';i btl~ tJU b Vi tJU:U~b ~'U 1~11m'V'l~1~l1v\lfOlU')~nvu mu'Vl n~l'U ~\In~ 1l1~l1'll~n1';i'Vl~~eJ\I • • 
611m';itrt111 u1-1Jl 'U m'):5'~m')b~tJ'U n1';i61eJ'U 1~ ~1:5't~~'~1~l11'll~'V1V~~v'~v ~1\1~1tJ 1 ~'t!m~t~'Uvhm') 

\) . 
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: 

•'' '~<,;.:::..) f.S 

rl1 ... .Fi...cl..; - " fi, 
:4-0~7-

-;;J1 n n11~a~ n~ a~ ~1 a ~1~Yl'U 1Jl a~ 1~ ~ n\il a~ i"l1'U a~fitl 1~ nau 1! n b~ ~'U &11lJ11()~tJ~ fitl1~ nau ~1~ 1 

'lltJ~b~~~Yl'U1Jl() nlila~ ~~~a1Jl11'Uiiln11'Vllil~tJ~tJ~1~~1~ihb~~'V15.n1Yi vh 1 ~,r m~~'UG111J11m i1l'il " , 

4.2 m~b tl~EJ'U b Vi EJ'Ufl11lJ b 'll1b;;JlJ 1 'UlJ~1'VlEJ1 f11~1il {fia'U b~EJ'Ubb~~'Vl6i''l b~mJ blil EJ1-tlm~'Vllil ~au 

fhVi 't1Uflnqli~An'li1L~.lb U'lJB~~~vian'lJ (t-test dependent) bb~~'Vl1fl11llrl11'VloU1fl11llb .U11~ 

bb'W1fifl'tltl~Um~V'lJnv'lJbb~~'Vl6l'·m1~~1iln1~b~V'Wf blilV1'1il;;J1nm~1.U normalized gain <g> 

n~lJ~1a~1~1 'U n111~~i"l~~-d'~a 1! m~~'U.ff'U~ti~lJPln'l!f1tl~ 5/1 h'l b~~'U~~'Vl1'U'V111~-, 
~'Uiil1i1b'l!fn ~~'Vl'Jiil'l11'U 1'U.n1i"lb~~'U~ 2 tJm1Pln'l!f1 2559 ~1'U1'U 36 i"l'U 1'Un11btl~tJ'UbVi~u 

i"l~bb 'U'lJI"l11lJb oU'11-;;JlJ 1 'U1l~1'VlmP11&1tw~na'Ub~~'Ubb"~'Vl~~ b~~'U b~a~ Lfl'j~~~1~m~ 1 'U'lla~Yl'Uiilan Llil~ 

1 oU'Uiil'Vllil" a~a ~1~~1~~llJtl'U n1'j~lil n1'jb~ ~'U~bb uu~ n~a1 ~~e.J" 1 ~e.J"~lJn'VlB'lm~1! n b~~'U na'Ubb" ~ 
, " "I 

'Vl~'lb~~'Ubtl'U~~m'j1~~ 4.1 



; 

~1-a1~Vi 4.1 fi1~ii ~hn n n1 "a 'VI~ ~e:J'U ~ 1 mL 'U'U'VI ~~ e:~u1 ~ ~~ ~~q'VI ~vn~ m-aL~ti'W rie:l'u L~ti'WLL~~ 

Vl~~b~ti'W L~e:J~ 1fl-a~~~1~fl1t~1'W'tle:J~~'tl~e:Jn 

p* 

OeJ'WL~f.l'W (pretest) 10.42 34.73 2.90 18.65 0.00 

Vt~~L~f.l'W (posttest) 24.89 82.96 3.69 

26 

\nn~1~1~~ 4.1 L~m'tJ~f.l'U b Vim.J ~1 L\l~ w·n~LL 'W'\.J rieJ'W L~mJLL~~Vt~~ L~f.l'W LJ~1n~:rJ1fl~ LL '\..1'\.J 
' ' 

L\l~f.!Vt~~L~f.J'\.J (24.89 Vt~eJ~e:Jf.J~~ 82. 96) G1~n11fl~LL'\.J'\.JL\l~f.lneJ'\.JL~f.J'W ( 10.42 Vt~eJ~eJf.J~~ 34. 73) 
'IJ 

;~LL~ n~1~eJ~1~ih!mh•1'1J~~~~u p o.oo LLG1~~1 ~L~'W11i!m~CJ'\.JG11~1~t1LJ-ru L'tJ~ CJ'\.J~ 1 '\.J~~iLL~~ 

~~'W1l.J 1 'Wl.J~1 ~G1~;'\.J 1m~f.l 1-ff'll~'VI~~eJ~eJ~1~~1f.J~'Jl.Jnum~L~CJ'\.J~LLuu~n'lm1 
'IJ , 'IJ 

'VeJ~Vi'll~eJ n ~ L~CJ'\.J ~vi'1 CJ'll~'VI~~ eJ~eJ ~1 ~~1CJ~1l.!tl'U m~L~ CJ'W~ LL uu~ n'lleJ1-d1 CJ~~'\..11 fl11l.! L .rr11 'o\1 
'IJ , 'IJ 

l.! 1 'Wl.!~1'Vl f.l1 P11G1 ~ fttil'o\1 ~ ~~ 'W ..S1 L U'\.J vi' eJ~'VI~G1 eJ'U fn1l.! LL~ n~1~fl~ LL 'W'W L\l~ f.! rieJ'W LL~ ~Vt~~ m~~ ~ m ~ 
"' !:"1 ' J/ d 'i 1" ' 1" d d L~CJ'W~b'WLL~~~L'WeJV11'VlG1eJ'W b~CJ '1ln1~'Vl~G1eJ'Ufl1'o\!1nm~ '1l normalized gain <g> L'V'leJ?lm~n 

fl11~tl11Vtti1'VI1~m~L~f.l'W;~'o\!1nm~1~f.l1~~~~~\J11~1~~ 4.2 

\J11'a1~~ 4.2 fl~bb 'W'Wfi'J1~ b 'li'11'o\l~ 1 'W~~1'VIf.l1A1~1J1{rieJ'Wb~ti'Wbb~::Vt~.:! b~ti'W b~e:J.:I 1fl"a-:!~~1.:! 

fl1t~1 'W'tle:J.:J~'ti~B n 

d 
%pretest %posttest bb~'W'VI <g> 

1 22.69 67.13 0.57 

2 37.50 82.29 0.72 

3 31.94 84.38 0.77 

4 27.78 89.93 0.86 
d 

19.98 80.93 0.73 b\l~tl 

I I SJ II II 

'o\!1n\911~1 ·:J'Vi 4.2 'V'l'U'J1fl~ bb 'W'W'Vf~~b~V'\.JL\l~m;jeJVt1oX~ 4 b ;j eJV11iirl10eJ'WL~CJ'\.J~eJCJ~~ 19.98 

Lb~ ~Vf~~ b~V'\.Jb\l~ V~el V~~ 80.93 L~m.J1fl~ bb 'W'W~1\il 'o\11 n LL 'U'U'VI~G1eJ'Ul.!11 Lm1~~fl11l.J tl11Vt1J 1 

'V11~m~L~V'\.J~1m dvVt1~~m1Y11\il~~~~m'V'l~ 4.4 
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111 
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c ·c: 
"-
m 
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N = 111 
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1.00 

0.90 

0 .80 

0.70 

0 .60 

0.50 

0 .40 

0.30 

020 

0.10 

0 .. 00 

1 2 

dl X d e~ 
(1) fle:J btremJe:JV'I'll 

(2) fie:J Lfl~~6'f~1~.fi1CJ 1 'U'lle:J~~1n 

(3) fie:1 1fl~~6'f~1~.fi1CJ 1 'U'lle:J~~1tii'U 

(4) fie:J Lfl~~6'f~1~.fi1CJ1'U'llm1u 
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0.86 

~<~ 

3 Lfl~fl 

d' .d 
t.\J~VI1Vl 

d 4 t"tl d ~ II 11'1/ X I 

~1n.fi1V'I'Vl 4.4 r:.J~ f11~1bm1~V!'lle:Jll~ b V'le:JI'l~1~6'fe:JU m~b6'f~ll6'f~1'1fl11ll~~1'Ub'Ue:JV!1 bbl'l~~ 
~ ~ 

b~e:JV!1'lle:J~~\~CJ'UV'IUl1b~e:JV!1~m1lln11V!U1e:JCJ1 'U~~vi'u6'f~~~V!ll~ -o;i1'U'J'U 4 b~e:JV!1L~m~m·n~~ 
~ ~ ~ 

d 
'Vl 4.5 
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single test item 

28 

high gain 

meduim gain 

low gain 

"il 1 n.n1 'W ~ 4.5 bb?l ~ 'l1 ~\ ihJ rn 1l.l nT"J~U 1'll 8'loU m'H)'U ~,:r flb~ fJ 'U ?I v'U 1Jl ~ 1'U 1'U 30 oU' v 

'W 'U11-u' El ?IEJ'U ~,:r flb~ fJ'U ?18 'U 1Jlij Fld 1l.J n 11~U 1El ~1 'U 'j~~'U ~ 1 ~ 1'U 1 'U 1 -u 8 ~ 8 -u El~ 2 ij rh 
" 

rn1l.ln11wu1Lu~fJEl~~ o.21 .Uv ijrn1l.Jn11~u1mrl'U'j~~utl1'Urm1'l 13 -u'81JILLn-u'v~ 1, 3, 4, 5, 
" " 

II' d «:::Il t.l tl 11 .... I ~ 0 

6, 7, 10, 12. 13, 14, 15, 16 bb(l~'lJEJ'Vl 21 bb(l~l.lfn1l.lfl11~'U1ElfJ 'U'j~~'U?f'lfl11Lflru'fl "il1'U1'U 
" " 

16 .Uv 1J!Lbni8~ 8, 9, 11, 11, 18, 19, 20, 22, 23, 24, 25, 26, 21, 28, 29 bb(l~-uv~ 3o 1~fJ 

'!!8?1El'U~1Jl~1Fl11l.ln11~-u1l.J1fl~"~~Eli8~ 26 ;'lij~1Fl11l.ln11~u1bO~fJEl~~ o.88 LL(l~~1 , " 
normalized learning gain bu~fJ'lltl'li8?1El'U~'luD'U8~"l'U'j~~'Utl1'Ufl(l1'l ~mvhnu 0.64 Lb?f~'l1'1X 
b~'U11-rr v?lvu~1 ihJfJ 1 n bb(l ~ hJ~1fJ "il'U bn'U 1 tJ bnv1 b\"1 'j1~~ (:.J(ll.J 1 'Ul.J~i'Vl fJ 1¥11?1 ~ ~~ ~~ 1 'U1'1J1 

•ih 1 'V1 fJ 1 L~EJ 'lLA 'j 'l ?I ~1'l.fl1 fJ1 'U 'll 8 'l~ 'lJ ~ EJ n 'll v'lir m~ fJ 'U .ff'U iJ u fJl.l Pi m~ntJ ~ 5 "il 1 n n1 'j~ 8'U 

bb'U'U'Vl~?tvu Lb?I~An 'Um'j1'J~ 4.3 
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1'11~1\1~ 4 .3 f..l6'ln1~1bfl~1::~1l 1 'W11~1'Vlt~1A161V~i~fl6'l1V~ bfl~e:J'Ub~t~'ln'U bi1'mn1fl~\161~1\lfl1t~1 'U 

"lJ e:J\loW'llV~ e:Jn "lJB\l'l1m~t~'Ui'U~5tl1lA n~1u~ 5 h \1 b~ti'U6'l ::'VI1'U'Vl ~1tl~'l!V~1.fh~n 

X 
b 'Ue:J'VI1 

bb'U'U'VIVI61e:J'U 

d 
'VI 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

9 

19 

12 

11 

13 

13 

7 

6 

5 

9 

7 

10 

10 

9 

9 

7 

16 

5 

4 

4 

5 

9 

25.00 

52.78 

33.33 

30.56 

36.11 

36.11 

19.44 

16.67 

13.89 

25.00 

19.44 

27.78 

27.78 

25 .00 

25 .00 

19.44 

44.44 

13.89 

11.11 

11.11 

13.89 

25 .00 
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m~1.:J~ 4.3 ~6'1m~1Lf'I~1::~1J 1 'U11~1-mni"11~~{~f'l6'11~ Lf'l~eJ'UL~EJ'Jnubilel'vn1f'I~.:J~~1.:JJl1E.Jb'U 

ou eJ.:J~"!l~eJn oueJ.:Jum~EJ'Ui'Uli' 5EJ11Am~nu~ s h.:J L~EJ'U6'1::'1111'W'V1~1EJ.Y"!!W~1Ji L "t;n 

~.:J'III1W~u~-Y11ti (~eJ) • 

X 
b 'Wel'lll1 

23 

24 

25 

26 

27 

28 

29 

30 

7 

7 

6 

3 

4 

5 

5 

5 

19.44 

19.44 

16.67 

8.33 

11.11 

13.89 

13.89 

13.89 

~ 1 nm 'J1-:J~ 4.3 -wu 111 'U L if €!'1111 L if m~ aYl'll LL 'U'U'Vl WJ~e:J'U~u m~ tJ'Ui111l 'U11~i'V1 tJ11"11 ~ ~ 1 

~fl6'11W~Lfl~e:J'U:l.nn~~W~ fia .Va~ 21W~tJ-;51'U1'UunL~tJ'U~~e:J'U~W~i1oX.:~vt11WJ 19 f'I'U fiW~LU'U~e:JtJ6'1~ 
' 

52.78 Lb6'1~um~EJ'Ui1:lJ1'U:lJ~i'VltJ1P11~~1~fl6'11Wibf'I~€J'U,JaEJ~~W~i1-;J1'U1'U 1 oVB 1~bbrloV€J~ 11W~EJ , 

i1u m~ EJ'U~ e:J'U ~WJ-;J1'U1'U 9 fl'U fiW~ b U'U~e:J EJ6'1 ~ 25.00 Lb 'U'U'VlWJ~e:J'U b i1'avt11m-:~~~1-:J.n1 EJ 1 'U'lJB.:J'J1n 

um~EJ'Ui1:lJ1'U11~i'V1EJ1Pn~I'11~A"1W~bfl~a'U:lJ1n~~~i1-;J1'U1'U 2 .Vvfiv.Vv~ 12 Lb6'1~ .Va~ 131~EJ 
' 

~1'U1'Uum1fJ'U~I'lv'U~~ i1oX.:~vt:lJ~ 1 o A'U fi~L tl'U~e:JEJ6'1~ 27.78 LL6'1~um~EJ'Ui1:lJ 1 'U:lJ~i'Vlmm~~1~ 

fl;;'I1~Lfl~a'U,JaEJ~~~i1-;J1'U1 'U 1 .Ua 1~LLrioV'a~ 9l~EJi1um~EJ'UI'lv'U~~-;J1'U1'U 5 fl'U fi~Ltl'U~aEJ"~ 
' 

13.89 Lb 'U'U'Vl~~B'U L ifavn 1m-:~~~1-:~mEJ 1 'U'llv.:Jci'1~'Uun L~EJ'Uii:lJ 1 'U:lJ~i'V1EJ1f"11~~i~f'lm~ Lfl~B'U 
:lJ1n~~~ fia ia~ 17L~EJ-;J1'U1'UunL~EJ'U~I'leJ'U~~i1oX.:~vt:lJ~ 16 f'I'U fi~LU'U~BEJ6'1~ 44.44 LL6'1~ 

' 

ii'l!m1EJ'UI'1B'U~~-;J1'U1'U 4 fl'U fi~lbU'U~eJEJ;;'j~ 11.11 LL'U'U'Vl~~B'ULifvvt11fl'J.:J~~1-:J.n1EJ1'U'lJB-:~1'U 

um~EJ'Ui1:lJ1'U:lJ~i'V1EJ1P11~1'11~f'lm~Lfl~v'U:lJ1n~~~-;J1'U1'U 2 ia fiaia~ 23 LL;;'I~ 241~EJ-;J1'U1'U 
' 

U nb ~ EJ 'U ~ ~ eJ 'U ~ ~ ij oX .:1 VI :lJ ~ 7 A 'U A~ b U 'U ~ €J tJ ;;'\ ~ 19.44 bb 6'1 ~ U nb ~ tJ 'U ij :lJ 1 'U :lJ ~ i 'V1 EJ 1 1"11 ~ 1'1 i 

~Ai;'11~Lfl~a'U,JatJ~~~ i1-;J1'U1'U 1 .Va 1~LLrioV'a~ 26l~tJi1um~EJ'UI'lv'U~~-;J1'U1'U 3 A'U fi~Ltl'U 
' 

~eJEJ;;'j~ 8.33 
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Ld eJ 1 L 1"1 "j 1 ~ ~ j;.j ~ 1"1 1 1 :W tl 11 Vi 'IJ 1 'V11 -:J n 1 "j L ~ ~ tJ L ~ eJ (;] "j 1 \1 6'1 eJ 'U :W 1 tJ :W ~ 1 'V1 ~ 1 P11 6'1 (;]{ 

~1"1~1~LI"l~vu 1 u1'll1~11mn L~v-:J 1m-:JG'1~1-:Jil1tJ 1 tJ'lleJ-:J~"l!~eJn 'llv-:Jir m~t~u-&wru~:w~m~ntJ~ 5 

"j1~'l.Ji"ll"l~"il1u1u 36 l"ltJ i.h1n!)lii'-:Jm~~ 4 .6 

normaliZed learning gain ure <g> 

1.00 

0.90 

0.80 

0.70 

mm 00 Cf1 00 
mill 

·00 00 " Ill Ill 00 0 . 0 00 00 m 
00~ .... 0 N .-t co'"' ~ 131 0 
cio ~ \D ~ 00 r-- r-- oooo 0 0 

Or-. highgai or-- 0 ci r-- r-- cO .q Ill 

000 
r-- N 0 

0 0 0 0 r-- r-- .... 
00 .... r-- 0 0 

ci 
r--

w \D 
:i;ci 

ci 
0 0 .... 0 

" ~ 
ci 

0 r-- "'! 0 
Ill om 

0 

n 

0.60 

0.50 

0 ~ 0 
0 Ill 

Ill 
0::: 0 
0 meduimg a in 

Ll1 
m 

0.40 0 

0.30 11! < g> 

020 
ION gain 

0.10 

0.00 d 

1 2 3 4 5 6 7 8 9 1011121314151617 1819 20 2122 23 24 25 26 27 28 29 303132 33 34 35 36 lffi!'rl 

. 
il1V.Vi 4.6 fi11:Wtl11Vi'IJ1'V11-!In1"jL~tltJrimJL~ti'Ubb6l~Vf~-!IL~ti'UL'U1't11;f1~hnn 

L~eJ-:J11"l"j'IG'1~1'~il1tJ1u'lleJ-:J~"Il~vn 'llv-:Jirm~mJ-&u~u~:w~m.·.nu~ 5 "j1~'UI"ll"l~"il1uTu 36 l"ltJ , 

~J1nil1~~ 4 .8 ~'U11 L~'ll~ 35 iim1:wn11Vt-U'1'V11-:Jn1"jL~~uilmJ~G'1~1~~nr~1Lvhn'U o.35 ~-:J , 

.. 
~1tl'fl~nT~'VI ~6leJ-!IeJ ~1.:J~1 vi1:wnu m,--.5' ~ n1"jL~tr'UiLL 'U'U~ n~v1 LL6l~'VI~.:J\l1n L'iV'UL U'U1'~V~L 1611 

'J 11.1 1/Q cv 
~ 'Un11'1~1'~tl~fi11:Wi"l-!I'VI'Ufi11:W1'L U'UL1611 30 1'\J 

" 
j;.j~ n1"j1 Li"l "j1~~ m 1:Wi"l'I'VltJ 1"11 1:WTI~ ~ n1"j L 'IJ~ ~'U L Vi ~'U j;.j ~ n1 "j'Vl ~ 6'1eJ'U'Vf~'l L~ ~tJ Ldv L~~'U LG'1~\l 

" 
v CIIV 11.1 Cill ~ II V cv d 
'VltJ'Vln'\Jj;.j~n1"j'Vl~G'1eJ'U'Vf~-:JL "j~'ULG'1"j\JLLm 30 ')1.Jj;.j~'\.J"j1n!)~-:J(;1111-:J'Vl 4.4 
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d I QC. II Q,# cv ~ dl Q,l c:td q ..t 
\Pl1~1 .:!'VI 4.4 fl1 r;t tl!Pll\11 fl fl 1 ~'VIIP!r;!BUIPI 'J V bb UU'VI ~ r;t BU "JIPI e.J6lr;fl.J q'VI5'VI1.:! n1~b ~V~'VI~'VI'VI b ~f.J~br;l~l\1 

flUe.J6ln1~'VIIPlr;!BU'VI~.:!b~V~br;l~l\lbb6i"J 30 l~ 

p 

24.89 82.96 3.69 1.43 0.05 

25.50 85.00 2.48 

'VIl.l1m'VI~P~: ih.Jmh•1ru'VI1~G'1~~vh~~~\J .05 , df=35, t= 1.6896 . ... 

