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The research aims to enhance student's capacities on research and sy~tematic thinking 

skills, correlation between capacities on research skill and confidence level ih answering the 
' I 

questionnaire, develop systems thinking, assess the mini project, and study on satisfaction for 

using research project-based learning management for science classroom students, 24 from 

grade 10 at Princess Chulabhorn's College Mukdahan School, Mukdahan Provin¢e. The research 
I 
I 

instruments consisted of Research Skill Competency Test, systematic thinking observation, 

system thinking skill test, evaluation form layout science project and the level for science 
! 

classroom students of satisfaction. The results showed that the students developbd capacities on 
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research skills, overall made medium gain ( <g> = 0.66). The relationship betw~en capacities on 

research skill and confidence level in answering the questionnaire correlattd in a positive 

direction at a moderate level with the simple correlation coefficient of Pearson coefficient of 
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0.521 at significant level of .01. The dependent-sample t-test analysis indicated .that the students 
I 

obtained post-system thinking score from systems thinking skills test (mean= 24.46, SD = 2.60), 
' 
' 

statistically higher than the pre-system thinking score (mean= 12.21, SD= 3.44) and post-test of 
I 

systematic thinking observation (mean= 24.63, SD = 1.69), statistically higher/than that of the 
I 

pretest score (mean= 12.13, SD = 2.42). The overall mini project was in a godd level 83.75 % 

and learning approach was considered to be at the good level at 3.96. 



..., 
tl'l'itJW v 

_ .... 
v 

'tt\!1 

Hft~m·nJthzmft fl 

'll n ft' ftd afiTln, nu 'U 

.., I .., 
'll'nfl~t.ltlfll'i:lltl~flq'tl fl 

..., 
~ 0'11'l.IW 

u 

..., 
')f U11'llty~l1H 

..., 
m U11'll tyfll 'Vt 

,J 
'll'n'n 

1 
0 

'l.l'n\!1 

:' 
1.1 fi111H~lJ1JlU{'I~fi111J'tYlflty'\Jfi~1Jty'l11 1 

1.2 
QJ tJ o' .c::t.QI 

191Q 1Zff~flfl1111ltl 8 

1.3 "" ...... 
9 fflJlJ9l!llJ'\Jij~f1111'iHJ 

...... 
1.4 '\Jfl'l.H'\19lfl1111ltl 9 

1.5 
d'..d., 3/W' ..:::t. Q,l 

~1~lt~•un ~1U1llnn1111ltl 10 
... ... " 1.6 lJtlllJff'V'I'nt11 'V'Il~ 10 

' ' .C.,QJ 4:1 .ct v 
2 l8fli;Tl1&Ul~~ll!1;)t.l'nlflt.ll'U8~ 

2.1 m1i'flm1i'1t~ufuuu lT~H~lU~luiit~ 13 

... "" ... 
2.2 nn1J~fl11fl~l•~1~uu 18 

2.3 fi111Jfi~'V'Ifl 'hl 22 
' ' ~ .c::t.Q.I .c::t. .:::1 

2.4 ~llJ 111 tl'nlnti1'\Jfl~ 23 
~.:to ..r::::t. ~QJ 

3 11i~lll!l!fl111'ilt.l 

3.1 ~1~'lnm Lm~nrilli1fl~l~ • 28 

3.2 i1U~11Ufl11litl 28 

3.3 nluuuu~um11it1 .. 29 

.. 3.4 lfl1fl~:}jfl~l.ri Ufl11litl 29 
" ' ' 

3.5 ,j U 91 flU fl11 ff~l~ U{'l~'rl'9'JJU llfl ~ fl~:}jflfi l.ri lJ fll'Ilitl 34 



fllflN'IJ1fl 

""" d '11 
3.6 11ifll'Hfl111111111J'Ilfl1Jfl 

~ rly ~~.dGJ 9) 

3.7 fl111tfl'i1~'11'1Jfllq!f1Ufl~fl'fll9l'YI !'II' 

4 N~fl11l~f.IU~:::aihhuJN~ 
.q t/d. 3} Q.l .C:::.. Q.l I Q.l 

4.1 ~fl fl111tfl 11::: '11 'IJ~fl111Jfi'11J 11 tl~ 1'W 'Yifl'l:l:::1'iltlflfl'WU fl:::'l1ft,:) 

fl11 11~fl11 ~t1'WlU1111iflH,:)1'Wi1tJ111'tl 

4.2 fl111Jff1Jli'Wtl1:::Wh,:)vifl'l:l:::111mi11fl111Jlf'W l 'ill 'Wfl1119lflU 

4.3 m1 1tr~ 1 1:::..fn.R v11t nv11 r~::: u u u i n'l:l::: m 1 fl~t ~,:) 1::: 1111fi flu 
...... 

Ufl:::'11 fl,:)t1 ti'W 

4.4 mnh:::tiiumniltfi''Wfliiuhht'ilflim,:),:)1'W1'Yit11ff1ft'~{ 

(Mini Project) 
"> ,f ,g , Qld. I Q.l d. 9) 

4.5 fl111tfl11:::'11fl111J'VN'VW 'il'IJfl,:)'Wflt1 ti'WI9lflfl11 'il~fl11!1ti'W~ 

1m ,:),:)1'Wi1'W 111v 

'11 
5.2 'llfltfi''WflU'W::: 

n i1fltJ1,:)u~um ':J1l~n'ilm':i1lfl11 ~ vuj'u1111i flH,:)1'Wi1u111v 

'II u 11111.h:::tiiu ~~fl111Jfi'11J11 fi~1'W 'l'ln'l:l:::111 t1 

fl u 1111'YI~ft'fl11ifl'l:l:::fl11fl~t ;,:) 1:::1111 

,:) U11mh:::tiiu'l'ln'l:l:::fl11fl~t;,:)1:::1111 

'il U1111fl'fl11tl11Jfl111J.W,:)'VW '1 'il'IJtJ,:)Ufl~ti'W~~)fll'J 11~fl11~ ti'W ru11111 fllj ,:),:)l'IJ 
"' 

" ' ;pu1~v ff1'11 ~111!n~ vu'J1u1Tnt~1Jfffl'l:l1il-Yi 4/4 

~ U11mh:::tiiutrf11flH 1fl1,:),:)1'1J1'Yit11ff1ft'l9l{ (Mini Project) 

'II' flW.fll'Y'l'IJfl,:)U1111fl't111tl11Jfl111J~,:)'VW l 'il'IJtJ,:)tJ fl~ ti'W~tlfl1111'flfl11 i1vu r . "' 
U11111fl1,:)'11'Wi1tJ111v 

41 

43 

46 

54 

56 

60 

62 

65 

66 

69 

77 

85 

100 

116 

121 

124 

128 



..., ' 
ffl':i1.JW (~tl) 

v 

Cl G) Qld.. Ql d. 'j)9} .d 'j)" 
t)j' 'i'l11lllNVHl !1l'UD~'UfH'H.I'U\01Df11~~'i'lf1TH'H.I'U~'i'I1Uf11'H~U'U~H'U1J !'i'IH~lU 

!11-Ai~u 

J. 31d ~ 4 
{) ~1U'lfDf:;jt'lfU1'lf1\1JI01~1~ffD1Jt'i'I~D~lJD 

! f11~tNUtt'W~NtN1Ui~u i~i'1Jf11~~V.ll'W..,'UtDf1ffl~ff1Jt~D~~1f1f11~1.h~'lfll 

N"~1UlhtffUDU1J1J hJfftiPlD11.h~'lflli'lf1f11~ ll.D1J.i~U 'i'lf~~ 7 

Q.ld. .::::. Ql .d 

11-.I'Yl 25-26 mnf.')l'i'lll 2556 ll'H11'YlU1"mJ1m~1'lf1i1U 

132 

134 

140 

143 

149 

151 

160 



-

.. 

1.1 

3.1 

3.2 

3.3 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

.::9 t A ~ Q " 

fHlf11'j'Vl~ffflUf11'jfff1111'\l'U'W'Ujl'U(ONET)1"lf11'Yltnfflff~'j 

UUU 1'flH~l'Ujl'U1~t.J 

"" "' 'Jii ~ o' i 'JI 'JI "" 1 Uff~~'W(j~m'jlJf11'H'jt.J'I.Jl 'U'U'U1.J';i~Qf1~U(I~ "lf'fl11lJl~llJ'UtlllJ 'fl'j~f11'j 

TIMSS 

" Uff~~'W(j~m';ilJf11';illt.J'Uf hJ'Ii'Uf11';it'\1~H(I'fl11lJf~llJlJtlllJ 1m~nnTlMSS 

91 fJ) .d l Q,l 1 

'fl11lJf111'H'Ultll(lt.J (average normalized gain; <g>) 'Ufl~f1~lJ~1flt.J1~111f1 

UUU'Vl~ffflU 

' 'J) 91 .d. ' Q,l ' 

'fl11lJf111'H'Ultll(lt.J (average normalized gain; <g>) 'Ufl~f)~lJ~1fltll~lllf1LtlJU 

11';i~tilt~l'im:l~m'j¥1~t~~';j~uu 

'fl~U'U'I.Jli'j~til'U Mini Project i'Ufll'W'j1lJ 

H(lf11';j1tml~l1'~1'fl11lJ~~'Wn i 11~nm';j ~~m';j il vt~fuuu 1 'fl';j ~~l'UJl'UJ~t.J 

"' 'JI 1 ""., t'jt.J'I.Jluuu m~~l'UJ1'W1llt.J 

"lf.2 ~ltll'Ulll ~1U'Wf1'UtJ~UUUfftJUtlllJ'fl11lJ~~'Wfl '111 U(l~'fl11lJt~mTt~ 

UUUffflUtlllJ'fl11lJ~~l'HJ i li'UtJ~Uf1ll t.J'W~flf11';i il t.J'Ufuuu 1 'fl';i ~~l'Ujl'W 1~tt 

CJ1.1 'fl11lJ~~'Wn 1 li'Un~t!n~t.J'W~tJm';j ~~m'j~ tt'U ~uuu 1m ~~l'U ill'Ui~t.J "' .. 
W.l 

y 
't'I'Ul 

5 

30 

37 

38 

48 

48 

50 

56 

57 

57 

61 

62 

129 

131 

133 

135 



a 

d y 
m1Hn 'tnn 

W2 fi::::U 'W 'W'l1f11:1::::f1l'l fl~!~'l'l::::'U1Hllf1Ullllth::::tiJ'W'fif11:l ~ f1l'l fl~!~'l'l ~llll'U ~'I 

'!!ni'7 ti'W n~ll~1tJ~l'~nt~'Wu(l::::'H~'~i'7 ti'W ~1t1n~m 'lllm'l i7 ti'Wl u mJ 1 fl'l '~'~l'W 
j1'W1.0tl 

W.3 

137 

139 



.. 

..... 
lrl 'ltJW fll'W .. 

2.1 

3.1 

3.2 " 'li u ~ v u m 'j ~·h ru u m 'j 1 'il tJ 

91 91 91 -1 "' "' 91 "' 4.2 'j f) tJ" ~ 'IJ f).:j fl11ll fll1'H 'U 'IJ f)~ fl ~ u 'U 'U fll 'j lJ 'j ~ lll 'U 'IJ fl fl11ll 'i:Ylll 1 'j flfll'U l1 fl'J:I ~ 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

4.9 

4.10 

4.11 

4.12 

1'iJtJ flV'Ui1 f.J'Utm~mf.:~(1 f.J'U ~ 1Ufll'J 'ilflfl'ilfl'J 'J llfll'J (1 tl'U! U 1J1J 1 fiH'Il'Ujl'U 

~1 normalized gain <g> 'IJV.:Jfi~U'U'U1J'J~1lJ'U:Uflfl11ll'i:Yllll'Jfl~l'UYlfl1:1~1'iltJ 
'J} ~ 0 d 
fll'Ufll'J~~mmll twmuu'JlU'l.Jflfl" 

' .. I .e. d. ~ Ql ..:::t.QI 

m normalized gain <g> 'IJV.:Jfi~U'U'Uu'J~lll'U'Ilflfl11ll'i:Yllll'Jflfll'Ul1fl1:1~1'iltJ 

91 o "' _I ~I 
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91 ~ "' ~ 
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QJQic/' Ql 

UH'Ufll~fll'i m~ 'illf.J (scatter plot) U 'i:Yfi.:Jfl11ll 'i:Yll~ 'U 1i 'J ~'H 11.:1 'J~fl 'Ufl11ll 

Ju 1 'iln'Ur~~u uu~ !~ nvum'J 'ilflflni1tJufu'UtJ 1m .:~~l'W!l'W 1'iltJ 

QIQic/ I Ql 

UH'Ufll~fll'J fl'J~'illf.J (scatter plot) U'i:Yfl~fl11ll'i:Yll~'U 1i'J ~'H11-:J'J~fi'Ufl11ll 
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" ' ' 
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~1m11\9l~t~i-:Jn~11 un~vu~11:::t'th1m.J~t'l-:J~tiU'ilW1fl'H.U'j1'lfl'Vltl1citt iuu~t~:::m1-:J • • 
~-:J~tl-:Jf·hu m:::1J1U f11'lflfltiitln ~~tff1l\911m :::1J1J'Utl-:Jf1~ll h -:J~r!Ulllrl1ff1ffl91f flUfllfl 1 i'mw en . ~ 

t'lfut~rl1fl1J 1 H~ £JUlli1flt~l'VlrJ1U ff'jtU !~tl hn~H~ £JU~~fl11llff1lJ1'jtl~1Ul'VlfJ1f11ff\9lf Ut~::: . ~ 

fl\U\9lff1ffl9lft~~1-:JU~111-:J 11cif1ff\9l'j~i~-:JU\9lf1~1-:J111f1 h-:J~£Ju-vi'1 ,'tJ fl-:J11:::1~U i~111fl 'j1fJl'lf1~!1J\91 
~ 

1 ..::::., Q 'j} ,.e!l I .c:::,. r/ 

ff'tJU !'lfU 'j1£J1'lf1'Vlt)1l!)fl11llll!tl:::m'jff1Jiff1:::'tJU1-:J1'Vl£J1fl1ff\9l'j (Theory of Knowledge and 

Scientific Inquiry) 'j1£Jl'lf1ff'4f1fl1Jf1WVlltfiH-:J1U (Project for Fun) 'j1tll'lf1fflJlJU1'V11-:JfiW\9lfl1ff\9lf 

u":::l'Vl£J1fl1ftl91! (Seminar in Mathematics and Science) 'j1£ll'lf1f1WVll 1fl'j-:J-:J1U (Research Projects) 

"' _.., "' "' o' dJ 71 ~ -1 d) "' .d 71 
'j1fJ1'lf11Jty111l'Hfl1l'V11-:JTVIfJ1fl1ff\Vl'j (Science Special Problem) !lJU\Vl'U 'j'JlJ l1Jtl~'j1fJ1'lf1'Vl!UU 

'JI 'JI 'JI 'JI 'JI 'JI ' 

!'VlfiUfl'iJ n'lWI f11'j 'Vlf1ff1'U1l'lf1vi-:J<U'u~u il1UUt'l::: !'VlfiUfl'iJ nllilm'j<U'Uff -:J vi-:Jih~miWJU 1vin11::: 1u '({J q, ... ~ qJ 

='t QJ QQI QJ _( .Q c/.Q 9) ~ "1 ,QI 'j}Q I j,} 'J} Q 1 
flU !lJ U U f1111 fJ U f11J'j::: \9111 jfl flfl U 'V11n'Vl fJ1 fl1ff\9l'j 11 f11J fjl HIU 'tJrJH I'U lJ'UU 1'lf1 fl H-:J1U 

.Q rle!i d .Q .d Q.l d " .c:S t Q,l Q.l ':! 91 -1 
1'VlfJ1 fl1ft\91 'j 11-:Jt iJu 1'lf1'VlU m 'j £JU 'Vlf1fiU 11:::\91 'tJ-:J! 'j VU 'Vl-:J'l:::\911JlJ1i fJlJI'ff11l1\9l'tJU \91UUt'l:::\9l'tJU 1Jt'l1fJ • 
1u'j:::i1J~1i £Jllfff11l1\VltlU't1t~1tl i~llt1vui-:Ju~~u~Mllfff11l1V~ 4 l'l1tm-:J-:J1U 1,.Vm\'1Lff~ 11 

mv1umfl~fJU~ 1 'U'tJ~f11'l~tiU1U'l:::\Pl1J~UlJ1it:Jllfff11l1iJ~ 5 tm:::i'tJthtffU'tJ1Uf1~lJ 1H~tJU11W1 • • 

l~ v1nmm 'IJV<J m1 t1 v'W ~ ~ ';u~.ti'lf11 m <J~l'W i'Vl Vlfflft~V~f ~lJ ,:h nu l'l1l fl H ~1'W IVI1ll11 "nm'j 'V11~ 
~ 

<> o' I 1 'j} 9}d Ql ~ fj} Ql .Q ,J .Q 

1'Vlt11fl1ff\91 'l 'lf1£J 11 ~~'j fJU~WIU 1\91UW-:J'Vl-:J'V11-:J\911U 'Vlf11l::: m:::1J1U f11'j'VJ1-:J1'Vltl1fl1ffm 1 11\9lfl\9l'V11-:J .. 
.Q r/ g/ Ql J. ..:::i o I Q.l 9) I Ji 
1'VIV1fl1ft\Vl'l Ut'I:::\911U~t'lftl.lt)'V11i'VIHf11'l!'jfJU \911lJf11f1t'I11'U'tJ-:J 'tJ'j'VJtl Uf1111fJ'tJ-:J (2550) ~-:J 

ft'tJ\9lflaV-:JnlJ ~'l1fl'lW ifi'Vli (2542) ~n~n11 1fiH-:J1Ut~'Uf1UffVU1,.Vt!m1vu~~nl'l1 
~ 

,. .Q Q.l d jl.::~ ll'l y a ... I.e:. QJ.et. ~ cv y Ql y .Q .d .:s 
t flH -:J1U 111£Ht'l f1"'] fj! 'j flU tflt'!-:JlJ 'tJlJ t)1J\Vlt~'tJ~WJU 1fl11l.IJ 'Vlf11l::: Ut'l::: ff'j1-:J ~t'l f.ltl\9l'VlllfJWfl1~ 

1::: t iJ v 1J 1~ ~ 1 t u u n1 'j t 11 'W 'j::: t iJ VlJ 1~ 'Vll-:J i'Vl v 1 fl1 1:1'191{ ~fill 1::: ff ~fi11 ""nfi tJ ~ 'tJ~n1 1 n 1::: ~'W 1M' 

'j) Q.l ~ 0 .Q rl 31 
Ht'l:::m:::lJ1'Uf111Uft1~111fl11l.IJ111f1f111ft<J!f1\Vl f111\Vl~flltllll f11'l'Vl\9lt'l'tJ~ f11'l1Lfl'l1:::11 t~t~:::ft'jl-:J 

~:mlfl11ll~~1£J\91UW-:J (n'j'lf£J 'tJ'jru 1'lf~, 2531 : 2-3) 1fi£Jf11'j.ij'flm'l~vu~u1J1J lfiH-:JlUL~Ufll'j1~ 
~ ~ .. 

m flU m1 mn11 t1 1 £J'j 11u 1J 1J'I11m ~ftll ~1:1'1'-! i~urin 'j::: 1J1U nun~ 1.1 nu~n~\91 m 'j uti'ifw111 
.. • u 

" " f11'j rw 'U m::: 1J 1'W fll'j fttluu 1JtJ'l11flu lfl11ll~\91 ut1::: ftvuu 1J1J~ 11.1nu ~\91 'Vi-:Jih.i-:J11l~ 1 ,.V HL1 £JU . ~ 

"1 71-=< 71 .,j '1 ..; .dl 'l 71 71-=< 'l 'l 71 """" 
l \9111 £JUJ 1 'j tl~ t \91! 'j tl~ 11 U ~ 111 f1fl11lJ ftU t 11 tl£J1f1l 'U 'tJ~ fj I 'j f.JU W-:J t fltll 'lffl'l::: 1J 1'-! fll'j Lit!::: 11i fl1 'j 

~ rl 'J}cS 31 ~I 'j} ~ ... I.Q QI.Q.Q ' ~ rp o '3J 
'VI H 1'Vl £J 1fllft\9l'j fjl 'j £JU 11:::\91 tl~! lJU fjt'l~lJ 'tJlJ t)1J\9lf111 m 'j l.I\911-:J"'] !~'tJfiU 111fl1\91 'tJ1J\911tl\91 U !tl-:J 

" ( "YTW f1~1Wt'I'IJ1nf11'j fffllf11'jfff11l1, 2550) 'Utlf11!1f1i1 l fiH~1U l'Vlrllfl1ft\Vlf tJ'-:Jft1lJ1'jtlvlWJUlnf11l::: 
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1 
.. "'"' 'I !11."1' .. o' <V 

m -:!-:!1'W1'Yitl1fl'1ff~1lJfi1UJ ff1JJ U t1 ~ 'W fll-:i HfluUI'111'YIH1'Yitl1fl'1ff~1 'Vlflll~fl1~1J1'W flU'VlH u 

i'VltJ1fl'1ff~ f ttCJ~ NCJfflltJ 'Vli'V11-:~ m1 ~ uu ~ -:~whum1 vu~ hl'i'1Jm1 «vu mJJ~ iivfll ( mm.Ju 1 

tfllllJffel{J, 2546) ~1tJ!'H~~~-:~nriTJ 1~-hfll-:i ~tl'Wl'lf11 fiH·n'W l'Yitl1fl'1ff~ft~'Wfll~i'WIPU'W 1'Yit111 ~ • 
.c~ 9.1 a.~ ~ Q,l lJ] Y ~I ' d ~ ya .cs ~ y Q,l 

t!Cl~'U~fl11lJ ff1JJ 11 tl~ 1'W 'Vltlll~ 1 'iW ~~!u'W eltl1-:!~ tlJeJI':;!t1 tf'Wt1 tl'Wj~1tl'Vltlll~ fl1~1J1'Wtl11'YIH 

>J 
Q,l .o::::J. ~ 0 

science instruction: PIBI) (Berenfeld, B., 1994; Niesz, NRC., 1996) ~-:!'W fleJ ff1lJ11fltl1'11'W~UCl~ 

~-:~fl'1m:w-:~1u i,)u1~ ff1lJ11 mi1'11'W~ ff:JJlJ~l1'Wfl111,)u1~ ff1JJUflfl1'11'W~IPi'1m.h~ff1lJl':i t~i~~ 1 

t;-:!~tu .nwm1 m.J1m tu 1 ~ ff1lJl':i fleJ eJtlt! 'U'Uln fl11 ff111'iiNCl tl11l'iitt 1 ~ tl~'U1\nn t'~eJ'YI~ ffeJ'U 

ffJJlJ~i11'W m1i,)u1~ 1TuYin itm1~H ttCJ~~fi11JJ,reJlJCJ1~ ff1lJl':iflff1tlNCJ'i11tl,rVlJ~1~ ue1~ 
da qJ q qJ 

lhff'WeJ,rellq!Cllujtltt'U'Utl111J1':i£J1tJ (oral presentation) '11'1V-:!1'Wt;ivu (writing presentation) h) ~-3 
!1/d d "' 1 !II "' <V .. o' <V !II ,K 
Nt1 tl'W 'Vlt 1 tl'W!t 'U'U fi1-:!-:!1'W~eJ-:!JJ'Vltlll:i:: tl1:i::'U1'W tl11'Y11-:!TYW1fl'1ff~1 ~1JJ1~ ~'Ufl1llJ1'W 'W ~ 1'W!t Cl~ 
~ ~ 4 

tl Q .d. d I 4 Q,l 0 Q,l 1 d Y.c::S l ~ !II 
tl1~ff1Jfl11W1~JJ'YilJUti1'VW11-:!UH'Wtll':i'YI~CleJ-:! Hel::::'il~fl1111Cllff1'111'U fiH-:!1'W'VlH11tf'Wff'W 'il ~~ 

~ ~ 

1 f)) Q,l ~ t/Q.I o t~tY 

(Colly, K.B., 2006) 'Weltl'il1tltl11fffl'WH'U'U fiH-:!1'WUC11 'Vltlll::::m~'U1'Wtll':i1'Vltf1fl'1ff~1tl-:!'W1lJ1 ~"lf 

l d ~ . .:!1 a "'J} c. t~ 
'W fl1111 tllH111 fffl'WU 'U'Ufl'W"l t'lfU fl11ff1Jlff1::::!'Wfl'Hlfi11JJ1~1'W1'Vltf1fl'1ff~1 (scientific inquiry) 

"' !111 'I !ll."f' ~I . :'1 !II I ~ ~ '1 d 
tlllt':itl'Wj ~tl ~"lfuty'l111u'Wl1'W (problem-based learning: PBL) tu'W~'W fltl1-:! ~1tl~1JJ ~'Wtl11'YI 

~i~ vu 'il:::: ff1lJ11 mllu -r~m1llfl11 ,)~..,111m -:~-:~1'W 1 tlt~'W~~~~v-:~ijm! ff1-:!'111fi11JJfl 'W'V11-:~tl ~1J1l 
"' y t 9/d 0 d 91 d Q,l l Ql .q ' d Q.l c:l .r:::t 

~ ~u u 1':;111 vu 'il11 ilu ~fl-:!lJ'YitllJ::::m -w1::::m-:~ 'W'U1-:1tl1::::m1 nnll~tl11fl~fltt1-:~ttlu 1::::1J1J 'il~ttlu vn 

'11~-:~'Yinll::::~'il'1t~'W l u m1'1'111 m-:~-:~ 1'Wt~v'i~PJ~u1'Yinll~ m1~ vu ~ 'Yinll::::fl11~~11'1Jt~uff'nvm~ .. 

ff1'11i''U'Yiflll::::nn~~U1J'Uflfh~t~'W 1 ~ 'U'U (System Thinking) !~'W~fllltu::::fl11~~~~fl-:!ii 

i:hutl1::::flfl'UffeJ·Hhmf-:~m1~~~;-:~itfi11::::H (Analytical Thinking) UCJ::::fl11~~~;-:~~nn~ (Logical 

Thinking) ~-:!~el·H~ 'W flj~ 'U'J'W fll'j ~~ ~iitl ~fflJ'i'W £ nu 1 ~vrivl Mtfl~~~-:~mh-:~ l~UVN'H~-:!'Hlfl 
'HClltlflVN ff1'11i'1JflU~~~;-:~itfi11::::H (Analytical Thinking) iit'YifiUfll'Wfll';i'iiPU'W 1~'Wtfl-:!~1tl 

';!/1 • 1 <:J ';!/1 "" "" 'I o "" ""d 11] !lid !II .I <>''1 !II.., 
tl11Hfl!Wfl!W::::u';i ~ t~'W Hfl!'Vlfi'W flfll'jfl~ ~ 'W fll';i'W1!t'W1fi11'Yiqllt)'YI ~~~1 ti'WjlJlu':i~~tl~ ~ 'lftl'U 

1fiH-:!1U~'il~'l'i1ttel~H'mfliifl STAS ModellJl'lfJtJl'Wm1~~1tm1~H l~wi Situation Theory 

Analysis Suggestion ri'1W'Vlf1Uflfll';i~~~;~\91';i';ifl~ (Logical Thinking) t~'Wtll';i1Jtl'Yiflll~tl11~~ 

U'U'Ufl11lJffJJ'W'W.fi!;'l!'I119JHCll'f'lfl11lJfflJ'W'W nl 'W U'W1~-:!HCJ::::fl11lJfflJ'W'Wnl 'WU 'W 1'W eJ'W ( ff1Ufl-:!1'W 

ri ~m1lJfll'j flflll 1u vm:::: 'U 'UUCJ:::: nnflf1111~1JJeh mff'u, 2553) m1~~~;~1~ 1J'U ~'l!ri'Wfltl ';I tl tt'U'U .. 
& dt a. 9) 'j) l ,J.e1 ~ d Ql Q.l Q.l c( dt 1 

'HU~'llv-:~mmt ~ flfll'j flli 'Ultl t1 ~:::: ff'j 1.:Jfi11W'U 1 'il '1'1 CJflCJl'-:!tf1£J1fl1Jfi'J11Jff1JV~tJ 1i t'lHnJ 1un~w;n~ 
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ihir~~l~"l ~'il~Ul hJ\tml11·h.H11~r~'WYH)~mnl'i~1111 'h1111\i'Viffm~~~v~ml tll'i 'il~Hmh..1 

u~ ~ 11 fi13'~ ml ~11m u 1 fl ~d ~~ 11 1! tlu l9i' v~'i 19ll'W 11 ~ r~1nmn1l.l~ l ::'Hlf n1 u ~11l.l ~11ttrvu 'tl v ~ 
i1 q_J'HlU ~~ ~ 1 ll.l ri'm~' u .fi 'tl v~if 'il i r~~ 1~"1 n1 l fl ~!; ~ l ~ 1111 ~~ ~ m tlu2l1u 11111% fl~ ~ uv ~ ~ ~v~ ti 11 

"" ~ .,;'1 gJ -" .!1 o'd :'1 _., 
m~111'Wf11l~~'tl'W\J~ (Higher Order Thinking) VI t'lff11ll.Jtl~lJq_j'Hl'HltlUflWif11'Hll 'YitlJ'WlJqj'Hl 

<C:I. d QJ .:::! ... 1 ..:=:. "" 'ill f1 f11 l UV11 tlll.J ~ 1 ll.J ~~I l1 'W 'tltl~'W fl I 'i rl'W f11 'i 1J 'i ~ !l.J'W 'tJ tl~tll 'ill'i U ~UV'WU ~ ~ 

,Yva ~tn~'tlv~~w~mll.lm'il1l~li1'W 1m ~~1u 1 u m~111u ml i~nnuuumluvu l'l11'h unu uu 

~huimuihnll.lfl~!-?iui11m~-nu1nr~lfflU\9lfttlun'ilmll.l~uln mm~'ii1'Hi'11um'lvu~ui~ 
u 

v v ' 
iiu~iJrurul~rvhu'W u~~!;h'Wi'Hruri11m~~l'W 11ili'W1911l.ltll'H'W~n~l ~flll~ l~H~l'WnUltU'WV 

u u u 

.c::a. 'j) Q r/ Q f/ ~Q.I I Ql d I' .d .<C:\ 

~1ll.J Ull.JU tll'ltfl''l:l ~l'W 1'Yif.llfflU\911 U~ ::;mu \91 ffl U\911 'W Vf1 'illf1'WU~l'I1111'W f1! l U'W U1'W l1 'W~!f1~ f111 

~vl9iltJm111r~u1'lf11m~~l'W u~~iit'il\91~~~11i~~vi'lfllfiH~l'W u~~tll'Wilmll1au lfiH~l'Wttlu 

ml !~l.lflll::: hwttJrlnh~ 1u'lfu !l'l'il~ 1:U1~t~r~1,Yv~ti11nnl1 U'W 1 utd'v'Hli'lfl~l~"l 1nnilqJ'Hl 
v 

fl'~nrln t1'1'H1nl1rl vu1 ,.;' ..r m'l r~uiifl11l.Jfl~t'lfuiln'il~-d~H~~vmli~m1t'lr~umluvu i u i'lfl 

1 ~1 ~~l'W u~::; 11::;~v~ri ~H~m ::;ntJ~flm'i'Vfl9ll'W 1u nil U'Wt~v i li't~'W u niiu i 'W V'W1fl\9lmh~u u 'W fl'W 
v .I v 

'illf1H~f111'YI~Ufltlf11'ifff11:11'1i'Wl'I'W!l'W (0-NET) i'lfli'Yirllfflffl9lf 'tltl~ h~UU'W fi~u\Oi 

iJ 2551-2553 l'ltlil ii~~U'W'W!Q~rJ 45.54 41.17 U~::; 44.23 \9lll.Hhfltl 'il1f1fi::;U'W'Wt~l.J 100 fi::;U'W'W 
I 9/ ' ' 

~~U~f1il'i:::fltJi~'l-·d'~ 'i~fltlt'll\91l1'Wnf111fff11:11 U~:::'i:::fltJtJ'i~I'Yiff fl~UU~~ i'W~l';il~n 1 mh~ 110 
'" 
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J .di t~ ~q tl 
~l'H::!'fll.l fH'Ifll'i'YJ~ffti1Jfll'H'ffllll'I.I'U'VfU~1'U (0-NET) 1'lf11'Yitllff1ff191'i 

Q 

(fl~U'U'Ut1911J 100 fl~U'U'U) 

il2551 il2552 il2553 ..., 
lZ~'U ' ' ' ' .,; 

' .ot .ot 
i'll&iHUJ SD i'll&iUUJ SD i'll&'ll'iUJ SD 

1 d " 'i ~t'j ti'U \lW1mW 45.54 13.30 41.17 10.35 44.23 11.18 • 
<9 

33.65 10.28 31.01 8.52 30.90 9.11 t'I.II9Jfll'jffflll1 1 

\l~'I'Y'l~1Jf1~1'J11'j 32.18 9.20 30.37 7.55 29.20 7.92 • 
th :; &'VI ff, 'VI tl 33.70 10.55 29.05 8.67 30.90 9.30 

'J} -1 -1 "" <9 "' \11 f1 'l.ltl\j "f1 1'i 'j 1 tl~ 1 'U ff1IJ H" flU 1J 'i Z&1J'U fJ Wfll'VH11ti'U tJ fl'l.l tl~ fft:ll'U ffflll1 'j:; ~ 1J 

<9 ~ ,I ,. d "" "' -::'1 <9 
fll'jfffl'J:l1'1.1'U'Vl'U~1'U 'l.ltN !H!lti'U~W1fl'iW'i1'lf1'Yitl1"tl ~f1~1'111'i ltlt.lff11J uflllffflll1 2555 

" 1 tJ'j1tJfll'jtJl :;d1u'ti~'111J~ 14 1J1~'j~1'U h ~i1t~uiiH"nntJ'j:;tiJuv~1 tJ'j:;iu~mn 12 mm~l'U 

iitfltl~ 2 1Jli9J'j~1tJ~1~l:;iu~tYufivm1911~1'U~ 5 ~1tJHmY11t)'Yifm~nni1t~uu":;u119J'j!l'U~ 4 

~t~tl1flt.Jflllfl~1tm1:;M fi~ff'~tfll1:;M u":;\l1fl'U 1t~mtJm'jtJ~~tJ1'Yit11ff1ff191~fff11:l1'1.1tl~ i 'VIti l~t1 
thw f1~1'Uf!W:; fl'j'j lJ fll'j flllffflll1Uli ~'lf1~fflt1i~-h fll'j \l~fll'j i1 ti'U r1'Yit11ff1ff191 ~til 'U U\l 1imhti ru . .. .. 
1 'U nntJ~ utJ l ~ flWf11'Vl fl1 l i1 ti'U r1'YI t11ff1ff191 l fllliJ"fl if~ ~191!J'YJ tl1ff1ff191 l tm:; vin'J:l:; m:;u 1'U flll 

q_ q cu cu 

m~i'Yit11ff1ff191l111i ~f-mmh~t~:JJ~ nu.J~'I.I1~ 1 vm ff1 u miHnvinll:; flllfl~~~tllu 1111 \l'l.ltHfll'j 

i1t~'Wi'Yit11ff1ff191l ("YTWf1~1'Ufltu:;nn1Jflllflllffflll1Uli~'lf1~, 2549 : 27- 34) tJ'i~flVUflUH"\l1fl 
.c:. ~ " t:::i "C). " Ql ~ ~ A mnh~t:JJ'U H"'U1'U 1'111191~11...1 flll 11 tlt.ll1'Yitllff1ff~':i 1 1...1 ':i:::A1Jfl1':iffmnuuv.u! 1u ffV'I 1m 'Inn 

fiv 1m-:.~m'i PISA (Programme for International Students Assessment) 'I.IV~ OECD tm:; 1m~flll 
'" TIMSS (Trends in Mathematics and Science Study) 'I.IV~ lEA i~li'.u'mo~"fi;uvn~~fll1:;(l~(ltltl 

'I.IV~flll i1 ti'U r1'YI t11ff1ff191 ~'Uti~ U ni1 t.J'U i 'Yitli1 tJ'i:;t'Yiffi 'VI tltJ'~v~li 1~ in" \l1flfl11llt lJutiJff'YJ1~ .. .. 
.t:Si .c::t. o'.ci ~ QJ I .t:!i Ql ll) I .CS 'J) 'J} Q.l d Q 

flllffflll11'YI tl1ff1ff191lCJf ~"lf'U v111 ::-;u um1 fff11:ll t1~ t:JJff11Jllmi9J'j t.J1Jfl111J'Vl 1 vu 1 '11 u m 1 ti'Utll u 

'Vl "ti'Jv~~ii ffflfltlfll'Vl 1 u fffiTJ:;~ hnii1'Yit11ff1ff191~tm:;t'Yifl1 u 1 "~ tllu;nu ri1tiru 1 u nn~ww u .. .. 
;1191 (tJ'Url m1'1t1iJ", 2555) \l1f1H"flllfff11:l1i~nrinl'i'11-H'n"tu11 m11i~mli1t1'UflllffV'U~~~ 

'J) :'J rl 'l d .d I :, , I Q.l j}.e:t \q 'J) 1 

HffV'Utu'Uff'Utlfl"l~ (Teacher-centered) 'UV~191'YIH1'U1Jl'U'U 1Jff1:JJU(l 'W~'UlH!lti'U !~VtiN 
'" '" .. 

'J} "" 'l ~ Cl .c9 liJ !i/d Ql .d Cl d d J 'J) 'J)t:S d 
!&'VI \ll ~ 'UfllltJ!)~tJ fll'jfff11:ll\l~ !~1Jflll'lh tHtJ"ti'UH 'U1fl~t1J'U flll t l ti'U fll'j ffV'U'YI!'U'U~!'i ti'UtlJ'U 

" <!I 1 d "' ' ff'Utlfl"l~ (Learner-centered, Student-centred '111V Child-centered) ~ti:JJ'I1"flflll11 m:;U1'Uflll .. 
"' d 'J} 'J} 'l 'J}'J}d 'J} "' 11) 'J} 

\l~flll & l t.J'U flll ffti'U191 V~&'U 'U '11 ~!l t.J'U ff11Jll (lU ff1~'111fi111J~ H":l';'Vl ~'U 1fl11llff1:JJ11(1 ! ~191111 
~ ~ Q.l ~ 

nn:JJ"lf1191 t191:JJ1911:JJfffltlfll'W'I.Iti~191'U!V~ 'i1:JJll~ffu u m~ u 'l M'iim1 'Hmt":;tJ~'llil 1 u fffll'Vl\l~ ~'l.lv-:.~ 
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y Q ,:;::~ Ql ~ 9 y 9/.d , 9/Q ~ fl Ql tt .... I ~ 
mulHlil'l1tJ-:J!'HJ'W :Uill':i11~il11il':i':i:U!Hl~m~1J1'Will':i tmmuu ~t1~1tml~'l1 ~-:Jtml~'l1 IJ':i~t:uu .. 
u~~rf~l-:Jrf':i':irl~ -:JIV'iw11~u1lin!u 1tJ~mnitJ-:J~lt'WU-:JtdtJm ~il uu ~-:Jiiv~':i~ 1 um':i il U'W:U1il~'W 

1 91 I 91ct & d "'1 91 C> 0.0 :ll Q :ll =ct & d 
11ttil~t':itllJCb'-:Jill':it':iU'W'YI 'b'ill':i111U!IJ'Wj1'W (Research based Learning: RBL) iltiJ'W1tiill':i'I1'W-:J'YI 

' 'j) cv 91 91 Ql ~ <C::I. ~ ~ y 'J) 0 

:U'lt'W u 'YI il1:l~ 11 ':i ~ 1J1'W m':i fl'W t111 ~\PJ!u lill':i t1~1tfl':i 1~11 u~~1J':i w 1ill':i t'Wtl'l1lt111m N~fl'W 111u 1u 
q ~ ~ ~ 

tJ I 

mil1M't111:U rf'W 111 tl1Jnill':i rl'tl'Wtt 1J1JU til fJ-:J111ilrf1:1Jl':itllAl 1111 -*1~'Yim 1U1'1l'li u '11~ 1m ~i1J • 
.:::9 .c:t .d. y ~ Ql a 'l".q cv d .c!l ~I Q.d d Q.l 

ilTHYil1:J 1 ill':i t ':i U'W ilU rftl'W 'Yit'W 'W ill':i111 U'l1 ':itl 'b'111ut 1J'Wj1'W tl tlt IJ'W 1ti ill';i ~fl'W 'YI ~'W 1J ~~ 'W 

= "' "' 91d 91 91ct !:'1 ~ I "' 1 91 91a v 91 1 
U'W 1rWlfl1':i ~~ fll';i t':i f.J'W~ 'Yit 'W'W r;jt ';i f.J'WliJ'WI!)''Wf.lilm-:Jrf '11rf1:U '11 ~t 1 f.J'WUff1'1'111t1111J~~1f.J~'Wtfl'l ~ f.J 

cv Ql ...:::S. 911 Q,l .q Q,l' ~1 , , .q 1 " ,a .c1 ~ A d 
~il1:l w~ 11 n 11~ m111 ti'Wl ~ tlfllfftlf1111~ utiJ'W J1'W1 u u m1 ff 'lt r11 :u 11 ~t 1 f.l'W:U'Ylil1:l:: ~'WJ 1u 'YI 

~1t1:iu ~111 i' 1J~ lt'W'W il U 1 ~U 'fi'1Uil1HJ ltd fl'l11~ 1 'fi' 111ilil U 1~um1 'lf't111J~tl1JilU ~V'W 
m~1J1'Wm11~vVi~~,fu~tJumh'lt1:iu-chi1J ~uH'i1vutn~nil1:l~'lum1.~1tiJum1'Yi11~vtJ~H .. 
t~il~fl'l (1wmv numi'~u, 2555) i'lN~ilnffil1:ll'\JV-:J nffuo 1Jtl.lt~:u (2546) ~1~ffil1:l1il11 
qJ qJ q u 

Q.O "" 1 1 9Jc:t. Q,l :'t 1 Q Q.l Ql ~ o'1 ... 
~~m ·n 'J vu m'J ffflu ~v '1f1~ tlliJ'WJl'W u 1ltJ1'll'lillHH•Jm ,,..,~nu~n'YI vlff1 ff~ 1 u 1 ~~ 1J 

1 Hi1uu ~1J-.hu:U 11~t1:1wvhNm1'Yi11~m~il"l1 wiui1 uuul'i111~ff1Jm1wi'lil'ri11 rl 'lN~ 1-H'~illlu 
.Q. .t::S y 91 .c:!l ... l.c:t. Q,-=t, Q .::9 " Q,l Q Ql d 1 91= ... 
lfl~ ill111 f.J'W~ ~ 1tlfl11 ~'l:UtliJ U1J~ 111 '1 9f'lfffl~fl~V'lil1JU'W1flflill111flill1 t 1 f.J'Will1 ~fl'WU1J1J 'b'111l.l 

·h:uiui1vu i'imilu1i~n~m':i:um1i1vuf~til~ 1tJmff1'11~i1vuii11i)ff'mfui1w5ui1E.Ju ii1J'YI1Jl'Yl 

~hfwlunn~~nnilvu~ 5u11~li1111rim':itlf.l'W~~u~~~-:J nnilvum'Jfffl'W 1~f11i'm11~m1:lu 
tl 'U qJ qJ 

J1'W (Research-Based Instruction) ~-:Ji1m1:luu1~m'J:Uill':iffil1:l1~-:Jfftlflrl~tl'ltl1Jt1lJ1ftflill'Jtlf.l'W 

ill'J fffJU ~ 11Jrf.fl1~11~ '1~ 1~i'1Jrl11:UUl.l:Ufl~1-:Jil'f1-:J'\11H 1 'Wtt1~1-:Jil11ffil1:l1'll1111'IT'W 1~fJli'l111-:J 1..1 • • 
91d 91 91 "" <!! """" "' - 91 :ll """' Nt':i l'J'W ff11Jl'J tlU ff1'1 '111fl111JJ ~ 1fJ~lJ1fl'lU~~:Uill'Jffil1:Jl~~'tl~'b'1~ t 'b'1tiill'JU ff1'1'111f111:U11IJ U 1ti .. .. .. 

_,f 'l 'JI 'Jict 'JI ~ 'JI , 'JI I "' 'l 'JI 91"" llJ 91""1 ~ C> 

~'tl'Wl~'tl '11~t'Jl'J'Wff1:UUflff'J1-:J'tl'lflf1111J2t'tl-:J ~ ff-:Jtff1:U '11 ~t1fJ'W &~:U 'tlillrl'Hilil11fl~U~~ill1 

~~fll 'J'I11!11~N~ i U ill'J ~fl1J'lltl.l111~1:U i 11'Yl6 ~H'tll'J'W~'l 1 n~l'JNff:UNff1'W 'tl'lfl'rl111J~ U1J1J ff'11 
q u cu cu 

1'Ylmmm~~ffil1:l1111ilfftll'Will'JW 11~ -:J (ul'lftytyl i'191'W~1J~, 2545) 'W'tlil111ilrlm'J~fl'WU1J1J'l ~1~u 
t1:i'WJl'WrJ-:J'Jf1mvt:u~uflWfil~iln i1 E.Juft'lfutt ':i -:J~'l 'l ~ 'lu11ni1uuf (Motivation) fll'J i1 vuft;-:Jg fl 

(ActiveLeaming) ~ N't1uu i:Y1J ri' 'W 111'1i' 'tl f111:U~ ~ 1fJ~'Wt'tl'lU~ ~ tfi:u fl1 ':i iii fl1:l~ fll'J th fJ 1£J'lf111:U ~ .. .. .. 
(Transferable Skills) (Evans and Abbott, 1998) ~1111~11il11fffl'W 1~u'l'*nu1'iim1:h.Jj1'U 
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uCJ~ 11 "nm':i 1'Yl vlftlff1011mnln1J mni11 m .:J.:j l'U u't)'1 un~ v'U ,~ ifi'vrm 'U lfl11l.lfli011~-:J11fl'j 1:::11' 

um:ff' .:Jtml~M i 1111 'U o.:J fll':ifl~ ifi'-eJVl.:Jij11l1HU ty1rufi'1v tvn1::: 1 'U mnh1~v~-eJ.:J 1 -M'fl11l.lfl~l~'l 

!J/ 0 <V 0 <; -=><V "' !J/ "' !J/ !J/ !J/ 
~ ~ 1 'U 'U ff1flty'U V.:Jf11':i'Yl1 t fl ':i .:J.:J l'U J l'U 11l eJ t'lflfll'j ff'j Hm :::tJ 1'U f11 ':i 1 ':i e.J'U~ 1llf1f11 ':ifl 'U fl11U r:l::: 

~fl11l.l ~11 vn--.h 1~v m~tJ'J'Wnu 11 v'Wm':i'i:YV'W ~ru''U m~tJ1'1.Jf11'j 1.Uv l 'U 1 flH.:Jl'U ~.:J~ vn-:i1 

.c::i .... I ~ rl Ql ~ ~ d "',.,. .c:l 
Research Based Learning: RBL ("J'1i':i::: lJ':i~Aff':iJ'i:Y':i':il'l, 2555) -el'U'Yl1l'i.:J1l:::1'11'U t~11f11':il':ie.J'UU1J'U 

il ,., ~Q.I ~ ..:=1 

fl'Ul11fl11l.I~1V.:J'illf1m~1J1'Uf11':i11le.J (Research Based Learning: RBL) l1':i-elf1l'il'l'e.J'UU1J'U 

<; "" <I "' <; "' ~I tflH.:J1'U1'Yle.J1ff1ffl01'l' (Project Based Learning: PBL) l!Cl:::f11'l'l':ie.J'Uf11'l'ffV'UU1J1J tt'IH.:J1'U \IVI1J'U 

.!\ d. QJ I ~ $/d :'J 0 Q.l G) Q.l .C::. I Ql j}d ~ 9} g) 

l':iV.:JI~e.J1f1'U ll'l'l'1~1011-:Je.J~ ~l':ie.J'UllJ'Ufflt'lty t 'U fll':i 1l~f11Jf1f)'jlJ ~.:Jl'IWJ'U1~1':i e.J'U'Yl.:J~1'Ufl11l.l~ Ur:l::: 

'\'inEJ ~ ~l'U fll'j '¥11-:Jl'U ~ij fll'j f'i'W t1 llUCJ:::f11':i l cNt1111.1~l 'U ;1I011ll.:J l ~ e.Jiji 1 HCl.:J l'UU r:l~ f11':i II ff~.:J -eJV f1 

~ Q.l t::t 91 Ql ..:!! ,- t:t o o ct yd a Q.l 4 ,.. 
t:l.:Jftnt.Jflll'l 'ill f1f11':i 1 'l' e.J'U ':i tl f1'U1J1fl Cl fl'U t~ e.Jl.lt'llt:lll.l f11l1 'U~ m -eltJ f11'l' I 'l' e.J'U 'l''Yll1J'UI0111 'Jl'-ell.l te.J'I 

"' "' "' 
':i ~111Nll1101 'l' ~l'W m':i ~ e.J'W 1'ntJlinEJ ~ m'l'f1~,f'Wff .:Jt'li'1b1 ffm'W m':iw~tfi~~'W i 'W;-1101 'ill.:J ffll11':i t:1 ~ ~ ~ v 

!JI."f .d !J/ !J/ .! lsJ !J/ o Q !J/ !J/ o .d lsJ I 

U f11J ty '111 'Yl 'Yl1'Yl1 e.JU Cl::: ff'l' 1-:J'If'U .:Jl'U t ~ ff11 ':i 1l ~ 1e.JI01 'U 1-el.:J tJ'U fl11l.I'Yl1'Yl1 e.J111 f1t'll tlll.l 'Yl t lJ ff11Jl Hl 

lsJ !J/ I 0 !J/ ~ 'l "' "' "' ~I t !lid !ll."f .d 
101-eltJ t~ 1l1 f1f11':i 'Yl V.:J 1l1 1l::: ff'j 1-:JtJ'YltJ 1'Yl'l1 Cllf1'11 Clle.J'U 'U 'U 1011'U f1l ':i e.J'U !1J 'U 'Yl.:J H'YlU f11J Ul'l11t1 'U 'Yl 

"' u 

191 ~ iY'W 'l1l tT nl'i' 'U fll1U n1 ~ m1 CJ ~ 1 t1 'i .:J.:J 1'U 1l ~ 101-eJtJ ff'U -eJ.:J~ ~rf101 t~11 ':i ~ ff .:Jfl~ !Q l'll ~ 1111::: 1l.:J 'Yl H • 
f11'ifff1EJ1 i~i "lf~ .:J~u11CJ mwnl1'1mvil.lt~l.ICJ.:J i 111 'Ul1"f1~101'l' 1 d -eJl11~u '1'1'11'1-:J ~.:J 'l 'W f11':ifff1Ellt'lf .:J-6' 

rj1.Uv1l~ i oM'r!1i1 RBL U'Yl'U fll':i~~fll':i ~ e.J'U~!ttJtJ lt'IH.:Jl'Ui1'U 1~e.J UCl~f11'l' ~e.J'UUtJtJ lm .:J.:J1'U 

1'Ylmf'l'lffl011 mYi1m':i ~e.J'U 1~v 'l cNm'i11lm~'Uil'W ,~ij'Hmv~ uutJtJ u~~UutJtJ~I~'U ~iJv1.1 1 'Wnn 

1l~m'i ~ v'W m'l' ff-eJ'W 1'1f11'Ylmf'l'1ffl01fij-eJ~ 2 ~ uutJtJ ~-eJm'iulHClfll'j 1~mn 'l -M'u 'j~ nvtJ fll'jfftJ'W 
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.& " jl 'jl 1 ~ .ci Q.l 0 "1 ... 1 • y Q.l .d 
UCI~fll':iffflfll ~'W~1Wl1ti~'Wtfl..:l ~tl11ifll':ifftl'W'Vl'IHllfl1Hlltltl'W'il~'Wl tiJ\)'flUffll..:lfJWC!fl'l:lW~'YI 

TI..:JtJ':i~ff..:~rlh1'tfi~~w1uff~v'Whf1~ 1tJm'j1iv~f..:~rl~..:~1i..:~~1l~lfW~'Wl'Vi'fl'l:l~1'11v (research skill) 
~ . 

