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ABSTRACT 


TITLE : DEVELOPING ACTIVE LEARNING ENVIRONMENT ABOUT EARTH 

SCIENCE FOR HIGH SCHOOL STUDENTS 

BY : JENnRA JUIPRAKHON 

DEGREE : MASTER DEGREE OF SCIENCE 

MAJOR : SCIENCE EDUCATION 

CHAIR : SURA WUTTIPROM, Ph.D. 

KEYWORDS: ACTIVE LEARNING I LEARNING ACHIEVEMENT I EARTH SCIENCE 

The purposes of this research were 1) to develop student achievement in science 

regarding Earth structure Earthquake and volcano for grade 10 students using integrated with 

active learning, 2) to examine the efficiency of the learning activities plan based on the standard 

efficiency 75175, 3) to examine normalized gain and 4) to examine the students' satisfaction 

toward learning instruction integrated with active learning. The samples of this study were 

a group of 47 students from grade 10 in Phlabphlachai Pittayakom School, Buriram during the 

first semester of the 2012 academic year. They were assigned by purposive sampling technique. 

The design of one group pretest-posttest was employed for the study. The instruments used in the 

investigation comprised 1) three learning activity plans on active learning, 2) thirty items of 

multiple choices pretest and posttest and 3) questionnaire on satisfaction. The results were found 

that 1) the students' learning achievement after studying was higher than before the treatment with 

statistical significance, at level .05, 2) the efficiency of the learning activities planhad the standard 

efficiency level at 80.43176.73 which was higher than the standard level of 75175, 3) the average 

normalized gain with 59.51% and 4) the students' satisfaction toward leaning through integrated with 

active learning was in the highest level with 90.81%. That seems to indicate that integrated with 

active leaning could develop learning achievement of the students grade 10. 

http:80.43176.73
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.¥ a 1'J1 1V #:I c:. tI til 0 t1"'''''''''t Q,I

l.l1fl'U\J 1~t1 'H\Jm';}tJ\Jtfl~ ,;}~ll''Ufll,;}W~l~'1 'illflfll,;}'YI1~1\J,;}1JJfl\JUll~ '\llflfll,;} {] 'U~~1tJ~\Jltl~ 

09.l.c:l Qd. .d a1" QI A Ql4

'fll 'ill~t1~lJflllTIi fll';} ll'tl\J 'YI'H ll1fl'H 11ltll~t1 'HmlJl::::ll'lJ fl'U1\J t1'H1Ull::::'fl 11lJ ll'llJl Hl'UtI~\J m';} tJ\J 

..!! ,,<v ... ""'" ~ '''' ..l1it2 'lit'" 'I"
a.If~fftl~'fllltl~fl'U~,;}::,;}l'lf'Utytyl'lfl1nlfli:llU'H~'lfl~ ~.ff. 2542 l.l11'l,;}1 24 'YI1~lfllll1 1111 'fl1,;} l'lf 

...... a" 1 °1""' ... lit'''' a1lifl1,;}fftl\J'Hll1tJ'1 U'U'U mtlll'\JtI~'fl11lJ~tl~fll,;} 'fl11lJll'\J 'il'il::'YI1 11'Wm';}tJ\J IlJlfl~'fl11JJ!'Utl 

, ... °1"'" "'.! ...... .¥11\J lUUll:!:tJ~'YI1 mfl~Nllll'lJ q'YIli'YI1~fll,;} l';} U\J ~'U\J 

'illfl~fl~11U~1,rl~9f\J f1,jtJ~~ff\J1 'O~WJ\J lltlu'U'Ufll,;} ,j~fll 'j t1 V\Jfll';}ll'tl\J fl~lJll'l,;}:: 

fl1';} il tJ\Jll'Y1mfflll'~f ,;}ltJl'lfl1llfl ~1,;}lfflll'l'lfull::tl1fllff 11tl~ 1m~ll'~H l11fl U~\J~\J i1111111:: 

fJ"n i vJti'U,rflil tJ\J ';}::i'Ui\J~'6tJlJfffli:lliJ~ 4 l~tJ1.rfl1,;} ,j~flU il tJ\JlH'tJ'U§jff1\J'hlJ 1~t1~WJ\Jl 
....! ... ... ... 1" .¥

Nllll'lJq 'YIli 'YIl ~fll,;} I';} tJ\J 'U tl~\Jm';} V\J 'H U~'U\J 

1.2.1 1~t1fffli:llt1';} ::::ff'YI~ m~'UtI~UN\J fl1,;},r~ fll';} 11 tJ\Jl 'nUl'lf1111fl ~ U lf11ffl'lf 

Ull:!:tl1fl1ff 11t1~ 1m ~ll'~1~ l11fl u~\J~\J i'H 1Ull::fJt'Ul ivJ ~1tJliflu~ (J\Jlll'U'U§jff1\J~1lJmlJ 
1flW'fl " 75/75 

1.2.2 t~t1~WJ\J lNllfflJq'YI~'YI1~fll'Jilv\J'Um,rflil U\J.5\J~liVlJfffli:lli1~ 4 ,;}ltJl'lfl111fl 

" a 1 '31 1 '''' lit •.!"........." ... ,
~1'Jlfflff~,;}Ull::tl1fllfl t'JtI~ 'flHll''Jl~ llfl UN\J~\J littl11Ull::m'Ul m ~1(J1lifll'J''JtJ\Jm'U'UlJll'1\J.. .. 
, 
,;}1lJ 

1.2.3 1~t1fffli:l1'fl11lJi4~~t11'O'Jf)~,rfliltJ\J~iltJ\J'JltJl'lfl111fl ~l'Jlfflll'~full:: t11fllff 

11tl~ lfl'J ~ff~l~ l11fl U~\J~\J i'H1UllUll'Ul ivJ ~1tJnfll'JiltJ\J~u'U'U§jffTw ~1JJ .. .. 
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.. 
tnWCVl 75175 

4 Q,.I J Q 4 '1.c1 '.c::I CU 4) c::.~.d <atQ.I 	 QI 

lIN(I ffllfJ'YIli 'YIl-!J01':i!':i fltJ '11 (I-!J!':i fltJ \T -!J fl11 fltltJ! ':ifltJ tlfll111tJ flfflf1ty'YI1-!J (\'fI~'YI ':i~~ 'U 0.05 

1.3.3 f11111-Wn-.tl ''il'lJtl-!J'\l'flilfl'\.Ji'\.J~1ifJlIfffllJlil~ 4 ~iiri D01':i ,rflO1':i ~fltJ lflfl1~ 
m~'U1'\.J01':i~fltJ ~u'U'Uii(htJ'hll !itl-!J 1 f1Hff~H1(lfl u~tJ~tJ ''I11!m~.m'lJl ,-niifl111l.nnm' 'il 

~ 	 ~ 

tl~'tJ':i~i'U1J1fl 

• I • I d, '" ~ :'1 "".. ~ "" ~ ':'1 d do""1.4.1 	 lJ':i ~'l11m lJ':i ~'l11m 'YI 'l1 tJ O1Hlfllll!lJtJtJ m HltJ 'l1'U 'lJli flll"'flllllJ'YI 4 'YI01M 

fffllll'tJilfll':ifffllll 2555 ~ltJT\.J 242 f1tJ 5 lftl-!JllfltJ 'lJtl-!J 1H!1 u'\.J~l:flJ~(lliflfi'YIfJHlll 
o QI QI f1I QI Q('U fI 
mum~(I'U~(ll'l1fl M'I11fl'1,!':i':illfl 

1.4.2 fl ~mi1tldHt~tJ '\l'm1 fltJitJ ~li flllfffllllil~ 4/1 ~fil tf-!J ffflll 1 , tJilflu fffllll 

2555 \lltJ1tJ 47 f1tJ'lJtl-!J lH~fJtJ~tf'U~(llifJfi'YIfJlflll ~i1Ultl~tflJ~(llitl ,r-!J'I11fl'1,!1i'lIV '~1J11flfl 
""'" 	 ...1li01':i1(1 tlflUlJU'il1::: 'il-!J 

'I "'I t "'.1" "'.1" .:.. 11.4.3 ':i:::fl:::!1(11 t'l1!1(11 ttJflU 'YIfl(ltl-!J'YI-!J'I1l1fl 4 fflJfll'l1 fflJfl1'11(1::: 3 'l11 1I-!J 

':i111 12 i11m 
,l :'I,l ,... 1 .. 	 ~ '" ..,

1.4.4 !tJfl'l11 !lJtJltJtl'l11 tJ1'l11 (lfl flUl"'lff~':iU(l:::fl101f1' fftlflflntl-!Jfl'U'I1(1fl\T~':i 

fftlltJfffllllJtJiftJl1tJ1H~tltJ~tf1J'rf(\litlfi'YItllflll ~ulJ11i'lJ111-!J ll'YIliftfl';il'l1 2551 

1.4.5 	 i1U11':i~fffllll i1U111~fffllllii 2 'l1Ufl ~tl i1U'l.h~tJ !!(I:::i1U111~11l 

i1U111~tJ ~fl 011 ,rflO11~fltJrUlJlJiirl1tJ'i111 

:'1.1 1 .. I " ........ 1 .. , '" 
1.5.1 	 llJtJlJ1::: fJ'l1tJUflfl1NfffltJ1'l111'l11 (lfl fl1';ilf1'lffl'l'H!(I:::tl1fll'" tJ1:::fl'U 
~ ~ 

~liflllfffllll~tltJ11 (IlfJ , ~,~tJUtJ 1'Y1l-!J1tJ011 ,rfln'ilfl';i1 11 011 ~ fJtJ ~ 
~ 

http:f11111-Wn-.tl


4 

... ..., 	 J 
1.6 'UUUlfI'WJlltl'WU: 

Q.I .c:o! 91 .cSt f 	 ~ QI'1 
1.6.1 flTi'll~fll'H'HJ'Uln'UmH1'1'U11lJ (Active Learning) flom:':'U1'Ufll'l 'Ufll'l'll~ 

Q d iI ~ iJ.:= iI 	 III jld,. ~ 0 t .Q' -=:s '1 'JI 'JI'" 
fl 'II m 'llJfll 'l! 'l (I'Ul'Vl ~l 'l tJ'U 9l0~ L~lJ IOfll ffCl ~ lJO m ::'VlllJ lflfl11 fll 'lff,H'YW~ OtJl~ l~ tJ1 11~! 'l (I'U 

11) jI-=::s I I L'" '1 ~.c:I "Q.t Q L" i!.=s II) rJJ ~ d" ,. I 
l~lJff1'U11lJ 'Ufl'llfl'l'llJ 'U'lf'UtHI'U 'flO~'Il~fl'llm':llJ l1~t'ltJ'U !~Hfl\Plfll':ll':ltJ'Ua !'fl(lfll':lOl'U 

'" 1 'JI ... ".or 'I! d II
fll':l l'tl tJ'U fll':l 'fl 'fl O'UUCI ::m111m1::l1lJty111 ffl H'U':I'l tJlfllff'tlO~fllnJ ff1'U11lJ UCI::fll':l! 'Il'l 'Ill 

,. " 	 d t ~ '1"". .cS Q.I Go' cf.=i-=s iI A '1 ~ Ci ,. GJ" QQQ Q.t

!'fl'fl0'U'Vl ff ~lff':llJ 11 ~1':1 fJ'UlJtI{JfflJ'W'Uli 'VI'flfl'U ~ffO'UUCl:: l'WO'U 'U 'If'Ul'HJ'U !~tJ !'lfflCl1lifll'l ffO'U 

d 'I 'JI QI l.l A "I !l1 'JI'" ... '" 3111J 2 d 1 'JI'" 
'Vl11C11fll1 CllfJ m m 111:: fflJ fl'U U'flCl::!'U 0111 t'rlO!11 fH'l (I'U!fl~m'l t'l fJ'U J !;1 111 fl'Vl ff~ ~ fJfH 'l fJ'U 

qJ 	 <u q <u 

'11::\1 mtl~fJ'U 'U'Vl'U 1'Vl 'Il1fl~i''U fl11lJ,f , 'll~fll'l ~ ff1'U i 1lJL'U fll'l ffJ1~fl11lJr 
'JI 'JI '" 

1.6.2 	 fl11lJfllTI1 'U l'Y11~fll':ll':lfJ'U 

IIJ 'JI """" .1'" '" 'JIRichard R. Hake (1998) !'fllff'U01lifll'llJ'l::!lJ'UPlClfll'l!'ltJ'Ul'lllflfll':l'VI'flffO'U 

'Q cviCdi ,. od:~ 	 1 II) v ~ 
flO'U!'l(l'UUCI::l1C1~l':1tJ'U (post-test) !'fltJm'U~fH floor and ceiling effect ( Ofllff !'flfl::U'U'U'fll~'fl 

I 'JI .1" 0" 1 d IIJ!l1 i I ... .1 "0 "'"i lJ'UOtJfl11 0 llJO':llctf'U'fl UCI:: Omff'VI'll:: l~f1::U'U'Uff~ff'fl lJ!fl'U 100 llJO'llctf'U'fl) !'lfJfl11
1 	 .. . I 

nonnalized gain (nonnalized 1~'U fi1~1I1'i11fltilfl'rl'VI""Hfl10'U ~lJVJ fffl ff ~~11111tJi1~fll':l't'il '1,r~ 
10fllfffl11lJl1J'U''ll'~11'h en n'U 1'fltJ~~111J'Uhn~ffff~1'Yhn'U 1 !'vhn'U) 1'flfJ111'~'Il1fl U'fl':llff1'UI ... 

'" 'JI":.d..l ... 'JI '" 'JJ ..: "'''r .d. .l IIJ 'JJ 
'tIU~HClfll'l !':ItJ'Ul'VI1'r1lJ'tI'U'IlH (actual gain) 111'l'fl1fJPlClfll'l!'lfJ'Ul\!-:Jll'fl'VllJ lOfllff!'WlJ'tI'U !'fl 

(maximum possible gain) 1~tJ'U!~'Ufl11lJ~lJlf'Uni~'fi~d 
<g> 	 (%Posttest) - (%Pretest) 


(100%) - (%Pretest) 


<g> ~1 Nonnalized gain 

% Posttest ~lm~fJ'tIU~fl::U'U'Uffe)Umr~a(l'Ul~'U 
.1 "0 	 " llJO':llctf'U'fl 

% Pretest ~11'fl~tJ'tI0~fl::U'U'U!;Hl'UnO'Ua(l'U!1J'U 
... 1 4' d 	 "1 Q "1Id ~ t,

! lJO'H ctf'U 'fl 'fl(lfl'flm'rl l::~' 'l(l'U 'VI ffO'U'VI~fl U'U 

QI Q 	 'Q.I " 
UCI::l1 CI~l 'l fJ'U t'YI1'U 'U 



...I 
111111 2 


II " , , t 

fll'ji,j'fJrli'{lurfj,j'fJ'~ffmnu\nfi~ 'flq'l::lQ~H '1 ~"'O~1)'lHltli ,j'fJl1tOfJ1,r'O{ltVl '0i 1ft,rli 'il 

i tI luiflfll'j U"~N"fll'j i,j'fJ~l{l '1 ~lhY1t1!~fJ1,r'O{ln'Ufll'j i,j'mh~'Ufll'l 111tfftl m1lJ'il1fl Uti1 'fl N 

i tlfll':! ,j'~fll':! ~ fJtI fll'j ff'OtI i'flfJ1f'l'1 ffM 1 in flU ff'OtlU'U 'Uij ff1t1-l1lJ WJ llJ fi'11'H U1'fl N fll 'j i~ tltI 

'JI'" "1iJ 'JI 'JI ...:I, 'JI 
fl11lJ ~ 'fl H 1'fl tI 1f'l'1 ffM 'j l ~ lJ1 ~1fJrl11lJ'VW 1 fJ1lJ "II 'O,;j lJ 11 'l::l fJ'fl 'lffl':i ~'U1t1fll 'j 

'fl H1'fltllf'l'lff911 (scientific process)' tlfll'jfY'Utff1~'H1rl11lJf (scientific inquiry) fll'atfi'l1ty'H11~tlrhtl 
"" ...s .di 'JI 'JI I ~I 4 jI 'JI • , 'JI

fll':!ff{ltfl91r11'j1'il91'j1'ilff'O'U (investigation) fll'jf'l'fl'l::llrltlm1'Otll{lt1JtI'j~'U'U tm~fll'jff'U'i'ltl"ll'01J" m 'H 

ln~'O{lrlfn1lJf'mjt~lJ~tl91"'O~nm i'fltl1 f'l'1 ff911ttltl t~ '0 {I ~ lJflrltl ff1lJ 1 'j t1 ij ff1t1-l1lJ '~'1i11 'iI~ 'O~ 
i 'I' '" "41 ~I 2! "" 'JI ...tlff1t1 ~"II'O{I l"fl1'fltl1f'l'lff91':i ~Ht1JtlN"'il1flfll'j ff:l1mnlJrl11lJJ"II'O{I'l,!flrl" fll'j ff'Off1':i !!"~fll':! 