CLJ q d td I d I d d CU Q ~ 
Vl~Vlbtl~tJBtJVl 24.89 fl~bb~~ G'1l'UbtJtJ~btJ'Ul.J11Pl'H11'W 3.69 bb~~fl1bQ~tJVl1~fl1'H'HJ'W'VI~~b~tJ'UbG'1~~ 

~ ~ 

bb~l 30 l''W e~~~ 25.50 ~l'Wb~tJ~btJ'Wl.l11Pl'Hi1'Wbvhnu 2.48 rh t-test ~1~~A1bvhnu 1.43 ;~~1n 
~ ~ 

oVB~~'Y-ltJ11 t-test ffi~~A1ifBtJfl11 t ~1fliP11~1~Fl1lfl'l~'tJB~fl1~bb~flbb~~ ~mvhnu 1.6896 bbG'1~~ 

1 1Xbi1'W11~ b~tJ'U~e.J~61l.J'lVliVl1~fl1~b~tJ'U.x~G'1B~fl~~ 1~~fl11l.J bb!Pl flvl1~tl'U~1fl 24.89 b U'U 25.50 

1~~Fn1l.lbb!Plflvl1~B~1~~\JtJ~1A'lJVl1~G'1~~ 



d 
tJ'VI'VI 5 

~1tJ t~.fl'IJ"!i1f!~a LLa::eVVL~'lJVLL'lJ:: 

m ~1 ~ v m~~ ~ 'W 1 f111:W L .U 1 h :w 1 'W :w ~1 Vl v 1 f"11 ?t ~"~ i L~e:J~ bfl ~ ~ ?t ~1~.n 1 EJ1 'W "1l e:J ~Vi '1.! ~l e:J n 

1~ EJ m~ 1 i'l.f~Vl~G'l e:J~e:J ~1~~1v~1:w n'U n1 ~L~ EJ'W ~LL 'U'U~ fl'lle:J1 ~1'VI1'uw m~EJuiul!tw:wP! mntl~ 5 
' " 

5.1 a1th:.J~n1'~1:5'v 

fl1~1~ Clb~€l~fl1~~~'W1f111:Wb oU1 h:w b 'W:W~lVI811"11?1\W{1'1.!1~'h1Vl EJ1 b~€1~ bm~?f~1~Jl1EJ 1 'U"ll€1~ 

Vi'l.f~e:Jn ~1'VI1'uw m~m..~.&ul!uv:wP!m~nu~ 5 ~~~ ~ nTH~EJ'W nTme:Ju 1~ EJ n1~ 1 i'l.f~Vl~6'le:J~mh~~1 EJ 
' 

~1:Wrl'Ufl1~L~V'W~LL'U'U~fl'lle:J1 ~6'lfl1~1~tJ?t~tJL~~~;i " , 
5.1.1 m~EJtJ~~?f'Uf111:W~1L ~'11 'Wn1~€l€lflbb'U'U'UVlb~EJ'W ?f~1~bb6'1~1i'W11'1m~:Wb~€lfl1~b~V'W~ 

" " 

n1~L~EJ'WjLL 'UU~fl'll€11 iifl11~~'W1f111:W boU1 h:w b 'U:W~1VlV1Pl1?tl'l{hi'l~~ ;~1'111'l?f€l'U b~V fl11'VI1 

f111:Wtl11'VIU1Vl1~fl11L~EJ'I.JL\l~~'V'l'Ui1iiLu~V€l~L'W~~~'U~~ (high gain) ~e:Jiifi1L'Yhn'U 0. 73 

5.1.3 't!m~v'W~L~tJ'W L~e:J~ 1f1~~?1~1~.n1EJ 1 'W'I.fmVi'l.f~e:Jn 1~EJm~1i'l.f~Vl~6'lme:J~1~~1EJ~1:Wn'U 
' 

fl1~L~EJ'W~LL 'U'U~ fl'll€11 iif111:Wtl11'VIU 1f111:W boU1 h LL 'W1~~ L~€1~ 1m ~?f~1~Jl 1tl 1 'W"ll€1~1 'U?f-:1~?1~ 
" " , 

1e:J~6'l~:W1~e:J 1m~?t~1~.n1EJ 1 'W"1Je:J~ci'11Pi'u bf11~?1~1~.n1EJ 1 'W"1le:J~11fl LL6'l~iif111:Wtl11'VIU1f111:WLoU1h 

5.1.4 't!m~EJ'Wvi'l~L~tJ'W~1EJ"tl~fl11Vl~6'1€l~€l~1~~1tJ~1:Wrl'Ufl11L~tJ'WjLL'U'U~fl'lle:J1 Lne:JL16'11~1'W 
L tJ 30 1'W fl~ LL 'W'W~:W'lVl~~6'1Vl1~fl11L~ tl'W 11Jiim1:WLLI'I fl~1~€l~1~ii't!v~1fl (1!Vl1~?1~~~1~~'U 0.05 

LL6'l~~e:JL~i1't!n L~tJ'Wiif111:Wfl~Vl'Wf111:W~~:W1 fl 
" 

5.2 vih.J'a1V~~nToa1:5'v 

5.2.1 ~~m.~lil1fln1'a'VIft~el.:!~1V'tiftn1'a'VIft~el.:lel~1.:1~1fl (Lfl~el.:!~fl L ilm~voW'ti) , 
''"" "' 'I ... ' "" 'i' 1"' ' ' .,j .... .r .,j '11fl~6'lfl11T'iW'l~L'VI'W bm1 fl11L 1tl'W b~tl 'l.f'l.f~fl11Vl~6'1€l~€ltl1~~1tl (Lme:J~I'I~L'Welbtl€1 

' 
Vi 'I.!) iitJ 1~~VJ5.n 1'V'l1 'W fl11~ ~ fl11L~t1'W fl11?f€l'W 1~ v~~ Lfli'IL~'l1fl1 'U rh m~:w~'tJ n L~ tJ'W b~~ ~'Yh 

iim1:wt~n~Pi'v~I'I1~1'11:W L i1' e:J'VI1~?fe:J'W .n1'V'l~L~tln~Pi'e:J~f11'Ue:J~iltJ ~~ fle:J'UVl mh'W"1le:J\Ibm\l?f~1\l.!l1 v 1 'W 
" " ' 
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4 .do cv d ~~ v~ q 11 !: f't ~ 
"1! a'lV'l'lJ(j) a n'Vl'U 1111'VJ(j)~ a'! (j) 'lJlTV'I'VJ 4.5 'Vl'l'U"il1 nm~\J(j) n\1 m-~11 nTH 'HJ'U ~ bb 'U 'U \! n'llm'l11 v b V'l11 

'IJ 

bb ~'1\J'l h 1 'U n1~b~ ti'U b~a'l\11 n~ b~ti'Uljii11'U11111 'U m~b~ti'U~111nn-l1m~~'U'~'lb -d'a'VI1\!1nfi~~G'Ia'U 
'U 'U 'U \I'U 

bYlt~'l~1m~v1 ~'lG11ri'runfiam.Jmrum~'Vl(j)~a'l~b'IJ'U~1v tb~'VIEJ(j) bb~~G'I1111~~'1111 thh:mn(;l1m~ 
"' ' ' 

\1~'1 1 'U:Ui(;lth~-..hr'U~'l111111.Ub U'Ubb ~'l m~l'i''Ubb~~~~n~'U 1 ~~b~t~'U'l11r~1111~ 'VI~ath~G'I'U m~ru~lj 
, 'IJ 'IJ 

m.lb~111111-u'bvlm~11Vi'n'l!f~ (mru1'l UJl1V'l~'l!f~, 2554) bb~~m~b~ti'Un1~G'Ia'U~(;l~'l(;l1111(;l~tJ~~G'I'lA \J , , .... , 

bb~~ b -d' aV11•1h v1 ~~~'U1fl1111~fi1111G'I1111~m.Ja'l~ b~ti'U bfl(j)n1~b~ti'U~a ~1'1~1(j) b~1 (~'U G'li1 ~ 
'IJ 'IJ 'IJ 

i'l111 ~\)~, 2559) ~'lm~~1~~'lrlaunu~1~vi'1'11'U n'U b Yla'U 1 V1l-ivi'11 ~'!Jm~v'U bfl(j)fl1111n~~~a~a~'U 

(a~a111 ~~11~, 2554) 'IJ m~v'UljtJ f1 ~11~wfl 'U m~-d1 v b'VI~ an'U1 'Un1~ b~ti'U~ bb~~ bfl(j)VJ n'l!f~ bbri , .. 6.J 'U 

(;l'U ba'lili'l n 1~~'lrlatJnu~ m~:il (j) n\1 n ~~11(;1111'Vl']'l!f ~ n 1 ~ b~ ti'Ui"U a'l'U ~ b 'U a~ ,j' 'U ~a n1~b~ tJ'Ufi(j) tJ b~11 

\!1n m~ 1 ~,r n b~ti'U 1~b~ti'U~\!1n~a"U a'l\1 ~'l~G'I1111~~:il'U l'i'a'l1~ bb~1 b tJ~ ti'U\11 n ~a111 b U'U~tJmV'l bb~~ 
'IJ 'IJ 

5.2.2 nTH tl~v'U b Vi V'Ufl1111 b'Yi1 h111 'U:W~i'VIV1f11~~{tia'U LjV'ULL~ ::VI~~ Ljv'U L(j)vt.U 

n1~'VI~~a'Ufli1Vi "lfil~nq:w~fin~11~ibtl'UB~~::~vn'U (t-test dependent) bb~::'V11fi1111011'VIU1 

r11111 L 'Yi1L\I Lb 'U1 f1 ~'tlv~'l! mjvu tiv'LILL~::'VI~~m~-..1~ m~ L~vui 1~ v1ft\11 n n1~1 ~ normalized 

gain <g> 

L~a~\!1~ru1\!1n~1<U'a~ 4.2 fl~bb 'U'Ufi11:W boU1 h:w1 'U:W~i'VIt~1f3!16'f(;l~riaubjti'Libb~~ 

VI~'! b~ti'U b~a'lLfl~'lG'I~1'1Jl1tl 1 'U"Ua'lfi'lJ(j)an b Yla~~'U1f'l11:W b 'Yi1 1\1111 'LI:W~'tla~'!Jm~ti'U~ b~t~'Ui'l11 

:U1i'Ylt11 ria'Ub~ti'Ubb~~'VI~'lL~ti'U b~eJ'lLm'lG'I~1'1Jl1tl 1 'U"Ua'lfi'lJ(j)an \J~b~'U1~11\!1nm~1'l~ 4.1 

bda b tJ~ ti'U b Vi ti'Urh bu~ tlfl~ bb 'U'U ria'U b~ ti'Ubb~~'VI~'l b~ ti'U tJ ~1 n!]11fl ~ bb 'U'U bu~ ti'VI~'l bjti'U (24.89 

'VI~a~av~~ 82.96) G'l'ln11fl~bb'U'Ubtl~tJriaw~v'U (10.42 'VI~a~av~~ 34.73) ~'lbb(;lnl'i1'la~1'l 
'IJ 

lj,JvG11fi' t~J~~~~'U p o.oo bb?f(j)'l1 ~b~'U--h1! m~t~'UG'I1111~~tJ-r'U b tJ~t~'U11L 'U11~ bb~~~~'U111L 'U11~ 
... "' . 

1 ~G'I'l;'U 1m(j) tJ 1 otl'lJ(j)'VJ(j)~ a'la ~ 1'1~1 tl~111tl'U n 1~b~ti'U~ bb 'U'U ~ n'l!a1~'lfl~ a'l fl~ a'l tl'U'l1'Ui~ tJ"Ua 'l 
'IJ ' 'IJ 

~1b~tl'l"Ua'lfi'll(j)an ljtJ~~~'VIGJl1V'lbVhn'U 84.53/83.85 ili'l?f'ln11bnrusri~~'l11 G'fa(j)fl~a'ltl'U (\J~tl1 
'IJ 

'11\Jb!ll~~i, 2551) V'l'U11 '!Jm~t~'U~1~-r'Um~~(j)f11~L~ti'U~bb 'U'U1111rla L(j)t~1-u'b'VIfliifl~ n'l!a1~11ltl'U 
~ ~ 'IJ 

bbt:.~'UJllJ111 'UVJ!II~ljt:.~~ ~11n'V1i~ 1'UVJ n'l!f~ n ~~'U1'U m~'Vl1'li'Vl v1 !111G'f(;l~'VI~'l b~ ti'UG'I'l n-l1 ria'Ub~ti'U bb~ ~ 
'IJ "I 'IJ 

(o1~-r(;l~ b~a'l:il'U'Vl{ 2556) V'l'U'ht.J~~~'Vl5Jl1V'l"Ua'l'll(j)f11~b~ti'U b~a'l~~'U'Um~tJnfl~a'lLflf.l1-u' 
' 

b'VI fl ii fl n1 ~ b~f.I'U ~ bb 'U 'U ~ n 'I! a 1 G11V1-r'U 11m~ f.I'U .ff'Ul! o v 11 ~ n'l!f1tl ~ 3 ljtJ ~~ ~'Vl6 Jl1V'l b vh n'U 
'IJ 

.d I f"d 0 V ~ .4:111: U 4 I I ci I 

81.60/85.80 'l!'l~'ln11 bn ru'fi'Vl m'Vf'I.J(j) t:.~~ G'l1lt]'Vlo'VI1'l m~b ~ti'U"Ua'l'Un b ~ti'U~'ln11 na'U b ~ti'U a f.l1'l 

lj,JvG11flt1J'VI1'lG'I~~~ ~~~'U o.o 1 ~'l~b ~a'l\11 nm~:il(j)m~b~f.I'U m~?fa'U 1 'U~ n'l!fru~~vi'11 ~,r m~f.I'U 



t-G~Liti.CH'l, 1UL&NH1.H~l£lrtLUeHtlALiti.GI1 ml} mLiti.GM.1Lt~9 11111. 1~1! 9·17 lAMLU't-~ 9~f0 Ll1111.tLUrtLU!ll Jr F' I Jl:7f' Jr ~ Ji :r I 11 ~ ~ ro 1'11 11 1'$ 

c:~~111tt-Gil.l1l~LU't-Lk~t-!.l!lllt'G~1Liti.GP.1 G~~~~ULrtL~l!1.tL,VrtLr .. l!liC:~Liti.Gp.mt~ {"[l:["l:rt '~U~Il.~1 
b ~ ~ ~ 

ML U'I1LG) 11~ Itt~ 11Lt-L)!I>!.LU ~ ~11 G(Jrtt~ rtL tl!ll rt~~1 t-~t-Q ~m1 11~U Lrtk 11~~ 1 UL~ G 11~~ 1~~ ll!tt-1! 
" ~ ~ ~ 

L tJ/.l£1 tJ/.rt!. 11~!. 1!. LU kl LU L~!.!. n,n,n,u L ISU G 11 ~ L ~ !.!. n,n,n, 1m~!. 1 !.LU L tui1L 11!.rtL tl!llt-GU.~ G t-l!llrtLtl!li~U1 It' ~lt'JI:'I'I Jt::i' ~ Jt:::' I 1'1 I 1;;:r 

~ . ~ 

~t~f';lt-~~l!t-~ MLU'£lA~~!.f1.C:~~1m~~~tn,~~n,1!!.L~G~~~11rt~UI1~mLt-L)!I> t-Gml£l~t~k11~~1!.LU 

. "" ~ 
~~U~LI1~~U!.LrtL~I1~~~f';ll£1111. 1~ ttLU 11L~~rtrt~t-~!.LU 11 t ~~UXtC:I1~~ 1~~ t L)!l> t-G111l£lt-Gil.~G~ 

" " 
11t!.~~ tl1 11 11~ 1 Lrtt-G~~lA!.LU ~f';lEo tt-G ~L~~~L!.l!ll1 ~!.LUL)!I>t-G~ 11~~1 U,tb~~11 rtt~G~I'l, fJ 1 t-G~~lA!. LU 

rt!.!.UIS~!.L~UGm w~~1J.4t lAU'1~!.f1,~ ~11 U ~11 ~~11 11L!.tA~t ~IS~!.LU 11 tt-LlAtl1 11 Llti.G~ 1 L~t 1 ~G~l£1 ~G 

~L!.f1,1£G!.LUC::;~S!.tl!lii1~~1U,Ctrt!.WIS~I1 t ~LU':;~11 f1, t f.t G~k11~~1!.LU~~!.LUI1t} 1L~!.LUI1 tt-LlAtr\11 

11~ 1G~ 1~StLJlt111~~ 1U,tb~ tt-L~Gt~U~~~11 ~Stl1~rtLtl!ll~~1~ tG~ 1 L~t 1 ~G~l£\rtLUL,\el~t~n,~~tU 
~ 

LfL~11 11~Gl!llt-G~tl!lll1,tbU LISUGI1~~11 rt~1 rt~ 1t}l1t~Liti.Gt} m~~ 1tLUI1~t'GJltW~1 t1G~1Gt} 1t-Gil.lAU'1 ~tf1, 
1'1 I f'l f'l I I I f1 

~ 

t-G~ m tl1tlAI1lAtLUC:!.tl!llt-~tl!ll _p.L~t~.Gp. mt~n, t 11G~l!li1~L~l!li~}W~LklL~lA~~rtl1 1 rt~~m~~ 1U,tb~ t L)!l>~ 

11t~rtt-I!U Lrtt-Lil.I1Gl!ll~ ~ G1:; ~rtL tl!ll rt~ ~1t~1mLl£llAJ/.MG ~1 Gl1 mu l£1 tJ/.rtlAJ/.MG ~mn, 1 t-GU.~ G~~ru~u ~ • Jl:7 ~=' 11 • ro Jl:7 " ~ p P r 1'11 'b'JIC'JIC'~ p F' r . l"b 

~ 

~~11J/.MG~1GM.1t-Gil.~ru.f>l.U~I:'Ltn !.1:-Gt m 9 n,~n,~rtLtl!llrti!LGI1~t 1UI11:-Urtt!.lti.~Ltl!ll1tJ/. 1 tA.I1G~Gil.l1n 1 .. l"',f "',1" I"' lo"' ...... ..,~ .. ""'I>F' ,.I,; 

ftm t 11t~_p.Liti.Gp 11:-Gil.I1G~GJltULI!Lrtt-G~ 1 11~Liti.G P ,L~UL~L~Itl.tL,VrtLtl!liL!!liC: J/.~G~1 BP. 1 t-G~ 1 
~ ~ 

Llti.GP. 1~tLUI:'~ £L"0 11~LfA 1L!!l~C:~~1 t-~11~~!.11 t,~G~rtltl.t-~Liti.Gp 11:-Gil.L~Itl.tL,\)rtLtl!ll~~mL!!liC:~~11 
~ 

L~·o 111!LfA1L!!liC:~~1 J/.~G~mp.1 G~t-L~UI1Lf1,11~~!.111.,~GL~Itl.tL,VrtLtl!liL!!liC:~Liti.Gp1~~11 ll,~L~rtLl£1 

99"0 ~~11 LL"O '(,L"Q 11~LfA1L!!ll~~~1 11tt-Gil.l1t~LU't'Lk~t'tl!ll1~~11 11~L~t-Gil.l1t~LU't'Lk~Hl!ll1 
~ ~ 

UL!.t-Gil.l1 t~LU't-Lk~l:'tl!ll1 ~11~t Llti.Gt} 1 £ 11ti1L,\!t-~n,~~tl1 t,~GL~Itl.tL,VrtLtl!liC:Liti.Gt} 1 17 t-XtLiti.Gt} 1 
1'1 II 1'1 1'1 

L~ll,M,~~~tLUULISI:'~ 11 tt-Gil.l1 t ~LU't-Lk~t'tl!ll1 ~~11 11~L~t-Gil.l1 t ~LU't-Lk~t-tl!ll1 UL!.t-Gil.l1 t~LU't-tl!ll1 

J/.~G~1GP.1 ~11~tL~t~.Gp.1 17 11ti1L,\!~rtltl.t-~~~~1Liti.Gp1~~~1mt UG~J/.~1:-Gil.l1t~LU't'Lk~t-tl!ll1 

1:-G~ 1 11~~ 11:-~111.~~11 11~ ~ 1 11G~}l£\~LI!! L ~ lA~~rtn, 1 rt~St LJlt 1 rtLtl!liLI1~~tLU LI'UtL IS~G~1 

~ 

~t~U~I1l-L~~tf1,l£\~~n, ~ tf1. ~~~~UXtkrtLtl!ll 
~ ~ 

L!bll!.LrtL~I1~~ 1 U ,tb~ l!l£\l!liL11GI1 1.» t ~f';ll:'~l:-~11!l=~~t ~ML,\el~ t~WlA~t~LJ/.~~Ltl1 l ~St LJlt 1 rtLtl!llkrtLtl!ll 
' " ~ 

~GlA~LptLU 11 ttLULI1~~~n,~~1U,tb~ t L)!I>~GDsU~n,n, 1m~~1tLU krtLtl!li~GlA~L~L~Uftt G~lti.~StLJlt1 
... ~ ~ ~ ~ 

11~~~ 1£1tLtl!li~GlA~LpUtLrtL~ftWUL&~~11 ~~L~ULfL~11~ 1tLUU11, t-~11~11l!ll~ 1£11:Ltl!li~GlA~LptLU 

U!1li1ti1~~1U,tJ. (O~~z 'rttM~~ !tnU'~t~) 11!l=~l1~~1lAI11StLJlt1~~1mkG~G~~WrtLtl!ll~~m~~1U,tb 
" • • ~ t~Stl1~rtLtl!lii1~~W~ tp.~!! ~~~ULrtrt!.WIS~I1 trtt~l1t~C:~ti1~~1U,tb~ t~LUGl ~Q 1 U~Lrt~I:'Gil. 

