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The propose of this research was to develop scientific conceptual understanding 

of students on acid- base by using 5E inquiry learning cycle incorporated with Teams 

Games Tournament (TGT) approach. There were two groups of samples for this one 

group pretest-posttest research including 62 Grade-11 students from Classroom 1 and 

2 during the second semester of the academic year 2015 and 70 Grade-11 students 

from Classroom 1 and 2 during the second semester of the academic year 2016 at 

Sakonnakhon Pattanasuksa School. The treatment tools were lesson plans on acid -

base using 5E inquiry learning cycle incorporated with Teams Games Tournament 

( TGT) technique, 14 hours. The data collecting tool was the two-tier diagnostic 

conceptual understanding test in which the first tier was multiple choice and the 

second tier was explanation writing of the selected choice. The data were analyzed 

by categorizing students' concepts into three categories and determine the 

percentages of students' concept in each category. 

The research results for the first samples in the academic year 2015 showed that 

the post-conception test score (mean 63.68, SD 7.51) was statistically significantly 

higher than the pre-test score (mean 10.71, SD 3.16) at a 95o/o confidence level. Their 

normalized learning gain was at medium gain level ( <g> = 0.60). In addition, the 

highest percentages of students in pre- and post-conceptual test were in the 

misconception (52.97) and good conception (64.41) categories, respectively. Their 



percentage of the good conception category was increased (+50.04), while the total 

percentage of the misconception and alternative conception categories was 

decreased (-50.04). In the same fashion, the research results for the second samples 

in the academic year 2016 showed that the post-conception test score (mean 35.70, 

SO 1.48) was statistically significantly higher than the pre-test score (mean 3.85, SD 

2.43) at a 95% confidence level. Their normalized learning gain was at high gain level 

(<g> = 0.88}. In addition, the highest percentages of students in pre-and post

conceptual test were in the misconception (80.46) and good conception (86.17) 

categories, respectively. Their percentage of the good onception category was 

increased (+85.96), while the total percentage of the misconception and alternative 

conception categories was decreased (-85.96). Consequently, the 5E inquiry learning 

cycle incorporated with TGT were effective to improve student' scientific conceptual 

understanding of acid-base. 
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b~f.J'Ufj'Vl f.J1!311G'1~{ ~~lJ 1 'UlJ&\1'V1 f.J1!311G'1~ it 'U 11f.J1"ll1Lf1i:~1'\J1'UlJ1nlJmJ ~L~ f.J1oU B~ tl'U tl11 n!J n11uJ 

1'U1~~u~1lJG'11lJ11t:llJB~L~'U~1vmLtl~1 L'li'U L~B~ 1m~G'1~1~B~~BlJ ~'Uts~Lf1n LL"~m~-L'U?l 

~"B~"il'UL.Q'BV11VI~BB~flf111lJ~~1'U1VInhtl'UL~B~~f.l1n~Bn11vi1m1lJLoU1L"iJ LL"~LU'UL~B~L~f.J1tl'U 
'U "' 

'U1lJts11lJ ~~e.J" 1 ~m1?t~1~lJ 1 'UlJ&i1'Vlmf311?t~i~~L U'UL~B~~v1n LL"~'ll'm~v'U~1'U1 VlqjeY~nLL 'U11't!lJ 

1 'U n 11 ij lJ 1 'U lJ &\ ~ f1 " 1 ~ L f1 ~ B 'U VI~ B lJ 1 'U lJ &\ 'V11 ~ L ~ B n (alternative conception) VI~ B ~ ~ 
(misconception) "il1nf111lJ L U'U"il~~'V11~1'Vlfl1!311?l~1 (scientific consensus) lJ 1 'UlJ&i1'Vl f.J1!311?l~1 

1 'U11f.J1"ll1 bf1n"il~nf111lJL~ v1 b ~e:J~tl'\Jbb"~ n'IJ lJ 1 'IJlJ&i1'Vl v1m?l~iL~lJ~~ L~f.J'U L~f.J'Utle:J'\J"il~b u'IJ 
'U 

vr'\J;i1'\J'lJB~lJ 1 'UlJ&i1'Vlfl1!311?l~{~"il~L~f.l'IJ1'UL~B~~~ 1tJ ?llJL"il~tJ m~P\"tJ LL"~~n~!31~ ?li11~1 (2554) .. . ' 
Vl1n'll'n L~v'\JnlJ 1 'UlJ &i~r1m~ Lf1~ v'\J tin L~f.J'\J"il~ 1lJ?t1lJ11t:l?t~1~lJ 1 'IJlJ&i1'Vl m !311?1~ it VllJ1~v ~1~n 
tl1~~'V1G.f11'V'I v)~,j'\Jtle:J'Un11~~n11L~f.l'\JTI '\JLL~"~~1oUB m~G1B'\Jvle:J~~lJ 1 'IJlJ&i'lJv~ti m~f.l'U 1 'UL~B~ 

" "" \J 

,j'\J '1 tle:J'\J LL~1'U1e.J"~1~tle:Je:JnLL'U'Un11~~n"iln11lJn11L~f.l'Ufl~LVIlJ1~~lJtl'UUnL~f.J'U L~B1~ 
'l!m~v'U?l1lJ11t:l?l~1~lJ 1 'UlJ&i1'Vl v1 !311?t~i1~B ~1~nt11~~V16 .n 1'V'I "il1ntl1~?tu m1ru m1~~ m1 L~ v'IJ ~ 

'U 

1"ll1Lf1n'llv~~1~v~h~L~V'U?ln"'Uf11~\9!.J'IJ1Pin~1 ~~w1~?tn"'\Jf111'1J•!h~tlm1Pin~1 2556 - 2557 
'U 

I "' q I '1 111 q ~ cl d ;:, A. cJq X IV II "' '1"' d 

'V'I'U11'\JnL 1f.J'U?l1'U b VlqJ lJ"lle:J'U b 1f.J'IJ1"1!1 bf1lJ L '\J B~"il1 m u'IJ1"1!1'VllJL '\Je:JVI1'1l'U'Ile:J'U ~B~ b"ll'Vl~~-!J LL" ~ 

f111lJ~VImf.J 6"1 L~B~lJ1L~BlJLoU1~1f.Jtl'\J 1~mu'V'I1~L~B~m~-L'U?l ~efl~fl1~-r'UVIoU1~?le:J'UUm~f.l'U1'U 
"' I "' 

1~vi'ul!tsvlJPin~1tl~ 5 'V'Iu-;h L U'IJL~B~~tim~v'Wv'hm1lJ L i1 h 1~v1n LL"~n L .OvVI1~Bm tl'IJ~1'1J1'\J 

lJ1n UnL~f.J'\J~B~1if111lJ~L~lJ1'UL~B~~1~ 61 ~L~f.J'U~1'\JlJ1LL~1 B1ViL'!i'U n11~"?llJn11Lf1ijL~B 
"' I • 

'1111 tJ1 m '\Jn11f11'U1t:\Jn111 'V1 L'V11~m~-L 'U?l n11LL~n~1'lJB~n1~LL"~ L 'U~ n11L ~f.J'U?llJn11Lf1ijLLG1~~ 

m1LL~n~1'lJB~ m~ LL"~ L u?t1~v L.QBVI1~1'\Jil'L U'U'U1lJ511lJ 'l!m~v'Uci1'1J 1 Vlqj1lJ L i1 h LL"~ 1 'IJ~1'\J 
L.Q'BVI1~LU'\J'V1~~5~1~ '1 um~f.l'U~B~1im1lJ~1 ci~e.J"Um~f.J'U~~Ln~m1lJL~BVI'W1f.JbL"~~B~n11 
L~fl'U1~'V'IB~1'\J 1 1tJLvh,!'U e.J""'lJ~'VlB'V11~n11L~f.l'U11fl1"ll1Lf1ijL~lJL&ilJ 3 1302231'U'li1~tl 

m1Pin~n 2556 - 2557 Lrlvv'hm1LLl1~n~lJ'll'm~V'\JLU'U 3 n~lJ ~B n~lJ~ 1 Lm~ o - 1.50 ~~B~ 1 , , v 



• . 

.. 

2 

1tJ~::~'U~1n11Lmu"fll.I11'1'Hi1'1J mill~ 2 Lm~ 2.00 - 3.00 ..ij'~e:J~1tJ~::~uthtJmn~ LL~::mil.l~ 3 
.. , 'U " 

Lm~ 3.50 - 4.00 ..ij'~mJ'ltJ~::~~f)~~l.l1n LLG'1~~~~1'11~1~~ 1.1 
'II 

d II Go~ ~ .c:l A ct c:: A Ql ct ~ 
\Pl1~1.:J'VI 1.1 ~elEJ~::"I.Je:J.:J~~~l.lq'VIti'VI1.:Jn1~L ~EJ'U~1EJ1"1:11LfllJL'WliL\Plll 3 "l.lel.:J'UnL ~EJ'U"':f'U 

~tiallflnt~J1tl~ 5 h.:JL~a'U~n~'Ufl~W9U'UAmi1 um~An'li1 2556 - 2557 

2556 52.71 29.19 18.10 

2557 47.53 r 31.19 21.28 

~1nl'11~1~~ 1.1 'Vl'U'hum~atJ~1'1J 1 'Vlqjijt:J~al.I~'VlBvn.:~ m1L~CJtJLu~ av~ 1. tJ1:: ~'U~ 1 n'i1 Lmu"fl 

l.I11'11~1'1J L ~v.:J~1nirm~auijfl11l.IL .U11~~~ LL~::fl~1~Lfl~vu 1 UL dv'Vl1~L~au ~.:~ L dvvn 1 U11CJ1"1l1 
"' 

LflijL~l.IL~l.l 3 th:mv'U~1EJ 3 L~v.:~ flv eJ\Pl~1nTHii~'\.J{jii~EJ1 al.I~~Lflij LL~::m~ - L'Ua 1~EJ 

eJ\Pl11~1U-Ii'1Lli.:JG'1vULL~~fl::LLUUL~e:J.:Jm~ - L'UG'1 ijl.l1n~a~ L~v~~1nLUUL~e:J~~ijbdv'Vl1~e:Jmhu1U • 
l.l1n LL~:-ntluLdv'Vl1~EJ1nl'ivm1v11m1l.ILoU1h ~.:Jt:J~irm~EJUfl11l.lboU1h~~~LL~::flm~Lfl~BU ~.:~ 
av~fl~B~n'U.:J1U1:5'a"lle:J~ Artdeja, R. Ratanaroutaia, T. Coll, R.K. and Thongpanchangc, T., 

(2010) '1"1'\.J':hir m~auiruEJl.l~ n'li1\Pl vu'\.J ~1a~ L~EJUL~v~m~-L u a ~ 1Ul.l1 LL~1 EJ.:Jfl.:Jijl.l 1 ul.l~ ~ 

flmV~Lfl~vu1u~1.Uvl'i1.:~ 1 ~~d 1) &'111~~~1EJ~h~nL'VI11~~ 2) &'11~~~~1am~-L'Ua 3) 'Vl~~~m~
L'UG'1 4) 1"1m~-r1Lua 5) n11LLlPln~1"1leJ.:Jm~LLn 6) n11LLI'ln~1"1lv.:~m~eie~u 7) n11LLI'ln~1"1lv.:JJ1 

'II 'II 

'U~~'VlB 8) n11LLI'lf1~1"1.le:J~L'UG'1 LL~:: 9) n11LU~CJULL'\.J~~fl11lJLoUl.loUU"Ile:J.:J1~L~1Li.iCJlJ1e:JvvULb~:: 

1~~1Bf11~V~1BBBU1uJ1 
n11~~n11L~au~L ~e:J1 ,Xirm~EJuijl.l 1 Ul.I~~!Jn~e:J.:~~.:~ijm1l.l"ii'1L tJuv~1.:Jl.l1n m1~~m1L~EJu~ 

'II 'II 'II 

LL'U'U~'Ub&11:: 5 .ffu (5E Inquiry Cycle) LUUn1~~~f111L~EJU~~LUU1,X~b~EJU~'Ub&11::vr1fl11lJ~ Lb~:: 
a~1.:Je:J.:Jflfl11l.ITI 'Vll.i~1EJ~1 Le:J.:J ~1um::u1um1f1~ LL~::~.:~i1v'\.J fi~ ~~"lh EJ 1 ,X,:r m~auLii~ f111L~EJu~ 

'II ~ 'II 

~.:~Ldv'Vl1'Vl~n 'Vl~nf111 LL"'::'Vl~'ti~ ~bU'IJ~'IJ_}i1'1J1'1Jf11~b~CJ'IJ~L~e:J.:J~'IJ 1 ~ahJ lil1f1~1'1J1~CJ"I.lB~ 
Yadigaroglua, M. and Demircioglub, G. (2012) V'f'U11'Vl~~1~-rum'.i:5'~f111b~EJ'IJ~LL'U'U~'ULG'11:: 
.d fV Q.l Q Ql CV c:! c::t CV 4:11 I I Q d Q.l q t.l 

L 1B~LLna um 1 EJUl.lt:J"'alJn'Vlu'V11.:Jf11'.iL 1EJU'Vl~.:JL ·wua.:~m 1nBUL 1EJU L um~1n m1~~m1L 1CJU'.iLL 'U'U ., 'II 'II 

~'Ub&'11::iJm~EJU1~~.:Ji1e:Jvl1fl~n'S1lJ~1EJ\PIULe:J.:J iJm~EJURU'V'I'ULL~::G'1~1.:J€l.:Jflfl11lJ~~1EJ~1Le:J.:J Bf1~.:J 
'II 

Unb~EJUEJ.:Jijfl11l.IG'1"1.ln'Uf111L~EJU ~.:Jt:J~ 1 ,XLii~f111L~EJU~el~1.:JL oU1 h ;.:JG'1B~fl~B.:Jn'U.:J1U1~EJ"Ilm &'15 
• 'II • 

t:J~~ LL"'::~n~Pl~ a.n1'ti1 (2554) 11EJ.:J1U H11m1~~f111L~EJu~~1EJ"Il~f111L~CJU~LL 'U'U ~'ULG'11::'V11.:J 
" " , '\.1 

1'1'1 tnPl1?tlPI~~L ~e:Jl.l 1v.:~nu:S1lPI'\.J1::"ii'11u ?t1lJ111J~(;llu1t:J~alJ~'VIB'V11~m1 L~EJu 1~ L ~B~~1nirm~ vu 



• t 

3 

1vi'~.:~llert.Jl)~ ~11T~ LL~ ~!'1'U'VI1vl"l ~~TUnL~~'ULel-:1 1vi' LL~ f1 L tJ~ ~'Ufl"l1l.Jfi~L ~'U LL~ ~ Lfl~ n11"1i1 ~ L 'VI~ el 

~.:Jtl'ULL~~tl'U ~.:11!-J~ 1 '!X'\Jm~~'Uijfld1l.JL.a'11:iJ 1 'UL.Q'el'VI1l.J1f1;'U LL~~'11f1.:11'U1-.5'~"1Jel.:J\l1l.J~ 1el~ 1yj 

LL~~fl1fi'U ~'UV1~"8~~ ~ (2558) 1 oU f1111ij'~f111L~~'U~LL Utl~'lm11~ t:-JG1l.Jt:-JG11'UL Vlfl'ilflf111 LL ~.:JoU'U , ~ 

1~'11111-:J f1 ~l.J yj tJ 11'\J f1 L~ ~'Ullt:-J~ Gll.J ()VI~VI1.:1 f111 L~~ 'U11 ~1"!11 Lflll LL~ ~llfl"l1l.JG11l.J 1 1(11 'U f111fi ~ 

LLf1ihy'VI1~-:J;'U L yj11~ ~L~~'Ull~"l'U~"ll.J 1 'U f111'Vh fl'l f111l.J LL~~ 1vi'~.:~llBtJl}u~ fi:v f111l.J {;)1.:1 'l vl"l ~ 
l'l'U LeJ-:1 vh 1 '1XG11l.J11m ~ell.J L~.:JeJ.:Jrifl"l1l.J~{;]1-:J 'l Li1vl"l ~ n'U1vi' ~.:11!-J~ 1 'IX~ L~~'U &11l.J11(1fi~ LL~ ~ 

~ ~ 

LLt!Jil qj'VI11vl 'i1-:~G1B~fl~ eJ.:!tltJ'I1'U1~EJ"IleJ'I Bilgin (2009) ~Vl1f111Pl f1~1 L tl~ EJU L Vi EJU t:-J~Gll.l()VI~ 

V11'1 f11 1 L~ ~'U LL~ ~ L '11'1 fl ~"!JeJ'I'IJ f1 Pl f1~1 &11"1l11 VI EJ1 1"11 &11'1 ~~'ILL 1 ~ ~ ell.J~1vl 1'u f11 1-.5' ~ f11 1 L~ tJ 'U ~ LL tJ tJ 
~ 

~ Ct.l Cil t.l 4 d Q Cil 1.1 I odld 
&1U LG11 ~ LL~~ n11'1 ~n11 L 1tJ'U1LL UUG1ULG11~VIt:-JG1l.J 1!-J &11'UL Vlfl'Uflf111 L 1 EJ'U1LL tltl1"ll.Jl.J elL 1B'I f11~ - L UG1 

~ ~ 

1!-J ~ f11 111ij' EJ'V'jtJ11'1J f1 Pl f1~1~1vi'1'u f1111ij' ~ f11 1 L~ tl'U ~ LL tJ U~U LG11~~ 1!-J &1l.J 1!-J &11'U LVI fl'il fl f111 L~EJ 'U~ LL tJ tJ 
~ ~ 

~"ll.Jij Bll 1!-J ~ Gll.J nVI ~VI1.:1 f111 L~ ~'U'VI~-:1 L ~EJ'UG1 'I f111 rl el'U L~ tJ'Ul.J1 f1 f111'1J f1 Pl f1'\11~1vi'1'u n111ij' ~ f111 L ~ ~ 'U ~ "I ~ ~ 

dl ci 1 Cll Ct.l 4 .c:~r~ocL:=a 1 cv q II dl 1 

LL UUG1U LG11~ L yj EJ'Iel ~1'1L~EJ"l LL~~EJ'Il.J Llill'lfll'lVI~I'lelf111'1~n11L 1EJ'U1 LL UUG1U LG11~l.J1 f1 f111 Lyj11~ 
~ 

~ L~tl'UL u'U~~'IllBVi1Vi1n'lm1l.ltJl1'1 'l ll m1Fi ~ LL~~"l1'1 LL!!-J'U~"ll.lnu fl'U~'U 1 .fl1EJ 1 'Uncil.J Ln~ n11 
~ ~ ' 
LL~ flL tJ ~ EJ'U fl"l1l.Jfi ~ L ~'U ~ L ~EJ'UG1'U f1&1'U1'U LL~ ~ij fld1l.JG1"1J tltl f11 1 L1 EJ'U ~ L1 EJ'U ~'Ill L lill'l fl ~~ ~ {;) eJ f11 1 

" , • '\1 

L1EJ'UL~eJ'If11~-b UG1 ~'lt:-J~Vl11 '!Xt:-J~Gll.J()VI~VI1'1f111 L1tJ'UL~eJ'If11~-L U?l ~'I;''UI'l1l.J 1 Uvl"ltl 

f111LL~'IoU'ULf1l.JLLUUf1cil.J (Teams Games Tournament: TGT) LU'Uf111L~tJ'U~LLUU~"ll.lllB . ~ 

"!1\l ~'VI~ 'I~ L U'U ~ L1EJ'U L U'U~1~ n I ~ L1 tJ'U 1vi'Pi f1~1 L1 EJ'U ~ L .a el'VI1vl"l ~ l'l'U Lel'l nuL~ el'U 1 'U ncil.l Vl11 'IX 
'\J v~ 'U 'U \ 

'!J' m1 ~'U Lfi~tll) Gll.J~'Ulh "8-:JU"l f1 tltl L ~ el'U 1 'U f1 ~l.J LL~~ij fl"l1l.l1'U ~~"!!Btl \Jl eJ'VIU 1~"1J el'll'l'U LeJ'I '11 f1 

'11'U1~EJ"!Jel'l B1'qJqJ1 LL"l'I~G1eJ'U LL~~l.J'U(jl1 el'IJ'UI'l1'f1~ (2557) Vl1n11Plf1~1Ltl1tJULVitJUt:-J~Gll.J()VI~ 

Vl1'1f111L~~'U"IJB'I'!Jf1 L1~'U.ff'UiJ!Wl.JPlf1~1U~ 5 1 'U f111L1tJ'UL~el'ln11fl1'U"lUJL~~"l nutl~l.J1UJ?I111 'U 

tl fi fi~EJ1Lflll1~'VI11'1f111?1B'U 1~EJ1 incil.l~"ll.lllBvi'"l m Vlfl'ilflm1L1~'U~LL uu TGT LL~~ n11 L~tJ'ULL uu d.J • ~ 

~"ll.lllB (Student Team Achievement Division: STAD) LL~~fl"l1l.JYi'I'V'jeJ1'1{;)eJf1111ij'~fi'lm1l.Jf111 
" ~ 

L1~'U~LLUU TGT LL~~ STAD yjtJ';hYl'.:~ 2 LVIfl'ilfl?i1l.J11m1'WJ'U1t:-J~Gll.JnVI~VI1'1f111L~~'U"Ilm~L1~'U1vl 
~ "I ~ 

hJ LLI'l f1 {;)1'1 tl'U LL~ ~ ~ L1 EJ'Ullfl"l1l.JYi'lyjeJ 1 '1{;) eJ f1111ij' ~ fi'l f1 11l.J f111 L1tJ'U¥hJ LLI'l f1 {;)1 'I tl'U L ~ el'l'11 f1 nci lJ 
~ ~ . 

~"ll.lllm Vlfl'ilflf111L1~'U~LL Uti TGT '1~ 1 oULf1l.J f111 LL ~'loU'Ul'll1 f111 a"l'U ncil.J~"ll.lllm Vlfl'ilfl f111 L1EJ'U~ 
~ . ~ 

LL uu STAD 1 im1VI~?~BtJfl"l1l.l~ 611-:JL U'Un'l m1l.l~ m~~'U 1 'IX'!J'n L1EJ'Ullfl11l.ltl111(1'U1~:u~Vi11 '!Xncil.l 
~ . . 

U1~?1Ut:-J~~1L ~'1 L 'VIlleJ'Utl'U ~'1Vl11 '!Xt:-J~f111L1EJ'U~"!JeJ'I'!Jm1EJ'U hiLLI'l f1{;]1'1tl'U 
~ 

'11f1LL 'U"lfi~ VI()~~ 1"ll.Jfi'lt:-J ~ f11111ij'EJ~1vi'nci1"ll.J1i1'1~'U ~11ij'EJllfl"l1l.J?i'U L:iJ~:u~'WWJ'U1fld1l.J 

L i 1 h L~el'lf11~-L tJ?! "lleJ'IU f1 L1 EJ'U L ~ el'llil1 f1L U 'U L.Q' eJ'VI1~U f1 L1 tJ'Ull fl"l1l.J L i1 lliJ ~ ~ LL~ ~ L .a'1 lliJ 
fl ~ 1~ Lfl~ eJ'Ul.J1 n ~'11vl nci 11i1'1~'U L~ EJU1 Lell LVI fl \l fl f11 11ij ~ f11 1 L1 tJ'U ~ LL tJ tJ ~U L?i1 ~ 5 .ff'U lJ 1 

t:-J6'1l.Jt:-JG11'UtltJLVIfl'ilflf111L1EJ'U~LLUU~"ll.JileJ L~EJL~Bn1-ffm1LL~.:JoU'ULf1l.JLLtltlf1cil.J (TGT) L~eJ.:Jiil1f1f111 
~ . 
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1 otlL 'Vll"'ill"'il'il~LU'I.ILm.J L ~e:J 1 ~~L~EJ'Ui11"111lJm~~e:J~e:J~'ULLG'l~61'UflO'Ufl1';iL~EJ'U 1 ~um~CJ'U~~n~~e:J~1-:J 
'U ' 'U 

i1L 'Vf~t:JG'l LLG'l~611lJ1'st1vi1-:J1'1.1~1lJn'UL ~a '!.I 1 'Wmh.JL~ 61lJ1"lin 1 'l.lnalJ'il~m~~'I.IL~v'l.ln'l.l 1 ~~1lJi1a L ~a . , , , 

1"111lJ611L ~'il"tle:J-:JnalJ 61lJ10Ufl'Vlfli"''U'il~-r'U~~"!le:J'U1 'U-:J1'UYi1~-r'UlJe:J'U'VflJ1EJ vh1 ~~ L~EJ'Ubb~G'l~I"''ULO~ 
' ' 'U 

1"111lJL otl1 L'iJ 1 'UL da'Vf1LLG'l~ 1~-r'UI"'11lJ~e:J~1-:JL vl1LViEJlJO'U'Vlfli"''U ~1m 'Vf~t:JG'ldm~ EJ~-:JL ~a'J1n11~~n11 
'\1 • , \1 

L~EJ'I.I~LL 'U'U~'UL611~ 5 ~'1.1 Yit:J61lJt:J&'I1'UO'UL'Vll"'ill"' TGT 'il~611lJ11(l~l'lJ'U1lJ 1 'UlJ~lL~e:J-:Jm~-L'U61 "tle:J-:J 
'U 

d 1:::1 t Q4::l ~ CL1 c:f I CL1 q II d II 

1.2.1 L'V'le:JP!n'l~1lJ ~'UlJm'VIE!lPI161m"tle:J-:J'UnL)EJ'Ufle:J'ULLG'l~'VfG'l-:Jn11L 1EJ'U1 b )e:J-:Jn'a~- L'U61 ~'"JEJ 
'U 

"' n11~~ n11L~EJ'U~LL 'U'U~'U L611~ 5 oU'U t:J61lJt:J611'1.10'UL 'Vll"'ill"' n11LL "ll-:JoU'ULfllJ LL 'U'U nalJ 
'U ' 

1.2.2 L~e:JPim~nn11Ltl~EJ'ULLUG'l-:J~e:JEJG'l~"tle:J-:JtJnL~EJ'U 1 'UflalJlJ 1 'UlJ~~1-:J ., 'il1fln11L~EJ'U~ L~e:J-:J 
' I 'U 

"' II QJ' Q 1.1 CV CL1 .c!il Q..l Q.l Q I Ql 

m~- L'U61 ~1Eln11'il~n11L 1EJ'U~LL 'U'U1!)'iln161'UL611~ 5 "1.1'1.1 t:J61lJt:J611'U fl'U L 'Vli"''UI"'n11LL "1.1-:J"tl'ULfllJLL 'U'U 

' flG'llJ 
' 

1.3.1 't!m~EJ'I.I.ff'l.lirGEJlJPim~ntJYi 5 h-:JL~EJ'I.I61flG'l'I.II"'1~\0lJ'I.IPim~1 YiL~EJ'U~1EJn11~~n11L~tl'l.l~ 
'U 

II Q.l Q.J c:l IV 4 ~ Q..l .c:.. I Q.l 1 d 
~1CJ'"J1l'iJn'Jn11b 1CJ'U1Lb 'U'U61'UL611~ 5 "tl'Ut:J61lJt:J611'Ufl'UL'Vli"''UI"'n11LL"tl-:J"tl'ULfllJLL'U'UflG'llJ b 1e:l-:J m~-

~ 'U ' 

L'U61 i11"1~LL'U'UlJ1'UlJ~'Vf6l-:JL~CJ'U~-:Jn11rle:J'UL~CJ'Ue:J~1-:Ji1'lJCJ611~t1J'Vl1-:J61~~Yi1~~'U 0.05 

1.3.2 tJnL~CJ'U.ff'UlJGCJlJPim~ntJYi 51 1-:JL~CJ'U61flG'l'UI"'1oWI'lJ'UPim~n YiL~CJ'U~'"JCJn11~~fl1'H~CJ'U~ 
'U 

II QJ' CLI iiCll II 4 ~ Q.l .c::t. I Q.l I d 
mCJ'"J1l'iJn'Jn11L 1CJ'U1LL 'U'U61'UL611~ 5 "tl'Ut:J61lJt:J611'Ufl'UL'Vli"''UI"'n11LL"tl-:J"tl'ULfllJLL'U'UflG'llJ b 1e:J-:J m~-

~ 'U ' 

L 'U 61 i1~e:JCJG'l~"tle:J-3UnL~CJ'WYii1lJ 1 'l.llJ~(l mie:J-361-:J~'I.I LLG'l~i1~e:JCJG'l~"tle:J-3UnL~CJ'WYii1lJ 1 'UlJ~I"'G'l1~LI"'~e:J'U 
'U 'U 

1.4.1 tl1~"U1fl1L'Ufl1'a1~CJ1~LLrl tJnL~CJ'U.ff'UiJGCJlJPim~ntJYi 5/1 5-:J 5/7 LLt:J'Un11L~CJ'U 
1'VICJ1PI161~~-I"'ru~P~161~~ .n11"1L~CJ'WYi 2 um1Pimn 2558 h-:JL~CJ'I.I61nG'l'l.lfl1oWI'lJ'I.IPimn ~1'1.11'1.1 

198 fl'l.l 'll'm~t~'l.l.ff'l.liJGCJl.IPim~ntJYi 5/1 fi-3 5/7 LLt:J'Un11L~CJ'Wi'VICJ1PI161~~-I"'ru~P~161~~ .n1flL~CJ'WYi 
2 um1Pin1!n 2559 h-3L~CJ'1.161nG'l'l.lfl1~1'lJ'I.IPim~1 ~1'1.11'1.1 210 1"1'1.1 

1.4.2 n~11~1mh-31'Wm11~t~ij 2 n~11 ~a nal.!Yi 1 'll'm~t~'U.ff'Uir5t~l.IPim~ntJYi 5/1 - 512 
' . ' 
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Uf11':iPim~n 2559 ~1'\J'l'\J 70 fl'IJ 1~r.JL~Bf1LL'U'UL~1~~~~1flth~"ll1n':i (purposive selection) 

L ~eN~ 1m tJ'\J~tl~L~r.J'IJ.ffi ':i~L ~ r.J'\J 1~~~iJfl L~r.J'\Jyjijfl'J11J?f11J1':i(l UJ LLVI fll'h~n'\J 1~ rJ L~ CJ~VI11J Lfl':i~L\l~ rJ 

"lltl~~L~r.J'\J~1fl?f~ 1 tl~1 
'U 'U 

1.4.3 ~1LLtl':i 

1.4.3.1 I'J'JLLU':iB?f':i~ 1~LLrl fl1':i~~fl1':iL~CJ'\J~LL'U'U1n~fl':ifl1':iL~r.J'\J~LL'U'U~'UL?f1~ 5 ~'\J 
'U ~ 'U 

fl1':i LL "li~oU'\J Lfl1J LL 'U'U fl~1J • 
J/ ~~ OQ~ 

1.4.4 L'\JtlV11'VI b'tt b'\Jn1':i'VI11"ilf.l 

L .Q' tlV11vl1 m '\J fl1':ivl 11 ~ r.Jfl ~~.a L tJ'\J L .Q' BVI1 V111JVI~ fl?f VI ':iLL fl'\Jfl ~ 1~ fl1':i Pi fl~1~'\J~'\J ~1'\J 
'U ~ 

'W'VI5~fl':i1"1l 2551 fl~1l?f1':i~fl1':iL~CJ'\JTI'VICJ1!311?1VI{ .ff'IJiJ5CJ1lPi fl~1Uyj 5 .f11flL~CJ'\Jyj 2 L~tl~fl':i~-
• • 'U 

L'U?f m~CJ1~LL'IJ~L.ntlVI1tltlflLtJ'\J 4 '\-11-b'B ~~.a 
'U 

.. 
1.4.4.3 'VI')~~fl':i~-L'U?f 

1.4.4.4 fl1':i1'VIL'VI':iVIfl':i~-L'U?f 
d 1 0 Q~ 1.4.5 ~tl1'\J'VILL~~':i~f.I~L1~1 '\Jn1':i'VI11"ilf.l 

?fm'Wvl1 'Ufl1':ivl11~v ~B h~L~CJ'U?ffl~'Um'Ww.J'WPin~1 B1L.n miiB~ ~~VI1~?ffl~'Ufl':i 
1'W.n1flL~r.J'Wvl 2 um':iPin~1 2558 LL~~ 25591-b'n~11'Um':iv11n~m':i1lUm':iPin~1~~ 14 -B'111J~ 

Cl.l .:::::1 c:t Cil dl d !I d Qo de~~ I c:!i q, c::!i6 3 
1.5.1 'UflL':iCJ'U1Jfl'l1:W?f"lJ :Wfl'l1:Wfl':i~Vltl':itl':i'U LL~~:WL~VlflVI'VI~VItlfl1':iL':iCJ'U':i1CJ'l"ll1Lfl:W:W1fl"lJ'U • 
1.5.2 iJm~CJ'Uiit:.~~r;1':wnVJ~Vl1~fl1':iL~CJ'\J?f~~'U LL~~?f1:W1':i(l't11fl'J1:W~yj1~\~CJ'U 1 tJtJ':i~ClflVI1 m 'U gl 'U 'U , 

L~tl~~'U 1 ~B1 tJ 

1.5.3 LU'ULL 'U'l'V11~1 'Ufl1':iBBmL 'U'Ufl1':i~~fl1':iL~CJ'UTI 'UL~B~~'U 61 Lyjmi~L?f~:w1 ~~ L~CJ'Ufl'l11l?f"ll 
'tl I " , 

tl'Ufl11L~CJ'U LL~~ii1l 1 'U1J~Vl1~1'VICJ1!311?fl'l'Syjn fl~B-:!1l1fl~'U 
'U 
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1.6 iltt111fl'Y4viLQCW1::; 
.... q "'J,l Q.l QJ d tl 4 ~ 4 -=- d tid 

1.6.1 fl1'~~1'1fl1'H 'W'U~I'I'.JCJ'.Jfl~fl'Hl1~L 'W'U'HL'U'UG1'ULG11~ 5 "l.I'U 'VIl.J1CJC1.:! fl~fl1~l.Jf11~L ~CJ'U~'Vl 
'\.1 d.J \I \1 

tJ~~fHJ'U~'.JCJ 5 i'UI'ltl'U 1~LLrl (1) i'UG1~1'1fl11l.JG1'U1~ (2) i'U~1~1~LL~~Fl'U'VI1 (3) i'UG1~1'1 
rl1tJ5'U1CJLL~~~'IoUtJG1~tJ (4) .rr'U"l.ICJ1CJfld1lJ~ LL~~ (5) i'Urn~tJ~~Lij'Ul:.J~ . " 

. . 
.:::1 QJ 4 I 

Lm.nnuL~tJ.:JI'l1.:J 1 

1.6.3 1.11'Ull~\)fl~tl.:! (Good conceptual understanding: GU)'VIl.J1EJ5-:~ fl11lJ~'VI~tJm1l.l 

L oU11~"l.ltJ.:!~L1CJ'U~Cln~a.:~l'l1lJ'VI~ ni'VlEJ1PI1G11'liLL~ ~L U'U~EJal.l-ru 1 'UU~~U'U " " . 
1.6.4 lJ 1 'UlJ~f1~11'1Lfl~tl'U'VI~tllJ 1 'Ul.J~'Vl1'1L~tln (Alternative conceptual understanding: 

AU) 'VIl.J1EJ5-:~ m11.1~'VI~ar~111.1Li1h"!Ja-:~~L1CJ'U~Cln~a-:~1'111J'VI~ni'VlcnPI1G11'1iLLIPi1~G1lJu~ru LMEJ1nu 
" " " " 

fld1l.J &rl.l~'Uih~'VI11.:~ L 'VII'l n'Ue.J ~"!.I tl.:! LL 'U'.l f11'1i'Vl CJ 1PI1 G1 1'1 {~ CJ tll.J -ru 1 'UU ~ ~,j 'U • • 
1.6.5 ll1'UlJ~~eJI'I (Mis-conceptual understanding: MU) 'VIl.J1EJ5.:~ fld1lJ~fl11lJLoU1h"lla.:J 

tin L1EJ'U~hiG1al'lr~~a.:~nuLL 'U1f11'1i'VlmP~1al'li~L tl'U~ EJalJ-ru 1 'Ui:l~~u'U • 
1.6.6 fl1~LL"li-:~i'ULfllJLL'U'Ufl~lJ (Teams- Game- Tournament: TGT) LU'U~ULL'U'U'VI~'I1'U . " 

rn~~l'lfl1~L1EJ'U~LL uu~'.ll.lijmLIPiL ~l.l Lnl.l LL~~rn~LL "li-:~i'U LoU1lJ1~1CJ ija.:~fitJ~~nauv1.:~-d'rn~G1a'U L U'U 
" 

f11~U1LG1'Utlfl11l.Jf11'1~1'UCJtJI'I1 'VI~'VI~tl'U'V1L1CJ'U 1 'VI~ ~.:! 1 'U'I1'Ui~CJ.QL U'Ufl1~~1'1fl1~L1CJ'U~~d El1'!J~fl1 
... 

fl1~L1CJ'U~LL'U'U~'ULG11~ 5 -1J'U 
" 

1.6.6.1 m~..ij'~'~Yill Lu'Ui'UI'la'Um~..ij'~'~n~ll'VI~a..iji'IYilJ"lla-:~'l!m1EJ'U 11'1EJ..ij'l'l1~r~~~n'UI'l1l.J • 

1.6.6.2 fl1~LL"li.:J-1J'U f11~LL "li.:~-1J'U..ijl'l1 'U'!i1.:!Vl1EJ&rtJ1'11~'VI~tJVl1CJ'U'VlL1CJ'U 11'1CJ~~ 1 otlrl1Cl1l.J 

LM CJ'.l nuL .a tl'VI1~ L1 CJ'Ul.J1LL~ ~ ~1'U f11~ Ll'l1 CJlJ fld1lJ'V'I~tllJ"l.l a.:~Yil.Jl.J1LL~1 11'1 CJ 1 ~G1l.J1"8 fl'Vl flfi'U 1 'UYil.Jij • 
~'.l'U~'Jl.J 1 'U fl1~LL ~.:JoU'U'Vl flfl'U LL~'JU1fl~ LL 'U'Um~ tJ~'JlJL tl'Ufl~ LL 'U'Ufl~l.J LL"~ L Vi CJ'U'VI1~1fl~ LL 'U'U L u'l!G1 • • 
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1um1~n~1L~e:J~~'U1llhtll~vn~1'Vl(J1!311~1'11 L~e:J~ m~wu~ "lle:J~'lJm~vu.ffuiJ5CJlJ~n~1tl~ 5 

~-JCJ1fl~n';in1';iL~CJ'U~LL 'U'U~'UL~1~ 5 ~'U~~lJ~~1'Utl'UL'Vl!"l'UI"ln11LL ~~-!J'ULnlJLL 'U'U n~lJ en~() 1~~n~1 dJ ~ , ~ 

Le:Jn~11LL"~~1'Ui~CJ~L~CJ'".l'!i'e:J~ ~~U1L~'Ue:JI'l1lJcl1~'U~1'li'e:Jvle:J 1 tJ\1 

m1L~CJ'U~11(11'1111'Vl(J1!311~1'11 LU'Un11~n~1~'UI"ll1VI1LVII'l~m~e:~vuvu Vl~e:J~~1~e:J~I"i' v • 

l"lJ1lJ~ 1ULL'U'Un11~~n11L~CJ'U~~LVIlJ1~~lJ~1VI~'U11CJ1'1111'VlCJ1!311~1'111tlLL'U'UVI~~ ~e:J n11~~n11 v v v v 

L~CJ'U~LL 'U'U~'U L~1~VI1!"111ll~ (Inquiry) L uu n11~~ n11L~CJ'U~~L .Wu1 ~~L~CJ'U L uu~"~iie:~tl 11\J~ 
'U 'U '\.1 'U " :-.J 

O"il n';i';ilJ~'J CJ~'J Le:J~ 61~~" 1 ~~ L~ CJ'U 1~~'U'Vl'U LL"~~~1~e:J~fDll"l11lJ~;'U~1 CJ~'J Le:J~ "il1n n11~ n~1 L~ CJ1 tl'U v v 

m1~~m1L~(J'U~LL uu~uL~1~'Vl'Ul1'l!nm1~n~11~mh1 1-Jmh~~e:J~I"l~e:J~nu ~~d 
v 

fl'Yi L"1VI1'Vl'U"~ (2542) n~11l1 n11~'UL~1~VI11"1J1ll~LU'Un11~~n11L~CJ'Un11~e:J'U~ v v 

L .Wu~ L~ vuL tlu!31u~ nm~ ~ L~vu L uu~"~iie:~vhn"il m1ll v11~ 61 1~ v ~1u m~u1u m1fi ~ LL"~"~iie:~ v v v v I 

tllju~ "lhv 1 ~,r m~vuLn~m1L~vuj~~ L il e:JVI1VI"' n V1"'nm1 LL"~'Vl')~~ 1~vl"l~~~e:J'UL U'UL W(J~fl'U 
l"le:JCJ~1'U1CJI"l11ll~~~1n 

~lJ~~'Uij Ll'l'1!~1"ltl~ (2544) n~11l1 n11~~n11L~CJ'U~LL'U'U~'UL~1~VI11"1J1lJ~ VllJ1CJ~~ 
• v v 

m1~ ~m1L~vu~~ L .Wu 1 ~~ L~vuL uu~"~iie:~tlfiu~n"il m1ll ~n~1~ul"l11VI1m1lJ~~') vl'lu Le:~~ LL"~ 
\1 " 'U d.J '\J 

~~1~e:~~f1m1ll~~1 v l'l'U Le:J~ ~1'U m ~'U'J'U n11'Vl1~i'Vl (11 !311~ 1'111~ viJml"l e:1 v L uu~~1u1 v 1"111ll~~~1 n 
v v v 

~l'l'U1'Vl1 1~ru'Yln"li (2545) n~11'l1 m~u1'Un11~'UL~1~V111"1J1ll~ Ltlum~u1um1 , v 

~~n11L~CJ'U~~LtJ'ULL"~m~~'UL~~L~CJ'U1~"~iie:~~n~1~'U!"ll1VI11"hl'le:J'U1'U~Cl1Un11ruVI~e:JUfl'VI1~ 'U , '\J D~ 

n1VI'U~ 1 ~ 1~CJlJI"l11"le:JCJ~1U1CJI"lJ1lJ~~~')n 
v 

'1111'1~ ~1CJfl11'11 (2551) n~11'l1 n11~'UL~1~VI11"111ll~LU'Un1~'U1'Un11~ v 

1!n1'Vl CJ1!311~1'11u1lJ11 m Un11~n~1~'UVI1fl11'le:J'U L U'Un';i~'\J')'U n11~ L tJ'U 1 ~~ L~(J'U 1~"~iie:~tliju~ 

n"il n<;i';ilJvl1~ 61 ~1(1~1 Le:J~ 61~~" 1 ~~ L~(J'U~1lJ11t:l~~1~e:J~rll"l11ll-rl V!l.J 61 LL"~U1e:J~rll"lJ1lJ~~1~ll1 I v v I v 
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\11 nrr".m.J'Vll.J1CJ'!J €1 ~fl11 ~~ n11 L~ CJ'\.Jn11G1€Jti LL 'U'U ~'U LG11~'Vl1 1"11 1lJ -rJ. tisU1~~ti G11lJ11Cl 
" 

