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TITLE THE USE OF PREDICTION OBSERVATION EXPLANATION 


TECHNIQUE TO ENHANCE STUDENT'S CONCEPTUAL KNOWEDGE 

IN DIRECT CURRENT CIRCUIT 

BY SARA WUT NASANGIUM 
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MAJOR SCIENCE EDUCATION 

CHAIR SURA WUTTIPROM, Ph.D. 

KEYWORDS: PREDICT OBSERVE EXPLANATION / TEST UNDERSTANDING OF THE 

CONCEPT 

The purposes of this research were to develop the interactive learning approach for 

direct current circuit by using Prediction-Observation-Explanation (POE) technique. The target 

group was 38 students from grade 12, Thungyairattanasuksa school, Education Service 

Mattayomsuksa Area Office 25 studying in semester of 2010 academic year. 

The one group pretest - posttest design was employed in carrying out the study. The research 

tools consisted of lesson plans with POE technique, the direct circuit circuit achievement test and 

satisfaction survey. The data were analyzed into the average percentage, standard deviation, t-test 

and normalized gain. The results showed that the efficiency of the POE technique was 

84.56/80.53 which was higher than expected standard. There was statistically significant mean 

difference between the pretest and posttest at significant level of .05. The class average 

normalized gain was in the high gain <g> 0.73. Moreover, it was found that the assessment of 

the students was satisfied with the learning activities of teachers at a high level. Research shows 

that learners can increase the concept as students encourage the real activities. 

http:84.56/80.53
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Vlfftlri'flfl~'hn~';h~';Wf11'J tlmntJ'J 1tlfJf11'J W 1i'J nJ'lf1~ f11'J '~1J1~~tl111Jft 'U f11'J 

... _I 0' 'JJ "" v 1 v ... ~... 0' _Id
flTi 1J1tJlJ 'J 1tlfJ f11 HI.! \PIfl~fl1f'1'tJf11'Jtl'U'VfU (inquiry) U'U 1 'U 1J'II fl~ f11'J! 'J tJ'U f11HYfl'U 11 fftl ff!lJ~W'U 

"I'" ~ !iI' 0' 'JJt lIJ ~ 
'il1tl passive teaching tlfl tliflTi1J1tJ 1J'j'jUltJ U(lt!1J'UF.itmJ'VIfl~fl~tltl111Ji'YI~111J~ LtJ!1J'Uf11'J 

d 'JJ 'I 'JJ ""... 'JJ 0' !iI !iI "I _I'" """''''' 1!iI •fffltH!1J1J'YI!'U'U 1 11Utll 'J tJ'U ff'J l~fl~ tltl111Ji ~1tJ\PIU!fl ~'il1tlf11'J (l ~1J fllJfJ1J \PI1J f11'J \PI \PI fl'U 'Jt1111~ 

irm~tJun1Jtli active learning 

1111'iI ff1rlty'llfl~f11'J L~ tJ'Uf11'JffflUi'1f1Vlfftlri' fl fl f11'J ff!l~ffflTVHn~~fl1Jf11'J!~ fJ'U f1,r 
(V "".. V V tV d .... 4 • 1IJ!iI~ 

um'J tJ'Um~f11'J~'U'Vt'U~1[1\P1'Um.:j 111J1tl'YIq'~ !'If'U f11'J L'J [lUf11':i fffl'UU1J'U'YI~(lfl~ C)f~U'U~ !~!1J'U 
v v 

11m[l'Jt~1J~~U~tllti1'l'r'U~i1ty111 n'ilt1'.i'J1J 1fff,j 'QtJt1'.iW U(ltinf11'J'Vr~111J~ tM'Utlirm~[I'U 'tJ 
v • 

'iI'U~~irm~ fJU fil11 'U ~i1ty'H' 1 flfltlU'U1Jf1 'ilt1'.i 'J 1J !~fl tl1fff,j 'QtJt1'.iW U(lti11 f11'J'Vr~ 111J~Lffflff1'J1'il 
'JJ 

\PI':i 1'ilfffl'U~1tJ\PI'Um~ 

f11'Jfffl'UU 'U'U';lU1V ff~!t1\P1 fli'U1tJL~fliIiiJU1tl111JL~11 lIU'U 1fi~ (Predict Observe 
~ _I d ... .1 ..

Explanation: POEs) !1J'UllJU1J'U f11'JffeJU'VI'VtIiiJU1'11U 1~[I White U(lt Gunstone (1992) POE 

!~'UintlU ~ijtJ'J ~ ff'VI ifl1'Vt~ 'iI~rl ~!ffl1J1 M'irtll~ [I'U '~Uff~~tl111Jfi~1i1uum~flfi tJ'J 1tJl~fJ1n1J 
v 

U'U 1fi~ 'YIHi'V1 [I 1f'l'1 ff\PI !!~U'UU\PIfl'U fll'J 'lh!ff'U eJfftl1Uf11'JWU llt1 M'ir tll~ [lU ';lU1[111 'iltLn~ eJ~' 'J 

.1 v "" _Id _I '" '" "" eli!il "'... "" 0' '" •0 'JJ'UUtl11Jf11'J !lJ(ltJ'UUlJll~ 11M'il1tl'Utll'J [lU'YI1'U 1tJL!(l1tl 11 'U tll':i [lU ff ~ltl\PI fftllUfll'J W~~tl(l11 
jI t I , I 

'il1tlir'U~1M'irm~tJ'U'Ufltlff~Viff~!tl\PI'~ U(ltfli1J1fJ~~tl111JU\PItl~1~'J t w:h~ff~Yi 1~';lU1[1'~nm"ll 

'il1f1fllnY~m\PI 
v v 

'H'~~'il1tlirUfll':i1~[lUfll'Jfffl'UU'U'U POE tJ'J 1tlfJiU~l'Ui~tJ'IIfl~ 'lh~l~ ~'U!ffl1J . .. 
(2551) tlml1f11'J ~~n'ilt1'.i 'J1Jf11'J!~ tJU f11'J fffl'U IIfl~~l'UUll~'Vt ~~~lU 'UUff'U!1U 'VIq'il~tl tlU ff~tl­

..... 0'1 GJ ~~d I 0 til VSI.ct .c1 tV;t:{ .4 J f Q " 

~1ff\PI ~tJ 1'lf11i POE 'Vt'U11'Y11 mF.i!'JtJ'U1Jf-Illff1Jq'VI1i'YI1~f11'J1'JfJ'Ut\~'UU H(ltff~lff'J1Jfll':iff'JH 

tl111Jf~1tJ~11fl~ tJ'J1tlfJ 1U~lU1~tJ'Utl~ W'J1mW 1.Jtyn'il (2553) l~fl~Uff~ f-I(ltlUi~tJ'Vt'U';h 

rltlUf11'J ~~f11'J!~ tJuf1~tJ1~11i POE l~tJ1n'UL~fl~Uff~t'U111~tl'YI1~!~U'Ufl~Uff~irtll~[I'Url1'Ui 11tY 

iM1U'YIUtl111Jfi~'hUff ~1~'U fl~fl1tlijff1JU~!'H'iitlU'II fl~L11mu~irm~V'U 'U l~lh'Uij~'m'VIU tl111Jfi~ 
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'llUff ~t~'l-.!f1~'l-.!Uma~'l-.! 'VI H !~'l-.!Iff''l-.!~'.i ~ Hi:'! ::::1 Iff~ !~'l-.!eJ\.l fllfl!fI ~eJ'l-.!~ 1t'lJ 'lJ'I1 ~'l-.!11 '"~ilU'l-.!'fl 'lJ'h 
" . 

trflil U'l-.! ff1'l-.!" '11 q)1j~1Ul1'l-.!fl111J~~r;huff 'I!~'l-.!'VIHI~'l-.!! ff''l-.!~'.i 'IUff~ 'I ff1J u~hl~f1 ~'l-.!Ui:'! ~ eJ'4fllfi 

'" ... 'JI 11} 1'~.., Q.o9 lIJ Q '" 'JI
ff 'If1'.i 1'l-.!~ l,di:'!fI''.i Ufl1 (2553) !~lI1fl1:l1~1U'VI'l-.!fl111Jflm'.i eJ'I'lJeJ'I !11 i:'! J 1m l~'I1'lJeJl,d i:'!~1 flf11'.i ~eJ'lJ 

U'lJ 'lJffeJ 'lJ tl11JtJ i:'!lmiJ~u i:'!~ fll'.i ff1Jt111:1tU I~ eJ ~fl111JUi:'!~ ~~ fl ~ 1J ~1Ul1'l-.! fl111J~~ '11 eJ~ trf1!l U'W1~U 

Q. QI QI .:::::to Q o'~ f ct QJ .c:S .QQJ' QI d ct 

!'V1U'lJfl'lJ~1Ul1'Wfl111JfI~l1 H1'V1U1f1'lff~ '.i 'VI~fleJ'l-.!L '.iU'l-.! Hi:'I~11 i:'! 'IL'.i U'l-.! Ni:'If11'.iJ~U'fl'lJ11 'l-.!f1!'.i U'l-.! 1J 

~1Ul1'l-.!f1111J ~~~Uff~~eJeJflU~ fl~l~f1'l-.! U~'I1"''1'l1fl ~~n 'ilf1'.i'.i1Jf11'.i tl U'l-.! f11'.i ffeJ'W 1~u"~i~ POE 

"'Wfll'fl '.i 11J trfl!l U'l-.! 1j ~1 II 'VI 'l-.! f1111J ~~ ~!Iff~ 'I eJ eJ fl1J 1 1~" flt{ 1ft U'I ti'lJ ~1B 'VI 'l-.! f1111J ~ ~ 'VI 1'1 

Q1l1Ulf1'lff~'.i '" 

f1~u'~~'.i~'I1trflfj'lfl111J"h~ty'lJeJ'If11'.iffeJ'l-.!U 'lJ'lJ POE l~eJ~WJ'W1f1111J1~1hu'l-.! 1~~ 
1 'QI 91 ~ .c:::t. Q f/ QI ct ~.l 1 9I~ (it 4( QI 9J 

'l-.! n~'lf1U'fl WJ'l-.! lf1111JL'lJ 1 ! ~U 'l-.! 1f1 ~'VI1'11'V1Ulf1'l ff~'.i '11 eJ '1'W f1! '.i tI'W I'fl1J'lJ 'l-.! ~rJfj1'i1 Uti:'! tI fl11 1'lJtI 
" .

1'1~'.i ''VH~hf1'.i::atff~'.i 'I L'fl'.il~'iJlflNi:'If11'.i'VI~fftl'lJ'.i~~'lJ'lfl~'lJfNtrf1!~ tI'l-.!o}f'Wd!ti tl1Jfffl1:l1tlli 6 tl 'fl.fI'. 
jJ , 	 ,,, I 

2551 ("hUfl~1'l-.!1'lJ~~'l-.!lif11'.ifffl1:l1'lJeJ'l-.!Uri'l-.! 1'lJ~ 4, 2551) eJd'l'l-.!J:11~'lJVi 52 'lJtI'I!'lJ~~'l-.!Vi .. . 	 . 
fll'.ifffl1:l1'iJ1fll1'1'111J~ 83 lHtlu'l-.! f1~u'W'l-.!m~ut'vhti'lJ 28.63 l~tlm'fll~1Jl~'.iJl'l-.!Vi 5.1 

fI~U'l-.!'l-.!I~1J 11.25 '~fI~U'l-.!'l-.!m~tI 3.28 tl 'Y4.fI'. 2552 t1~'l'l-.!J:11~'lJ~ 69 'lJeJ'IL'lJ~yf'l-.!~f11'.ifffl1:l1 
fI~U'l-.!'l-.!m~Ut\'hf1'lJ 26.58 1J1~'.iJ1'l-.!~ 5.1 f1:i:U'l-.!'l-.!!~1J 11.25 '~f1~U'l-.!'Wm~tI 2.50 (t'htrf1'll'l-.! 

1'lJ~yf'l-.!~f11'.ifffl1:l1'lJtI'l-.!uri'l-.! !'11~ 4, 2552) ~'1f1:U'l-.!'l-.!~'~fJ'Itldl'l-.!Lfltll~'.i~~'lJ~l ~'1,f'l-.!~i~tI~'1 
fi~~~~'l'iWJ'l-.!lf1Jl1Jl~l 'l ~1t'l-.! 1fi~ 'l 'l-.!1~eJ'I~'Ifl"11 1~ tI~~ ltJU1J'lJf11'.i ffeJ'l-.!~Nff1JNffl'W '.i~'\1';l1'1f11'.i 

'lJ'.i'.itl1t1Ui:'l~f11 '.il1~i:'IeJ'I 1~ tltrfltl tI'Wfll~L~ lfi1~ eJ'lJri J'I'I1,.j' 1 t~tI'l-.! fi l~eJ'lJi:'I'I" 'W f1'.i ~ ~ 11:1 Vh'l-.!1t1Ni:'I 

f11'.il1~i:'!eJ~ ~lfl,f'l-.!\'h",rtrf1!~U'Wff~l'1U'l-.!JflJ11J~~~\1fl~eJ'I 'illflf11'.i'VI~i:'ItI'I ~ll1 'l-.! ,~~~~ 'I1J:1''1'i11fl .. 	 . 
tr	'l-.! trflt~ u'Wui:'I~f11 i 11Jf1'l-.! t1fitJ'.i 1 tlU i:'! ~ffltJNi:'Ili\1fl ~t1'1 i:'I 'I"'l-.! f1'.i ~~11:1 't11'l-.! lt1Ni:'I f11'.il1~i:'IfN ~ fl'l,f~ 

..6 ..6 • ... .! l' .... ... "'I.... I d. 'I "... 'l!' ...
'11 'l-.!~CJ1~t1J t1L'.i tI'l-.!U'lJ'lJ'l-.!Ul:11'W f1!'.iU'l-.! ~~t'lJ1 ! ~'I1i:'1 flf11 '.i~H <l') fl'iJ: ff'l Ni:'! LlH'.i tI'l-.! ~ tI tlH1J fI Jl1J fl'lJ 

.......... " 'I Q";'.1 .....,:''1 "" .1 <v... ..._1.",........ '" 
'l-.!f1!'.i U'l-.!1JfI J11Jl'lJl L'ilU'W1f1~L'Y41J1Jlfl'lJ'l-.! Ui:'I: Ni:'Iff1Jtjl1ti L'Wf11'.i l'.i U'l-.! "l ~'lJ'l-.! 'W f1!'.i tI'l-.!1J1J~ff1J'Y4'l-.! ti 

1.2.1 1~eJ'l'iWJ'l-.!11tJU'lJ'lJf11'.i !~tI'l-.! f11'.ifftl'l-.!U'lJ'lJ't11'l-.! lt1 ff'I!f1~ t1ii'lJ1m~m;\JJI'l-.!lf1Jl1J 
t~l '1~u'W1fi~ 1~t1'1J~~'.i 'vJ;jlf1'.i~Uff~H 'l,r1jtJ'.i~iY'VIiifll'Y4~l1J!f1tll~ 75175 

1.2.2 l~eJt~1Jfl111J!~1"~U'WJfi~1~tl1f1'lJJ~n 'vJVhf1'.i~Uff~'.i 'I 
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1.3.1 f)1'HH1'WU1J1.J'vil'W1fJ ff,;jm~ t)'ii1J1fJlvtf.lvrWl'W1fl11lJt.,r1hu'W1fi~ 1~f.l,;j 

1,;jtj)'i'~;t1m~ml~H1ilh~iYl'1nm~~llJmWct1 75175 'Hlf.l'li f.l~l,;jl'i 

1.3.2 f)1'Hlf.l'WU1J1J111'W1fJ ff~m~ f.ln 1J 1 fJ tY llJ 1 'HH ~ lJ fl 1 llJ t,r1h U'W 1 fi ~ t ~ f.l,;j 

1~tj)'il~;t1m~altY~Hl~'Hlf.l lli f.l~l,;jl'i 

1.3.3 fl11lJI{11'H-W1l'11~f)1'i t~ fJ'W'Uf.l~,r fit~ fJ 'W ~ t~ fJ 'W 11 1J 1J 111 'W 1 fJ ff~m~ f.l n 1J HJ 

tri'W f.l~1~1'i 

II J! 1 

f1n1~fJfli'~ijlh~'if1mfil.f fif.l ,rflt~tJ'W'i¥'W,j1WlJffflfnilfi 6 ff'WiJ!fllmhfJ1'i~lmu 
"f 

" ." 
~1'W1'W 65 fl'W tri'W,rflt~tJ'W h~i1fJ'W~,;jlmlli'~'Wffmn ~1'W1'W 38 fl'W U'C1::t!fIt~fJ'W h~t~fJ'WtJ1,;j 

. ". 
ij,Til'1tJ1fllJ ~1'W1'W 33 fl'W f1~lJ~1f.lth~fil.fl'Wf)1'i1.utJ fif.l t!fIt~fJ'Wi'W,j1ifJlJfffl'l:nilfi 6 1H!~fJ'W 

" .
~~'myi'~'Wffmn ei1Ulf.lm~'W1'W .u~'H'!J~'Uf.l'Wurl'W "h,rm1'Wt'U~-n'Wfif)1'iffmn,j1itJlJfffl'l:n t'U~ 

25 f1~lJ~ti1f.lflt~fJ'W1l'1mffltY~1- mU~ff1tY~1 mfl!~fJ'W~ 1 ilflnffmn 2553 ~1'W1'W 38 fl'W 

<II 1 "'''' <IIt'C1f.lfllJ1 f)tJT6f11'imf.lflU1J1J'~1~~~ (purposive sampling) 

.1 oJ, "'I '" • '" '" oJ".l 1 " ...t'Wf.l'H1l'1 'If ~'Wf)1'i~1'U'W1f1UtYf.l'WU1J1Jl'11'W1fJ tY,;j!f1~ f.l1i1J1fJl'1tY'i1,;j'U'W f)fJf.l1~f.l,;j 

" " . 
,Uf.l'H l~llJ'Hnfl"lm tYOl'W ffmnfl~lJtYu~f)1'it~fJ'W r1l'1fJ1ff1tY~1 'li1~i'W fi 4 1H'~ fJ'W~ ~ 'my 

i'~'Wffm:n eilUlf.lm::'W1'W .u~'H'lf)'Uf.l'Wurl'W 

1.5.1 lri'WU'W1l'1H1'W fI1'it~tJ'WfI1'i tYf.l'W!~f.l,;jfl1'itYf.l'WU1J1J111 'W 1 fJ ff,;jm~ f.lnmmvtf.l 

~\lU'Wlf111lJ,,r1'~U'W1fif)1'Wl11,rf.lg'W '1 1'W'i1fJ1'lf1VJiYmY 

1.5.2 ,rf1t~ fJ'Wiifl11lJV4~~f.l1~~f.lfl1'i.uf)fI1'i'~ fJ'W fI1':itYf.l'WU1J1J POE 
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... .., 4 
1.6 'u.nllfl'W'n1l'Wl~ 

" " 	 " t '1,1 fll'jl;'1ivfli'~i1~1iv1~i!V11JffvfVi'm'Vn~11'~~i1 

1.6.1 fll'j fffJ'U U'lJ 'lJ Vil '1,1 1V ff'l1fl1fl fJ 1i 'lJ 1V1Yl fJ i \9lI '1,1 lfl111J l.,y-I 1lIU'U1~1fI (Predict 

Observe Explanation; POEs) 'H1J1V(i~ 1nfll'jfffJ'U 1i11v,:rm~v'UVil'Ulm'H'I11ff(l~1I~lnIfl1l1f)fll'j 

'VIiIIC1fJ~ n'ilm'j1JUC1~ffm'Um'jW'~fil'H'UiIIt""lI~I~'Umh'lh l~v'Ufillf1fJ'lJC1~ 1'1,1 1un'U U~1;'1M 

ilfJ 'VI ill C1 fJ'I/oW~lI,.r 'H 1,11 llf1fJ'lJlIlfHll'j'VIill (I fJ~ Vil 1..r,:rm~ V'U fffHU'U 1fl11 1J ti ill ~Qf)~fJ~ 'illf)fll'j
," 	 , 

'VIflC1fJ~-n!lt'U 1~111'I '11 "~1I1mr'1,1 flIuC1~l!m~v'U111J t1'UfJfhh lvuC1~ffltlNC1-nQf)~fJ'IC1~1'1,1 1'lJ.:Jl'U 

.. "'" fJf)'llfl'H'U.:J 

'JI"l ... 	 & .. 'JI'JI 
1.6.2 fl111JI'tI1 ~lIU'U1flill (conceptual understanding) 'H1J1V(l~ NC1m'jl'jV'UIlfll'U~'VI1i 

oWffV 	 1If1vifl1~1I1f)U'lJ'lJ'VIillfffJ'lJiflfl111JL.,y1t 'ilU'U1tiflYl1.:Jfll·H~ V'U!~fJ~1~'il'j hHhm~t!fflfl'j ~ 
J! 'JI '" & 1/4 d.l... '" '" 

1.6.3 	 fl111J tl11 'H '1,1 1 'VI H f) 1'j ! 'j V '1,1 'H1J1V(l~ N(lm'jl
d

'jV'U 4'VI1~1J'tI'U 'il'j .:J'tIfJ.:J'U m'j V'U 

.Q ~~ d , .d 'j/ .:1.::11 ~ J 1fJ 'j/

(actual gain = (% post-test)-(% Pre-test) flill!1J'UmYl1't1fJ.:JNC1m'jI'jfJ'U~~.:JtIlfI'VI1J fJfllm~1J'tI'U!iII 

"'" '411J J! d' '''I • 1 'JI ...(maximum possible gain = (100 %)-(% Pre-test» C)f.:Jfl1'V1 ~i'I'il~1Jfl1fJ~ 1'U'l$1.:J 0.0 - 1.0 iIIfJtJ1.:JfJ.:J'illf) 

1nfll'jiill'tlfJ.:J Hake (1998) I~Vf)11 normalized gain 



, 
UrIrI'" 2 

2.1 m'UTO'UU1J1JnnnO iJ~IfWI olmo 

fIl'HH)'iHL'U'l.niTu1v ff~lnl?l ~n'U1V (Predict Observe Explanation ; POEs) 1~'W 

lUu'U'tJ fIl'jff~'W~iWJ'W1~'Wl~v White Ire,:::: Gunstone (I992) POE l~'Wiifll'j~ihJn::iYVlnfl1'W 

" 41 .::'1 0 .dt C'!l

2.1.1 .u'WI?l~'W'\J ~ ~ n1 'j finn tI (Predict) fI~ 'il:::: IlJ 14 fIl'jVl1'W1t111H"Vl'il::::tn~'il1nfll'j 
.... ....;0 i<JJ.?' I 111 <JJ "t ..;...... <JJ 1<JJ 

Vlfl"~~ n'ilfil ':i1JU"~ fftl1'WfIl':i WVlfll'l1'W~ '11 'il::::llJ 14 ~V1~ ~':i'U1~ ~ fltlVl'W m':i tI'W 'il::::I?l~H '111'\1 ~H" 

L~tl1n'U fIl':i fi1'W1V'\J~~ irnilv'Wu':i::::n~'U~1t1 

2.1.2 ~'W~~'W'\J ~ -:J 01l ff -:J tn I?l (Observing) l~'W~'WI?l~'W~irm'itl'W~~~,,~ij~Vlfl~nH 
~mn.r 'I11th~~'Ul~tl1n'UfIl':iVl~"~-:J n'ilfil':i1JU"::::fftl1'WfIl':iW;JW'I11

.. u 

2.1.3 ~'WI?l~'W'\J~~fIl'j~ 1i 'U 1 tI (Explain) l~'W~'WI?l~'W~irm'i v'W'il~lfi~fl111J.uflU~~~'W 

Q.I 11::::1 fjJ Cl i ~ 31' 91 <I .d lq fjJ 0 Q • o'~ 
14 m':i tI'W 'il ::::~tl-:Jtl1i'U1V '11 ~ ~11t11f11~tl'UVl ~ ~ 'il10 fIlnl1f1l'jVl fI" ~ -:J O'ilfil':i 1J'I1 'j ~fftl1 14 fIl'j W lJW'I11 

" • JI • 

l1Jl~'W1u~11Jnfi1'W1t1Htl l1i,'W.u'Wmm'W':i1::::tl::::1 ':iUtl~114 film n i1Jff11J1'j (l'l11fh~~'U 1~~1t11?l'WI~H 

irm'i V'W 'il::::~tl-:J'; 11Jij~n'U I~ ~'W i 14 fIl'j'l11fl11?l ~'Uin nll POE "'11J 1':i (l'Ii1tJi..rirm'iVmYll1'ilUtl:::: 

1'1'14'111 (Explore) U"::::'I111'\1~Htl1J1~1imtJI~tl1n'Ufl111Jfl~'\J~~~'Wi'l1~~ l~miA'W1~mh-:Jg~114 
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Q;,J'j . 
tlfll'lW.Jl..!l'11l..! !~tI Whlte m'l~ Gunstone (1992) fl1'j.. 