UCI ~'VI flfj ~ fl1 ':i ~ ~ t GM..:l ':i ~ u u (systems thinking) dnt i' mr m1 tl'W -ntffEl~ lll 1 ~ H fll':i ,r ij.,:) t1 tl'W 

1'Vltllfflff1Plf 'Utl..:l 1H~ti'W~Wlfl':iW':il'lfl'VltJlcftJ ~fl~1111':i ~1tlfll':i'i1~fll'j~tJ'WlUUU 1~':i..:l..:ll'W!l'W 
II Jl ' ' 

ClQI Ql .:::::1 .a 191 Q.l .:1 y .c:t. ,::;i1""' 
11ltl (Research Based Learning: RBL) 'Vl..:I'Wt'l'n:l 11fll':i'il~fll'j!'jtJlJfll'jfft:J'W~1tlfl'ilmlll'Vl 'lf'VlflEl~ 

.Q tl.ct .... l ~ ~ d Q.l V.ct .... I ~ l 
m~u 1'W fll':i 1'VltJlfflffiPI':i lJIJ 1~ff'Vl1i .flTVHIPllliPllllfffltJm'Vl'IJt:J..:Jf:;!t 1 tJ'W ~~IJ':i~flltJt111ll ~ ~ 'W m1 

'1till 1 ~H..:! l'W 1~tlfll':itJ'j~~fl~'illfl~ ..:1 1ncf\Pi1 vmt..:Jlf\PJJ'Wl~11llfflll1Hl1 'W flU '\)~'l'i11 ~H..:Il'W 
.£:::1, o' .d Cl.d..ct I C1o Clo o' I oCl Ql d V Ql 

1'Vl til fflff\Pl ':i lJ t 11\Pl ~IPI 'VI~~ 6 1'lf11'Vl tllfflff~'J U Cl~ ff 'It ff'j lJ 'Vlflfl ~ U Cl ~'IJ~ ~ 11llffllll':i U~ l'W VI flEl ~ 

.c:!io Ql Q.l d 1 3/.c:!~ .J 4 Ql j/d 1 , d Ql ~ Ql Ql .q o'.t::::t. 'j/ <J) .c:::::t. ~ 
1'iltJ'IJ t:~'l'W fll'j tJ'W 11~tJ'l'll'W t'Vlt:~'Vl\PJJ'W lf:;!tl tJ'W milu'W fl1'iltl u ntJ 'j~~'l:l !~~~'W~l'W 1'Vltllfflff~ ':i 

ttet~t'Vl~ 1 'W 1 CIV~ii~1lllffllJl'jUl~fiUff'l ~llltih11llltJ'IJij'l h.,:)~ tl'Wl'Vltllfflff\Pll fli1.fll~~ij itJ . ~ 

~ . 
fJUfll~ imJ'IitlllffflElliHi 4 h'l~tJ'W~Wlmtu':il'lfl'VltllcitJ l.jfl~1111'j 1~tJfl11'i1~fi1lm':illfll':i 
d 9J 1 .,. "' 
l':itl'W':iUUU ~H~l'W~l'W11W "' ... 

~ Q.J Ql o' I d 3} Ql .c:::::t.QI Ql Ql 

1.2.2 t'V'1611lfl'JlllfflJ'Vl'W1il~1111..:1'1J~mlllffllllltl~l'W'VlflEl~1'iltJ flU'j~~U~1llJ 

J'W 1 'ill 'W fll'l\Pl61J 

lJ1Wllffflmil~ 4 h..:~t1tJ'W~Wlmtu11'lfi'VltJlcitJ l,lfl~l111':i hwm1m':i'l1~n'ilm':illfll':i~tJ'Wfuuu 
1m..:J'll'W!l'W1'i1tJ . 

"! _, "" 0 9J <; <; .,. o' "' d 9J 
1.2.4 l'V'ItliJl~lll'Wflll'Vlllfil t~H t~H'll'W1'VltJlfflff\Pl'j (Mini Project) 11CI'llltJ'W~1tJ 

fl'i)fl'j'jlJ ~~1\l'll'WiTl'WlitJ .. 
1.2.5 tvlt:~ffflEJlmlliW'l'V'It:~ 1 'il'llt:~'ltJfl~tJ'W..ft:~..:~~tJ'Wi'Vlmfflff~f i'WlfmJllffflEJlil~ 4 

1 N~ti'W ~w1mw 1l'lf1'VltJlcitJ ~n~11111 ~ii~t:~m':i'l1~m1~ti'Wfuuu i~H..:Jl'W!l'W1'i1tJ 



1.3.1 Ufli1£J'W~iiflTHl~fll)i1 tJ'WfU'!JiJ 1 flH~l'Wjl'W 11l£J 
dd 'J) 

1J 'U~fl111Jff11J 11 tl ~l'W 

cv ~Q.I .,f ' .:::::1 Qo' 0 cv ~ cv 

'Yiflll~1~HJ u~'Uuvm~lJ'W(Jfflfl\lJ 'VI'i~~iJ o.os 

1.3.2 )~i1Jfl111JJ'W 'l 'il 'l 'WfllHlViJUiJiJ'YI~ffV'l.J iifl111Jff1J'W'WTitl'l.J~~fl111J ffl1Jl)tl 

' ' d Q.l 0 Q.l ,::1 Q.l 

mn~1J'W£Jfflflty 'YI1~~1J 0.05 

1.3 .4 !rlmr ni1£Ju~·hu m~u1um11l~m1l1£Jufuuu 1 flH~l'WJl'W11l£J 11n!1£Ju 'il~ 

ff11J11tl!~ti'W!fi'11m ~ 1 1'11 ~~l'W 1'Yitllff1fffll Ul:l~'l.hm''W V 1 ~Viifl~U'W'W'l.h~!lJ'WV~'l 'W 1~~'l.J~ 

1.3.5 trlmTni1vu '1~1'um1 1l~m~u1unnl1vu~uu1J 1 flH~l'Wil'W11lv ro~l'11 'l-.1' .. ... 

11ni1vuiifl111J~~vw 'l 'Ovivm111'~nnl1 vufv~'lu 1~~'l.J1Jlfl 

....... 
1.4 'UB'm'UVInll"J'llfJ 

-• ' <V ' 1.4.1 ul:::'tnm u~~fl'tJ~VI1BrJH 
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I jl 'JI J/ I 

1.4.1.1 1h~'lf1m Yi'l-N'lunn111v'lufli'~u ;lv 11m1vu'lfu:Jnv1lffflll1i1Yi 4 

l1'v~!1vu1'VIVlff1ffflfilm1ffmn 2555 h~t1vu~vn.n1tu11'lf1'YIV1"tl lJfl~1'YI11 ~ht.nmllv~ 
" ' Q.l Q.l 0 Q,l 4 ~ ,Cl Q.l .c:9 0 

'il~'YI'J~~fl~l'Yi11 ffl'Wml'Wt'Ufl'V'I'W'VIfll1fffl1111J1it11Jfffllllt'Ufl 22 'il1'W1'W 144 fl'W 

1.4.1.2 n~m•i1vrh~ fiv t!ni1vu-H'v~i1 ti'Wi'Vlt11fflfff!l1~~u.5u :Jn v:wffflllltl~ 
414 'il1u 1u 24 fl'W t~vn 1~vnt'il1~ ro~t!nl1 t~u~i1 ti'W 'l uMr;i'nffml1'v~i1 rmi'VItllfflffflmiJmfl 

..., -• ci.:t 1.4.2 V11Uu1't1fffl'tll 

.. .. 

1.4.2.1 l'i1u'lh~u1~ '1~uri m1i'~nni1~:.~u!uu1J iflH~l'WJl'Wii'v 

1.4.2.2 ~1u1hf111J '1~m1 ~~m11JU11J11tt~1unnll~11l~:.~ inll~m1fi~t~~1~uu 

urt~fl111J~~'V'IB 'l1lvivnni'~m1i1ti'W~t!'l.J'l.J 1m ~~l'Wil'W11l~:.~ .. ... 
1.4.3 Al!tl't'il 

.. ... 

rd'v'YI1~t111J1 'l oNVI~rt'eNflf ~d t1jwif fl'Yil 'lu11vi'lf1 1m ~~l'Wi'VlVlffl'fffll iu 
:iT1it11JfffllllU~ 4 Urt~fl'ilfl111Jil'Wfl11i1ti'W~ ~l'W1'W 18 i111J~ .. .. 
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1.5.1 trn~rru-5uii'1iv:uflmnil~ 4 li't~'l~vui'YimrYlff\111 i1wnmnm1o~lu'tin'l;l~ 
"'... "' i ~-"' ~ i ~ ... "' o' ~ tl11111fJ u"~:Ufl11:Uffll.Jll o u mmniJty'Hlfl1fJtlll 'lf'Yifl'I;J~m~'U1U m'im\11'Yif.llrYlffl111 \1 \l'lJ'U 

111flfll'iiflm~'U1U fll'i~vuj'u'U'U lfiH\IlUJlUiiv 

Q.l d t::! Ql i "' "' ~ 
1.5.2 Uflt'i fJU:U'YJfl'I;J~ Ufll'iflflt'lf\l'i~'U'U\1 \l'lJU 

lfl1\l\llUJ1UlitJiUl~~'U:Ulfl~b'J"fl 
1.5.4 tlJUUU 1'Yil\l i Ufll'ivfWJUlnht'U'Ufll'iifltlT~ ~fJU~t'¥tt~vfWJUl'titl'l;l~~lU~U '1 

~ ~ 

'Ut~\IU n~ vu mh'li11h ~ ff'Yin m'Vl 

1.5.5 tlluuu 1m'l1 umlvfW~ulnht'U'Ufll'iiflml i1vu ~t~t~vfWJUlfmif:un'YJj'Yil\ltll'i . ~ ., 
i1vu 'Ut~\IU n~ vu i u 1 lfJl'lfl~U'1 f1Vl'li11h~ff'Yin m'Vl 

1.5.6 tiluuu1'Yil'l1 umnJ~mJ1 'ltm~vfWJu 1u~u fll'i iflnnr1vuj'i'lfl~U'1 i un~:u 

"" "" ~ 1.6 'UfJ1'1Jfl'ff'fl1'il'ffl~ 

. 1" ... "' ~ 1 "' o' 1.6.1 Research based Learmng: RBL "b'U'YilHlflfll'i1'ifJt.llU'U'U fiH\IlU1'YifJlrllffl11'i 

I ~ ~... 0 ~ ~I , 0 , liJ , ... ,. 
1111\1'1'] fl1fJ\11Utfl\ll 11flfll'i11\IU~Uflll'YIH1U Hflfll'itlJ'W~U 1 ~~ll:U 111rlflfi11'W tfl'VlWI'Wlfl1~'U1'Wfll'iflfl 

.. 
lflt.Jt'il'Vll~tll'i~fl,r'W\1'1 (Higher Order Thinking) tm~mnh~tlJU\11U!fl\l lflfJi1fiJ~fff1Uflf1fJm~~u 

.. 
uu~thu" ~ 1 li'fi'nn n'l;l 1uriN~ vu f1dN 1 n~~fl n:uli'lml '111m ~'U 1u m'i iim1~f1~" m'i ii vm 

~ 

1.6.2 nn't:l~fl11ftflt~'I1~'1.J'I.J (System Thinking) 11:lJlfJO'l Jl1tt'U'Uflll~fl~ij,f'W19WU 

'Ufl'lfll'i~fltllurl'1~mfu 'l uu~r~~,fU\91t~tJ 'lJfl\lfll':i~~ ~tl\1 i "*'Vinll~fll':i ~~ M7~"mm!~f11'afll"l 
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1nnv "J'I.Jl~tfi'VIm'I.Jl~ne:~'Utiu innnfi~e:~dl~ih~'U'U iJm~iJF-~'t'l ·rh 'h1'F-~'f'l'lle:J~m1fi~ Yi7 e:JF-~'t'l'llfl~ 
" ~liJ "t 1:::1 31 I 0 d ~I QJ ~ .d 91 d I ~I 

flllUfl'Jl Tll'H1'VI t ~'\.J'\.J1Jfi111Jtlflflfl~ U1J'\.Jtl11t't'l~n~tl1 11J'\.J't'lfl1:1W~fl11fi~'VIflfl~lJ'ff1'\.JlJ1~flfl'U u ~ . 

'~ ~Q.o::::). tl .Q.Q 

'fffl~ff1'\.J'VI~flllfl~t'lf~11fll1~'H (Analytical Thinking) U't'l:fl11fl~t'lf~fl11fl~ (Logical Thinking) 

& v ~I "' .,;.,._1"'"" ., o'., & ~I l "' "' "" J 
ClJf~flfl~!lJ'\..1 flj ~ 'U1'\.J fl11fi~'VI111J{] 'fflJYI'\..1 1i fl'\..1 Cl]f~ 'il~!lJ '\..! !1'\..1 '\..! fl11YIWI'\.J 1'VIfl1:1~fll$ fi~'U'WtJ' ~ 

C:V ~:, .c!i ~ .d~ .J I Q.l 9} 

1.6.3 'tlflll~fl11fl~'lll.lg'~ (Higher-Order Thinking) 'Hl.llr.Jtl~fl11fi~'VItfl~'ii.I'\.Jflr.J1~ClJf'U9HllJ 
" " 9) " ., ., J lsJ 

u't'l~iJ'liufle:JlJ fl11fl~l1mv'liu fle:J'\..1 1~ve:~dH'We:Jr.JiJ'liufle:J'Wfl11fl~i~u~ 2 'li'Wflfl'W'Il'\..1 t 'I.Jl 'Wfl11l~tJ 

i~wi fn~'U1'\.Jfll'Jfl~ (Process of Thinking) 4 'I.Jl~fll'J i~d nnfi~i1m1~11' fll'Jfl~iY~tm1~11' 

_Cf C\ rl Q.l Q.l rl ... <f Q.l ' liJ " ' 
1J tyl11 1! m 1~11 'ff11'H ~ mn ~ 1Jfi111J fflll'l'\..1 'li'U fl~ ff11'H ~ U't'l~ N't'l m ~'VI 'U 'U fl ~lJ 'il 1HJ\911~'1 t ~fl ON 

fll e:~'Ufi'J11 m11 11 tllJ e:~~t M '\.Jfi1Yil 1lJ'U e:~~11ty'H1u't'l~t:Uvu 1~ 'il1 'l1e:~u n "'U'Ufl~fftl1u m1 w~n111u~ 

i~m fl'Ufl't'llJ U't'l~fl1l1lJ~U'\.J 1'VI1~ lu fl11 un1Jtul11 i~'fffl~fl~fl~n'U1~ 'il1-lJfllJ fl"'U, ~m 'U0'1lJ 
• u ., . 

'I.Jl~l~'Wi1tyl11l'Wfllll~f.IU 'il~i'~'il1flfl11'1.Ji)llii~llJ U't'I~UF-J'Wnfi111Jfl~ (Mind Map) 

1.6.5 uNu~l'l-nJ.Jti~ (Mind Map) t1:lumltllr.J'VIe:J~fl1111fi~ 'H~mrm.J't'1~1~"l ~iJe:~~ 
, ,. , 9) "" 9) ,. l I "" .,; ~I .... 
'\.JfflJfl~'f'l~flj~~11:1 t~tJflU 'lffill'l ff lfflJ ll't'l~fl11 tf.J~ tJ ll'VI'\.Jflll'il~Wflll'U'Ul~lil'VIllJ'W'Un'VI~'l 

~ v~ 'il1n'Uu "'nil~ 'UW~t~o1tiu1Tun'li1mtlu~mJ1,j'e:~11" 'illnmvu vn t'lfu MlT~t1v fi1'Unr.~1v .. 
-~ I 9) ,~d Q.l ... ~~ I Cll ~ Q.l I l"~ Q 9) ~"' fj/ 

f11l1Jl~~lJ ff~t'll1fflJfl~ l1lfl'U'H11:11 n t~~fl11t~lJ ClJf1r.J~'If1r.J l1lfl~fi111Jfl~ff1Hff11flt~~1m'll1 

G ~I :;"! ,. l 9) l 9) ..\ ,. I 9) .... "" I v .... lsJ v 
'il:l'H'W1IJ'Wfil'V'I111J U't'l:llJ~ ttlfllff 'H'fflJfl~ 'Hl'lffllJ W~flfl'Ufllq!'t'I'H1tlfi111Jfl~f!N'll'll1l11fl'\.J !~ 

~1r.~n-.h "1 ~u n-~~fl11t~fllJ 1r.~~,j'fllJ't'lt~o1n'Ut~ fl~ l~t~fl~...,~~1~wh~fl1111fl~l1rlfl fl1111fl~1tJ~ .. 

'H m tJ,f'\..1 fl v u ~ ~ 'il ~ i ~ f>l'1 fl tJ'U ~ ~ ~1~ r.Jlh rh u 'H ~ ~111 'ill n,j' e:~ fftJ'U m1 'I.J 1 ~ d:i }J F-J"' u 1 u 1 'lf1~ 
(Programme for International Student Assessment: PISA) ll't'l~ 1fiHfH1 (Trends in 
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d 'l ~-1 . = ... 
International Mathematics and Science Study: TIMSS) U"~t'VHJ ~Gjj'u'.l~UJ'W'Vlflll~fln 

cv 91 a.Q.I,. q9J ... I .Q.::t 91 Q.l .QQJ 

'Vlflll~<fll'Wfll'.l1'iW ~<flf.l ~Gjj' U'U'Uu'.l~t1J'W'U<flfi111Jff11JTHl<fll'W'Vlflll~1llf.l (Research Spll Competency . . 
d .... 1 d d ~ 

Test) 'V1Uu"U"~t'.lf.I'Ut'.ltl'l1Jllllfl Test oflntegrated Process Skill II 'Ufl'l Burns, O~ey and Wise G)f'l 

0 ' " 'JI 0 ~ 0 Ql d Q,l .:!1 .Ji ' 
fllti11JU<fi"~'Ufl<flfl'lfll'.lfll<flfl'U 2 U'U'U flfl fll<flfl'U'H"fl (11 4 <fl1mflfl A B C &Ul~ D) G)f'!U'U'l 

j) Q.l e.Q.I G Q.l 31 Q.l ~ o ~ o 
fl111lff11ll'.ltl<fll'W'Vlflll~1llf.lflflm1l'W 5 'Vlflll~ t1'.l~flfl'U<fl1f.l 'Vlflll~fll'.l<fl'lflltll1l 'Vlflll~nnm'H'W<fl 

, 
tm~fi1'UfJ1li1U tJ '.l 't1 flll~fl U i'lff111l~i l'W l1'flll~fll'.l 11fufi11Jt~'ltJU lliJm'.l'Ufl'li1U tJ'.l U" ~ 

't1 flll ~ m '.l fl fl nu 'U'U m '.l 'Vl <fl" fl'l 

.!1 'l .!1 ~,;.,. ..,. 'l d liJ ~... o c;! a i ~ ... .d. 
775) fi111J'Vi'l'V'lfl ~ li'H1Jlf.ltl'lfi111J~'V11Jfi111J".}''U'H'.lflfi111J'V'lfl ~ llt1Jfl ~<fl'.l'Ufi111Jffl&l" 'H'.lfl <fl'.l'Uff'l 

~9ffl'lfll'.l (Quirk, 1987) tm~ijfi111Jff'U~fl11119ffl'lfll'.l'H~mif1'11111f.l~;'l1" 1 {'U'.l'.lMm'H7 flff11'111'l • • , , , 
lT 'W lfl'l ffl'H i' 'U 1 'Wfll'.lfffllllfli' 'lil flflfl111!.W'l'V'lfl1 ll~flfll'.l ~<flfll'.) i1 f.I'W n <flfj 1-fl m 'l'll'W ill'W i~fl 

Q ~ 



' ct 
ll'n'n 2 

v v ' 
hmni~vflf~lj ~1~vh1f1fnm~nffn uu1~fl 'Yit)fl~~H'l ~H'I~fl'il'W~ll.li~vYi 

.J y v 

UW1'lHJ~ u~~ L~U1lff'W~~1lllt1.fi~~~ 111u 

tll'l'~fltll'l' t'1 vu fu 1J'U 1 fl'H~1'W !1'W i~v fi~ m1 ~fln'ilm 'l'lJ tll'l'tlti'W tll'l'ff~'W ~~fl 

th~ff1J nnwl ..fufitl' m'1 ti'W mij~'Wfi1Jmn11~1'W, 'W ~i~'il~ ~ tll'l' ~fltl111'1 ti'Wfu 1J1J 1m ~~l'W !1'W 

1~viH~t~111~ff~Ti'r~~ 1 ..fum1vu • 

liJ y.,. y..,..,. y~ 

2.1.5 &flt'l'ti'W~Tiitll'l'Utluty'Hl 

liJ yy., "'"' ' i y~ 2.1.6 &fl~'iltl11itl11~1~'l 'Wtl11Uf1uty'H1 

2.1.7 1ln1tm1~M u~~111~tilu~um~ 
d liJ y' "' cl 911 i y "'"' ~ 'il~t'JII'W &fl11tl11'ilfltl11!'l'ti'Wl fltl 'lftl111'ilti!U'W!1'W (Research-based Learning: RBL) 

v 

t1Ju n11 u 1n1~1J 1u n11i~t1 11~~ H~ n11i~t~:1J1t1Ju~u! 1u 1 u n11 ~fl n1'J t'1 vu {11~~u 11~1 
"'"' ~ .Jt <!I 1 y .Jt i y"' "' liJ 91 "' .., 

tll~1J1l.l tl111'il tllJltU'Wtfl'l'~~lJ~ 'Wtll'J Uff1~111fl11lllt'VW 11'W fH'l' ti'W &fl'Vl\PJJ'W1'YitlfJ~m~1J1'W 

m'Ji~ mt~~m'l'fftlfll ~u fli'1~1ti~'Wm~ 1 fltl~ff~'W 11~~m 1 '*11im'Jff~'W ~11~1n11mmru u1 i 11 -ff 
~ ~ ~ 

tl1'Jfff1~fJW~tlfJW~~TI~11'J~ff ~fl'i -H'tnfl~'Wfl1J~t'1 ti'W tl n \1 fl tl1 'J t'1 ti'W fu 1J 1J 1 fl 'J H 1 'W j 1 'W 

QQJ ..dl :'I '3) ~ j} '3) 0 1 ~ dy.c::~ " ~ 
1 'il tl 'il ~! u l.l tl 'j ~ 1J 1'1..1 tl1 'j u ff1 ~ 111 1'111lJ ~ 11 'j ~ f)l'jfllJ 1'111111fl1~~1J 'W ff ~'Yifjll ti'W~tl1tl~11 'j~ 

ff~ffv~--w11inn~h~'l t1Ju 11inn !1 uu f~ ~~1 uu 1~tii~nf1nmlli'l11lJ ff'W i 'il'IJ~~~um~11~~'\J~~ 
v ' 

mjw1Ju m'JI'Iflff'W 1 'il'i1llfll.l 'il'W 1~~'W ~1l.liiff1lJ1'Jt!U1H~tl11fftlfl1 1111 '*1 ~i u~il'l 'il~ ~ tll'J t'1 vu i' 
u u1J 1 1'1 'J ~~1u j1'W 1\lt~ t iJu nn t1 vu f~l '*t 'Yifl Ui'l11 mn11~ 1t1l 11u 1Juu 1111HfflJ Hff1'Wfll.l 1~u ri 

m~u1'Ufl1':itlcill tl11Nf1~fl m·a~tniltum f11'HUUm~U1'Wtl11 tl1'Jff~'WU1JlJUlft''W11'111llftfl un~ 
• u 
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I "-' ""' ,.\ !l/!l/"' "' !l/ ,.\ 1 ,.\ .,k 1 !l/ "' fll'J'fffl'WUlJlJ'J'J:IJfl'Wfl~l'VW ht~;;jl'HJ'WA'HJ'W ll'HH m':ifl.:'l'llf'W.:'I'illflfl'Jl:IJ'ff'W 'il flr.llflt flr.llfll'J fl'W 'Ufl.:l 

~~1 fl'I.JW.:J 1 ~ fl 1 '*m~u 1u m1 u"~11i m1 m.:J1l1mfflrYI"'1 ~11 fl'W 'il~1 ~u ~".:Jljfltl~l!~n'iln 11 1J~ H'l 
,.\ !ll o !ll ~ "' d I !ll 1 !ll!ll"' 11J !ll"' !ll .I o' "" I 

l't'Wfl'I.J '11 lflll"'f:llJ~'Jfli"''I.Jlfl.:'l1lJ'I.J fll'J 1 'J fl'I.J 't11J.:'I1'1.J 'I.J '11 N1 'J fl'I.J 1 ~1 'J fl'I.J 'J 'illf1IJ 'J ~ 'ff1Jfl1 'J tu \91 'J ..:J fl1J 11 '11 'M . "' "' 

" . " 'j) Q.l .q ~ 0 I Q.l 

11"1\91.:'1 bl:IJ l,l\91~ l'W 1l'W l"'fllJflltll:IJ 1 '11 "l'W 'W 

.d ~ E='t .d9J 3/.ct I r/ 0 

'J~fl~'t'l 3 'U'Wbl~tltuu'J~fl~'t'll;;l'fffl'W u£'1~1;;!11fl'W11U.:Jiluti'J~'ffum'Jtu m':i't'll.:Jl'Wlm~ 

i 'j) d ~ 0 d .4d~ d 9)-=t 0 .Q Q,/ e! 
ll'ff~.:j 'llfl'llf'I.J f:l.:jfl'Jl:IJ'ffll 'j 'ii:IJfl'ilfl'J'J:IJ't'll;;jl'J fl'I.J ~ll'I.J 'Wfll'J ~..:j'I.J 

(1) ~~1 tJ'I.J1~fl'I.J 'Jlfl.:Jl'Wl~'Wl tluuu.:Jl'W1~mgn'l 
!ll"' o ~ 1 1 !ll !lid 1 i !ll"" !ll .I (2) l;;jl'Jfl'I.J 'I.Jll'ff'Wflri"..:Jl'I.J (11'ff~.:'I11J'I.J11N.:'I fl'J..:j.:Jl'W) 'llfl;;j't'l'ff'I.J 'il ~'JlJ1; 'ff~IJU"~ 

o llJ.Ii!lli "'""'.I o"' 'I.JlllJ '11 'I.J'l11\91IJ'J~'i111'1.J 

~ rl Q,l .Q tl 
't11.:'11't1Vlffl'ffi"''J (science content knowledge) U"~'t'lf1ll~m~U'J'I.Jfl1'J't11.:'11't'lt11ffl'ff\91'J (science 

t )I l I J/ l 

process skill) fl1utinuhl nnVirufl'llfl'Yll.:J1l1fllffl'ff1"11Virw:~.~;fuu"~atl~fl'W11ti"..:Jmh.:Jn~1~1 vh 

1 9) ~ "'y.,. o'!ll !ll1!ll!ll"' !Vi "'9) ..;. 
'llffll'J 'ill'lfll'Jl'J fl'I.J l 'J't'lfllffl'ffi"''JI"'fl.:'ll'W 'I.J '11 1;;111 fl'Wl'\11 'ilfl'J~lJ'J'Wfll'J 11 tl'Wl (learning process) l'V'Ifl 

"1.1.1 ...... !ll "" !ll "'"' "' • "" "' WlllJU'J~tlfl\91 ~'l1'111'1lf'Jfl'ff'Jl.:'lfl'Jl:IJ'J ~~1fl.:'I:IJlf1f1d1\911fl'Jl:IJ'J . "' "' 



V'Y) ~ 06'lb 

~flll'fn1e}J~tJ 
cu 

( ~' . \ Group D!scusSJOrl ,ClfliJ'l"'EJI'~1J, ; 
~----·-.J 

lll'Vt~ 2.1 U11lJ\9lfl1Ji'%fJ'U{ il9lu11r~'l\l1f1 National Training Laboratories, Institute for Applied .. 
Behavioral Science, Bethel, Maine., (1995) 

15 

.d '!:'1 .Q d .ct 'j} ..dl~ 1:5 cv jJ 

\llf1.fll'VfY1 2.1 u1llll9lfl11l1ti'Wl1fJ'Wl (learning pyramid) utY\P1'1\l'l11ifl11l1ti'Wf1'l.Jfl11lll 

~m~v i'Wi1~!% V'W ilm1t"1 fJ'W i'Wori:u'l.J'W'llV'Iih1iJI9l i~ufi Vl'lm1'l.JJ1 v1v mHh'W ~v.nTrmr~~ .. . 
Q C\ :'1 .d 4 j/C\ Q.l 'J} .c!l ~ 

lfftl'l ~f111ff11i\Pl lu'Wfl11l1fJ'Wl!'l.J'l.J passive learning \l~l'Hrlflfl11llliP119l\P11'WflfJlllf1 flfl 1fltlrl~ 5-30 

rvinf'W 11iont1v'Wi'Wn~llril'l'lJV'IU1llJI9l i~ufi v.fil111fJf1~lJ r~'lilvtJB~ fffl'Wfi'W~'W ur~~ 
.,. ., 'JI 'JI i 'JI 'JI :'I d d 'JI 'JI 
1\ltlfi'Wfl11 11Jltl'l lu'Wf111l1fJ'W!!'l.J'l.J active learning f1Ul1ti'Wl!'l.J'l.Jfi'W'I1lfl11lllltl'l\llf1 

m~'l.J1'Wm11,)mJ 'W ~!% fJ'W l'i't~'l1l'IUH'W 11Blliltt~'l ur~~~fl11llt~'Wfi11:Ufm'l trltllJf1VdH\)f1'11mh 

~ .1"""""' "" 'JI<il "" 'JI "' .I "" <I 
'll'W \llf1fl11u~'l.J\P1Url~fi\Plltl'lfl1lllJ \l'll'Hrltlfi1'U1tlfJrl~ 100 ("!1i1~ u1~lff1!ff11l"', 2555) 

' Ql d. .Q d fj) 'j} QQ,I 

tl'W'Yl\l1'1fl11l1fJ'WU'U'Ufi'W'Vllfl1llllltl'l'i11f1m~'l.J1'Wfl111\lfJ (Research Based Learning: 

..:!t d Q rl 0 fj) 9/d lll " ~ 
RBL) '111tl fl11t'W'Wl!'U'l.J lfiH'll'WTYlfJlfl'lff\P11 (Project Based Learning: PBL) 'YllhY~l1ti'W t\Pl'Yl'l 

;K Q cl Q.l .Q Ql ~ Q.l ~ 1 Q.l ~ 0 d.Q d 
t'Wtl'Vll'Y11'11'YlfJlrl'Ti."f\P11 Uri~'Ylf1fl~1\lfJ 11ll'Yl'I'Ylf1fl~tl'W"') l'lf'W 'Ylf1fl~tl"'tlfl111911H'lf1\Pl i 'Wrl'\P111 1fl'Yl 

" ' 
21 fl11i'%fJ't.JU'U'U RBL iruihfof!ru~ teach less learn more mfftJ'W (teacher) l'i't~'ltUilti'W'U'Yl'Ul'Yl .. 
\Pl'Wltl'l itJt~'W m 1lo (coach) fi'Hftl'W~tJ'ItJtJf1l!'U'Ufll1i'%vun 11H't1v'W i~tnl9lm1!% u'Wn'Wff.flll"'~ 

<u 'U cu qJ cu 

i 'j) .d de:. Q d 9) fj) .d d 'j} 'j) cv QJ .ct 

omfl U'l 'lf11Pl \l 1 '~ 'Y1 "!191 fiJ fftJ'W IPltJ'Il"' 1 t~ll'Yl \l~t1 V'WJl"' 1 v:uo'U'W m 1 ti'W 

liubu
Rectangle
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~I ... 'JI 'l 'JI o' . I d ) RBL !u'Ufll':i'W\lll'Ulfl111l'Hl':i !'U~1'Ufl'1fffl':ifll':iff~'U (pedagogical know e ge !'W':il~ .. .. 

learning) fll':ifffl'UU'U'U~UUf.J (inductive method) fll':iff~'UU'U'Uthur.J (deductive method) 

fll':iff~'UU'U'U':i~~llffll~'l (brainstorming) fll':iff~'U t~f.JfllHl'llj~tJ~'lJ~ (learning by doing) 

fll':iff~'U 1~t~'l~fffll'Wfll':iW~1~~'1 (simulation) fll':iff~'U 1~tlfll':iff1nfl (demonstration) t~u!Pi'u 

t1'1ml>i'fl'lfll':i ttl~vu ':iU!!'U'Ufll':i \l~m'li1vu ~'il1fl!! 'U'U!~ll 1 tlri~m:ltu~ 'llfl'l nn\l~m':i 
cu cu cu cu 

"' 'JI 'JI • ld "' "' 'J/1 -~ 'l 'JI ~I o !':if.J'U':iU'U'U RBL flfl'l!u~ti'UU'W1fl~'illn "!':if.J'U':i ~tlnl':i"n'l/flfl'U t'IHln" !u'U "fl1Hil:JJ/'Vi1fllflfl'U .. .. .. 
• 1d )l/ "' 'J/1 o o 'l 'JI ~I "' 'JI • 1d """ 

!~'!" !U~f.J'U!U1'Vill1f.J'il1f) "fll':i!':if.l'UJ ~f.Jf)l':i'il1/'Yll/ !'ll'" !U'U "fll':ifl~/fi'U/ Uff1'1'Vil" !u~f.J'U11i 

"' 'J/1 ~I 'l 'JI o .l.oi .ld 'JI 
ff~'W'il1n "nl':i!':if.J'W~ ~tlfll':i1J':i':itl1f.J" !u'U "nl':i t'Vifllu':im:n" !u~f.J'W'U'YI'U1'YI~ff~'U'illn 

~I '11. I"' """" ~I "' i 'JI 'JI"' , o' "' "' o' "fll':i!u'U~uU1Jfl!fl'l" !u'U "fll':i'il~fll':i 'Vi~!':iti'W" ( 'WttJ':ifJ ff'W~l':ifl'U, 2555) 
:'1 o .c:t 1:! 91 · d ~ r 3/.ct .c:t 

RBL !u'Ufll':i'U1'Yit]'hlf;jfll':i!':it.l'U~ constructivism 'llfl'l Piaget 'YI!'ll'~1l~!':it.l'UlJf1fi'Ull 

fl111l~fl111l!.u'1 i 'il 1.h~ ff'Unl':iW!~tJ1n'U'U1'1* 'I'UHfl01'11llU"'1 1lillln~1f flf.J (prior-knowledge) .. 
'JI"' ?1 'JI 'JI 'Jil • 'JI ') 4 'l 'JI • 1 o' d liJ 'JI"' "' 'JI 
~~ ':i t.J'U!u'W ~ff':i 1'1 fl111l~ 'Vill~ 1t.lfl'U!fl'l 1 ~ t.Jfll':i !'11Vll tf.l'lfl111l4 u~~ u':i~ ff'Ufll':i tu 'YI t ~':i'Uf1'Ufl111l4 

'JI 1 ,., f rl d d I 3) 'J/ fJ} !J/.C:S. I I Ql "1 .. 1 
fl111J!'IJ 1 'ill!~~ u 1 ~ff'Uf11':i \U 'Yill fl fJU~ 1 fll':i ff':i 1'1fi111J':i 'IJ V'l ~~ 1 t.l'UUfl~~fl'U 'il~Uflf)fll'l f)'U Wfllll .. .. .. 

Ql A 91 ,, ... I "~ • cv ..:::l .::::1 'J) •• 

1~~1J'IJV'I'W'W! l'W fl111l~fl111ll'll1 'il!Hl:l;u':i ~ ff1J fll':i tu!~ll 1 11lf11J'YI t]'hl f;] fll':i! 1 t.l'U 4 construchomsm 

.d ~ 1 ~11) 'i 1 ~ fJ) 4 I .c:t I fj} ~ 1 
'llfl'l Seymour Papert 'YI!'ll'V11fl111l~ Ill 'lftn~'illn~ffV'U!'VW'IVf.Jl'l!~fJ1 Ufl'ffllll':ifJ'ff':il'I'IJ'U ~t.l 

'J/cS II) 'JI "' 'JI "' ~ II) 'J/d ~ ' 4 'J/cS "'' 0 'JI 
~!':if.J'U!fl'l ~~ u~::;fll':i!':if.J'U~'il:l;!f)~'IJ'U ~~~nf"IV!lJV~!':it.l'UMllflm~'Yil~1f.Jfl'WW'I (learning by 

' ' ' Q.l d. .c:t 'J) .c:t 4 I .c::l .c:t .. ( 
doing) ~'U10f1'U'Yit]'hlf;jfl11!1f.J'W~ social constructivism 'IJV'I Vygotsky 'YI!'lfV1lf111'Yifi'U1111lu:'YI::; 

iY'llli''W .fi n'U* 'IU 1~ "'flll~ 'IU~ u 'j mn~ ~~~~ fll':iU~ 'YI~ iY'll'ti''U .fi VOH~fl!~ fl'l':i ~Wh'llJflfl~n'U 
~ 'IU1~"'v1JU 1J ~mil 1 '11 1 ::;~'Uff~ iftutu1!m~fl111l~~ 1Jn u'ti'~u 1~'Wfl01'1~V! ~V'IVOfl~u~n~ 1 

"" .. 
~ Ql I .::t.e:r. ...:::::.. I Q.l d j/d 9) I 4 

U'W1fl~~'ln~111lV'YI1i'W~flflf111'il~nl':i!':itJ'W~!':it.l'WJU'U'U':i11lllfl (cooperative learning) 

ffll'Vil'l ~neJ1~l'~u (2549) i~tff'Wfl~tlu1J'Um':i1l~m':i~r.Juj1~t~'l~nu11lm~uj1'Wli' 

4 ~tlu'U'U lf1'un 

(1) m1 1l~m1~t~un~a1~m~1JTW m111lt.1 ¥iflm1 1'11H' ~r.Ju h11lntln~'Yi111lt.~1u .. .. ~ 

':i:l;~1J~l'l"l t'lfu on'Yilf111'YI~~fl'li'W Mfl'IU~mlm11'Yif.Jlfl'lfffll f11':iffO'hl111r.Jmw (Case Study) 

mnl11fiH'Il'W fl11'Yi11\lt~wnff11 f11':ivh1\lt.~l!'!J'1J~1 (Baby Research) m1'Yi11'YimtJ'W'Wn t~ul>i'u 

(2) f111fffl'W 1~t~'lM'H'~t~'W~1mh1m'lnn11lm11Jm'ill':iV M1fl!~'WHoH1t~'lu 1m'lm':i11lt~ .. .. 
(Under Study Concept) 'lumiil rlH'fffl'W~fl\ltfl'1f.Jll 1f1Hnn111f.Jli'1fl\I~'Ul'~fl1 M' H'~ f.J'WlJ1flmffl~ .. .. 
'Yi111lt.~ t'lfu ~ 11l!~'U11'U1 111.u'flll~ 1tm 1::;11'.u'fl11~ flON l 1 ~fl11l nrl 'il::;1J.u'm~u~ H'~ t~u hilf1' .. .. .. 
..:::1 'J}. 0 .:;;::,. Ql 9) ~ 
!1f.J'W4f11:l;1J1'W f11':i 'YI11'ilfJfi11Jfi1'W '¥Jf1'U'W\9lfl'U 
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(3) f1THHltJ 1~t~h1~ilt~uffmnnu1~t1 t~t~ilt~uftNfl rrn:uf minnntm~'Ylt)'l:l~~i"* 
1um11~mit~-nTtJ'1 nm'i~~ L11'Y1U11qp11 nf111Ufl11ty'l11 H~f1111~£J u~~f11HJ1H~f1111it~111 

1
91 ""i '''LI•19191"" !111 ... .., ,1 
'lfU~~fff1'1:JWHl Au 'Yl1 '11Htlt.I'U!'IJ1 11f1'H~1J1'Uf111'Yl1111ti1Jlf1 'IJ'U .. 

~ Q.l I ~ Q.l 4 ~ .Q Q.l 4 !l/lfl g) ~ .C:.. Q.l ~ Q.l cj4 .d. 
m~U1'Uf111111tl11m~U1'Uf111111tlflfl11i 11ltl!'rffl1 '11 t~lJ1CJi~H~f111111V U~~H~f1U111tlf1flflH~'Vl 

1~m111f1 m1~1!'UtJ~1tJ ~~J\mu1'YlH1tJm11.ffm11iu1um1~VtJf111fffltJ ~.:J'lh~nt~U~1Uf1TJ 

1.ffH~m111im_h~nt~u fll'ifftllJ m1i1ulJ~111f1f11lflf1'1:11-:J1lJliv m1-ff'.:Jtfll1~M~1lJiiu .. 
d1 !II '"""" ~I "" _I 91 "" 91 (2) RBL 'Yl 'lff1l~U1lJfl11111tl!ulJf1l~ll1lJf111t1VlJf111fffllJ u1~f1t!U~1tl f111t1tltJ~ 

l'lf111iu n·vhiiu f111i1tJlJ~111f1f111l'iliiu 11tJ.:J1lJt;.:Jiiu nni1ulJ~111f1f111'l'l11iu ~11J't'l1 .. .. 
1m .:Jm1iium1 i1 rmf 111nm1'l'111iu 11iu'lllJ1~t~f1 u~~m1i1ulJf 111nmnh1itr1'YluTu'V'IlJn 

mh.:J h~19111J'V'IU'll ~'lluuu~ii~thm1 .ff1lJm~U1lJf111 i1 trlJm'ifffllJOlJti~N 
0 1 ""i 

0 
IIJY 

0 0 
"""" 1" "" ,l "" 191 

U'V'I1'11mtr lJfftlllJfl'f1'1:11191N'1 t~Uf1 f111lJ1H~f111111tllJ1 'lffftJ1lff'4'UtlJtl'l111'lf1U~~f111 'lf 