G1'5"tl1~11 m1~~ m1L~CJtin11G1BtiLL uu~u LG11~'Vl1fll1lJ~~ti L Uti m:::ulti m1~~ n11L~ CJti~~L .Uti 1 ~ . " " 
~ L~CJtiL Uti~~~ijvtl nlli1Pin~1flti fll1'Vl11"l11lJ~~l CJ~l LB~ 1~ CJ~1ti m:::'Ulti n11~~LL~ :::~~ijvtJ nu~ 
~ ~ ~ ~ ~ 

~~~~c.m 1 ~t!m~CJtiLn~m1L~CJti~~~L i1v'Vl1'Vl~n 'Vl~nm1 LL~:::VJn~fi ~L Uti~ti~1ti 1 tifl11L~CJti~L~B~ '\.1 vi odJ ciA '\1 

~ti ., ~v1t11~CJijfl1flBCJVh'V!'I!1~LUti~ehtilCJfll1lJG1:::mn G1tJ'UG1titi "lllm'Vl~€1 LL~:::LLni:Jnt'V!1~ I \1 '\.1 \ u~ 

Ln~;ti 1 ti1:::'Vl11~n11-;ij'~ m:::'Ulti n11 L~CJti~ L ~v"lil CJ 1 ~\J f1 L~CJti'U11~ L ,j1'VllJ1CJ'Vl~€J"il~U1:::G1~fl1 ti n11 " . . 
L~Cltifl tiL~v~Jti ~ 

Ql o Q.l 9 II 

2.1.2 fllw~m~tw~~1flru•tm..:Jm1t~ULm~'VI1fl11lJ1 . ~ " 
~ 

f1lJ~l11ru tlti CJ1U1:::~V15 (2560) n11~~m:::'Ulti fl11L~CJti~ LL 'U'U~'U LG11:::'Vl11"l11lJ~ 
" " 

L UtiLL ti1V11..:J~vh 1 ~ ~ L~ CJtiG'I ~1~'VI~v-ruv~r1 m1lJTI~~l CJ9lti L€1~ ~1ti m:::'Ulti n11V11-:JiV1 CJ1PI1G'I 91 { 
" " 

1~ CJijfl1fl€1 CJvl1'V1'1!1~ L Uti~"lll CJ (Facilitator) n11~ ~m:::'Ultin11L~CJti~~~ ~ 1~11 L Uti n11~'U LG11:::vn 
" " " 

fll1lJ~"il:::ijf'lru~n~ru:::G11rl'ty 5 t11:::n11 (5E Essential features of Inquiry) ~.:J.Q 

(1) ~L~CJti~.:JrhtnlJV11-:JiVJCJ1PI1G191{ 1~CJ~L~CJti~.:JrhmlJ uru'VI1 'V!~BsUeJG'I.:J61CJ~1~ ., 
" \1 u I 

"il1n m161-:JLf191 1~CJijfl1~?1Btifl€1 CJ 1 ~1'11 LL ti:::'t111 tin11~-:Jr1'1mlJ L ~€1 1 ~?11lJ11mh1l"il911l"il?IB'U 1~ 
"" 

I ~ ~ 

~1tif11:::'Ultif111V11-:JlV1CJ1PI1?1911 

(2) ~L~CJti 1 ~m1lJG11rl'n'n'U'VI~f1~1ti'VI~vtl1:::~n,;'V'lCJ1ti'!Jv.:Jr1'1tnlJ~~~~ti 1~CJ'V!~.:J"il1n " ·~ ~ 

~~ L~E.Iti~.:Ji'11tl1lJV11-:JiV1EJ1PI1?191{ ~ L~E.Iti"il:::~€1-:J~.:Jij€1tJ!)u~ L ~€l'V11i'1191€J'U~lCJiGfl11~1..:J ~ L "!iti 

n11"11l"il n11Vl~~€1\l ~L~E.Iti~1LUti~€1\lLn'UsU€llJ~€1~1\l~:::LBCJ~ Clf1~€1\l LL~:::LLl.Jtieh ~lEJ 
" " " 

~ ~ 

f11:::'Ultif111V11\l1V1CJ1PI1?1911 

(3) ~ L~CJti ?1~1\l rhv5'U 1 CJ"il1 f1oU€JlJ~ LL~ :::'Vi~ f1 ~1ti~ij L~ eJ ~ L~ CJti Ln'U oU€JlJ~ ~ 1\l., 
" " ""' " " I 

L~ CJ 'U ~€1 CJ ~ L ~ CJti "il :::\J1sU€JlJ ~ ~1~lJ 1i Lfl11 :::~ LL~::: 1-ti'?l ~1 \l 1'11 v5'U 1 CJ €1 ~1-:J~€1 ~ 91 eJ LL~ :::?1 €1 ~fl~ €1\l tl'U 
" " 

1'11tnlJ'VI~vuty'VI1~~-:J 11 

(4) ~ L~ CJtiL ~€JlJ 1CJ'l€1\lrl l"l11lJ~~1~~€1-:Jrlfll1lJ~V11-:JiV1 EJ1PI1?191{ 1~CJ~ L~ CJtivl1fl11 
\1 \1 " '\.1 " 

I I tl II 
C1 t1 odl 4 Ill o Q q II 4 Q.l ell 1.1 odl I 

?I'U flti L 'V'l €1Pif1~1'Vl11"l1 1lJ111 fl1€16'U 1 CJ'!J€1-:J91 ti L€1\lVl ?111-:J'!Jtititi lJ i'l11lJ ?I €1~ l'l~ €1\l'Vl'a€1 LL91 f1 911\l"il1 f1 
" 

B'lrll'l11lJ~ L"liti 'VI~f1fl11 Vlq~~ n~ 'Vl~mLti1V11\l~~V11'liV1EJ1PI1?19l{~ije:J~"'.tiiJ"il~Uti€1~1-:Jh 
(5) ~L~CJti~€1?111LL~:::ti1:::Liiti€1\lrll"l11lJ~€1~1\lijL'Vl91~~ 1~CJ~L~EJti't11€l..:Jrll'l11lJ~~?I~1\l 

" " . " " 
3 .eM .ca.~ d .., .J 111:11 ..,_, ud !'I ~ 11111 .. 111 
'!Jti"il1f1fl11~-:JlJ€1U!)'U91LL~:::?I'ULG11:::mCJ9ltiL€1-:J lJ1LL~m U~CJtiL 1CJti~f1'U~€Jti L utifl11Hf1 'VI~ L 1CJti ~ 

L~CJti~~"il::: 1 ~LL~:::-rusffv LG1ti€JLL ti:::\l1f1~~ti ~\l"il:::"lil CJ 1 ~l'l11lJ-rm~L~lJL~lJlJ1f1~ti 
" " " 
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2.1.3 .fftJ~el'Un'l'a-.5'~nTH~tl'U~bb 'U'U~'U b~1::'1111fi113J~ 
~ ~ 

G'lm'!JtJ"'·m1~3Jm~G'IvtJi'VlmP11G'f(;l{LLG'l~L'VlflL tJ LG'lV (2546) 1 ~LL tJ1'Vl1·:Jn1~~~m~L~vtJi 

~LtJtJ~\~~tJLth.JP1tJeJna1~ LUtJ~A~ LU'U~G'l~iim11~1~ (;l~'"J~G'Ie:J'Ue:J~rlfl113J~vl1~~1L'V~ ~~L~~nm~ 
" , 'U '\1 " 

~~n1~L~~'U~LL'U'Utl·;h ')n~mf11~L~~'U~LL'U'U~tJLG11~ 5 .fftJ 1~~'lJ~~f1'V'Uvl1~.fftJI'l'V'Uvh~ 1 ~~LLG1~~ 
~ ~ ~ 

1uml'l~ 2.1 

" 2. ·uv;;h.i'1':\lnlil::dfuVt1 

f 
v 

4. 'V't!'iH:.I1!:Jfi'J1JJ1 
v 

(1) .fft.~G'I~1~1"1113JG1tJ1~ (Engagement) LUtJ.fftJG1~1~VI~'Vm~~tJ1~~L~~tJLn~l"l113J 
&1~~ ~VI~'VI"l113JG1tJ h 1 tJL -d'-v'VI1~~~ L~~tJ 1~~1"l~L UtJI"ltJG1~1~1"1113JG1~~ ~VI~'VI"l113JG1tJ h 1 ~nutT m~~tJ 

~ 

vi'1~f11~G'I~1.:JG1mtJnTuuilqJV11 VI~'V 1 -b'rhml.l 

(2) .fft.~~1~'l~LL~~~tJVI1 (Exploration) LUtJ.fftJ~~L~~tJa.:~ii-v'lli)'\J~n~m~lJL~'V~1~1~ 
Vl~-v ~'UV11fl1 (;) -vu '1J -v.:~ G1 mtJ n1 ~ru'VI ~-vf11m3.1~ ~ L~ ~'U "'.:~~ ~ Vl~-v G1'U 1 ~ 1~ tJiil"l ';i L utJ~ r1 -v ~~ LL 'U~ 

~ ~ ~ 

bb 'U'"J'Vl1~ 1 'Uf11';i~n~1~'Ufl11 b ~-v 1 mvi'f11(;1 e1u 

(3) ~tJ'V5'U1tJ (Explanation) L U'U~'U~ ~ L~~tJU1eJ~r1m 1l.li~H1~1f1 f11';iG'l~iieJ'lllj'\J~ 
n~m';i3J~1';i'"J~LLG'l~~'UVI1fl1(;leJ'U'1JeJ~G1m'Uf11'atUVI~eJUqjVI1 3J1iLm1~~ G'I~U~G'l LLG'l~'IJ1LG'I'UeJ'V~rl 

1"111l.Ji.ffiv1 

(4) .fft.~'1l tJ 1 tJI"l11lJ~ (Elaboration) L UtJ.fftJ~~ L~~'U'Il1v.:Jrll"l113J~~1vi'~ 1 n f11';iG'l ~ii -v 
~ ~ ~ 

ui)'\J~ n~ m';il.l~1~1~ bLG'l~~'UV11fl11'l'V'U'1l'V~G1t:l1'U f11';itUVI~'VU qj'VI1L 'lJ L ~'V3J 1~.:Jtl'UI"l113Ji L~lJ'1l'V.:! 

~ L~~'U bba~G113J1';i(l'\l1-v~r1m13J~mm 'll1 ieJ5u1~VI~mLm '1JG1m'U m';iru iln 'VI11 VllJ 1v1 
~ ~ ·~ 
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~ A ~ ~ d A l/ C/1 d CV ~ t.J..J II' 4 

(5) "lJ'Uth:mJ'Ut:-1" (Evaluation) LU'U"lJ'U'Vll'l~tl~::LlJ'Ut:JL ~tJ'ULfltJ1flUB.:JI'll'l11l.l~'Vlt:JL ~tJ'U 
\1 \1 \1 'U 

1~~~1-:J~u~1t~!JluLt~.:Jiil1nm~".:Jiit~tll)~nlilm~lJ 
lil1n.ffu~J~B'U"lJB.:Jfl1~~~m~L~tJ'UiLLUu1n~m~uL~1:: 5 .ffu (Inquiry Cycle) ~1l.l1~n 

~1tl1~-.h fl1':i~~fl1':iL~tJ'U~LL uu1n~ fl':i~U L~1:: 5 .ffu L U'Ufl11~~fl1':iL~tJ'U~~L U'U fl1)~-:JiiB'll nu~ 
• \1 ~ \1 ~ 

L ~t~~u L~1~VI1e.J.:Jrll'l11l.Jrl uL~e.J.:j~~.:j~tJ 1~ tl~ (; L~E.Ju L uu~~-.:Jiie.Ju nu~ LL~~~~1-:Je.J.:Jrll'l11l.J~~1 tJ 
'U 'U 'U dJ 'U 

Q.1 lid l.f ~ 1.1 J/ lie. dll£!1 c:::l A .::::11 II I c;l 

IJ\1 Le.J.:J t:-1 L ':itJ'Uiil~~':i1-:Je.J.:JI'll'l11lJ':ilil1flYl'U~1'UI'l11lJ~L~lJ'Vlt:JL ':ie.J'Ul.J Lfl~fl1':iL ':itJ'U':itltJ1-:JlJI'l11lJVIlJ1tJ 
'U 'U 61 'U \1 \1 

d "''l d 1.1 , ~ ~ 
LL~::l.JI'l11l.JL "lJ1 ~lil'Vl~fl!Jle.J.:J ~ 'UL 'Ue.JVI1'U'U ~ 

1/c::t ~ II 

2.1.4 "lle.J~"lle.J·:Jn1'~ae.J'ULL U\Jt~ULa1::'VI1FI11l.Jl 

JlYl L"1VI1'Y'IU"~ (2542); fll.l'W'UG L!Jl"lJ::I'ltJ~ (2544) 1~mh1(1-:JoUB~"lJB.:Jfl1~~B'ULLUU 
'U ' 

II c:::1 d 1.1 

"lJe.J~"lJe.J.:Jfl1~~e.J'ULLUU~UL~1::'\1111'l11lJ':i 
'U 

1) irm~tJ-u1~~~-u1m1l.l~~m.h.:JL~l.l~ 1~Plm;1fl'UI'l11VI1rJ11Jle.JU~1EJ!Jl'ULe.J.:J 

2) UflL~tJ'U 1~~~'U1~fltJJl1Yl~1'U~~ihyqJ1 LL~~iifl11l.J~~~L~l.J~~1-:J~':i':ifl 

3) irm~EJ'U 1mlnm::u1'Ufl1':i~~ LL~~~nVIm;~m':ie.Je.JflLL uuV!~m1.:!LLt:J'U 1 un11Pim;1 

fl'UFI11 vh1~i~n15~~':i~UUFI11l.J~~ 

4) UflL~EJ'UiilJ 1 'UlJ~'Vl1-:J1'VltJ1P11~1JliL ~1~'U LL~::i1Liil!Jlfl~~~~e.Jfl11L~EJ'U1'Vle.J1P11~1Jli 

L uu n11~ ~ fl1':iL~ EJ'U m~~e.Ju~"li1 tJ t ~(; L~ vu 1~~~-u1~n EJJl1Yl"lJe.J.:J~1 LB.:JB~1-:JL~l.l~ L ~e.J.:J~1 v(J L~tJ'U 
'U 'U 

1~"-:Jiim.Jl)'\J~Pi m~n 1"1-u r1i1~1 tJ!Jl'ULe.J.:J vh t ~iith::~u n11ru~J~1-:J ~ L~tJ-u 1m! nVI m;:: m::u1-u n11 

LLniJniVI11~fi''UYlULL"~~~1-:JB.:lrll'l11l.Jrl'VIl.i ., ~1tl~1Le.J.:J ~·i11~(JL~tJ'Ui11'111lJ~"lJ ~'Ufl ~.:Jt:J"L~fl1':i u~ 'U I 'U , " 

b~ tJ'Uiifl11lJVIlJ1 tJ iil.J 1 'Ul.J~'Vl1-:J1'Vl tJ1P11~ !Jl{ (; L~tl'U~1l.J1':i()lil~ ~11'l11l.J-rt~'U1'U LL~ ~~1l.J11m11 
'U 'U 

Q t ~ I 

2.2 L 'VIFI'Uflfl1'm "ll..:l"ll'IJLnl.lLL uun'll.l 

fl1':iLL"li.:J-ll'ULfllJLLUUfl~lJ (Teams-Games-Tournament: TGT) LU'UL'Vll'ltJFI~ULL uuVIii.:J1 'U 
' 'U 

fl11~ e.J'U LL uu ~1l.Jii e.J~ L 1!-u(J b~tl'U L U'U a11"iru 1~ tJ 1 i m::U'J'U fl11fl~l.J t ~(; L~ tl'U 1~ii1e.J fl1~vh:nu 
\1 cu , \1 

fl11~~1-:JLL 1-:Jiil.:Jllil L ~UflL~tJ'U~'U tlill.J1fl~'U L 'VlfltJFI1cr TGT L tJ-u15m~!Ji'u1'\.1um~tJ'Ui1m1l.l~'U11iJ 
'U ' 

~, ,d 1.1 4 4 II d c:l CV .al C: I I 

!Jl.:J ~lil ~'Ufl~'U1'U !Jl'UL!Jl'U LL"tfl':it!Jle.J':ie.J':i'U'VlliltL':itJ'U 'UflL'W'UlJB.:JLVI'UFifiiFI1"lJe.J.:!!Jl'Ubtl.:!Lb"tfl"lJ LL"t ' , . 
~1l.J11C1'W~'U1t:J" fl1':iL~tJ'U t ~~.:J~'U L ~B.:Jiil1flUflL~tJ'UiiLL ':i.:Jiil.:J tv t 'Ufl1':iL~tJ'U LL"t V.:JoU'JtJ t ~UflL~tJ'U 

'U 'U 
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bn~flru~rn~ru~eJ'uVi~'\.h~".:~fl1~\bn ~n~~m-svl1.:~1un~3.1 m13J-ru~~"tlau~a\Jluba.:~bb"~n~l.J m-s • • • 
"li1m'VI~a~~n'\Jbb"~nu b~mi'u1u1Jl'\Jba.:~ bb"~fl~1bb?l~.:~aan TGT :Wa.:~ri'\.J-s~nau 3 '\.J-s~m-s fia 

2.2.1 Vil.J (Teams) bbU~irm1t.Juaamuu 4 - 5 Vil.J bbl'im~Vil.Jih!m1t~'Wbtl~ '\.J1'WflGn~ bb"~e:la'W 

1 '\JeJIJ'I'S1~1'\J 1:2:1 ?13.11'8n~~m.J1 uVi3.1a~1.:~m1-s bbl'i":::Vil.J~::: hl-rum-stlmJub 'VIiia'Wn'\J 1 'WVil.J~::: 
" 

"li1 tJ b 'VI~a~.:Jtl'Wbb"~tl'\J 1 '\Jfl11VIU'VI1'\J~~~fl~?la'\J 

2.2.2 bfll.J (Games) bnl.Jmibuum-stln~n~::: boU'\J~bda'VI11"111bU'\J'VI~n 
2.2.3 n1 1 bb "1l .:~off '\J (Tournament) bb ~"':::Vi 3.1 ~ .:~ ~ 1 bb 'VI '\J b .U 1 bb "1l .:~off '\J 1~ t.1 ~ irm1 t.1 '\J ~ :W 

fl113J ?11m 1m vh nu~::: bb -d.:~ nu bb":::'l11r1~ bb '\J'\J'lla.:~ bb~":::fl'\J 1 uVi3.13.11113J nu b ~ t.J.:~ci'1~u r1::: bb uu bb~"::: 

Vil.J Vil.J 1~f1~bb '\J'W?l.:J?l~ 11'1-rufl~ bb '\J'W 1 uu?l fl~bb '\J'\J'lJa.:~Vil.J~~ bW m U'\Jfl ~bb '\J'W?l3.11'8mb~" ~r1ul'11 t.1 " . 

2.3 3.1 h11l~'VI1-:J1'VIt.J1f'11~1Jli 

2.3.1 3.11 '\J1l~'V11-:J1'VIt.J1f11~1Jli 

:W~ ~f1113J'VI111t.J bb"~bb '\J1fl~ b~t.J1 tlUl.J 1 '\Jl.J~'VI1.:J1'VI e.J1i311?11Jli (Scientific conception) 

1-s-sruVivn -sa~ bb 1~~1 (2540) 1 ~ f1113J'VI3.11t.J'lla~l.J t '\Jl.J ~1'VI t.J1f311?11Jli'lla~ir m1t.Ju 

(children's science) H-;h bU'Wfl113Jfl~b~'\J'lJa.:~irm1t.Ju~:WI'ia1"n~b'lJ181~t.Ja~ 1~mn~~1nm-s 
" 

?11'1~f1113J'V13.11t.J'lla.:~r1'1~irm1t.Ju 11'1-runau~irm1e.Ju~~ 11'1b1e.JuTI'VIt.l1P11?11Jlfl. u t -s~b1CJu 1~ e.Jl.J 1 '\Jl.J~ 
" 

1'VI CJ1P11?11Jli'lla.:~irm1CJu~~~w.~u11 '\J'll ru~~ir m1 CJ'\J'WCJ1e.J13J~~~ b .U11 ~~~~ 1~ 11 u t" n~ b '1J1a1~ CJ a~ 

1~ t.1 m PI mn m.l'S~?lu m-sru\Jl -s .:~ bb" ~ m13.1-rl uillillil,Ju\9\'1 CJm~1'llm~J~u b a.:~ " . 
lY~m 'VIa~'1'll~ (2535) 1 ~f1113J'V13.11CJ'lla~l.J 1 '\Jl.J~'VI1.:J1'VICJ1P11?11Jl{-;h b U'\Jfl113Jfl~~11'1 qJ 

'VI~BL tJ u.Ua?l'SU'lla.:Jf1113J f1 ~~1\9\' -ru lil1 n~.:Jbb 1 ~~ al.J 1 u n1-s~h dltJ~iiJ'I ~~3.1 1 '\Jl.J~hJ 1~"tli1~lil ~-u1 t.1 • 

~1 n m-sPi n~1 f1113J'VI3.11 mb"~ bb '\J1fl~'1Ja.:Jl.J 1 '\Jl.J ~1'VIt.l1P11?11Jl{i1~~'\J ?l13.11'Stl?l'S'\.J1\9\'-;h • 
3.11 '\Jl.J~'V11.:J1'VICJ1P11?11Jl1'VI3.11t.J5~ m13.1f1~ f111l.lb .U11lil1 '\Jfl1'S?l~'\.J~n~ru~~11'1qJ 1 'lJa.:~~~ 1~~.:J'VI~~~ 

bn~liJ1n~ulil1nm-s"'~bniJI 'VI~a 11'1-ruu-s~?tu m-srulil1n~~ b'VI~1,r'\J bb~1?11l.l1"Jm!13.11b ~al.J 1a.:~b .U1 

1'11 CJtl'\J 1 ~b uu.Ua?t-s'\.J1\9\'a~1.:Jtlfl~a~ , " 
2.3.2 111 u11~~Afl1fl bA~au 

:W eJ1 ~ bb '\J 1 f1 ~ bb"' ~ f1113J 'VIl.J 1 CJ b ~ CJ 1 n u 3.11 '\J 3.1 ~ ~ f1 "' 1 ~ b f1 ~ a '\J (Alternative 
" .. 

conceptions) Hvl~U 
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11'H\J~Vn 1e:l~LL1.:JPJ1 (2540) 1~1"111lJVIlJ1tJlJ1'UlJ~Aa1~Lfl~m..J11 dJw·h~e:JUVI~e:l 

ri'1e:JGU1 tl~ LL?I ~.:J 1 ,XL -H'W fi.:Jfl11l.J~ ~ LLa~fl'J1lJ L oU1 h~hJ?!e:J~ A~ e:l.:JtlU~1~e:JU'V11.:Ji'Vl tl1 1'11?1~{ ij 

LVI~CJa 11JL YitJ.:J'We:l "ll1~~'U~1'UVI~e:ll.J 1 'UlJ~~LU'U~tlulJ-rU"lle:J.:Jtifli'VltJ11'11?1~{ 
' "' 

ivv'U~ PI~L<8v.:JVI1 (2554) 1~m1lJVIl.J1tJlJ 1 'Ul.J~fla1~Lfl~e:J'Ul1 LU'Ufl11L~e:Jl.J 1v.:J"lle:J.:J 

lJ 1 'Ul.J&i~Ln~~1 mh~?tu m1ru1 'W<8i~'IJ1~~T)'U Vl~e:~m-sL ~e:~l.J 1v.:JL de:~VI1i'VltJ1PI1?1~1 L~u.:J 1~L~u.:JVI~.:J 
L oU1tlUL'0€JVI1~fla1~Lfl~€l'U"lle:l.:J~flL~e:l~VI~~ tl€11 ~Ln~fl11L oU1 h~Aa1~ Lfl~'el'U 

~1flfl'J1lJVIlJ1tloU1~~'U ?11l.J11~?11'1J1Ji'11 lJ 1 'Ul.J~~Aa1~Lfl~€l'U Vll.J1tJfi~ A11l.J~~L-H'U • 
Vl~e:lfl11l.JL oU11 ~ ~Ln~~1 flfl11l.JfL~lJViLL~ fl~h~ 1 'IJ~1 fl LL 'U1~~"lle:l.:JUfli'VltJ1PI1?1~{ L Vi tl~U1~?f1'U 

\1 

'i """"'"" 2.3.3 lJ ~ 1J)J;J'VIe.J~ 

ij~ ~LL 1J1~~LLa~fl11lJVIlJ1tJlJ 1 'Ul.J~~~~ (Misconception) H~.:Jd 

Lawson and Thompson (1988) 1~m1l.JVIlJ1tJ lJ1'UlJ~~~~11 LU'UI"l11l.Jf'VI~€JA11l.J 
\1 

L -rr1 hm11?1€l~fl~e:~~nu LL 'U'J~~ 'VlC)"cl~ Vl~e:l€l~rlfl11l.J~'VI1.:Jtini'Vlv1PI1?1~1 1~vl.J 1 'UlJ~~~~.nLn~~tl 

~1n'IJ-s~?!u fl11tliL~lJ 1~ vm~ LLa~G'i'Jt~ 1 Vl~h Uti LL ti1~~~~~'Wa1~~~~ LL 'llt~ v1 n~~ ~ L 'IJ~ tJ'ULL 'I.Ja~ ... 

LLm"U1~~fl~e:l~ 

Griffiths et al. (1988) 1~1"111lJVIlJ1tJlJ1'WlJ~~~~ 11 LUtiLL'U11"111lJ~~ 1"111lJLoU1hL~~ 

lJ 1 tll.J~~ijf111l.J'VIl.J1 v~h~ n'U 1 'IJ~1flfl11l.JVIl.J1tJ"lle:J~tini'Vl tJ1PI1?1~ i~L Uti~ tJBlJ-ru 1~ v~11 'IJ L Uti 

LL 'U'd~~~ij'el~L~l.J~~~LL 'llt~LLa~tJ1fl~~~ Lbm "lJ 1 ~~ fl~e:l.:J 1Ji' 
\1 \1 

~1flf\11lJVIlJ1tJoU1~~tl ?11l.J11~?11'1J1Ji''J1 lJ 1 tll.J~~~~ VllJ1tJfi~ fl11lJ~~LLa~fl11l.JboU1h • 
m11?1€l~fl~ e:J~nu LL tl'd~~"ll'el.:JUfli'Vl tl11'11?1~1 LLa~ L U'UA11l.J~~~~.:J Lb 'llt~ ~~ tl1fl~~~ L 'IJ~ tJtiLL 'I.Ja.:Jbba~ 
LLm"UL~~fl~'el.:J 

\1 

"""' d d II 2.4 ..:111J1~V'VILflV1"!.1€l.:J 

2.4.1 .:J11J~hi'V~LflV1.ij'€J.:JtlU1!J..[mnT'H~V1JaLL UU~UL?I1:: 5 ~1..1 
~.n1Yl"!lqJ ~aG LLa~~fl~PI~ ~i11'l31 (2555) 1Ji'~fl'l~1L~tJ1tlUt:JaG1'lJC)'VIt'V11.:Jf111L~tJ'U 

~ fl'l3~ f111 LLtlU qj'VI1L~e:l~fl1~-L U?l1~ tJ 1 eU'IJl)~ f111 LL UU~U L?I1~'V11.:Ji'Vl tJ1 P\1?1 ~{ i:1'1V1-ruu f1 L~tl'l.loffU 
lJotll.J~fl"cl1tJ~ 5 'WU'J1'1J f1 L~tltlij t:Ja "'l.JC)'VIt'V11~ f111 L~ tl1J Lflij LLa~~ fl'l3~ fl11 LLtlU qj'V11VI~ ~ L~ tl1J ~.:J 

n'J1tl€l\JL~V1J€l~1~ij'\Jmt1~qj'V11.:J?Ia~~1~~U 0.05 LLa~ijl"l11l.JYi.:J"r'l€11~~€lf111~~f11';iL~tJ1JfLLUU 

~U L?I1~'V11..:Ji'VI tJ1PI1?1~{ L~'el..:Jfl';i~-L U?l €l tJL ti1~~Ul.J1fl ~.:J.Q' L ~€l.:J~1fl f111~~ fl1';iL~tltl f LL UU~U 
\1 \1 

L?I1~VI1fl11l.Jf'Vi1 1 ~ ~ L~tltlijfl11?1f1.:J€l.:Jrlfl11l.JfJi'1 tJ ~tl L€1..:1 1~ tJ ~ 1tl m ~U'dtl f111~~ L yj B'Vh f11';i 
\1 \1 \1 

L ~Bl.J 1v.:J L dBVI11 tiLL~a~ L~B.:J~~ fl"cl1LLa~U1l.J1~~ L U'U B.:Jrlm1url VI11~1VI-ru~tl LB.:J t1Bfl~1 nd m-s1Jl 
\1 
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~.:JliutJ nUi'Vf~BbLG'I'HV11f111lJ~~--wvl'ULB.:J EJ.:J'Vh 1 ,X,J' nL~tJ'U LnVIf111lJG'I'U nG'I'U1'U 1 'U nTH~ tJ'U~G'i.:Jt.J~ 1 ,X d.J \1 ~ \1 

1Jm ~tJ'UiiL lii\Jlfl~~~~Bn11 L~tJ'ULL~~vh 1 1Xt.J~G1'l.l(]'VlBvm n11L~tJ'U \1 n~~ 1 'Un11LLtlU'lj'VI1~.:J:ff'U 
1.n1-r\Jl'l1 LG'I'U1t.J~ LLm~LG'I'UB otltJ-rlJ~ (2555) L~Pin~1L~tJ'"Jtl'Un11~~'U1n11L~tJ'Ui'!Ju.:J 

1!m~vtJ.fftJl!titJl.lPimntJ~ 6 1V~tJ 1 offm1L~tJ'U~LL 'U'U~'ULG'I1~LL 'U'ULL 'W~'l11L~B.:J 1 tl1~'U'V'l'U11 tim~tJ'Uii 
'IJ 

q t.f Q.l d I I d I o<::!ICV 0 11V ~Qd CV d Q 

fl~ LL 'U'U t.J ~nTH 1 tJ'U1'VI~.:J L 1tJ'UG'I .:J n11 n el'U L 1tJ'U B tJ1.:JlJ'UtJ G'l 1fl 'lJ 'Vl1.:J G'l fl \Jl'Vl1~VI'U 0.05 lJ LL 'U'"Jfl VI 
'IJ 'IJ 

L~tJ'"J tl'U Lflii~'W'Vl~~fl n~B.:Jl.J1n<ff''U LL~d1f111l.J.W.:J'V'lel 1-;a 1 'Un11L~ tJ'U~LL 'U'U~'U LG'I1~'V11f111l.J~ LL 'U'U~ LL 'U~ 
'IJ 'IJ 'IJ 

LL 'U1'Vl1'11 'U"J~vl'U~l.J1n L ~B\IIiJ1nlGn11L~ tJ'ULL 'U'U'0vl11 ~U n L~tJ'Ui1~ I'AJ'U 1 n11~1'U n11i1fl11l.J~VI L ~'U 
'!JB\1\Jl'ULB\1 f111l.lml11'Wn11LLG'IVI\Ifl11l.J~VILL~~n11~\1~1fl1l.J an~\IEJ\I'V'l'U11 n11~\1~1fl1l.JLL~~n11 

rh~'lvhn-;am1l.l 

ti-1'"11 tJ~~~1 (2555) 1~Pi n~1n11~\9AJ'U1t.J~ 61'l.l(]'VlB'Vl1\ln11L~tJ'U LL~~\1 n~~ n11~VIL ~\I 

l'V'l1 n,; L~B\IB\Jl11 n11 LnVItl~ n~tJ 1 Lfli11VItJ 1 off n1~'U1'Un11~'U LG'I1~'Vl1\ll'Vl tJ1!311G'I \Jl { '!JB\IU m~ tJ'U.ff'U 

lJtie.JlJPin~1tJ~ 5 'V'l'U'llUnL~eJ'Wi1t.J~G1'l.l(]'VlB'Vl1\ln11L~eJ'U'VI~\IL~eJ'U~\In11nu'WL~tJ'UB~1\Ii1tie.~6'11ri''lj~ 
Q.l Cll Ill Q. Q Q ~ CV oe:i I I Cl I Ci!IIV 0 Q.l ..J Q.l 

1~VI'U 0. 05 LL~ ~l.Jfl~ LL 'U'U'Vln~~ n11f1VI L "ll\11'V'l1 n~'VI~\1 L 1 e.J'U~ \1 n11 nu'U L 1 e.J'UB e.J1\Il.J'Ue.JG'I1 f1 'lj'Vl1~VI'U 

0.05 L"li'UL~e.J'"J tl'U ~\1.0~1~ tJ L~~VI n-;a n11l.Jn11L~ e.J'U~LL 'U'U ~'U LG'I1~'VI1f111l.J~ LL~~ 1 'U.ff'UG'I~1\If111l.J 
'IJ 'IJ 'IJ 

L 'VIl.J1~G'Il.JLL~~ijn1101'VI'UVIG'Ifi1'Un11ru~'VImn'VIme.JL ~B 1 1XLnVIf111lJ'VI~1nmeJ 1 'U nliln11l.J 

lotle.J ~1fi (2556) ~VIn11L~eJ'U~LL'U'U~'ULG'I1~'Vl1\ll'VltJ1!311G'I\JlTI'U11e.Jl"ll1Lfli1 L~B\1 el\Jl11 
'IJ 

n11LnVItl~n~eJ1Lfli1 L ~BoWI'AJ'U1t.J~ "'l.J (]'VlB'Vl1\ln11L~tJ'U'!JB\IU m~ tJ'U.ff'Ul!tie.Jl.l~n~1tl~ 6 11\1 L~e.J'U 
11l.Jl'Vl~.J1-r"ll2J''If1~1.fi L ~n lil1n'VI~\In11~VI n-;a n11l.Jn11L~tJ'U~'V'l'U'J1~ L~e.J'UG'I'U h 1 'U n11 L~tJ'UlJ1n<ff''U 

'IJ 'IJ 
I tl I I 

L UB\1~1nd1V~f11ml.l"!i'U 1 'U hvi1t ~~ L~e.J'Wi1f111l.l~ u\lm1Yi~~-r11~1\Jlu'UYilli'1 Lel\lf11VIf1~ L 'W 1-lfln~eJ\1 
'IJ 'IJ 'IJ 

'VI~el hi L U'Un11n1~~'U 1 ~~L~eJ'ULnV!fl'"J1l.JeltJ1n~eleJ1m ~'Ul.J1n:ff'U an~\IEJ\IL U'Un11"1i1tJoWI'AJ'U1l1n~~ 
• 'IJ 'IJ 

n11~VI'tlel\I~L~e.J'U LL~~"1i1e.1 1 ,X~ L~eJ'Wi1t.J~"'l.Jn'VlB'Vl1\ln11L~tJ'UG'I\I:ff'U 
\1 \1 gl \1 

\1!31111fiJ .flt.J1V!Ld LL~~~n~!i'l~ G'l.fl1~1 (2557) ~VIn11L~e.J'Un11G'Iel'ULL'U'U~'ULG'I1~'VI1 
'IJ • 

f111l.l1'L~eJ'IG'I11~11l.l L~ n~ d1'VI-ru1!m~t~'U.fftJl!titJlJPin~1tl~ 4 h'IL~tJ'UG'I n~oWI'AJ'WPin~1 Liile1~n~1 
'IJ • 

G'llJUi LL~~tl~n~m'lleJ'IG'I11f1Tfl u 1mV~<J\Jl 1 t11~'W LL~~ 1 'lllY'W 'VI~'1~1nm1~V~m1 L~t~'Um<JG'IeJ'W'V'l'U11 

1J n L~ e.J'Wli~~al.Jn'VIB'Vl1\ln11 L~e.J'UG'I\I:ff'U LL~~i1~e1 tJ~ ~f111l.l tl11'VI'li'1'Vl1\ln11 L~e.J'U L fil.l:ff'U 1 'U'Vl n~1.Ue1 
"I 'IJ • 

L ~ el\1~1nn11~VI n11 L~e.J'U ~LL 'U'Ut1'U LG'I1~'VI1f111l.J~"li1 tJ m~~'U 1 ,X~ L~e.J'Ui1f111l.JG'I'U h 1 'U n11L~ e.J'U LL~ ~ 
\1 \1 , \1 

~eJ\Im11"1'W'V11~1\JleJ'U L ~eJl.l1V'WEJ'U'VI~eJeJ5'U1tJ~1\JleJ'U~IIi'1 LB\11~f11 Vlfl~ L 'U 111 'U\Jl eJ'ULL 1n 



. 
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YfU~1 tl'I.JtJ~mru'<iltJ bb~~~fl~Pl~ ~Jl1~1 (2557) ~~n11L~t.I'I.J~LL'U'U~'UL~1~VI11"1'11l.J1'1J" 
... • 'IJ 

L~eNeJ\Jl11n11Ln~LJij n~t.I1LfllJ "!JB~iJm~tJ'I.J.ff'I.J:lJ5tJl.J~fl~1U~ 5 h~L~tl'I.JL ~tJ~LLtl';l'W'VW1fll.J lJ L 'I.Jl.J~ 
~vhm1~n~11~LLn m1l.l'VIl.J1tl"!JB~8'\Jl11m1Ln~LJ!)n~v1Lfli1 m1f11'1.J1ru8'm1m1Ln~LJ!)n~v1 

LfllJ LL 'I.J1fl~L~ tJ1tl'UeJ\Jl11n11Ln~LJijn~tJ1LfliJ ~~"!Jel~6'111'U1~"!J-Q~~ij~eleJ\Jl11 ~~"!Jel~~'I.J~~1~iJ~B 
eJ\Jl'S1 ~~"!Jel~l"ld1l.JL oOl.JoO'I.J~iJ~BeJ\Jl11 fl~ 1n"!JB~~1L ~~~iJ~BeJ\Jl11 LL~~~~"!Jel~~ruVIJJi1~lJ~eleJ\Jl11 
Vl"'~"il1fl fl11~~fl11 L~ tl'I.J fl11~B'I.JYitJ11iJn L~tJ'I.JiJl.l L 'I.Jl.J ~~t:lfl~ eN L ~l.l;'I.JL 'I.J'Vl fll.l L 'I.Jl.J ~~~ fl~1 

'IJ • 

L~B~"il1fln11L~V'W~LL tJ'U~tJ L~1d1l.lnu L LJ~vu LYi V'UL U'I.J m1~~m1L~tJ'W~~L U'I.J 1 ~irm~ tJ'W 1~1"i''WVI1 
'IJ 'IJ 

fl1\Jlel'U~1tl~1 Lel~~1'1.Jfl1~'U1'1.Jfl1'S'Vl1~l'Vltl1Pl1~\Jl { LL~~\Jn L~tl'I.J 1~ L ~ell.! LV~ LVI\Jl m-sru~Ln~;'I.J 1 '1.J • 
~l\Jl 'tJ1~~T)'I.J L o01tl'U B~fll"l'11l.l~~~1 LB~I"i''WVi'U ~~ ~~ L ~iJ fl L~tl'I.J~1l.l11t:lB5'U1tJ LL~ ~ L o01L '<ilL 'I.J B~ fi 

'IJ 

tid .., ., 1 tl ~I I q 

1"1'11l.J1'Vl\Jl1LB~fi'I.JVi'U ~Lu'I.Jeltl1~~ 
'IJ 

~ 5 ~1'1.J1'1.J 53 fi'I.J ~~fl11~fl'l~1Yi'll11irflL~tJ'I.JiJI"'~LL'I.J'I.Jl.JL'I.Jl.J~VI"'~L~tl'I.J~~fl11nB'WL~tl'I.J ~1'1.J 
'IJ 

fi~LL 'I.J'I.JI"l'11l.Jfi\I'VI'I.J"!Jel\ll.J L 'I.Jl.J~VI"'\IL~tl'I.JLL~~VI"'~~1'1.J 1 'tJ 30 l'I.J 1l.JLL\Jlfl~1~tl'I.J 

'<il1fln11~fl'I~1\11'1.Jl~tl~L~tl1o0el\ltl'Un11~~n11L~tl'I.J~LL'U'U~'UL~1~ 5 ..rr'I.J 6'11l.J11t:l~1LJ1~ 
'IJ • 

11 n11~~fl11L~tJ'W~LL'UtJ~'UL~1~ 5 ..rr'W LU'I.Jn11~~fl11L~tJ'I.J~~LU'W~'L~v'WLU'WPl'W~fl~1~ ~L~tJ'I.JLU'I.J 
'U 'U 'U 'U 'U 

~Bel flLL 'U'U LL~~11\I LL~'I.J 1 'I.J fl11~mnl"i''I.J 1"111VI1fl1\Jl el'U"!!el~fl1 t:l1l.J ~1'1.Jfl1~'U1'1.J fl11fl~ LL~~ LLtli:J(ljVI1 

~\l~~vh 1 ~~L~tJ'I.JL .01h 1 'WB\Iflfl11l.l~L VI~1,1'W L ~m'<il1fl~L~tJ'I.JL U'W~I"i''I.JVitJLL~~~~1\IB~fim1l.l~~1 v 
\J " '\.1 'U 'U 

\Jl'I.JLB\1 LL~~LU'I.Jfl11~~n11L~tl'I.J~~m1n~~fl1'Sfl~ n11~\lfl1t:l1l.J fl11elelflLL'U'Ul5n11~fl~11"i''Wfl11 
'IJ 

Vl1fl1\Jlel'U"!!B\Ii:Jru'VI1L~tJi11"11fleltlvl1VIU1~el1'1.J1tlfl11l.l6'1~~1fl 6'1\J'U~'I.J'I.J ~LL'I.J~ "li1VLVI~B \Jl~B~'<il'I.J 
... 'IJ • 

LLni:lru'VI1~Ln~;'I.J1~VI11'1n11'Yl1n'<ilm1l.l an~\I~\1Ltl'I.Jn11~~m1L~v'I.J~~"li1v~WJ'I.J1~~G1w""'VIB 
.., 'II "I 

'Vl1\lfl11L~tl'U :JJ L 'U:JJ~'Vl1~l'Vl tl11il16'1\Pl{ ~fl~~ fl1~'U1'Un11 LL~~L'<iJ(;lfl~~ell'VltJ11il16'1(;1{ ~\16'11:JJ1'H11otl 

ntJir fl L~tJ'I.J~lJI"'11l.J~1l.J1'St:l'VI1~6'1 ~i:l 'lJ 'lJ1'Vlfl1~~'U LL~~ ~~ L U'I.J n11~ ~ n11 L~ tJ'I.Jf~Vi'1'Vl1 tJVl n~~'Vl1\l 
II 1 f' ~ 

~~i:l(lj(lj1-rr'U~\I (higher -order cognitive skills) G11V1-r'U ~ L~ vuYii1~~61'l.lC]'Vl5~~ 1~-eJ ~1~~ (~ fl~Pl~ 

6'1m~-s. 2555) • 
2.4.2 \11'LI1~a~L~a1ob'B'In'U:JJL'U:JJ~"!!B·:t'!JflLia'LIL'Ub~B-!lfl1VI - L'U~ 

Artdeja, R. Ratanaroutaia, T. Coll, R.K. and Thongpanchangc, T. (2010) ~fl~1 

l.l 1 'Wl.l~~fi~1VILI"'~eJ'LI"!!eJ~irm~vu.ff'W:W5vl.l~fl~1tl~ 5 "!!B~ L':i~L~tJ'I.JLL vi~VIi1'11 'I.Jfl1-!lL'VIVil.l'VI1'Wfi1L~tJ , 

LotlLL'U'U'VIVI6'1eJ'ULL'U'U Two-tier (The acid-base diagnostic test ; ABDT) l~fl1(;leJ'LJLL~~LVI~~~~ 

UflL~tJ'I.J\Jlel'U oOel~eJ'UiJ~\IVI:JJ~ 18 oOB 1"11el'Ufl~l.J 9 i1oOB ~~.n (1) 6'111~~a1tJ~JL~flL'Vl11~~LL~~ • 
'Uel'U~lL~flL'VI11~~ (2) 6'111~~mtJm~-L'U6'1 (3) 'Vl'J~~m~-L'U~ (4) ~m~-~L'U6'1 (5) n11LL\Jlfl~1 



. . 
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"lJB\In1~\LbnLL"~L'U?tLLn (6) fl1'jLLI'lfl(;\1"lJB\In1~BB'i.l (7) fl1'HLI'lfl{;\1"lJB\IL'U?lelB'I..I (8) fl11LLI'lfl(;\1"lJB\I 
t.l ~ I tl 

U1'U~?t'Vl6 LL"~ (9) fl11L 'I.Him.m u"\11"111l.H"U11i'U"llB\11~ 1~Wil'U 1BBB'l..ILL"~ 1~~1t~fl1"11~1BBB'U 1 '1..1'111 • 

~ru~ru.rn '\..11\"l~L?tilv, u:o111.n1ru ~11~'VIB\I LL"~-.wrl11ru l'l1?i"tl~Vi'Wv (2558) 1~ .. 
Pin~1LL'U1fl~L~B\In1~-L'U?t "lJB\I'I1m~tJ'U.ff'UlJ'BtJ11Pifl~1U.yj 5 "i\'1'1..11'\..1 48 1"1'\..1 1~tJ1oULL 'U'U'J~LL 'U1fl~ 

"llii~umm tJ~ 1 'U~1-ffB?t11"~mtJm~-L 'U?t LL"~'Vl(]~~m~-L 'U?t e.J" m11~ tJ'W'U11'11m~tJ'U~1'U 1 r1qii1 

111 'U11~1"1"1~LI"l~B'U 1 '1..1111 'U11~viv11m11~mr\l 2 111 '\..111~ 
?t5 1!-1"~ LL"~i3ifl~P1~ ?t.fl1~1 (2554) 1~Pifl~1fl11Lvi11e.Jm111n'Vl~'Vl1\lfl11L~tJ'UL~B\In1~-
• • "I 

' 1.n1 ~1 tJ"ll~fl11 L~tJ'U~LL 'U'U ~'U L?t1~'Vl1\11'Vl tJ1P11?tl'l{~ L ~ B111tJ\Itl\J~1V~'I.J 1~ \lTl'\..1 "lJB\IU flL~tJ'\..I.ff'\..1 . ., 

:u''B tl11 Pi fl~1U~ 5 ':i'J1 fl fl11 Pi fl~1'Vi'U'J1¥1~ \1 L~ tJ'\..1 U fl L~ tJ'Uiie.J" i111(j'Vl~'Vl1\l fl11 L~ tJ '\..! ~ \1 n-J1 n B'\..1 L~tJ,j-

L ~B\I':i'J1 flUflL~tJ'\..1 1~"\lijB'I.J fitm~'UI"ll1¥11B\II"ll"l1111~~1tJI'l'ULB\I vl11-vr'l!m~tJ'UL off11 ':iJ 1 'UB\II"ll"l1111~,f'U ~ ., ., 

L~tJ'\..1 L~B\1 m~-L 'U?t LL"~15fl11'Vl1\11'Vl tJ1P11?tl'!{ 1~tJ1 oUfl11L~tJ'Ull 'U'U~111ijB~111n'U 11"11\1\11'\..1 

1'VltJ1P11?tV~{~1¥1-r'UuflL~tJ'U.ff'UlY'BtJ11Pifl~1U~ 5 "i\'1'1..11'\..1 18 1"1'\..1 1~tJ1oULL 'U'U'VlVI?tB'U1~e.J"i111(j'Vl~ 
LL'U'U 4 (;\1L~Bfl L~B\Im~ - L'U?t LL'U'UU1~LiJ'U15n11'Vl1\11'VltJ1P11?tl'ln'U1~¥1'J1\Ifl11vl111"11\I\11'U 

1'VltJ1P11?tl'l{ LL"~LL 'U'UU1~LiJ'U 11"11\1\11'\..li'Vl tJ1P11?ll'l{l~tJ1111 ':i'J1flfl11Pifl~1'W'U'J1 UflL~tJ'\..1 1~1"l~LL '\..I '\..I 

1!-1" i111(j'Vl~V1~\IL~tJ'U ~\lfl'J1 ne:J'\..1 L~ tJ'\..1 1"1~ LL '1..1'1..115 fl11'Vl1\11'VltJ1P11?ll'l h~¥1'J1\Ifl11vl111"11 \1\11'\..ILL"~ 
l"l~LL '\..I '\..I 11"11\I\11'U1'VltJ1P11?tl'l{l~tJ1111'W'U'J1iirhBtJL 'U1~~'U~ LL?l~\11 '\li'L ~'U'J1fl11~~fl11L~tJ'U~LL 'U'U ., ., 
~111ije:J~111n'U 11"11\I\11'U1'VltJ1P11?tl'l{?t1111'H'l•1htJ L ~111"11111 L -b'11 ':iJ ll"~L?t~1115fl11'Vl1\11'Vl tJ1P11?tl'l{ 

1-vrn'U'I!m~t~'\..1 1v\'':i11\l .. 
2.4.3 \11'LI1~vVitntJ1"liB\Ifl'UL'VlRURfl11LLeU\I'ti''Ubfl11Lb'U'Ufl6i11 (TGT) • 

fi'qJqJ1 1"1!1"l?t'J?t~.f1qJ1qJ LL"~I"lru~ (2553) ~~'U1e.Jm111(j'Vl~'Vl1\lfl11L~tJ'UL~B\1111"LL"~ 

?t11"~"1tJ 1~tJ 1 oU~~·m1 L~tJ'UiLL 'U'U~111LL 1\1~111 L':i'J~1m 'Vll"lU\"1 fl~11ll eU\I'li'\..1 (TGT) 'Vi'Ul1e.J"i111()'Vl~ 

'Vl1\l fl11 L~tJ'\..I"llB\IUflL~tJ'U?l\1~'\..1 anvY\IUflL~tJ'UiJ\Iij 1"11111-vi\I'V'IB loiJ~B fl11~VI fl11 L~tJ'\..1~ LL 'U'U~\1 n6l11 1 '\..! ., ., 
1~ ~'U111fl~?t ~ L ~ B \l':i'J1flU m~ tJ'\..1 1~i1 fl11"1i1 m ¥1~ B n'\..1 LL" ~ n'\..1 Lii ~U fi i111~ '\..! 5n'U ?t111"il flL '\..! fl~11 . ~ . 
iJ fl L~tJ'\..I?l'\..1 flLL"~ m~~B~B~'\..1 L '\..! fl11L~tJ'U~ L ~B"1i1 tJ 1 '\lin6i11U1~?t'UI"l1111~1b 1':il ~\11!-1" t-vr'l! flL~tJ'\..1 . ., . 
L off1 L':iJ 1 'UL llB¥11111fl~'U e.Jm1'11(]'Vl~'Vl1\lfl11L~tJ'U"llB\IUfl L~tJ'Ui5\I~\I~'UI'l111 

'BUVI~1 1"1\lii'Vl-rowv (2'554) Pi fl~11!-1" fl11~~fl11 L~ tJ'U~LL 'U'U fl11 L~tJ'\..1 ~LL 'U'U~111ijm 'Vll"lU\"1 ., ., 
fl~11LL -d\1-iJ'l..l ~ij~ Bl!-1" i111(]'VIB'Vl1\lfl11 L~ tJ'\..1 L~B\11 ~'U'UU L 1 P1 "ll B\IU m~tJ'U.ff'UlJ'BtJ11Pi n~1uvi 4 'W'U11 

khanitha
Rectangle

khanitha
Rectangle
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ih:wr1 'HJ~1'W LLrJ~.n1~ru B'W'VI1:tl~..ijv (2558) 1~~n~1c.Jnn11~~n1'H~EJ'W~LLUU 
' " 

l!J ~f)1f11'H~EJ'!.J i 7 ~'!.J 1~ CJ 1 i L 'VII'lii 1'1 f111Lb "fi'l-li'W ':i~VI'h:J f)~:W~ihi 'tlJ:.l n~:Wt}'VI ~'1'11'1 f111 L ~ CJ'!.J 1 '!.J 

11 t~i"l11 Ll'llJ LLn~ 1'11 1:W?I1:W11(lL '!.Jm-s LLnu qj'V!1'V11 'li'VI CJ1!il1 a~ ~"ll'tl\IU m~ t.~'U-s~~u~'!.Jl!ti CJ:W~ n~1tJ~ 

4 'Wu·;htim~EJ'!.Jilc.Jt~~:wt}'VI~'VI1\Im -sL~ V'WLLn~l'l'J1:W?I1:W11(l1 'W m 1 LLnu qj'V!1'VI1\Ii'VI EJ1!il1~ ~ ~~"~'W 
L~'tl'lf\11f1n1'S~~n1'Sb~EJ'!.J~bbUUb'VII'liil'ln11LL"fi'l-ij'!.JLLUUm'l:W'YhL,Xtim~EJ'!.J~'!.Jf1 ~'UL~'!.J bLG'I~lJI'l'J1lJ 

" ' ' 
G'I'W1f\J 1 '!.J f111 L~EJ'!.J L if 'tll'!1LLG'I ~vhnf\1 n11:W:W1f1~'!.J L 'W11~ l'l'J1:W~1L ~v"ll 'tl'IU n L~ EJ'!.J LL~ n~ l'l'!.Jfl a 

l'l'J1lJ~1b ~:U"ll'tl\lml:W 61\lc.JG'I 1 ,X tim~ EJ'!.JLL~G'I~I'l'UlJI'l'J1lJ~'I 1 v 1 '!.Jn11 L~EJ'!.J~ , " 

f\11nLL '!.J1 ~~ 'VICJ~~ 11:w u"c.J"' m11~~.rm~n~11m-tl'1\I~'!.J'Wu·hm1~~ m1 L~ v'!.Jm':i&'la'!.J 

LL UU~ULG'I1~'V!11'l'J1lJ~"/l'Jt.J 1 ,X tim~ V'!.JiJ:W 1 '!.JlJ~i'VItn!il1&'1~1 L ~lJ~'!.J L ~ 'tl\I:U1nL tl'W n11~~n11 L~ tl'!.J n11 
" 

&'I tl'!.J~ L U'!.J~L~t.J'U b tl'!.J ~1rl ru ~ b~EJ'!.Jb iJ '!.J~G'I\IlJtlU n u~~ f)~119''!.J 1'111'VI1 eJ\Iril'l'J1lJ ~ ~'J v ~'J L'tl\1 ~ L~ EJ'!.J 
" " 'U 'U dJ 'U " 

~~n~'!.JL~'U G'I'Uf1 LLn~.niJ1f\J lum119''U'WU'tl\lfil'l'J1lJ~"ll'tl\I~'ULtl\l Wl~CJ~'IG'I'U l:u~:u~'W~'U11'l'J1lJL -tl'11f\J 
'U , \J "' 'U 

L~'tl\lf11~ - LUG'! 'U'tl\ltJflL~CJ'U b~'tl\lv1flLtl'ULtfavn~UnL~CJ'UlJI'l'J1lJLi1l:iJ~~LLG'I~L-ff1l:iJI'ln1~bl'l~'tl'U 
mn~'l1~n~1'JoU1\I~'U 1~t~'I11L'tl1L 'VII'IUI'lf111~~m1L~tJ'U~LLUU~uL~1~ s ~'U mc.JG'I:Wc.JG'I1'UOUL 'VIfliifl 

" 
n11L~EJ'U~LLUU~'JlJlJ'tl1~m~an1-ffm1LL"fi'li'ULf1:WLLUUf1~lJ (TGT) L~'tl'lv1f1n11LiL'VIf1Ufl.Q'f\J~LU'!.J 

" ' 
Lnl.l LYia1,X~L~CJ'Wi1fl'J1l.lf11~~a~a~'!.JLLn~G'I'Unnum1L~EJ'W 1,X'l!m~v'U~~n~~mh'li1Lvr~c.Jr~ I.Ln~ 

'U , 'U , 

G'l1l.l11trvh'l1'U~1l.lnu L Yia'!.J 1 'Un~l.l 1~ G'lm:an 1 'Un~:wv~ m~~'UL~aw1'U 1 ,X~1:wiim Yiaf111l.l~1L ~f\J"lltl\1 , ' ' 
mil.! ?llJ1;af1'VIf1fl'!.Jv~fu~~"ll'tlU 1 'U\11'U~L~'!UlJ'tlU'V!lJ1tJ vh 1 ,X~ L~ tJ'ULL~G'I~fl'!.JLn~fl'J1lJL -tl'1 1-:iJ 1 'U . ' " 
L .0 tl'V!1 LLG'I ~ 1~-!u fl'J1lJ~'tlCh\l L vh L Vi tllJO 'U'VI f1fl'U ~1 t.J L 'V!~t:J a-d'm~ t.J~ \1 L ~ erl1 f111~~ n11 L~ V'!.J ~LL UU 

'U , , "' " 

~'UL?I1~ 5 ~'U ~t:J?I:Wt:J?I1'UOUL'VIf1Ufl TGT :u~~1lJ11(loW~'U1lJL'U:W~L~'tl'lf11~-LU?I "1l'tl\IUflL~tl'U1~ 

mh-:~iil.h~a'VJ5.n1'W 



. -
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3.1 LL \J\JLL~'Un1j1~fl 

..1 
'U'VI'VI 3 

m1i~cJ'dn LL uu LL~'U n111~ eJ L tl'U LL uu ~~'Vl~rte:J~ 1 -tl·aJ LL uu m11 ~ eJ L tlu LL uu n~:w(;)1e:J ~1~ L~mn 
~ . 

fl11'Vl~&'ftltJntJULLrt~'VI"'~ (One-group pretest and posttest design) ~~d 

' I Q,l I 4 

LL •1WtJULLtJtJflG'l:W L 1tl~fl1~-L tJ&'f 

3.2 'I.Jj::"!f1f1jLLa::n~lJ~1mh~ 

3.2.1 tfj::"!f1m 

• 

(3.1) 

'1.11~"111 n1~1 it u n111~eJ r1 ~~d Ltl ut! m~v'U.ff'Ul!oeJ lJ ~ m~n:U ~ 5 LL~u fl1'H~ V'U 

1'V1V1Pn&'ll'l{ - l"lrul'lPn&'ll'l{ fi11"1L~m.J~ 2 tlnT~~mn 2558 :6'TuTu 198 r1u bLrt~tlm1~m~1 2559 
... ' 

-.6'1\.11\.1 210 1"1\.1 h~L~V'U&'fflrt'UI"l'Sfrw.JU~fl'\~n ehLfltlLlJtl~ ~~'VIl~&'fflrt\.11"11 ~1tJfl~1UL"lll'l-viUVi 

m1~m~nl!ov:w~m~n L"lll'l 23 

3.2.2 n~l-1~1mh.:J 

n~:u(;)1t1~1~1 u~1'U1~vn~~vrlJ~ 2 n~lJ ~tJ n~lJ~ 1 t!m~eJu.fful!oeJlJ~m~n:U~ 5/1 • • • 
LLrt:: 5/2 fi11"1L~vu~ 2 tJm1~mn 2558 ~1'U1U 62 l"l'U LLrt::n~l.l~ 2 ~tl t!m~eJ'U.fful!oeJl.l~mn • 
tJ~ 5/1 LLrt~ 5/2 fl11"lL~eJ'U~ 2 tlm1~m~n 2559 :6'1u1u 70 1"1\.1 ;~1~l.l11i11flfl11L~tJflLLtJtJLiil1~1il~ 

L ~tl~lil1 n L tl'U~tl~ L~ eJ'U~t! n L~ vui11"111l.l&'f1:W11~ hl LLI'l nl'i 1~ nu:w1 n 
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3.3 bA~e~.:~iie~vhmum~1~£~ 

Lfl~e:J{Iiiavflmum~i~mLu,uuu 2 a1u f'le~ Lfl~e:J-:~iie~vflmum~i~v LL~~Lfl~e:J{IiiavflmtJm~ 
~ 1.1 ~ -=I cv.,3 

Ln'IJ':i1'1J~1:JJ"lle:J:JJ~ :JJ':i1tJ~~Le:JtJ~~{ItJ 
'U 

d Cll 11.1 I Q.l Cll 11d II Q.l U c1 tJ' 

3.3.1 bfl~e:J.:!:J.Je:J'VI~~e~{l ~LLn LL~tJm~~~m':iL ':itJtJ~L ':ie:J{I m~-L 'IJ~ mt11!J~mm':iL ':itJtJ~LL 'IJ'IJ 

~'IJL~1~ 5 ~"' ~~:u~~1\Jtl'IJL'VIflUflLn:J.Jm':iLL'li{I-D't.~LL'IJ'Un~:u :il1tJ1\J 3 LL~\.1 ~1:u 14 i11:u-:~ , 

.., 
"" 

., ... 
Ln:u1u TGT .,j''Jb:IJ{I Lb~\Jn1~~~n1~b~£1\Jl n~m~:u 

"" .J .... I .... 0 

1. ~1':iBL~nL'Yl':i1~~ 
n~m~:u'Yl 1.1 ~unnu~1~~~~1t1 bb "ll'l"lltJ'Yl1 , 

LL~:::~1~'Lie:l\JBL~nL'Yl':i1~~ 
n~m':i:u~ 1.2Lfl':iu11YJvh1~:u1nn11 LL 'IJ'IJ'Yl~~e:l'IJ 3 
.... 
ntJ 

n~m':i:u~ 2.1 ~ufl1lX~tJ·wuav I .... 0 

2. 'Yl~~~m~ - L'IJ~ 
LL "ll.:!"ll'\.J'Y11 

'U 'U 

"" .J L 11nt ....... ~1" n~m':i:JJ'Yl 2.2 ~n ~':i'Un ~ LL 'IJ'IJ'Yl~~e:J'IJ 3 
' I .... 0 

n~m':i:JJYi 3.1 ~~~:u:u~nu~~tl~e:J~ LL"ll.:!"ll'\.J'Yl1 , 'U • , 'U 

l'l':i{l1~tJ LL 'IJ'IJ'Yl~~e:J'IJ 

3. n1':i1'Y1L'Yl':il'ln':i~-LU~ 
n~m':i:u~ 3.2 B'\.J~hl'lLI'IBi"tlu~1~'\.J 8 

.J 
m:u1:::~lJ'Yl~~ • 
n~m':ilJ~ 3.31'\.Juiim~LL~:::Lu~e:J~ 

'U 

Lvh1~~ 

~1lJ 14 

3.3.1.1 LL~'\.Jn1':i~~n1':iL1tJ'\.J~~ 1 L~eN ~lJtMU1-:n.J':i:::n1':i'1.1€l\l~1':i~:::~1tJ 
'U 

" ' " 
1) -U'tJ~~1\lfl11:JJ~'\.Jh (Engagement) 'YlU'Y11tJfl11:1JiL~lJL1e:J\ln1':i~:::~1tJU1 

"1Je:J{I~1':itl':i:::nau 1e:Je:Je:Ju mL~:::~1~tl1:::nau LflL 1L~ul'i LL"'1 1etirl1m:um:::~tJtim~EJ'LI L ~B'l111 tlam1:u 
• 'U 

L-h'1 hL~mnu~1':i~L~n 1 'Yl':i 1~1'iLL~:::'Lie:J'\.J~L~n 1 'Yl':i 1~\Ji L~tJ 1etirl1mlJm:::~tJtim~tJ'\.J 

2) ~'\.JG11':i1~LL~:::A'tJ~1 (Exploration) tim1tJ'\.JL~a'LiiL~tJm:::uTum':in~:uvi1 
n~m':ilJ~ 1.1 L~e:J..:J~'\.JntlU~1':i~:::~1E.l Gi\lLni'ILL~:::UtJYin~~n~m':ilJ b~E.Jiifl':ifle:Jtlel1'\.J1tlfl11:1J 

, 'U 



: 
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3) ~'l.mfitJ1mL~::~~.ue:J~';i'\.l (Explanation) 'Wm~CJ'I..ILLI'i~::mhJl11L~'I..Ie:J~~rn';i 
' ' 

'Vl~~e:J~vnl'1.ff'I..IL~CJ'I..I fl';iLL~::'ITm~CJ'1..1~111n'l..l~';i'\.l~~~1~'L~v'l..l-r,nnrn';i'Vi1n:vm111 1.1 
'U ' 'U 

4) ~'l..l"llCJ1CJf11111~ (Elaboration) '1Tm~CJ'I..I'Vi1n:Vm';i11~ 1.2 L~e:J~ 1f1-;il11 
'U 

1 V'lvh 1~111nn'l1n'l..l Gl~Ln\Pm~~u'I..IVin~~n:vm';i11 1~vi1f1';jf1eJc.Jeh'1..11CJm111~~~1 n LL~~ 1 ,Xf11LL '1..1~'111 
'U 

IQ.I q • 

LLn'l..lm1CJ'I..I 

5) ~'l..ltl1~Ll1'1..1~~ (Evaluation) '1Tm~CJ'I..I'Vi1n:vm111 TGT ~ 1 L~eJ~~11U&itJ1.:J 

tl1~n11"lle:J.:J~11~~~1CJ 1~CJ~111~n'Vlnf1'1..11 'I..ILLI'i~~n"11vl1LL tJtJ'Vl~~eJtJ~.:J'Vf11~'<il1'1..11'1..1 4 "ll~ LL~~ 
' ' ' 

fl~ LL '\.J'I..I~'ITm~CJ'\.JLLI'i~~fl'\.J 1~:v::l111 U1111L U'\.Jfl~ LL '\.J'\.Jn"11 n"11m~f1:: LL '1..1'1..1 LQ~ CJ~.:J~~ 1~fl~ LL '1..1'1..1 1 tJ'!T~ , , 'U , 

5 fl~LL'\.J'\.J ~1'\.Jn~11~'\.J '11~-rtlfl~LL'I..I'I..I1tJ'tJ~LU'I..I 4, 3, 2, 1 LL~~ 0 fi::LL'\.J'\.J ~111ci'1~tJ 
QJ .oc:l Jlcl d d 

3.3.1.2 LL~'\.Jf111:V~f111L ';iCJ'\.J~'Vl 2 L ';im'Vlt)'13~n1~-L tl~ 

1) ~'\.J~-r1.:Jf11111~'1..1h (Engagement) 'VltJ'Vl1'\.Jfl1111iL~eJ.:J ~11~~~1CJn1~ 
~11~~~1CJ L tl6'1 LL~~ n111111 tJ1 otlU';i~ 1CJ'Il'l..l1 '1..1~1~tl1~'<il11'1..1 LL~~ L ~eJ11 1CJ.:J L oU1~ L~e:J.:J'Vlt)'13~n1~-L tl6'1 

1~ v 1 otlFhm11L YiBm~~'l..lf111116'1'1..1 h"lleJ.:Jtim~CJ'I..I 
' 
2) ~'I..IG1111:VLL~~i'l'I..I'Vf1 (Exploration) 11m~CJ'I..I'Vi1n:Vm';i11~ 2.1 L~e:J.:J ..ij'tJ~fl ,X 

'Vf'\.J'VftJeJCJ Gl.:J Ln~LL~~U'I..IVi n~~ n:vm111 1~CJi1f11fleJ C!el1'1..11 CJf111116'1~~1 nu.~~ 1 ,X\"11 LL '1..1~111 LLritin L~CJ'\.J 
'U 'U 

3) ~'l..leJfitJ1mL~~~.:JoUeJ6'11tl (Explanation) 11m~EJ'I..ILLI'i~~n"11'111L6'1'\.JeJ~~rn1 
' ' 

'Vl~~eJ.:J'VIU1.ff'I..IL~CJ'I..I f11LL~~tim~CJ'1..1~111tl'l..l6'11tl~.:Jm~\~CJ'I..I~:V1nf111'Vi1n:Vm111~ 2.1 
'U ' 'U 

4) ~'l..l"llCJ1CJf11111~ (Elaboration) 1!m~v'I..I'Vi1n:vm111~ 2.2 L~eJ.:J 1,Xil1~-rtJn 
'U 

1~ Gl.:J Ln~Jm~~u'I..IVi n~~n:vm111 1~vi1f11f1eJ m)1'1..11CJf111116'1::m mL~~ 1 ,Xf11LL 'l..l~l11LLri11 m~CJ'I..I 
'U 

5) ~'l..ltl1~Ll1'1..1~~ (Evaluation) 1!m~CJ'I..I'Vi1n:vm111 TGT ~ 2 L~eJ.:J'Vlt)'l3~ 
n1~ - LtJ6'1b~CJ~111~n'Vlnf1'1..11't.ILLI'i~::n"11vl1LLtltJ'Vl~6'1eJtJ~~'Vf11~'<iJ1'1..11'\.J 4 '!!~ LL~~fl~LL'\.J'\.J~ 

' ' ' 
<V "' I 1'"' o 1• I iJ~ I I d1tJ .J 1'"' 'J <V '\.JnL1CJ'\.JLL~~~fl'\.J ~:V~'\.J1 u1111L '\.Jfl~LL'\.J'\.Jn~11 n~11'Vl ~fl~LL'\.J'\.JLQ~CJG'I.:J~~ ~fl~LL'\.J'\.J~tl'\.J6'1 , , 'V , 

5 fl~LL'\.J'I..I ~1'1..1n~11~'1..1 '11~1-rtJfi~LL'I..I'I..I1tJtJ6'1LU'\.J 4, 3, 2, 1 LL~~ 0 fl~LL'I..I'\.J ~111ci'1~u 
"' ..,. tJd d :1 

3.3.1.3 LL~'1Jn11"iil~n1'H1EJ'IJ1VI 3 L1v-lln11bVILVI1~n1~ - Ltl~ 
" 

1) i'l..l6'1-r1.:Jf11111~'1..1h (Engagement) 'VltJ'Vl1'\.Jf11111iL~eJ.:J 6'111~~~1CJ 

m~ - Ltl6'1 LL~~rn1'1111tl1otl'th~1CJ'!l'1..11'1..1~1~tl1~'<il1i'l..l L~eJ11LCJ.:JLoU1~f1111'VlL'Vl1~n1~ - LtJ6'11~v1i 
'U 

1"11m11L YleJm~~'l..lfl11116'1'1..1 1:v"lleJ-II'!Tm~CJ'I..I 
' 

2) ~'I..IG1111:VLL~~i'l'I..I'Vf1 (Exploration) 1!m~CJ'I..I'Vi1n:vm111~ 3.1 L~v.:J ~~ 

6'11111~ ntJ:V~f.J&ieJ elm~ 1 '\11'1..1 Gl.:JLn~LL~~U'I..IVin~~ n:vm111 1~ fli1f11fltlflel1'1..11 f.lf111116'1~~1 nLL~~ 1 ,X 
'U , , 'U \.1 

0 0 I Q,l .oci 

f11LL'\.J~'\.J1LLn'l..lm 1f.l'\.J 



. . 
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3) ·~\mBu1mL~~"~oU'tl&1~U (Explanation) '11m~tl'tn11LG1'Utl ~"n11'VlV~"tl~ 
vtti1i'UL~ti'U fl1LL"~'\Jm~v'U~11ln'UG11U~~vtt~\~t~'U~~1nv'hn~m11l~ 3.1 

" . " 
4) i'U'lltl1tlfl111J~ (Elaboration) '\Jm~ti'UYhn~m11J~ 3.2 L~'tl~ ~'U~LflLI'ltJi 

" 
'l.l'UV~1 vt'UL vt1J1~&11J~G1V~ LL"~n~m11l~ 3.3 L~tJ~ 1 'Udiin1V~vt~m u&1m.h vh 1 vt~ 61~Lni'ILL"~'\J'UVi n~" . " 
n~ n111J 1~ t~iifl1fltltlej1'U1 tlfl111JG1~ Vl'l flbb"~ 1 ""rl1 LL '1..1~'111 LL n'\J flb~ ti'U 

" 
5) i'Uu1~Li1'U~~ (Evaluation) '11m~ti'U'Vhn~n111J TGT ~ 3 L~'tl~n11 

1 'VlL 'Vl11'ln1VI - L 'UG11V~ti&11J1~n'Vlnfl'U 1 'ULL~"~n~1JVhLL 'U'U'VlVIG1tl'U~-:!'Vf1JVI':iJ1'U1'U 4 'IJVI LL"~fl~LL'U'U~ • • • 
'11 n L~ti'U LL~"~ fl'U1~~~'1111 u 111J L U'Ufl~ LL 'U'U n~1J n~1l~1~fl~ LL 'U'U Lu~ t1 &1-:!&1V~1~fl :m 'U 'U 1 u '11&1 , . " . 

I I .,j 1 Vov 1 1U ::, 0 QJ 5 fl~LL'U'U &11'Un'l1Jtl'U ~ V~i'Ufl~LL'U'U 'U'UG1Lu'U 4, 3, 2, 1 LLm~ 0 vJ~LL'U'U m1lmV~u 

3.3.2 Lfl~v~ijv~lm'Um'ltnu'l1U'l11J-b'v1l~ 1~LLn LL'U'U'VlV~G1tJu1V~m11lL"Il11~1l 1 'U1l~LLuu 
'II 

u1'11t~'ll'WV~~1L~'tln 2 ~1~ui'U L~tJ-:~mV~ - L'UG1 ':il1'U1'U 20 "!!tJ1~t~.rr'U~ 1 Ltl'ULL'U'UU1'1!t~ 4 ~1L~'tln 

LL"~i'U~ 2 L U'Un11 L ~ti'UtJ5U1tl L'Vfl'l~"u1~ntJu~1 L~tJn 1 'Ui'U~ 1 1V~mL 'U'U'VlV~G1tJ'U1V~m11JL .U11~ • 
1J1'U1J~ii1~~'UYl')~n111Jn11L~ti'Ui 3 1~~'U 1'111J Bloom's Taxonomy 11ti"~LBtiV~~~LLG1V~~1'U 

d 
1'1111~'Vl 3.2 

"' ... "" 
.., 

d ..1 b1~1 'l::VI'UYlql'ln1'l1Jn1'lL 'lti'Ua 
0 II 

'VI L'lv~ 1il1'U1'U'tltl 
('111J.) LoU1L1il t111U1.U 

...... tl 
fl~1Lfl'l1::vt 

1 &111m:~1tlmV~ - L'UG1 1 1 1 3 

&111~L~n 1'Vl1 1"1'i 3 
2 1 1 1 3 Q" t 1 tl LL"~G'f11'Uel'Utlb"n 'VI':i "~'~ 

3 "' 3 2 2 1 5 'Vl')~~m~ - L'UG'f 

4 m11'VlL'Vl11'lmV~ - L'UG1 8 3 4 2 9 

'l11J 14 7 8 5 20 



. . 

rhml.l : ~T~1~~e>1u-d' ~~1l-11~mtl'UL~~-m~~LL"~Lu~ 
1. CN. 

2. HCL 

3. HF 

..; "' "' L'VI!'l'Vlb"e:Jn\Jle:JU"l..e:J .................................................................................................................. . 

b~~1~ ......................................................................................................................................... . 

d .., • 0 ., .., ~ ... d 
ll1~'Vl 3.1 \Jl1tl~1.:1fl1tl1lJ L 'Ubb UU'V1~6te:lU1~lJ L 'UlJ\Jlb ')e:J.:Im\Jl-bU6t 

3.4 m')6tj1-:~bfl~e:J.:~iie:Jm.iji:um')1~~ 

3.4.1 bb~'UnT1~\Jln1')b'ivuj ... 
L'Um"J~~Vi1bbe.J'U~~m~b1V'U~ ml~ihm~~:wnTH1mJ~b~e:J\l m~-bu~ ij~'U\Jle:J'U~\l.Q 

\1 \1 

21 

3.4.1.1 Pin~1'VI~ n~m bbm::"l..e:JU"ll1EJ"l..e:J\l b.Q e:J'VI1i'l.l1Lflij m:w'\11~ n~\Jl~m~Pin~1~'U 
\1 \1 

~'Ulii1'U ~'VlG;lm1'1.l 2551 bvie:J1'1-1b.U11'0JLA~\l~~1\l"l..e:l\lb.Qe:l'VI1 'OJ~tJ~~~\lrln1~b1V'U~ nT~~~n'OJm"Jl-1 
.... llj " '\1 

m~b1V'Um~~e:J'U m"Jl~bb"~tl~~b~'Ue.J" 
~ q ..r d d d 0 t.l Q,l 

3.4.1.2 fillm~1~1v":::Le:JV~"Ue:J.:Jb'Ue:J'V11b ~e:J.:~m~-b u~ b ~e:J'Vl'OJ:::'U1:W1~"J1-:JLLe.J'Un1'l'OJ~nT~ 
.cl II <V d d A .c:::f c::. Cit. I lc!il .c::f II td_ A d d 0 

L 'lV'U"J'OJ1n'VI'U.:J~m 'lEJ'U1'1.11bfi:WL~:wL\1l:W L~:w 3 LL~:::A:we>m~1'l:::m"JL ~EJ'U~L~:WL\1l:WLA:W b~e>m'VI'U~ 
\1 \1 \1 \1 

fi11:W~~~1UEJe:J~ 'OJ~tl~~~\lrim~b1V'U~ LL~~ L -de:Jvn 1 'ULLe.J'Um~~~ m~b1V'U~ 
, \1 \1 

3.4.1.3 1 bfi~1~'1--1'0J~tl~ ~~\lrlm~ L1tJ'U~ bL~~ n'OJ m~:wnT~ L1tJ'U m~~e>'U'OJ1nwu.:~~m1v'U 
, \1 

0 0 
A d A A I ld .c:::l II Cllt. Q d 

1'1.11Lfi:WL~:WL\Jl:W L~:w 3 LL~:::fi:We:Jfl~~1~:::m~L~V'U~L~:WL\1l:Wbfi:W 
\1 \1 \1 

3.4.1.4 Pim~1be:Jn~1~U":::.:J1'U1~V~LMV1elle:l\lnU~tlbLUUn1~~~n1~ L~EJ'U~ U UU~UL~1::: 
\1 \1 

... 
5 off'U LL":::m~u'!i.:~off'Ubn:WLLUUn~:w 

3.4.1.5 ~~Vf1LLe.J'Un1~~~n1~L1tJ'U~LLUU~UL~1::: L~€1-:Jm~-bU~ ~1'U1'U 3 LLe.J'U ~'J:W 
\1 

14 .a-1L:W.:J ~.:Jtl'l:::ne>U~'JCJ 5 eff'U\1lel'U 1~LLri 
1) m~~~1\lfl11:W~'UL'OJ (Engage) LU'U~'U\Jle:J'U'I1wu1~U'VlL~tJ'U ~~tl~:::~\lrl~ 

611~ fll "UB.:J~'U \11 e>'Uil ~ el Vi 1L ~ ~\~CJ'U~ 'U h 1 'U fl-o;) n"j~lJ~ 'OJ :::'111 bell 1?iU'Vl b~ EJ'U 1~ EJ'OJ::: L~e:l:W LCJ.:J 
•M " " 



.. 
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ti~~~'UnTHum·H~~'W~L~wi'uulillilu'W LL~~LU'Wnlilm~:w~rh~~lil~Ln~~'W ~~vh1.Xr:JL~~'W61'Wh~lil~ 
~ . ~ 

Pfm~1fl11l.l~ n~~'U1'Wn1~ 'VI~BYln~~ LL~~L~:Wfi~L~B:W1~~fi11:W-r m~'U1'Wn1~ 'VI~BVlm;~ fl'U 
~ ~ 

2) m~a1~11i1LL~~I"i''W'VI1 (Explore) L u'W-&'WI'lB'W~v111.X~ L~~'Wiitl~~~'ll m~ru 
~1l.lfl'WL'Wn1~61-r1~LL~~~~'W1fl11l.l~ m~'U1'Wn1~ LL~~Vi'm;~ 1~~1.XnmLL~~1Bn161LLnr:JL~~'WL'W 

~ ~ 

n1~vl 1nlil n ~~:W n1~a1~11il LL~ ~ fi''W'VI1~ ~~ r:J L~~'W ~ €1~ n 1~ L~ ~'W ~1'11:W fi11:W ~ ~ L ~'Wr:J L~ ~'W LLI'i ~ ~ fi'W 
~ ~ ~ 

3) m~B5'U1~ (Explain) bU'W-&'WI'lB'Wvh.X~L~~'W 1~~~'W1fi11:W 611:W1~G1'Wm~ 
B5'U1~fl11l.l-r~1~1il1nm~ri1~11ilbL~~fi''W'VI11mBm~r:J L~~'W 1~Bi1tl~1~ LL~n L ti~~'Wfi11:Wfi~L ~'Wfl'W 

~ ~ 

1.Xr:J L~~'W 1 -tliB61~tl~1:w n'W 1 'W m~L ~B:w 1t~\l~~~ L~~'W~ 1~ ~fl ~~LL 'W~r:l L~~'W L~ tJ1 n'll m~~~tl LL~ ~ m~ 
" • \I \1 " , 

€l5'U1~~1~~~ L~~~ L 'W.rr'WI'lB'W'ilr:J b~~'W 1~~~'W1fi11:W611:W1~t:1 1 'Wn1~€l5'U1~~1 t11'11r:J L~tl'W L€1~ LL~~ 
~ ~ 

L ~Bl.l 1~~t]~~61'Un1~ru fi11:W~L~l.lbL~~~\I~L~tJ'W-r L i1~1 ~ fl'W 
~ ~ 

4) m~·1W1~fi11:W~ (Elaborate) LU'W-&'WI'l€l'W~1.Xr:JL~~'W1~v'WV'WLL~~"ll ~1~ 
~ ~ 

'VI~m ~:wL~:Wfi11:W~fi11:WL <U'1h1'Wfi11:W-rl .Xn11\l"ll11~LL~~~n~\I~'W LL~~ LU~ 1Bm611.Xr:lb~~'W 1mln 
~ ~ ~ 

.... tl""' -- .J "' .. "' .'i .J 0 
.... ~ J{ "' "' .. 0 1tltl !'I "' 'Vlm;~LL~~ {)'UI'lm:W'Vl~b ~~'WI'l€l\ln1~ Lu1'VI:w1~'V1611flqj"ll€l~"ll'W'W fiB ~L~~'W6'11l.l1~t:1'W1 ~~~nl'l b"ll 

1 'W~ll'ltl~~,)T)'W 1~ 

5) m~tl ~~ LiJW.J~ (Evaluate) b u 'W~'W 1'1 B'W~ r:i L~ ~'Wl~1'U<U'€l:w" eJ B'Wn~'ll 
~ ~ 

L~m tl'Un1~€l5'U1~fl11l.l~fi11:W L <U'111il"ll€l~l'l'WL€l\l Lb"~fl~ 1~tl~~biJ'Wfi11:W~fi11:W L <U'11 ~"lJB~r:JL~~'W 
'U " \.1 \1 

0 v ci 1.1d 1.1 3 1"' ~.Jt]a ~ 4 ~ 
3.4.1.6 'W1Lbt:.~'Wm~~~m~L ~~'W~'V161~1~"ll'W 'VIm~1~~'V1 ~m~n1'V1~1'W'W'Wo m1~61B'U 

~ 

fl11l.lt:1n~€l~"ll€l\lb .Q'€l'V11LL"~~Iil1~UI1 1.XiB~~ L ~'W mhu1-u'€l'Un'W~€l~:W1tl1'UtJ~~LLm "lJ 
~ . 

0 .... .. "'.Jtl .... tl !:'1 1"' ~.Jtl~ ... ... ~ 3.4.1.7 'W1LLt:.~'Wn1~~~n1~b~tJ'W~'V1 ~'U ~~LLn b"ll 'VIB1~1~~'V1 ~m;11'V1~1'W'W'Wo 
~ . 

3.4.1.8 '111LLt:.J'Wn1~~~n1~L~~'W~~ti1'UtJ~~Lb~11 tJ1otln'Unci:WL th'VI:W1~ 
~ . . 

3.4.2 LL 'U'U'V1~~€l'U1~:w L 'W:W~l'V1EJ1f11~1'li 
1 'Wn1~~~VhLL 'U'U'V1~61B'Ul~fl11l.l b <U'1 h:w 1 'Wl.l~l'VltJ1f11611'11 il~'WV\B'W~\1-d 
3.4.2.1 Pfm~milB'VI1L~B\Im~-L'U61 LL"~15m~61~1\ILL'U'U'V1~61€l'ULL'U'UU~U~ 41'11L~€ln 

'W-r€l:w~~ L.XL 'VI\Plt:-1" lil1nL€ln611~L~~1 fl'U n1~l~t:.~"ti~~LiJ'Wt:.J" • 
3.4.2.2 fi1'VI'W~~~t]~~~~fln1~L~~'W ~~ ~€l~n1~l~ L~B~n~~-L 'UG'I L ~€1'1111 tl~ ~1\1 

LL 'U'U'V1~61B'U 
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..; 
L'VI~t:J~ (two-tier diagnostic test) L';ieJ~mi'I-L'UG'I 

3.4.2.4 'l11 LL 'U'U'Vli'IG'!El'U11'1l.J 1 'Ul.J~1'Vl~1!311G'I~{~G1 ~1'l~'ULG'I'UEI~EIEIT'il1';iV~\J'in~1 

o Q d II 

3.5 fl1''ai'I1L'U'Un1~Lfl\J~1\J~1l.J"!lEllJ~ 