" fll~ fll'j Wfl1n'Il..!l'l'U fi l\PHl'U'IIfl.;,Jirm~ tll..!!fl l..!'jlt11Jflfl"fl t! "fl~! 'I11PJ N"fl'IJfl.;,Jl'l1fl!'11 1 ffl'11 i''Ufl1'j Vi 1!'11 ri lil 

t~tl1n'lJt'I19Jfll'jW~L~ l'l1~ !'ill~ 'il~ fll'~ ffflEll~1!!'YIl..!fl111lfl~'IJ fl.;,Jirm~Ul..! !~tl1n'U!~fl'lU'ff 'In fll..!H"fl~ 
" 

'11 ~.:jfl1'i~~fl1·H1t1l..! i'Ul..!fll..! Ill..! 'YItjEl ~m)l..! 'ff1Pli'fl~1'ff1'1 1~1tI1~~'llU'U'Ufll'j 'fffll..!t! 'U'U POE 1 'U 

fl'ilfl':i'ill POE U'U'U 'fffl'Um:lJ'll'i~flfl'U~1t1fi lmll'll"fllt1LiI~ N"flfl1'j i~mm11 nfll..! fl1'j ~~fll'j 

fl111lfl~11U'ff.;,JLrJumpl lfl ~ 'ffll'jj~t'I1;jfll..!'11 fl~t'I1"fl1H~irm~tlu 'U 1'1 "hU~~'J!! 'YI U fl111lfl~';h1! 'ff 'I 

~ A ... ~ SI ~ Ad.., ... , ., ... 
tlJUfl"flUII"fl~!~U 'YIN! lJU!'ffUIPl'i ~ H"fl~H 'ff.;,J!lJUfl'4fllfl!fl"flflU'YIH'U 'U'I1lJU 'I1"fl~!'j UUVi'U11l..! m'j tlU 

ff1U 1 '11 qjiM'1U'YIUfl111lflfl11H 'ff'1!~U 'YIl 'I!flu!ff'u 1Pl'j 'I U'ff~~ 'ff:lJ 'jj~~'1flgU!!"fl~ fl'4fllfl tu 'j lfl 'j W 

1J~fl'il (2553) l'llU'U'Ufll'j'fffll..!U'U'U POE 1~!'i~flffflEll~1H'YIUfl111lfl~!~fl.:j'llfl'l ''I1"fl 1!ml~...r 
~fl:l.;!"fl 'illflfl1'jlPlfl'U U'U 'U 'fffl'U mll'll"fll tiltl ~ 'II ij.;,Jirm~ tlU!~ ij.:j 'II ij.;,J' 'I1"flU"fl ~ fl1 'j ffml1ElWirm~ til..! 

!vill!~ll !~ij~fl111l H"fl~ ~~mj 1l~1U'YIl..! fl11:lJ fl fI 'II ij.:j irm~ tlU 1 fI til -¥iu'U n 'U~1H 'YIUfl111lflfl'YIH 

~ tI!, d (l.I a ~(l.I I QI.do dQl .t::ll d 
1'Y1 tIlffl'fffl'j'YI.;,JflijU! 'j tlUII"fl~'I1"fl.;,J! 'j f./U N"flfl1'j 1'ilf./l'l'U11 um'j tJUlllPl1U 'YIU fl111lflfI'YII! 'ff~.;,Jijijfl 

Uflfl~l.;,Jnu 1I~'I1~'1'illfl~flfl'ilfl':i'j:lJfll'j!~tJUfll'j'ffflU1f1tJ1i11i POE 1Uflll'l'j1:lJirm~tJuii~1U'YIU 
... d 'fjlG]~.q QlQ,I ~.Q tI <I d2 

fl111l flfl'YIU 'ff~.:j ij flfl1l1 fI! fl€1!fI f./'1 fl'U 1Pl1U'YIU fl11:lJfI fI 'YIH 1'Y1 f./lffl 'fffl 'j 'ff'l fl':ill..! IPl :I.;!"flff'j II n1 

. " 
(2553) l'll II 'U 'U fl1'j 'ffflU U'U'U POE 1~!fl ijffflEll1'llu'U'Ufl111lt ;j'11 'il'UU flu! 1U'lJfl.;,J 'YItjEl ~ 

Q,I &::Io~ 0' .a .a cd ~ tlgJ Q ~ ~ Q fI 
flflU 'fffl'iflIPl1'fffl L'jfl~U'i ~U"fl~fll'i!fl"fl ijU 'YI flT~ 1!ml~'I1'IJfl:l.;!m'lf~fJtu flll'l CJ1~! lJUfll'i 1!fI 'i 1~'I1 'illfl 

fll'i 'U'i 'i tIlf./ fll'i1!fI'i 1~...r1 'll'i 1lPlflfl"fl 'illfl fll'i ffllfllElW!vill L~ 11 LUl~ fl1'i 'U 'i'i f./lf.1t 'if~1!fI'i 1~...r 

~,mfll'i1~tJl'l'U11 1'llu'U'Ufll'i Vi lfl111l!~11'il1U fll'i 1!fI'il~...r~ 'llU'U'Ufll'i Vilfl111l!~11'il ~flEl tu~ 
.,..... SI.I • SI i i .,

Declarative Knowledge l'l'U11~!'i tJU 'ff'j 1'111.lu'U'Ufll'j'YIlf111:lJ! 'lJl 'il U"flflEl tu~'IIfl~ Declarative 

~ ~ 1 SI ~ ... d::'1 ~ SI.et
Knowledge CJ1'1!lJU flH'ff'il.;,J'YIl.;,Jl.IqJ~1'fffl1l1'Y1!l.IU Complex Schema CJ1.;,J~!'itJU'ffl:lJ1'itl 

!~ij1l1f./~'I1~flfll'i 'YItjEl~ ''ll~'ll'ilflOfll'i~!flfl~U U"fl~j:ol"flfflltj'YIi'YI1.;,Jfll'j !~tJl..!1~tJ1~11i POE 

l'l'U'j, irm~ f./U iij:ol"flffll fl 'YIi'Yll.;,Jfll 'j!~ tJU'ff.. .;,J~u1 fltJiifl~HUU!~ ~tJ'ff.;,Jfl';hniju!~tJu U"fl~ii~lU1U., .. 
, " , SI ....1 "'''.1 1SI A

j:ollU!fltuCVI1l1flfl11'jijf./"fl~ 70 1U'lfl l.I'j~~'jl'lU1i (2553) ~l.IU'U'Ufll'j'ffijl..!l!'U'U POE 'If!l'lij 

. " .
ffflEllj:ol"flfll'i~~n'ilfl':i'jllfll'j!~tJUfll'j'ffflU !lfl.;,J.;,J1UU"fl~l'l~.;,J.;,J1U iU1J1itJ:lJffflEllll-¥i 4 N"flfl1'j1~f./ 

l'l'U11 N"flfl1'jffl'j1'il:lJ1Ull~1f1tJ1~11i POE 'ffflflfll{ij.;,Jn'U;11Pl'll'j~~11uirm~f./U !'lfl..! n'ilfl':i'jll 

http:flH'ff'il.;,J'YIl.;,Jl.IqJ~1'fffl1l1'Y1!l.IU
http:f./lf.1t
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<:v d <v QI <:v .,:.'::to Q.::I QQI f QI.::I .::I .::I 

fl'.i:Uff~j ~'tIV~'W fUj V'W fflVffllJtymJ'W fUj V'W ffl tI 1 '111 'I1l'1 r-H'Ifllj 1 'iWl'I 'IJ 11 'W fUj V'W fflt1Vl'l1l'1lJ 

mllJt~l i 'ilU'W1f1~j1'IJVV~H~V~1~ 'ilj'vJ;Jlfl'.i:;Uff~'j ~ lf1t1'j1lJU~1~f)11fflVffll!ty lf1t1tl1l'11:::: i 'W 

~V~~ltrJ'W~V~ i ~lh:;ff'IJf)1nui 'Wfllj ",~ijmJ6,j~'il~~ i 'W,rvnJ6,j~f)1'j H",f)1j1~tltf~i,ftH'Wl1 

i'W fl'.i: 'lJ1'W fllj t~ V'Wfll'j ffV'\..It~v,n~ 'il'j'vJ;Jlfl'.i::::Uff~'j ~f11'j i,f,rfU~V'W 'A'~1Vf)1ffi'W f)1'j '" ,:jijv 

116,j~'il7~t~Vt~tI'Wfi:lm:lw:f)1'j'Vh~1'W'tIv,:j1~'il'jveh~~1111inlJ vrni':ll 'WllJ:n'Wfl1 (2550) 

• !II. 

UH'WfllH1'V'WU'IJ'IJ POEs 11 tU'WfI11lJt'ii'1 i'WU'W1f1f1't1V~,rfU~tI'W"i'Wl!1itllJfffl'l::I11J11 6 1Ht~ tI'W 

~,:j i 'I1tY i'~'W fffll!J 1 V'W 'il::::trJ'WU 'W 1'V1H flUWw./'W If)U t~ V'Wfil'j ffV'WU "':<tf1t1 ri,:j t ff~lJfJ Wflll'1 

~ i3ld.1 "" "" d.!..1, 111.1f)1'J'Mfll!Jl 'I1lJ1J'J':ff'YI1iml'lflV~'tI'W~V L1J 



, 
"" 1J'YI'YI 3 

'" '" . 
f11';j 1~eJfl l'~ij t~'W f11';j~flf11 ';j 11 tJ'W fhHl i .ufln t'i't)'W 111J1J POE rWflrrWl'W 1t111:JJ 

!II .. Q d II) • .1 _~ ~ ~.. ..I....,
t'll1 ~~U'W1t1flt';jfl~1~'n L1'4l'11fl';j~U'f'l'~H m.'1~fffl'l:l1t111:JJVi~'VH) tilVl:JJ~flfln'f'l'fl'WU1J1J 

"'. . 
POE mi:JJ~1fldH fifl tl'm1tJ'W'.if'WlJ'fitJ:JJfifl'l:l1ilVi 6 ~'WJ'W 38 t1'W Vifh€l~fifl'l:l1i'W 

fl1t1t1tJ'W~ 1 ilflnfifl1;l1 2553 h~t1tJ'W~~1'HtY1'~'Wfifl'l:l1 fl1Ulflfl';j~'W1'W ,J,m1fl 

I 0 ,I ~ .di Q.I ~ ~ jI 1 "'...Q.I \Ii <It
'IIfl'WUfl'W 'f'I'1'Wfl~1'IH'II~Vi'WVlf111fffl'l:l1:JJ'fitJ:JJl'lfl'l:l1 !'II~ 25 9t~ ~fl:JJ1 fltl1'fifl11H'Iflfltl1J1J 

~,!Vi 1~! \l1~ ~~ (purposive sampling) rdfl~ \11 fltl' flt1 tJ'W,r fl~ ~~ fl ri 111ij 'W tl'flt1 tJ'W ~ I iifl fl 
. '" '" 

!1 tJ'W t'l'1tJ1V1tJ1ffl'f'l'~{ f1ru~ ffl'f'l'~ { U1J1JUH'W ni.ui 'W fl1 1 1,JtJ i 'W t1 l'~ij t~ 'W tl1J 1J one group 
. '" 

pretest - posttest design !ij'Wflq:JJ'V1flt'lfHl~tJ1 ij!f1~fl~i1fl ~~ij 

... ..." ...... e! """'... 11)" 1! .1 t
UH'Wf111\1flf11111tJ'Wll'Wfl111\1tJ'W fj1iltJ Lfl'f'l'-:iH'II'WVI~'H:JJfl 3 UH'W UH'Wt'I~ 

'" . 
2 fI11J f111Jt'I~ 50 'W1Vi lfltJVflltJU1J1Jfl11'f'1'fl'WU1J1J POE U'f'l'fl~i'W'u'W~fl'W~~fl1ViVi 

3.1 



9 

~
__....Y..--l__ 

I 

:>--- '1 ,*h]'~ ---tIoJ 

mn.J f11 'j ~f1 f11 'j L1 fl 'W i~l1\JlJ 'W 1~'W It!'W '1 rfUfH1 fl'W 1~'t11 f11 HI ,HI tH 'iI ~ ~ 1f1 fl'l 'W 
Ji 

;)'W (PI ij'W U'j flUfH1 fl 'W ~ij~'t11U1J1J'VI f1 ffij1J 1'f1fl111J I.u'1'1 'ill! 'W 1fif1 ri ij'W 11 fl'W ri ij 'Wf11 'j 'VI f1 {1 ij~ 
Q.I oCt "Q ... I fI '1 ' Q ~ QI Ai j}

'W fH 'j fl'W (PI ij~'VI1'W lfl1J 'j lflfJ f11 Hll {1 ~ 'W 6Jfij ~ 'YI1'W HIt--I{1 1I{1::: '11 {1 ~fl1'l 'VI (PI {1 ij ~ 'W fH 'j fl'W(PI ij~ 
Ji 

U'W iffl t--I {1 f11'j 'VI (PI fW~ {1 ~ '1 'W GJfij ~U'W iffl t--I {1 '11 ci~ 'illfl U'W ~ffij 'W U{1::: ~'1 fl 'W l11J n'W ijf1tl n fl... ... 

U{1 ~ ff~ tl t--I {1 i11J n'W U{1 ~ 't11U1J 1J 'VI (PI ffij1J l'f1 fl111J ,.u'1'1 'iI U'W 1fif1'11 ci~ 11 fl'W i 'j 1 fl{1::: I~ flf1 '\J ij ~ 
QI .:::.t", Q,.I .d 

Ut--l'W f11'j 'il f1 f11 'j l'j fl'W lUfff1 ~ f1 ~(PI1'l1 ~ 'VI 3.1 
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Ji 
nnnn 

... 
fHl tl111J 011 't1 ,. iUH 

1. f)1,:i1'~1v11hm:atff~H 
'jJ 1 0'... 0' 
~1[1 T"~:JJt~tl'jtHl~ 

... 0' 
Utl:JJ:JJt~tl1 

POE 1.1 '" 1 vlfl 'jJ .,. 0'f)1'j1~m~ttff 1 ~n[lm):JJ:JJt~m 

POE 1.2 ., '" 1v1fl 'jJ 1 </.,. 0'
fl1'j1~UH~tA 1 ~1[1 1"~lJt~tl'j 

POE 2.1 fl11:JJ~ltA 'VIltA 1vlfll n'U "lfij~'\Itl~1P11\~h 

2. fl11:JJ~ltA'VIltA 1v1fll 
POE 2.2 fl11:JJ~ltA'VI1tA1 vlflln'Uf111:JJ [111'\1 tH"1~~T\.h 

POE 2.3 'jJ 1v1fl '" .;.,; "'" fl11:JJ~ltA'VIltA lfl'Ul"ItA'VIl1tA 1~~ 

POE 2.4 fl11:JJ~ltA'VIltA 'vlfllfim~wl1JJiJ 

3. U'Htfl~tltA1v1fll!t"~ 
POE 3.1 fl1'j ~VLGJI",,1vlfllU'U'U tl'4 fl 'j:JJ U"~U'U'U'\ItA ltA 

fl11:JJ~ H fttl 61vlfll 'j~11 'h:J 
POE 3.2 fl1'j ~tltGJI"tlvlflltt'U'U~ff:JJ 

iii 

.;J11v1fll 

I 

POE 3.3 fl11:JJff:JJYrtA n'j ~l1';h~fl 'j ~uff 1vlfllU"~fl11:JJ~1~ 
., 0' 
fffleJ 

iii"".Q, " Q.IttA V111 U,,~f)1H)tltlU 'U'Ufl 'iltln :JJfl1'j fftltA 11 'U'U POE ffV~fl" tl ~ flQI'U11" fl~~'j 
iii iii 

f)1'jfffl'!n.;JtA;;tA l1tA VP'11iftfl'jl'lf 2544 'UV~h ~t'1 [ItA ~~111 f\if~tAflmJ1 

lrt V1tfl'j 1~,,(11 'Clfl ff~'j u,,~ ~"fl U 1'1 [ItA r~f11~111~ ~1,j[l~~ 1 ~fhl1 tA ~fl'jtl'Ufln
~ ~ ~ 

1~~" 'lh~liJtA~"U" ~ 1 ~ffrHU 'U'U 'VI ~ fftl'U 1~fl11:JJ t-fi'l1'0 UtA 1fi~ U'U'U tl n![I 4 1911 t ftVtl 
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i 

, 
<II 
!18~ 

v •
'lI811 

l. '" hHt " 1" "" ..fl1n~ lf1':i::::Uff~H~1fJ 1'Cl~UCl::::Utl1l1U~m 1·3 

2. fl111l~1'W'Yll'W hHh 4·8 

3. U':i .:jtfl~tI'W'vJVhUCl:::: fl111l~Hfff16'vJyj1'1::'Vi';h.:j~l'vJyjl 9-15 

"~Q,f 'U] jJ 4 IjJ QI 1!!J ~ QI £li' d 1 fJ) Gi fJ) 0 QI <J} 

~ 1 ~ fJ l ~! Cl tI fl 'U tI ff tlU 'ill fl 'Vi 'W.:j n tI UCl::::.:j 1 'W 1 'il fJ 'Yl1l tI ~ UCl1 t '11 ffl 'Vi ':i U ff ':i 1.:j 

UUU'Yl~ fftiU 1~ fl11m~1'1 'ilU'W 1fl~i'l11~ffflff 1~'fJ nn ':i' vJyj 1m:::: t! ff1l1 ~ IrJ'WltU U'Yl ~ ff'fJU 

U U U111 UfJ 'I1U ~ 4 ~1 !~'fJ fl1l11l fill! 'W:::: U1'U 'fJ.:j til 'il1'1 ~~11 ~mn 'il 'W'~!!U U 'Yl ~ fftiU \l,j'U 

ffll\j':iW ~1'W1'W 15 ~'fJ "l Cl:::: 1 fl::::U'W'W ffl'Vii'U'Yl~fftlUri'fJ'W!~fJ'WUCl::::'Vilt-:l!~fJ'WnUfl~ll 

~1t1dl.:j 

.4 'I " '" d" ')i... _ I "...... "" 11)" ')i!'Vw t'ViUH'Wfl11'il~fl11!lfJ'Wlff'fJ~flCltl-:lf1Ul1JUUUfl1H"tI'WUUU POE ~1'ilfJ'il-:l t~ffll-:1 

J ,~ '.1 ~ I 

'l1~'Yl~Cl'fJ.:j POE 'U'W uU.:jtltlmu'W 3 'l1~ U~Cl::'l1~1Jl::::fltlU<PnfJ'll~fl11'Yl~Cl'fJ~fJ'fJfJ fl11'Yl~f111 

'Yl~Cltl.:j'il::::U,j.:jirm~fJ'Wti'l'Wfl~ll mlllCl:::: 5 fl'W ~11lfl111lffl1m i'il1~fJ~i>ijfJ!~'W11d'1't!m~fJ'W>iju 

fl~1lti'W&tI.:j'il::::ijl1affllVf'W1r~~~tln'W ff -:lHCl hrirm~fJ'Wfl~l!!Cl ml1~fJ'W!~ fJ'W il:::: 'Vi 11-:1 n'W ffl1l11fl 

'fJ.o1111fJn'WfIlfJ'1 'W fl~ll '¢I~ 'il:: i~!1Cl1'1 'W f111!~fJ'W i'WU~Cl::::'ll~1I1.:j1l11l!1Cll~n1'Vi'W~ f111'Yl~Cltl.:j 
JlI 

, d Q,I do 

UllCl::::'l1~ll ~-:I'W 

3.3.1 POE 1 : fn11~'"1hfl1::::An"\1lHl~fJ'~'haPii'h\1l8{ua::::u811ij'\1l8{ fl1'1 

J d. Q,I rI 4 GI v QI d GI" Q rI QI 111 _~ SI rI Q rI <v 

fftl'W 'W 1l1~q111:: ff.:j fl!ff 'fJ t'Vi 'W fltl fJ'W t 'I1U 'fJ 1l1l!~ tI':i 1~ fll:::: t! ff tvJ l"I1UCl:::: '1 '1111 Clllll!~ 'fJ ':i1~ 

fl111lIPiHfff16' vJyjl'¢1 
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2. lrlmtl~fJ'mVifJlIJ'Um~UffhHh~'''\nm'H)'j~~flTW f) 'U U{l~ f1 trm~fJ'I.Jtl~r:h~~1'I1liV'\.lH1V 
U~f)~l~ti'\.lf)fh~ Ll 

iinntlNt'lfl11't1Vlt'l8-.3 

POE 1.2 : m11~m~~'\.I'vJ~1 ~dfJl;m"iit~v{ trm~fJ'\.IVil'\.11fJIlH'l~1f)f)11~V 

d~ ~ 1 ~~ fll'W 1~ fJij 1'U ~ 1'\.1 ~ ttl~ fJ'UtVi fJ'U N{l f) 11 Vi 1'\.1 1 fJtl {l::i N{l ~ If) f)11 'Y1 f1 {l6~111' 
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Vll1H~ 3.6 i'U~1'W~~~~hmlJ~lflm'nhwlmU1~rU;'1mlVl~1:I~~ L~~~N1:I '\I~.;j fl11lJtll1'.m~1:I1~ 

111,hii~~fl11lJIK1'WVll'W1'Vh~1 

1. i..y,rfit; fJ'W L; tI~ th11'Ufl'J ~ It1:1' 1vHh~1'H 1:1 Nl'W 1:Id~V1~.;ju~.;j~ii'\l 'W 1~fl11lJtll1 lOt91'W9lLlJ\91l 

i l~'W 1 tlJ\91'i 5 llJ\91'i ~lfl,r~tl111'HllJlfl 

............................................................................ i ........................................................................... . 