~L~It1.lALI1lAI1~111t1.L~tLU~ 11Lt-L)!I>!.LUI1 t 11~G~rtt~~t kl1~~ 1!.LUI1 t 111!G~It1. m tp.tLU 11 1JI1~rt»~f1.~ 

11~~1U,tbL~Il,M,~~~~n,Lt-111!1:-G~l!li~GIJ ~L!.f1,1£G t-Q11~_Q.L~UrtLUL~U U GGI:'~IJ11L~U~ tLJti.G~1 
(\ n. 1\ b 

!.l!liULIS~L 11£G!.LUt-~11k~m1k11~~ 1~t~tLU n,~ t-Gm~ 11~ 1U ~kn,~~ 1U,tb 11~ ~ 1 !.LU n,~ ~~~l!ll1 ftt ll.!JrtLtl!ll~ 

~£ 
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"il~Yh 1 ~,j' nL~CJ'U?I1l.l1'H1?1~1-:JeJ-:Jrli"rJ 1l.l~~1 CJ l'l'U LeJ\JHl LL~ ~ nT'H~ CJ'U L if eJ'V!1LL 'U'U L~l.lsB1 1 "il ~'Vh 
" 

11 m~CJ'U?I1l.l1~~"il~,J11 'U L dv'VI11~ L U'Uvci1-:~~ LL~~"il1nm~vh n"il m~l.lmll.l LL~ d1l.l n'U?I~tlv-:~rlfl11l.l~ . . " 
vi'l~vh1 ~1Jm~CJ'U1~L-ih5-:~LL'U1~~'lJeJ-:!L~eN,!'U 1 eJ~1-:1-ff~L"il'U Lrimrm~CJ'ULO~eJ-:Jrlf111l.li~1CJI'l'ULeJ-:J 
~-:!e.!~ 1 ~lJFI11l.J fi-:J'VI 'U 1 'U fl11l.l ~?11l.J1~m ~eJl.J 1CJ-:JeJ-:Jrl fl11l.J.rl 'VIl.i nu eJ-:Jrl fl11l.l ~L~l.J 1~ (L 'U ru "il'Vl ~ 

'U 'U " .., 

~'U'VI~?I~, 2553) ~-:~,r'U~-:JL i1'U 1~·;hm~L~CJ'U'lla-:~~ L~CJ'U"il~i1fl11l.ln11'VI1J1?1-:~n11na'UL~CJ'U 1 'U'VIn ., 
" " , I 

L da'V!1 tl~~naunu ~am~ L~CJ'U~~,r n L~CJ'U?I1l.l1~~~u~a-:~ 1~"1h CJ 1 ~tin L~CJ'UL i1 h 1~~n~ a-:Jl.l1 n 
" " 

~-:J~'U lJF111l.!LoU1h~flm~Lfl~eJ'U~~~-:J (eJ"ilu~-rl'ltJ Pi~, 2557) ~-:JLL?I~-:J1~Li1'U'J1m~~~n"ilm~l.ln1~ 
L~CJ'U~~-:~n~11lJtl~~~'VI5m'Vl?l1l.l1~m1~'U1l.l 1 'Ul.l~i'VI CJ1P11?11'1TI 'U~1CJi"l11"lbi'Vlm1 'UL~a-:~ 1fi~-:J?I~1-:~ 

'U 

111c.1 1 'U'lJa-:~.W"If~vn'lJa-:~11m~CJ'U 1~ 

Lriai Lm1~~ e.J~l.l 1 'Ul.l~i'VICJ1P11?11'li~fl(;l1~ Lfl~v'U "i11n m~l'lau LL 'U'U'VI~?Iau LLCJ n L U'U 

~1 CJ L if a'VI1'Vl'U111 'U L if a'VI1 L~v-:~ L if m~ a-ri"lf "il1 n m~1-:~~ 4.2 LL 'U'U'VI~?Ivu~11 m~CJ'UlJl.l 1 'Ul.l ~ 

i'VICJ1P11?11'li~flm~Lfl~v'Ul.l1n~?l~ f1a.Ua~ 21~c.~,J1'U1'U11m~c.~'U~~'~v'U~~n~-:~'VIl.l~ 19 fi'U ~~Ltl'U 
' 

~eJCJ(;l~ 52.78 LL~~1Jm~CJ'UlJl.l1'Ul.l~i'VICJ1P11?11'!{~flm~Lfl~a'U1JaCJ~~~ iJ,]1'U1'U 1 oUa 1~Lbrl 

.Uv~ 1 1~c.~i111m~CJ'UI'lau~~,J1'U1'U 9 fi'U ~~LU'U~eJCJ(;l~ 25.00 m~~11m~CJ'U'U1-:J~1'UlJLL'U1~~~ 

hi~ n~ a-:~ LL(;l~fl(;l1~ Lfl~ a'U Lrivvh m~~~f'11ml.liill.lfl1~ru ~1 c.~u fl fl~wu-J1 L~ CJ'UI'l au 1l.l1~ L ~a~"il1 n 
'U • 

tin L~CJ'UlJfl11l.l 1l.l L .U11 "ilL 'Un1~L tl~ CJ'ULL tJ(;j-:J'lJeJ~ LL~(;l~i'U'llv~oW"II L w~1~ia?!au.Ua~-:~ mh1 L U'UoUa?lau 

1 ~ 0 I !"' lid II 111 1 o II 1 .,j '1 0 1..1 • 1 .. II u 
'U'lJ'Uu~~CJnl'l b"ll'li-:JI'leJ~ "11L1ft1 'Un1~'VI1fl11l.JL'lJ1 "il L'Ua-:J"il1nb 'Un1~Lu(;!CJ'ULLu~~LL'U1fi~IJla-:JeJ1PlCJ • 

fl11l.l~~l.l1 n~'U LL(;l~~ G11~ n1 ~ L~CJ'U ~a-:~ Ln ~ m~ L~ CJ'U~~-:~ LVI~ 1,r'U 1~ CJtl~1Pl"i11na fl ~~-:~ L tl'Uatl ?l~~fl 
\1 D~ '\J \1 , 

aci1-:Jl.l1n1'Um~fr~'U1LL'U1~~ 1~~n~a-:~ml.ILL'U1~~i'VICJ1P11?11'!{ eJ"ilu~-r"'.U Pi~ (2557; eh:~~-:~"il1n 
" 

Taber, 2003) 

Lri eJ i bfl ~1 ~~ eJ (;I fl11l.l tl11 'V!1J 1'V11-:Jn 1 ~ L~CJ'U L ~a 1'1 ~1 "il ?I au lJ 1 'U lJ ~i'VI CJ1P11?1 1'1 { 

~fl(;l1~Lfl~a'U 1 'Ui"l11"lbi'VICJ1 L~a-:~ 1fi~-:J?I~1-:Jfl1CJ 1 'U'lleJ-:JoW"If~vn 'lJa-:~'lJm~CJ'Ui'UlY5CJl.!PimntJ~ 5 

~1CJ'ljflf1(;!,)1'U1'U 36 fi'U tl~1n!J~~fl1W~ 4.6 'Vl'U';hiJ'lJm~CJ'U~lJl.l 1 'Ul.l~i'VImP11?11'li~fl(;l1~Lfl~a'U 

l.l1n~?l~ fia L(;l'lJ~ 35 lJf111l.ln11'VIii1'VI1-:Jm~L~CJ'Uiiac.~~?l~1~c.~nrhLvhnu 0.35 Lriavhm~ • • 
~.:Jrol1ml.lal.Jfl1~ru~1 CJ'Uflfl(;lfl'lJ'",h b ~a-:J"il1 n'lJ m~CJ'U fi'U-d'Ln~fl11l.la'U?I'U 1 'U~ n~ru~ L ifm~eJoW"If LL(;l~ • 
-uii~'lla-:~.W"Il ~-:~vh 1 ~ Ln~l.l 1 'Ul.l~i'VI CJ 1P11?11'li~~~ ~'Jl.l~-:JL if a'VI1'U 1-:1 L dv'VI1 L U'Ul.l 1 'Ul.l~~ L U'U 

'U1l.l5~~l.l riv'Ui1-:~'llu'li'a'UCJ1nLLnm~vhm1l.l LoU1 h vh 1 ~'lJm~CJ'UlJl.l 1 'Ul.l~~flft1~Lfl~a'U~1CJ 

(?ll.IL"ill'ltJ a~~Plm1 LL(;l~~n~Pl~ ?lf1~~. 2554) ~-:J,r'U~1'U-d'v1"il~-:~e-~(;!'1'111~\Jm~CJ'Ufi-:~L.U11"il • • 
hii~L"il'ULL(;l~Lriam1"il?lvu.Ua?!au~\Jm~c.J'Uvi1~~ wu11'VI~-:J 1 'U,] 1'\.J'J'UoUa~~~fia.Ua~ 2 ~-:~L U'U 

oU'v?lau~'lJm~eJ'U'I'i'1~~l.l1n~~~tl~1n!J~-:Ifl1'Vl~ 5.1 



2.1vfu Cortex~v~Wt1u~~·v~~.J~t\Jo;:nau4bm1~i~f1:1V~jp 1t\J Cottenchyma. 

Sclerench~·rna Lre~Parenchyma t'tlc;'"l:~hPare~fll"la ij.wi'flm~~~tt~V1JU\Jfi~~frJCcrk 

cambium t;;ni1td'a~~U~\J~ 

~. •wn•l'lr.'1lliiu!l1U'll Ul<:lihJ:ml~rli'1Uf\~a~ 

1J.l'M1~ Parenchyma lu Cortex!W1fWhL~w1~tif~\J 

~.~w~1nfru•~~~~wfli'lii!J'I'Ii.~•R~1lUCortex 

1. IW~1:U~'l1Uli'W~OiU11~~\i.MHII'J~'l'h Ulltl<~(\llli\ !I nil 

2.!\.4,u.:.,,'!&lfto11~~~ohn~~~~Col~ 

xtereox/lfr.>a il!l:li'a~n,.,. il'!lmll:\1 Paw.r~ ~Wlsrn~l.iie11111iMI~ Cc:l; 

can:b!lft liir!'hdr.Je&~ 

fl. ~~~6Ur.r.m.r~ WtV!..~;\$6tli1~~ 

t. nr.~ Par..,dw:ra lv Co'ltlX fune.rri~~~fu, 

~ lll1'l:tt'll'JIIiMc.r~1ili>Miim\v:or..x 

@tn1..'1.~~otlll1'Wi~•nt; ml~illJii•!m 
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iJ n L~ E.J'U-;11 L U'U ~ m 1 i~'U 191'\J 1m ~1911l.l fl11l.l fi ~ ~ir ni'Vl EJ 1!3116'1191 fl.~ a5'U1 v LLI'i'U 1\lfl ~ \1 

iJn L~~'Ua1~ Lfl~~'UI91'U1n1~~t:)~ LL~~flG'n~ Lfl~ el'U 1~~1~ ~\I,!'Ufl~fl'J~~~~el n1~6'1ei'Um 'iX'IJn L~EJ'U 1~ 
'U 

l.l1n~\I~'U (Justi and Gilbert, 2006) L~a1'1Xirm~~'U?I1lJ1~mi-1'Um1l.IL~ellJLEJ\I'lleJ\1!3!1?11Wil'i1\l 1 

1~stl~L ~'U~'U'V\'1 1 'iXLfl~fl11lJfi~nl1\11n~ LL~~~I'AJ'U1Pl n Wl1~'llel\1191'ULeJ\11~eJ~1\IiitJ~~~'V1Gi11~ 
5.2.3 LmauLViaue.uul':uqVJ~'V11.:inTn'ia'U L~a.:~1fl~.:~a~1.:~.n1alu't1a.:~~au~an ~:'VI'h.:~'lu1'.:~ 

L~aulha"ll~ n1~'Vl ~ ~a.:~aeh .:~41 ai1:uti'u n1~:il~ m ~L~a'U~LL uu~ n&lla1 LL~:'VI~ .:1\\11 n L~a'U L uu • v 

~:a:L 1~11 um~1~~:a::fl113Jfl.:I'Vl'Ufl113JlL U'UL 1~1 30 1u 

~1 nl911~1\l~ 4. 7 e.J~ m~L tl~EJ'UL Vi ~'Ufl~ LL 'U'Ue.J~~lJ~'VlB'Vl1\ln1~ L~E.I'U~~'Vf11\I'Vf~\IL~~'U 
G tt~.t:lll ..,a Q 11 v .J 1 cv ttl 

L?I~~'Vl'U'VILL~~e.J~n1~'Vl~?lei'U'VI~\IL ~E.I'UL?I~~LLm 30 'J'U e.J~~1fti911~1\I'Vl 4. 7 ~'U'11fl~LL'U'Ue.J~?IlJ~'Vl'5 

Cll Q.l Cll ~ V Cll _J 1.J I _J I d 
'V11.:1n1~L ~E.I'U'Vf~\IL ~V'UL?I~~'Vl'U'V1Lu~EJ8EJ'VI 24.89 fl~ LL 'U'U 6'11'UL'U~\IL'U'UlJ1191~\i1'U 3.69 LL~~fl1Lu~E.I 

~ ~ 

Cll V Cll ~ 1/ V 1d I d I Q.J I 

'V11\In1~L~~'UVI~\IL~E.I'UL?I~~LL~1 30 'J'U e:JEJ'Vl 25.50 6'11'UL'U~.:IL'U'UlJ11'1~\i1'UL'V11n'U 2.48 fl1 t-test 
~ ~ 

~1~ii~1Lvhti'u 1.43 ~.:1~1n.Va~~~'U11 t-test ~1~ii~1.UaE.Jn'i1 t ~1n1911~1.:1~1in~~'lleJ\I 

n1~LL~nLL~.:I ii~1LVhfi'u 1.68 LL6'1~.:!1'iXL'i-1'U11~L~~'Uiie.J~~lJ~'VlB'V11.:1n1~L~~'U~\I?Imfl~\11~ijm1lJ 
LL191nl'i1\ltl'U~1n 24.89 LU'U 25.50 1~nm1l.ILL191nl'i1\le:J~1\Iii'l!m11~ru'Vl1\l?l~~ ~\l,r'U?I1l.l1~t;l?l~tl 

~ . 
1~11irnL~~'U~L~EJ'U~1EJ"Il~'Vl~~a\la~1\1~1EJ~1l.ltl'Un1~~~m~L~v'U~LL'U'U~n'lla1nfl11l.lfl\I'Vl'Ufl11lJ~ 

• 'U v 

1'UL.Q8VI1~1~L~V'U~l.l1n ~.:16'18Vlfl~e:J\Itl'U\11'Ui~EJ ~~~.:! ~'V15!3!~~'U'Vl{ (2554) Pi'n~i~ ~1"!JUE.IlJ • 
(2557) Robinson F.Diane (2007) LL~~ Shyr and Hru (2010) ~n~1111n1~L~~'U~~L'!J'U1'1X 

~ 

'lJ n L~EJ'U 1~tJ !ju~ fl~ n1~lJ~1 EJ191'ULe:J.:I'Vll 1 ,X Ln~tJ~~?I'U n1~ru 191~\1 'lJ n L~ ~'U 1~ otlVln~~m~'U'J'U n1~ 

'V11.:1i'Vl ~1!3116'1191{ LUlU fli'Vf1~1 ~ 191'\JLe:J\1 'Y111 ,Xij~tJ LL 'U'Un1~6'1e:J'U 1 'U L ;u.:~~ nl.l1n~'U 6'11lJ1~t;lfl'J'UfllJI'I'ULe:J\I •t: 'U , 

~1'Un1~L~E.I'U 1~~~'ULL~~L~V'U~~1~fl11lJLoV1 h 1~~8\lvleJ\1,]'1 'IJm~~'U 1~Vfn~~ 'Ueln~1n,!'U~.:!'Yl11 ,X 
~ 

irnL~a'Uiifl11l.lm~~a~a~'U1'Um~L~a'U~ Vl~.:l~1nm~~~m~L~EJ'U~ irnL~EJ'U?I1lJ1~ml1fl11lJ~ 
~ v 'U 

vfl~-ru 1 tJtJ~~ ~ nl'l1 m 'U~1191tJ~~~TJ'U 1~ '1Jm~~'Uiifl11lJfl.:I'Vl'Ufl11lJ~~~'U 
• 'U 
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5.3 <tlm~umb u::~1~lil1nm-a1:5'EJ 

oifeJ bG'I'L! 'iJ LL 'U~ri1Vl~'U f11~-;ij'~ filii n'a~lJ f11~ b~ tJ'LI v~ tJ 1 -if"q~ f11~Vl~fl'iJ.:J'iJ~ 1.:!41 tJ~'dlJ tl'U f11~-;ij' ~ 

5.3.1 <timfl'LiilLL u::t um-a'lh~flm-a1:5'EJ1 tfl<ti 
5.3.1.1 rieJ'Uvl1f11~Vl~fleJ.:Jf"n~ij f11~G'IeJ'U1 -if LFl~'iJ.:Jij'iJ b~eJ 1 ~G'I1lJ1~~ 1 -ifLFl~eJ.:Jij'iJ 1~ 

eJ~1-:~~n~eJ.:~ L"liu m~ 1-ifmi'a.:Jlilf!Vl~~P~tJ m~ 1-ifLFJ~a.:~ijalll~L-dm~aTI"l.! 
~ ' 

5.3.1.2 1 'U"l.!ru~~tJf1b~tJ'Utllju~filil n'a~lJ tJf1b~tJ'U'U1-:!Fl'UEJ.:J1lJL oU1 1"iJ b~tl'd tl'U m~..ij'~ 

fililf11~lJf11~L~tJ'U~bb 'U'U~ f1611a11 'U-d1.:1 bb ~n ., Fl~Fl'd~eJ5'U1 tJ~'U~a'Uf11~L~tJ'U~Lb 'U'U~f1611e:Jd1 ~tJf1b~tJ'U 
'U I '\.1 '\J 

L .U11 lil rim.J\•\'1 L i1'U filii m~lJ m~ L~ tJ'U m~G'Ia'U 

5.3.2 <timfl'L!mb u:: t um-avi11:5'EJflf.:ti'ieJ 1 tl 

5.3.2.1 m~..ij'~G'Im'U~ m~'Vl~f!a-:~1 ~L VllJ1~G'Iwi'u m~..ij'~ m~L~tJ'U m~G'Ia'U L ~a 1 ~ m~ 

Vl~6'leJ.:Jfililm~lJL U'U 1 tl~1 tJf"n1lJ~n~a.:~ hJFJ6'l1~ LFJ~a'U 
~ 

5.3.2.2 Fl~~ G'leJ'U m ~a a n.Ua"' au~ L tl'U tl~tr t~e·JG'IlJ r:.JG'I1'U nuLL uu er ~ trCJ "1.!i1 ~ 1111 L~ an 

2 ~1~'U~'U b~a~lii::1~'Vl~TUf"n1lJboU11"iJ"l.!a.:JtJf1b~tJ'U 
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m-a..ij'ftm'n~fi'Lim-aavu. u~fl.JrJ: h.:~t~~'U~:::'V!1'UVI~1~1'"11fl1iit~n. 2558. , 

n~1~ vl-emf~rJ. m-aw~'LI1e.J~~l.Jn'VI~VI1·:m1-at~fi'LI~L~v.:~m~;Jmt~~L~'Lifl1flfiL-if"'1fln1':i'VIfl~v.:~ , al V t 

vfh-:~~1fl. 1Vlmti~'Uth.J~qJqJ11Vl~1!311~V~~lJ'V!1UruenV~: l.J'VI11Vlm~~~u~~1"1151U, 

2557. 