~~~ 1~~1L u'Ufl1';i'Vll'l~ a'lLL~~ Ln'U';i'"J'U';i'"Jl.J.ffal.J~ ~1l.J.ff'U~a'U~'lvia 1 'tJd 
'U 'U 

" 
3.5.2 ~1LU'Ufl1';i~l'lfi'<ilm';il.Jfl1';iL~~'U~LL'U'U~'ULG'I1~ 5 oU'U t:JG'Il.Jt:JG11'Utl'ULVlfiUfiLfll.Jfl1';iLL~'loU'U 

'U 

LL'U'Ufl~l.J \Jl1lJLLt:J'Ufl1';i~l'lfl1';iL~~'Ui~G1~1'l11'~1'U1'U 3 LLt:J'U ';i1l.J 14 off11l.J'l1'UJl1fiL'if.J'U~ 2 

tJm';ifiifl~1 2558 LL~~ 2559 

3.5.3 UflL~f.J'Uvl1 LL 'U'UVII'IG'!El'U11'1l.J 1 'Ul.J~lVI f.J 1Pl1G'I ~1'VI~'l L~f.J'U ~1 f.JLL 'U'UVII'IG'I El'U"UI'I L~l.J 
' 

~1'U1'U 20 .Oa 1iL1~1 60 'U1~ 

3.6. 1 m~1Lfi~1::,;-<U'alJ~ 
'U 

'-"'='cv -=. d't.l Q.l ~ 
t:J1'<ilf.J11'U11l.JLL~~1Lfi11~'VI'lJEll.J~ l'l'l'U 
'U 'U 

3.6.1.1 lbfl11:::v1l.J 1 'Ul.J~rlEI'ULL~:::'VI~'lfl11L~f.J'U'<il1flLL\J'U11'1l.J 1'UlJ~ L~El'lfl11'1-L'UG'I 'lJEI~ 

um~f.l'ULLvi~:::mil.l 1V~f.l~1LL'Uflfl~l.lfl11l.!Lo011'<ill.l1'Ul.l~"!la~um~f.l'ULU'U 3 n~l.l 1V~f.l1oULnru.n~ 
' ' ' 



• . 

. . 

. ' 

lJ 1 'IJlJ~ 
nn~a.:J (GU) 
" 

(AU) 

(MU) 

nn 
" 

nn 
" 
nn 
" 
nn 
" 

1 

1 
d ~ ' 

L "lltJ'ULL&Wl.:!L 'VII'le-J~(l nl'leJ.:J'U1.:!;;11'1J . " 
1 

1 

0 

0 

0 

0 
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fl:: LL 'IJ'IJ 
fl:: LL 'IJ '1J 

1 2 

0.5 1.5 

0 1 

0 1 

1 1 

0.5 0.5 

0 0 

0 0 

3.6.1.2 Fl1'U1 ru fl11lJ tl11'VIU1'Vl1.:Jn11 L~tJ'U~.:Jt 'U mruvi L U'U ~atJ~ ::fl'J1lJ tl1'd'VIU1 

'Vl1.:Jn11L~EJ'UI\l~.:J (% actual Learning gain) Gli.:Jr11'U1rul\!1n~atJ~~"lleJ.:Jfl~LL'U'U'VIa.:JL~tJ'U~'U~1tJ~eJEJ~~ 

"lJeJ.:)fl~LL 'U'UneJ'UL~ EJ'IJ LL~~ 1 'U mruvi L U'Ufl11lJ tl11'VIU1'Vl1.:! n11 L~tJ'ULL uutln~ (normalized Learning 

gain: <g>) Gli.:Jr!1'U'dnJI'l1lJ~I'l1"1leJ.:J Hake (1998) ~.:!~ 

%posttest - %pretest 

<g> = 

<g> ~ 0.30 

0.30 < <g> ~ 0.70 

<g> > 0.70 

3.6.2 a5~vflobi.um':i1Lfl':i1::...;1i'alJ" 

100% - %pretest 

LU'UfiJ1lJtl11'VIU11~~'U~1 

LU'Ufl11lJtl11'VIU11~~utl1'Un~1'l 

LU'Ufl11lJtl11'VIU11~~'Ui;1.:) 
" 

(3.2) 

3. 6.2.1 L tl~EJu L Vivuri1Lu~EJlJ 1 'UlJ~"lla.:J't!m~ EJunauL~EJ'ULL~~'VIa.:JL~EJ'U~'JEJm1'Vl~;;1au 

ri1ViLL'U'U~1eJ~1.:JLlJB;;11~~an'U (Dependent samples t-test) vi1~~u 0.05 L~a1Lfl11~~fl11lJ 

L ·ih Ll\llJ 1 ulJ~ 



. . 
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. . 

.. 

. . 

d 
'U'VI'VI 4 

~~n1~1~mb~~e:~ih.J~1v~~ 

fl111 ~ tJ L ~ er~' WJ 'U 1 f01111J L •ih hl.J 1 'Ul.J ~i'Vl tJ 1 !311 Md L~€1-:1 fli~-L 'U G1 ~1'VI-r'U'lJ flL~ tl'U .ff'U 

lJotJ1JPifl~1U~ 5 ~1tl1'!]~fl1fl11L~tJ'UfLL'U'U~'ULG11~ 5 .ff'U e.JG11Je.JG11'Un'U L 'Vlf01Uf01Lfll.Jfl11LL ~-:1-rr'ULL 'U'U 

fl~l.J L U'Ufl111~tJ LL 'U'U fl~1J~1€1~1-:IL~tl1~i1fl11'Vl~G1tl'U rltl'UL~tl'U LL~~'VI~-:IL~tJ'U 1~tJ fl~1J~1€1~1-:IL 'U . ' ' 

512 -.s1'U1'U 10 Fl'U ~n1~-:~Pin~11wnF1L~tJ'U~ 2 tJn11Pin~1 2559 h-:~L~tJ'UG1fl~'Um~WJ'UPin~1 

~-:~'VI1~G1fl~'Uf0li ~-:JG111!1imLG1~-:~e.J~fl111~mL~~Bih.h1tJe.J~ ~-:~.0 

L ~tl-:l'<il1fl1 'U fl1i'Y11 fl11i~tJFlf-:~-d\1J L~Vh fl11i Lf0111~~LfOl~tl-:llJ€lrlti'U'Vl1fl11i~ tJ ~-:l(;)ti-:!'Yl1fl11'VI1 
f01UJfl1'WLfOl~tl-:llJtl'VI~-:Ifl11'¥111~tJ LfOl~€1-:llJtlffi oUl 'U-:11'\Ji~tJ ~tl LL 'U'U'Vl~G1B'U1~Fl111JL .rr11 '<ill.! 1 'U1J~'V11-:I • 
i'VltJ1!311G1~~L~tl-:lfl1~-L'UG1 LL'U'U 2 ci'1~'U.ff'U ..S1'U1'U 20 .rrt~ 1~~11'<iJG1tl'Uf01111J~i-:IL:a-:~L-d't~'VI1 
'<il~tl i~G1-:~I'i fl1i L~ tJ'U ~ LL~ ~ m 11! L 'VI1J1~G11J"U tl-:lfl1~1 'VI1 ~1~'tlU f01111JG1 t1 ~ Fl"'tl-:!i~'V!';h-:~fi1 n11J"U €1-:1 • v 

G1B'Ui'VltJ1!311G1~iLL~~L 'V1F11 'U 1~ V 'VI~€! G1G11'Vl. (2) ~'V11-:!FlUJ11J1i~1'ULFli1'<il1fl1l'VI1i'VltJ1~ tlti'U~i1'tlo1U 
\1 • , , 

" bb~~ (3) ~'V11-:!Flttn!J1i~1'Ubl"li1Pin~1'<il1fl1l'VI1i'VltJ1~tJB'Um1'tlo1U 1~~1 IOC ~-:ILL~ 0.67 ~-:~ 1.00 " , , , 
Lb~~i LFli1~~'VI1~1~'tlUF1111JtJ1fl (p) ~1B1'U1'<il..S1LL 'Ufl (r) "Uti .:ILL 'U'U'Vl~G1ti'UV'I'Ul1i11~~'Uf01111Jtl1fl 

" " (p) ~-:ILL~ 0.48-1.00 i1~1B1'U1'<il..S1LL'Ufl (r) ~-:ILL~ 0.08-0.74 

II t l """" ~ II II "" .,j "' "" 4.2 fi111JL"lJ1 :Ul.J 'U1J\Pl1VIV1fl1fl\Pl'aLLfl~fi111Jfl11'VI'U1VI1~fl1'H'aV'U L'a€1~ n'a~-L'Ufl "lJti~'UnL'aV'U 

mi1l~1B~h~tutlm-af1m;1 2558 • 
11 "I :'I """" ~ d II II "" 4.2.1 fi~LL 'U'Ufi111JL "lJ1 ~:Ul.J ~ 'Lil.J\Pl1VIV1fl1fl\Pl'aL\lf!VLbfl~fi111Jfl11'VI'U1VI1~fl1'aL 'aV'LI 

'<iJ1flfl1i~~fl1iL~tJ'L1f b~€1-:1 fli~-L'UG1 ~1tJ1!)~flifl1ib~EJ'UfLL'U'U~'Ub~1~ 5 .ffu 

e.JG11le.JG11'Un'U L 'Vlflilfl Lfl1lfl11 LL ~-:~-rruLL 'U'Ufl~l.J 1~vi1m11'~1J 1 'U:u~1'VlmPI1G1~~ L~t~-:~m~-L 'UG1 nt~'U 
L~tl'U LL~~'VIcr-:IL~tl'U LL"'11 Lfli1~~'VI1~tltJ~~fl11l.lf1'11'VIU1 (% n11'VIU1) fl~ LL 'LI'UVI1~G1~~~1'Vi ( t -test) 
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L ~v L U~tJU L fitJUfl~ LL '1..1'1..1 rltl'U L~tJ'ULLa~~~~L~tJ'U~'l tJn11Vl~~vurhfiLL UU mhJ~'ltl ~1~ 1~B~1~~vtl'U • 
(dependent samples t-test) ~avft~LL~~~L'U!J1111~~ 4.1 

t-test <g> 

6.95 ' "' flti'UL )tl'U 10.81 28.40 
43.95 17.25* 0.60 

28.40 70.99 4.05 

lil1flf111iLfl11~'1-1fi~LL 'U'UiillflLL UUVl~~vUl~:W 1 'U:W~iL~eJ~fl)~-LU~ ~Ul1 UflL~tJ'Uij 

fi~LL'U'ULtl~tJfi11:WLoD1h:w1'U:w~nv'UL1tJ'ULVhnu 10.81 (SO = 6.95) fl~LU'U~tltJa~ 27.40 LLa~ij 

fi~LL'U'ULtl~tJfi11:WLoD1h:w1'U:u~~~~L~tJ'UL'Vhnu 28.40 (SO= 4.05) fl~LU'U~vtJa~ 70.99 LLa~fi~ 

Ltl'Um1:wn11~ti'1V11~m1L~tJ'U~vtJa~ 43.95 ~~e:Jfi11:Wn11~ti1Vl1~m1L1tJ'ULLuu'IJn~ <g> LVhnu 

0.60 ~~vtJL'U1~~U "fi11:Wtl11~ti1U1'Uflm~" lil1flf111iLfl11~'1t1Vl1~~f:i~~1tJf111Vl~~tiUrhfiLLUU 
'U 

J 
t'Utl'VI1 

lillflf111i Lfl11~'1-1fl~ LL 'U'Ufl1l:W L oDlL "il:W 1 'UlJ~iVl tJlPll~!JliLLa~fl'll:Wtll1~,j'1Vll~fll1L1tJ'U 

L~tl~f11~-LU~ lii'lLL'Ufl!Jll:WL-d'v~l ~am1i..ijtJ~~LL~~~L'U!Jll11~~ 4.2 



. . 

.. 

. . 

.f 
L'UvVI1 

flWHUG'I 

G'IT'm::mEJ 

~h~n1'V11L~Wi 

R::LL'U'U 

6 

6 

10 

18 

' .. nv'UL'UJ'U 

2.76 1.62 45.97 4.90 

2.15 19.3 35.75 4.96 

2.54 2.22 25.40 7.54 

3.37 2.63 18.73 10.99 

28 

% 
.. 

<g> 

81.72 35.75 0.66 10.13* 
1.34 

82.66 46.91 0.73 10.98* 
0.97 

75.40 50.00 0.67 14.70* 
1.83 

61.07 42.34 0.52 16.20* 
2.01 

112.1 40 10.81 6.95 27.04 28.40 4.05 70.99 43.95 0.60 17.25 

• LL\Jlnj;h~eJ~1~iiiJEJ~1~~~1~~Ufld1lJL~Blj''U~eJtJ~~ 95 (p < 0.05) 

•• <g> < 0.30, 0.30- 0.70, > 0.70 iim1lJthn-nh~~~u~1 '\JTtmm~ LL~~"'~ IJ11lJ~1~u 
" 

"il1 n n111 Lfl11~~fl~ LL 'U'U fl11lJL oU11 "illJ 1 'UlJ&J LL~~fld1lJ n1'l'VI'tJ1VI1~n11 L1 tJ 'Uiil1LL 'Un\Jl1lJ 

LifeJ'VI1LU'U 4 'tX1oUeJ 1~LLrl (1) ?111~~mtJmVI-LU?f (2) ?111~~mtJaL~n1VI11~vl (3) V1'1~Un1V~-LUi.'t 
LL~~ (4) n111VILVI1\Jln1Vl-LUi.'t ~~LL?IV1~1'UIJ1111~~ 4.2 'WUl1 iJm1EJ'Uiifi~LL'U'UrleJ'UL1EJ'U~eJEJ~~ 

45.97 35.75 25.40 LL~~ 18.73 \Jl1lJ~1~U LL~~iifi~LL'U'U'VI~~L1tJ'U~eJtJ~~ 81.72 82.66 75.40 LL~~ 
O<V 'i _,j .,j ""~'i 1 ~~ ovVd 

61.07 \Jl1lJ~1VIU LVltlL)eJ~i.'t11~~~1tln1Vl-LUi.'t LL~~L1eJ~i.'t11~~~1t.lm~nLVI1 ~\Jl L1.J'U'VI1'UeJVI 

u m1EJ'Uiifl~ LL 'U'U'VI ~ ~ L1 EJ'U?f~~"' V~ ~·:l'd' m"il L ~ eJ~lJ1"il1 m U'U L~ B~~ii L if eJ'VI1 hJiu~eJ'U LL~ ~u-m1 tJ'U 
" ' 

LfltJL~tJ'UL~eJ~i.'t11~~~1tln1VI-L Ui.'t 'li1~lJ'BtllJ~n~1\JleJ'U~'U~1'UlJ1LL~1 iJm~EJ'U~~L oU11"il1~41tJ LL~~ 

"il1n n11'V'hn"il n11lJ L yj m1tJ'U~L~eJ~?f11~~~1tJa L~ n 1 Vl11~ vl un L1 tl'Ui.'t1lJ11"?1~1~lJ 1 'UlJ&JV11~ 
" 

1VIEJ11i11i.'t\Jln~41tJ L ~eJ~"il1ni.'t1lJ1)"lJt)~f11'W 1~eJ~1~oUVIL"il'U ~1'UL~eJ~n11 1 VIL Vl';i\Jl mV~- LU?f L U'U 

'1X1oUeJ~ir m1tJ'Uiifl~ LL 'U'U'VI~~ L~EJ'U~ 1~i.'t VI ~~dm"il L ~ t)~lJ1"il1nL U'U L ifeJ'VI1m 'VIll LL~~ii L .Q eJ'V11 ~ eJ tJ • 
LtleJ~ L"li'U n11~~i.'tlJn11L'Un11'Vi1'\Jljn~tl11~'VIl1~n1VILL~~LUi.'t nT~f11'U1ru'V11fld1lJL-iflJoU'U'UeJ~mVI 

'VI~mui.'t"il1nm1 1 'VIL 'Vl1\Jl m1r11'U1ru'V11'\J~lJ1rumV~'VI~eJ LU?IL 'Ui.'t11~1eJ~1~ ~~t:-J~ 1 ~irm~tJ'U~U?f'U 
LL~~'Vi1fl11lJL oU1L"il1~tJ1n 'Vi1\ ~'\Jm~tJ'UiilJ 1 'UlJ~~flmV!Lfl~eJ'ULL~~~Vl "il1n n111 Lfll1~~~1 tJ n11 

'VlVI?feJULLUUn"lJ~n~11lJLU'UBi.'t1~j;)eJfi''U~1~~Ufld1lJL~mT'U~eJEJ~~ 95 'WUl1 '\Jm~EJ'Uiifi~LL'U'U 
• 



'• 
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"il~-:1 (% actual learning gain) "l.la-:Jbb~~~~1.Umtl'U 35.75 46.91 50.00 bb~~ 42.34 ml.l~1~'U 

bb~~i1m1l.ln11vtu1VJ1-:~nTa~f.l'Ubbuutln~ <g> LU'U 0.66 0.73 0.67 Lb~~ 0.52 1?11:1J~1~u ~-:~..ij~a~ 

1'U1~~u "m1:1Jn11vtu1tl1'Un~1-:~" 3 :IJ1'U:IJ~vt~n 1~Lbri (1) ?111~~~1f.lm~-Lu61 (2) VJq~~m~

Lu61 bb~~ (3) m11V1LV111?ln1~-L'U?I ~1'U:IJ1'U:IJ~L~a-:~?111~~~1f.l~h~n1V111~~ ..ij'~a~'1'U "m1:1Jn11 

41f.l LL~~?I-r1-:~L U'Ua-:~l"ll"l11:1J-rl.~a~1-:~Cln~a-:~ ~1'U:IJ 1 'U:IJ~ L~a-:~m11 Vlb V111?lm~-Lu?l LU'U:IJ 1 'U:IJ~~ 
'U 'U 

tin L~ f.l'Ui1-ra f.l~~"l.la-:~1"1~ LL 'U'UvtGt-:~L~f.l'U LL~ ~fn1:1J 011vtU1V11-:Jn11L~f.l'ULL uutl n~ ~1~61~ ~-:~-d'm"il 
' 

L~f.l'Jnu"il~"':IJ:IJ~ 1~f.lum~f.l'Uu1-:~~1'UL.U1h11"il~"':IJ:IJ~ ~a "il~~m~Lb~~Lu?~vi1tlnri~f.J1Y'Ia~n'U1~f.J 
• " • \1 • d.J 

1itl~:IJ1\?l1Lvhn'U ~-:~LU'Ul"l11:\JL.U1h~~~"il1n:IJ1'U:IJ~V11-:~iVJf.J1Pl1?1\?li 1~f.J"il~?I:IJ:IJ~ ~a "il~~m~nu 
' 'U ' 

Lu?~vi1tl~n~f.J1Y'Ia~n'U 1~f.J 1it:!Jmvhn'U 

4.2.3 n11lil'1LL 'Unn~1l1l 1 'U1l~"!!v~un L~a'U~1mL U'UV1fl~vu1fl1l 1 'W:IJ~ 
n11lLI"l11~lh~~'Ul"l111lL .U11"il1J 1 'U:IJ~"l.la-:~um~f.l'U~1mL U'UV1~61au1~m1:1JL.U11"il:IJ 1 'U:IJ~ 

LU'U11f.l.Ua1~f.l1im1:1J5 LL~~-raf.l~~ ~-:JLL'U'UVl~?laumau!"l~l.JLdavt1 4 ~1ia 1~LLri 1) ?111~~~1f.l 
' 

n1VI-L'U?I 2) 6111~~~1f.JBL~n1Vl':i1~\Ji 3) Vl'l~~m~-L'U?I bL~~ 4) nT':i1VlLV11\?ln1VI-L'U?I ~1LL'Uflfl~:IJ 

:IJ 1'U1J~"l.la-:JUnL~CJ'Uaamtl'U 3 mi1l Vl1:1JLflrusnfi'1V~au~1~~1bb 'Ufli'I1:\J1~~'Ul"l11:1Jb.U1h:IJ 1 'U:IJ~ 
' 

3 1~~u <tJ-rutb-:J"i11n 61:\.JL"ill?lti m~~~tl LL~~f'ln~Pl~ 61111~1, 2554) ~'lLL?IVI-:JL'U\?1111-:J~ 4.3 . . . . 

(GU) 

:~J1'Ul.l~ 
d 

l"lmVILrt~a'U 

(AU) 

1 

fiZLL'W'W 
!"l::LL 'U'W 

1 2 
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G11:W11CJiil'1LL 'I.Jm U'IJ 3 mi:w 1~tJ 1 iLnru'rl1 'Wm11il'1LL'Wfl~1:W~111-!I~ 4.3 'rl'tYl1 ria'WL~tJ'Wii~e:JtJl;'l~"UB-!1 
' 

irm~tJ'IJ~:w1'W:w~CJn~-v-!l (GU) :w1'W:w~Fll;'l1~LFl~e:J'W (AU) LLl;'l~:w1'W:w~~c.i~ (MU) LU'W 14.37 32.67 
" 

Lbl;'l~ 52.97 ~1:wci'1~u 'DJ~L~'U1~·;hirm~f.I'Uci1tAvmHmm~ 52.97 -vf.li.'Una:w:w1'U:w~~c.i~ (MU) Ld-v ... " . 
'W'DJ11ru1Fl11:wb i1 h:w 1 'U:w~~a-!lb~tJ'U 'rl'U11~a-!lb~ tJ'Uii~Bf.ll;'l~"U-v-!!irm~tJ'U 1 'Ubb~l;'l~n~:wb u'U 64.41 

22.66 bbl;'l~ 12.93 m:wci'1~u 'DJ~b~'U1~11~eWl;'l~"UB-!!irm~f.I'U~ii:w1'U:w~~Fll;'l1~bFl~B'U (AU) bbl;'l~ 

:w1'U:w~~c.i~ (MU) l;'l~l;'l-!!'DJ1flfl'V'UL~f.I'U 10.00 bLl;'l~ 40.04 ~1:wci'1~'U ci'J'U~'VtJl;'l~"lJB-!!irm~tJ'U~ii:w1'U:w~ 
~CJ nl'l B-!1 (GU) L ~:w~'U'DJ1nri-v'UL~f.I'U L U'U 50.04 1~ e1'1J m~ eJ'Uci'l'U 1 ~ru -v~1 'U nci:wii:w 1 'U CJn 191-v-!1 ~-!I 

" fU 'U 'I " 

~111~~ 4.4 ~m.Ja::"!l-v~'l1m'ia'Ulun~:w:w 1u:w~~1.:J 6J :S1Lb un~1:wfl::LL 'IJ'U~1mL 'U'U'Vl~~-vu 

1~:w 1 'IJ:W~ 

.N 
L'Uv~1 

GU AU MU GU AU MU GU AU MU 

G1111;'1~1;'11f.lfl':i~- b'UG1 26.90 33.31 39.79 69.35 17.74 12.90 +42.45 -15.59 -26.86 

ii111l;'l~i;'l1tJ 18.82 32.80 48.39 68.82 21.00 10.22 +49.98 -11.80 -38.18 

aLan1vt11l;'lv1 .. 
'VI()~!Jm~-b'Uii1 7.10 36.13 56.77 55.00 34.30 10.70 +47.90 -1.83 -46.07 

fl11L'VIb'VI1~m~-b'Uii1 4.64 28.40 66.96 64.50 17.60 17.90 +59.86 -10.80 -49.06 
d 

Luiw 14.37 32.67 52.97 64.41 22.66 12.93 +50.04 -10.00 -40.04 

'DJ1fl~111-!l~ 4.4 'rl'U11 bdmhbb'Ufl~mm~"Ue:J-!IiJm~tJ'U 1 'Ufl~:W:W 1 'U:W~~1-!I '1 ne:J'Ub~tJ'U 

'rl'U11'VIn:u 1 'U:u~~anii~Bf.ll;'l~"Ua-!!irm~v'U 1 'Una:u~ii:u 1 'U:u~~~ ~11:unu~mJl;'l~"UB-!!'I1 m~CJ'U~ii:u 1 'U:U~ 
' ' 

Flm~bfl~tnJ (MU+AU) G1-!!fl11~'VCJ1;'1~"1JB-!!'I1m~f.I'U~ii:w 1 'U:U~~Cinl'l-v-!1 (GU) ~B'UoU1-!!:U1n bbii1~-!!1 ~ 
" " 

b ~'U11 ri 'V'Ub~ f.I'U'I! m~ CJ'Uii fl') 1:W b oU1 h~tHi1'U LM CJ') n 'U b~'V-!1 m~-b 'U (;1 L U'U fl11:U b oU1 h~ ~ ~ bbi;'l ~ ... 
fli;'l1~Lfl~B'U Ld-viLfl11~~~BCJl;'l~"U-v-!!irm~eJ'U 1 'IJLL~l;'l~:w 1 'U:w~~an'VIa-!lb~CJ'U 'rl'U11 LL 'U'l 1ti:w"Ua-!lm1 

L tl~E.J'ULL tll;'l-!!~vcJl;'l::"U-v~'l!m~mJ 1 'Un~:u:u 1 'U:u~~1~ '1 Ltl'U 1 tJ1 'U'Vif"l'VI1-!I~~~'U 1~CJ~a-!IL~E.J'Uii~-vE.Jl;'l~ 
"UB-!!'I!m~E.J'U l'Una:u~ii:u 1 'U:U~~CJnl'l-v-!1 (GU) ii1-!!n11~BE.Jl;'l~"UB-!!'I1m~E.J'U~ii:u 1 'U:U~~~~11:unu~BE.Ji;'l~ 

' " " 
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'll€l·3'1JnL~tJ'I.J~ihJ1'Ul.J~i'lm~Li'l~€l'l.l (MU+AU) LL?I~.:J1~L~'U';hnT~~~n1'H~f.l'UiLLU'lJ'1!)~n1n1~ 

L~f.J'U-rbbUU~Ub?l1~ 5 ~'U ~?ll.J~?I1'UnUL'VII'Iill'ln1'HL'li.:!oU'ULnl.JLLUUmil.l?l1l.J1~Cl~W.J'U1i'l'l1l.JLoU1hJ " . 
l.l 1 'Ul.l~'ll€1-:Jt'Yn L~tJ'U 1~B ~1.:~ihh~~'V1Bm'Yl B ~1.:1 1 ~nl'l1l.l djBVi"il1~W1€l ~ 1-:J~~ LBtJ~"il~'Vlu11L~B.:J 

?11~~~~1E.Jm~- L u?l LL~~L~B.:J?I11~~~1tJ~L~ n 1 Vl1 1~~ L U'U~'loUB~iHBE.J~~"UB.:Jt!m~E.J'U 1 'Un~l.ll.l 1 'U 

c. II .J 1 d oCIII ~ ILl II dc111' Q.l 4:11 1 I 'i .... 
l.JI'l~ nl'l€1.:1~-:J'VI ~ ~ ?l'l'U L 1€1-:J'VI ']~!) m~- LU ?I b U'U'Vt'l'll€l'VIl.J1€l tl~~'ll€1-:J'U nL ~ f.J'U 'U n~l.ll.J ~ 'Ul.J \Jl 

d .J d 1 iJa "' " .J .. " "' .. 1 I 'i ........ 
Rm~Li'l~e:l'U?I.:!Vl?I~LL~~L ~€l.:Jn1~ 'VIL Vl~l'ln1~ -L U?IL 'U'Vt'l'lJ€l'VIl.J~€lf.l~~'!J€l.:J'UnL ~f.J'U 'Un~l.Jl.J ~ 'Ul.JI'l~~ 

" ' . 
~.:~~~~~.:~?IB~R~B.:~nuR~LL 'U'Ufl11l.!LoU'11"ill.J 1 'Ul.J~~e:JBu1tJ1 'UoU'1.:~vi'U 1~E.J 1 'UL~e:J.:J'VIC]~~m~- Lu?l 

t'Y m~tJ'UU1.:!~1'UEJ.:~61u?I'UL~tJ'lnu m1 1 ~LL~~-ru 1 tl11'1e:J'U'lle:J.:J?111LLe:Jl.l 1 vl L Vle:J~n ~€1 L~B1'u 1 tl11'l€l'U 

l.J1LL~1"il~b U'U€1~1-:J 11 vt~miie:J 1m U11'l€l'U 1 tl LL~'l"il~Ln~ 1B€le:J'U1~ ~'l'U 1 'Ub~€l.:Jn111 'VI L Vl11'1 m~- L U?l 

,f'U 'VlU'J1tJnL~CJ'UU1.:!~1 'U~l.J~~?Il.Jn11LI'Ii1 tle:J'Uvi1 n11Fl1'U'l ru vi11 in11Fl1'U'l(l.I'Vt1i'l'l1l.JL oUl.JoU'U"U€1.:1 

.dl ..:::. cvd cv d ..., 
?111~ ~m f.J n"i~'Vt~€1 L U?l ~ ~'Vl~ 1~ bb~ ~ CJ.:Jl.J fl'l1l.J?IU?I'U Ln tl'l nU?I1~~ ~~1 f.Jl.J11'11~1'U LL~ ~?11 1~ ~ ~1 tJ ... 
~'le:J~1.:~ Liie:Ji1 m~rhvt'U~?Im'Um1rum~ 1 'VI L Vl11'll.l11 ~ 'IJ n L~tJ'U hl?11l.l11m~u 1~11?111 1~m1L U'U • 

II ~ Clio tl d Q o Ql II 
4.2.4 "aBE.J~~2.l~'U2.ll'lt'ln~m~ R~1~bi'I~B'U bb~::~\Jl :U1bb'Un\Jl12.lvt1'!JB 

" 
LiimLE.J n1 Li'1~1~'l-1~~n1~'Vi1 Lb UU'VI~?Ie:JUl~l.J 1 'Ul.J~i'VI CJ1PI1?1\Jl { L~e:J.:Jn~~-b U?l '11€1.:! 

'!Jm~tl'U ~1LL'Un\Jl1l.l~'loU€l ~~m~Lb?l~.:!~.:!~1tl~~LBE.l~~e:J1t!d 
.,J 

4.2.4.1 L ~e:J.:J?I1~~~a1tln1~-LU?I 

I Q.l d Q.l Q..l Cll II c:!i1 ~ 
n€l'U"il~n1~b ~f.l'Ubb UU'l!)"il n1n11b ~tl'U ~LL UU?IU b?l1~ 5 "U'U ~?ll.J~?I1'Un1'~ 

LL 'li~off'U Lnl.l Lb U U n ~ lJ L~e:J~?I1~~ ~~1f.l n1~ -L U ?I Yl u11-r€l tJ ~ ~'lle:J~tJ m~E.J'U G11'U1 VI qj ill.! 1 'Ul.J ~ 

fl"'1~Lfl~€l'U (AU = 20.20)LL"'~l.l1'Ul.l~~~~ (MU = 30.20) ?l~n-·h-r€lf.l"'~"U€l~t'Ym~E.J'U~ill.l1'Ul.l~ 
" 

flnvl€1~ (GU = 26.88) 'Vt"'~n11~~n1~L~CJ'U-rLLUUli1~n1n11L~f.l't.l-rLLuU~Ub?l1~ 5 ~'U ~?ll.J~?I1'Un11 
" " ~ " 
LL 'll~i'ULnl.ILL uun~l.l Yl'U111 'U~'l.Um~e:J~m~-L 'U?I t!m~c.J'UG11'U 1 vtn iill.l 1 'Ul.l~~Clnvi'B~L ~l.l~'U-rBCJ"'~ 

• •jl " 

42.45 u"'~ill.IL'UlJ~~fl~1~Lfl~B'ULL~~~~"'~~~-r€ltJ~~ 15.59, 26.86 1'11l.l"1~U LU'U~"'L~e:J~"il1n 

m~vhn"ilm~l.l m1L~CJ'Ur!. 'Uiw.=h~'l"ilLL~~fi''Uvt1 L~e:J~?I'U n nu?I11~~"'1CJ L U'Un"ilm1l.l~vi11~~1E.J " . 
?11l.J11Cl b ~'U n11L tl~ f.J'U LL tJ ~.:! L~e:J~1.:!oU~ L"il'U 'OJ1 n~~ L tl~ CJ'U 1 U'lle:J~n1~~1~E.JilL 'lB{i~ ~'U~ Lfl LIJl€1{ 

" 
tJ n L~CJ'U~'Ubvl'U LLmi?I'U n~1~vi1n11'VI~~€l~ G1~~ ~ 1 ~'IJ n L~ tl'U L oU11"il LL"' ~?l-r1~e:J.:Jfi 1'111l.JTiv'i'v'i'1 CJ~'l . " 

" rl€l'U~~n1~b~tl'ULLUUl!)~n"in1~L~f.l'UiLLUU~'UL?I1~ 5 oU'U ~?ll.J~?I1'Un11 

LL'li~off'ULnl.ILLU'Un~l.J YlU11-r€lCJ"'~"U€l~tJnL~CJ'UG1'l'U1vtqji1l.J 1 'Ul.J~i'1"'1~Lfl~€l'U (AU = 21.48) LL"'~ 
l.IL'Ul.l~~~\Jl (MU = 40.36) ~~?l-:m11-r€ltJ~::"UB~t!m~c.J'U~ill.l1'Ul.l~flnvi'B~ (GU = 18.82) vt"'~m1 

" " 
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~~n1'lL~CJ'U1LL 'U'U-J n~mn1'lL~CJ'U1LL U'Ui1'UL?t1::: 5 .ff'U t:J?ll.lt:J?l1'Un1'lLLozi..'loU'ULnl.J LL 'U'Uf1"l.l 'V'I'U';h 1 'U 
\1 ~ 'U "t 

~1oUBL~v..'l?t1'l{;l :::(;11CJBLi1 n t 'VI'l1{;1~ Uf1b~CJ'UG11'U 1 'VI ruiill t 'Ul.J~() n~v..'JL ~lJ~'U1vCJ(;l::: 49.98 LL{;l:::ii 
" 'U 

'l Q.d d -=. t.t o cv !'I d o Q 

lJ b 'Ul.ll'l'VIft{;l1~Lft(;le:J'ULL(;l:::t:J~(;l~{;l..'J'lvCJ{;l::: 11.80, 38.18 l'l1l.J{;11~'U L u'Ut:J(;lL 'Uv..'l\11f1n1'l'V11f1\Jm'll.l 

fl11L~CJ'U.rl 'U~'UG1111\J LL~:::!'1'Uvt1 L~B..'l1mth 1 V'lvh 1~ll1f1f1rJ1tl'U L U'U n\Jm'll.I~'Vh 1~~1CJ ?t1l.l11fl 
'U 

L ~'U fl11L U~ CJ'U LL U~ ..'l1~ B ~ 1..'lotl ~ L \J'U \11f1 fl11lJ?trJ1..'l"lJ B..'l'Vt~ B~ 1 v.J B n~ ..'l L .Q B'Vt1 L~ B..'l?l 11~::: ~ 1 CJ 

~h~n t 'VI11~1'l1~'11uiv'U ~1CJ ~B m'lvl1fl11l.l L .U11 ~ 'l!n L~ CJ'U~..'l L .U1 h LL~:::?t'lu L -d'vvt1?t~1..'l L U'UB..'lfl • 

"" .. 
4.2.4.3 L 1B..'l'VItl~!Jf11~-L 'U?l 

" I Q.l -=1 Q.l U q II 4 Q.l 

f1B'U~ ~fl11L 'lCJ'ULL 'U'U1{)~ mfl11L 'lCJ'U~LL 'U'U ?l'U L?t1::: 5 "ll'U ~?tl.l~?l1'Uf111 

LLozi..'l"1J'ULf1l.ILL 'U'Uf1"l.l 'V'I'UrJ1~vCJ~:::"!Jv..'l'IJf1L~CJ'UG11'U1 vtruiil.l 1 'Ul.l~rtm~Lfl~B'U (AU = 36.13) LL~::: . " 

ll1'Ul.l~~~~ (MU = 56.77) ~..'l?t..'ln111'vt.~~:::"llv..'l'l!m~CJ'U~iill1'Ull~nn~v..'l (GU = 7.09) vt~..'lrn'l 
'U 'U 

~~rn'lL~CJ'U~LL uu1n~mfl11L~CJ'U~LL uui1u L?t1::: 5 ~'U ~?tl.l~?t1'Ufl11LL "li.:!"ll'ULm.JLL uu n"l.l 'V'I'UrJ11 'U 
~ ~ 'U "t 

'1X1.Um~B..'l'VItl~~m~-L'U?t 'l!m~CJ'UG11'U 1vtqjiil.l 1 'Ul.l~~n~B..'lL~l.I~'U~vCJ~::: 4 7. 90 LL~:::iill 1 'Ul.l~~ 

flm~Lfl~B'ULL~:::~~~~~..'l~BCJ~::: 1.83, 46.07 l'l1l.IGh~u ~1n~~f1111~eJ'V'I'UrJ1Uf1b~CJ'U1'Uncil.l~ii • 
ll1'Ul.l~fl~1~Lfl~B'U~~~..'lLViCJ..'lL~ntivCJ m~~:::Ltl'U~m~B..'l~1m-d'vvt1L~B..'l'VItl~~m~-Lu6'1 LU'U 

L -d'vvt1~iirt11l.l'li'uiv'U ~ B..'lB1Pl CJft11l.l L .U11 ~ L~B..'l m'lLLI'l n ~1 L tl'U 1vBB'U"lJB..'l m~-L u" n11 L iJ 'U 

1vve:l'U'U1 n1vvv'U~'U 'Vt~B 1l.IL~ f)!;'t"!Je:l..'l?l11'Vt~..'ln111 m U'll'le:l'U"llv..'lm~LL!;'t::: rn'l-r'U 1 U'll'lB'U"lJB..'lL'U?t • 
~.:!'11 f1L~CJ'U 1~?t1l.l11fl L~'Uf111L u~ CJ'ULb U!;'t..'lf111Ln~ L U'U LBBB'U'U1 n 1vve:l'U!;'t'U bb!;'t::: 1llbl;'t f)!;'t"!Je:J..'l • 
f11 ~-L 'U?! 1~ ~1 CJ l'l1 ~ ..'l CJ 1 f1 ~ B f111vl1fl11l.l b oU1h 'VI~ ..'l L~ CJ 'U ~ ..'l'V'IU rJ1U nb~ CJ'U eJ ..'liill 1 'U lJ ~ ~ 

rt!;'t1~Lfl~B'UflB'UoU1..'l?t..'l ~..'l~~LU'U~BCJ!;'t::: 34.30 
'U 

... 
I CV q Q.l V d II d Q.l 

f1B'U "il ~f111L 'lCJ'U LL UU1!)~ mf111L 'lCJ'U~bb UUG'lU b?t1::: 5 "ll'U ~?tl.I~6'11'Uf111 

LL"li..'loU'ULf1l.ILL'U'Uf1cil.l 'V'I'UrJ1~BCJ~:::"lJB..'lUf1L~CJ'UG11'U1vtruiil.I1'Ul.l~fl~1~Lfl~B'U (AU = 28.39) LL!;'t::: . " 

l.I1'Ul.l~~~~ (MU = 66.96) ~..'l?t..'ln11~vCJ!;'t:::"llv.:!'l!m~CJ'U~iil.I1'Ul.l~nn~v..'l (GU = 4.64) vt~..'lfl11 
'U 'U 

~~fl11L~CJ'U~LLUU-Jn~mfl11L~CJ'U~LL UUa'UL?l1~ 5 ~'U ~?tl.l~?l1'Ufl11LL"li..'l"1J'Ubf1l.lbb U'Uf1"l.l 'V'IU111 'U 
'U ~ 'U , 

'iX1oUBL~B..'lfl111 'VIL'VI11'lm~-LU6'1 'l!m~CJ'UG11'U 1vtruiill 1 'Ul.l~nn~v..'lb~l.I~'U~BCJ~::: 59.86 bb~:::iil.l 1 'Ul.l~ 
" 'U 

~flm~Lfl~B'ULL!;'t:::~~!;'t~~..'l~BCJ!;'t::: 10.03, 49.06 l'l1l.I~1~'U ~1f1~!;'11~m'i'UrJ1'1Jm~CJ'UeJ..'liil.I1'Ul.l~ 

fl!;'t1~Lfl~B'ULLa:::l.l 1 'l..ll.l~~~~l"iv'l..loU1..'l?t..'l L ~B.:!~ 1m il'vvt1L~B..'lfl11L'VIL 'VI11'l m~-L u?t L U'UL -d'vvt11 vt~ 
'U 

G11vt-ruum~CJ'ULL~:::~B..'le:l1PlCJfl11l.l~ft11l.l L oU1L~ 1 'UvtmCJ 1 L~B..'l~L~CJ'Ue.i1'Ul.I1LL~1 L "li'U fl11L~CJ'U 
'U 

?tl.lfl11 Lflii f111~a?tl.lfl11 LLa:::~B..'lB1PlCJ~'U~1'U~1'U rn11"11'U1ru'VI1..'lfttUI'l!3!1?tl'l1 G1..'l~a 1~'11 m~CJ'U . ~ 

U1..'l~1'U~iill L 'Ul.l~fl!;'t1~Lfl~B'UbL!;'t:::l.J 1 'Ul.l~~~~ 1 'UL~B..'l~L~CJ'Ue.i1'Ul.I1B~LL~1 ~..'JG1..'l~a 1~L~v..'lf111 
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1 'VlL 'Vl':i~fl1~-L uG1 L U'UL~B~~~n n~vm1vhm111L i1 h"llB~irm~t.J'U irm~t.J'U~~ hlG11111':i(lG1~1~B~r1 

1"11111~~ t;1 n~B~~'l tJ ~'U LB~ 1~ ~~,j'U'V1"'\Jn1':i:ij~ n11L ~ ti'U~ LL UU'f n :ij n1n11 L~ ti'U ~ LL UU ~U LG11~ 5 .ffu 
'U 'U 'U ~ 'U 

t:J~11 t:J ~1u n11 LL "!1~-!Ju Ln11 LL uu mi11 ~-1f1-1iiir n L~ t.J'U~ii11 1 'U11 ~~ 1"1~1~ Lf1~B'U LL~ ~11 1 'U11 ~~ ~ ~ • 

4.3 fi1111L.a1L~11b'U11~1'V1V1f11~~{LL~::fl1111fl11'V1U1'Vl1\lfiT'H'iVUL~eHfi1~-LU~ '!JB.:i1JnL'iVU 

n~11~1mh.:~luttm1flm~J1 2559 

4.3.1 f1::LL UUfi1111L .a1L~1Jb U11~1'VlV1f11~~{L~~mL~::fi111Jfl11'VIU1'V11-1n11L~ti'U 
' " Q.l .c:::t " odl " Q.l Q.l q "' d Q.J 

"il1 n n1 ':i"il ~ n11 L 1 t.I'U 1 L ':iB-1 n1~-L u ~ ~'l t.J'lfl "il n1n11 L 1 t.J'U 1 LL u u G1U L~ 1~ 5 "ll'U 
~ ~ ~ 

t:JG111t:JG11'Unu L 'Vlf1ilf1Ln11 n11 LL "ll~-ll'ULL uunci11 1~t.Jiim11'~11 1 U11~i'Vlt.J1Pl1G1~1 L~B-1fl1~-L uG1 nB'U 
' 

d Q.l d 1.1 ...::. ~ II IJ II II II ea.ea. 1 d 

L ':it.I'ULL~~'VI~~b ':it.IU LLm'lLf1':i1~'VI'V11':iBt.l~~f1'l111n1'l'V1'U1 (%n1'l'V1'U1) f)~LL 'U'U'Vl1~~(;1~f11'Vl (t -test) 

L -rim 'IJ~t.JUL Vit.JU\"1~ LL 'U'UnB'UL~ t.IULL~~'VI"'~ b~t.I'U~'l t.ln1':i'Vl~G1BUfhViLL UU nci11~1B ~1~ 1lJ~G1':i ~~Btl'U 

(dependent samples t-test) t:J~m~LLG1~~lum11-1~ 4.5 

3.85 9.63 
79.62 

35.70 89.25 

...; 
LUV\IL'UU 

2.43 

1.48 

• 

t-test <g> 

83.47* 0.88 

t:J~ n11i bf111~,iB11~ b Ylv b 'IJ~t.JU L Vi t.IU 1"1~ bb 'U'U LO~ tJ rlB'UL~ t.I'U Lb~~'VI"'\1 b~t.I'U"llB~nci11 
~ . 