511 lIJ~.U!l ... "I " ... . 511 ...
POE 2.3 fl11lJ\911'WVll'W ~l"tl"tlfl'lJ'Y'l'WVI'H'Wl\91~ 
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2V 
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~---------- ______I 

I I " I '"" i .v 0 0 4. fj/ rud
Vll1HfI 3.7 'U.;jl'W'\I~mmlJ~lflflT~V11'W1t1U1:l~N1:ImlVl~1:I~.;j t'j~.;jN1:I'\I6~~'WVI'H'W1\91~ 

ii~~fl11lJIK1'W V11'W 1vJ~1 

, 1. ,rflt;fJ'Wfi~,hfl'J~U1:l'1vJ~1~1'H1:IN1'W1:I1~V1~~U~.;j~ijvf'W~'H,rl11~~Hn'W U~fl11lJtll11\'hn'W 

~~ai1n'W'H~~~l.;jn'W~dl.;jh 
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+
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• d 'It 
f1Il fHlfl'lJ fl111J "'.I tJ'W 

fll1H~ 3.8 'lH1U,r~filmml1flfl17'til'Wlt1UC'l~H"flTlVl~C'ItFl ~~tl~H"'lJ tl~~W 'I1.fJ:ij 

ii~~f1111J~lUVl1U ivJfh 

1. ,rm7t1ufiwhm~uffil'l~1~i'l1C'1fhl.ml~VI~~U~~~iivfU~'I1,rl~~H'Vhtiu f1111JV11t'viltiu U~ 

tlW'I1f1iJ~l~tiU ~~t'VhtiU'l17tl~1~tiumh~i7 
: q " 
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, ..".. '_.I_~ I ..., c I..., '_.1_'.\1 "'''' 3.3.3 POE 3 U'HUHU)'U 11l11Ut'l~fllUJVlHffflfJ1~'ttlH'lIl l1l11 UH'Ufll'HH)'U'Ull 
. " . 

1~Cl•'I.h ~ ff ~fl' tvttHm tJ'Ul.yjm.Jtl1111~VlffmflvJ~ll~'tt'h~'li1&9H.,~&li6'vJ'~~6ti'U~h~1'U'Vll'U 1Il'l~ 

trt6~mrl'U1~ 'illti'U~1~1'U'Vll'UmtJ'U 6flth~H .., ti'UUl'l~1~6fffl'}J1U1 ~ltl~6'U'vJ~ltrt6~6 

t9fl'll'l1vJ~1 U'U'U6'1fllll U'U'U'I.I'Ul'UUl'l~U'U'UHffll 

POE 3.1 fl1l~6t9fl'll'l1vJ~lU'U'U6'1fllllUl'l~U'U'U'I.I'Ul'U 

a b c d e 

a b a 

2 

3 


: 1. 'il1fltllYt fl ""r,rfl(ltJ'Ul;tJ~ih~'UUH~'U'illflt!6tJLtl'ttlll1flLvJ~ll~'.h~,~ a ti'U b,~ a ti'U

lc ,~ a ti'U d 1Il'l~~~ a eti'U 
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f111H~ 3.9 ilHl'U,rt)filmlllj)1f1f11'S'';l'U1Vttil~fiilf11'S''YI~H't),!J t~t),!Jf11'S'lPimC)filtlvJ'~hmJ'IJ 

t)'4mllUil~U'IJ1J'tI'Ul'U (1Pit) 

i •• ............................................................................ i ............................................................................ 
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Ufl~fl1111IPll~flflfJ 

fll1H~ 3.11 	 i'U~1'W'I'l'ofllm1l~lflfl1'nh\nfJUfl~Nflfl1'j'YIlflflO~ tto~t,j1fJ'U~V\fJ'Ufl1111ff1J'ti'W1i' 
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i t!m1fJ'WflIfl11m~Uff'W~1~~~~'Wmh~h 
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.. " 3.4 fll'Ufl1J111Jnll'UtlJJ" 

f J/ f 1 

fI11Hn 3.12 nl'm,J~tijtJ't11U'Cl~~lU1Ui1111-3'\JtJ-3UNUm~ .ij~nTH~tJUr t7tJ,n-31l~1rlrh 

m~U'l'l'~H 

UN'Ufl11 

~ ~ 1;)~fl11&'nJ'U 
..,
1'U 

<!I 11 
l~tl'U 

.­
!1M ;)1'U1'U(fll1J) 

, 
~ 

'n 

- 30 mnt')lf1l1 2553 
. '" l'l~fftJ1JntJUt~ tJu (Pre test) 1 

1 6 if ~'t11f111 2553 
m~1~1vJrhm::atff~H~1tJlJ'Cl~ii 

'" "t~tJ~U'Cl~utJlIlIl~m 

2 

2 19 if~~lf1l1 255318 fl1111~lUl'llU1vJ?h 2 

3 '" 26 'l'I'-3't11f111 2553 
..:. 1vJ~ • <V"UHtfl'CltJU lU'Cl:::fl1111~1~rt'ntJ 

'" ~~~1nil11vJ~1 
2 

- 2 tiUtlltJU 2553 l'l~'l'I'tJ1J~"'-3I~m.A (Post - test) 1 

UNum~~~m~l~tlurii~-3~lI~ 3 lINU 1U~ 1 m~:::1U~ 5 lum)~~nnl~fJUlriu 
m~l'l~fftJ1JritJUU'Cl:::mr~L~tlU ri1uuNum~.ij~m~(1fJUr~~~'1'i11u1u~ 2, 3, 1I'Cl~ 4 IriUItNU~ 

l.rtum~~~m'Jt~tlurl~fJ'~'11~l'l~'CltJ-3 



,... 

tJfIfi 4 

.o::::r.q,I ~Je:jq,l ",.td Q; .o::::r.:i/GJ.o::::r.., GI~ 
fll'i 'HW fl H 'W lJ 1~ q'll 'i:;; ff ~ fl! 'VHlVlWl'W 1fl11lJfl~H 'U 1 ~ 'iJ II'Wlfl~ t ~W t 'lI'fll'i fftl'W 111J1J 

POE tY1'11 i'1J U f1!~ tJ'W.ff'W lJ'1H1lJ ifran11 ~ 6 h ~ t~ tJ'W ~ ~1'11 qji'~ 'W ffmn tY1UfI~1'Wt'U~~'W~ 
~ Q,I -:! 91.o::::r.QI fJ} Q fiji r;:;C Q,I d 

fIl'iflfl't::l11J1WlJflfI't::I1 t'U~ 25 ~1'iJtJ'~lff'WmH'lfllntfl'i1:;;'I1'UtllJft!'iJ'W ~~'W 
~ ~ 

~ - .... 1.- A4.1 fIl'n!fl11:::'t'Iu'U~t.Tflfi.m'ft'UO'lfll1t.TOUU1J1J POE 

. 
VlUHn 4.1 ~ftfll'i1!fl'i1:;;11''I11'll'i:;;ff'VIifllVl'Utl~fIl'ifftl'WU1J1J POE 

pre-test post­. . 
<It ""(15 !10'lfl (10 fl~UUU) 'ntJ (30 test (15 N=38 

fl~!!UU) fl~UUU)1 2 3 

4.32 8.08 8.28 8.36 24.72 12.08x 

84.56 i 80.530.53 0.56 0.67 0.60 0.91SD 1.36 

28.77 84.56 80.5382.90 85.00 85.80 
I 

.... 1 .o::::r. L';\ <V rI lqfJJ jI d 
Uft::: 80.53 fltllJ'i:;;ff'VI1ifllVl'Utl~~ftftVl1i '111 !~'iJ1f1'.H)tJft:;;'Utl~fl::;U'W 'Wtu fttJ'Utl~fl~U'W 'W!!1J1J'VIfifftl1J 

i~m1lJ!,r11'iJ!!'Wlfi~'VINfIl'i!1tJ'W'I15~t1tJ'W (post - test) 

fIl'i;; 
. 
~ft f1l'i1itJ'll'i 1f1{)~~U 

.. 
tVl'i 1:;; ~1~fJ 1~fffl't::l1ff1'i ::;fll'i t; U'W i 'ill f1'11U~ ittJ 9l1'il .. .. .. 

1i1~ ~ tth.jmh~~ ~f1Y1~~f1111!tlflffl'i~f1'V1~fttJ~'il1f1.u'W~m..jfll'iff~1~"I(f1'V1f1fttJ~It1J1J POE ~f1Y1~ 

f1~'Wmtl~'il1f1tl1\l1'i 6~'ll;f1't::11~ ii'll 'i::ff1JfIl'iW ~l'WfIl'i ~f1Vi1f1l'i fftJ'WI !1J1J POE 1~'lli'1JU111'Ufl1lJ 

http:91.o::::r.QI
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, ')1 2 '" • • ')I d '" 'I '" .I '" 1flfJ 'lffll'JffVUU'IJ'IJ POE U'C11lJfl11lJm~\PI V'JV'JU'YIVmfllI~!HIUffU lll!'J fJU1Jlfl'll U !'Vl'Jl~lJ 

flllm'JlJ~ ''''nlUlfJNlH1VuchnnY1111011uirm~ (JU!r1 u~mti l\P1V'IJ1f1(Jfll'J 'YIfI'flv·m1l1iifll'J ff1 tJN'fl 

til\P1VU'Yl rJ'lJO'IJN'flfll'Jn lUl(J\PIVU~U U'fl~'U'YI.flflllm'JlJirm~ rJ'W ~,1l~fffl':h!r1U!~V-3 ~mflirm~ rJU 
~ 

II , , 

1:11U'l1\\i~-3'm~ rJU!r1 UVdHA U'fl~"'lUfll'Jff6UU 'IJ'IJ POE lr1Ufll'Jff6U'YlUtJ'flfl'l1ll'YlnrU 11-1' 
4I~ Q ~1i1~Q.,Id <JI (I 91 oGJiI 

U flI'J fJU'YI1U 1(JN'flUt11 m U flI 'J (J'W flUl11f11f16'IJfl1(Jflt!!6-3 'YIlll1 fll'J ff6UU'IJ 'IJ POE 'IJ'J 'J'l \PIUl 
• II 

1\P1QtJ'J g:ff-3~'Yl~-3'1ff6f1f1116-30'IJ tlrni'! 'WllJ~O'W til (2550) ffmJ1!tJ~ (JU'Yl(J'lJfl11lJ !'I11' 1l1~-3 

U'W 1flfl!~6-31-31l 'J 'vJ~lm~Uff\PI 'J .:J'lI6-3irflI~ rJU ffl(J ffll1'tyO'IJ irm~ rJU ffl(J1'lfl <M'Vl N'fl fll 'J 1~(J'Vl'IJ';h 
'" '" '" '" ')1'1 '" .,j 1I( ..U!I 1 ')I '" I'WflI'J fJUfflfJ61'lf'VllJfl11lJl'l11&llUU 1f1f1'Jd'IJrJVfI! 'J 6.:J 1.:J1l'J ml"llm~u ff\PI H flfJ'J 1lJU'fl1f1 fl11ffl(J 

'" 1 , ')I d 0 ~ ')I 'I ')I. I "''I • _ I '" "'''' ..., ')I • I'" "'..
ffllJty flfJHl'Vll~ 'W'lI 6'Y1 11 1 !lJ'WflV.:J l'lhJ'J~ff'IJfllHU lUfll'J'fl~lJ6IJUlJ\PIllH Ul16.:JIJU'IJ\PIfll'J 

II 

ff6 flfllt6-3 O'IJ 111 "l11 tJ 'J~ ~'J -WU i (2553) ffflEJ 11 tJ It 'IJ'IJfl11lJ! '111111 'IJu.w'W! 1'W 'lI6.:J'YI qEJ~ 

fl6Uff\PIlfl9i1ffl'i' 1~6-3ttHU'fl~fll'J lf1~6U~ N'flfll'J1~fJ'Vl'IJ11 N'flfflJq'YI i'Yll-3 fll'J!~ fJU1flrJ 1 ~1Ti 
POE 'Vl'IJ 11 irflI~ tI'WiiN'flfflJq'YIi'YIl-3fll'Jl~rJ'W lll-3~U 1f1fJiifl~ UU'W m ~ fJlll'lfl11rivul~ (JU u'fl~ii 
o , " , ')I ')I '" '" '" 2 ~ ....
1l1'W1UN1UlflWCfl1J1flfl1l'JV(J'fl~ 70 ff6f1f1'flV'Ifl'IJ ff'lml'WfI lq!tlfY'JUfl1 (2553) 11flEJlf11U'YIU 

fl11lJflfl!~6-3'l1V~ 1l1'fl N'flfll'J1~(J'Vl'IJ11 irfll~ fJ'W ii~1U'YIUfl11lJflfl~Ufffl'l66fl1!\PIfl~H O'W U~ 

m;-31l1 fl ~flfllIm 'JlJfll 'J 1~ fJUfll'Jff6U 1fI(J'~1Ti POE , Ufl1'Vl 'J 1lJirflI~ tlU ii~1U'YIUfl11lJflfl~ 
"J.VtSt ~d, Q.I cv ~..:::::::t; f/ 2 Q.,I f/ ~ 

Ufffl-366fllJl tfllfl'fl!flrJ~fl'IJfl1U'YIUfl11lJflfI'YIH1'Y1fJlfflff\PI'J U'fl~ff6f1f1C16.:Jfl'IJ W'J lmW 'lJ\1!flll 

(2553) ffflEJ11tJlI'IJ'lJfll'J ff6'WU'IJ'IJ POE I~V'IUff.:J N'flfll'J1~U'Vl'IJ11 ri6U fll'J~flfll'J!~ (J'W {1f1ut'* 

1Ti POE !~(J10'IJ!~6-3l1ff-3 t m11'11V'YI1-31f1'W'lI6.:JUff-3irfll~(JU1:11U'mYU~1U'YIUfl11lJflfl11Uff'l1~U 

6'4f11f1iifflJiJ9i m ij6U '1.1 6-3m'fl11 l~irfl!~ fJ'W 'IJ Hff1'W ii~1U'YIUfl11lJflfI ';h U ff -31r1'W fI ~'WU'fl ~1~ 'W 'YI1-3 

lr1'Wl~'W \PI 'J -3 U'fl ~U ff -31r1 U 6'4 n1f11f1~6'W~ U'IJ 'IJ l11JUl1 t1~I~ (JU'Vl 'IJ11irflI~ rJU ff1'W t l1tYii~1U'YIU 

fI11lJflfl11Uff~ !~U'YIl~ !r1'W U~'W\PI 'J -3Ufffl~ fflJiJ9i~-3f1~'WU'fl ~6'4n1f1 

d."."'.... ')I .I ~ d", '" 
fll'J ffVUU'IJ'IJ POE 'YI~11lfJff'J l'1'l1U!lJU fll'J ffV'\.Jt! 'IJ'IJ POE 'YIlJ ClflEJW~!Wflfl11lJ 

')I, .,j , ..,.!li ~..l 'I t '" .., '" d1l( ')I
!'1.11 m'J6~1~1l'J Tmlm~UffflH66fl1lJU'Ilfl(J6fJ "l1'W6l11fl1(J lU'IlfllI'IJ U'Ilfl1fl(J1 UflI'JfJ'W'YIlfl 

'" f"'i ,')1 11(')1' .... t,d ''''i .... '" .i t I , '""I 
!'JtlUt lflrJ 'lffll'Jff6UU'IJ'IJ POE tfl'J1lJlJ6flU Ufl'llJ'YII!'IJ~ lfltl'WflI'JfJUClf-3 'W!!fI'fl~fl'llJlI~lJfll'J 

U,j-3irfll~fJUI1'IJ'IJflCl~O'W fl6fl~lJlri-3 fl~lJtJl'W flClHUCl~ fl~lJ ti6U !~6 t,rirflI~rJuii fll'JGlhum~6 

OUfll(J'UU~Cl~fl~lJ , 'W fll'Jff6UUlJ'IJ POE u~m:;'IlfllIg:iiti lf1llJfIlflfll'Jwtil\P16mhm,j'1!~6 t..r 

" " 
irflI~ (JU I ~I! fffl-3f111lJflfllliU 111 flir'W irflI~ (J'W 11 ~ Uflll fl n lJ fll 'J 'YI fI Cl6~1.w66n 'IJ 1 rJti 1 tlllJ'Yl 

tI 0 , jJ ~ Q .d (\of d lI) !V d " ~~I ~ G) f 

fIlflfll'J W fllfl6'IJCl1-3l1 U lClf-3 flllm 'JlJ'YIU m'J fJ'W lfll 'J(J'W IIIg:!1J 'W flll m 'J lJfll 'J 'YIfI 'fl6 ~ l 'W UflClg:'IlfllI~ 

iiflllfl nlJ fll'J 'YIfI'fl V-3~tt\PIfl~HO'W 6Vfl I tJ ~1 tll!~Cl ~ flllfl n lJ 11 ~ iiti lf1llJ ~1 (Jfll'J 'YIflCl6~!~V,,r 

,rfll~ tlU'U fl~lJ'~ \PI6'IJ til fIllJ l!Cl~ t U U~Cl~'IlfllI~iifll'J 'YI fI ffV'lJl1t1'1fll n~ tI'W 1flrJ' '*'I16ffV'lJ1f1 

http:ffV'\.Jt
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" 1 Q A 	 Q,I 9J '1 Q,I 4. Q,II. .. 	 d 9J
fl11111'U1 \ll1\J1f1~'U(Hl\H)'H1Ui?H'I~1'H)~ I'tHn~fl1111t'U1 'il'U6~um'Hl\J'I1'Wil1m'HJ\J~1UflTHHJ\J 

utJtJ POE \1tJui?iC'l~~~ i1'mlU\Jt1i?iC'l~fI\J~ilU\J~1Ufll'Hf6\Jt1tJtJ POE \l~1~'Yl~C'l6~\ll~ yhl,r 
"'" 	 ...... " 0 Q • 1""'" liJ~I" 1 'pl.« ...
lfl~fl1111fl'J~i?l6'H)':i \J 'Yl1fl\lfl'J':i lIi?lC'l 6~l1C'1"1HNC'I 'I1\J m ':iU\J ~~ .... fl'Ylfl'l:l~ \J fll':i t 'ltlfl':i 6.:J 11 Vfll':i 

'Yl~C'l6~ 1~V~1~\l ':i 1~;t1fl'J~t1ff~ ':i ~ iifl1111 ffV~fI ~6~titJfl1':i ~~fl1':i11 U\J r ~111'11 ~fl\!~':i ffm\J fffl'l:ll 

1\Jfl~lI ff1 ':i~ fll':i ilU\J i1'Yl tJlff1 ffi?l 1 ~n!\J ~il fl\J!~\J tht1tyff6~ fI ~V~otJ fftl1-U \J ri~1fflllfll':i ffV\J 

'Yl1.:J1'YlU1ff1ffi?l1UC'l~L'Y1f11 \J lC'1v (2545) ~~.:Jri .:J!fflllfl'J~tJ1\Jfll':ifi~fl1111ff1111':itl1 \Jfll':iilm·Ji 

"M """fllmfllJty'l11UC'l~fll':i ff':i1.:J6 ~flfl11111. 