~~m "ll'UL!31~~~- e..~~m-a..ij'ftm-at~V'U~LL uu·:b:uiiv 1flf~L eift 'VIfli1fl~nsnv1i1:unu tte..~u.nil , ~ " " 
:u 1 u\1' Au~ii ~ v \1' n~~n -a::u 'J'U m-aV11.:~ 1VI ~1 fl1 a V~ itt~::e..~~~:uqVI ~V11.:~ n 1 -a t~v'U 

1"111 tflii "'lv.:~'l!m~fi'Lii'U21tifi:UAn~1tJ~ 6. 1VImti~'Uth.J~qJqJ1f1~!311~V~';ilJ'V!1'uruenV~: 

lJ'VI11Vlm~vvrn,;ru, 2551. 

~';i1~';i~ru ~ qjqj1'4~'U~. n1'aL mvu L Vivu e.J~~:UqVI ~Vl1.:Jn1'aL~fi'LI Lt~::lJ 1 'LI:U~~fl~1fl Lfl~tl'U 
t~v.:J';itli1.:~1:ut~n~ 1fl t 1 t~'U~ ~1vm-ailu ta1::tt uutt u::'l11num-aau ta1::fiht ~~-atl. 

'U • 'U 

1Vlmi1~'U5t.l~qjqJ11VI~1!311~V~';ilJ'V!1UruenV~: l.lvn1Vl~1~ ~~U~';i1"1!51U, 2553. 

'l~rJfV~'I1 a.:~'\.1~:ullii. e.J~n1';iL~fi'UlL~v.:i n':ifl-tua "'lv.:J'I!m~fi'Liiu2Jtifi:UAn~1tl~ 5 

~L~V'lJ~'Jf!UVIL~fi'LIU'ULfl~v'YhVLLUUt1Utfl'Ja,;. 1VImti~'U5mqJqj1n1';iAn~1 

:uV11uruenV~: lJ'V!11Vl~1~~lJ'V!1~1';ifl1lJ, 2551. 

L~'li!J1 a.:~'l-1Vlv.:!i~. "~~n1';iL~~'Ui~'mUVIL~~'ULfl~eJ'Yh~a'ULVleJ{LilV~ 1"111n1';iL"ii~'U 1 U';itbmlJb iu 

~~-wi 6'11'VIfuunPin'li1L U';iLbmlJ1"111';ittJtJ~1';i~'Ub Vl!31Vl1.:!fleJlJVi'JtV~a1 lJ'VI11Vlm~~ 

tVlfiL 'UL~~';i1"1llJ.:ifi~B~1'U 1VltnL"llt>lmWa'U51~w 1i1t.lttuum';it~~'Uttuutvlal"ifi" ", 
, 'U 'U 

'J1';ia1';i National Conference on Computing and Information 

Technology2010. 6(198): 854-859; a.:J'V!1fllJ, 2553. 

-ff~ru';i.:!rl bbtl"J~n. e.J~"'ltl.:ln1';iL~fi'Un1';iav'LI;'h1'VIEI11flfiL-if-atlttUU ED3U i'J:UflUfltl:U~'JLflvi 
• 'U 

~ 0 d.c::1 I Q,, Q ~ 
a~1'Lin1-aru;J1~v.:JVI:Uflt~VIn~::n-a::u'J'Un1-a'VI1.:1'J'VIfl1f11aV~-att~::fl'J1:Ufi.:IVI'LI 

1 'U n TH~fi'Lil"'l v.:~'l! n L~fi'U~'U21tifi:UA n~1 \Jiv'Utl~1 f!. 1 VI m'W~'U 5t.J~ qJ qJ1f1~ !311~ t>1 ';i 

oCIIo q d tt 11 d ca.~ .c::~ vc:Cc:~ .c:::. .c~~o 
V1!3l'U1 bb "lllJ:Uru. f11a\JI-am-aavu: eJ.:Iflfi'J1:U':it wvm-a~" m~U'J'Un1':it "afi'LI':i'VI:Utl-a~aVI5.n1w. 

'U 'U 

~ ~ .... 
n~.:~bVl~lJ'V!1'Ufl';i: 'lvn~\lmrul.J'V!11Vltn~~. 2553. 



o1~-r~'l1 b~B\I~'U'Vl{ (:..Jli'!m~t'ti'lfflnTn~EJ'U L~v\1 ~~uvunT~tlnfl~eJ\1 1fiEJLoUb'VIfliJflm~L~EJ'IJ~ . ~ 

Gl tl II 1 

bLUU~n'llv1 a1'VI~UUnL~EJ'IJ-ti'IJ~5EJ2.1An'li1i'W\1fi 3. l'VlEJTth'I'Wihfl~~1 

fl 1P11?f~'j2JV!1uruen~: 2JV11l'VlEJ1~EJ'j1'tfi1!JtJ~-r2J~, 2556. 

'IJ~'U'Vl".i -r~'U'Vl1. fl112Jb 'Yi'1 b~2J 1 'IJ2J~'V11\Il'VIEJ1A1fl ~{Lbli'l~fl112Jf!12J1~~ b '1Jn1~tl~::EJnfli. oU • 
n'j::tJ1'1Jn1'H~EJ'WnfiEJL'tii1ru'VI1LU'IJ~1'1J b~v\1 511Pln2J3!'1JIPI~\Ii!l "'Jv\IUm~EJ'IJ 

'U Ql d.l , 

.ff'IJ3!5EJ2JAn'li1U~ 4. i'Vlm'Uow'UthJ~~ ~1~ m~1 Pl1?1 ~".i2JV11U ru.rl~: 

2JV11l'VlEJ1~El"l.leJ'Ubhri'U, 2554. 

41 

il'!]~'W".i n:w~Vi-w~. m·n tl~EJ'IJLL tlli'!\12J 1 'IJ2J~'VI1\Il'VIEJ1A1f11Pli LLli'l::fl112J~2JoW'Wlh::wh'lfl112J L ~v 

1 'IJbb ~'~~'~t~num'jbtl~EJ'IJLL tlii'1'12J 1 'IJ2J~ L~v'~ m~flli'I1EJv1VI1~~::~uL'llli'l~ 1f~EJ t 'ti 
~ 

~'Vl5A 1fi~P~im'jfleJ'IJ b yjv btl~ EJ'IJbb tlii'1\12J 1 'IJ2J~. i'Vl m'U-w'Uth.fl~ ~1Pi n'!S1Pl1?1~ ".i 

l.lvnuruen~: :w'VI1l'VlEJ1~EJ·rre:J'Ubbn'U, 2554. 

b u~:u-w".i B'U'Vl".i?l~. m·n mEJuL ViEJu(:..Jli'!~2Jq'VIB'VI1\Im~b~EJ'IJ bbli'I::2J 1 'IJ2J~~flli'l1~bfl~eJ'IJ b~eJ\1 

~tl~1'112Jbli'lnli'l1fl b1 bli'I'IJlPl ;)1Eln1~au bf!1::bb UU LL 'IJ::'l.hnu m~a'Ubft1::a1 L ~~~tJ. 
~ . ~ 

., ' 

uru'tf2J Pl~?J::;e:n~. lGn1~f1~1\lfla~a1'VI~Um~1,j'EJ. ~2J~fl-r\1Vi 6. f11\lb'VI'W:WVI1'Ufl'j: ' ~ . 
?Ji~EJ1?J1?Ju, 2545. 
' 

th:::m~ 11EJ. (:..Jli'!n1~flv'IJLyjmtJ~EJ'IJ:U1'1J:u~~flli'l1flbfl~v'IJ 1'lf1~11'VIEJ1 .ff'IJ3!tm:ufin'li1U~ 6 

b~v\lm~rl1EJ'VIvf!~n'liru::'VI1\IoW'IJ5f11~:1J 1fiEJLoULvnm~ei1'1Jtl~:mvu~\lf!~1\IIP11:1J • 
'VI q'li~ n1'j b tl~mJ:u 1 'IJ:IJ~"'Jv\11 ~m 'IJviLLli'l::fl ru::. l'Vl cn"W-w'UthJ~~~1Pi n'!S1Pl1?1m 

lJV11Uruen~: lJVI1l'VlEJ1~EJ"l.lel'IJbbrl'U, 2551. 

u~lJ1.mru 'UVi~~n~. (:..Jli'!n1~L~EJ'IJ~L~v'~1fl~'~f1~1'~LLli'I::VI'u1~"1Jv\lw'tfflvn 1~P~EJ1'tiu'VIL~EJ'IJ .. . ~ 

a1 L ~~ltJtJ~::nvULL 'IJ1flfi'VI 'J'li~ LL UUfleJ'IJf!\Pl~fl~lfllPl LLli'l::n1~f!eJ'IJLL UUaU Lf11::. 

l'Vlm'U-w'Wihfl~~1l'V!El1P11?1~".ilJV11Uru~~: lJVI1l'VlEJ1~EllJVI1?11".ifl1lJ, 2558. 
d W I j 

biJEJlJ~"l.l hm:n m~:5'f!m~L~EJ'IJiLL uu~1:uiiv 1fiEJL'tiL 'VIfliJfl~n'llv1 LWvoWWJ'IJ1(:..Jli'!~:Uq'VI5 

'VI1\In1~b~El'IJb~eJ\If11fl-b Ufl. l'Vl EJ1'U'W'UthJ~~~1l'Vl EJ1Pl1 ?l~".ilJVI1U ruen~: 

lJVI1l'VltJ1~CJBu~'j1'tftnu, 2553. , 
' d 

'W'j1 \1 ~'VlBP~~~'U'Vl~. m~Wfti'IJ1(:..Jli'!~:Uq'VI5'VI1\In1~L~El'IJbbli'l::b~IPlfl~~vn1~b~EJ'IJ 1f~EJ 1 'tfm~b~EJ'IJi 

~boU'Wn1~li'l\liivtll)~;J1EJIPI'IJbeJ\I b~v\1 ~1Lnutl~::'l. l'VlEJ1'W'W'!JihJ~~~1i'Vlmm?J~".i 

lJVI1Uruen~: lJVI1l'V!El1~EJBtJm1'tf51ii, 2554. 
' 
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vhn -ti~lij'U~. fl113JL<U'1L~1iitJ3J~'VI1-:J1'VI~1f!1a~{ L~eN n1~a.:JLfl~1~~;J1mLa.:~ 'tlv.:JUm~au 

iu~5a3.1Ami1u~ 5 L~v 1.U~'VI5fl1a~im~avuL~e:m..l~au3J 1 tJ3J~Lti'l::fl113Ja3Jwu5 
~::vr11-:Jfl113JL~vL~El1fl'UbL~.:J~.:JL~nun1~Ltl~atJUtli't.:J3JL\J3J~. 

"" 
i'VI~TUYfU5tl~qjqJ1Pin"~;1fl!1G1~~l.JV!TUru-ri~: l.!Vf1i'VIm&r~"llv\Jbbn'U, 2552. . ... 

1 'W 1 ~'iiltJ L~l.JL~"lJ1'W\IPl. m~Am!!t1n1~L tlilau3J 1 tJ3J~'tlv.!!U'm~au~~~utiu~5EJ3JAm!!t1~v'Utli't1~ 

L~v.:~ vru1~~u 1~a1.ijme:~um~~fl11l.l'VI3.11El'VIi't1ail~. 

i'VI~TuYlu5tl~qjqJ1Pin'!;1fl11G1~~Vl'!;~uru.ri~: l.!Vf1i'Vlm&r~"llvtJLLnu, 2550. 

l.lul'li~ LVi~u'Vlv\1. e:~tlmru'!i1aae:~u. m\IL'VI'Wl.JV!1'UI"l~: G1mutJL'Vl1"1LtJLG'l~'W"J"::'iilvl.JLn"'1 • • 

I ff I V 
Q cv Q. q Cll ct 

l.l1~:: 'VIv'llJG'l. m~L W3J~.mal.l~'VI5'VI1-:J m"J"L ~~tJL ~v.:~ m~Li'IEJ1 L 'UtJLLi't~n1~LL 'VI~nav~'tlv.:J LLa.:~ 

1~a 1.ij'tl~'VI~G'lv.:Jv~1-:J41a. i'VI~TU'W'UBtl~qJqJ1i'VImfl!1G1ml.lvnu ru-ri~: 

l.l\·'11i'Vl~1&r~v'UG'l~1"lJ51tJ, 2554 . • 
-rn~~ LLmuv\1. m~ftm!!t1~i'ta3J~'VI~'VI1.:~m~L~auLLi't::fl113Jfi.:~'VIu1um~L~auf L~v.:~ ~.:~iHi1~ 

... . . 
num::u1un1~~1~.:~~1~ 'tlv.:~U'm~auiutl~::t13.1An'l!!t1uVi 5 Viijfl113.lunw"iv.:~ 

'V11.:~m~l;Jau~~~u~vru1n ~1nm~'VIf!avuuuu POSSE "i13Jnu~e:~1th1flu. 

i'VlmU'W'U5tl~qjqJ1 m~Pim~nl.IV!1uru-ri~: l.JVI1i'VI~1&r ~fll~\JI"l~'U'VI"J"1h\911, 2554. 
cv q ~ Q,l c::il II I 4 II Q. g d .ci II d.te:~ I 

"J""lJ'U 'VI1LVIG'ln. ~i'tn1~1ilfln1~L~au~LL'U'U~13.13Jvfl1at'VIfi\Jflliln'lfv1 L~v.:~ LatJ'ti\J1tJ 'VI3J~v 

fl113Ja13.11~tlL um~~fl1 Lfl~1::'!-i 'tJv.:~U'm~auiu~5a3JAn'l!!t1U~ 2. 

1'VlmilYlu6tl~qjqJ1i'Vl~1fl11~~l.lV!1Uru-ri~: l.!Vf1i'Vlm~ ~fll~ufl~'U'Vl"J"ih\911, 2556. 
~ w ' 

-r"lJ'W"J" L 'Vl'J~'Vli ~1EJ.!l1\Jn1~W\911\J1n1~L~auftt uuci13.1ijv~1m 'VIf1Ufll5n'lfv1 (Jigsaw) L'iv.:~ 

lvHh 1'!11wilm1 iu~5El3.1An'l!!t1U~ 5. i'Vlmilwu6tl~qjqj11"l~fl11G1~"J"l.lvnuru;j~: 
Cl CLI 111.1 Cl ff 

l.JVI11'VIV1G'l~'J"1"lJJl!]~'J"'U'Vl~, 2554. 
11L1 ff .tel II ct G ICII r4 d 
'J"~'U1Jl'J"t:U G11'U~'J". e.Ji'tn1~L 'J"EJ\J~1El'U'VIb ~El\J'U\Jb 1'ULL 'U'U NTeQ LLi'l::n1~b ~El\J~13Jfl3Jvfl~ b ~v.:J . "" "" 

~J II d CV.c:::. dG 1 G.l d_ .ct II 

fl113J~L 'Uv.!J~uma1nuvtJL 'VIv~L u~ ~ve.Ji'ta3J~'VI5'V11.!Jn1~L ~atJLLi't~n1~fl.!J'VI\Jfl113J~ 
"" "" 

'tlv.:~U'm~auiu~5EJ3.1An'l!!t1U~ 2 ~ijfi113Ja13.11~tl;J1uflv3JoW1L~v{~1.!JrltJ. 
i'Vl~1UYl'UBtl~qjqJ1i'VI~1fl11G1ml.lVI1Uru-ri~: l.JVI1i\'W1~Vl.JVI1G11'J"fl1l.l, 2553. 
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·;n~W ~1..1~11"1~. n1'H mtJU L VitJUe.J~a3Jq'VI~'VI1~n1'H~tlt.l fl'J13Ja13J1'Hl 1 t.ln1'af.1~1 Lfl'a1~,.f LL~~ 
fl'J13Jfi~'VIt.l 1 t.ln1'aL~t1t.ll1'U1;111'VItJ1 .ft.~~iitJ3Jfl n't!t1tl~ 5 -a~,.,-:h~lt1LL uum-aav1..1 

LL U\J'b3Ji'jeJ tl'IJ L~tlt.l~ tl\J'atJ LL \J\J n1 -aav'IJLL U\Ja\J La1~'V11fl'J13J~. 
'II 'II 'II 

l'VItn'WV'It.!fitl~qjqj1fl~i"'1611'l'S1l'VI1Uru;il'l: 1JVI1l'V1~1~~~1·1ui'!]~~t.!'VI{ 2549. 

11~fmu r:.J~V'1~3J. m-af1n't!t13JLt.I3J~~fl~1flLfl~v'IJL'IJ1'lf11'VItJ1A1afl{ L~v~ ii1fl a1-at1-a~nvu • • 
LL~::tJl)mt~1Lflii "llv~'lim~t~t.l.f'IJ~iitJ3JAm~nu~ 2 h~L~tJ'IJ3J1~1'VIm 
i~'VI1flfl~a~Ln'l?l. 1'V1~1'UV~u5mqJt1J1 rn ~~ rn~11lVI1uru;il'l: 11VI1l'VI en~ ~~1"1lll!J 

i"'~G1~Ln~. 2550. 

1't.!l611 flel.:!LG1'U. n1~An'l?J1e.J~a3Jq'VI~'VI1~n1'H~tlt.l fl'J13Jfl.:!'VI'Ufl'J13Jl LL~~Llilfl~~vn11L~ti'IJ 
Q. iC:1 ~ d Q.l Q IICII.::t.c:::.. II u .c:t II Ill Ql 

'J'lf1"ll'J'J'VItJ1 L -av.:~v1ruTiln1"llv.:Ja~3J"ll'JI'l fl'JtJ n1-aflnTn -a~'IJlLL UU'l!Jlil n-a 
~ ~ 

au La1 ~'VI1fl'J13Jl 7 oUt.li'J3Jtl\J L 'VI flilfl n11 1 aU~~ fl 'J 13-Jf.i fl"llv~'li m~tJt.lit.l~iiti3JA n 'l?J1 

u~ 6. 1'VItn'WV'It.~5tl~'1Jtl!11'VItni"'1611'1~1lV!1uru;il'l: 11VI1l'VItn~~\J~V'I1, 2557. 