~'lB~1\I YIU11f1::LL'U'U111'U11~i'Vlt.J1f11G1~1LO~t.JnB'UL~t.I'UL'Vhnu 3.85 f1~LLU'U f1~LtJU~Bt.l~~ 9.63 

"l!B\If1~LL 'UUL~11 ci'l'Ub ~ t.l\1 L U'U111~':i~1'U 2.43 ci'lU\"1:: bb U'U11 1 'U1J~i'Vlt11f11G1~ 1 LO~ t.I'VI"'~ b~ t.I'Ub vhnu ... 
35.70 f1~LU'U~Bt.J~:: 79.20 "l!B-1f1~LL'U'UL~11 ci'l'UL~t.I~LU'U111m~1'U 1.48 LL~::fhViLLUUnci11 ... . 
~'lB~1-1hiLU'U~G11::~vn'U (dependent sample t- test) iii"11Lvhnu 83.47 ci'l'U~rJt.J~::"llrJ\1 

fr.l111fl1'l'V1U1"!.1 B\11"1~ LL 'U'U11 1 'U11~ nB'UL'it.J'ULL~::'VI"'\IL'it.J'U L vhnu 79.62 LL~::iim1l.lll11'V1U1'V11\In1':i 

b~t.I'ULLUU'I.Jn~ <o> L'Vhnu 0.88 ~~:ij~Bt.IL'U':i~~U "fld111fl11'V11.J11~~UG1~" L~B\I"il1nn1':i:ij~n11 
~ ~ ~ 

L'it.J'U~LL U'U~ULG11:: 5 .ffu t:JG111t:JG11'UL'Vlf1ilf1n11LboU~i'UL01JLL UU nci11vJ11l1iJm'it.J'UG1'U nnUn11L'iCJ'U 
~ . . 
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LLm~m~~B~B~'\J~~~fl'\Jfl'hvnf111'1B'U b ~v'l11v\liifl'"J111~~1~ Ubb ~\lsU'\J b ~B 1 m~fl~bb '\J'\J0~11~\1Ml , , , , 

LLa~ L~fl~LL uu 1 'Uir~1 ~n'Un~11 ~\IJum"i~~nTH~ti'IJ~LL 'U'U~'UL~1~ 5 .ffu t:-~~11t:-~~1'1JL'VlfloUfln1"i . ~ 

J 
b'\Jtl'lll1 

~10n1"iiLfl"i1~'\o1fl~LL'\J'\Jfl1111L•ihh11L'\J11~i'Vlt11fi11~1'1{LLa~fl1111tl11VnJ1'V11\In1"iL~ti'\J 

L~B\In"i~-b'U~ "iJ1Lb'\J0\>1111b.Q'B'III1 t:.~an1"ii~tl~\lbb~~\11'1JI'l1"i1\l~ 4.6 

.r 
b'\Jel'VI1 

G'IT'm~~1EJ 

m~-LUG'l 

G'l1':i~~mEJ 

BL~nLVl':i1~~ 

n1':i L VlL Vl':ilil 

m~-LUG'l 

fl::U'U'U 

6 

6 

10 

18 

40 

0.52 

0.53 

1.21 

1.59 

3.85 

II II 

fl1111n11'VI'U1 

•• t-test 
<g> 

111~'1~1'U .. 
0.70 8.67 6.00 0.00 100.00 91.33 1.00 65.57* 

0.78 8.83 5.94 0.34 99.00 90.17 0.99 51.69* 

0.90 12.10 9.36 0.82 93.60 81.50 0.93 51.75* 

1.43 8.83 14.40 1.15 80.00 71.17 0.78 57.24* 

2.43 9.63 35.70 1.48 89.25 79.62 0.88 83.47 

• LLI'ln~1\IB~1\Ii1um11~qJ~"i~~'Um111L~mi'u~vtla~ 95 (p < o.05) 

•• <g> < 0.30, 0.30- 0.70, > 0.70 i1fl1111tl11vtti1"i~~'U~1 'IJ1unm\l LLa~~\1 1'1111~1~'\J 

~1nm"i1\l~ 4.6 Ldv"ii'1LL'\Jnm11L-rl'ervmtlu 4 'IX1.Uv LvlLLri (1) ~1"ia~mtlm~-L'U~ 

(2) ~1"ia~a1tl~h~nL'V111a~ (3) 'Vlq~~m~-L'U~ LLa~ (4) m11'V1L'V111'lm~-L'U~ 'Vl'U':h '11m~t1'1Ji1 

fl~LL'\J'\JOB'\Jb~CJ'\J~BEJa::: 8.67, 8.83, 12.10 LLa::: 8.83 1'1111~1~'\J LLa:::i1f"l:::LL'\J'\J'V!~,H~CJ'\J~BEJa::: 

100.00, 99.00, 93.60 LLa::: 80.00 1'11:W~1~'U 1~wL~B\1~1"ia:::a1tlm~-L'U~ (100.00) LLa:::L~B\1 

~1 "ia:::a 1 EJ B L~ n 1 'Vl "i 1a ~ (99.00) L tlu:w 1 u:w~ ~ '11 m~vui1 f"l::: LL u u vt ~ \1 L~ CJ'I.J ~ \1~ ~ ~ ~ \ld B 1 ~ "' . 
L ~v\l:w1~1n L tlu L~B'I~i1 L dv'lll11~i'Uivu LLa:::u n L~EJ'IJLf"l tJ L~ ti'IJL~B\1~1"ia:::a1 vm~- L 'U ~ 1 u"1i1\l 
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l!tHJ:W flim~n\91 el'U ~\.1 ~ 1'U:W1 LL~1 ti flL~ EJ'U~.:J L oU1 1"iJ 1~~1 EJ LL~ ~lil1 n n1"5'Vh filil n"5"5:W b ~ el b~ EJ'\.1~ L~el.:J 
G11"5~~~1EJBL~n 1 '¥1"51~~ tim~EJ'UG11:W1"5t1G1~1-:J:W 1 'U:W~'V11-:J1'V1EJ11i11G1\9lofl~~1EJ L~u.:Jiil1nG11:W1"5t'l:Wel.:J 

.f11'V'j 1~mh.:JotlV\Liil'U ~1'UL~el.:Jn1"51 'VlL 'V1"5\9ln"5Vl- L 'UG'I Ltl'U:W 1 'U:W~~tin L~ EJ'Uijfl~LL 'U'U'VI~.:JL~EJ'U~1~~Vl 
(80.00) ~.:!;iU11ilL~el.:!:W1'V1flL tl'UL .Q'el'V11vi'l 'VI:U LL~~ijL -d'u'VI1~elEJ~1'U1'U:W1n L '!i'U n1"5~~G1:Wn1"51 'Un1"5 

'VlTUU fi~EJ1"5~'VI11-:Jn"5Vl LL~~L 'UG'I n1"5f'11'U1t1.1'VI1f111:WL oU:WoU'U"llel.:Jn"5VJ'VI~el L 'UG11il1nn1"51 'V1 L '¥1"5\91 n1"5 

f'11'U1t1.1'V11tl~:W1t1.1n"5Vl'VI~m 'UG11 'UG11"5~1el~1.:! ~.:Jt:.m 1 ~tim~EJ'UG1'UG1'ULL~~l'i1f111:WL oU1 1"iJ 1~mn vh 1 ~ 

tim~EJ'Uij:W 1 'U:W~~flmVJ Lfl~el'ULL~~~Vl 

lil1n m"51 Lf1"51~~~1 EJn1"5'VlVJG1el'U LL uu nci:wPim~n 1:U L tl'U BG1"5~~ eln'U~"5~~u m 1:w L ~e1li''U , 
~elEJ~~ 95 yj'lJ'"J1 tim~EJ'Uijfl~LL 'U'Uf111:WL oU1 1"iJ:w 1 'U:W~LO~EJ'VI~.:JL~EJ'UG1-:Jn'"J1tlel'UL~CJ'U'Vln:W 1 'U:W~'VI~ n 

'IJ • 

1VJCJij~elCJ~~m1:Wfl11'VItJ1'V11-:Jn1"5L~EJ'Uiil~.:J (% actual learning gain) "llel.:JLL~~~:w 1 'U:W~'VI~flLtl'U 

91.33, 90.17, 81.50 LL~~ 71.17 \911:W~1~'U LL~~ijf111:Wfl11'VItJ1'V11-:Jn1"5L~CJ'UbL 'U'Utln~ <g> LtJ'U 

1.00, 0.99, 0.93 LL~~ 0.78 \911:W~1~u ~.:J~VJBCJL'U"5~~u "fl'J1:Wfl11'VItJ1"5~~'UG1-:J" ~.:J 4 :w1'U:w~'VI~n 
'IJ 'IJ 

:w 1 'U:w~ L~u.:JG11"5~~mCJmV1-L'UG1 Ltl'U:w 1 'U:W~~tim~CJ'Un~u CJ~~I"l~LL 'U'U'VI~.:JL~CJ'U (1 oo.oo) LL~~ 
f111:Wfl11'VItJ1'V11-:Jn1"5 L~CJ'ULL uutl n~ (91.33) G1-:J~G1VJ L ~u.:Jiil1nL~u.:JG11"5~~~1EJmV1-L 'UG'I ijL -d'u'VI1 

'IJ • 

1:U~uiu'U tim~CJ'UG11:W1"5moU'1h 1~~1EJ LL~~G1~1-:JLtl'Uu.:JFlf111:W¥b~u~1-:Jt'ln~u.:J ~1'\J:W 1 'U:W~L~u.:Jn1"5 
'IJ 'IJ 

1 'V1 b '¥1"5\91 n"51'1-L 'UG1 L tJ'U:W 1 'U:W~~ti flL~CJ'Uij~u CJ~~"llu-:!1"1~ LL 'U'U'VI~.:JL~CJ'U (80.00) LL~~m 1:Wfl11'VItJ1 

'V11-:Jn1"5L~CJ'ULL uutl n~ ( o. 78) ~1~G11'1 ~.:JdmlilL~u.:J:W11il1ntim~CJ'U'U1-:J~1'U~:wl'l~G1:wm"5Lflijnu'Ul'i1 . , 

m"51"11'U1ru l'i11 ~m"51"11'U1ru 1~1"11\Plu'U~~I'l Bn~.:Jtim~CJ'U'U1-:J~1'Uij~n't!f~~1'Un1"51"11'U1ru~1 vh 1 ~ 

n1"5G1~1-:J:w 1 'U:W~1'V1CJ11il1G1\91{ L~u.:Jm"51 'VlL 'V1"5\9ln"51'1-L 'UG'I ~.:! L tl'UL~u.:J~!'iu'UoU1-:JCJ1m11'VI-rutim~CJ'U 

L~uoWiil1"5ru1 LLCJ n \911:W"51 m -d'u'V11'V'l'U'"ht-1'1oU'uti m~CJ'Uij 1"1 ~ LL 'U'U:W 1 'U:W ~1'Vl CJ 1 lil1G1\91 {'VI~.:! 

~1'\J m~'U1'Un1"5'V11-:J1'V1CJ11il1G1\91{ l'i11 ~tim~EJ'U~'IJ'V'j'lJ LL~~G1~1-:Ju.:JFlf111:W~~1 CJ\91'\JLu.:J ~.:Jt:.J~ 1 ~ 
'IJ 

tim~CJ'UL oU'1 h 1 'Uu.:JF1m1:w~tT'U fj 1~Ltl'Uu~1-:J~LL~~ijtJ"5~~'V15m'V'l 
4.3.3 m"5l\l1 LL 'Unn~:w:w 1 'U:W~"!lu~'l!m'ia'Ulil1nLL uu'Vl~!;lelu1~:w 1 'U:W~ L~u~m~-L U!;l 

m"51 Ll"1"51~~"5~~um1:w L oU'1 h:w 1 'U:W~"llu.:Jtim~CJ'Uiil1 mL 'U'U'V1VJG1uu11'lm1:w L oU'1 h:w 1 'U:W~ 

LL~~~:w 1 'U:W~ L tl'U "51CJoUu LVJ CJL eUI"111:W~ LL~ ~~u CJ ~~ ~.:! LL 'U'U'Vl ~G'Iu'U 1"1"5u'UI"l~:w 4 '1-11-D u 1~ LLn , 

1) G11"5~~~1CJn"51'1-L'UG1 2) G11"5~~~1CJBL~nL'V1"51~~ 3) 'Vl'l't!f~mV1-L'UG1 LL~~ 4) n1"51'V1L'V1"5\91 

mVJ-L'UG'I ~1LL 'Unnci:w:w 1 'U:W~"llu.:Jt'rm~CJ'Uiil1nLL'U'U'Vl~G1uu1VJ:w 1 'U:W~L~u.:Jm~-L'UG'I uumtl'U 3 nci:w , , 

11'1CJL<tl'Lnru'r11'Um"5~1LL'Un\911:W\911"51-:J~ 4.3 'V'l'U'"h nu'UL~CJ'Uij~BEJ~~"llu.:Jtim~CJ'U~:w1'U:w~t'ln~u.:J 
'IJ 

(GU) :WL'U:W~I"1~1VJLI"l~u'U (AU) LL~~:WL'U:W~~~VJ (MU) Ltl'U 0.21, 19.33 LL~~ 80.46 \911:W~1~'U lil~ 
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L~'U1~11irm~EJ'U£1-;ru1vmHeH.Ja~ 19.33 LLa~ 80.46 B~1'Wn~l.ll.l1'Wl.l~fla1111Lfi~'El'U (AU) LLa~ 
~ ~ . 

lJ 1 'Ul.J~.yj~\11 (MU) ~1l.lrl1~'U L~'ElYi'l1'HlJ1fl11lJL oU11'llJ 1 'Ul.J~'VI"'.:!L~fl'U 'Vl'U11 'VI"'.:!L~EJ'Uii~'Elfla~"tl'El.:! 

iJm~EJ'U1'ULL~a~n~l.JLU'U 86.17, 10.43 LLa~ 3.40 ml.lrl1~'U 'l~L~'U1~-;h~BVa~"lJ'El.:!iJnL~V'U.yjij • 
111'Wl.l~.yjfla1111Lfi~'El'U (AU) LLa~lJ1'Ul.l~.yj~l1l (MU) a\1la-:!'11f1fl'El'UL~V'U 8.90 LLa~ 77.06 ~1l.lrl1~'U 

£11'W~Bva~"tJB.:!irm~EJ'Wviiil.l 1 'Ul.l~vlcml'i'B.:~ (GU) L~l.l~'U'l1nne:J'UL~V'U 85.96 111lEJirm~v'W£11'W1 'VIru 
'U " 

em"'. 'Ufl~l.liil.l 1 'Ut1nl'ie:J.:~ ~.:~~1~1-:~vi 4. 7 
'U • ~ 

VJ111-1vi 4. 7 ~eJaa::'UeJ-1'11m~aulun~11111 'IJ11~~1-1 BJ lii'1LL 'IJflVJ111f'l::LL 'IJ'IJ~1mL'U'UVIfl~eJ'U1fl 

111'1J11~ 

~eJaa::'UeJ-1'11m~aul uml11111 u11~ • 
.r I .. ... .. 

nTn 'IJ~EJ'UU 'I.Ja-3 • L'Uv'VI1 flV'IJL'W'U 'VIa-3L ~EI'U 

GU AU MU GU AU MU GU AU MU 

?11~a::mt.Jmlil-L'UG'I 1.43 13.33 85.24 100.0 0.00 0.00 +98.57 -13.33 -85.24 

?11~a::a1t.J~h~n 1·m 1a~ 0.00 18.57 81.43 99.05 0.00 0.95 +99.05 -18.57 -81.43 

"" 0.00 24.57 75.43 90.86 4.86 'Yl~~!Jn'llil-L'UG'I 4.29 +90.86 -19.71 -71.14 

m'l1 'Yl~'Yl'l~mlil-L'UG'I 0.00 18.67 81.33 79.28 16.44 4.28 +79.28 -2.23 -77.05 
d 

0.21 80.46 LilaEJ 19.33 86.17 10.43 3.40 +85.96 -8.90 -77.06 

'11flVJ1~1-:~vi 4. 7 'Vl'll'h Ldml1LL 'Un~mJ~~"tJm'!Jm1v'W 1'Wn~l.l11Loul.l&i~1.:~ i nB'UL1V'W 

'Vl'lli1VI n~'loUBii~eJ ~~~"llel.:!U m1~'U 1 'U n~l.lviiil.l 1 'Ul.l&ivi ~fl~'ll.l nu~B ~~ ~"U€1-:!U m1 ~'Wviiil.l 1 'Ul.l&i • • 
flmf1Lfl~€l'U (MU+AU) G'I.:Jfli1~€l~~~"U€l.:!irm1~'U.yjijl.l 1 'Ul.l~.yjm11'i€l.:! (GU) fOl'El'UoU1~l.l1fl LL?Ifl~h;' 

'U 'U 

L ~'U11 ri €l'UL1 ~'UU n L1 ~ 'Uii fl'l1l.J L oU11 '1-« 'U~1'U LM ~1 nuL~ €).:! 01111-L u ?I L U'U fl'l1l.J L oU11 ~v~ ~fl LL~ ~ ... 
fl~1f1Lfl~ B'U LdBiLfi~1~~~Bt.J~~"llB~'IJ n L1t.J'W1 'ULL~~~~loUB'VIG"i'~L1 ~'U 'VlU11 LL 'W'l1 Ul.l"lle:J~n1~ 

L ti~V'ULL ti~~~B~~~"lle:J~'!Jm1~'W 1 'Un~l.ll.l 1 'Ul.l~~1.:~ i LU'U 1 tl1 'WVi!3lvn~vl~~'U 111lv'VIG"i'~L1v'Wii~Bv~~ 
"tJB.:~'!Jm1~'W 1 'Un~11viii111 'Ul.l~vlt1nl'i'B.:~ ( GU) ?I~ n11~Bv~~"llB'Iir m1~'Wvliil.l 1 'Ul.l&ivl~l11~1l.lnu~mm~ 

• ~ 'U 

"lle:J.:J'IJm1t.J'Wvlii111'U:u&ifi~1111Lfl~€l'U (MU+AU) bb?ll1l'IL~b~'W11m~~l1ln1~L1~'UibbU'Ul!)~mm~ 

L1~'U~LL U'U~'U LG11~ 5 .ff'U ~G'Il.l~G'I1'U tl'UL Vlfltifl n1~LL "ti.:~'li''ULfll.JLL UUfl~l.JG11:U1~t1oW~'U1fl'l1l.l LoU11~ 
~ . 

:u 1 'W:U~"tJB.:~'!Jn L1v'W 1~B~1.:~iiti~~~VJ5.nTr-l B ~1.:~ 1 ~nml.lLdB~'l,~ru 1B ~1.:~~~ LB~I1l'l~'rltJ11 L~B.:~ 
?111~~~1~ml1l-L'U?I (100.00) LL~~L~€l~G11~~~~1VBLan1VI~1~~ (99.05) LU'U~1oUBvlii~BV~~"ll'El'l 



37 

'\1n L~EJ'U 1 'UmhJlJ 1 'UlJ~rli;'I1~Lrl~ el'U~-:1~~~ ( 16.44) LLi;'l~ L~eJ-:J'Vln~n m~-L 'U~ L tl'U~1otleJ~i1~eJVi;'!~'lleJ-:J 
• '\1 , 1111 6J 

'\1m~V'U 1 'Umll.llJ 1 'Ul.l~~~~-:1~~~ ( 4.29) <Yt.:~~eJ~rl~eJ·:H1'Url~ LL 'U'Urld1lJL otl11~lJ 1 'UlJ~~Bfi'U1V 1 'Uotl1-:!~'U 
, 'U , 

1~v1 'UL~eJ.:!'Vlt)~~ m~- L 'U~ '\1m~V'U'U1-:!a1'U~.:! hJ Lotl1 h L~ V'd n'U n111 ~ LLi;'I~1''U 1 tJ ";iV\el'U'lleJ-:1~11 

LLBlJ 1 vl L 'VIB~n FlB Lriv1''U 1 U1VIB'UlJ1LL~1~~ L tl'UB~1.:! h 'Vf~mrla 1 'Vf .... b.J1V~B'U 1 tJ LL~'d~~ Ln~ 1BBB'U 1~ 

a-:J'U1'UL~B.:!n111'VIL'Vl1Vln1~-L'U~ ,f'U 't'I'U'J1'11m~V'U'U1-:!G'11'U~.:!i1rl11lJG1'U~'UL~V1fl'U~11l;'l~l;'I1V 

lJ1\Jl1~1'UUa~~11a~l;'I1V~1B~1-:!Lrlvi1n11fl1'Vf'U~~fi1'U n11run11 1 'VIL 'Vl1VllJ11 ~ '\1 m~V'U hi~1l.l11t:1 ... 

4.3.4 ~m.Ja~lJL'UlJ~~n~B~ f'la1~U'l~B'U LLa::~Vt ~1LL'UnVI1lJ\11oUB 

LrimLV ni Lr111~~~l;'ln11'VhLL 'U'U'Vl~~eJ'Ui'~lJ 1 'UlJ ~i'Vl V1P11~VI'h~B.:!n1~-L'U ~ 'liB.:! 

'\1m~V'U lij1LL'Un\Jl1lJ~1otleJ ~i;'lm~LL~~.:!~-:!11Vi;'!~L~V~~el hJ-d' 

1 ... d 
4.3.4.1 lJ 'UlJ\JlL1a-:1~11l;'l~i;'11Vn1~-L'U~ 

I ll.l -=1 111.1 llJ' -=I ll d ~ 
nB'U~~n11L 1V'U LL 'U'U1!J~ n1n11 L 1 V'U ~ LL 'U'U~'U L~1~ 5 'll'U ~~lJ~~1'Un1";i 

LL oU.:!oU'U Lnl.l LL 'U'U n~ lJ L~B-:1 ~ 1 1a ~ i;'l 1 V n1~ -L 'U ~ 't'l 'U 'J1 ~B V l;'l ~'ll B .:~'\1 n L~ V'U a1 'U 1 'Vf qj i1lJ 1 'UlJ ~ 

r~a1VtLrl~B'U (AU = 13.33)Lta~l.I1'Ul.I~~~Vt (MU = 85.24) ~.:~n11~eJVl;'l~'llB.:!'I1m~v'U~i1l.I1'Ul.l~ 
Gn~B-:1 (GU = 1.43) 'Vf"'.:!n11~~n11L~V'U~LL'U'U1n~mn11L~V'U~LL'U'Ua'UL~1~ 5 .ff'U ~~lJ~~1'Un11 
'U 'U d.J '\1 

LL oU.:!oU'ULnlJ LL 'U'U milJ't'I'U'J11 'U~'"JotlB~11a~a1 V n1~-L 'U~ '\1m~ V'U'Vl nr~'Ui1lJ 1 'Ul.I~B~1 'Umll.llJ 1 'UlJ~ 
, , '\1 , 

' ' " V odl odil Q.l Cll iJ' V <V odl 11V I Q.l 1 

GnVIB.:!L 'UB-:1 L 'UB-:!~1nn11~~n11L 1V'U1 LL 'U'U11l~ n1~'UL~1~ 5 'll'U~~lJ~~1'Un11LL 'lJ.:!'ll'ULnlJLL'U'\..JnalJ 
'\1 '\1 6J , 

1 'Umll.l 1~"li1Vn'U~n~1R'Ur111 vhn~n11l.l '!hVn'U~1tlLLl;'I~~~1-:JeJ-:Jfir111lJ~~1l.ln'U a.:~~"' 1 ~'11m~V'U 
, • 'U 

1 'ULL~i;'!~m'ilJLotl1h LLa~i1lJ 1 'UlJ~ L~el-:!~11l;'l ~m V n1~-L'U~ 1~B~1-:Jt:1n~eJ.:! ~'del ~1-:!n11\JlB'U 
• 'U 

LL 'U'U'Vl Vl~B'Ui'VtlJ 1 'UlJ~i'Vl V1li11~ VI i'llB-:!'11 nL~V'U'Vf"'-:1 n11~Vl n11 L~V'U j~1 Vi'!]~ mt;u L~1~ 5 .ff'U 

I Q.l I d QJ d 
~~lJ~~1'UnTSLL 'll.:!'ll'ULnlJLL'U'UnalJL 1B-:!~11a~mVn1Vl-L 'U~ LL~~\l~\li11't'I'Vl 4.1 , 

1. 4fl'\91nrh·)'\liQMfl~li\01rl\lfliiiUUllft,.!HU11li:II100HIUn::ll11ll:ll101\ltl' 
1. "'" ~fl l111l\ii'll'thl91ntUI{Juu~ti'\h:nou ua:tT1U110ih1.,Nh1l'l)nYuft 

2.1'1.11'1 ilfl 1111in:a1tnf,,tf ull:l11lmo11l'rjiililn"'fluunnntll1l 
@)un Ro n11l\n:n1tJ\I11fl' un:ut~rni'l1'"&1911lUOU1uoou m,o'> 11'\' 

4. Olfl flo nn;lz~n u,:ll111110l\Jrjiilii09110\l110U11i!ll1fl' 
..j A ~ 0 • lii'!Yilll0091fl\J,O .. .. .. . . l'ln 1. jJ: 1 ..J ~ 

............... W..l!?.~) ... ~'J.~.'?r.~.~-~ ... ~.~!~.: ..... ~~-~--y~-~.'P.:"ff."!0:.!'!:'.~~1oo-

.. ~J.~.· .. ~.~.!n.'>.~~--~-~~-~."J.~'!.~.':>!.~!~~-!.'!o .... (~J:l.~ ... : ............................... . 
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"il1nfl1Yl~ 4.1 Yl'\.rl1 t:H'lm'liLfl'l1~~ 'li'm~ti'W~1l.l1'ltl'Ut:Jn1e:mt:J'W~LL~~-H'Il.nJ~fl11l.lL'iJ'W 

n'l~LL"~L'UG'l1~ 
,. .. ..~ QQ'l 1~ 

4.3.4.2 llb'UllVlL1B.:JG'111"~"1tlm"m'V11 "Vl 

lJ 1'Ull~h~e:J.:JG'111"~"1tiBL~n 1 'V11L"~ ne:J'U..ij'\Jln11L~ti'ULL '\.J'\.J1n..ijmn11L~ti'Ui 
LL'\.J'\.J~'\.JLG'l1~ 5 ~'U ~G'lll~G'l1'Un11LL"li.:J-ff'WLnl.JLL'\.J'\.Jn~ll Yl'\.J';h~Btlm~"!le:J.:J'!Jm~ti'U~'l'U1'VI(\jilll 1 'Ul.J~ 
1"1"1\JlLI"l~e:l'U (AU = 18.57) LL"~ll1'Ul.l~~~\Jl (MU = 81.43) ;.:JG'l.:Jn1T~'e:~v"~"!le:J.:J'!Jm~ti'W~iill1'Wll~ 

" " ttn~e:J.:J (GU = 0.00) 'VI~.:Jn11-.ij\Jln11L~ti'U~LL'\.J'\.Jll'l..ijn1n11L~ti'U~LL'\.J'\.J~'\.JLG'11~ 5 .ff'U ~G'lll~G'l1'Un11 
~ ~ ~ ~ 

LL"li.:J.ff'ULnlJLL '\.J'\.Jn~lJ Yl'\.J11tJnL~ti'U~'l'U 1 'VIqji1ll 1 'Ull~1Vl t111"11G'll'l{L~e:l.:JG'111"~"1CJBL~ n 1 'V11 L"~e:l~L 'U 

mh.Jll1'Wll~t1n~B.:J (GU = 99.05) L~e:l.:l~'ltln11-.ij\Jln11L~tl'U~LL'\.J'\.Jln..ijm~'\.JL~1~ 5 ~'U~~lJ~~1'U 
" 'U 'U dJ 

n11LL "li.:J-ffuLnllLL '\.J'\.JmhJ L tiu 1 ~trm~CJ'UL uu~".:Ji1m.J n,J~n"ii m1l.l~'l tJVl'ULB.:J vh 1 ~tr n L~ CJ'U~'UL~'U . " ~ 
.:=~ u c~ Q.l a 11 ~ ~.,.., QJ J1 d 

G'l'U n LL"~l.J fl'l1lJ~"!I n'\.J n11L 1 ti'U 'U n L 1 tl'U G'11lJ11t1 ~11-:Je:l.:Jfl fl'l1lJ 1 bVl\Jl'l tJ \Jl'l Le:l.:J LLm: L 'U e:l'VI1 L 1e:l.:J . . " 
G'l11"~"1tiBL~ n 1 'V1 1L"Vl1l.i~'\.J'IYB'U ,r nL~tl'U~1lJ11m oU1 h L .Q e:l'VI1L~"i11n n11Vh n"ii n11lJ LYl 11~ 

~1lJ11t1lJB.:Jfl1YlL~B~1-:JiiJlL"ii'U ~.:J~" 1 ~'IJm~tJ'WiilJ 1 'WlJ~B~1-:Jt1n~e:J.:J ~'lu'IJm~tJ'U~BtJ"~ o. 9 5 e:~~ 
" " 

1 umilJ~iilJ 1 'UlJ~~~ \Jl Pie:~ '11m~ CJ'U 1 'li" nl"11 1 'UG'll.ln11LLG'l~.:Jn11LLVln~'lL uu LBBB'U"!Ie:J.:JG'l11B L~ n 1 'V11L"~ . " 
ele:l'U~\Jl Pie:~ 1 oU"ni"11L ti~1'UL~tl'l ~'le:l~1-:J n11\Jl€l'\.J LL '\.J'\.J'Vl\JlG'l€1'\.Jl\JllJ 1 'UlJ~1'Vlt111"11G'liJl{'VI~.:JL~tl'U"!Ie:l.:J 

" 
'1Jm~CJ'UL~€l.:J~11m~mtiBL~n 1'V11L"~ LLG'l\Jl.:J~.:Jm'Vl~ 4.2 

t'lllll::ftlll fl'lltJffil.\10.11ft&ft't11 m,.uaollnm::-.,llii-.Jn 

A niH'I!'ou 'tunJtiull ft • 

B n-iHIJ10 lhi3'1.ufl UUfU 

c n-i1-1a.nn uft•atlu'lha'au 

0 'tun in 't,ia\Jiluuit 

I! n-iH'I!'oo lha1uafluufl~ 

llloNnon'l'lflno•'ll'Htfll ..1'o'l91t'11'1n,{~ntftn 
1. 11'1H&::n1o A un:: o <rillnnn::nloiiailoln1'tntl'!ioll un::ilniJ1lft<fl'llnliH • 

A., 11'11 n::a1u B arllln1n:n1oi'hfln 1m 'tntl'uri un::iltnJ1lftLrlllnHI <" 

3. m1a::n111 c aflun11a::n1uBaflnlT11'tntl'oou ua::ilniJmhtlllnlfl., 

4. nnn::n1u A un:: E af!lat'111n::n1uiiailn1m'tntl'!iollun::!lniJ1lftatlunH& r 

<ll~~•llonflou..ro .... 'k .... p \ ~~ 
1 .... J6~,:<>.?~·'£g.lnJE!£!v.\.q·.,f, ..J'1ol' ~ .. -:J..J,. · ~-h.r:a.,.,y ........................ . 

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



•, 

39 

4.3.4.3 lJ 1 'UlJ~b~B'I'Vl(j~~n':i~-b tJG1 

lJ 1 'Ul.l&ib~B'I'VI'J'I;Uf\1~-b tJ G1 nB'U-:ij'~nTH~ E.l'Ubb tJtJ-1{1-:ij fl1n1'H~ E.l'Ui bb tJtJ 

~tJbG11~ 5 ~'U ~G1lJ~G11'Un1'HL~'IaD'U Lnl.l bb tJtJ n~l.l YltJ'h~B E.l~~"lJB'I'IJ nb~E.l'U~1'U1 'VI(\ji1lJ 1 'UlJ ~ 

flm~Lfl~B'U (AU = 24.57) LL~~lJ1'UlJ&i~~~ (MU = 75.43) ~-:~G1-:~n11~mm~"llB'Itinb~E.l'U~i1lJL'UlJ&i 
'U 

" t1n~B'I (GU = 0.00) 'V!a'ln11-:ij~n1'H~E.l'U~bbtJtJ1n-:ij'mm1L~E.l'U~bbtJtJ~tJb&11~ 5 aD'U ~&1lJ~G11'Un11 
'U 'U ~ 'U 

LL ~'laD'ULnl.l LL uun~l.l YltJ11'1! m~E.J'U~1'U 1 'VI(\jih.J 1 'UlJ~l'VItnP11G1twh~B'I'VI'J'I;~ m~-L tJG1 B ~i. 'U n~l.l 

l.I1'Ul.l~t1n~B'I (GU = 90.86) n~l.llJ1'UlJ~flm~Lfl~B'U (AU = 4.86) bb~~n~lJlJ1'UlJ&i~~~ (MU = 
'U • • 

4.29) ~-:~1 'Ub~B'I'VI'J~~m~-btJG1 ifLifB'VI1f1B'U-ff1'161ltJiB'U '!Jm~E.J'UtJ1'1~1'UeJ'I hib -ff11"il'VI~BlJB'I.fl1Yl 
1~BBnb~E.l1 ntJn11 1 ~bb~~-rtJ 1 thi\JlB'U"lJB'IG11'HbBlJ 1 vlb'VIB~n bb~~eJ'I~tJG1'U 1BBB'U~bi')~~'U'VIa'l"il1n~ 
~ m U1\JlB'U'VI~B-rtJ 1 U)\JIB'U Li1lJ1 bb~~,r m~EJ'UtJ1'1~1'Ub i1 h11G11';i~G11lJ1)(lb U'U hi'~-:~n~~bb~~b tJG1 

~B G111~i1~-:~ W bb~~ OH- ~'l~~"il1nlJ1'UlJ~l'VIE.l1P11G11Jl{ (G111~G11lJ11mU'U1til~'ln1~bb~~btJG1 ~B 

G111~G11l.l11t11~ W bb~~-ru W 11'1) ~1B~1'1n11\JlBtJbbtJtJ'VI~G1BtJ1~lJ1'UlJ~l'VIV1P11G11Jl{'VIa'lb~E.l'U 
... "" d "" ... .,j 

"1JB'I'Unb1E.l'UL1B'I'VI'J~{)n1~-btJG1 LLG1~'1~'1.fl1Yl'VI 4.3 

. ,.,_ • .r.J rJ,.Yr. 
9. ff1l flVItl ll'U 'YitfllJl'Hll U tl'YI-10'ftl1fi:I1Jtf 

I. CN 

2.HCI 

3.HF 

..; ... , 4 /(HC03- ~ 1 
llf9J'YIU\f)Ofltl1J'Uf) . • . . . . . . . n,n:: 

..... ~r!. .. : .. H.~ ... :~.'.f.x..r..~-~---··fl··o···-···························································· 
WU£22 '\ 

• ~ o o 1 o o o o o o o 0 o 0 o o o 1 0 0 0 0 o o o 0 0 0 0 0 0 0 0 o o 0 o o o 0 I I 0 0 • 0. 0 I 0 0 0 0 I 0 I 0 0 I 0 0 0 0 I 0 0 0 I 0 0 0 1 I 0 I 0 0 0 0 I I I I I I I I I I I I I I I o I I I • I I o I I o I • I 0 o 0 o o I 1 o 0 o o 

~-:~m~LL~~LtJ~1~ 

4.3.4.4 lJL 'UlJ&ib~B'In11 1'VIL'VI1\Jln1~-LtJG1 

lJ l 'UlJ&ib~B'In11 1 'VI b 'VI1\Jln1~-btJG1 rlB'U-:ij'~n11b~E.l'ULL tJtJ1{1-:ij'n1n11b~V'UiLL tJtJ 

~tJ L&11~ 5 ~'U ~&1lJ~G11'Un11bb ~'laD'ULnlJ bb tJtJn~lJ YftJl1~BE.l~~"llB'I'!Jnb~E.l'U~'l'U1'VI(\ji1lJ L 'Ul.J~ 
fl~1~bfl~B'U (AU = 18.67) Lb~~lJ1'UlJ&i~~~ (MU = 81.33) ~'IG1'1n11~BV~~"llB'Itim~V'U~i12-l1'UlJ~ 

'U 

t1n~B'I (GU = 0.00) 'VIa'ln11-:ij~n11b~E.l'U~bbtJtJ1n-:ij'mm1L~E.l'U~bbtJtJ~tJb&11~ 5 ~'U ~G12J~&11'Un11 
'U 'U ~ 'U 



40 

LL "li~"li''WLmm uu n~ll 'V'l'U'hum~ E.J'U~1'U 1 VltYUll 1 'Wll~iVl mi'11G'I ~1 L~a~'Vlt'J'l~~ m~-L 'UG'I a~1 'W n~ll 

lJL'UlJ&ion~m (GU = 79.28) n~lJlJL'UlJ~f1"1~Lf1~e:J'U (AU = 16.44) LL"~n~llll1'Ull&i~el~ (MU = 
'U ' , 

4.28) ~~ 1 'UL~e:J~ nT'j 1 Vl L Vl';i~ m~-L 'UG'I 'ifL -d'aVI1~e:JE.J-.J'1'U1'UlJ1nLL"~fle:J'U'li1~azl'Uie:J'U ~ e:J~e:J1~E.lf111lJi 
L~lJ'lle:J~'!Jm~E.J'U1 'UL~e:J~~h~ ., L"!J'U n11~"G'IlJ n11Lf1i1 '!Jm~E.J'U'U1~~1'U~~~lJ~"G'IlJn11fle:J'UVhn11 I , , 

fl1'U1UJ ~~~" 1 ~fl1'U1tuel~'V'l"1~ LL"~L~e:J~n11 1 Vl LV11~n1~-L'UG'I Liian1VI'U~G'I01'Un11Nll11 ~ 

'!JnL~V'U'U1~~1'W1lJG'I1lJ110i~'U1~11G'I111~m1LU'UG'I11lJ1~1~1'U LL"~G'I111~m1LU'UG'I11~1a~1~ . ... 

LU'UlJ 1 'UlJ&i~~~ 1'11a~1~n11~a'U LL 'U'UVl~G'Ia'Ui'~ll 1 'UlJ&i1Vlmi'11G'IIJl{VI~~L~V'U'lle:J~'!J m~v'UL~a~mi 

1VlL'Vli~m~-L'UG'I LLG'I~~~~.n1'V'l~ 4.4 '\Jm~E.J'UG'I1lJ110'Ue:JnG'I11lJ11Jl1~1'ULL"~"'11ili'1a~1~1~ LL~'Uan ... 
LVI\Jl~"el~ LL1;1~.tl1'V'l~ 4.5 '\Jm~v'W1lJG'I1lJ110'Ue:Jn1~-:i1G'I111~LU'UG'I11lJ1~1~1'ULL1;1~G'I111~LU'UG'I11 , ... 

20. 1ltm11tfl1 1:ahntfi mw'llfHm f!II0._9i n 1~1hd'urno1 'll'o 1flnlinQnifo~~!Jfl 

1. rt11tl:.:n1Uln'll7Jm~H'1~n111lltYI1'1l flo ll17l1:.:mul'llt~uu111fi70n1'119i', rmi101h~ fin 

thdllrt1U1! un:.:ihtfl!OifiOf~H fio rhmnvlmiht 

2. t111tl:.:mum'll1llllll\H'1~n111lltll1'1l ffn rrnn:.:n1U01fl,8lfl1f1nn';n, rmi1mh.:~ tin 
• .1/ .. .. '"'1,... ,.J , _ _. .. ll1Plltf1U111tl:.:tlltfllf11fl01ll 'II flO n~onnmnu . 

3. ltlltt::tnUll1911J1\)i\H'Iltm;1nm1'1l fin rmn:.:n1u 1'11t~DIJ,IIfl100,'I19i', nni1nth~ fin 

,ht¥ltti1U1 un:.:e\1~1111'1\0f~H fin llJ~nmt 
4. t111tl:.:ti11Jll19lllJ1lll\H''Ilt011hllm91 fifllll1ll::ll11J01fl1Ulfllflll0;0, n'1Hi1fltJH flO 

,ht¥urr1U'I! un:.:ti·u9itfltfi01~H fin rnm1fl 

nt9)l\tnon9lou'll'o .. .\.~n:: 
.. ~.~:.~.~.'f?~J].'!:.~~7.~'?!'0.'.~.~~.~~~f.'!l.~!.:1 .. ! .. ~.~"'!?.~ ...... . 
................................................................................................... 0··············· .. ······ 
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' " Q.J' cl I I Cll odl Q.J' cl II QJ U 4 U I CV 

'VIG'l.:JL ':iEJ'UG'I.:Jnd1neJ'UL 'H.J'U L 'UeJ.:J~1nn1':i~~n1':iL ':iEJ'U':iLL \J\J'lf'l~n':iG'I\JLG'I1~ 5 "!J'Ut:JG'I1Jt:JG'I1'lJn1':iLL '1Wll'U v v ~ 

LmJLL \JtJncil.l vh 1 ~'l!m~EJ'UG'I'Un ~'UL~'W LLG'l~iirn11JG'I"lln\Jm':iL~EJ'W G'11J1=an1 'Unci1J•1hEJnu~n't;1 , ' . " 
1"1'WF11'1 vhn~ n';i';il.J G'l':itl LLG'l~G'I~1.:JB.:Jrirn11J~~'l1Jn'U L yj';i1~Fl'l11JG11 L ~~"!Jel.:JVI'ULB.:J L U'UI"ld11JG11L ~~ 

• v 

"!leJ.:Jncil.J vh 1 ~'IJ nL~EJ'lJ~.:Jh LLI'iG'l~Fl'lJ~.:J1~vi'1n~m':i1JLLG'1~~ n"t;1L .Q'B'VI1~L~EJ'U1J1n~'U ~.:Jt:JG'11 ~ • 
'!Jm~EJ'U 1 'ULLI'iG'l~Fl'UL -ih 1 ~ LLG'l~ii1l 1 'U1J~1'VIEJ1!i!1G'IVI1L~eJ.:JG'I1':iG'l~G'11EJm~-L \JG'I eJV1.:JC1n~eJ.:J 

v 

4.4 m·nmatJLViatJ~am~~hra~1nn~l.l~1mh-3L'Utlm~Am~n 2558 LLa:m~l.l~1£Ja1-3L'U • • 
um~Amn 2559 

II "1 4) AQ ~ d II II <Cil 

4.4.1 R:m 'U'UR11l.JL"tl1 L~l.J L 'UlJV11'YIEJ1f11~Vl~Lil6'1EJLLa~R11l.Jn11'VI'U1'YI1·1Jn1~L ~EJ'U 

~1nt:J6'lm':i1-;ij'EJ ncil.l~'lB a1.:~oX.:~ 2 ncil.l l'j\Jl1oX.:~ 2 nci1liifl~ LL 'U'UI"l'l11J L .U1 hl.l 1 'Ul.l~ • • • 

~1Ba1.:~~ 21'Uun11~n't;1 2559 Fl'l11Jn1'l'VI'li1'YI1.:Jn1':iL~EJ'WLLtJtJtln~LvhntJ o.ao LU'W 

Fl'l11ln1'l'VI'li1':i~~\JG'I.:J LU'Ut:J~L~B.:J~1n'l!m~EJ'Unci1J~'lBV1.:J~ 1 rieJ'UL~EJ'Uum~EJ'U\J1.:J~'l'Uiifl'l1lJ v • 

LoU1hl.l1 'Ul.l~1'VIEJ1!i!1G'IV~1~t:~n~B.:!Lil~EJ ~~LU'U~BEJG'l~ 14.3 7 ul'i'l!m~EJ'U1 uncil.l~l'lmh.:J~ 2 rieJ'U v • 
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L~~'Utim~~t.lijfl11lJboU11-<iJlJ 1 'UlJ~1mnPnMl1~nn~a-:m~~~ fi~dJ'W~a~m~ 0.21 ~-:!~'~~" 1 ~vt~-:~ 
" 

L~~'Wtim~~'Un~lJI'i'1B~1\l~ 2 iifl11lJtl1'dvtUTvn-:~nTSL~~'Ubb uu\Jn~G'1-:~n11'11'm~~'Un~lJ~1mh'l~ 1 . " ' 
4.4.2 f'l:m 'U'U f'l111l L 'li1 L\U1J 1 'U1l~1'VIll1f11a ~ 1LL~ ~f'l111J n11'VIcU1'V11-m1':iL~li'U~1 LL 'U n~11l 

.!f 
b'UB'VI1 

~1n~"m-s1~~n~lJ~'dBV1-:J~\l 2 milJ ¥~U11~\l 2 n~lJ:iHa~m~fl~bb'U'Uvt~-:Jb~tJ'W1'WL~B\l 
' ' ' 

G'11i"~"1~n'S~- b 'UG'1 bb" ~L~B\lG'11'S"~"1~BL~fl 1 'Vl'S1"~G'1-:J~G'1~ ~-:JLtl'U~"lJ1~1flb~B-:JG'11i"~"1~ 
" ' 

m~-L uG'1 iiL -d'a'VI11lJ~u~a'U tim~~'ULI"lm~~'UL -d'a'VI1'U1-:J~'d'Ur.J1'UlJ1LL~'d 1 'U"!i'd'llJo~lJ~n'I31~B'U~'U 

vi11 'tXb oU11~ 1 'UL -d'avn1\il~ LL"~~1flfl1'Svi1n~ n'S'SlJ b~B\lG'11i"~"1tJBL~fl 1 'VI'S 1~~ tim~~'UlJB-lil1¥~1\il 
BV1-:J<U'~L~'U vi11 ~'11' m~~'UG'1~1-:JlJ 1 'UlJ~1'Vl~11'11G'1~n\ila~1-:J~fl~B\l ~'d'Ub~B-:J'Vl~'l3~ m~-b 'UG'1 bL~~ 

m-s 1 Vlb'Vli~m~- b UG'1 L tlw..J 1 'UlJ~~tim~~'Wiifl~Lb 'U'U'VI~-:Jb~tJ'U~1G'1~ L~B'l~1m U'U L davt1vi'l vtlJ Lb"~ 
' 

~B \lB1Pltlfl1'SG'1~1-:J~'U~'U 1 fl1'SL~B-:J n1'S 1 ~ LL~~~'U 1 \J'S ~ B'U"!ffi\lG'11'S ti fl L~tl'U'U1\l~'d'U~'UG'1'U bL~ ~vi 1 

fl11lJL .U1 h 1111~1n Lb~~b tl'W~~L ~a-:~~1m-d'avn~am~a-:~m-s 1 Vlb 'Vl'S~m~-L'UG'1 ii~1'U'd'UlJ1m "li'U m-s 

~" G1lJ fl1'S 1 'U n1'Svi1\J~ n~~ 1 n1'Sfl1'U'd(IJ'VI1fl'd1lJ L oUlJoU'U fl1'Sfl1'U'd ru'VI1\J~lJ1ru n'S~'V!~B L UG'11 'UG11i 

~1 a~1-:~ tim~~'U'U1-:J~1'Wii~'W~1'WI'l1'Wn1ifl1'U'dru~1 ~-:~~~vi11 ~tim~~'WiilJ 1 'UlJ~~flm~ Lfl~ B'Ubb"~ ... 

4.4.3 m-a~1LL 'Wnn~1llJ 1 'UlJ~"llv'll1m~a'U:u1mL uu'VI~ael'u1~111'U1l~h~v-:Jm~ - Lua 

~1n~~m-s1~tJfl~11~1BV1-:J~-:J 2 ncilJ ¥1'Ul1Ldv~1bL 'Uflfl~lJlJ 1 'U11~tim~tJ'UBBflL'U'U 
' ' ' 

3 ncilJ ~v lJ 1'UlJ~~nn~v-:J (GU) lJ 1 'UlJ~fl"1~Lfl~v'U (AU) Lb~~lJ 1 'UlJ~~e:i~ (MU) ¥1'Ul1rlB'Ub~~'U 
' " 

tim~~'UncilJ~'dBV1-:J~-:~ 2 ncilJ ii~a~"~"llv'ltim~~'W1'Un~lJ~iilJ1'WlJ~~nn~a-:~ (GU) ~1n11~vtJ"~ 
't , , \1 

"llv'ltinL~tJ'U~iilJ 1 'UlJ~fl"1~bfl~B'U'S'dlJtl'U~B~"~"llv-:Jtim~~'U~iilJ 1 'UlJ~~e:i~ (AU+MU) bL~'V!~-:1 

b~tl'U¥~'\J'l1tin L~tl'U~'d'U1 vtqjii n1'S L \J~ tJ'ULL tJ~\llJ 1 'UlJ~1 'U~I'l'Vl1\l~~~'U 1~ ~'V!~\IL~~'Uij~a tl~ ~"llB-:! 

um~tJ'UL 'WmilJ~iilJ 1 'UlJ~~nn~a\1 (GU) G1'ln11~BtJ"~"llv\lum~tJ'U~iilJ 1 'UlJ~fl~1~Lfl~v'Ui'dlJnu 
' " " 

~vtJ~~"llv'lum~tJ'W~iilJ 1 'UlJ~~e:i~ (AU+MU) 

4.4.4 ~va~~111'U1l~~n~v-:J f'l~1~Lf'l~v'U LL~::e:i~ ~1LL'Ufl~111\1'1'liv 
v v 

QQJ I QJ I CV I I CV q I CV I CV I d 

~1n~"fl1i'd~tJn"lJmvtJ1\l'Vl-:J 2 n"lJ ¥~'U11'Umi~'Un"lJmv~1\l'Vl\l 2 nv'UL'S~'ULL~~ 
' ' ' 

vt~\IL~tJ'Uij~av"~"lla-:~'11' m~v'W1 'U ncilJ~iilJ 1 'UlJ~~n n ~v\1 (GU) 1 'UlJ 1 'UlJ~vt~ m~B\IG11i~~~1tJ . " 
m~-LUG1 ~-:~ 2 n~lJ LL~'IX'doU'v~tim~EJ'Ufl~lJ~'dv~1\l~ 1 iim-sL\J~~'ULL\J~-:~lJ1fl~G1~~m~a'lfl1i 

' . ' 
1'VlL'Vl'S~ni~-L'UG1 fi~LU'U~vtJ~~"llv\ln1iL\J~~'Ubb\J~\ILVhnu 59.86 um~tJ'UncilJ~'dv~1-:J~ 2 '1X1oU'v~ • 
'11' m~tJ'Uij n1iL tJ~ ~'ULL tJ"-:~lJ1n~G'1~~m~a-:~G11i"~~1 EJB L~ n 1 'VI'S 1~\Jl ~-:~fi~ LU'U~v v~~"llv\lm-s 

' 
L\J~tJ'ULL tJ~\ILvhnu 99.05 LU'U~~L~v'llJ1~1ntim~v'Un~lJ~'dvci1'l~ 1 na'UL~tJ'WiilJ 1 'WlJ~~~n~a-:~ 
( GU) ~161~~m~B\l fl1i 1 Vl L 'VI'S ~ m ~-L 'U G1L 'U-d'l'li ~vtl1-:J~Vh n ~ fliilJ LL~~ ~ fl'l31 L .Q' Bvt1 L~B\1 fl1i 

• 
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1 'Vl L 'Vl11JlmW~-L U 61 tim~CJ'U~-!1 h1'm11J61'U l-J L tJ'UVlLI"l~ an~-:~tim~CJ'UiJI'1111J ~'UL~'ULL~~61'4 nnu fi11Vl1 

ii~m11l ?1-:~e.J~ 1 ~'VI~-!IL~CJ'Wtim~CJ'Wil1J 1'W1J~~Cln~e>-:~L~1J61-!I~'U ?i1'Uirm~CJ'Unci1JIIi'1e>~1-!l~ 2 J'U 
~ ~ . 

Yl'U11 ne>'UL~CJ'W1liiltim~CJ'U~il1l1'W1l~~n~e>-:~ (GU) 1'W~1oUu 1) 6111~::~1CJ~L~n1'Vl11~1'1 2) 'Vl~~~ 

mW~-LU61 LL~~ 3) fi111'VlL'Vl1\9lmW~-LU61 L~CJ U1~L~m1J1~1n'tJnL~CJ'U'Vl11Ul1fi::LL'U'Urlu'UL~CJ'W1lJiJ 

e.J~~ufl~ LL 'U'U"!Ju-!ln~1J LL~~fl~ LL 'U'U"!Ju-:!lli'1,:r n L~CJ'UL'U-!1 rlu'UL~CJ'U,:rn L~CJ'U ?i1'U1 'VItY~-!1 hJ~-:~L~vl1 
LLUU'VlWI61uU LL~::1l.iL~CJ'UL'VI\Jle.J~ 1 'U?i'l'Uffi ~\ 'VI\9le.J~u~U1CJ fl11\9luU1'WLL UU'VlW161u'U 1J 1 'U1J~'VI~n~ . , 

\rm~CJ'Wnci1llli'1e> ~1-!1~ 2 ilrn1L LJ~ CJ'ULL LJ~-:~1J1n~61W~fim~e>-!!6111~::~1CJ~L~ n 1 'Vl1 1~1'1 L~u-:1~1nrn1 , , 

vl1fi~ n111J"1h CJ 1 ~,X n L~CJ'U1Ju-!IL ~'Ufl1Yl1~u ~1-!!-a'WJ L~'U 1lJ6!Juiu'U LL~~ 1lJiJ L~'U-:ln11rl1'U1UJL oU11J1 

L~CJ'loffu-!1 ~-!!?1-!!e.J~ 1 ~'VI~'IL~CJ'UUnL~CJ'UiJ1J 1 'U1J~~Cln~u'IL~1J61'1~'U 
~ ~ 



d 
\J'VI'VI 5 

~'ltJ ~" fl1'l1~ tl ~~"~;; e:J ~~'We:J ~~ 'W~ , 

., 
"il1nm·r~'~nTn~~'U~~-m1n~mm-sL~m.J~LLtJtJ~'tmn~ 5 -ff'U ~G'U.J~G11'UtltJL'Vlflilflm-sLL"ll\loff'U 

~ ~ ~ 

Lm.muum13J L~eJ\1 m~-Lua ~1'VI-ruum~~'U.ff'Ul!5~lJ~m~ntJ~ 5 ~eJ\1 5/1 LL~~ 5/21'W.n1flb~~'U~ 2 
' 

., 
~tll1f11'S~~f11'SL~~'U~LL tltJ~tJ LG11~ 5 -ff'U ~&13J~G11'UtltJ L'Vlflilflf11'SLL"!l\loU'Ubm.JLL tJtJmll.l &113J1'S(l 

~ . 
~WJ'U1fl'J13JL eU1 l"iJlJ 1 'Ul.J9i'Vl1\11'Vl~1f'II1&11'11L~el\l m~-b tJG1 1~eJ~1\IihJ'S:::a'Vl5.fl1~ LL~~b 1J'Un11L~~'U~ 

~ 

~'I! m~ ~'U 1~~\lijmJ nllilm-s'Vl~~ eJ\I"il~ .:~ ~'~ ~ eJ~"il'U 1~ L~ ~'U ~~ 1'ULm.J~G1'U n LL~~ijm 13JG1'1l ti'um-sL~~'U ~ \1 , , 

~~n1-s1~~~~a12J1-sna-su1~~\ld 
' 

5.1.1 fl::LL 'U'Ufl11l.!Lcth1lill.l 1'Wl.l~ L~eJ\1 n1~-LU61 "lleJ\IcUm'iE~'Wn~l.l~1vV1\IL'UUm-af>im~n 

2558 

~~f11'Sb u~~tJL Vi~tJfl:::LL'U'Ufld1lJLoU11"illJ 1 'U3J9i L~el\ln'S~-L ua 'llel\IUnL~~'U OeJ'UbL~:::'VI~\1 

1~-ru m-s~~ m-sL~tJ'U~LL uu1n~mnT~L~tJ'U~LL uu~uLa1~ 5 ~'U ~ al.J~a1'UL 'VlflUfl miLL "ll.:~oU''ULnl.J 
~ ~ ~ 

LLuuncil.l ~tJl1fl~LL'U'ULU~~m13JbeU1 t"ill.l 1 'Ul.J~ib~v.:Jm~-Lua rieJ'UL~~'ULU~tJ 10.81 fi~Ltl'U~eJtJ~::: , 

28.40 bb~:::VI~\IL~~'Uijfl~bb'U'UbU~m1J'U 28.40 fi~LU'U~e1~~~ 70.99 ~\lfl:::bb'U'Ub~3J~'U ~m.J~::: 43.95 

ijm1l.ln11'VI'IJ1'Vl1\ln11b~~'ULL uuun9ieJ~L 'U'S~~tJU1'Unm.:~ ( <g> = 0.60) LdeJ1bfl11~~~1~f111 

'Vl~aeJurhVi LL uu~1e1 ~1.:~ hJBa-s~~eJn'U ~u11 fl~ u 'U'U'VI~\IL~ ~'U~\1 n-J1 riv'W L~ ~'UeJ ~1.:~ij'IJ'~~1~t1J'Vl1\l 
Q.Q.d d .., II Cll I I d I CV 

anl'l'Vlfld1l.IL"!leJl.l'U'SeJ~~::: 95 (p < 0.05) LL~~l.Jfl1a'J'ULtJ~\ILtJ'Ul.l11'11~1'UL'Vl1ntJ 4.05 ... 
5.1.2 m-aL u~EJ'IJLL ti~N~eJEJm:1 'Umll.lfl11l.IL ih1lill.l 1 'Ul.J~~1\I 5'1 "lleJ\IcUm'itJ'Um13J~1mh.:~1 'IJ 

• I • 

tJm-af1m~n 2558 

~~f1111Lfl'n:::~-s:::~tJfld1lJL rff11"ill.J 1 'UlJ9i'1JeJ\I'lJm~~'U 1 'ULL~~:::3J 1 'Ul.J9i 0'€l'IJLL~:::'VI~\11~-ru 
Q.J <IC:il II Q.l CV d II 4 ~ Q 1 Q.J 1 

mos"il~mosL ostJ'IJ~ LL Utl'l!J"il mnTH 'StJ'IJ~LL uuau La1~ 5 'll'U ~a3J~a1'UL 'Vlfl'Uflm-s LL 'lJ\I'll'IJLnl.J LL uun~3J 

"il1n m-s1 Lfl11:::~-s:::~u fl113J L <U'11"ill.J 1 'Ul.J9i'lleJ.:J'ti'm~~'W1 'U 4 ,r'lieJ 1~ LLria1-s~ :::~ 1~ n -s~-L ua 
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G11'H't~f11CJaL~flL 'VI~ 1~~ 'VI'J'I!f~n)\11-L 'UG1 LL~~fl1~1 'VIL 'VI~\Jln1\11-L'UG1 Yl'Ul1 rim.JL~CJ'U~eHJ~~"lle:J~ 

irm~vw;11'U1 vr(\ja~"l 'Ufl~~lJ 1 'U~~Cj\11 (MU) 52.97 LL~~vra~L~CJ'U~m.J~~"Ua~'lim~vw;11'W1 vr(\ja~"l 'U 

mi~~ 1 'U~~t:ln~a~ (GU) 64.41 1\11CJ 1 'U~1.Ua~~iHav~~"Ua~irm~t.J'U~av'1 'Ufl"~lJ1 'U~~t:ln~a~ (GU) 
, \.1 '\J , '\.1 

:rJfi1L ~lJ~'U t:-J~~'J~~e:JCJ~~"lle:J~iJflL~CJ'U~m.J"l 'Ufl"lJ~ 1 'U~~Cj\11LL~~fi1~1\11Lfi1~e:J'U (AU+MU) rie:J'UL~CJ'U 
'U • 

' 
85.64 LL~~vra~L~t.J'ULvhnu 35.59 ~~i1fi1~\11~~ 

5.1.3 fl~LL'U'Ufl113.1L.U1L~3JL'U3J~ L~a.:~ n~\11-LU~ eua.:~'l1m~aun~3.1~1mh.:~ tln1'affm~J1 • 
2559 

t:-J~fl1~L tJ~tJ'U L Vim.Jfi1~LL 'U'Ufi111~LoU1 h~ 1 'U~~ L~e:J~fl1\11-LtJG1 "lle:J~iJm~tJ'U rie:J'ULL~~'V!a~ 

1~-ru fl1~~\1lfl1~L~tl'U~LL tJtJl n ~mfl1'H~tl'U~LL tJtJatJ LG11~ 5 ~'U t:-JG1~t:-JG11'UL 'VIfi1Ufi1 fl1~LL ~~-1J'U Lfl~ 'U ~ 'U 
I ' cl " 1 'i ... d ' .. cl ... ~I "' 

LLtJtJfl~~ YltJ11fi1~LL'U'ULil~tlfi111lJL"ll1 ~~~'U~\JlL~e:J~m\11-LtJG1 flEl'UL~tJ'ULil~tJ 3.85 fi1\11Lu'U~e:JCJ~~ • 
9.63 LL~~vra~L~CJ'U:rlfi1~LL'U'ULil~CJLU'U 35.70 f.1\11LU'U~e:JCJ~~ 89.25 ~~fi1~LL'U'UL~lJ~'U ~e:JCJ~~79.62 
:rlm1~tl11'V!U1'V11~fl1~L~CJ'ULLtJtJtlfl~e:JCJL'U'~~~tJG1~ ( <o> = 0.88) LdaiLfi1~1~,_;~1CJfl1~'VI\11G1e:JtJfl1Vi 'U 'U ;:, 

LL tJtJ I'J'Je:J~1~ hJBG1~~~ e:Jfl'U 'VltJl1 fi1~ LL 'U'U'V!a~L~CJ'UG1~fl-.hriEJ'UL~ tJ'Ue:J~1~:rJ,jmh~ru'VI1~G10~~ fi111~ 
'U ... 