. 	 " 
Vll':iHii 4.2 	Nflfll':i 1mUtJ1YiUtJ Nfl ffll(]'Ylim·,mnIIU\J n v\Jilfl\JUC'l~'I1 ~~llU\J'UV.:Ji1'm'lfJ\J ~1\J1\J 

38 fI\J 

I m':i'YI~Ur61J .. 
X SDft~UUUAVl1J t <g> 

i 
. d 

flV\Jl':iU\J 15 4.32 1.36 . 
I 

... .,. 27.90 
i 

0.73 
'11 C'I.:Jl':iUU 15 12.08 0.91 

*p < .05 (p-value = 1.684, df= 37) 

\llfl ~ n H ~ 4.2 Nfl fln 11fl ':i 1~M<itVlI C'll14 vnJ'l U'IJlYi U tJ ~ 11 ~ g Ufl ~U \J \J nv Ul'l U \J 
" 

lIfl~'I1~~'l U\JNflfll':i~~fll':i l'lU\Jitl':i 1fltrJ1f1~u\J\Jmgu'I1 ~~ llU\J (12.08 '1116 80.53) ~~fl'h . 	 . 
fI~U\J\Jm~un6\JI'lU\J (4.32 'I11V 28.77) 6~1~iii1'm,ht1ty'YlHffiiiiYi':i~~tJ .05 (t-test 27.90) 

(IN;1ty n'il':i:;fll':i, 2542 : 1-6) lIff~~";h fll':i~~fll':i!lU\Jr1'l1111~ffl'11i'tJfll':iufl'i1ty'l11f111111~11\l 

lIU1fl~1~6.:J1.:J\l':i 1vh'.hfl'J~Uff~H1~ 
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... ,,; " "i ~ ... 9.1";...,(9.1 ...... 9.1" i 'jI of I 

Ul..!1f1~'YI1l..!l..!fl111J1~1 'ill1Jl..!<"H'Iml..!l..!'YIm'nlm1~'H~eJ""'eJ'U fH"I'il1flm11'i1tJ'lJH~l..!Uff~~ 'HI'Hl..!11 

,rm~[Il..!~ '~i''Um1~~fll'H~ tJl..!m1fffll..! 1~tJi~m1ffeJl..!U'U'U POE nfl111JI,r1i 'iIlIl..!1fl~1~tJdn'U 
, :K 

d~'iI1 'TI~lm~lIff~HmiitJtl~~l..! 

fl111J1,r1' 'ilUl..!1fl~~fN,rm~[Il..!ri6'j.H~ [I'\...1U"~'H"'~l~ [Il..!~l~ [Il..! 1~[1 i ~m1ff6'\...111'U'U POE 

'H"'~l~[Il..!"l ~fl';hrieJ'\...Il~[Il..! eJ~1~n,rmhrity'YI1~fffi~~1::~'U .05 ~~!~l..! ',j~l1Jffllfl!ll..!~~~1 ~u,,:: 
, tI I , 

m'.iVir-l"m'.i1~[I,j·nflu~~ihUfl~1J1'i11flm'.i!~tJl..!m1ffeJ'\...I1~[Ii~m'.iffeJ'\...IU'U'U POE L;eJ~'TI~l 

m::Uff~H !~'\...Ifl1Vm'U'U m1ffeJ'\...I~,j1~flfl'U~1tJm1'Y1~"eJ~ ~ltJ '1 'YI1~:Wffmn~tJnm'.i'YI~"eJ~ 
" ., 

fll1 d~ 'iI'.i 1TI~ 1 fl'.i ~ II ff~ 1 ~ Vi 'H" 1fl'H"1tJ ff 11J11tlVi 'iI::,j 1 ~ lfl'W 'lh:: ff'YI i fl1'Y1 m'.i ffeJ'W il1~ tJ i ~ 
~.::::t.;Q rI t .::::t. Jdi r 

U'U'U'YI~ffeJ'UUl..! dfl~ 1'lf~d'YI tJ1ff1ff~11J1~ '.i1 1'\...1 "l~fld1 m'.i ffeJ'WH 'U'Ul~ll (m1'U '.i 1 tJ1tJ1VW-:J fltJH 

'" ~ "...... ~I ....,( "'l ~l 'jI "I ~ 
l~tJ1) C]f~ffeJ~fI"eJ~fl'U 1'W'lf1 lJ'.i~~1'Y1'W~ (2553) fffl'hl11lJU'U'Ufl111Jt'IJ1 ~'iI'Ul..!'Y1'W!l'\...1'IJeJ-:J 

'YIq'hl61H)'\...Iff~i'fI~1ff~ Itfl-:JU'.i -:JU"::m'.ilfl~eJ'W~ fH'Im11 ~tJ'Y1'U';h r-l"ffllq'YI t'YI1~m'.i I~ tJ'W 1~tJ 

'~1i POE 'Y1'U';h ,rm~ [Il..!nr-l"ff1Jq'YIt'Yl1~m'.i!~ [I'\...1tl.;J~l..! 1twnfl~ul..!'\...Im~[I"l ~fl';hrieJ'\...Il~tJ'W 

, 
4.3 fll111A.ul'llU'U1RAA1tF.I1>11l11T1iho1::UlJVl1>1'1ltl>1UfU1£1'Ufttl'UUD::'Ha>1011VAn1l01111011 

4.3.1 POE 1 : tl111A1T1ihfl1~UlJVl1>11A£I,,nlD~ii&VltliUD~Utlllii!Vl0i 

4.3.1.1 POE 1.1 : m11~m::Uff1'I"Hh~dtJUeJllfll~eJf UfH~tJ'I,!'¥h'W1tJr-l" 

'il1flm'.i~ eJ1~'il1 ~~fl1'Y11~tJni 'U.;J1l..!~1,j~ t1'UtVi t.I'U r-l"m'.i Vil'\...11t.1U"~ r-l" 'il1flm'.i'YI~ "eJ.;J 
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200,Q 
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fl ~ 

1I1'W~ 4.2 flU1fl hHhm:::UtYflH lflv'~mnJil!flv~U~~ l1Mlil!flV~ 

Q,I d ~ f dlfJ $I ~ It) ...u~,t :; d I

1. 'illflfllVl fl u~~ 'II 'Wfl!'W'Wflfll1m~utY'YI ~\9l'illflfll'Jl\9l'llV~l~'il'J nn"'YI~tYV~'il~lJfllfl'j~l!tY 

!~'WVth~1'J 

. . .. 
'illflfll'J'Vll'W lVF-l~~l~'I1U'lfllflVtJ'til~'W1 ,j'~liufl!'l v'WflV1Jihi~'I1lJ\9l 3 fl~lJfllflVU 

flV fllVl fl l't'hnUfllVl 'II ijUfl!'lV'W~l'Wl'W 4 fl~lJ (~mm::: 57.14) flv1Jilm~UtY~~1'W1~'illfl• 
, Q,I dOl 9J 1 

fIlVl fl 'il:::lJlflfll1fllVl 'II 'Wfl!'JV'W'ill'Wl'W 2 fl"llJ ('JVtI~~ 28.57) U~~ flV1Jl1fl'j~UtYfIlVl 'II 

I 
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i 2. trl~tmmJtiitJtlm::;Uffinfh~i~~lfl1-3~':i~,unVt n ~ H~::; fI ,:rm~tJ'Wf)fl"h~::;rI1iitl'W'I1~tl 

ufln\9h~il'Wtl~H i ':i 

" . 
t't'hiltlfllVt fI lj,:rm~tJ'W~l'Wl'W 1 mllJ (~tltJ~::; 14.29) m::;Uff,r-3ffllJfll ...mYlln~l-3ti'W lfltJii 

I I Q.I ~ 0 I 9J Q.I " fllVt n mnnl1fllVt ~ u~::;mnnl1fllVt fI 'Wm'W'W~l'Wl'W 2 nqlJ (':itltJ~::; 28.57) m~UfflH 

f Q,I , QI I I dQl dol 'jJ 

ffllJfllVtUflnfll~n'WfllVt n t'YllntlfllVt ~ UYllmnfl11fllVt fI lJ'Wm'W'W~l'Wl'W 2 nqlJ (':i~tJ~::; 

" . 
28.57) U~~m::mff,r~ffllJfllVtuflnl9il-3il'W lfltJiifllVt n mnn11fllVt ~ U~::;"rtltJn11fll'Vl fI lj 

Qld 0 I" 

'Wm':itJ'W~l'Wl'W 2 nqlJ (':i~tJ~::; 28.57) 

............................................................................ i ............................................................................ 

~lnf11':iVil'WltJN~cil~'I1"rlrllfltltl~lr1'Whn~ 5 mllJrllYlltltl fi~ 't]f1IPi1U11'1..i-3lj 

m::;uffin-ltwvhil'W'I1lJfl lj,:rm~tJ'W~l'Wl'W 1 n~lJ dtltJ~::; 14.29) m::;uffinfh\9l1U<..nl-3~ 
, 

\9I1U'l1tl~ a = f \9I1U'l1tl~ b = c ~11t'11tl~ d = e ,:rm~tJ'W~l'Wl'W 2 n~lJ (~~tJ~::; 28.57) ii 

o I 

fllU'l1'W~ a 
0' QI 4 0 I 9J f

~11t'11tl-3 a f fllU'l1'W~ a b = c = d 'Wm':itJ'W~l'Wl'W 1 nqlJ (HW~::; 14.29) U~::;Ylltltll1 

o' " QI "'Q.I dOl 

fllU'l1'W~ a = f l'Yll'W'W 'Wm':itJ'W~l'Wl'W 1 nqlJ (':itltJ~::; 14.29) 
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'" '" v 1 ""'" "'" dIiL.U!t 04.3.1.2 POE 1.2 : f11'j1~UH~U l'yrrn 1Ol1t1 1€1~lIt~fJ'j 'WfHHIU'VI1'Wlt1H€I 

~lflfll'S'~ fJ 1'1 ~ 'S' ~~fIl'Vi 1~tllJ1lH1U~l'1J~ tI'UrYiV'UH€lfll'j;lhu lt1U€l~ H"~ lflflU'VIIOl" fJ~1,r 

a 

b 

2V 

r 

n 

I 

............................................................................ i ............................................................................ 

t'l'hti'lJ~hm:1'1l~ b irm~vu~lU1U 1 fl~lI (~tltl€l~ 14.29) m~~U'vJ~l~~lU'H'Il~ a 1I1flfl'J, 

fIl'Vi b irm~vu~lU1U 2 fl~lI (~tlV"~ 28.57) UH~U'vJ~l~~ltm'll'l b lI1flfl'h~lU'H'Il~ a 

414 0 t" 
um'S'VU~lU1U 4 fl'lll ('S'fJV"~ 57.14) 
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............................................................................ I ........................................................................... . 


~lnm':i.yh'U1VNrt~1-:J'I1l!lijn~lIfh\9ltl'IJ 4 n~lIfll\9ltl'IJ fitl UH~'U'yJ~l~9iltmlJ-:J a 

t'tiln'IJ9il!mlJ-:J b Urt~a'tiln'IJ9iltmlJ-:J c ,rm~V'U~l'UTW 2 n~lI (~tlVrt~ 28.57) UH~'U'yJ~l~
q 

o I • 0 1 '91 10 , QI,c::t 0 I" 

19l1U'I1'U-:J a 1I1nfnlI9l1U'I1'U-:J b U\9l'UtlVn1119l1U'I1'U-:J c 'Um':iV'U~1'U1'U 2 mpJ (':itlVrt:: 28.57) 

UH~'U'yJ~1~9il1mlJ~ a 1I1nnil9iltmlJ-:J b urt::1I1nnil9ilU'I1lJ-:J c ,rm~V'U~1'U1'U 2 n~lI 

(~tlVrt~ 28.57) UH~'U'yJ~l~9ilU'l1lJ-:J a t\'hn'IJ~9il!mlJ~ b u~l!tlVn'h9il!!'I1lJ-:J c ,rm~v'U 
o I 'JI 
~1'U1'U 1 mlll (':itlVrt:: 14.29) 

4.3.2 POE 2 : '~Mtlll",~nnnu''Vh1jl 
'JI lIJ • .I-~ '" '" '" 04.3.2.1 POE 2.1 fl1111\9l1'U 'YIl'U n"tYfln'IJ'l1'U\9l'IJtl~19l1'U1 

2V 

, 
lI1 .... fi 4.4 Nrt'IJtl~9hth~1~'l1ij\9ln'U ij~tlmll1~1'U'YI1'U'yJ~1 
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LUf1LULrtULl\.LtftALLtt!'LUI1~L~M,Il~mL~~brt~u~l.!n (L~'8Z ~1.!1l@k) rt~u Z M,tM,L~M,Il~IU!l 

(! U@/!;'I~I.!11 @~U1Ltt M,llULtt U~UY ~~Ut-~ t_~11t-@Lt @jt 1l@,ttLUf1LuLrtULl!.LtftALLtt!.LU 
III • III 
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UI.!Ul t-~11t-@Lt @~ ll@rtLWli ULrtULl\.LMM1 LM,!'.LUI1~LI.!f}Il!'.1 (98'Zv ::1.!1l@!'.) rtiW f M,tM,Ll!.
P Ir' " I U lq Iofi-r"lIt 0 t'O" P ". 0 

M,1l~IU!l(! U@/!;'I::l.!l1 M,lluLtt @~U1Ltt U~UI ~::Uf}~ N~nt-@Lt @jt 1l@,ttLUf1LULrtULl!.LtftAL 
• III III 

LM,!'.LUI1~LI.!t-lltl@rt1 @~ 11@~L~rt~U v 11@~L~rt~UrtLM,Ut-tl.!l.!tIlIlLrtLLttLUULl!. o to 0 p ~ wr 01 0 15:7(6:.1 0 

............................................................................ I ............................................................................ 


t-Q L1~U.tLUL1t.1YlU1.n. t-QL1 ~U.UlJL1t.1BUtlU. II=' ... 0 

UI.!Ult-Ltl1 ,I,!:gUf},I,! t-~nf}@Ltt-Ltn M,tW 
pIP t'O 1 ~ 

LM, @I.!U1LM, U@Jbl IltL~I1@U::trrt-Jb 1l@M,Utm ULrtUL(!,LMtA1 LM.LttL,I,!I1~L~WtmlltIUM,U1. '1 L___~; "" if I ~ ~ t6 I "'lrt J1;-lit 0 F lOOp P t'O (6 

LtftAL rtLLtM,L~rtLt~@~(! 

M,1:'~!:Jbt-l~Lttt~t-@n.~tIlt_@~1 t-@~~Lt!'.LUl.!tIl~l.!l1IlLM,L~tLUULn.rtLl'JL!!>@~rtLt_l11. sot' !!HUI6 
. . 
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9l11H~ 4.9 ''lJ~1'U ,r~f'hmll'illnfl1'JViT\.Jlm!"~H"fl1'J'YI'fli;nH 1~~~H"'\I tH fl1111m1'\16~m'fl 

~1'\.hii~~fl1111~1'U'YI1'Uhh'h 

1. '~um'iu'U!'iv~thfl'lJm~!r",'yJ~1~'11"~1'U"1'fl'YI~~U'fl~~ii'\l'U1'fl 10 !CJf'U9l!lI9l'J !~'U 

1119l'J 5 !1I9l'J 'illil't!6Uiu111111n 

I .................................. ",. .......... "." .................................... . 

'--­......_........._........_........_........_........._........_........_.........---'-...1_....·...._·····..·_··············.... ····· ....······.. ··....···............... 
'illnfl1'JVil'U1VHmh~11't!liiil~lIfil'fl6'IJ 3 il~lIfiwm'IJ fi6 fl1111V11 i:JiiH"~~fl1'J 

im'l'\l6~m~Uff iium'itJ'U~1'U1'U 3 n~lI (f6V"::;: 42.86) !rl6!'itl~thfl'lJfl1'J i 11"'\I6~m~Uff'yJ~1 

'il1il't!6U'U111111il fi6 "1'fl'YI~~U'fl~ 10 !CJf'U9l!lI~'J "1'fl'YI6~U'fl~ 1 !1I9l'J U"~"1'fl'YI6.:jU'fl~ 

5 1119l'J iium'iV'U~1'U1'U 1 il~lI (f6tJ"~ 14.29) !rl6!'itl~thfl'lJfl1'J i11"'\I6~m::::uffiyJ~1'illn't!6t1iu 
<!I ... '" 

111111il fl6 m'flVl6~U'fl.:j 5 !1I'fl'J "1'fl'YI6~U'fl~ 1 !1I~'j U":::"1'flVl6.:jU'fl~ 10 lCJf'U~!lI~'J 11 

um'itl'U~1'U1'U 2 il~lI (f6tJ"~ 28.57) 
., . 

4.3.2.3 POE 2.3 fl1111~1'UVl1'U 'yJ~ln'lJ'~'U~11't!l~'fl 

R1 

+
2V 4--~~~-~~~,;~-
-: 

.. - - - - - - - - - - - - - - __I . ., . 
.,. .oJ '" iI... '" I iI 1JJ ••U!1

.fllft'fl 4.6 H"'\IM'n'UVl11'Ul9l'fl 1I~6f11111~1'U'YI1'U nn'l1 
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, t " , 
.c::t ~ Y 0 <' 4: 4 4 91 QI

fl11H'fI 4.10 l'Hl'W'Utlfllm1J1)lflfl1'jVll'l.J1t1U":l::rmfl1'jVl~"Hl,;j t'jtl,;jH"'Utl~'W'WVllf'Wl~~ 

n~tlfldl1J¢ll'WVll'W ivJVh 

, 1. t!m~tI'Wfl~'hm:l::H","hHh~i'H"rb'W"d~Vltl~U~,;j~nlf'W~lf'WllPi~~l,;jn'W U~fldllltl1dtl'hn'W 'il:l:: 

nhn'Wlfltl~l,;jn'Wtl~l~ ,'j 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::' I :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::' 

1)lflfl1n'h'Wlt1H"i:h,;jlfU'lnmlllf11~tliJ 3 fl~ll f111P1tliJ fltl lrlmt1~ tliJl~ tI'IJfl11 ilf" 

'Utl~m:l::U","1l'lfhrh'Wi'W~lf'WllPi~"d~Vltl~U~,;j fltl i'W~lfU'11Pi~'U'Wl~t~flm:l::tm1l'll~h1If''i~ 

'j/ I ", , 

ltl~ tlm~tliJfl111'H "'II tl~m:l:: u",", l'l~ uh'W Vl'W ~lf'WllPi~'Utl,;j" 1~ VI tl,;j LL~,;j fltl Vl'W ~'H't!llPi~ 
~, lOJ ••I_!M ,,,,.l..;,, d 0 ,"lOJ <v ... "'... 

'U'Wl~ llftym:l::u"," lTn"llllf"tVllfliJ'W'WVI'H'Wl~~'U'Wl~mfl1J'il1'W1'W'WfH1tl'W fli:Jll (1tltl":::; 

14,29) 

+
2V 

, 
1l1'Wii 4.7 H"'Utl,;j~rulffJ1i n~tlfl111J¢l1'WVI1'Wil'l~1 
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flln~~ 4.11 hFJ1'W.fj'tlf'hmlJ'illflf11nh\.JltJUll:::~mf11·rYlfllHl~ l~tl~P-IlI'U tl~ fJW 'I1lJiI 

ii~tlfl1llJ~1'WYll'W 1vJ~1 

\ 
l. t!m~ tJ'Wflfl':hm ~mY1vJ~l~1'I111~1'W1I1flYl tl~ufl~~iilf'W~'I1U'l~fll'Vi10'W fl1llJtJ111'Vil0'W u~ 

"" I .... 
'iI~t'Vil0'W'I1ltl~1~O'W mh~1 'j tlW'I1f1lJ~Hfl'W. '" 

•
'nl'UUJNgm1'n~iUH 

IV .cII 
'U'U'nflNtUll nl~g8'" 

................. ~ ...................................... "................................. 

I :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: i 

.................... ~ .............. ~ .......................................... ".................................. 

....... ~ ......................................................... ~ ................................................. 

................" ................................................................ 

'illflf11'jl1l'WltJP-IlIlh~ 'I1U'liifl~lJfil~tl'U 3 fl~lJfil~tl'U flfJ fJW 'I1lJil1~iiP-lll~tlfln 

1'1111'Utl~m:::mY ii~1'W1\Jt!m~tJ'W~fJ'U 4 fl~lJ (ftltJlI~ 57.14) fJw'I1lJiI~~m::auY1vJ~11'1111~1\J 

1I1fl~1ih'~mflfl':h~w'I1lJiI~1 ii~1'W1'Wt!m~tJ\J~tl'U 2 fl~lJ (ffJtJlI::: 28.57) Ull~fJW'I1lJiI~l 
m~mY1vJ~11ml~1'W1I1fl~1'1111~mflfl1lfJW'I1lJiI~~ ii~1t!m~tJ\J~1'W1'W 1 fl~lJ (fmm~ 14.29) 

4.3.3 U1"'lfI~8'U''VI~lUgtfllll1tiHAmh:'rjH.r1''VI~1 
4.3.3.1 POE 3.1 fln~mCJ1mf1vJ~lU'U'Utl"..mlJUll~.at'U'U'U\Jl'W 

a b c d e 

a b a 

1 

I 

111'rtii 4.8 f11'j~fJtCJ1l1tlvJ~lU'U'Utl~mlJUll~II'U'U'U'W1'W 



35 

Q , QI 0 t QI 0' QI 

VllU11'W~ a f)1J c VllH11'W~ a f)1J d m'l~Vll1m'W~ a f)1J e 

............................................................................ I .................. .......................................................... 