.c:;, Q,l ='I d 

m~U1lJfl11111tr tulJm~U1lJfl11t1trtJfl11fffllJ 

t ~ t~.:J 111 nm 1i1i m1l lJ m ~U'llJ nn 1lJ m1 u ff1~ '111fi111J~ 11'1 H.,j't~rVl 11111 ~ i~vlj .. 
~~~~'111JltJ~mllJt~lJ tftml1 itJ1.ff1lJ1~~u 1J'I11l'Yltr1~u~~ttltJm1til~ it~mffh1~i1 trlJ i~i1 trlJf 

H~1-:Jtlff1~ ~~fft~~r~~t~.:JnuulJ1~19l'llt~~mrnJlJ'l'f il'Yli~lJ~1 (2552) ~nri11 ii-:l1m1i1vuuuu1.ff 

11imtllJ,i1lJ d 'lf1vm~~lJ 1M' ~i1 vu fflJ 1111'lf1 ~i1 UlJ1Jlf1~lJ 't'\'11 M' H~-ff:uq'Ylfm~nn i1 UlJ 1lJ 1'lf1 

Ju~.:J~lJ t'V'I11~tlJlJm1i1tru~ ilJthtrlH ilJ~1t11 ff\lf1fflJ1lJ i~tHmY'nmn'V'I 'llfl.:JI91lJtti.:J u~~~hfl'ty 
n11JlJ flmillJ m1 t 'll~ trlJu'll~.:Jur~~ mn'V'I t'll~ulJ :u:u :uH~nfl'lJ~'IJ H.:Jur~r~~ 1 M'~~t tllJ ljr~w.n n:u 

q q q q 

1l1V1i111J ~~t!l91f1~1~1l1f1f111 t1-UlJUU1J~'U"l f111i1UtJU1JUdtJ1l 'llrim1 t'll~V'Utt'll~~ ff1'lll~ 
.. q 

d d 
(1) t'll~ti'UJ'llU1JU111f1 Teaching-Based !U'U Learning- Based 

-ld "" "" ~I (2) tu~ti'U~f1'1:1W.~fl11!1UlJ1l1f1 Passive !ulJ Active 

(3) t'll~tr'U111f1l'lflt1lu1h:yqp 
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(4) tintrfl'l:lli~~tJ'Uf (Learning) mnw;hnnf (Knowing) 

(5) i~ttJ~tJuutJM~-;n!ntrmn 1~P~tJi'*-:Jl'W111mtlu1tJ'Im-:J m'Ji:irmf 

v11-:J ifuvrniJ'lf (2548 : 8-1 o) i~ff1111J'J~ 1v•nr'\Jfl~m'J if~P~i1t~um'Jffflu~l1m'Jiifr.~ 
d 11)9IOJ,: 
tll'WJl'U n~~u 

(1) !J'J~ ttJ'lfu~mfi:it~u t~P~rJH~tJui~f'I.Jm'Jvr~PJJulm'J tn~P~'YiniJ~m'J'l.-H'm'J111t~ium'l' .. .. 
j,l ..::! fj) .c::! ~ Q,l 9J 'JJ d.c::S d d 'j} QJ 

Uff'N'H1fl11lll l'H.I'Wl'Vlt]lJt) U'U 1fi\Pl 'H Clf1fll'J 1H'I~'\Jflfi'U'W'I.J'Vlllfl1lll'H:IJ1tlllfl1lll1'Vltl-3191H J 'ilfl 

llfi'Jl~MiJW'Hl fll'J11-:JUH'Uf1l'J unifrum'H~flfll'jvr\PJJ'U 11fl'I.J 'j 1'1.J 'j 1ll.UfllJCI 'Cf'J tJ HCIU1HCI f1l'j iifr.~ u v qJ q 

1IJ "" 91 ~ 9J d d 1IJ 'jJQ.I Q,l Q.l Q Q.l 

&1J1J'J~~f1191i'lf 'Wflf1'il1f1'WJ:j l'Jtl'Wll lflf1lff !~'Jflfll'J'Wfll'W1'Ylf1IJ~f1l'Jfi\Pl (Thinking Skills) 'VlfllJ~ 

nnufi'iJqJ'Hl (Problem Solving and Resolution Skills) 'YiniJ~f1l'J'I.J1'Hnif~P~m'J11Cil (Time . 
Q,.' ~ Q.l .... 1 

Management Skills) 'Vlf1IJ~f1l'Jfftlffl'J (Communication Skills) 'VlfllJ~lJ'J~lJ'J!:IHCI (Computer 

• Q.l d jJ Q.q, • • 0 

Sktlls) U~~'Yifll:l~fll'l'l'l'r.l'Wl11~tl\Pl"M111 (Ltfe Long Leammg Sktlls) 

(2) 1h~ 1vGJru~mtpi11M'rtaiim'l'11-:JUH'W'Vhnu1w,n!1~ 'll'0~11'WtJth~trlu'l'~uu 

111'mi 1HUH'W m1 'fftl u tJtlflU uu n'ilnn ll 1 ~P~tJ1 M'N'i'i tJ'W 1 i'm'l'iimrl u riTu 11~~'ll'O~ .. 
ct 31d "' 31-=t .I "' o ~I i ct -~ 

fll~U1'Ufll'l' l'l' fJ'U 'l''YI ll11Jl~'fflJflUH1Hl'U u'l'~llJ'UH~fll'l' '¥11~ 1'U1 u'U'l'~fJ~ 1 19HllJ!U1 l11Jll:.l .. .. 
"' I o IIJ ~ IIJ IIJ 0 , 31 0 I -~ IIJ 'JJ 
'lf\Pl1'il'W11'il~'Vlltl~ &'l'lll'O &'l' LV.'l'l~'O~ 11 u~~'¥11 l1'YI'l'1'1.JH~ fll'l'fll~'Vl111U'l''l'mu1111J1tJ &191 • 

(3) 11'l'~ 1tJ"MU~fl1~fl1'l'fll'Jfffll:l1 ;~H~'lltl-3fll'l'i~P~i~ tJ'Wm'i 'ff'O'W~ ii nni:Omrlu 

j1'U'ff11J1Hl\.JllJ11rl 'U'U,'OlJ~ 1 'U fll'l' U ~ mtJ~ tl'U fll'J i~ m.Jf 'lltl~ fll 1 ~fJ1fl1J n fll'j ,)'~ fll'l' flU 

ct ~ "' 3/d d I .,g I .I o' 0 IIJ.I'l 'JJ 
11 fJ'Ufll'l''ff'O'U1V.'O'Wrol'U1 H1 'l' fJ'U'Vlfl'l' U11~:tfi'U CJ1~fl'i UI?ICl:tfi'U ff11J1'JO'il~ll'J~ tJfli?IU Cl~'U 1 ! 1J ! "If 

'U 'U 'U q 

'ff'l'tJ 111' i1 fll'l' t1 vu fll'i fffl u 1 \PI v1 i'm'i 1:0 m 1:1 u ~ 1u "lh v 1M' N't1 vu 1 ~j i ni~ nu 
q dS 'U 'U 

3/ Q, 0 "1.1, ~ 31 31 31dct I "-' "' ~ 
11 'ff1~ l11fl111J'l' 'il'U fl'l' :t 'Vl\1 'ff11J 1l tl'U 1 I U "M I 'U fill' fl'U fl11111fl111J'l' 'YilJfl tJ'l' tl1J1111W:t1 fl\Pl'lJ 'U .. .. .. 
, 31 "' d I ~I dl """' 31-=t dl v d 31d v 
~11~tl\Pl 11ftl l1'l' tl 1 'l' llfl111ll'U fllH'tfll:l WH'Ifl \PI "1$111 H1 'l' tl'U 'il\111 fl\11 'l' tJ'U 'l' 'Y1 'il~U 'ff1\1111 fl111J1 .. .. .. 

' " 1 rr ~1tln n11 'lltl\111 'U1tl\l fl1'j ~ tJ'U j'Vi~ 11 u tll1111 ~fl v1.:.11~ tJ1~.:.~ ilJ 1 "111 i11111J 1 tlrl1l'l ru'lJfl\1 fl1'l' .. " 

~ tlu fill' 'fftJu 1 u~rttJfilll nn fin1:11vmifl 1 tJ 

f1l'J~\Pltl~l~lh~'I.J'IJ (System Thinking) '11:1J1fJ~~ Thfll'J~~tJ~l~lJ'J~'I.Jtl lJ!'I1191lJNCI '1'11 
q 

hfNCI'lJtJ\Ifll'JiiJIPI '111tJHCI'UtJ\Ifl1'JHO'lJUJm~i~J'WiJfi11:1Jtlfll'i'tJ.:.J mhHJl UCI~'J1~1~1 Thfll'J~~ 
v ~ 
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I "' ;;'I llJ" I I ;;'I o' I "' ~ • • ~ o' 
fltll'l:JJ':i:::1J1J 'il:::tu'W'H'W'Yll'l tufffll'Hu'Wfl'lflfl':iU'H.:.Jfll'H'W'U'i (Learning Orgamzabon) fllfl.:.Jflm .. .. 
Ju"l th i11ii'fl~l'lii111:::if'Ylnmvum~ Vfl'H~n h1 VfUfl.:.Jl'Umt.Jl'Ufl.:.Jfi'm ~n:m!n lum'i~fllll'Hl 

~tJ'Uf (Learning Organization) ;i'll'il h1'tfiflfll'J~ tJ'Wf'illfl~',Hfl'l'llfl'll'IUfl.;Jl'UU~"~fi'W tfiflfll'j 

~t.J'U ~'llfl'ln:INl'U vili 11'tfif1m1ff~l'llfftJifft1'1111 (Shared Vision) tm:tfi~m1t1 ti'U ~·h:ufiu fl~l'l .. .. 
t1:l'Un11 (Team Learning) mfnfl1'Jflf1'11lflfl1mn'ifty'H1fl~l'llJ1~1J1J cYlff'Ul U'll1!1!ru, 2548) 

1J'J~flfl1J, 11~1tl 

2.2.1 n1Muf111'J~t~uiftyml11'\ln~fl'~ m'ilnl'H'W~ i~t1:lu iftym11r:ln tm:iftyM11V'l 

" . 
2.2.2 'J:1,J~1u1J'Ji'l'H11f1 nl'i1 il1'tnf1Uty'H1 

2.2.3 fimu~inun'1'llMlVVi'ill'Jtul'Yl1'lt~un~t1:lu1111~ m'iliimnni11in 

2.2.4 liD tJ1JlfitJ1Jnttn'1'll u,j"~n U"~lJ'J~tiJ'U~ilnfln i~ff1111Hl'il~tJl ilJ~nn 

1Ji)1J1ii~ tm~'il~Ul i tl~m'J1Jn'Jrml>n11t111M111tl . . 
..::!!1 ~ ~ dd.c:! 

2.2.5 l"flfl11iUfll'll'Ylfl'Yl"J'~ 

2.2.6 '111 i 11'Yl~mv'l11i)llil ~nm:v~nm~m111~ffll 
2.2.7 ~~\911111'-lnfll"JUi}llii'll'Wmh'llmf~~ 

2.2.8 un'1 'lltU~ti'UUU"'l1J~~wnw~v'll unm"J1Ji)1J1i'l1'W 

2.2.9 tll'H'W~ll1\9l"Jll'Unui)1J1i'll'U 

2.2.1 o ~ 'lfll"J 1 11'w'l!n'll'U1Ji)llil'll'W\91111111mi1'W~nwi'Wf1V~l'ltfl'i .:.Jfl~~ 
Qla,.ot/~ Q.lr/ ~ .c:::t.d Q.l .::::1 .c:::t..c:::t. 

'lfti1\0JJ'W tl "J ~l'I'U 'i (2548) 11f11111fl~ tfl tl1fl1J'Yl f)ll f;)f1111Jfl fl! 'lf'l'J~ 1J 1J (System 

Thinking) 11nuu1fi~'\JV'l'Ylflll~f11111CJ11J'*uutvum1'rl'\0Jlulnf1~~tvuv'lfi'n11 t1:lum111V'l1"n 

~1tlfll"Jff'ltm1:11' (Synthetic Science) ~l'l'illfliff'U~'Yll'll'Yltllfflff\911~ i~~1J~'Ylnl'l" 'illfl hniffu 

U1J1J,Jmml'\JV'lth~'W~11V'l1"n~1tlfll'Jltml~Mfl~l'lUtlflff1'W (Analytic Science) ~'llJ 3 'Ylqll~~ 

f1~1vfiu 'rl'\OJJ'Wl~flvv~fiu mu~l'ltwm1u 1liuun i~un 
" 

(1) 'Ylf)'li~"J~1J1J (Systemic Theory) 1~~1Jfln'rl'\OJJ'Ul1110fl'U 'illfl.W'Ull'Ul'l11 

Cybernetic flftfflff\9lffll':if111J~1lflft in 'H'tJ.:.JffU 1J~t1J~ti'Ullll'lff\91T:i'J11 '\Jfl'l m\9l~U'VJ m1J~1 t1:J'U 

fll'Jllfl'lfl~l'l System Theory Yii~t'ii'U 

(2) 'Ylfl11~H'J~tlitJ1J (Chaos Theory ) ~1U~1'l~h1'l~'l'llV'l'Ylfl'lla~~fl "Hnm~'Yl1J 
f:h~fl 'Hlfl Butterfly Effect" nri11~u ~t~u1my~1'11rt'lm~.Wuiln~ifl.:.Jfl'l ff111l'Jtlnlil1'~uvh 
mmrY~ufl~vJufrumu~vuu11n'li~trlu 1 t~uu1M'M~'l M1u fflm\9ltdu'l~ur~v.:.JiJ~H~tJ1 lu • 
t1uu i'tl~mlll~ff11 ff11111t1nmn~m'J tu~vuuun'l~i Mtt)Mm'l i~ 
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d QJ j) Q.l .d. Q,l Ql " ~ 
(3) 'Ylqfl.QflllllC)I'UCJHJ'U (Complexity Theory) Clf11:1W~'Yl'fflflty'llti..:J':i~'lJ'lJC)f'lJC)ftJ'Ufltl 

flll f:!~'lJ'.:un~ ( Emergence ) ~~11lllf.IU~ f.!W ffllllii'llt~~':i~'U'U':illl~U~fl~H i'l1111f1~Cl':il1J'Iltl..:l 

~htJ'iJ'J ~mnnivuvf~1111~ t"lftJ 'ffllt~~iitC)I'Cl'ff1lt~~lr'lJ~ltJLC)I'Cl u~Cl~LC)I'Cl hmfJw ff1J,m~~1v~ hi~ 
' " U~trlti'J 111 rl'U! ~'U 'J ~'U'Uff1Jti~Cl'11Jl':itliifi111J ~1 ,~ l~'U~'U \j£1 Uflilfll'i f:l~'lf..:Jlfl~ 'Utlf11llf1\j 

Yl~11'-r!i~>.~Ju ~1lff~l (2549) J..:~ i~~~u..:~fll11lfl'l~l..:J"l ltJlil.,Yv fl'lUCl~'vh vd1~~t1l~t1l111i 11' 
" "'"' 'l..:J'U 

~ cv Ql " • d'q 4 .. ar QJ .;. r1 c:. ~ 
'Ufllq!ClUClg::fi111JC'I'll'rl'U1i\Pll~"l 'Ufl~11110Jfl1'iW t'Wfl'l~ UCl~u'il~lJ'W !'rlflfll'Jfll'lfll'iW'Ylff'Yll..:J 11Hl 

'Ut~1J t'U~m~t~ vn~fft~'lfl~v..:~t111Jl~ ff1Jn1Jm'i 1'11~ uuu'l.Jr:~..:~~m111J~tn'l~'U l u t~'Ulfl~ 
C), C), tl .a Gt 0 .c! 

(3.2) fl11llfl~t'Jf'l'iJ'i~~tl~ (Appreciative Thinking) fltlfl111JC'I'11Jl'i\l t'Wfll'i 'Wlff'l 

~H"l ~ijfl~t~ll , 'l.Jii''l.J'i~ iu"MuitJi~Q'iJ'i~ff ..:Jfll11:J1~ i ~HJC'I'llll'J f.U'iJ~U'J.JU'iJC'I'I1lltl'U 11J1i'il1J 

~I _, d '1 il_l i .~, il Q -1"' '1 i/~ d"' I Q '1 31 il 31 "' 
tu'W'iu1i'i'i1J'Ylff1lll'itl t'lfu'i~ fl'lf'W 'l'iiN Ur:l~fflll1'Jtlu'J1J &'Jfff..:J'Y11Jtlflt'l1J t11fftl'lflC'Iti'I1'1Jlfl'lJ 

~ ~ 

.Q c:. 3) rl 4 .Q 

(3.3) f1111Jfl'l!"lf'IC'I'll~Cl''i'Jfl (Creative Thinking) fltlfl1'i'Ufllti'Uti'I'Uti1Jt'IJ~fl11llfl'l 

tnltl i 'iJ'il1nu 'W111~ vmt~1Jfl11llfl'lt~ll"l ~iit~Qt~'Wm'J 'l i'fl111lfl'l l 'Wt~..:J1J1tl n~1~'ii~N11..:J~t~1l 

tnltl i'l.J~uu1l m.i.., ~ i:Utrwiilllnt~'W rwufll11lfl'l~ i:U~t~..:~v~mvl~m'ifhn1J11~ t~ntJmw ct1t~1l"l 
a .ci.:9 ct ..:::, 

11 'j ti'Yifl'l(lfl1J 1 'il'W!fltl"lf'W 

(3 .4) fll11Jfl~1~..:JnR ti1Jt'fiti1J (Comparative Thinking) fltlfl1'i'rlfllti11Jfl'U111 

fi111J!11flfl'UUCl~11~flf1111JU~tl~l'l '1Jfl~fl..:Jfl'iJ'i~tlfl1Ji'lu~ 2 fl..:Jfl'iJ'i~tlfllJ~'U i'l.J ..f..:~d l~fl ii' 
.0::::0 ~ ~ & ~ td 4 & dd 4 I .c:9 

fl'li 1J 1m 'J fl 'It 1 fl ~11 u ~ 1J u 'rl'W! l'W 'II fl'l fl m 'i fl..:J 11 u ~ 'Vlllll ,, 'i! l'W 11 'J fllll~ 'i n1 'i 1J H fltll~C)f~ffllll'i t1 

U lllll i't ~ U1J!\ii I'J.:Jtl'UU Cl~! ~ flfl1'i11 ~..:~.f fi111JU'l tl~l'll ~11-:il'I'Ufl~fffl'l~ 'ItT 'U, ~ 
.Q.Qr..Q a' .a Gi .aj) 

(3.5) fi111Jfl'll'II'..:Jl!fl'J1~11 (Analitical Thinking) flflfl11llff11Jl'Jtl t'Ufl1'iff1Jfl'U 

.,Ymif'il 'il1 ~t~fl~fl1Jfi'lm1lt~I'J1rl1J1Jl~ ~ '11Jl~flU1-:J i'ltltllffi'J t .Um'i ~fll11J fl1'i ~1U'Wtl1Wtl!W~ UCl~ 
fl1'ill1fi111J! .,r, 'l 'il tl1J fl'lfl'l1l ~ tlfl1J'Ufl'l~ 'ItT 'W"l u "~ fl~fl 'l.J'i ~ flti1J g'W "l ~ iifl111J ff'mf 'W n tl'W l11Jvf'l 

mlt~fl1J il'l~fl111Jff1liu£t~.:Jm~>Ju"~~" 

(3.6) fll11Jfl'l!~.:Ji'rl1tl1f (Critical Thinking) flflfll11JC'I'11Jl'itll'Wnl'ifl'l~'ilg:: 
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~lf)fl1'ffoW1111Wl 'Vll·H~fJflg'U t'HIPJHClg'U ff:JJ~~jl'Wg'U ~.:Jf)11J'ffl1Jl'itl'Vll111'1~,j'f)ff1tlg'W ~f)l'il 
!l~tWh~f)f)fl hJ~!~ 

(3. 7) fl111Jfl~l;f.:Jff.:Jiml~l1' (Synthesistype Thinking) fltlfl111J'ffl:JJl'm 1um'i 

111Jt~~f1'11 ':i~ n t~1J~ut~mhu ti'u :JJTVhmntr~t~m1:JJnurmJ 1ll m ~ i 1-:J 1 '11~mh.:Jm :JJl~ff:JJ 

(3.8) fl111Jfl~l;f.:Jf1Cl~'Vl-fi (Strategic Thinking) fltlfl111Jffl1Jl'itl iunnfil'I1'W~ 

U'U1'Vll~~~~~\Plill£Jil9fl~ti'U l'll .u't~fil'I1'U\Pl9iN"ll~tltlfJ 1 ~~fl~f1111Jn'Jtih'111Jl£J~I9ft~~fll'itltlfl lU 
1 'U:JJ:JJ~I tlu ':i 111i ':i ':i 1.1 tl~l~l 'i! vn~1 'ill~ 'II~ . ... 

(3.9) fl111Jfl~I~.:J:JJ 1u'tlrn.J (Conceptual Thinking) fltlfl1l:JJ'ffl1Jl':it11um'i111~ffTW 

oUtl:JJClvT~l11JIPl~iimi 1~£.11tl1JI~tl~ 1~1~tl~'l1~~ l~tl~l~ l~'li'IPluti'~ UCl~V~ffl:JJnmhm ff~l~!tl'W ... ... 
"" , ,,J 'j} 

fl'Jf)1JU'U1'fl\Pl '111J'Il'U1Jl\Pl1£.1 

(3.10) fl111Jfl\Pll~~\!':iWlfll':i (Integretive Thinking) fltlfl111Jffl1Jl'itlfl\Pl1'W fll':i 

~~t~:JJ 1v~~~t~~ 1 u~:JJ9il~"lt.u'ln1JI~t~~'11tin 1~t~vl~mm~ff:JJ 
Q,l ~ .::9 I \lffJ/1 ~ I :'I ~I ~ ~· 

\Pl ~'U 'U 'il ~til 'il f1Cll1 ~~ 11 f1l'i Ml tl£JH t u'U ':i ~1J1J I u'U f1l 'i:JJ tl~U 1J1Jtl.:Jfl 'i11Jiu 'U 

ml:JJ'ffl:JJl':i t11 u m':i 1'1Y11 'il~~fl111Jff:JJ~'Wlh~'l111~~ ~9il~"l ~1tlu t~.:Jrl11':i~nt~mhtl'ty'l.lt~~1~1J1J 
u un'illfllJ tJ.:j nTw ':i 1lJtt ~ 1~Pi'tNlJ tJ~ 1 l£JCI~Iflti\Pl'UU~ ri1u 11 ':i ~ nt~1J duf.l 1 u n nnfu 1 ~ t~un~1f.l fll'i fi~ 

' ?1 <l"" "' 1 'J} "- I 'I 'J} 'J} liJ 'J} ' 
Ut1Htu'W'i~1J1J fl'fltl fll'ifl\Pl '11fl'i1Jtl~flu':i~fltl1J'Iltl~'i~1J1J t '11fl'i1Jl',jf1 4 \Pll'U t\Pltlfl 

.t:::::),Gi~Cl ~~ f! 
(I) fl~ &'11Clf11'1f.:J11fl11~'11 (Analytical Thinking) 

"' 1 'j} 'j} ' 'j} .. (2) fl\Pl '11f11l~tlf.Jl~ff'il~ff1'ifl (Creative Thinking) 

"" 1 'j} .,j (3) 'fl\Pl '11fl11J'il'W'il1JI'itl~ (Integrated Thinking) 

(4) ~IPl1'Ufll'W'i11JvT~1~1J1J (System Thinking) 

fflm':i fl ""1111 ~11 m'ifi1Plt~n~1J1J ttlunnnfi~I~.:J'I,J1W 1m':i 1~u nn'llt~l£J'IID1JI'Il~ 
f I i} I 'J} 

fll'i~\Pl'lltl~t ':i 1-viii~ut~ u~U'W"l t~un I 1111Pl£J ~~~1'Wff111'11~t~i1Plff'W 1'11 u9i.W 'ill'iWll~t~~l!u t~VH 

Cl~tflf.l\Pl~thw 'YifllJ:JJlJU~ 11JIPl1Umff1MmllJfl\Pl'lltl~'fl'WI'il t~flfll':il~tl:JJ 1£l~ I~U'I1lfl111Jt~'W t11l~ . . 
G) I \1) 3) 1 I cl 9} d.c::~ f j) f/ ~ 6J 'j} cl QJ Q1 f/ 
&'111.1"1 t\Pl~:IJ lJU~ l'llJ"l rt'I'WU'W 1'VINUf1Uty'111'YI\Plf11lff':i l~ff'i1fl 1 1lJ'Vl~ t '11t'H'Wfl111Jff1J'Vl'U 1it11J1J 

f r 'JJ I f I 1 

t'ift~lJ 1t~~ ':i ~w;h~t~ t~~t! 'W tl1JU'il \i f..IV'W -vi 1n tl1oUtl~ fll':i 'Hn11B1J1lnn f1~1 ~~'i ~1J 1J 'il~l~ :~.n1lfl1llJ 1.u'11 'il 

i 'WI~ U~ fllHf ~HCirftJ'U nti1J (Feedback) 'lltl~ ':i ~ 1J 1J;~ 'il~vll1 ~~ ':i 11~ 'U ilfll'i m ~'Yll~l~"l tll'il 

nt~1Mifl\Pl!t Ht ff~ lJt!Cl~ Ill ~19fl'U'Vl~ tllJ"l tl'W '11~Utll1llfl\Pl!tH fflJ\Pl Cltln'Wrl~ tl'W~'U f111 I~:JJ~Hrl • 
vu:JJI~'Um':ii~ti'Wr~~~\Pl9il~"l 'lit!~ 1m~ff~Nvf~'l1mtl~ln\Pl~'U~lll~1~lfim~u-rulfm 'tln'l:l~fll) 
.t:::\ 1 1 1 1U ~ lfl 3} 'J) cv Q.l I :'J :, ~~ fJ/ ~~ ~ 
fl\Pl t!~ Cl~ tl til~ fl11 'il~ Yl \9ll'U 1'1.1 'U t \Pl ~f)~ tllfl'tlfll ':i Yl\9ll ltl£JNI u'U 'll'U lu'U ~U'U IICI~ 'il ~~ tl~ Wflfll ':i fl\Pl 
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2.3.1 fl1llJ11lJUJ'U0~fl1llJft~'W0 1'll 

't'HJ'U l'U flHHl '!T1J11'lf'ITW cYl\91tnHll'U (2542) tl! lfrl11:Ul'I1Jl£l'Ufl.:Jflll:U~'I'V'Ifl 1 'il • 

<V , I ,:j ,:j , .c::!i jlt:!i ~ 

v'YI£l'V'Inw 'fffl 'il (2545) fl~ldfl'l f1111JlH'V'Ifl 'il l'llJltJfl'l f11l:U':i'fffll'l':ifl . . "' 
nff'Ufl~'UfliJtJflfl~~ij~fl ~'I 1191~ 'll'l~'llfl£l m'iH~lJ t111 lJ!~'I11':i~!lJ'U~l llfl11:U~fffll'l~fll1fl''Ufl~ . "' 
~fl~ '1'11~'1~ 'I ifltT'U !~'U i11i 'U'Yil'I1J1fll'l1fl'YI1'1~1J 

'ff:Ul'I:U1tl 1tl£lfl'Ufl:U (2551) flci11il'l fl11:U'Vl'I'V'Ifl h l'I:Ul£lil'l ifl''Ufl~fldl'll'l~'l~ 
"' ... ~I 11) I d .I I , 'J) ~I 'J)-=1 I ... .. :'1 ... 11) 'J/<V 
:U~fl'I:IW~hJlJ'Ul:UYi':i':i:U &:U'ffl:Ul':ifl:Ufl'l!l'I'U~IJ':il'l 191 !IJ'Ufl11:U~'fffl'ff1'U\911'YI!IJ'U tJ''ll !:Ufl &191':i1Jfll':i 

\91fl1J 'ff'U fl 'I fl11 :u ~ fl'l fll 'j 'Ufl 'I \91 'U, 'U ~'I~ 'U 1 11'111 tJ, 11 u ~~t1:l'U ~'I~ flll'l 'U fl'V'It}~ fl 'j 'j :u 1 'U fl1 'j 
. . " 

u'fffl'lvvn'llv'I1Jflfl~Vii1~vm':i tiivnVi "~11~llil1'Wn'ilm':i :uu'U .., fl11:U~'I'V'Iv 1 \l'il~'\'11 1 M'tJfiAmnfl 
" .. 

1 
<!I 'J) .,9)Q <V , ' .ct.ct , 

f111:U'ff1Jl£1 'ill'l ':ifl'ff'U fl'lfl11:U\91fl'lfll':i 'YI1 '11 !fl191fl11:UtJ''U ':i1:U'YI'I'ff.flWH!1191~fl:U\911'1 "1 'YI!fl£11'Ufl~ 

t1'1'U il'il'ilv'l'l1 1 M'tn191f111:u'fl'~'V'Iv i 'ill'l1v itifl"'V'Iv 1" 

flltl.J'ii'Ul 'il'W'Yif11'i~t'ff~~ (2554) nci11i1 fl11:U'fl'I'V'IV 1 'ill'llJ1£Jil'l fl11:ufiln~~ 
M1vifl''U fl~~~'U v'I1J flfl ~~nJ' mn191 'ill nm 'j i ~i' 11m HW1J 'ff'U v'l\911:u ~\91'\.J ~v'~ nn ~ 'il ~ tn191 • 
fl11:U~fffl~~1'U~ 'IJ'U \91Hn'U.u'l:Ul'llflfl11:U~fl'lfll':i ttit~i'1JflU\91fl1J'fflJ fl'l fl11:U iti'fl'I'V'IV 1 'il~'il~ 

"' 
"" .,} 

lflfl'U'U .. 
...... ... v .... .:1 ... 

2.3.2 'nq'll.Q'n&flf.l1'U0~fl'Ufl1llJ'W~'W8 &'ll 

rJ' Ql 11)~ I ~ d CV dl 
fJflfl\]'ll{;J 'YI':i 'l'b'tl1HTW (2543) !~':i TlH1lJ fl'JlJU lJ 1fl~&fltJ1fl1Jfl11lJ'V'I'I 

'V'IVl'iJ'llJ~11U1J1J'UV'IU':i'l~'l'l'ill-r 4 fi~:U flV 

~ rJ' ~~ 
(1) 'Yifl'l:lf;Jfll':i~'l'l'il'IJV'I:Ul'ffl~1 (Maslow's Theory motivation) 'Yifl'I:I{;)'U 

II) 'J} 'J} '1 'J} I <V <ld. o <V 'J} ,l ... 
t'lll &191t'fflJVfl11:U\91fl'lfll':i lJ1911lJ\911'1 "l fi'U 'llfl'llJ'4'1:1m':itJ'Im1911J\llflf111:U\91V'Ifll':i'V'I'U~llJ t'V'IVfll':i 

vd1 0191 i 11 'il'U il'l fl11:U~ v'l fll':i'Yil'l ff' 'lfl :u u~ ~ fl11:U~ v'l m ':i tll':i vv:ui' 1JU tJil v 'ill nnrl :u 11191'\.J ij fl w ~1 "' . . 
... '13)91 91 ~ ~ .c:r d'~ ' d 0 <V " ~t:! 0 Ql 1 

u~~'V'I\PJJ'U Wl'U!fl'l '11 tl11l'I'U ltJ'I'lllJ :u1 'ff 1 ~1 flfl11fll'H':i £J'Im~1Jfl11lJ\91fl'lfll':ilJ :Ufl11:U 'fflfltl.J 191tJ 

'J) 

um 

(2) 'Yifl'l:l~fll':i~'lh fll':iU11'1i'fl'l:l1 'Ufl'l Herz berg l~flri11~'1iJ'il'iltJfll':i 

1 
Ji ?I ... 'J) 1 'J) 'JI_ I "" "'"" 'J) .:1 1 liJ 'J) I 'I 0 d "' 

~'I 'il CJf'I!IJ'U\911fl':i~I9J'U l'l~llt)1J\91'11'U\911'Ufl11:U'V'I'I'V'Ifl 'il &191Ufl lflfll'ff fl11:U'fflt':i'il fi1H.JfllJ':i1J 

fl11:U i'tJ H191'lffl1J fl11:ut 'il1 rufi'11l'llf 1 u ~ ~ iJ 'il 'il vn n u1 Hi' fl'l:ll ~.:~ttl'U ~1'11191 'll11'1fl11:U Vi'I'V'Ifl '1 'il " . 
h1nri lJ ttl1JltJ'Ufl.:.Jfl'lflm 'ffm'V'Inn'l'lNllJ fl11:Uff:U~'UTI':i::::'I11N1Jflfl~ 
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(4) 'nfl'l:l~t11Hll~ld'.:!'\J6.:! Vroom il"1'tff'W6U'W'Jtl~l~fnfl'I.JUH~.:!h!l'W 
0 .C\ d 111 liJ 91 .d <V -C:\ ~ , & 0 .Q ... 1.<::::\ Q.o~Clr,.d 

fl1'j'VJ1.:!1'W'\J6.:!1JfltHI 11~tl nalJ'W fi'JUH1J'W ttl t~'\J6.:!J:'Hl'Yl1l~'I.J.:!lfl~'\J'W ll€11 11.:!~1l'W'Wfl1'j IJU'I.J~YI 

~'Wfll~l'rl.:! i 1' fl1'j ~.:! 1 11~u 6~n'I.Jnnfi~111.:!'\J6.:!:W~'l:lvl9im·Hl~tn~~'W 'nfl'l:l~f1nfl umi.:!'\16.:! 

Vroom ~ l'l1'W 1tJ11'1.Jflfl" 11 d 'J:Wfl 11m 'jlJ~!'\J1fl1~111.:j1111~ iiOi'i' 1J'j 1.:!1'"11~6~ .:jl'i1.:j "1 ~!'\1 1 • 

. . 
....... ctct "' 

2.4 .:jl'Ul;)ti'Yilfltll'Utl-.1 

.... ... 
2.4.1 'Yifl'M~nl1fl~ 

m1i'~u :U;nn (2554) l'i1m'j1,J'mrl6~\PJJ'W1'tin'l:l~m'jfi~~'Wff.:! 4 tl'j~f11'j ;ifl 
~ ~ 

Q,f Q .C\ rl Q.l .C\ Q.l rl Ql .C\ .C\ Q,f .C\ 

'Yifl'l:l~flU fi~'Jlfl'j 1 ~l1 'VI fl'l:l~flU fl~ ff .:j!'fl'j 1~11 'nfl'l:l ~fll'l fl ~'J111HU tlJ1W U m:'Vlf)'l:J~ fll'l fl~ 

~ r/Q.I Q.l ~ .d. ~ " gJ Ql .C\ 

ff'j H ff'j 'j fl 'W(.OJJ\J 1 J:·m ff:W t)'n 1i 'VI 1.:! flU! 'j t.I'W ~" 6~ 1l'W fl'f1'l:l1fl 'J1:W f11111'W 1'\J 6.:! 'VI fl'l:l ~ f11'j fi~U "~ 

fj} , .c! .J. lfJ _ .. _~ .d gJ cv .d 91 1 .C\ rl 0 Q.l 

fld1:Wt11111'W1'nl.:!fl1'j!'j ti'W !'j{).:! rrrrntfi:W ~'JtJfl1'j 1l~fl1'j !'j ti'W~ u 'I.J'I.J TIH.:!1'Wl'Vlt.11fl'1ff~'j ff111'j'I.J 

Ql .ct 91 .C\ rl ~ Ql & .d. ~ d. d 91 1 'I ~ ... 
lJf1l'jtJlJl16.:!'J'ntJ1fl'1ff~'j 'Jf'WlJ1iti:Wfl'f1'l:l11J'n 4 lJfl1'jlf1'1.J'j'J'I.J'j'JlJ'\JU:W" ~ltl t'lf U'I.J'I.J'Vl~fffl'I.J'J~ 

~ 

Ql J. .ct Ql Ql .C\ ~ 'j} Ql .C\ Ql Q ~ 
F·mff:Wt)'n1i'nl.:!f11'j !'j ti'W U'I.J'I.J'J~'nfl'l:l~fl1'j fi~'\J'W~.:! 4 ~1'W U'I.J'I.Jff .:!lfl~'Wt)~f)'j'jlJ'VJf1'l:l~fl1'jfi~'\J'U 

t!~ll€1~U1J1Ji~'j:::i1Jfl'J1:W~~'Wtll'iJ fll'lli ti'W1J11 U flf1 ti'W~ hl'i'1Jfll'j ,)~fll'j &1t1'WlU1J1J 1 TIH~1'W 

1'nt~1fl'1ff~{ ij T111:wn11m! 1'\JU.:!m'j~(.OJJ'W Tti'n'l:l:: m'j fi~~'W "".:!'nn'tin'l:l~ 1 ~vij'j ::i'Ufi'J1:w11U'1ud .. . ~ 

C1 .C\ 3) rl I Ql ~Q.I I d .C\ d I J Q.l .C\ ~ 
'VIf1'l:l:::nn fl~ff'j 1~ff'j 'jfl t 'Yl1f1'1.J u tlf1 1!1fl'W tJ.:!'W 'I.Jl1fl 11:w ti'\JU.:!'W q ~m 'jlJ 'Yl'I.J.:! '!f'Yl n'l:l::: m 'j fl ~ '\1 'W ~.:! 

'\Jtl.:! tT nil vu ffl'W 111 qjijl'l niJ~ fl1'j fi ~ ff~ 1~ff'j 'j fl' tr ~ niTti'niJ~ m1 fi~ ~1u gu H" ff':w q'VIfm.:! fl1'j 

.d. Ql d. ' ' d. ' d Ql 0 Q,l .C\.C\d Ql .d. 91 9) .d. 

!'j fJ'W 11 ".:!! 'j ti'W ~.:!f111f16'W l 'j ti'W ut.IH:W'W tlff1flty'Yl1.:!ffti~'YJ'j ::~'I.J .05 :Wfll1:W t11111 'U 1'Yl1.:!fl1'j l 'j ti'U 

rvhfi'I.J 0.71 tm~ijfll1:W~.:!'W6 1 1119ium'j11~m'j~ti'W~udlu'j~i'I.J'~.:!'WtJ11lmn~ 3.86 .. ~ 

n in t1~ -eyf11 (2553) ilt '*m ::'I.Jl'W fll'jfftJ'W ff'I.Jtff1~m~1'Ylrnfl'1ff~{t~m·r\Pllu 1 

H"ff':wq'n~'VIl.:!fll'j ~ ti'W!t"~'tiniJ~m'j fi~t;.:!1'W1nll't~t~.:!5~'j1fl1'j tn~tl~m tl1tflij 1 'U un~ t~w5'W 
:Un ti:Wfff1IJ1U~ 6 H"nn 111 fJ'W'I.J i1 u n~ ti'W ij H" ff':wq'n~'Vll.:!f11'j i1 ti'W 11ti'.:!i~ ti'W ~ ~ni1rit1u~ ti'W 

I d Q.l 0 Q.l .C\.C\ .c:::S Ql .::::to .C\ .C\ rl CV .d. 1 I .d. I .ct 

tlfJH:W'Utlff1fltu'VIHfftl~ U"~:Wfl~ U 'U 'W 'VIf1'l:l~fll'jfl~l'l1.:!'J'W1f1'l:l11 ".:!! 'j ti'U ff .:!f111f1fi'W! 'j ti'W tllll~:W 
u ~ 

<U 0 QJ """""""'=!. Q..' jl ' 'j/ 

'UfJff1flty'Vll.:!ffti~'YJ'j::~1J p 'Utltlfld1 0.001 ~'Jtl 
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'f:1'~il1 1'1f~~"n (2548) i'Pi'~9>ll'Wn'l.h~'U'Utll~i1u'Wm~'f:1't~'W~~t~~l'l!J'W1l1'm:J~ .. 
m~'U l'U tll':ifi~,f'U 'f:1' ~ 'llfi~U m1 U'U ~lf.l':i'lht'U'Utll':i fffi'WU 'U'U STIM U'fl~~m U'UAYlf.l'Uinll~ .. .. 
m::'U 1'U m~f1~~::'11':h~t! nil U'U ~il fJ'UU'U'UVn~n'Uu nil fJ'U ~il fJ'U 'f1'1v':i '!J u 'U'Utll':i 'f:1'ti'UU 'U'U STIM .. 
n'Utll~'f:1'ti'UU'U'UVn~ 1~fJU'lhnrilJunilv'Wmh.m:: 50 fl'W tfl'WnrilJ'YI~'fltl~ tm::nrillfl1'Uflll ii' q q q q q 

~ ~ 

tJ~1n n-h 11::u 'U 'U ..1 n'hl::m ::'U1'W tll':i f)~,Y'W 'f:1' ~'llt!~U nil fJ'W 't1~'f:1'tl~nrillu~n~ 1~ fl'W fi~Hi1t! mY1ifw 
~ '\1 q v 

ff11'W':i ff1':iHlmJ~w (2552) !~f1n'hl1H'fl'llt~~m':ii~'lf~n'ilm':ill~fli1t~t~~9'll'W 1 . " . 
ll'm1:: m::'U1'W m~m~i'YIV1ff1'f:1'~! ,f'W H'f:1'll'llt~~t! nil vwi'W lTn fJlJffn'hl1iJ~ 5 1 ~ ~t1- fJ'W 1i19J'W 1 ~ 1 vw 

i'Yim ~1'W1'W 26 fl'W 'W'U11m':ii~'l!~fi'ilm':illtfli1t~fi~~'W1l1'nll::m::'U1'Wtll~'YI1~1'Yiu1ff1ff~f,f'W 
cvq li]V .Q~I'J} <V Q,ll ~ d. I 

H'f:1'll 'Wtll~ fJ'W &~fl::U'W'W ~1llfl~l1J'W ~tlf.J'fl:: 79.20 ~m::fl::U'W 'W1~H'fl'f:1'llf)'YI1i'YI1~tll~ 1~ fJ'W'Iltl~n~ll 

i1t1~H'I1 ci~tll':i i ~'ljfl fl 'il m ~ lltfli1 ~ ~n11flfi'W tl1 ':i i ~'lj~fl'ilm ':ilJtfli1fi~Hi1Uf.J~Ylifty'YIH'f:1'0~~ 
Ql' I Ql'~ ~Q.I ~ d'~ i QJ.q Ql'd d 

':i::fl'U o.os 'W'U11'W m~ fJ'W ll'Yin'hl::m::'U1'W m~'YIH1'YIU1ff1'f:1'~':i 'll'W H'f:1'll 'W ~~fl'Ufl U'fl~'W m ':i f.l'W ll 
Ql' ,& ,:::1 .dJ 

H'flffllf) 'Y11i'Yil~tll':i ~ ':i ti'W fl'll'W 

iY~~~tJ' ivtJ':i:: 1fl'W (2542) ~~'WlHmYllfl'Yiim~m~ilv'W ~m::inll~m::'U1'Wm~ 
'YI1~1'Yiulffl'f:1'~i'llt~~t!nil v'W i'WtJ~::tlllffn'hlliJ~ 6 1flvi~fi'ilm~ll 1m~~l'Wi'Yivlffln~i ~1'W1'W 

1 Q.l d 'J/j} Q 1 Q t/ 9J D 

28 fl'U flf.Jtll':i'ilfltll~l~f.J'U~fl1f.ln'iltl':i~ll fi~~~1'U1'YIU1fflff~~ fl1f.JUH'UnT:ifffi'W'il1'U1'W 15 UH'W 

u'ft:: tfli t~~lit~n:: l1' t~'W H'fl nutJ ~tr~h1'uri U'U'Uif ~~n~Y~q~m ~ llnu 'f:1't~'W'Ilfl~fl~ u 'U'Uif~m~ 
'Wfl~ nn llnn t1 f.J'W 'll fl~ U ni~ f.J'U U 'U'U if'llfll'hl W U 'U'Ullt.!'n ntJ ':i:; ~l'J':i 'll fl~ fl~ i 'U~ 1'U U'fl:: 

U'U'U'YI~'f:1't~'U~t~v 'illnnu 11iuY~'U11H'fl ifllf)'Yiim~m':i il U'W i'Yif.llffl'f:1'1~f'llt~~t! m1 f.l'W ~ 11 fJ'W 1 flf.l 

0 liJ !iJ~ 3J .d Q.l d d I r/ yd 0 d. 3} & I r:/ 
tl1'11'Wfl nflt~':iflfJ'fl:: 70 mm::ll'Wm':i fJ'W'YIHl'W!tltuCVJ':it~'U':i'Yitll'H'W~m 'ftf.l':it~fJ'fl:: 7 5 CJf~ff ~n11mw CVJ .. .. 
.d 0 \IJ ilt:!! 'j) Q,l ~ 3) Q.l ..:::. tJ'd Q,l ~ 
'Yitll'l1 'W ~ nflm t~ur~:: 70 u'ft:: H'fl'f:1'llt:)'YI nm~m'W 'Yin'hl::m::'U1'W m':i 'YI1~1'YifJ1ff1'f:1'~~ ll Hrt'f:1'llt:)'Y11i 

d tJ} .di I rid 0 J:9 j} 

m 'f!U':it~ur~::73.23 CJf~~ ~n111tltuCVJ'Yitll'I1'W~flmt~u'ft:: 70 

lli'lfl 'l.J~'HJ' 1Y~i (2539) ~~~ill U'UtVivu¥i'n'hl::m::'U1'1.Jm':ii'Yiulfflff~iJuH'f:1'll 1~u 
1'*'11~ fi 'il m ':ill 'ljll 't-lll i'YI rJlffl ff~ f 'llfl ~ u m1- rJuiu lT n rJllffnllliJ ~ 4 h ~ t1" rJ'I.J 11 'U t~~ nt~~M t~ ~ 
i'VlrJl ~1tflt~'l1ut~~ff'fl·:n1t~~ 1i~'I11~P~'Ilt~uuriu ~1u1u 30 11u 1~P~rJ1lfnrilliP1'-:mrh~'l'llu'U'U'Yiflfft~'U1~ • 
ll'n'hl::m::'U1'1.J m~ 'VI Ni'YirJ1ffl'f:1'~! Ju H'f:1'llnt~u m':i 1 '*fi'ilm ~lli'Yimffl'f:1'~! tJ~1J1lfi 'ilm'Jll 1 u 'li~ 
~ C). rl 0 Q,l Q.l C). rl ~ Q,l 

n'ilm 'J ll"lfll't-lll 1'YI Ulfflrl'~ ~ U 'fl::'YilU 'U'U'I'l \PI fffi'U1\Pl'Yin'hl:: m:; 'U1'1.J tll~ 'YI1~1'1'1 rJ1ffl'f:1'~~ 'IJ 'I.J H'f:1'll '11 'fl ~ 
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'UV~f1~lJ~'HJ rh~11 ~~ f11 11 ~'!(~ n 1lf11 1 lJ'l(lJ~ lJ in V1ff1ff~f ~ ~w.hnelJ 1 ~'f~fl 'il nn lJ'l(lJ~lJ 
.e:!l ~ I d Q.J o Q.J ~~d. Q.J 

1l'ltllfflff~1 VVl~lJlJ Vfflfltyl'll~fffl~l'l1~~1J 0.1 

2.4.3 fl11~VIfl'ilfl1'UJfl111~tl'UJU'U'U 1fi1·Hl'U§l'Ul~f.l (RBL) 

'iln 1n w tffv~ i 'Vm 1~ (2554) i~'Vi'lnuf1mm~e'rl'9lllu l'tlf1\J~m~u1lJf11'j • 
1nv1ff1ff~{u"~ f-!"ffl.ltJl'l~l'lH m1t'1 tllJ ~~ e~ ~e~tl.l v{n11l.l'l11~ 1"vm1i"m1t1vufu uu 

1mHlu1nv1ff1ff~{arJu;nu tin'li'uum1vw5ulTnvt~ffmnil~ 6 ~llJ'llJ 40 fllJ 1~vm1i~ .. 
fl'iJf)'j1lJUUU 1fiH~llJ 5 'f~fl'iJf)'j'jlJ f-lm.h1ntrh UflilVlJi1f-l"fflJ\jl'l~U"~nfllJ~1l'lVlfflff~{,j'lJ 
tJ'jW 1f111'Uen'J m1 vu 'lu mn111 fll ~~ 1uinv1ff1ff~{ '11~~m1 i~n 'ilm 1l.lff ~n-hrieu nu i~ .. .. . ~ 

n'ilm1l.l mh~i1'11'vti1rl'tym~ff(l~ 1h~iu o.o5 uvn'il1nuu~~u-hunilvui1wnt~~~~e 1'il~vnn 

"' "'" 'J/1 'I~ ""' "'~I 'I "' 'il~fl111HilJj ~[)A 'If !fiH~llJ1l'lV1ff1ff~11IJlJj1lJ AlJ1~~1JlJlf) 

'rl''l11 iun{n~~ (2554) i~'tf99ltJfl11lJ~u"~nn1J~flu1iv'Ue~t!nf1mn flW~ .. 
f1n~Jlff1ff~{ t~'l111nm~v'Ueuuriu ~1vm1 i~n'ilm 1t~nn i1 vuf1 ~v 1 ~imrJu1 1u 1 u 11vi'lf1 

ff(}~~~"~1iVl'l1~f1Ufff11J1 nunrit~i1mh~ 1 flrilJ 1flU'Ire1J" 1"v'l~LIU1J1h:aiJunn1J~1iv . . .. 
UUUl'l~TI'eU-J'~fl11lJ ~l'll~f11111l'tl 1h~llllJ flll'Vll~llJ flri1J UUUff ~~fl~W'I~f)'j11J UUUfflJfillJtU ., • "I 

uuuff~l1'euf-l"~llJU"~uuu1.h~Liiu~lJLtl~ i1m1'l~ RBL 4 nJuuu 1i1auum11iv 4 1~'i11 .. 

7) d ~ ~ 'J/ I Q.l .c:IQ d I Q.J l!!f Ql 

1VV"~ 75 'UV~fl~U lJlJI~lJ llJV'V'I'ii11W ll1V"1lJ~U11 l'lflll~l'llJfl~UlJ lJ~~l'l"!"Ll'l1f1lJfiV l'lf1ll~ 
~ 

mn ~ 1,plfY1111,)v am~ nnEJ~ m11~1 t~lJ'liu 1i1auum1i,)a 1v~"~ itJtie nnlJ~ m1 a~limJ i)llilnu 

Q.J..:::! I I d I .C:::S Q.l o Q.l Q .c:::::,~ 

'11"~'1 tllJTI' ~fl11flVlJ 11 vue tl1~lJlJVff1flllit'll'~fffl~ 
.. u 

WJ~~ff' ,:nn~uulJ (2547) ~9llllJ1fl'ilm1l.l 1r~1~~1u1nv1ff1ff~{,~eri~tff~lJ 

fl11lJ~~TI'~1~ffnrf 'Ue~unilvu 1 mh~iu~ 3 h~ilvu 'luv1Lfleff1uruile~ ff1Ufl~1lJI'U~lfu~ 
• u 

f111ffflll1'11lJe~u1~15J L'U~ 1 1"vi'ufflTmunilvu'illfl25 h~ilvufl'"t~enm~mhu1u 30 r~u 

~1Jl1fl~lllJlJ1h~tlJlJfl11lJl'l1lJl:::TI'lJ'UV~fl'ilm1lJ 1flH~1lJtl~~ 4.40 u1.J"fl11lJ11lJl[J'Jl L'HlJl~fflJ .. 
lJ1fl am~f-lrJnn tm vut-Yivu~m1 ~ v1 ~'11ll~fl~11uu fl11lJ~"ff~NTI"nrfrivut1 vullrJ~'I1~~~1vu 

IQ.J.r:::::J, IQ.I l.d Q.Jd I I e::t l.c:::iQ.JOQI ..::t...:::::t..d Q1 

~U'lllJ flt 1 VlJ fl ~lJ~ 1VV1~ lJfi~U lJ lJ 11" ~11 VlJ ~ ~fl11fltllJ 11 fJlJ VVNlJlJ Vff1fltyl'l Nfffl~l'l1 ~~U .05 

~ i r1 ~fllJ ill f1mh ~~ff~ .» (2546) ffflEJ1f111lJ ff1l.IU t1 'lu nu uti'11ty'l11tt" ~ 
~ ~ ' 

f-lrlffl.l q l'l nn1~ m 11'1 vu 'U eJ ~ u m1 vu 1 ~iu"!Tu lT 1i Vl.lfffllJ 1ii-Yi 
d.a 'Jifj) 0~ 

1 l'l11VlJ1~1VflU'Vllfl'ilm1lJ .. 
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ifw'l11'tl~·n! fl~ tJ'W ~~ tJ'W ~1tJfll':i'¥h 1m ·H1'W 1'Yl tJ1ffTff~ f nu m-;; i~ tJ'W ~1:JJ ~ :U ~m u~ n~ 1~ nu ~d1~ " .. ., 
ih!mhfiwm~ffi1~~-;;~~u .05 1~tJUfl~fJ'W~~fJ'W~1tJfllni'11 flH~1'Wijfl11:JJff1:JJHll u mmtil 'tl 

" 
if ty'I11UCI~ ~miY:JJq'YI~ m~ m-;; ~ tJ'W \T ~ fl'JTW fl~ fJ'U ~~ fJ'U~ l:JJti:U~fl~ 

"lft)111':iW fl~~'WCI (2546) tmfJ'IJ!nfJ'IJfl11:JJ~~ff~Hff))rl 'V11-;Jl'VlfJ1ff1ff~f 'tl~~ 

l!n~tJuiuliM:JJffmnil~ 3 lu 1l~·wl'~"lfC~'IJ1 ~tflrrrh 1m ~~1'Wl'YlfJlff1ffl91fnu i11tfltJlh 1m ~~Tw 
q 

1'Yl t11rY1ff~ f 'Yi'IJ i1fl11:JJ~~"'~ 1-;Jffnrlm.;J1'Vlt~1rY1ff191fh.J ~ nm11:JJ~~fl ri~.;J 1Pi'1u fl11 :JJ v~11 Q'W 

~1'Wfl11:JJ~~~i~:JJ tm~ lum'Yi':i1:JJ mh.;Jiium:hftym~ffi1~~-;;~~u .o 1 

1h~meN Uff'Wi'lftl (2545) ~19ll'W1~·1Clff:JJt)'Yli'YINfl11~ti'Wl'Yltl1ff1ff~f 'ti~.;J 

l!n~m.Jiul!nv:JJffmnil~ 1 1~t~i<Mn~m1:JJ 1m~nwi'V1Vlff1ff~f ,)1u1u 18 fl'W 1~vnn11i'vflf~ 
dtr!um-;;11itJ~i<Ml11uu'Unn11im;~tJBu1lnn utin~~-;;m-;;11Blliimnwm1Ju 4 1~~-;;m-;;11Bu1i 
, c:$ j/ ,o=:!l ~Q.I,VCV.dl Ql~ d Q.l 

'Wfll':i!fl'IJ':i1'1Jn:JJ'tl~l.JCl fl~ ~1~tl ~'IJ'W'YlflfH'lfll':i~~fl~fl11:JJfl11!1fJ'Wfl1':iff~'W ff~!fl\91 UCl~ 

iY:JJm1:lw u n~ tJutrt~~uq~ i uu~CI~1~~-;; i~v\'1nn'Vl~ff~uli'1v1~ ~-;; t~mh~tiiuf111wi1111U1 
'II~~ l! nil ti'W 'Vi 'IJ i 1 J:-l Cl ff:JJ q 'VIi 'Yl1~ fl11 il tllJ 1'Yl tllffl 'ff~ f 'tl eJ.;J u flil f)lJ ~ il f) 'W 1 ~f) 1 <Mn ~ fl';j ';; lJ 

1m ~nw 1'YltJ1ff1ffl91f iiJ:-lC~ff:JJq 'Ylim~m-;; ~ m-11 ~ ~ v~~vC'l~ 78.19 uC'l~um1 vu~~hwmw cnfl1111 

svuf~nmu~m~v 83.33 ;~\1~flilmwcvf~n1'11lJ~ 11' ~v~eWC'l~ 70 

Manson (1990) i ~fffl'J:J 1 J:-l C'l 'II V ~1m~ ·:JllJ l'Yl f11ff1 ff\91 f ~ ii ~ V! ~ ~ fl ~! ;~ 
.Q fJ' cv .Q tl QJQ ~ Q.l Jl!!l 3J<ij Q.l 

1'YIV1ft'1ff\91':i UC'l~'Vlfl1:l~m ~'U1'W m-;; 'VlH1'VlfJ1fflff\91S 'IIV~lJ ms vu"lfu :JJ1ifJ:JJfffl1:ll~vu ~ u ! u -;;::~'U 

!~~!m~s~~uu11~ ,)llJ1'W 285 fllJ ~lfl h~t1vul!nv:JJfffl1:ll~V'WIPi'u ff'~n~ Ottawa County f! 

iJ;unu uti~Ufl~vuvvmrJu 3 nri:JJ~V 
q 

(2) 1m~.;J1'W~um1vwilvnw~ 

(3) iimni'11m~·:n'W 1~vl<Mnm 6 '1111:JJ~ l'hms'ffvurivu~vuun~M~~~vu 

1~vl <Muuu'Vl~ffvu1~'Vi'n1:l~m ~ u 1u fll'J 'V1 N 1'Vl v lffl 'ff~ f N C'l m-;; 1,) tJ'Yi u -;h l! m1 tJ'W .vf ~ 3 n ri lJ 
q 

.c:...:::..::::.. tl cvd. ..::s d jl 

! ~~fl~!"lf~1'YIV1ff1 'ff~-;; 'tiV~'W m-;; vu 1 Wff"lf1f.I!'Yi v~m nu vv 

Miri Barak and Yehudit Judy Dori(2009) fffl1:Jlfll':i!~:JJfl11:JJ!.,Y1h't1V'lUflfffliJ1 
d. ' .c:t 'J) 7 ~I -d , 3Jdt .... I I Q.l & .r:::::1 Q.l 

ffl'tll!fl:JJN1'Wfll':i!':ifJ'W~1tJ !flH~1'W!u'W~l'W UC'l~:JJfllS 'JH't'O IT u'.J~fleJ'IJ W'IJ11'Uflfffl1:Jl'il~:JJ'Vlfl'll~ 

1 'U fl1 ':i wi'ifty'I11U C'l ~ fllS eJ ~ '1J ltl~flilfll'.l 'fffl'W 'tJ fl~ lJ NC'lblt}'Vl if 'V1 N fll'.l !1 ti'UU C'l~lJ fl11:JJ fi' 11'11 U 1 

'V11~fll '.l ~ vu \1-;J n-:hl! fl~ vu ~~ vu ~ 1:JJ'l1n~ 



• 
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.A o' c\ "'"' "" 'I 'I !J/ 0 "i "' "' :ll "' 0 'I !J/ Ql "' liJ !J/"' !J/ !J/ !J/ 
AHJ~!9Hl~'IJV·HY·U.I'lf1~ &~1'.1 &'lffll'i'Yil &fiHfll'i1~W11J'lJ'YI1l 'Yil t'H'UfU'ii'J'lJ !~1'ii'J'U~fll'ifi'Uf111 

'W11 ff'W v.Uv:u~ ~ ~ 'illtlfl1111i l'.lfl f ~dvnd1m1 11 r.I'W ~ ~hu nnvh 1m ·mn 11imrlu Yi:u ihh ~ 11'.l'lfU .. "' 
4 Q.t~IQI(VQ <j/ f ~ 

'V11ff1:H Q 'V11~~1'YI~~ V~1'W tl! 1 I'J'W U~~fl~ J:.;!ffV'lJ 1lltltl11tll'i !'i I'J'WU1J1J1J'i'i I'Jli'J 

"' ... !J/ "' !J/ Carolyn A. Scott (1994) fftlfllfll'i~V1Jff'WV~'H'iVtll~'YIV'Wtl~1Jfl111l~'IJV~ 

un~ l'.l'W 1 ~i1J ~li r.J:Ufftlfll 1 ~l'.ltll'i i ~1m ~~l'W 1mnfflff~l!~I'J1.Uv~ n1J'VIll~~l'WU~ ~~ Tftl 'VI'U i1 

tT m11'l'Wiifi1U.Iffl:U n t1 l 'W fll'i V~'Uli'JU~~ l 11mm.J~ff ~~'W u~::: H~ff':unVJ t'YINtlll 11 r.J'W ff~ni1 'I <u or qJ 

un~ l'.l'W~~ r.J'W\Pll:U'lln~ 

'illtl~l'W 11ii'J l uu~~~1~1l 1:::mrr u ff~~ l 11rH'W i1m1Hnu~~'WIP.Il'W lfi11:Uffllll'i t1 

i1 Q.l cv fJI oC:\ ... I ' t o "''JJ t 61 <J1 ~l'W'Yitlfl~1'iii'J u~:::'Yitlfl~~l'Wfi11:Ufi~1J'i~!fl'YI~l~ "1 'W'W ffllll'itJ'Yil t~'Hml'.l~'tlu1J1J 'YI~tll'i t'lf 
" 

u'U1J 1Jm1 tlfl ~ m ~ 'U1'W m1 fl~i~ 4 ~ l'W u 'U'UHninEJ~ m1 fl~m 'Vil::: infl ~'lf~ O'iltl'J'J:Uff ~tff~:u • 
.q, ~ "-" 'j} ' Ql .Q Ql ..c:S l 'j/ .c:. ~ 1f) 31 Q.l 0 i !J/,..,. ... 

fi11:Ufl~ 'i1:U'YI~tlllUtl1Jlli'H1 ~1'W'lf1tJ'ViiPJJ'Wltll'ifi~'IJV~'Wtl!'itJ'W 'H!tl~'IJ'U !~'lf~!'ii'W 'Yil 'HH1'iltJ 
u .. 

1 "' !J/ !J/ • 'I !)/"" "' !J/ 1 "'"' 'I !J/... ... "" 
ff'U 'ilfftlfllfi'Wfl1111tll'J !'!ftl'iltll'Jtl111'itJ'lJ~U'U'U fiH~l'Ujl'W1'iii'J ffl:Ul'J() !'ll''ViiPJJ'Ul'Yitlfl:::tll'Jfl~ 

!;~'i~'U'U "h'H'i'm! m11'Ju11v~~I'Ju1mnfflff~lflilmfl 1~v i11!o~inEJ:::~tf~~'W fi~'YI'W~~~V-:j 1~ 
"' 

m:::'U1'Wfl11HtlVdl~ffJl!ff:UVU~~~V!rtv~ ~~v~J~!'YIV:U 



. 
<:S 

1J't1't1 3 

..::::.. Q.l .::9 Q.l d CJ} Cl.l Ct. OJ ..::::. Ct. a Cl.l Q.l .::1 

m~ 1 'il mvHJVl9ill'W l'U~fl "Jlllffllln o~ l'W 'Vlfl'fl ~ "J'il vm1 ~ m 'l fl~t 'lf ,n ~'U 'lJ ffl'YI 'l 'U'W m ~ ti'W 

M't~,u1 vu1'Vlvlfflff~PJ{ iJilmfl iwTnvllffnmil~ 4 ~-wn11m'lllfll~ !1vuj'tt'U'U 1m ,Nl'W!l'W1iv 

" d.:::.d 0 .c::!t. .<:::l Q,l Q,J d 

lJ "J'Ii~lt'U 'U flll"J'iW~'I'U 

-· ' cv ' 3.1 ul::'lflfll Ut'l::mmvrJ0tiH 
" 

I 'j/ )I 'j/ I I 

th~'lflmn1'lfium'l1iv1ufli'-:Ju f1t~ tTni1vuiu1Tnvllfffl'fllili14 'Vithri''lfffl'fll 

1'Willflt1ti'W~ 2 Ufll~ffflfll 2555 tHi'1U'W'iiWlmUnl'lf1'Vltllri'V lJfl~l'Yil~ tllt.fltlt]jfl'l i'I'Y11~ . . 
" . 0 cv .::9 d ..d Q.l ..:::9 0 

lJfl~l'Yil~ ffl'Ufl'll'Ut'UIP!Vl'U'Vlfll'lffflflllJ'IiV:IJffflfllt'UIPJ 22 'ill'U1'U 144 fi'U • 
I QJ I 

3.1.2 flt'llll11l0tiH 
" 

flril11Pi'1flril'l flfl Ufli1 U'WM' fl'li1 V'U !J'VJ Vlffl~PJ { flilfllfl ~ ~i'Ui'W lJ'Ii till fffl'flliJ~ . .. ' 

414 'lil'W"J'W 24 fi'W t~t~n1~vint'ill~'il'ltJfli1uu~t1vu1u'Yiri'nff~P~~M't~'lt1uu1'Vlvlfflff~P~{r~m~P~1mJ .. 

3.2.1 ~1U'lh~u (Independent Variables) !~uri 

m~i~n11m~llm~i1uu1'u'U'U 1m'l'll'U1nu1iv .. .. 
3.2.2 ~"J&&U':iVIlll (Dependent Variables) !~uri 

d 3) Q.l Q Q..l 

3.2.2.1 'U~fi11:1Jffllll'lflrll'U'Vlflfl~1'ilV 

3.2.2.2 iflfl~f)l~~~t~'I~~'U'U 

3.2.2.3 fl11lJTI'IVlfl 'l'iJ~ij~t~nnir~m'l~ vu~tt'U'U 1m 'l'll'WintJ1iu .. .. 
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·:nw11ivrli1mJ'UUH'Wfll'J11imihm'U'U One Group Pre- test Post- test Design 

Tl ----+ ----+ T2 

T 'Yillltl~~ fll'J'YI~fffl'Unfl'Wfll'J'YI~!;'HN (Pre- test) 
I 

dl Q.ol~ .c::! 'j} 't d, .d~Q.IQI ~ 
X 'Yillltlfl~ fll'J 'il~fl 'ilfi'J'Jllfll'J 1'J ti'W'J !t'U'U t fiH~l'W'YI1'W 'Wf1'J~'U1'Wfll'J'YI H1'il tll'H•li'Wl'IJ'W 

I OJ OJ 

"'i ... 
T, mnm.N 'YI~fffl'U'Yirl~fll'J'YI~rlfl~ (Post- test) 

3.4.1 uHunu 1i~n'ilm'J1lfll'J il vu!u'U'U im ~~l'WJl'W 11iv ~1-w'u m~~IPli'Wl;j~fi1UJ 
, Q,l -C\QI Q.l .::to ~ 0 Ql .Q 0 