PI n~-11~ ~1"1l'UtJ1l. n1-a~~'IJ1fl'J11JL <ij, 1lil L~v~ t1-a1n!l m-aru1 'W1flaL~n'VI~n LfltJ 1 irm-a'VIfl~v~ 

mh~~,tJ~h,.,i'uum~t~'IJ.ft.~~iitJ3JAn'l?J1tl~ 6. 1'V1~1'WV~u5mqJt1J11'VIcni"'1611'1~ 
1JV!1uru;ii'J: 1JV11l'VItn~EJvUa'a1"1lo1ii, 2557 . • 

Pi't.~G1ti~ i'!n t -a"ilti. m-aw~'IJ1e.J~a3Jq'VI~'V11·m1-aL~tJ'IJ L~v~ 1fl-a~a~1~LL~::'VIll1~"llv~.W'lfflvn "llv~ 
um~mJ.f'LI~iit13Jfln'l?J1U~ 5LflEJLifm-aifln1-aL~EJ'IJ~LLUUauta1~'V11fl113J~i'J3Jtl\J 

'II 'II 

"!fl~ntJn~m-a1'h1'VIt~1. 1'VIEJ1'WV~u5tl~t1Jt1!1fl~I"'1611'1~1JVI1Uruiil'l: 

1JV11l'VIEJ1~ f.J11"1ln!)11VI1611'afl11J, 2559. 

G1tnU'U'VI~G1v'Uf11~~n~1LLvf.:!"ll1~ (€l.:!rlf11~1JVI1"1l'U). (2558-2559). "r:.JG'IG1€l'U LBLUI'l ", 'a~\J\J 

tJ-a:mALL~::11ti~1'1Je.J~avu Lv Lilfl. http:/ /www.onetresult.niets.or. th/login. 

aspx. 12 L3J'l?J1EJ'U, 2560. . ... 
G1111U'Ul;i.:~ LG1~1Jf11~61€lt.ll'VIEJ1i"'1611'1~ LLa::L 'VIfl L t.1 La V. "m::'U1'U fn~b~~'U~ViL V11J1::611Jtl'U L ti€JV!11'111J 

'U 

1l11'1~~1'UVI~n~l'l~ (Pedagogical Content Knowledge: PKC)", lu Lvna1-a~~'IJ1 

1'lf1;Jcwfl-a 1'VItJ1A1aflfLfl-a~m-aw~'IJ1Lfl'iv1ht~n1-aL~ti'IJ~~av'IJ1'VIt~1fl1af1i 
'II '11'11 

Q ff I ~ .c:t 1.1 

flruf1A1af1-a'lf'J~'lf'IJ'VI 1-3. m.:~L'VIV'11JV11'Ufl~: fl161mm~V'I~11, 2552. , .. 
611"11..15 EJ::ru:: t "ll~. e.~~m-aiflnlilm-a3Jn1-aL~tJ'IJ~-a1t~1'lf1a"lJAn'l?J1 L~B~ m-aa~1~La~3Ja'tii11W , " ' . 

.f'IJtJ-a::r~3JAn'l?11U~ 3 Lfltl 1 'lfn~3Ji'J3Ji'jmL uu~nflfv1. 1'VIm'WV'It.!Bm'1Jt1J1 

1'VI~1i"'1611'l'S1JVI1Uru;ii'J: 1JV111'VI~1~~1JVI1611~fl11l, 2554. 



6'1~L'ill1ltJ e:m::Pi~tJ LL~:::I'i'nl"'~ 6'1.f1~'S. n1'Sth'S1'ilLL~~tJ-rutLn~1'U~~~fl~1f!Lfl~tl1J L~el~ 'ti'Utl~ , , 

Lflii 1flaLm~fl~n1'SL'ia'Uf T5 LLUUO'S~fl1'11. i'VltnU'Vl'UthflqJqJ1i'Vltni"'16'111l'S 

~vr1uru.fi111: ~'VI1i'Vlcn~asu~-s1"!lti1i1, 2554. , 

"' ~ ~ 
n'S\IL'Vl'Vl~'VI1'Ufl'S: L'ilL'Uel'S~tJfl6'1L6ij'ULI1ltl'S, 2531. , ' 

&hwni"ll1m-stt~:::~111l'S;i1'Um-sP'in~1. vr~nal1l'SLLn'Wn~1~n1'SAn't11eff'Ui4'\Jij1\J VI'V15Am1"lf 
d.l v -., • 

2551. n'S\IL'Vl'Vl~'Vl1'Ufl'S: "ll~'U~6'1'Vln'StUn1'SLn'\~11l'SLLvt\ltJ'S:::L'V11"11 'VIE.!, 2551. , ' ' 
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n1'S~el~ L i1'U'tlv~'l1nfin'I11L 'U~'V111'VIV1Gl m 'VIfl1 'U 1~a'S1"lf~~fl~aa1'U 

1'VIV1L'tll1l'tle:J'Uttfi'U 'il1nm'S~fln1'SL'ia'Uf1"lf1V-I~ml~11tJ1fla1'!im~u1'Un1'S 

L'VIfl1'U1~a. i'Vla1il'Vl'U5tJ~qJqJ1Pin~11"116'1111-s~vr1urusnl11: ~vr1i'Vlm~a<tJt~'Uttfi'U, 2552. 
"' ' .r::::l .o:::f Q,l .c:f Jl I 4 .C:::. Cit, d 4 0 .eli 

81'S1'S'Sru 51111~. ~;.J~n1'S'il~n1'SL 'SE.I'U'SLL UtJ'S1~~m 'VIfl'U fl'iln6lfe:J1 L 'Sel.:J'S~tJtJn1'S~1 L~E.I~'tlel.:J , v 
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a 

fl1fi~'W1n n 

bb 'IJ'IJ'VI\1l~el'IJ1\11 fl11~ b ~1b~~ b 'W~~1'VI fJ1A1~Vl-f 1"l11~11'VI£J1 

b~eJ.:J bfi1.:J~~1.:Jfl1£J1 'W"tleJ.:JcW"l1\1leJn 
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• 
bb 'U'U'VI ~ 6Hl'U1 ~ 1"11111 b oU1bl\lll b 'Wll ~1'VI £!1f116Wli 11111J1 1'VI£J1 

b~e:~.:~ 1wa-:~6t~1.:Jfl1£Jb 'W"VB.:J~1i~Bn 
... . . 
~'W~5£J11An~1tJVi 5 fl11"lb'i£JcwVi 2 unT~An~1 2559 

~ 

Fl~bb'U'Ub~l.J 30 Fl~bb'U'U 

2.1~'1!m~CJ'Ub~Bnrll~BU~(ln~B.:J~~~b'V1CJ.:!rll~BUb~tr.J 

1. Parenchyma 

3. Sclerenchyma 

n. -ifv 1, 2 bbfl~ 3 

Fl. -ifv 2, 3 bbfl~ 4 

'U , 

2. Collenchyma 

4. Phloem 

.... 
"1! . "1JB 1, 3 bbfl~ 4 

.:~ . -ifv 1, 2, 3 bbfl~ 4 

2.1'W.ff'W Cortex "1JB.:JYi'1l1ub~CJ.:J~l1n~~tJ'j~nvulii'1m-d'm~m.lfmCJ'1l~~ b'li'W Collenchyma, 

Sclerenchyma bbfl~Parenchyma b~'j1~B~ 1 'j Parenchyma ~.:~ffivm~~~~bU~CJ'UbbUfl.:JbU'U 

Cork cambium 11ii'~n11b-d'm~B~'U1 
n. b~'j1~b'llmHit-~'l!.:~u1.:~ bbfl~bU'Ub'llfl~~cY.:~ii:Ui~B~ 

'U 

"1! . b~'j1~ Parenchyma 1'U Cortex iil.J1nn11b-d'm~B'1l~~~'U 
Fl . b ~'j1~b U'Ub'llfl~~c!.:~ii:Ui~B~ b Y1CJ-:~'1l~~b~CJ1 1 'UCortex 

'U 

.:~. b~'j1~iim1l.l~1l.JTm 1 'Un1'jbbU.:Jb'llflfl11ii'~n11 bbfl~b~~qJ 11ii'b ~1n11 

3. b -d'm~B 1 'U-iJB 1~~iit-~fll'ivm'j~~1-:~M.:~bbfl~'j1mb "1l'U.:J 

1. Endodermis 

3. Cambium 

n. oUB 1 bbfl~ 2 

Fl . oUB 3 bbfl~ 4 

2. Cortex 

4. Pericycle 

"1! . oUB 2 bbfl~ 3 

.:! . oUB 2 LLfl~ 4 
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-• 

fl . Xylem 

fl . Phloem 

5. oUeJ1~flci11L:I.iClfl~'iNb~~1n'U"Ilvl~1U (Sieve tube) 
" 

fl. biJ'Ub-d'm~eJ~ir'liJ"Iiil'leJ~ 
" 

'V . "1h~~T'il'U~1~'U~"I11~bb~\lbb'j\l 
' 

fl . iJi'i1bfl~mm~~1~1VlY'Im'ih.JI'l~eJ~ 

'V . Cortex 

'1 . Epidermis 

\l . tJmm'I~'VeJ'Ib~~~~\l 2 oU1\l "il~lJvl€1'\ll~e:J'jb~fl ., U'j1 flf'l€J~ (Perferated end wall) 
, \1 I d..J " 
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6. oUeJ1~biJ'U~fl'l~tt\J~~Y'I'U~'l1'W sieve tube member, vessel member bb~~ meristematic cell 

1. nucleus 2. primary cell wall 3. plasma membrane 

fl . 1 'V. 2 

fl . 1 bb~~ 2 \l . 1, 2 bb~~ 3 

€11'\ll1'jlJ~m~ru~eJ ~ 1 'lh 

fl. flci~viml1vie:Jm'Vl1'jb~~'~bb 'U'Um~"il1~v\'1 1 tJ 1~~m YlmB~b~~'l~~'Un'U 1~L~~ • 
'V . flci~viml1vie:Je:J1'\Il1'jb~~'l bb'U'Ub iJ'U'j~b -u~'U 1~~m YlmB~ b~~'l~~'Un'U L'llb~~ • 
fl . flci~viml1vit~m'\ll1'jb~~\lbb 'U'Um~"il1~vi'11 tJ 1~~m Yl~ bB~b~~'l1 'Ubb 'U"J-rPliJb~~1n'U • 

" 
'l. flci~vim11vie:J€11'Vl1'jb~~'l bb 'U'Ub iJ'U'j~ b {j ~'U 1~~m vlmS~ b~~'l 1 'Wbb 'W"J-rPliJ b~~"Jn'U LG~Hm.J • 

8 . "il1flbbt:-J'U.fl1Y'Ii11fl\il~'V11\l'Ve:J'l'Ve:J\l'j1 fl~"IJ 'j1flbb 'V'U'l bn~"il1flb -d'm~v'Vl~1m~'V 1~ bb~~b~~~~ b iJ'U 

eJ\lAU'j~fleJ'U'VeJ'l b -d'm~e:J'Vl~1m~'V 5 b~m"il~fllb~~~bb~"J iJ~ m~ru~€1~1\l h 

~=~...---::;....,.-- 1 

---''tt----2 
//7~,,.,.--+r- 3 

--,·~-++---++-- 4 

s 



9. Le:J'ULVILV~e:J1~G1 L~e:Jiie:J1~l.J1fllil::!liG11'j' Suberin vt~e:J Lignin l..l1Lfl~mJt:.J'U .. rvhL~L'U'ULLtl'tJ'j'e:J'tJ"] 

L"ll~~ ~~LLtl'U1fJ1LL~::!e:J1'Vf1'j'liJ::!~1L~ti~~1'U hJ1~cJ1fl L 'j'1L~tlnLLtl'U1fl1e:J::! 1 'j' 

n. Cork 

"tl. Apical meristem 

fl. Primary meristem 

~. Casparian strip 

10. 'j'1fl"tle:J~~~\Jle:J'ULL~~'j'1nLL"tl'U~ ~1~n'Ue:J~1~b 

n. 'j'1nn~\Jle:J'ULiil~rul..l11il1n Cambium 'j'1nLL"tl'U~Liil~rul..l11il1n Cortex v v 

'tl . 'j'1nn~V~e:J'ULiil~t1Jl..l11il1n Cambium 'j'1nLL'tl'U~Liil~t1Jl..l11il1n Pericycle 

fl . 'j'1fl~~VIe:J'ULiil~t1Jl..l11il1n Pericycle 'j'1nLL'tl'U~Liil~t1Jl..l11il1fl Cambium 

~ . 'j'1fl~~~e:J'ULiil~t1Jl..l11il1n Pericycle 'j'1nLL'tl'U~Liil~t1Jl..l11il1n Epidermis 

11. fl1'j'L~t~~r;l''J'tlm11G1~1m1oJ'UL~~ 1 '\.J'j'1nY1"1f1 'U L~t~~fin'UY1"1f1 'U L~t~~ L~m~1~n'Wmh~ 1 'j' 
'U 

fl. Yl"1fl 'UL~ tJ~fiij~1'U'J'ULLUfl'tle:J~'J1G1~'Jm1oJ''UL~~l..J1flfll1l 'U L~tl~ L~ti"J 
'U 

'tl. Yl"1fl 'UL~tJ~fiij~1'U"J'ULLUfl'tle:J~'J1G1~1m1oJ''UL~mJe:Jtifll1l 'U L~tl~b~ti"J 
'U 
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fl . ~1'U'J'U'J1G1 ~'Jm1-J''U b~~'tle:J~YJ"1!L 'U L~ tl~ L~ ti'J LL~ ::!Yl"1fl 'U L~ tl~fllil::!l..J1 fl'Vf~e:J'\J e:J tJ fll1~'U n'U 
'U 

"> .. 

"(f'UV!'tle:J~~"(j 

~ . ~1'U"J'U'J1G1~'J~11LJ'UL~~'tle:J~YJ"1!L 'UL~tl~ L~ti'JLL~::!Yl"1!L 'UL~ti~~J'Uii~1'U'J'UL'Vh j n'U 

b~'j'1::!LtJ'UYJ"1!~ijv]e:J~1L~ti~L'VfiJe:J'U j n'U 

12. -u'e:JLV~n~1'JL~ti"Jn'Um~ A LL~::! B 1~tln~m 
'U 

( ' ..,......,..._____ Rll~ltlfl'ti __ _..- •:-:~~'~'""" 

r-r~-- m\ll~~~a{na --""_J.._u ""'"~"""""' 
~ m1'ho~l'l --~'PQ:~h-

_,..,_/=~ .... 

A B 

n. A 'j'1nY1"1!L'UL~CJ~fl B 'j'1f1Yl"1!L'Ub~ti~L~t11 
• 'U 

'tl . A 'j'1flY1"1fL'UL~mL~ti'J B -;i1nY1"1fL'UL~tl~fl 
'U 



n. 'Vll.J1m(t"1J 2 bbu .. :lb61)(t~bb(t~b'l~t\J~w.J'l,l11~n1bti~'j'1ne.Jm.J 

"11. 'Vll.J1m(t"1J 4 bbU\lb61J(t~bb(t~b'l~t\J~w.J'ln1~n1bti~'j'1mb"1l'U\l 

fl . 'Vll.J1m(t"1l s bb(t~ 6 ~1b~tJ\l~1'j'1'Ubb'U1~\lb~tJB1PltJ~~\l\l1'U 

'l. 'Vll.l1m(t"1J 3 bU'W?i1'U~J1~1l.J1'j'(1~1b~tJ\lY11\l~1'UoU1\l~1'Ub61J(t(tl~ 

14. ~(1'11nn1'j'bfl~n1'j'b'l~t\J'VJ~tlJJil (Secondary growth) "1leJ\l~"1l1'Ub~tJ\l~ ?i'l~(t~eJ'j'1neJ~1\lh 

' "' 
"11. i1m1l.l tJ11 bb(t~?i1'U~\l b Yil.l~'U 1'11l.l~11ii'u 

'\J 

u~nru1mi'1 n'W bU'Ub~'j'1~b'Vl~1~ 

n . ~'UYlb~tJ'Wi'1bbfll.lbUtJl.l ~'U'Vll.l1nhJi1 , 

\l. b61J(t~"1JeJ\ll?i''UYJ b~tJ'Ubb U\lvl11~'j'"J~b ~1nl1b61J(t~"1JeJ\ll?i''U'Vll.l1n , 

16. b~eJI?i''Ul.l~ll1'li1mtJ 20 tJ vJ1'UA~l1i'1?i1'Uth~neJu"1JeJ\lbdm~eJ'1Jti~1~,JeJtJ~~~ , ' 

52 



y 

f.l1'il13l'U1VI 

4----t-IHI 

5--++-

6--++-tt-

X 
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y 

n. 1 bb~~ 5 -u. 2 bb~~ 4 fl . 3 bb~~ s .:~. 3 bb~~ 6 

18. b~eJ-u~bLJ~eJn 1m~ b U'U'J'IL~tJ~eJn.ff'U 1 'V'I~ bB~eJeJ n'OJ1 n~1~'UYl-u~v11vt1J1~~'1bfl~1~v;~'J tJ bb61'1 
" 

1~mvt~eJ.ff'U 1"11b~~beJ1 H vl'lfl1~ 

1 

n. 1 

"U<;lt'lldenoon 

t'ih.t"l ~.,n'ln:\,vru ---i 
1t-HHtnlYhu6JJoun 

! 