• " ., 'JI "" "" , Q Q tllQ tI at 0 , " 'jJ Q "d:.. ~"tNtI!! Vl'j'U'01Jmvw mfl~rl11lJrl~ tlt'lf{l1tm 1~'H1'il1'HU lJ N"'fl1 'Hrl11lJ2 'VI H1'flfllf'l'lff91'H VllJ'UtI 

I IiJ I :: ~ 'JI 'JI , 'JI 2! "" .."" 'JI I ,

'Otl H LlJ 'H ~ ~ tI {I fllHlfl 'l::llrl tI rl11!!"~ fll 'j 'lfrl11lJ:a 'fl H1'fl tI 1f'l'1 ffM 'j 'il {I 9'1 '0 {I '0 ~fl1 tI tI "II'O'Ut'U91 

fJW Ti1':ilJ 'ill tlTi 1':ilJttltl~fJ'OlJi''U'U'O{lff{If)lJ lm~ttltlfll':! i'mn~{ltn~a''OlJBdHj{lVtl (fl':ilJi'lf1fll'j, 

2545) 

.. .., "" '" " 2.1,2 U'U1Y1Hl'Ufll'Hlflfll'U'Wtlfll'UJ6t11Y1f.11flUrfl1 

... tl" '" ..2.l.2.1 1MQ 'j~ff{If)'U'O{lfll'j ff'Otl1'fltl1f'l'lff91'l 

191Q'l.h~ff{lrl"ll'O{I fll'j ff'Otli'fltllf'l'l ffM1ij1MQ'l.h ~ ff{lrlmffl'Od 2 lh ~ fll'j 

(ilVl m1'H 'Vl\lmJ, 2540) ~{ld 
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~ ~ ~ 

2.1.2.2 'tH'Iflm~ ffOlJdl'ltJ1fllff~~ 

Q ,;::::r, riG) 9J Q,l 81 rI I Q", I ~ Q 

flm~tllJfll~ffOlJdl'lfJ1fl1ff~~ ~l1m~'l~lm~Qu';j~ff~f10tl1~lJu~~ffl'ltim'W 

tYlO!~lJUlJdl'l1~llJfll~,j~m~~ tllJfll'jffOlJfld~V~l1 ~fl(f)'W lfll11i'W\!i:lei', 2540) i~d 
~ '" 'I v 4 ~ 4"'...."j 'I "d 0 i.I'I ~ V

1) fll~lItlfll~t~tllJfll~ffOlJ ll1tl1lJOlJfl1Jffm'W"If11il'ilHl'WO tl1t~fllJ1 u t"lf ttl 

."j ~ • 1..1 ... 'I "",.j
2) l'WOUfl !'\ItU'fWlJutli:l~'Wq~m~lJ !l1f1'\1lJ 

4) ffOlJ 1f1t1hrt~fllhhlJ'.idlJllJflndHuHlJfl1~ffOlJ ~lJflf1111f111lJ~ 
'" 

A'1t1f1lJ W~Ui:l~ ff1lJ 1'j fI ff1tlt~lJfld llJ r'l11 i tll.rlA' 

5) ffOlJ 1f1mU'lJhrtlfilliilll~lJ1flfl11fio~')lflt)tflWcwl' 

6) ffOlJ1Ylotl\lm:t~fJW~flllW~~~~llJ,h~ 'llli'~llJidt~fl 
."j .I.K .1 .... 1i 'I "'" 'I OJ d7) ffOlJt'WO ~'WlJ!llJl'lHu'j~"If1tiU ~tI 11111 IlJ~dlflfl Ui:l~ff1lJ1'jfl 

_I~-- '1V!:'1 4'" ... 
U!l1J~~lJ mlulJ'WmlJO~tl'\lO~"If1~ 

8) ffOlJ 111 fl ~~~t~lJiity1111 mfi1t~fl i tl ~ ~~~ i fli:l OOfl i tl1 fI tll"* 

1nm'jffOlJ~l~ '1 fio flnofitl'j1t1 m'jcgflfl1lJ m'jfffl1l1l11f1dllJrA'1t1lillHO~ mnh~llJ'.i1lJnlJ 
~I f 'JI,.O( '" I Q >Q,.ICl.Q ,:k c:.d ~ , s1 f , ~ 'I 'JI d Q ~I 0 ~I 

tulJfl'llJ fl n Ufluty111Ui:l~mhJ !l1J~1I'j ~ C)f~d1im'j f1~ fli:l ldlJ lI~"Ifdtlff ~Abl''jlJ tl1tflflfltllulJ 'VI11ulJ 

Ui:l~U~iity111t~lJ 

-...:1 .q"
2.2 ltifll'Uf8UU1J1JlJU'lUnlJ (Active Learning) 
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2.2.1 iflllW:l::'lIM Active Learning 

nnlJ W::ffUlty'IJ fl~ fll1 i~ fll'H1 tJ'U fllH'I'fl'IJU tJtJ Active Learning (W']j''I!'IJ 

VQ,I Q Q dlfl f'lQ,lJ 
UWJ'IW1'il'Jtyn'il, 2556 : I1tJ ~9$~) ~~'U 

2.2.1.1 IiJ 'IJ fll 'J 11 tJ'U fll 'J fffl 'U ~ -wWI 'IJ 1in tJ finn'll H'UJ fl ~ , ~unn 1'J fl ~ 

m'Jun'i1ty'Hl nl'Jun'i1ty'Hlun::m'J''I11fl111Jfi'lhh::~n~'t~ 

2.2.1.2 ,iJ'lJn1'Jt1 tJ'lJm'J'fffl'IJ~til~1flmffhi~~ tJ'Uihh'IJi11J 't 'Um::tJ1'U m'J 

,,'" 	 " '" ".., "'" 3J2.2.1.3 I';jt'J' tJ'lJff'J' Nfl~flfl111JjU"::'il~'J'::tJtJm'J't'J tJ'Uj ~1tJY1'IJm~ 

Yd 	 d' 'Gf d t tit 'J/ "fI Ij/
2.2.1.4 I';jt'J' tJ'U 1Jff1'U 'J11J ~ 'U fll'J'! 'J' tJ'U fll 'J' fffl'IJ lH L'U ~ 1'IJ fll 'J ff'J 1 ~ fl~flf1111J l 

m'J fffl~1.l~ff1J-W'IJni 11Jn'IJ un::i 11Jijefl'IJ1J1flfl';hm'J It~~'Ii'IJ 

2.2.1.5 ~t1 tJ'IJ i~L1 tJ'U f fl111Ji'tlN~']j'fltJi 11Jfl'IJ m'J' 111,rtJ't 'Umnhn'IJ U,,:: . 

f Q,I Q"c:S. 

m'JUtJ~'H'U1V1fl11mtJN~']j'fltJ 

v'" :'1"'" '" v v Ht'J tJ'IJ 'il::tlJ'lJH 'il~ 'J ::tJtJm11'J' tJ'IJ'J~1tJY1'U lU~.. .. 	 .. 

2.2.1.7 liJ'IJ n'ilnn1Jm'J~ tJ'lJm'JffU'lJI,r'IJ'tinlJ::m'Jfl~~'IJ \i~ 

~I Q d~'11 "I v v'" v'
2.2.1.8 tlJ'lJn'ilm'J1JVltlJ~ flmff ~'Hl';jt'JtJ'IJ\!'J'W1m'J'lJV\l" 'lIl1ff1'J ff1'Jff'IJ!VIfI' 

2.2.2 	 'UfI'Ulfl'llMfll n'U Active Learning 

'UVltJ 1V1'l1fl ~fll ~ffe'IJ 't 'IJ n1 'J i~n 'iln 'J' 'J 1J n 1 'J t1 tJ'lJf1I11J U'IJ 1V11'l'IJe~ Active 
..,.1 

fl11lJY1U~m'J' L'lJm'J'VlWl'Ull';j!'J'tJ'lJU"::t'lJtJn1'J'lJ1 !1J L']j'lJ'J':: tJ']j''IJ ~'IJ']j'1Y1'ilH'lJfl~1';j11tJ'IJ 

Learning ~~'IJ 

2.2.2.1 
.., "I V v", :'1 '" d Q!II!II
'il~ ~ 'H I';jl 'J tJ'IJt lJ'IJ l!l''lJtJn''H'lJe'l m'J I'J tJ'lJmHrV'IJ n 'ilnn lJY1 fl'l ff:l:: VI e'IJ 

" 'I .., v", !II • "I.I"I!iI.1 1 "'''I'''''''' "" !II'" 

2.2.2.2 fff1~tJ'Jnnmfl''lJfl-lm'Jihh'Ui11J u"::m'J'HlJ'ill1~Y1e'U~th!ff~1J't,r 

~~tJ'Uij1.l~fflJ-W'IJ ,r~~n'U~ffU'IJ!!"::t'~fl'IJ''IJ,r'IJ~ tJ'IJ 
2.2.2.3 1iY1n'ilm 'J'1J m'J' ~ tJ'U m'Jfffl'U'..r,iJ'IJ'Vl"1Y1 ff 'Itff~ 1J 't,rrr~ tJ'lJij"h'IJ 111J .. 
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2.2.2.4 ~~ffm'Vitll':i~fl'UlUUu<hllijil ff~lff~ll i..rlfi~tll':i<J111ijil i 'Ufl~ll~~fl'U 

2.5.2.5 ~~fi 11m ':i 11 tll':i 11fl'U flUffil'U i ..r~1Vl1fl lW~ i lf1i1fl1ff~11fl'U 1~lU ....... .. 
Til tll ':i ff fl'U 'VI'l1 fI1 fl'l1 fl1 fl 

• v 

2.2.2.6 11~U~'Ulnfl1t1Unfl1 i 'U ~~tll' ~fl'Ufl1' ffil'UiI Eh~<i~I11'U li~ i 'U ff1Wtlil~ 
,l ... 

l'Ufl'l11 UfI::fl11m,ll 

2.2.2.7 fll ~mJ'U~i1~ i 11fl1'l~ flflll lui'Ufl1111ff111U fI i 'Ufl1':i Uff~~i1i1fl UfI:: 

Q .ci ,,1Id 
fl1111fl ~l'UiI~'VIf;iI' fl'U 

2.2.3 l'l1UU'U'UtH Active Learning 

tll, ~~fl1':i~ fl'U tll':i ffil'Ul~i1 ff'l!U ff~ 'U tll, ~~tll':i 11 fl'l-l fUUU Active Learning 

}! i 9/'" .l 1~ t ~ 9/.. t i 9/1~ '" 9/.. .., t 
ff1111Hlff"l1~ 'l11fl~'U'U 'flm l'UI!fI::'UilflmH11fl'U '111'VI~ff1111'tI 'If 'flflUf;il':ifl'U'Jm::~U 'VI~tll':i 

.. 1t:11 .. 9/ d '" 'JI i _I ., ""I I I

1':ifl'UqlllJ'U':i1fJ'I,lflflfl tll':il':ifl'Ul tlUUfI'llllflfl 1!f1::tll':i! ':ifJ'Ul U'UU fl'lll 'H q.J llJUU'Utll':i 11~fl11m':ill 

'" 9/"" I i 'JI 'JI" ... '" 'l! II) _ 1 'JI •
tll"'fJ'Ul'VI11::'lf1fJ 'l1f;i11fl'Ulfl~tll':il':ifJ'UJu'U'U Active Learning l~~ ~Ufl . 

C1 9J ... I.e:! Q .a Q,I 

2.2.3.1 fl1 ':it ':i fJ'U l U'U U 11 fI fl! lJ fI fJ'U fl 11 llfl ~ (Think-Pair-Share) fHl fl1 ':i 11~ 

fi11m111fl11!1 fJ'Uf~i..r~~fJ'Ufi~l~fl1t1'UU':i::l~'U~n1'H'U~fl'Ul~fJ1 2-3 'U 1'" (Think) 111m!'U i lf 

uflmu~ fJ'Ufl1111fi~t1Ul~~l'Utiflfl'U 3-5 'U 1'" (Pair) ufI::'lhlff'Uilfl1111fl ~l~'U~i1~~fJ'UJ~'l111~ 
(Share) 

2.2.3.2 flUl1fl'UlU'UU<J111JJil (Collaborative learning group) fiilfl1':i~~ 
... '" J!I"'~ 

. 
'JI 'JI'" 1'JI 0 • ., 'JI<!I 

. 1 .., .
fl11m':illtll':il':ifl'UJ'VIl'l1f;il':ifJ'U ~'VI1~1'U'111flUf;iil'U ~fJ11~fl'lll "1 fI:: 3-6 fI'U 

2.2.3.3 flui~fl'UlUUU'VIU'VI1'U 1~fl~llfl'U (Student-led review sessions) 

.... ., ... "" 9/"" ~ 1 'I 9/ 'JI"" 1 'JI 'JI'" 'JI.., I

fl iI tll, 11~fl11m':i 11 tll':i! ':i fl'Ul'VIllJ~ i1tllff l'l1 f;i!':i fl'U ~'VIU'VI1'U fl1111l UfI~'Vi 11 1 HIJ 1'Uilff~ fffJ911~ "1 

i'U tll':iuc..mn11m ':illtll':i ~ fl'U f 1 ~fJfll 11::flilfJ'lhm'Hl;flmW~iii1ty'l11 

C1 " <l 'j/ 4 Q,I ..c::!}:I.e:! " 0Q

2.2.3.4 tll'H':i fl'Ul U U'U ! 'lflflll (Games) fliltll1 11~fl11m ':illtll':il'.w'UJ 'VIf;iffil'U 'U1 

9/ '" .Ii 'JI1 'JI t t 9J.0 "" 
lfllJl'U1\j'HIJ1flUi'Ufl1':i!':ifl'UflUffil'U 9f~i'lf ~'VI~i'U'U'Ufl1':i'U1!'U1tT'U'VIl':ifJ'U flUffil'U 

v 

tll':i 11 i1'U 'Hll 1 fJ-:j 1'U UfI::'Hl i1'1i'U tll':i U,::tiJ'U~fI 
Q " Q ~ct.c:l1· ....

2.2.3.5 tll':il':ifl'UluUU1!m1:::'l11~ iI (AnalysIs or reactions to videos) fliltll':i 

<v ... '" 9/""" 'JI 'JI'" 1 'JI "'''''1 "" 'JI" 'JI 'JI'" "" d .... 9/
11~fl11m'lltll':il':ifJ'U''VI1'H~l'W'U ~~1~ i15-20 'U1'V1 llf11 !'H~11fl'Ullff~~fI1111fl~m'U 'l1'i1ff::'VIiI'U

IV fU q, qJ 

fl1111fi~l~fl1t1'U~-:j~ 1~tl m11 hlfJnflW~~ 1~91il'Ut1'U tll'l'UfJ'U 'Hlil tll'J ~ 111t1'UfflUlrJ'U'lfJfl~1l 
'" 'JI C1 a QlQ .c:I 911"

2.2.3.6 tll'H':ifJ'UlUUU 9l11'V1 (Student debates) fliltll':i11~fl\1m':illtll':i!'W'Ul 

d QI Gt "!ild 11jJ 0 ".cd1 " tI ci" J. dI Q,I oC:I.'VI"~ 1'l1 f;il' fJ'U ~ 'U1!ff'UiI'Um,J fI'VI ~ \11flU':i::ffUtll':iflHlfl::: tll':il'.w'Ul l'Vi BtI'U fJ'UU'U 1fl~'UiI~91'Ulm 
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'" 'l! :11'" :112.2.3.7 fll'B'HJ'UdU1J1J~H'HJ'Uff';il.;jH1J1J'YIfH"tl1J (Student generated exam ... ... 
a '" ..,. '" 'l!A'I:I1 """ :11 d: d i :11"" 'l! :11questions) fltlf11';i 'ilflfl'ilf1'j';i1Jf11';it';i V'U~ 11 L'Hf:;!t';iV'Uff';il.;jU1J1J'YIflfftl1J'illfl1:t -l'YI fit ';iV'U~1J1Ufll 

d 9J Cl(V

2.2.3.8 f11';it';iV'UlU1J1Jf1'j:::1Jl'Uf11';i1'ilV (Mini-research proposals or project) 

~'Of11';i ~flfi'ilf1'j ';i 1Jf11';i (1 v'Uj~ ihf1'j:::1J1'Uf11';il~V iflv i ..r~!~ V'U01'H'U ~i1,rtl~~'O.;jf11';i i~ V'U j 

11.;jUf.l'Uf11';i(1 V'U (1 V'Ujfll1JUf.l'U ffl11fnl1Jj'H~ 'Off~l-lf.lfl~l'U Ufl~ff~..r'O'Ufll11Jflfl''U~~~i~ 

~v'Uj 'H~'Om'il~Vfl11f11';ifftl'UU1J1J ifl H.;j 1'14 (project-based learning) 'H~8 f11';iff'O'UU1J1J'~-Uty'Hl 

ttl'U,!l'U (problem-based learning) 
.c:t. 9J.ct~ ~ 4 Q,J .Q

2.2.3.9 f11';it';iV'UlU1J1JflHUfffl'hll (Analyze case studies) fltlf11';i'ilflfl'ilf1'j';i:tJ 

'" 'l!d'l" """ lIJ " ' "" '" , d:l1 <II t 'I :11 !if'" '" <f .Idf11';i t';i V'U;a'YI L'Hf:;!1';iV'U !flm'Uf1'jflJ~1eWl.;j'YI~tl.;jf11';ifffl'hl1 'illfl'U'U L'H f:;!1';i VlJ llfl';i 1~'H ufI:::uflmlJflVlJ 