ff11Jl'Jfl~l'W'Yifl11~1'ili'J Uri~'Yifl1l~fll~fl~1'lf~'J~'U'U 'ill'W1'W 4 UH'Wfll'J'il~fl'ilf1'J'J1J 'ill'W1'W 18 fll'U 

3.4.2 U'UUI.h~1fi'W;j~fi111Jff11Jl'Jfl~l'Wllfl1l~11iv ~UUrl1m~llti'Ulli'J~lll'illfl Test Of 

integrated Process Skills II 'Uti~ Bums, Okey and Wise ~~UUrl1m~llti'Ulli'J~ i~I'J (-q'J~ 11"li~'JM1J, 

2554) u 'U'U'YI~fffl'U1~'tlnt:~~ fll'Jfl~1~~'J ~'U'U 

3 .4.3 u 'U'UU'J~1fiu m'J fl~ t~o1~1~~'J~'U'U 

3.4.4 U'U'UU'J~1fiwrf1 im~ ifiH~l'W1'YII'JlfflffiO!f (Mini Project) 

3.4.5 U'U'UU'J~1fi'Wfi111JW~~fll 'il~i119it~m'J1i~fll'Jllti'W!tt'U'U i fi'H~l'W!l'W1~v ~1-w'u 
Q.l t::S 91 Ql .QQJ Q.l ~ .Q 

fll':i'l"l~'Wl'IJ~I'l1llJ~llll':ifl~l'W'Ylfl'H~1'iJU !!n~'Ylfl'H~fll':il'l~!'lf~':i~UU 

3.4.6 UH'W fll'J1ffln'ilf1'J'J1Jfll'J ll ti'W~U'U'U i fi'J ~~l'W iil'W11itl "' .. 
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fi11H~ 3.1 fl'ilfl1~1JU~Z~V~i ~i 'U fl1ZlJ1'U fln oO~fll'j t~ fJ'U f'Ut~~U~'U fll~ oO~fl 'ilfl1 'l lJfll'j t~ fJ'U f 

UlJlJ lm~~l'Ujlui.Ov 

' "" fl 

1 

2 

3 

li 
l'U0111 

"" "' fll~t~fl'Ul'i;l 

lm~~1u 

fl1llJffllJl~fl 

" Ql ~l'U'YiflllZ 

m~'Nm1nllz 

m~fi~,;r~ 

3 

6 

6 

0 c(~ 0 

- ~tllJfllflllJ~llJfffll'Ufll~ w 'Yifl1'11 'U~ 

- niutnl.loOlJ~~ml'l 

tl9fl11SJ~ 2 1tmlzli'1flH~l'U 

-th~1vd1~ lflH~l'UlJl i~trm~vu1tflnzli' -h~ ili~vd1~ i'l 

Q J : 0 0 Ql' .. 1 
fl9fl11SJfl 1 fll~~~fllflllJ fll~fll'I1'U~U~Zfl1lJ~lJ~1UIJ~ 

A J ~ ~ o cr'.d 
fl9fl11SJfl 2 fll~~~fflJl.l~Jl'U (~tllJfllflllJ'illflfffll'Ufll~W'YI 

fll'H'Ufl h\') 

n9n11,..~ 3 m'll~uml.lt;f~11~ll'9im~ 
Q J .;. d d Ql : 

fl9fl11SJfl 4 'YI~~v~tl'ltlfffllllfltJfllmJu~1'11 v~u 1 

" 0 4 
ffl~~Z~lfJ'Ulfll~ U~Zffl~~Z~ltllfl~tl 

tl9fl11SJ~ 5 'YI~~fl~ti4Vfffllll~~'lltl~~1U11~~'tllflqj~l~'1 
~Ufl1ll.Jtiulwuv~m~1 

Ql ..01:1 Q.l Ql QIC!to 

- 'Ufll~fJ'U ff~tfl~ 'YI~fffllJ~flllWZ'Yil~fllfJflll'IU~ZfflllJ~'Yil~ 

tflii 'llt~~fiu iunn~Bu ~iim~'lh i 111 -*11'lz lv'lful um~ 
.I o .s 

ll'llZIJ~fl 'ill'U1'U 1 ~~fffllll 

0 ~ ~ .~.... ~ .t:::a .a Ql , 

- ffll1'il 1lf!11Z'HtNfllJ'jZflfllJ'Iltl~l'Utl~'U ll'l6'lZ'I.J1~1J~'U 

rhtu~fiu u~zvnmvm'li~11~z lv'lfU'illflfiu u~zi1tym 
' " tnv1n1J~'U 'ill flU u 1tm 1zli'u~zmu vu u 1'Yil~l u tn'l 

11 i' lJ 11 ~ ~ fJ w fill'!~ 'U 
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~11H~ 3.1 fl~fl'i':i1JU(l~~fl~1~1'Ufl'i~'U1'Ufl1'i~flfl1'illrl'Ul'Utl~U~Ufl1':i~f!D~m':i1Jnlli;rJ'Uf 
U'U'U 1flH~l'Uj1U1~rJ (fltl) 

' "" 'JI 

3 6 

- 1~rJUU~'U~f1111Jflfl~ l~ ~1flfl1':ifffl'lJ ll~tll~'U U 'U TYil~ 1 'U 

flll'Yh 1m~~l'U1'VW1fl'lff~f 
' ., 

thlt11'nJn 2 irnff'Ufflmh 
., 

- 1,rirm7vuffl':i1~UM~·nh 1u h~t1vu fffl'lJl~fl'lJW::vn~ 

., . ., 
- ~':i1~fftl'UtJWflTrnh~1rJfl1':i~':i1~111ff ~ii;f1~ 1 uil1~1v 

flllt~m11flth~~~ii;f1fl~tld'U~t1W'lflfJ~~ tmzil11ll'l11tl1 
., 

1 g/0.1 0 ' ' .r:!l 
fiZU'U'U U(IZ 'lf1fltJWfll~'UltlfJ1~~1fJ flfl 

5.1-7.5 ffZtllfl 

2.6-5.0 ~fl1-* 

1.0-2.5 ffm.hn 
., 

0 
0 ' 'Ull'Ul 

: !1 .d ~: !c. tl 
~1flhi1U fl::; 1J llJ1111fl f.l1fl'Uhll ~ lflhl 'U 11m 1Z 11 U(!Zl ff'U fl 

., . 
uu1'V11~ 1 umnH'utJ~ ~tJwm~lh 1m: t~vuu~unf1111lflfl 

""~ 1 °1 ~ " 1~fll'U'UUU1'VJN 'Ufl1':i'VI1 fiH~l'U1'VIrllfl'lff~':i 

' Q .c:t Q,l 4 

tlilt111tl'fl 3 'Uflff'UfflfJ(l1J 

Gl Q ~ .d Q.l , ~ ' 'JI 
- 'Uf11':ifJ'UMfl'lJ11flfJ1fl'U filfl'U'li''Uf1~1~'1 ~lfl 1'Uf1111J~ llfiZ 

hhill1~ htfl'U~'U~nwff1'UU1'Ufl~ h~tlfl'U 
'JI 'Jia 1 ' 01 ~ ""' - ff':il~'fi111J~1'1ffl1J rl~\1fl1l'V11 flH~l'U1'VIfJlfl'lffiPI':i l'Ut.I'U 

t1juu~u~f111Uflfl u"'1Uflf1111lff'U 1 ~'Ufl~irm1vu tium':i 

' ~ 4 Q Q 

tlilt111ti'JI 4 lfl'':i'!Jjfl~~fll~fj~ 

- fffl'lJlU mi~t1fJ'U f1 'U &Jt1l'lf'U 1~tl1tl'Ufl1'i lfl'':i'lJ j fl~l'lfl!V.fl~ 
' . . 

o 'J/d.ll) 'JI <!! 1 <!! o 11) .I • o 
- 'Ulfl11lJ~'V11f11Jll'll'fl1J t.l~l~fl'Ul !IJ\1fl1l'VI1 Mini Project 
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ftl1H~ 3.1 n~m'HJltn::~v~1.U1um::'lJ1'Wfl11~~fl111llJ'W{'Ilt'l.:JUH'Wfl11~~fl~f111JJfl11lllJ'Wf 
U'lJ'lJ im·N1'Wj1'W1~v (~v) 

UNU 

3 

. .,. 
n 

4 

~ 
l'U8'111 

miNm1'n1:1:: 

f111fl~li.:J 

Mini Project 

6 

3 

- l~lJ'WUH'W~fl11JJfl~Uff~.:Jfl11JJl~t'lJJ LV.:Jti'Wt'l~1-:JliJ'W1::1J'lJ 

nilfl11ll~ s H1l1irn ifl~u 

- 'lhwm1vu111Rn1:11~-:J1'W t1vufm::'lJ1'Wm11um~i'thH1 

l1irn ifl~u ~i!fuvm1t1vuf'J!JJ'lfu ii1mvl1'WV.:Jtl~ 
- t1vu{'il1n iflH~1'Wt~v1ti'lJH1l1irn ifl~u'Uv~ h~t1vu 

l1'Wt'l~U1~ 

"' 1'YifJ1flJJ . 
- JJt'l1Jl1JJ1fJ1~'1!m1vu111 fl~ Mini Project t.WvtfllfJJJf111 

thlff'Wt'l 

-Ullff'Wt'l Mini Project fl~1J~:: 10-15 

'WTn 1~miivnnn1iim1'1l1tff'WV 1~l1~1fll1~1v 
'JI_I "' ., 1 -1 d ' 1 'JI - m1JJf111FjiJ'J::tJJ'WGJtnmJJ 'WIJ1::1~'Wfl1~'1 u~~ l1 

lff'Wt'lU'W~ 

(l.ffUtJ1JlJ'J~1iJ'J.Jfl1l'l.hUYUV!A'11m~ 1fiH~1'J.Jll'lt.nff1ff191f 

Mini Project) 

" 
3.4. 7 u 1J 1JtJ 'J ~ 1i1'W ~ ~fl111Jff1JJ 11 fl~l'J.J nn'l:l ~ 1 rOlJ 1 ~ vu 'lJ'IJ 'VI~ fft'l'UUU tJrutn ~lllJ'lJ 

1llJ~1J1'il1fl Test of Integrated Process Skill II 'Ut'l~ Burns, Okey and Wise i~v~1rfi'v ("!1:: 
.ea do I 9)9) o ~o Q.J4 Q,lol!!l 

1Wl'V'IH1JJ, 2554) GJf~fllfllJJUfi~::'Ut'lflt'l~fll'Jfllflt'l'IJ 2 U'IJ'lJ flt'l fllflt'l'Ul1~fl (JJ 4 fl11nt'lfl A, 

B, c u~~ D) u~~'J::~1lfl11JJ~'Whff1l1i'milflv'Ul1~fllil'Wu'IJ1Jt1'J::tiJu~rfi'~'lh~ut~v111~1iJ'W 
" nn'l:l::1~m1~ 6 ~1u iflvmi~tilu 

" 3.4.7.1 nn'l:l~m'JIPi~fllmJJ 0 'JI 
'il1'W1'W 5 'llt'l 

3.4. 7.2 nfl'l:l~f111tl1l1'Wf!U~::fl11Jf'IJJ\Pi1U'l.h • 
0 'JI 
'ill'W'J'W 5 'Uti 



., 
3.4.7 .3 'Vftll:l~fllHi-HYl.ll.l~!l'W 

3.4. 7.4 'Yln1:1~m1 1 11'iJrmJt;~ui]tJ1inwmH1i'1uth 

3.4. 7.5 'Vftll:l~fl1HitltlU1J1JtlWVl~HHJ~ 

0 'JI 
'ill'W1'W 5 'Uti 

0 'JI 
'ill'W1U 5 '11-e:J 

1i'l'W1'W 5 .u't~ 

QJ "' 'JI 'JI tl 0 'JI 
3.4. 7.6 'Yitll:l~fl1Wif1111.l'H1Jltl'lltl~l:lUJ:l~l:l~'ll-e:l'ill 'ill'W1'W 5 '11-e:J 
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., ., ., 
u~'lum1fftll:llfli'~il H'11lmil-e:~nml'l11'wtt~ 25 .u't~!'vh11u !~1l~U1~!i:Ju;jf1 ... 

3J QJ ~Cl.QJ a 31 91 Ql .e~ 3J 91 ... I 
f1111Jff11J11 tlfll'W 'Yitll:l~1'iiCJ!~ tl~ 5 fll'W tltl!1'W'Yitll:l~ fl1Hlf1111.l'H1Jltl'lltl~l:l!!l:l~ l:l~'lltl'il1ll ., 

3.4.s uuutl":i~AiJuilntJ::: nnfi~Ai ~":i:::'U'U 1 u ~l'W 1,r tiU m1ltt'il~ 1~ u 1J1JU1 ~~il u l'ln1:1 ~ ., 

fl11flf1!;~1~1J1J i 'l1u1 ~ !lJ'W flll.J 'ilfll~'il ~ ~~1ttnfl11 ff ~!tlfl 'iJ ltl!!H'W ~f11ll.Jflf1 mf1 i 11' fl~U 'W 'WU 1J 1J 

1h~!lJ'W~l 4 1~i1J 1fltllJ!tlWcrlfl11111'fi~U'W'U 1fltl'lffll'ii'W ~1tlnfl11t11~!lJ'W'illtlHI:l~l'W~Utl~ti'W 

lll rl-e:J'WUI:l~'H~·m111l'f1Fhltlnll flllJ!tlWcrl~fll'H'Wfl i~U'ilfl~i'Wfllf1H'W1tl '111flt1U1J1Jif1Yltll:l~~ 
91 ~ o 11!9 ..:9 d .J 9J cv .c::S i.l ~I cv • ct.. a .a ~ 

'il'H:I'II'Wfll'W~tl~ 'il~'Yifltl~fl11'Hl:l~'illtlfl11!1ti'W 'il~fltl~!li'Ufl11~\\I'Wltltll~tl~ti'W fltlttlflffl.J'i1tlfll~ 

~fl~i11u w'ilnw11~'illn~~ti'W'illm1o1tml~M' -ff~tml~M'lu~~;h~'l ~tnfl~u1~ ~1umHnn 
tli'mJ1~ uti'1'11 'illtl~!GJ}tJ1'1flt:lJ Ul:l~'Hl~lff'Hffll'Vrun~1tJ'il~~ Speaman' Rho 

3.4.9 Amu n~ i;lel'lJ -lm1ntJ~ m1 fi~Ai .:a1~uu t .Uu 1 ~til u l'1 n1:1 ~ m1 fi f1 1; ~ 1~ u 11ti -e:~ u 

Ul:l~'\1 ~~fl11 1lflfl'il m 1 l.JtlU i~ ti'W ~~~ 1J1J 1 fl'j Hl'J.Hll'W ),)'tJ trJ'WU1J1J'Yifl'iltl1J ~ Hiim.hl.Jl'illtl ., ~ ., 
" ,.. ... 1 ~ Q.l .ct ~ a 
'IJ-e:J'iltl1J'IItl~ tf1Hfl11ll1~1lJ'WHI:l'Wtl!1tJ'W'Wl'Wl'lflf1 'H1tl Programme for International Student 

Assessment: PISA Ul:l~ 1m~nn Trends in International Mathematics and Science Study: TIMMS 

ell Ql y \1} ' " ... I ~ !lid QJ .et d '61 91 .ct .... '1' Q.l 

9f>:ll:ltll:JW~'II-e:J~'IItl'iltl1J PISA !l.l!'W'Wfl11 ll1~11.l'Wfl11m 'YI'Wtl! 1 tJ'W!'W'WtltJ ! 'W 'Hfl~!'i tJ'W W u'il 'i11J'W ., ., . 
I , 0 I Q.l .et G} j/ 'J} Q.l i 0 .Q .c::l.Q \IJ g/.r:::l .et G) ..:9 d. 

Uflflfl~fll';i'ill';i1'ii11'Wtl!'HJ'W'il::: t'lffl111.ljU~~'Yitll:l~ 'Wfll'iflli'W'W'lf191 tflfii'VUJ~ tfl 9f~ PISA l';itltl 
'j/ QJ' ~ I 9J.a CV I ..::to .Q tJ' 

fl11l.J j U ~ ~ 'YI tll:l ~ 'W 'W 11 "tlU j I 1 tl r (Literacy) ( 'iltll 1J 'W 'il ~I 'i;Y';i lJ tll';i 'il-e:J 'W 1'YI tllffl 'ilfl ';i U ~:: 
., ' 

I'Yifl1 u 1 l:lu, 2555) ~n1:1 w~'li-e:~'ilt~1Jii'Yl~ti1J1J!ilmlf1fl1J ul:l::rhmufi91'-e:~~m';j t '11 tTn~ tJ'WI;jti'Wf1fl1J 

fl~NI 'il1 thu t '11 rulrl 'WId mi tl~ ~! ~ ti'W lJ 1 'ill mi -e:J~ 'j 11U ';j ~ltl'YI~ tT m1 ti'W 'iJ ~ 9l't~~~ 1J i 'W ;f191 'il~ ~ 
u 

I "" .I "" 'l 0 liJ'JI 'JI "' .I "" "" .!{ 
ff1'W TIMMS llfll';iu';i~!l.J'W tfltlfll'H'WfltlHl1J t1'il-e:J~fll'Wflfl fll'iu';i~!l.l'W!'If~!'W-e:I'Hlffl1::: (Content 

Domain) u~~fl11U';i~!lJ'WI;'Ifll';jflfi'H1-e:Jfll1i'l1ff~iftytyl (Cognitive Domain) ';i11JJ'Iu~U1~!lJ'W 
'JI 'JI 'JI "" " lliJ lliJ 'JI "I "" 'l I 
fll'Wfll'ifi'Wfi11'YIN1'Yitllfflfff11 (Science Inquiry) Ufl !l.l !fiUtltl-e:Jtltll.llu';i~!l.l'W ~~wmvn::: Ufl'il::: 

., . 
fl1-e:J1Jfi'Qll-e:Jg'lu'YJtl'l i'1t~'Hlffl::Yiilm1U'i~lilu rH'W1Jfi'Jll'rlt)~m1llfll'i~ti'Wj 3 ~l'W ~fl fl11llj 

'JI 'I .I "'I 'JI 'JI 'I 'JI .l! 9k> QJ G I 0 .I "" QJ 

mll.l!'lll t'il fll'iu'i:::~tlfl t'lffl11llj u~~tln t'lf!'H~Hl:l 9f~~1'ilti!'H'W1l'il11Jl1t1'Wll.llu'i~lll'W'Yitll:l~ 

nnfifll;~'i~1J1J hi i u m1 lilt~n'li-e:~ff-e:J1Jlll'l '111fi'Vltll:l :::m1flf11;~1~1J1J 1 u fl f '~d 1~tilt~m :::i1J'IIfl~ 
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.I "" ~ 1 I <v <01 y 'i ....... 1 cS 
3.4.10 Ullli1J~~&'-J'Ufl11'-Jl'N'Ytt'l 1l~Ulfll~1l~fll~&~flUJUllliAfl~'l'll'U!l'U11lfl ~tllJ 

.I d .I "" ~ 91 91 'l 91 "' .. "" d "' i 1 "' Ql u'i~t~'Wu'i~tlJ'W'VI'I'HlJ~ 4 ~l'W mn '11'WfH'iti'W'fl111J'fl~m'W ~'IUff~-:J 'Wi11'flJ:.~'W1f1 'il ~tllJ'i~~ll 

'fl111J~'Il'Hl 'l 'iltrl'WU 1J'UlJ11Wnff1'W'lJ'i:::lJ1W rh (Rating Scale) 191llJU llll'Ut:l-1 i'ltflt:Ji''VI (Likert) 

'i:::~u'fl:::U'W'W 5 'HlJltJO'I iimlliW'I'VW 'l'ilt:~~'l'W'i~~1Jlllf1~"J'~ 

'i:::~'U'fl~U 'W'W 4 'HlJltJ0-1 ii'fl111JW'I'VW 'l 'ilt:~~'l 'W 'i:::~ll1Jlf1 

'i:::~'U'fl~U'W'W 3 'HlJltJO'I ii'fl111JW'IVHI 'l'ilmJ'l'W'i:::~1J'l11'Wf1nl'~ .. 
"' dl .. dl 'l ''l ., 91 

'i:::~lJ'fl~U'W'W 2 'HlJltlfH lJ'fl1llJ'tH'VW 'iltl~ 'W'i:::~'U'Wtltl 

'i:::~'U'fl:::U'W'W 1 '111Jlt10'1 ii'fl111JW'I'VW 'l'ilmJ'l 'W'i:::~'U'W1tltl~ff~ .. . 

1 ~ CV .cl 'j) I .C:S 3/.C::.. fl CV 

m '~ '~ l'W ~ l'W 1 'il v uu::: un:::m191 'i ~ l'W m'i t 'i tJ'W ~ n~llffn ~ m 'it 'i tJ'W~ 1'VI Vlfflffm 11" n\)'191 'i 

" " . 
un'W nm'lnuf1n1:11.U'Ww'W~ l'W ll'VI'IH~·ml'lf 2551 twmrlmt 'W 1'VIN 'l 'Wnu i~nn t1 v'Wf'l 'W i'lfl 

1 'fl'j 'l'll'W i'VItJlfflff191i' 

'j) Q,l C\ .c:s 'j) ~ d j/1 
3.5.1.2 ff'il'IUJ:.!'Wf11'i'il~f1'ilf11'ilJf11'H'itJ'W~ 191llJ'U'W191U'W ~tJU'U1Jf11'i!'itJ'W~ ~tJ 

91 1 .e..cv o .:I.e:.. .c:t y..J. .c! 

hrm~1J1'Wf117 m'l'll'W~l'W1'iltJ1~vm'I1'W~~~tJ'i~ff'l'fl n'ilm71Jf1TH'W'W~ uutJ'i:::ne~'Um'it'W'W 

. .. 
fll'iN'Vl 3.1 

0 "' .. 91.d 91 ,M 'l 91 .d- ~ "" "" o' 
3.5.1.3 'WlUJ:.!'Wf11'i'il~f1l'i!'i ti'W'i'Vlff'i l'I'U'W '11'flW:::f11'ilJf1l'i'VlU'if1'l:ll1'Vltll'W'W'W'fi .. . " 9}..::1 3/ ~ C\ 'lj)'j}q d 'j) o 3) I 

un::: ~t'lftl1'lflty191 n'il fftllJ 'fl 11:w \! n191 t~'I'Utl-:Jt 'W U'Hl un:::-w 'ill'i w 1 11 'Utl'fl ~m 'W un1'W l.'UtJlJ now 'i tJ'IlJl 

tli''UtJ1 -:Jutil 'U 

3.5 .1.4 UlUH'W f) 1l i~fl'iJf)'j'jlJf)l'j i1 ti'W r~tJ i'lJtJ 'j 'IUtil 'U! tJ'l M''flw::: f)'j'jlJf)l'j~ .. . 
m n'l:lli'Vl miJ ow 'W -fi u n:::Nt ;,tJTintu191'i 1'il fft~'Umlllfl n~t:~'~ flf1'fl f '1'11 ~ '~ 

.. u .. 

3.5.1.5 llluH'Wm'ii~n'ilm'ilJm'i ~ t~'W1~ !~tli''UtJ'i '1u~1! tJ'l<M'n'Unrilltih'HmtJ .. . . . " 
'Utl'lf11'iiitJ19111Jfifll'I1'W~ l -)1 'W.U'W191fl'Wf11HYrl'IUH'Wf11'i ,)~nn~ tJ'W119111J'i'lJU'Uf1Ui1tJ'W 1U'U'U .. .. .. 
1m '~'~l'W :rrl'W i,)'tJ 1 ~tJul?in:::uH'W m'i ,J~m'i ~ v'W ~ 'il:::iirrn'l:lw:::'Ut~'lm'i ,J~n'ilm HJf1l'it1 v'W m'i 

~ .. 
31 C\ d. 'J) Q.l C\Q.I Q.l ..:.":::\ , 91 

ffU'W ~ 1t1n 'ilm 'i :W'Vl t 'W 'W 'Vl n1:1 ~ n n 1'il v ('Vl n1:1 ~m:::'U1'W m'i 1'Vl tJlffl ff191 'i) u" ~ fftl\Pl u 'Vl 'i fl'fl 1111 'i .. 
t~tl1rl'Ufll'i'l'll 1 'fl'i 'l'll'W 1'Vltllfflff191i tl~llilm'i'Vl~"tl'~ un:::'Nnin'l:l:::m'iUlt'ff'W e~ 
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-· ... .,. !II .... ... .... 3.5.2 U1J1JlJ1::&1J'U'UPifl111JO'l1Jl10Pil'Uflfl'M::1'iltl 

3.5.2.1 flflt~DmlltlU1J1J'YI~HHJ1J~U1Jt'tUt't::t;U1JllU·Umlltl Test of Integrated 

1 ... .4 0 ' ~ 
Process Skill II ,nH Burns, Okey and Wise flU W.i."}':i:: 1WI'W':i'H1J ll)f~flHl11Jll\91t't::'UO 

~6~tl1Hil9161J 2 U1J1J fio t>ilflfl'U'Hi:ltl (i1 4 ~'Jt~fltl A, B, C Ut't~ D) Ut't::'J~~'Ufl111JJ'Wl\l 
ffl'Hi''Ut>ilf'ID'U'Hi:ln tr1uu'U'U1h::tiju~ifl'th~ut~m.h::dhJ'tinll::1iu~~ 6 Al'W 1fluu.U~tr1u 

" 1) linll~m':i9i~t>ilm1J 
0 ~ 

\11'W1'W 5 'Ufl 

2) 'tim:J~tll':itl1'11'WflUt't~fl1'UfJ1J9i'1tn.h 
0 ~ 

\11'W1'W 5 'Ufl 

" 3) 'tinl!::m'J~'iff1J1J~Jl'W 
0 ~ 

\ll'W1'W 5 'Ufl 

0 ~ 

\11'W1'W 5 'Ufl 

...::::. ~, " ... I ~ 4 Jl Ql QQI • Ql 

( "}':i ~ 1WI'W ':i 'H 1J, 25 54) &flff'JHU'U'UlJ':i~t1J'W'Uflfl111Jff11Jl':iflfl1'W'Yitlll~1\lrltl6'Wttt't~ 'H t't'ltll':i 

CL1 .cl , Ql Q ...:! 9/.d Ql J 0 Q I J 
\lfl tll':i t ':i U'Wlfl11JU~u tll':i \1 fltl\lm ':i1Jtll':i t ':i uu 1 'YI'WWJ'I.J 1'U'W u "~ m'H u fl'Wt"Jfltl':i ':i1JUD mm::mw en 

" , 1..1 Q Ql ' 31 QIQ 

'Wtll':i ':i~t1J'I.J'Yitlll::U\91t't~fl1'1.J fl'I'I.J 

' d "'i cl 

fllnlt'ttl 4.51-5.00 'H1J1tlfl~ fl1J1tl 

' d "'i cl 

fllt~t'ttl 3.51-4.50 'H1J1Vfl'l fl . 
' cl "'i 

li1unt't1'~ fllnlt'ttl 2.51-3.50 'H1J1Ufl~ 

' d "'i 
-wol~ fllnlt'ttl 1.51-2.50 'H1J1Vfl~ 

' d "'i 

~o~ui''Uu~" fllnlt'ttl 1.00-1.50 'H1J1Ufl~ 

CLI .C::. !/ -~ Q .c::l 'J) Ql QQ./ 4 til j}GJ 
3.5.2.3 \lfl'W1J'WU'U'U'Yiflff6'UIJ':i::I1J'I.J'Uflfl111Jff11Jl':iflfl1'1.J 'Yitlll::1\ltl t'WO & 'If &'W 

tl1':it~1J~fllq!t't~lmrm;uulf'o~t;uu1'Yiulfl'1fffl{tJijmfl iul11iV1Jfftlll1il~ 41'ioi11 

l:!i cv Q.l a .c::~ Ql .... 1 a' .es j/Q L 
3.5.3.1 fl'tllll'Ht'ttlff\91':i 'H'I.J~ff6U1J1Jt'JU'I.J 19lfiiJ':i::ff~fltll':it':iU'W':i1'1f1 flH~l'I.J 

q,t q 'V 

i'YI Vlfl'l ff\91 { 9111J 'H 1:1 tl ~\91 ':i lJ1i tl1J fftllll\91 fl'I.J tJ t'tl tJ't';f'Yili fftl':i 1 'If 2551 fftlll1'H i:ln ~\91 ':i M 6~ t; U'I.J 

"' " "' 1 4 Q ~ " .dd jl 4 ~ 1'YIV1fl'1ff\91':i \9111J'H t'ttl~\91'J Ht ':i U'I.J 1J'Hflt't1'Yitl1'4 ff':i'W Ut't:l:Wtlffl':i'YIItltl1'U~Ntl'Hl':i 11J':i11Jt'W6'H 1 

.dcv .q gJ L9 l'il .c::. 1 "' ./ 
'YI'Wtlt':i'U'W\916~fl'tlll1 &'W':i1tl1'1f1 IS Ut't:: flH~1'W1'YitJ1fl'1ff\91':i 
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~ o' Ql QJ Q 

m~ 'lJ 1u m:i 'Yil\11'Yitllfl'lff9'1 :i u"~ nu'V'I~'U l'Yifl'l:l~ mHl~ 

fj} ... I Q Ql .Q Q ~ :'1 G) 9J 
3.5.3.3 ff'il\IU1J1Ju'i~U.J'U'Yifl'l:l::f11Hl~t'Mn::::1J1J ~\ltlJ'UU1J1J t11'fl::::tt'U'U U1J1J 

tJ:i::AlJ'UI'h 4 :i::~'U 

3.5.3.4 '111tt1J1J1l:i::ti1uin'll::nTHmmt1J1Jm'i'YI~~u~ itJl'lf~t;rJl'MltlJ 3 'Vi1u 

9l:il'ilffU'lJ'fl1llJI>l:i \It~ \ltd U111 (Content Validity) tt~1Ulm1li''U1l1 \lutfl 'IJ 

3.5.3.5 '111u1J1J1l'i~tiJu in'l:l::nn'l:l~m'ivunu1J1Jm:i'YI~~u~ ~1li'1J1l1 ~utfl 'll 

U~1 i 1l'YI~"U\Il 'J5'nmJ ni~ tl'W 'If u~~ tl'W l'Yitllfl'lff9lf :i::::~mTu :U'1i tlllfffl'l:llV~ 5 h \1~ fJ'U~Wl.m W 

'il'lfl'Yitllrl"tJ l!fl~111l:i 11lfil'flllllffV~'fl~8\I'IJU\IHt M'fl::::U'U'U (Interater) i~vnHt M'fl::::U'U 'U 'illflU'lJ1J 
q .. .. 

1~in'll ::m1 f!~t~n:::: 'U'U 11'1u 1u 2 'fl'W tm::::un~ vu~-ffm·m\ll'W'lllm'YI~ "v\lm'i i 'lf'fl::u u u 'illn 
q 

" U1J1J1~in'll::::m'ifi~oU''Uff\l 1i'l'U1'U 20 'fl'WU~1Ulf·mm'ilM'fl~U'U'W1llflHlM'fl::::U'U'UffV\I'fl'U lll111fil .. .. 
ff11ffll~'Un~1rJffii~ Speaman' Rho ljfil t'Viln'U .864 (itJ'iummht~'il~tJ SPSS) 

' " 
3.5.3.6 th i1ltff'U8~t;tJ1'lflW 3 vhu Vi'ill'JW19l'i1'ilff8'U tt~11li'1J1lHufi'1'1l'fli' \1 

.. " q 

~ 2 U'lJ1JtJ'J::::tiJ'U ~ i~t~'UU'lJ'lJ1l'i::tiJ'U~Ul itJl'J5''il~~fl'UflcilJ~1Vdl~ 
q 

3 .s .4 1m 'lJ 'YI ~ uo'J.rJ r. 'tl fl'll ~ n T~ iii r. 1; \1 '';;:an.J 

3.5.4.1 fffl'll111rl"flff9l'J 11U~ffUU1J1J~ tl'W 1'9ltl1.l'i~ff~rlf11'i~ fJ'Wf1'M11'Yitllfl'lff9lf 
.. q .. 

19llll11 rl" flff91 'i :IT 1Wllfffl'l:l191U'WtJ" ltl'V'I'YI1Him l'lf 2551 fffl'l:l111 ~flff91'iM 8\1~ ti'W i'YI tllfl'lff9lf 9llll 
.. q .. 

l1rl"fl tl91 'J i H t1 fJ'W liM~ "1'YI tll'l.l ff'i W U ":::: t8flff1'i~t~t11.,f8\l t ~V'i 11J 'i 1llt if V111 ~ tJ fl~ ti'W fi' tH 

«!! '1 "" .. "" o' fl'fl'l:ll t'W'iltl1'Ml IS tm:::: t'flH\Il'U1'YI£11fl'lffl>l'J 

.c2 Cit. Ql Ql .c:s vd. ' ~ 01 

3.5.4.2 fl'fl'Wltflflffl'J tm::::'Jlr.J\IlW·mmn'iltlfll'i'il~fll'Jt'W'W~'Yiff,Uff'ilJ'Yifl'W:: 

m:: 'lJ 1'W m'J 'Yil\ll'YI mtrm9'1 f tt":::: in'll ::::m'J fi~ m'J fi~ 

3 .5.4.3 fffl'l:llt8flffl:i 'JltJ\Il'UJ:·.mm'itJ'J::::tilumlllffllll'itl'll8\ltJm1 ti'W i 'Yitl 1 u 

~l'Wi'Yitllfl'lff9lf 'flW9lfl'lff9lftm::::nT'J~l'Ui'W:i::::~1J'Wl'Wl'lfl~ toM'U TIMSS 1995-2007 PISA 2000-

2006 

3.5 .4.4 fffl'l:ll 'J ltl" ::::tV tl~ U" ::::i 18dl\l.,f 8ff8'U'IJ 8\1 '[ 'fl Hfll 'J tJ :i:::: tlJ 'WJ:H'l U fl~ ti'W 

"" "'' 'l 'Wl'Ul'M19'1 11'JU Programme for International Student Assessment: PISA u":::: t'flHf11':i Trends in 

International Mathematics and Science Study: TIMMS tl4m1~t~UfllJ11'15't~'W.,Y8ff8'lJ1~ifl'll::::fll':i 

3.5.4.5 

Progranune for International Student Assessment: PISA um:; lrl':i\lfll':i Trends in International 
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_I .d "" ~ "" "' ""' .. l ~ 'j/ 'j/ , ""' 
IJ'l'::1fl'YI'Yilfl~'il1fl'IJVlqj~ U'U 1flfl 'Yit'J'l:IU'YI1~1'Yit.llff1fffl'i UC1:: 'lffl111llfi111H'IJ1 \'IU 'W 1fi~UC1:: 

...,~nm'i 1 um'i M1fl1fl vu'llv~ilruM1 ...,1vnnff~1~fi1vimt~ 1 um'iff~ 1~thviuwu n i~ t~u fl1'l' lj):: .. 
1" Ql 4 0 4 .. 1 ...::::. 1 " .a Ql Ql rl 

ff1111Hl 'lfU~'U fNU~'Ufll'W 'VI 'i VU 1J1J lj)1C1V~ 1'WVIJ'i ::flV1J fll'JV1i1Jltl f1Hff'J1~'VI 'iVfl1111 ffll'W'W 1i 

1m::u fffl~fll'i fl 'UU 'U1fl~'YI1~1'Yit11ff1fffl{ 1m:: 'J::~Ufll'J 1 oMl'VIfl ~C1 1n'W fll'i 1 oMl'VIfi~C1UC1::fll'i .. . . 
itm1::Mffmum'iw~h~ '1 ~mnn·:hi1tyM1MlvtYmum'iw1M~ '1 ~i~trtt~;fu 1uu~u'YI~ci1ucttvu 
..;. ,J d~ ddt "' Y. I d ~ -~ 0 o' .k ~ tl~ 'IJ'U U e1:: 1JIJ ty 'V11'YI11 'IJ 'W fl V'U 9f1J"JJV 'W fl11 'Y11fl ti'W 1J1IJ'W IJ'i:: lj) 1 ,fltJ 'J:: ff ~ fl 'VI 'W ~ 'IJV~ fl1 'i 11fl'l:l1 

1'Yit11ff1fffl1fivm'i 1fl~ t111Ufll~ ti'W 1..fijfl11111n'Wl'VIfl1n'W~C1 1 'Wfll'i u~iltu'VI1fll'iff~ 1~f'l1viu 1tl ue1:: . .. 
'j/i I "1 I ~ "" d 'j/ "' ""' o'd "' Y. ,J 1 fll'i '1Jtlltlfl111ll tJ"Jfftll'Ufll'HU 'VIll 11J'Wfll'i fl'illfW1'1JV~fl1J1'Yitllff1fffl'i'YI9f1J"llV'U 111fl'IJ'U 'U 

fffi1'W fll'i w m 'i u~il ty'V111J 1~ vth~~ 1 ~~ 'W1fl ti'VIl6~iju~ u n~ciuctto u u m~ tltJ ~ o~ 1 oMl 'VI~~" 'il1fl 

...,~nm'i'YI1~1'Yit~1ff1fffl1n1o...,1fi1fl6u um~t~tJ611j)lj):;~o~uu~iltyM1vomnuiltyM1vmJ '1 on 

'j/ "" o' I Q "' 'I 'j/ 'j/ d ~ 'j/ 1 'j/ "' "' o'd ~ 
f!6~'J1fl'j1::'VI 'J11l'VIC1flfl1'J &~1J1~1 'IJ11111flti1'1J6~ fltN 'lfff1J fll'i fffl 'i fi111J ff1J'W'W 1i'VIl'VI1J1::ff1Jfl6~ .. 
, ~ ""' ... .. _I "" • , 'j/. d 'j/ 1 ~ o'd 

'lfl'VI flu fl fll'i 11fl 'i 1:: 'VI fll'i IJ 'i:: 11ltJ fllfi61J fll'J ~fllf!61J'VI Qflf!V~m 'i11ll'i11flfl1'i 'lffln~'VI1i'YI 

I Ql -=!f t/ I .J'~ .d _dj~ g.l~ J G) Q.l .c:=! 

Ufl flfl1~ fl'W'VI C11tiU 1J1J U (1:; fll'J ln6 flfle1~'YI1i !'VI C11'UllJ tJ ff ~'Yifi~Nfll'i 1 'VIlflfl 'IJ'W l tJ tJ fl1 'i ti'W fll'J tll'i 

ol'j/ 'j/ ~ ""' .,. "" .,. ~ ... ,f 
tJ'l'::~flfll'lffi111Jl UC1::fll'il'll'l'VI~~C1fi11J'Wti11J'IJfN TIMSS 1J'Wt)flfl'i'i1Jfll'il'iti'Wl ~~'W 

.. 
QJ ... .., ' .,. 

"l~~1.J'Wi)VIfl"l'UI VI'J1.J~'tf 

1. m'i1mt1u1Vit1u fll'i1Vlti1J1~tl\l 
<!I ... <!I J I 

'i:: 'lJ'VI 'i 6 61i 1J 1 tlfi111J1 'V11J 6'W UC1:: fi111J U fl flfl1 ~ 'i:: 'VI11\I 

' 
m 'i .0 fl ~ 1 u u m.h :: 1fl 'YI 

I ~ .ct.ct.q 4 I 0 

fl'J1l'U6\Iff~1J'lf'JIPI ff17 'VI'l'Vm::u1tJfll'i 1'l1tJ fll'J'ii1UtJfl 

(Compare Contrast Classify) fll'J tOfltJ'J ::1fl'YI 'VI ~6tl1'VI 'Wflfl111llil 'W1::'1JV\Iff1'i ~ ~ij~ifl 
"' ...... 

1m:: m:: u 1u m 1 f!11Jfl w" n 1:1 w:: 1m:: ff1J Ufl • 
1 'j/ • 2. fll'J 'l1111J1J'ii1C1V~ 

1" Ql <1!1 0 Ct. , ,, 

fll'J 'l1UHWN'VI'J6UlJ1J'il1C1V~V1i1Jltlf1111J'Jfi111J1'1J1 'il .. 
(Use Model) 1~t11nUU'W1flfi'YI1\Il'VIt11ff1fff!{ irtHff~VJ fi111Jff1Ji'W1I 

m::UTUfll'J 'J::UU'VIl61\llj)'J'IJ6\I~ \lij~lfi11C1:: i~ij~ifl 
" 

o'liu ff1t~1rJvm1'l' 1\l'il'i iv.JVh 1u.Omlh ,~'~~1u 
... .. i 'j/ 

Uff\lfll'Yiflti!LC1:: f1Hff'J1~6::\Pl61J) 



. . 

.el ~ d 2) ~ rl)l " Q ,. 

V111H'fl 3.2 l'lt}flfl':ill.lfll'H'HJ'U~ l'U'\J'Ufllnh::~flfl l'lffl11l.l~ flll.I'Uflll.I'\Jfl'l tflHflll TIMSS 

(~V) 

., ., " 
3. fl11l.lfflJ'rfU1i (Relate) 

.. 31 
4. flllflfl11lJ~lfl'\JVlql'1 

(Interpret Information) 

5. flll'111oflVfflU (Find Solution) 
q 

6. m1vihnv (Explain) 

' " 

.. cv ,.,. 

VI11H'V 

fl11l.l{t~V1n1Jfl11l.l~l.IW'U£'\JV'I~'Iii;i~u'1::1~ii;i~~ 
.c::r. Ql ~ QIC\ .Q d" .Q 

tfl~Hllflflllff'ltflfl'W1J '111 fltJW ffl.I1J~ l'lt}~fl':i llJ'VIVl'lfl-:J 

... " 'V11'11'VIt.llft'lff~l 

. 
4 "" ... 

tJWfil'VU'WflV1i1JlVU'U1fl~ 

u-:~;ftm::fliimv~-:~~~-:~m;~l'lu'l1;flnntn~ullnQmlw 
... ,. '131d"' 31 31, 

'VIlUlllJ'lflfl t~IVU'ff~'l t'I1!'11'UtHfl11lJ~ fi111H'\.11 ~ 

mvi~U'U1flil flQ '11;fl'VI\l'ii~'VIHi'VImft'lffflf 

fll1Hn 3.3 l'lt}~fl':ill.lflllt~V'Uf iwu'UflllioNm~~" ~llJUt.lll.I'\Jfl-:J tfll'lflll TIMSS 
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... .. 31~ 
1. fl111tm1::'11 flll unuty'l11 

.Q "'M 'J} Q ~ a,. C\ 

1tm1::'11uty'I11~1Vflllfl1i1Jlt.ltHfl11l.lt'lffll.l tt.l'l U'U1fl~ tm:: 

(Analyze Solve Problems) " 
eU'Uflfl'Ufl1litfln::M'ihym fl11~1Pll'U1Urt::fliimmt'U1 

'VIl'lflllUA'tltu111 
u 

., " 2. fl111JlWlflll flllff'l!fll1::'11 

(Integrate Synthesize) U~fl~ln:m11-:JV-:JflUl::flfl1J 11;~ll!'U1fl~~l~V1<U'V'I 
t~fllJ 1v'lfl111l~ll~'Unl::1111'~u'U1fi~i'VImfflffflf~u~n~l'~ 



. . 

' ~ 
ft11Hn 3.3 Vi\]~fl1Ulf1l'ltlt.J'Uf i'U'U'Ufll'li~m~H" ~111JUt.l1ll~tN lfiHfll'l TIMSS (~~) 

: Q 0 

3. fl1Hl~ffllll~J1'U f11'l'V1TU1t.l 

(Hypothesize Predict) 

.. .., ' ... 
fl'l'IH'If 

" " .. .. "" " ff'j 1~ fl11lll111fl u 'U 1flfl 'Yl1~ 1'Yl t.l1fl'1 ff~ 'j f11t.l~~lqj" '111fl 

tla cv ..J iJ o d 91 
tJ 'j ~fflJ fll'j tu '11 'j ~ fll'jff ~ tfl~ 'V1 ff'j 1~fl1fi11J 'Vlff11J 1 'j fl fl 'U l11 

0 1lJ " ' "'1 '1 " " ... fll~WlJ lfl t'lf'U ~'l1'11ff~lJ'Vl\]llt) flt.l l'lffl11lll'111flf11'lff~tfl~ 

~ .q ti'J} .d ='- .c:t. o' ..:::. 
u"~ 11 'l V1tfl 'l 1:::11 ~ Vlq! "'Vl t u u 1'Vl tnfflff~ 'l tm::: tl 'l v 'IJ u u 1fl f1 

t'liu .Yhulm~v1titJH"'IIltlf11'ltl1~vuutJ"~'YI1~;1m'VItm::: 
... " .. .. 

tllt.Jfll'VI'IIlfl'ViVl'W't1"fl!1'Wtm:::fl11lll'Y11~1'Yit.J1ff1ff~'l 

' 0 4 0 
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4. tll'lVVtlU'IJ'IJ 11~UH'U VVtlU 'IJ 'Ut m::: 11~UH'U tl1'l ffl'l 1'11 ~ 'l1 'II ffij lJt'VI V't11fl1 ~ VlJ ~ V~ 

(Design Plan) 

5. fll'j"~~ijff~tl 

(Draw Conclusions) 

71 "~ llJ.I 
6. tll'lff'l1~tlt)tfltl.ICVI'V1111J 

(Generalize) 

7. tll'ltJ'l~tlJ'U (Evaluate) 

.c:t ~ 4 'J}Q.I Q,f 0 

'YI \]ll {) ij ti lJ1 t.l't1 'j ij z 11 tl fJ tu" tlll tu::: f11 'j ij ij tl u lJ lJ tl1 'j ffl'j 1 'II 

~'l1'11ffVtJ~~ ~1t.Jf11'lf111Jflll~1ut1'ltm:::il'll~tJ~ff,m"~v q 

' ~ ' 
fi111Jffll-Yruli-ritnf'l~u ~f'liYu 1 'lltnv1nunn1f'l 111 v 

m~ 1J1'Wtll'l~11~ ihm i rl u m'l tYl'l1 'll~'l1'11ffVu 
~ U " .. "'~ " .I ~'l1'11'111 nlJ't11l U'IJ'IJ~V~~VlJ" VtilJltJ't1'lV"-:J~Vff11J 

uu1 i Ull 'llltl~m.!" m'l6'1~il~~iim~H"'IIltl'VItJ1'W't1EtlJ1'W 
4 io!d Ql .Q rl ' " .... ld 

'J1'jijf111llltflt11tllJ1'YitJ1fflff~'j t'lf'U "~~ijff11J'Yit't11Jl~ffll 

fff1~~Vff1tJ~1 i tJ~ 'U Vflt't1'WV i tl '111tlf11'l'Yif'l"V~'t1l v 

.S , .d o i 71 .I "'i 31 71 " .I, '.d 
t~~'U ~'Yif11'11'Ufl 't1U"~1J'l:::Qtl~ 'lfff'll~~VffllJ 't11J'YI 

mm:::ffll t'lfunl't1'U~tltJ~1 itJ~u"'~~~~fi11:JJff':~.~iun'Yil~ 

. 
Ql l.c:l I Q Q.l.c::::)o tl 
1~Q U't1"~'YI:JJ1 t'lf'W tll'l'VI'IIl'ltu1~1:JJ'I1"tl1'Yitnfflffl91'ltm::: 

tJ 'II~ V'V11~ff ~fi:JJ~ 1 ~i' 11 H" m :::'YitJ '111tl1'V1tnfl'lff~{tm::: 
!'Yifl iu i"ti l1'l:::ti!um'l1VJUN'U't1lvtt'W1'YIHf11mn'tlru't11 

" 



I . 
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. ~ 

lli11Hn 3.3 l"'~~fl':i':ilJfll'H~t!hl{ lhi'Uhlfll':il~mfjrl(1 11111UU11J'Um lm·Ull':i TIMSS (~U) 

.. 
"' ... "' I ... 

1~ ~'U't'ft]lll fl11 'll \Jil'U~'IJ . 
Ql~ 4-tSGIO 

8. fll'jfi~HY'Ull"'tltl'Utl'U fl111t:I'U 
1" "' , Q c(.,j,, 

'Jfl"'tllhl '11 (1 flj 1hlltn~fl11111 'VIVl1't1 tllfl'l ff1J'jl't'ftl '11 1'11 'J f·m 

(Justify) ... "11 . 1, , d., "' 11 
U1i1.Jltlttn~Ufl W111 l'Jfhl fll':i 11Utl~'t1111'111Jrl(1'jt:l~':i1J W'Hl ., . ., 

~t:~ff':iV~1nm':iff1':i1~11':i1~fft:~1J111um':it:~i1Jlt1'VI1~ • ... .. 
1't1tllfl'1ff11'.i 

0 d 4 .d- l.di ~ .e. rl ~ 
3.5.4.6 hllU 1J1J't1fl fft:I1J'VIt(1t:lfl lffhlt:ltlW~ fl':i'.i11 fll'.i 'YIU'.ifl1111'YIU1hll"''U 1i ll"'t:l 

Q# .oC:.\ tl _I .q, ..::1 v Ql .oC:.\QI J. 1 "1 
3.5.4.7 ~fll"'1ll"'U1J1J'Yiflfft:I1Ju'.i~l11hi'Ufltl1111ffl111'.iflfllhi'Yifl11~1~tl tl"'t:l 'If hi 

~ . 
fll'jt~1J~t:I11(1\J1nt!m~vu'l1'u~t~vhi1'Yitr1fl'1ff11lflijmtl ihl,j1itr11ffn111tlfi 4 ~tl 111 

• Q 

""'"' 1iUJ 

~ Ql Ql ~ d. GJ -1 rl d. 9) 

3.5.5.1 fffl11111(1f1~11'.i '11hl~fft:IU1J1Jl'.itlhl 111QU'.i~ff~tlfl1'.il'.iti'U~ 

3. 5.5 .2 fff1111tt:lnff1'j 11 "'nm'.i tm~ n ~11 Q'Y11~ i 11 1n trl~t rlv1~ t:l~t vl u t ilhl u u 1n1~ 
1 hi fll'.ifff1~U'l11JV'.i~tijhlt1111l~~l"'t:~1 \1 

, _, ... "'i 'l . _, ... "" , ... 
3.5.5.3 ff'n~U1J1Ju'.i~l1lhltl111ll"'~l"'t:l ~11t:l~uU1J1Jfll'.i\lflfll'.il'.iti'U~ '.i~fi1Jtl1111 

~~l"'t:~'l~tiltJu'U1J1111!'j1~YlhiV'.i~111Wtll (Rating Scale) 11111U1J'U'Ut:l~ ~ttlt:ll'VI (Likert) 5 'j~~'U 

Ql .c9 d .c9 , ., ... , 
'.i~fi1Jtl~Uhlhl 2 '111lltlfl~ 1ltl111ll"'~l"'t:l \ltltl hl'.i~fi1Jhlt:ltl ... 

Q,l .c9 d .:i , ., Ql 'J} .d 
':i~fi1Jtl~Uhlhl 1 '111lltrm 1ltl111ll"'~l"'t:~ \lt:~tr hl'j~fi1Jhlt:~tr'Yifffl ... . 
0 _, ... "'i , d , J' 1Jt ,,,d . 

3.5.5.4 hi1U1J1Ju'.i~t1lhlt1111ll"'~l"'t:l \l'Yiff'.il~'Uhl tV 11rlt'lftr16JflW 3 'Yilhl11'.i1~fft:I'U ... ., 
" 

3.5.5.5 tl111111Hl~~lUt:1111 (Content validity) U~1U1111Vi''UU~~un'i'lllhU'U'U 

tJ'j~tijhltl111lW~l"'t:~ l\1 1tJ'l'*'lll ~n1Jn~111Pi'1mh~ • 



., . 
Ql "' 'll'W'YI 1 

., . ... "" 'll'W'YI 2 

., . 
Ql "' 'll'W'YI 3 

., . 
... "' 'll'W'YI 4 

., . 
Ql "' 

'll'W'YI 5 

tqtJiuft0Ufl11tT1Hutmt11:&i)utl11Uft~ne1\lft0fl1111rm~~nl1&1rmf 
&11J1Jlfi'H~lU!l'Ul~rJ 

fffl'M1'HilfH1(;11 U'lJ'lJl~V'W 'Hilfl~(;l1'YIV1i~mh:ff·Ul • • 

41 

fffl'M11Vflff11Ut\:11V'l1'W~!t\fl111~V fl11illli'W1nfl'M:fl11'YI~t\V'lUt\:nfl'M: 

"' "' .,j rJ , tl "' ~ i fl1Hl~l"lf'l1:'lJ'lJ 1VW1 'WU'W"J'Y11'lff11'lU'lJ'lJ 1:11J'Wfl111JV.'lVW ~ 

, tl _,. ~ i I tl Ql q , 
tl11.:!11'lJ'lJ 1:1lJ'Wfl111JVHV.V ~(;)Vl 111J1Jfl11~~fl111'W'Wl 

. ., 
i ,, "" "' "' , tlQI tl i'1 '11fj1'1W1'lf1ty~1111ffV'lJfl111J(;)Hl'lf'll'WV'H1 llt\1 'J'lJ l'lllfl 'll 

lA1U'lJ'lJU1:1fi'W, tli ~'YI~ffV1Jflrl1l~1VaH • 
Q.l .cl ~ .c::l Cll tl ~ Q.l d iJ.d 

'Wfl116'W'HV'l116'W"J'Yit11ff1ffm "lf'W1J1W1Jfffl'M1 'YI 4 

l H1~6'W ~W1fl'JW 11'lf1'YIVT~V l:lfl~1'H11 
. ., 

ill'nn 3.1 '\i'W(;IV'Wfl11ff~1'l111J1JU1:1ii'Wfl111l~'l'WV h 

i/.Q cv ~ tl~ Q.l ..:::~ V.e. <t ~ t1 d 111 'J) 

3.6.1 fj1~6"Jlfl';i1:'HIJty'H1fl11~~fl1'H16'Wt1'lf1 !f!H'l1'WTYW1ff1ff(;l1 111flfl11'YI !~ 

" Q,l "Q.l .c:s 4 ~ " t ..:9 ~Q.I 4 .d 'J} 

ffV 'lJ il11Jfl t fjffV'W U t\: ffll fl1'M W 'W fl1 1 6'W 'Yil fl 611 V'W 1J 11 lt\1 1 111 'YI 'l fffl'M 1~ 1 fl'l1'W 111 V'Yilfl 61'\JV 'l 

4 I Ql I l!!i Ql d. 'j) ..::::! Q r/ .0:::. ~ 
3.6.2 lt\ Vfl fl'QlJ(;l "JV 61-:J U 'lJ 'lJ! 111: 11-:J fl V 'W fl! 1 6'W 'H V'l! 1 fl'W "J'YI fl1ff1 ff(;l'HJ llfllfl "lf'W 

~Mllffm:ntl~ 414 Vi1m11~m111{111flU'lJ'lJtl1:&i1u;i~fl111lff11111t~$11unn'M::1~rJ ut\:tl1:1i1u 

nfl'l:l: fl11 f'i~l~'l 1: 'lJ'lJ !~V(;l';i 111 ffV'lJ ~lt\flV'W!~1Jfl11 'YI~ t\V.:J',hi1fl111JU(;l fl~ l'l fl'W 'H ~ V, ~ 
il~ Q.l o c::t. d Y .... 1 .e:. .c:s Y Q.l 

3.6.3 ~1116mtu u m1 !fl'll11'll1 "Jll'llVllt\ 11lflfl11IJ 1 :!1l'W'll~fl111lff11111 fi~1'W 'Yifl'l:l: • • . ., 
1~v nV'Wl~fl'Wi'Wfllfl!~fl'Wfi 11Jfl11fffl1:11 2555 (;111J'\i'W(;IV'W 
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3.6.5 U m~ tJ'WfHhJ ~1mh-:~ i ~n·1.Jt11'l ~"' t1l'l 1~ tJ'W! ~ 111 U~'W OU ~"' fl 'il m 'l 11 t1l'!i 1~ tJ'lJ f . .. .. 
1"' vti 6\J ~"' n ro 0 'j 'j 111 11' ,r m; v lJ .Yhu1J 1J 'VI"' ff61J 1" li 01:1 ~ Ol'I fi"' 1 ~ 'n ~ 1J 1J ti 6\J 111l ~ ff ~ 10 ~ 

' " 
'W q ~ m 'j 11-ri U-:1 ;it) -:101 'j ij n O't:l:: 01 'j fl"' 1 <11 -:1 'j:: 1.J 1.J ~ 111 u 1.J1.JiJ 'j:: 1~ 'lJ n O't:J:: t1l 'j fl"' 1 <11 -:1 'j:: 1.J 1.J U1l:: u 1.J1.J 

~-:~m~'Wq~ml11 1u'l::ld1-:~ml~"nrom'.i11f11'.it~vuf 
' . ... .... ... .. ,.. ~ , ~ , 0 

3.6.6 1116 ff6'W ro 1.1m11 u~u m'.i ro" oro m '.i 11m '.i 1 l tJ'W 1 'Yifll t"1H n 'YI1 ml 'YI" ff61.J 

U f11l tJhl ~ 1tJU 1.J 1.J iJl ::1~ hi :tj fl fl1111ff1111 '.i fl ~1hl no't:l ::1~ tJ 'l!fl1~ tJ1fi'W fimiuu f1l'j Vi 1 fl rom '.ill 

" g/QQI Ql Ql Q Q Q Q .:I Ql Ql 

3 .6. 7 ~1'iltJ1fi'YIO't:l:: f1l'jfl"1 'lf-:l'!i ::1.J1.J 'il1fll11.J1.J'Yifl ff61.J f1l'.ifl"1'lf-:l '.i:: 1.J1.J 'l!~ll~W10hl 'YI-:1 

rluuul:l::'1Hl-:Jf11'.i~"firom'.i11 

: 



. . 
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I Ql I Ql d 'j} Q tl 
f1Cl1119'11fltn"l 'Wf1t'HJ'W'VIfl"l1VItl1fl'1Cl'l9l'j 11.4/4 ~1'W1'W 24 TI'W • 

~ 
,_, ..:-. Q,l -=- 'JI Ql ~QI ~ Q 

'j ~ 111'W VI f11-l ~- 'U~ TI1111Cl'111 1 'j (I~ 1 'W VI f11-l~ 111 flU Cl ~ f11'j Tl~ 1 '11' "l 'j ~ 'U 'U 

" '.c:t Ql ..::::.. .c:t.c:tt.c:tQI .q.q 

f1 fl'I.H 'j fi'WUCl::: Cl' "l 1f119l'VI q 19'1 m 'j 11 Tl1111 (I VI 'U"l 'lfVI f11-l::: f11'j T1 ~ 1 '11' "l 'j::: 'U 'U 

.mfli1flu~ 1 tlm'jfff1"H1 2555 

+ 
f11'j ,}~f11'j 1~ fi'W r 19'1111UH'W f11'j ,}~f11'j 1~ fi'W fu 'U'U 1m "l~ 1'W ~n!u f11'j 

.... .... """' "" "" ....... ,. 'JI 
'VI lOll 'W 1VIf11-l :::11W UCl::: f11'jfl~l'lf,'J'j:::;'lJ 'U '\l~f11)f1'j'jl.Jf11'j!'j fi'Wl 

18 i-1111~ 

+ 

~~------------VI-o1_1_1'U_'U_~_'j_:::_I~_'W,_TI-11_11_W_~_'VI_D_1_1l ____________ ~ 
j_ . . 

..::::::t. tl .Q.o::::::t. I .c:t I .c:t I 

11m1:::wvn~Cl'\119'1 mmm.1 Tll!'Ufi~!'U'W11119l'jj1'W m t-test UCl:: 

normalized gain (g) ff1'W'Ii'mJCl!~~~tu.fl1'VI!Cl''Wfll'Wl~TI1111!~tl~ 
~ 6' ~~1 , !J} .d 'J) 
11m1:::'VIVINCl'\119l ~tl 'If Tl1111\l UCl:::'jfltJCl::: 

3.7.1 U'U'lJ~'j:::!~'W~~TI1111Cl'11J1'j\1~1'Wllf1"H:::1,)r.~1Lm1:::li''li'D11Cl uCl'~~HCl l 'lJ'j~'\Jfl~ .. .. 
.c:t G) fJ) ..::::::t...::::::t. ~ ' d t 3) ..::::.. a' Q,l Ql a' ' .c::!, !J} 

Tl11111'jtl~ UCl::: t'lfCl'\119'1 Tlfl Tll!l!Cltl fll'jfltJCl::: 1!fl'j1:::'VITI1111Cl'11'VI'W1i 'j:::'Vf11~'U~TI1111Cl'1l.J1'j(I~1'W 

ll'nl-1:::1,) t1 fl'UTI111Jlru l '\l 1 u f11'j 19'1 fl'Ufl1ml.Jl1 ~n 1 ~flf11'jl11ril-ff'11~'j:::ffVI iff 'VI ff11Vf't,rfimh~~1V 



. • 
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. 
_I .C\ CLJ ~ .C\ oC\ t1" '1' , " ~~ .a ' ~ ' 

3.7.2 U1J1JIJ'!i::UJ'I..I'Ylfl1:l::f111fl~!'lf.n::1J1J 1!flll::l1'UVlq!fl &~tl 'lf'i:HWI fiV fll!Ufltl fll 

fvvn:: un::thri11..1!~tl~tmnn1911J11..1 hwl4f"J:1911fl~~ 
I .::i ~ ,.. 1" Ql ~ 

3.7.2.1 fll'!il11flll~HUJ ('tJty'lf1J ff'!i'ffZVl\91, 2535: 102) &191tl 'lf"J:¥11~-:11..1 

X 
:Lx 

n 

' I d 

X U'Yl1..1 fll!'i'Afltl 

" 
Hfl '!i11J'U fl~ fl ::u 1..11..1 'i1 -:1 l11J ~ 
0 ... "' 

n U'Yl1..1 \111..111..11..1fl!'!itl1..1 

3.7.2.2 l11thdTwfltt~!1J1..11Jl191'!iJ11..1 (1.Jty'lf1J ff~'ff::m\91, 2535: 103)i191ttloif"J:191'!i 

s = 
nL:X2 -{Lx) 

n(n-1) 

.,j . ,; 
!1Jfl s U'Yl1..1 'ff11..1!1JV-:111J1..11Jl\91'!ij11..1 

I ... 
X U'Yl1..1 fl::U1..11..1U\91fl::\911 

0 ... d 

n UYl1..1 \111..111..11..1fl!'W1..1 

" L ... 
UYl1..1 Hfl '!i 11J 'Ufl -:1 fi::U 1..11..1 Yl -:ll11J 

I " ,, 

3.7.2.3 fll'!iflttfl:: l11 \91\llfl"J:191'!i 

p = 

3.7 .3 U1J1JYI~'ffV1J1~'l1flll::fll'!ifl1911i-:!'!i::1J1Jl1J;i'-:~\llflth 1 ul .ffti1Jfl~1J~1vd1-:1 1tml::M 

~Vlq!fli191vl4f'fffi~ fivfi1m~v fi1~vttn:: un::filff11..1trlv,H1J1..11Jl\91'!ij11..1 l191ttl.ff"J:191'!iL'li1..11~tt1 

U 1J 1J Yl\91 'fffl1J1J i1..11J ~ ~fl fll\91 If!~ fl1..1 Yl\91 'fftl 1J fi111J U\91 fl~H 'U tl-:1 fl:: U 1..11..1 ntl 'I.H!fl:: l1 J;i' -:1 f11 '!i ~ \91 

fll'.i ~~ttl.! {'Ut~~t!m~ V1..1 fl~1J!~V1ti1..1l191tt 1 4f'fffi~YJ~'ffti1J'ff1J1J~j11..1U 1J1J Dependent samples test 

ff11..1 fi111JU\91 fl~l-:I'U tl-:lfl:: U 1..11..1 ntll..IU f1:: l1 J;i'-:~ fll'.i ~ \91fll';i (1 ttl.!~ 'U tl-:1 iJ m~ V1..1 fl~ 1J~1t!th-:i i \91V 1 .jf'fffi ~ ., . 
" Yl\91'fft11J'ff1J1J~j11..1U1J1J Independent samples test l191vloi["J:191';i~-:IU 



. 
; 

D U'Vlhl 

LD U'Vlhl 

LD2 
U'Vlhl 

(L D)2 U'Vlhl 

n U'Vlhl 