2 

-u. 2 

3 4 

fl. 3 '1 . 4 

19. 'OJ 1 n bb ~ 'U fl1 ~ -u eJ .:~ ~ 1 ~ 'U ~ ~ 1 ~ 1 ~ -u 1 1 .:~1 'U ~ 1 ~ 'U Yl-u 1 u bi tJ '~ r1 ~ eJ 1 tJ iT.:~ ,J eJ tJ eJ ~ {;) 11 ~ 
" ' " 

fiT~UeJ'U 1~BeJn 1"11~~ b U'U6111n~~'U~-r.:~~nu 1 u-ueJ.:~Yl'll~'Wif1 'U"Ii1.:~n~1.:~i''Ub tfe1 b~eJ 1~-ueJ.:~Yl'll n, -u , fl 

V!~eJ .:~ 'OJ~1~-ru6111n~~'U~-r.:~~bU'Un~~bb~n , 

n 1 

tl 2 

~ 

3 

.:t 4 

n. 1 -u. 2 fl . 3 '1 . 4 



"'!!:l~re---- ( < • !Hlllll i19l 

hhuolJ,Tumn 
1 'l'hll 11 lJ,f11 ~ a !l ~ 

1'lllll lJ ~'II~"iHH ----­
'hmlJoU'IIH~O 

-'<----- ftli -----£l,W{.~ 

A B 

n . A ~1nYl'UlUb~tJ.:JA B ~1nYl'll1'Ub~tJ .:J b~tJ1 
\J 

fl. A ~11'i'tJYl'll1'Ub~tJ.:Jb~tJ1 B ~11'i'tJYl'll1'U b~tJ.:JA 
\J 

.:J . A ~11'i'tJYl'll1ub~tJ.:JA B ~11'i'tJYl'll1ub~tJ.:Jb~tJ1 
\J 

21 . ~n~ru~1tJ.UB1~hii.<d~n~ru~G'I1~ty'1JBWim~1tJu~nrutJmtJtJB~ 

1. t:JtJ.:Jb'1!~~'U1-:J 

3. b~'\.Jbb1fl11B~oU~b~'\.J 

n. oUB 1 bb~~ 2 

4. 'W1 bfl ~m1i1'1JtJ1~ 1 'V!qj 

'1J . oUB 2 bb~~ 3 

fl. oUB 3 bb~~ 4 .:J. oUB 1 bb~~ 4 

n . bi!m~m~~ty1tJ~~J1,j'B tJ 
'1J . 11~f11mibbfll.JbDm.Ji1'1JtJ1~ 1 'VIqj 

oQ ~ d .:::!1 <V f' 

fl . 11~mm~bbfll.lb u tJl.ll.lt:-.~tJ.:J b'1!~~'V!tJ1 

.:J . 11~f11m{bbfll.lbDtJl.lb~~tl!1tJ~~J1l.l1n 
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Cuticle 

5 Bundle sheath 

f1 . 1 bb~~ 2 'll . 1 bb~~ 3 fl . 2 bb~~ 3 

24.1u1~vf1 11tJ~1'UVI~'l1u~h~mL-V'lJnl1~1'UVltl\11u b'U'UL'V'i'a1~L'VII9)1~ 

n. .ff'ULv-YiL~v1i1~~1'UVI~'l1 ui1~L ~f.moVlJf1l1~1'UVlv'l1 u 

'll . .ff'U f11V1 LA~'tlv'l~1'UYlv'l1 u~~i1lJ1 n n11~1'UVI~'l1 u 

fl . fl~v 1 'a'V'i~1~~~1'UVI~'l1 u~~i1lJ1f1f1l1~1'UVi'm1 u 

'l . fl~v h'V'im~~~1'UVI~'l1 ui1~L oVlJlJ1nn11~1'UVlv'l1 u 
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'l. 4 bb~~ 5 

25. ~1f1fl1'V'i b'IJ~~ A LtJ~V'ULbtJ~'llJ1~1f1b'IJ~~1'ULt1'm~m~~ty"llU~1~ LLf!::b'IJ~~ 8 llfl':i'l~~1'l1~~ 

b~YlU1'UL'IJ~~ A 

R 

A 

n. protoderm Lb~~ chloroplast 

'U. cork cambium LL~~ primary cell wall 

fl . ground meristem bb~~ intercellular space 

'l . apical shoot meristem Lb~~ secondary cell wall 



21. ~fl~ru::: 1~'1JEJ.:~1 'Um~h~£J1'ti'EJ..:ln'Um'H'I~1.:~EJT'vn'j'1JEJ.:~1 'Uli;l~ 

fl . ~1'U'U'U'1JEJ'I1 'U l tl'Uir'Ul~~'U iifi1~lfimfl~EJ'U 

'IJ . ~1'U'U'U'1JEJ'I1 'Uii~l ~~1loU:Wfll1~1'U~1'1'1Jtl'l 1 'U 

fl. 1'Uii~fl~ru:::'U1'1lli;l:::ll~ll'U'U 
v 

.:~ . ir~vimhviEJm~1'jtJV~~n'U Palisade cell 
" 

28. 'U~nru Mesophyll th:::flEJ'U~1mii'm~EJ1'W'li'B1~ 
fl . Palisade parenchyma, Spongy parenchyma, Vein 

'IJ . Palisade parenchyma, Spongy parenchyma, Vein, guard cells 

fl . Upper epidermis, Palisade parenchyma, Vein 

'1. Upper epidermis, Palisade parenchyma, Vein, guard cells 

29. tm.:~"'~1'1~1'U 1~'1lB'I1 'U~~'Ufl(;lEJ t 'j~m"'~EJV~'U1lltJ'U~"'~ 

fl. Spongy Mesophyll 

'll . Palisade Mesophyll 

fl. Epidermis 

'1 . Guard cell 

" , 

56 

30. ~'ll'llU~~~'I~U1fl1'U (stomata) 'V11'1~1'U'U'U'llt1'11'U (Upper epidermis) ~'U1ml'U:W1flfll1'V11'1 

~1'U~1'1'1Jtl'l 1 'U (Lower epidermis) oUEJ 1~1'1EJ 1 uti't.h~:::"'EJ~fl~EJ'In'UoUtlbYl~~~'loU1'1~'U 
1. ~'llii'ffi 'U(;ltJ~EJV~'j:::~u~hJ1 t~~l'l(;ltJ~ , 
2 . ~'llii'ffi 'Ui;ltJ~EJV~'j:::vi\nl1~EJ~ll(;1:::~1'U'U'U'llEJ'I1 'Ul vi1,!'U~~:w~"'n'\J'\J'j'jmfl1Pl , 

3. fl1'jiith fl1 'U'V11'1~1'U'U'U'1JEJ'I1 'Ul U'Ufl1'jl ~:Wf111:W"'1:U1'jtJ1 'Ufl1'j~~~~'I'I1'Ull"''~tl1Vll'l~ , 
4 . fl1'jii'IJ1 fl1 'U'V11'1~1'UU'U'1JEJ'I1 U nvh 1 ~lfl~fl1'jlli;lflb 'IJ~~'Ulln"'n'\JU'j'j~1fl1P11~ 

fl. lu~1:::.Ut1 1 

'll . lu~1:::.Ut1 '1l lli;l::: fl 

fl . lu~1:::.Ut1 '1J lli;l::: .:~ 

.:~. lu~1:::.Ut1 fl, '1J lli;l::: .:~ 
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cv q il d 
bb~'Uf11':i~(;lf11'H';iti'U~ bb~'UVl 3 

11V1"1l1:S11V1V13 

vt'I11Vf111L1m.rVi 3 

1oX~1"1l1130243 

L~v.:~ bfl1.:J~~1.:~.rnv 1 'U'Vv.:JG'l1~'U 

.ff'U~tw~Pim~ntJ~ 5 

b1G'l1 2 -&11~.:~ 

I .::::: QQQ d 0 Cl.l V "QJ <d <dil 1.1 d _,d d <d 1.1 

1~uum.:~ ~ 'llv.:J~.:J~"ll1~VlV11.:J1'lJ~~Y'I'lJ5n'lJ ~m~tJ1'lJf111~tJL~1~VI1fl11~1 ~a~11~~VlL1V'lJ1 
I " " 

LbG'l~'l11fl11~n LJ1 m 'lJf111~11 ~:Si~'lltl~~'lJbtl~ LLG'l~(;ILLG'l~.:JiJ:S1~ 
" " 

"' II 
2. ~G'ln1';ib';ifi'U~ 

~tJfl'lJoUeJ~G'l Vl(;l~tJ.:J aJlLJ11V bbG'\~~1\J L~m tltJ b da b~eJ'lJtl.:J~"ll bfl1~~~1~ LL~~v'nJ1~'lJ8-:J " , 
~"1J(;leJf1 f111LLG'lnbD~V'lJLLn~LLG'l~f111fl1m.l1 bbG'l~m~tJ1'lJf111rl1L~V-:J 

3. 611';i::~1~ru 
"' 

L da L~au~ L 1 ruLJG'l 1 v va(;liJci1'ULJ1~ nau-;;J1 nLJm v~ (;! L oU1l.l 1~a Lila L~v L -;;J~ruLJ mv v tJ(;l , "' 

1uL~~Ln(;l1tJBvti LLG'l~rl1~'lJBv'lJ 

1fl1-:1~~1-:JJ"l1V1 'U'Vv-:JG'l1~'lJ-;;J1f1'lJ8f1~(;11 LJ1 'lJ~(;l~tJ Ltl~L(;ltJ{iJ~ flviLVln'l! ~~~ , , 

~(;lvlvrl1L~v-:~ 11~fi1G'l1iL1~ LL~~~\5 1tJ1vtJ 1 tl11~fi1miLLfl~Luv~-ua~~'tf~iJLda1lJ-;;J~~m1~~1-:~ 
L'lfG'\~~~1~ 1'1fLG'l~ LLG'l~ 1 vJ~ La~.ff'U~~a~,J1'U1'lJ~1n,Jav~h~n'U vh 1t~\n(;IL ila 1lJ~LoU~-;;J1-:J~~untJ 
L~Vf1rJ11.:jD 

4. ~(;l\J';i::6l~~f11';i~ti'U~ . " 
1. VJ(;JG'ltJ.:J bfl1~~~1~mv1 'U'Vv.:~rl1~'U 

2. ~ufi''U a6u1v LLG'l~ailtb1V 1A1.:J~~1.:~mv 1 'U'llv.:JG'l1~'U 

3. 11m1v'UiJ~~1Vlml"11~~{ 

5. ~n~::m';iL~ti'U~ 
" 

1. Lilm~au~nruLJmvva(;l 

2. f111~(;1L~v.:~~1'Vv.:JLilm~a 1 'Url1~'lJ 

3. f111L~~'1JL~tJ 1~-ua.:~rl1~'tJ 

6. f11';j~~m::u1'Un1';iL~V'U~ 
" 

t "' 1. 'ti'Ub~';itl~ 

1.1 fl1LL~.:j-;;J(;J\J1~~.:jA'lJv.:jf111L~V'lJ " , 
1.2 fl~ 1 ~1J'm1V'U'VllLLtJtJVl(;l~eJtJriv'UL1V'lJ b~v~ 1f11.:j~~1.:j,f11V 1 'lJ"lJeJ.:jrl1 ~'lJ 

1.3 fl1bLti~'l11f111L1V'lJTI(;}V1oULVlfl'Wfl~f1'1fvl (JIGSAW) L"liti 1~LUVtJ'lJeJ.:jf1~~ " " , 



" o.l 0 II I Q 

2. 'tl'U'U1 b 'tl16'1'U'Vl b "ali'U 
" 

1"11111~~ b l1'U';h "bdB~.:~ Lnl'l~ n~~~i11tJ'UBfl"UB-!1~1~'U irm~tJ'U'il~'Vl'j1'\J 1~mh.:~ 1 'jl1~1~'U~'Ub tl'U 

~1~'U'UB.:!Yl'll1 '\Jb~ V-!1 b~tJTVl~eJ~1~'U'UB.:!Yl'll1 '\J b~ V-!1~ " 
3.i'Uuflu~n'ilncacalln~ll 

' " 
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3.1 bbU.:!fl~lJUflL~tl'UB Bmtl'U 9 n~lJ n~ll~~ 4 R'U ;.:!bbl'i~~n~lJ~~.:~R'Ub~tl'ULtl-!1 , , , , 

B~1.:!~1tl 1 '\Jf111lJibb~~ 1 '\Jfl'iJfl'j'j'jlJ~T'v'l-run~lJ'IJTU (Home group) 

3.2 n~lJD1'U (Home group) Pin~1f11'jfl'iJ~1~-r'\JlJB'IJ'MlJ1V~.:!'j~Ll1 'W1 '\Jfl'iJm'jlJ~ 

3 b~tl bb U.:!"M1!1~f111lJ-r'\J~~'l!eJ'\JoX1-rreJvh ~~lJ1:an bbl'i~~f)'U 1 uvh"M1!1~ b tJ'Uer b ~ V1'l!1f.1J 1~ v bb U-!1 b tl'U 
'\) "' 

3 .2.1 fl1'j~~b~V.:!~Ji'1"UB.:!'J1~fh~1'~U'Ub~~ (Vascular bundle) 

3.2.2 11~~1~1'hbf1lJbUtllJ (Vascular cambium) 

3.2 .3 .ff'URB1L'Vln (Vascular cambium) 

3.2.4 u~n~1'ilnm.:~"UB-!1~1~'U 

3.3 mtJ1B.f1U'j1tJtlB'Ufl1'j'Vl~~B.:! b~BLL'U~1.J1L~tl'Jtl'\Jfl1'j'Vl~~B.:! ~.:~d 
'\) 

3 .3.1 t11Yl'l!Plfl~1~b\ll~VllllLL~1\Ji'~~1~'UYl'l!~~lJ'IJ'jnJlJ1B~1.:!~~ 4-5 
'\) 

3.3.21 i'll~'Vl~~B.:!B~1.:!~1tJ IJi'~ ~1~'UYJ'l!IJi'1B~1.:! 1 'Ubb 'U1\ll1lJ'U'J1.:! 
' 

3.3.3 1 i~n'Ubbl'l~~'U?i1'U"UB -:! ~1~'U~~Ji'~L tl'U~'U'\J1-:!bb~1 bb 'lib 'U~1~'lf1YhiJ'U 
'\) 

~ ' .!' = 
'V1 ~~'OJ1'Ub 'Y'I1~b 'l!el'OJ1'U~ ~'l!'U~ 

3.3.4 1 i~tl'Ub~elfl~'U?i1'U~'\J1-!Ibb~~~lJ'IJ'jnJ~.:!~ellJ~bb~1~1'U1'U 1-2 ~'U 
'\) '\) 

11.:~~.:~u'U"M v~~1u'U~1~~ LL~1tl~ ~1 t1 m~'OJ ntl~~1~~ e1 ~11 ~~1'Uu'Um~'OJ nu~~ 1~~ L tJ t1 n~1 
3.3.s 111~1~~1 u?ieJ.:~~~1tln~B.:~'iJ~'Vl'j'jpj-u b~lJ'iJ1nn1~.:~"UmtJ~1neJ'Ub ~B 

'\) ' 

"UB-!1 bf1'j-!1~~1.:~mtJ1 'U"UB-!1~1~'U 1 ~111n:ff'U 'il1n,!'Uu'UVint:-~~fl1'j'Vl~~B.:~~.:~1 'W1 un'iJm'jlJ~ 3 

3.4 n~lJ~b~tl1'l!1qj (Expert group) ~lJ1:an1'Wn~lJD1'Ubbtlfl~1tJ1U'j1lJrl'\J~lJ1:an 

fl~lJ~'U ~.:! 1~-r'\JlJB'IJ'MlJ 1 tJ 1 ~Pl fl~11 'U b~B-!1 b~ V1 tl'U bb~1~1lJ tl'U~'\Jfl'U 'Vl~~el-!1 vi1m111 b oU11'iJ 1 'U 
' 
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3 .4 fl~lJ~l~tJ1'll1qJ (Expert group) ~lJ1;ufl1'-lfl~ lJU1\IlltJflEJ1 tJhh1 lJ rl'U~lJ1 ;ufl 

mi lJ ~"' ~.:J 1~-r'UlJv'U'\t1lJ1tJ1 'IXPim~n 1 \ll~v.:~ l~tJ'Jn\1 ll~1~1lJ n\I~ 'U fl\1 'Vl VJflv.:J vl1f'111 lJloU11~ 1"' 
' 

-t'v~.:J~tJ l'lvuuru'\t11 'Vl'U'Vl1\l 1 '!Xbi1V1fl11~.Jb -t'1 hv~1.:Jflnl'lv.:J iVJl~\1 
" \J 

4. ,r\11'1"51"'\l~e:J'U~£'1.:11\Ibb6'l::fl1111b.U11"'\I 

4.1 ~lJ~1ll'Vl'-11 '-lll~6'l:::milJu1\ll~m11l~'-~v61'.i'\.Jl.Qv,11fl'.i.:J61~1.:~mtJ 1 \l'llv.:J~11'1'-I , ' , 

cvdl c:l -=I C!o. d d 
1. '\t1\I.:J~m '.i tJ \I'll11'VltJ1 lJ .5 mfll '.i tJ\I'Vl 2 

2 . 1 'Uf'11111~~ 3 l~m Lfl'.i.:J~~1.:J.f11tJ 1 \l'lleN~11'1'-I 
\J 

3 . 1'Unlilm'.i11~ 3 l~v.:J1m.:JG'1~1.:JmtJ1'-I'llv.:J~11'1'-I 

4 . e:Jumruvflmwl1'.i'VlV16'lv.:J 
' 

~ ~II .., 
"'"''"' d .,. .., t " ~~'Vl~v~1~ 151~ lfl"av.:J11v1~ Lnru't'ln1"51~ 

~1\lf\1 111~ (K) "' 1'Unlilm'.i11~ 3 ~v'Ur11mlJ 1~fln l'lv .:J fl1 '.i 61.:Jlfll'llil1 f) fl1<,j 
\J \J 

" 1. v5'U1tJ ll6'l:::vil'\.J'.i1tJ l'lv'Ur11mlJ 1 '-11 'U Lfl'.i.:J~~1.:JmtJ 1"' lfl \l ~e:JtJ 6'1 ::: 80 'li'-11'\.J 

Lfl'.i.:J~~1.:JmtJl \l'llv.:J~11'1'-I fllilfl'.i'.ilJVi 3 
o II 

'lle:J\16'111'1\1 

1m\1~~1\lmtJ 1"' 

o II 

'lJe:l.:J6'11\?l\l 



11l'1'Um~'ll1't.Jnl'j (P) 

2 . ~'llfl'U bb~~VlVl~e:J\l 

1A'j\l~~l\lm~ 1 'U'lJe:J\l~l~'U 

11l'l'U~(;loW~~ (A) 

3. -Jm~~'U:iJ~(;llVl~lf'll~(;li 

.... " 
151V1 

(;l'j'J~ bb 'lJ'lJVlV1~e:J'lJ 

' ... d 

ne:J'U-Vl~\lb 'j~'U 

m1~'jl~\l1'Unl'j 

VlV1~e:J'l1 'U 1 'lJ 

"' .d 
n~m'j:WVJ 3 

1A'j\l~~1\l.rn~1'U 
0 .., 

'lJe:J\lm(;l'U 

fl~fl';j'j:I.J'lJe:J\l 

-Jm~~'U 

d "" " bfl~tl.:!1Jtl1V1 

bb 'lJ'lJVlV1~e:J'lJ 

' ... d 

ne:J'U-Vl~\lb 'j~'U 

1'lln~m'j:w~ 3 

1m'l~~1\lm~1'U 
0 " 'lJe:J\lm(;l'U 

n~m'j:w'lJe:J\l 

trm~~'U 
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~ " Lnru'Yin1~1V1 

(;le:J'lJrhm:w 111l'tln~e:J\l 
" 

bfl'U~e:J~~~ 80 ~'UhJ 

(;Je:J'lJrhm:w 111l'tln~e:J\l 
" 

bfl'U~e:J~~~ 80 ~'UhJ 

... "' " 
'j~V1'll:W1mn'U'je:J~~~ 

80 ~'UhJ 

...... ........ ...................... ... .. .. ............ ........... ........ ....... ....... .... ................................ ... ...... .... ... .... ....... ... .... 
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d v 

G'l\l'lJe:J ···· ···•····• ··· ······· ·· ···••·············· ·•·•·· e.JG'Ie:J'U 'U 

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



bb uuth:: b~'U nTfu~u~m-a'Vl~~B .:~ 

mhJ611-a::m-ab~t~'U~1'Vlt~11"116t~i .ff'U~5t~~Am~nu~ s . ~ 

' " ' d I Cl.l CV .:::!1 

"!1-eJn~~ ... .. .. .... ... .. .. .. ....................... .. ... ..... ... ... ... . "!J'U .. .. .... .. ...... ... 1'U'Vl ........ ............... ... ....... .... ... .. .. . • 

rh~u~.:~ vllbf"l~eJ'l'VI~lt~ -'1/ ~'l1 'U'lieJ'lm.:Jti'u-a::~uv'I'J~ m'a~~um~t~'Ubb~~'leJeJn (;11~ bnru6f1m'a 

u'a::&u~nl'VI'U~ 

fl::bb 'U'Uvi't~ 
" 'a1tln1WH]~n'a'a~ "UBb6t'UBbb'U:: 

4 3 2 1 

1. n1'a11.:! bbe.J'U f11'a'Vl~~el 'l 

1.1 m'anl'VI'U~ufil'VIl 

1.2 m'atil'l~~~~~l'U ... 
1.3 m'avllL'U'Unl'a'Vl~~eJ'l 

1.4 m'a1l'l bbe..J'Unl'VI'U~-u'U(;leJ'Um'avi'l'll'U 

2. m-au~u~m-a'Vl~~B'l 

2.1 H-r~~ eJumru bf"l~eJ'lijeJ 1 'Um'a'Vl~~eJ'l 
' ' 

0 :; d 0 

2.2 'Vllnl'a'Vl~~eJ'l(;ll~'lJ'U(;leJ'U'Vlnl'VI'U~ 

2.3 m1u'UVine..J~m1'Vl~~eJ'l 

2.4 vi'1m1~~::m~LL~::Lnui'~~ eJumru . ' 
3. 