~lf)m';j'til'Wle1r-l"ri'N11tA'liif)~1JfilV1V1J 3 f)~1JtilV1V1J flV l'Jf)~Vliim~~hJ1vHh 

lyhn'W ii~1'W1'Wirm~e1'WVlV1J 5 f)~1J (rVfJ"~ 71.43) ¢ilH11ti~ a 1Jlf)f)":h¢ilU11ti~ b 1Jlf)wh 

¢il1mti~ d 1J1flf)·;h¢ilU11ti~ e ii~1'W1'W,rm~m.JVlV1J 1 fl~lJ (rVeI"~ 14.29) u,,~¢il1mti~ a 

v '0 I jI to' V t (I I " '0 , QQJ.d 

'WVelfl11VllU11'W~ b 'WVfJfl11Vl1U11'IH c 'WVelfl11V11U11'IH d 'WVelfl11V111111'W~ e 1J'Wm'w'W 

o I 'j/ 

~1'W1'W 1 mpJ (H)tJ"~ 14.29) 

L:- ~lf)m'W 'II 'lM',rm~e1'Wl~e1~,h~1Jm';j~V1C)f",,1..,~lU1J1J'lVl~'lM'U';j ~~'W ''''~l'il~~VI 
o ~ ~ 

't11'UUJN""m1't1~iU)..:J 'U'U't1f)N""m1't1~in).:J 

,....................................... ............ ......................... 
 ............................................................................ I 

..........................................................................··1·····......·..·....····················..·..······.. ·· .. ·····............... 


~1f)m';j'til'WltJr-l"ri1~11tA'liif)~1JtilV1V1J 3 fl~lJtilVi V1J flV m';j~vlC)f",,1..,~1l'JflU1J1J 

iiUH~'W'..,~11'vhn'W ii~1'W1'W,rm~e1'WVlV1J 2 flrilJ dVeI,,::; 28.57) m';j~V1C)f"tl..,~lU1J1J~ 1• 
'lM'UH~'W'..,~ltr~w,hu'U1J~ 2 U"~U1J'I.J~ 3 ii~1'W1'W,rm~m,JVlV1J 1 flrilJ. (rVeI"::; 14.29)

~ 

u"~m';j~V1C)f"tl..,~l111J'I.J~ 3 'M'm~~'W'..,~ltNf)-jlll1J1J~ 2 11"~111J1J~ 1 ii~ltJ1'W,rm~e1'W
OJ 
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I 

.-c :: 

IIl'Wii 4.9 fl1'lflmCJH'Itl't'h~lU'lJ'lJ~ffll 

I 

1l1f1fl1'l'fh\JlfJ~~ri1~'Yi.Jliifl~lItil\PH)'lJ 3 fI~lItil\PU1'lJ f'lf) i..rUH~\Jll'l~1t'l'h!~lI ii 

~1\J1\Jil'fV.lfJ\J~mJ 2 fI~lI (!flV~~ 28.57) L..rUH~\Jll'l~11iill~\J ii~1\J1\J,:rfl!lfJ\J~fl'lJ 4 fI~lI 
(!flfJ~:: 57.14) U~::L..rUH~\Jll'l~1t'Yht!6VfI':hl~1I ii~1\J1\J,:rfl!ltJ\J~fl'lJ 1 mill (!tHJ~:: 

14.29) 
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200Q 

2V 

I • '" 'JI 'i ...., ..: '" IIJ ..U!l. 'i" 'i 0' 'i ..
• 1. lPleJIPl11PlTWvnU 200 teJ't'nJ ~~flTW t'VUlI!HIPlU rrtVn 'illfl 2 t'lfllPl 4 nfllPl 6 t'lfllPl 

U flt; fJUftlPl';hf1'j'~Uff'vJ-Ml'i1~trluPJdl~' ':i 

'tlnnrJfH1fl111lVlf.'ltH 

I ........................................................................... . 


'illflf11':i111U lfJNfl"1~'H~liifl~lJvllIPlPJiJ 3 fl~lJvlllPl PJiJ ;iPJ trlPJ 1'l1'uH~U'vJ-Ml 

t~lJ~U m~Uff'vJ-Mliif11t'Vht~lJ ii~lU1UUflllfJUIPlPJiJ 3 fl~lJ (~PJfJfl~ 42.86) ~rleJl'l1' 
'" IIJ _.l_lff ..: .K IIJ •• I_lff a. ..:.K a 0 "" a I 'jI

UH~U ITfTfllVflJ'\JU m~Uff LTfYlllJfIllVflJ'\JU lJ'illU1UUfll':ifJUIPlPJiJ 2 fl'llJ (HWfl:: 28.57) 

ufl~arlf)1'l1'UH~U'vJ-Mlt~lJ~U f1'j'~Uff'vJ-Mliif11fl~fl~ ij~lU1UUfll;fJUlPleJiJ 2 fl~lJ (~f)fJfl~ 
28.57) 
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_I'" .i''' "'" 4.4 Ni:lfll1u1Z11J'UflI11Jnll'H'UlflHfll'U'UJ'UUUU POE 

, 
"'" .1'" Y Y "" f111Hfl4.16 Nftfll1lJ1~!1J'Wfl111Jfll1'H'Wl'1'11~fll1!'HJ'WU'U'U POE 

i 

..­ .J 
t1t)~fI 

1 

%pre 

31.05 

%post 

76.84 

Actual gain 

(%post­

%pre) 

45.79 

Maximum 

possible gain 

(1 00-%pre) 

68.95 

( 

Normalize gain 

%post-%pre 
)

IOO-%pre 

0.66(Medium) 
I 
! 

I 
2 28.95 81.58 52.63 71.05 0.74(High) 

i 

I 

i 3 . 
"" mfttl 

24.56 

28.77 

84.21 

80.53 

59.65 

51.75 

I 

I 

75.44 

71.23 

I 

I 

0.79(High) 

0.73(High) 

i 

I 
i 

i 

'iJlfWI1':il~~ 4.16 uff~'w<hNftfl111Jnl1'Ht!1'1'l1~fll'Jtlt1'WU'U'U POE t~vn~'iJ':i'vJvh 

'1 Y"""" ...I II) Y "" fd";'.l "" 
m~Uff~H "IfTI'J average nonnalized gain, <g> 9f~lfl ~~'iJlflNftfll':it'.itl'Wt'l'ltVl1J'Il'W'iJH (actual 

gain) lfl1~1t1Nftfll1tlt1'Wf\!~~fI~1jlvfllfftvi1J~'W~ttJ'W'tI'~ (maximum possible gain) 1j~1 
., 

t't'hfi'U 0.73 «g> 1j~l,y·mlfi 0-1) Vl'UilV~l'W':i~~'U High Gain Uflt~tI'Wfh.fJVffV'U1f1fl111Jt·f;''11l 

u'W1fifll~V~1~ 1l'.i ',..J~1m~Uffm ~nv'Wt~ tI'W ,~t!VtI tVl':i l~.fJVffV'UltJ'W.fJVffV'U~ tt!'W fll11f1f1111J 

t.fJl'''U'W1fiflUlfift~t~v~~~ttJ'Wt~V~~Uflt~V'W if~ 'limm1 tI'W1J1nv'W 't'fVU flt1 v'W!~ v'Wfl fl tI'1-Nfll'.i 

, "" y. ~ 't '1 y y "" • 1"'1 '" 0 d... .1
ffV'WU'U'U POE flV'Wfll':iffl1i~~ffV'WllJfI !Vfllff 'H~t1t1'W lJ'.ifllJlfl'W fI1f11f11f11flV'U11'iJ~tflfl'll'W 

t'Uv'W fh~v'Uft ~, 'W '1 'U~1'W Uft'1~'Jlhfll':i ffli~ fh i,rUflfffllJlfffl~U'W 1fl111Jfifl~ \!fl~V~"lflfll':i 

l1flftV'J~ll~'W'~"'i~ m;~ 1l1mj'W~ffV'WUft~~t~tI'W~ J1Jti'WVfitl':ilt1Uft~ ffltlNft~\!fl~V~ft'J i 'W1'U~1'W 
d ...I 0 '1" Q,;.c::l , i I 0 ~!lI 'II 0 <j/ QI jI Gf C\ Q,; 

Vfl'fllf'W~ 'I'll If'Wfll'.itl'Wff1'W lfqJ'I'Ilfl~U'W'W ~fI\!~ !'Wfll':i111'1lVffV'U1flfl111Jt'll1 !'iJU'W1f1f1lfft~ 

l~tI'Wrl~Nft',rUflt~tI'W1jfl111Jt.fJl' 'iJu'W1fifl111~fll'.il~ tI'WV~'l'W'.i~~'U High Gain 

http:iJu'W1fifl111~fll'.il
http:l~.fJVffV'UltJ'W.fJ
http:f111Hfl4.16


• • 

39 

100 

90 
80 

70 
A 60...= (IS 

50~ v 
40':1!. ~ 

30 

20 

10 

0 

High Gain 
'~ 

"" "".... 
"'-_, III -', · '''X 

«g» 

, .-,. -'--­
III ­

'" --. 
", ... _-­

Low Gain 
III".--, - ... -- --,". --""'" ... _--

o 10 20 30 40 50 60 70 80 90 100 

%<Pretest> 

'. .:!II J QI ~ QI ,....1Actual gain ff1UUn'U X flij % Pretest U1:l~ normalize gain fit! mff)J\!':iW'Ut!~fl11)J"l1'U'Uij~n'nrt 
~ . 

A ..I ~ _I ., 'Q.I QI .Q l!J 9J ~f • JQI.
nnrtlff'U1J':i~ fit! 'lt1~U1J~"l1'U'Ut!~';i~~1Jm normalize gain 'Vlum !~11J'U 3 ';i~fl1J flV nq)JlJ'~ (High . ~ 

Gain) n~)Jn1:lH (Medium Gain) n~)Jfil (Low Gain) 1~vml~1ff'u;;1Jii\1nfl'';i;r1l1:l~1~v'U'h «g» 

tlV tll'UV~ Class average normalized gain ~fI;;1J~m~v)JU'VlU single student normalized gain 

N1:lm';ii~vUfffl~hrl'tf'U-h ,rm7V'U~VV1:l~ 65.79 (~1'U1'U 25 flU) 'UV~~1'U1'U,rm7V'Uii normalized 

gain vfl'Un:~1J High Gain ,rm7V'U~VV1:l~ 34.21 (~1'U1U 13 flU) 'Uij~~1'U1'Ut!fH7V'Uii 

normalized gain v~l'Un:~1J Medium Gain 1f1v Class average normalized gain t!d''U';i~~1J High 
.d d I I Q.I

Gain 9f~)Jfll1'Vl1n1J 0.73 
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v v q 4 
4.5 fllUlflll'ttU lf1Hfll'nnJ'l·f'ntl!1tl~ 

~ ~ I d QI d Q ,j , 4 Q 

UmJ1Jt~m'U~Hfl~U'U'Ufltl'Ul'HJ'UUCl~fl:::U'U'U'H'Nl'HJ'U 1Jl11ml~'HfI1 nonnalized gain l'V'1tl'V'l'ilTHUl 

NClflU 1~ f.J'Ui'UfHirm~ fJ'Uijfl1'iW~'Ul '1 'Uu~Cl::dtl~ l~fJ~ 'illflfl:::U'U'U '1 'UU~Cl::,r1oU'tl l~fJ~~ lfl 
, II " f" 51," 

fl~U'U'Um~tn1~.jf'U '1 'UU~Cl::l~tl~ li~rit)'Ul~fJ'UUCl~'Ht1~l~fJ'Uli~'H1J~ 3 l~tl~ ~~il 

4.5.1 fl1'ii~ 1v1~lm::Uff~'i~~1fJi 1Cl~iiL~t){lm::ut)1JiJl~tl{ 

4.5.2 fl111J~1'U'Y11'U1v1~1 
. " 

4.5.3 11'i{Jlfl~tl'U 1l'1~ l1m::fl111J~1~ffmrlvl~1'i::'H ';h~;h 

.. .., .... .... . 
1J1U1U ,.:: ~l'IJ«~ 1:::VI'UftilH 1:::VI'Ufll 

.., q 

I Un&1t1U (flU) (High Gain) (flU) . (Medium Gain) (flU) • (Low Gain) (flU)
I 

38 i 19 
I 

19 : 
i 
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__ _ Jigh Gain 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
o 

~,
' ... 

' .... 

'--­ ---­
Low Gain 

---­ ---­

«g» 

--­ --­ ----­

o 10 20 30 40 50 60 70 80 90 100 

%Pretest 

'illfWl1'Jl~~ 4.17 u"~m~~ 4.12 fln1Jltl'~'·h~l'WTuirmlrJ'U 38 fl'W iiWn:lJfi'T'll1-w'l 

QI Q.c:t GI 4 .c:S 

VlHf11'HlV'Wfl~1'W'J~~Uflm~ (Medium Gain) irmlV'W~1'W1'W 19 fl'W iifl11lJfi'1111-w'lfl~1'W 
"'1iI . .. 

" Q.I

'J::;"U~~ (High Gain) U"~flfl 19 fl'WlJfl11lJf111i1'Wlfl~ ~'W'J~"Ufl"l~ (Medium Gain) t'W!'Jfl~'W 

" . .. 
L'Wfll'J!lV'WlllnV'W t)m1~irmlv'W!jjtHlV'W l"vl'*fll'JtYv'WU1JU POE U~1irmlv'W~~1 'illhn'ilfl'J'JlJ 

•'illU1U 
OJ 

1::;A'Uq'J 
OJ 

1:;AUfU1H 
. .... . 

1::;A'UfIl 

OJ ... 

UfU111U (flU) (High Gain) (flU) (Medium Gain) (flU) (Low Gain) (flU) 

38 34 4 0 
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100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
o 

----­ --­ ---­
Low Gain 

«g» 

---­ --­ ---­ --­ --­

o 10 20 30 40 50 60 70 80 90 100 

% Pretest 

~ :P 'J/ "".,j 'J/ liJ •.I_~
lH'ftfl 4.13 fl1111ln1'11'U1'Y11~fI1'.H':itJ'Ul·H)~fl1111\P11'U'YIl'W nn'l1 

;)lfl\PI1':i1~~ 4.18 Ull~fl1'Y4~ 4.13 Vi1J1tJL~-h~1'U1'Uirfll~tJ'U 38 fl'U iifl1111fl11'11~1 

'YIHfI1':il~tJ'Uvd1'U':i~~1JflllH (Medium Gain) irfll~tJ'Ui1'U1'U 34 fl'U iifl";n1Jfln'l1~lV~1u . ., 
(V "" "" :P 'J/ '1 .., 1 ... "" ':i~ilI1J"l~ (High Gain) Ull~Vfl4 fl'Ul1fl111Jt1l1'11U1V~ 'U1~ilI1Jflll1~ (Medium Gain) 'Ut':iV~'U 

'l!fll~tJ'Uiifh Class average normalized gain «g» vd1U':i:::~1J High Gain iifh 0.76 ltl'Ut'Y411: 

I~V~fl1111~1'U'YI1'ULyJVhltl'Ul~V~ ~~V~V11fl1111!,r1 1 'ill~tJ1n1J'I1 '"fl'UV~fl111J~l'U'YI1'U'UV-:J 111'l1~ 
QlO~ Q ~4 0 91.d fJI.JQ.lQ 0 l..r:::t <vA:! 

\PI1'U 1 l'U V'I11fl;)fl ':i 1 11111111 fll':ifll'U 1Wl'U1111 Iflfl1'UV-:J t]f-:J'U fll 1 fl'U VIlli1J 1J'YIilI fl'V 1J flVU 11 flU'Ufll 1 fl'U 

vhLlifivtJ L~u~hrtVl~ tJ'U1ill tJ1 ~fI1':i fl'VUU1J1J POElI-K 1V111,f irfll~ tJu ....h1,firfll~ fl'Uiifl~U'U'U 'il1fl 

Pll'1H~ 4.19 il'U1'Uirfll~tJU1u U~1l~1~~1J'UV~fl111Jfl11'11,r1'Y1HfI11 l~fl'U I~V-:J1tHlflgV'U ili~l 
" Ull~fl1111~1~fffl6LyJ~11~wj1-:J.,j1Lli~l 

I 

, 
I• <V .... .... 0

9l'Ul'U '1::: Yl 'lI\l'* 1:::Yl1JflilH 1~Yl'llPil 
i 

<V cI 
'Ufl1'1t1'U (fI'U) (High Gain) (fI'U) (Medium Gain) (fI'U) (Low Gain) (fI'U) I 

38 37 1 0 
I 

http:fJI.JQ.lQ
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A 
.;= 
C 
':if!.<:> 
V 

100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
o 

--­ --­ --­ --­ ---­
Low Gain - - - - - - - ­

o 10 20 30 40 50 60 70 80 90 100 

%Pretest 

.... l' iI d A A II)A.l_~ I ~n.I_~QI I

.fl1'fttl4.14 fl111JrJ11'H'U1'V11'1fiTH'W'Ut'Hl'lU'Htflcnl'U mll1UCl~fl111J\PI1'1fffitl mll1~~'H11'1 

" ';1'''~1 

~lfiVol1~1'1~ 4.19 uCl~m~~ 4.14 Eln'lJ1t1'kh~1'U1'U'I!fit~tI'U 38 fit.! iifl111Jfl11'Ht!1 

'VI1'1f11~t~tI'UEld1'U~~~'UfiCl1'1 (High Gain) 'l!fit~tI'U~1'U1'U 37 fI'U iifl111Jfl11'H,r1Eld1'U~~~'U"l'l 
, " 

(High Gain) UCl~flfi 1 fI'Uiifl111Jfl11'H,r1Eld''U~~~'UfiCl1'1 (Medium Gain) ''Ut~El'lil'l!mltl'Uiifh 

Class average normalized gain «g» Eld1'U~::;~'U High Gain iifl1 0.79 t~'Ut~~l~t~El'l 
, 'j/ t, , 

U~ '11fl nEl'U'"~lUCl~fl111J~1'1 fimfl"~1~~'H11'1';1,,,~ llrJ'U l~El '111~V'I't11f1111J t~1 1 ~tn tl1n'Uf11 ~ 
• ,(11) A.I-~ .:: .l... d C iI d iI ~ 

VolVlCUCI CI l nll 1 'VI 'I U'U 'U El'4fi~ 1J UCI: U'lJ 'lJ'II'U 1'U t'U V'H 1fi ~ m ~1J 1J f11~ fl1 'U 1W1'1111J 1tf1 tl1 'II V '1CU 'I 

'l!fitl tlt.!'t11U'lJ'U'VIflffEl'UriV'U1ltlt.!'I! mltlt.!'t11 ,~t!Vmt~trlml tit.! i fltI 1 ~f11~ ffEl'U1t 'U'lJ POE UA'1't11 

'I iI... d C 'I iI.., d d ... d.J iI iI d ''I 
l'H t.! fit~ fI'U 'VI 1 t 'H'U m~ tlt.!1JfI ~U'U t.! ~lfif11~ 'VIfI ffV'lJ'H CI'I t~ tit.! "l'l 'lJt.!1tCI: fl111Jf111'H 'U 1mCltI El~ I 'U 

~:~'lJ"l'l (High Gain) 
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11" '"'4.6 fl'l111tn'l'H'Ul'f1Hn11I'UI'U11t1\1flflQ 

Yo""'" 11) '11"" 0' !II !II d d '" d;:it ..II 
~1~W ~<j>l'Ufl'jl~ 'Hfl 111Jfl 11'H'U l'V11-lflTHl tJ\m:rfW'IJ tl-l'U fU'HJ'UtlJ'U llt1'4flflfl91-l Uff~-l 

1'Um~~ 4.15 

1.0 

0.9 

0.8 

0.7 

~ 0.6 
.; 

0.5'i 
:f(
0 0.4 

0.3 

0.2 

0.1 

0.0 

.. .... ...• • • • • 
High Gain 

• ••• •• 

Low Gain 

o 1 234 567 8 9 1011121314151617181920212223242526272829303132333435363738 

"/"Pretest 

d :lI:lI dill" 0 ..II ., d 

fl1lfftl'UU'U'U POE 1Jfl'Jl1Jfl1'J'H'Ul'V11-lfl1lLltJ'U ~1Jl~~'U High Gain 'ill'U'J'U 22 fl'U 91-l'UfUltl1J 

fl ~1J~~fl~1'J,;j'UirfU1 tI'U fl~1J~ijfl'Jl1Jm~~tl~tl~'U1'U fl1nhn 'ilm l1JlPll1Jfl1l fftl'UU'U'U POE ,flv 

ff~fftJ'il~~flm1J~Vff~fftlfi''UVi ijfl'Jl1Jff'U 1 'il1'Ufl1lffV'UU'U'U POE ffl1J1Hl'WWl'Ulfl'Jl1JL~l1'D 

U'U 'Jfi~,~tI'Jn 'U 1~ 'ill 1't1~ lfll::::U fflPll ~ 1~L;j 'U V~l ~ ~ ~ ~ Vil i"rirfl 11 tl1J ijfl~ tL 1J 'U 1 'U fll'J Vi 1 

U'U'UVI~ffV'U1~fl'Jl1Jt~11 'ilU'U 'Jfi~,~v~'J~ 'ill 1't1~lm~UfflPll ~\l ~ fl'llritl'Ut1 tI'U1Jlfl ijirfU1 tJ1J 

~TI.n'U 2 fl'U ~ijfl'Jl1Jlll'JmrlV11~fl1'J11tJ'U\l~qfltl'hn'U 0.85 ~~ irfU1tJ'U"f~ 2 fl'U ifVil~VffV'U 
Q,I a lq ~ Q.I ,::s Q,f.Q.d:d 'j/ 'j/ d G] Q.I 

'HfI~ntJ'U ~<j>lfl~U1J'U 13 UfI~tJ~1J'UfU'JtJ1JVl1Jfll11Jfl1'J'H'U1V11~fl1l'ltJU t'Ul~~'U Medium Gain 
. " 

~1'U'J'U 16 fl'U t;juirfU1 tJ'U i'Ufl~1Ji1ff~ hjfivtJ\,i~ i 'ilViln'ilml1JlPll1Jfl1'Jfftl'UU'U'U POE i 'U'Ul~ 

n'ilfl'j'J1J 
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v v q v 

4.7 fll11lft1111Ul'tlHft111'UJU11tl'Utl 

1.0 
0.9 • • •1:1 0.8 • •.; 
0.7 ~ 

1 0.6 
.!:! 0.5 
"; 0.4e... 0.3
C> 
1:1 0.2 

0.1 
0.0 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


QJ 4 4 ~" d I~ QJ 4 gJ 


'Wm'Hl'Wllfl1111tl1111'Wl'YIHfl1'H'Hl'Wfl~ ~'Wl~A1J Medium Gain flfl 'IIfl 1, 2, 3, 5, 6, 7 Ui:'l~ 9 