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ID 
t = --;========= 

niD2 -(LD)2 
n- 1 

I 

~1 ffo~~ 11:::1 -M1m tJ1J1VivtHi1J~ linq911'i4v'Vl'i 11Jfl1llli1'1!mh~ty 

~lfHl~l'l'i::: '11ll'l~fl::: Uhlhl .. 
t I I I I 

fH'I'i 1lJ 'Vl'l'l1lJ~'ll V'l fllf.IC'I~l'l'i!::'l111'1t) fl::: 11 hi hi 

" f.IC'I 'i 1lJll'l'11lJ~'lJV'I ~lf.IC'I~l'l 'i !::'11ll'l~fl!::UhlhlfJfltll"'lffV'I 

0 I QJ I .:!f. o I 

111hl 1hl fl'JlJ~1VfJ1'1'11'i V1llhl 1hl tjfl!::U hi hi 

'j) 'j) "' 'j) 'j) ... 

3. 7.4 fl11l.ltll 1'11 hll'Vll'ltll'i l':i fJhiUC'I:::fl1ll.Jtl11'11hl l'Vll'I'Vl flll::: fll'i VVf1U1J1Jtll'i 'Vl~Cl V'l 

"" "" or 'I 'j)"""' • .!1 "1 " "' 'j).d .l. ~ "" 11fl'il!::'l1'llVlq!Cl t~fJ t'lf11i Average normalized gain <g> CJf'l'l11 t~1llflf.IC'Ifll'i1'ifJ'WJ'Vl1'WlJ'llhl'ilH 

, d g~d..:::~i d 0 Ql 

(Actual gain) '111'i~1fJf.IC'Itll'i1':ifJhlj'Vll.l Vfllffl'WlJ\T'Itj~ (Maximum possible gain) fl1'11hl~'i:::~1J 

" " "" or """' ::'1 ... "'~ 'lltl'lfl11l.ltl11'Mhll'Vll'ltll'i1'i fJhl t~fJ11i Average normalized gain liJhl 3 'i!::~1JflV low gain (<g> :::; 0.3) 

" medium gain (0.3 < <g> < 0.7) 1m::: high gain (<g> ~ 0.7) (Hake, R.R., 2013) 1~w1-Mtr~'i~'li1 

.,j 
ll.JV <g> U'Vlhl 

%post H'Vl'W 

%pre !l'Vlhl 

' I <'1 

fll!UC'IfJ (mean) 

o/opost-o/opre 
<g>= 

100-o/opre 



: 

I 

<=t 

1J'YI'YI 4 

f-J ~ t11 'il~UU ~ ~ el fl tJ 'iltlf-J~ 

fl~U;~'J~UU U~~fffl'l:llfl11ll~~'Vl~ l'iJ~lj~~tll'J 1i~flnt1 VlJ~UUU lfiH~1lJil1lJl1iV '\HJ~um1V'I . .J "' .. 
M'v~t1vui'VlV1fflff~f flJJfllfl .ffmTliV:JJffmnil~ 4 h~t1 VlJ'ilWlflHI! 'Jl'll'imml'v :JJfl~1'111'l" "' . . 

" ' 
~hmmliv~ 1i~l11'~llfl~1'111'J ff1Ufl~1tJt'U~.riul'innf1mmi'fiv:JJi1mm'll~ 22 1~vm1iv i~'llltfftJ v . "' 

" .,Yv:w~t1:lu 5 ~fllJ~lllrll~U ~~ij 
"' 

" '¥ln11~ tll'J n1'11lJ~tt~~fi1UfJ:JJIPI'1mh l1 flEJ~flT~IPI~ ff:JJ:JJ~!llJ l1n11~ flu ili'iJ Vl:JJt;~11 B'lfflnn 

~1'1...1 1'1...1 24 fl'l...l 1 ~ v'l11'tifl:JJ~fi~U'I...I '1...1 'illflttuull'J ~tiJtJ ~~fl11llfflll1'J tl~ llJ 'ifl11~11iv (Research 
"' 

Skill Competency Test) ~u11mm~~vu!1v~:JJl'illfl Test oflntegrated Process Skill II 'Ufl~ Bums, 

" Okey and Wise ("J"l"~ l~'Vl'J'I1:JJ, 2554) 't1~nvui1-vuu~~m1~i1-vu :JJTI'llflUnfivutl'ivu '\"lUll 

Q.l ;d. ..c:1 ~ 3J .ci 9/ Q;l' ~Q,I Q.l .:::! I I d Q,l 

lJflt 'J VlJ'Vl flfllJ :JJfl11lltl11'11lJ l'U ~~ 'U ~fi11:1Jffl:JJ1'J tl ~ llJ 'Vl fl11~ 'J'il V '11 ~ ~t 1 E.JlJ ff ~ fl'Jl fl ~lJt 'J VlJ ~ ~ . "' 
ttff~~ium'Vl~ 4.1 
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~ CV' .Q. Q..> Q.J 9) Q..l ~ I I .o=t, I d Q.J' 0 CV Q~.e:t, Q.l 

ff1:U1':i fi~1'W 'VIf1fl ~ 'J'iHJ'VI.:J 5 ~1'\.! 'Vi ri.:JI':i ti'W\Y.:Jf111f1tl'W!'HJ'W 'tH.Il.:JlJ'W tlff1fl(\l'VI1.:Jfffll9l'VI':i~~'U .05 

iJr~11:Ufhmu1'ut~.:J~~fi11:Uff1:unfi~1'W'¥1n1:1~1it~ 5 ~1u 1mnv.':i1:U t~g'lu':i~i'Unri1.:J iJfi1<g> 

I~'W 0.66 1~tJJJ~~fl11lJff1lJ1':if1~1'W'¥1f1fl~i,)t11'Wif1fl~~1'Uf11':ifll'H'W~IIri~fi1'UfllJI>i'1U1h ff.:Jf1'h . .. 

" " ~.:Jrhm:u '¥1 nf! ~ m':i t1 t~nu 'U 'U m ':i 'V1 ~ r~ t~.:J 'Vlnf! ~ nu ~.:Jff:U :U~J 1'W uri~ '¥ln1:1~ fll':i hfi1 ti1:Ut;f~ 
-'""....,. "' _, "" :li 31 0 "' 31 
U{l'U\9lf11'i'\Jtl~\911Hu'i flfllu'W'itlVri~ 94.17, 89.17, 80.83 Uri~ 78.33 \911:1Jri1~'U Ht'l~'il1f1'\Jtl\jri 

i.:Jnri111rlm.hmitm 1~11' f111:uti'11'VI U1m'l~1'W~~fi11:Uff1:U1':i fi~1'W 'VlnEJ~iifJ s ~1u twm~u 
) l9)Q.,d I Q.l d. I QJ' l d 3} 9) 

':iltl'l.JflfiCl ! ~tl 'lf11i average normalized gain: <g> V.'U11'W f1!':i ti'W f1tllJ1911tlfJ1'llJfl11lJf111'11'W 1 

d. 9J Q.l .C:. Q.l 9) 16] CV .ol!i d I d 'jl 9) I 

'llt~'l'll~fi11:Uff1m':ifi~1'W'VInfl~1,w 5 ~P~l'W t~~ !'W':i~~'U \Y'lflt~:ummCltJfi11:Um1'11'Wl \Y'lml o.-, 

ugff1:U'¥1f11:l~1~mi inf!~f11':ifl1'Vi'WIPIIICl~fi1'UfJ:U~111U':i \Y'l"JIPI ~tl iJfi1 <g> l~'W 0.79 ':itl~Cl'l:Ul 

~t~ 'Vln1:l~m':iuunutJ'Uf11':i'VIIPIClU'l <g> l'YhntJ o.73 u"~ 'Vln1:l~nni.:Jff:u:u~!l'W iJfi1 <g> ~~u 
o. 70 "hu '¥1 nf! ~ ~ u ni~ vu n ri :u ~ 1tlVl'llJfi11:Uti' 11'11 u 1'\Jtl'l~IPI fi11:UffllJ1':i fl~ l'W 'Vlnfl~ii tJ 1 u • 

Q.l ~ d. ' .d 9) 9J :'1 ~ Ql GJ 9)Q Q tl"" """' 
':i~IPI'Uf1ClN fltllJflll'iWtlfl11lJf111'Vi'W1lu'W 0.55 I!Cl~ 0.53 flU 'Vlf11:l~f11':i !'Vl'Wtll:Ul'lf'l t)'UI9lf11':i 

" ' 
'II t~'l ~ 1u tl 'J u" ~ '¥1 nf! ~ m 'J ~'lfi' 1 m:u 19ll:U rl1 i 'U eM 'lll ffiPI.:J 1 ..rn1 u i1 m':i i ~P~m 'J ~ fJ'W m 'J fftl'W ~ 1t1 

' " " Jtlmm 1m 'l 'll 'Wll'W 1 i rrvh u u '¥1 n1:1 ~m':i Vi~P~ t;f.:J 'J ~'U1J l u m':i iivr~i' 'lU ri" 'lt ff~ :u 'l..ru m1 fJ'W iJ 

'Vf~PJJ'W 1f11':i '\J tl'l~ IPifl11lJ ffl:Ul'J fl ~1'W i f)fl~iitl 1 'W ~l'W f11':i fll'\1 'W IPIUCI~fi1'UfJ:UI9i'1!! tJ ':i \1 'l~'W lJlf) 
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cv ""cv I cl v 
SD flfl'lj::;11J£.1 m ~ fl vHJf'I'U fllliHl£.1 ~f)£.11;1::; <g> 

' "" 87.50 0.49 
" 

fHJ'Wt':iti'W 4.38 
., 0 

0.53 f11'j~\lflltlllJ 
., "" '1-H'I·:H'J't.I'W 4.71 94.17 0.46 

0 ' "" 0.50 f11'J'f11'11'W~H"'~ flfl'U! 'W'W 4.42 88.33 
0.79 

fl1'UfllJ\9f";U!lJ ':i "' "' 'H"''U'J't.I'U 4.88 97.50 0.34 • 

" 
rit:~ut1 vu 1.79 35.83 0.59 

"' 
.,. 

0.70 f1l'j~\lfflJlJ~!l'W 
"' "' '11"'\lt'J't.J'U 4.04 80.83 0.75 

m'J'1'11'iJv1JJt;f\l ' "' flfl'U!'W'U 2.58 51.67 1.14 
0.55 

tJi) 'l.J1J fl1 'J' 'lJ t:J\119f 1H tJ 'J' ., "' 
0.88 '11"' \1! 'j t.I'U 9.92 78.33 

' "" fl1 'j f) f) flu 'lJ 'lJ fl1 'j flfl'Wt'J't.I'U 2.96 59.17 1.12 

"' "' 
0.73 

'VI~"'fl\1 '11"'\l!':it.I'U 4.46 89.17 0.72 

"ITi1~1 um~'J'1lJ ~'l.J-:hun~ vulir1~uuum ~vrit:~u~vutm~mr\l~vurvhti'l.J 16.13 r1~uuu u"'~ 

22.00 fl~U'U'U ~llJril~'l.J 'illflfl::;H'W'U!~lJ 25 fl::;U'U'U u"'::;trlmmtJ'Utfit.J'l.J'J'::;'Hil\lfi~U'U'UOfl'U 
.c::::t Q.l d .o::::::l 9) 111 ~Q.I t 9) I .c::::t I I 111 

m.J'W!m::;mH!':itl'W'llfl\l'lJ~fl11lJ'ffllJ1':itl~l'U'VIfl'lj::;"J'iltl'J'1lJ'YI\I 5 ~1'W'n'l.J11lJfll t - test l'VIlfl'l.J 

26.75 ~\lUff~ \I 1 'W~Ul-:1~ 4.2 ~\IU 'ff~.:.Jilfl::;U'U'WlJnaiJ'U ~~fl'11lJ1:1'llll':ifl~l'W nfl'hl~!J~tl'H"\1 . 
~t.J'U'llt:~.:.Jum1 vu 'ff .:.~ni1rit:~w1" tl'U t:~r.iHli'lTmhr!rum\lfftl~li'J'~fi'l.J .05 r-mnni~mtlu 111~1lJ 

~ u 

- v 
fl1 ~ fl VI tff'l 'U X ~f'I£Jt'l::; SD SDd t Sig. 

' "" fl f) 'Wt 'j tJ 'W 16.13 64.50 1.87 
* 

., "' 1.08 26.75 0.0000 
'11"'\I!'J't.I'W 22.00 88.00 1.47 
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91<> ,{ 91 91 lq91 <V 91 91 "'"" I 

1 1fJ1Jfl fl ft U ft11A fl 11::: l1 WJl:U fl11l1 'U 1'J 1 VlJ fl fl Cl 1 ~ 'i~ ~ U fl11:U fl11l1 'U 1'\1 tl.:! 'W flt 'W'W U\91 ft~ fl 'U 

i 
9/ , j/ J:::t 9) QJ ~QJ I I .::::1 

~fJ 1 V fJCl::: 'U V.:Jfl 11 :U fl1 111 'U 1'\IV.:Jfl::; U 'U 'U 'U ~fl11:U ff1:U1 Hl ~ 1'U 'Yiflll::; 1 'iW 'J::; WJl~ fl V 'U 1 'i ti'U U Cl::; 

Ql .::1 .d 
'Mft~A'W'W (flWI'YI 4.2 ) 

15 • ~TW1'W ... 

10 

5 

0-10 11-20 21-30 31-40 41-50 51-60 

ci 'J} " 'j} ... 1 C\ .c:l 'J) QJ .qQJ 

fll'YfYI 4.2 'J UfJCl::;'UU~fl11:Ufl11l1 'U1'Uti.:Jfl::;U 'W 'Ufll'JIJ ';i::;A:U'U 'U~fl11:Uff1:U1'i tl~1'U 'YI flll ::;1 'iW 

nuu~ vuuft::;'M rl'.:~~ vu~1vm1 ~~n 11m 1:um1 ~ vu.fu uu 1 fl'i .:J.:j1'l.J !1'U 1~ v 

Gt I ,., .::1 0 QJ .::1 d 'J) 'J) jl '1 I 91 
&'W'lf1.:j'jt)£Jft::; 21-30 'jtJ.:jft.:jlJl :U'ill'W1'W'Wflt1£J'W 10 fl'W lJ'jtJfJC)::;fl11:Ufl11l1'W1flfJ 'U'lf1~'.itlfJC)::; .. 

I <0t "' <0t <0t d <0t 91 91 91 ''I I 91 .I! 'I 91 
11-20 Uft::;TIU11:U'Uflt'itJ'WA'flfJ.:j 1 fl'W 'YilJ'.itlfJC)::;f]11:Ufl11l1'U1tlfJ &'U'lf1.:j'.itJfJft::; 31-40 C)f.:j!tff~~ &l1 .. 
A'H'Ui1 'l!n~ fJ'U ~~ vu hwl "*~tluuu i fl'.i.:j.:j1'l.J!1'Wi~v ii~~fl11:Uffllll'.itl~1'W'Ylnll::;i~m~:u~u . . 
mh.:jiitfv'ihri'qrvh::;iu o.os (\PlTn.:jVi 4.3) 
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I 

fl:::&&Ul! fl:::&&Ul! ~11! 

fll':i fl:::UUU fl:::UUU fl:::UUU . .:4 ci ... 
Sig. . &'iHifJ &'il"£1 nm~mu t .. 

~h~~ 'tl~~D'U &VIJJ ~~~~ 
Sl .. .. .. 

(':iD£1":::) 1J1VI':i~ll! 

. 
mru 25 19 13 16.13 64.50 1.87 

"" t'HJ'U • 0.000 

"' 
26.75 

l-Hl\1 25 24 19 22.00 88.00 1.47 0 

"" t'HJ'U 

.JI-4 0 dl fJ} 'J} I ~ ~~ J l:l .d 
'WVfl1llfl'UUJV't11fll':ifl'fl'l:l1fl111Jfl11'11'U1'Uti\IU\9Hl~fi1'U &IJ'U':ilf.l1Jflf1Cl ~U11Uflt'W'U't1 

.ct j) " .d 91 Q.ll .t::.\Q,ol' 1 'JI cv ~ 0 " cv 
1J fl111J m111 u 1'U tl\1 'U fl fl111J 'C\'11J ':i u fl1 u n n1:1::: 1,., v u fi1'W n flll ~ m':i IPl '~ fl1 mlJ u CJ ~ fi1'W n n1:1 ~ m ':i 

rl1'11'WflttCJ:::fl1Ufl1Ji1mh i'~ 2 in1:1::: iiunilvmhu1u s fl'W flflt~'W~tlf.JCJ~ 33.33 ~if!uvtu . .. 
1 .d.c:::~ y 'j} ' Ql .c::t cv a o ~ ~I " ?1 Ql .c:::l 

flCJ1J'Yl1Jfl'J11Jfl1'J'11'W1tlf.l':i:::f!u'C\'\I tm:::1J'Wflt':if.l'U111'W1'W 16 fl'W flf!tiJ'W':itlf.JCl~ 66.67 tiJ'W'Uflt':if.l'W . .. .. 
I I j/ Jl I 

1 'U fl rl1J fi ii fl111J tr 11 '11 u 1 tl d ':i ~ i 'U 1911 u Cl ~,., 1 fl fl1 ':i fffl'l:l1 fll \1 ij, li ~ 'U u fl t1 fJ 'U 1 'U fl rl1J fi ii . .. . 
fl111J tr 11'11 U 1':i ~ iufl Cl 1\1 "'h'W i flll ~ nTH'U flU Cl~ fl1'Ufl1Ji1tnh ~u-;hu nil f.J'U ~ tl v1 'U ':i ~i 'U'C\' \1 ij . .. .. 

0 ~ E'l fJ} CV ~ Q ~~ J} ll) I Q.l .c::l 

111'U1'U 11 fl'U flf!tiJ'U':itlf.JCl~ 45.83 UCl~':i~fi'U\911 13 fl'U flfltiJ'U':itlf.JCl~ 54.17 UCl~ !1J~U'Uflt':if.J'U 
. " . 

1unrl1Jfiiifl111Jtr11t-n!1':i~iunm'l t'1iut~f.l1nm1n'l:l:::~1'Wm':ii'lfhm1J i'ltt'C\'fl\1 1 um~fi 4.2 4.3 • 
4.4 ttCl~ 4.5 

. " 
fl1'UfJ1JI91'1tt1.h iitTnilf.J'Ufl~lJfiiirh normalized gain: <g> =0.00 unilf.l'Wfl~1JU1l~ifltltlflt~'U . . 

I .:!I I d 11] l.c::l ~ 'J} l!!i 0 I 11] 'j} G) 
2 flCllJ fltl flCllJ'Yl !1J1Jfl~U'U'Ufl'J11Jfl11'11'Ul tmN\Ilfl'Yllfl~U'U'Uflti'U'C\'ti'U !f!'CY\I'C\'f!'Utl\lfl~U'U'U !'U 

Q q qJ q 

'J) ~ 'j) .dl 1 Ql ~ 0 .c::t 0 Q.l 0 Ql d 

fll'U'U'UUCl1 CJf\1 'U't'lfl'l:l~fll':i\91\lfllfJllJ 1J111'U1'U 9 fl'U UCl~'Ylfl1:l~fl1':ifll'I1'Uflt!Cl:::fl1'Ufl:IJ\911U1h 1J • 
o "" ~I 51 51.d 11J 51 5I 51 "' ~ 
111'U'J'U 10 fl'U flfltiJ'U':itltiCl~'Utl\lfj'Yl !flfl~U'U'Ufl111J011'11'Ul':i~fi'U\911 56.25 UCl~ 76.92 

IP111Jrl1iu d1u flflfl~ll'l1 ~'~ ~utA' m1 vu~l'i1fl~uu u1h~tilui nll ~'H~'Iil vu , ~rrhtiunuu i1 uu 

~'lihl'l'W1'W 7 fl'W 1uin'l:l~fl1':i\9lti'Url1m:IJ ttt'l~ ~1'W1'W 3 fl'W 1uin'l:l~fll':ifl1'11'Wf!UCJ~fl1Ufl1JI91'1 . 
,.. I ~ :'1 9J 9J.d liJ V Y JJ Q.J ~ o cv 

Uu':i flfltiJ'U';itlf.JCl~'Utl\lfj'Yl !flfl~U'U'Ufi111Jfl11'11'U1':i~f'IU\91143.75 UCl~ 23.08 \9111JCllf!U 1J1flf-.1Cl 

i'lflrl11 U 'C\'f!\1 ·;hm':i ,)' ~ fll';i il U'Wj'tt UU t fl';i ·Nl'U! 1'U 1,) £J ,li,~'ff \1 f-~Cl~tl fll';i 'rl'~PJJ 'Ul ~~ fl111J 'C\'11J1 ';i fJ 

" . 
iflll~l,j'f.J 1 'U ~l'W'fiflll ~fll';i\91\lrlltll:IJtW~'fiflll~fll';i fl1'11'U~UCl~fl11Jfi:IJ\911tt ll';i t~f.JIPIH C}l\ltl111 • 
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& = 0.00 .... .... ..... = 0 10 
•••• •• • • ••• 

1Cl'IJ~ 15 20 25 

' 
lll'Wii 4.3 ~1 normalized gain: <g> 'llfl~fl~H'W'Wlh~tihJ:ti~fl111Jffl1JTHl~l'Wifl'M~11lv ~l'Wfll'l 

~ 0 d 
~~mmlltwmilu'llt.Jllflfl'l • 

1.00 ~------+---•~·.._-----11·.._---<.~-4·1>---41·~----..._· 
0.90 

0.80 
1\ 
~ 0.70 

= ·; 0.60 
~ 

"0 0.50 
~ 

~ 0.40 

E o.3o 
:E I 

0.20 r-
l~~. ----<·11>--<11·~·,_·.___...1>---41.>---~------ • • • • 

10 

Hl'llii 
15 20 25 

..j ' 
.fll'W't'l 4.4 fll normalized gain: <g> 'llfl~fl~l!'W'Wlh~tilu:U~fl111Jffl1Jl'ltl~l'Wifl'M~11i'tt~l'Wfll'l 

fll'I1'W~U'I~fl11.Jfl1Ji1U1h WJfl!lJ'W'lltiUflfl'l • • 
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..... ..... ..... ..... 
..... .... .... .... 

• • • •• • 
,.. 

• • 
.. 

H1'U'Yl 15 20 25 

' .q I ,..) .c:t. ... ) .c:t. d j/ 

.fll'W't1 4.5 m normalized gain: <g> 'tltl-3fl~U'W'WIJ'i~tl.l'W'tltl-3fl~U'W'Wu'i~tl.l'W'tl~fl111l"ffll.Jl'Hl~l'W 

l'iflll~i~f.l~l'Wflll;-3ffl.ll.l~!l'WtWmllullf.liJflfl(l 

1.00 

0.90 

1\ 0.80 
r:w 
v 0.70 

= ·; 0.60 
r:w 
"0 0.50 

.; 
-; 0.40 

e o.3o 
Q = 0.20 

0.10 

0.00 

0 

• • 
..... .... ..... ...... 
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• 
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!"'''U'Yl 10 15 
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• 
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• 
..... +--.... 

20 25 

.fll'W~ 4.6 ~1 normalized gain: <g> 'tltl-3fl~U'W'WU'i~tii'W'tltl-3fl~U'W'WU'i~tii'W~~fl111lffll.J1Hl~l'W 
l'iflll~ i~v~ 1u m1 1 M'u f.lll.lt~-31JU'U~ ml'tlt~-3f1'1u 111 w1miJu 1 lViJflfl(l 
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.ct ' ... 1 .Q ... 1 .Q or::\ fJ/ 
.fll'W'fl 4.7 m normalized gain: <g> 'Ufl~fi~U'U'UlJ':i~!:JJ'U'U~Nfi~U'U'UlJ':i~!:JJ'U'U~fi'Jl:JJffl:JJl'Hl~l'W 

vlnll::;iitr~l'Uf1Uflflf1U1111f1l':i'YI~Clfl~ twmrlu:ilt11Jflf1Cl 

. 
... ~ &.:1 ... I C\ od jJ Q,l C\ Q,l ~..:1 .c:s I 

'ill f1 f!Cl f1l'j t lJ l ti11!'Yitl11 f1l':ilJ l ::;t:JJ'U 'U~ fi'Jl :JJ ffl :JJl':i tl ~ l'W 'YI f1ll::: 'J'illl 'U fl~ ~! ':i tl'W 'YI~11 'Jl 

CJ .c:l d. 3J 9/ d fJ/ Q.l C\Q.I Q.l .d I I .d .Ji 
'Wf11':i li'W 't:Jf1fi'W :JJfl 111Jf111'H 'U l'Ufl'i'U~fi111Jffl:JJ1':i tlfll'U 'Yif1ll~1'illl 'H C'l~!':i li'W\1'.:.! f1'Jlf1 fl'W!'J tl'W CJ$-:1 

r Jl 'J} )/ I 

tiju i 11m:JJ ff:JJ J:J9'ii 1u 'Vl~~ i 1 'Vi-:~urw fl'l 'illnnu iflm':i t1 vufu 11111 m 'l'll'WJ l'W iiv 'lf1vh1' 

irm1 vuf inm :::111'W nu iiv ~ir ni'YI£Jlfflfffl1'l ~'l u nu ttff1'l'Hlfl1l:JJf 'illf1f1l':iC'I.:.Jiifl11~u91 
J'Q,I d 'J} j)QJ .c:t Q.l d 'J} 'J} ~ j}'J} 

'Uflf1'illf1'U v-:~ttlu num:::fi'W 'l 'H'Wm ':i tr'U ~~u1m::: 11TWf1l':i t':i vu 1 ttC'I~ff':il~'H ':i flU ff'J'ifl1l:JJ':i fl1ll . ~ ~ 

fi'U!fl'l 'illf1 fi' ltllll'Yf 1 i tJ~ ff'U i 'il UC'I~ vf~ 'U l!iJ 'Urlltll:JJli tl~ ffl:JJl':itl flflf1U 'U'Uf1l':i'YiflmN!~ fl'H 1 

fi'lflfl11 i~ u~fffl u flf1'illndn'ilm':i:JJ~ifl hiti11r·rt1 vu tilun'ilm ':i:JJ~t~tr1.u'fl'lti'U;ifl111~~,-ru . ~ 

'Ut:~·n!m1 V'W ffllll"Jt~'Wl hh.b:::rJmi'H"1~'111.:.~.J-:~ lu 1 Ht1trutm:::<Jtmm til'U!~fl'l 'lm1'~1 ~-:~vi1 h1 

ir n!~ vu t li u f.l w fi 1 'U fl'l n11 ~~ t~u ~-:~ ;'l 'l '~~ tt"::: ii ri1u 1 'J:JJ 'l u n1::: 11 'Ju n11 ~ l'l'l flul.:.~ 11'l.:.~ i-:~ 
ffOflfl~fl.:.JnlJ'll'U iit~'Uo~ fllm1u U11flmnu.:.~ (2553) ~~11i1trlo 'l ~!VI flU flf1l':i t1 ti'W~l1:JJnu . . ~ 

l11Jti1J 1 fiH'll'W l'Yltllfflfffl:ft~ fl'l f1':ifl-!11ff ffl:JJ11tlvf~'W1f!C'!'il:JJ\)'YI~ 'Y11~f1l':i i1 ti'WUC'I:::~f1l':i 'Yil'l 

l'Yitllfflffflf i~'l'U:i:::\9111~ UC'I::;'ll'Wliti'Ufl'l'iiU1l'JW !~EJ'lhH':il::: (2554) ~~'Ui1 Uf11lti'Wii • 
Q.l d ~ Q.l C\ d'~ ~ Q.l Q.l C\ 

HC'I ff:JJ q 'Y1 'fi'Yll'i m1 t 1 r~u m1::: fl:::u u u 'Yif1£J::: 1'Yl r~1ff1 fffl ':i 'U'W \!l w 1m ':i u ~'U u 'H "'~ m 1 'il flf1'il m ':i :JJ m ':i 

"'!>idt "" a' "'1 '1!>11 "" .,~, 
!':i ti'U 1 t 'J fl'l 'W fl C'I!:JJ fl ':i 'fi l':i :JJ'Iflfl fl V t 'If fl H~ l'W 1'YI Vlffl fffl':i !lJ 'W 'ill'W U C'l::: 'W fl f1 'ill f1 'il;:: ff 1 :JJl':i t1 

~ .. 
CJ Q.l d d. C\ 9} .Q Q,I.Q tl 91 Q.l Q.l 

~ ~'W 1 H r;'l ff:JJ q 'Y1 'fi 'Yll 'I f1l ':i l ':i EJ'W l ff':i :JJ ff':i H 1Jfl r;'l f1fll'W 'W f11'Yl rJ 1 ff1 fffl ':i fffl fl fl r;'l fl.:.! f1 'U f1l ':i 'W~'W 1 

~11 utyty 1 (multiple intelligences) vr~ 'Wlvln£J::: m:::1J1u m':i~l'~'l t'lfuvl nll::: m :::'U1u nnftfl 

Q.l .Q. tl Q,l 3) .Q d' .<::::.\ 

'Yif1'hl::: n ':i :::11'-:J'W m<J 'Yll'l1'YI Vlffl fffl':i 'Ylnl!::;m :::11 1'W mm ff1'l'Hlfl1lm'YI N1'YIEJlfflffm fl1l:JJflfl 
~ 

'l (~ :JJ ff~ H ff'j 'j r1 fi111Jl ~mTu 'l u flu w.:.~ nuiiiir t1 'l u m nl'l'll'W ttr;'l::: ffl:JJl':i mh::: ~n~'l u 'l u 

;ifi11<J:::1h)u ~1tll'Hfl~nniflm':i t~ti'U~!l'IJ'U 1fi<J Hl'U'ill'Wiiv vi1 'l-H'irm1t~u hiNmluvlnl!::: 
Q qJ • d,g 
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"> o' <V ,l ' 01 I "' <V "" , !l) 

fl'j~1JTWf1l':i'VlVJJ'Vltllfflff~':il1f11:l~VfWjl'W t11J\Ol·m~ f11H1-:jtf1~ f11H1-:jtl111Jt'I1'W 'Wf1t':ifJ'W 'PI 

o ~I !ll.<>f !ill "' -' ""~ 
mlf1tt uuu 1;l ~ l11f1 n 'Vlrtm:m-eJ.:j Hflfll':i tt nuty'Yilrt1um~1J1'W f1l':il1H1'V1Ulffl'i:Yfl':i 1J.:j fflll n 11 

'rl'WJu 1l! m1 uu 'l M'ii -eJ .:jrltl111lrll1mffl'i:Y~{ tm~ Ullin t~'rl'WJu l:tirttl111l'i:Y11ll':i tl,rl'W inll :::11lu 'l M' .. 
.f II) 91 

'f:Y.:j'ti'W !'PI .. 

tt1J1Jlh·:::d1u:Urtfl111l'i:Y11Jl':itl~l'Wiflll:::11i'v (Research Skill Competency Test) t~U 

U1J1J'Vlrtfffl1JU1J1J 2 rlwlmfu (2-tier conceptual test) J;bumm~uthmm.h:::tfll'l 4 191'1t~Ufl ~hu~ 
'f:YU.:jt~u ':i :::im1 11m~mru 'l u m':i~-eJ1J'l u 'f:Y-eJ.:j"'huu l n trlv1tml:::Mfl11mYll'rl'u .fi l :'YiiH:tifl . .. 
fl111J'i:Y11J1Hl~l'W Ylflll:::11fu n1Jfl111JlJ''W 'l1! iu fl1H1 fl1JtlH111J'Yitrfl 1 rtUf1l':i'YiltlliYlJ'I.h~ffl1n 

'i:Y'YI ffll 'rl'u -fi fl ~ H ~ 1 V'tl fl.:jt~ v{ ff'W n fl'W fll':i 1frt f1l l t'7 fJ'W j' U 1J1J 1 fl H.:j l'Wj}1'W 1 1ffJ t'Yll tl 1J 0.521 

vdHiil!vrlltl'fY'Vl H'i:Y~~~':i:::i1J o.o 1 tnl~'Yitr.:jfll':i 1lr~m':i ~ vuj'u1J1J 1m .:j.:jl'WJ 1u 1ifl rvhnu 

19 0 

18 0 

" 0 

• :;. 
~ 16 
0 ... .. 

15 _ ___.....-

14 0 0 

14 

0 

(l 

R Sq Li1ear = 0.271 

0 

16 18 24 

confidencepre 

mn~ 4.8 tt~'Wfll'V'IflTHn:::'iJlU (scatter plot) U'f:Y'fl.:jfl'Jlllffll'rl'un':i:::w.il.:j':i:::i1Jmlmfu 'l11fi1J 

fl:::tt'W'W~ ~~ flfl'W fll':i1frtfll':i~U'W~U1J1J 1flH.:jl'W1Tl'W11fu .. .. 
I Q.l ~cVQ.J o 4 

'il 1n u~ u fll'V'I fll ':i m::: 'il 1 u 'V'I1J 11 ':i::: rt1J fl 111lt &Jrflll u f11J fl~ u u u 'iJ 1nm ':i 'Vlltt 1J 1J 'Y1 rt fft11Jll 

m11JiYll'rl'u ..6 nu 'l uYirrm\11J1nt~ci'l u "J~iuu \1 .. .. 
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24 0 0 

23 0 0 0 

un 
0 ... 
~ 
0 
:;: 

21 0 0 

20 0 0 

R Sq Lilear • 0.175 

19 0 

20 21 23 24 

eonfldeneepost 

mvt~ 4.9 Uf.I'Ufll't'lfll'jfl'l~'illt.l (scatter plot) Utl~~tl111Jff1Jli'U1h~'l'r:h~'j~~1Jtl1llllT'I.J i'ilntJ 

tl~U'I.J'I.J~,~ 'H~~m·ni~fll'j~tJ'I.JlU1JtJ 1m~~l'UJ1'U1~v 

55 

' ' 'Ql .c!IQIQI 0 .d 

'illflUH'I.Jfll'Viill'j m ~ 'illt.l 't'I1J1l'j ~ ~1Jtl111Jl 'lllllJ'U fl1Jtl ~11 'I.J 'I.J 'illflflU 'Yllll 1J1J'Yl~ tlt11J1J 

t1111lffll'W'I.J 1iti'I.J i 'I.J Vlff'YIH1J1flV~i 'I.J 'j ~~tJUl'I.J mn~ .. 

~fH.ICI~ 90.000 

l'i1cn~ n11-lu111u.!l:: i'l~l.!~,!11U Uti1~L~~ ~tlnLLUtJn11 

PI1Ufij~r;i'1U.tJ1 tl~~m~tl~ "111111ltl~ 

r;11LLU1 

11.190 11.321 27.907 35.484 12.676 

•l'i1111tlU1-lintJmL!l::lTu1~ 88.81 88.679 72.093 64.516 87.32 
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111nn Wl~ 4.1 o u~~~ 111'dh,rh ~flrJCl~'llfl~ H~flfl1J~lflfl1JMrl'nfJmm~Jul 'il ~~nil 
~ ~ ~ 

~flfl~ ~ 'U fl \1 ~~\PI fl'U fi' Wlfl'U'H rl'n \1 mtl'i t1hTul11 l l.ll'Jfl:U~wrn:u~l'lJl~ fJ~ll.l 'l'inll ~11i'tJ 

'l 'W ~ l'W l 'il vd i ~ffflllll'i flll ~ m ~ fi~~~~~~ 1J 1J 'IJ n~u fl~ U'W M fl\1~ tl'W l'Vl Ulffl ~Iii f lJ lJJllfl 

" ~1u 1u 24 fl'W 1 \91tilhu'eJll~l'l~n uu'l'i~tieJun-vunll~Mrl''ln- £J'W ml'l1m~ tm vuYio11 W:J,rv l-Nn1111 
~ ~ 

•t.h:::dJ'W 'l'iflll~ fll) ~191!9f \1~ ~1J1J 11 lfH!H'W ~1'111ll~~ (Mind Map) 111fl'lifl~lfJlll~~fffl'Wtlll1'W~!~fl 
u ff\Pl~'l'inll:::m~ ~ 191'\1 eJ 'l ~n- £J'W 1~vn 'll~ m~ llf'fl~u 'W'W'Ufl~H1Jm.h:::d1u 'l'inll~fl11ll~\91t9f.:J~:::1J1J 

1191'l'iflll~fl1)~191!9f\l';l~'U'U ~1'W1'W 10 'liD fl~U'W'W 30 fl:::H'W'W 1~fll,rd1'WH"fll~U~~~iJ'W~cJf\91!11'W 

111fllil1~ 1\1~ 4.4 l'I'U 11'!! nn- vu~1i'191n11m~llfll~ il vufn1J1J 1m ·N1'Wilt.~11i'v ~~eJviWJ'W1vlfll!:::nn 
fl\91! ~'~~::: mJ 111 n m ';j u ~ ~ ti'iu 111nn1J1J'Vl\Plfffl1J 11:::iifl:::n u um ~ vriBu~ fl'Wt'Yhn1J 12.21 fi191t~u 
" QJ d ' Q.l ~ :'1 fJ) - I .Q 

~flfl"~ 40.42 'H~'l!~ ti'W!'Vllfl1J 24.46 fl\Pl!IJ'W~flV"::: 82.08 (t = 31.31) tm:::fl:::U'W'W111flU1J1JIJ~~~lJ'W 

Ql ~ ~ ,J I d Q.l d ?I Q £11 !i) 

'Vlflll:::l'l11lll'l~!"lf\1)~1J1JI'l:::U'W'W!\HltJflfl'W!~Vl.IUCl:::mHrWl.l !IJ'W 12.13 UCl~ 24.63 fl\Pl!IJ'WlflVCl::: 

40.69 u"::: 81.81 1Pllllrl1~1J (t = 36.71) uff191'lllf'rHu-hun!lvu iinnll~m~~191~9f'~~~1J1J'I'nr~!lvu 

- v 
n 't1 VI ilfl 'U n X "UUH'I:: SD t Sig. 
---·· 

' "" fl fl'W!~(J'W 24 12.21 40.42 3.44 • 
!!1J1J'YI\91fffl'U 31.31 0.0000 

"' "" l1~~~~(J'W 24 24.46 82.08 2.60 

' "" fl fl'W! ~ (J'W 24 12.13 40.69 2.42 • 
36.71 0.0000 

"' "" rH'l·mti'W 24 24.63 81.81 1.69 

... ct 31 "" "" ol ""' 1 l 31"""' & II) 31 
'Wfl!'W'W'HV'l!'HJ'Wl'VlcJlfl'lbllil'HJllfilfl flU "lf11i average normalized gain: <g> 91\1'111 !~111flJ:'Hl 
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nuilvui'~t~lJ~'W'il~~ (actual gain) '\1l'j~1mmnnilvui'~ine~mfft~lJ\T~-ey~ (maximum possible 

gain) i~ttU~~iu~Vnn~~ 4.5 tm~ 4.6 vnrhfltJ'Ih~tilu'illntt'U'U'VIflffm.n!nilvun~lJi1mh~n 

fl1llJn'nmhvn~m'j i1 vu tJ~i tJ'j ~i'U n"1~ fitJ 1irilfl1llJ011'11'Li' lt'il ~vm~nn i1 vurvhti'U 0.69 

d 91 fJ) ~ •q Ql 4 ... 1 Q Y ... I .Q Q.l ...:::. 

u"~ lJfl11lJ m111 u l'VI H nn t 'j vu tJ ~ t u 'J ~ ~1J \1 ~ tlJ tliJ'J ::tlJ'Wf11tJU 'U 'U IJ 'j~tlJ'W VI n'l:l~f11'j fl fl 

t~~j~'lJ'U 1flr.JlJrllfl1llJ 011'11 .J ltQ ~f.J'VIl~t11'J (1 tl'Wt'Vhtl1J 0.70 Ufffl~'.hnJtt 'U'lJf1l'j 'ilflf1l'j Ll tl'W 
"' 

U'U'U 1 fl j ~~l'U i l'W i'iltJ ff ~tU~lJ L lf U t1Ll f.J'W lJfl11lJ ffllJl'J tl~l'Wvlt1'l:l~t11'J ~fit~~ 'J~'U'UlJlt1~'W 

. ' .el fJ} 3/d. IQ.o'l~ 

Vll'HU'l 4.5 fl11lJt111'11'Wlt'iWf.l (average normalized gain: <g>) 'Utl~t1'.}lJfl1tlf.ll~fl~'illt1fl~U'W'W 

tt 'U'U'VIflfftl'U 

Maximum Normalized 

Pre- Post- Actual gain possible gain gain 
I 

fliUJ (100-%pre) %post-%pre 
" <o/opost-%pre> test test 

100-%pre 

I ., . 
t1"lJfi1~Wl~ 12.21 24.46 40.83 59.31 0.69 (Medium) • 

. . 
.::1 j/ fJ).d IQ.o'l~ 

Vll"iHfl4.6 fl11lJt111'11'WltQ"tJ (average normalized gain: <g>) 'Utl~f1'JlJf11tltll~flfl'illt1fi~U'W'W 

U'U'UU'J~tll'Wvlt1'l:l~f1l'j~flt~~j~'lJ'U 

Maximum Normalized 

Pre- Post- Actual gain 
possible gain gain 

I 

mt'JJ (100-%pre) %post-%pre 
" (%post-%pre) test test IOO-%pre 

I .... I 

12.13 fl~1JV118UH 24.63 41.67 59.58 0.70 (High) 
" 

.<::). fl I Ql Ql .:£ 
u"~'illm-mm'J1tfldl~'l1'111fll normalized gain: <g> 'Ufl~fl~tt'W'W1flfmfflJt)'l'l1i'l'lVIt11'J 

i~ f.I'I.J pre-test/post-test 'llfl~t1~lJi1tJ~l~U'U'lJ'jlf.I'Uflfl" TI'U':hiiu ni1 f.I'W ~lJf11llJn'l1'11'Li'le~~i u . . "' 
., "" ~I Y ., "" ~I Y ..ll 'I "'~ 

'J~fi'U\1~ 14 fi'W flfltiJ'W'Jflf.l"~ 58.33 u"~':i~fi'Unm~ 10 r~u flfltiJ'W':itlf.lr;'l~ 41.67 91~ t'Wm'Jfl'mn 
'JI j/ I I I 

fli' ~{j 1:JTI'UU ni1 f.I'W fiUfl1llJ 01111'Li' 1'1'1Hf11j t1 f.I'W l 'W j ~i'U~l i~tt fffl~ l 'W fll'Vlfi 4.11 Ur;'l~ 
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.fll'W't1 4.11 m normalized gain: <g> '1Jfl~fi~U'U'U'Vlf1'W~f11'ifl~l'l1Ti~'U'U 1llf111'U'U'Vl~'fffl'U'Vlf1'W~ 
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i m ~~l'U iT l'U 1iu ih1 m1::; nn ¥l~t:Jf~'i::;'U'U'I1 rl'~i~ U'U 'ff ~n·:hrifl'Wt1 u'Umh~ihT tlfflflUJ'Vll~'ffil~ 
~ ~ ~ 

~'1:1m'i1imtl'U 11liPl1lJfflJlJ~iil'U~~-:J 11 J-:J~t~fl~\lln1'Utt9ir;,::;m::;'U1'Um'l'llfl~m'li~m'l ~ U'U~ 
~ ~ 
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u11'U 1m ~~l'W!l'Wi~v 'il~iiJ'WI>reJ'W'Uu~l'lnll~m':lfi~A;n~'U'Uttl'l';lmJ~ fi~J'Wun!1 rJ'W ~.:J hi'f 11m1 

Ql Ql .0:::. .q I I ~ ,=2 ~ .::::1 9) Q.J -=!, 9) Q.J 

'Vf\PJJ'U l'Ylfl'l:l ~ fll'Hl~l'l1T:i~1J1JUfJUfJH fflJlHYlHJ ~~ flll m~~'U fllll HI'U l 'U U.:J'Ufll ';l ti'U ~1£Hl ~ .. . .. 
n11ml11fll':il1m.J~udl~'Hfllf1'HfllrJ'illf11i':inJ'lfl~ Ufl~~~u 1~~m.J':iU'U 1 ':i ~~ rJ'WUC'I~'lf11'lf'U ijm .. rci.:J .. . 
d 3/ d Ql Ql d Ql j/ d A' I ~ 0 , 'J/ Ql .d C!") \fl 'JJ 
ff1Jfl'Wl'll'I'U't'WfJ 11fll':i'il~ffill'VHA1~C'IU11l'IHHJ191flfll':lfl~ l'll 'VI'UfU':ifJ'W11 ttlfllff t~Hff~~fl1111 

fi~A~u':i~'VIil~A~vu 1 un~11 fl~ijnnnl'H'U~ffmum':iru~1~'11~u 111\rn~vu i~nuntfty'Hl ij 

, 'J) 0 , 91 IJ} 91 Ql -I ~ 9) ' I ~ , 9) 9/.cl .:::::, 
fll':i 'lfflltll11 fll':i 'VI'Ufllq!C'IfJU'Wf1C'I'UHC'I~fll':ilJ':i ~111'W'UU~fl~ fjn'U'W 'iJ:::'lf1fJn' ~1n'111 'H fjl':i fJ'U 1f1~ 

m1-rl'1PJJull'ln'l:l:::m1f1~1~~':i~'U'U ~~1rluil'ilnw 11~vn11 'il:::'Vf'Uil u m1 vuiiuu11 U11~iil'ln'l:l~ 

m':ifi~A;n~'U'U~ff~~u fft~~fl~v~ti'U~lui~v"Uu~ m1f191u JJilHl (2554) ~ .... 1111tTn!1 fl'U~ i~f11 .. ~ 

• v 

fl11~~fl'ilf11 ':l11~1fJfll':ii'1 fJ'Unm ~~l'Wil'lrJlfflff191f 1~U~ hJrh1flii iim';l'rl'IPJJ'W ll'ffl'l:l:::fll'Sfl~'lJ'W n' .:J .. .. 
41l':i:::fll'j ~vl'lnll:::fll':ifl~ff~l~ffnfi' l'lnll:::m':lf!~1Afl':l1~lf l'lnll~fll':lfl~ff~1ml:::M 1m:::m1fi~ 

i'ilnwru1w n-~~u vdHiiuv'thirul'll~ffo~ ~';l~i11 .o5 A~v~'illfl nn~~nn11vun~v1i' u cu u qJ 

C\ rid d 9) YcvA -~9)9) ~ C1 C\ .J 
1 flH~l'W 1l'lfJlffln'191';l Atlu ;nu 'ii:::Atlu nnm~191'W 1 'VI'Wfll ':i vu t~n'':i l~'lf'W~l'W 'VI 'j mn~m':i:::~l'W l'l 

~ . 
G I ~I .I ~I """'1 'J)., d , ~ ~I I .Ji ., 

1'11 'U V fJH 11J'U ':i 1J 1i ':i ':i 11 11J 'U fl C'l11i 'H 'U fl1 1 fJ'W ~ Hfl fl n 1 H UH'U A 1J 'W ff1'U 'VI 'W ~'U U ~ fl1 ':i 'Vf IPJJ 'W 1 .. 
m:::'U1'Wm':if1~mh~i~Hfl 1m:::ffu~r~~u~ti'U~1ui~v'Uv~ ihum1 n~l'HltlJ (2548) ~'Vf11iwi1 

Ull':i~iifll'J ~'VfC'IJ~'YI H191 ';l ~ H C'l~ 'YIH~V11~ Ufl11:JJ ffllJl HI 1 'WflU fl~A;~i'Vflflfi' ~V fl n ~~ 
I iJ I I 9/ 

n-m'Vfu 1~~u:uli1~v~ um'j fl~ 1 'lfuni'1 vu ii 1 umn-li 'il~u n-~~fl1111fl~ 'j :::'11 il~A-rluu -:i 1:u'lfu~ vu 
.Q '3) o' I 4 , 'j/ Q.l d gl Q.l C\ j} ... <f & .d I ,X 0 i 'J) d 

UC'I~fl~:JJfll':iff';ll~n'tll'W fll':i W1911~'11'Vffl 'VI'Wfll':i fJ'W~ 'ilflfl~ UfllJty'VIl "lf~ n' ~l'Hin'W 'il~'Yil 'VIn':JJV.:J:JJ 

m 'j'rl'IPJJ u 1m 1 f!~ d1u .... q ~ m ':i 11 'U u.:Jr~~ 1 rlu ~ 1u 111 ~iifl'Yin'Vf fi'Yil~~u:u 1 ~vd ~ ~1u fl11:JJffl:JJl':i f:l 

n1~~l'Ul'H9JHfl fl~~ ~~n'il m':i:um':i !1 vu fll';j tYuu 1~v li'~u u 1191nn:um~nnffn'l:l11l':i~nvtJm'j 
ffU'W UC'I~fl'.i~ii1'YifllJ flfll':i i oNthtn:JJ~ ff ~Affl :JJfll';)ft~ 'il~n'l:JJ11 tl'Vh i M'u fl~ fJ'WAri'W 'Uflflrl~ii A '11191 HC'I .. . . 
.c:i I G)'J/C\ Q.l G) C\ C\ \1)9J ~ Q.l _Q 9) 

"lf~'il:::n'~HC'I t't'llfl~fll':i'VfiPJJ'Wlfldl:JJn'l:JJl';lf:l t 'Wfll'J'fl~A'If~';l~'U'U t~ 'W flfHilfl'W fll';) 'il~fll'j A'HJ'W ':i U'U'U .. 
RBL 11:Ju ':i1lU'U'Ufl11ffV'W ~1U'UU fl~ fJ'W11:J'W 'ff1tfru ';llltt'U'U'UU~fll':i ~ rJ'W ~d'WIPJJ'W 1U~flfl1111~UC'I~ cu u cu qJ qJ 

Ql ' .c:9 'j} IJ} Q.l .cl C\ d 9) .. 1~ ~ C\ 1 
'Yiflll~Hl'Will';l~~l'W"lf~'il~m:::9j'Wfl11:JJUfJlfl~'UU~'Wfll':ifJ'WHC'I:::lfl~fln A';l fJ'W~ 'illflfll'j 1J!)'U191'il';l .:J ~fJ 

ii'r1'1tn11ffliru11:lul'i1'l1111fl~uum::: 'U1'W fll';l'UU~fll':i A1 vu ~ 1 ~v~ 1m ~~l'W Ju~u~n-u~r~ ~ u~ti'U ... .. 
d. y Q.l Q.l C\ ~ 9)d , d 9) 9/d , 'J)<V 

1.11191';) ~l'Wfll':i 1 ';l fJ'W~ UC'I:::'Vf\PJJ'W l'Yifl'l:l::: fll'jfl~'U'W \T ~'UU~fj1 ';l fJ'W 'Wf11 :::'U1'W fll'j 1HI'U~ fj1':ifJ'U ~'j 1J 

'J) ,'j/.Q .q C\ 'j/ 'j) .... 1 Q.l Q.l tf I Q.1 

fll'jfl';l~9j'W 'Hlfl~f11:::'U1'Wfll';lfl~1'1f~';l :::1111 1'Vf1 1:::191V~fl'W'VIl~ 1JU'U'Ufl11:JJn'11'W'W ti';l :::'1111-:J191'Wl'H9j 

'UV~tfrum 'illf1fl'ilfl';l';l11fll';l ~ fJ'U~ 1~rJ11V~ill'Vf'UV~tfru't'll imlfl'l:IW:::U~fl';l111 iifl11111~V11 1fl~fl'W ... .. ... 
v • 

vi~ 'Yll~ 191':i ~UC'I~ 'Yil ~ ~V 11 'U W::: 'Vi' 11 fl ';l ~~ l'W U m1 fJ'W 'iJ :::An~ fll'j rl'IPJJ'W 1l'f fl'l:l ~ fi ~ lA 1:Ju 'U eNff1911';l 1 '1:1 

~ 21 A'li'Wfl1111ffl:JJl'jf:l iunn'Vi'1~1'W -:i 111ti11H'tu i~1rlumh~~ 'Yi'lfll'j~~ilu i'il i~u~l~';lU'UflU'U .. 
ijfl1111fl~1i~11 Unt 'Utfill'11l~clf'UcHV'W ~~fll';lfl'U191'WAU~ ,~ UC'I:::~Un'l';l 1~mh~ij1l';l:::ffi'l1iill'W ... 

v 
d .., I 'J) , 'J) 'J)d , 'J) "'! " I "" "'"" "' 9 31 "" 'J) 'J) 9 0 

'UtJflfj)Jf1'U RBL fJ~lJ~1'U'\.J '11fj1';lfJ'U ~C'I~11V1J~'U1911'WV tlHfl~flll11~fl11111'Ul tro Alfl:::ffllJl';lf:l'Ul 
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. "' . 
r111ll~ rl11llt,r11'il tfiV1fllJfll') ~~mh:uth..t ':i~uu 1 1111')~Vn,l1 '*'h...t;119J11')~ ~11'u 1~vihiul9lt~'WVi 

~ . 
Ql 9/.c:::l liJ i) 4 ~ ~ .::::S 1 Q 4 .c:9 d fj},J I .Q 

"lf~!'ii'U f'U';irJ'U !~fl~lltJlJfllJI9J !':irlf111tii'Ufll':il':irJ'UUlJU Active Learning Clf-lfll')llrJ'Ul'U'il~~-ll~llJ 
~ ~ ~ 

1 1f ~~ V'U i~tfl~fll';i ~fJ'Ui'tl~1~ijr111lJMlJlrJ 'il1f1flll~ 1~Milt~1Jgu1J'ill ~ I~'U flll ff -:JI~lllfll'.ifl~ 
I ~I llJ "~I I d .!, " Ql & Ql "' d IIJ g) I & .I 1 .I 

t:H:.Il~!u'W':i~UlJ t~tu'Wfl(Jl~~'W'W!tl~ 'fffl~rlflfl~fllJ fllH 'ii'W'Vl11'W"If (2548) 'Vl t~flfl11tHu':i~ rJ"If'W • 
Ql "' d.. "'Ql ?I I 1 g) .I 1 .I I g)d 0 1 g) 9/d llJ g)QJ 

'Ufl~fl11'il~f11111rJ'Wfll'l'~tl'W'Vlllfl111'ilfHu'WJ1'W 11 'W~1'WU'l'~ rJ"Jf'WI9lfll':;!!'l'rJ'U 'Vll l'II':;!!Hl'U t~'l'lJ 

m1lfWJu1m1 tn~'l'im:J~m'l'1 '*m1iiv 1 u m1u 'ff1~M 1m1ll~ m111~uf.lu 1 u m1un1lruM m ~ flfll'l' 
~ u 

Ql d 31 0 ~ Ql 1q "'1 'j} eX 3/.c:::l .c:::l1 llJ g)QJ 'W1JJ'W11fllJ11lJ11lJ'Ufl~fl 'ff11Jf-lflfll'l''Wlf.lflf1111M tlJlJ'l'~Qfl191 "If 'Wflfl'il1fl'UI':;!I'l'f.l'U1J flfll~ t~'l'lJ 

fll'l'W1JJ'U1'l'ifl1:1~fll1fl~ (Thinking Skill) in'l:l~mmn11tym (Problem Solving and Resolution 

Skills) ifl'l:l~fll'l'UlMl'l'i~m'l'nm (Time Management Skill) ifl'l:l~fll'l'~fl'ffll (Communication 

Skills) 'l'in'l:l~fl11111~ll1flf.lfl (Computer Skills) tm~'t1fl1:l~fll'l'~rJ'Wf191fltl~;1191 (Life Long 

Learning Skills) 

.I "" • """"'\.I '\ "" 1 
4.4 fll'hJ'l~A1,11..1fl111..11Ai:r1..1tnJ1..1 m'lA'ilfl tfi'H~l1..1l'YI£11flltlg)'l (Mini Project) 

mmni~m'l'~t~ufuuu 1m ~~l'WJ1'W1ir.J1 M'nuun~ r.JuM'B~~ r.Ju1nolf11'ff~P~f 1Jilmr~ 

1 u 'l'~iuiu:Unollfffl'l:llil~ 4 1~mhMu~ 11fun~vu iinnthmu BiJuhh t'ilr~ h .. rff'l1~1M' 'ff~n1v • 
' JJ JJ ' 

'UB~mli~n'ilm'l'll ij1m~~1ufithmuBi~iYu 8 ~~fl~ i~uri (1) mnh11111.h~t.n'Vl'UB~i1vBu 

ullfl~;th~'llntl4m..i~uflflfJWmr~J1 (2) nufffl1:111h~iYnnmr~'Ufl~JllnjmH'um!1~'U 

(3) fll'l'fffl1:11fll'l'ioM~~'Wi'W'l'UlJU~~~~fi~HUUUM~1umnh~m.h~fllJ (4) fll'l'l9111'il~tllJ~fll'W 
"' "' 

fllfllf1Uli1W h ~~1'UU11Pl1fl 1~v1oM"IfU~'Utl~ ifltri'WI~'Wi1;1~ (5) flllfffl'l:llfll'l'-lfB~n'W'I·HW'Vllfl 
'j} ~ r/ ~~~QICVt/Q.JQJr/g}e::::, & 

~ 1rJ'Vltl~llfH ( 6) fll111rl 11~ M fJW.fll'W'U B \IU M fl~ 'W l'Vl 'ffll'W 'W 1i flU 'ff\PI1M 'W 1~'W (7) fll Hl'fl1:11 

till tlUtfitJUffiPI-JJ 1~ fllfftlt!£h~ M 11\I~J 1'li\1Hfi~J 1 i M m-hu ( 8) fll'l' fffl'l:ll"lfU ~'Utl\1 i fl I r1 'U! ~tl f-1~191 
~ 

rl .. 1 Cll 'j} d ~ ~ ... 1 ~ 
tll'ff'l'~f.lll 19lllllflWCVlfll'l'u1~11J'W 7 ~1'W IPI1ll\Pil'l'1~'Vl 4.7 11Jfl'W'ill1Wlri~U'W'Wfll'l'u1~11J'W Mini 

Project 1um"W'l'1ll r~ui1 'J!n~vuiir~~uuuiumr~l1lli'Yhnu 150.75 'i11flfi~U'U'WI~1J 180 r~~uuu 
e::::. ~I 'j} ~ Ql ''l Ql d _Jt ~I i 'J) I Q.J .:::I .c:::l 

rl~!u'W'l'fltlfl~ 83.75 91~'il~fl~ 'U'l'~~lJ ~lllfl !llfl!Wfl'illlW11u'W'l'1tl ~ 'WU11 'Wfll'l'tl'Ullri~U'W'U 

~1umni1~1'Ut~'U ll1J ri111J~~~~1:lu 1nv1f11~1Plf ri111J'l1f'lt 'ii'U 1 u ~1u~'l'l1 m1 1Jt1~~1u i ~'Vl~fl • 
g) Ql I 'l ..... 1 "' d ?I "' ?I !II "' 

u~~~1'W'Vlfl'l:l~ fl~ 'WiflWCV1~1Jlfl ~f.l1Jfi~U'W'U!Qfltllu'U 8.75 (rl~lu'U'l't!V~~ 87.50) 43.25 (fl~ 

I~'W~fl£)~~ 86.50) 21.38 (~~t1:l'W~tl£Jfl~ 85.50) 21.00 (~~~~'U~flf.l~~ 84.00) !If!~ 16.38 (~f'I!TI'U 

~Bf.lfl~ 81.88) mmhiu ff1umnh~tiJu'lu~1umnhhJii'l11~ iv'lfu (tfimmv) iir~~uuu 
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~QI Ql Ql oC1 a'~ QJ .c'3, .Q 

! 1u 'Hlt.l fflm 'l' f:l ~lfll'U 1 'VI n'l:J ~ m ~lJ 1u nu m~ 1'VItl1 fl'lffm 'U'U \! 'l' w 1m 'l' uel ~'VI n'hl ~m'l' fl~U"ll' ~ 

'J:lJlJ lrn~t~u1~i'mh:ff1Jfll'JW\OIH ri'~!}.m hf'mnh:dJuiJiJ11ht'ilflifl'l'~~1u1mnf11ff\Oif 1 u 
" fi1~'J1~'Uv~i~ 8n~~ v~1u'J:i1J~~1n 

Vll':iH~ 4.7 fl:U'U'Ufil'J'th:til'U Mini Project 1um~'l'1~ 

fl~U'U'U -
SD 

'II ..... 
n .. X 'JtlUil~ 'J:~IlJ 

• tJ "' fl~U'U'UtV11J tflWC)')fll'J 'J~t1J'U Mini Project 

"' 'II <I "' 1. fl11~fl~ff'J1~ff'j'jfl 8 15 11.88 0.99 79.17 ~ 

~diJ.Q cl "' 2. fl11~fl~'VIt 'U 1'VItllf11ff\OJ'j 8 50 43.25 1.58 86.50 ~mn 

3.mnhi111'*1h: iv"ll'u (nhM~lV) 8 35 28.13 "' 1.73 79.64 ~ 

4.fll'J~V~~1'U i~'VI:Cl 8 25 21.00 84.00 "' 
q 1.51 ~mn 

5. in'hl: 8 20 16.38 0.92 81.88 "" ~mn 

6. fl11~'lf~t'il'U1'U~1'U~l'i1 8 25 21.38 0.74 85.50 "' ~mn 

0 ~ d 7. fll'J'VINl'U! 'U'VI~ 8 10 8.75 "' 0.46 90.00 ~mn 

.ci "' All ilU'J11J 180 150.75 0.46 83.75 ~mn 

100 

80 

60 

40 

' .. 
20 

mpHJ'W 

0 

2 3 4 5 6 7 
~ e:!3r.. v _I ~ 

111W'YI'VHlT'HUl-:ilUYil'W flWu-:i:::!1J'W Mini ProJect 

' 
ill'Wn 4.13 ~Clfll'l'tm ti1JtYieJ1J~'eWCl:'Utl~fl~UUU1.J'J:tiJUtf1'11m ~ 1flH~lU1'VIVlf1lffl91! 

Mini Project tlJU'l'leJ~lU'UfNlJn~vunri~~1~i'1Jm'l'1i~m'J~V'U~!l1JlJ 1m~~l'UillU 
q ~ ~ 
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4 IV <V 

fi1UJ't'U OU~'U 
"" .. x SD 1U.Ifl11Uir~~fl11tlfi~I'HU . 

'fi6111 
.,. 
f) 

v .,. v 
1. muaw~m111r.IUl 

, 
1.1 IUVlnlirn11lth""u 111 3.92 0.62 1llfl 11 

• 1v"'"'"' v v11 ,j del ,v 
1.2 'lrltl 'H'Uf11'W'U1ltl111l~Uel~1'\.11 11 'Ul:iV.:J'YU'W'U tl 3.79 0.51 111fl 15 

.1 
4.00 0.69 5 1llfl'\J'U 1llfl 

0 v "" ~h.h.l .. 1 rt "'"' t.l 0 "' , v 1.3 'U1tl111ll1l1flfl1Jfl'j'j1J :i~f,lfl\91 ')j' 'U'l11\91 :i~1111'U tl 

v "" <:1 Sl 