Clq.c!l " '310 Qd'fJI&;t:'
fl111Jflfl1'H '14 'H ';i tlU'14 1'Y11.;jltf1-Uty'H lt1 lV' '14 fl'l1J 1HI 1'1411ff'U tlfll11Jflfll'H'U \'18 f:;!1';i V'U 'YI.;j'H1JfI 

""" "" '" <II •• a2.2.3.10 f11';it';iV'UlU1J1Jf11';it'\W'U1J'U'YIfl (Keepmg Journals or logs) fltlf11';i 

'" '" "" 'l!d "'" '" <II A , di:l1 ~ "'I <fd", .j 'I 
'il~fl'ilfl';i';i1Jf11';iI';iV'UJ'YIf:;!I';iV'U'il~1J'U'YIm';itl.;j';i11~H "1 'YI fI'n1Jl'H'U 'H'jtll'H~f11';iflJ'YItf1f1'U'U 1'14 

A ~ d l 

2.2.3.11 f11';iI';iV'U;aU1J1Jf11'H'UV'U'ilfl'H1J1V'Ul1 (Write and produce a newsletter) 

a Q.I.Q at :v.di"".ct I Q,.I Q I <11 .... 1 9J " 
fl'Of11';i 'ilflfl'ilf1'j ';i1Jf11';i t'W'Ul'YI 'H f:;!1';i V'U ';i11Jfl'U f.lfl~'ilfl'H1J1V'Ul1 tl'UlJ';i~f1tl1Jfl1V 1J'YIfl11:tJ 'U'O\lfl 

, d'd A 'i'" At::l 31
ffl';iff'Ut'YIff 'Ul1ffl';i UfI~l'H~f11';iflJ'YIlflfl'IJ'U Ufl1U'ilfl'illV 1IV.;j1Jflflfltl'U 4') 

d '!II <V Q ~ 4 Q,J.Q

2.2.3.12 f11';it';iV'UlU1J1JUf.l'Uf-Hfl111Jflfl (Concept mappmg) fltlf11';i'ilflfl'ilf1'j';i1J . . . 
4 "~G1""4 Q.I.Q 4 o.Q a i

f11';i l';i V'UlY' ! 'H f:;!t ';i V'U tltlflU1J1JUf.l'U f.l.;j fl11:tJflfl l'ntl'Ult ff'U tlfl111Jflfl ';i 11JV 'Ofl UfI:::fll11JI'Jj'tl1J V.;j 

t1'U'Utl.;jf1'j '01Jfl111Jfl9'l iflVf11';i '~n~'UltI'Ui1t;'01J iv.;j m'il~m1111'J'U';ilI'JLJflflfl'H~tl.;j1'Ufl~1J un1 

o 'tld.4:' ~ i i 1J1 9Jd a U'I 9J <v dQ

'14 l1ff'U '0 f.lfl.;j 1'14 yqtlf:;!I';iV'Utl'U 4') 'illfl'U\'HlJfI 'Of11ff 'H f:;!t';i V'UfI'U '0'14 !flCJ1flt:ll :tJUI.'I::Ufffl.;jfl111Jflfll'H'U 

Lrl1JL~1J 

2.2.4 fllllim'H1'f)'U (Teaching Strategies) 

, 'U fll ';i ~~ fll ';i i~ V'U fll ';i ff tl '14 111 V1ff 1 ff yq ! It ~11 'il ij In fll ';i U1.'1::: fi 'il fl ';i ';i :tJ 

d a 'I ,,_ d ",.K "''' '" " 
'YIlHl1fl'HfilVU 1.'1 ~tfl 'Ofl !'Jj'1'fi fftl '14 'YIl'H1Jl:::fl1Jt'U tl'H 1~11J 1J 1~';i,! 1'14 f11';i! 'j V'U ,a'Utl.;j'HflfltTyq';i It1.'1 1 

fl,a~lLtI'U~tl.;jijfll.'l1n (1'YIfliJfl + 1nfl1';i) ~1.;j "1 't'Uf11';i~flf11';it1v'Uf11H'Hl'UI;t'Of1'j~~'Ufl11:tJflfl 
~ ~. 

f11';ii.;jfilt:ll1J UfI:;ff.;jtff~1J't..r..rfl(1V'Uijffl'U~11Ji'Ufi'ilf1'j';i1Jf11';i(1v'Ujtldl~'il~.;j~.;jUfl~il~.;j';il1Ji.;j 

~I" '''' "'1:11"'4 '" <Ii" aa" i" AtlJ'U f11';i ff';i 1.;j1J ';i';i tllf11ffU'H .;jf11';i t';i V'U';i !'H'U m ';i V'Ulfl9'lfl111J~'Ut~'U f1'j ~~tl';i 'O';i'U UI.'I:: 1J'Ult1J tl ... 

'H'U1Vijfl~lV..rfl f11 ';i ffmn...tl i 11 UI.'I~..rflfl1';ifffl'hll1'Y1 Vl fflff~n~vilfl1 ';i1~fJflfl~'U fl fl1n fl1';i fftl'U 

"1.1' A i!if 0 ,.1'1 ".1 i '" "" .ll 0 'I !if 0 ..,.n1J1fl1J1V rrw 'Hfl,a'U 1 lJ! 'Jj'lJ';i~fltl1J '14 fl'ilf1'j';i1Jf1l'H'W'Uf11';i ff'O'U CJ1;j 'il~'YI1 !'Hf11';i111fl'ilf1'j ';i1J 

http:2.2.3.12
http:v.di"".ct
http:2.2.3.11
http:2.2.3.10
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4 " cv.::t 4 .... 1 ~ Q .... 1 4 4 .I • kJ cl 4 A.c:Il 
fllll'HJ'W l'\l{)>1'W nl'J fJ'\.UJ1J l ~ffVl1i flTVm'fl~1Jl ~ffVl1ifHllJ1n'\l'W {)fJH t lfllPl11Jnll 'il ~Ultlnn'fl11i ~.. 

l j1Q1~ d"l '" i\', 1 ~"Q l v<a1,l1 'I1n'ummn1,lfllltlfJ'Wl ~l1ltl'\l'WlPltl'W ~'\Itl>1n'ilnn1,l'W'W IPltl~'VHnlfij1 ml11J1~fflJ 

n1l1oUn'fll~ ~11 'fl1nl1 ~nfJl 'W n1l1i~nll il fJ'Wl tl~Hm lJ1~ff1,l n'l1l~ ifJ'I1,J 
.. 

~tl~~fJ'W (ffm,j'Wci'Hff;1,lflllfftl'W1V1mf'llfflPllu'fl~tVlf1i'W i'flfj, 2552) fi~u 

l v "".l i\',1IJ~1 ... .,
2.2A.l '11m ~1J1'W flllf1~1J1n'\l'W l11,lVl>1 t~finm~tJ1'W flllf1~l~~tJtT >1 

'JIl ". v""". .l2.2A.2 	 1'\11 'ilff1l~ {)~f1f1111,llVl1~1'¥1fJ1f'11fflPll1J1n'\l'W.. 

2.2A.3 	 nci1'W '.i 11,l1'Wfllll;,n'ilml1,ltlfh~i1ii~U'fl~I'Vi lIVifJ1,ln'W 

IIJ~ dq .l 
2.2.4.4 	 !~l~l'WVl1,lfJWfl1'V'UJ1mJ'W 

2.2.4.5 ~fJ'Wmh~ff'\.lnff'W1'W ln~UH,j'W~l'fll'iJ l'Wnl1f1m:n rr'Wf11'1111f1111,ll 

t~1J1~1,ln'fll~n1lfftl'W ~1111,l l~ntJ lV1fJlfflfflPlltJ l~n'fll~ffl1,lII f:l't11 i 1l1oUl'W n 'ilnl l1,lnll i~ fJ'W 
.. 

flllfftl'W fi~~tl i'l1il 

d 'jI l 4. <l 
1) flllllfJ'WlUtJtJl11,llJtl'l11,l!1I (Cooperative Learning) 

2) fi~t~fJ1: fi~~ : U'flm'l1~fJ'WmllJfi~ (Think Pair Share) 
Jf1 d' 

3) 'ilnC]1tl1 (Jigsaw) 

4) ff ~H N'fl tllJtl VI t '\I tl ~ Vi 1,l (Student Teams Achievement Division: 

STAD) 

5) 1~U111'W'I111'l1l~1,l~ (Fisherman's ring) 

6) flll1i~l~tJtJf111lJfi~1~fJloUuN'Wrr~ (Graphic Organizer) 

7) 1~'W'I11,lI!'flm'l1~fJ'W~fJ'Wl (Gallery Walk) 
'JI 

8) 1J111lJ'W (Carousel) 

9) 't11'WlfJ : tl>1lnlPl : tln1J1fJ (Predict Observe Explain: POE) 
VV Vq'JI 	 • 

10) lU'fl1: tlfJ1nl : IlfJ'Wl (Knowledge Want to know Learnmg: 

KWL) 
+ 

11) 1911tltln (Exit ticket) 

12) flll'.i~~1,lf1111,lfi~ (Brainstorming) 
I d t «:'1 tv 

13) flllm'WU'fl~fll'.it'\lfJ'Wtlm~lJffnfJfl11"l (Active reading &Wrtiting) 

14) tJVl1J1V1ff1,l1,l~ (Role play) 
d'o 

15) ffm'WflllW'iJl'fltl~ (Simulation) 

16) tn1,l (game) 
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u' QQ
2.2.5 fllf)f.lHflt'll1ifll1tTf)'U . 	 . 


.c::w:s C\ d 4:'l' ,..I.d. ~ 

2.2.5.1 mnli flflt~HJ1 : flfl~ : Ul'IfltlJmJ'Ufl1111flfl (Think - Pair - Share) 

U'U1~fl fll'lln ~fll~fJ1 : ~fl~ : Ul'lfltll~fJ'Uflllll~flt~'Ufll'llnl1~~'UtH 

Ol'HlflOl'H; fJ'U~mJ'lJ~111jjt),l1111'il (Cooperation Learning) i11flfl1l1~ 1;HfilH'Vlflfl'Ui1"h'U l111 .. 	 . . 

1'UOll ~fl 1fl fJ 1'If U fl~ fJ'Ullflm:;'lJ 1'U fln~fl~1fJfl 'U If) ~ mf1Ul'I fltll~u'U fl1lll~fln'lJlV:f)'U1~'U~ 

mj~l1'U1'Ufl~1I'Uf)~i1 Im:;ullJluti~l1'U'trlnflOll~ fl'U!' 'U fl ~1I l11qJ 1flm~lI'illflltrufl~ fJ'U~fl 

I~ 'U 1 lfl'lJfl fl l'I U~1Um; fl'U ,r'lJ~ n'U IV: f)ul'lmll~fJ'Ufl1lll ~flilf 'U'Uf) ~ n'W Ul'l ~ n'U ~f)'11 til 'il'U fllfl 

, <r ,d ... '" ..l..r..., 'jJ 'I 91 '" ...A 91 
'U'U lflfl~1I t fl flOll Ul'I fltlJl'I fl'Ufl1lllflfll11 'UI'V'lll'U'U Vll'I~~ \9l f)'U tjfl VIlfl'il~\9l eJ ~ t11'U flt 1 fl'U U fffl ~fl1lll 

Q d, 	 Q.I t SI 4 .Q.::S J t7t SI" SI GJ <jI Q.I.do ~ QI .Q Q " 

flflI11'Ul111fl'UVI~11f)'Hlfl'U fll'l1li'U t'IHlIf)\9lf)~fl" tl1'Uflllfl'UfiflVlfl'l:l~fl1lflfl11flll~11 

~fl ff~lml~..r fi flf)dl~i1t11 fJ~l'I llm;fl'l:l~Oll ~f)ffll flll IIfffl~ f)f) flU l'I~ Oll flf)lI ~'lJ'}'~ fl111l~fltlf 'U 

~ Qd lSI" ~ <jI .d .c!\~ 
1liOllfll'l1li Think Pair Share fl1l tGJl'\9leJlHlll\9l'U'lJVlllfJ'U!'V'lf)fl~ 

'j/Q (Vd 4'191 G.t Q.ld bJSl9J 0 	 91 C\ ,j 

fl1111l1flll'Uf)~'Uml fl'U tGJI' 11 l'I ~ 'illfl'U m 1 fl'U !fl'Uf):..!l'I 'illflOll ffl11'il\9lnti fff)'lJ 1Il'I 1 \9lf)'U 11m 1~11 
., ., 

,rm.dl'lUl'l~Ullff'U f),rf):..!l'I Ul'l~1..rt'U\9lf)'U ff11l'lJVI~ fl'U i1'1i'U\9lf)'U l'UOll~l!iJ'UOll i~u 

1) ltrUfl~fl'UU~l'I~fl'Ufifll'Ulll~I~'U~flltill1'U\9l''If 'I.j<WVifl'1' 

2) 'trUfl~fl'U,r'lJ~n'lJ1V:mJ'lbfln'U~fl iJ''UVifl 111' 

3) ltrufll;fl'U 2 ~ (4 fl'U) l1m~'Ufl~1I ;l1l1tl'Ufifl mJ~l1'Uul'l~ 

".... 91 
2.2.5.2 	 fll'l1li 1I111~'U (Carousel) 

C\ ~'),I 4 ~1~.::1 Y,91O!d
U'U1flflfll'l1lilJll1lJ'U111f) Carousel llJ'U fll'l1liVl m ~fJ'U 11'U ml fl'UUfffl~ 

fl1111~flllf'U ~m.b~t~'U11~ mr1,rf)~Ufl~ fl'UU~l'I~fl~lI '~~'lJ'11 l~fl'U11'Wm~fll'l:l~fl' 1'iJ''U~U~ 

trf)~ U~1' 'If'l!m; fl'U fl~lI~'U '1 t1fJ'UUfffl~fl1lll~flllf'Ut'rtw~1I m;~'illmf'Ul.fl'Uf)~fl~lIfl"'lJhI 
f4 'il n tu lfl1lll ~ fl 'Uf)~ fl~ 1I Ul'l~~tV: f)'U lJll~ 1I1~wV:f)f)iltb lfl ff11lfl'J 111 ~flli1 'U 'U f) ~ fl ~1I Ul'l~ 

o I t .do 0 Q",I .d. C\ 0 Q,I ~ Q,I dl" tIQ 

'U llff'U f)fltlGJl''Ull fl'U IIl'I~fll 'U If)fllJllfJt'V'lll!\9lll I11lJl~ ffll1 'j 'lJ ol 'j fiflVlfl'l:l~ Oll fffl'l:ll'U f)lJl'I 11fl 'j l~ 11 

"Q,I .Qd <jI 	 C\d '),14Q.I 

'U f):..!l'I Vlfl'l:l ~ol1l'I ~fl1lllflflt11 'U 'illfl'U f):..!l'I Oll U fffl ~ tlf)flUl'l~Oll flf)lI'j 'lJ fl1lllflflt11'U'U f)~~f)'U 

'""" 1lifll'j 

1) fll ti111 'U fllll ~l~'U tl1f11l1 ~1!flfl~H n'U1l11 n'lJ ~ l'U 1'U fl ~1I U m; fl'U 

Ul 'll~fl'lJf){fll1~tlNl~'l!~'tr'j~fl~'th~n'U'V'lf)ffllfl11 

2) U'ilfllllfl fllff~l~n'U'trU~l'I~fl~lI 
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4) 1~6fll t,rfftyty1W "Jflfl~:Wl~'UYiff'VlH~lW~:W\'!1Wfl1',jJ~,jl~l~'U 
'" lilA I ~ I dl ~ ... ..... , ..oi ..; '" Ii] l' o..oi
\l~ ~lJ UCl161'Ufffl'tl1'IJ61,dCl 11m1~11 6fl,jl1tJHCl~1'U'lJ6~fllJ:W6'U'VlI'IJtJ'W n UCl:::'Vl1lm6~11:lJ1tJ\!fl 
" Q.I" ..:::. d t:l i1 ~ ~ ~ ~ d A' d ,t Ij} t 

&'U 11 1'IJ6U'U 1fl11:Wfl~'Vl fllJ:Wl'M'U ~1tJ l1:W'Vl~I'Vi:Wl~:W'IJ 6fl~l'M'U !tCl:::lJl ~m'W~1~ "l ll'UflHJ"Jfl fllJ:W 

5) ;1U'Vl 'U fl ~mj11t'I''U6HClfl1ll ~~ :Wfl11:wfi ~,jl ~!~'U q~~ltJ~fl~:W 
dl 
fffl'tll 

6) "J fl fl 'U i 1:W 6 n ,j II tJ UCl ::: t'I' 1 ,j n9i Cl ~ ,j 'j ::: 1~ 'U 1 ~ tJ flll ~ 'U ~ll' 1 
.. 

fI1l6n,jlltJIICl~ t i'fi1m:wt ,rln~fI1l~ tJ'Ulh:wn'U UCl:::t'I'1,jHClfl1l6fi,jll (J'lJ6~11~,rtN 