SI d • 'I ,,""... '" "" '" d <!I 'JI "'JI ...'IIflfffl1J'YI'YIl ~11'Wm UI'Wllfl1111fl1111'Ul'YI1.:.lfl1'Hl [J'U lJ1fl'YIllAflfl'llfl 1 0 fl1111fl1111'W1Vl1~fl1lLl [J'W 

''I '" JI d • 'I 'JI "'...... "" '" SI d 0<11"0.88 flg t'Wl~A1J High Gain '1Jflfffl1J'YIVI1ll1'Wml[J'Ullfl1111fl1TI1'Wl'YI1~fl1lLl[J'W'Wfl[J'YIllAflfl'llfl 5 


SI" ... ''I '" fl1111fl1111'Wl'YIHfl1lLl[J'U 0.54 flg l'Wl~A1J Medium Gain 
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I ..., 4 
f11liUlfl 

r "'" flf)'U!1fJ'U 

. OJ -=I 
fJ1'Ul'U'UfU1fJ'U 

.., '" 
l'Ia~!1fJ'U 

fl. 3: 4 
9/

10 flU 'J'OtlJ:l:l: 26.32 5 flU ft:ltIJ:I:l: 13.16 

'U. 4 : 3 8 flU fVtlJ:l:l: 21.05 3 flU fVtlJ:l:l: 7.89 

fl. 2: 3 6 flU fOtlJ:l:l: 15.79 3 flU fOtlJ:l:l: 7.89 

~. 1: 1 14 flU fVtlJ:l:l: 36.84 27 flU rVtlJ:l:l: 71.06 

. '1 ...c CI 4 IJJ fJ} ..::os 
fl1~OlJYI\!flflV ~ mll1fll1fiU1Y11~fll'J'!'J'tlUO~ U'J':l:~lJflJ:lN Medium Gain fI:l:UUU 

'tYVlJtiOUt~ tlU,rfl1~ tlU~ OlJ\!flfl~!iI'U f OtlJ:l:l: 36.84 'l'U~O'tYVlJ1~fl1111!~11 'iHtU 1f1~Y1Nfll'J' iltiU 

iJ 'I • 
"" ... 9/ ... .P. ."" ... 'I' '19/ JI ...... ''I ,9/'1 ...... 
'VI'UYlfiUl~~'Uo~rO'UJ:l1~ H~tllm'J'tlU ~~tl l'lffll'J''tYOUU'UlJ POE Ul:11Ufl1'J' tlU'tY1U tfityt'Ul t'ilNJ:lYllI 

19l0fl1111~l'UYllU '~~1'UO'iJ:l1~~1th~n!h1~fl~U'U'U'tYVlJfi ~~!~ tl'U,rfl1~ tI'U~OlJ\!flfl~!ilufOtlJ:l~ 

71.06 

. .. 
II II '" "" lfI • .I.:!1 "" • ..... 'I

"U0tT0lJ"Uf)'nlO. 'illflfl1'V1U'H!flJ:lVU nrrnYl~flfl'J'VlI R lIfl1tY11 t~ 

R 
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I 

I 

n. 

'\I. 

fl. 

f11U,'8fl 

E 

3E 

E/3 

I ""fl8lU1t1U 

IH1U 1tJfJa~ 34.21 

19 flU 1tJfJa~ 50.00 

6 flU 1tJf.Ja~ 15. 79 

1 

I 

! 

I 

I 

... .:t 

't'i'i.'l~'1t1U 

34 flU 1tJfJa~ 89.47 

3 flU 1tJfJa~ 7.90 

1 flU 1tJfJa~ 2.63 

~. 11iij,rtJi~Qn o flU 1tJfJa:;:: 0.00 o flU 1tJfJa~ 0.00 

o d.. "" .c\ 'til Q.'

fl1~tJ'U'YIQn fltJ n fl111Jm111U1'Y1HnTH'WUtJ~ !U'j~~'Utr~ High Gain fl:;::UUUfftJ'U 

I 4 Q.I.c\ 4 ~" Gt ~ QI "'1 ~ .ct I

ntJU1'j tlUU fU'j tlU~ tJ'UQnfl~1'UU'jtJtla:;:: 15.79 !U'\ItJfftJ'U1~fl111Jl'\11 ! 'iJU'U'lfl~'YI1~m'j l'j fJuntJu 

IItlU 1'Vl'j1:::irfUltltHhui l1qjfl~';hnn!fl~tJ'I.!~\lwlfa;tvJfh1J1~ tJ'\I'U 1'1..1 n'U 'iJ: lr! '1..1 ~1'U1'U1'Yl1'\1tJ ~ 

~1'U1'U!C)fmf1vJvh U~!rlmltl'U 1~tli~m'jfftJ'Uu'U'U POE Ua'1irfUlfJ'U~hu i l1qjl,r1i'iJm'j~tJ 

lC)fa ft'1 vJfhvr~U 'U'UtJ'4 m 1J ua:;::u'U'U'\I '1..11'1..1 vb i Mfl:;::U'1..1'1..1 fftJ'U11tr~!l tI'U irfUl tI'U ~tJ'UQnfl~!~U 

mnh:::tii'Ufl111J.w~'VltJi'iJ'\ItJ~irfUlfJ'U~ij~tJm'j~~nn!lfJ'Ufu'U'U POE 1~fJ~1;)fJiM 
irfUltl'U~tJ'UU'U'UfftJ'Um1Jfl111J.w~'VltJ i 'iJl1tr~'iJ1n~Vi1m'jfftJ'Ulff~ 'iJ i 'U!~tJ~1.;,til'j1vJfhm:::u ff~'j.;,t 

~1'U1'U 15 ,rtJ U~~1Ii'mJ.;,t1i'1'Umnh~lii'Ufl111J.w~'VltJ' iltJtJfUr!'U 4 ~1'U ('4ty'lf1J fflff~tJ1~, 

2543 : 103) 1Ii'Namnh:;::lii'Ufl111J.w~'VltJ'il ~.;,t~1'j1.;,t~ 4.22 
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~ Q tI #!Q til QI q dQ' QI .Q Sol,. Gt 9J 
fll1H'n 4.22 fl1'j"lLml~11f111:IJ~~~V l~'UV~Um'HJU't1:IJ(9)Vfl1'H)~fl1'H'HJU1, l~eJ l'l1fl1'H1VUH1JtI 

POE 

I OJ .,. ~""iJv 

fll11J-n.:a'Wtl111 
1:~l'ljfll11J'fH'Wtl l1f1VU 'U1tltla::: 

5 4 3 2 1 

v .,. v 
V11'UtTl1:tl11A1t1'Ul 

i 

1. illtJlmnuhl 
7.89 71.05 21.05 0 0 

i 

2. 911~titlfl11:IJffu'1.~'UV~ 1 
" "'Ul~!~l 

10.53 68.42 21.05 0 0 

rl 4~'" 1 " 3. L Ut1~N't1:IJ'.h~ eJ'l1U 

ffl:IJ11ml1 i'll'1.fl~~j~ 
21.05 60.53 18.42 i 0 0 

I. . !rl <!I .... fl !II4. , U'1V~'t1Ul f1t!jl~1eJ 
26.32 71.05 2.63 0 0 

(9)ULV~ 

111J 16.45 67.76 15.79 0 0 

v .., "" v 
V11'Utl1111V1tl11l1t1'Ul 

I " !II 4 i!ll. 5. 'Ul~L~lUCt~'~VU "l ~ 23.68 68.42 7.89 0 0 

tI~ ..."Ui:1m CteJUfl11L1tJU1, 

6. LiI~ 1Vfl1ff'1.l1',rl~'«li~ 

Nm;f1t!j~9h~ "l ~Uijfl11:IJf 39.47 60.53 0 0 0 

i UCt~fl11:IJJ.i'U '1. ~ 
i 

7. fi1'1.l1',rl~'«li~flflt!jl I 

fl'UfI~1~1tJ9IU1V~ 
26.32 55.26 18.42 0 0 

8. ,iI~ 1Vfl1ff'1.l1',rl~L«li~ i 

I 

23.68 55.26 7.89 0 0 
Uff~~mlfl 

i 

28.29 63.16 8.55 o o 
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ci "<lIS 	 d4' ill 1~Q 	 <V d <V Q
Pll"nUI 4.22 	m'i1Lfl'.i1~11fl111J'VN'l'fV1~'lJV~'tJm'HJlJ'YI1J~vm'Hmm'H'HJ'tJ~ f1fJ "ltm'iffVlJ U'IJ'IJ 

POE (~V) 

I 
..., .c:II 	 ~ '" if '" 1:t:fI'Ufll1Ut'H'l'f8 llflflt 'U18£lt1~ 

i 
tll1l.lTt-3'ft811l I 

i 2 1 
i 

5 1 4 3 

fll'Ut1'8nl1t1£l'Ul'" '" '" '" I 

18.42 60.53 21.05 0 0. 9. 1iitvm'il~fJ'tJr~U1fflJ1~ i 

I 

't'Jfli1l1J~ 
~ ~.. 	 '" ~ 

1O. '\I1'l'fL~ltflflm'iL'ifJlJ~ 

Ilmj '1 Irtvi~l~fJ'tJrlf1fJ1f 31.58 68.42 0 0 0 
I 	 ! I 

I m'iffV'tJII'IJ'IJ POE I 
I 11. 'YI1•1"" "" 1 ~ 11'\11'l'f1~11'IJ1 .if.~fJ~'\IlJ 28.95 63.16 7.89 0 0 

.,"" "i"'"f1'i'IJ12. 'YI1 11'\11'l'f1~1 

tI .. '" 'i~ff'IJm'it'U ~lflm'i l'ifJ'tJ 28.95 68.42 2.63 0 0 

ilf1fJ~H 

'nl.l 26.97 i 65.13 7.89 I 	 0 0 

~l'Uflnlf1Ut1:t:'1h:t:lil'UNt1 

~ ~ i~'"13. '\Il'l'ft~l •f1'i'IJfll"lt1Jt"ltfJ . '" 
\llflfl~tff1JV dlv?i~1\lll1 

21.05 60.53 18.42 0 0."" fl~m'i1JU~~t1JV'YIl '" . ... '" It'IJ'IJ'YI fI ffV'IJ fJVfJ11~ ~t 'i fJ'tJ 

• .. 	 i 

Nl'tJlfltuCVI 

14. 11 '"~ 'tilu 'IJ 'IJ 'YI fI ffV 'IJ 

~l'l'ft~l i~'YI'n'IJ N~fl~II'WlJ 23.68 52.63 23.68 0 0 
I 

i i 
'\IV~~'tJtV~ 

I
i 	 I 

I 
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fll1H~ 4.22 m~1tfl~1~.a1fl112J~~'nvl'\l'IJV~Ufli1tJ'U~ij~vm~.ijflm~t1tJ'U{1f1tJl~m~~v'UU'lJ'lJ 

POE (~V) 

.., ~ ~~i1v I
fl1UJ.w~'ntl,,., 1::"1Jflll'JJ'n~'n0 ,.,fl'" 'U10t1i'l:: I 


2 
 1 I
5 
 4 
 3 


15. 'H~~m~~flm~t1tJ'U{ 


U'lJ'lJ POE lilfl1vm~1..r 
 13.1626.31 60.53 0 0 

I 
 ,rl'nl~l '1~1.h::lii'UfI'Um~ 
 I I 
 .~I 

I 
 0 0 I
23.68 

I 
57.89 18.4211'JJ 

I 
 i
., ,.., 
I 


I 

l1'JJYI~'}'j'JJ~ 0 ~23.85 63.86 12.28 

'\llflfll~l~~ 4.22 'n'lJ11 tilm~tJ'lJV~ml11~~'nVl'\l~ij~vflnffv'UU'lJ'lJ POE 1~WUtJfl 

fll11tilfl::U'U'U'lJV~Um1tJ'U 1f1tJ~ um1tJmY1'Ulmy ~VtJ~:: 63.86 ijfl1111~~'nVl'\l~vm~ffv'U 

U'lJ'lJ POE m~tJv~l'U~::~'lJ:iJ1fl ~V~~~:iJ1fiV ijfl1111~~'nVl'\l~vflnffv'UU'lJ'lJ POE :iJ1fl~~fI 

~mm:: 23.85 U~~ijfl1111~~'nV''\l~Vm~ffV'UU'lJ'lJ POE ~~~'lJ1..h'Ufl~H ~VtJ~~ 12.28 Ufffl~ 

11um1tJ'Uff1'U1myijfl112J~~'nV1'\l~Vm~ffv'UU'lJ'lJ POE v~l'U~~~'lJ1Ilfl 

, 
'" 51 ...POE fll11'H1'IJVVI 

, 
~ <I 

Ni'lfl111'fl".il~'t'i 
~ ~ v , I 


fllUJ'n~'ntl "'~l'UflH , 
 v .J !
"lion C2WiIl'nSDX 


... 51 

1 
 ffl~~m~l~tJ'U~ 1-4 
 2Jlfl4.01 0.57I
'" 

'" "'!II2 
 m~'\lflm~l~tJ'U~ 
 5-8 
 4.20 0.58I 
 ~tJ~ ... 51
3 
 vm~t~tJ'U~ 9-12 
 4.19 : 0.56 :iJ1fl 
I 


I

4 i m~1f1U~~,.h~lii'U~~ 
 13 15 
 4.05 0.56 1IlflI 
 I
,, ... 

flllili'ltl 4.12 
I 

0.59 'JJlnI I I I 
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'Unn"" 5 

~'1tJ~n,"1 Uft~~emT'hIaU'hl~ 

_I ... .., 
5.1 iJ1u,raflln-\UJ 

fin 1 ~Vfl f~ if'ii1~q tJ 'j' ~ 1H rld~a~WJ'l.J1fl11111.,j' li'ilulnflfl'j' 1V1"lf1Vli1mf I~a~ 
1~~n""Hhm~uff~<N lfltJl~f1l'j'ffa'Uuuu POE 'H~~1I1fi~l!'U'Uf1l'j'1~tJff111lHlff~tJH~~111 

" i1ty'H1fll'j1~tJ ~~i1 

'l1'Y't'llfll1lirJ.uEl~ 1 fil'jffa'UtI'IJ'lJ'Yi1'U1V ff'Hfi~ afi'IJ1m;4a~WJ'U1fl111l1.,j'11'il 
U'U1flfl 1~tI~1~1I'j' 1vJl~hm~uff~HljtJ'j'~i1'V1fi.fll~~UllfiW~ 75175 'H;tI1li a~l~1'j' 

t ad 0 111 9J t 4J .... I.Q ~ tq <JJ Y 
m1mwon'VIfiTYI'U~ n fI1 84.56 fltl 1J'j'~ff'VI1i.fll~'IIt1~m~'lJ1'Ufll'j' 'ttl ~~1I1mtltJ~Z'lla~fl~U'U'U 

lQgtJ'IItI~f1l'j' fftl'UU'IJU POE ~tJ'j'~fiau~1tJlu~ l'U~l..r'l1fl1~ tJ'U yh ml~llUU'VIflfftlU'H~~I~tJ'U 

. , 

'l1'Y't'llfll1li'rJ.uEl;1 2 fiU ff a 'U u 'IJ 'IJ l'l1 'U 1 tJ ff~m~ tlfi1JltJff1111HII~1Ifl11111.,j'1 i 'il 

U'U1flfl!~a~1~'il'j' 1vJ,hm~!!ff~H1~'H;tI1li a~l~ h 

flElU'l1'Y't'llfll1li'rJ 'I1m~tJ'U~!~tJ'U lflvi~flnffa'Uu'IJu POE 'H~~l~tJ'Uf;!~w,hna'U 

l~tJ'Ua~l~lj'l1mhflty'VIHffi1~~'j~~U .05 film ~tJfl~!!'U'Una'UI~ tJ'U n'IJ'H~~!~V'U tJ'j' 1f1tl11fl~U'U 'U 
, , . 

!Q~V'H~~l~tJ'U (12.08) f;!~fl11fl~u'U'Um~tJna'Ul~tJ'U (4.32) tI~Hlj'l1Vff1t>ity'VI1~ffi1~lh~~'IJ .05 

_C&f -.Q,..fv.J "9J d (,VA d .. 0

u'Y't'llfll1l'\lt!'UEirI 3 fl1111 fl11 'H 'U 1 'VI H fI n 1'j'V'U 'II tI~'U flI'jtJ'U'VI !'j' V'UU'IJ'IJ'VIl'U 1V 

ff~!f191 afiU1mfl'Umh~h 

"JI A d 'JI.cl I I 41 'i'" ,.j
fl1111f1l1'H'U1'V1Nfln!'j'tJ'Um~V'j'lV'Ha~1Ifl11'V11f1'IJ 0.73 a~ 'U'j'~~'IJ High Gain !'j'a'l 

m 'llfl~a'U ivJ,hU{1~fl11111Pi1~fffl6'j'~'H1H~1 ivJ,h ljfl1Ultll1'H i11'V11~flU!~ V'U 'l'l~t!fladl 'U 

'j'~~Uf;!'l (High Gain) Class average normalized gain «g» ljfl1 0.79 l-tl'Ul~'j'l~!~a'l 
I ill, , I 

UHlfl~a'U 'vJ,hU~~fl11111Pi1~fffl~vJ~l'i~'H1N';r1 'vJ~11f1'U !;a~-n,rtl~l'llfl11111.,j'1i ~l1ntJ1n'IJflTi 
, "'1II ••ut ~ .l '" '" 0 ~ d ~ ..6 
~ mCJf{1 {1 Il'1n1 'VI ~ U U 'IJ tI'\i m 11 U~~ U'IJ 'IJ 'II'U 1'U !'U a 'H lflll m 'j 1111 f1l 'j' fll 'U 1WI'II 11111 fI V1 'II a ~ CJf ~ 

'I1fl1~tJ'U'¥hU'IJU'VI~ffa'IJneJ'U!~ v'U'I1m~v'Uvh i ~i1eJvulPi!rlm~V'U lfltJi~f1l'j'ffeJ'UU'IJU POE ulhl'll 
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)J..,.. 0 'l)J..,.. .. '" .. J )J 'j/ .d ''l 
'l '11 'U fHHJ'\.fVl1 '11 'U fH 'HJ 'U lJ fl::: U'U 'U l!1 f) fll 'j VI ~H'n) 1J '11 M t':itJ 'U '1 'l 'U 'U U~ t fl 1 llJ fll 1 '11 'U 1t'iH'HJ tl ~ 'U 

.., "'.... III •.I-~ 'l' 1 '" "" "'.. 'j/ 'j/'jtfl1J~'l High Gain t'jtl'lfll'jlfl rrrvnm:::m'fflH9'llfJ l~flU~tUtllJlJtfltl'j lJfll1lJflll'11'U1 

VlHflnt1fJ'Utld'l'U'jt1i1Jf)~1'l (Medium Gain) Class average nonnalized gain «g» ijfl10.69 

tt/'U&l'f'j 1t A~ tl'lf)n 1fl1'"~1mtUtlfl 'j 'l~lfJ1l~~iiAfltl{U~t tWlJiitfl tl{lt/'Ut~ tl'l~41fJ trfH1 fJ'Uij 

th ttl1Jf)Uw'l'Uf)U11 fJ'UlJ10tl'U i)f)~'ltrfH1fJ'U&rtm1 fJ'U 1flfJ'loftf)U tltl'UU1J'U POE U~ltrfH1 fJ'U 

~'l 'll!l11nl! f)'j'j lJlt/'U 6d1'l~ ~ 'l&t/'U tl1t'l1 ~~l11 'l,rtrf) A1 fJ'Uijflt AA 'U 'U 'l 'U A~ tl'lif,rtlfJf)111~ tl'lg'U '1 

fll1lJ-n'll'ftl 'll!'Utl'ltrfH1 fJ'U~A~tJ'U lflfJ'loftflUtl6'UU'U'U POE ijfl1LQ ~ mVlln'U 4.12 t~tl~N11 

trfH1 fJ'Uijfl11lJ-n'll'f6 'll!1Pi6f)1'j iflfll'jt1 fJ'Uf)1'j fftl'UU'U'U POE tl~'l 'U'jt1i'UlJ1f) 

"0 tel1 YdQ,l.Q

5.2.2 fll'jfftl'UU1J'U POE l!tfl6'lVl1'U 1 tJ p.j ~ f) U VI fl~6'l~1'l'l1'U1lJ'UfH'j fJ'U1J1'lf)'llJVI 
., 

1lJtlfJ1f) l!tl~lI'Up.j~ fll'jl11'U1111i'ltr'Ufll ~ff6'U ~t~6'lfl tlll'U Of)'l,rtrfH~ 1I'U 1~ 1I'U l11'U111p.j~fll'jVlfl~tl'l 
I I)J 
~1'l'l1'U1f)6'U 

5.2.3 flll! t ~6 'l1J tl'U fh n 'U ~U~ t~ tl 'l f)1'j1fl'UO'ltrfH~fJ'Utvto{jO'ln'U llJ'l,rlfl~O'lijO 

http:ijfl10.69
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~.Q. Q QI do Ij} I d ~Q if Q <II. 
m:'YI':n~"fl'.l:l11ifll'.i, flUI1'lf1fll'j. tllJtlfll'.i~~fll'.i !'.i fl'W 1mpJff1'.i: flll!l V'W t 1l'W1ti'lff~l, 'WlJ'W 

~d tI QlI<l$' QI 

flHl'1 1. fl1~tl'1'W<,[ : tl~flfllll'IJff~ff'WfI1Ufl:;'Wff'l (1 .ff.'W.), 2545. 