0 

nl'a'Ul b6t'Uel 

3.1 m1LlU~rnl~'VI~lt~olleJ~~ 
" 

3.2 nlTLllL~'UeJe..J~nl'a'Vl~~eJ'l 

3.3 m1?f1Ue..J~m1Vl~~eJ'l 
' 

3.4 m'aeJilU11mL~::-iJm?f'UeJLL'U:: 

'al~ 

" -amJ~:: 
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( .. ) ., "" m"!JeJ ........ .... ....... .. ... ....... .... .... .. ..... .. e..JtJ'a::L~'U 
" 

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



- fl1'Vl'U~U qj'Vl11~-ff~ L ~'U~el~fl~ el-l mel't.J fl'll.J fl't.J L~el-l~Pi m~1~l.J1 n 

- fl1'Vl'U~U tu'Vl11~hJ-ff~ L ~'U?lel ~fl~ el-l mel't.J fl~l.J n't.J L~ el-l~ Pi m•m ~ tJ-l't.J1-l~'1'U 
~ ' 

- fl1'Vl'U~Uqj'Vl11~U1-l LL1i11~?lel~fl~el~mel't.Jfl'll.J ntJ L~el~~Pimn 

- n1'Vl'U~ilqJ'Vl11l.J1~ 

4 

3 

2 

1 

- ~l.Jl.J~~1'U?lel~fl~el-lfl't.JUqj'Vl1LL~:::LL?l~-lfl11l.J"'l.J~'UB~:::'Vl'J1~L'Vl~LL~:::e..J~ el~1-l-ff~L~'U 4 

- ?ll.Jl.J~ ~1'U?lel~fl~ el-l fl't.JU tu'Vl1 LL~::: LL?l~~fl'11l.J"'l.J~'UB~:::w-J1~ L 'Vl\il LL~::: e..J mL\91 fJ 'l1~-ff ~ L ~'U 3 ... ~ ' 

1.3 n1':i~1Lil'Un1'a'V1~&'1£Hl 

- ~1L il'Un1~Vl~~el~ 1~f.ln~el-lfl~'t.J?ll.J't.J~nJ 
" " 

0 :1 0 

1.4 n1':i11.:JLbe..J'Un1'Vl'U~"tl'U\91B'Un1':iV11.:J1'U 

- ~:::'t.J.fl1~:::.:J1'ULL~:::~'U \91 el'Un1~'Vh~1'U 1~-ff~ L~'U n1~vl1-l1'U~~'Vll.J~?lel~fl~ el~fl't.J 
' 

4 

3 

2 

1 

- ~:::'4.n1~:::-:J1'ULL~:::~'U\ilel'Un1~vl1~1'U 1~'Wel~l.Jfl1~ ~'U\91el'Un1~vl1~1'U't.J1-l~'1'U 1~L'Vll.J1::: 2 

?ll.Jfl't.J~~th:::?i-:Jrl 
' 
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.. 
-1imJrrm1 m.Jmru bfl~eJ-:jihJ1~(ln~eJ-:ji'11:Uvt~nm~tlfi'U"i B~1-:jfl~e:J-:jbbfl~l 

, , \J 6.J 

- 1.ffvtlmru vtlmru bfl~e:J-:j~e:J1~(ln~e:J-:jm:uvt~nm~tlf1'\Th1 bbl'ihJfl~eJ-:jbbfl~l 
, , \J d.J 

- 1.ffvtlmru vtlmru bfl~e:J-:j~e:J 1~'1J1-:jciTUbb1'1LlJfl~eJ-:jbbfl~l , , 

- 1.ffvtlmru vtlmru bfl~eJ-:j~vHi'tlJ(lnl1i'v-:j , , ~ 

2.2 'Vi1m~'Vl~"v~~1:u<U''U1>1v'UVirhvt'U~ 

- 'Yl~~e:J-:jm:u15m~bb~:;~'UI'1e:J'U~rhvt'U~ He:J~1 ·:mn~e:J-:j 
~ 

- 'Yl~~e:J-:jm:u15m~bb~:;~'UI'1e:J'U~rhvt'U~ 111~t.~fl~b tl'U~ bb 'tJ:;tl11 'U'\J1-:jcil'U 
~ ~ 

- 'Yl~~e:J-:jm:u15m~bb~:;~'UI'1v'U~rhvt'U~ 11 vt~e:J~1bt1'U m~i1:u~'UI'1e:J'U~rhvt'U~ 

- 1lJ'Yll'1~t~-:j\>11:ui5m~bb~:;~'UI'1e:J'U~ri1vt'U~ 11 

2.3 m~u'UiJim.J"n1'a'Vl~"e:J~ 

- u'U'Vine.J~ e:J~1-:j(ln~e:J-:j~~:;bDCJ'U bb~:;bU'U 1 UI'11:Un1~'Vl~~e:J-:j 
~ 

- u'Uiiine.J~ 1lJ~:;'\Jvtt1lt.~ 1lJbtl'U~:;b.Ut.~'U bb~:;btl'U1'lll>11:wm~'Vl~'~~e:J-:j , 

vt~nm~ 
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rl::bb'U'U 

4 

3 

2 

1 

4 

3 

2 

1 

4 

3 

2 

1 

- ~'~Lb~e:Jtlmru/bfl~e:J-:j~e:J'lJru:;'Vl~'~~e:J-:j vi'1m1:uii1:;m~ bbl'ibn'U1lJ(ln~e:J-:j 3 
~ , ~ 

- ~'~ bb~t~tlmru/bfl~m~e:J'\J1-:jcil'U bbl'11lJii1'U hvi'1fll1:wii1:;ml'! bb~:; bn'U 1 ~\ i1~ 2 
~ , 

- 1lJI'Ibb~e:Jtlmru/bfl~e:J-:j~mb~:;1lJii1'Uhvi'1m1:uii1:;ml'!1lJbn'Ubi1~ 1 
~ , 



3.2 m~tJ1b6l'Ue:H.J~nT~'Vl\9l~e:J..:~ 

- ~\1lm~vh.Um.Jm.U1h~1v 111L?I'Ue:J~~m~VJ\9l~e:J ,:ntl'U~11'1u.ff'UI'le:J'Ui\91L~'U~l..l1n 
'IJ 

- ~\9lm~vh.Ue:Jl..lm .U1 h~1 v 111L?I'Ue:J~~m~VJVJ~ e:J\1 LU'U~11'1u.ff'UI'le:J'Ui\91 L~'UY.m 1.U 
'IJ 

- ~VJm~vhoUe:Jl..lm .U1 hvmr11~ LL~~t11 L?I'Ue:J~~m~VJVJ~e:J\11~ L U'U~11'1u.ff'UI'le:J'U 
'IJ 

- ~VJm~vhoUe:Jl..!G'11~L .U1 h LLG'1~111L?I'Ue:J~G'im~VJVJG'1e:J\11~L U'U~11'1u.ff'UI'le:J'U 
'IJ 

3.3 nT~6t~Ue.J~n1~'Vl\9l~e:J..:! 

- ?I~U~G'im~VJVJ~e:J\1~1VI'l'ULe:J\11~iVJLv'U~l..l1n fl~'Utl1'Um\lml..lv\9l'lh~?l\ll'i , , 
- ?l~'lJ~G'i m~VJ\91G'ie:J\11~iVJb~'U~ rl€J'UoU1\I~~fl~'Utl1'Um\lml..l~VJ'lJ~~?I\Ifi , , 

- ?l~'lJ~G'i m~'V1VJG'ie:J\1~1VI'l'ULB\11l..l1~~\l,_.,l..l\91 llim1~-ruA'1LL 'U~t11L U'U'U1\1~1'U , 

3.4 m~B1i\J~1EJe.JG'ibL~::'ti'mb6l'Umb'U:: 

4 

3 

2 

1 

4 

3 

2 

1 

4 

3 

2 

1 

- e:Jn'lJ ~IV ~G'i n1~V1VJG'i e:J\1(1 n (;) e:J\1 bb~ ~?le:J\91 fl~ e:J\1 rl'U~VJ'lJ~~?I\Ifi'Ue:J\1 n1~V1VJG'i e:J\1 4 
'IJ , 
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1. b -rr1b~CJ'U\W'j·:Jb 1~1(1 Fl~ bb 'U'U) 

2. ~'lhb~CJ'U(l Fl~bb'U'U) 
3. iim1l.lm~~a~a~tJ1tJnT~vhn~m'j'l.J(1 Fl~bb'U'U) 

4. 1 ~Fl11l.l~1l.lila1tJm'j'vhn~m'j'l.Jn~l.l(1 Fl~bb'U'U) 
' 

d d 
nT'ath::bijtJia~ 'j''Jl.JFI::bb'U'U t-J~n·wth::bijtJ 

b~'tl'Vl 'Yle:J-an~ • 1 2 3 4 5 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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d d n1 'a th:: bij'U i eJ ~ 'a"J~fl::bb'U'U ~%'1m oath:: bil 'W 
b%'1"11\'1 "lleJ-~n%'1 

' 1 2 3 4 5 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

.dl t.l .::a. 

(~ \1 '/JeJ) .. ..... .. ..... ... ...... .. .. .. ............. ...... ~tl'a~bl.J'U 

( ... ... ... .... ... ............ .. ......... ...... .... ... .. .. ) 
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Jl1rt~'U'ln rt 

1 'U n :Vn11ll bb6'l::1 'U fll'l1ll~ 
\J 
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d " ' 
1. '1lv ......... ..... .. .. .... ... ...... .......................... ...... ...... ............. i u .......... ... ....... . bG'1'UVi .... ..... .. .... . . 

d " ' 
2 . "llv .. ... ...... .. ........ ....... .. ..... ..... ......... ..... .. .... .......... ........... . iu ... .. ...... .... ... ... bG'1'UVi ..... ..... .. .. .. . 

' " ' .. ... "" 
3. '1lv .. .. .. .. .. ...... ... ... ..... ..................... ............... ..... .. ........ .. .. '1l 'U .. .. .............. ... bG'1'U'Vl .... ... .. ... .. .. . 

' " ' .. ... "" 
4. "llv ....... ... .... .... .... ... ... ... .. .. .... .... ........ .... .. ..... .. .. ......... .. ..... '1l'U ..... ................ bG'1'U'Vl ........ ........ . 

' " ' .. ... "" 5. '1lv ...... .. ...... ...... ...... .... .. .... .. ... ........ .. .... .. ........ ... ..... ..... .... '1l'W ... ..... .... .... ..... bG'1'U'Vl ........ .. .. .... . 

rh~.:~ : 1~'l!m~£J'Wbb~G'1::n~~...11 thm-a-a~~ahJd • 
"~~~ ~1'Wn1oa'Vl~G'1a.:~d fia .. ... (l'i'1v~1 .:J~l.ll.l~1i1'LJ ... . ~11'lu'Vi'1l1 -u b~ tJ.:Jb~tJ1n\J~11'i''W'Vi'1l1 -u b~tJ.:~riii 

... "" \J 

1 ... 1 ' ... ) m.:~~'j1.:J.fl1tJ 'Wbb~ nl'n.:~ nu ... ........ .. .. . 

~V~th::6'1-:~~m-a'VI~"a.:~d ~a ..... ( l'i'1mh.:~~~,.h~~.:~F1 ... .. ... 1. '!Tm~tJ'LJ...11 m'j'Vl~G'1v.:Jb~aa5-u1tJ • • 
1fl'j.:J~~1.:JJl1tJ 1 'LJ'Uv.:J~11'i''LJ 1~ 2. '!Tm~tJ'tJb tJ~tJ\Jb VitJ-u.Ua bb~n~1.:~ 1m.:~~~1.:JJl1tJ 1 'W'Uv.:J~11'lu'Vi'1l bb~ G'1 ~ 

"" 1" ... ) '1l'W~ ~~n~a.:~ ...... .. .... .. . 
d d ... 

6'11 '$::'VIbf1£11"tltN: 

Lifm~a-u~nrutJmtJtJa~ii~1'UU'j~f1B\J~1ntJmtJ~~boU1l.l1 ~.:~if • 
1. bdm~m~~n,tJmtJtJB~ a~tJm tJ Mliim'jbbD.:Jb'1lG'1~~G'1B~b1m 't: \J • 

2 . 1-ub~l.Jbn~ a~~~b-b'1mb~~tJl.Jb~~rubtlu1-u~au 
\J " 

3 . 1 \J~B'U btl'LJ 1 \J~~.:Jb~~~ hJb~lJ~ 

4. ~11'i''W~v'LJ btl'U~11'i''U~~.:~'UtJ1tJI'i'11~~n 

1m.:~~~1.:J.fl1tJ 1 'U'Uv.:J~11'i''U~1n'Uan~~ 1 tJ1 'U~~ ii~.:~-d' . , 

1. bv'Yib~a~ii~ btl'Wb'1lG'1~b~tJ.:J tl'WbW1 b~tJ1 \J 1 .:Jb'1lG'1~btJ~tJ'W1tJLtl'W'U'W ~1uuanii 

~1'jfbVi'U brl~B\JB~ 
\J 

2. flv ~b'Vl n'il b tl'Ub'1l"~l-1mmLm~1'W 1 l-1qjb tl'Ub -d'm~v'Vi1 b 'j.:J~l.l1bbG'1~flvG'1 bG'1.:J~l.l1v~ 
11'1~1l-1~B~1l.l~'W'UB.:J~11'i''U 

3. ~~G'1 Ltl'WLifm~a 3 '1lil~fia 
-l!~via~1b~tJ.:~ a~btlumil.l ., ~1u 1 'U btl'W 1'1lb~l.l~1'W'Wvmtl'W 1 V'Jmvl.lb~tJ.:~I'i'11 'U-rf'lii 

" , I 
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~ ~ ... 
fltl'H 'Yln61!bbG'l ~YH5 

-~5 v ~.ff'U 1 'W~~btl'U 1ru 'U'llv.:Jci'11'i''UtJ~~nmwi'--wb'!~,m~vvm ~.:~All1 v1Tvlu1~~~~ll " , 
bbD~V!~mn~IJ11.:~ 1 

1 'W~m.J 1 tJ 116'1A1m{bbflllbUf!ll'llv~Yl"ll~i1bt1'v 1lJ~d1m~6'1~1~b61!G'l~6'1~1.:~161!b~ll 

bbG'l~ 1 V'Jmvll.ff'U~~tJ~~1'U1'Ull1ntJvv~Ji1~n'U ~'UtJ~ n'UtJ~lJ1ru51(;ltJ1'\1!1~~1Ji1~n'U vh 1 ~bn~b t1'v 1lJ~ " , 

" ' 
2. '111ml''U 

3. ~61!1V'J1-D'U 

4. ~tl'U 
" 
~ .d 

5. b'lJllb'lJfJ 

6. ~1G'lii 

7. m~~ntl~6'116'1ii 

8. m~m~·~h~~ 

9. tJ~n1V'J 
" 10. ~1'Ubi"'1~b;utl 

..... 
15nT:i'Vl~~v.:~ 

1. u1Yl'lJ{;)1tJ ~1~~b(;l~fjlj Hbb~1{;)~ci'11'i''UYl'lJ~6'1ll'U~rulJ18~1-:~G'l~ 4-5 6{1l'i''U 
" 

~1'UG'l~ 1 "11-D~ 

4. 1off~n'Ub~t~n~'U~1'U~'U1-:~bbG'l~6'1lJ'U~ru;~Ei't~ll~bb~1~1'U1'U 1-2 ~'U 11~G'l~'U'UV!v~J1'U'U 
" " 
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n1'a'Vl~H'le:l..:Jb~e:l..:J bfi'N6'1~1..:1Jl1~1'U"Ue:l..:i6h~'U 

1. '<il1nn1';iVl~~e:J -m1';i~~b~tJ~~1'tm .. :rn~f1-nn1u'Ub~~mtJ 1 'U(;hl?i''UYl'tl1 u LitJ~b~t:nnu~1 l?i'iJ 

Yl'll1 u LitJ'lALLI'ln~1'ln'U'VI~e:~ hJ mh.:J1 ';j 
" 
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1~~'~~~1'1fi1VL'U~eJ'I~1~'U 

b ~ eJ'IIil1 n~1~'U~eJ11b tl'UeJl tJ1~?i1'U'\11~'1'1JeJ.:JY1'1l b ~'Ub~tl1 n'U'nn ~'~,r'U ~'Ill b .Q m~eJ'IltiV~ 

~1'1 1 b~'Ub~tJ1tl'U bb~eJ11ilbb~n~ 1 '1tl'U 1 'UGl n~ru~m~b~CJ.:Jiii'1 Bn~'IY1'1l1 'U b~tJ'Ib~tJ1bb~~Y1'1l1 'Ub~tJ'I 
riEi''lffifl~'1~~1'1~bb~n~1'1tl'U ~'lb~'U1vi'lil1nm~vh1hm~lJ 
'U 

Lr1~'1~~1'1fi1VL'U~el'I~1~'UV4~1'Ub~V'Irl 
'U 

b~m11~1~'U ~ eJ'U'lJ eJ'IY1'1l1 'U b~ tJ.:JfllJ11ii'lil~1lJ 'lJ11'1 bb~1?ieJ'IIilvl1 tJ n~eJ'IIil~Yl ~~f"lu lil~'W'll11il 
'U 'U ' 

b-d'm~eJ.ff'U~1'1 1 eJ~b~tJ'I~'Ibb~.ff'U'UeJmi1 hJ.ff'U 1 'U 1vi'~'l~ 
1. bel Vi bVI eJ {iJ ~ eJ ~ ~ 1'U'U eJ n ~ ~n.J n ~il eJ ~ b Y1 tJ 'I bbm b~ m eJ 11il b \J ~ tJ 'U bb \J ~'I b tJ 'U b"i!~ ~ rl:!..J 

~ , ~ , 

(Guard cell) 'lJ'U '\11~eJ'\11'U1lJ ~1'U'UeJn'1JeJ'IbeJYlblileJ~i'J~il~h}1'Ubfl~eJ'UeJ~ 
'U 

2. rleJib'Vm&ij ~'UfleJ~b Yln"li'VeJ.:J~1~'Ubbfl'lln11'VeJ.:J~1n b"/!~~1 'U~'UfleJ~bYln"li?i1'U1 m1)b tl'U 

b"i!~~'W1b~'lfllJ1 (Parenchyma btl'Ub-d'm~eJ'1Jtilil'\11~ .:J ~\J~~neJ'Uvl1tJ Parencyma cell '\11lJ1tJfl11lJ 

11fl1b~tJ1tl'UeJ11il H\tl'U'IltiV~'lJeJ'I b"i!~~ '\11~eJ'1ltilil'1JeJ.:Jb -d'm~eJnLvi') b"i!~~'ll~nruvi'1'U'UeJn 2-3 bbm 

~f)~~ lil nu beJYl blilel ~i'J ~ b tl'U b"i!~~ flel~ b~'lfllJ 1~~1 tJ 1 -M~1~'Uil fl11lJ bb ~'I bb ~ 'l;ff'U bb~ ~il b .Q eJ b~el~ 
'U 

&1bn~m ~'lfllJ1bbYl~neJ~~1 '1 1\Jt 'U~~CJ~bb~n~~1~'UEJ.:J~eJ'UeJ~ 'W1b ~.:JfllJ1eJ11ililfl~eJ 1 ~'W~1Ml~1CJ1 'U 
'U I 'U 

v • 

m~61'1bfl~1~~~1tlbb~.:J b~tJm"i!~~-Q11 fl~m~.:JfllJ1 (Chlorenchyma) m~bb~nn.:J'VeJ.:J~1~'Ubb~nlJ1 

lil1n~'UfleJ~bYln'l!~ ~'UfleJ~bYln'l!i'U~Iil~ beJ'U 11ilblileJ~i'J~ 1 'U~1~'UVl'1l?i1'U1 '\11rulil~b~'UbeJ'U 11ilblileJ~i'J~1vi' 
' v 

hJ-a'lilblil'U'\11~eJeJ11illil~ hJil~1'11il1m1n~b ~'U 1vi'eJ~1.:JoUiil blil'U 

b~eJ~1~'Ublil ~fl! b~U 1~lJ1 n ~'l;ff'U b'll~~'¥11 b ~'IAlJ 1 '\11~eJ fleJ~ b~'IAlJ11 'U~'UfleJ~b Yln"lilil::: bb \J~ 
G1fi1'Wbtl'UfleJ~nbbfllJb'UtJlJ (Cork cambium) ;'llil:::bbD'IIii'1~~eJiilb1~11-MfleJ~n '\11~eJ b~~b~lJ 