~g ,J 

2.2.5.3 flCl11i1lflqf61 (Jigsaw) 
...... 
11ifl1l 

1) fllu,j~i1,j't1~1l:::~tJ'Ul~'Ui1,j'6V6tJ "l t,rn11n'U~1'U1'Ut'I':lJ1;fl'IJtI~ 

3) trfl~tJ'U~~1'Ui1,j't1U6tJL;)tJ1n'U:lJ1J~~1fJn'Ul~t1v\'1~1'U~flmlJ 1tCl::; 

v\'lnllmllJt'Ufl~1J!;tJ1'1flty (Expert group) 

4) trfl(;tJ'UU9iCl:::fl'Ut'Ufl~lJ Expert group ml'U:lJ1J~fl~lJ!~lJ (Home 

group) 'lJ6~~'U16~ 1t~1H~~n'U6~'U1fJt,rI~t1'Ut'I'lJl;flt'Ufl~m~~ i~1J1l1flrr1,j't1d6tJ~ 1 2 3 !tCl::: 4 

<> Q./'J,JI,J 'Q.lQ til 
5) 'Vllf11l'Vl~t'I't1'U (Quiz) 111'IJtltJtltJ'Vl 1-4 Ufl'WmltJ'Ul'Jflfl'U'Vl~11t1~ 

(t'I't1'U l~tJ1) U~1ll'lfl:::U'U'U'lJtI~t'I':lJ1;flu9iCl::: fl~1J:lJ1l11Jn'UI~'Ufl~ II'U 'U fl~ lJ . .. .. 
6) fl~lJ'ri '~fl:::U'U'U\T~q~ t'UfI1l t'l't1'Ufli'~il \l~~~,jl:::fI1ff'n'UthtJ 

-~~ ~'" ~ 2.2.5.4 flCl11i lHCl1 : t1fJ1fll : IltJ'Ul (Knowledge Want to know Learning: 

KWL) 

... """'~ ~ ~ '" ~... ~I ...... Q ~ 
U'U1f1~flCl11i lUCl1 : t1fJ1fll : IltJ'Ul 11ltl K W L tlJ'UflCl11ifl1lllfJ'Ul 

~~ t m.i\llflfl1ll;61.1 1fJ~ \llfl~~~trm1tJ'U i~!l tJ'UlU~1 11l t1~'Ufl111Jfl~:wn'U~~~~tNfI1l(; fJ'Ul 

1.yilJl~lJ UCl::: t,rtrm1 fJ'U t1~ 'UltJ fl111.1 l'11lJ 11l tI ~ ~ ~,~" lflfl U 11 (J 'U l u9i Cl::;15fl'tll 'IJ t1~ .. 
'" '" K W L :lJ11l1flfl111J11:lJ1tJ~~'U 
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K: What we know 

W: What we want to know 

L: What we learned 
Qd G)~ • .d :tQ QlQ .c::l'::sQI-=::i 'J}

fH'l1'.6 K W L ~'ln'Vm~'Ifl11:IJlt~:IJ~tI'IUm·HJ'WU€l~"H'VI\'.lfimJ'\.HHJ1n4" 

, '" 'jI, • 
Q ..::S"<t 'J} 'J} d Q Q,I d4 Q d "QI Q,I 

n~n'j'j:IJm'j' t'j' rJU4" L'liffU tI'Ifl11:IJ \PItI,mn~ tI-!lU m'j' rJU:IJlfl'VI~~ 'VI-!lU! 'j' 'eH'VIU m'j' rJU tI rJ1fl4" tI1~~~ 

. " 
,r~1,rt,j1~~U-riu~m~ ,r~f11'j'~ rJufl~rJnflU'litr-!l ~1m!u 

.Ad.... .A 'l.A .l!G]'JI<I'''' ....
l} !:IJ~Jt'j':lJf11'j'!'j'rJUf11'j'fftlUt'j'tI-!I L~ !'j'tI-!I'liU-!I b11um'j'rJUU\PI€l~flU!~rJU 

1ua-!l~~rJufu~1'lU!1t1-!1Ju€l-!l'lum:::~TI:j th111~~1J~ntu~rh'liu~ 
2) 'I1n~rJU!~rJua-!l~tlrJ1nfCl-!l'lum:::~l'l:J~nUNU ';hijtl::: hU1-!1~tlrJ1n 

~ rJUt~rJ1n1J11 tI-!I~fl4" ~:::fftiU U~1't11111~~1J~ntu~n1'1iU~ 
<t "Q,I d 0 oIC\ .::! 91d 'J} .... 1 rIQoI

3) fl4" L11U m'j' rJU 'VI 1 n ~n 'j'j:IJ fln I'j' rJ'W 4" 'VI fftl ~fI €l tI-!I fl1J ~ ~ lJ 'j'::: ff-!l fI 

nn ~ rJU ..JU€l::: fl11lJ~tI-!lm'j'~tI-!I'I1ni~rJu l~rJm.. ~tI-!I! ~tI:IJ1rJ'In1)m 'j' :IJ~!\PIjrJ:IJ1 ~n1J a-!l ~'11fl~ rJU 
'JI .,; 

tlrJ1n4":lJ1n'VI~~ 

4) 'litr-!l1)lfl'il1J1J'VI~ rJU 1'1flJnflUI~rJU111~{hJuf tI::: ,'j' Cl-!l1u m:::~l'l:J 
Q,I <JJ ICl f QI a 'J} lIJ .c::l ~ 'J} lIJ .. C! "1.d Q,I "1 I QI <iJ iI 

U€l:::\PI'j'1~fftl1Jn1Jfl11:IJ4"t~:lJ11um'j'rJU4"t1::: m~lJ~U 4"tI::: L'j'fl€l1~tfl€ltlU :uti::: L'j''VIfllfH L:IJ'il\PI &11 

5) fll1'1f'l1n~ rJU'VI1n 'ilm'j':lJlvi:IJ1~:IJ'l 'W11'j':::t~tj ~il'mj rJuJ-!l1,j1~~ rJuf 

'~'JI'JI 01 ... d'
t"lfU t11JflU~tll.d€l m flH-!l1U1'VIrJ1ff1ff\PI'j' 

...... + 

2.2.5.5 n€l1'.6~1t1t1n (Exit Ticket) 

UU 1f! \PI n Clin i1t1t1 fl'li~ tI Exit Ticket Illu n €lin ~ 1 'If '11fuj flU 

'VI1 n 1)m 'j':lJritlUtiti n 1) 1fl'lftI-!I~ flU 1\PIfJ11 tr-!l 'il1fl1)1J1J'VI~ flUU~€l:::flf-!I m 1) 1 'If'l1 mj flU'VIH1U l'lfU 

U1J1J'tlfl 'j'lrJ-!l1Uf11'j''VI~€ltl-!l t~m,JtI~Viu 1~tl1Jtlfla-!la-!l~1,r1''il ttCl:::a-!l~bl~i'1J1)lnf11'j'~fluf (Got) 

lt€l~' 'If'11fltj flU t~flU '1U a -!I~ ~tI-!lfl1'j' ~ fluf (Need) fll 'il::: ~tI-!lU l-!11U 'lJ tI-!lil'ntj flU :lJ1itfl'j'1:::tY 

t~ tI 'VI 'j' 11J ';hil'mj flUt,r11 'il a-!I~ fl4" fftlUU ~1'1iu J'I 1,j!,r1'1)tI::: ,'j' !t€l::: tl [J1 nftI::: h tvi:IJt~lJ ttCl::: 

, 'If,rtll.dCl~tlU fltr1J1tri'l1fl~ flU 'Uf11'j'~flUf11'j'fftlUflf-!I~tI111 
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'~1,j'1'1~ '1U1J'YI~ fJu1udufl~a;jfJU~~~mJ1nffl~h'!f1';j~~l't:1 ii'O~ h1YH~'eW1n~fJU 1~fJii,ru~'OU 
JI 

'1Unl'j';11ilUnl'j~~tA 
"., d d ..:.,,; iii "d" "'1 '1 d .I! d lll"

1) '1'YlUm'jfJU1'lJfJUff~'YI1~1'jfJU'jllfl~t'lJ1 'il U1J'YI1'jfJU 1l}f~'01'ilt'WU I~.. 
'1U'Ylfl1tJ2thl1J1J !"lfU mf¥iu Uf.lUH~fl111Jfl~ Hf.lum1'i fl111J~tJ~fl~'1UU~'j 'Yl~'O f1';j~~1't:1ti' 

2) !;j fJU ~~~ 'OfJ1n~fl~ '1 U f1';j~~1't:1 ii 'O~ h1Y1 ~~'OtJ1n~ fJUfl~ '1 uti~'j
OJ 

3) U1~~~t;jmJ',j~~"~~1J'Of~ 
2.2.5.6 	 nfl1%!~hJ'lf1JUflm,j~tJu~fJuf (Gallery Walk) 

UU1fl~nfl1'%t~U'lf1JUflm,j~fJUt1tJuf'H~'O Gallery Walk t~'Wnfl1'% 

JI 	 JI 

1~tJlJnfl'Wij "h'U':i11J nfl1'%tA"lf1t,llmin't:l~nl'j fl~1tft'j l~M nu i~f11m1J nu ~mJfhm1J 

nl'j ~'O ff1'j Ufl~nl 'j tJ61Ji' 1J'rr~fl111Jfl~!~ 'W't.m~ ~'W 
""'" 11inl'j 

1) u~~l!n~tJ'W66m~'Wml1J '"l fl~ 3 - 4 fl'W 

Gl iJ tV d Q.t 0 #!\ 4",,1 ~ I 4 d
2) l'Hum'jfJUn'W'YI1n'iln'j'j1J 6.f1lJ'j1fJ Ufl~ff1lJfl111Jfl~t'H'W'lJ6~ 

I d" 1. I ~ ;p 0 lll. I Q lll""; QI ,.,

n'l1J l'lJfJ'Wfl~ IUf1';j~~l't:1 lJff!~6'jtl"1'W1 t1J~~ n'YIf.l'W~ 'j~tJ~'HHn'W1'i6(j1Jfl1'j 

3) U'il n,j 1f1nl ffi ,.rU~fl~f1~1J an1J 1fJ1nn u !~'W 'lf1JUflm,j~fJ'W t1 tJ'Wj 

1. I"QI d I '<!I ~ 
4) '1'H'Wm'jfJ'WU~fl~f1'l1JtJ'W~H lJff!~a'j'lJa~fluta~ 

5) ilffftytyltu '1 '\~'trm1fJ'WU~fl~mj1Jl~'W i,j'H ~~~1,jffl~'Of'lJa~n~1J 
ti~',j fff1't:11f.1fl~1'Wafi,j'j 1tJ Ufl~ff1,jfl111Jfl~!~'W ~1!~'W~1tJi'W,j'j~!~'W i~ ilf!;jtJ'W!fl1a~'H1J1W 

'HU'1,j'j ~!~U J'W ~1 ilil~'W~1tJ i 'W ,j'j~!~'Wi~ i ,.rt;jtJ'Wfl111Jfl~t~'W'lJa~\9'W !a.:! fl~ i,j ~1 'lilt'll' ~ 
i'W,j'j ~t~'Wi~ilfl;jtJ'Wlfl16~'Yl1J1fJti1tn1J 

6) i,.rl!m1 tJU'flln'iln'j 'j1J !"If'Wl~1J 'il'Wfl'j 1J '1~ n 1 tJ ff!~ 'Of 'H~ '0 2 - 3 



15 

QI d 91 .Q a 
fl1H~flU! 'HJt.!l U'U1JlU"~ HJ VI 'U 1VI ff1JJHl (Role Play) 'PHI 

.d ',/J , ',/J't ! 't ',/J ',/Jel ... eI ',/J "'.1 ...d " 1m~ 'U1t.! fll 'jVlNff'tl t.! '1f t.! fll 'j'1f1t1 11 N!'j tlt.!!fl~ fll'j!'j tit.! 'j\9l1lJ 1\91tlu n ff ~flVl flll1t.!~ ~tlfll'j
qJ IV cu q 

'1 ',/J ',/Jel .. ......!I eI .. ~I'"',/J eI '" 

lH;:!!'j tit.! ff1lJ'UVI 'UlVl tt.! fftllt.! fll'jllHI1" 'tl~Clf~lJfl11lJ t flftlfl tI~fl'Ufl11lJ!ut.!~H u,,~ Uff~ ~'tlV fl\9l1 lJ 

fdi di ..... ',/J ~ ',/J ',/J 
fl11lJqjffflt.!flflYil'tl'tl~\9It.! U"~t.!1!'tl1fll'jUff~~'tl'tlfl'tlV~~Uff~~ VI~Vll~Yil1t.!fl11lJl 

fl11lJfiYil fl11lJlffm!"~'VH1~fln lJ~ i1~!fl\9l'W'UlJ1!rJt.!,r'tl1J" 'tt.! fll'j'tlf11h 1t1 !~'tl,,r~i~"tlwn~ 
eI !' "'.1 .. 

fl1'jntlt.!J\9I1lJ1\91Qu'j~ff~fl 

..0\ <;!II .. ',/J ',/J eI 't ',/J !' "'.. ',/J • ..,2) t'W'tlflfl t'H~t'jtlt.! '1ffl11lJ~U"~Vlfl'}:j~ thlflnUfluty'H1U"~fln 

i~fft.! '1 ~ '1 t.!fll'j !N;tyfftllt.! fll'jW'~h~ '1 

3) '~V 't ,r~!; tI t.! tJ i''U! tJ ~ tI t.!! ~ \91 fl ~ 'W \l ~ tl 'j 'j lJ U" ~ fll 'j tJ il 'l1'~ \91 t.! 

""'" 1tifll'j 

Q.I 91 .c!!I q I ,., 91 • <it"~ .c!I Q,.I 'J/ dQ,I' 

ClfflClf'tl lJl1 'j m\91 1 tllJ fll'j flt.! lJ1"1 ~11t.!1U"1 'H 'j 'tll '1f1ti fll'j!" 'tlMI1~u ffl>l ~ U,,~ 'U 'tl m 1t1"~Wtll>l 

dO~1 t .J t lq.1'.ci~ QjJ. ''jI!iI .d' ~ 
VI~1!ut.!Uflfllmff~~!YilV1t.!t.!W~ t l'1 9f~ 1ti'H"~t.!ff1t.!lJ1fl~::; 'H NUffl>l~U ffl>l~V'tlflmlJVI\9It.!flYil II"~.. 
',/Jdi .. .. ~ "J lei.. I ',/J ',/Jdi I "J 
lfffl tt.!'UVI'UlVlII"~fftllt.!fll'j\ut.!t.! '1 !V~ 1~v IlJlJfll'jfll'Ht.!~11~~'tm!ffl>l~fl11lJlffflVV1~ 11 II"::; 

hjij'UVI'fil1lYil~'il\9l1lJtJfl~fll'j Uff~~~::; 'tl~'t.!'1f1~!1"1'j~'H':h~ 5-10 t.!1l1 

http:lq.1'.ci
Administrator
Rectangle

Administrator
Oval
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2.3 ftllUllnl'i~l1nUnn1t1\.! (Normalized Gain, <g» 

" I v"""""" .tRichard R. Hake ,rflVJffflffU'VI~ University of Indiana (1988 m~fl~~lfl tlfiff'VIli 

1i~''l1V U~~flW~, 2550) '~lffUfl1nfll'j11'j~liJUf4~fll'ji1V'1"'\l~lnfll'j fftlU Pre-test u~t Post-test 
., 

1~vij1nfllHi~U 

l~fl~ ~lfl '1u fll'j fftl'lJflf~'VI~~ '1 ij,j'ml1n~ '1UI1t1~fl~UUU~T~~ (minimum or floor 

.d .01 II) v f 11)' v , .1" c:I" 1 .d II) v
effect) 'VI'tJnflU~~1J t1fllff ~~fl~UUU~l'1~ llJUtlVfl11 0 11JtI'jIC}lU~ U1;l~ t1fllff'VI~~ !~fl~UUU 

tP'1~ (maximum or ceiling effect) 'lilnU 100 11lfli'I~U~ 'VIltl~i1VfI'.h floor and ceiling effect 

V.<f ,I <II II) V """" 'I .1 "" '" v.d":.f .0 ,
~1V1Jty'VllU Hake ~~ !~lffUfl1tifll'j !Ufll'jlJ'j~llJUf4~fll'jl'jVUl'VI1'V1lJ'\JU nvn11 normalized gain 

:'1 o.d 0 .., " .., ~... "Ji <II 0 'I V.o 1 ;:/1 II) • I
(normalized 11JUm'VIlJl~lflmff'VI'VI'Vl1~fl1flU~lJTiffflff C}I~'VI1J1VtHfll'j 'VI1 ! 'VIlJ flfllfffl11lJllJU ~lJ 

'~1'\'1l '1 nu lflvijfl11lJlrJU'1l'~tT~'1~1');,n'IJ 1 I'Yllnu) 1~V'VI1'~1l1n ~~'jlthu'\JtI~f4~fll'j
.0 

i1vul~,vi1J~u~'i~ (Actual gain) ~flf4~fll'ji1VUltT~!:J'~~ij1t1fllmvi1J~u'~ (Maximum possible 

gain) 