Q.I ~ ~.: QI Q tI ~ ~ 1 ... .. 
___. 'I1f1fl'jmflllti'fl'.l:ll'U'W'W'W!l'W t1l'11iti'm1'lf 2544. 'WlJ'WflHl'1 3. fllUl'1'W <'[ : H'WlJ'W 

y 

tJ1ffmfl1~'W111, 2545. 

" fllty~'U1 1W1'W1~. flllfTfl'.l:ll i'U-H'Uil fl'W. fll ~!l'1'W<,[ : ffm,r'W-W~'W1~'IJ~'I11'.ifll'.ifTfl'.l:l1 

m::l'1'.i1~fTfl'.l:l11lfll'.i, 2545. 
" .. 

Wl1mW 1Jtyfi~. "~1Ul'1'Um1lJfl~'Utl~irflllflWJ'W~1ifllJfffl'.l:lliHi 5 l~tl~Uff~ ~lflflll~~ 
" fi~m llJfll1 tl fl'W flll fftl'W 'IJ'WV4'W:! 1'W l'1q'.l:l ~fltl'Wff~ r fI ~1ff~1~ fl1 ~n flll t~ V'U 1'u'IJ'IJ 

ii1'W1fl-ff~ tfl~ -tlll1J1fl", flll til::'lflJl'1 H1'lf1fll l!ff'W tl NfI~ 1'W 1~Vl ::~'IJ U W cri~fffl'.l:ll.. .. 

<VQ" . '~QI I 

flHl'1 11. 'Utl'UUfl'U : lJ'I1TJl'1fl1f1V'Utl'WUfl'W, 2553. 
II tf"

th/hil ~'Ulff~lJ. Nflflll~~fi~mllJfllltlfl'Wflllfftl'W!~tl~~l'WUfl::'Wci~~l'W oM'W~1iVlJfffl'.l:ll1J.yj 4 

" 'IJ'UV4'U!1'U'Utl~l'1q'.l:lllfltl'Uff~rfl~1ff~ 1~vl~1n POEs. 1l'1V1ij'W'Wn,j~tyty1fffl'.l:l1 

ti'lff~llJ'I11,rwcri~ : mll1l'1fl1cifl'Utl'WUrl'U, 2551. 

1Jty'lflJ ti'lff::m~. "fllllh::tlj'W~tlflllfftl'U" 1'U l1lJffll::t.hfl~V1n'IJfll11~fl trllJ 2. 

lJ'I11ffl'.ifl1lJ : lJ'I111l'1V1ciVlJ'I11ff1lfl1lJ,2543. 

tN';ty fi~'.i::fll). fll11~{JUfl::l'1q'.l:l1ltl'lfll 'W lf1Vflllfffl'.l:ll. lJ'I11ff1lfl11,1 : mfl1'lf1 

tl'lfll'U1flVl'11~fll)fffl'.l:ll flW::fTfl'.l:l1ti'lff~1lJ'I111l'1tl1cifllJ'I11ff1lfl1lJ, 2542. 

" . 
1U'lf1 ,jl::~'.i-w'Wf "1,j U'IJ'lJflllii1fl11lJt,j'1i\1'IJ'Uvt'U:!l'U'Utl~l'1q'.l:l~fltl'Uff~ r fl~1ff~ l~tl~~l'W 

1 I" , 

.. .c:::l QI QI .c9 .;;;tl.et 1 liI ~4 • 

UfI::fllltflfltl'Ul'1 'If'WlJ1i{JlJti'fl'.l:ll1Jl'1 1 ~fl t'lf1'fi Predlct-Observe-Explain (POE)", 
" ,

1'Wflll,j'j::'1lJl'11~1'lflfl1)!ff'UtlNfI~1'W1~{J)::~'lJUWeVI~fffl'.l:l1 flr~.yj 11. 'Utl'WUrl'W : 

lJ'I111l'1fl1cifl'Utl'UUrl'U, 2553. 
. ".

ff~ml'U~ lJflti'lUn'1. "~1Ul'1'Ufl11lJfl~ t~tl~'Utl~ ''I1f1 'Utl~irfll~V'UoM'U~1imJfffl'.l:ll1J.yj 5 'IJ'U.. 
" 

V4'U :!1'U'U tl~l'1q'.l:l~fltl'Uff~ rfl~1ff~ 1~v1~i,j It'IJ'IJ fll 'j fftl'W U'IJ 'lJiil'W l{J-ff ~tfl~-
" , 

tlll'IJ1{J", 1'Wfllnh::'1lJl'11~1'lf1fll'j tff'WtlNfI~1'W1~fll::~'IJ,rW cri~fTfl'.l:ll flr~.yj 11. 

'Utl'UUrl'U : lJ'I111l'1fncifl'Utl'WUrl'W, 2553. 

QI '.Q. Q tI 1 4 14 .d ,,~
fftl11J'Ut'I' ~lt'1'llJfll'jfftl'U1l'1fllti'lff~'.itm::tl'lfll 'U flfl (ffff1l'1.). T,}lJtlfllt'1'l) ::fll'j!){J'Wl'W'W!l'Ut!fI:: 

Q Q ~Q tI I Y 

l'WlJl~lJ J'ffffla' !fllJ 3. fll~!l'1'W<,[ : tJ1ffmfl1~'W'j11, 2545. 


http:Utl~irfll~V'UoM'U~1imJfffl'.l:ll1J.yj
http:oM'W~1iVlJfffl'.l:ll1J.yj
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<,;I 1 <,;I 'j/ 

1:hUn'nU!'U~~'Wi1m'jffn'hl1'U6'WUn'W !'U~ 4. 'j1tl~1'W~Hm1'j'Vl~ff61J'j::~1J'lf1~'I1'W.w'W!1'W 

O-NETilm'.iffn'hl12551. 'U6'WUn'W : nq1JiA!'Vlff~~\9111JUa::th::dj'WHam'ji'~ 
" .II1Il 0 <V .a 4" I 

m'.iffn'hl1 ff1'Wn~1'W!'U\91'W'W'Vlm'.iffn'hl1'U6'WUn'W l'U~ 4, 2551. 

" " 
___. '.i1tl~1'WHam'j'Vl~ff61J'.i::~1J'lf1~'I1'W.w'Wi1'W O-NET i1m'.iffn'hl1 2552. 'U6'WUn'W 

" .
nq1JiAl'Vlff~~\9111JUa::,j';j::lij'WHam';ji'~m';jffn'hl1 thun~1'W!'U\91.w'Wi1n1';jffn'hl1 

'U6'WUn'W l'U~ 4, 2552. 

IV OJ 0 _I'" '" 'JI........ ..t 111 •.I_~..,

6ff1';j! '\J11J::n'WfIl. m';jllJ'.itlUVltl1Jfl111Jl'U1 ~\H'If~U'W1fl~!';j6~1'H)';j Llll't1m::Uff\91H'U6~ 

Q,I d QI QI Q.I d ~ d. "" .Q ... IQ Q

'W m'j tl'Wff1 tl ff11J tlI nlJ 'W m'.i tl'W ff1 tl1'1f1 'If'W. nnfl'Wfl11 Vff';j:: lJ nyQJ11'Vl tllff1 ff\91 'j 

1J'\11-UWcn\91 : 1J'I11iVlm~m;ftl~lmj, 2550. 

Royer, JM. "Theories of the transfer oflearning" , Educational Psychologist. 14: 53-69, 1979 

White, RT., and Gunstone ,RF. Probing understanding. London: Falmer Press, 1992. 
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POE 


, ... ..., ... 
1..t fl::UUUflOUI"1lJU fl~IIUU'HtHU"1lJU 

flU" Dj=XtXj D~ 
(~) (Xr) 

I
1 4 11 7 49 i! 

2 4 10 i 6 36 ! 

3 4 13 
1 

9 81 I 
4 2 13 11 121 

5 2 12 10 100 

6 3 13 10 100 

7 4 13 9 81 I 

8 5 I 13 8 64 

9 i 4 
, 

13 9 81 

I 10 3 12 9 I 81 I 
I I 

11 5 13 8 64 ! 

12 5 13 8 64 i 

13 5 13 I 8 64 

14 5 12 7 49 
I

15 4 11 
I 

7 I 49 I 
16 6 13 7 I 49 I 

! 

17 5 11 6 36 I 
I 

18 3 13 10 I 100 I 
19 8 11 

I
3 9 

I 20 3 12 9 81 

I 
i 

I 
21 3 12 9 81 

I 

22 
I 

4 12 8 64 
! 

I 23 5 11 6 36 
I 

24 6 11 5 25 
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ftl1H~ n.l fl:::U'U'Ufl11lJl~11"L1\nfl~'.i:::'H'h~rit!'\.,\l1V'UU":::'HJ:i,:jl1m.J l~v'l.~mH"t!'UL1UU 
POE (At!) 

I 

i 

, 
"" Q.I "". fl:::UUUntl'l-U1UU A:::UUU'tUl.:J11UU 

"" DrAU'fI Di=Xr-Xj
<x.) (Xr) 

25 5 12 7 

i 

49 

26 5 11 6 36 

27 6 13 7 49 

28 3 11 8 i 64 
I 

29 5 12 7 
: 

49 

30 3 10 7 i 49 

31 4 13 9 I 81 
I l32 4 12 i 8 I 64 

33 2 13 

I 
11 

I 121 
I

34 4 13 9 81 

35 5 12 
1 

7 49 
: 

36 3 12 i 9 81 

37 7 I 12 I 5 25 

38 6 
I !12 6 36 

N=38 IX i =164 IXr =459 i ID; =295 ID2 =2399, , 

I 
I 
I 

i 
I 

I 
I 

I 

I 
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nl'.ifll'U 1\u 'H lfh dependent t-test 

t= L:D df =N-l 
~NL.D2 - ('[.D)' 

N-l 

295 


38 


2,399 


295 


(38)2,399 - (295)2 


38-1 


295 


~4137 
37 


295 


10.57 

t 27.89 
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, '" fI::UUUflOU"U.U pre-test 
flU 

, 
'" rI 

I 

1 

2 

3 

4 

5 

6 

7 

8 

I 9 

10 

11 

I 12 

I l3 

14 

I 15 

16 

I , I , 4 ~ ... '" ... '" l10~rI 1 &10~rI 2 11MrI 3 

1 I I I 

1 2 3 4 5 6 7 8 : 9 I 10 11 12 13 I 14 I 15 'il'JJ 

o I ! I 

I 0 ! 0 i 
! 

0 1 1 0 0 1 0 1 0 0 0 0 4 
I 

o ! I 
I 

I0 0 1 0 0 0 1 0 0 0 1 1 0 0 4 

0 1 1 0 1 0 0 1 0 0 0 0 0 0 I 0 4 
I 

0 0 1 0 0 o I 0 1 0 0 0 0 0 0 0 2 

0 0 0 0 0 0 1 0 0 0 1 0 I 0 0 0 2 II 

0 0 1 0 0 0 1 0 0 o : 1 0 0 0 I 0 3 

0 0 0 1 1 1 0 1 0 o I 0 0 0 I 0 0 4 

0 0 0 1 1 I 1 0 0 1 o l 1 0 0 1 0 
I 

0 5 

0 1 0 1 0 0 1 I 0 0 o I 0 0 
I 

1 
I 

0 0 4I 

0 0 0 1 0 I 0 1 0 0 i 0 i 0 T I 

0 1 0 I 0 3 
I 

0 1 0 0 1 0 0 1 1 I 0 0 1 
I 

0 0 
I 

0 5I I I 

0 1 0 1 0 o I 0 1 I 0 I 0 1 0 0 I 0 1 5 II 

0 0 1 0 1 0 1 0 1 0 1 0 0 0 I 0 I 5 I 
0 0 0 0 1 0 1 0 1 0 1 0 0 0 1 I 5 I 

I I 

I I 
0 0 0 0 0 0 0 0 1 0 0 1 I 1 0 1 4 

I 

0 0 0 1 0 1 0 1 0 1 0 1 0 1 0 6 I 

17 

18
I 

19 

20 

21 

22 

0 1 0 0 0 1 0 0 0 0 0 I 1 0 1 1 ' i 
5 

I 
I I o I I

0 0 0 1 1 0 0 0 0 0 o I 1 0 0 3, I 

1 
I 

1 : i
0 1 0 1 0 1 0 1 0 1 I 0 1 0 8 

I 

0 1 0 0 1 0 0 0 1 0 0 0 0 0 o I 3 
I 
I 

0 0 1 0 
I 

0 0 0 0 0 0 1 0 1 0 o I 3 

1 0 1 I 0 0 0 0 0 1 0 I o I 0 o I 1 o I 4 
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..; 'JI'" , "" 'i <Jill ~I~11HfI fl.2 fI:at'U'Ufl1111t'\l1i"'U'U1f1f11~'I111~fUJlH'HJ'U !flU !'lrf1WfftJ'UU'U'U POE tWf1hJ'U11U 

.i , 

l1tJ~ tm~jlu1JflfI" (fltJ) 


i
fI~ r-~.--,.---.-----~,.-•.-------r-----------"-'f------------~la _ a _ a _ 

..; I A16~fI 1 !16'JfI 2 &16-3f1 3 

fI I 1 I 2 3 4 5 6 7! 8 9 I 10 ! 11 12! 13 i 14 ! 15 !11lJ 

23 'I! 0 0 1 0 0 1 0 0 0 ill 0 0 I 0 1 5 

24 1 0 1 o 
25 0 1 o o 0'0101010005 

26 1 0 0 1 0 0 1 0 0 1 0 1 0 0 0 5 

27 1 0 I 1 0 0 1 I 0 0 0 0 1 I 0 1 0 I 1 6 

I 28 I 0 0 0 0 10000 
I I 

o o o o 1 3 I 

I 29 0 0 0 1 01010 o o o o 5 I 
30 0 0 0 0 001 0 , 01 o 0 

I 
o 1 31 0 

31 0 I 0 1 0 O I 0 I. 0 1 I 0 
I I 

Oil o o I 1 o 4 

32 I! 0 0 1 000 1 i 0 010 o o I 1 o 4 i 
33 0 0 I 0 0 10010 

1 
o 0 o o 0 o I 2 : 

34 1 0 0 1 0 0 0 0 0 1 0 0 1 0 0 4 

35 0 0 1 0 0 1 0 0 1 I 0 1 0 1 0 I 0 5 

36 0 1 0 0 0 0 0 1 0 I 0 1 0 I 0 0 0 3 

37 0 1 0 1 0 0 1 0 1 0 0 1 1 0 7 

38 0 1 0 0 1 0 1 1 0 1 0 I! 0 0 
I 

o 6 I 
I 

164I 8 10 12 15 14 7 12 15 11 6 l14 12 11: 8 
11lJ r-~--~--r-~--~--~~--~--~~---L--~~-L~--~~ 

9 

30 I 63 I 
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, ... 
AZUlllln6'U1Ull post-test 

All r--.~.~.~--~----~.--...~.------~----------.7.-..~--------~ 
116~n 1 116~n 2 11Mn 3.... 

n 
4 5 6 7 8 9 103 12 i 13 i 14 I 15 'SIll i1 2 11 

1 1 o 1 o 1 1 0 1 1 11 I
I 

2 o 1 o 1 o 1 1 l 1 1 1 1 10 

3 o I 1 1 o I 1 1 I 1 1 1 1 13 

4 1 ' 0 1 I 1 1 I 1 1 1 1 13 

501 1 101 1 1 1 1 III o 12 I 
6 101 1 1 1 101 1 111 1 13 I 

7 100 1 1 1 111 1 111 1 ! 13 

8111011 111 1 IIi 1 o I 13 

! 9 0 1 1 101 1 1 1 I 1 1 I 1 I 1 1 13 
i 

'10 1 0 1 1 1 1 
I 

o I 
1 IlL 1 

I 11 0 1 1 1 1 I 1 o 

12 0 1 1 1 1 1 

13 1 1 0 1 1 1 1 ! 1 1 0 

14 1 1 1 1 0 1 o 111 1 

II!· 1 ! 1 
: 

o I 1 I 1 

I 
I I 

Iii 1 

1 I 0 ! 1 

o 12 

1 13 

I 13 

1 13 

1 12 

I 15 0 1 0 1 1 1 0 1 1 1 1 1 101 11 

16 1 1 1 I 1 1 0 1 1 1 1 1 1 1 1 0 13! 

17 1 1 1 0 0 1 1 1 1 I 0 1 1 1 1 0 11 

18 1 o 1 1 1 1 1 1 1 0 1 1 I 13 : 

1 119 1 o 1 oil 1 1 11 I 
I 

o o 

I 

o I 1 1 i 
20 1 

21 

1 I 0 i 
i 

1 1 o 1 I 1 

o 
1 I 

1 i 

12 : 

1 I 1 12 I 
I 

o 
o : 

! 
22 

I 

1 : 1 o 1 1 o 1 i 
! 1 I 1 i 12 i 
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, .ot ! 
fl::UUUnf)UI1t1U post-test i 

flU ~-4~'~~--~------4~~~------~----------~.~.ot~·----------~1 
~ 11f)~n 1 11f)~n 2 IUHn 3 

n 1 2 3 4 5 6 7' 8 9 10 I 11 '12 13 14 15 'n'U; 
23 

24 

25 

26 

27 

I 28 

29 

l 30 

! 31 

! 32 

33 

34 

I 35 

, 36 

37 

I 38 

1 1 1 IIi 0 1 1 1 1 1 0 1 0 0 1 11 i 
1 1 1 0 1 I 0 1 1 1 I 0 1 0 1 I 1 I 1 11 ~ 
1 0 1 0, III 1 I 1 1 l 1 1 1 0 ill 1 12 I 
11111)011/11111011101011: 

1 1 1 

1 I 1 

1 1 1 I 1 

o 0 0 1 

1 1 1 1 

1 110 

111 1 

1 0 1 1 

o 0 1 1 

o I 1 1 1 

101 1 

1 1 1 1 

1 i 1 13 

010 1 1 0 1 i 1 o 1 1 1 I 1 l 11 

011 1 1 0 1 l 1 1 111 o ! 12 

1 1 o 1 IiI 1 1 10 1 10 

1 1 

1 1 

1 i 1 

1 I 1 
: 

1 1 

1 1 

1 0 

1 0 

27 27 

1 i 1 
i 

o I 1 
I 

1 i 0 

o : 1 
i 

1 , 1 

1 1 

1 1 

I 0 l 
I 

o i 

1 ! 
o ' 1

I 

1 I 0 

1 10 ' 1 I 0 

o 13: 

12 I 
I 

i 1 13 i 

! 1 13: 
I 

1 i 12 1 

1 I 1 ; 1 1 i 12 i 
1 1 I 1 I 1 I 12 : 

1 1 i 1 I 1 l 12 I 
I I I 

i 28 28 30 33 30 35 27 34 33 31 i 34 32 30: 459 ' 
11'U r-~--~~--~--~~--~--r-~--~~~_~i~--~--~~ 

86 152 221 
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..j I I 
%Actual %Possible , A vg.Normolized 

tl'Un %Pre %Post 
I gain gain gain 

1 26.67 73.33 46.67 I 73.33 0.64 

2 26.67 66.67 40.00 73.33 0.55 

3 26.67 86.67 60.00 I 73.33 0.82 

4 13.33 86.67 73.33 
I 

86.67 
I 

0.85 

I
II 

5 l3.33 80.00 66.67 
I 

86.67 0.77l 
I 

6 20.00 86.67 66.67 80.00 0.83 I 
I I 

7 26.67 86.67 I 60.00 I 73.33 

I 
0.82 

j
8 33.33 86.67 i 53.33 66.67 

I 
0.80 

I
! I 

9 26.67 86.67 +60.00 73.33 0.82~
I 
I 

10 20.00 
I

80.00 : 60.00 80.00 I 0.75 

11 33.33 86.67 53.33 66.67 I 0.80
I 

12 33.33 86.67 53.33 66.67 I 0.80 

l3 33.33 86.67 53.33 66.67 0.80 
I 

14 33.33 80.00 46.67 66.67 I 0.70 I 

15 26.67 73.33 I 46.67 
I 73.33 i 0.64 

L 

16 40.00 86.67 I 46.67 \ 60.00 ! 0.78 
II 

! 
I I 

17 33.33 73.33 40.00 
I 

66.67 
I 

0.60 II
18 20.00 86.67 66.67 I 80.00 0.83

I 

19 53.33 73.33 20.00 46.67 I 0.43 I 

20 20.00 80.00 60.00 80.00 
I o.7HI 

21 20.00 80.00 60.00 80.00 I 0.75 

22 26.67 80.00 53.33 73.33 
! 