2. ~l'Ufl11fl1'1tlflllllr.I'Ul , 

2.1 n1lm11lt1lu 1M'um1vu 1~f1tluel~t.l~tr~~~wuu\91vu 4.21 0.66 1llfl 1 

I "' Vtll.:J'l1~U11'U 

.., "' ,~ v... ... v 4 vv .., 
3.92 0.66 2.2 'Ufil:iti'U tl 'l1'Yiflll~fll:i""'Utl'U fffl111tl111litl1ti\911W.:J 1llfl 11 

di il 1 cv oC:\ 4 jJ d 
2.3 nm'YI '11 'Ufll:i1ltlfl11m:i1lfll:i1:iti'Ut 1lfl11111'11111~""1l 3.96 0.64 1llfl 8 

I ,,.q .!~:!~~" , 4::1 

2.4 'l11tJ mntltl111lm~\91VHJ1'U ""'4fl""'U1'U 'Ufll:illtJ'U 4.13 0.61 1llfl 2 

Sl IV t1 Q <:1 Sl 
3. ~1Uflll1~Uil~ l~l'lJ'UNilflllllr.IUl 

.c:l ,~41::1 Ql tJ c. ,J 
3.1 1lfll:i 'lf11ifll:i1tltlel~ 1~11l'UF-!Cl'YI'Hel1fl'Helltl 3.92 0.58 1llfl 11 

.c:l~d cv d y Q 

3.2 1l'J1ifl11'l\91F-I"'Yl1'U'Ufffil'Vi'il'H 3.83 0.72 1llfl 14 

.., "' "'i 1 vt.J "' 3.3 'Uf11:iti'U1l elfll"" tl :i~11l'UHCl.:J1'U\91'UW~Uel~ 4.08 0.41 111fl 3 
,j 

.:J1'U'\JV~1Wel'U 

v 1 v.A tJ J tJ "' v 4. mUfl11 'tfil'O ~ fllW l~flO'Uflllllr.IUl 

..9c~ 1 1 viv"" "'v 
4.1 ""V1ltl111l'U1""'U 1lUCl~m~fJ'U 'Hlfltlfll:il:iti'Ut 4.00 0.62 1llfl 5 . . 

"' "' "' t.l 6' I 4.2 ""v &mV.:J1leJ ~ mw 111111~""11 ""~\911fWWfll:i 3.96 0.62 1llfl 8 

'1.1111.11~ .:J1'U 4.04 0.45 111fl 4 

,j "' 
, .., ... 

4.3 ""V1lfl111l1'11111~ ""1lfl'Ut 'U V '11 1""1 :i ~ 4.00 0.56 111fl 5 . , , 
4.4 ... 1 iv"'"' vi... 1v• "'~ 

""V'l11tl 'H'Ufil:iti'U!'\.11 111'UV'H1""11~ \91.:J1ti'\J'U 3.96 0.61 111fl 8 

4.5 ... "' 1 v... tJ i <' ,j ,;1 vi "' 'Ufil:iti'U tl:i'U 1~ tl'l1'U111fl""el'YI ')j' 'Ufll:it:iti'U 

... 
l1tll'ililr.l 3.98 0.48 1llfl 



; 

63 

111mn~H~ 4.8 fH1fll~ 1tm1~..1fi1fl11:JJ.W.:Jwvl 'il11m1 vu~vm~ ~flfll':i' 1'1 trw fmJu 

1 ..,..., 1 "' -1 "" y "' m·N1'lJ~1'lJ11W flfi:JJ'l'1flfll'l'IJ~~~:JJ'lJ 4 fi1'W flfl 

y "' y 
(1) fi1'W~1':i'~fll':i'l':i'fi'W1 

.d .Q tl • -=9 l G.' .c:l t Q,l ,::f 'j) 

9>'-:J 1!1fiH~ fll':i' 1lm1~lHl~fi.:J11 fl11:JJ'VI.:J'VIfl 1l'Ufl~ 'lJ fH 'W'W \PI flfl111lflfll'l'l~ fi'W 1111J 1J 
, . 

1 m~.:J1hl~1hl1~fl U1l1i'm!m~ tJ'WMfl~~'hw1ff1ff~P~1 <ifhi:U'1itJ:UffmniJVi 4 i1fl11:JJ~~'VIfl11lvg1 hi 

..:!:1 .c:t ,J I 'JI Q.l I ~ Q )/ I 

':i':::~U:JJ1fl flfl:Ufl1tll~fl (X) l'YilflU 3.96 ll~:::'il1fi'UfllJ~fl~fl~11l:Ufl'VI1l1HU111flfl1hl 'Y'IU11 

um~ tJhli1fl11:JJ~~'Y'Ivl 11vgl hi~~~U:UlfllJmlflfll':i' u~:::~lhi~Ufll~ tJhli1fl11:JJ~.:)'Y'Ifli 1l:JJ1fl~~fl fltl 

'J) 9/
1 

a' 4" ~lt.Q , ' dQ./-=t .cl 

fl1hl fll~ 1 'b'fftl QtJmw iJ':i'~flflUfll':i' 11 fl'lJ 1 'Wtlfl1!1fi'Wl:JJV'Y'11l1~ W 111fi'Ufl 'VIU11 ~1 fJflln'l'lJ fll 1 fJhl :JJ 

fl11:JJ~.:Jwfll1l~~~~" 3 6'hl~u fiv ~~'Y'Ivl 'ilnun1Jnn:u~nru 11ftrm~tJu i~fi~u~:::tJfiu~tijhl , 
.Uu~P~vumh.:Jiflt1!u ex = 4.21) :;v~~.:Jm fiv ~~wfli'ilnun'ilm'l':um:;t~vuf•JhtJl1f-Jm~tJhltnfl 

fl11:Um:::9ifllflfhl ~11flff'W1hli hlfll~!~fJ'lJ (X = 4.13) 11~:::6'hi~U~ 3 flfl ~.:JWVi'ilnUfll':i'~ 
.... "' "'1 liJ "- 1 "" .,j - ' y """' .dl 1 'Wflm.lhi:JJ flfllff tfliJ'.i:::I:UhiH~~lhi\Pihl!tl.:)ll~:::~1'lJ'UV~I'Y'IVhl (X = 4.08) ff1hi'UV'YllJf111:JJ'Y'I~'Y'ID 1l 
I I I Jl 

0 

"' ' """'"' "' y "" i "' "'"' i" .dl -\Pil~fl flV 'lf1fl t'l1hlflt'.itl'lJ:JJfl11ll1ll~:::l'U1 t'il hi!~V~'Yll~fi'W fl:Ulfi'Uhl (X = 3.79) 
I 5/ Jl J/ I 

r-.~~m':i'Rmm~u i11~P~1:JJ~:u:JJ~~1h1Vi~~ i ~ l1~un1v~:u1111n m':i'~fln'ilfl'.i'j:JJfll'l't~tJuf 

1 """' ' 'I """' liJ y.., 'I y .... .., 'I y ,., ... o' 
UUU fiH~1hl~1hl11lfl 'lf1fJ t l1~l'l'fJ'lJ tfl'Y'IIPJI'lJ1fiU t 'b'fl1'.i1'ilfl t'Wfl1m~1~'111fl111l111lfl11m1:::'11 

!1 'I "!1 d y _I 0 ""Ql ,_l_l "'" y"' 
IJtyl11 fll'.i11.:)llr-J'W l'Wfll':i'llfiiJty'l11 fll'l'lfiU'.i11Jl11J'UVlJ~ ff~IJ~~ hi1H~fll':i'1'ilfJ' IJIJ'.i:::Qfi\Pil'b' lJ 

n'ilnn:JJ~i.U-filv Q11mwth:::nvum':i't1tJuf ~iiv~1hll1v~rihl 1ml'~11<M1~'il~.:J1u'if1~P~1J'.i~~11hl 
' , ' 

vh 1M u m~ flhl i1fi11:JJfl11:JJ~~'Y'Ifl1 'ilvgl hi ':i' :::fi'U:JJ1fln~fl 'lJ vn 'ill flU 1l1flfiUViu m~ tlhl i ~lll~l'W lijhl 

' ' ' ' i ~ 91 " .c:t. Q.l ' .c~ .c~ , Ql .ct .... f.dl Q,l "' 'JJ a .od.~ 
fl"lll hi fll'j ffUflhi'UfllJ€1 ~1hl 11lfi\PI1~'7j 'Yllflfi1'Ufl.:) 'lJflt'j fl'lJ ff1:JJ1H'IIJ'j fi1:J1fi'W L flllJfl:JJIJ tyl11 11~::: 

flvv•JhmMi1v~~nhlu~:::nu n1lmnJ~flhlvn1fv~i7tJhl ~~~~hlfll'.it1tJu~i,hlm1v i1l~1t'il ~fN 

fl111Jff11flffhl1hl um~ fl'lJ i~lHflffflfJfll'VI'Ufl.:)\PI'lJlfl~VV1~1~1J~ ~~fill MUflt~flhl~~ .... v 11l1Piflfl1':i'ifl 

n'ilm':i':JJfll'l' i1 flhl fuuu 1 flH~lhl _ilhli~tJ i u 1:::~umn ffflflfl~V~ nu~1hli~tJ'Ufl~ f,J'fl':i'fll 'Y'I'l'll'Ylfl.:J 

(2550) ~ .... u-:h trltJ i~~IPli'W1ur-.~um':i'~fln'ilm'l':unut~tJhlfuuu 1 flH~1hl ~~v.:~r-.~il~P~tiwcn1l1fl 

ff1'.itfli1 11cl'.:~m1 ~fln1lm ':i':JJum~tJhli1r-.~mY':JJq'Ylf'Yl1-:J fll':i't~ vut~:JJ,j'hl,~hl fvv~::: 66.67 u~:::i1fl11:JJ 
' , ' 

w~vw 1 'iliPivnu 1~ r.Jhl f1'Vl fllff1ff~P~1r~:u;iu 1 hl':i':::~U:JJ1f1Vifffl t'Y'I':i'l:::nnifln 1lm'.i:JJ~ ~mh11~'W fll'.i .. . 
~fl fl1l fl 1 ':i' :JJ ~ fff 1-:J tJ 1::: ffUfll':i W \PI 1 ~ €1.:) {j VV fiu~ II~::: ;}hi 111~ 1 \PI tJU ~1fi\PI 'lJ ltJ.:J VJ fl~ 'lJ \91 tJ'lJ \PI1:JJ~ 

liJ y "' .,j ~ """ "'1 y ' .,j y"' "' 11.:)11Hhl L1 :JJI'Y'ItJ'lJ fl111Jhl~l'lfl\911l.IH€J.:)1'W llfl 'U'UtJUfi'Y'I':i'tJ.:) U~:::'lfhl'b':JJH~.:)1'lJ rjl'.iflhi:Ufl11:JJ 

ffl:U'fl fi 'l 'lJ l1 ~fltl.!~ ~~ 'lJ fl1)fl':i''j :JJ ~ff'4 flff'lJ1'lJ m :JJl::: ff:JJ OUfll'.i t'11'J'W r~ 'lf1tJfl'lJ 'Vi 1~1'Wl ~ 'lJ fi~:JJ ~.:) 
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1'VltJ1fflff~ ~ 'Vl1&l1fltJ1fll~ f.I'U1'Yl Ulfflffm:JJlfl'IJ'U 'Uflfl~lfl'UU.:Jff~Nff:JJW'U 1i fl1'W'Yl~~::l11N fl t 
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u u .. 

'' 0 Q rl4 4 91 "" " Ql " 0 .d .c:t f ='t 
Ul1{l~fl1~"1 'U1lJ11tm 1::;l1tWOt{lflfl'Ufllqj{l t l1ffO~fl{l0~fl1Jfl11:JJ~O~flU 'U1:JJ1l~ f.I1Jl~ tJ~OU1-iJllJ'U 
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~~1J1J U{l~'lJ1lff'U0~1f.lliJU1J1J'Vl'U1ff'U &'il 'il.:I'Yll &l1~l~f.I'U ~W1Jfl11l.lt t'I1:JJ~1U~'Ul0~ ff~m~"l 
~ ~ ~ 

mlhu~~d~ r-1{1 1 -H'u m'i vuii;i~fl11:JJff1m~ \1~1u11'n1:1~i~u11~ 1 u~1u m~~~rhmll m"Ifi1l1U fl 
~ 

U{l::;fl11Jfl:IJ~1Utl~ f11'l"~-iJfflJ1l~j11'U fl1~1-H'Uf.I1:1Jl~~,j~'jj~f11~'1Jfl~~1Utl~ U{l~fl1~00flU1J1Jf11'l" 
,1 .! "'"" .a~ .. ,. '1,"' ?I d ?I 

'YI~{I0-:1 "J.:I'ti'U 'UOflmfl'Ufll~~flfl'ilfl'j'l":JJlWOHflfll~fl~ &~tJ tl1t'IJU'UOflfl:JJ1l1J'UUr-I'Ufl1W ll1'Ul1J'U 

ltl1in:JJ 'illflffmu nuw~l.:J"l ~flltlll1'U~ 1-H' GJhtJff.:Jtff~:JJ 1 -H'l!m'ivuii11n£J::;nnti~t~.:~'l"::uu 
,1 91 
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1~~ ~ ~llll ~1f.Jf11 ~ .ij'~ f11 ~ tl f.J'U ~ Hllll 1 fiH~l'U ill'U 1.0 fJ ffl'td' mT ni1 f.J'U 'tf fl.:.! tl ti'U 1'Ylf.llfflff~ f .. .. , ' ' , , 
JJilmfl 'l~illiu:ITtir.J1lffmniJVi 4 ;~(1.0r.Jihlu~flum~1.0r.JtY1t11~i~u 

... J _f.:! .,. v v .,. v -"' .,..., 
5.1.1 0111&fl'll~'t'U'U1tiUI'tltiUfi1UJ011'H'Ul'UfWU~fl1l'lltfl'lll1tml'Ullfl't:l~l'lltl 

m ~ .o~nu il r.J'Ufullll 1 fl~ ~~1'U!l'W1.0 f.l dnri'mT ni1 r.J'U.ftfl.:.~i1utJ1'Ylf.llfflff~ f 

.niJmfl ~~illi''U :iJti f.l1lfff1'l.JliJ~ 4 't'h 1 'tfu fill f.J'Uiifl111ln11'Yit11'Ufl~f11'Jvf\PJJ'Ul~~fl111l ff11l1Hl .. 
" . 

~l'U nn1:1:: 1.0r.Jn~ 5 ~l'U 'YI n.:.t(l f.J'U ff~ n·hnfl'U11 fJ'U mh~iiu f.JfflflW'VINffa~yi'J~ill .05 ii 
.. u 

'JI 'I ''I "' 
~l'U t'U.tll'Vl'l11l flfJ t'U'J~~llf1~H .. 

(<g> = 0.66) 1flr.Jii~flfl111lff11llltl~l'U'tin£J~1.0eJlu'tin£J~~l'Uf11'lnl'YI'UfiU~~fl1llfl1liPi'1utl~ ff~ . .. 
nilnn£J~1iv~l'Ugu 1flvfifi11:J'U~flv€l~111nfl~uuu'tin£J~1ivmr~i'lv'U rvhtill 97.50 ri1tJ'tin1:1~ 

" " mH1~rhm1l 'Yln1:1:: m~ flflf1Hllllm~'VIfl€lfl~ 'Yln£J~m~IPi'~ff1l1l~!l'U H€l~'Yln1:1~nn h1iJ r11111~~ 

tlfill1im~'Ufl~IP1'1utl~ (~mm~ 94.17 89.17 80.83 u~~ 78.33 ~11lrilill) trlmhm1tmlg:M 

91 9) g) ..:::1 9) Ql .Q Ql 'j) ::'1 ' ~ Ql 

fl111l f111'YI'U l'VIl~fll'U 'Ufl fl111lff11l1Hlfll'U'VIf11:J~111 fJ 5 fll'U 1Wf1!U'U ~ 1 flllflfl€l 'Vlll111l ff11l'VIf11:J ~ . 
~U f1 tl U'U iifl111l nrm U l'Ufl~ ~fl fl111l ff11ll~ tl~l'U nn1:1 g: 1.0 f.JfltJl 'U ~ g: ill ff \I 1~ufi i f11:J ~ f1U .. .. 

" . Ql Q.l ~ I QJ d Q.l d I Q.l I .c:::1 !J} 9) 

u~~ 'VIf11:l~f11l~~ff1l1l~~1'U (<g> = 0.70) ff1'U'Ylf11:l~'VI'Um~uun"J1l~1fltn.:.t1lfl111lf111'YI'Ul'Ufl~ 

~flfl111l ff11l1'l tl~ l'U i n1:1 ~ 1.0u i u 'l ~ill n~ 1~ ;{ fli n1:1 g: n11 i 'tfiJ rJ11l 1~~tl B ll1i n1 ~ 'U v .:.~\Pi' 111 tl ~ 
" (<g> = 0.55) u~~in£J::m~IPi'~'fllm1l (<g> = 0.53) 

Jt c::t. " Ql Ql tl ' c:t. 3) Q.l QQ./ Ql 

11lfl1lfl':i 1~'Yifl111l ff1l'Vl 'U 1i ~ ::'1111.:.1 'Uflf1111l ff11lllt'l fi1'U 'VJf)EJ ~ 111 rJ fill 'fl111l 

liu 111 i um~~flmhm1l'YI~n 1 flrJf11~'Yil~Tif1ltl-:i~~'VI~ff'YiiYm~'wimh.:.t~lrJ'Ufl~1~rJfff'u tvhtill 
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.C\ c _r::! .ct cv .C\ .C\ ' .q cv .ct 
5 .1.3 m-a 1 t A 11 ~'t'itu -a tJ'U l'ntJ'U A~ uu ·wn fl'M ~ m 1 A ~U'If '11 ~ u 'lJ n out 1 tJUtm~ 'MiNt 1 tJU 

'l!n~rJ'U~ ,~i''IJm)ffeJ'U 1~w 1 'lf'nn1l~fi1lm':i:JJnn ~ rJufu'U'IJ 1 f1) Hl'Uil'U 11lv . . 
d Q.l .Q Q ~ GJ ~ I I ,::! t d Ql 0 Ql .<::lC!od Q.l 

11~~U'U'U'Vltl£J~tll':i~~t'll"n~'U'IJ!'i"!{1£1'11{1~t':itJ'WU~tl11tlV'I-H':iU'I..I ei£11~11'UrJffl~tym~ffO~'Vl':i~~'IJ.05 
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9) IV -=t ' Q.l ~ ~I 9) d <j) 91 d 

':ieJU{l~ 40.42 l1{1~!':i£l'I..I!'Vlltl'IJ 24.46 ~~tu'UHJU{1~ 82.08 (t = 31.31) 11~1111tl11l1'Ul'Vll~tll':it':i£l'U . . 
IGJ Q,, a d I g} 9) .c:5 d I Q.l .c:!l ..,I Clo 

flf.l &'U':i~~'Utlm'l ~el :JJm~1111tl11l1'Ult'i"!{1fJ'Vll~tlU!':ifJ'Ut'Vlltl'IJ 0.69 U{1~t1Jelu':i~t:JJ'U'illtlU'IJ'IJ .. 
U':i~til'U'Vitl£J~tll':i~~!~~':i~'IJ'IJ ~~U'I..I'I..It'i"!~rJfieJ'I..I~£1'U!!{l~l1~~~rJ'U t~'U 12.13 U{1~ 24.63 ~~til'U 
gJ 0 Q.l d <j) 9) d '1 Q.l <)' d I 

'Je:JU{l~ 40.69 !W~ 81.81 ~l:JJ{ll~'IJ (t = 36.71) 11ml11tl11'11'1..1l'Vll~tll':i!)rJ'Ue:JrJ 'U':i!::~'Uff~ &~rJl.l~l 
"' " 

9) 'J/ d d I Q.l 

~1111tl11l1'Ult'i"!{ltJ'Vll~tll':i!':ifJ'I..I!'Vllfl'IJ 0.70 

5.1.4 m-a'l.h~tilunwumruoiJUlthmA1A1'1-:nu1nmflnrvri (Mini Project) 

'l!n~rJ'U ijm':ithtffuviliJhht'il~ 1uff'u~1Mff~l1'1u'llv~m"J\l~fi'ilmnt ~l'U1'U • 

d ~ ~I 'JJ .:9 Q.l '1 "' "' 150.75 'illtl~~U'I..I'I..I!~l.l 180 ~~U'I..I'I..I ~~!lJ'U':ie:JfJ{l~ 83.75 CJN'il~elfJ 'l..l':i~~'IJ ~l.lltl 
" 

........ 
1iltJ 
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5.2.1.2 m':ii~m':i~ vuf U'U'IJ 1m ~~l'l..l~l'Ul1l'rJ rU' 'Utll':iUU'IJ~~tl' n~ m.J 1¢i'{l~liv 
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67 

g/~ g/ ' d Go' .. Go' .. ig/ g/ '1 g/ ~ .: '1 -1"' -1 
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5.2.2.2 fl11nm1~1ln'ilm1llfll'i11[Jufuuu 1m~~l'WJ1'W1~[1 1 u1~~u-Hutju"l 
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5.2.3.2 tl11ffflll1tl11mYlJ~'W1f1~l1'h~l'I.JU1J1Jfl11ffV'WU1J1J 1m~~l'Wt~'Wj1'W 

Ql Ql d. 'J}'j) .Q 4 , .,. 
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"' .-_, "' "' _I .q " • 1 1"-""1 ?I fllty~'Ul ~'U'VI1u1~!ff1!. fl11'Yf~'Wl1UH1J1Jfll'iA'iti'WlU111J'Ul~'UW~ ~W 'll'uty'HJAu'Ujl'U 

1 u m1 ~nJu 1'll'JVJilm11'VImfflff~!;1mw. 1'VImuwu £mruruJfffnnffJff~ 1 .. .. 
~ Q.l -=::. c:. Q.l Q.l oC:l 
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m1!1 vu'i111nwi11 1m ~~1uimnfflff~1 t~fl~m~-A1Jff~'Wf.lffmh11i'm!n!1 vu 

"" Ql q 
11 '1111 'VItlll'lti'Q1Jl'l 'j l'll'li l'I.J' 2553. 

Clld.cl .q Q.l .ct ~ ,~Q.I:'I 4 t1 
'VIff'I.Jtl 1Jt1)!~11. "fll'i~~fll'H'iti'I.Jfll'iffV'I.J t~tJ 'lf'J~tiAU'I.Jil'I.J", 11lffl1fffl1:llfflff~'i. 27(2): 

64- 76 ; 11fllll'l11, 2546. 
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c:.o't.d OQ.I~d'l fl .::::t. Q.l 

't'llJ't'lflH'YI 4. flH!'YI't'llJl11'1Jfl1 : 'ftl'IJfl'WlJ't'lUl1·HlKl'l.:Jfl'iWlJl111'Yitll'ltl, 2548. 
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0 Q.l Q.l .Q.Q.Q" Q.l ~ ~ 'j}.c::::t. 

tl~ 'tJ'fll. fll1 't'lWJ 'W l'YI fl '1:1 ~ fll1 fl~! "11.:1 1't'll fl'l:l!! "~ ji.f(l 'ftlJ tl 'Yili 'Yil.:J fll1! 1 ti'IJ ~ 1tJfl1j) fl1) lJfll) 

i1vufu1J1Jff1J!'ftl~l1lfl1llJ{ i~tN~mlm'i!n~tJ~mm!flij. inmiJ't'lunmtyqp 
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Q .Q Ql ~ " Q,Q 
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'rl.:~lf-w...rWJtf ~lJff~l. tJ'idY't'lnlioi"'tlfl.:Jfll11Jll1n .:Jl'W1!1JtJ*~"'ff'lJq't1~'Ufl.:Jnl1il'iW'tJ''tlfll!flfl 1 u 
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.c::::t.llf Q.l tl .c::::t. -1 .Q .f!!!l 61 'JI_Of Q.l ~ .c.! 

't'll'l'lfl'l:IW ff'lll'i~!ff'ii. flllfffllllfl1llJ'ftllJlltlt'IJfll'H!flllt)Jl11U'l~lioi'lfflJq't11i't1Hfll'i1'ifJ'IJ 
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'Ufl.:Juni1 uu 1 ~~tJ'IfulTMt~ffn'l:lliJVi 1 Vii1 vu~f1'-mm'i'Yiln'ilm'it~ 1m .:J'Il'IJ 

i'Yivlffln191f i't'lmiJ't'lunmruuni1n'l:llf1lnl91'ilJl11uwcfil91 : nmuw'Yifliu i"ri 
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-. tl Q.l .... 1 i Q.o' Q,l 4 .d. cv Q " 

1 'r4 <t! 'HJ 'JHJ 1J 'l" ~ flu . m 'l" 'r4 I"JJ u 1 fm 'ff11 q 'Y11i m.:~ m 'l" t 'l" vu t m: 'YI flll:: m ~ lJ 1 u m 'l" 'YI1,:) 1 'YI tn fl'1 'ff 191 'l" 

'\Jt~,:)irn~vu .5utl'l"~t11lffnll1'il~ 6 iflvi-Nn'ilm'l"lJ im.:~,:)1'Wi'YitJ1fl'1'ffl91f 1'Yiv1iJ'r4u1i' 

mrutl.llffflll1fl'1'ff191i'mnuweY~I91 = 1llfli'Yiv1rl'tJ'\Jti'WUfl'W, 2542. u u 
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Q,l ~ .d .d.e~ .C::.QI ~· 'l"~fllJtlfi1Jfl'flll11 'Wfll'l" t 'l" tJ'W fll'l" 'ffti'W 'YI1Jfll'l" 1'ilt.lt1J'W iT1'W. nHt 'YI'r41J'HTJJ m : 

q = q 

o' tl .q Q,l 

fltU::fl1ff1'ffl91'l" ~W1r!,:)mtU1Jlfl1'Yit.l1cW, 2547. . ., . 
ihtT u 'l'i' n~1'111tu. i1'il ~vliiH1'YI~'r4r~~vm11l'ff111 n t~i u fll'l"flflt;,:)1'r41n11'\JtJ,:)U ni1 vu 'lf1,:j'lf'lJ Vi 4 

u 

1J'H1,jtUcVil91 : lJ'H1'ff1'jfll1J, 2548. 
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.d j}.q ~ t ~ .d d .q .q 6 ~ 
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' ' SJ 4 4 91 ~'I:Cf!JIOJd. d. Q.l Q.l 

r;;jffUlH-nUflfll':i'Yl~H'IU'Il'WUff':il'lfl11lJl'IJ1 &11 &l1'\.Jflm.ll.ltm.l1fl1Jiil-n'IJU'I\911 

mhl'i1-:~'1 l'iufl11lJ~l.lil.l'llU-:Jtmn 
, ' 0 ,:!:,1 'J) d ~ ~ i!J/"'"" 
r;;JffU'W1JUflfl-n11fllf:lllJl1 ':i Ufll':i\911 111 ffU1J l11'1Jut 'YI 1111 ':i 'It 'WU l'Tl.l flt ':i tll.l 

~ltiiunnl'iu i tJlum':i'Yl~c'IU'I 

"U flt~ tll.l 11~l,r1 i 11fl11lJll191fll'il'I'IJU'I fll':i i 11-n'IJU'I'IJU'Ill'T-n 1~1l.lvlU 111flfl'l 

~ i ~ • i .., .1d .I "'~ 'I .k d 'i 
lfl1J ~Utll'l ':i fl11lJ~l.lliJ-ntll.llliJCI'I\911lJfl11lJCifl'IJU'I~~ l~~~l'Tl.I'I'Y!Ug 'W 

'IJU'Ill1CI1llCI~fl11lJl1l.llll'il'W'IJU'I'IJU'Ill1-n1'e.lV1'1 i ':i m1tJfutJl '1Ufl1 'IJ 

u~ i ':itl4uii'-:~fl-:~i'mnnm"Wm':i i '11ct? 
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t.nu~~m':in1Ji1tyl11 fl'W'I111ilct'llu-:~1Pi'1utJ':i~'~l'iu 1 tJu l'iuuH~u\1 ~~ i~~~ 

.J d ., 
'11l.I'I'YJU~ l.I'IJU'Ill1CI1 

" "' ... "' fl. fl11lJClfl'IJU'I'IJU'Il '11-n1111fl'Wl.llil1 

'IJ. fl11lJ'I1'Wlll'il'W'IJU'I'IJU'Ill1 Cl1 

Ql i 'J}o.~ 0 , Q.' .cs ~ , 'J} ~ Q d 
'11-n'l111fl ~':i1JfllflllJ111flr;;jffU'W l.l flt ':i tll.l fl1':ifll.l fl11l11fl11lJll'rllJl\9llJ'Yl 

' " ' 
lfltl1tl1Jf'ilmlJl mh'i1'WfiU'W Vi 11~ UUflU1J1Jfl1':i'Yl~ CIU'I 1 ~ti'W m1 tll.l ffllJl'Hl 

1. U~ i ':i~U'Clfl'l:IW~'IJU'Ifl11lJ~l.I'IJU'I'IJU'Ill1CI1 

2. lfi~U'IjjU~~ltl~"!~'lfij~ i '11'W~i <M1~fl11lJ~l.l i l.l 'IJU'Il'I1CI1 
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illuiPlntliV i llmm 1'Yl~CIV.:J 1 ~vm1tlrlvv~m11 ~n~lj'll'Wl~tff'W Nl'Wi!l'WlJnrn.:Jrvhti''W u~lJlCI 

U\Plf1~1~nu ~1:~UfllllJtl.:Jt~tJlfl'W u-cl' 1i~tl~lJl\Pl ~'IIV~~ml1~n~ 1llJCI.:J i tli u ~'W u1l1'W ll1vm1 

" 1IJ " oi 
11 v~i111nntlttl\PlC1-:J ttl i 'W 11q1Jiru 11u t\Pl1J 

different masses 

•~o : : : 
' . . 
' ' . . ' . . . : . 

t!hm1J i~iifll11J'lf~t1l'W i 'Wf1111~1J~lutl1~ff11J11f1'Wl i tlvvnuuum1'Y1mw~ i~ 
A. vnr~~l'W11ClliiJNClvth~ i 1~6tJ~lJl\Pl1L'i'J'W~111JCI~ itJi 'W~'WJl:J!'W 
B. lJlCI'IJ6~'Jf11l1~f1iJNC16~H i 1~VtJ~1Jl\Pl1L'Yl'W~1llJCI~ i tJi 'W~'WJl:J!'W 

i1!lh~ll l11o Research and Innovation in Science Education Center fllfll'b'lYiiimf fltu:::il1Dli'llfffi11Jl11ll1D1~lltj1Jll11'111il'U 
11U111o 
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. . " 
c. 'VIlilJ~fU11~fl'YJih.nlllJ1f1fl'h~~ihJ~:uwrnhu n 1J:Ull~ 1 'l.Jl 'U ~hnl 1lJmJ1f1f111 

. " 
D. iii111~v 'l~rl'1~Vi.Yh 'l1fllm11gf111:Ull~ 1 tl'l u~mhil'uli\Pif1~Nnu ... 

l~~tJfl11lJJul11 D Jul11 D itiJul11 

26. ;$£lf1~19i'D~f11lfff1111iJ1J~fJ~ij~ll~Uf11lt11~t!Jl~tJ iiPI'IJU~ll'IJ'UlJiJ~ UiUflWh~W11fJiJ 
. " 

'IJU~iY~U1\Pl~DlJ Ull~ 'l.J~lJ1Wth lu'IJ'U:UiJ~ U11l~ii~ll~Uf11lt11~t!Jt~tJ iiPI'IJU~ll'IJ'U:UiJ~ 

ff:U:U~j1'Ul~~;$fff1~1l~'VI\PlffU\Jt~U\PIUtJ~Uff~fftJ 
i1 "' .,; il ,% _ I"' : l ~ 
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" 
B. ti'1l 'U'IJ'U:UiJ~ij'l.J~1J1WthUutJ ~w 11 fJiJl 'U'II'U:UiJ~11:::ll~ll~ 

il - I"' : l ~ 4 ., "' "' 't ~ ,% C. miJllJlW'Ul 'U'IJ'UlJIJ~lJ:U1f1 U\Plllf11lt1llt!Jl1Pl\J t\Pl'IJU~l1'1J'U:UIJ~1J:::'il,:J'IJ'IJ 
. " 

D. ti'1~Wl1 fJiJ'IIU~iY ~U1~~U:Ull~ll~ 'l.J~1J1W'Utl~U1l 'U'IJ'U:UiJ~11:::ll~ll~ 

l:::~tJfl11lJJul11 DJul11 Dil.iJul11 

, 
v ' ,_,... u v 
'lltl'J~VItl u'Ui:rl1111Jllltl1JflUJUJ'IItl 27-30 

" " " 
i 'UVIPI~ff ~fftr;h l u u~ll :::1u flu ~w)u~u ll1 1 ~i'tJfi11:U ~ uu 111f1\Pl1~mYi~P~v1 u'l1~111w 

I Q.l 4 1IJ I .-=Q ,. Q.l d.e:::t I CV l _J l I : q l _J 
t'l'llf1'U11ltl t:U t'IJ11J~'VI1f11l'VI\Pll1U~ t\PltJ'U1f1l:::tJ::::U1 2 tl'U'tl:U'IJ'U1\Plt'l'l1f1'U UH'U~ ff'Ul tlf1 \J'H'U~ 

" . 
lri~u iu'l.J~111wrrhnu u~1u1m:::tJ:::l1~ 2 i'l11Pllf1UIPI~P~lutJ~nwni~i'tJ'l.J~1J1wuff~tJ1YJ~P~vrrh'l 

" nu l'i~u~nm 8.00 u - 18.00 u 

" ~ .c:::l.c!l 11): 

27. ff1J1J\Pl!1'U'IJU~fll'i'Vl~H'IU~'WfiUV~ 1'i 
I Jl I Jl 

A. V~ i~ltJt!ff <m~~U~1l1W:U1f1 UW11.fliJ'IIti~~'Utlll:::U1ll 11:::tJ~ff ~;iu 
q ... ~ 

~ .q : li)Y 3/ I ~ ~ c:. : d ~ J I ~ 
B. tJ~11~~'UUll:::'U1 &1f1l11~U1l~'U1'UtY111l ~W11fJ:U'IJU~\Pl'Uttll:::'U1f111:::f.l~'il'l'II'Ut'VI1'U'U 

I Jl j/ I 'J} 

C. 'l.J~:U1Wfl1llJ~tl'Ufl~'Utlll:::U1 i~ftJ Yh l M tlW11.fliJ'IJtl~~'UUll:::U1t~:U;j'UU\Plf1~1~0'U 
q ... 

" 
D. U~ll:::'lf1~t1l111u 1-J'u ~'UUll~U1i~ftJUff~U\Pl~U~1J1WU\Plf1~1~fl'U 

l:::~tJf111lJJul11 DJul11 DitiJul,-, 

" B. ~W'HfJiJ'IJU~lhtnl:::~'U 
" . 

c. 'l$U\Pl'lltl~ffff1l (~'UUll~lh) nlriium~tJ~ 

Ufllh;fu hw Research and Innovation in Science Education Center tnfli'lflfliinff' mu~il'ltllfflff9ll IJ111il'ltJ1Htl~lJll11'111il'U 
11'1l'1Jll 

9) I I \IJ 'j/Q,I 

111:UifH.Jlt'ri'Hltl'W &~'illtl'4tyll>l Research Skill Competency Test 1.0 © 1 f1lf1t)lfi:U 2555 



. • 

' ' " zs. 1Pi1m.h~u (ir~li~tHm-:iilmn) fflHi'1Jm·rn11~v~iJiiv~hu\~ 
• <!I 
fll~V1J fiV ______ _ 

':i~~1Jfl111nTu '1 11 

' " 
29. 1Pi1uth~111 (~-m'fhfi111llflfll'j'Yifl~v~) ff111i'1Jfll':i'YI1lmNuiiv~ h.U1~ 

• <!I 
fll~V1J fiV _____ _ 

':i~~1Jfi111JlTU i 11 

• <!I 

fll~V1J fiV ------

'j~~1Jf1111JlTU i11 
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&muJ uum.h::&iJu,;~tl1ltlll'ltll10~nn1n"U:::1.Ur.J 

( Research Skill Competency Test) 

1. c 11. A 21. B 

2. D 12. c 22.C 

3. c 13. A 23.C 

4. B 14. B 24.D 

5. c 15. B 25. B 

6. c 16. A 26.C 

7. A 17. A 27.C 

8. B 18. B 28.C 

9. D 19.A 29.B 

10. c 20.B 30.D 
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Fi1~EJ11 nn MV1~1llfi1~EJ11 umrllu 11:: 'lifl::uuu~Jin7Ei1um1mwwV~.Jmlmi1 !~J"llil.J um raurfii~Dfilcn:J 
" UN::;n~ ru::m1f1~i1um Jll'UIIWVI.J El8 n:JI UnL rllUflJ!L ilvurh~EI11"118.JUnL Jll u! UL ffU1111n~rfrhVI u~ H 

1i ~~u'JuLiu11nnlii~J::Ltlui111Dnmi:Jll11Eilh.Jf1111 '1 ftumrvum11 ilvu~EJ11 

1. llCJWl'lYI;;'l--l~·.,--lluqPI-:JO-.ltif'lmi'l--l'lltl--lrl'l1)J~)J~Ufi1~~1-l~-l)j~t11LUm1H'll.fl::tl~mmn~ (a) 

\.!Ttl (b) Ltll.'l~'ln~'l-.l~U ~UM-:J~--l~nf'I1LUJ11YI .. 

;;tlfl'l'l)JLVI~eltlOn~'l'lO-:J (a) "'ffi (b) l~nnrntJ-:J 
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CD (a} ~tlf'l1Tutl'UL~tltlnL'lli'il llft:: (b) ~tlLUliJ11L"'U 

a> (a) f;itltltln'BLr.tu ll.i'l:: (b) ~tlmrutJULPltltJ nl'll~ 

® (a) ~tlr~'lfutJ-uLI7leen1'11~ LLrl:: (b) ~tJLtJ~1 
® (a) ~tH•nrutJ'ULVItJtJnl'll~ LLrl:; (b ) ~ Dmm:nL-,-u 
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3. fl!:tJ ~fl ~'li.YI'U1L'Jitl).Jfl'l ~'U1JnLfifl'lLufl1 ~'H'VIfiflL'litl'l"U U'l LLi'l::'U1).J'UflU1'l'l!:lJVI ~'l'lfl'l ~'U 
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ilmn-tJf.oiuLtlu 4 -Du ~'l1l1W "l1nW~'l~·ut.itn'lfl1fl~mN1uumnd· 

... ... 
nftL'II1l1U 

~'IL~'fll-J 

ifflf'l'l1).J 1"' lJitJ i.ud~.iJu,"N 
QD ~1~~f'l'l1lJMU1LLU'Ul.J'lnn11J1~fll.J 
(.?) ut.J'UWfl1 ~ ~niif'l'l1lJMU'l'ULLUWfli:Jn11~1lTU 

® n ~L'li-srui:lm 1lJ'Yiu'luuuwmn~,J,,ru 

@ ~1L~fllJiifl'l1lJ'YIU1lLU'UUfli:Jn11J'l 
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6. i~n~~lu~~,ft~~~ • 
UtJUil1V.tlifl 'W0ut'IC11~m, I'1611Vl1~'lltl-1~'-'"~~l.J'r11 ii~~~~ (~'llW'l ::~~{) ~1u1u~1mmr !.Jtl~ 

tu1.Jh1Miu~nr;;,~nunl~~"'"~~~Yl1 m1~1N1r.fl~1~utl~nua~i:l11t~~~'lunultl'l 
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~m~tu::: 
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i'!1'11\J1~nfl1-lYlnu f'l1~\J1tilli'ln 

Ui'11lllfln-l Ui'11'llu1rill~n~nuu~i'l-ln(1Jt:J\Jl~ntf 

Uf'l1~i'!1)J tJ t ,..J. tJ - .J i'l1'li\J1ril l!tyYlnu fl1'lltJU\t:l\J 

')1~ ~1Jltf~u-lfln~'luu~~nuu~~-ln1Jlflu~~n1 • 
"'-lL;i)J~1ututJT\ol17luu.~wnrrn'l"'~'l"'h":~I.J\j1ru1111ul~"'i:i:t-i(ll~riTI.tul!llmu(ll11'l'l 

tu1-.1ntu.J 1 'l-l (q')l.J11m;uu~tla'~~~1~ 1 'liU6l 

itl~fll~tJ'lnU~'ljj:tilllu~fl::'li~LU~11'Ni1'1LllU'I::tiuiinL1tJul~ 
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1~1tJlutl1l·nr1.)1,Xuft'l 
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7. L riJj;t;j U.J~ "'6-')tlfJml~'Ml~~n ~ n-mu:~Yn-lvCUfi nm.J Ll!iJ!lunU'Ylnth~mi' n ~'ltltJ' l!~IUvCufi~~-fln 
" ' ' '\1 • 

LiluJfucY'l~n~~~u~~ L~tJ~ncY'l4 U.J~~~~luni'IIU~~i:i~m~tru~PN~Mlum~~ 1 Llt'l~~ncY'l 
.. !! ,, .., ... ., ., , ..J t ., ~ .... 
tlfl 4 U.JrtUl M ~'W11'1iU~)JMMCU~Ul'lUfll~ ~'W11Ym 2 L'n1'1PIU1L)Jflc;lCYlYin'lU • 

d .cJ ~ D' q" ~ ~ d .J 
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Ul'l1V\a-lV\U1JJi'1L~ t.J'I'i' tl-lLL'Utl.rl 8 LiLi)(/lt.Jl)n1r.J1\11nthnv. a.:J 
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f) 

109 



12. 

·, 

. " 
un~11mrhnnmae~1 

._. C 4" "" d '-1 ... q, 'l.f d .d t , ... f:: .:., ... ... 

U.n1Yl£J1fl1a'.,TI!111l.Jnt]'l!lflrn:::~U..J ~~Yi~\41~1 "Ufl1Vl" LYi1lYlll::'l!1£J ~LVlnYin1~a'1~1'Hlff1llil~V11£J 

·~1YiVl" t~ ~~n~1~Lita ~n~r\1~1 m~u. L£J~L~l!l~\t1 tYlw1 t~ ~.JL~a~iia ttJ ti.JLfl~a.J~~~fln::'IKL~EJ.J 
" 'il::li11J1'lt1ri1L~~iu.L"Ji1L'iJ~\I~L'li1~El.Jn1~~El~111Vl£Jn1~LL~::fl.J1JU.~1~jjm11JL1~Eln1~~1J~ffLYh~u. 

'IJ 

LmnVla~uu.~1 iqJqJ1nmuu~1-\l ') 'il::~n~-\ILUm3JL~t~.1rma::1tJLLtJa~ ~qjty1m :n'Yifl1l3J~·wnah::ti1t~. 

1~i1S1tl. L~'ll1l~~1nnu.,:: ua1n'il::LtJri1L iLfl~CJ-\Ii:lCJ~L~nmaitnff'~~~~.J 1l ciri1\11tl. Lfl~Cl-\1 i:la~\lnfl11i:l 
" 'IJ 

'llt~.1Vl't~L11t~.ni1ncia"1mV1 2 nl'la" LYh~" 

-~,tl.~UA1Vl nfi1l 1'immmLa::m'l~.JiqJqJ1m~.hu.m\IL~U.L£J L'l1ff13J1'lt1YleJL~U.L£JllL~nm.m~t~.L"Ii11tJ 
1 tl.A1 £J ~1~-\lri1LiL 11 L~ff11J1'lt1111l-\IL V:·~urt~.. un1Yl£J1~1ff~rfti1t~.~iLm fl11 

~1llli13J1~nin iJ., VJ~1l~lJv;1l~\1~1" 'l t~w1~LnVlm13JL~£J~1£J LLa::'l!n1Yl£J1~1fffl{u.Jn~11vi'1£Ji1 
~1llfflm~n~~.,Lut~.ll1t~.1t~.mn1Vl'1t~.'l1mnn 

" 
.J 
'tUJ1: Steve Farrer, 'Interactive fabric 'promises a material gift of the garb', The Australian, 

1 o a.J~1fliJ 199s. 

0 ..J ..t .., 
~1Cl13J't1l2.1UHl~1 

t11 n~111h.1~.Jvi tJ 'ltlll ff1m'ln'Y1V1ffau 1t~. i a\ltli)lliim'lMVJ1tJ iJJ 

1l.JL~rJU.1.Jmu.Jimnaut1T:h "L,y" VJ1a "Lli'l,Y" 1u.LL~~da 

... 
?f13J1"irl11~?f m/l ll>l1't:h'ltli)u~ n1"i rn ?f13J1"irl 

A .. 

111ll1~1?f~"i 

'lfn LV1LV1 [J'hidi V1fl11)JL~[JVJ1[J 'l,Y I 111M 

~ tl~1J~.J~1.J ') L~Vl [JL1JiiiV1 fl11).) L~[JVJ1 [J 'l,Y I 't)j'l,J 

uV1 'tV11V1 [J 'la.iL n Vl m1 )JL~[J VJ1rJ L~ I 'l)j'l,J 

~~V1LiJu.~1U.1u.mnLV1Lu.nmnn L~ I 'lll'l~ 
'IJ 
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0 .d ~ "' 
~1tl13J'YI12.2 L£11fH.l1 

Lfl~EJ.J~EJ"l!it~ 1~ hiEhltll)u1lnT1 ~H<il'i11la-au·:h tl'1~'YltJ:litub tY>Jvh 1i 

1. bfl~ih~af (Voltmeter) 

2. mia.JLLH-l (Light box) 

3. Ll!1mih<i1Elf (Micrometer) 
.d ... ... 

4. Lfl"itl-l1~Lffti.J (Sound meter) 

13. 

. " ~1n1aJn 13.1 ~'l13J'n:Ju. 

tJ ~rhi.JYi1-l1'1.l.'IiElll LL'lJ1lU1'1.l.Lri1Vli.Jl'lit.J L "ll1U1"lJ1~J1 ~::tlL Vi ~n LL~::11li''l.l. V~it.J H~'t11 mmm~ 
'U 

V~i.Jil1n~·nwe:JnLtlacimn.JwMnllu.nfl1 3 i111J-1 Elnmnihnt~1wrna-.Jn.Jtl7::mm 40 °C 
, , \1 , 

0 .J Q.; 

~1tl13J'YI 13.2 ~'l13J'Hl" 

~1l'li'tJ"llEl-l~ll1U."i::l'li1.JlU. iJ~ijn1LLvJfe:Ju. 1 tl1£J~ije:Jr\l,Vlfliith::mm 90°C LLfi::J1LdLflU. 1 tl1£J 
• 'U 

.J~ A 0 -., ~ ,a Q.; t. cv 

'YllJElml'lll1llh::mrn 5 c rn£J'Yl.Ja'El.JLVI1lemnwnmJ1::nTm.Jflm~rn:: "lJu.l~ LLfl::mm~"i"lJEJ-l 
• 'U , 

Lfl~El.J~mL~fl::a th.Jn Lrhnu. D~11>1ti1 t1L1"lu.i EJ.J~El rnV~niitl1::mm 20° c 
• 'U 

1. 70 °C LLfl:: 10 °C 

2. 90 °C LLi.'l:: 5 °C 

3. 70 °C LLfl:: 25 °C 

4. 20 °C LLi.'l:: 20 °C 



. 
I 

112 

14. 

'1111 t~~~~LLU~\1~\~'!im'll.l nmmmLuum"hJl~\n~t-~~m::'Ylmnnm1hi~•1'J.h1'11'~'11' . \) 

'J!'U~ 1~~~-J·.~-h"ll11 t ~~~uf~-1 L~l.IL~~1u ~~1·J.h1'll'w'l!''l!'U~ 1 ~:.Jd"::'l.h1'll'~'ll'Lnuu • 
'Yln'l!'ii~1 u"t~"ll11 t ~<il • 

1!nuu1nH'uuni1 Li'iu\1"1n1'll'~'ll'LUUEJ1'VI11'llu\li<il1L~n '} t~mu~I::LLl.l~\1 m1Li • 
~1'lhl'll'W'l!''l!'U~ LV1~nu"ll11 t~~~<i!LLU~\I~U'!im13J"::Ltlut-~~L~£J~ u~\ILL1<illf El3J LL~ • 
~~uu~uum1Li"li11 t~<il~~HLU~\I~U'!im13J1Jtlnil n11HnH1'Y11\11YI£J1T11~~rf'l~LL~<il\l 
\) . . 
' ..: ..t .,L! .. .¥ 
11~\IU":: UJLn~'JJU 

LL~~::LLU~\ItlnLLU\ILUU~tl\IGhU fl~\I'VI\i\lu~n'll111~<il~~LLU~\I~U'!im13J (GM) ~H ~l'l'l.iT1'll'w'l!' 
\1 \1 • 

'll'U<i!LVI~ ~1u"ll11 t~ <ilviufi.JL~l.I~L i~11'llT1'll'w'll''ll'ii<il L~ l.lnnl.Jan fl\1 LLU ~\I~ nfl~\I'VIrt\1~ m~ u 
• \1 \1 

-4llu1ULL3Jfl\l~~u 1 uLLua\I'Jh1 t ~<il ~(j) LLtl~-:~vr u'!im1l.I~H~1'll11'll'w'll''ll'ii<i!1VIlljj-4Jimu~ a 'l nu • 
LL3J~-:~1uLLtla-:~~uan"ll11 t~<ilwufi-JL~3J~'ti~•1'lll1'l!'w'l!''l!'U<i!Lii3J 

\) . 

m'l~nH1m.Ji'Yl£J1T11 ~<ilf~n~l1n.J'JJ1\I ~u iliJ"iol<i!~i.Jhrh 1iLL'il n~l.Jnu "-:~L-li £Ju1-:~n~ 3J 

lfamum'hil "l'li" 'VI1a "Llihi" luLL~fl::iJ"~o 

iJ~i t~ii!il..:~ 'l~rh 'l-H'tt~mh"n'" 'l '"nT'.i~mf1'H1t~ hi 'li 'H1tJ 1aJ'li 

-;i1U1U'lltl\llll.Jfi\ILU~\ILL1<il~tl3J h t1li1'1i 

'l!'U<i!'llu\1~11~11'11'~'11'~1i 1 'li I LliL'li 
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'1111LYi~nnu~nh!.~vhl., 200 LLUl'l.J~1U1::LY11'1 LYin::mV~hn!n1m.nl'l1"<ilf~.JH~u~u~mnnn11 
\J cu J 1\ '\1 

d . 
~t.I..JLL~.J 

1. L~mn1fmm~1u1ulnn 'il::L~l'lEJ.JUl'ln"li11L Yilil~li1LLUI'I.J~u~nn3J 
~ . 

2. L~ EJ!ili1i11L Yilil~lilLLtl~.JWUlinnlJ-;J::L'il1ru L~u LVJL~lnm -Y;tJ.J lV~ 
~ . "' 

3. L~ a 1~i11L YiV!Yl~LLU~.JWUlin712Jfl1tJUfll'l 2J~u~1~mn~~Vl L Yh~'il::d:Ju1~ • • • 
4. L~ t~1~ii~m1::~LL<iln~1.Jnu~l'l1tJ 'l LLuu1unTlL'il1qJ L~lJ L<il"IHJ.J'li'111 YiCil 



. 
' 

y 
'Ufl 
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4 
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6 

7 

8 

9 

10 

11 

~Hl'U 4 

~Hl'U 3 

~Hl'U 3 

~Hl'U 2 

" nu~'hrnu < ± 1 o o) 

1 l~:W 11W 

2 l~:W um~eHJ{~~ 

3 t~:w umllm:w 

' d. d. ~ I I d d 

ffl'Hlll11'Jl'VW~ffll'IHJ!~tl1 'H'JU 0{11111 .fll'VfYl 2 lJ 

' " iY ~ ~ll~'U ~'U il'W mnw;h 

!l.ltu~v'WmJ~.:J 

tu~v'Uuu~~ 
'lJ'Ul~ 1:wt~fJ~ !l.ltu~v'Uuum 

f111:Wl~1'lJU.:J 1:wmn~ !U~V'U!!U?l.:J . 
~U'U 4 

' " 
l~:W~'U'lJU.:JU~:J.Jl~'J'H~Uf111:W~'U t'lf'U m1:w~m111,r 
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13 

14 

• 1lm'l1€l-:J'I1'Ul:u~P~-:~~m,.\Pl-:J1l~n5 v1n111'11~ v~u 

1l m ffU\Pl-:J:IJl n n ll~ u 1l m iY 

!~'UioM'I1~e:J111 
.d Ql cv tl 1 ..:::tcv ~ 31 'j) 

• :U'fl11:U"":U'V'l'U 1i'J~'I111-:J""f1'lJ'V'lt]l'lm"J:umTn1 

'l'lf'H~e:J 111 

• ff'llv-:J1lmtflu""1!'1119J i 11'1lm~P1'1~U""IP1-:Jmm"J 

n111'11 'l'lf'H~e:J 111 

., 
11.2 'fl~U'U'U!~:U tJf1l1'-:J""l:U~e:J : 111i'lf 1l.J'l'lf 'l'lf 

l'lllHll~'lJ flll'le:J'lJ~'W'l111ii'fl~U'U'U 
~.dy o<V\.1)31 d 

11.3 tlf)'Yl-:J""'Ue:J: 'fl f) 'fl 'IJ l'lllH'll\Pl'lJ 1\Pl'fl:::U'U'U!I'I:U ., 
... 1 .d !1/ llj !1/ I 

tlf1!'V'lV-!l""l:U 'U""'Ue:J !l'l'fl~!!'U'U'l.Jl-!l""1'U ., 

12.11'1fl'lJ 1 

13.2 l'le:J'lJ 1 

14.2 l'le:J'lJ 4 

115 

i 'JI.I "' .t -f)l'j '!flJ'j:;:1)f)fJ'V'lVl'U'Y11-!l 

., "' 1'Y1Vlff1""\91'j 

-nn 1 ~1l'J:::~mi'V'lm'W'Y11-:J 

~ ..:::rt, o<::::io cl 
- f)l'j 'J :::1J IJ\1J'I11!'lf-!l1'1'Wlff1""1'1 'J 

-m "J e:J ~ m vll "J 1n~ m "J w1 ~-:J 
., "' 1'Y1Vlffl""I'I'J 

., "' 
1'Y1Vlffl""I'I'J 

- m"Je:J~mvll"JlnQm"Jw!~-:J 
., "' 
1'Y1Vlffl""l'l'j 

~ ,c::, ..:::rt, tf 

- f)1 'J 'J :::1J 1J ty'l11!'lf .;J1'Yl Vlffl ""~"~ 'J 

- f)l'j 'j :::1J1Jty'l11!~-!l i'Yl Vlffl""l'l{ 
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. u "' HlW'l1fll'a 'a~!lJ'l! 

3 

1. {1'1:1Jl'Hl h1'1l11PJH~ l'Uf11'HflYI1Jty111 ~~ 

"" " \J 1J ,~ 2. {1'1:1Jl'Hl1t'fl':i1~'11tl\lfl 'J~f)ti1J'\Jtl\l t\)111 Yl 

3. {1'1:1J1HHltlntW~'lh~t~'U'\Jt:J\11Jty111 ~~ 

4. ~1:1Jl'JfltJ1!~'U tl,j' U:IJ~~~~ V1,j'tl\I'\Jtl\11Jtu111!~:1J t~:IJ "l~ 
~ u 

d 1J ,~ 1J .,; .. .; .:; ,~ 
5. !'IJV'UUH'UflWl t\)'111 Ylfl'Jtl1Jfl"l:IJ ty'I11'Yltf)YI'IJ'U'Vl\1'11:1JYI Yl 

~ Ct. r/~ iJ d Cto J I I I 

6. !'IJV'UUH'Ufl1Yl1!'fl':i1~'11fl\l tu'I11'Vl!f1YI'IJ'U 11{1' \1 H~m~'V11JI'ltl 
u 

lfl"J ml1'll"J,j'1'l 

.d ~ ~ ..J d~,il 
7 . !'IJV'UUN'Ufl1Yl1!'fl':i1~'11{1'11l1 l'l'Vl:IJtl\I'\Jti\11Jtu'I11'YHf)YI Yl 

• u 

8. 111t{Y'UtJU'U1'V11\I i u mmti'! 'IJ1Jty111 !~mh'lttl'U "J~1J1J 

fl 'Jtl1Jfl~:IJ . 
0 .d ~dt 0 QJ rl 

9. 'U 1N~'l1'U'Vll'l'U!tl\l!t ~~ Ntl'U'U 1t{Y'U tJ:IJl{Y \lt'fl':i1~'11 
~ 

,j ... ,j ., ~1J I~ 
10. 'lf'U'lf:IJI'l'Jttl\l!t~~'l.Jflfl~tl'U'VJ{1'1:1Jl'Jfl!tf) t\)111 Yl 

't'i~mnw'l11um-a1-Hfl~Hl!l! 

.Uu 1 {1'1:1Jl"Jfl h1'm1PJH~ 1 um"JtnYI1lty1111~ 

3 - {1'1:1Jl"Jfli,Ymi'IN~ium"J&nY~1Jtu111"l~mh\lt!t~v 3 1h~t~'U 
• u 

- {1'1:U11 t1 i ,Ymi'IN~ iu m1tnY11Jw111 !~t~~1\lt!t~v 1 1h~t~'U 
• u 

o - LU{1'1:U11fli,Ymi'IN~iunutfiY~1Jtu111L~ 
• u 
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"I d ~ 1 'J} I 'J} "I d 
- ~1lJ1'HHWflUtl~lJ)~!fl'W'\Jtl'liJtyl11 fltltl1'l'Wtltl 1 IJ)~!fi'W 

0 - ~h,j{YllJ1'HHWflUti~U1~1~'W'\JtJ'liJt)J'Yill11 

o V .d.d 3) ~ ~ ~ \JlV I 'jJ .. 1 d 
- ~llJlHl'Wllff'Wtl'\Jtllq!Cl'Vllfltll'\Jfl'l'\Jfl'llJt)J'Yilli"llJ!I'llJ t\91 fltll'l'Wtltl 1 1J1~1~'W 

0 - tl.i{YllJ11tlUl!{Y'U tl~mJCl~l~tll~V'l'\JV'liJW'Y!l!~lJ!~lJ t11 ... " 

. " " 
3 - ~~vuuv.luml'lvih.Jltlm1 tn~iltlJm i11mh'lm V11fl'llJilt)JmVitn~~ul1'l'YilJ~ 

" mh'l!~'Willfl1J 'li'WI'ltl'W t11i~l1l'WUCl~\)fl~V'l 
. " " 

2 - ~~tJ'WUrl'Wml'lvilmvm1 tn~ilwm 111 mh'lm V11flf1lJilrumVitn~~ul1'l'YilJ~ 
" . " 

" mh'lt~uthfl'11 'liul'lV'W 

- !~ti'WUv.l'Wtni"ltlll1JltJtll'j lfl~iJt)J'Yil 111 

o - lll{YllJ11t11~tJ'WUv.l'Wml'luilmvm1tn~ilwm 111 
" 

.d d.r::1 0 Ql ~ tl ~ \1}31 9) 3l 
3 -I'Uti'WUv.l'Wmi"l'Vll1tJ'lm~1Jmntml~'Yimmi9J'Utl'lutlJ'Yil t~fl111m'W \Jfll'lV'l 

l~'W 'j~1J1J UCl~iifll'j l~'lH~lJ 'jltJCl~lUtJ~ 1llflfllllJ~~'\JV'll'l'Witl'l 

·, 
0 
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'\Jtl 7 !'\JV'WUrl'Wfll'W1tml:;;l1 ftl!l119J'Vllltl~'\Jtl~1Jty'l11'Vl!f1\Pl !~ 

3 - t~V'WUrl'Wfll'Witml:;;li'1Jrum~tn~~'W 111mnwcvi'~nll1'W~ 'l ML~tl~l~l!t~v 3 
u 

2 

0 

<ift~ 8 Ultft'WtJU'W 1'VIl~ 'l 'Wmmtil 'U1Jrum L~tl~l~t~m·:;;uu mt~mnuJ u q 

0 \J]3J~ ~ ..d cl ~ <=! 

3 - 'Wltft'Wt!Url'Wfll'W t~t1J'Wm:;;u1'Wf1l) '\J'WI'ltl'W'Vlftll\))Wtr~:;;mlv":;;mv~ 

t~lJt~lJ~ftllJl)t~'lll1'11'l.ff'!Jfiu~1~ tl~l~-w't~v 3 '!J):;;t~'W 
0 \1]31?1 ~ d o' .::! d 

2 - 'Wltft'Wt!Url'Wfll'W t~t1J'Wm:;;u1'Wf1l'j '\J'WI'ltl'W'Vlftll\J)WU":;;mlv":;;mv~ 

t~lJt~lJ~ftllJl)t~ul1'11'l.ff'!Jfiu~1~ tl~l~-w't~v 2 '!J):;;t~'W 
0 li)9J?i ~ d tl .::::! d 

- 'Wltft'Wtlttrl'Wfll'W t~t1J'Wm:;;U1'Wf1l'j '\J'WI'ltl'W'VlftlJ'lJ)Wu":;;mlv(l:;;mv~ 
'" 

t~lJt~lJ~ftllJl)t~ul1'11'l.ff'!Jfiu~1~ t~~vll!t~v 1 '!J):;;t~'W 

o - Ul!ft'WtJUrl'Wfll'WU'W1'VIl~L~ ul'i11.!t~'Wm:;;u1'Wm) 

fj} 0 d 3/~ 0 Q.l tl 
'\Jtl 9 'Wl~HNl'W'Vll'l'Wttl~U ":;; ~tl'W 'Wl!ft'WtllJlft ~tm1:;;11 

3 - UlN(l~l'W~I'l'WW~tt":;;~~'Wultft'WtJlJli:Y'~tml:;;l11~ tJ~l~-u'mJ 3 '!J)~t~'W 

2 ~""' 'l d ' ' 'l ~11] ~ ' d 'l - )ftf)ft'W 11H(l~tJVlf1lJft1'W)1lJ 'Wf1l)Hf) !'\JlJUJl1ltlVl~!l'llJ 11 
'" u 
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rhu -1¢i'fl~uuu\P1~ul>l7o% ~ulll 
' >I 

l~r-hu -1¢i'fl~uuul'llnll 70% ~ulll 

>I 

trll~~l'UltlWcvltll'd'\Pl f!J':i 1 ,rlllfl'iltl'J':ilJ~tll'lf~ 
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.fllflj:-.ll!1f) '\) 