L~mj''U~e:JCJ~~ 95 (p < 0.05) LL~~:rJfi1~1'UL~CJ~LtJ'U~1\Jl1~1'UL'YhtltJ 1.48 

5.1.4 n1~L tl~auu tl~.:~~m.Ja::1unq3Jfl113JL -b'1 1~3.1 1 'U3J~~1.:~ &-J eua.:~'l1m~aunq3.1~1mh.:~t 'U 

tln1~ftm~11 2559 

t:-J~fl1~lLfi1~1~,_;~~~tJfi111~L oU11~~ 1 'U~~"lJEJ~iJm~CJ'U 1 'ULL~~~~ 1 'U~~ rie:J'ULL~~'V!a~ 1~-ru 
" IV Cl II CV Q.l Cl 1.1 dl Q.l -=-. I Q.l I 

fl11~\1lfl1~L 1CJ'U~LLtJtl1!J~fl1fl1'H 1tJ'U~LL tJtJG1tJLG11~ 5 "ll'U t:-JG1~t:-JG11'UL 'VIfi1'Ufi1fl11LL "ll~"ll'ULfl~LLtJtJfl~lJ 

~1 fl fl1~l Lfi1~1~,..,~~~tJ fi111~ L oU1 h~ 1 'UlJ~"lle:J~iJ flL~CJ'U 1 'U 4 ~'JoUe:J 1~ LLriG11~~ ~~ 1tJ fl~\11-L tJG1 

G111~~~1t.JaL~ n 1 'VI~ 1~~ 'VI'J'I!f~ m\11-LtJG1 LL~~m~1 'YIL 'YI~~J~m\11-LtJG1 'VltJ'h riaw~EJ'U~mJ~~"Ua~ 

irm~t.J'U~'J'U 1 vr(\ja~"l 'Un~lJ~ 1 'U~~Cj\11 (MU) 80.46 LL~~vra~L~tJ'U~atJ~~"Ua~'l1m~CJ'U~1'U 1 vrqja~"l 'U 

ncilJ~ 1 'U~~t:1n~a~ (GU) 86.17L\11CJ1 'U'Yin~1eU'a~:::rl~aCJ~::"Ua\l'lim~CJ'U~aCJ1 'UncilJlJ 1 'UlJ~t:ln~a~ 
, \1 • \1 , \1 

(GU) :rlfi1L~~~'U t:-J~~1~~e:JCJ~~"lle:J\liJm~CJ'U~e:J~1'Un~~~L'U~~Cj\11LL~~fi1~1\11Lfi1~e:J'U (AU+ MU) 

rie:J'UL~CJ'U 99.79 LL~::vra-:!L~CJ'UL'YhtltJ 13.83 ~\l:rlfl1~\11~\l 

fl"111\11CJG1~tlfl1~~\1lfl11L~CJ'U~LL uu-Jn~mfl1~L~CJ'U~LL 'UtJatJ LG11~ 5 ~'U e.JG1~t:-JG11'UfltJL'Yifi1Ufi1 
, \1 d.J \1 

fl1~LL ~\l-1J'ULfl~LL tJtJ fl"~ "111 CJ 1 ~iJ flL~CJ'U:rJ!i1~ LL 'U'Ubil~ CJ'V!a~ L~ CJ'UG1~ n-,h rie:J'UL~CJ'U L ~e:J~~1flfl11~\1lfl1~ • 'U 

L~CJ'U~LL uuatJLG11:: 5 .ff'U 1i'IL U'U 1 'IX'linLitJ'U~\lii"Vtl flU~~~~ ~fl'l!f1A''Uii11'1vr1f"111JleltJ LL~~G1~1\lel\ll'1 'U • ~ 

fi111lJ~~'JtJ\Jl'ULel-:! (iJtJlJ1PI m~vr1n1, 2554) LL~~G1~1~LL~\l~~1~ 1~~L~CJ'ULn\1lfi111lJelCJ1fl~eltJ1flL~'U 
'U ·~ 'U 'U 'U 

1 ~t:-J'U .... L~tJ'U 1~'Yi1fi~ m~lJ LLG11~'VI1fi111lJ~ vr~-vf11~J~BtJ~1vr-ruam"Um~ru1\1lam"Um~ruvrd~ 1\1lt.~fi1~L U'U 'U 'U 
II I' I' II 

t:-JeJ1'U'JtJfi111~G1~\1l'Jfl (~~Vi'VlCJ P!Pi5~, Plfl~PI~ G1Jl1'1!f1 LL~~'1J1n1 a'U'VJ{LL~lJ, 2554) anl1~V~G11~1~t:l \1 , , 0~ 

vh 1 'IX~ L~CJ'UG11lJ1~t:l~\11 Lnu-v'll'1m1lJTI i1 'U 11i1~\la~1\l"ll-v~alJ-v~ 1~ CJ11'U1'U LL~::G11lJ1~m11-v~l'1m1lJ~ 
'U 'U 'U 
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~1~ 1 ln1iLdm~an\J~m'UnTHwhnJ~1~\~=&ry1~ach~~n~a~ (~l.l~~ ~Bl.!LszS~, t'I'NL~B'U 
~ ~ .::.. ~ q Q ~ q ::; Q.l q 1.1' QJ QJ Ciil II 

'W'U&11~'H\J LL~:::'U'J~~~~ L"ll11f11~'W~fll, 2557) Bf1YI~f11~~t'tf11~L 'HJ'U~LL t.Jt.l1!)~f11f11~L ~tl'U~LL t.Jt.J 

~t.J L~1::: 5 ~'U ~~l.J~~1'U nt.JLYiflilflf11~LL "!i~oD'ULmmuuncilJ ej'~·1h tJ1 ~~L~tJ'Uijfl11lJLtm~BLL~::: . ~ 

"!i1 tJ L 'VI~B~~ntiLL~::: n'Unt.J L ~B'U1 'Uf1cil.JLL~:::vh1 ~Uf1L~tJ'Uijfl11lJ~"ll Ll~:::~,J nnt.J f11'H~tl'U ijn11 , , ; 

LL~ n L'tl~ tJ'Ufl11l.!Rt'l L i1un1t1 1 u ncil.J '!Jm~tJ'U 1~~~iiavhn~ f111l.J~1 v~uLa~ Lnt'tf111L ~al.l 1v.:~a.:~fi , 
fl11l.J~~1.:! 1 ~'JtJ~'JLe.l-:1 ~.:!~~1~'1Jm~tJ'UL"ihhL~eJLL~:::~t'lliJ1L~B'V11~L~tJ'U1~~~'U 

5.2 iJm~umLu::m~l\!1nm~1:5'a 

5.2.1 iJa L~'UB LL 'U::a1'VI~'O f1T"a:5'~ nl\1 n~~3J f11~L~tl'll ~~1 a-J.n:ij' n ~n 1'H~CJ'U ~LL t.Jt.Jat.J b~1:: 
~ ~ ~ 

" Q.l Q.l Q I G,l I 

5 "ll'U~~3J~~1'Unu L 'VIfl'Uflm~m~LL •twuu Ln3JLL uun~3J 
1.1 Q l.lc::.l I 0 Q.l .d Vd I d 0 

5.2.1.1 fl11'VIt'I~Bt.Jfl11lJ1Lt'llJ"lJB.:!~L1CJ'Uf1B'UYI1f111~t'lf111L 1CJ'U1L 1B-:!~1.:! 1 L'WB'U1 
~ ~ ~ 

~~f111'Vlt'l~auvtlm uaamLuum1~t'lf111L~CJ'U~LL uu~1.:~ 1 L~a"ll1v-w~u1l.J 1 'Ul.J~"lla.:~um~vu 

CV or::::!~ II' dl Q. ~ Q.l I Q.l I d 
f111~t'tf111L 1tl'U~LL t.Jt.J~t.J L~1::'VJ1.:!1'VItl1fii1~~1~~3J~~1'Uf1t.Jf111LL "lJ.:!"lJ'ULfllJ LL t.Jt.J fl'll.J L 1B.:! f11t't-L t.J~ 

nu'!Jm~tJ'U~L~tJ'U~'JtJf111~t'l f111L~tJ'U1'1'tJ LL t.Jt.J 5u s, L ~m U~CJU L Vit~t.J'tl1:::i1'V1Gi11'Vf\l1flf111~t'tf111 ~~ I 

.c:l 1.1 II .o:::f 1.1 4 IV Q..l Q 1.1' II' Q.c:ld 

L 1CJ'U1('t'JtJ"lJt'l f111L 1tJ'U1LL t.Jt.J~t.JL~1::: f1t.Jf111~t'lf111L 1tJ'U1('11 CJ15B'U 
\J , '\J "' 

5.2.2 iJm~umL u::a1'V!~u-:~1u1:5' aflf~~a 1 u 

5.2.2.1 1 'Uf111U1f111~t'ln~ f111l.J f111L~CJ'Uf111~B'U~1 tJl!)~f11f111L~tJ'U~LL t.Jt.J~t.JL~1::: 

5 .ffu~~l.J~~1'Unt.Jf111LL "!i.:~-D''ULfllJLL t.Jt.Jflci3J 1 u.ff'U"lltJ1CJfl11lJTI 'tJ1 m 'UL ~B'VI15'U~e.J 1 'tJ fl1fl11vl1fl11l.J , ~ ~ 

L eU1 hnu'IJ f1 L~tl'U'VI flfl'U 1 ~m-:1 n'U l1fl11l.Jr;11 L ~~"lJB~U f1 L~tl'U ~Bfl11l.Jr;11 L ~\l"lJB.:!flcilJ 'IJ f1L~tl'U ~B-:1 • • 
C!Bl.J~t.Jfl11l.Jr;11L ~\l"lJB.:!mllJ LL~:::"li1m 'VI~e.J n'UL ~B 1 Wo~fl::: LL 'U'U~1l.J~ flcil.Jfl1t't'VIl.:! , , 

5.2.2.2 1 'U f111vl1l:5' t~fl#.:~~a 1 'tJ fl11vl1f111'VI1fl(Uf11'W"lJB.:!eUB~Bt.J~\l:::U11 'tJ1 offnu ncil.J , , 
Q.J I I 4 11!1 1.11.' d 0 Q.l .ell 1 tl I d 4 ~ 
mBtl1-:!f1eJ'U L 'We.J 'VI bt'l"lle.J~Bt.J'V1~1l.J11(1~1LL'Uf1'Uf1L 1tl'U t'l LL":::'U1L"lleJ(leJl.J1f1"ll'U 





. . 
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ntyty1 1 "lff'l~i'~~iity Lty LLfl~:W~~')))(\J eJ:W5~ hv. fin~101':iL'ti-q~nTn'iv'UiLL 'U'U~1:Wbb ':i-:1~13.1 L'l 

~1VL'VIflilfln6i:wLL"li-:~"11'U (TGT) Lyja~~'U1e.Ja~:wq'VI~'VI1-:In1':iL'iv'UL~a-:~ L:Wf!LLfl~ • 
~1':if!~f!11:1. i'YIVTU'W'Uthfltyty1i'VIV1f'!1~1'11:W'VI1Urusnl'l: :W'VI1i'Ylm"m:p.Ja11"lf51ii, 

2553. 

n:wm11ru tl'UVTt.h~a'Y!~. (2558) "5 f'lru"n~ru~~1frru"lla~m1~'UL~1~'VI1f'1J1:W~ (5 Essential 
• v 'U 

features of inquiry)", Lan~11th:::naum':i~B'U ~'UV1'VIV11"11~1'l':iRn~1 

:wvn1'VIV1~VA'i'Ufl'i'U'VI':i1L ':i~ PDF. http:/ /sciedcenter.swu.ac.th/Portals/25/ 

Documents/News/5 Essential features of inquiry_ Kamonwan. 

pdf?timestamp= 1434440007462. :Wfl11fl:W, 2560. 
' 

~ru-Hru.n1 'U1fl~L~UV, U;i:W1.fl'HU w:wvhm~ LLf!~'W'H'l<;i<;i(IJ 'W<;i~fl'lJ~Vi'WV. "n11Pifl~1Lb'U1R~L'ia~ ... 
m~-Lu~ "1Ja~'!Jm~vu·&\.~lYov:wPin~1tl~ 5 ", 11':i~1':i'WU1v1,Yv1'VIV1A1~~i 
L'VIflL'ULaa LLa:::~-:ILL1~~a:wL.yjeJn1':iL'iV'Ui. 6(1): 70-83; 'W~~.fl1f'l:W, 2558. 

Q.l ~ -=f Cl Q,l .C:.. 4 d Q I Q d Q,l .c:l 

"l!VV'UI'l f'!'H "lfV~'VI1. n1':iW~'U1bb 'U1fl~L ':ieJ.:I~:W~f! bfl:I.JLLf!:::b'll'lfl~toleJ1't11 bfl:W'tlel-:I'Um ':iV'U 

"11'U:Jj'5V:WAn~1U~ 5 ~1Vn'lfl':i':i:Wn1':iL'iV'UTI~wL'YiLL'U'Ulii1aa-:~Ltl'U;;1'U. 
'U ~ 

l'VlV1il'W'UlhJ~tyty1Pifl~1f'!1~1'11:W'VI1Urusnl'l: :WVI1l'VlV1"CJLfl~l'l1f'!1~1Jl{ 2554. 

"lf11'1~ c:J1t~fhl'l1. "fl11~~n11L~V'U~~L1J'Um~'U'"J'Un11~'UL~1~'VI1f'l11:W~", 11':i~1':iRn~11"11~1'li 
'U 'U 

:WVI11'VIV1~V'UL':ifil1':i. 11(1): 33-44; :Wfl11fl:W, 2551. 
..::::11 ~ ~ I 

l'l1f!1<;i'U fl'U~mJ1'4\I LLf!~Plfl~l"!~ ~.fl1~<;i. "fl1''fW~'U1c.Jfli1:W~V15V11\In11L~V'U L~eJ\1 fl11'l-L'U~ 

LLa:::ifinT~'VI1\Il'VlV11"11~1'1~ 11'1V 1 oUfl11L~CJ'ULL 'U'U~1:Wiianu 1fl'S\I\11'Ui'YICJ11"11~1JloS 611'111-r'U 

'!Jm~vu.fful1ov:wPin~1tl~ 5 ", 11<;i~1':iAn~1A1~to~i :W'VI11'VIV1~V~.:J'tlfi1'Ufl'i'U'VIi 
1'VIV1L'tii'IUI'lto~1U. 23(1): 124-134; :wm1f'l:W-L:W~1V'U, 2555. 

< < ' 

Vli"1111(1J .flc.J11'1Ld LLf!~Plfl~l"l~ ~.fl1~1. "n1<;i~~'U1c.Jf!i1:WnVJ5V11~n1<;iL~V'UL~eJ~ ~1<;i:fi11:WLG'lflG'l , , "'I , 

11'1 eJ 1 oUn'l fl11:Wn11 L~e.J'U~ LL 'U'U~'U L~1:::V11\Ii'Vl eJ1 1"116'11'1~~11Jtl'Un~ fl1<;i:Wvl1'U1e.J-i1~ Lfll'l-
" .. 1 tl Q Ql Q Q 4c. Q,l ~ d 

eJ6'U1e.J ", 'U n1':i 'S~"!111't11fl1':i':i:::~'U't11tol "1'VIV11"11~~':i1'1V "fl'a-:I'VI 6. '1.1.1-6. .. .. ... 
"lfm.p: :W'VI11'VlV1G'lV\J1'W1, 2557 . 
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q " ~ q q v .:! ..:::1 Q ~ Q .c:::. ~ 
'5U~~1 fi.:J:W'Vl1'V'W 0 "n11 L 'th tJ'UL 'Vltl'U~~":Wq'Vl'5'Vl1-:Jn11 L 1tl'U1'Vltl1Pl1"1'11LL~:::'DJVI1'Vl tl1Pl1"VI1 

L~eN 1:::'U'UoUL1Pl "llv.:!UnL~tJ'U.ff'U~litJ:W~mntJ~ 4 ~1~-rum1 ..ij~n11L~tl'U~1ULL'U'Un11 
"" 

L~tJ'U~LL'U'U~l:wlim'VlfloUI"' Teams-Games-Tournament (TGT) O'ULL'U'Utln~ ", 
" 

111~T'a Rajabhat Journal of Sciences, Humanities & Social Sciences 

:wvn1'Vltt1~t111"lln!]'W\!~~~fl11:Wo 13(2): 65-74; mn!J1fi:W-5'U11fi:W, 25540 
~ ~ 

'51"11 tJ:::"~1 LL~:::;!n&iP~~ ".n1~10 "m1-w~'U1Vln~:::m1~~L'Yi.:!~h"'10~LL~:::~(;l~:Wfl'VlB'Vl1-:Jn11L~tJ'U 
' ' "I 

~1tJn'DJO".i1:Wn11L~tJ'U~LL 'U'U~'UL"1:::vt11"111:W~L~el.:J eJVI11n11Lfi~tJf)fi~tJ1LfliJ ", 111~11 
" " dJ 

An'li1fl1~~~ :wvt11'Vltt1~V'UL -aA1-a 0 14(2): 23-33; Ylq~.n1fi:W, 25550 

i11:w~ -a-v~1'Yl LL(;l:::.n1~'U B'U'Vl1'Yi~~tlo "~~m1'<ij~m-aL~tJ'U~LL'UU1n'<ijmnT'jL~tJ'U~ 7 .ff'U 1~CJ1i , ~ ~ ~ 

L 'VlfloUI"'n11LL "li.:!oU'U1:::vt11-:Jn~:w~li~v~(;l~:Wq'VlB'Vl1-:Jn11L~CJ'U 1 'U11CJ1"111LfliJ LL(;l::: 

1"111:W"1:W11f:l1 'Un11Ltni:lqJvt1'Vl1-:J1'VlCJ1P~1"V~1"llv.:Jirm~CJ'U1:::~u.ff'U~oCJ:w~ n~1u~ 4", 

111~1'a1"ll1 m-a Lfl~v'!h tiU rusn~ A O\i1:W'VI11'Vl tl1~ tl'a1"lln!).fl1 fl L 'VIUel 0 5( tlU'U'W LPI~ ): 

159-170; 010!)1fi:W, 25580 
~ 

tJm.nP~ V1'DJvt1qJo m-af.imn~(;l~:Wq'Vl5'V11~n11L~ti'U1"ll1VJanaLL~::fl11:W~1:W11f:IL'Un11fl~ 

1Lfl<a1::,.;'!1v.:n1m~a'Ui'U~'5ti:WAn'1~1U~ 4 m~i'um-a..ij'~n1'aL~tl'lJ~LL'U'U'U1W1n11 
" " 

LL~ ::..ij ~ n1'a L~ti'U~LL 'U'U ~'U L~ 1::'VI1fl11:W~ 0 i'Vl CJ1oUV'I'UBtl~ ruru 1~ n ~1Pl1 "'~1:W'\111UUJsn VI: 
, 'U "' cv 

:Wvt11'Vltl1~CJPI~'Ufi~'U'Vl111 1~, 25540 

n'UCJ:::mru'DJti LL(;l:::;!n~P~~ ".n1~10 "m1..ij'~m1L~CJ'U~LL'U'U~'UL"1:::~1:wnuLL'U'U Ltl~CJ'UL ViCJu 
" . " 

L ~v-w~'U1:W 1 'U:W~'V11-:Ji'Vl CJ1Pl1" VI{ L~el.:JeJVI 11 n11 Lfi ~tJ~ fi~ EJ1 LfliJ"lJv.:JiJ m ~ EJ'U 
IJ' I II I 

otl'U~oCJ:w~n~1iJVi 5", 1 'Um-atl-a::"ll:w1"ll1m-a-a::~u"ll1~ "1'Vltt1f11~~~1;ijv "fli'~Vi 6 • • 
26-31. "ll~'U~: :Wvt11'V1CJ1~CJ'U)V'I1, 25570 

' " 

O".i.:JL'VlV'I:W'\111'Ufl1: L~v::::W1"LVIv1n1tJ LL:WL'U'DJL:W'UVi, 25440 . ' 
.nV'I Lmvt1V'I'U(;JVO LL'U1n11~v'U1'Vlt11f11~V~{ m.:JL'VlV'I:W'VI1'Ufl1: 1'VlCJl~'U'Yl1oU"I!V, 25420 " , 
~.:Jm 'Vlv.:J""!l~o m-a~v'U1VJtt1fl1~~-n'IJi'IJtJ-a::mJAn'li1o m.:JL'VlV'I:W'VI1'Ufl1: ~1\JnYl:w~LL~.:J • • 

vG'U1EJ ", 111~1'a"An'li1f11~~i :Wvt11VIt11~tl'!lv'IJLLrl'IJO 35(2): 87 -92; L:W~1EJ'U, 25550 
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i~Yi'Wv P~Pl5'j, ~n~Pl~ '!.fl1~'j LL~~"111qJ a'IJ'VliLLI'l:u. "m'jLi4:ut:.~~"':uq'Vl~'Vl1~m'jL~v'IJ L~eN 1 'Wvh 
Ll"lii ~1e.Jfi1'jL~e.J'IJ~LLtJ'U~1:Uiied'J:Ufl'U"Ifl'ln1'jL~e.J'IJ~LL'U'U 5E", Le:Jfi611'j~'lJLtie:J~n1'j 

v • v 

'th~"lf:u1"111 fi1'j m~La'Ue:J ~tN1'U1:5'a~~~uu rutii~f1m~n LL \-i.:)'t11~flf .:)~ 23 . • 

. 
~ v ~ ~c:t II Q.l 

'J'j'jt;\J'VJ'W1 'je:JI'J LL 'j\11"11. n1~iile:J'U1'Vla1FI1a~~'Vl L 'U'lJ'Vlfi'liZfi~Z\J1'U01~. fi~\1 L 'Vl'W:U'Vl1'1JI"l'j: 

~mu'IJ~WJ'IJ11"1N.fl1'W1"111fi1'j ('W1), 2540 . • 
1-ffv m5 LL~~~n~P!~ '!.fl1~'j. "fi1'jfrw.J'IJ1t:.l~"':U(j'Vl~'Vl1~n1'jL~e.J'IJL~e:J~ eJ\9l'j1fi1'jLnl'ltJljn1mLRii 

~1e.Jfi1'j-.5'1'Jn1'jL~V'IJ~LL 'U'U~'U L611:::'Vl1\11'VIV1Pl161\91{", 11~a1~f1n~1f11a \Pli 
v 

:uvn1'Vla16l'aa.:)"ll6'11'Ufi~'U'Vli 1'Vla1L"ll~U\9lmil 24(1): 29-52; :wm1R:U, 2556. 

i.n1-r\Pl.U L61'1J1~-m LL6'1::L~'IJa it~-r:uv. "fi1'j~WJ'IJ1t:mm'jL~tJ'IJ~"lla~'!Jm~tJ'IJ~'IJl!5t~:w~n~1tJ~ 6 
v 

Ll'ltJ 1 otlfi1'jL~tJ'IJ~LL uu~UL611::L~e:J~611<jtJ<j::naua'IJ'Vl~tJLI'ltJ 1 otl611<jtJ<j:::nau 1 'IJ 
v 

... . 
~1\9ltl1~:ijT~V', 1'1J m~tJ'j~"lf:u1"ll1n1~ :uau.1:5'a fi~.:)Vi 6. 'IJ.25-27. e:J'UG'l11"1151'il • • 

fin~ PI~ '!.fl1~1. "m::u1'1Jfi1'j~u L611~'Vl1'11'VlmPI161\9ln '1Jfi1'j'Vll'l~e:J\I LRii'j::viul!5t~:w~n~1\9le:J'IJ 

tl~1v :'Vl'U'Vl1'1J\11'1J1-.5't~~1'1J1'Vltl1Pl1~\9lifin~1:V1n:w'Vl11'Vlm~mJu~'j1"lJ51oU ", 11~a1~ • 
f>imi1FI1a~i :UV111'Vm16l'aa.:J't16'11'1Jfi~'U'Vli 1'VlmL"ll~il~~Til. 22(3): 331-343; 

fl'IJtl1tJ'U, 2554. 

- ---· "'U'Vl'U1Wlle:J\IL:U'U'Vle:J~ L:ULI'l~ 1 'IJn11L~tJ'IJ'D"111Lf'lii1::viu1:uL~n~ ", 11~a1~ v • 

fin'li1f11a~i :UV111vm16l'a'tle:J'ULLri'U. 35(1): 1-7; :um1F1:u, 2555. 

~.fl1W"I!q1 ~~B LL~~f!n~P!~ '!.fl1~1. "n11~WJ'IJ1t:.l~~:U(j'Vl~'Vl1·:Jn11L~tJ'IJLb~~'!-1n~~n11bLtl1JqJ'Vl1 
L~a\lml'l-L u~ Ll'ltJ 1 itJ l)~m1LL uu~u L~1::'Vl1\11'VltJ1Pl161\9li~1'Vl-ruum~m.J~'IJ 

l15t~:ufin~1tJ~ 5", 1'1J m~tJ~::-q:u1111m~ :uau.1:5'a flf.:Jvi 6. 'IJ.121-131. 
c:l q CLI q 

e:J'U~11"lJ61'1J: :U'Vl11'VltJ1~tJe:J'U~11"lJ61'1J, 2555. • • 
~'IJV~WJ'IJ1V1-r'Wmmm1~n~1 (CARD) :U'Vl11'Vlm~tJ:U'Vl1611'jfi1:U. (2558) Vltbam~L'~a'U~ 3 

n6'11Gm~aa'U. http:/ /www.elearn in g. msu.ac.th/ opencourse/0503 780/ 

Unit03/unit03 _ 020.htm. 10 'W(jP!~n1tJ'IJ, 2558. 
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~ t:nU'U".:J L~~ll n1-;iGHl'U1'Vl El1P11~1'1 ·ht~ ~L 'Vlf'lL 'U 1~ ~. m-a~~ m·n~a'Uanq111'Vl El1 f116'1 1'1 ~VI~ n~ l'l'a 

n1-aflm~t1~'Uiii1'U. fl'S.:JL 'V1Yili'V11'Uf'l';i: ~t:nU'U".:J L~~lln1-;i~E'W1'Vl~1Pl1~1'11 LL~ ~ ... . 
L'Vlf'lL'ULa~, 2546. 

~llblill'l,j tl':i~~~,j LLa~Pln~Pl~ ~111~-;i. "n1';iLU~~'ULVJm.J11L 'U:U~rltl'UL~~'ULb~~'VI~.:Jb~~'U b~tl.:J • • 
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W'Uu~Lf'liil'l111L11L~am';iL~~'U~ T5 Ltuum~l'n~", 11"aa1-a1:5'a:u'VI11'Vla16l'E.J'tla'WLLri'U. 
'U 

1(1): 38-57; b11~1~'U-~(l'U1~'U, 2554 . • 
~11~1'1 ~Bllt6li.:J, ~-NL~B'W 'W'W~l':i':iru tta~'Ula~l'l~ L"111lrh~YI.:JP1. "~.mm':i..ij'~m':it~~'W~Ltuu 

• 'U 

~'UL~1~'VI1f'll1:U~ 5 .ff'U ~llln'Um':i1i'L'Vlf'li1f'leJ.:Jm1YJn~ii~m.m~:u~'Vl'fi'Vl1.:Jn1':iL~~'U 
l'V1El1Pl1~1'11Lta~ f'll1:U~1:U1':in1 'U m':ifi~i bf'l':i1~l1"llv.:J'UflL~ ~'U.ff'Uiru~11Pi n~1tl~ 6 ", 

11"a6'11-aflm~t1f11a~i 1l'VI11'Vla1~aal't1\1'm;-a-a111'5-a1'tl. 7(1): 160-173; :um1f'l11-
' 

~(l'U1~'U. 2557 . • 
Ql d u.:f'q I ~ I 

~5 (:.Ja~ bLa~Pln~Pl'a ~i11~':i. "n1';ib 'Wllt.~~G111~'VlB'Vl1.:Jn1':ib~~'U L~tl.:Jfl'SI'l-L 'U~ ~l~"/!l'lfl1':i'L~~'U~ 

LL 'U'U~'UL~1~'V11.:Ji'V1EnPI1~1'1i~L ~tlliL~.:Jnu"i11~tl':i~'iJT)'U ", 11"aa1-a1:5'~ 

:U'VI11'Vl~1Gl~'tltl'ULLri'U. 1(2): 45-66; f1'Sfl!)1f'l11-fl'UEJ1~'U, 2554. 

~'UcJoWWJ'U1'Vl-rYimmm':i'Pifl~1 (CARD) 11VI1l'VlEJ1~tJ1l'V11~1':if'l111. (2558). Vl'lbE.Jn1':iL'iE.J'W~ 3 

niil1~m-aaa'U. http://www.elearn in g. msu .a c. th/ opencourse/0503 780/ 

Unit03/unit03 _ 020.htm. 10 'V'I~Pl~n1~'U, 2558. 

v-rqjqj1 LLl.:J~~tl'U LLm~li'UI'l~ tlU'U~-rn~. "fl1':i'L m~'Ub Vi~ue.~aG1:u~VJ'fiVJ1.:Jn1':iL~~'U"lltl.:JUflL~~'U 

i'Wlru~:uPin~1tJ~ s1'Um':iL~EJ'Wnci:uG11':i::1VJCJ1Pl1G1~1L~B.:~m1f11'wlruL~EJ1num:u1ru • 
~1';i 1 'Uti nn~ m Lf'lii':i~Vrl1.:Jfl1':i~tl'U LI'JCJ 1 i'nci:U~l:UiitJ~') EJ L Vlfli1f'l n1':ib~CJ'U~bb 'U'U TGT 

:;..) • 'U 

bLa~LL'U'U STAO", 11'a6'11'ali'V111VJe.11GlE.l'Ufll'a"W'U11. 4(2): 80-87; Yl~~i11f'l11-~.:JVI1f'l11, 

2557. 

ijn11~~ tl1LLln~~ LLa~Pin~Pl~ ~.n1~':i. "fl1':ioWWJ'U1f'll111Loa1h111'W11~1'Vl~1Pl1~1'11 L~B.:J ~11~a 
" c::l II Q.l Q.l C:il II .dl IV Q.l Clro 0 4.1 

bf'l:U l'll~l!Jiilfl':in1':ib':i'EJ'U~bb'U'U~'UL~1~ 5 "ll'U t.J~:Ut:.J~1'Ufl'UL'Vlf'l'Uf'lfl1':i'Vl1'U1~-~.:JLfl~-

tlB'U1tJ 1 'U.ff'U"lltJ1f.lf'll111~ ~1VI-ru'irm~EJ'U.ff'Wiruf111Pin~1tl~ 5 ", 1 'U m-atl-a::"ll111"ll1n1"a 
'U • 

" . ~QI O'.tCI d Q cv ~ 

11B'U.1-;J~ fll"a~'Vl 9. '1..1.388-398. B'Ua11"11o1'U: 11VI11VJEl1af.lv'Ua':i1"11o1'U, 2558. • • 
Artdeja, R. Ratanaroutaia, T. Coll, R.K. and Thongpanchangc, T. "Thai Grade 11 

students' alternative conceptions for acid-base chemistry", Research in 

Science & Technological Education. 8(2): 167-183; July, 2010. 
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Bilgin, I. "The effects of guided inquiry instruction incorporating a cooperative 

learning approach on university students' achievement of acid and bases 

concepts and attitude toward guided inquiry instruction", Scientific 

Research and Essay. 4(10): 1038-1046; October, 2009. 
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LL\J\J'VI~~v\J1~A11~LoU1L~~ 1u~~1'VIEJ1A1~~i L~e>~ n'j~-L\J~ 
o II d 

~1'lJ1'lJ 20 eve> L 1~1 60 'lJ1'VI 

II II 

~hVLL~~ LL\J\J'VI(;}~v\Jii 2 "1\J ~~ij 

G1TU~ 1L~tJf1b~V'Ub~e:Jnf"h~atJ~(ln~a~LYiv~f11~atJL~cn LL"'TVhLf"l~a~'VI:IJ1Vn1ntJ1VI (X) 
'U 

...... d... ... 
VltJ"UaVIL~an ("Ua~~ 1 f"l~LLUU) 

G11U~ 2L~tJm~V'UL~VUL'VI~e.J~~L~an~atJLLI'i~~-rra1uG11U~ 1 (-rra~~ 1 f"l~Lb'UU) , 

1. -rra1~mh1'W(ln~t:NL~V1tltJf"lrua:w~"Ua~a11~~mvmVJLL~~a11~~mvLtJa 
'U , 

1. mVJ ~a a11~no1~1~1V1wiluLuua~r-i\h~natJ LL~~a1:w11m111Yivh1~VIn'11'ilVJ , , 
2. LtJa ~a a11~~~~1vtl11~ LL~~a1:W11(1L~~BL~n~1aULLrla11~'U1~ 

'U 

3. LtJ"' ~a "'11~~~mvJ11~ LL~~LL~n~11m~LV11Luv:w1aaau (H3o+) 1~ 
4. mVJ ~a "'11~~~mvJ1 LL~~a1:W11(1-rtJ~BL~n~1aU~1n"'11~'U1~ 

'U 

d... " 
L'VI~VIL~an~atJ"Ua .......... . 

L'V'111~ ........................................................................................................................................................ . 

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

f'i'1~BtJ : 3. LtJ!;1 ~a a11~~~mvJ11~ LL~~LL~n~1hlf1~1V11Luv:w1aaau (H3o+) 1~ 

~:- LtJa ~a a11~~~~1vtl11~ Lb~~LL~n~1Lm~V11an1~~1aaau (OH·) G11'U1~LV11LUV:W 
1aaa'U (Hp+) LU'U1aaau~LnV1~1nm1LL~nvi''J"Ila~a11~~~1VmVJ 

2. a11~~~1v A '1111 Y1.W11~ Lija'l111tJv'htJl)n~v1ntJi1'U~u'V'ItJ'"hijLLnaLnVJ~u LLna'11'il~rd'a1:w11m11 
t~tl1tJu1a-du1~ a11 A f"111LtJua11LV1 'U , 

1. NaCl 

2. NaOH 

3. HCL 

d.., ... 
L 'VI~VIL~an~atJ"Ua .......... . 

L'V'I11~ ........................................................................................................................................................ . 

fl1~el\J : 3. HCl 
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vfi'U1tl : G11'H1~~1tln1~ (HCl) Lrim-htJ5n~tl1tl'UVr'U~'U (CaC03) "il~Ln~LLn'Gifl1~'Uv'U1~veJn1'1l~ 

(C02) ~~'G11lJ11~VJ1l~J1~'Ub'Gi~'U 
NaCl iJG1lJU~iL'U'Un~1~ LL~~ NaOH , NH3 iJG1lJ'U1iLU'UL'U'Gi "il~11iviTtJ5n~tJ1n'UVr'U~'U 

3. oUeJ b~~v 1 udn~11fi~G1lJmi"ll eJ~'G111~~~1tJLL~~~'l1ij~ 1~~n~v~ 
1. G111~:::~1v NaCl LU'U'G111~~~1tJ~L~n1·m1~~LLn LL~~L'\.J~tJ'Un1~~1~~1?l~'Gi"il1nLL~~LU'U 

!'I £>. ~ 1 1 ~ I • I ..I ... ... 
4. G111~~~1tl NH4Cl Lu'UG111~~~1tleJL~n 'Vl1 ~\?leJeJ'U LL~:::Lu~tl'Un1~~1~~\?llJ'Gi"il1nLL~~ 

L U'UJ1L~'U 
..1 "' ... L Vl!'l'VILf;leJnl?lv'U"lleJ .......... . 

L'W11::: ........................................................................................................................................................ . 

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

fi11?lv'U : 2. G1111;l~mv NaOH LU'U'G1111;l~mv~L~n1'Vl11i;l~LLn LLi;l~Ltl~tJ'Um:::~1~~1?l~'Gi"il1nLL~~ 

L U'U,J1 L~'U 
vfi'U1V : 'G1111;l~f;l1tJ NaCL LU'UG111~~1;l1tJ~L~n1'Vl111;l~LLrl LLi;l~LU'Unm~ 11iL'\.J~EJ'U~m~~1~~1?l~'Gi 

... ... 
Q.l .r:=l 0 Q q 

'Vl~Gi'U1 L~'ULLi;l~Gi LL~~ 

~11i;l~i;l1tJ HCl L U'U~111;l~i;l1tJ~ L~ n 1 'Vl1 \i;l~ LLn LL~~L'\.J~ tJ'U~m:::~1~~1?l~'Gi"il1nJ1L~'UL U'ULL~~ 
L 

!'I ... ~ 'i 1 ~ I .1..1 ... ... ... :: 
G111a:::mv NH4C Lu'U'G1111;l:::mvman~'Vl1 f;ll?leJeJ'U LL~~LuatJ'U'Gim~m~f;ll?llJ'Gi"il1n'U1 

L~'ULU'ULL~~ 

A 
I Ill 

'G111~'Ue>EJ 

B 

c 
D 

E 
I Ill 

'G111~'UeJEJ 
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lil1nt:·JG'Ifl1'Wl~G'Ia~·h:~~'\J "lia 1~~1u1~t:1n~a~ 
, 'II 

1. ~116'1~6'11CJ A LLG'I~ D LiJ'IJ~116'1~6'11CJ~lL~flhn16'1~eleJ'\J LLG'I~ij~lJ~LU'\Jfl6'11~ 

2. ~116'1~mtJ B LU'\J~11:::mt:J~.iL~n 1 'Vl11G'I~bbn LbG'I:::n~l.lu~iLu'\Jm~ 

3. ~116'1~6'11tJ c LU'\J~116'1:::mt:J~iL~n 1 'Vl11G'II'i'aa'\J LLG'I~ii~l.lt11iL U'\Jm~ 

4. ~116'1:::6'11tJ A LLG'I~ E LU'\J~116'1:::mCJBL~n1'Vl116'1~eJa'\J LLG'I~ii~l.l~LU'\Jm~ 
.,j .. ., 

L'V!IIJ'VlLG'IflfllPleJ'\.J"I.IeJ .......... . 

L~11~ ........................................................................................................................................................ . 

fi11Plt~u : 2. ~116'1~6'11CJ B Ltl'\J~11~mCJBL~n1'Vl11G'I~Lbn LLG'I:::ii~l.l~Ltl'\Jm~ 
"" "' .,. "' 1 1 ~ ' ., ..,.. ~I d 1 ' • I ..I ., t!5'U1EJ : ~11G'I:::mCJ A bU'\J~116'1:::6'11tJeJLG'Ifl '\111 G'llPlfleJ'\J l.l~l.IUlPIL u'\Jfl6'11~ L '\Jfl~lil1fl l.IL uG'ItJ'\J~ 

m:::~1'l'J~lPllJ~~~~LL~~LLG'I:::~tl1L~'\J 611'\J~116'1:::6'11tJ D Ltl'\J~116'1~6'11CJ'\Jfl'\JBL~fl 1 'Vl11G'II'i' LLG'I~ij~l.IU1\ 
Ltl'\Jfl6'11~ 

- ~116'1:::ma C Ltl'\J~116'1~6'11CJBL~fl1'V111G'II'i'LLn LLG'I:::ii~l.l~Ltl'\JLU~ 

- ~11G'I:::mCJ A Ltl'\J~116'1:::6'11tJBL~fl1'V1116'1~eleJ'\J ii~l.l~Ltl'\Jfl6'11~ b~eJ~Iil1flhJL'I.J~tJ'\J~ 

m:::~1'l'J~lPllJ~~~~LL~~LLG'I~~J1L~'\J 611'\J~116'1~6'11CJ E Ltl'\J~116'1:::6'11CJBL~fl L 'Vl':i 1G'II'i'eleJ'\J LLm:ii~lJU1\ 
Ltl'\Jm~ 

H30+ (aq) + CH3coo· (aq) ............ (1) 

........... (2) 

1. ~116'1:::6'11CJ HCl ~1l.l11m111Ylvh1~ ~1'\J~116'1:::mCJ CH3COOH 1a.i~1l.l11m111Ylvh1~ 

2. ~116'1~6'11CJ HCl LL6'1:::~116'1:::mCJ CH3COOH ~1l.l11Cl'U11Ylvh1~LYhntJ 

3. Ldarn111L"Ii1l"li'UL vhn'U;;'IT:i6'1:::!;11tJ HCl t111 Ylvh 1vi'111flfll1~11!;1:::6'11EJ CH 3COOH 

4. LdeJrr:J11lL"Ii1l"li'ULVhn'U~116'1:::!;11CJ HCl U11Ylvh 1~,jfltJfll1~11!;1:::6'11tJ CH3COOH 
..~.. ., 

b 'V!\9l'VlbG'IflfllPleJ'\.J"I.IeJ .......... . 

b~11::: ........................................................................................................................................................ . 

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

fi11Plt~u : 3. L~am11lL"Iil.l"li'ULvhn'U~116'1~"'1tJ HCl t111Yl.Yh1vi'111nn11~116'1:::mt~ cH3cooH 

L ~fl~lil1fl HCl Ltl'UBL~fl 1 'Vl116'11'i'LLn LLlPlfll'i'11~'VI1l~ 
e6u1a : ~116'1:::6'11CJ HCl LL!;1~~116'1:::mtJ CH3COOH ~1l.l11t:lU11Ylvh 
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- G'f1~~:::mE.J HCL LL~:::G'f1~~:::mE.J CH3COOH G'f1:lJ1'jt:l'tl11'Wrh1~'hkvhn'U L~€l\l"il1f1 HCL 

L tl'UBL~n1'm1~~LLfi LLI'l n~1 1~'VI:w~ 't111 'Wvh 1~ ~1'UG'f1~~:::~1E.J CH3COOH LU'UBL~ nlm 1~~e:iv'U 

LLI'lf1~1 1~U1\1~1'U 't111 'VJvh 1~oU€JE.J 
- Lrl€lf'111:WL off:uoff'UL vhn'UG'f1~~:::mE.J HCL 't111 'Wrh 1~:W1f1f111G'f1~~:::mE.J O-3COOH 

fl1":ifl~fl1£1 m~,h 1 w.Yh ucl a ... "' m":i'L amJ n":i~~1~fll'l11fl 

0 1 I tl.,j <0 A 'U1 :WL ~E.J'UG'f 

B 
0 

't11 L~'U L U'ULL~\1 'U1 

c 0 LL~\ILU'Utl1~~ 'U1 

0 hl't11 1~Ltl~E.J'U~ 

1. tl1Lf1~€l, J1~:WG'f1E.J'1l, tl1tJ'ULG'f LL~:::J1L~€l:U 
" " 

2. J1L~€l:W, J1Lf1~€l, J1tJ'ULG'f LL~:::J1~:WG'f1E.J'1l 
" " ~d ~" ~ 4 ~ 1 3. 'U1L"l1€l:W, 'U1G'f:WG'f1E.J"l1, 'U1Lf1~e:J LL~:::'U1U'U G'f 

" " 
4. tl1Lf1~€l, tl1tJ'ULG'f, J1~:WG'f1E.J"11 LL~:::tl1L~e:J:W 

" " cl... .... 
L 'VI~'VIL~e:Jf11'le:JU"11€l .......... . 

L'W'j1::: ........................................................................................................................................................ . 

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

fl11'1BU : 1. J1Lf1~€l, J1~:WG'f1E.J"11, J1tJ'ULG'f LL~:::tl1L~e:J:W 
" " 

v5tnv : B LU'UG'f1~G'I~&nVBL~n1 'VI'~1G'I~LLG'I:::iJG'f11tmdJ'Um~. c LU'UG'f1~G'I:::G'I1VBL~r 1 'VI~ 1G'I~LLG'I:::iJ 

G'f:WtmLU'ULUG'f LL~::: o LU'UG'f11~:::mE.J'Ue:J'UBL~n1'VI11~~LL~:::iJG'f:uu~LU'Unm\l 

- J1Lf1~e:J LU'UG'f11~:::mE.JBL~n1'VI11~~ i'JG'f:u~LU'Unm\1 (G'f11 A) 

- J1~:WG'f1V"11 LU'UG'f1~~:::mE.JBL~n1'VI11~~ i'JG'f:uu~LU'Um~ (G'f1'j B) 
" 

- J1~'ULG'f LU'UG'f11G'I:::mE.JBL~n1'VI~1"~ i'JG'f:u~LU'ULUG'f (G'f1~ C) 

~..!~I .. ~11~.,. """~I 
- 'U1L'!f€l:W Lu'UG'f1~~:::~1V'U€l'Ue:JLG'If1 'VI~ G'll'lLL~::::WG'f:WUI'lLu'Uf1~1\l (G'f1~ D) 
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.... ... 
L VIIPIVJLaeln!Jle:l'U"l.leJ .......... . , 

LYl'.i1~ ........................................................................................................................................................ . 

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

fl11Plel\J : 1. H20 LL~~ NH/ vl1VI'U1~Ltl'Un'.i~ L~eJ.:Jh1h.J'.i!JleJ'U (W) LLflG11'.i~'U L'UG1lJfl1'.i H20 1'\X 

Lt.J'.i!JlB'ULLn NH3 vl1L'IX NH3 L't.l~EJ'IJLtl'U NH/ LLa~ H20 L't.l~~'ULV'U OH. 

eiD.ru!.: m~ ~eJ G11'.imm't.l'.i~P~B'ULLOG11'.i~'U 
LUG1 ~eJ G11'.i~~u1't.l'.i~P~B'U\11f1G11'.i~'U 

s. 1'W't.l~n~~11~~eJ1't.ld~ HCo3-1eJBeJ'UvJ1VI1J1~LiJ'Wm~ 
1. HC03-(aql + H20m :==.; H2C03(aql + OH-(aql 

2. HC03 (aql + OH (aql :==.; H20m + C032 (aql 

3. HC03-(aql + HSo4·(aql :==.; H2C03(aql + 5042-(aql 

4. HC03-(aql + CH3COOH(aql :==.; H20m + C02(g) + CH3COO.(aql 
.J .. ... 

L VI!JlVJLaeJf11JleJU"UeJ .......... . , 

LYl'.i1~ ........................................................................................................................................................ . 

fl1\PieJ\J : 2. HC03-(aq) + OH-(aq) :==.; H20(l) + CO{(aq) LtieN\11f1 HCo3·1m't.l'.iiPleJ'WLLfl OH

MlLw : m~ ~eJ G11'.imm't.l'.iiPleJ'ULLflG11'.i~'W (vJ1L'tX"'ii1'Wl'W1't.l'.i!JlB'U~~a.:J) 
LUG1 ~B G11'.i~~U 1 't.l'.iiPIB'U\11f1G11'.i~'U (vl1L '\X"'ii1'Wl'U 1 't.l'.i!JlB'UL ~lJ~'U) 

1. CN-

2. HCL 

3. HF 

4. HC03 
cJ 4 II 

L VI!JlVIL~Bf11PleJU"UeJ .......... . 

LYl'.i1~ ........................................................................................................................................................ . 

··································································································································································· 
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e~Bu1a: -ifB 1 dJ'Wltm1~b'i~CJ-:m~h'lb~cn b'Yl"J1~1mthl'lB'W1:W1~ltiB'l-;;J1n1:Wi1 w G11'W-ifB 2 m1~ 3 

btJ'WmV~1~bYlCJ-:~B~1-:Jb~CJ1 b'Yl"J1~ 1:W6'11m"Jt~-ru hhl'lt~'W 1~ 

10. f1mV~'tltl'l HPO/ Fia 
\1 

1. HP04-

2. H3PO/ 

3. H2PO/ 

4. H2P04 
... "" ... 

b'VI~'Vm'!Bnl'lBU'tlB .......... . 

b'Yl11~ ....................................................................................................................................................... .. 

fi1lPlvu : 4. H2P04-

e~Bu1a : 1"1mV~-;;J~i1~1'W"l'W W :J.nmr;hi"1L'Llii'l 1 1'11 
\1 \1 

11. HCl(aq) + H20(l) ~ H30+(aq) + Cl-(aq) 

"il1nii'll.Jn11-if1'1~'W .Ua 1V~n~11tln~a-:~ 
\1 

~I I 1. HCl bu'Wflb'I..Jii'l'tltl'l Cl-
" 

~I I 2. H20 bu'W~b'I..Jii'l'tltl'l H30
1 

3. HCl LtJ'Wf1n1VI'tlB'I H20 
\1 

b 'W11:: ........................................................................................................................................................ . 

0 ~I I 

fl1lPlv'LJ : 2....H20 Lu'W~L'I..Jii'l'tlB'l H30+ 

v6u1v : ml.I'VI'J'l;llmV~L'LJGiL'LJ~'WGiLI'llPI - ;;1111 ~mV~"il~ffitl11'laumnn11~L'LJ61 1 1'11 

2. ~V~ii'll.llJ;;l Fia ~Vl~mVlbb;;l~buGivhul)n~mnu1VlCJ1i~1'W1'W1lJ;;Jbvhn't.~ 

3. "iJV!GilJlJ;;J Fia "iJVI~n"JVILL;;J~L'LJGiVhtJfin~CJ1tl'WlVICJLaUlJ1;;JL'Vhnu 
, \1 , ~ 

4. "ilW~&'IlJlJ;;J ~a "ilW~~mW~LL;;J~L u61vhtJfin~mnu1W~v 1ifll1lJLoUlJoU'WLvhnu 
, \1 • 6J 
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d ... " 
~VI IJI'VI ~ G1 e:JfWla 'U "lJ e:J .......... . 

' 
~i"l"J'1~ ........................................................................................................................................................ . 

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

fi11J1vtJ : 2. ~~~l-1:~-m fiB ~~~m~~~"~~u~vht.Jnfi~c.nn'W t~v 1-U~1'W1'W LlJG'l~vhn'W 
, cu " ~ 

e:JBt11EJ : - ~~~m~~~"~~u~vht.Jl)n~enn'Wi"lB~ 'VI1B~~~ H3o+ LBBB'W'VI1B w vhtll)n~t.J1i"le:J~nu 
oH·1aam.t ~1er'ii1'W1'WLlJG1vi~vhn'W ~~£Jn-J1 ~~~l-llJ" 

13 . .0B1~~a1tJ'iimh1CJn!Pla\l 
" 

L1'Wn1"J'L'VI~'VI"J'I'ln"J'~LLnnu~u~~~n ~~~lJlJG1~d1!"11 pH lJ1nn-J1 7 
' " 

3. 1'Wn1"J'L'VIL'VI"J'I'ln"J'~L~nnu~u~LLrl ~~~lJlJG1~djf11 pH 1Jmm-J1 7 
' " 

4. 1'Wn1"J'L'VI~'VI"J'I'ln"J'~L~nn'UL'U~~B'W ~~~l-llJG'l~~iJfi1 pH lJ1nn11 7 
0 

"' ... " L'VII'l'VILG'lBnl'le:J'U"lJB .......... . 
' 

Li"l"J'1~ ........................................................................................................................................................ . 

fl11Jlt!tl : ~~~lJlJG11'Wn1'~L'VIL'VI"J'I'l"J'~'VIl1\ln"J'~LLnn'UL'U~~B'W ~~iJ pH 1Jmm-J1 7 
' " 

vBtJ1EJ : Ln~Bvi1~~1nn1"J'~n~tJ!)n~tJ11~'VIl1\ln"J'~LLG'l~L 'U~ ~~Ln~tJ!)n~tJ1L~L~"J' LG'J~hwh 1m~ 

H3o+ ~'liJalJ~Ltl'Wm~ a11G1~mvvi1~~\li1fi1 pH 1!mm-J1 

1. ~~~~"llB\In111'VIL'VI"J'I'ln"J'~LLrlO'U~'Ua~brliJ pH LVhnu 7 

2. ~~EJ~"I.Jer:mn1'VI1L'VI11'lm~mnni'utuattrii1fi1lJ1nm1 7 , , 

4. ~~t!~"lle:J\In11L'V11L'VI"J'I'l fia ~~~B'W~~I"lLI'le:J'Sttl~t!'W~ • • • 
d 4 "' L'VII'l'VILG'lBni'IB'U"IJB .......... . • 

Li"l11~ ........................................................................................................................................................ . 

~ : - ~~tl~"IJB\In1'~1'VIL'VI11'1 fiB ~~~B'U~LI"lLI'leJ{LtJ~tJ'U~ . . , 
n111'VIL'VI11'ln"J'~~B'Un'UL'UaLLrl ~~~tJ~~~iJf11 pH lJ1nn-J1 7 • • 
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nT~1'VIL'Vl11Pl1~Vrh:m1~LLrltl'UL'U?ILLrl ~l't~i:irh pH L'Vhtl'U 7 flB ~~?fl.ll;j~ 1l-IL'Ii~11t~~ 

.rral.l~~a h.Jffii~P~a'Ur11ml.l.rra 15 
'IJ 

IP1111\ILL?f~\l~hJ~LflLIPIB{ LL~~'Ii"N pH "1JB\In11Ltl~~'Ua 

.... ~ 

'li1\l pH ~Ltl~~'Ua a~LtJ~t~'U B'U~LflLIPIB1 

.. dl 

Ll.J'VI~L1~ 4.2- 6.3 bbl't\1 - b'V!~B\1 

1 'U1Ll.l 1 'VIlJB~'U~ 
.. 

6.0- 7.6 b 'V!~B\1 - LLI't\1 

w'Wam111t 
.. 