<V f, a .eQ QI IIj}"
fl~UU fl11lJfll1'V1Ul'V11~fll'jl'jVU (Normalized Gain,<g» 'I11J1Vt:'l~ fl~'jlff1U'\JtI~f4~ 

.0 t.d":,.f .... ' ''' v d '" 1 ..: ,.f II) v 
nnl'jVU.d'VI1'VIlJ'\JU~H (actual gain) ~t1f4~nnl'jvuH"~'1~'VIlJ flfllff1'f'llJ'\JU l~ (Maximum 

.0;:/1 ....... "II) v .... ,I

possible gain) I'\JVUIlJUfl11lJfflJ'VIUti ~~~~U 

<g>= (%Posttest) - (%Pretest) 

(100%) - (%Pretest) 

<g> vb Normalized gain 

I .d ... '" c:I "c:I"
% Post-test ml'ij ~V'\JtI~fl~UUU fffl'IJ'VI~~I~ l'Jull1u 111 fl'i lC}1U~* 

"'" ,.d '" ;:/1.1" c:I "I% Pre-test fltl m!'ij~V'\JEI~fl~UUUfftl'IJflElUl~ I'JUIlJUllJtI'i lC}lU~ * 
~ 4f.c:i .d 1'" 4f.cl ,t

*'VI1J1Vl'VIlPJ fl~ I'ij'VI1~Um'iVU flU 'VIffEl'IJ'VI~flElUU~~'VI ~~!'iVUI'VI1UU 

v .... 0 ,III) '0 c:I V ' c:I "c:I ,,<III) vl'\Jflff~1fl~: fll'ifllU1W'VIl Normalized gain U llJ~11tlu~EI~1mtlulllm'C}lU~fl!~ ~V 

hn~ma,uuffEl'IJ~'i~u'VIu 1~v Pre-test flEl fl~UUUfftl'IJriElUi~uu Post-test flEl fl~!lUUffEl'IJ 
.... .0 'I v <I V t 

'VI~~I'iUU U~~ !'I1fl~UUUI~lJ'\JEI~'\JtlffEl'IJ'lJ~UU U'VIU 100% 

,. lJi fJ} I ..:1~"d .d. J. ~ <v .d 

<g>'VI'iti normalized gain U11~fl11lJ !~11 f4~flnlHJU4'tH'VIlJ'\JU~H'UEI~Um'iuU 
• ... ;:/1 .d • .0 v .d.o1 ..: .f II) v 

(Actual gam = (% Post-test)-(% Pre-test» fl~llJUm'Vl1'\JEI~f4~fll'it'Wul\J~'1~'VIlJ Elfllffl'VIlJ'UU \~ 

(Maximum possible gain = (100 %)-(% Pre-test» ~~vh~'~~~ijfilE1~'ui1~ 0.0 1.0 
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~I t 4:i ~, 'J/'
High gain tlJ'W'lf'lmtJ'W'YI "'fIl <g»0.7 

d t a 4, 'J/I
Medium gain til'W'lf'Wt'w'W'YI "'fIl 0.7 «g»O.3 

Low gain 

I I 
.. .., ........ IV 


2.4 ~1'Uliltl'f1'mn'U8~ 

t ~ Q"I .as jlQ fI 0' d' <V Cl 

t'Htff'J 1JflfWfIl'YHll'H 'J tJ'W41'Y1tJlfllff'fl'J (1'J t'lf1;l ~ \P:lltJ-:jfl, 2554) ~H'l f11H"'f11'J 1'J fJ'Wf11'J ffV'W 
.Q tI at • o<'lil <v,d .:::s Q .Q.I ~ 
1'Y1fllfl1 ff'fl'J U1J'U1Jff1'W'J11J'YI1 L'Yt ~H'lfflJt:]'YI'Ii'YI1-:jf11'J t'J fJ'W1'lf11'Y1fllfl1ff'fl'j Ut'l~f111lJff1lJ1'j'f1 !'Wf11'J 

uni!tu111'IJvnjm1 fJ'W ~'W,j'lifJlJfffl1;llil~ 1 11 cl-:jt1 fJ'W ff ~ fl';hriv'Wt1 fJ'W mh~ihrtJff1titu'YI1-:j ff()~
u ~ u 

d Q.I Q,ol .Q 0' 
'YI'J~"''U .01 (1'Y1tyty 19i11'J'JW, 2553) 

$1'Wt'il\Plfl~~V1'lf11'Y1fJ1fl1ff'fl! ~'U.;h U flil fJ'W~il fJ'W l"'fJl 'l1'n'ilm'JlJf11'J il fJ'W !U'U'U 
~ 

ihh'W~1lJih-lt'lfflJt:]'YIf'YI1~fll'J11 fJ'WUt'ldjt'il'flfl~~V1'lf11'Y1fJ1fl1ff'fl!\j-:jfl "hum1 fJ'W~~ fJ'W 1"'fJi oN 

n'ilm'JlJfll'J11fJ'Wlu'U'Ullfl~Vth~ijUfJff1tity'YIHff()~~'J~~'U 0.01 (Yl'j'Jwum nmVfl, 2550 ; 

" 'J/~'illJ1'W 'Hfl'YIV~U'YI, 2547) 

r;J lJI jJ 4 • Gtil.t:::l. Q .:sf 
'" 1'W f111lJ fll111 'W l'Y1Hfll'J 1'J fJ'W ~'U11 r-lt'l t 'If'lf'''fl 'ilm 'J lJt'YI'fl 'W f1fll 'J ffV'WU'U'UlJff1'W 

~ 1lJ~ff-:jtff1lJrrfltJm~fll'J il tJ'Wl1'Y1tJlfl1ff\Pll (ATLAS) ff ~r-lt'l1-H'um1 fJ'W ijfl11lJn1111tY1'Y1H 
., , 

f11'Jt1fJ'W'JlfJ.;r'W (average noomalized gain, <g» v~i'W'J~~'U\j~ (high gain) ijfl11'QiltJl'Vhfi'U 0.85 

r:I tI QI CI 'JJ 4' to .. iI f OJ 4 .ci, ilQ,I 4 ~ 
(1'Jt'lf1;l~ 'l.JtytJ~'fl, 2554) r-lt'lf11'J'iI"'f11'Jt'JfJ'WlU'U'UlJff1'W'J1lJ 'YI1 tl1flt'JlJtim'JfJ'W'YI "''J'Uf11'Jt'JfJ'Wl 

I :tI »I ' 

U'U'Uijff1'W~1lJ ijfl1 noomalized gain ''Qiltll'l~'li'Wv~1'W'J~~'Ull1'Wflt'l1~ (0.39) ff1'Wfl~lJvh1fJ'W 
t JI JI t , 

U'U'Ut~lJijfl1 noomalized gain t'QilfJl'l~.;r'Wv~''W'J~~'1J\.i1 (0.25) Ut'l:tT flil tJ'W li '$i''Ufll'J ~ fJ'Wl 

U'U'Uijff1'W i 1lJijf111lJfN'YI'W i 'Wf11'J ~ fJ'W l tT-:jfl11Uflil fJ'W~'$i''Uf11'Jil fJ'W lU'U 'U1~lJvd1 ~ ijUfJff1tity 
, , 

4Q-='S Q"I Q QI 0 4 

'YI1~fff:l\Pl'YI'J~f1'U 0.05 (fl'J119il 'IJ'Wfl111lJ'W,2553) 

http:t'QilfJl'l~.;r'Wv~''W'J~~'1J\.i1


,... 

'Ufifl 3 

C\QJ t 3~. • Q; QI.,! .c:I Q.I.c:I ~ r.v .:9 

m71 ~H.lm ~'\.nl ~ fllJ ~'I1lJ1t1l'Vj tl'Vj~'U1NmnJq'Ylti 'YlHnTm tI'U'IJ eN'U m 7 tI'U'l1'UlJ 1itIlJf1mn . 	 ~ ~ 

iHi 4 	~1t11nm7~ tI'Ulu'U'uih:h'U~1lJ ~'I1t1i~~1IU'Um7~llJ.u'U~tl'U ~~~tl hJUU'U'UUN'Un171'11t1 

3.1 111J1JI1NUfll11~tI 

~ ~ 

''U nn1'11t1f1r~UltJ'U m71'11m4J1~'Ylflrltl~ (true experimental design) Ifltl'-Nu'U'UUN'U 

m71'11t1~~tln11 U'U'UHN'Unl71'11V one - group pretest & posttest design !~'Unl7'Ylflrltl~~iinl71fl 
~ 	 ~ 

ntl'Unl7'YlflrltN 1 fli'~ 'I1-;;i',m17'Ylflrltl~ 1 fli'~ Iflm~tlnn~lJ~1mh~ lJ1 1 n~lJ "'lnl7'Ylflrl'tl'Untl'U 

~ 0 ""...".J 'J! ~ i-I'I" "" "" ... l.t Jom7 'Ylflrltl~ Un 1'U 1UN'Unl7 'Ilfln1717 tI'U 2'Ylrl''l H'IJ'U lJ! 'l1rl'tl'U nu'U m7 tI'W m;)lJ'U IlJtlrl'tl'U 'Il'U~llJ 
~ ... . iii 0 .c:I Q,I" 	 .Q a 

. 
Q,I

UN'U 'Yl11~ 1 'Yl1m7 'Ylfl rl'eJ'UtlnflHfl1t1UUU 'Ylflrl'tl'U'I1fl1fllJ I'Vj tl~ Nrl'l1rl~nl7 rl'tl'U 

. 	 . 
3.2 'fI~8~i18mifl'Um'l~rJ 

tV 	 .c:I 9J .c:I' , ~Q,I 0 C\ j) ~ tV 3 
3.2.1 	 UN'Un 17 'Ofln17!7 tI'U2 U'U'UlJrl'1'U7 1lJr;j1'OVfl11'U'U n 17 rl''J H~llJ'IJ'U~ tl'Ufl~'U 

,T'U ~ 1 fln'M1'I1-;;i'ntT~l'm~lJrl'17:;nl7 ~V'U11'Yltl1f11rl'19l f , 'U 'I1-;;i'ntT~7 nl7fln'M 1 

t A ... 0...... 	 <f ""'i 	 'I 
'IJ'Ul'fW!l'W l1'Yltif1nn'l1 2551 Url:;f11tlti'U1V71V1'l11 ,€'In fln1f11rl'~'J!!rl:;tl1nlf1 !'U'I1rlntT~7 

~ t A 'i'" ... ... ... "" _I'" _I '" i"'"rl'f:l1'Ut'fn'M1'IJ'Wl't'U! 1'U !HI7 tI'U'Vjrl'U'Vjrl1'l1V'Vj'YlV1f1lJ ~ 'U'UlJ7 'UlJ Hl1'Ylti f1m 1'l1 2555 1m:; fl!rltln 

... 
17V'U 

~d 	 a .l d 0 ~~,., QI .c:S S1 '=' 
'IJ'U'Yl 2 mtl m'W tl'l11'Yl 'IlZ'W1:IJ 1 ! 'l1 ! m '11m:; rl':IJ n'U 7 'L1 u u 'Unnl7V'U 7 U U UlJrl'1'W 

'" '" 
'i" A Jo 'i "1 .... i i-.I..l! ~I A .J" 'I ~ 71lJ fll'Utl'l11 17tl~ !flHrl'71~ €'In UN'Ufl'W 'I11Url:;fJ1'lJ1 n 91~!1J'W!'Wtl'l11'Yl~tl~ !'l1'O'U~'U1m7!trl:; 

liJ'Ul~ tl~I~V1n'UtJ7 1n~n17Wti7 nl'l11~ 
~ . 	 . 

.u'Un 3 rl'~HUfI'Wn17'11flm7i1v'Uf ~1'W1'U 3 UfI'U UflUrl:; 4 "I111lJ~ 71:IJ~1'W1'U 

12 ,hllJ~ i~un Ufl'W~ 1 l~tH If1Hrl'~Hlrln UN'W~ 2 I~tl~ UH'W~'Wi'l11UrltUN'W~ 3 
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4 1iJ :: 0 I old _I":! ~ Q tJllq!fJ'
lHHfU'U 1 t vJ \l1 fl'IJ 'IJ'IJ 11ff'IJ fl91 fl fl1 ~l'HJ'VI1J 'Hl'l:ll !'YH1'VHI1'HU 19111\l t'Hl 'UUL'I :::Ufl t 'U'U fl'U fll'fl fl ~ .. 
,r'IJ~ 4 tJi''U'tJl~UH'lJflll ~~flllcr tl'IJ!Uft1th LtJ'~n'Ufl~1Ji1fld1~ 

•
, ...4 ;l1'Ul'U~11'IJ~t10~ lflfl'Ufln1'nfO'UUNWiJfI 

91 91 91 ... 91 -amn fltJ1fl2 Iltl'IJ2 (knowledge Want to 

know Learning: KWL) 

-flllUff~H'U'VI'U1'V1ff1J1J~ (Role play) 
lflHff~l~ lL'1fl 41 

o ~ f 

- flll 'VI1nUt 'IJ fl "J1J 

-l~'IJ')f1JUL'lflltJ~tl'IJcr tl'IJ! (Gallery Walk) 

• -flL'l1'ni1fl'Clfl (Exit Ticket) 

g " -\l fltt1fll (Jigsaw) 


2 
 UH'IJ;}'IJ hn -ffm'IJflllW')lL'1fl~ (Simulation) 4 

o ~ I - flll'Vl1~l'IJ! 'lJfl"J1J . . 

Qdi QI Q11"=4 

-fllOll~tll : fI~fJ : UL'lfll L'ltl'IJfl111JfI~ 

(Think Pair Share) 


3 
! 

Qt'U1 LvJ -l;}'IJ')f1JllL'1flltJ~tl'IJcrtl'IJ! (Gallery Walk) 
 4 

o rJ ' • - flll'VI1~1'IJ1 'lJflL'l1J 


I I-U'U'U~lL'1'Cl~ (MOd:!) 


o fJJ dC'!W::I j,I t QI ,: 

\l1'IJ1'IJ 30 'U'Cl1Jl1iflllfflH9111J'U'lJ91'Cl'IJ~~'IJ 

t.d ~ ~" QI QI 4. .::t 
'U'IJ'VI 1 fffl'l:l111i flll ffl1~U'U'U'VIIOlfffl'U1~HL'lff1Jq 'VI 'D'VI1 ~ flll Il tJ'IJ 

~.d Q ~ A Q jld QI QI d gJ 

'U'IJ'VI 2 1lflll:::m'IJ 'Cl111 HL'I fll'B l tl'IJl 'VIfl1~ 'H 1~ ~ 1 flUH'IJ flll \l ~ flU II tl'IJ l 

~ d" Q,I QoI ~ .c$ Q ~ QI • 

'U'IJ'VI 3 ffll-3U'U'U'VI~fffl'Ul1OlHL'lff1Jq'VI1i 'VI1~flll Il tl'W')f'IJ ~ lL'I'Clfl91'Cl'U 4 9l1!CWfl 

'I 91 ,l '" 91"; '" I '" W ... 0 91
tl'ifll'Cl'UfI"J1J9111Jt'IJ'Cl'H1 HL'lflllll tl'IJl 'VIfl11Oll'il~ 'VI~ff'Cl'Uflfl'IJll tl'W I!L'I:mHlltJ'IJ \ll'IJd'U 45 'Ufl 

,r'IJ~ 4 t11U'U'U'VIIOlff'Cl'U~ ff~l~~'IJ Iff'IJfllPl 'Clmml U~'l.iJ fl'l:l11~'Cl91l1\lff'Cl'Ufll11J 
m ~'Ufl~,rflff'Cl'UUL'l~fl1'1:l1~'~ U~1t11Lt1u~L'Utli''Util ~ \llml'IJti1u'U'U'VIIOl ff'Cl'U~N1'IJflll!l~ 'U 
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,fu~ 5 '\.hU1J1J'Vl~i:1f)1J~HnJf11'nH1J11lWfi''\IU~l Lhj'Vl~ "'f)~ l-M'ntJ'um1tJu 

i\..!l1'1)OlJflmnil~ 4/2 ilfl1'lflmn 2555 h,'jilO\.J~tim'l"'li'tJV4'VlO1fllJ ehtflf)~ti1Jmni'tJ ~,'j'td'~ 

'lJ1flJri' ~'~t10'IHif),'jdH1UlJ1U1.h ~lU1U 40 flut~mJi'1J111,'jufi''\Iu'''n1HJrufl1~'\If),'j 
U1J1J'Vl~i:1f)1J 

t.d Gtil ,.dQl.c! 01 '1'J1
'\IU'Vl 6 ~'l11) ~Mflg:UUUU1J1J'Vl~fff)1J'VlUm'lflU'Vll flfl ~Mflg:UUU 1 flg:UUU 

thMi'mrV~'!!flilou\PH}1J\1fl u",g:1..r 0 fl~UUU nlMi'mrV~'!!fliltJu~Vtlfl~ '~~V1JM~V~V1J!nu 
1 ,rv 

,fu~ 7 '\.hH"'~'~1)lflfl1'l~'l11)lJl1'ml~rft~VMlfll1lJfl1fl (p) u"'~fhfl1U1\) 
~lUUfl (r) u~1'\.h,rf)ffV1J~iif1'nlJfl1fl (p) ~':UV~'Utflrucvi''l~wh~ 0.20 - 0.80 U",g:~lfl1U11) 

>I 

~lUUfl (r) 1l'vflfl':h 0.20 mt1i'uul ~ lM:U u~1'\.h'11'Vl~"'V~ l-M'flflfli'~n1J'\.rflillJUfl~lJt~lJ '11lHmJ1 

Q tI .. f t) 0 j} Q,I,t9" d4 I 

1tm1g:m~ VM 1fl11lJ fl1 fl (p) u",g: f11f)lU 11) \)1UU fl (r) U'" 1fl ~t'" Vfl 'U f) i:1V1J'VllJfllfll1lJfl1fl 
>I ~ >I, " 

0.20 - 0.80 U",g:~lfl1U1~~lUUfli,'ju~ 0.20 '\IU 111 ~fVlJ1';,'jM1fll1lJt-nfl,'J'UV,'jU1J1J'Vl~i:1V1Jl'i,'j~U1J 
o'e> 0' '" .,;1 1 'JI 

~lJ 'lfa~'l'\lV~fJt~V'l'l"l11'l~i:1U'Vl 20 

<v .d. ~ 0 ~ d " t OJ ~ 
mHt'l flU CJ1,'j~ltUUfl1'l tfl1J'l11J'l1lJ'\IV\!"'~llJ'\IU~VU~,'jU 

,fu~ 1 t~f)flmilJi1{)th,'j 1~tJfl1 'l t~f)mt1J1Jt ~1g: \),'j ,~fl cilJi1VVHtrJU '!!m; tJu. , 

iU:U1)lJlJffmnil~ 4/1 lHilou~ti1J~mi'oV4'Vlfl1fllJ fl1tflV~ti1J~"'1i'O ~rm1~'lJ;i'lJri'ilfl1'lffmn 
2555 ~lU1U 47 flU '~V,'j~lm1'JU'!!flilflu~m~tJyhfl1'li:1VUVV

~ ~ 

~.J 0 , .d. rJJ Q,I QI.:t q I 4 

'\IU'Vl 2 'Vllfl1'l 'Vl~ ffV1JflVU t'WU ~1lJU1J1J'Vl~ffV1J1~H"'i:1lJqf11)'Vl1,'jfl1'l''WU flVU ,'WU 

.,; "'" "" 'JI ~ 1'iI '1 ...., dI , 'JI dl ! ... 