«:!! 1 ..... -=1 ' ..... -=1 ~ 
U1J1HH11JtlUJfl1lll'V'I-:JVH:l 'll'\Jei-:Jl!fU'Wl!~eJf)l)'ll~f11'jTif.Jl!l 

U1J1J 1 fi1-:J-:Jll!:!ill!i~tl 

rilYi.Yt.Jirmjtll!~l!,rfitltJflmntJ~ 4/4 
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<'! 1' "'~ y UU1HJB'U tl l'll fl1l'll'VH'V'Hl il fiB fll'H1 Yl fll'H ~[I~~ 

H'U'U lfl~~.n~1'YIUlilfUTVJ{ ~l~1.u'£J 

1. U'U1HYB'UtlllJfl1llJ.W\l'l<'ltJ11l~tlnl'H111 ,)~fll'H~ V'U ~ U'U'U 1m \l\ll'U ~l'Wi,) V f1~1J1:Yl1~ 
~ q 

S) I )/ I 
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"' , 0 0 
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2. 11i \91 tl'U u 'lJ 'lJ fftl'U tlllJ h1' '!! f)l~ V'Ul ~ V'U lfl ~ tl \ll11Jl v -v'" \lL 'W'Mtl \l ~ \91 H tl'U ';j ~ 101 'lJ fl1llJ 

.W\l'l<'ltJ111'1JtJ\lUm~ V'W ~ij~em ~'U1'W m1 ,J~m11~ v'Wfu 'U'U 1m \l\ll'WJ'l'W iiv ~t1!'U m1 

cv d $' Q.l ~QI Cll ~ ~ I .ct. 'j) 

'\<'l?ll 'U l 'IJ~ fl1llJ ffllJl 1 tl ~l'U 'Vl f)'l:J ~ 111 V ll Cl~ 'Vl f11:J ~fll 1 fl~ l '11\l ';i ~ 'lJ lJ f1'Jll ffl ';i::; fll ';i l HIU ~ 

~ c/ ~ Cll .eg .:::tel I d d Q.l & ~ 
1'Vltllfl'lff1'11 'l1UlJ1iVllfl'f11:llU'Vl 4 iutti'IC'I:::'lh:::t~'W 1~vm~~'U fl1lll'l<'l\l'l<'ltJL1llUUlllJ'U 

, 
lJl\911lLY1U'l.h~mw~l (Rating Scale) l'lllJU'U'U'Utl\l~lfle:J{'Vl (Likert) 5 1:::I01u 101\lu 

... & 
d & i 'i cv d 

';i~~'Ufl~llUU 5 '111Jl tltl\l lJfldllJ'\<'1\l'\<'ltl 1ltltl U1:::~lJl'l1lJl~fflJlJlf1'Vl'ff~ 
"' q 

... & 
ijmlll.W\l'\<'1 e:J i 1lt~~1 u ';j~I01'Ul'l1lll~fflllllf1 ';i~~'Ufl~UUU 4 '111Jl tltl\l 

... & 

ijmlll.W\l'l<'le:JL1lmJ1 u 1~101'Ul'l1lll:::ffmhumn\l ';i::;~Ufl~UUU 3 '111Jltltl\l 
~ 

... & 
"' & 'l ''l ... ~ ':i~fl'Ufi~U'W'W 2 11l.Jlr.Jtl'l l.Jfllll.J'\<'1'1'\<'IV 'lltltl 'W':i~l'lUt'l1lJl~fl'lJ'WVV 

"' ... & 
d & 1 '1 cv 9) d 

'J~~'Ufl~UUU 1 '111Jltltl\l llfldl:iJ'\<'1\l'\<'ltl 1le:JV U';i~~'Ul'l1lJl~fflJ'Utlti'Vl'ff~ 
"' q 
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'Jlf.Jfll'J'I.h~!iJ'I-! r- r- (,:) 
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5 4 3 2 1 

II -=1 II 
1. Vll'l-!tfl'J~fll'J!'Jf.J'I-!~ 

A "' ' 1 1.1 I 'W tJ '11llJ fl1llJ 'W 1 LY'W \1 

~ 9J 9 v Ql .c:::S lit v~ ... I~ Q.l~ ~ ! ' 
2.1 fl\1 m ';; lJ I'W 'W 1 '11 'W fli'HJ'W lflflfll!(l~u{)'UIPII'U'W 'U'W \Pitl'W tltll-:J 

i'fl!'il'W 
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d. 
!';i'fl'l ........ .... ............................................................................. ... ........ ......... ........................................... ..... . 

0 " I d ~ ~ 

fl'Jl.l '1'1 •••••••. 'lfU ... .............. t'l'l.ll'lifl 
.d 

1 .. ............. ........... ... .............. ........... ... ......... .lri'IJ'Yl ........... ............ . 
0 

2 . .............. ..... ... ......... .... ....... ........ .......... ...... lft'Ul1 .. .. ... ........... ..... . 

.d 
3 . ... ........... ... ........ ... .. ..... ................ ... ....... ..... lrl'\Jl1 ....................... . 

o!c, 
5 4 3 2 1 HlW"YY't'h1l'HUl 

~ "' o{ 

I. fldll.lflflft'n:Jft~'H'l 
.cto 'i1 t1 G 51 .::to C),.c:i 

1.1 1m .:J.:Jl'Ullftfi.:Jm1l.Jflf!M 1-:Jft~~fl u"~m1l.Jl1J'U~1'1.Jflfl~l~l.JW.:J 

ri~r'hrmJ'Il~.:J lm.:J.:Jl'\.J'\1~~ il.i 
.oi::lt.QI 'j/ tl..d 0 'j/ .... ~ d 'j/ 'j/ 

1.2 n1.n ~vn~ l.:Jftnfi'Y1'1'11ft~f1 f1 M.:J n'lJft .:J'Yl~ ~.:J fll~fi'\.J'Vf!Jlm~ 

~~'lJtl1\lll.J l~l.J~'\.J'IJ~.:J 1m.:J.:J1'\.J 

'j/ d 'jl tl Ql q~ 'j/i] 1 'j/ q 

1.3 m~f1'\.J'Vi'lJ'Ylft~1.:Jftnflft'U'lJft1-!'Ullifll'Hln t)!'\11 fi~Hlm~ 

llftf!.:Jth~ff'Ylll fll'Vi 

4::\dtJQ tl 
2. f111l.Jflfi'Yll '\.J1'Y1V1fl1ftm 

0 
... u 1 i"' i"'"' ... , 0 

2.1 mml.J'\1~~ t)!'\11'\J~.:J m.:J.:J1'\.J fl~~'tJ 1'b'fll~'\.m~~ lJ 

2.2 t11ml.Jl1~~ut)Jm'll~\ll m .:J.:JltJmm~nlJ~vh 1'11'~'1'11-:Jl1lfi1~~'lJ 
... "u i"' ... i 0 

m~un t)!'\11 flm~ lJ 

, "' 0 ... 

2.3 fll~l1\lll~'\.Jfll~'l'lflM.:Jl'\1l.Jl~ftlJ '\.Jfll~fl'\.J'\1lfll~~'lJ'\1~~ 

wi'Ut)!'\11'\J~\Ilfl~ .:J.:J1'\.J'I1~~ 'tl.i 

2.4 ~mn~'tJ~1mhi1i'fll~'U'I1~~il.i 

2.s '11lnliu~1iv~~~.:Jm'lJ~l.J ~vh 1m.:J ·:ntJ{'11~~ il.i u"~m~ 
m'lJ~l.J~ci1.:J't'j' 

2.6 ~,j'~l.J"mm~nmh'l1i''lJri1'11i''lJm~n'j',J~.m'l1~~ il.i 
~ . 

2.1 ~vh 1f1H.:J1'\.Jr,r~~1nfli'Wnwnl1m.:J.:J1'\.J'I'11.:Ji'l'lv1mn~{'\1~~ il.i 

2.8 ~Yh lm ·Nl'\.Jl,j'1h~l~Vln'lJ lm.:J.:J1'\.J~YlllW~.:J1'Ul1i'V~l~Vl,j'~.:J 

'11~~il.i 

2.9 ~'l'i1lf1H.:J1'UiiutJ1fif1 itJfll)'l'i1.:J1'Ul1ivri~ i1.J'ltJ ~'U1f1~'11~~ 'tl.i 

2.1 o H'vi1lm.:J ·:ntJeJ'1-:J~.:J.:Jl'Ul1iv'I'11-:Jl'l'lV1rnn~{'!1~~,j'~l.J"'I'11.:J 
~ ~ 

1'1'1v1flln~{.U1.:Jl1~~ il.i ~cl1-:J 't'j' 

'j'"Jl.Jfl~ll'\.J'\.J 



. . 

'""' lfl W'l'l 'YHll'Hlll 

3. dhm.nvlurn':il'll1m~~l'U/Lihl1lJ1V'Yil~irnmnJ 
v 

3.111'1qt.h:;ff~ti''lleN 1m ~~l'UL'I1lJl:;fflJn'!Jr!i~~wn'Ul15e:~ 1ll 
v 

3.2 'Yil~uri'iJOJl1l'lleJ~ 11'1H~l'U H~1'U 1~~l15eJ 1ll r!'l~ve:~lJf'lJ~'U~l'U 

~ff!l~l15eJ 1ll ~lJrlll15eJ ill('Yil~f)l'jL~'U) 

3.3 m':iuri'iJOJmHtl':i~ 1v'lf'Wi~l15eJ ill1'WLdrme:~e:~nu'lJ'lJ rnm!1~ 

11!m:.Ji'il'l rn':iL~'UJ:-lftl'lnrucn' 
~ .d. 0 I ~ 1 (jJ.::;:J& \J j/,::i I ~ .d..=s I j/ 

3.4 'lf'U~l'U'YI'Yil 'lf1VL1f1Dtyl11 flfl'IJ'U lf1f1f111'Yil'lHHlf1'YilJelQ1101 

'!1!eJ ill 

3.5 'Yil~uri'iJOJl1l'lleJ ~1m~~ l'U( :ff'U ~l'U~l'll) i~lj rm'YI~ffeJ'iJl ~ e:~m 
tl"J"~iY'Yinfll'Virn':i'l"il~l'U~ffllJl':itl'!lllJl H.:ll'U 11~ ~11~e:~ Htl':i~ 1v'lf'Ui~ 

'!1!eJ ill 

" 

0 1 " 1 " 
0 ~ 1 "iJ 1 "" 1 ' 3.6 J:-l'Yil 1'1H~l'U1'1Jl 1l'Uel1llf1~ 'Ufll'J"LLf1 Wl11'1Jel~ m~~l'Um-eJ lJ 

~ u 

" 0 1 d ""' 0 ' itl1 ""'.1 1 3.7 J:-l 'Yil m~~l'UlJU'Ull'l~'lleJ~fll':i'Yil'll'UI'IeJ 11~'\J'U 'UeJ'Uli'll'l 
~ 

l1!eJ ill 

4. m':ilJeJ'l~l'U M'YI~'l 

4.1 f11':ifll11'1H.:Jl'U1l'UfflJ\j':iruffeJfll'l~eJ.:Jn'lJ~fl*l1lJ1VL~lJU('1~ 
" fl'J"el'!Ji'llllJI'i'.:J 11JL~lJl15eJ ill 

0 1 "iJ 1 1 " ~ "" 'l ' 4.2 f1l':i'Yil m.:J.:Jl'ULLO t1Jl1l'llel.:J m.:J.:Jl'U flfflJ\j':if.Ul1':iel lJLm:; 

u'UVinm-:il'll.:~l'U Bvl.:~ i 'j 
" 

4.3 f1l':i ff~tJJ:-l('1lJ11llf1 f1l':i'Yif1('1 el'l1.yj V'll'l f .:11~ f.Jl l1 ~ ellJ 11llf1f1WI'lfl ('1 el.:J 

. " 
iii.imn'i1'111 

4.4 ~1'1111'1-:i ~'ll'Uri''UI'11l~l'U~i'l'Ut'U'I"il H11~el'Yit]'l:l~~1~V1'1i'eJ'l 

l1~eJ1ll 

"

0

1 1" " d 11 °1 4.51;j'Yil i'l':i.:J.:Jl'U 'lf11('11lJlf1'Ueltll'VW'l f1 'Ufll':i'Yil i'lH'll'U 

5. l1n'l:l~ 

5.1 ~1'111 m 'l'll'Ufllf1l':i'Yif1('1eJ'l~~l1~'U~eJ'll'll'lleJ'l 1m 'l'll'Ul1!eJ ill 

~ 1 ~ ~""'" '1 ""'1 Url~Ufffl'l'YIO'I:l:; 'Ufll':iff'l1f1191U~:;'lJ'U'Yif1'1JellJ~eltll'l ':i lJlf1'UeJU1'VW'l f1 
~ 

5.2 ~'I'll 1m 'l'llUUfff1'll1n'l:l~ 1'W rn':i H.:ll'Ui'leJlJYilLI'IeJ{~~lL~'U 

l1~eJ ill u~:;ufff1~l1n'l:l~ hml':ieJeJf1LL'lJ'lJ 1 thumlJL~eJfll':iU'UVin'li'e:~lJ('1 
~ 

e:~ul'l 1-:i 

5.3 1m 'l'll'Ufll MfflJ\j':i rumuMfilu'U:;Ul'IJel'l~tlr f1'1:l11.W U'l 1f1 

'!1!e:~~'l"il11'1':i 'l'll'Uvll'll'ULeJ'lL~'Uril'U 1mu 
"' u 

0 ~""' "tl ~.;,,,l 1. 5.4 l11mll1 U\9leJ'llJf1l':in"':il.:j~ mruLmeJ~lJeJ'IJ'ULeJ'l 'Ufll':i'Yil'll'U 
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'"" lfl W'YI'VH'll'HU 1 

" 0 "i 0 .. "' ' .. " 0 "i .. g~.,j 'l " .. 'l "g~.,j 
~'Ylllm'l'll'W'YllltNl1'Hl llJ l1'Hl ~'Ylllfl'J'l'llW.IlJ~el'W 'l5l1'Jel l1~el'W 

vll'l~ 

6. fl1llJi~l1l'W'\Jel'l'll'WVivll 

g/o "i "'.1 0 "i "'"~ " .. 'l 6.1 ~'YlllflH:ll'Wel.f11J'J1Uf11'J'Ylllm'l'll'W l~'ll~l1l'WlJlfl'WeJUIVW'l ~ 

el~'Ulu 11P1Qtl'J:::ff 'lri'illv11'll'Wllr~:::m'Jff~t1P-Jr~1~~,j', 'lll11~eJ 1ll ~v1, 

1 fl'j" 'l'll'W'YieJ'l~llJ11~vnm,lJt,j', '111 'l'Wl1ci'nnmYiv'lt~m!eJvl1reJ 1ll 

6.2 mnhff'WeJv111~~--:wn1 v1m'J Vl'Yl~~M~eJ 1ll iJm'Jl1rl e1n 

'l.mff1'Wl1~eJ 1li 

' " 0 "i 'l " <l ... " 'l 'l 6.3 Wflffl'J\PlW']'\Jel'l~'Ylllm'l'll'W llff~'l l1ll1'Wtl'lfl1llJl'\Jl 1l 'W 

'll'Wl~V~vlll1~el Lli 

6.4 nl'JUllff'WeJP-lrl'll'Wl~ V'l"l~'IJ~'W~l1~el ill ,j'ellqlrlllrl:::P-Jrlf1l'J 

'Yl~rleJ'li~t1l'WlJlm!eJvtYiv'l 'l~ 
"i.l " .. 'l" <l ... 0 

6.5 Powerpoints ur~::; l1Jffl\P1el'J llff~'lP-lrl'll'Wel1i'IJ1V l1ll1'Wtl'lnl'J'Yll 

1m 'l'll'W 1~~lJlnU'eJmYiv'l 1~ 

7. f11'Jvll'll'Wtil'WVilJ 

7 .I iJnwu'WVin'IJ'Yl'IJl'Yll1U'l~tm:::m'Jv1l'll'W 'l.leJ'l~v111m 'l'll'Wu~r~::: 

fi'W Hmh'li~t1l'Wl1~eJ 1li 

7.2 ~vlll m 'l'll'WU9i rJ:::fi'W lJff"J'Wl~ V"J,j' el'l 'l'W nl'J ~ "JlJltn!J t\.1'111'\Jel'l 
~ " 

1m 'l'll'WeJth'll~lJ~l1rel Lli llrl:::~vl11fl'J 'l'll'WU9irJ:::f1'W{ff1'W~W) '\Jel'l 

m'Jv111m·Nl'Wl1rel 1ll 

dt 

5 4 3 2 

rt-:l'lHl ........................................................................ f)':i ':i:IJ f11':i 

(. .... .................................................................. ) 
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illf1Nl!1fl '11 

fJWill'Yi'Uti-:JU 1J1Jiltl1J till! fl1lll.W-:J'Ym 1 ~'Utl-:J lJ n{j til! ~tl fll 'J .u' VI fll'J &~til! l 
U1J1J lfi'J-:J-:Jll!~ll!l.u'tl 
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fll'H.:j~ 'lf.l ~'lfij fl '11lJ'ff'f:l~fl~'fJ~'UtNU1J'iHHl1JtlllJf111lJ.W~'W'fJ i 'il'UeJ~Um5 ti'W ~eJfllJ" ~ \Pl 

fl1J"t'5 tt'Wf~'JttfllJ" t'5tt'W{tt1J1J 1m ~~l'W~l'W 1~tt 

y .. y 
1. Vll'I-HJl'j::: fll'j I'HJ'Wt 

'1"'"'"" .. "' "'11"' 1.2 'lf1V l1'\.Jf11'jlJ'\.nJrnllJ(,!Ln~l'lll ~ 'WI:itl'l 

.. "1"' .I 
l';ifJ'\.J L~lJltl'IJ'\.J 

1.3 'lllrnllJi ~1nfi~m:ilJ 'lth.h~~n~H1'W 

;i~th:::h!'UM 

2.1 fi~m:ilJtU''WM'!!m~fJ'\.J 'l~fiflun~'I.Jfi'll~ 

ti~'U~'\.J~tl'\.JtldW~fll'il'\.J 

2.3 nnl~H1'Wm:i~fln~m:ilJmn~v'Wf iirn11J 

ll1lJ1 ~ ftlJ 

4.2 ~tl /lflrtl'l;jtl ;~'I.Jmci' mlJl~ftlJ n~~1n~a 

nwwl'l'!JH.:Jl'W 

u g 

I 2 3 

0 2 0.67 

0 2 0.67 

0 2 0.67 

3 

0 2 0.67 

0 2 0.67 

3 

0 2 0.67 

I 0 

0 I 

0 2 0.67 

0 2 0.67 
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' 
Vll1l·.:.l'n 'lf .1 ~'lrthrmJ~HJflfl~tJ.:j'\J tJ.:j u'U'U'Cl'V'U mlJmllJ.W.:j-wt:J 'l11'U t:J.:jiJ' m~ ti'U l'ivm1 ~11 

m'.i t~ti'U f 11' 'Jtlfll'H~ ti'U fu'U'U 1 fl H.:jl'\.J jl'U i~v (~'it~) 

a) 
;;; ;f ,... 

":l= "" ~ ,... 
~ (C :;::: ~ G: ;;:::) ;;; u 3: 

'JlUI1l'J1.h:::dh,t c.: qe;: -v;r. ~ 9 (C E .. ~ "" ~ 
,... 
;;; 
:;::: 

1 2 3 

~ ~ ~ J 
4.3 tll.Jfllll.Jilfl.J l:::ftl.J f11.Jl't.Hll11ftl';J::; 1 1 0 2 0.67 " '!.'h'ltl'VlflmJ'IH fttlflfHHJ'I 

~ ' 1 ""' "' "1 .: I."' 4.4 tl'lf1tl 11'\.Jfll';Jti'Ul'IJl 'ill'Utll11ftl';J::; fl'lltl 
fttlflflft'eJ'I l-ll'ltl'Vlflotl'IH .1 1 I 0 2 0.67 

'IJ'U 

"' "' I.""' tJ i " ~ .,;, "1 4.5 'Ufll';Jti'U fl':i'IJ ';i::; tl'li'U'illfl tl'Vl '11 'Ufll':i 
" 'l.lll 'll'Vlfl Cl eJ'I1 i' 

"' 
1 1 1 3 1 fttlflfiCltl'l 

l':iti'U 
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Vll'H3~ '11.2 rh~TW111~1U 'Wfl'\Jel~U'l.J'l.HHl'l.JtlllJ'fllllJ.W~YHJ h U(l~'fllllJt~eJJ'WU'l.J'l.J'ff'il'l.JflllJ 
fllllJ.W~YHJL1l'Um'\J m~ ti'W~eJfll'j :fi'flfll'j t~ ti'W 5'~ltlfll 'j t~ ti'W5'u 'l.J'l.J 1 f1 'j ~HW ~l'W 1:fi't1 

~ ~ ~ 

I 
y <'I 

'Uel'YI 
I o o 

fllfll'IHiHllUU fl ® 

0.93 

2 0.66 2 

3 0.69 3 

4 0.50 4 

5 0.93 5 

6 0.92 6 

7 0.52 7 

8 0.93 8 

9 0.74 9 

10 0.77 10 

11 0.66 11 

12 0.92 12 

13 0.90 13 

14 0.89 14 

15 0.75 15 



.fllflf-.I'W1fl C)j' 

fl1nJ¥1-:.~YH>1'll'lle>-:.~..rmjtJ'Wvie>m1.u'Vlm'Hjtl'Wl~1tJ 

fll'i!jtJ'W fuuu 1 fl'i -:.1-:.Jl'W~l'Wi.u'tJ 
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X SD 

.: d I , 

1.1 1'1-H.l'\11lJfl1llJlJlfflJ \1 3.92 0.58 lJlfl 

.: "1' "1'"'31 '311' 1.2 llJtl'l111lJtllfl llJ"ll'1J"ll'tllJ tlllJ!'\Jl \J.:jlfJ 3.79 0.66 lJlf) 

4.00 0.66 lJlf) 

4.21 0.59 lJlfl 

3.92 0.58 lJlfl 

... , 31, ... 31 ':."! "' ' ' "" 2.3 11rll'Vl '15 lJfll'H'WlJ';i\llflU'IJ'IJHfl'VlflEJ::;UI'Jrl ::; !rllJ lJfl1llJ ... 
lJlfl 

3.96 0.55 

4.13 0.45 lJlfl 

3.92 0.58 lJlfl 

dcu::t Q.l ..:::1 j/ ..::::lt. 

3 .2 lJ11i fl151~Y-Irl'VlllJlJ't'Yfl Wl\15 .:J lJlfl 3.83 0.76 

4.08 0.65 lJlfl 

4.00 0.66 lJlfl 

3.96 0.55 lJlfl 

" ' 
.I "' "' "' 4.3 ~1Jfll'l'll'l1lJl::;'t'YlJ fl'IJ!lJ tJI)tJ.:j lJlfl 4.04 0.46 

4.00 0.51 lJlfl 

3.96 0.55 lJlfl 

3.98 0.48 lJlfl 
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d. Ql a a Q.l d I Ql I 

Vll~N't1 tll.l fl~U'W'W'Vlf1'l:J~f1l'J fl11!'15'l 'J~1J1J 'illf1UUUY111 {YtJ1J'Utl'l'W fH 'HJ'U mJlll'l'"Jtl£Jl'l 

nvuu~~'l1~'lt~EJu~·;wn'ilm'Jllf11'Jt~EJuf'uu1J 1m'l'll'W~l'Wl~EJ 

H 'lJ 'lJ 't1 vHH> 'lJ 

"" "" fll~flvU'lf-.1 

d 
~~'U'U %post %post-% pre 100-%pre (g) lil'U't1 %pre 

I v 
fle!U 'tH1-.1 

30 30 

1 9 20 30.00 66.67 36.67 70.00 0.52 

2 10 20 33.33 66.67 33.33 66.67 0.50 

3 8 22 26.67 73.33 46.67 73.33 0.64 

4 9 22 30.00 73.33 43.33 70.00 0.62 

5 9 20 30.00 66.67 36.67 70.00 0.52 

6 11 24 36.67 80.00 43.33 63.33 0.68 

7 13 26 43.33 86.67 43.33 56.67 0.76 

8 17 28 56.67 93.33 36.67 43.33 0.85 

9 8 24 26.67 80.00 53.33 73.33 0.73 

10 8 22 26.67 73.33 46.67 73.33 0.64 

11 10 24 33.33 80.00 46.67 66.67 0.70 

12 11 26 36.67 86.67 50.00 63.33 0.79 

13 12 25 40.00 83.33 43.33 60.00 0.72 

14 14 27 46.67 90.00 43.33 53.33 0.81 

15 15 27 50.00 90.00 40.00 50.00 0.80 

16 13 26 43.33 86.67 43.33 56.67 0.76 

17 9 24 30.00 80.00 50.00 70.00 0.71 

18 16 25 53.33 83.33 30.00 46.67 0.64 

19 15 26 50.00 86.67 36.67 50.00 0.73 

20 18 28 60.00 93.33 33.33 40.00 0.83 
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.d QJ ~.<::::to Qld. I GJ I 

fll'HH1 01.1 f1~ ~~ 'W 'W 'Yl f1'l:l~ f111 f1 f1 ~ 'lf ~ 1 ~ 1J1J 'ill fH~ 1J 1J 'Yl ~HHJ1J'\J v ..:n.J m'HJ'W f1'l :U\91 ltl til~ 

tiv'Wu'fl~'YY~~~~ tJ'WI~lltJfl'ilfld5:Uf1TH~ V'W !u1J1J 1m ~~l'Wl'l'Wi~v (\Olv) 

U1J1J'YIVI~tl1J 

"" "" fll'H\VI!'lf 'I 

..i 
Atl'\J'YI ~~1J1J %pre %post %post-% pre 100-%pre (g) 

I <V 

Otl'U 'tHl'l 

30 30 

21 19 29 63.33 96 .67 33.33 36.67 0.91 

22 16 26 53.33 86.67 33 .33 46.67 0.71 

23 14 24 46.67 80.00 33.33 53.33 0.63 

24 9 22 30.00 73 .33 43.33 70.00 0.62 

Mean 12.21 24.46 40.69 81.53 40.83 59.31 0.70 

SD 3.44 2.60 11.46 8.68 6.39 11.46 0.11 

Max 19 29 63.33 96.67 53.33 73.33 0.91 

Min 8 20 26.67 66.67 30.00 36.67 0.50 
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Yll'H~~ ot2 fl~U 'W'W l1n£J~f1l'J~~~~..:J 'J~1J'U'illnttuu1.J 'J ~t:IJ'W l1n£J~f1l'J ~~~~..:J 'J~ U'U'\ltl·rw m~ ti'W 

mi :JJI'i'-wvl..:Jnmm~~'H~..:Jt~ £J'W ~-wn'ilm 'J :JJf1l'J !1 ti'W !tt uu i fl 'J ..:J..:Jl'W i11'W 1 ~v . "' .. 
tJ "' QJ HUU ~~l'l.J'W't1fl1l~ 

"' "' 
.J 

m~f1VIt'l1 ~~~'U'U %post-
H1'\l't1 %pre %post 100-%pre (g) 

I QJ mm '11iN %pre 

30 30 

1 9 23 30.00 76.67 46.67 70.00 0.67 

2 11 25 36.67 83.33 46.67 63.33 0.74 

3 11 26 36.67 86.67 50.00 63.33 0.79 

4 10 24 33.33 80.00 46.67 66.67 0.70 

5 12 24 40.00 80.00 40.00 60.00 0.67 

6 11 25 36.67 83.33 46.67 63.33 0.74 

7 10 26 33.33 86.67 53.33 66.67 0.80 

8 8 20 26.67 66.67 40.00 73.33 0.55 

9 9 21 30.00 70.00 40.00 70.00 0.57 

10 12 24 40.00 80.00 40.00 60.00 0.67 

11 13 25 43.33 83.33 40.00 56.67 0.71 

12 14 24 46.67 80.00 33.33 53.33 0.63 

13 11 25 36.67 83.33 46.67 63.33 0.74 

14 13 26 43.33 86.67 43.33 56.67 0.76 

15 12 25 40.00 83.33 43.33 60.00 0.72 

16 11 24 36.67 80.00 43.33 63.33 0.68 

17 17 27 56.67 90.00 33.33 43.33 0.77 

18 14 24 46.67 80.00 33.33 53.33 0.63 

19 12 25 40.00 83.33 43.33 60.00 0.72 

20 18 28 60.00 93.33 33.33 40.00 0.83 

21 16 26 53.33 86.67 33.33 46.67 0.71 
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Vll'H-1~ W.2 fl~ U 'W 'W i'ln'l:J~ f11'Jft~!~'l 'J'~lJ'l.Hlln!!lJUU 'J'~!lJ'Wi'lmJ~ f11'Jft~!~'l 'J'~ lJlJ'UB'lir m~ ti'W 

mhJIPi -wvl'lflB'WU'fl~'l1~'l!~ vmi' 1vf1~mnJm'J' !~ tJ'W !uuu 1m 'l'll'W ill'W 11lv (~ e:J) . "' .. 
'l1 "" ..., Utili 'j~!'i-J'U't1fl'll~ 

"" "" 
' 

fl1 'j fl ~H 'lf ..:n ::; 'l.J'U %post-
<:1 

!ll'IJ't1 %pre %post 100-%pre (g) 
I ..., 

fltl'U 'tnl--1 %pre 

30 30 

22 13 25 43.33 83.33 40.00 56.67 0.71 

23 12 25 40.00 83.33 43.33 60.00 0.72 

24 12 24 40.00 80.00 40.00 60.00 0.67 

Mean 12.13 24.63 40.42 82.08 41.67 59.58 0.70 

SD 2.42 1.69 8.06 5.63 5.56 8.06 0.07 

Max 18 28 60.00 93.33 53.33 73.33 0.83 

Min 8 20 26.67 66.67 33.33 40.00 0.55 
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~ ~ ~ .o:::::i 9) Q.l ~CV QJ d. I QJ I I 

VJl'.il~'YI rn.3 11m 1~'11fl~ mnJ 'll~mlllffllJl'Hl~llJ'Ylfl'l:l ~ 11ltl 'IJ tJ.:JlJ m ·:wlJ fl"lllVI1tltiVl fltltJ!m~ 

ml'.:Jt~ tllJ ~1tlfl1lm -:i llfll'H~ tllJ f'mJ1J 1 fl H.:J llJ 2}11-J 1 :Ov 

T-Test 

Paired Samples Statistics 

Mean N Std. Deviation 

Pair 1 Pre-test 16.13 24 1.87 

Posttest 22.00 24 1.47 

Paired Samples Test 

Paired Differences 

Std. Std. Error 

Mean Deviation Mean t df Sig. 

Pair 1 J Posttest - Pretest 5.88 1.08 0.22 26.7505 23 0.0000 
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ill'W~ <tJ.3 n'ilfn'jlJf11'ji1tf'WJH'!J'U 1fl'j 'l'll'W~l'Wl~tl 'Nn'l'lnEJ~f)l'j~fl!;'J'j~'lJ'U 
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ill'l"'~ .t].4 fl~fn~:IJf1l'H~ tJ'WjU'lJ1J 1f1H.:Jl'W~l'Wl~tl Nf1'1'lf111~fll~~fl!~lki~1J1J 
'j} "' 1 "rll'M:IJf) flrt'W" 
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1'11U11'\.J'l m'lf1'W1UJfll':i .. " 

OQ.I ~d .dJ Q.l & 
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m~M n'lj1f'l~~il jj-)~q•h::a~f'lL ~m.h ::i.liu~~f'1111Jl11lmf.1~1u-.1'm;::i~tJ 'IJU~um ~tJU1XB~L~uu'i'lltJ11'11<1~1 

niimA ~UUGCJ1Jiln'lj1U~ 4 h~L1CJU'J141mru~1'tf'i'llf!1<i'CJ llnllmm um~fin131 2555 n~ll~1Bth~L\J\J1J'm~!J\J 
" I ' 1 

iulJ'GtJ1Jiln'lj1U~ 4/4 ~1U1\J 24 AU 1~1J1lliltJ'i5m~LaBnUUULil1::'J~ Lf'l~B~i'iB~1otltl1\un U.UU\.h::Lii'U 

iilill'l111l<111J1111~1ul-i'n""::'i~!J (Research Skill Competency Test) ~~uu~A111Jl111J111.1~1u-.1'n'l:l::i~mnJnd)u 

5 l-i'n'lj:: tl1::nBU~'l!J LLUUU1l:UJU-.1n'lj::n1"!~~fi11.111J UUUti1::Uiu-.1n'lj::n11ri1,_,'UiiiU.<l::f'l·lufllJ~1UU1 U.UU\h::i.liu 

\-i'n~j::n11~~<11JlJ~.lj1U UUUtl'i::Liiu\-i'n'l:l::m~h\'ij!J11JL1i~tJ5~nWUiJ~I\i'1UU1 U<l::UUUU1:Hiiu\1n13:: n1~BilnU.UU 

n11VllilllB~ <1iiiimmum11LA11::1-i1Jm;j<l111\u.n ~B!Jll:: ~1Lil~!J LL<l:!~1\JL~!J~LU\J1J1A1.lj1\J tl<ln11'i~m1U'j1 1J'm~!JU 

iiiir.JI1111J11'11J111.1~1ul-i'n"tt::'i~!J lliiV~1lJiJ~1u'i::~Uti1Un<l1~ l~t1Ufl1Lil~CJ 3.23 ~1BRiiiLU\J 64.60% L~mmtiUIYivu 
fi111Jl111J171.1~~ 5 in1:1~ tll1,;:ih'ifia um1vuiif'111l.Jl11lJ17CI~11Jin'tt~f111n1WU~U.l1:<f'\1UfllJ~1U1h U.l'l~in'tt:: 

m~i~ri1m1J ~~~~Iii Uiu~mh~tiu liiWiiR1LO~tl 4.42 Ul1~ 4.38 11111loh~u 1lH11~1l1AB l-i'n"'~n1'iililnuuunm'l!llail~ 

ljju.~~~n~1~i11nVIn"'::m11~iimllL;J~ti!itmnwtJB~vi'•LL'Lb 1VIvii~1Lil~!J 2.96 u11~ 2.58 um~-.1ms::,;:lii~1LO~m:imJ,;:I~Iil 
fiB 1.79 1.i'u.ril-i'n"'::m7~~<1lJlJ~.lj1U ~'i~vi'u1Tm~1ri'EV, 0.05 L~a~\J11UJ11'111l.lii'llYlulh::'lli1~fl::l\uul'111lJ<111J111.1 

~1u ~ n"'~tim::~Uf'111lJlYu 1 \J l um 1 ~ilu Fi 11.111J LL~LL<l ~ivfiVIL UU'i 1 vv11uiir1111J <1'1lli'uG'1 t.J1 u~l'\'111~ L~ !.11 ri'u 1 U'i ~~UlJ 1 n 

Rv -.1n"tt::m7ri1'11\JiiiU.<1::1'11ufllltii'1ut.h n11~~f'i11.111J Ll<l:ln1'iilanuuun1'i\1VI<lil~ ih:iii'UA111J:Tu1i1La~CJ 4.42 , 4.29 

u11:: 3.58 ri1u'l1n"'::n1'i~~<llJ1l~Ji1U~~LiJuYi'n'lj~~,rm~vu1v\'fl::uuu11Bv,;:l'lVI miuiif'l::LL\JU'i~~Ufl11lJtYu1\J 3.00 

~~\'!~ n-i1VlnW::n1'i<Jil flLL UUf11'i\1VI11 il~ ,;:liifl!:LL \J1JUl~CJ 2.83 Lll1111~'lltim~EJ1JEJ~ih\\Julli'CJ~1~~Uf111~'ilJ\J1 

~111f'1111J i'11lm 1l~i1u-.1nw~%1J 1\X~ ~~~\J 1VI tJLill'i1~ 1 u\1n~~,;:iv ~iJfl ::!l.U'Ul~~UflL ~tl~~l11~1J ~n IJI11Vl1 \Jnl'iL U'UUn'i~v 

1uilu1fllll 

Abstract 

The purposes of this research is to estimate research skill competency for grade 10 student from 

regional science classrooms of Princess Chulabhor n 'College Mukdahan, studying in the academic year Of 

2012.The sample representatives were a total Of 24 students of M.4/4,selected by Purposive Samplin~ TI1e 

research instruments included Research Skill Competency Test \Nhich is di\~ded into 5 skill ,Include 

Questioning skill, Identifying and controlling variables skill, Formulating Hypothesis skill . Defining Operation 

skil l , Experimental Design & Plannins skill . and lnterpretting data and conclusion skill. The statistics such 

as percentage , average, and Standard DcviJlior, (SO) were applied for data analysis.The findin~ found in 
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this study were indicated as follows : In overall perspective, Research Skill Competency of student in the 

medium level displays avera~e about 3.23 or 64.60 %.For a comparison between the five skills were are 

follows, students consist of Identifying and controlling variables skill and Questioning skill with menn of 

4.42 and 4.38 respectively considered highest of the most not difference . Subordinate were Experimental 

Design & Planning skill were not difference Formulating Hypothesis skill with the mean of 2.96 and 2.58. 

Skill with avera~e minimum 1.79 is Defining Operation skill at 0.05 level of significance. Considering the 

relationship between the level of the skill rat ings and level of confident in answering questions responses 

to the same in the hi~h level were Identifying and controlling variables skill , Questioning skill , and 

Experimental Desi~n & Planning skill with 1\.1\2 . 1\.29 and 3.58 .But we find that Formulating Hypothesis 

skill, is a skill that students have the lowest score to score of confident in answering questions at 3.00 higher 

than confidence level experimental design skills with 2.83,is not in the same direction. Therefore, Students 

also need to be improved to be able to better Research Skill Competency. especially in a poor score to 

enhance the potential for researcher in the future. 

Keywords : Research Skill Competency, regional science classrooms student, level of confidence 

uw'l'l~oH1·m7vu'IVI1lmu'1~1'11V1au ljnfl1'1111 

iu~ 25 nCJI'I~fl1U1.l 2553 m::m1~Plm,nlim111ii'-th::n1f'11~ L1~L1uu~~o~1mru11'!1il'lu1ilu ljm11'1111 

Li:Ju "h~L~uu1VltJ1PI1i1QlfiJDI11fl"" 11u 12 h~L1uu~1\h>< L I'lf'l diaiiilll~th><<~~f'ldit~Loihnmaiim~1u1bm<!~ 

iiU L~"il Yi~:: i\h~m~m~1W1~\I/1mru1<iu<in'I!IN oJf'l1~1'!1~lJ ·l~ mm~~~~vm:'!IUlJ1~ 3 ~m.J u.<t::LYia1~Ltluamui:fmn 

~~llln11~f11:11<i1'11fuun i1tJu~iifl"l1lJii"IU11!1liil'l'<ffi11J'i'I'IIJ"11'11M11U.ll::f'ILUI'II'I1ill'l1 ll'ltJffi,~L~tJUlli11'1ll1'111.111ji1,ru 
i uu~uu. uu 1 'll'inru'fi'llu~ Lfl1~n11~illtnu.<t~<i~LC1~u~iif'l11lJ111lJ1~o~Lf'l" (V~l"11Vl.l u.<t~'llB~ 1 ~~L~uuiVIU11'11C1V11oJuu1 

1JB~U11J11J1~ (wor\d class) ~~a~n1~~1lll\J1UnL'luuh.l~F111lHU\JUfli~u umh~~hJ~~~1RU~l1U'iVI!J1f'I1C191f LL<I~ 
L "VIR 1u L<~ii ~iiR11lJi11lJ1"l!1")~ ~u ~~ ~~ vu L Vi uu Li'i !Nnuuni~ v~u1h~:: ~uu1Ul'll1~ u.<t~il~ ~'hy l\!1ru~~Jfu~¥\J u1 

tl~ :: i"VIPI111?i iiL"iiVIfl~vl~g;m~eu~1lJL<Inl.l<t~Bnu'l11~ <I1U1~oaf1~B~Rf'l11lli~1uflrul'lf'11<!vd 'i"VIV11'11aVI5 Li<t:: 

'..,"'1 u 1~>1!'l.;;nuu~ ~' Ylf'l~,m uflu1f'lfl "ll1vvt911ul'll1~1.;;11,1J1~.wh")~<J~u.a:: u. 'li~1i"uMlu\h::'ll1RlJ1<tn Ltluli"~RlJ~tJlilll 

~ih,j<tfl1LyjlJlJ1n;fu l"1-i'1~<i"~fllJUI.i~JJflUC\!l\)1Li<l:!n1~L~I.I1Jj il~fllJ~CUi11\1\ii\l:l.l'tJ1~1JM <i'~fllJci'~uu YIEliYiU~ iifl11lJ 

i:IU1UlliJ'IlLifuu11'111Ji<JnU (b~i~!J\J~\oi1[1)CU111JlV1Vl<i"U l/nYI11.-11'l,2555f 1 

ii"1Viloli'JI-Iill'i'~n~·n UnlitJu-viil::L 1i""IL~tn.JYrt ~~~~tJ1J~H11ni"U51'lll\1Ulli'V 11JL\~11~1.il.i~ ~~tifu~thum::U11Jn11 

fi"m~an~Y1LPI'I!I 511J~~...,.rn~m~1munTH'luurml'luunLIQlnili1-mnt Hi'iuuvf111.l ~~'J::i.;iu M'i11n 11Ul'!J1~i\Jv1i1vu 
L'tiu ")1V'hn1fi~~~11Jli'11.111'1111VI~ (science fair project) "i1ti'i'IJ1'11C]"t;0fi11Uitl<l~n11~Uiii1::!Jci11l"VIU1PI1<191{ (theory 

of knowledge and scientific inquiry) "i1U'l'!11<1\!flnUn1nh1fl"i~nu (project for fun) "i1ti'i't1"1il'!.nnn 

Vl11flruY!f'l1i1VI-lu.<t::'i'I'IU11'11<ivd (seminar in mathematics and science) "i1U'l'!J11l1"i'lhLf'l"i1~11J (research 

projects) ~1Vi'!I1Ut"\J'111YiiPit;YI11'i"VIu11'11iiVIoJ (science special problem) "i1lJ1tlfi,nlti'l'l11~LUUL'I'IRUfltJi:j~m"i 

"Jni.'11'1n'i'!J1~~'ifuvfu)l11JLL<I~L Vlf\Uf'IUi}U~Il1 "i.ff\J~~ ~~tli ~m:t~u1'1i"n'1!1~ 1 \J nm \Juun'i~U untJ "i~iii'l!l~~ l'lfl\JV111 

'JVlU1PI1i1VIfi~fiU~i~!JUi.I01~L-lfllif1J 

"l1 v'hJ1[w; 1~1ui·,1u1 PI 1111111 ii 1L Du'i 'll1 ~ u m 'l ~ U!oJ nRu 'il::lli"a~i'luu ~~~ ~ l'iull"titilJ~ f1t;1 Vl8u~uU.i1 ~ lil autJ<t 1 EJ 

lu~~!ii'uli'omJP!n1!!1VIBU"Lln1EJ i~m~uuri~ut>i~uli'ouu;\nt;1U~ 4 \'i1lf11~~1u1~u.ii1La'l'il mu1umf'li~uui'l 1 
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'!liNn1~L~!.JtJ1u~::l'i\J~UlJ5!.Jl1Rmnu~ 5 L1<1::hhi1LII1Ja1lm~l1L~~~~!.J\J'i)IA1111(1J~1'!1'iYJ!.Jlo11J LYill'tlilllljmi<IUfl11Pimn 

1umRL~fJ\J~ 2 

m~iifln1'l"L'1!Juau.\J\JLR'i~~1U 

1u·m~m'li'ffl'lj1i:iri1Mvtvll1Gn!.JFh~iiH11lJl1lJ11Jill~·Hl\Jfl'l'llioltl1'lL~!J\J~Uuulm~~1\J L'!iu project based 

learning ll~il problem based learning ll~il research based learning (ulii1uuYII'I11lJ;f~1iltJ<~::1il'i1'll 
research based learning, RBL) RBL d)un11ci~l<l'1un17L'lvu~ll1<1il01~illl<ltli'IA.i'a~n'umi'nYI(]\'JDfl1'lL'liJ\Ji 

constructivism theory '!111~ Piaget L;t>l1~L~!.J\J'Y)tlf'IUi:im1uif'l111lLihh u'l::<lum'lruLM!.J1rlUU1~~~\J1~uth~u1U.<i'1 

'Wu1nihi'uu (prior-knowledge) qL1uuLuuq<~11~A11lJflt>ui~1!.Jill\JL!l~LilltJfll'lL~il1JL!HA11lJiu~::u'l::<lum'lruvhPi'~u 

nu f\11l1ffl111J L 'if11 <I Lim: tJ 'l ::<1 \J n1 'l ru ~ U IJU LL<i'1 fl1~ <111 ~A111l1'!1<J ~ ~l ~ !.JlJU.>h~::A\J il:: U.vt nlii 'H 0\J 1 tJ illlll'l:: 1'\' \J 
\1 ,. " ,. 

'!lil~\{u~l\J A111J~A111JL'li'11 IHL<J:: ti'l ::<1u fll'lruL~lJ 'i11J rl'UYI'J~~ fl1'll~ !1\J~ constructionism theory '!liH 

Seymour Papert L~ai1 fl11l1nlJ1~Liilllll1f1~<1tl\Jb~tJ~ilU1~L~tJ1 u.lii<i1lJ1'lflllfl~~u11llu~L~mJLtl~M u.il::fll'lL~uuf 
"' \1 \1 '\1 

'ii::Lillll:fi'u1~~iiiiiaui!J~L~!J\Jil~iilln'l::Yi1~1!.Jvt\JLiN (learning by doing) 'l1lJ~~YI'l~5f111L'51Ju~ Social constructivism 

theory '!Ill~ Vygotsky YIL;Ili1 nl'iviRuL~li'hJ::YJ!ja1J~u5nu~~u.1vtauJJ~~•~i'iu.'lmiilll L~~::n1'ltl::m:au~u6 
mh~oim tiu~'l::llil~tjl'li'l<~nu~ ~u.101amJ'd i:itl~'l'i1l ~1::~ue~ii\tlryry1ui'm1111Jft~ i:in1~~fli\J'Ji1ut~u1~>i!JL ilu~ 
tl~lllli!J~L1ll1 UtJ1fi~!K~mh1 i:iiiYJG\'tiltl1~L~!.J\JlLitJ'U~1lJ1i~ (cooperative learning) 'IJ!J~tll~~~tll'll~!J\J~U.UULA1~~1\J 

RBL ~Luum::mun11i~11 ~1v1'"~L1vu;1~u1ill\JLil~~~Y11~~1\JLUmnYil~iYJI111'11Cifl{ \1'n\'J::m::u1um~ 
Yl1~iYI1.111'11<111liU.l1:JLill1lf'1ifiYil~iYl!J11'111tl1l~ (~'l1mru fi~Yii'21 , 2542; G~oUtJ ~~rut'tl~131, 2531 :2-3; ti~~EJ ll.rl1',1VEN1'l, 

2550; etmU\Jl Lfl'tlui'im]151, 2546) ll.li:JLU\Jfll~II!JlJL11um~EJ\JfiJnn~::'U1\Jtl1~i~tJ ~uniYI!J11'11l111li1-ti1um1U.CI1-ll11 

f'I11JJf<~1flfl1'iil~iimJ!)DU~ u~::ut~mnnif U',u thJf11'l n'l::illu 1 ~um1vui1'~u1n~::\J1\Jf11~ L1vu~u<~:: a~1~.,~1J v • v 

LI<I1~A11Ul~1!Ji11\JL!J~'i11flfl1fl1lJ~11tl (general question) vl<1uh U.<1::~~\J1LU1JR1fi11J'i~!J (research question) 

~CI1lmn!luf1ll 'U\Jfl1'iY1~118~L Yial11fi1vmu 1~ u~'l~ RBL \JBf1'1l1flll::'!bm1~ull1'tl'ti:JU<J:J~Il11'111Ul11U1'lfl~1ul1'n'lj:: 

'iil!J11>i'LU\JtlU1~~ Uol111~'i1nl1'n'<!:Jf11'l~il<ll~ L'liu fil'llh<itJilobilU<JL\J~Uli.UUfl1'l'U'l'lEJl!.J (oral presentation) l1~U~1\J 
v v 

L~ !.J\J (writing presentation) (Berenfeld, 1994161; NRC, 1996; Colly, 2006[7]) 

RBL L UtJfll1~~\J11'11llJi'A~ 1 wihuPI1<111litl11<1il\J (pedagogy knmvledge) 1 Yl'l1 ::~a~hln<Ji5m~Ciil\J 

~',lfl1tl\>lil1!J L'li\J fll'lllil\JLIUU'I'il~1\J~'U~I1l'!ftl'U~11Jfl\J (cooperative learning) fl'l~<lil\JU.'U'U~tiutJ (inductive 

method) fl11Citl\JLL\Juihu!J (deductivemethod) n1~<1il1JLLUm::~!J<IIJ!J~ (brainstorrn in~) fl 1 1<HJu1own1 ~ll~iitl 

tl!]~ (learning by doing) tll'l<l!llJLilll'l1i1tmun1~ru;h~a~ (simulation) flTi1ttJ\JLI1ltJtl1'HnllVJ (demonstration) 

LU1JI'i'1J 

ill'iltl~11 Mi1 RBL L uum~ill1ltll'iL~EJu~vh1rulJ1~1 ~!1\J~~~ ifm11CI1'i::i'tll.,li'n Ll~::rl nl1'm:t::L YitJm~•im~'iVI 

1uPIIlrm1:1~ 21 (~fl\:J::~'it>JLL~:Jtll~\'1 -.1'n1:1~fll'ii~U\J~U.<1::tJ'll1lfl11lJ ~n\'J::Cil'iii\JLYII'I ~ilLL1l:JLY1fiL\JL11U lll1l!Jil~LB!JVI 
v v 

L\~lJI~lJ1v'l~ http://vvww.youtube.com/watch?v=60p0 _ VfnC2M) 

tll~iJIJl f11'iL1EJu'i'll 'UU Lfm~ 1\J'lYIEJ1f'll<lt;~ f~L u'-.Jfl'j!j'lJ11Jfl l'li~!J l tlun 1~ uihtl tl1'ii'l fl'tlltlU1-l LL Vl'il ~" L Ynl:: \J .. ,,. 

<11U1'lfiYt~\J1~~Ufll~tJ\JUil:JI'I~hiYif!llJ '] nu 

LA'l~~lu1'1'1!11A1a~ftu1'l~L~!Ju~VI1mru'i1'ti1YJu1au 1jfl~1\11'l 

v1flU.'UlJ<l1"l1'ilfl111lRVIL~u'Uu-l1JtlL~EJu lll~V"l~Uiu'!lu~<mmv~<lll\J u.<~~'llil<i'~Lfl\ll'iltlll'lru~m1JJn11'll'i~Uiu 

m::u1tJtll'l~fln1"lL~tJun·J"l<1iluL~mnu1 'dlLfl~~~1tJ'iYJv1f'l 'l<T1Wl v.ui1 nwli11f'l'l-l-l1UiYI£J11'1l<llil1Ltluii'ilm'JJJ~tJ1n 

bi <nlJ·n Ll'l'i' Jt .,;'La1'i11tilrnu 1 u ~ ::v ::\1 <11 ~ n·1 1-1 \J?J B m~~ Lfl'l~~lUiYI!Jlf'I1CIIll 1~1h<1ull hiL 11lll1Lvi1J ,~8<1'hH1 ~••h1u 
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\rlm VlUU fi'ui( f1 !:Jil1'\1'1JiN1JnL ~ IJ\J~iifl11lJ<I1lJ 1~0~ \PI1:!4f 11J'iYlU11'l1<!V!{ U<t t:t'llUVIPI'l<IVi { \Jtlmnnilfi'~l1Ui1 

~,u..,rt~n ~ '!VIflgj1l.J ~!Ji a nm~uu1'1J1 LA'i~~1\J'i'11mf'l 1aVJ{ ~1 m1 rym ~~ nci11n·n·11mJ<i a v t lium 1CJu~m1lJflV1\ 'liuil 

n~:::~~e.~alliam~~lilm~~~uwn1~aautu~hnlA~mu'iVJE.I11'11<!1ll{ ua:::~:::aia~~~C-l<tn~:::VJulliEJm1W9ll\J1Uf1~~EJU LliutliLU\J 

un'i~v tuEJu1flliluth~u uuuu 

~ 1n'ifm;J<tn 1 n1u~ 1\J<IIUC-l<t n11 1.h:::~iiu~ tum vunvuu n'IJu~amuPI n~n ~ ~rii'un 11 Pin1.~n.ffuv1'u 21u 'll a~ 
h~L~£JW'J>l1mru11'i1'iV1U1<i'EJ 1jfllil1..,1~ 'Hl'LI111lJ i1m1i!lmn 25551ui1EJn11'1.h:::~ii'J,Y~,~lJiil 14 lJ1Vl1}i1\J h~L'ivu 

1ie.~am"i\J'Haiiuv~1u•::rii'u~lJ1n 12 lJ11il'l]11.J i'hi1v~ 2 lJ1V11~1u~1~11::rii'u~ u'ufiulJ11il1211.J~ 5 ~'J\JrJnci'lJ~Vl~ 

V11~f11'H~U\JUil::: lJ11il1}i1\J~ 4 ~\~IJ1tlUf111AVi'iLI'l11:::-.l Aliltr~\t'l11::~ 
rii'~Su m~ [J~~ 1v1W 9lJ \J1 111 'j~ VI n 11\ ~ U\JTIIll tJ 1 mfl ~ ~nui YliJ 1!'11111il { ~ ~ u"l19ll1.J 1 ~111:1:::1 ~U'Ut1~11n l ~U'U 

v v 

~<J~\'luu'lYlU1!'11<11il11Jiiil1t'l h~~~uu~~1mrun!liYl£J1<i'EJ ljml1..,11 ~~tl~9ll1.J111m~vu1u~wm.JL\Juun1~v 

unu1 :::~1:1~Riilfl\J~1\Ji'l1tnl'11a\ll'lUil~ L '111'1L u lnti ~iil'l11lJ<I1ll1'im:::rii'ua~~u1u <f1..,1'u 1 \JUV1fl111Jt1 tii~v~::1.i1\<I\Jv 
4 • v 

"" fl11U'i::~iiuiivwl 'l11J<I11J110~hu'li n1:1:::i~£J'Uv~11m ~ vu~a~L1uuiYlEJ 1PI1Ml{JJiii111'l .fful1rrv1Jiimnu~ 4 h ~~ ~ vu 

~~1mru11'11i'tlm<iu 1jfllil1m1 tlm1Pln1:1'1 2555 ,j1u1u 24 t'l\J 

uuu1.11:::Liiuii~lfn11Jfi11J110M1Ulln't't::'i~EJ (Research Skill Competency Test) 

Ll'LIUU'i:::~iilJiililPI11lJl11lJ1~0~hu'lin1:1:::i~EJ (Research Skill Competency Test) ~1u1u 30 ifa ~~ 

uu~PI11lJ<'~1lJ1<;olihu'lin~~i~uavmtlu 6 Vln1:1~ tl~~n<Juvhv 'lin1:1~fll~~~Phm•J n 1 'lri'J..,u~u.<t~t'l1UfllJ~1U1.h 

fl1'l~~CilJlJ~!1U fl1'll~UU1lJLii~1.Jij1foinW!J<J~,ij'1UV<; nl~tltlflUUUf11~Yl\1l<t<J~ Uill:fl11~PI11ll'l-llJ1EJiftll;jtlU<t:::<t~ifil<illJ 
L111£JUUU'Vl~aaurl'L~Ut1Utl::L~£JUL~£J~lJl'il1fl Test of lnte~rated Process Skill II '!Jtl~ Bums, Okey and Wise L111tJ0~v 
(•p::: ~~Yi'l-.,lJ) ~~A101lJU~il~ifaai<J~f111fi11iltiU 2 UUU ~a fi1vttiU'I-1<if1 (ij 4 ~-~~an A,B,C Utl:: D) U.il::P111lJlYuh 

<11'1-11uf'i11llil\JM.9n 0~m~um111J1lU'I'l1::~ifulJil ,j1u1u 25 ifa LVIEJ1V~'Iin~::n1'l'i~tJL\~!J~ 5 to11u £Jm1uvrn~::n1'l 

~P111lJMlJ1tJial;J<tU.t~~a~iia~lu 

t;l1'l'1~~ 1 ~1m.h~uuutl'l::Liiu~61fl11lJa1m'Hllil1uYi'n1,1~1,ijv iiv s VJ6\Civum5or~i'luuijill'u 

S. L\llL 1.iauvhfl1~ '11\lltl i)~ 'i lu ~U,Ilii'll1l~U1UC-ltltlci1~ 1 'i~ ilfl'l 'ill::il1U'!J a~1.i1 mn\11) 1<1 1 miii'lJ1fl~i1Vl 
• v • 

L 'lh~'l::vill!il t 1.JU flLn il1 U. Yin~1 u~iiu1lJ1nllhvh nw LlvlQ [U \l lJ ii'tltl1\h.L vlfl ~ 1 ~ nu Ri) 

0,25,50,75 U.il:: 95 ° ( 

<llJlJ;,.)j1lJ'Iltl1fl1~Vlmiti1il'fi<J EJ~ t 1 

A. ri ~f1\Ja1~ <t::mulJ1 n J1VI1<t'Vl11EJ~ ~Il::illtMimn 

B. ri1Jl\ll1<1V111<Jil::Ci1EJ1!ilmn m1t~ ::m<J1wumnain~::iif'n'J lJWnuiJ 1n~~~u .. . ... .. 
C. 'Qru~IIJD'!la1ti1L i111=tiu n1'lCi~il1V'!la~111ma~V11Jiiu 

D. B~H\hu~lJ1rulJ1n~u ~ru,IJilvhM~::Ll~lJ~u 
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fl1~~~R.lLl11J 4.38 (87.6) 0.495 

fl1~fi11-lU\lliUl~F11Uf!IJ~1U.1.h 4.42 (88.4) 0.504 

m~~~<IIJIJ~.l!1U 1.79 (35.8) 0.588 

m~11Xiiu11JI~~\Jfi\MnmJcH~1u.tl~ 2.58 (51.6) 1.139 

fl11£JtlnU.UUn1Wiillll'il~ 2.96 (59.2) 1.122 

1'UJ 3.23 (64.6) 1.312 

•iiumi1R'qJ.m~<~ii~ Yl1~~u .o5 

'il1n1>1111~~ 2 Y1Ui1 um'iuuiJ~illfl111J<I11J11CI~1U~n~'l~u1~mmYI11ll iiR11il~!J 3.23 AI>IIUu{mm~ 64.6 

Liiuii;moniUU11!JWn~~ YIUi1Uni~!JU~F111lJ<I11J1~CIWn~::1~vu.~n~1~nu 1VI£JR111J<I11J1~Cifl1~ri11-lUI>IUil~I'I1Uf!IJ 
~'lU.\11 iil'i11il~!J~~~VI 4.42 fiillliJui'mm:: 88.4 ~m<HIJ1iiv n1~~~R1CI1ll n11CJunu.uum~YII>Iil'il~ rmt"uv1~1 