6.8- 8.4 L 'V!~B\1 - LL~\1 

rl'UB~~'V11~'U 8.3- 10.0 1l.Ji:ia - a"l!lJ'W 
'IJ 

15. L'Wm11'VIL'V111Pl1~'VI"J1\Im~LLnnuLu?feJB'W fl11L~an1~B'W~LflLIPIB1"11ii~111t~\l'<il~i:i~1 pH ~~~ 

~\lnm-:J'Ii1\ln11Ltl~t~'Wffin~Lfi~\I'VI~mvhnu pH ~~~?flJ~~"lla\ltlijn~t~1 
1. Ll.J~~b1~ 

2. LU1LlJ1'VIlJB~'U~ 

3. W'UB~~'Vl1~'U 

4. 1 'VIlJB~'U~ 
'IJ ..... ., 

L'VI~'VIL~BniPIB'U"UB .......... . 

62 

L'W11~ ........................................................................................................................................................ . 

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

fl11Pltl'IJ : 1. LlJ~~L1~ 

a~1na : m1L~anB'U~LflL~P~B1l-11Lm'Wm1uan'<il~t~~1'Wm11'VIL'Vl11Plml'tL'U?f B'W~LflL~P~a1~L~anr;la\l 
' ' 

i:i'li1\ln11L tl~m.tavtln~Lfi~\ln\JI"ll pH ~'<il~?fl.ll.J~'WB~ L 'Un111 'VIb 'V111Pln1~ LLrin\Jb U?feleJ'U '<il~?fl.Jl.l~n 
' 'IJ ' 'IJ 

I ., I 

1"11 pH 'UB~n11 7 

16. L'Wn111'VIL'Vl11Pl?f11~~m~ NaOH L.rrl-1-rr'U 0.02 M tl~lJ11Pl1 20 cm3 '<il~r;]B\IL~m~ HCl L.rrl.l.rr'U 

0.01 moVdm3 ~~n'U1Piflb'IJ'U~LlJIP11 

1. 10 ~n\J1P~nL'IJ'U~bl.JIP11 
'IJ 
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d d 1.1 

L 'Vl\9l'VlLfltlfWlB'I.J"!Jtl .......... . 
' 

L Vi11~ ........................................................................................................................................................ . 

··································································································································································· 
0 ~ ... 

fl1\9lti'I.J : 4. 40 fln'I.J11"1m6l!tJ\91LlJ\911 
'U 

NaOH + HCL D NaCL + H20 

~U1m.Jljii~f.J1 NaOH 1 LlJfl vl1uljii~m'Via~nu HCL 1 LlJfl 

nNaCL = nHCL 

CV/1000 = CV/1000 

(0.02)(20)/1000 = (0.01)V/1000 

v = (0.02)(20)/ (0.01) 

v = 40 cm3 

.J ~ ... 
0.1 M nf!n'I.J11"1m6l!tJ\91LlJ\911 

'U 

4. 25 ~nu11"1nL6l!tJ~LlJ\9l'j 
.J ... ... 

L 'Vli'J'V1Lfltln\9lti'I.J"!Jtl .......... . 

L'Yi11~ ........................................................................................................................................................ . 

0 ~ ... 

fl1\9lti'I.J : 2. 15 fln'I.J11"1m6l!tJ\91LlJ\911 
'U 

2NaOH + H2S04 D Na2S04 + 2H20 

lil1nufiii~cn NaOH 2LlJfl vl1ufiii~m'Wa~nu H2S04 1 LlJfl 

nNaCV2 = nHCL 

CV/1000x2 = CV/1000 

(0.1)(30)/2000 = (0.1)V/1000 

v = (0.1)(30)/(0.1)(2) 

v = 15 cm3 
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18. Ln~a 1 'U.u'a 1~ Li1am~~ncnl1LL~1G111lTmLu~~'Wam~~1~~VJiJG1~1naLL~.:~L tJ'Uatl1L~'W 1~\'ln'llij~ 
1. NH4N03, Nal 

2. NH4Cl, HCOONa 

3. NaF, CH3COONa 

4. KN02, NaCL 
..~.. ., 

L 'V!Vl'VlL~Bf1VlB'\.J"!JB .......... . 
' 

L'Vf:i1~ ........................................................................................................................................................ . 

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

ri1VJB'\.J : 3. NaF, CH3COONa 

a5'1.J1~ : NH4N03 Ln~tJijn~~11~1~~1~61iG1nutl1 G11~~~m~vtt~i1G11ltmLU'Um~ 
Nal hiLn~tJijn~~11~1~~ 1~'1iG1nuJ1 G11~~~~1~vtt~i1G111u~n~1.:~ 

NH4CL Ln~tJijn~~11~1~~ 1~61iG1nuJ1 G11~~~m~~1~i1G11ltmL tJ'Wm~ 
HCOONa Ln~tJijn~~11~1~~ 1~61iG1n'I.Jtl1 G11~~~~1~vtt~i1G11ltmLU'WL 'I.JG1 

NaF Ln~unn~m 1~1~~ 1~'1iG1nuJ1 G111~~~1~vtt~i1G11lu1i L u'WL uG1 

CH3cooNa Ln~tJijn~~11~1~1 1~'1iG1nuJ1 G11~~~m~vtt~i1G11l~L tJ'WL uG1 

KN02 Ln~tJnn~~11~1~~1~61iG1nutl1 G111~~m~~1~i1G11ltmLU'WL'\.JG1 
NaCL hiLn~tJijmm 1~1~~ 1~'1i~nutl1 ~1~m~m~vtl~l1G111u1iL tl'Wn~1.:~ (b.lLtJ~~'Wam~m~~VJir~) 

'<iJ1'W1'W 25 cm3 n'I.JG111~~mmuG1LLri BOH 0.1 moVL '<iJ1'W1'W 25 cm3 (rl1'VI'W~rh Ka "!.IB.:!f11~ 

HA ~ 25 °( L'Vhnu 1.8 x 10-5 LL~~ log 2.7 = 0.43) 

1. L1l~~Be:H1'W~ LU~~'Wffi'W'!i'J-:1 pH LVhnu 3.2 - 4.4 ~1naLL~.:!LU'WaL'V!~B.:! 

2. L1Jl1~L1~ LtJ~~'Wffi'U"Ii1.:~ pH Lvhnu 4.2 - 6.3 ~1naLL~.:~LtJ'UaL'VI~a.:~ 

3. Yl'Ua~'VJ'Vl1~'W LtJ~~'Wffi'W"Ii1.:~ pH Lvhl'u 8.3- 9.6 ~1nhJi1aLtJ'Ua'I11J~ 

4. a~~'il1~'WL~~1~a1i LU~~'Wffi'W"Ii'J-:1 pH Lvhnu 10.1 - 12.0 ~1f1aL'VI~B.:ILU'UaLL~.:J 
..~.. ., 

L 'VI!'l'VlL~Bf1VlB'\.J"!JB .......... . 

L'W11~ ........................................................................................................................................................ . 

fhl'lv\1: 3. ~'Wv~'VJ'Vl1~'W LU~~'Wffi'W'Ii1.:~ pH LVhntJ 8.3- 9.6 ~1n1~i1aLU'Ua'I11Jl'l 
" 

v6u1a : m1L~anB'W~LrHVJvi1l1Lm'Wm1uan~~~m'Wm11'VlL'Vl1VJm~Lu~ B'W~Ll"1LVJai~L~an~a.:~ 
' ' 

i1"1i1-:~m1L tJ~~'Wavhn~Lfi~.:~nurh pH ~~~G11llJ~l'la~ 1 'Wf111 1 'VlL 'Vl1VJ ~1nm1ri1'W1rul'lu';hrh pH 
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"Ua.:J~11r.=l~r.=l1f.J'\11~-:J 1 'VlL 'V1119li1rl1LVhn'U 8.5 7 ~.:JJ'W'il~~a.:JL~an 1 oUB'W~LFlLI9laiYl'Wmh.J'V11~'W ~L tl~m.J 
ffi'W"li'N pH L'Vhtl'U 8.3 - 9.6 ~.:J'il~L'\11:1.11~~11~~~ 

15fi~ HA(aq) + BOH(aq) ~ BA (aq) + H20 (L) 

~1'W'l'WL11r.=l"Ua.:J HA = o.
1
x

25 = 2.5 x 10·3 mol 
1000 

~1'W'l'WL11r.=l"Ua.:J SOH = o.
1
x

25 
= 2.5 x 10·3 mol 

1000 

~11r.=l~r.=l1VvY.:J~a.:J'Vlltll}n~mn'W'Wa~~'lV~1'W'l'WL1lr.=IL'Vhn'W ~a 2.5 x 10·3 mol LLr.'l~1~~~19l.i1rusfi 

dJ'W BA ~1'W'l'W 2.5 x 10-3 mol 1'Wtl~111~1 100 cm3 (50 cm3 + SO cm3
) 

fld111Li11i'W"Ua.:J BA = 
1000 

X 2.5 X 10-3 = 0.025 IT':)VL 
100 

SA (aq) ~ s+ (aq) +A (aq); A Ln~tll)n~m1~L~11a6B~~a LL~ s+ hiLn~1~L~11a68~ 

A (aq) + H20 ~ HA (aq) + OH- (aq) 

" 11 .c::. II' 

Fl'l111L "U11"U'WL 11l~'I.J 0.025 0 0 

Fl'l111L i11i'W~LU~V'W 1 tJ -X +X +X 

" tl d 
Fl'l111L"U1l"U'I.J'Vl.fl1'l~~:U~r.=l 0.025-x • X X 

K _ [HA][oH-] _ x.x 
h- [A-] - 0.025-x 

xz 
5.6 x 10-10 = ; x i1ri1uav:u1n ~11111(1~~ x aan'il1n 0.025-x 1~ 

0.025-x 

5.6 X 10-10 = ~ 
0.025 

X = 3.7 X 10-6 

LL~~.:J11 [OH-] 

[H30+] 

pH 

= 3.7 X 10-6 

= l.Ox1o-H = 2.7 x 10-9 
3.7xlo-6 

= -log[H30+] 

= -Log (2.7 x 10-9
) = 8.57 

20. 1 'Wm11LFl11~'1-1,1ili:u1ruoua.:Jm~LLa'B~n 1 'I.JJ1~:U~1V'Il .Ua 1~mh'l(ln~a.:J~~~ 
\1 \1 • 

1. ~11a~mv:u1~1~1'Wvi1m'Wm1 1'V1L'V11~ ~a ~11a~mv L'IIL~v:u 1~~1an 1'1lv1, ~11~1a~1~ 

~a J1~:U~1V'Il LLr.=l~B'I.J~LFlL~aivtli fia Yl'Wa~'ri'V11~'1.J 
\1 



. 
• 

2. r:t11n:::n1CJl.l11'11jFUvflmt.~m11'V1L'V111'1 ~B r:t11n:::mvnwt1~1~1flnu~n, r:t111Pi'""Ju~1\l 

~B tl1"'l.Jr:I1CJ'If LLm~B\J~LflL\Jlu1Yi'l stl ~B YltJB~Yl'V11~"LJ 
'U 

66 

3. r:t11n:::n1CJl.l1\Jl1~1t.~vflmt.~m11'V1L'V11\Jl ~B r:t1':in:::n1CJ L'!IL~CJl.l 1~~1un1'11~, r:t111Pi'1v~1\l 

~B tl1"'l.Jr:I1EJ'If LLn:::B\J~LflL\Jluivl'l-tl ~B Ll.JVinL':i~ 
'U 

4. r:t1':in:::n1EJl.l1\Jl':i~1t.~vl'lmt.~m':i1'V1L'Vl':i\Jl ~B r:t1':in:::mEJm~1~1~':iflnu~n, r:t11~1ucl1-:~ .. 
~B tl1"'l.lr:11EJ'If LLn:::B\J~LflLI'luivfl-tl ~B Ll.JVinL':i~ 

'U 

.d dl 1.1 

LVI\Pl'V1Lnelf1\Jlel'U"Iffi .......... . 

L'W':i1::: ........................................................................................................................................................ . 

~B tl1"'l.Jr:I1EJ'If LLn:::B\J~LflL\Jlu1vfl-tl ~B YJ\Ju~vl'V11~\J 
'U 

v5'U1f.J : f1111'V1L'Vl':i\Jl'VI1tl~mrum~LLB~~f1L\Jtl1"'l.Jr:I1EJ'If ?11':i1Pi'""JB~1-:! ~B tl161'l.lr:t1EJ'If ~i1r:tl.J~ 
'U 'U 

LiJt.~m~ L~e:Wi:nni1m~LLB~~mtJ\Jv-:!rlU':i:::f1v'U (;)-:~t!t.~r:t11n:::a1EJl.J1\Jl':i~1\Jvl'l m \Jf1111 'V1L'V11\Jl ~v ... 
?111n:::mEJ~i1r:tl.l~LiJt.~L 'Ur:l (1'1!L~EJl.J 1~~1vf11'11~) 'b\JB\J~LflL\Jlv{vtl m \Jf11':i 1 'VlL 'Vl'S\Jl ~v Yl\Jv~Yl 

'V11~\J L ~v-:1~1m tlt.~ m11 'V1 L 'Vl':i\Jl':i:::w"i1-:~ L ur:t LLntium~ aut.~ 
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t-B~~IA, 

l:.LU~~u~n_Q. L~f'A. t LP,l:.LUM.LlJJJ~,t-t-B~~1~f'A. t ~B~L-1.t-Bil.t-L~IJM:Ll~~U1t-»t-¥M:BkM. }B~1~M:B11t-B~~1 
~ . 

nn.L~f'A. t LP,l:.LUL!e!fl.L~ ~ ll-t 11:~~~1!:.~~~ L~~~tLJJn tt-~rt~l~11L~f'A. t LP,tLUM.LlJJJ~,t-~lt~t-B~~,n,~ 

N.~B~}B~1 ~M:B11~ W t ~L~~~tLJJt-Bil.L~f'A. t LP,l:.LU~,t-tLU~~11 ~t-BJJt'X\IJ,lt~~f'I.L~~tun.~~~11LM:LP, 
" . ~ 

t~11~L~~~tLJJrt~t~11t-fA. 11~ t ~~1 JJ,tt~~f'I.L~~tu~t~~L~~~tLJJrl.BIJ~lA,fl.~~ 1U,CL~ t Lp.~n 11!:.~ ·z: 
~ ~ 

(~ ll-t}BU1U(}~t ~Gil.~~~11~L~~~l:.LJJM:~~~1t~) Ut~~JJM:Lt~~tnL~~B~t~[f~~1 
~ 

~L~~~tLJJt-Bil.tLU~l:.rlt-Ln.~n.rtJJt-Bt 1 1' 1 IA.rtttu~ULIA.fl.U~tM~11~1 Lll.1L-1.1 L-1,1 U~11t~IA. 1 IA.rtttu~U 
lv ~ p ~ ~o"' , l.nt~lrilt F' F' '1:7 

• • • rLtL~U~n~rtt~rt~U~~~11~t fl.~~~~ fl.B~~~11 t-L~UM.Lrt t-~m~un~~1U,CL~l~rttrLBU~trt~~rt~U 

nt~~1 n~ ~- v ~~ ~rt~u 8 nr;puBBrt~Ut-f1.11ij~1 rt~UtLuntn.~w~~J!n~~m~~m,tt ·1 

(UOjlE!JO)dX3) LKn~::~11~C.tLpM.,@> ·z 
"' 

(~ n,tt~Gil.~ L~~~tLJJn t fl.BBBt 1:-Bil.ruLrt~rtn.~ ~Bn~ n~t-L~U~11~Gil.~~ 
" " 

~1mL~~~tLJJt-Bil.L~fv\ t LP,l:.LU) t tt-L~B ftt B~L-1.fl.~LfA.1~Gil.~~~11~L~~~tLJJt-Bil.L~f'A. tLP,l:.LU -

(~t fl.BBBt fl.fJ 1t~U~mjtLM:LJJ~tLJJ) t tt-L~B~ru~U~[f ~t L~f'A. t LP,Ijl:.LM:LIJ~l:.LJJ -

nil. 1 LL-1.f1.~~~11~ttLIJtLU BM. 1f1:LijL~t-L~Bt~ 
I 1'1 0 f' 0 I l'tl 

~ 

~JJt-IJfl.~t 1Ufl.IA.t-B~~IA.l:.LU ~I';JU L~ttLUt-B~ 
l'tl proF' 11 11 

n~~ 1U,t\~f1.~1 ~trt~~11 ~Lf1:1.1L(} 1 ~ll. 1n.Bil.rl.~W~mLijL~t-~n~rtt~n~ ~ 1U,CL~ t n.~ M:BkM. f\~~!,!1~~~ 
~ ~ 

n t~»t-JJM:Lt~~\,!1~ t B~ 1 ~n~~ 1U,CL~ t lLfl.~M:Lrt-Bil.L~f'A. t LP,l:.LU~,t-~~1&-B~~IA,l:.LU&-L~Bt~U~t~ 

ftt B~L-1-fl.~LfA. 1~t:R.~~~11~L~~~tLJJt-Bil.L~f'A. t LP,l:.LUL~~\tfl.~~ 1U,CL -

t-L~UB~I.1 JJm ~!:.Ufl.fJ1~M:IJ[ft-B~~tL~f'A.t LP,~~L~~~l:.LJJL~~\tf1.~~1U,CL -

~t ~1.1 1~Ll:.M. 1 ftt B~l.1~t L~f'A. t LP,Ijl:.LM:L!Jfl.~ULP,L~~~n~~1U,CL -. " 
t}t-~n~~m,ttn~~turtLijL~~t 
" 

~ . 
~~1 ~~ttlA1U~1@fl.Bn~~11~~ttlA1U~1@tLJJrl.~l~~1~tL~1M:Ll~~rttLP,B~1 n.~~1U,ttn~~tuf1:LijL~~L 

~ 

t~11 ~n~1t 1~1 rl.BU~trttLJJ~ ~11 Ut:BBBt rl.BU ~trttLJJt-Bil.Lr~L~~~tLUt-B~ 1 f1:~1kM:Ll~fl.tiA.rl.IA. 

(luawa:5el:iiu3) ~tn.~rtLC-~1:-Lk~n.: ·1 

ijl.,ij::ijtL~t-BU.tLU::tf\1:-Ln.~n.rt~ t-Bt1 ...,.. p . ~ 

rt~un.m1rtUm,@>t-[&11tLU~Q>~IA.m,VnL~I':Irt~l':l fl.,@> s ::L~m~n.m1kn.a~1tLUrttW~!,! 
"' 
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( ~t~T'L~It~ 1~&~LI2~12~L~T'L t T'Ll!GGt ruLrt~~ T'L~It~ mLI2~12~L~ 
~ I ~ I 

1\ 

1:-l!fl.T'L~It~ m~1 ~LI2~12~L~T'L t T'LBBBt mut~~n.1'~BT'Lrl:!PI2t~IA1 U~1~~LI2~12~L~I:'Bil.Ltftv1> t LP,~LU . ~ 

T'L t lJ~LitL~ItLt~~L~M 1 T'L~It~ 1~&~LI2~12~L~t-Bil.Ltftv1> t LP,~LUL~) ~t l!!1t1. 1~L~M1 ~ tt-L~Bt-12~ 11T'L~~~1 ... . . 
~LI2~12~L~t-Bil.Ltftv1> t LP,~LUL~ T'Lrl:lt~ mLI2~12~L~t-Bfl.T'L~It~ mLt~B~L~~~T'L~~1U_tt -... . . 

• 
ltLlJL~~t~T'L~~W~~l Ltff-1. t LP,~LUT'L t lJ~LitL~ItLt~n.1'~LI2~12~L~ 

t-Bfl.n~rc~mLt~ t-B~, z·1 ~rt~w&~L.tA~tn~~,u,tt~trt~m~m~w&~t-~lltB~1~12,, ~LI2~12~L~ 
1\ 1\ 

t-Bfl.~LU ~~~t-Ln.~rt~t-B~ 1 lt~W &~ L,tA~LUU L&T'Lil:~~1 ~121':11:'\;!t-~lltB~ 1~M.:::I211 ~Ln.gB~~ 
I f1 I I 

n. 
(UO!leJoqe)3) kN:Le ... ~li!LiiiiUl.,@> ·p 

II 

HOOJ£HJ 'D17HN np.1 T'LB~!PI2t~IA1U~1~~LI2~12~L~ 0 
£0NH 'DeN np.1 ~11!PI2l~IA1U~1~~LI2~12f.L~ 0 

T'LB~!PI2t~IA1 U~1~~LI2~12~L~ 

:::1211 ~11~12t~IAlU~1~~LI2~12~L~ B~ IA.l.f1~~~ Z rL[J1UBBt-ft11 ~12t~IA1U~1~~LI2~12~L~ -

c(HO)eJ 'HO:>l 'HoeN np.1 ~n.mr;,~rt~~~~l2t~IA1U~,~~L~~~~L~ 0 
HOOJ£H) '£0NH 'DH np.1 ~WrL[J1~n.rt~~~~l2t~IAlU~1~~LI2~~~L~ 0 

£0N>l 'l))l 'DeN np.1 t-L~UT'LfJ1~1t~~~~l2t~IAlU~1~~LI2~~~L~ 0 
t-L~U~~11 ~m ~Wt-IA~trLI}1~n.rt~lt~~t~IAlU~mliiL~:::I2f.L~ -

~l"l ~ ~ F=>, p ~ 

(HQeN ~l$tUBf.~Qtrt~~1l$1 (DH) U~B~~~~l.rgt~W (DeN) 

~f. t Bl2~1t~~1l$1 np. 1 ~t T'LBGBt T'LfJ 1t~U~1m~LitL~t~11LP,~LI2~12~~L~ !!~ ~~t ~IA.l U~1~~L~ -
~ . 

~12t 

~IA.l U~1~T'LBT'LIKI2~12~L~L~Uiil~ 1 LtftA t LP,ft~~LI2~12~L~~I211 ~12t ~IA.l U~1~1i!LI2~12~L~L~Uiil~ 1 Ltff-1. t 

LP,~~LI2~~~L~ B~ IA.l.f1~~~ Z T'LfJ1~t~L~~I2~L~UT'L11L~~mumr;1LtftAtLP,~LU~It~E-tBp1 -

rLt1L~~~~11t-~11~t-~~,tt~~~L~~W~T'L~~~1ftt t-L~U 0 
nt1L~~rL[J1&-~,,~~,tt~~~L~~w~n~~~, ~m 0 
t-~11~nr;mt1Lft~~,tt~~~L~~w~nlil~~, ~w 0 

t-LI2U~I211 ~m ~w G~ .. 
IA.l.f1~~~ £ rL[J1~t~L~~I2~L~UT'L11L~ ~mUm[J1~,tt~~RL~~Wt-l!fl.~T'L~~~1~LU~It~E-tBp1 -

Q.~tB~t-~ ... 
~ t-L~T'L~1~f,~~t~~t~~~l.1f.LitL~t-~ ~L~~~f,L~N!fl.f,LU~~~t-Ln.~rt~t-B~1t-B~~IA.~LUUL&kT'L~~1 

• 1\ • 

~'!»t-~~~~T'L1'1tt~T'L~~1U_tt~I211~~T'L_ttUL& T'L~~m~L~It1.t-BI2~1A.f,LUI2Hl!T'L~1LP,It~U~I2~1m~~1U_tt 
I I 11 II 

(UO!leUe)dX3) (l.t~Bll-t-~::~111i!Lrl.£BT'L,@> "£ 
II 
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5. i'IJth:aihJN~ (Evaluation) 

i'IJ-.i1nliln"f'53J TGT ~ 1 f13JU~'U1~U'l~n1'lt~e:J~a1'l~~~1V 

1. iJm'it.~'IJLL~6'1~ f1~3Jci.::J~1 LL Yl'IJ3J1'VllLL 'U'UYl~~e:J'U~.::!Vll-Wl 4 '11~ fl~ LL 'IJ'IJ~iJm'it.~'IJLL~m:fi'IJ 1~ 
' ' 

'1111 U11l.J L tl'Ufl~ LL 'IJ'IJ f1~l.J fl1tl1~n1PI~6'lfi~LL 'IJ'IJLL~6'1~ f1~l.J LL6'1~ V f1~e:J.::I'1ll.J L '1!Vf1~l.l~Hlfl~ LL 'IJ'IJ~.::J~~ , 'U , , \1 , 

LL6'1~1~fi~LL'IJ'IJL'UU~ 5 fi~LL'IJ'lJ ci1'lJf1~l.l~'lJ '11~-r'Ufi~LL'lJ'lJL'UU~Ltl'lJ 4, 3, 2, 1 LL6'1~ 0 fi~LL'lJ'IJ 

~1l.lcl'1~'U 

2. fl1l.lel'UVll.l1V 1 ~iJm'it.~'lJLL~6'l~fl'lJL ~V'lJ~1tl~.::J~~1 LB.::! 1~L'iV'lJTI 'lJ n11Yl~6'1 el.::Jfi~.::J.Q'G'l.::l 1 'lJ ~l.J~ 
'U , \1 , 



n~n-a-al.!Vi 1.1 

L~eNal.l,mu1-:~tJ-a~rn-a"lJe~.:~a1-a~~~1EJ 
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1. 'Yi1n11V1~~ei~L ~e~Pim.~16'1l.I'IJ~u1~th~ rn-s"lJ€1~6'111~ ~mva L~ n 1 VJ-s1~~ LL~~'UtJ'WBL~ n 

1·m1~1Jl1~ 

2. e~5u1v~~~a1-s~~~1C.JaL~n1VJ-s1~~t111'Wvh1~LL\Jlnl'h~n'W 

3. -;J1LL "Umh~L.nVJ"lJe~~a1-a~~~1EJ 1~C.J 1.Urn-sL 'IJ~C.J'W~"lJe~~m~~1~~1Pll1'aLL~~rn-st111 'Wvh 

"lJ€1~6'111~~~1miJ'ULnru6Y!"l ~ 

4. tJ5u1mL~~a~'IJ1~11a1-s1~LiJ'UaL~n 1 VJ-s1~~LLri BL~n 1 VJ-s1~~eie~'W 

al.l1;)nn~l.l 
... ..1 

1) ..................................................................................... i'U ........................ L~"lJVl .................................. . 
... ..1 

2) ..................................................................................... i'U ........................ L~"lJVl .................................. . 
... ..1 

3) ..................................................................................... i'W ........................ L~"lJVl .................................. . 
... ..1 

4) ..................................................................................... -tf'U ........................ L~"lJVl ................................. .. 
... ..1 

5) ..................................................................................... -tf'U ........................ L~"lJVl .................................. . 

'a1Eln1'a l'ie~ 1 mil.! 
t 

.,. 
a1"aLfll.l 

1. G11'~~~mt1 HCl, CH3COOH, NaCL, KN03, NaOH, KOH, Kl, Na2C03, -

NH4Cl, C2HsOH, C6H 1206 LL~~ C12H220 11 L.UlJoU'U 1 moVdm3 

... ... 
2. m~mt;~\PllJG1~LL~~LL~~~tJ1L~'U "lJ-u~~~ 12 ~'U 

~un-aw 

1. 
... ~ "' UellJlJL\Jlel1 1 Lfl'Sel~ 

2. Lfl~e~~\Jl-s1~a.n1wm-st111 -wvh "' 1 Lfl"Sv~ 
... 4 I 

3. n-s~~n'W1~n1~-svu~un-s~~n 1 B'W 
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...... 
1 fi fl1 'a 'VI~ ~leHI 

1. fl~bl'l~E.IlJ?I1"a"~"1~ HCL, CH3COOH, NaCL, KN03, NaOH, KOH, Kl, Na2C03, NH4Cl 

... ... 31!'1... !'1!'111 CzHsOH, C6Ht20 6, C1zH220 11 b"ll~"ll'U 0.1 moVdm ?lb'U'Unbf1€l'h'h"v1 

2. 'Vll'l?l€l'Uf1THtl~~'U~m~l'l1'1j~l'liJ?I"ll€l~?l11"~m~LL~m~'ll'WI'l LL"~'IJ'UVin~"f111'Vll'l"B~ 

3. 'Vll'l?l€l'Uf111't.h 1 YlYl1'11€l~?l11"~"1 mL~"~'ll'WI'l 11'1 ~~~"'JI'l~'JU1'11€l~Lfl~€l~l'l1'Jiilll'l?l.n1~ • 
f111U1 hivh L~~mvl11 tl'U bb"~~m·b~L oU1tl'Ubfl~€l~bb€l~i1LI'l€l1 G1~Lf11'lfl'J1~?1'h~"ll€l~"v1"€ll'l1 Yl bb"~ 

e:h'U f0l1fl11~?1 1~11 (1 f111'th 1 YlYl1"ll€l~?l1 1"~ m ~'U'U Lfl ~€!~ LL B~ i1 Ll'l Bi u'UVin ~" f111'Vll'l" B~ 

fl1"aLU~V\.ILLtl"~~a~m~1~ 
d fh m-a't111 wvht~B~ m-aL tl~a'U 

0 

a1-a~:~1a fl1~'U1 fl11~a11~"1Ja~ 
~"'JeJ~ 

1wrh "v1~BI'l1W 
a11~:~1a (J..IA) 

... .., 
~~~a 

HCL 

CH3COOH 

NaCl 

KN03 

NaOH 

KOH 

Kl 

NazC03 

NH4Cl 

C2H50H 

c12H22011 

C6H1206 

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

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

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

·································································································································································· 
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nlilm'a11Vi 1.2 

L~el.:Jfi1111L iJ11iJ'IJ"U eJ.:Ja1'afl::fl1tlnUfl1111m111'a" L '1Jn1'aU11 wvh 

~~u'a::a.:J~n1~~~fta.:J 

1. vl1fl1'j~~fle:l~L ~e:l~f1~1fl111161'11oW'Ul5'UeJ~fi1111L oUlJoU'U'Ue:l~G'11'jfl~a1 tiB La f1L VJ'j 1fl~nu 

fi1111&'111J1'j" 1 'U fl1'jtJ11 Yl.W1 

2. uam vr!Jle.~~~a1'j~t~1tlaLan1 VJ'j 1~~'1111 Yl.W11~LL!Jlf1~1~n'ULdafl11lJL -U'11~'U"Ua~ • 

74 

v 0 

1) ..................................................................................... otl'U ........................ L~'UYi .................................. . 
v 0 

2) ..................................................................................... otl'U ........................ L~'UYi .................................. . 
v d 

3) ..................................................................................... otl'U ........................ L~'U~ .................................. . 
v d 

4) ..................................................................................... otl'U ........................ L~'U'VI .................................. . 
v d 

5) ..................................................................................... otl'U ........................ L~'U~ .................................. . 

"' a1'abfl11 

1. &11'j~~~1tl HCL, NaCL, NaOH LsUlJsU'U 0.01, O.l,LL~~ 1.0 moVdm3 

<S 
1. vr~a~'Vl~mN"Il'U1~L~n 

2. Lfl~e:l~!Jl'j"T'il'J~G'1I11'Vifl1'jtJ11 Yl.W1 
d 

1 Lfl'je:J~ 

3. m~uanm~'tl'U1~ 10 cm3 11u 

1 eJ'U 
d 

1 Lfl'je:J~ 
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"""'" 1 tin 1';i'VI fl fl v .:j 

1. '111a1':ifl~fl1tl HCL L-ii'll-ii''U 0.01 moVdm3 1a'1 'U'l-1~e:Jfi'VIfl~e:J.:J'1l'U1fiL~n ~1'1..11'1..1 2 cm3 

2. VJflamJm1'1111 YlVl1'1le:J.:ta11~~~1t1 1flv~:wmfl~1'111'1le:J.:t Lfl~e:J.:t~':i1'<ili~a.n1'Wm1'1111 YlYl1 • 

3. 'Vi1n1':i'VI~~e:J.:tLV!iia'U-iJa 1-2 LLIJiLtl~ti'Ufl11:WL-iJ:W-iJ'U"Ue:J.:ta11~~~1VLU'U 0.1 moVdm3 

LL~~ 1.0 moVdm3 

4. 'Vi1n1':i'VI~~e:l.:tL'VIiie:J'U-iJe:J 1-3 LLIJiLtl~ti'Ua1':i~~mmU'U NaCl LL~~ NaOH 

a11fl::f11t1 ~1m1'l11l YlvhtJv.:Ja11fl::fi1EJ (J..IA) 

0.01 moVdm3 0.1 moVdm3 1.0 moVdm3 

HCL 

NaCL 

NaOH 

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



.. 

" • 

1. HBr LL~~ KCl LtJtJBL~nh'l'~L~I'lLLn 

2. HCN LL~~ HF LtJtJBL~nLvl''5L~~~eru 

HBr 

KCl 

HCN 

HF 

6'111 2 "lllJ~ i1?tl'l1 PQ bb~~ AB Ld€1~~~1EJ\l1Ln~n11LU~tJ'ULLU~\I~\11U n Lb~~ "l1 ml.lci'1~'U 
~ ~ 

6't111~t.h:V~LtJ'UBL~n1'V11L~~ L'V'111~LVI1'11~ (4 fl~LL'U'U) 
' 

76 



mh1~1'1 (4 fi~LL'U'U) 

d 
'tlfi'Vl 3 • 

........ 1) G'I11"~"1EJ~iia:JJ'twh tl'Unm~ii~-:nl11 'V'lvhLL"~ hhi1lvHh 

....... .2) G'I11"~"1EJ~iia:J.JiML tl'Wn"1~LL"~'Il11 'V'lvh 1~~~'~L U'UG'111"~"1EJ'WtJ'W~iL~n 1 'VI'S 1"~ 

d 
'tlfi'Vl 4 • 

77 

Lria'll1G'111"~"1EJ A B C D LL"~ E 6fi~iifl11:1JLoU:J.JoU'UL vhn'U lLl'Vli'IG'ItltJn11Ltl~EJ'U~"lltl~n1~~l1~ 
~l'l~G'I LLm~Fl11:JJG'I1:JJ11t:lL'Un11'1111'V'lvh 1~-lla:J.J"~~.Q' (4 fi~LL'U'U) 

'U 

A 

B 

c 
D 

E 



. . 

'I.Jm'ivu~1ll1':i(l'U amuJ~"!la~~1':iG'I:::mvBL~ n 1 ·m 1"~ ~1':iG'I:::G'I1r.Jl.lal.IB L~ n1 'VI':i 1"~ 

bLG'I:::':i:::'U'I.J':i::: L.fl'VI"!JB~~1':iB b~ n 1 'VI':i 1G'I(;l1~ • 
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5. L 61itJ'UG'IlJn1~f11~LL~f1~'JLD'U 1e:mm.J"1leNG'11~~B h.Jd 

a. HI L D'U~L~f1Lvl~ 1"1'1LLfi 

b. KCl LD'U~L~f1L'Vl~1"1'1LLri 

c. HF Ltl'U~L~f1L'Vl~1"1'1eiv'U 

d. H2S LD'U~L~n1'Vl-s1"1'1eiv'U 



. . 

n~n~~11fl1'H~V'U~LL 'U'Uih.m11t 5 ~'U t:.~a1Jt:.~a1'Ufl'UL 'VIflilflfl1~LL oU.:torJ'ULf111LL 'U'Umlll v • 

d "" L ~a.:~ 'V1Q~~m~-ma 

1. ~'Ua~1.:tfl1111a'U1~ (Engagement) 

fl1'VIU'VI1'Wrr.J111~L~v\l a1~G't~G't1EJm~ aT~G't~mmua LLG't~m~'l11hJ1itl1~1CJ"!1'W1'W 
'U 'U 

"li11'ltl1~1ilT)'U LLG't~L ~v11LEJ\IL oU1~L~v\I'VI'J~~mV~-L ua LV~v 1ifhm11L ~am~~'Urr.J1116'1ti h"Ua\1 

"" ., 
tinL'Wti 

f>iV~11 H20 vi1,U1~~tltimV~,~mua L'W11~L,~LVI 

'li'm~vtif>iV~-l1a11 1 "UWVI 6'11111~mtlti1~~\lmV~,~mua,~a11J a~1\lh 
fl')~\ll"htn11L~EJ1tlU"U8UL"tll'l Lth,111VLLG't~U1~L~ti~'\JnL~EJtil'i'v\1~~1f1f11')vi1n~m111f11WIVIG't8\l 

'U 'U 

- NaHC03 i1a11u1iLtltimV~,~mua L'W11~L,~LV! (NaHC03 G't~G't1EJ~11~ 6'111G't~G't1EJ~i1 
a11llii L tltiL ua L ~a\1~1m tl~vtiam~V~1~~1'l~a~1naLLV~\IL tltia~1L~ti) 

- Lrlm~116'111G'l~G't1Vm~1~1mflG't8~n (HCL) G't\1Lti6'111G't~G't1EJ HC03- ~G't.ffi~Ltltiaci1'1h 

(HC03- vi1,U1~LtltiLUaLrlvvi1tll}n~EJ1tlU HCL LVIV~ULtl';i1'18ti~1n HCL LflVILDti H2C03 ~\1~~ 

6'1G't1EJ~1L'iXLLna C02) 
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- Lrlm~116'111G't~G't1VLU6'1LLflG'IL'Sv111~V118f11'1l~ (Ca(OHh) ~11~1 G't\1Lti6'111G'l~G't1EJ HC03- ~G't 

.ffi~Ltltivci1\lh (HC03-) vi1,U1~LtltimV~Lrlavi1tll}n~EJ1nU Ca(OH)2 LflVILDti CaC03 ~\ILD'-1 

l'l~na'-!a"U11) 

- HC03- i1a11U1iLtltimV~,~mua 8~1\lh (Hco-3 6'111111t;1L'iXLLG't~~u1tl11'18ti1~ ~\ILD'-11~ 

~\lf11VILLG't~LU6'1 ~\ld~ti8~tl'U6'111~Vhtll}n~EJ1~';JCJ) 

., 
2. 'ti'ua1~1~LLG't::~u,1 (Exploration) 

2.1 'li'm~EJ'UL~VtiTIVIEJm~uTUf111f1~11L~WLLU\If1~1188nLDti 8 f1G't,'11'1 G't~ 4-5 flti 
" , , I 

1V~v 1 timi11~~t11~nau 1 t1~1v'li'm~v"'n~11Ln\l tl1tinm\l LLG't~eJ-eJ'-1 flG't~n"' 
' ' 
2.21'\X'\Jm~VtiLL~G't~f1~111111tlti'Vi1n~m111~ 2.1 L~eJ\Irlf11Vl-rlLU6'1 1'1111LUn~m111~fl1 

, " \1 " 

II 

3. 'ti'ua5u1VLLG't::G't.:t<U'va11J (Explanation) 
lV lV 

'\J m ~CJtiLL~G't ~ f1~ 11U1 L6'1ti 8 ~ G't f111'VIVIG't eJ\I,tJ1-a'ti L~ CJti ~1 n'\Jti fl1 LLG't:~'\J n L~ EJ'-11111 tl'-16'1 1tl 
• 'U ' 

~\l-ffi~L~Vti~'"il1nL~eJ\I'Vl'J~~mVI-LU6'1 LLG't~'"il1f1f111vi1n'"ilm111L~8\I~ti1Vl-~LU6'1 LLG't:::L~eJ\1 tlljfi~CJ1 



rn11 ~LL"~-r'U hhl'l€1'-I"OeN 1!1 L~Wilt!FI1{'Um '-11'11€1€1€1'-1 sa~?l1ll11t1?11U1v'lv11tJ'th~ L~t~l'h~ ~ 

~~~a1ud 
1. 'Vlq~~n1~-L 'U?Im{L tiv?l mhT;h m~~€1?111~"~"1tJtl1LL~11'111 m!1L~1L~u1aaau 

LL"~L 'U?I~€1?111~"~"1mL~1 LLI'l n1'111 Wo!1~1an 1'il~1aaau 
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2. 'Vl'!~~m~-L'U?IL'U~ti?ILI'l~-"11~ nG'i11~€1 m~~€1?111vhmu11'1€lt!LLn?l11~tl LL"~L'U?I 

~t1?111~-r'U t U11'1€lt~:U1n?l11~t~ (~m~-~L'U?I) 
d Q Q I 4 4 d Q.l IQ ~ d 

3. 'Vl'!~!Jm~-L 'U?I"'l€1?1 n"11f'l€1 m~f'I€1?111'V11'U~m"n~'~1€1ti:U1n?l11€lt~ LL"~L 'U?I 

~t1?111vi1 ~FiBL~ nl'l1€1t!:U1n?l11~t! 
'II 

4. 'Vl'J~~m~-L 'U?IL 'U~ti?ILI'l~-"11n -Ha~'U1tJ?Illtm"Oa~ m~-L 'U?I1v'ln1\m11'Vl'J'l!f~ 

m~-L 'U?Im1L tiv?l L V'111~Vi:u 11ru1f'l'l111L uu m~-L 'U?I"0€1~?111:U1nrn1ri1v taut U11'1€lt~ 1111~~ 

4. .Cu'!JtJ1tJfl1111~ (Elaboration) 
'U 

f11€l~'U1tJLL"~V'I~L ~all tv~5~~"~ Ln~~u:u1 nm1'V1~" a~~ 2 L~a~Fim~-FiL 'U?I LL" ~ L ~a11 tv~ 
'II 'II 'II 'II 

4 .. .,j .,j .. .J ~~1~~~ 'j" 'l"'O II ..,j'l"'"'"" 
n~n:um111'Vl 2.1 'V1?111'U1-!I"llti~'V1?111111m uti ~'Vl-:Jn1~bb"~b 'U?I b~tl b"llfl1tl111fl1~1'ltlb Viti b V!tlm 1tltl • 

Clo ct.l !I 0 

Ln~ f'l'l111 ?1-:J ?I tJ LL" ~ ~'~ €1-:J rn1a tJ1 n'V111'U fl11'1 a 'U 

- UnL~tltlfl~11?111LL~"~"llii~~?I11'U1lL Ut!fl1~ V!~€1 b 'U?I1~\ VitJ-:JtlfJ1-:Jb~tl'l'V!~€1 hl €1~1-:J b 
- ?111~~~n'l!ftu~€1~1-:J 11~?111111m Ut~1v'!~-:Jfl1~ bb"~L 'U?I 

"il1mYu1 ~'11m~vu~·hn:um111~ 2.2 b~€1-:J u~n~tJ1rn11 ~LL"~-r'U t U11'1€lt~"ll€1-:J1!1t~1b"ilt~F111'Umt~l'l 
1ae:mu 1'11111'Un"ilm111~f11LL"iln1~ 

'II 

" 5. 'ti'UU';i::Lih.u~.J" (Evaluation) 
"' . QJ 0 Q .c::t .c:l 

'!J'U'V11n:Um';i11 TGT 'V1 2 'Vltj~~m~-L'U~ 

2. F1111€1'\JV!lJ1tJ 1 ~'11m~tJ'lJLL~"~fl'UL ~ tJU?I1U~-:!~~'l L€1-:J 1v'} b~tJUTI 'U f111'Vl~"€1-:!fl~-:Jif"-:J 1 'U 
'II • 'II 

?llJ~"ll€1-:J~'lL€1-!1 LL"~Vhbb'U'U!Jn~~~ 2 b~€1L~11L~11LL"~'Vl'U'Vl'l'Ufl'l111~mv'} 
• 'II 



. . 

-. 
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"" d 
O\IO'a'a11VI 2.1 

d ... 
L 'atl~VIt)'li~O'a~-L'Ua 

~~t.h::a~flmca'VI~~v~ 

1. vhm~'Yl~~v~Lvlt~Pln'li1rln"5~ - riLuG1 "Uv~G11~1~ 
'IJ 'IJ 

2. ,rm~tJ'UG11l.l1~m =!it~'U\Jnti~tJ1LL~tuvnrim~ - rim&1 "Uv~G11~ 1~ '!.J 'IJ 'IJ 

3. vG'U1t.ILL~t'Uvflfl11lJLLI'ln~h~"llv~rim~ - riLUG1L~ 
'IJ 'IJ 

:; d 
1) ................................. . ................................................ "ll'U ........................ L~"ll'Yl ................................. .. 

2) ..................................................................................... .&'U ........................ L~"ll~ .................................. . 
v d 

3) ..................................................................................... -IJ'U ........................ L~"ll'Yl .................................. . 
v ' 

4) ..................................................................................... off'U ........................ L~"UVi ................................. .. 

5) ..................................................................................... .&'U ........................ L~"ll~ .................................. . 

a1-aLP~il 

1. &11~~t~1tl HCl, HN03, CH3COONa, NaHC03, NaOH LoUlJoU'U 

0.1 moVdm3 

2. B'U~LfiLI'lv~ (Methyl yellow, Bromocresol green, 

Phenopthalein) 
v 

3. 't11n~t1 

~umru 

oV 

4. Vi~\JVI~e.lfi'Vl~ftel\J 

1 "!!~ , 



.... ,. 
15n1'a'VI~~e:l~ 

1. L\Jl~EJ1l'VI~v~'VI~fte:l\l"ll'I.I1~Lan ~1'1.11'1.1 4 'VIfte:l~ LL"'1U11tlL~116'11'Sft~ft1EJ~~{;}uhJ-rl' 
- 'VIftB~~ 1 L~11J1nGi''l.l 1 cm3 LLft~L~11a'l.l~iLI"lL\Jlv{ Methyl red ~1'1.11'1.1 3 'VIEJ~ 

- 'VIftB~~ 2 L~11J1ni'l.l 1 cm3 LLft~L~11a'I.I~LI"lL\JlB{ Phynol red ~1'1.11'1.1 3 'VIEJ~ 

83 

- 'VIftB~~ 3 L~116'11'Sft~ft1EJ HCl ~1'1.11'1.1 1 cm3 LLft~L~11EJUL1v~iaa'I.I~LI"lL\JlB{ ~1'1.11'1.1 
'II 

- 'VIftB~~ 4 L~116'11'Sft~ft1EJ CH3COONa ~1'1.11'1.1 1 cm3 LLft~L~11~UL1B1iaa'l.l~bl"lL\JlB1 

~1'1.11'1.1 3 'VIEJ~ 

2. 'VIEJ~?I11ft~ft1EJ HN03, NaHC03, NaOH, LLft~ HCl LoU11oV'I.I 1 moVdm3 ft\lb'I.I'VIftB~ 

'VI~ftB\I~L\Jl~EJ111~"i11 n-ira~ 1 ~\1;1 
d 

- 'VIftB~'Vl 1 'VIEJ~?I1'Sft~ft1EJ HN03 cm3 

d 
- 'VIftB~'Vl 2 'VIEJ~?I11ft~ft1EJ NaHC03 

d 
- 'VIftB~'Vl 4 'VIEJ~?I11ft~ft1EJ HCl 

(£1'\1Ln\Jln1'Srub tl~EJ'U~~Lfl~~'U b 'ULL(;}ft~'VIftB~ U'U'Vim.Jft n1'S'VI~fte:l\lb 'Ub 'I.Jn"i1n'S'S11~ 2.1) 

n1'a'VI~~B~ m-aLtl~a'Ua 
. 

'VIftB~'Vl~ftB\IVll 
d 

'VIfte:l~'Vl~fte:l\I'Vl 2 

d 
'VIfteJ~'Vl~fteJ\I'Vl 3 

d 
'VIfte:l~'Vl~fte:l\I'Vl 3 
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. 
nlilm~11Vi 2.2 

ttcma1m~t l1LLt't~~u l ti~IPlv~"ttv-3lulfl~Llil~flT~um ~IPllemeru 

lilfttl~~a-3An1~~1Plt'tv-3 • 
1. Vl1fl11'Vl~6'Jel.:j L ~el flin't!t1tl~n~m1l1LL6'1:::'¥u 1 tb~v'\J"tJel.:j 1~ L~1L 'i1'\J~Pl1{'lJ v L 'IJI'l1vvel'\J 1~ 

2. vB'U1afl11Ltl~a'\JLLU6'J.:j~Ln~:ff'\J L~BL'IlL~mJ1~L~1L'i1'\JI"l11't.Jm'\JI'l6'1:::6'11ml1 LL6'l:::L~m~:u 

f11~LL6'l:::L 'UG'I6'J.:j 1 tJ1~ 

3. vG'U1afl11Ln~tl~n~a1"tJv.:j1~L~1L'i1'\JI"l11mJL'\JI'lL~vvtTVI1J1~LtJ'\Jm~VI~vL'lJ?l1~ 

a111~nn~:u 

1) ..................................................................................... .ff'\J ........................ L6'1"ll~ .................................. . 
v d 

2) ..................................................................................... otl'\J ........................ L6'l"ll'Vl .................................. . 

3) ..................................................................................... .ff'\J ........................ L6'l"tJ~ ................................. .. 
4) ..................................................................................... .ff'\J ........................ L6'l"ll~ ................................. .. 

v d 
5) ..................................................................................... otl'\J ........................ L6'l"ll'Vl .................................. . 

... 
a11uu.1 

1. G'l116'1:::6'11a L'llL~a:w 1~1~1L 'i1'\Jrn1't.Jm '\JI'l (NaHC03) 

LoU:WoU'\J 1 moVdm3 

2. G'l116'l~mam~1~1~11"16'1B~n (HCl) LoU:WoU'\J 1 moVdm3 

3. G'l11:::mmLI"l6'1LGiia:w1~~1Bn1'1lii (Ca(OHh) ~:W~1 
v 

4. m:::~1'1!t~l'l~?l~U1L~'\JLL6'l:::~LL~.:j 

~tlmw 

2.VI6'1B~VIa~ 

3. m:::'lJBf11'!'J.:j"tJ'\J1~ 10 cm3 

5 VIti~ 

5 Vltl~ 

2 V16'1B~ 

2 VI~B~ 

1 1't.J 

1 el'\J 



"'"" 1tln1~VIfl~tH 

1. b~:U?i1'j~~"'1EJL'11b~e.J:U 1HLfl'H '\l'UI"IT~Ue:H'I.J{;l (NaHC03) "''~L 'UVme.ltilvttil"'eJ\I"!..'U1tilb~n 

2. 'l11,,<meJf'lvttil"'B'~~'~ 2 ('\11n-li'B 1) 1tJL~:uG11'j"'~mv ~'~U 
- 'VI"'e.ltilvtf'l"'e.l\1~ 1 b~:U?i1'j"'~"'1e.Jmtil1HLtil'jl"l"'eJ~n (HCL) ~1'U1'U 1 cm3 "'\lbn{;ln1'jru 

b u~ e.J'Ubb u"''~~Lntil~'U u'UVint:·.J"'m'jvt(il"'eJ'~ 
- 'VI"'e.ltilVlf'l"'eJ\1~ 2 b~:U?i1'j~mmLI"l"'b~eJ:u1Hf'l'jeJn (Ca(OH)2) 1'11ii~:u~1 ~1'U1'U 1 cm3 

"'\Ibn{;} m'jrub u~v'ULL u"''~~Liif'I~'U ,r'UVint:·.J"'m'jvt(ilmN 

1. LljeJVJ~Gf€ltJ~1tJn~~til11;~~iJ" 
.d "' 

2. b:Ue.lb{;l:U?i1'j"'~"'1tl HCL 

3. b~m~:U?i1'j"'~"'1tl Ca(OHh ~:U~1 
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······················································································································································ 

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

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

n. HC2ot 

"1.1. col 

d 
'tj~'VJ 2 • 

d 
'tj~'VJ 3 • 
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lillntli)n~c.n~a 1 t1-d"'111~vhvrt!1~LiJ'Um~ "'11 1~vhvrt!1~L tl'UL 'lm ~11J'VI~1!f~m~-L u"'L u 
.. "" 1'U"'LI'li'H'll'l1 

(2 f)~ LL 'U'U) 



• . 

. .. 

d 
'tj~'VJ 4 • 

~1n£1~n11~a 1 ud 1 ~irm~vu~'ul"lml'l-rlL ua 1 ~Cln~a~ 
'II 'II 'II 
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Q.l c:::l Q, c:::l ~ c;l c::l .Q. 

'UflL ".itl'U"'11.11".itle:l5'U1tlfld11J'VI1.11EJ"lle:l\I'Vlfl'l;!)mi'H 'U"' e:l1".iL ".iL 'UCJ"' 'Vlfl'\;!) ml'l-L 'U"' L 'U".i'U 

m\1\1'1-~11~ LL~:::'Vlq-oijml'l-L 'U"'~1a"' -w~v1.1~\lvB'U1 EJ"'1.1~"Ue:J\I ml'l'VI~m 'U"'1~ 

~L'U"'"lle:l\1 H2S fiv ....................................................................................................... . 

~L'U"'"lle:l\1 H20 fie:J ······································································································ 

~fl':il'l"ll€1\1 H2P04
2

- fiB ............................................................................................... . 

I N "' ~fl".il'l"ll€1\1 H3 fl€1 ..................................................................................................... . 

5. ~\I L ~EJ'UtJijmEJT~~'VI'J1\I ml'l fl'U L 'U"' \9111.1Vlfl'l3lJ L 'U1'U"'L(P){Pl-m1~LL~~".i~~~ ml'l-~L 'U"' 

5.1) HCL nu H20 

5.2) NH3 fl'U H20 



i . 

.. 

91 

nlilm'a1101'H~V'IJ~LL'lJU~h.J~~1~ 5 .ff'IJ ~~11~~1'\Jn\J ~ 'VIflilfl 01'5~~ "fi.:JoU'IJ~011~~ \J\J0~11 
v • 

~~B.:J m-al'VI~'VI'a(;lmfi-~U~ 

1 . .ff'Ua~1.:Jfl1111~'1J Llil (Engagement) 

fl'a'VIU'V11'1Jfl1111~~~eJ.:J ?11-aa~mvm~ ?11-aa~a1m 'U?I LLa~nT~'Il11 tJ1. offu-a~ 1v"!ru1'U~1(;1't.h~lilT)tJ 
'II 'II 

LLa~L ~e:ll.JLV.:JL oH1~f11'S 1 'VIL 'VI'S~f11~ - L'U?I L~V 1 -ffrhfm.JL ~e:lf11~~\Jfl1111?1'U 1"iJ"!JeJ.:J11m~V'U 
'II • 

11m~vufi~11 "!JUJ~~L~11?11-sa~mv L'llL~V11 1~~-se:~n 1'1l~a.:J 1 um~ 1~1~-sflae:J~n pH "!le:l.:J 

?11-aa~a1VC-J?I11iim-sL u~vtJLLUa.:Jvi1e:~ hi mh\11 -s 

u.~ ~~~~ ?11-sa~mv1'11L~v111~~-se:~n 1'1l~~vhui]ii~vTrm~nur 1~ 1®"1~-sflae:~~n 

iim111~'SLVh1~ 

LrleJ~\J?I~f11'S1'VIL'VI'S~ ?11'Sa~a1Vc.J?I11fl1'Sii pH LVh1~ LLa~ pH ~1~1~ UJ "il~V~ii • • • 
~1Lvh1V1 

2 • .ff'IJ~h~1lil~a::~'IJVI1 (Exploration) 

2.1 fl-s1'1-1fl1111iL~e:l\l m-s 1 'VIL 'VI'S~n1~-L 'U?I ~111'S1Va~LBV~ L 'U 1 'Ufl1111i~ 3 15m-s 1 'VIL 'VI'S~ 
'II 'II 'II 

f111 L U~ V\J~"!Je:l\IB\J~ LflL~Bi'U e:lf1"iJV1V ~ L ~ e:lU1L oH1~ f11WI1"ilV1V~"!Je:l.:JU fin~ V1'S~V!'"J1\If11V11~LV1'Sflae:l~ n , , , , • dJ 

nu L'llL~V11 1~~-se:~n 1'11~~1v15m-s 1 'VIL 'Vl'SI'l 

2.2 11m~VtJL~vufl~wm~'U1tJm'Sn~11 1VJmLu\ln~11eJeJmtlu 8 n~111 a~ 4-5 fl'Uhm1'U 

mi11"il~U'S~f1e:l'U 1 'IJ~1v11m~v'Un~11Ln\l U1tJna1\l LLa:reJeJtJ fla~ntJ • • 

3 • .ff'UeJG\J1VLLa~a.:JoUBa1u (Explanation) 

11 n L~ V\J LL~ a ~n ~ 11'111 L?I\J e:l C-Ja f11'S'Vl Vla e:l\I'Vl'U 1-8\J L ~ V 'U "il 1 mY 'U fl 'S LLa ~11 n L~ V'U ~111 n 'U ?I'SU ~ .:J 
• 'II ' 

~1~L~V'Ui"il1f1L~e:l\lf11'S1 'VIL 'Vl'SI'lf11Vl-L'U?I LL!;'t~"iJ1f1f11'SVi'1n"iln'S'S11 L~e:l\1 f11'j 1 'VIL'VI'SI'l'VI1"iJV\V~"!Je:l.:J 
'II • • 

'1Jijn~V11~VIl1\lf11~LLrltl'UL 'U?ILLrl ~.:J?I1111'S~?I1U1~~1VU'S~L~\J~1\11 ~.:J~eJ1 ud 

- pH "!Je:l\1?11'Sa~a1V HCl rle:ltJl'i1f11'S1'VIL'VI'S~1V11~LVhn'U 1 LrleJVIVV\?11'S~!;'t1V HCl 'S111~.:J 
~"il1'SUJ1 NaOH a\11\J lil~l'i11 '!.1u~111UJ HCl aVJa\1 pH "!Je:l\I'S~'U'U~\IL~11~\J"iltJ?I1'Sa~a1mU~VtJLU\J 
~"!111't'lele:l\Jm1'S LL?I~.:Jl1 HCl LoH1l'i1'1Jfin~V1VI\J~ f11'S1'VIL'VI'al'l"!JUJ~,j\J~\15\I"iJV\V~ml1 

\J d.J , • 

- ~Vl~~"!Je:l\lf1111'VIL'VI'SI'l?I1'Sa~a1V HCl tl'U?I1'Sa~mv NaOH fl1-sii pH LVhnu 7 LLI'JL\Jf111 

'VIV\aeJ\IrrtoffYJuml'rl'V11~\JLU\JB\J~LflLI'le:li~.:JLU~VtJffi 'U"!i1.:J pH 8.3-10.0 LL?IV1.:J11?11'Sa~mVC-J?I11ii 



. . 