'Vlrj1~tJi:1'l1,'j'\lU "1111"'1 ~U fl1'l i:1V1J 45 U l'VlU"'~1JU'VlflH"'fl1'l i:1V1J lt1J Ufl~!lUU i:1V1JflVU t'l flU 

o Q.I Q tI CJI 
i:11M'l1J1'fl'l1~M'\IV\!'" 

" . 
,ju-n 3 ~1tiAUfl1'l'Vl~"'V,'j 1~flfl~lJi1Vd1,'j '~i'1Jfl1'l ~~fl1'l~ !'J'l..JlU1J1JiifflU·hlJ 

t do Q.I 0 Q <v 4 'jI 'jJ 0 fU 

'\IU'Vl 4 M"','j~lfl~1tUU fl1'l 'Vl~ "'V,'j~llJUHUfl1'l ~~fl1'l1'l flU'll! 1:l1 U1U1J1J'Vl~ffV1Jl~H'" 
OJ 

Q,I et 4 evd .d~Q,I 'j) .r Q I Q,f r " 0 <v.cQQ,I 

fflJq'Vl1)'Vl1~fl1 'S!'S lJUM ",,'j,'S OU 'Vlrj11)tJi:1'l1,'j'UU'Vl~ i:1V1JU m'l flU fl 'llJ~ lV01 ~ U"'l~'S 1\)fl1~V1J 1J U 'Vl fl 

, 'JI:'I ., ... .a 0 ,_Ie> 0' 'iI 
H"'fl1'SffV1J 1tlJUflg:UUUi:1f)1JM "','j!'l OUt~f)U1 1J1tm1~M'\If)\!'" 



I 

1.Jflfl '"' 4 

fmfll11~tJut'l~tlihlntJNt'I 

r-mflll11fl'jl~"f'Vi1'tJl~ffl1~flWj (E/ E ) 'lJ6~t!r-.l'\.J flll iAn \lfl'j l :Uflll t1 rJ'\.Jfl 1 rJ1"lf 1z

l11fl Alllfllff91lUll~61fllff t~6~ lf1Hff~H l11fl uH'\.J~'\.Jhn t!ll~.fJt'IJ11-rl ~ihh~ffl1~fl1'Y'l 

9l1:utmu Cl'i' 75175 Ull~ r-.lllff:uql1~111~fl1la rJ'\.J'lJ6~tl'fla rJ'\.J r-.llltlllflQ~~m'j l~~ 4.1 

flllH~ 4.1 	 r-.lllflll11fl'jl~"flm rJ<tHlirJ1Jtll~ffl1 ~fl1'Y'lflll iAn~fl'jl:Ufl1l l1rJ'\.Jf!tll:::r-.lllff:uq'YI~ 
'YIHflllarJ'\.J llrJ1"lfl111fl Alllfllff91l Ull~61fl1fl ~~6~ lfl'j~ff~l~ l11fl uH'\.J~'\.Jl'111 

1!1l~.fJt'IJ-1 l-rl 

I ... 

, .A~Uklkl1~'t'llH'''nJ'U (E ,), .., ...... ... 
A~Uklklnt)klt1fJU AU\U'IfJ A~"klkI't'lt'l~11£JkI (E2)

"'''' tTtlfl UNkll UNkl2 UNkl3 
(30 ) 11tl (30A~UUkl) 

(10) (10) (10)
I 

I .d 
i fI1mllrJ 12.77 8.17 8.06 8.21 24.12 23.02 

ill 
l6rJll~ 42.55 81.70 80.43 76.7381~ 82.12 

• 

SD 2.64 0.98 0.96 0.99 2.21 2.48 

t 29.98* 

t .05 df46= 1.679 



~ ~ ~ 

rtLt rtU.tttlHtf1f1m.ttrH.H.LU~&tLlH.LUtttf1~WJ{,,' ~1 ttG~H Ml Ul.1U I:'Gt1ttG~tLUrt.t.tU&U~&tLU t=' F' I • t;:::f tf; J;:7 11) It (,,, 14 /fJ I
U 

'1Il ~ ~ If) 

. ~ 

~LtMlttrL1&LGttI:'Lt UtI rt~rtHn ~tm UtllI:'Lt~l:'t~lI:'Gtl G~ Lrtl:'tlt-Gt ~~LtUUmttn~~rtMl Ln.m u
I'; =' It> Ilt tr I If, 'fY' FP' p pr lit tc tc • I 

I:'GtltttlltltLU~(!,tLUrtHn Ltf1M £rtllt1tLU~&tLUrtHn~tl~ntt'IIGIlf1G~~LttLurtttn~~ULl!. Y" p 10 1 ~ P 10 I b I 

I:'Gpm~~tlllt-ltn.I:'L~Ut-lrGkrtllfJtLU~!,tlttllfJUl1~l,G~1 L, rt~LJ{,,~f1~rttftLULm.tl\ 

tLUrtM,' rttWIW~(!,tt~~~n rtt trtt~rtf1f1n£rtllt1tLU~(!,tLUtttf1~Wllt~trtlltltLUrtl rtLtt-~rtLt~ JP'1fi b 't:J' f'l) I I P t& p 10 If, "p kt 

lR,U~tWII~~ rt1G~t-£L!f)~~tlUL!!tLUrtbtt,tLt-~ ttllfJt-~M,!Ltlm!:!tlH~£.f1G~Ltf1f1m,lAtLUrtttn::~ .. .. ~ 

Ltut-artlltlI:'LtM,::tlitltlmrtn~~M,l LLtt-& rtLt-f11 LLtrtUYf1(!,rtllt1NM,1 f1Uf1GU::trL ttlitlHt-Gn.(!'1 rt~ I PIp " h ~ b., 10 I f'l) y:::,/6" b I -p(6 h I) I"() 

rtlt~~t-~GM111(!,ttLUf1GU::trLMLUJ{,,1 UWrLll1Lt-UL(!,ttn.f1~Ltlrtl~t~~LUllLtbJ{"l UMttllt1NM,II1&tN l? f' rt> ~ I " b I ~ Itt l ~ 0 P "b IlF pIS " " ~ v I'b 10 

ttrl.tlt-LtM,~t~M,UMf1f1nLtULUrtl ULl!.Lrtt-GtU £9"lL ~tlIlGt~1 ttlltlt-tlM,llLtllrt~tlH~tf1G~~Ltf1f1mLt P I f'() Is;. 0 Ie ,. (616 Its S07 10, 10 1'0 I) 

tLUUL(!,~1 Ltlltltlmttn~~rt~tln O£'06 ~tlfi(H~1 ttllt1t-LtM,~t~M,UMf1f1mLttLuUL(!,~1 LtrtlitlUrtt-Gn. 
" lit F' f' p ('6" III P' 10 flP I) t6 lit F' 1'0 t P 

litlulttttn~~rtll~l OL/OL lbmU1rtL~MLUllLt~~trLrtrtttrtt~rtf1f1ntttlitnLUt~~LUllLtbJ{"lli~ltrtlitl F 1=:1' r \;;t t::;.t I""'P I t 1=7 " po P f6 19 " po 

tLU~&tLUI:'Gn.MLUllLt~::!;rL Ltf1MLR,UU (Lv~Z;) rt~t-GLt J{"nwtrL f1Ut-Gtl~~G~t-Sio ttlltlt-tlM,llLtllrt~ 
'" .... '" I~ SO' ;oJ" '" (f. If"" "''' '" I 

tlH~tf1G~~Ltf1f1mGn.::~IiGtttttjj::~LtUt-.l}rttW(!, UL LtHtM,~tttttn::~t-Gn.::tlIlGt ttttn::~L~M,1 
1'0 \::70 1 "."., "I 

L,lAt-~t!~M,mt~ n.G~L~UQ~nLUttl,~LtlM~~rtLW~!,tl~1.L,lAt-~ krtll%]tLUttl,ttLtt-~rtLW~!,tlft1ttli%]U,tL
.. 

ttL ttLtltlttrLlt tllRrtttLH ttlitlttlitlUttLtt-lHlttrLl n.G~Gn.UGGJ{"l LtLM,Gm::tlH t-GItt~lit~l!.' tt~~~
1'; " ,s;::r po f'l) 'F' \F I,; f6 " ~p r " b 't:J' I'D 

::tln~~t-G~ ttM,1~~rtLt~ttlitlrLlU tln~l ~LUGlrtrtl ttli tiN ttlit1t-tlM, llLtllrt~tlH~tn.G~~Ltf1n.nLLt ~ ~ ,., ~ pi .. If, III y:::" Itt Pt6 p 10 if' t't> /1) <) 

HUtt' ~jj 1~1 n.G~~LtI1f1mLtttlltmttM,l tlHt-~ LtttLtIl~lLM,Gttm&ttlltmL&t-tlM, ttttll~~
b I if III 0 $:7.1) " b • PlOY 1=1' /1) 

f1 U1n.G~~Lt.tLUrt::mn t-Q wuI)Lt&' Ln.1rtLt~~U1tt(!, ttUGtlM,1IitJ{" ttUttM,1~~rtLt~ttlitlrL1Utln~LuGl ,., P (6 P b" t;7 10.., I fI) f::t '=' ~I ­

~~1ttll%]U11~1.L,lA ~n.~Q~M, rt ~UrttW&!,tttijl ttllfJH~M,::trttW&!,tL ,lAtLU L~~L.tMlttij1{!'LG £L'9L 

~tlIiGk~1 (l3) ttli%]t-~M,rb@~~Ltf1f1nttttn~~L~ut-.l} £v'os ::tlIlGk~1 ('3) ttllfJt-L~M,~tttli%]Ul1t-Gn. 

ttttn~~LlUm.tL& MtLUULI1 t1 t-~ Lt~t-~::trt~~rtL~t-t~(!,l,Ln.1rtlt~trtlt~rtt-(!,ttlltlUtt tttli tnLU • \::7 (5 III -;; FP t£ f6 J;:It l;::r p f'O" P 

Ib Ib Ib 

rttW&ut-Gn.n.n.nrt trtLW ttG~ttn.tt~1HIIGtttlitltLU~U1ttlltlUttM,l,lLt tttllU .tLU~l1tLUttHnt-L t~ ~ ';: ~ ,1$ p ~ plt!fE: 0" pIT.)" 

tLUtt' HLttttnttrL1GMI tlt1ttrtl~trL~tlYmH~ttlU tttlmtLU~&tlUttHnLLt~(!,tLU t~~WWLtttttlltltLU (, I'; f ~ I v If,) " P It! 0 reo II ~"p 

~tl~t~aUtlM, l ~~z; J{"U UUllLtM.ttLittMttn.LR,UUtLUt~aUtlM,M,::Lt~1tlR,UU~1 Lt~tt~lR,UUN '" '" r:: SO' .... I' ... SO'(f. III 16 (f. &>16 

G~ tltlun.n.~t ttrLlt-WQ L ttIWMtLU ttlHM 1 ttn.t-L t~Ltljtt~LR,UlJNLtrtttttt~rtf1f1nttG~tLUttlltl ." I I'; I .,rllt f' if ~ /'fl PI$p I f# p It! I 

tLU~&tlUtttf1~.tUJ{"lli~l tttllt1.tlU~&.tLUttHn ~l.tMml:1ttt-Lttl ~ttM,LULtttli~rtrt~rtL~rtl ttl:lt-$I:) 
reo "b """ P p :' ',;" lrt 0 F ~ lit p 'r If,) 

~LI~L G~~~~ttM,l~~~mU1L~ut-aMll!!Ltg.~trtl~~t-~ £C9L1£v'OS n.~l!!1L~~ l3J'3 rttfttt~ 

~f1f1nkttll%]tLU~~tLUtttf1~.tU~l,III;lkttli%]tLUI;~tluttHnt-GI\,MLU~Ltg.~trtL~ttl1t-~ £L'9L n.~l!!l .. 
L~rtllMtltlHt-Gn.MLU llLt1'l ;:trL ~tln £v'OS n.UlLt1L ~rttLUtttn.::Wt-GI\,MW llLt~::trLltlllrtM,rtLWt-SIo t 'f=tp 1'1> ~ '!;:;;> IV 11) I I P ~ ~ IV I ~ 

£L'9L ;: tlll G t rtt WIlt!j L~tt rL Y~~ttli tll:' tlM,ttlltltLUHLt llLtllrt~ tlH ttttn::~::tln £v'OS ~tlllG t 
(f. f" I" .... ., '" ., "'" 16 

Z;Z; 

mailto:ttli%]t-~M,rb@~~Ltf1f1nttttn~~L~ut-.l
http:rt~LJ{,,~f1~rttftLULm.tl


~IALHt¥tH:lCSrttptq~csrumkn/4~r,ll.Htr,tul\!;!9'V~~1n/4~~n/4;Ju,!t L~I1MLR.U~ (O~~(:) UBll\!;! 