(Phellem) Yl1'1~1'U'UeJm"i!~~b,~1~ilmmr'UlJ1mb~:::mm~1 bb~~il~1~'W1n"l!bUeJ~'U ,~eJ~nti'UlJ1 
' 'U 

~~~lJ vh 1 -M~'UfleJ~n'\11'U1;ff'U bb~:::~'UbeJ'YiblileJ~i'J~1 ,x,~li\~1'~ 1 \J • 
3. ~~~ 1 'U~1~'U~'U~Iil~n1'1mn 11J~1lJ1~mb D'l bbtJneJeJnlil1 nfleJ~b Yln'1!1.vi'-a'lilblil'U ;.:Jbb~ n~1'~ 

lil1m1n~bbD'I~'Ub~'U1~-a'lilblil'Un11 ~'U~il?i1'U\J~~neJu~1.:J 1 ~'~~ 
3.1 11~F!1~1{u'Ub~~ '\11~fllJiill'ieJ~1b~a'l \J~~neJ'Uvl1tlb -d'm~eJ 1'1lb~lJeJ~vl1'U1 'U 

'U 

bb~::: 1 ~~ bBlJeJ~~1'U'U eJn ~VIvleJ~1b~ CJ'IIil::: b~tJ'IIii'1eJCJ1 'U bb 'U1~f"lilb~ CJ1tl'U bb~:::b~ tJ'IeJ~~eJU~1~'U 
'U 'U 'U 

eJ~1'1il~:::bDCJ'U ~:::,11'1 b dm~m~'l~eJ'I'1liililil11~fhm~bbfllJb DtJlJeJ~~~'Inm'l1 'UVl'1l1 Ub~CJ'Ifl 
'U 'U 
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.MONOCOT STEM OICOT STEM 

Xylem 

-atl~ 1 bfl'a~6l~1~.fl1VL'U"'.leJ~&h~'UVi'tlL'UL~V~L~V'"J (-atl~1'U~1V) LL&l~ bfl~~6l~1~Jl1VL'U"'.le:J~~1 
~ ~ 

~'UVi'tlL 'U L~V~fl ( 'aU~1'U"'.l'"J1) 
~ ~ 

bfl'a~6l~1~Jl1V L 'U"'.le:J ~~1 ~'UVi'tlL 'U L~ V~ L~ V'J 

1'Wn1'ml~qjb~'ULI'l~'U~'U (Primary growth) '1Je:J.:)Yl'1l1'Ub~fl.:)b~V1bb~~Yl'1l1'Ub~fl.:)~ 
,!'W ci1'W1Vfqj~~ii.ff'U'1Je:J.:)b~m~B~1.:) 1 A~1EJn'U Fiv ii.ff'Wbvvh~v1iJ?t Av1L'Vlns5 bb~~?l~~ 
b V!~B'Utl'U ci1'U~1~'L!Yl'1l1 u b~ EJ.:)b~EJ1~~n'l3ru~~bbl'ln~1.:)tl'L!Be:J n 1 tl Fie:J 

-11~f11m1u'Wb~~ m~~1EJmJ~11 tJ1 'U.ff'L!Av1b 'Vlns5 bb~~ 1lJL~EJ.:)b U'L!1.:)~e:J'U~1~'Ubb 'U'\J 
~ 

Yl'1l1 '\Jb~ EJ.:)fl 11~f11m1u'Wb~mrn~l.nn'\J~nru 1n~bv'WL~v1iJ~ '\J~nrui1~LoV'11 tl1~n~1.:)~1~'W ~dj 
'U 

.cr. ~rv .cr. 11 

11?1A1~1~'\J'Ub~~'Umm.:) 

-11~f11m1u'WL~~ 1lJ~LbAl.JbUmJ V!~v1lJij11?tf11m1LbAl.JbUm.Jrot'W~~wi1.:)1'lfb~l.J 

tl'\J 1 ~mBl.J ~.:) 1lJljm~b~~qJ L~'\J 11'1-ff'U~?IB.:) (secondary growth) Yl'1l1 '\J b~ EJ.:) b~EJ1ciTu 1 V!ql~.:) 1l.i 

b~l.J'1J'U1~'V11.:)~1'UoV1.:) (AB 1l-ieJ1'U~'U ) ijbb~n1'H ~l.JA11l.J?f.:)b'Vh,f'U Elnbl'L!Yl'1l1 '\Jb~EJ.:)b~EJ1'\J1.:)'1J{j~ 
'U 

b"li'W ~'U'VltJ~1 ~'U'V11LL~.:) V!mn~V!mmljEJ 11'WVf1.:)'.\J~~boV ~ijbbAl.JbUEJl.J;.:)bU'Ub~m~m'.\J~ru ~.:) 
'U v 

bb U.:)l'i'11~bb~~vi11-M'bn~ n1':ib~~qjb~'\J Ll'l.ff'U~?IB.:) vi11-M'~1~'UeJ1'U~'U A~1 EJtl'\J~1~'UYl'1J1 '\Jb~ E).:)~ 
" 'Uvn'.\11ntib~v~111i''WijmEJl.J1 n:U'U eJ.:)?f1l.n~tl?I~1.:)Av1n 1~Bn~1 EJ 

' 
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-11~fi1m10'UL~~"UeJ ,:r~'ll1'UL~~.:~L~~1 v.:~i10'UL~~;g'Vl 611-:~tJ'.i:meJ'U~h~ L-d'm~eJ 

vm '.i.:Jfll.J1~~:::~l.!LL u.:~ Vl~m -d'm~Bmn~m '.i.:Jfll.J1~eJl.J'.ieJ'UL tl'Um'.itleJ.:~n'U11~fi1m10'UL~~ 11 

-~'1l1'UL~~.:JL~~1'U1-:J'lli1~ ffi~n~1-:!"Uel-:!~1(;)'U (~6) \lJiJ11~fi1m1'tJ'UL~~ lJLL~L'Qm~eJ 

"r'l1L'.i.:J?il.J1"11-:~~:::LL~.:JV11fJLtl~.:~LL~~'llV.:J~eJ'UeJ~ nmmtl'UoUeJ.:Jnm.:~ L~~n11 oUeJ-:1~6 (Pith cavity) 

L otl'U~1{;)'U"UeJ.:!VIrQ'1 Lb~::: L~ 

1-:!U (annual ring) 

1'W~'ll1'UL~~.:~r1L~eJV1~l.J1n~'U Ln~m'.iL~~ru.ff'U~~eJ-:1 vascular cambium bbD-:!~1LoU1~~h'U1'U 
" ' "' 

1~secondary xylem ~1'U1'Ul.J1n bb~:::vl''Un~mJeJ-:1 primary xylem boU11'll1'Whnm-:~~1(;)'U 

secondary xylem ~Ln~~'U-d'L~~n11 L-d'a13J (wood) ~11'Uu'VI~.:J 1 i1tJ~mrutl11'W~'WhlLYhn'U 
LoU'U 'li1-:~(;)'Ut! ~'WI'ln'lln tl1mn Lflf~~~:::iJ"U'U1~1VIru ~u.:J'U1-:J ~rleJ'UoU1-:J~1.:~ L-d'a1~'1i1-:~d L~~n11 

' "' 
b-d'eJlJj'(;)'U~~ (spring wood) ~Bm1'W'li1-:~'ll~1~U ~~LL~-:1 tl1ti'ew vascular cambium bbD-:!~1\Iii' 
tieJ~ Lflf~~iJ"U'U1~L~n ~tJ.:JVI'U1 i1~1'.i~:::~l.Jfl1fJ1'WLflf~~l.J1n L-d'eJ1~'li1-:~d~:::i1~LoUl.Jn11 L~~n11 L-d'eJ 

1~'ll~1 ~~~ (summer wood) L~mn~ L.QeJ 1~~-:~~eJ.:J~~~.:~fl'.i'UU"r'leJ~ 1 'UU~~ 1 tl~::: Ln~~ n~ru::: 
L~~1tl'UBn vh1~Li1'WL-d'a1~LU'U1-:J 1 b~eJ.:J~1ni1L-d'eJ1~ 2 'lli1~~ ~n~ru:ml'ln~1-:Jn'U 1-:J"UeJ.:JL-d'eJ1~ 
vl'.:~m111L~~n'J1 1-:~u 



r---- 'lllaaclllla..- catml'biurn: 

$ CX ..... ::I.,!I<TY M)' l 
va&cu i A r catrnbil<.un ----' 
aeC>OOnda.fY p h lo m----­

La.leral ~maristann 'llhal w:iU 
llWO<IIUoCe sec::aand8dy le¥fetn 

. ~·~·lin 

.....:::n $ < .. n::o.e<linQI :roar . 

Pf'IM•ry phb:)ioe..rn.------_j 
cartaN -------------~ 
cork ~blurr1----------__J 
cork ---·------------------~ 

8all'kl lnol~ pwri d aotm and .wl.1i0 
lng aeoonoc:ilioty p h iO.al"ff<.----- --,,....... 

WOod: t.nc..-e Jllel11· each 
y.e.ar . includes ennu I 
~$ QIM~~ ------~~ 
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2. ijbbm.n um.J1~'VI-h-:~1 ~~ b~h.mm~ 16(jb~lJ ~-:~ijm';j 2. G11'U1 m1J1~ijbbfllJbUVlJ1~wi1-:~1 ~mBlJbb~~ 16(jb~lJ 

b~~t1)b~U L~~'U~61eN vh 1 ~~1~'UeJ1'U~'U ~'11~b'~lJ'lJ'U1V\VI1'11ii'1'UoU1'1 ij bb~fl1';ib ~lJfl11lJ~'I 

3 . .ff'Uflv1bVIn'lh1lJnu 1 ~~ bBlJ~ijen ~mnn~1mU'U 3. oU'Uflv1bVIn'liu1-:~ 11~ijfl1111lJ~1bU'UbU~vn 1lJ 

btJ ~vn1lJ 

4. bdvYl'lJenVlJ1n~'U 16(lb~lJ~ij-envmn~~~nvi''U 4. 1~ijm161~1'11lJdfmb~'lbb~~nm-:~~1~'Um~n~1'1 
' ' 'IJ 

boU11 tJ.U1-:~1 'Un~1m U'U 1lJbdmb~'l 
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<V "' <V "' <V "' 'Unb';iti'U fl:: bb 'U'U'V!&l{l b ';iti'U fl::bb 'U'U'V!&l{l b ';iti'U 
"' d fl::bb uumJ'Ub 'ati'U 

<V "' 30 1u fl'U'Vl 'Vl'U'Vl 

1 10 27 26 

2 12 25 26 

3 9 24 26 

4 12 26 27 

5 15 26 24 

6 10 27 30 

7 15 29 26 

8 11 30 27 

9 7 29 28 

10 9 28 29 

11 11 27 30 

12 9 28 28 

13 9 29 26 

14 12 28 28 

15 7 25 26 

16 9 26 26 

17 11 25 26 

18 6 22 27 

19 9 21 26 

20 13 27 27 

21 6 26 25 

22 8 24 23 

23 4 24 24 

24 10 26 26 

25 11 18 18 

26 17 26 26 

27 12 16 23 



28 12 

29 13 

30 9 

31 12 

32 9 

33 15 

34 11 

35 14 

36 6 

fl'IJVi pretest posttest %pretest 

1 6 26 20.00 

2 10 27 33.33 

3 8 23 26.67 

4 9 26 30.00 

5 13 26 43.33 

6 8 28 26.67 

7 12 28 40.00 

8 10 24 33.33 

9 8 26 26.67 

10 9 26 30.00 

11 12 23 40.00 

12 8 25 26.67 

13 8 25 26.67 

14 11 24 36.67 

15 6 27 20.00 

16 10 26 33.33 

17 14 27 46.67 

18 5 21 16.67 

19 10 24 33.33 

01 "' 'Vl'U'Vl 

28 

27 

16 

17 

28 

24 

23 

20 

24 

%posttest %Actual <s> 

86.67 66.67 

90.00 56.67 

76.67 50.00 

86.67 56.67 

86.67 43.33 

93.33 66.67 

93.33 53.33 

80.00 46.67 

86.67 60.00 

86.67 56.67 

76.67 36.67 

83.33 56.67 

83.33 56.67 

80.00 43.33 

90.00 70.00 

86.67 53.33 

90.00 43.33 

70.00 53.33 

80.00 46.67 

fl::bb 'U'U'VfGl{l b"i£J'U 

30 1'W 

25 

25 

22 

20 

25 

24 

26 

22 

25 

%possible <s> 

80.00 

66.67 

73.33 

70.00 

56.67 

73.33 

60.00 

66.67 

73.33 

70.00 

60.00 

73.33 

73.33 

63.33 

80.00 

66.67 

53.33 

83.33 

66.67 

82 

<s> 

0.83 

0.85 

0.68 

0.81 

0.76 

0.91 

0.89 

0.70 

0.82 

0.81 

0.61 

0.77 

0.77 

0.68 

0.88 

0.80 

0.81 

0.64 

0.70 
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• 

fi'LIVi pretest posttest %pretest %posttest %Actual <s> %possible <s> <s> 

20 10 28 33.33 93.33 60.00 66.67 0.90 

21 4 26 13.33 86.67 73.33 86.67 0.85 

22 7 24 23.33 80.00 56.67 76.67 0.74 

23 3 26 10.00 86.67 76.67 90.00 0.85 

24 10 25 33.33 83.33 50.00 66.67 0.75 

25 7 20 23.33 66.67 43.33 76.67 0.57 

26 12 25 40.00 83.33 43.33 60.00 0.72 

27 10 19 33.33 63.33 30.00 66.67 0.45 

28 12 27 40.00 90.00 50.00 60.00 0.83 

29 11 26 36.67 86.67 50.00 63.33 0.79 

30 5 20 16.67 66.67 50.00 83.33 0.60 

31 13 22 43.33 73.33 30.00 56.67 0.53 

32 6 27 20.00 90.00 70.00 80.00 0.88 

33 14 22 46.67 73.33 26.67 53.33 0.50 

34 11 23 36.67 76.67 40.00 63.33 0.63 

35 13 19 43.33 63.33 20.00 56.67 0.35 

36 6 23 20.00 76.67 56.67 80.00 0.71 

" d 'UB'Vl pretest posttest %pretest %posttest <g> 

1 11 27 30.56 75.00 0.64 

2 10 17 27.78 47.22 0.27 

3 9 24 25.00 66.67 0.56 

4 10 25 27.78 69.44 0.58 

5 4 23 11.11 63.89 0.59 

6 8 23 22.22 63.89 0.54 

7 20 29 55.56 80.56 0.56 

8 16 30 44.44 83.33 0.70 

9 19 31 52.78 86.11 0.71 

10 16 27 44.44 75.00 0.55 

11 10 29 27.78 80.56 0.73 
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., d 
'tltl'Vl pretest posttest %pretest %posttest <g> 

12 9 26 25.00 72.22 0.63 

13 8 26 22.22 72.22 0.64 

14 10 27 27.78 75.00 0.65 

15 17 29 47.22 80.56 0.63 

16 5 20 13.89 55.56 0.48 

17 13 31 36.11 86.11 0.78 

18 11 32 30.56 88.89 0.84 

19 10 32 27.78 88.89 0.85 

20 6 31 16.67 86.11 0.83 

21 15 27 41.67 75.00 0.57 

22 15 30 41.67 83.33 0.71 

23 9 29 25.00 80.56 0.74 

24 7 29 19.44 80.56 0.76 

25 10 30 27.78 83.33 0.77 

26 10 33 27.78 91.67 0.88 

27 9 32 25.00 88.89 0.85 

28 11 31 30.56 86.11 0.80 

29 11 31 30.56 86.11 0.80 

30 13 31 36.11 86.11 0.78 
d 

11.07 28.07 30.74 77.96 0.64 Lu6'1tl 

., d 
'tltl'Vl pretest posttest %pretest %posttest 

1 25 9 69.44 25.00 

2 26 19 72.22 52.78 

3 27 12 75.00 33.33 

4 26 11 72.22 30.56 



85 

... d 
%pretest %posttest 'Ue:J'Vl pretest posttest 

5 32 13 88.89 36.11 

6 28 13 77.78 36.11 

7 16 7 44.44 19.44 

8 20 6 55.56 16.67 

9 17 5 47.22 13.89 

10 20 9 55.56 25.00 

11 26 7 72.22 19.44 

12 27 10 75.00 27.78 

13 28 10 77.78 27.78 

14 26 9 72.22 25.00 

15 19 7 52.78 19.44 

16 31 16 86.11 44.44 

17 23 5 63.89 13.89 

18 25 4 69.44 11.11 

19 26 4 72.22 11.11 

20 30 5 83.33 13.89 

21 21 9 58.33 25.00 

22 21 6 58.33 16.67 

23 27 7 75.00 19.44 

24 29 7 80.56 19.44 

25 26 6 72.22 16.67 

26 26 3 72.22 8.33 

27 27 4 75.00 11.11 

28 25 5 69.44 13.89 

29 25 5 69.44 13.89 

30 23 5 63.89 13.89 
d 

24.93 7.93 69.26 22.04 b~!;'lf) 
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1 

" d tltlVI 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

N~nTH~l~'J~6lB'Ufi'J1~~~ .:~ b 'U.:~ b 'ilm·'i1 (IOC) 'UB.:J bb 'U'U'Vl ~6te~u1~fi'J1~ b -ir1t~ 
~ 1 '1..1~~1'V1~1FI16t~{ ~1~1"!f1~h1'Vl~1 b~B.:J 1fi~.:J61~1.:Jfl1~1 'I..I'UB.:JoW"!f~Bn 

bb'U'Utl~u~"!fU~vi''Jb~Bn 4 vl'Jb~Bn 1~~~b~~'J"!f1ru~1'U'J'U 3 'Vi1'U 
'U "' 

IOC 

3 1.00 

3 1.00 

3 1.00 

3 1.00 

3 1.00 

3 1.00 

3 1.00 

0 2 0.67 

3 1.00 

3 1.00 

1 3 1.00 

3 1.00 

1 1 3 1.00 

1 1 2 0.67 

3 1.00 

0 2 0.67 

3 1.00 

3 1.00 

3 1.00 

3 1.00 

1 3 1.00 

3 1.00 

3 1.00 

1 3 1.00 

3 1.00 

0 2 0.67 

3 1.00 

3 1.00 

3 1.00 

0 2 0.67 
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bb 'U'U'V1~6leJ'U1~fl11~b -i111~~ 1 'U~~1'Vlmfl16l~{ ·nt~1'tf1~h1'Vlt~1 

b~eJ~ Lfl~~6l~1~rnt~1 'U'tleJ~~'tf~eJn 

II II d 
"tteJ6leJ'U'tleJ'Vl ri1fl11~t~1n~1tl (p) rl1eJ1'U1~~1bb'Un (r) 

1 0.63 0.51 

2 0.67 0.48 

3 0.43 0.40 

4 0.60 0.46 

5 0.67 0.44 

6 0.80 0.42 

7 0.80 0.37 

8 0.47 0.48 

9 0.77 0.53 

10 0.77 0.36 

11 0.80 0.62 

12 0.37 0.45 

13 0.80 0.57 

14 0.60 0.38 

15 0.80 0.60 

16 0.40 0.41 

17 0.80 0.40 

18 0.37 0.47 

19 0.40 0.44 

20 0.47 0.48 

21 0.60 0.46 

22 0.60 0.38 

23 0.80 0.60 

24 0.40 0.41 

25 0.80 0.40 
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.., .., d 
Yi11'111~tnn~1~ (p) Yl1el1'W1'l..ij1bb'\.Jn (r) "'.Jel&IB'U"'.Jtl'Vl 

26 0.67 0.44 

27 0.80 0.42 

28 0.80 0.37 

29 0.47 0.48 

30 0.80 0.40 

(0 ) "1!B\I Cronbach) 
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.fl1'V'lVi \l.3 n*J'UTW (Home group) 

:. 
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.fl1'V'l~ 0.5 n~:wb~tl1"ll1~ (Expert group) 



-. 

'Y'l.Pl. 2548-YtP! . 2551 lJ"vn1vn:n"'tJlJ'VI1G'11'H"l1lJ 

1VltJ1Pl1G'1m'\Jru~(;l G'11'1l11'111"li11Vlm 

Yl . P~ . 2554 lJ'VI11Vlm"'t~~1'1lfi!J~~~oTu 

tJ~~mP~utJ'\Jm'\Jru~(;l1'1!1"li'Yif1~ 
'U 

m A.P~ . l 
'U 

1 Vl~~'Yivl 087-9 527025 

Email: p _promsorn@hotmail.com 
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