. . 

&'11':iG'l:::G'l1VmVILLG'l:::&'l1':iG'l:::m m Ur:1vl1tl~n~V1'rltl~tl'U 

- tl~l.l1\Jl':iLu~V'1ltl~r:11':iG'l:::mtJ NaOH ~vl1'U~n~m'rltl~nUr:11':iG=J:::mv HCL iil"i1L'Vhnu 

10.20 cm3 Li'Jmh 1 Ufl1'U1UJVI1fl'J1l.IL oUlJ'!i''U'1Jtl~&'l1':iG'l:::G'l1tJ HCl \Jl1lJ15LL&'lVI~ 111 'UU'VlL~tJ'U/l U 

fl11l.l~ 1~m1l.IL'!i'l.loU''U'1Jtl~&'l1':iG=J:::mtJ HCL whnu 0.102 moVdm3 

" 

" 4. i'U"'ltJ1tJfl11l.ll (Elaboration) 
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fl':ia5u1mLG=J:::'r!VI L ~al.l 1tJ~()~(:.JG'l~ LnV~~'U'l1nm':iv11n'l m':il.l~ 3.1 L~a~m1 1m 'Vl':i\Jl'VI1'1V~v~ 
'U lU , , 

LLG'l:::'lVI&'ll.llJG'l'lltl~tln n~tJ1':i:::'VI'J1~n':iVILLfl tl'IJ L 'U&'lLLfl LLG'l:::L ~tll.l LtJ~()~ n~ n':i':il.l~ 3.2 L~tl~ n11L~tln 
' " ':..! 

a'U~ Lfl Llilait 'U m11 'VI L'Vl ':ilil n 111H u&'l LLG=J:::n'l m':il.l~ 3.3 L~a~m':i'VI1tl~l.l1 ru mV~-L u&'l 1 'U&-111~ 

11m~tJ'U&'l'Uh LV~tJ 1 -tl15m1 1 'VI L'Vl':ilil Lt9W 1 if11ml.lm:::~'UL ~at ~,r m~tJ'ULnV~m1l.l&'l~"'tJ LLG=J:::~a~m':i 
' 

am n'Vl11'1J fl11iltl'IJ 

- L 'Un1':i 1 'VlL'Vl':ililn':iVI-L 'U&'l ~1L otlB'U~LfiLiiltli~1~'1J'UVI t:.JG=Jffi~L Vliitl'UVI~tlLL\Jln~1~tl'U tl~1~ h 

- ~1tJnL~tJ'U~tl~n11VI1tl~l.l1rumV~1 'Utl1~l.l&'l1tJ'1l 11m~tJ'Uii15m1VI1tl~1~ 11 
" 

'11mT'U1~11m~tJ'ULL~G=J:::n~l.lv11n'lm':il.l~ 3.2 L~a~ m':iL~ana'U~LfiLiiltlf!.'Um11'VlL'Vl':ililmV~-L'IJ&'l 
' 

LLG'l:::n'ln':i':il.l~ 3.3 L~tl~n11VI1U~lJ1UJn':iVI- L'IJ&'lL'U&'l1':i~tJnL~V'U&'l'Uh lil1l.IL'Un'lm':il.l~fi1LL'lnL~ 
" 

5. eff'Utl<a:Lij'Ue.J~ (Evaluation) 

eff'Ufi1fhln':i'al.l TGT ~ 3 n1'ab'VlL'VlWin':iVI-LUa 

" ' 
3. tJ nL~tJ'ULL~G'l::: n~l.l?f~~'"J LL 'Vl'Ul.l1vl1LL 'IJU'VlVI&'ltlUVl~VIlJVI 4 '1JVI fl::: LL 'U'UVitJ nL~tJ'ULL~G'l::: 

' ' 
fi'Ub~tl1hh1l.ILU'Ufi:::LL'U'Un~l.l fl':itl':i:::n1Plt:.JG'lfi:::LL'U'ULL~G'l:::n~l.l LLG'l:::tJn~tl~'lllJL"IW 

' " ' 
n~l.lffi~fi:::LL'U'U&'l\1&-lVI LLG'l:::L~fi:::LL'U'UL'UtJ&-1 5 fi:::LL'U'U ?i'd'Un~l.l~'U'1 1~-r'Ufi:::LL'U'U ct '\J , , I 

1u11&'1Ltl'U 4, 3, 2, 1 LLG'l::: o fi:::LL'U'U lil1l.!Gt119i'ufi:::LL'U'Un~l.lm~ 
' 

4. fl':il.ltl'IJ'VIl.l1tJ 1 ~11n L~tJ'ULL~G=J:::fi'UL:UtJ'U&'l1tl~\1~~1Lt1\11~L~tJ'UTI 'Un1':i'VlVIG'ltl\lfl~\ldG=J\IL 'U 
" ' " 
&'ll.IVI'lltl\l~'dLtl\1 LLG'l:::vl1LL'IJ'IJ~mXV~~ 3 L~tlL~lJL~lJLLG'l:::'Vl'IJ'Vl'd'Ufl'J1lJ~ffiv) 

' " 



. . 

~~u~~~~fln1~~~~v~ • 
1. vhm~~~"'v.:JL ~v~fl'l!t1VI1'0J~tl~LL"'~'OJ~i.'ll.ll.l"' L~tllGflT~ 1 'VlL'Vl~(;) 1~ , , , 'U 

2. v5U1tln1~Ltl~tl'IJLLtl"'.:Ji"h pH "1JB.:Ji.'l1~"'~"'1tJ"Uru~1'VlL'Vl~(;)i.'l1~"'~"'1tl HCL nu 

i.'11~"'~m~ NaOH 1~ 
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3. i"11'1J'Jf:\JVI1i"ld1l.IL'!i'l.l'!i''U"UV.:Ji.'l1~"'~"'1tl HCL ~vhtll)mtJ1Ylv~n'Ui.'l1~"'~mtJ NaOH 1~ 

~u11inmhJ • 
v ~ 

1) ..................................................................................... otl'U ........................ L"'"U'Vl .................................. . 
v ' 

) "' "" 2 ..................................................................................... '1J'IJ ........................ L"'"1J'Vl .................................. . 
v ~ 

3) ..................................................................................... otl'IJ ........................ L"'"U'Vl .................................. . 

4) ..................................................................................... .fi'U ........................ L"'"U~ .................................. . 
v ~ 

5) ..................................................................................... otl'U ........................ L"'"U'Vl .................................. . 

~1Eln1~ ~v 1 n~u 
ct 

~1~bfll.l 

1. i.'l1~"'~"'1tJm~1~1~~fl"'v~m'li'u'!i''U 0.1 moVdm3 30 cm3 

2. i.'l1~"'~"'1tJL'l!L~tll.l 1~~~vfl1'1liiL'Ii'uoff'IJ 0.1 moVdm3 50 cm3 

3. m~~1'1!t~UL1v1'1i'"'a'U~LfiL(;)v1 (m~~1'1!t pH) 
v 

4 :a'U 

4. ~'UB~vl'Vl1a'U 9 Vltl~ 

~umru 

1. tlLtJ(;)~"1J'IJ1~ 10 cm3 1 5'U 

2. U'JL~(;)~"1J'U1~ 50 cm3 1 5'U 

3. "1l1~~tlm1tJ"1l'U1~ 100 cm3 31u 
'U 

4. umn"EJ1"1l'U1~ 100 cm3 11u 

5. VI"'B~VItl~ 1 B'U 

6. 
v 

1 B'U m1mLm 
v 

" ~"' 7. "' "1!1(;1-:J'Vl~Bl.l'Vl'OJUVI"'B~'Vl~"'B.:J 1 '1J~ • 

8. "'fltn.:J (&11VI-r'Ui.'I'Jl.ltJLtJ(;)~) 1 5'U 
'U 

9. pH meter 1 5'1J 



. . 
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"""' 1tin1':i'VlfliileJ~ 

1. 'U11"ilG111iil~ii11tll.l1fi1~1\J (NaOH) 0.1 moVdm3 ~'11'1JU1L1lnl'i" . ... 

LLiKTV!tJf!a\J~LI"lLl'leJ~ Phenolphthalein 3-5 'V!e.Jfl 

3. 1"1lG111~~~1e.J L~L~e.Jl.l 1~m-vn1~~LoUl.loU\J 0.1 moVdm3 "il1nihL 1lnl'l~-!l1'1JG111~~me.J.Uv 

2 1"1~-!l~~ 5 cm3 3 1"1~-!l lflfh pH "l.leJ-!lG111~~me.Jt:.~G1l.IVJf11"l~-!l~L~l.IG111~~me.JL~L~e.Jl.l1~fi1Bn1~~~-!lh.J 
4. 1"1lG111~~~1e.JL~L~e.Jl.l1~fl1vnh~\>ivhH5n 1"1~-!l~~ 1 cm3 uuVin~<h pH 'YJf11"l~-!l~L~l.l 

LL~~ 1 'VIL'Vl1l'l\>iv1 tl"ilum~~-!lG111~~~1mtl~e.JuLtlu~'!ll.l~eivu i'fl pH "I.IB-!lG111~~~1e.J LL~~uuVin 

tl~l.l1l'l1"1.1eJ'IG111~~~1e.! NaOH vtl m \Jn11 1 'VIL 'Vl1l'l 

5. 'Vla.:JiiJ1f)"iJfle.J~LLfK1L~l.JG111~~mtl1~L~tll.J1~fl1eln1~~1"l~'l~~ 1 cm3 \>Jv1tJan 3 1"1~-!l • • ... . 
Q.l c:t I CV .c:::::i Q 

'U\J'Vlf11"11 pH 'YJf11"11-!l'VILl'll.J 

6. L~tl\Jn11'WLLG1fl-!ll"l111J~l.J~'I.Jth~'Vll1-!lfl1 pH "IJB-!lG111~~me.Jtl'UU~l.J1l'l1"1JB-!l1~L~Vl.J 

1~fl)eJf) 1~~~L~l.J~-!l 1 tJ 

7. vl1n111'VIL'Vl1l'li1an 2 1"1~-!l L~BV!1'l.l~l.J1l'l1Lu~tl"l.lel'IG111~~~1tl NaOH vtl-n (\:J(;)v'llfl 

fl1 pH "l.leJ-!lG111~~me.J) LL~1fl1\J1t;lJ'V!11"1111JL oUl.JoU\J"I.IB'IG111~~me.Jmfl HCl 

1 

2 

3 

6t1';m::r;t1tln1fl 

HCl (cm3) 

6l11iil::~1tl NaOH 0.1 moVdm3 

. . 
"" "" !V Ll.JeJL11Jl'l\J 

(cm3) 

a11~::iil1tl 

NaOH vfli 
(cm3) 
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m3J1~'a~1':ia::a1v m3J1~'a~1'aa::a1V 

NaOH (cm3
) vi pH "!leH~1-aa::a1v NaOH (cm3

) vlL~3J pH "!leN~1-aa::a1v 

L~3Ja.:Jlu a.:Jlu 

0 21 

5 22 

10 23 

15 24 

16 25 

17 26 

18 27 

19 28 

20 29 



' . 
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................................................................................................................................................................... 



.. 

• . 

1. vl1f11'fVll'l"'eJ'l~~m~eJn 1 iau~1Lfl~~eJi~~ 'VIl.l1~?1l.l 1 um11 'Vl~ 'Vl1~1~'VI'l1'l?I11"'~"'1EJ 

CH3COOH nu?l11"'~mv NaOH 1~ 

2. UeJf1"1J'UI'l"!leJ'la'Umfl~~eJ{~~'VIl.l1~?1l.lnUm11 'Vl~'Vl1~?111"'~"'1EJ CH3COOH nu 

?111"'~mv NaOH 'V'I~eJl.l~'la6u1m'V!~~"'1~ , 

a2.J1~nn~~ 
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v d 
1) ..................................................................................... otl'U ........................ ~"'"!J'Vl .................................. . 

v d 
2) ..................................................................................... otl'U ........................ ~"'"!J'Vl .................................. . 

... d 
3) ..................................................................................... otl'U ........................ ~"'"!J'Vl ................................. .. 

... d 
4) ..................................................................................... otl'U ........................ ~"'"!J'Vl ................................. .. 

5) ..................................................................................... .ffu ........................ ~"'"!l~ ................................. .. 

• 
!Jia 1 mil.! • 

"" a11tfll.l 

1. ?111"'~"'1Elf111'l~~eJ~~m-ifl.l-iJ'U 0.1 moVdm3 

2. ?111"'~mEJL6fl~~EJl.l1~1'l1eJfl16!l#i~-ifl.l-iJ'U 0.1 moVdm3 

3. ~'UeJ~'rl'Vl1~'U 
., ~ 

4. Ll.l'Vl"'eJm 1'U~ 

eJtlmru • 
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...... 
15n1'a'VI~~el~ 

1. L~hJG'11':i~~~1V CH 3COOH 0.1 moVdm3 ~1'\.JT\.J 1 cm3 ~-lL'\.JVIftel~'VI~~8'1"ll'\.J1~L~n 

Lb~~b~l.JB'\.J~bi"lb~e:J1 (YJ'Wml'W'VI1~'\.J) ~1'\.J'l'\.J 3 VIV~ 

2. VIEJ~G'I1':ift~ft1EJ NaOH 0.1 moVdm3 ft'IL '\.JVIfte:J~'VI~fte:J'I-iJ'e:J 1 'lJ'I.JVin Via~VIEJ~ L"lJ~1 

Vlfte:J~'VI~fte:J-l'VIni"lf-:tV1VIEJ~ft'l1 'tJ vl1L "!i'Wtil'ia 1 \J';J'I.JB'\.J~Li"!Line:J1L 'tJ~EJ'\.J~ 'lJ'WVin~1'\.J'l'\.JVIEJ~"lJe:J'I , 

G'l1':ift~ft1EJ NaOH vfl .if 
3. vl1n1'~'VI~fte:J-lL"Ii'WL~EJ'ltl'U-iJ'e:J 1-2 LLI'iL 'tJ~EJ'\.JB'\.J~Li"ILine:Ji 1~EJ L.ifLl.!Vifte:Je:JL ':i'\.J~LL VJ'\.JYJ 

'\.Je:J~'W'V11~'\.J 

~.:I tl'il.l11n"a~1-aa::a1EJ ~1'\.J1'WVIEJ~ NaOH -ffi-tl 
n1-a'VI~~B~fl"a~'VI 

CH3COOH (cm3
) 

:rlua~h'JVJ1~'W 
... ~ 

Ll.J'VIfte:Je:JL ':i'W;) 

1 

2 

3 
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lil~tl~::fl.:~finTi'VI~t'lti.:J • 
1. vi1n11'VI~"ti.:)VI1U~lJ1f.1Jfl)~-L 'Ui.'1LoUi.'111~UnL~ti'Ui.'1'U 1~Pimn L~tl 1 mTin11 1 'VIL'VI)~ 1~ 

2. rl1'U1f.1.1V11tl~l.l1f.1.1"1Jv.:)fl1~-L'Ui.'1-vr.:)VIl.l~ 1 'Ui.'111~tim~t~'Ui.'1'U hPin'1!}11~ 

fl3.11~nmhJ • 
u d 

1) ..................................................................................... -ir'U ........................ L""lJ'VI .................................. . 
v d 

2) ..................................................................................... -ir'U ........................ L""lJ'VI .................................. . 

3) ..................................................................................... .ff'U ........................ L""lJ~ .................................. . 
4) ..................................................................................... .ff'U ........................ L""lJ~ .................................. . 
5) ..................................................................................... .ff'U ........................ L""lJ~ .................................. . 

"' fl1~LfllJ 

1. i.'111~i.'1'U1~ .................................................................................. . 

2. i.'111m~mt~m~1~1~1rma~m-U'l.I-U''U 0.1 moVdm3 

3. i.'111"::mt~ L"'.lL~t~l.l1~~1tlf11"1.l~LoUl.loU'U 0.1 moVdm3 

4. m~~1~~ULJB{i"a'U~LflL\>m1 (m~~1'1!} pH) 

5. ~'U&\Lflb~€11 

m.lmru • 
1. tlbtl~vl"ll'U1~ 10 cm 3 

2. U1L 1~~"ll'U1~ 50 cm3 

3. "ll1~1tlf111tl"ll'U1~ 250 cm3 
'IJ 

4. UnLf1Bi"ll'U1~ 100 cm3 

5. VI" ti~VItl~ 

v ' CL1 II dIll 

7. "lJ1~-:)V.1BlJ'VIIil'UVI" B~'VI~"tl.:) 

8. ~flt11.:) (i:I1VI-r'Ui.'11l.IULtl~~) 

3 - 5 VIti~ 

1 el'U 

1 el'U 

31u 

11u 

1 el'U 

1 el'U 

1 "11~ 
' 
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15m-a'VI~u\a~ cmw~~'Ut~~a.:Jm-avr1m3J1ruLu~> 

1. .a-.:Ja11~'lYm~CJ'Ua'U1~Pin~1V11'l1~mruLua~,:jVJ3J~ j;l.:JL'UOZJ1~1U"IJUY~ 'l11~3.11ru 0.50 g 
'U 'U 

( 'IJ'UVi mhv1'lJ n~ u U'U B'U) 

2. tlL'll!Pl~a11j;l~1CJ HCl 0.1 moVL tl~l.I11Pl1 15.00 mL 1a1'UOZJ'J~~'ll"lll.l~ LLj;l~L~l.IU'ae)l.l 

1 'Vll.leJ"u" 3 - 5 vrv~ ~~ 1~a11"~"1CJ~L vr~m lh Hla11"~"1v~J1L~'U LLa~.:J·;h tcim~,jeJmn'U 1 tl 
'U 

1~L~l.lm~ HCl j;l.:J1tlBn u'U'Vin~m!Pl-sm~ HCl vtli~.:J'VIl.l~ 
1 " "' "" • I.J "" .. 3. 'VIL 'V111Pl~'JCJa11j;l~mCJ NaOH 0.1 moVL "il'Ufl-!l"il~CJ!Pl (a11j;l~j;l1CJL uj;lCJ'\.J"il1naLVfj;lfJ-!J • • 

L U'U~J1L~'U) 1 'U"llfiJ~ 1 'VlL'Vl)!Jl 1 ~)~lJ~)~l-!1~3J1!Jl)OZJf).:Ja11j;l~j;l1CJ NaOH m i LYl11~el1"il~-!l"il~CJ~ , , 

L~13J1n (2-3 mL) ~-!l~~'UBVnUri'J13JLoV3JoV'UOZJB-!! HCl ~L~3Jj;l.:J1tl 
'U 

4. Ldm~l.l NaOH VICJ~a~vhv (1"1~-!IVICJ~) j;l.:J1'Ua11"~mv LL~'Ja11"~mmtl~CJ'U"il1n~ 
' 

LVI~8-:jLtJ'U~J1L~'U 1~vm~1'VlL'Vl11Pl u'WVin~l.I11Pl1 NaOH vtli 
' 

5. v'hm1 1 'VlL'Vl11Pl~1Bn 2 1"1~-!1 LL~1rJ1'U1fl.l'VI1tl~l.l1fiJL ua~.:JVIl.l~ 1 'Ua11vl1fl113Ja~en~ 

a11~'lJm~CJ'Ua'UL"ilPimn " " ··········································································································· 

~.J .,!.,. 
m1j;l::j;l1EJ NaOH mm'Um11'VIL'Vl'a!Pl (ml) fi).:)'VJ ~1-a"::~nv HCl 'VIL!Pll.l (ml) 

1 

2 

3 
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"'d &I d &I d 
m~'VI~av~ P!~~'VI 1 P!~~'VI 2 P!~~'VI 3 

,hvrtinaT'~~a,Jl'il~m~n (g) 

"ii'1'U1'U L1J(;I HCL ~~VI1J~ (mol) 

"ii'1'UTUL1Ja NaOH vtli (mol) 

"ii'1'U1'U Ll.la"llv~ L tm1 'Ua1'~~ti m~fJ'Ua'U h~m~1 (mol) 

"ii'1'U1'UL1l""lle:J~Lua~an-r1la1'j~tim~fJ'Ua'Uh~m~1 

(moVg) 

Lu~ tJ"iJ1'U1'U L1Ja"lla~L ·tm~an-r1la1':~tin L~tJ'Ua'U 1lil 

~m~1 (moVg) 

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

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

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

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

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

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

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

·································································································································································· 
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1Gm-a'Vl~f;lv-!l <mru~~u1\l~B-!lm-a'VI1m1J1rum~> 

1. .ff.:J?t11~irm~CJ'U?I'l.!l'i!Pim~n'V!1'\J~mrum~~.:J'V!1J~ "'.:J 1 'U"Il1~1'\J"ll1J'W th~lJ1ru 0.50 g 
'U 'U 

( u'UVi ml1'V!u n~ LL 'll'U B'U) 

2. UL'lJI'l~?l11f;l~(;l1CJ NaOH 0.1 moVL 'lJ~lJ11'11 15.00 ml 1?tb'U"Il1~1'lJ"!JlJY! LL"'~L~lJ 
'U 'U 

'IJ1vlJ 1 'VllJem'IJ"' 3-5 'V!CJ~ \I~ 1~?111"'~"'1CJ~'li1L~'U t;)11~?111"'~"'1CJ~L'V!~v.:J LL?I~.:Jl11~L 'U?IUBCJ 
'U 

Ln'U1'\J 1~\&ilJ NaOH "'.:J1'\Jan u'UVin'lJ~lJ11'11m~ NaOH vitoff~.:J'V!lJ~ 

3. 1 'VIL'Vl11'1~lCJ?I11"'~mCJ HCl 0.1 moVL 'l'Wfi.:J'l~CJ~ (?111f;l~mm'lJ~CJ'U'l1f1~J1L~'Ubtl'U •• 
~b 'V!~v.:J) 1 'U"Ilru~ 1 'Vlb 'Vl11'1L ~1~JJ~1~1-:J'lJ~lJ11'11"1lv.:J?I11"'~mCJ HCl vi1 off b'W11~m'lfi.:J'lV~CJ~b ~llJ1f1 

•• 
(2- 3 ml) ~\l'if~'Uvcitl'IJ1"1l1lJb-b'lJoff'U"IJeN NaOH ~L~lJ(;l\11'\.J 

'U 

4. L~VL~lJ HCL 'V!CJ~?IV!Vl1CJ (fi~\I'V!CJ~) "''~1 'U?I11"'~mCJ LLal?l11"'~mm'lJ~CJ'U'l1f1~J1L~'U • 
Ltl'U~b'V!~v\11~'V!CJV~1'VIL'Vl11'1 uuVin'lJ~:I.J11'11 HCL vi'l-ff • 
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...:!:il Q.J' d , dl " , 

?111'Vl'tJfiL1tl'tJ?l'tJ~"illilfi~1 .......................................................................................................... . 

.,,d 
a1'3fil::fil1tl NaOH ~L~hJ (mL) a1'3fil::fii1EJ HCl .ffim'tJm'aL'VlL'Vl1\Jl (mL) fl'a.:I'Vl 

1 

2 

3 

., d .., d .., d 
n1'3'VI~filel.:l fl'a\I'VI 1 fl'a\I'Vl 2 fl'a\I'VI 3 

tlTv!1!n?l11~'11m~tl'tJ?l'tJ1"il~n~1 (g) 

"il1'tJ1'tJ1l.lfil NaOH ~\I'VIl.l~ (mol) 

"iJ1'tJ1'tJ1l.l~ HCl m-ff (mol) 

"il1'tJ'J'tJ 1l-l~"llB\Im~ 1 'tJ?l11~'11m~tl'tJ?l'tJ h~n~1 (mol) 

"il1'tJ'J'tJ 1l-l~"llB\I m ~~ B n~l.l?l1 1~'11 m~ tl'tJ?l'tJ 1 "il ~ n~1 

(moVg) 

LO~ tl "iJ1'tJ'J'tJ 1l-l~"lJB\I fi'a(;l ~ B n ~l.J ?111~U m~ tl'tJ?l'tJ 1 "il ~ n~1 

(moVg) 
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·································································································································································· 

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

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

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

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



d 
'!I~'VI 1 • 
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1'Um~1 VIL'VI~I'l611~~~~1e.Jm~LL'U~~m-ii'1l-ii''U 0.1 moVdm3 n'U611~~~~1e.J L'llL~e.J1l1~~1Bn 1'11(;) 

1~t:J~m~'VI~~a.:~~.:~d 
~ d 

m1!11'l":i!;l1":i~::~1Vm~LLBSU m1!11'!":i!;l1":i~::~1VL'IlL~V1l1~~":iBn1'1l~ Ft":i.:J'VI 

~n (cm3) (cm3) 

1 25.00 15.10 

2 25.00 15.50 

3 25.00 16.00 

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

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

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

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

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

d 
"11~'VI 2 • 

1 ,XiJm~e.J'U L ~e.J'Um1'W"I.IB.:!n1~ 1 'VI L 'VI":il'l m~ bLn fl'U L 'U61 bLn LL~~'Vl11il~611J1J~Iil1 nmTrJ (2 1"1~ LL 'U'U) 
• "U 



d 
"ll~'Yl 3 • 

L '\Jn1'S1 VIL VI'SIJln1~elfl'\.Jtl'UL'UaLLfi f"i1 pH "1.1€l~a1'SG'l~fl1V~a:wfi€l'IJ"il~al.J:UG'l LLG'l~'\l!"'~~~a:U:UG'l 
• \.1 • " 

L'\l!ij€1'\J'\I!~tlLLIJlfWh~n'\J e.J~1~ 1 'S (2 l"l~LL'\J'\J) 

'U€ln'UV1:U"IJ€l~~1~€l1 ud (2 l"l~LL '\J'IJ) 

~~a11:ua 
• 'U 
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.., ·' ~ 1~qu-a::a~R 

1. '\.Jelnfi11:U'VI:U1V'Ue:l~f111 1 'VlL 'Vl1~ '<il~G1:U:U~ G111~~~1V:U1~1~1'\J 1~ . ~ ~ 

2. R1'\J1u.t'V11tl~:u1rum~'VI~m 'll'G1~v'htlfin~v1V'It~~n'IJ 1~v 1 iim~~'<i11nm1 1 'VlL 'Vl1~ 1~ 

3. vi1'1J1Vrh pH 'Ue:l\I'G111~~~1V ru '<il~V~ '<il1nf1111'VlL'Vl1~m~ L'UG1 LL~~~f'i~n1'VI'IJ~1m~ 
' ' ~ 

4. L~e:JnB'IJ~LfiL~e:Ji~L'VI:U1~&1:U~1'VI-r'Um1 1 'VlL 'Vl1~n1~ L'UG1 LL~~~rl~rl1'VI'IJ~ 1m~ 
~ 

5. 'l11V1~nm1 1 'VlL 'Vl1~m~ L'll'G11 tl1 it11~ 1v-u'IJ1 '1J:Si~t11~:ilTr'IJ 1~ 

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

4. 1'VlL'Vl1~&111~~~1V CH3COOH LoU:UoU'IJ 0.1 moVdm3 ~1'\J'J'\J 25 cm3 O'U'G111~~mv NaOH 

~1'\J'J'\J 18 cm3 fi11:ULoU:UoU'IJ'lle:J\I'G111~~mv NaOH ~riw;h1~ 1'1Jm11'VlL'Vl1~fl~\ldfi11L~e:Jn1i 
B'IJ~LfiL~e:Ji-u-n~ 1~ 

5. 51tim~v'IJ~e:J\If111lLfi11~,;'VI1tl~:u1rum~ 1 '\Jl~1i1'1J61i1~v 1 im1 1 'VlL'Vl1~ tim~V'IJ'<il~~16m1vi1 

e:~~1-:Jh ('Ut~mtl'IJ.Ue:~ 1> 

·································································································································································· 
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"""' 0 
tt~\91.:11501~fi1'1J1W 

1. f11'HI'l~Vl.JG111~~~1t.I:W11'11,21'1J NaOH 0.1 M 1000 cm3 

9 cv .. 'i" .. .., .., ( 3) 
"il10&11'11 - =- · M flel :u~~:UL~n~ NaOH (40g/mol), C flel fi11:UL"ll:U"ll'IJ 0.1moVdm , V 

" M 1000 ' ' 

~e:J U~:U11'l'S"lle:J.:~G11'S~:::mv (1000 cm3
) 

9 0.1x1000 -----
40 1000 

g = 4 

-&~ N;;;OH :U1~~'VI:U~ 4.000 n~:u 'l11:u1~:::~1t.1tl1 LL~1U~Um:U11'l'SL'IJ"ll1~1~m:u11'11"ll'IJ1~ 1000 ml 

2. m-sLI'l~tJ:UG11'm:::~1tJ:U11'l'S;i1'1J HCl 0.1 M 500 cm3 "il10G11'S~:::mv HCl 1 M .... 

"il10~1'1) CNt = c2v2 ; c ~el fi11:WLoU:WoU'IJG11)~:::~1tJ (moVdm3), v ~el U~:I.J11Jl)"lJeJ~G11'm:::~1tJ 
(cm3) 

(1M)V1 = (0.1M)(500 cm3) 

V1 =so cm3 

tJLul'll'lG11~~:::mv HCl 1 M :W1~~'VI:U~ 50.00 ml LG1l'IJ"ll1~1~u~:w11'l'S"ll'IJ1~ 500 ml LL~'JU~U 

U~:W11'11L~LiJ'IJ 500 ml ~hvtl1n~'IJ 
3. 1'11e:J~1~ f111fl1'1J1tu'VI1U~mruL u&11 'IJG111'Vhrn1:w&1:::en~ 

1 Yl:w~1'1Vl1J1'1lii~~L U'IJ"lle:J~L 'VI~1 ~~e:J Clean & Clear 

"' . 
fi~.:~Vi 1 

'<il1'1J1'1JL:U~n1~ HCl ~~'VI:U~~L&i:U 0.1 mol 
15 3 = x em 

1000 cm3 

= 1.5 X 10·3 mol 

~"il~t~&i 1i NaOH ~~'VI:U~ 5.40 ml 'VI:U1t.lfi11:U'h ~"il~-d'<i11'1J1'1JL:U~"lm'lm~ HCl ti'u'<il1'1J1'1JL:U~"lle:J~ ' , ' 
mvnvhti'urw~ (vhuijn~ml'ie:J~n'IJ) 

0.1 mol 
5 40 3 = 1ooocm3x · em 

= 5.40 x 10·4 mol 



i . 
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= 1.5 X 10-3 mol - 5.40 x 10-4 mol 

= 9.60 x 10-4 mol 

9.60 x 10-4 mol 
= 

0.82009 

= 11.44x10-4 moVg 

**n1":ifl1'1.JJUI'VI1'LFh.nruL 'U?l1 'U?l11vl1fl11ll?l~ en~H'1~-!l~el I h.J ?l1l.J1'jt;)fl1'U1 ru 1~~.:JiBL~EJ1 nud'** 



. 
• 

fl1fl~'U'JO fl 

fl~bb'U'Uniii:Ubbi;t~fl~U'U'UL\JU~1'Un1-avhihm-a-a:u TGT 
' 

110 
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' 
n"iln~~2J TGT 

' ... fl:m 'U'U'tJeJ.:jn~2J fl:muu1u,ja m'l)J'VJ fi~LL 'U'U~12J , , 
(fl~bb 'U'U) (fi::U'U'U) (fl~bb'U'U) 

1 20 5 25 

2 20 5 25 

fl"iln11l.l TGT 3 20 5 25 

~ 1 4 20 5 25 

5 20 5 25 

6 20 5 25 

1 20 5 25 

2 20 5 25 

fl"iln11l.l TGT 3 20 5 25 

~2 4 20 5 25 

5 20 5 25 

6 20 5 25 

1 17 4 21 

2 15 2 17 

fl"iln11lJ TGT 3 18 5 23 

~3 4 14 1 15 

5 16 3 19 

6 17 4 21 
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n~m':i:U TGT 
' .,. 

fl:m 'U'U'Uv.:Jn~:u fl:m 'U'U 1 uua n~:u'VI fl:l:LL 'U'U':i1:U 
• • 

(fl:::tt 'U'U) (fl:l:LL 'U'U) (fl:l:LL 'U'U) 

1 20 5 25 

2 20 5 25 

n~m':i:u TGT 3 20 5 25 

~ 1 4 20 5 25 

5 20 5 25 

6 20 5 25 

1 20 5 25 

2 20 5 25 

n~m':i:U TGT 3 19 4 23 

~2 4 20 5 25 

5 17 2 19 

6 20 5 25 

1 17 4 21 

2 18 5 23 

n~m':i:u TGT 3 14 1 15 

~3 4 18 5 23 

5 16 3 19 

6 18 5 23 



1 
I 

. . 

113 

fl1f'I~'U1n ~ 

f'l~bb'U'Ua.J 1ua.~~1'VIf.l1R1a(;lib~v~n-a~-bua fiv'Ub~f.l'Ubb~~VIli1'~b~f.l'U 
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~1'l1\l~ \1.1 fi~LL 'l.l'l.I3J 1 'l.I3J~1'VIfl1A1fii~{L~el\lfl'lfl - L \Jfil rlel'l.IL~f.l'l.ILL~~'VI~\IL~fl'l.l 'tlu\l'iJm~f.l'l.l~'l.l 
,J5fl3.!An~nu~ 5/1 um-af>tm~J1 2559 

d 
L~'tl'VI 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

9 36.0 

3 36.5 

1 37.5 

4 37.0 

6 37.5 

9 36.5 

4 37.5 

1 35.5 

3 36.5 

4 36.0 

2 35.0 

3 35.0 

7 33.5 

2 34.5 

1 36.0 

1 37.0 

1 37.0 

d 
L~'tl'VI 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

5 

3 

6 

3 

2 

2 

3 

7 

4 

2 

3 

3 

6 

1 

3 

3 

7 

3.61 

36.0 

37.5 

35.0 

38.0 

36.0 

36.0 

37.5 

34.0 

36.0 

36.5 

36.0 

37.0 

36.0 

35.0 

36.0 

37.0 

36.5 

36.28 



. . 

115 

\Pl1~1-3~ -3.2 fl:m 'U'U11L 'U11~1'VIV1fi1~\PliL~eNn~\Pl - L U~ rlel'UL1V'UU6't::~a-3L'1V'U "!!el-3Um1a'Ui'U 

~tm11tfm~ntl~ 5/2 um~ttm~n 2559 

' "" ne>'UL~V'U 

1 4 35 

2 2 36 

3 3 33 

4 4 35 

5 5.5 35 

6 5.5 35.5 

7 7 33 

8 8 34 

9 8 33 

10 1 38.5 

11 1 33 

12 5 37 

13 3 34 

14 6 34 

15 4 35 

16 3 36 

17 1 36 

18 1 36 

d 
L6't"!!'VI 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 -

30 

31 

32 

33 

34 

35 

36 

' "" ne>'UL~V'U 

7 

10 

7 

3.5 

9 

3 

1 

4 

6 

5 

1 

1 

5 

3 

1 

1 

7 

10 

4.10 

33 

36 

34 

36 

33 

36.5 

31 

34 

36 

36 

36.5 

37 

36 

37 

36 

36 

33 

36 

35.09 
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Q d' d 0 ., ~ T II d 0 I 

1'VIV1f11fil~'a L'ae:I.:Jfl'afl- L'Ufil LL'U'U 2 i'l1fl'U"U'IJ ~f'IV~L"UV1"!f1ty"1'1J1'1J 3 \'11\J 

.. ~ tid 

II d 
fll:m 'U'Ufll1111fli~L 'VI'U"Utl.:lt:.l L '11V1'!11ru t:.li'lfl1'a " .. IOC 'IJilVI d d d 'a111 .. 
fli'IJ\'1 1 fli'IJ\'1 2 fli'U'VI 3 't'l"1'aCl.l1 

1 1 1 1 3 1 
.... 

~e:lfll'l!;'le:l-!1 

2 1 1 1 3 1 
.... 

~e:lfll'l!;'le:l-!1 

3 1 1 1 3 1 
.... 

~e:lfll'l!;'le:l-!1 

4 1 1 1 3 1 
.... 

~€ll1ll'l!;'l€l.:! 

5 1 1 1 3 1 
... 

~€lt1ll'l!;'l€l.:! 

6 1 1 1 3 1 
IV 

~€lt1ll'l!;'l€l.:! 

7 1 1 1 3 1 
., 

~€ll1ll'l!;'l€l.:! 

8 1 1 1 3 1 
., 

&'l€ll1ll'l!;'l€l.:! 

9 1 0 1 2 0.67 
IV 

~€ll1ll'l!;'l€l.:! 

10 1 1 1 3 1 
IV 

~€lt1ll'l!;'l€l.:! 

11 1 1 1 3 1 
IV 

~€ll1ll'l!;'l€l.:! 

12 1 1 1 3 1 
IV 

~€lt1ll'l!;'l€l.:! 

13 1 1 1 3 1 
.... 

~€ll1ll'l!;'l€l.:! 

14 1 0 1 2 0.67 
.... 

~€ll1ll'l!;'l€l.:! 

15 1 1 1 3 1 
... 

~€lt1ll'l!;'l€l.:! 

16 1 1 1 3 1 
... 

&'l€ll1ll'l!;'l€l.:! 

17 1 1 1 3 1 
.... 

~€ll1ll'l!;'l€l.:! 

18 1 1 1 3 1 
... 

~€lt1ll'l!;'l€l.:! 

19 1 -· 1 1 
... 

3 1 ~€ll1ll'l!;'l€l.:! 

20 1 1 1 3 1 
IV 

&'l€ll1ll'l!;'l€l.:! 



~~mca1~fl<a1::~Pi1fi111JE.I1n~1a (p) Pi1ehu1~,j1~~'Un (r) ~~~::Pi1fi111J~~mi''U"'lv.:J 
~~uu'VI~avu1~fi111J~eH1L~1J1'U1J~V11-:J1VIa1f11a~i ~~v.:J nca~- ~ua ~~uu 2 ~h~ucff'U 

d I I 10 0 OQ.I'~d 
~1'a1-:JVI ~.2 fl1fi111JEJ1n.:J1a (p) u~::fl1v1'U1~~1~~'Un (r) "'lv.:J~~uu'VI~avu~1~U"'l'UVI 1 

II II ~ 
"'Jvavu"'Jv'VI A1fi111Ja1n~1a (p) Pi1ei1'U1~,j1 ~~ 'Un (r) 

1 1.00 0.08 

2 1.00 0.08 

3 1.00 0.08 

4 1.00 0.08 

5 0.94 0.22 

6 1.00 0.08 

7 1.00 0.08 

8 1.00 0.08 

9 0.78 0.44 

10 0.97 0.13 

11 0.97 0.17 

12 1.00 0.08 

13 1.00 0.08 

14 1.00 0.08 

15 0.93 0.30 

16 1.00 0.08 

17 1.00 0.08 

18 1.00 0.08 

19 0.91 0.35 

20 0.48 0.74 . ~ .., 
R1fi111J~"'1el1J'U"'Jv.:JUUUVI~avU 0.06 
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.n 1 fl N't.I'J n o . 
~..... .,. 

U'VIfi1111-:J11.11l\IEJL ':iel.:J 
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n1~cW~1.11fi1111L ~1 Ll\111 1 t~:u~1'VIeJ1A1a\911 L~eHn~fi-L ua ;}1eJ1'!)~n~n1~L~eJt~i 
II 

LLUUaULa1~ 5 'tit~ Na11Na1W)UL'VIflUfln1~LLoV.:J'ti't~Ln11LLUUm=i11 , 
II ' 

~1VI~uum~eJt~~t~3!creJ:ufin·~:~ntJVi 5 
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o4 :, Q.l A ' OJ l 
UtJtJtJ'lJUJl~ 5 'U't.A Nti~Ntll't.AO'l.l&tlfl't.Aflfll1U'U-.1'U't.AlfUJUtJtJOQ~ 

.. I 

o ..., ..., "' ..., ..., 4 ':II"' • 
t~l't'i1tJUm'UJ't.A'V't.A~litl~ftnlllun s 

V I 

U'YifiVItJ8 

fmiioi!'ii191tJ1.l:i:: a''lfll~D~flnnmll.ll'li'l i~l.J 1 'Wl.J~ll'l tJll'fH191{!~tH flHI-11Jff ~tNUfll~ tJ'W 

" . " 
ciuii'1wl.lffmnii-Yi 5 ~'ltJm1iflflm~r~uiuuu1~imnuml:: 5 iu NfflJNffl'Wnull'lflilflm:;u'li'l'li'WifllJ 

11 1J 1J fl ~l.J (TGT) 1fl tJlfl'W fl 11 ii [J111J 1J fl~l.J ~')f) Dl'l!~ V'lii fll:il'l fl a'V 1J ti f)'W11 [J'W!!'f'l:: '11 ~ -311 [J'W 

fl~l.l~'lvth'l1'W'll'Wiiv lflut!m~vuiuii'tiVl.lffmniJ~ 511 ut~:: 5/2 ~l'W'l'W 62 fl'W ~rh~'lffmn1u 
.fllfl!~V'W~ 2 'ilmlffmn 25581Hl~V'Wffflt~umwflluffmn 

Ntlfll:iiiowuil t!m~tJ'Wiifl::uuulJ 1ul.l~'H~'l11tJu (rhm~tJ 63.68 ut~::~hu!rltJ'I!1J'WlJ191:i~l'W . . 
7.51) 'J'lfl'llfiV'W11V'W (fll!tl~[J 10.71 UCI::ff1'Wlijrl'l!1J'Wl.Jlm-~l'W 3.16) U91f19il'ln'WVfil'liiUOffltityl'll'l 

a-15~~:;-::~mh p u nt~ni1 o.o51 fltJU m1 t~uilmllJOl'l'HUTYil'lfll111t~uuuulln~ ng1u:;::~ulllu flt~l'l 

(<g> = 0.60) 1fltJflD'WI1 ou ~DtJ'f'l::~v'lt!m1t~uri'luim\indiufl~l.llJ 1ul.J~Nfl (52. 97) l!t~:'H ~'l11tJ'W~ DtJ 

t~::~v'lt!m1 ou ff'l'Wi'Hi)j vgiu fl~l.ll.J 1 'Wl.l~~fl~D'I (64.41) ~:n1u 'M·:il~flut~::~ V'IU m1tJu~ vg1u fl~l.l 

lJ 1 'Wl.J~\) fl~ D'liifll!~l.J~'W (+50.04) iu~w::~ Ntl :i'llJ~ fltJtl:~ D'IUflil tJ'W ~ ng1 'W fl~l.JlJ 1 'WlJ~NfiUtl:: 
flt~lfllf'lgnuiil'ilt~flt~'l (-50.04) ua-fl'l1Mn1uil m:;iflm:il~tJu{uuunu!a-1:: 5 ~u Nll'lJNfflunumf'lilf'l 

fll'.iU'Ii'l'li'W!fllJU1J1Jfl~lJ ff1lJ1HloWfli'W1f'l'l1lJ!'Ii'1 hlJ 1ulJ~'Vll'lil'1 tJ11'11a'91{!~V'l fl'.ifl - !1J a' 'M flD1'lii 

1.h:::iil'ln~nw 
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-"' Tournament for Grade 11 Students 
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Sirithorn Angkaew1 

Arisara Jssaree2 Sabri Supasorn3 

Abstract 

The aim of this research was to develop the scientific conceptual understanding of acid- base 

by using 5E inquiry learning cycle incorporated with Teams Games Tournaments (TGT) approach. ln 

this study we performed a pre-test and a post-test survey on a group of 62 Grade-11 students from 

Classroom 1 and 2 at Sakonnakhon Pattanasuksa School; this sampling was during the second semester 

of the academic year of2015. 

The results revealed that the post-test conception score (mean 63.68, SD 7.51) was statistically 

higher than the pre-test score (mean 10.71, SD 3.16) at p < 0.05. The normalized learning gain was at 

the medium gain level (<g> = 0.60), moreover the highest percentages of students in pre- and post

conceptual te..c;t were in the misconception (52.97) and good conception (64.41) categories, respectively. 

Their percentages of the good conception category was increased (+50.04), while the total percentages 

of the misconception and alternative conception categories were decreased (-50.04). Consequently, 

the 5E inquiry learning cycle incorporated with TGT was effective to improve students' scientific 

conceptual understanding of acid- base. 

Keywords: inquiry learning, teams game tournament, scientific conceptual, acid-base 
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fi"JJU&hR'wuD~ifamm1119'tl .. .. 
111 fl N'fl fl11flfl ll1 i 'U i:l1!,U'U 'VUJ 11111::: I 'VI ff'\ 'V1 ori1~·UN-ity tllJ i:lty 111'V1H~ 1'U fJ tllfl WI '\J fl ~ 

n11 flflll1 if! m 'll vn::: 0~1~~~ iu 710i'll1i'Vl 01ff1 n9'1{ 1l1 nNM 1111 "I:::Iij u 11 m7 ou 1::: ~ ll'U 1'U 1'111~~11J 

ltl'Hfl11 PlSA (Programme for international Student Assessment) iuil2012 'Vi1Ji1tl:::IL'U'U'\J0~11fli~O'U 

'1'Vle.moiu-a1~1J~ so ua:::Nafi:::U'U'U'I10i'll1i'Vlo1ff1ff~111m7ou'1'Vlo~fl:::uuu 444 fl:::uuu ~1flfl11'1l~O 
501 t1:::uuu (nmuuri~li:1'~1lm"Inoui'Vlo1ft1n~{ua:::!'Vlt11u ho, 2557) 111flNM11«Dll PISA '\Jfl~ 

11 fll~ O'U L 'U 'I10i'll1l'Vl 01ff1ff~ {yh i'lim11J 1111 m7 O'UU~'\J 1fltl111JI.,j'1 i 111J i 'U1J~i'Vl01ff11:1'91{ ~~ ff ~Na 

iHNM17«ollndiu"I:::~1J~1 iflmli'Vi1:::iu,.1oi'll11tl~~~~umn"1u'\Ju~'li~~~~fl11milfityn11171lm"I 
~~ ou flu i'll1i'Vlo1mn~1 'lJ iu1J~i'Vl o1mn~1iu71oi'll1!t1ij'ii1u 1'U1J1fl~ n11:::1~o1.,Y Mnll11 11fl{} m1w 

iu7:::~1l~'h.in11JUt~'lJo~Lllu~1o~1111~11,;u 1~n~ im~nr1~o:::~o1J ~u1i:::1t1ii u'fl:::mfl-lll« "ao"1lu 

!,i011111lOO~fl tl111J{ ~h'U 'htty 1i1'U 1~0~~01 fl~O fl1'IYJ1tl11'lJI-« 1 i 11 U'fl:::li1'UI~ 0~1~ 01tl1J'U 11J 1i'I'I1J 

rl ~Na, Hfl17Uf 1~1J 1 'U1J~l'V101ff1n~{~~li1'Uitfl~~(J1fl ua:::'l! fll~ [J'Uff1'UL'Iiqj u~nuu 1 it! 1J iu fl17ij 
,- 4d 4 • ,. c:. 4 .a Q; 

1J &'U1J~'Vlfl'fl1fllfl'f!O'U'Ii'I01J &'U1J"'Vll~l'f!Dfl (alternative conception) 'li'IDNfl (misconception) ~1flfi111J 

!~'U1l~~'V11~i'Vl01ff1n"911 (scientific consensus) 1J l'U1J~l'V101ff1ff91li'U710i'll11tlij11:::ijm11J!~01!~D~tl'U 

ua::: ti'u 1J iu1J~i'Vlo1ff1«"11~1J~~~7 oui7ou rinu1l:::tnulfu~ 1'U'\J0~1J 1 'U1l~i'Vlo1ffln~{~ 11:::1~ou iu 

~~o~a~ '111 («1l111~-u fl"I:::flailua:::f1n~m qmll"I, 2554) 111n11m'7t.~u1J 1 u'lJ~~tla1"ttl~nu 11 m'St.~u11::: 
hi n'11J17t~ n!1~1J 1 'U'lJ~imnff1n91{i 1ni h1 mh~ij11'.i :::ff'Vl~fi1'Vi ~~Juri vu fll'.i ~" fll'.i ~~ t.~ufluu'fia::: 

. " . 
'li1.,j'D flt~n'O'U~D~{1l i 'U1J~'\JM11 m7ou i'Ul~D~11'U'l nt'l'U 11~1tl1NaYi '1~'111 Dflflii1J1Jfl1'.i~"fi1lfl7'.i1J 

fl1'.i t1 tJ'U fi'li mm::: n1l ti'm! m~ ou ~~niH 11 n1~ ou n 1m1 t~ n! 1~1J 1 u 'lJ ~i'Vl tJ1 ff1 M11'\~ n ~1~n 

1h:::n'V1im'Vi 111fl117:::nll m1w m'.i~fl m11~ou fi'111tfln'\Jv~~ii o~i,. ~~~ou n na'Utl"I~~u 1flflll1 

i~MiY!n'fl'fi'Ufi'I iu-,11~ilfl17fffllll 2555-2557 'Villi111fli~O'Uff1'Ui'liqj'1~'liD1J!~tJ'Ui'lll!tlij !~D~1llfl 
?I "" d., ,l "' Y. 1' iII "' ~ ,A ,A Sl }' "' ~ ,A 

!lJ'U1'li1'V11JI'UO'Iil'll'1J"'lD'U!fltN 'li'Vlt)ll~Ua:::fi111J~'Ii'flltl 'li'It'l~1J11'llt'l1JI'\Jlf110fl'U &MI'Il'Vil:::I'ID~fl'.ifl-

Ill n li!'ilvm~vmTiu'ii1u 1'U1Jlfl ua::a~ul'd'vm~~v~ i~fl11'lJjl~li'\ID~'I! m~ou iu1~v~~h~ '1 ~~~tJ'U 
Nl'U'lJ1Ulh D1-ti1-,iu m"I~an1Jfl171tlijl~m.l1'111i~iwmnm·il'U1fllfl1"I'1'Vl!m91mfl -lllff iu1~Mfl1'I 

Ql Q,f Ql , , ell\ .. , Q J 91 ~ 
1191 fl911'\JD~ fl'.i fiiL'fl:::llJ « U'fl:::'liM111flfl7flU'fl:::!lJ n'U91 fl911U'fl11l:::91 D~1J fl D D'U'li'Ufl fl!flfi'\J'UlJl~ I'U D'li1 

ff1'U-d't~'UlmJ1i771J 11m7ou 1lin11J17t~1JMm'Vin nn ua::: iu ff1'Uiifn'li1~1~'U'Vlt)lJ~~h~ '1 'l!m~tJu~n~ 
Hsfi111J~1 iu fl17~1'VltJll~m~,,ru t! m~ ou~~&fiflm11Jirl nM'Illt.~u'fl:::~ Mfl111~ ou 1ll''V'In~hu '1 '111 

rvhJu (ff~ 1i7 DH11rh, 2557) 111n n1m~if~~vhi H11 m~ ount111'lJI'Iili~~ Nilua:::m11ll.,y, '111~ 
a 4l!:i d S# CV .ct.CV I Sl .d I ~ d 

fl'fll"ltl'f!D'U i'UI7fl~fl'.ifi-11Jff 9f~ffDflfl'f!D~flml'U 11lO'\JHHllfl'fll fl11l1fl'll (2010) 'Vl'I10~1'U11'Ufli70'U 

..,.4 u~ i-=t Jo=. \Jon 111l1J1J'I'IIil11 (fi111HI9l'l-fi0111111CIIII'l) Cl~'tllfiU 2559 



• . 

123 

112 
Social Sciences Research and Academic Journal 

,j 1Wl.lfffllJ1~ null 'fl1 oil~~ tJU I~Mm fl-ltJ n N1UlJ1Hlhfi .. uHiilJ 1u l.l~~fl'fl1fll flgnu 1 u M' 1'1i n9h'l"l ~'lrl' 
1) a'1l'fl:ll1t1Digfl1m1ll9i' 2) a'1lll:ll1tJfll~H1la' 3) 'VIqlJUfllfl-ltJa' 4) ~mfl-~11la' 5) mm~n~hmH 

~ " 
fllflUri 6) fl1lll~fl~1~tl'lfllflflDU 7) fl1lllMi1'1JD'IU11J;q''VIi 8) fl1lll~fl~1~MI1Ja' U'fl: 9) fl11 

.. "'"' '1 .. '1 '1 '1""1 ,: !1lntJUU1l'fl'lf111lJI~lJ~U~D'l18 fllllJf.llJ f>DDUUn:: 8fl':illfl 'lffl DDDU UU1 

flllifl fill i7 tJU{1;qn i'li'!!m1tJuiil.l 1 u lJ9i~\Jfl~ D'li'liifl11l.lhr!u DV1'llJ1fl flllifl fllll1auf 

! ?I ~ .. l .. "' .... ... l 1! " 
U1J1Jff1Jia'1: 5 'IJU (5E Inquiry Cycle) l1JUfl1'Hlflfl171lf.IUt,'VIlUUiljllfJUa'1Jla'1:'Hlfl11lJt, Ull:a'l1'lll'lfl 

fJ 11lJf1'H,j~1Di11tl'l 1 ~ltJN1U m:tJ TIJ flllflf!U'fl:'fl'llinll ~)j~ Y1Di'li'!!n&1 tJUliifl fm l~tJU ri 'IIi! D'H1 

min 'H5flfl1l U'fl:'VIqlJ~ -~d'Jul(U!1UiUfl1l!1Dufl~D'lgU'l ~n'11l ~1fl'l1UiitJ'Iltl'l Mustafa 

. ~ '12~ ~ .. 1! ~ ..! r:l 
(Yadigaroglua, M. and Demircioglub, G., 2012) 'Vi1J11'H'fl'l t~11Jfl11~flfl11!1tJU~U1J1Ju1Jla'1:!lD'l1lfla' 

U m1 tJUii N'fl fflJ q'VI fm'lfl1111 tJU 'H5'1!~ tJU 'J 'lfli1ri DU 1~ tJU 1~ fN~1 fl fl11 ~fl fl111~ tJU {utJlJ ff1Jla'1: 
~ 

Ufii~Du1~-a'llinvhi1~m1lJ~1tJ~U!D'l '!!m1DUftU'Vi1JU'fl::a'l1'ltl'lrlfl11lJ{~1Di1!D'l vm1'lum'1Dufi'lli 

fl11l.ltf~01Jfl1ll~tJU ff'IN'fl1Hlflflf11l1'1tJu{nv1'll'li1i~ ~'la't:lflfi~D'ltl1J'l1Uiio'lltN t{~ N'fl~ 11"':: 

fffl~fl1 qm1J1 (2554) ~l1tJ'l1U Hi1m1ifl fill!~ tJuf~ 1tJ1flfl111~ tJufutJtJ H1Jia'1: 'V11'li'VI tJ1fl1a-~f~ 
l~Dl.l 1tJ'ltitJ;$i911l1:hl'u a'1lJ11il~~U1N'flffl.lq'VIi'VI1'lfl1ll1tJu 'M &~tN~nn'!!m~tJu M ll'lliotJD)j~ 
..s 2 'l' ~ ~ .. 'lJ! .1.. .. "' .. . ... .J ... ~ • 
n111~1!'fl :rllJ'H1tl 1tJ91 1U fill tJU!tH t!Ull flhl llt.IUfl11lJfl fll'HUU"'::Iflfl fill 'lf'ltll'H'fl tl'lf 'lflUU"':: flU a' 'IN'fl 

, "' ... .. .. "' , 1 .I .1 .. ~ .. '1 .. .. .... }! 
'HUfllltJUlJf111lJI~1 ~ U!Ut:l'H1lJ1fl'IJU U'fl:~1fl'l1U1~tl'IJD'l UllJlllDfl 'Vi U'fl:fllflU DU'VIl'lffl"'tl 

(2557) Hnnif! fll:il~t.ru {111J1J H1Jla'1: Na'l.l N ff1UI'VI flUM11 LL~'l'liu1 :'H i1'1n ~l.l 'VilJ -.i1'!! m~ tJu li 

Ql ..< d ~ d c:l 1 <It, _!I~ J Sol c:l -=!! I I 

N'flffl.lq'VI1i'VI1'lflllll tJU11t.11'll11fllJL!'fl:lJfl 11lJff1lJ11il U flllflflllrmt:y'H1'J 'l'IJU I'Vil1:r:fl1 tJUlJ ff1U1 'llJ 

iUfll:ilhO~fllllJ U'fl:'l~'fl'lliDtJ~)j~fi~fllllJ~1'1 "1 ~1tJ91U1t:l'llhi,rff1lJ11ill~DlJltJ'ltl'lrlfl11lJ{9i1'1 "1 
111 111 ~ , 111 • 1 JIVct 4 i1!1 't S1 .d: s,~ o, Cloc... 