WmUM I1Ut-B~ij~B.LH'ibLrtrtL~nll.t-anar,tr,LUHlAilAllrt.Lm~~uml ~~t-~:l:~lm/4f.WnI1UUl ... ". 1'6 if' If .. '? '" "'l'6b I "'". "'l'6b 
. ~ 

l\1 BMt-MrtLt ijt-U~ nLnJJU n~rtLtijrt rtBUl\UHI1r,n/4 r,HLU n1 l\ r,1L~rtLtijl1~nrIUL/4B::~11
b IF 1'6 "'... 1'6" b p 0 IV 

rt r, tu l\!;!Ul4,nl.rttPtq~~UWB nkB~B~:l:turtLtijcsn/4;JU,!t~l,L~ t-B1L~:l:tuB~N! ~~ftB~t-~~ 

n~l~~na;JU,!t~r,LU n~B~umquLU~:l:~l1 nLH~n~rtt:~~n~rtt:~~na;,w,!t:l:tW na~f.LU 

nL~n~B~Umt~nt~~ rtt:nt~~~~rt~UUl4,n/4~u,!tnLH~tLUrt~Urttr,~~t-lma;J~t:ULl\UBn 
" t-Bm~at~.tnar,nLU~Uml nlHl~Ul rtr,mt-~lAnB~r,LUn/4 r,nLUrtBUl\U~l\r,LUnrIt rttr, nt~rt (b If; po '(;.? (6 III Pf(b If; b ~ 'P PI' ~ to I'; , P t 

1111ninar,1 r, LU ~l\ r, LU:l:L f, Mmr:mt-IAU t-~lAnLi~rtrtJJrtL ~t-f.l\ nn.t-ana r,1 f.LU H lAilAll rt~~~rt (b p It) P r ~ (rIA 'F ~ b ~ P :r p It) 

~ n 

rtt:nt~~I1I111kna;JtLU~~r,LUI1£~~~na;Ju,!t L~n~l~1.t-~~11 ~O'O n~::r,~~~~t-LlAml!Lpll,!tcs 

t-WBt-L~u~nt-Jb (~~'zv :l:~/4Br, Br,U Lez I) nllr,mBUIl~tl.mnn::ijLtUt-a (£L'9L :l:~/4Bf.Br,U z:o'£(:) .I, ~ ". PIp t IfIW 

nil ;,1t-,!! ua~tl.l n n n::ij L~{ju Lr, ft t'LrBt~rt~Ut-B Il.kna;'1 r, L U ~~r, LU t-,!! U 11~ nB ~nn11:l:ij 

1l~tl.1Ll.!!l1alAmllr,rI1BMI ~~I Lll.llh~n tUI n~n~n U~lHr,~Hijl t-Br,1 ULUtB:l:~l1r,~JJLULr,L~ P .I P ~"~ l' I.tt Lt "=' .I t& f' P 

U~lL.II.ta L r, na r,1 U U t' LIA ilAII rtJJ ~~~tI1BJJ~IA 111111 UL I!J ~fiB II. U:l:L r, 19Itf.LU ~~ 
... '" '?" '" 1'61' '" 

L, Hn.t-BUntul1f.t-~t-a~l 
1'6 1'6 '" '" 

M.Ut-BIlBMl ~.II.~rt rtf.tu(1U~I!Jr,LUn1.lAnMrt t-LtUIAt-Bunr:ntij nBJJr,LU na r,1f.LUrtUUI!JU~I!Jf.LU ttl "t" b ~ ~1't1 P ,¥P ('6 f' " P P' bttl 

n1.ll.1.IAt-Butna r,1 f.L U~l1UUn~nt-Qll.nB~M.n.ul4,::~mUBM.1Ul4,I1f.ijM1 nQ~r,LU na f.l f.LU rtf.tu&U
bi' f=' ifill p 1'0 ';i r ({lit P' b 

~lHHLrtLJJ:l:&IABMl ~nHLUlArtL~ft1 nr:'u' L, H~rtf.tu&ULIA r,LU n1.L~t1rt&!l1tij ttl.!!nQJJtHl.!! 1'0 f"'f' of' lttptf;b I blO f6 

rtt:nt~CSI1I111kM.a ;JtLUrtr,tu&!;!~~tLUn1.:l:~11~i:t ~t-at-t~Lll.llJt-B~M.1.I1QJJ~lAtLUnnn:l:l.!!~~1.u~t-~ 

::~11 MWiIAJJ:l:trIrtt-WB ~1 .tna tnLU~umar,1~M.1.rt f.~It-JJt-& LM.Q nmUrtJJ::Lrtm::un aL~M.UL~UIA j b b I ... P' • f6 11\(6 po b P'" " b P r to f' 

M.QJJtLU !ltUU.II.l IAM.B~UUnIHnLUrtttu&U~&tLUUL& nn.t-LtJJna tWnlAt-QUL l\111111UL&t-t' Lll.llJ ~ tf; lop J:7 b ttl f' (fi p ttl F 0 III 

~111:l:r,r,LUntl1:l:tul\1.Ln.mr,LrtL~ nrH1f.LUIRnM.BI11rtl ntQ tB~::tu n~m~UJJ.trtLtij~UmatiUM.
b " P'".I III ('6 "rr "r lPf6 b P' ~ 

.. ~ Ib 

Ul LIA tnatltLUt-M.11ULULfJttl1t-UJJlltLrtLJJ ~111::tMI LIl.1IJt-Q~Ll\r,LU nQ~t-Qn.nM.l~ijrtLWt-Ml1trtBa (f1 10 0 tf; p. tfj b r~lq 0 f''' P b £'" 1'1) 

tLU:l:UmLJJBt!tLU rtLllL)fI1Q~tLU rtLllL,\l!t-~r,LU ,!i:l:Uijl~~~tLU:l:R.UJ:iu~~na;J~~1.llt~t:U;UU
." " 

rt ~un1,IlUft~QtLU::unnj}1~~rtLtijt-~~11 tLU ~ na ;J1A1111l\t-,!!M.IlW rt ~Ut-Bn.nLt-~~Bn~IL!1.na;J~ 

U1.tLUnrIl ()(IBM Alalygo) trtLtl.!!nll~rIWUnrt.ll.n~I!ltUU ~~~U1rtt-LIlQ~l.!!:::~n U:l:Ltijlt-~~l.!! M.:1Hij1t "I'; (6 pi w ~ ~ p tQo P b P j 1'1) b 

~~r,LU:::R.UJ:iU~~ t-QmWr:lt~~~tLUntl1:l:tuU~~nll~U,!t~u;~un~1 (amtIS JTBd i[U!ql) ~~rtLW 

M.a~ft1U~n: ~~~: W~'~~u;~U t-~t'l'IA::~nt-~t-:'l\t-LrQrtttul!J!;!n1.rtt:nt~~~Lnijul4,nll~U,!t kM.ll~ 

r,LU IW'::~I1&1.nJJrtLtijrti1,ll r,j~m1.llt.ll.1A it~Unll.l tL~Ut-~£na r,nLU~&tLUntl1::wr:-Jb (Iapow) ~ t=;> Pt'6 t£ i P' ~ I'; , t6 po 11) rr 11) 

~~I:::r,t-t~Ln.llJ~!;!nLUt-Q.~L~UU::~11 (~leM Alalleo) krtLtijM.a~ft1Uunrt.ll.n~I~~~U (amtIS 

JTBd i[U!ql) ~l.!!rtLtijnlll;!ftjUul1: ~~ij: tIl~mij!lt~U UI1~1 LM.QnmUrt~~LrtmlAnQ~tLUit~U or;::. f' I \::7 P ~J::I't:r I "lI\ Y I't) F' P'I/:J' 

£z 

http:r,j~m1.llt.ll.1A
http:r,1~M.1.rt
http:H~rtf.tu
http:r,1f.LUrtUUI!JU~I!Jf.LU
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V11~m'i il [l'U tl ~fl';hll'flil [l'U ~ il [l'U hWL~n'ilm 'ilJ m'i il [l'U f U'lJ'tI'\J fl91W,'l ~tYtI~f1~'eNnu ';1l1tyQJ 

1Wj1'i 'ior (2553) fffl'l,:n~'tI';h H{lfflJqVltVJ1~m'i il [l'U1'lfl1V1[llffltY~i''\ltl ~ll'flil[l'U';'UlflWlJffmn 
i1~ 1 '11 ~~il [l'U 1~[lm'i ~~m'i~ [l'U m'itYtI'U 1V1[llffltY~i'l!U'tli1 "h'U lTIJ tl-!l flll ntl'Uil [l'U tI~l~i1 

Id .d"'" 4f d

V1Hm'il'i[l'U!~{I[l.yr~<ir'U (class average normalized gain) f1~!I'U'Um{l[lfltl'UmJ'U 12.77 f1~U'U'U 

"" ~I 91 d w'" '" ~I 91 0 11). 1 ' 
f1~llJ'U'itl[l{l~ 42.55 f1~u'U'Um{l[ll1{1~I'i[l'U 23.02 f1::H'U'U f1~llJ'U'itl[l{l~ 76.74 'Ul ~lJUVl'UfI1tl~'i 

11 $I <d Gtil ~; \f)
m'jl11f111lJm1l1'U1V11~m'il':W'U (Normalized gain,<g» t'lftl~'iril'U1W i~'U (tlfiffVli 1i~ ~'lf[l 

" U{I:f1W::, 2550) H{I'\J'jlfl{l i-!lu 

76.74-42.55 


100-42.55 


34.19 

57.45 

<g> 0.59 

,,9J Cl al QI.cI l,r, '41 .cIi 

f111lJm1l1'U1VJ1-!1m'il'i[l'Um{l[l'\ltl~'UfH'iV'UVI-!I'lf'U1VJ1fl1J 0.59 lJfI1 normalized gain 

''I "'.1 I 91...... '" & "'... d..1 "" ~I 91
tI ~ t'U 'i ~ ~ 1J lJ l'U fl {I N HtY ~ n 1 ~! 'j [l 'U lJ fI ~ H'U 'U tYlJ q V11i '11 {I ~ l'i V'U I'lAIlJ '\l 'U fI ~ llJ 'U 'i tI V{I:: 59 

til 'ill~tI-!llJ1'illflUH'U m'j i~m'i ~ v'Uf1~vi~m:1J1'U flU i~m'i i~ [l'U flU tYtI'UU'tl'tli1ff1'U l1lJ 

as Q.f .cI "'- '1 j) QI d d jI dt .... 1Q <VQ 'j) t, ~ Gt 'JJ Q,I Cl 

lJflU 'il~ m:: 1J 1'U m'j l'j [l 'U~ t ~V ~ '11 'U fH 'j [l'Ul tJ'U ~MlJ tllJ{l1J~1 tI ~ ~HllJVI ~tY ~l tY'j lJ ~ l1'U fH'i V'U 

.... 1"" OJ OJ"" 1 <!I J/ '" .., III 911 <!I 'I 0 ='1 1 t 91..,'" "" 
lJlJ{ltYlJ~'U1i 'Um'i'lf1[lm{ltlct1-!1fl'UH{I~fl'U t~nlJlJtI L'Um'iVJ1~l'U llJ\Pl tlmtY l1'UfH'iV'UlJtYTU 

1 t " ~I 91 t 'JI OJ'" "" t <!I 'JId <II <!I 'JI "l
nlJ 'Um'jVlHl'UlJlflVltj~ 'il~llJ'Um'jm~IO.l'U l1'UfH'i[l'Ulfl~f111lJtY'U 1) m~Y>n)'itl'i'UU{l~I'\ll L'il 

d ~.r Q,I .Q CI It:! 0' ~d d.d ~ .r 
'tIV11 'j V'U V-!I'\l'U H{I 'ill fl fIl H ~ fl 'il fl 'j 'i lJ fIl'i l'i V'U fl U tYtI'U 'il.:JVll l1:JJ H{I flU! 'i V'U V11~ lJ'\l'U 

~.:JtYtI~f1 ~tI-!I nu n1Jfl1'ifffl'l!ll'\ltl~ 1'j!'lf'l!li 1.Jty[l~rl (2554) ~ 'fl'fffl'l!llf111:JJ011'11U1V11.:J fll'i r; [l'UIU~[l 
'\lmll'flr; V'U~r; V'Ufl'1[l'V~n 'ilfl'j'jlJIVlfllJ f1fll'jtY'tl'UU1J1Jijff1'Ul1lJ~Ullll'flr; fJ'U~ 'fl'i''tIfll'j~~fll'jr; [l'Uf 

'1 til .e:. C\ .cI' t.cl jI 'j} d.d.r ~ ~ d 
l~[l 'If'V~fl 'ilfl'j'jlJ1Vlfl'U f1fll'jtY'tl'UHU'tllJ tY'1'U'i '1lJ lJfI11lJfll1l1'U lVJ1~m'jI'j t'J'UlU{I Vtl ~'\l'UVI-!I'lf'U!'j [l'U 

lVlln'tl 0.85 

http:100-42.55
http:76.74-42.55
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,....., \l)2'lI ill .c!I i I ., '" ill '" f • i ....
f;j1'ileJ ~~l ~·lHL'U1.HH)'lJmlJfl11lJ~,r~f) 'il~f)fll'j'il~fll'H'HJUlHtI'lJlJff1U'j1lJ U'jleJ1"lfl 

hn ~1'jlfflff~!H'fI:;f)1fllff i~f)~ lm~ff!H l'f1n HNU~U,,.nU'fl:;fJ~'IJ1'~ l~ml1fh!Q~eJ U'fl:; 

c1 t.d 9J Q,f.e9 'rt Q,f Q dd I Q.< d iJ 
Al1HYI 4.2 flltU'fleJ HI{J'fI:;tm:;'j:;~'lJfl11lJ~~~f) &'il'IJf)~um'j{lUi'llJ~f)fll'j'il~fll'jt'jeJul 

U'lJ'lJlhhui1lJ t1t:J~ lm~ff~l~l'f1n uNu~uhnu'fl:;fJt'IJltlyj 

SI 0 

'U8fllt:111J x 
1! .... ...
itll'Un'On111Jnl1&1t1'Unl1lJ8'U 

4.72 94.46 

4.23 84.68 lJln 

4.61 

4.57 

4.53 

92.34 

91.48 

90.74 

'" lJ1ni'l1:J'~ 
. 

4.53 

4.53 

90.63 

90.63 

8 89.78 .. I 

4.48 89.78 

4.53 90.63 

4.61 92.34 

ill ~I '\' ... .}I i-~ ill'" "'. • i '" 12.f;jfft:JUt1J~ ~t:Jfllffl1'jt:Jm:;'fJu 11f;jt'j{lUlJff1U'j1lJ Ufll'jtnlU 4.74 94.89 

4.59 91.91 

4.53 90.81 
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«II 'I 'JI .,; ... :JI ~ 4 .1/.. d 'JI t .: d 'JI4 
YHYH) l~'UVfll'1~f1flV ~l'U<blVfl1'jI'jfl'Ufl1'H"V'U t}f~flflllhnvm\~ 89.78 l'1~'U t11mll'UIVnl~~I'jfl'U 

'~ij1 Vfl1ffl~'U~'ft~ij v,jiilliin~fl'j'j lJ~1fl~'Um~ fl1'j ,jfln~m'j1J '1 'U i'Ur; uu 1~'U1J'j 'j mfl1f'1'1m~fl1'j 
ij1:h'Ul1lJ tt'ft~fl1'jI~'j ~11~~v1J~ rl~1ff1lJ '1lf~r; fl'Uij,jiii1lJ~'U'tr~~h11J~£'iV'U U'ft~lvtV'U '1 'Ui'UL1fl'U 

U'ft~fll'j iifln ~m 'jlJ fl1'j r; fl'U fl1'j ff'el'U~~lmfl tt'ft~~r; fl'U 1~r1J1n fl1'j 'ft'fl'U ~'H'ft lfl'H'ft lfl~~rl~ f-I'ft.. 
'1lf~r;fl'Uijfl11lJ~~YW '1 ~~'elfl1'j r; fl'Ufl1'jffV'U '1'U'j~~1JlJ1fl~1:J'f1 

. . 
«II 'I 'I ... 4 ... 'JI IiJ 'JI='I 1 'I 'JI ... 4 IiJ 'JI4 'JI 'JI 

fl111J'W ~'W'ell~ l'U'j~f11JlJ1fll'11:J'f1 t11~t'U 'el~1Jl~lfl ~ffV'U lflllJfI 'elfllff l'H 'W flt'j fl'U lfll'j fl'U~f11fl~'Um~ 

iJ 6i fJI Q,I .cI 9J Q.}' , Q ~ fj/ cv d d ~ IQ QI CV fI Q,I A 9J 6i " 
m~~'U l'H'Uflt'j fl'Ufl'ftlflfl nb11Ufffl~fl'elflff~lff'j1J &'H'Uflt'j fl'U1JlJgff1J'W'U1ifl1J!YW'UU'ft:::fl~ ~ff'el'U U'ft~ !'If 

ll'1fltJ fl~'H'ftlfl'H'ftlfl '1'Ufll'j\1f1fll'jr; fl'Ufll'jffV'U ~~rl~f-I'ft '1lfUflr; tl'Ulnflfl111J~~'WV '1'il'1'U~l'U~ff'el'UlJ1fl 

~q'f1 'j'el~'ft~1Jl fi'el ~l'Un~m'jlJfll'jr;tl'Ufll'jffV'U 1~'el~'illfln~m'jlJ'1'Ui'Ur;fl'W 1~'Un~m'j1J~I~'U,h~1J 

J'U~V'U ijmllJt'HlJ1~fflJn1Jn'ftll~'Un~m'jlJ~~r;fl'U'~ijrl1'Ui1lJlJfln~m'jlJ 1lJil~~I~'Un~m'jlJ 



.., unn 5 

ffltJNftm':il~tI 


.4" 'QI.4 lIJ fjJ ~ f .4 t t£ 
llff1'U'j 111 'Vn..nl 'U mHI'U !~fl~U'U'Unllfl'j'jm~if11,m tJ'UU"~fl~U'U'Ufll';i'Vl~fftl'IJtJtltJHW"~ 80.43 

tT'Ufttl El rvhti'IJ 80.431~tJiifl~u'U'Ufll'j'Vl~fftl'IJdtltJl'Uu~'Unl';nr~fl1H;tJ'Uf titl~ fJt'lJ1i't'J 

1l1n~"1fl 'jtl~"~1l1 ~tl~ 1fl'j~ff~H1"n tm~ UH'U~'Uiif1 1~tJiifl~U'U'U!\l~fJ 8.21, 8.17 tm: 8.10 if~tl 
'JJ 0 Q,;o .... 1 Q ~ QI Q 9J 
'jtltJm~ 82.12, 81.70 !m~ 81.06 ~lllm~'IJ H"~1J'j~ff'Vl1im'V'l'IJtl~HH'Unl'jlIflfll'j!'jtJ'UaU'IJ'IJ 

all I QI.c:i ,. 'i~ QI QI J. ~ Q ~ " 


llff1'U 'j 11lfl~U 'U 'U if "~t 'j tJ'U !~(I! '1m 'IJ'IJ'Vl~ fftl'IJ1~~" ffllt)'Vl1i 'Vl H fllnw'U fl flt 'IJ 'U 'j tltJ,,~ 76.73 