~~~tlfi~nT; ~~iii'I~U.UUiil~VU.Il~i'CJva:: A'il 4.38 ~'i1v11:: 87.6 , 2.96 ~uvn:: 59.2 , 2.58 ~mm~ 51.6 u.a:: 

nmf~<UJIJ~~1\J iil'i1m~u~1~1>1 i'l'il 1.79 iiilliUU~uEJa:: 35.8 

2) n1-;ilfl11::1<1LtPivULYivul'i11il~V~I>IFI11ll<I11J11CI\1'n'o!::i~uu.l'i11~~1u 

rmiLm1::1>iLtPi!J uLYi!Jufi11il~!Jii111FI111J<I1ll110~1uV!n~~i~!Ju.!Ji<J::I>i'1u9111l'lli'tlu~ Tukey •h<~~~ffi~ 

iJA1U~nU'iHIIUU F= 46.582 Ul1::1Qu~~1nfi1110Ui~fi1U1ru1\1l F0 111nni1 F inqVI 

knli11'1 .'f1V0 1'• .. ~1\J01\tn" :;~ll.l fl 1'· 

r;'lm•;,liU . ~ ~ ~U.!!J:;,11l.l {iu1UI~·I ili'lt'iii ~J\J -, .. ,., 

•i')\Jo"\~1 ;;: II'•'· \.l!)\j,.c",,., -,411 

.i'l<J\h --·--
.-:: '-~ l :·; 2._~'! ' "< 

-·-·----··~· -
~ · .:j,c,,o·w.~"\~1'• ":. :1_ r: -~~ 
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t 

t 

tJ<lm~'iLR~l~-.1 R1l hlili'l111JLL\llfl~1-l~::;ri1-lfhLil~CJ~::..,d1-ln1'l.Y~ri1(1 1lJLL<l::m~ri11-I\JvlLLa::mu"llJ~1LLU'l 

\1Jjjfl11lJLLillmi1~1~1-li1~fhLil~IJ1:il1i1~fl11CJtlflLLUUn-11VIIi1<l1NLLll::n1111<h11JllJLii~tJ!j~m1'1JfJ~Q)'1LLU1 LL!'I~thil~IJ 
tl :J cro. q I .._, U ~ I ""' U o u """""J u 

lill\JflTl\ll-ll'flJlJIIl.lj1\JlJfll1lJIJ.\llfllll1~~ 1fl VIn't:l:ili\1\J1l\J 11ltl1-11J\Jtll'flfl(\!VI1~<1(11i1VI1:ilil1J 0.05 

3) rm'iLfl11:: '>1m111 !ilJ,~u5 1:: 11i1~~1i1 fl11~1 i1llJ11(11ii'lu'l1n1:1::i ~CJ ri'um11JJu 1-iJ 1 um'llll euri 1m IJ1-Ili n 

LlllCJfll111ll'il<1'lJtl1::~Yl~l'f'11i1lJ..,~u6mh~~lCJ'!J1NLYliJ1.ru LYhri'u 0.521 m.h~i1ifmh~''l!VIl~aii~~'l::vi'u O.Ql 

LinearRe9resstor. 

" 0 

0 

17 0 0 

.. e 
0 0 ~ 16 

IS 0 

" 0 
RSql.xle.1r .. OZ.1 

1J 
1200 ''"'" HHlO 18.00 20.00 22 00 '2Hl0 

Confidence level 

'1 n LLtJ\Jill\'1 fll~n'l::' liJ VJUi 11t~'Ufi111JL ~!JlJIJilUfltLL \J\J •1n fl11Vi1LL UUVI\ll <lflUilR111JiKIJ~\JGrl \J 

tu-i1f'!VIl~U1flfl1J1U"'itvlUU1Uflim 

00 

so.ooo 

70.000 I 

bO.OOO 

50.000 

40000 i .• 
30.000 

20.000 

10000 

0.000 

' • ~'W""'u"'r"'t:"" 'dUhru'\~ 

W li.;11U\O£n.Q~I·l:'Jw'\«o 
11.190 

88 S J 

11.!121 l7.'J07 

sa n 7'1 11.0~-=i 

lf'111llr 

35.484 

64.516 

L2 .676 

.'i7 =\27 
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~1n.rm~~ 2 \\<1~H1.XI\1u111'tlEJ<l::'U!NI'l~llmUfi1Vll.lU'-I~·n[lmLl1::~ut'l <~~n111'!l!Jl1Z'tll.l~el~Vll.ltJR1VltlU'-I~f1 
~ ~ ~ ~ 

onu.UJUJ~u1'il 1uVIn~VlF111lJ<'1"1lJ"l'llllii'1u\1nt;::%u . . 
~111~~ 3 m~'iLI'I11Zvlfl1LU~UU.!1dt!!Jl1:: 'tl!l~f'111lJ~Ul\J1um'iVltlUA1\11lJ'-l~f1\Utl'i11Jiii'1u 

1i~A11lJ~1lJ1 'H1~1U\1nt;::1~V " S.D. ~iJV<l:: fl::LL\J\JlllllJ x 
i111um'illi~fi·nnu 5 4.29 1.220 85.80 

ii\'11Jf111fiTI1\J\11U.<l::i'I1Uf)lJ~1L\th 5 4.42 1.322 88.40 

lii'1Uf11~~~<1l.JlJ~_ii1\J 5 3.00 2.380 60.00 

Iii' 1 u n 111 m1 !J 1u 1 ii~tJ liu'i n1 'i'11 t!~~1 u. tJ 1 5 2.83 2.470 56.60 

lii'1Uf11'itll.lf1\LUUn1Wl\iHlm 5 3.58 1.794 71.60 

'i1l.J 3.63 1.837 72.48 

'il1f1Vl1~1~vl3 Y~u··hl'11u~um~vuiii'I11U~uh'lunTi'llluufi1mlJ~~~'l~ i'iu im;::l'11um'ifi1'-IUUIU.l1::mu~ll 
~1UU'i iilri1LU~EJ 4.42 1DEJ<l:: 88.4 U.l1::vl1Uviilfl11l.Jli'uh1unTiVlt!UR1CI1l.JrhLil~EJUtlEJvi')V1 fttl ~1Un1'l1.XilfJ1lJ 

Lii~tll)tmm"i'!J!l~~1U.th LV1ailfi1Lil~tJ 2.83 ~VJdJu{v!J<l:: 71.60 

a'{tlu.a::aihh1u~" 

1. un\1uuil~1111'111lJ<11lJ1'iCIIii'1uim!l::i~EJLtil!J'i1l.Jtl~1u~::~utJ1umn~ LVl!Jilfi11il~!J 3.23 • 64.60% 
oJ ~ d v &.' • •J .... ::: • d 

2. llnl 'i!J\J1Ji'l11lJ<11111'it:llil1\JVIf1'1!1l::f11'in1'-l\JiillUl::F111Jf)lJmL\ tl":i L\<l::VIf1'tl::f11'iVI~i'l1n111~~VI'llil 

hiu.111neli14nu Llilviifi11u~v 4.42 \lm: 4.38 111111<i11ii'u 'i!l~l'l~ll1~tl in'tl::f11'itlvnuuum'iVIIilav~hiu.vmCii1~'il1f1in1!1:: 

m'i1mJv1l.Jiii~tJi)tmm'l'tlm~1U.tl'i LV1uiil'i11il~U 2.96 u.11:: 2.58 U.l1::in,;::viiif11\il~VU<JU~'1V1Ae1.79 hlu.ri in1!1:: 

m'l~~i1lJlJQ\.ii,u mh~iiumh~''1JVI1~aii~ o.o5 

3. 1'111lJ~tJ1'iJ/hJli'ul'iJtum'illltlUfi1CI1ll.,<\'n nunT'illltlU~n/~lil iif111)JlllJ\-1uiJnumh~iiuva1rlqj'r11~<10~ 
o.o5 uim'il'l11ru1A11~~lJ~uilLtlu11V~1u iifl11lJ.rlJl-i'utfttJtuVii'IVI1~L~fl1nu1u'i~tKulJ1n fitJ ~m<~m'irh.,u~u.m: 

f11Uf)IJ~1U.U"l n1"i~~l'i1t:11ll Ul1::f11"l<ltlf1U.UUn1'i'Mll11H iJ'l::tKUf1111JJu1'llil~IJ 4.42,4.29 U.a:: 3.58 chuin'tl:: 

n1 "l.t~<llll.J~ li1U~~l tluin'tl::~um1 vu 1~A~ IL uuu<Jv~<1 111 n li'uih-t:: L\ uu~::~\JI'mllli'uh 3.00 ~~"~ n-i1i n1:1:: 
~ . . 

n1'iiltlf1\LU\Jf11"lVI\11i:l<l~ viiJA::U.U\Jlil~EJ 2.83 

'il1f1t-l<ln1'ii~VtK~mh1 li11.Xr1:lu-J1 Uf1l~IJ\J.Xt!~\~IJU'iVI!J11'11<1(;l{flii.f11A~LiJU\th'l-liJ1EJ iifl111JI'I10!11P . 
~ 1u~ n 1;::% v 1 u1:: ~ utJ 1u nr11~1 vi :nf u ~~~ 1 thnr m ~ vu~t9'!il 1fi un Llil m-hu n 1::: u1-u m•~ 1 uu Luvn::~~iif111l.J <1'111 -~~ (lvtiP11!1 

~1\J'J VIIJ11'11<1 vt{\\!1Zf'lrii 111P11<1\11{1J1 u.o\'1 nml.J ~~tlTilaU L tlv,1)J1;)1 ~~~ 01\J:J'U <l~f11 "lPif1'J1 iVItJ11'11<1111 fl VI tJ ~\\Ml~(i ~ 

A1111CIV1CI<lfJ :6"uv n~"l::UUf11'i~ f1't1111'ilt~tl~)J!l~'JVIIJ11'11<1f>lflU.ii1U::Lfl~tl~iiD 1 \Jf11"ll-i'j;jj1J1VIf'l'ltnf1llJ'4'tlU l 'i1'il::iftJ~ 
L uu fl111JtV1 L 'il\J'U t! ~ L U1.,l.J 1 EJ"tltl ~n 1"li'i n~niVI !J ·t1'111'1!>1 {1uvtn"l ~ ~uiu ~'i1lJ\t!1fi111J{'iVI V1!'111'1 ~f R111J { . . . 
;;11Jn"l::mum>l1!1::tl~ n~~<1)J"l"lCIU::VI1~iVIIJ11'11<1vd 11ilmom::mh~~~1tJUJtiuiKu'Uv~'i::uu t m~fJU ('1u6 R<i'1fJUi1 

[
81,2555) t-l<lf11"i'J~vdu.~!il~ 1.XL ilu11 rJL~IJ\JlJf111lJ,j 1\ uu!Kv~ 1~fUf111~ru'U1 U.<l ~.;~L<11lJR11lJ<11lJ1'iCIV'lluin'l'!:::'i~ 1J 
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