I'IJ1fl 'ltJfiU fl ff'INll 'Hf:lll t.IU ff1lJ1lilflflU'fl:Ufl1Jt:y'Hllfl OJI'l ffllflflt'lt:l'lfllJ '11U1~ tJ'IJM Ibrahim Bilgin 

(2009) ~l'i 1fl1l fffllJ11ll~ eJlJ rVi tJlJ N'flffl.lq'VI fl'l1'1 fl1111 t.IULI 'fl: I~ 9lfl~ 'IJ D'IU fl fffl111 ff1'1l1i'VI t.r1fl1a'91{ 

a 'll!'lfl~t)lJ~ 'Mi'tJfl11~fl fill!~ e.~ufu1J1J ff1Jla'1: U'fl:fl11i flfl1111 t.ru{U1J1Jff1Jla'1:~ Na'lJ Na'1Ul'VIjl]Ufl . . . 
d , I <:l «!:!, .0::::. Q.l I Q.l ~ dll}IGII Ql d l .c!:l d 

fl111ltJU~Il1JlJ11lJlJfl11t:l'lfllfl - 11Jff Nt'lfl111~tJi'l1J11U f1Mfl1ll'VI ~ll1Jfl1nflfl11!1tJU ~ll1J1Jff1J!ff1:l'l 

NfflJN ff1UI'VI flU fl fllll~ t.IU futJlJ 11lJ)j DiiN~ fflJq 'VIj''VIl'l flll !1 tJU 'H-a' 'II~ tJU ~'I flll n DUI~ tJUlJ 1 flfl i1 

'!! fl fffl1!1~ 'MftJ fill i fl fl1ll1 tJUfll1J1Jff1J! ff1:1~ tl'lt:lVl'll~ 1.11 II 'fl: O'liil ~91 f!9i ~;i ~t:l fill ~fl fl1l i1 tJU{111J1J 

ff1Jlff1:lJ1flfli1l'Vi11:~1~tJUiflU~'fl.:JliD1'i11'i1fll!fl11lJ~1'1 "1 iJfl11flfll!'fln1'lllNU11lJfl1JflUgU "1 

.f11tJ1Un~lJ !flflflllUM!ll~eJUf111lJflfl!"J1U ~~~t.IUfftifla'U1Uil'fl:iim1lJq''IJ01Jfl1'll~tJU ~~~tJU~hli!UI 
f'l~~~9iDfl111~ tJUI ~D'lfllfl-l1Jff ff'IN~l'i 11 'li Nt'lfflJ(]l'l f'VI1'1 fill!~ tJUI~ t:l'lfllfl-11J ff ~ 'l~U911lJ '\1]~ 11.1 

'!'lei ou Q i 4 J Q 

1J'fl 11 ~tJUI'IItl11 (ft(ftHIPI'l-tl011ltlllfPI'l) lf~'tllft~ 2559 
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flTm'li.:.~,jtUfllJil1J1Jfl~)J (Teams Games Tournament M~D TGT) 11~1'Wfl1'IlitJ'Wf111J1J1'"J)J;jfl 
4 .. ci , lid d 0 Q,f Vd ,.. d , J " 0,. A 1 • 0 1 , Ql .cd 

'li'W~M'W'I'Vll'W'WFJ!'I ti'IJ!iJtJ~I'lf'lty ~I'Iti'W 1~fffl'lj11'I ti'Wll'W VM1~'"Jti~'Wlfl'lfl1J1l'lfl'W I'Wfl"JlJ 'Vlli'H'W fli'Iti'W 

tfirl11 QfflJli tJtl;;'llJ '"Jfl ti1J 1 ~DtJ 1 tJ t1 ~lJ u~:: iif'l11)J ~lJ Nfl 'liDlJ ~ DMUl~'ll D 'I~'Wlfl'l 'lfl'll'W 1~ tJ'Il n" 

Di'tytyl u1.:.~~a-nu, l'iffu11h::a-1u~~ H~::lJu~~ m!tJ~i'm! (2557) 'Vi1m'Ifffl'lj11mtJ1J1fiomnlff'mJ'Vli 

'VIl'lfll'I 1~ ti'W'Il n.:.~l! m1 tJ'W,jtJ,j'1itJlJfffl'lj1il~ 5 1 tJ t11'I i~ tJ'Wl~tN t111ti l'W 1Wl~ti'"Jti1J1Hmtu a'l'I 1 tJ 

..,14Q~<\ cl I i ~ gl I ' <f. gl 4 d 9l 
JJ~fl'It111flm::M11'1fl1'Ia'fl'W fltl &'llfl'j)J'I'"J)JlJflfl'"Jtll'Vlf'l'Wf'lfl111'Iti'Wlll1J1J TGT U~::ll1J1J STAD ll~:: 

-fi11)JoW'Il'lflhl~vfl1'I~flfi'm'IlJfl1111t1'Wfu1J1J TGT 11~:: STAD l'l1Ji1l'i'l 21'VlfiUf'la'1lJ1HIW~'W1 

N~-a)Jq'Vlf'V11'1fl1111 ti'W'Il M~l~ ti'W 'M''hiu~ fl~ l'ltitJ 11~:: ~~~ ti'W iimllJ~'Il'l fl 1 '~ D fl1'I ~11 fi~ fl'I'IlJ 

fl1711 oufl,ju~ t1~1.:.~riu ~~v.:.~,, flfl~)J11)Ji'l!lt'Vlflilf'l fl1'Il~tJtJ fu1J1J TGT ':: Htfl)Jfl1m'li.:.~.UV)'ll1fl1'I 
ri1umjlJ11lli'lm'Vlf'lUf'lfll'I11oufu1J1J STAD 1~fl1'I'Vlf1a'D1Jm1)Jf ~'ll~tJfi~flnlJ~m::~uN'l!m~tJ'W 

i1f'l11)Jtl 111 f.'l'Wl~ ~:Vi 1 hf fl~)Jtl 1:: a'lJN~rilthm;jnu tiu ~ni1 1 M'NMl'I ~~ tJ'W f'U n.:.~u m1 tJ'W 

'hill~ fl~ 1'1 tiu 

~1flll'W1flfl 'Vlq'lju n)JihN~m'i~o~'l~fl~l1lJ,;;,"~'W ~i~onm,)Ja-tJ1'~'::-w~u,m1)J 
1;; 1 1~1~Mfl'If1-11J a- 'II V'IU fll~ tJtJ ~~ M~1m~uninM1~ um~tJtJ iifi11)Jl'li'1 1 ~ilr1u~:: ,;;, 1~ fl ~1f11fl~ nu 

-mfl~'l 'l~mi11'li'1'1~'W i fltJU11V11'Vlflilflfl1'Ii'f1t11'I !~tJ'WfU1J1J ff1Jla'1:: 5 'litJ lJ1Na'lJNa'1'Wn1J!'VlfiUflfl1'I 

cJ 1 .... i ... .... . ~ . ..! ,.. .. .: .. 
I 'I ti'W t,U1JlJ'I1)JlJfl fl til~ Dfl1 'llfll'I ll'll'l'll'Wlfl)JlllJ 1J fl"J).I (TGT) l'W V'l~1flfl11 'lii'Vlfi'W fl'W~::ItJ'WifllJ 

l~fl 11f~l~ti'Wijfi'"J1lJ m:: ~fl~Df'WH~:: a''\.l fln1Jfl1111tJ'W 1 'lium~ tJ'Wf~tlflfl !l~1'1i11M9JN~ ll~:: a'l)Jl'If.'l 

'Vi1'11'W1'"JlJn1JI~fl'W, 'W fl~)J 'M a-m<ifl 1u fl~)J~:: fl'I::~'WI~fl'W n'W, M'i '"J)Jiifll~flfl 11).1 Ull~n fl'lfl~)J 
(l')Jl;;fl'I'Jflfi'W~::i'lJ N~'llnlJ 1 'W'Il'W ~ '1?1~1J)Jfl1J'H)J1tJ 'Vi1 hf'~~~ ouu~~:: fi'Winf1fl'l1)J!;;, 1,1 uninMlu~:: .. . .. 
'hH1Jm1)J fn ~1'11 vi11fi tJlJti'W 'I'J flfl'W ~ 1t1m9J N~ il~ii' tJ~ 'lt.Vn i1fl11~fl fl1'I ~~ tJ'W fu1J1J ff1Jia'1:: 5 .;r u 

~Na')JNa'l'WtilJt'VlfiUfl TGT ~:: a'1l.l11f.'li~tJ1lJ iulJ~l~D'Ifl'IrHlJ€1' 'IID'IU m~tJ'W 'M'n~1.:.~i1tl1:: H'Vl~mw 

v .... 1 , ~q, 

'JAfJU1~lr~fl1JtNfl11'Jt>tJ 

1. I~Dfffl'ljl)J i 'W)J~l'Yifllffla'~{'IIMU m~ti'W 1u mtil rinut1 tJ'W '»~"'~ tJ'W u~::mllJ ti11MUl 

m'lflm~t~uu1J1Jtln~ ~lflfll'II~tJuf ~~n" mr~-11Ja' f1'1t~fll'I~r~m'It~tJufu1J1J1!]i'mn1Jta-l:: 5 4u 
Na'lJ Na'l'W nlJI 'Yiflil flfll'I !l'li'l.,j 'WifllJ U1J1J fl~)J 

..! ~ 1! ~ ... 1 . i ... .. i .. ..! , .... i .. 2. ll'lDMfl'ljl"HJtJ~::'Ilfl'I'Wfll'Iti'W 'Wfl'jlJ)J 'WlJ~\)fl~D'I lJ 'IJ)J~fl~lfllfl~fl'W U~:: lJlJ)J tJ)J~ 

1u mtilrinut~ti'W M"'"'~fi'W ua:: mm.J~tltJHtlM'Il n.:.~!noa::1tJu9ia:: fl~lJ)J iul.l~ 'lflfll'Il~ti'Wf t~M 
-fl'Ifl-11Ja' ~1flfl11~f1 fll'II~ tJ'WfU1J1J l{l~ fl'IfflJla'l:: 5 'liu Na'lJNa'1'Wrl1Jl'Vlf1Uflfl1111'1i'I.;J'WifllJ111J1Jfl~lJ 
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" . ,.,4=:1 'J! " , a 'J! ~ d_P..et 4=:1 q d 'J! r d d 
r:~mn.J 'il::n·.nHJ-lfl1'111lll'il1 fl'W'U!l'Ufl 11l.l;t~l.I'Vl '=!11ti'Ul.l m~ nl'H'HJ'U; rJU1-ll.lfl11l.I'Hl.l1f.l u~::l.lfl11lJ 

t'\i'11'il~\}fl~tN1unln'H1Ju <')1l~::nnuA'-:~t.~iu~wu~i1-l 1'1A'uri 1) ~un1'1-lfl11lllY'U1'iltilu~uff~1-l 
fft:ll'U nl~W'H1 D fl~::~ 'U 1'11 ~ll f.I'Uin~m1l.lff -ltYVi 'U th:: I~'U~ 'iJ::Ilt.I'U 2) ~'U ~h~ 1'il 111'1:: Jlu 'H1 I ilu ,f'U 

Miin.Yhii'il nnmVl vih~ 1'i1U~:tiu'Hlt'h~ v11 1 u ii-l~ ~llf.I'U n -ltltJtilu~u~ nfl-l CJ-lrlfl11l.l{l'Hli 

~ 1V~ 1'11 M~l~ V'UW -l 3) ~'U vimVU'fl::'fl-l,j' f)fft1llil'U~'U~~~~ V'UU1V-ltlfl11ll{1 'Hli~~ 1W-lfl'U'W1J 
If • tl tl • ' 

mi1l.lrl'UDft1l~1Vmv1uwt~ti'Ui 1l.l tl1Jfl'UD'U 1 4) 'li'U'Il t11t.lfl11ll{ tilu'liuii ~ll ti'U"'tNU1CJ-ltlfl11ll{ii 

'1" " ~ '1 "'I ""' 'I • .; • ~ ... 'I """' "' " f.; " fl'illfl1l~:: ff1Jn1HIHfllJ 1J1J~::Qfl~ 1'rfl1Jfff:ll'U l'HlJ'VlU9lfl911-l'illf11flll I'Wf) l'Hr;JI ~t.I'Ullf)~flfl11ll~ 'Vlf111~ 
,J ~ ~ ?I ~ .;J!"' '1" .I .., " " "' ' , .0. ~ ""' 'll'U 5) 'll'U1J~::Ili'U llJ'U'll'U'Vl':ll~t.I'U ~~~1'ilffD1JUfl:IJ~::Ili'UD-lflfl11lJ6'1lV-l~11f)-l11 'UI~D-l'U'U "llljl~ti'U 
4=:1 ~,., 9J d1'1qr;l Q~q Q,il.f 
liD-lflfl11llllllfl'UDtll'Wt.l-l fl ( f)tJ-ll'ii::I'Hm:: D'4ll~ I~'V'U: Ufl:: ff1i'U lff'Ulff1fffl, 2558) 

m·:m'li.:JtUli!OlJU1J1Jmju (Teams- Games- Tournament; TGT) 

fll~ u'li-l'll'Uifll.IU111J fl~l.l liJ'Uil'lfl11fl~1lu111J'Hd-l 1 'Ufll~ ffV'UH1J1Jj1lliiv ~IU'U~!7 ti'UiiJ'U ftltity 

1 'I" ' 1""., '1".,1 • , "' .0. .I 1 " ,. • d ' ~ ~W l'Vf11::1J1'Ufl1lfl~ll 'HJ)jllfJ'U fill f)fl1ffl'11~1'Ul'lllfl'UI'Wf)Nf~IJ~:: fJ'V'UUfl:lflflfl11llff11l'il~1llfl'U 

'II v~n~l.l ~1fJmm'li ~'liu tiu'fhn'll m'.ill ~~1ilu m~ nf1-lm ~~~ 'hl hf'tr m~au nu 1'illllf1~'U I'Vll'IUfl 111 
!:If ~d " 'I " ~ cl d , ~ 'I ... " ... ... 1! .; cl 

TGT llJ'U11ifll:~'U !'H'Ufll~fJ'Ul.ll'l11llff'U 'il ~~ !'il ff'4flff'Ul'U ~'UI~'U Ufl::m:~Va~'Ul'l'il::l~ti'U 

Ufll~ fJ'UliCJ~Ilf'U!1W ~1'\JM~'UID\IU'fl: fl~lJ Ufl:: ff11J1HI~WJ'U 1NM1ll~ti'U lM~\1~ 'U tdf)~'iJlflU fll~ ti'U 

lim '1~-l l 'il 1 u tll'.i l~fJ'U Ufl: r;~,hf11 'litrm~ fJ'Uifl~fJW linllw:: ou~-l1ll:: n ~flo'\1~ufi l1 n11:::mni1nw n~ll 

fl11llf11Nfl'VCJ1J9iV~'Uif)~U'fl:fl~ll fll~'lf1tii'Hl~V~~tl'UIIfl::: rl'U l~f)~'U 1 'U~'UIM U'fl: nff1Hfffl-l VD f1 TGT 

liv~ti'1l~:nv11 3 1h:::m'.i fiv 

1. Vill (Teams) uli~irfll~fJ'UDVflliJ'U 4- 5 iilll!~fl::iilJliirm~fJ'U'H'fllfl'Hfl1fJ fiv 1fi~ 1l1'UM1~ 

U'fl::: ~ vu 'hn)~ ~-Hhu 1 :2: 1 91lllih~ u nm<in'il::: r:J~1u fill v U1-lt:l11'.i mi fl:::iim::: HH'u m~ 1lm-lu 

I'Hij D'U tl'U 1 'U Vi 1J'il::: 'lf1 fl! 'HiJ D~-l rl 'U!I'fl::: tl'U L 'U fl1 '.i l'lU l'11'U a -l~t1 '.i ffel 'U 
" . . " 

2. ltl'l.J (Games) lflllVihitilum'.i 1lrn1tlll::: n!ufirwe:J'Hlicv-uilu'Hlin 

3. m~u'li~'liu (Townament) u~n:::iimi~~11l'Vl'Ui'\i'1u~~'liu 1ilfJ~Uflllti'U~lif111llff1li1HI 

1'\'ilfltJ'ii:::U~~tl'U U'fi:::U11'1:: ll'U'U'Il !HHfifl::fl'U1 'Ufilllll~ 1llfl'U I~ r.mh~Ul'l::ll'U'Ull~fl::: n1J fili1Pil'l~H'U'U 
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i:fHfPl 'lr1i'11fi::U'W'W llJ'IJ€'1' fl::U'W'W'll tHlilJil::lWflllJUT!::U'W'W €'1'lll~tlll~ el::tl'W ~ 1U (~'W6~~'Wl'Vli'l'IU1fl ~ 

m~i'lmn (CARD) mni'Vlu15m.Jl11€'1'1~tllll, 2558) 

~ A~U 

1::ll1tJ'U11i19lJ 

tmi~uifihlluu1111fl~ll~1D~l'I!~U1ijfll~'V1Pl€'1'D11riD'W!~U'WU&l::M5'1iiuu (One-Group Pretest-
~ 

Posttest Design) iP~uij~lU&~::tvuP~'lJD'Inihn1um~1~u ~'IU 
' " • Q,l cs : Ql ~ .:! J d 01:11 rl ~ rl d 

th::'lflm lV~Ufl 'Wfll~U'W'If'WlJ1iUlJI'If11JliJ'Vl 5 ll~'Wfll':il':ifJ'W1'VlfJlfl'l€'1'~~-tlfll~fl'l€'1'~~ flltll~U't.l 

~ 2 ilm~i'lmn 25581Nt~uunn&~ufl~li~ui'lmn ~l'W1'W 123 tl'W 
~ . . 

n~ll~1D01'1 'Mun 'I! m~uu~u)j1iullfimnilli 5/1 un:: 5/2 mf'lt~uuli 2 iln1~i'lmn 2558 

~l'W1'W 62 tl'W 1~il1flnl':il~Dfll11111Hil::il'l . 
~1tnhiiflOlll 

~1m.hvn~:: 'Muri lli'Wll~t~D'~ m~-111n 'llM'I!m~uuiu)j1iulli'ltnnil~ 5/ltm:: 5/211&~:: 
m':i~P~nl':it~uufu1111i'!J~mnm~uufu1111H11tnl:: 5 ~u ~nll~nluti111'VltloUtlfmll,j.:J.Yutnllu1111fl~ll 

~1mh~1ll 'l~uri ll 1 'Wll~'V11'11'Vlulfl'1n~1t~D'I f1HH11n 'lJ D'IU m~ uuiu)j'1itJllffmnil~ 5/1 
~ 

u&~:: 5/2 M5.:J'l~i'11fll~~P~m~l~tJufu111li!)in~m~i1uuiu111JH111n1:: 5 .Yu ~nll~ff1'Wft11t'Vlf'loUtl 

m~u,j.:J.Y'WlflllU1111fl~ll 

tfi~Milt'lm~·hml'li.n'u 
1. ttl~n.:Jiiv~1ftum~'V1PIM'I 'l~uri u~uomi~m':it~f.I'Wft~D'ImP~-t11ff 111111i!J1i'mm':it~uuf 

v " • 
111111 n111n1:: 5 'liu ~nll Nffl'Wt'Vlfl ut1 n1m'li .:J'Iiutnlluu11 mj ll iu)j'1if!llffmniJVi 5 ~ 1u 1u 3 ur~u 

~1ll 14 i1lll'l ~1v&~::ti)v~~'lll€'1'P~'I1'W~l~1'1~ 1 

1. n-nei1anlmia~ 

U{l::t'fnlJVlJVIlln1mh~ 

ih1m-s1Jn 1.1 n-'4nnuff1-s{l::mv 

rhlflmJ~ 1.21mll1ivl'lll1i~1J1flfl'i1nlJ 

nllm'SlJ~ 2.1 iiu~1~11~'1nJvtJ 
Ollfl'i'SlJ~ 2.2 i~~i~i'u~H' 

n11nmJ~ 3.1 ~U1!1Jt~nllV~'~~n~~Hi11u 
nllfl'i'llJ~ 3.2 6uliilfllfltll'l1lJI'l i11lJI111J1::mJ~tfl'l 
nllfl'i'SlJ~ 3.3 ,u-d'iiml'lu{l::llJ«ndiYhiwi 

3 

3 

14 
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2.li'l~D~llfl~1rlum11~m1m11loUt:llJ~ 'Mufi 111J1J'Vlfllrt:JU1A1l iu1J;juuu1.hira'Yilfl 4 9i'11~fln 

2 ~1~u4u (2-tierconceptual test) l~D~fl1fl-11Jff ~1"U1"W 20 .Un iY~a1u'li-d~.Unth::nnu~1tJ 2 ri1u 

'l~ufi ri1u~ 1 tinflilml.J'YilYI 4 ~11~nnu~::ri1u~ 2 tinri1u~1M'irm1aul;iauflimal'li~N~l~D 

li"Umi''\.I"Wfl191DU1uri1"W~ llllrfl~~~m'l'l~ 1 

l.C:-1 

2.HCI 

3. HF 

4.HCO, 
..:.. .1! 

lllljllleltiOI'IflU'Ufl •........... 1'1'111:: ...........................•.......................•........•........ 

" ., 
rn'lmm1U':i1U'Iltl'Jll 

~ : .1~1!1.' '\!llo ~ d il !II ,4.., ,.. Q,oO, l .J 1"Wfl1~flflll1i'lH"U ~1~tl flfl11"U"Ufl1~1fl1J'IID'J~fl1tl9l"UlD~ 9f~l.J11tJ~::1Dtlflfl~91D hJu 

1. irm1au'Vhuuu'V!Affnu1A1l iu1l~finuL1au1~D~ m?t-Jun ~1"W1"W 20 .Un 

2. ~;'hlil"W fl1~~flfl1~11 tJUf~1tJ1~~ fl~fl1~11tJufuuu ff1Hff1:: 5 ,f"U Nffl.JNffl"U tiUI'Vlflilfl fl11 

u,j~oU'Wif11l111J1Jfl~l.J ~1'W1"U 3 UN'W ~11J 14 ,i'1ll.J~ 

3. 1rlniu lfA n1~ 11 auf ij1~ a1 M'ir m1 auYi1uu u 'VIA ffflU 1?t1l i "Wl.J~I~n~ mfl-111 n ~~1rlu 
.o:::t ~ Q,l ' d 

U 1J1J'VJA ffD 1l'Jlfllfl 61 fl'W f11JII1J1J'Vl fl li"D1J flD'W11 tJ"U 

~ JtJ ~ dtl 
fl 1111fl'll::'li'lltl2Jllll li:N l1 fll111tl1 l:'li'Utl'J l1 

~nlJ~1wm1iaflf.:Jrln1li1'Hlllf.lfli!fl11:1innmnu 21h:1~'W~.:JU . . 
~ d • T 4 ' "'==Il v • cv T q 4 

1) 11fl1l:::'lifl::: II"U"Uiil llti'-J I "U'-J~fltl"UI'lti"UIIll:::'li l1·311 ti"U1llfl111JlJYl~HHllJ1 AU L "U'-J~I'.i M 

fl'.iA - ma n.J1 tJUifi aurilm~ t11J 1 'W1l~'11Mirm1 oufi nui'7 ouu~::,.,~~~~ou~ 1tJfl1~'Vlflfffl1J~1Viuuu n~t~ 
~ ffflll1

11 ~ n ff ~:: 9i t) ti lJ (dependent samples t-test) ~ ~:: ~1J i'1111J l~tJ ~ lJ f t) tJ ~:: 95 u ~:: fi l"U 1fll,., 1 
~ . 

'Jl ., .. ..,~ .... !'11., 'Jl ., .. "' . 
i'l111ltll1'1i'W1'Vl1~fl1'mtJ'W'Vl~ &'Wmru'l'lL1J'W1fltJ~::m11lt111'1i'W1'V11~fl1'.il1tJ'W~H (%actual learning gain) 

i?t t.1ti1u 1ru ~1n! nva::'U n ~1'l::uuu'li~·u1aunu~1t.Jfna~:'ll tNfl::uu u finu11 au Ha:: 1u n1ru ~~~u 

1'l111lfl11'1i1hm~f11'.il;f.I'WUU1Jt.ln~ (Normalized learning gain, <g>) fl1"W1W9111l"'J917 Hake (1998) 

'Mufi <g> =(%post-test- o/opre-test)/(100%- %pre-test) lfltl~fh <g> U'DtJfll1'1i7'fmhtiu 0.30 Vfii~'W 

~c:i " .. ~ • " <=!. lln 11 ~UU'I'III'J\1 (fl11'1l&rfl1-1'10\lli'IUfA1) &r-nllfiU 2559 
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m1t~nnHt!1'l"::~1J~1 th <g> mmrh oJo u9it!nrmi1 0.10 i~1rlum1t~ti11Mt!1'l"::~m.humm ua:: 

th <g> 1J1flfl"h'11lDL'Vhfi11 0.70 i~1lJ'Wf1111J011'11tl17::~11"!'1 

'1flfl1'l"l1fl'l"1::lf'fl::U'W'W~1flU1J11'n~ tl'tl11ifltJ i 'Wti~1~D\Ifl'l"~-111ff 'l't1Ji1 1!m~ tJ'UiJfl::U'W'Wlll ~t.l 
fl11t!1'1i'1L~tl iutJ~ finu11fi'W1'1'hfi1l 10.81 (SD 6.95) Utl::iJfl:LL'W'Wlll ~ f.lfl111J1;!1 ht~ 1 'Wti~M~\11~ f.I'W 

• ... .. rJ 'it " .. " ... 2 " .. 1'V11fl1J 28.40 (SD 4.05) fl~1 'Wfl111Jn11'11'W1'n1\lfl1'l"1'l"t.I'W'l"t:WL'I:: 43.95 '117tlfl111Jtl11'11'W1'V11\Ifl1'l"17f.I'W 

.I "' , "' 4 'i "' 'it ".I "' " "'"'P U11111Jfl~ <g> 1'n1fl11 0.61 •1Htl~ 'U'l"::~1J "fl111Jn11'11'W11l1'WflL'I1\I" ~1flfl1711fl'l"1::'11'V11\Itl'091¥~1f.lfl1'l" 

'1'1~ nDmhViuu11 n~t~flmn 'l~fl n'l"::9i ntiu~ 'l":: ~1lfl11tl1~mi'u ~Df.IL'I:: 95 'Vl11 i1 1! m~ttu iifl::uuu fl11tl 

1;f1i~lJ 1'WtJ~1~~fJ'11~\11~fJ'W"!'Ifli1fiD'W1~fJ'W ~\1Uti'~\IL'W91171\I~ 2 

91171\1~ 2 fll'IliDfJ1ll-fifJ11fl::U'W'W~1flU1J1J'Vlfltl'tl1JifltJ 1utJ~1~tNfl'l"fl - 11Jff 

ftZII"II"II 08"111;!1"11 'tlll~l;!l"ll 
.. .. 

ft1UJ011'111"111 
ul"ll1lPi T·lesl 

&Pi1l Mean SD o/o Mean SD o/o o/o <g> 

tn~a::tnumR - &utr 6 2.76 1.62 45.97 4.90 1.34 81.72 35.75 0.66 10.13• 

tma::tnuiilan1m'la~ 6 2.15 1.93 35.75 4.96 0.97 82.66 46.91 0.73 10.98• 

lltjllijtUR -IUrl 10 2.54 2.22 25.40 7.54 1.83 75.40 50.00 0.67 14.70• 

m7'humi'lmR-IUrf 18 337 2.63 18.73 10.99 2.01 61.07 42.34 0.52 16.20• 

111l 40 IO.SI 6.95 27.04 28.40 4.05 70.99 43.95 0.60 17.25* 

'u91n9i1'1tJ01-lii1l'milfity~'l"::~11m1tJ1~D~'WfnttL'I:: 95 (p < 0.05) 

.. <g> ~ 0.30, 0.30- 0.70, ~ 0.10 iitmtJt~11Mtl17::~11~11hunm'lttL'I::"l'~ 9111.1"1~11 

~1fl91171'1~ 2Lrlnht'Wfl911tl1ifnmtllu 41.1 1ulJ~M~fl 'l~nri (1) ff1'l"L'I::L'I1f.lmfl-L11ff (2) ff17L'I:t~1tt 
VL~fl 1m'l"'~ (3) 'Vl\J'hlafl'l"fl-111ff Uti:: (4) fll'l"'l'Vll'Vl'I91m~-111ff 'Vl11"h um7uuiil'l::U'W'WrinuL7fJ'W~Dtl 

L'l:: 45.97 35.75 25.40 UL'I:: 18.73 9111.1"1~11 UL'I::iifl::U'U'W'11~\11~t.I'W~Df.IL'I:: 81.72 82.66 75.40 UL'I:: 61.07 

9111.1"1~11 iflm~D'Iff17fl::t~1ttm~-111ff (81.72) ut~::ltn'lff1'l"t~::tnofllgfl imh~ (82.66) 1rltw 1 'WlJ~~ 
I , Jl I I I J/ 

1! m~ tt'Wiifl::uu u '11~\11~ ou "!'~Vi lf" 'Vi'1iln1~1 UMt11~1mllu1~ t~'IViihil D'111 '1~~11 <llnu u L"~::1l'm~ ou lfltt 
d 4 • Ql ~ j/ I S/ Ql d di ,, '1"' 0 

I'If.I'WI'ID\Iff1'Itl::tl1f.lfl'I?H11ff '111\11J1itltl1'1fl'hl191tl'W91'WN1'Wti1UL'I1 'Wfli'W'W~\11~1 ~ ~\11tl Ut~::~1flfll'l"'V11 

fi~ fl'I'Itii~Dl~f.I'W{I~ tJ\1 ff17L'I::L'I1f.IDI~fl 1'1'17 '\t'l~ um7ou ff1tll'l"Off{1\llJ 1 'Wti~'V11'11'Vlf.11fflff9171~~1tl 

~~ tl\1~1 flff1tJ1'l"OtJ tl\lill'Vl '1~ n 01\l,r~l~u ri1u1tn'l fll':i '1 'Vltm91 m~-111 n 1rlut~ iu 1.1~~1! m~ ouiif1:: uuu 

'11~'117 ti'W~1~ q'fl (61.07) J\lii'D11ll,jt"l\ltl1111fl1lJ'W11lD'111~i'11~11L'I::ihdn'1110Dtlltltl:: 1,/'W tm~t'ln'lJfll'I 
iu fll'l"VhllQfi~rm:: Mi1'1fl'I~ItL'1::1 1Jff fll'IthW 1W '111fl111JI;flJ;fU ~tl\lfl'l"~'Hltl111 ff~1flf11~ '\'V11'Vl'I91 fll':i 

fi1U1WM11l~mwnHm~n11lniu ff1'I~1D01\I ff'INt'l i 11'1! m~ tltHt11ffUUL'!dhm1lll;;1i ~ 'Mtt1fl .Yhi 11 

u m~ t.I'Wiit~ iut~~~f1L'11~1fl~tl'I.JUn::r:i?l 111flm711ml::lf~1r.tfll'I'n?l nt~111l1111mjt~Rfl'hl1 1liLlJ'Wnn7::9i D tiu 
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~7::~Ufl11lJI~ll;j''U~fltlfl:: 95 l'lUi1 irm1 ti'Uiifl::U'U'Ufl11lJ1.,)'1 1~lJ i 'UlJ~Ul ~t111~~11 ti'U~~fli1fit'l'UI~ti'U 
'YJfllJ iulJ;i'VI~fli~uiH'Mtt::m1lJfl'11'VIthvn~nT:n~rJ'U'IIl-3 (%actual learning gain) 'llt'l~U9ifl::lJ iulJ~ 

'VI~mllu 35.75 46.91 5o.oo Itt~:: 42.34 ~11Jn1~u Ht~::iim1lJn11'VI1hvmm'l"i~rJuuuutln~ <g> 1llu 

0.66 0.73 0.67 11t1:: 0.52 ~1lJ-51~U cj~irwg1u'i"::~u "'f'l11lJfl'11'VIUlthunt~W' 3 lJ iulJ~'VI~n 'l~uri 

(1) ll'17fl::t~1fltl':i~-1Uff (2) 'nq'l!l~fl'i"~-IUff ut~:: (3) m7'1'ntm-~m~-1Ull' ff11JlJ iulJ~t~ll~ll'1'i"fl::fl1V 
o1gn im 'lfl~ ~rwo1u "m111n111::~u~~ .. Ht~::LllulJ iu1l~~irm1auii~t'lat~::l'l::Huu'VI~~~1 vu (82.66) 

!ttt::fl11lJn11'VIU 1'n1~fl111~ rJ'UUUUtln~ (0. 73) ~~~ q~ l~t'l~'111fli~M ff17 t~:: fl1t101~ fl i m '1 t~~ii!'illl'VI1 
'~:Wciu~ll'U ir m1rJu ~'lll'1lJ1'i"(l!o\h, '11 11~~1[1 !ttl:: nr1'11fJ'Ut'l'lfi'm111fMt'lfi1'1\)fl~ M ff11JlJ i 1..1 lJ~lL~t'l~fll'i" 

'1 'nl'n791 m~-1u ff 11J.t.m i t.llJ~~irnilvuiH't'l tlt~::'llt'l~fl::II'U'U'H"~,~~~ rJ'U (61.07) llt~::l'l11lJ n11'VIU1'n1~fl17 

ll rJ'UIIU utl n~ (0.52) ~1~ q~ i~rl t'l1~1llt'l~lJ1~1nil'm1 uum~ri1u O'I'Jtl ff1lfl1711'lii 'hhiluut~::ii'ti n'l!l:: 
I ~~ I t 

~1u m7ti1u1w9i1 Dn'ti~u~au «lJLnrJ1nuvfl«lJl,lt~ iflairm~rJum~ri1u1.,J'1 h i11?1 «112,1" fit'l 1?~Vimfl 

Hfl::m n.Yhtlgfi1v1l'lD~ nu i~a1,jtl1111m1'vhnu cj~,iJul'l11lJI.u'1 1~~N~'111fllJ i ulJ~'n1~i'n rJ1!'Y1ff~1 
i ~t1Vflff113Jt~ flo V?t~m~t1uLunli1tl{jfiltJTrw~fiu irwHilJt~1'vhfiu 

2) \JlU'I-!OOQU1Jl'I-!1Jfl'Utl·nlm;tJ'I-!~10111.J1.J'rlAU"tlU-J'A1Jl'I-!1J~ll~6"101A-11.J1T 
lli'l11:: 1-h:: ~1Jfl11111.,)'1 h11 i 'U lJ~'IJ D~U fll~ U'U '111fl UUU 'n flll'DU ifl'f'l11lJI.,)'1 1 '1111 i 'UlJ~lt~tl:: 

11 i 'UlJ~!iJU71tl.,)' ll iflt11,jm1lJ~ ut~::lllVL'l:: ~'IIIUU'nfl ffDUfl'i"llUfl'JlJ 4 lJ i 'UlJ~'VI'fi'fl (Concept) 't~uri 
1) ll'17tl::t11Ufl7~-lllll' 2) ff1'i"tl::t11t101~fl im'tt~~ 3) 'n{]'l!l~f17rHUff Uti:: 4) fl1'i" 11'nl'n'i"~fl7PI-1Ull' 

~111\Jflfl~lJlJ iulJ~'Ull'IUfli1V'U'II1flltUU'n~ll'DUi~lJ i'WlJ~I~tl~fl'i"~ -lUll' DDfllflU 3 fl~lJ ~1lJ1flWcn 
• .;,1 v • "' v , i .,. "' .I"' .I <' .,. _., "' .,( ., 
!'11~DU'Yl ~'111U'Uf1911l.l'i"::~UI'l11lJI'IJ1.'11lJ 'UlJ91 3 'i"::Plll (u'i"1JU1'1'111fl fflJ1'119l'U ~'i"::!'Yflu ltL'l::!'YflPl!'Y'i" 

l{tn'l!l'i", 2554) ~'1Ufffl'I11J~1'i"1~~ 3 

91111'1~ 3 1f1Wcnfl1'i"~flf1~lJI!UU'YlflffflUifllJ i'UlJ~i'YltJ11'Ylff~f l~fl'lfl7fl -lUff 

u • 
Hlliltlfl fl::lnl'll l'tlfJHII A:: II 'lilt ill:ll'll'll~ll.l 

LtUIJUUtrfl~llf'JNfiQOJio~ 
qn 

' tT1Jl,j11ll 

L :UU1.JU trfl ~Lli'IJN1.1QO~~O ~ 
qo 

m~thu 
0.5 1.5 

qo L:UuuutrA~L'tf>JNailA 0 

qo LliL:UIJUUtii'I~Ll19JNfl 0 

uA 0 
L:UIJUiitlfl~llf9JN1.1QOJIO~ 

umhu 
0.5 0.5 

FiA 0 L;jfJUUtrfl~llf'!NtiNA 0 () 

iiA 0 'lliL;iUUUtl'fl~ll19JNtl 0 0 

tHi n1luunlft\l ("l"la-11~-fim~lftlt:rgJi) a~111nu 2559 



;; . 
. . 

130 

Social Sciences Research and Academic Journal 
119 

'il1t1n1~~1utlflfl~11ll 1tJ11~'1J MU fll~tJ'W'illflUllllll9l ~Hlll i~ll i tJ 11~11()-:jfll~ -Ill n lf1li1Hl 

~lutJmntJ 3 fl~ll 19ltJL~Ifltl.lctlLtJfl1~~1U'Wfl911ll~1~1-:j~ 3 ~mi1 fiDtJI1tJul'j~tJtJli::'IJMUfll1tJtJ~ll itJ 

11~ '1 fl~ () .:j cau> 111 tJ11~fllll~ lfl~D'W (Au> nll::ll 1 u ).1~~ Nfl (Mu> ~n u 14.36 32.66 ull:: 52.97 

~111-a1~ll 'il::n1tJ 'l~i1irm'1ouri1tJ lHi\i~t>tJll:: 32.66Hll:: 52.97 t>gitJfl~1111 i tJll;jfllllflltl~DtJ (AU) 

Uli::111'W11~~Nfl (MU) 91111-a1~1J lrlt>'Wimtulfl11lii'IY1i'illl 1 'Wll~lf5-:jl~tJ'W 'V'Illlllf5-:jl1tJ'Wl'j~DtJli::'IJtJ.:j 
~ ~ 1 1 ~ 0 ~ d ~~~ I 9J ~ .o=f .dd ,. o:::..d 
'Wfll~tJ'WL'WU¥lll::fl~llllltJ 64.41 22.66 Ull:: 12.93 ¥11111:11flll 'il::llftJ fl11~tlOI'l::'llMtJfll~tJtJl'lllll &tJ11~l'l 

fl1:11~1f'l~tl'W (AU) Ull::111tJli~~Nfl (MU) l'lflll.:j'iJlflfiD'WI~OtJ 10.00111:1:: 40.04 91llJti1~ll ff1tJ!DtJ1:1:: 

Mirm~tJtJ~iilJ 1 tJlJ~~\Jfl~v.:~ (Gu) ~~lJ~tJ'illflriDtJ11oulntJ 50.04 1Aoir m1vtJri1tJ ilfqj DgitJ fl.ilJ 

ii11 1tJ~fl~D'I fi.:jlllffl.:jLtJ~ml.:j~ 4 

911~1-:j~ 4 ~t>tJ1:1::'11t>'IUfli~O'WLtJfl~lJ11 i 'WlJ~~Wl ~1UtJfl91111fl::lltJ'W'illflllllllll~nDlli9l11 itJ11;j 

J~i'llllft 
Hll'llll!J'II ('Yo) ,D~Il!J'II (%) nmtlauliiiUllll (%). 

GU AU MU GU AU MU GU AU l\1U 

n'11rltrnvnHI llln' 26.90 33.31 39.79 69.35 17.74 12.90 +42.45 -15.59 -26.&6 

n'11rltri111VI~n lm 

1r~9l 
IR.R2 32.&0 4R.39 6R.R2 21.00 10.22 +49.9& -II.RO -3R.IR 

i1tj1lQilll'l llln' 7.10 36.13 56.77 55.00 34.30 10.70 +47.90 -1.&3 -46.07 

nn huml'lml'l 
4.64 2&.40 66.96 64.50 17.60 17.90 +59.&6 -IO.RO -49.06 

Llln' .. 
Lllli!J 14.37 32.67 52.91 64.41 22.66 12.93 +50.04 -10.00 -40.04 

'illfl9l1Hl~ 4 'V'IlllllrlV~lUtJfl~tltJli::'IIV'IUfll1tJtJLtJfl'fj11lJ 1tJlJ~~1-:j '1 ritltJI'1ou 'V'Illll'VJfl 

lli'Wll~lf5fliifDon::'llv'lirfl~tJuitJfl~11~ijlliull~~~fl~1lJ~ll~DtJ1:1::'11tl'IUfl~tJ'W~ijlJ1u11~ 
fl l'll~lfl~ tl'W (MU+AU) \l.:jfll1f V 01:1:: 'II MU m7 t:I'W ~ijlJ 1 'W lJ~~ \)fl~V'l (GU) fi V'W'IY 1'1).11 fl (\l'lfl·h 

1h::mw 2.70- 20.55 nil) Uff~'IL'Ii'I~'WllfiV'WI~t:I'WUfll1t:J'WiimllJI.fhi'iJ~'WlltJI~t:l1~lll~tl'lm"~-llllT 
I ntJ f'l1lllloU1 i 'il ~ ~flUll::fllllfllf'l ~ O'W 1rl oi1m 1:: lf~ ovn::t~ O'IU m1 tJ'W i uu9in:: ll 1 tJ 11~lf 5 fllf 5'111 tJtJ 

'V'Ill l11l'W 11 U'11t~ Mfll~ 1tl~t:JtJUtlM~OtJI'l::'IIMirm7vtJitJ fl~lllJ 1 'W11~~1'1 "1 1nu'ltli uliffl'll'l~~~tJ 
ifltJlf5'111tJuii!Dvn::t~EJ'IUfll1tJuiu fl~lJ~iill iull~~\1fl~V'l (GU) \l'lflil!OfJl:I::'IIEJ'lum1vu~li11 1 tJ 

lJ~~Nfln11~1lfvon::'IJMU m7 t:I'W~iilJ 1 'W119ifll'!l~lfl~tl'W (MU+AU) ('!'lfllltl~::111W 1.82- 2.26 1'l'i1) 

Ulf9l'l i ~n1tJ·:ilm~iflfll~ I~ OtJ {Ullll i{ji fl~fll'H7 t:JtJfUllll ffllllfl:: 5 ~tJ Nlf11Nlfl'W ~lllllflUfl fll~ 
u'li..:J,]ulfl11Ullll fl~11 nllll~t1-.iWJulfl11lii'IY1 i 'illl i u li~'IIEJ'lir m~ vu 'l~D fi1-1iitl~:: nl'l nm'V'I vfi1-1 '1 ~ ~9llll 

.ol ... ' ... ' • .ol ... c! 1 '1 .. 
UJ1J'V'I'ill~tlJ1VtJ1'11:1::1tltJfl'ii::'V'Ill111~V'llT1Hl::lllfJfll~-llllT (69.35) lll'l::l'l"tl'llfl~ll::llltJtliM m ll¥1 
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(68.82) &u11 1u1l~httin~n~ntJn::~ Mirm~tJu lu n~1111 1u1l~\Jf1~Mil'~~ l(il ri1u1~MY1 qflfi n~ A-luff 

!'II 1 ... "' ..; .. ., "' .. ~ ' 1 .. A .J ( ) A '\ 1U1J1J 1J1J91'11MYI1J~DtJli::~D'I1Jf11:itJ1J L1Jf1q1J1J 1J1J91!'1~1fl1fHlD1J\{'1Yil(fl 34.30 U~::1~D'If11~ Yl1m91 

mfl-11ltt1llu1l 1u11~11tin~n! ntJn::~n'lirm~tJu lu n~1111 1u1l~Nf'lil'~~ q'f'l (17.90) ~'lffDf'lfliln'ltiu 
fi::UtJUI'l111l1-ii11~1l 1u1J~~DU1J1tJ1u-ii1'1~U 1~wiu!~D'I'VIt"]fl~mf'I-11J ff ir f11~ tJU1Jl'l tbUU'I ffll ff'\.J 

1~tJ1tium~l'liu~::i'u 11.h91D'\.J~Mnmm1l hh'VIv~n fin 1rlni'u 1 'll~91D'\.J1J1U~1~::1~umh'l 'h '111mrln 

l'l11'llnwu 'l'llulh~::liiA 'lnnnuiA thuiu!~Mm~ '1YI1m91 mA-!Uff tru 'VlUi1irm~tJ'\.J1Jl'lri1U~1J~~ 
ff1Jf11~ tflii fivu.Yhn1~ti 1'\.J 1W vh 1M f11~rh'\.J 1W'I111'1111J1-ii1Joii'I.J~ M ff1~~::~ 1t.lmfl'l1 ~DIU ffNPI'Vl~ 1?1 m'l:: 
Q/d "" .d ~ Col. 4d g tl 
tJ'I1Jfi111J nu ff'\.J1f1 tJ1f11J ff1~~:: ~1t.I1J1PJ ~~1'\.Jil~:: ff1~~: ~ltJP~1D tJ1'111J D1Jf11~ n1'111J PI fft"l11.Jf1l~_w _ 

f11~ '1YI1YIHl1lllM i!m~tJ'\.J 'h.iff11Jl~m:1J 'l~ilffl~ iAfl1~ !ll'\.Jff1~~:~1t.I1J191~~11J 11~: ff1~irll'l1~11ju 

n1~~1mh'l 

a1vmmn1oo 

~1n m~~?l m~ ~~auf~ 1t.1i{)~ m m~i~au{11uu «um1: 5 iu Nff1J Nff1U tiut'VIfli'iflm~ 11-,i.:J'Iiu 

tn1luuun~1l !~D'I n~?t-tun ff1'11i'uirm~auiulJ1itJ1Jfff1fl1il~ 5 'lin'l 511 u~: 5121Ht~aunnaum 
" iromfff1fl1 ~1'\.J 114 62 flU 'Vl1li1 f11~~f'lf1111~t.I'\.J{111l1JH1Jlff1: 5 'liu Nff1JNff1'\.Jtl1J!Yifli'iflf11~11'1i'l'li'I.J 

1f11J111J1J f1~1J ff11J1~ (l~\JJJ '\.Jlfl111l!'li'1 i~1J 1u1J~YI1'1l'VItJ1ff1ff9111~ D'l f1HH1J ff 'M D01'1ii'll~: U'VIi.m'Vl 

u~:1llutn~i1auf~ir m~au '1~n'lilntJfi,j~nwt1f'l ~n'l~~" 91~Df'I~'\.J '1~1~ au {N1U1f11J~ ff'4 nua: 

iim11ll(~tium~t~tJ'\.J lflrJff11Jl~on~'llNam~i~r.~'l~tllu 2 'll~:t~u ~"if 
1. Nam~t'll~a1l1VirJufl:uuum11l1-ii11~u 1 '\.J1J~1~Nmfl-11lff ~Mirm~au rinuua:'li~'I'Mi'u 

y 
QoO d ~ QfQoo' d, ~ QoO - '"" • 

f11 ~~it f11~ 11 t.IU 111 1J 1J1 {)~m f11~ I~ t.I'\.J l111l 1J ff1Jiff1:: 5 ~ '\.J Nff1JNff11JIYlfltJfl f11~ H~ 'I'U'\.J1f1l.JU1J 1Jf1"]1J 

l'IU i1fi:UtJ'I.Jill ~fJfi111J1-ii1 i~1J 1 'I.J1J~1~D'If1Hl-11Jff finui1tJ'I.J1ll~tJ 10.81 Ui'l:'l1~'11l rJ'I.Jiifl:UtJ'I.Jill~tJ 
~ 4 ~ J "" J! " "" .I "' ·~ "' .I !U'U 28.40 'b''lfi::!LtJ 'U!l'll.J'U'U 43.95% l.lfl11lJ tll1'11U 1YI1'1f11'Hl" t.ltJU1J1Ju f19H>U L'U l"::f'IUu 114 f1~1'1 

(<g> = 0.60) 1rlvitm1::M~1t.lf11~YiilffD1JfilVi111J1J~1D01'1 hivtt'.i:~Dtl'U l'!Ui1 fi::U'U'U'Ii~'ll~t.I'\.J 
il'lf1ilODtJ1~tJ'\.JV01'1iiur.~ri1fity'VIl'lffii~~mll.l!~v~u!naa:: 95 (p < 0.05) 

2. Nil m~ itm1:li'~::<A'ufl111l1-ii1i~1l 1 u1J9i~M'I! m~ rJtJ i"Uu~~:1J 1u1J9i rinuu~:'li~'~ 'l~i'u 
y 

f11l~fl f11~ !~t.IU{111l1J i{)~m f11ll~t.ltJ {!!1J1JH1J1ff1:: 5 'liu Nff1JNff1'1.JI'VIfliJflf11m-,i 'l'litJ!f1lJU1J1Jf1~1J 

~1nm~i1m1::li' l::<A'um1111-ii1 '1~11 1 tJ1J~'U D'IU m~ r.~u 1 u 4 111 tJ1J9i'l1~ n '\~uri fflla::a1am PI-lUff 

... <i 1 '1 o' .. '1 ' ' .. 'J! ., .. ff11i'l::a1tJD1M m a91 'VIt"Jflt)filf'l-11lff ua::ml rum91mf'l--l1lff 'Vl1l11 nDU1ltJUlDtJa::'UD'I'\.Jf11~tJ'\.J 

ri1u 1 11qjn~i u n~1111 1u1l;!Nf'l 11ll::'l1~'11~tJ'I.J! D an:'U D'IU m~ au ri1u i11qj vgiu n~1111 1u1l~\J n~ M 
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1 rmi 'U'I'Jfltl 1utJ~~dj! vo~:~ f:J.:jir m~ou~ vg1un~tltl 1 utJ~\)n9i V.:jljfill~tl~'U i u~w:~N~l1tJ!v o~: 
~f:J.:jUfii~D'U~Vgiun~tltl 1utJ~N~U~~tl~lflltlgD'Uljfi1~ft~.:j 

"', 1 .. ... .. 1. tl:U'U'Utl112JI~l ~tl 'Utl~~tN'Ufii~D'U 
~ 

~lflf11~iflft~ m~tlf11~ifl f11~l~tJ'UfU1J1J l{lim f11~l~ti'U{U1J1Jff1JHY1: 5 ~'U Na'tlNa'l'U ft1J 
~ f Gl I I Ql tcS .::1 4 Ql d I I .::S 

ll'l tl'U tl f11m'lWUUif12JU1J1Jfl~tl l'I1J 11 'U f11~ tJUtltl ::U'U'Ul 'II ~t.J'H~.:jl~t.J'U ~ .:jf111f1V'UI~ t.JU fl::U'U'U tl112J 

"' i i .. . .. .J ... .. .. .J ~ ~ ..: .1 
l'Ul ~tl 'Utl~flV'Ul~tJ'UlilM 10.81 U~::'I1M1~t.J'Utltl::U'U'Ul'il~tii1J'U 28.40 'lf.:jfl::ll'U'Uil'l:J'U'U 43.95% 

ljm1tJfi'11'11U1l'll.:jf111!~tJ'UU1J1Jtln~vgiu7::~1J1Jlun~l.:j ( <g> = 0.60) llffMi~n1u i1m~i"m~ 
~ 

~~au{nlllli{lim m~1~ou fu1J1J ff1Jiff1:: 5 'liu NfftJNffl'U01Jil'ltl.Wf'l m~u'li.:joU'ULfltJU1J1Jfl~tJ ri.:jN~ i'li 

tT m~ounf'111lJL'Ii'1 i ~lJ i ulJ~nitJ~u i" o~f'l::uuu'H~.:j~~ou q.:jn11tivu1~ou u~::nm1lJU~n~1.:jfiu vd1.:j 

~iran1tityYm nfi~~'i::ti1Jm1:u1~viTu !va~:: 95 (p < 0.05) 1i1V.:j~1nm1 i'fl m~1~aufu1J1J ffllla'l:: 
~ 

5 ~'U ~.:j!U ui~t!m~ D'U~.:jih)tlu1J~~ l.:j fffl'l:lltl'Utl~l'l1lfll?IV1JU~:: n!1.:jf).:jflf'111tl{ A1D?l'UUH 

(ilm.ntl V1~'111ty, 2554) u~::n!l.:jUHS.:ji~ i~~lltJ'UlfiF~m1tJVt.Jlnfvo1milu i~~~~au'l~Yhfi~n'i'itl 
"' ... • • ... "i " ~ i ~ ,X• Uff1.:j'l1ltl112Jl '11~Vfll91 V1J a'l'I1~1Jfftn'U f1l~W flfftl1Uf11~W 'I1U.:j ~ f.ltl~11J'U'JD1U1Dtl11ml'::~1fl 

(~.:jiil'l6 fffhi~ t'fn~ff~ q'ill'l:l~ u~::'lllty liul'11u~:u, 2554) vm~.:jJ.:jff1m~crtil1~~~~aunllJ1~tliF~1~1J 
f:J.:jflf111:Uf1 1\u 1t1Hff-fl.:j'lJtJ.:jff:IJf:J.:j 1~ D11'U1U u~::ff1:Ul~tl'l.hD.:jflf111:Uf'~l.:j'l mHLrlD1~Vft1J 

nmum~wi'l11i~'1fl'1N;ity'lfl'Dd1.:j\Jfl~v.:j (n:u~~ Nv:uL'li.:j "1-:jL~Du 'Wuq1nw u~::u1~~91~ 1'J111ih~ 
~ ~ 

l'l.:jt{ 2557) u n i.:jm~i11m~ ~~ ou fu1J1J i{li mn11 ll ou fu1J1J ff1Jlff1~ 5 'liu NfftJN n1u n1Jll'lf'lii fl 

fll~ II 'li.:j~'Uifl:UU1J1J fl~lJ fi.:j•!h 0 i 1¥~1~ D'Uljf'1112Jti Dl~VU~::'if1t.J1'11~V~.:jfi'UU~:: fl'U ft1J1vl D'U i 'U fl~:U 
91 Gl' .::5 0 ~ 1 c::r.dq 4 "' 

2. ~vo~::~Mum~au~lU'Uf11IJ'Utl 'Utl?ll'lNfl flmflltl~Du u~::\jfl?Jr:J.:j 
~ 

'illnm~ifln~mltJnTn7aufumrl'{]imm11laufu1JmY1J1ff1:: s 'liu NfftJNffl'Ufillmf'liif'lml 

u'li.:joU'Ulf1:UU1J1J n~tl ff1tl17mh H'!! m7au ~! v a~::'ll f:J.:jtJ i 'UlJ~~I'lmflll'lg vuu~::tJ 1 'UlJ~~Nfl ~flu t:JfJM 

u~:iHva~::'ll t:J.:j:IJ i u:u~~\lfl~MI~lJ~'U DUl.:jljtJ'J ::ffl'liilll'l 'iJlfl fill fffl'l:lllJ 1 'U:U~'H~f1lf.:j'l1lJ 11 

4 lJ 1ulJ~'I1~n l'lllilirm~ounlJ i u:u~\ln9iv.:jfflJ1J~WlJ1n~'J" fiD lJ i ulJ~LtD.:jff17~::~1an~?H1Jff f)" 
~ 1! ... 1 .. .s .. d 1 1" " .. 11J'U-:!elfJ~: 69.35 1M~.:j2Jl!'leJ lJ UlJ?ll'JMffl~~::mfJeJIM l'll ~91 fll~ LVI!m9lf11fl-11Jff U~:l'l\]'1:1~ 

mfl-L1Jff ~.:jflfll~u!Do~:: 68.82, 64.50 u~:: 55.00 911lJii1~1l 'iJlflfl17Hm~iflm~i7oufu1J1Jl{)in~ 

nm7 O'U fu1J1Jff1Jiff1: 5 ~'U NfflJNa'1'Uft1JI'VltlUtl fl1'JU'Ii.:joU'UlfllJU1J1Jfl~lJ Yh i'lit! m1 aunml:U'J'Ull~:: 
a'\!fl nu f1111lfJ'U ;j fill u~mtl~ fJ'Uf'11llJflfl!ilumaiun~lJ t!m1ou 'lfl'~.:j~t:J.Yhfi~ f111lJfl1fJ~'Ult:J.:j 
.. .s " l , 2 ... , "' ... .. 1! i A • .l .J .. '12"' .¥ lflflfll~l'l!Vtl 1rJ.:jV~tltl11lJ4?11~ '1 ~10?11W~ ff.:jN~i'I1UflllfJ'Ul'U1 ~1'Ull!L~::'ilfl~11'Ut:l'H1Yil'W'U ~fi~'U 

~Q u ~ I a I ~ un 11 'ii\J\J'I111'1'11 (ftll'llD"PI1-I'IIl'Yll'llD"PI1) D"~'l1lft:JJ 2559 
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IBllrnflli'U:: 

.rJEJ&~'UtlU'U::~'l1tJ 
1. fl1H111 a'fJ1Jfl11lJ{I~lJ"fJ.:J~I~ tltJ tlfJ'Wfilfl1~~flf11~ l~tJtJf!~fJ-=1~1-:J "}!YlfJtbPH'lf11~'Vl"a'fJ1J 

~'lll'h..lv fJflUllllm~~"tm &~au iullll~l.:J 'li~V'Ii1tJ~~tJ1lJ 1ulJ~h fJ·n! m~au 
~ ~ 

2. m~ii f11~'Vl" a'fJ1J1111lJ11~'Vl'W~ll.:Jfl11lJ{lfa.:J~ lfl~" n~ m ~lJ m~ ~~ ti'W fll~ fff)tJ hJmh n'lil 
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