0.73
I 

I 

23 33.33 73.33 40.00 I 66.67 I 0.60 I 

I I i 
! 24 
i 

40.00 73.33 33.33 60.00 l 0.56 
I 
I 

25 33.33 80.00 46.67 66.67 I 
I 

0.70 I 
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I 
I 

I 

I 

I 

I 

I 

.-Aun %Pre 

I 
%Post 

%Actual 

gain 

%Possible 

gain 

IAvg.Normolized I 
I gain 

26 33.33 73.33 l 40.00 66.67 l 0.60 

27 

28 

40.00 

20.00 

86.67 

73.33 

46.67 

53.33 
I 
I 

60.00 

80.00 

1 I 

I 0.78 

0.67 

29 33.33 I 80.00 46.67 I 
I 

66.67 0.70 
I 
I 

i 

30 20.00 
1 
I 

L 
66.67 46.67 I 80.00 0.58 

31 26.67 
I 
! 86.67 60.00 I 73.33 0.82 

I 

I 

32 26.67 80.00 53.33 73.33 0.73 

I 33 13.33 l 86.67 73.33 86.67 0.85 

34 
I 

26.67 I 

i 
86.67 

I 60.00 73.33 0.82 I 

35 33.33 I 
I 80.00 46.67 I 66.67 0.70 

I 

36 20.00 
:

80.00 60.00 80.00 
i 

0.75 
I 

37 46.67 80.00 33.33 53.33 0.63 
I 

I 
I 

i 

38 40.00 80.00 40.00 60.00 
I 

0.67 

'ill! 28.77 I 80.53 I 
I 

51.75 I 71.23 0.73 
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..l %Actual %Possible I Avg.Normolized 
flU" %Pre %Post 

gain I gaingain 

1 30.00 80.00 50.00 70.00 i 0.71 
I 

2 20.00 80.00 60.00 I 80.00 0.75 

3 20.00 80.00 60.00 80.00 0.75 

4 30.00 90.00 60.00 70.00 0.86 

5 40.00 70.00 30.00 60.00 I 0.50 I 
6 40.00 80.00 40.00 60.00 0.67 I 

7 40.00 I 90.00 50.00 60.00 0.83 

8 50.00 I 80.00 
I 

30.00 50.00 I 0.60 
I I9 50.00 I 80.00 30.00 50.00 I 0.60 

10 50.00 80.00 30.00 50.00 I 0.60 
I I11 30.00 80.00 I 50.00 i 70.00 I 0.71 

12 30.00 80.00 50.00 70.00 T 0.7~I 

13 30.00 80.00 50.00 70.00 0.71 

14 30.00 80.00 50.00 70.00 0.71 
I 

15 50.00 80.00 30.00 50.00 0.60 
I 

16 40.00 80.00 40.00 60.00 0.67 
II 

17 40.00 90.00 50.00 60.00 0.83 iI 

18 30.00 i 90.00 60.00 70.00 0.86 
I 
I 

19 40.00 I 80.00 40.00 60.00 I 0.67 II 

20 50.00 80.00 30.00 50.00 i 0.60 I 
I 

21 30.00 80.00 50.00 I 70.00 0.71 

22 30.00 80.00 50.00 70.00 0.71 
I 

I 

23 40.00 80.00 40.00 60.00 0.67 I 
24 50.00 

: 
80.00 30.00 50.00 0.60 

, 
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..l %Actual I %Possible Avg.Normolized 
tlun %Pre %Post 

gain I gain 
I 

gain 

25 30.00 80.00 
: 

50.00 70.00 0.71 

26 50.00 80.00 
, 

30.00 50.00 I 0.60 iI 

27 50.00 80.00 30.00 I 50.00 0.60 I 
28 50.00 80.00 30.00 50.00 0.60 i 
29 40.00 70.00 30.00 60.00 0.50 ~ 

30 50.00 80.00 30.00 50.00 0.60 
I 

31 30.00 80.00 50.00 70.00 0.71 I 

I 
I 

32 50.00 80.00 30.00 50.00 0.60 I 

33 30.00 I 80.00 50.00 70.00 I 0.71 

I 34 I 30.00 I 80.00 50.00 70.00 1 0.71
I 

1 

I I35 40.00 80.00 40.00 60.00 0.67 
, 

36 30.00 80.00 50.00 70.00 0.71 

37 20.00 100.00 80.00 80.00 1.00 
I 

38 37.89 81.05 I 43.16 62.11 0.69 
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, %Actual %Possible A vg.Normolized I... 
%Pre %Postflun 

i gain 
I 

gain gain 

II 1 I 40.00 
, 

80.00 40.00 I 60.00 0.67 
, 

2 
I 

30.00 I 80.00 50.00 70.00 0.71 
, 

1 i 
3 30.00 90.00 60.00 70.00 0.86 I 

I 

4 20.00 90.00 I 70.00 80.00 0.88 
I 
I 

5 40.00 70.00 30.00 I 60.00 0.50 I 
I 

6 30.00 80.00 50.00 70.00 0.71 I 
, 

I 
7 30.00 100.00 I 70.00 70.00 1.00 I 

I 

8 30.00 90.00 l 60.00 70.00 0.86 I 
I I 

9 20.00 I 80.00 60.00 80.00 0.75 I 
10 20.00 I 80.00 I 60.00 80.00 0.75 

I 

11 30.00 I 80.00 
I 

50.00 70.00 0.71 
I 

I 

I12 40.00 
I 

80.00 I 40.00 60.00 I 0.67I 
I I I 

i 13 : 30.00 80.00 
, 

50.00 70.00 
i I 

I 

0.71 
I I 

: I 
, 

14 30.00 80.00 I 50.00 70.00 0.71 
, 

II I I
15 30.00 90.00 60.00 70.00 0.86 I 

I 

16 30.00 90.00 i 60.00 70.00 0.86 

17 30.00 I 90.00 
, 

60.00 70.00 0.86 

18 30.00 
l 

90.00 60.00 70.00 i I0.86 

19 20.00 80.00 I 60.00 80.00 1 0.75 I 
20 30.00 80.00 50.00 I 70.00 I 0.71 

21 30.00 80.00 50.00 I 70.00 I 0.71 I 
1 I 

I22 20.00 80.00 60.00 I 80.00 0.75 

23 30.00 80.00 50.00 i 70.00 0.71 

24 20.00 80.00 60.00 i 80.00 0.75 
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..i ~"')I ')I ... ')I 	 • It) "I_!!I
ftl'nnl fl.6 	 Il-Hl nl':i 11m1:t1'l fl111J nl11'1tA 1m~nl'H'HJ'iHHI ·HlfI Wh'ITU1'I1tA UCl~ ffflTVI '\.J1 nfril 

(1itJ) 

, %Actual %Possible IAvg.Normolized
"" %Pre %Post"un 

gain gain gai~--1 
25 30.00 90.00 I 60.00 70.00 0.86 I 

26 30.00 90.00 l 60.00 70.00 0.86 I 
I I I27 20.00 90.00 I 70.00 80.00 0.88 

I 

I I 
, 

28 30.00 80.00 50.00 70.00 0.71 I 
29 30.00 80.00 I 50.00 70.00 0.7 I 

I 
I I 

30 20.00 80.00 60.00 80.00 l 
I 

I 0.75 
I 

i I I I 

I31 20.00 80.00 60.00 80.00 I 0.75
I, 

I 
, , I 

32 30.00 80.00 50.00 70.00 0.71--J 

l I I33 30.00 80.00 50.00 I 70.00 0.71 
III I

34 20.00 80.00 60.00 80.00 0.75 I

l I 

I 35 30.00 80.00 50.00 70.00 0.71 ! 

I 
I 

36 30.00 80.00 50.00 70.00 0.71 I 
! 

I I
37 30.00 I 80.00 

I 

50.00 70.00 0.71 
I 

I I I 
I I i I I 

38 40.00 I 80.00 40.00 60.00 I 0.67 I 

I I 
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.d fI 9J" 4.a A 1IJ _~ ,Q

9Il1H'fl fl.7 H~f11nlml~'I1f111~f111'11'W1V11\1f11·H·:HJ'W!'HJ.,:jU ';j ';U'faHl'I..J rVh"flU~~fll1~ 11 H 

"ffflvl'V'l Y111 ~wh.,:j;11 iYJYh 

. 
I 

%Actual I %Possible Avg.Normolized I... 
%Pre %PostflU'fl 

gain I gain gain 

1 20.00 90.00 70.00 I 80.00 0.88 

2 20.00 80.00 60.00 80.00 0.75 I 

3 20.00 90.00 70.00 80.00 0.88 I 
4 30.00 90.00 60.00 70.00 I 0.86 

I 

I 
5 30.00 70.00 40.00 70.00 I 0.57 

I 
6 10.00 I 80.00 70.00 90.00 l 0.78 

7 30.00 1 100.00 70.00 70.00 I l.00 II 

~ 
8 20.00 90.00 70.00 80.00 0.88 I 

9 20.00 80.00 60.00 80.00 0.75 I 
10 20.00 90.00 70.00 80.00 l 0.88 

11 30.00 I 80.00 50.00 70.00 
I 

0.71i I I 

12 30.00 
I 

80.00 50.00 70.00 I 0.71 II 

I 
13 20.00 80.00 60.00 80.00 0.75 I 
14 10.00 I 80.00 70.00 90.00 0.78 ii I 

I 
15 20.00 

I 
90.00 70.00 80.00 I 0.88 II 

I 
I I 

16 40.00 90.00 50.00 60.00 O.~~ 
17 20.00 90.00 70.00 80.00I 0.88 , 

18 30.00 100.00 70.00 70.00 l.00 : 
I 

19 20.00 90.00 70.00 80.00 0.88 

I 20 30.00 80.00 I 

I 

50.00 70.00 0.71 
I 

21 20.00 90.00 70.00 80.00 0.88 
i 

I 22 
I 

10.00 80.00 I 70.00 
I 

90.00 0.78 I 
23 40.00 

j 

l 
I 

80.00 I 40.00 60.00 0.67 I 
24 40.00 l 

I 

i I 
I 

80.00 
I 

40.00 60.00 0.67 
i 
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J .,." 'JI!Ii "'... '" 1lJ ..I.!M Iftl1HYI fl.7 ~H'Ifll'j1~fI'jl~l1mllJtl11l1Ul'Y11~fll'H'HJ<lH'HH!iH ifI tHJU rY'Il"tl ~H'I~ fl11lJ ~N 
111 

"fl6,'t'J~n~l1';h~,hl't'J~1 (~tl) 

J %Actual %Possible A vg.Normolized 
fll.lYl %Pre %Post 

gain gain gain 

25 30.00 80.00 50.00 70.00 0.71 
i 

26 10.00 80.00 70.00 90.00 0.78 I 
20.00 I 80.00 I 60.00 80.00 0.75 

! 
27 

-i
28 30.00 i 80.00 I 50.00 70.00 0.71 

: 

29 30.00 
, 

80.00 50.00 70.00 0.71 I 

30 10.00 80.00 70.00 90.00 0.78 I 
31 40.00 90.00 50.00 60.00 0.83 ! 

I 

I 

32 20.00 I 80.00 60.00 80.00 0.75 I 

I 
33 30.00 80.00 50.00 70.00 0.71 

34 10.00 80.00 70.00 90.00 0.78 

35 10.00 80.00 70.00 90.00 0.78 

36 30.00 I 80.00 50.00 70.00 0.71 

37 10.00 
I 

80.00 70.00 90.00 0.78 II 

38 10.00 
i 

90.00 80.00 90.00 I 0.89 I 
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.,. %Actual I %Possible Avg.Normolized 
flU'n %Pre %Post 

gain gain gain I 
I 

II 

1 21.05 73.68 52.63 78.95 0.67 

2 26.32 73.68 47.37 73.68 0.64 
I 

3 31.58 78.95 47.37 68.42 0.69 

4 39.47 86.84 47.37 I 60.53 0.78 I 

I I
5 36.84 71.05 I 34.21 i 63.16 0.54 

L : 

i 6 18.42 71.05 52.63 81.58 0.65 
, 

I 
7 31.58 78.95 47.37 68.42 

I 
0.69 

i
I8 39.47 92.11 52.63 60.53 0.87 I 

9 28.95 71.05 I 42.11 I 71.05 0.59 I 
I 

10 15.79 89.47 73.68 84.21 0.88 I 
! 

11 36.84 86.84 50.00 63.16 0.79 

12 31.58 81.58 50.00 68.42 0.73 

13 28.95 89.47 60.53 71.05 0.85 
I I 

14 21.05 84.21 63.16 78.95 0.80 
I 

i 
15 23.68 l 78.95 55.26 76.32 0.72 
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.... 
.;j .. l' 

Oln\ilUa:: 
fl J:r11::Ol'Hlt1Ul' Ol'H1t1U1' J:r60l11'mU 

th::liluNa ~ 
U 

, nJJ l'tlatl .. 
I i 2 I3 

! I I I I 

: ! ~ , : 1 : 
I I I I I I 2 

'fI 4 5 : 6 7 
8 1 9 i 0 7 8 i 9 1 0 , I 2 , 

'4 4 4' 5 14 4 3 5 ,4 3 1 4 4 77 3.85 
, 

I 3 3 4 4 5 ,4 3 3 , 

2 4 4 4 5 4 5 4 3 4 5 4 414 5 4 4 4 4 5 4, 84 4.20 

3 3 4 3 4 4 4 , 5 4 5 4 , 3 414 : 4 ' 5 3 4 3 4 4 78 3.90 , 

4 4 4 4 5 4 5 4 3 4 5 4 5 4 5 4 4 :4 4 514 , 85 4.25 

5 4 ' 5 4 4 4 5 ,4 4 '4 : 5 , 4 , 5 14 5 '4 4 5 4 4 4i 86 
1 

4.30 , 

, 

6 5 4 3 4 4 4 5 5 5 4 5 4;3 4 3 3 :4 3 i 4 4 1 80 4.00 I, I 

7 4 '5 4 5 4 5 ,4 4 '4~4 4 ,5/4 :4 4 415 4i5 4 86 
I 

4.30 ,, , , 

8 4 5 4 5 : 4 ' 5 4 5 5 4 5 41 3 4,4 4i 3 
1 

4 i 5 4 85 4.25 

9 5 4 5 4 3 4 [3 4 ' 4 ~ 4 5 4/3 4:4 514/ 3i4 1 3 79 1 3.95 , 

10 4 4 4 5 :41 4 4 5 4 i 5 4 1 I4 
1 
4:5,4 4 : 4 4i514 85 

/ 
4.25 

II 5 :4 5 4 314 [4 4 4 : 4 5 
, 

514/5:43 
! 

4 3 4 '4 82 
1 

4.10 

12 4 4 5 4:34 4 4 4 5 4 3 4 3 4 4:4 5 i 4 3 79 
/ 

3.95 

13 4 5 '4 4 4 5 [4 5 4 4 , 5 4 4 '4 5 4 3/4:414 84 I 4.20 ! 
, 

14 3 4 4 5 4 '4 4 4 5 '4 5 1 4 5 4 5 3 , 4 4 3 4 82 4.10 I 

15 3 4 4 4 5 4' 5 4 5 4 5 4 3 3 3 3 4 4 4 5 : 80 4.00 
L 

16 4 3 4 4 4 5 4 5 4 4 :4,4 4 4 5 4 3 ,4 4 4 81 4.05 i 
, 

17 4 4 5 4 ' 5 4 3 4 3 4 4:4 4 5 4 ,4,4 4'4 5 82 4.10 1 

3 : 4 :4 1 4 
, , 

4.05 I18 4 4 4 5 4 4 4 5 4 4 I 5 4 3 4 4 4 81 

5 / 4 41415/5141514, 4 [4 
, 

19 4 4 5 4 3 4 5 I 4 5 86 4.30 
, 

415:414154'5 414 4120 4 4:4 5 4 5 4 5 4 : 5 87 4.35 : 
, 

4 : 5 
, 

4121 3 4 4 4 l 4 5 4 5 4 5 4 4 3 3 '4 4 4 81 4.05 I 
22 4 3 i 4 4 5 4: 5,4 3 4 31414/3i4 4 3 ,4 4 5 78 I 3.90 : 
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i 

1 

I 

... 11'" Ifl1'1~Uat ,tttltlNa i • 

'" 
15 . 16117 I 18 ~ 19 20 ':il'J..I,l;:UUJ 

I ' i 
2 3 4 5 6 

23 4 3 4 4 5: 4 414 5 413 4 ! 4 3 4 3 4 77! 3.85 

24 3 3 4 4 5 i 4 5 I 4 ! 3 414 4 5 3 i 4 3 
I 

3 I 4 4 5 78 3.90 

1 25 414 3 4 4! 4 5 143 4 414 5 4 i 3 4 4 80 i 4.00 

26 3 4 4 5 I 4 5 4 4 I 4 5 4 5 4 3 4 L 3 4 ! 4 3 4 80 4.00 

27 4 4 3 4 4 4 5 4 ' 3 4 4 4 5 4 4 : 4 4 3 4 4 
I 

79 3.95! 

28 

29 

4 

3 

4 

4 

3 

4 

4 

5 

4 

4 

4 

5 

5 

4 

4 

3 

5 

4 I 4 

4 4 

3 

4 

4 

4 

4 

3 

4 

4 

5 

4 

3 

79 I 3.95 

79 , 3.95 

30 I 4 4 3 4 4 4 5 4 3 4 441 5 4 3 144 
I 

4 I 5 i 4 
i 

80 1 4.00 I
I 

31 ! 4 4 4 5 4 L 5 4 4 4 5 4 l 5 I 4 3 i 4 i 4 82 4.10 I 

32 4 4 4 5 1 4 3 4 3 4 4 i 5 I 4 4 i 4 ! 4 4 I 4 4 I 5 81 4.05 

33 4 3 4 I 4 4 l 4 4 4 4 i 5 1 5 4 l 3 4 i 4 ! 4 3 I 4 4 4 79 i 3.95 

4 5 85 4.25 

36 I 4 4 

37 4 3 

~3~5~4~1~ I! ~IO I 
5 4 5 4 3 4: 3 i 4 ! 5 1 4 15 l 4 3 4 4 5 4 5 83 4.15 

4 4 ' 4
I 5 4 4 4 5 i 4 i 4 4 i 5 4 4 3 4 4 1 4 81 4.05 

3~~4~4~~4~~5~4~1~5~i~4~i~4~~:'~4~i~5~1~4~~1'~5~i~4~~4~~3~4~~4~4~j 82 

I 38 4 4 5 4 ! 5 4 3 4 4 4 I 5 l 4 5 I 4 l 3 l 4 4 I 5 4 5 1 84 4.20 

11,., 147 148 153 161 158 167 155 I 158 151 164 160 I 162 153 152 I 157 ! 145 143 I 150 I 155 158 3,097 -

lGaU 3.87 3.89 4.03 4.24 4.16 i 4.39 4.08 4.16 3.97 4.32 4.21 4.26 4.031 4.00 4.13 3.82 3.76! 3.95 4.08 4.16! 3.87 I 4.08 i 
S.D. 0.53 0.56 0.64 0.49 0.55 0.50 0.67 0.55 0.64 0.47 0.58 0.50 0.64 0.70 0.62 0.51 I 0.54 0.61 i 0.49 0.55 I 0.53 0.59 

I 



77 

.fllflNU1fl " 



78 

1. Irlnlt1ltJ'U1;]tJ'Um~uuh~Yh w ~'fl~ n'U m:::uu1-wvh w ~'fl~ 2 ~~'fli'fliifll 

m:::UU1-W~1 1Jlfl~qfl 

.dfl. ~'fl'YI 1 ... 
'tl. tA'YI 2 

fl. tA~ 1 u,,:;: 2 iim:::uu'-w~m'hn'W rdfJ~~lflm:;:UU'-W~1''H"i'WVlf1'Y1Hl~fJ1'.in'U 

1~~'.i 

2. fl1'.i~fJ'H"nA '-W~ln'U11'U'HAfJ~i'W1~~'.iiA 'thi~'H"fJA'-W~A'~ 

. 
'" 1-3\l,'f1 3 
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I 

E 

fl. m~Hff'yJYh~/lh'il RI >Rz 	 '11. m~uff'rHh~Jl.il'il Rz> RI 

fl. m~uff'yJYh~Jl.il'il RI Rz ~. hlii.,rviiil\!fl~V~ 

'JJ <V • , ,.1 <V "''''' '1 'JJ , iii. I J'
4. ml1J~l'il'l'll'il'l.lV-iI('I1iil~1'i11 1J'I.I'ilfl'U1J'j1J1W iil'l.lV~V LlJ'iI 

fl. 1J1('1 	 '1.1. fl111Jtl11 


-iI. fffl1'Y'1~l'il'Vll'il'yJ~l 

~, 	 "",.l.d. <V ell ~ ~ ,

5. ('I1iil A V11t'U'iI 2 t'Vll'l.lV-iI('I1iil B U('l~1J'Y'I'iI'l'lfl1fl~iil'l.l11-ilt'U'ilm-il'l1'i1-i1'1.1V~('I1iil B H~('I1iil B 

fffl1'Y'1fl111J~l'il'l'l1'ill;j'il 4 tv11'l.lV-iI('ldiil A fliil'jT,b'il'j~'I111-ilfl11lJ~l'il'Vll'il'l.lV-iI('I1iil A ~V('I1iil 

B ~'j -ilti'U.,rviiil 

fl. 3 : 4 '1.1. 4 : 3 


fl. 2 : 3 -iI. 1 : 1 


6. ~l''\n('l'l1~~Tj.h~'iI~m!l~iilfl~~ A um:m~uffth~fl~'jV'iltfl~V'iI~1j)lfl~lU'l1'tl-il X lt1 y 

.,rv'iilmi1d(i-ilffmflyJ~l 1$l\lfl~V-iI 
OJ 

y x 
o 

... d 
m~Uffvmfl~'jV'iI 

fl. ~ltm'tl~ x iiffmflyJ~lff~fl11~lim'tl~ y
OJ 

'1.1. ~lU'l1'tl~ Y iiffmflyJ~1'~~fl11~11m'tl~ x 

fl. ~ltm'tl-il x iiffmflyJ~11v11ti'U~ltm'tl~ y 

-iI. '1iii.,r6~\lfl~6-i1 
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ltJ J4 JI.d 'JJ 
fl. == 	 ~ ~. !lJlJ'U~'VI\lfl~~~R J 

8. a. fl11lJ'Ih i"fhil'Ufl11lJ~TU'VI1'Hrhnh'UfI"'U'UtJ~n\m,,~il'U 

b. 1~qii'tYflWflhi"~l~~~~ii'tYm~~l'U'VIl'U~l 
c. fl111J'lJ1 i"~lii'H'I.hmrJ'UC)fllJ'Uff~tJllJ~':i 

-rltJ '1fl ~ tJ i1.Hl
11/ 

\l fI 
,.. 

fl. 'UtJ a, b u,,~ c 'U. -rltJ a, b 

fl. -rl~ 	 b, c ~. -rl~ a, C 

9. 	 Viff'UtJ~m ::u'tYi,,~ 1~ llJ'tYlf1,,-QfJlJfifl~ lf1tJ~h 
fl. Viff~11h~tJ'Ulfl~tJ'U~ 

~ dQ d 4.cd. a "dQ dt dQ 
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~111'V11U,rtJtJ1tl'Hlfll1J1f) m~uffl111~'iI'j I ~m'jttJ~tllIlLtJn~tJf.h~ h 
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