J'Ufttl E2 t'tilti'IJ 76. 73 ~~J'UfhtJ'j ~ff'Vl1im'V'l'IJ tl~u~'U fll'j ~~fll'j~ tJ'Uf1 ~tJ1,rfl'j~'lJ1'U fll'j,r~fll'j 
"" "'" , <!I .1/ .$ WiA 1 '" d t Wi 'J/
!'j(l'Ufll'jfffl'UUlJlJllff1'U'n1l flfl 80.43/76.73 91~til'U !1J~lllffllll~!l'U'Vl\9l~ !1 

, , 
as 0.14 ..c!t ~ 14' 4 4ij) 

t\l"tJif"~t'jtJ'U (23.02 l1'jtl lfltJ"~ 76.73) \}'~n11fl~H'UW\lMntl'U!'j(I'U 02.77 if'jfl'jfltJ"~ 42.55) 

~~u~n~h~fldl~iitl'mhf1\Y'Vll~ff(l~~'j~~'IJ 0.05 Uff~~ lM'n'l 'U'htl'nl1 tJ'U~ 'l"ri'lJfll'j~flfll'jl1 (I'UfUlJ'IJ 

.c:$1 l.cl Q,I.t. 4::$~.Q Ij/" d dtt.a"QI 
llff1'U'n1l1l~"ffllt)'Vl1i 'Vll~fl1'j!'j tJ'U\}'~'IJ 'U'ilH U"~mlllfll111'U l'Vll~fl1'j''j tJ'U!\l"tJ'Vl~"IS'UllfllA'Vlln'IJ 0.59 
.1/ 'JI" ., .,
91~fl~l'U'j~~'IJ medium gain Ufffl~':h fll'j~~fll'j~(I'UlU'IJ'lJiif:h'Ui11l 1f1tJm'V'l'j11l'IJtl~i~~'Utl''U 
... '" .I ''I '" _I
ll'V'lVilJ'Ulfl1'j'IJ'Ufl~ !'U'j~fl'IJ1Jl'Un"l~ 

5.1.3 fl111l~~'V'I fllll 'IJfl~tl'm; tJ'U~ii~ tl nl'j ,r~nl'j i~ tJ 'UfU'lJlJiiri1'U i 111 tl'm; tJ'U 

iifl111l~~'V'Ifll 'il 1fl tJ'j 111 tl~l 'U'j~~'lJ1l1n~"1fl (~fltJ"~ 90.8) lllnfll'j1tm1~11film ~tJ'j~ ~'lJfl1lll 
.oQ 'I 'I • 'J/ • '" ""... ",.OQ 'I 'J/ 'J/ d 'J/
'V'I"J'V'Ifl!'il !'UU~"~~1'U'V'I'lJ11 'Um'jtJ'Ullfl~H'U'\.J'j~~'lJmlll'V'l"J'V'Ifl !'ilfll'U~fftJ'W1l1n'Vl"1~ ('jfltJl'1: 91.91) 

<!I !II '" ... 'J/ !II .Ii 'JI 
'jtl"J"~1l1 fltl ~11'Un'iln'j'jllfll':H'jtJ'Ufll'jfftl'U ('jfltJl'1~ 90.74) U"~~l'Uffflfll'jf(tl'U (ltltJ": 89.78) 

http:80.43/76.73
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..9 

C/ ... 

fl'j~Vll'HfffllJ1tlflll, 2545. 

QlCV ilQ,.I'~Q QI. 

tu'lf'U'U Ufl1'lf(1)l~fl1). "Active Learning", 'lJVl'lJ1Vl'\JU~mmJActive Learnm~. 

'" http://www.pochanukul.coml?p=169. lJ'U1fllJ,2556. 

_ f.! 'I 'jI II.. 'jI _"f 'I ... '" 'jI "'. • 

ulU1lJ'lf VlU~fflJ. fllll'lfQVltlff1ff~lflllllU'UlVl1~1Jf;Uf;U11'Uflll1)flfllll 'HJ'Ul U'IJ'lJlJff1'Ul1lJl'YW 

... iI'Ii' c:v QlQ ~ t,l ,III 

'nm'U1fl11lJ l'\J1 t '0 'Uflll Ul'UfIllJ 1U~ nt]lJ'\JU~'U fUl fJ'Ul ~fl'IJflllY1fllJ1'\J'U 'n'U J1'U'lf1~ 

';'U~ 4. 1Vlmih..'Unm~ty1fllff1ff~llJ'H1,rtuii~ : lJm1VlfJ1~fJl1'lffi{]'nl~'Um, 
2547. 

If 'JI _r=! -=::t Q.I ~ ~ Q I Q Q <f 
'n 'OlJ1'U 1~ffVl U~UVl. fll'J !u 'J U'lJtVlfJ'IJ~ClfflJt]VltlVlH fll'J 1 'J fJ'UUCl~t1)~fWll'l 'f)1'lf11Vltf1ff1fffl'J'\J U~ 

uni1fJwff'Ulh~fJlJflnlJ11J~ 4 lHi1fJ'UtVl'n1VlfJ1 ,r~'H'jfl'J1'lfiJ1 ~ffU'U lflfJirnffu'U• 
U'IJ'lJihh'Ui1lJn'IJ1nffU'UU'IJ'lJtJn~. 1VlfJ1il'n'Unm~~lflli11fffl'JlJm,rtuii~ : 

Q Q,.I' Q,.I' , " d 
lJ'H11VlfJ1C1U'J l'lffl{]'H1.j'lJ1'U 'iI UlJ'IJ~, 2547. 

""... 'I iI'" cO iI "" "" 'jI. "" d '" 'n'J'Jtu 'UfIl mUOfl. ~Clflll t 'lffl'ilfl'j'JlJfll'Jt'J fJ'U m'IJ'lJfl'j~flU'J m'U~O~ClfflJt]VltlVl1~fll'Jt'W1HICI::
" 

t'Oflfl~~U1'lf1tflJj'\Ju~uni1fJwi'UlTtifJlJflnlJ11J~ 6 ,r~'H1fltJmJtl1U. 1Vlmil'n'Un• 

OJ Q" QI d Q <fQ 4 t Q QI ~ <d 

1Vl~i)J 1 m 1'J'Jtu . ~Clfll'J'iI~fllltl tf'UflllffUU1VlfJ1ff1ff~'J l'lf ~t m'nOff~tff'JlJH[lfflJQVltlVl1~flllt'J fJU 

1'lf11VlfJ1ff1ff~i' tm::fl11lJff11J1'JfJiunml~i1fJJm ff1'Hi' 'lJU nil fJ'W';ulTtlfJlJflnlJ11J~ 1. 
o 

1VlfJl'u'nunm~~lfll'JflnlJ1lJ'H1,rtuiifl : lJm1VlfJ1~U\!nn, 2553. 

d' d' cv "i Ai QI QI tI t QI CiJ Q Q,lQ

1'Jl'l1lJ! 'lJ~fJ~fl. fll'J'nmU1fl11lJt'\J1 'iI t'JtH fl11lJfflJ'nUtl'J::'H11~1flQ t'U'J~'IJ'lJQ'jtfo/ '\Ju~um'JfJU 
". . 
,rulTtlfJlJflnlJ11Jli 51flfJ i~~fln 'Ofll'JlJIVlflilflfll'JffUUI;r~lnli ff 'llffllJffnfJfIl'nfll'Jil fJUj' 

1VlfJ1ff1ff~i' (ATLAS). 1Vlmil'nunm~~11Vlmff1fffl'JlJ'H1,rwii~ : 1J'\'111VlfJ1~fJ 

'" f,l'IJCl'J1'lftl1U, 2554. 

ff'J11~ ,j'Utl1'HrtU. fllnh~Qn~1~l'tJU'IJ'lJfll'Ji1fJuj'1;r~ln1'lf1VJffnff l~U~ fffll'nfflJ~Clff1'Hi''IJ 
uni1 fJ'U';ulTtlfJlJflnlJ1. 1Vlmil'nunm~~11Vlmff1ffmlJ'Hl,rtuii~ : lJ'H11Vlm~fJ 
tVlfllu lC1fj'n'J~'ilOlJtfl~1tiU'lJ1, 2553. 

http://www.pochanukul.coml?p=169
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ffm-U1..l'cY ,m'f~1I0T'HH)U;hlf.l1f11ff~fuma'VItl1U1 flV. mOffl':i'ti'~u11'lfl;l'ltl21'V1f.11f11ff~f 
d"d .lGI t;\I 

m:ilJ1Uf11':il':itlu2'V1nnJ1:iff1l01JLU0111~111111~':i!lUl1flo\1m. 0l~I'VIl'l<1 : 

ffm1.Tuff~Lff~1If11':ifft)lJ1'V1f.11f11ff~fHfl:iL'VItllu1flv, 2552. (tiJ~th!Ul) 
.......! lIJ I'" d 91 'lI '1 , j} 'd
A

Oflff'VI'6 M \'lftl Ufl:itlW:i. "f11':ilJ':i~!lIl!Hflf11':iL':itll!lUlJlJ 11111 ~tlf11':i 'lfNflffOlJOOUL':itlUUfl:i 

... d ... 

l1fl~L':itlU", 11':iffl':i 1HW. 1'lflf11':i. 11(21): 86-94, 2550. 

Hake, R. R. "Interactive-engagement vs traditional methods: A six-thousand-student survey of 

mechanics test data for introductory physics courses", American Journal of Physics. 

61(1): 64-74,1998. 



1I1f1N'U1fl 



32 

1I1flf.llt1fl fl 



rtW1ULI1WnWllH.H tI.fbrtM.1rtHI nWM.R;UI1:gtfl 
""' (6 (6 ... ff' 'P I 10 ,. '" I" 

~mmftQlbrtQrtll1M.nHlA,£rtLtHt-~fllmll~flH,LUl1trtGIl:g~n Wi GllQJI'.,jlA,~ftGIb~1 HI L,W~trtLtt! 
r5 a=r y tti ~" I '" pi v ItJ "lrt 'fp If" F' "" In" 19 t " 

t-~HI1ULI1 rt~mM.1LtHM,t! I1Q.L!l1tt~l1ttL.L!tLU ~Ujt-.L!tLUUMIlLl1!l.G:gUI1UlA,M,11 S/Crt l'S t • '=" ~" (6 0 t1) 't;:7 &" I"C 

111 LlbmGN 
blfi 'rIfi 

HI t\.Lt-M,JI'.,QtHnLHtHlt-GIb~M::~l1tLUntrt::W ~t!tnmtutIlUIIlLI1!lGGtH rtHI mtLUnLll.L!nl 
(6 10 r'" ... '" l" ...... I 10,. 10 

n-1.11 LirtLtt!L!t~Un t-G~tll~I~t-G~m1.I1G.L!l1tt~l1ttLPtLU¥j1LL!t~rtLllL~t-Lk.L! Llf'rt l'S t 
,i • • 

I1G.L!l1tt~l1ttLPtLUt-GIl.~Mt-~.L!nG~H~MIlLI1~G~l1l11jl1tG~H t-G~L~l1l1nHk.L! 9/f'rt l'S t 

~i GllGJI'.,I:~I1rt~lmGtt!HIlGId,I111 n.L!lA,t-Gtml Ltt!n~ (6 III ... If" I Kill b l" If" b Ifi Ifi 

LR;U~Q~H I1G.L!l1tt~I1tf,LptLUn1.m~Lp~tl1nt~G~H n~l~tj1WnHLV!:!rtLllL~t-~ I1f'rt I'S t
. .,. 

~tA.thi 
.. '" '" '" 

nut-GIl.WUmLtt!rtrtGU~Ult-.L!:gun rtt!t-.L! ll~lnl~lA,1 1'0 (6 f' r,:, If, ~ It.' J,;, 

t~.L!LUWlA,tLtl11.Llbl L,nt\.L~tlt-tJl'.,nl ~GrtlA,Grtt-GW1:~n~ftQIb~IIlLlf WI I1G.L!l1tt~::~nIlLI1!lQ p 1::.1' I " -: I b. J;:F F' 1V ~ "" b t6 In _ 

II tLrtL.L! nGnnmilll111j1.trtmH1. nt.L! nlb~UjlA,~LJI'.,ftU!lt-LLtm tLU[JUUj1Lt £ LHmL:LUn tw 
t F PI I ~ ~ F'~ p I t6 " 

£rtLtHLH~L.L!mlJ,tLUnl tW.L!LUWLtt~I1::~l1t~.L!LUWLttt-LLttLUntl1::WJl'.,I 1"8 t rulthillt Ifi .. 10,. ...... j!> '" lfib 

U~lt-QIbI1GU~J:l1ntp::~mLl.L!H~lULI1~Q::~nt-G~L~l1l1mLk.L! n~l1eOI/Cft 1"9 t 

~tA.thi 
.. '" '" "" 

,t\JI'.,lll ~tl1 

JI'.,1 f11 trtLtt!Lt\,;;:~l1tnU tllAt-.L!tL.L!G.L! t~.L!LUWlAt~I1::~11£rtLt~LH:L.L!m.L!twntl1::w ('& bl"'lrt" 0 tti I=" F ~ ., P b '=" (6 1V 

[l U~lt-Gll.nLgm~:::ml1 UlAl:tl1~1i ULULG~Iit-~111mll~111tLUQ~~H[l~ L,t-L~tLUntl1::W 

t-@1b!l.nM.rt.L!ftLt~ UtJj nl uLlf~~nU~ltHnl1nIbWUjLt L,t-L~tLUntl1::WI11 Llbl I'9 t nLgt~Lft p II) 1'0 ~ b -f' -F I b" 

~tA.thi/£N.lJtltLY.,.tllthiUt • I n.~n" J;:Ir
.. 

l'ftlt~PlL'!t'i UL'!lra~Dt-tt!lt-Q~1 
, , 

t ~lllRUt!ltlJg,ttN.! UL'!1t-Qn.ratDt-tY1IU.£N.lJtltLYlJtN.1d. 
1$ f'1$ '" I I .. 

to IOtt UttDld.t I::UUtQ:::L'!lIthiDuntl~ UL'!l lA.tlJlt 
... "" f ... 

£N.lJt'itLY~.)tLYN.I\t'il 1$ '" no 

ItYllJu.~IJ!lL'!M.rtXlM.N.IJ~It-tl 

££ 


http:UL'!1t-Qn.ratDt-tY1IU.�N.lJtltLYlJtN.1d
mailto:t-@1b!l.nM.rt.L!ftLt
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o <V 
2. 	 tfl'l::tflflty 

lflHff~l~'lJ'O~ l~fl tb::flmJ~,;ltJi\JLtJ~'Ofll~fl iULd'O l~fl iuwiu1~fl1flHff~1'iU~~:: 
'" <J1UUrl'flllW::U~:t'ff1UtJ'j::fl'O'UU(9lfl~1~nU 

.1 " .:I 'II3. il~1J'l::tf~flfll'n'lo'Ul 

'" 
1. 	 t:UtJUtlWmff(9l'rtT\9Iff1UtmtJ'U!'VltJ'Um1lJ'I1Ul'lJ'O'I'lJ'O'i<J1U~1-Fl'lJ'O'i l~fl 

2. 	 'On'U1tJ1m 'Iffll'1U~::ff1ulh::flmJ'lJ'O~ l~fl 

3. 'U'Ofln fl1'j~tl'fl1'YltJ1ff1ff\9ln.j'fffl1:111flHffl1-:um::ff1U tJ'j~ fl'O'U'lJ'O~ 1~fl1~ 


~lUflfll,::/fl1::1J lUfll1 

'" . 

1. 	 f1~f11mlJtntJ1n'U lflHffll'iLm::ff1utJ'j::fl'O'U'lJ'O'i 1~fl 


4 ,.,,, .c::s. QI ~ I ... 1 '"
QI'"
2. 	 ff'UflU'lJ'O~~LfltJ1fl'U~flllW::; u~:t'ff1Uul:t'fl'O'U 'lJ'O'I'l:fU\9IH"l'U'O'i ~~fl 

Q tI.a 	 1 r 0 1 ~ <r
3. 1Lfl 'j 1:: 'I1fl11lJ!'I1 lJ'OU U~::f111lJU\9lfl\9l1'i 'j ::'I111'1UtItI "1~'O'I f1 H ff'j 1'1 'lJ 'O'i ~ ~ fl 

U~::;'lJ'O'I'ii7 'i 
f " 	 I " 

4. 	 ff'Off1'j if'I'Vl 1(9l~ tJuf~m~'Outl'fl~mJ iU<J1U 
l!'" '11.:1
YIUU'l tl.!t1fl1:lW::::'lJMf:;j!10U 

1. 	 Uf111lJffUi"iNf 

4. fllOl'ilthAW.. 
1) 1m'Iffll~fl1tJ itJ'u'O'i 1 ~m~u'O~l'11 'j 


2) rl'f)1:lW::U~::ff1UtJ'j::f)'Otliu lf1Hffll'i'lJ'O'Il~m~u'O~l~h 


3) L'jlflm 'iffl1'1U~::ff1UtJ'j::f)'OtI'U'O'i 1~fl'~'O~H1'j 

. 	 '" 

4) 'Vi1 'lJt'j1~'It;r'O';hff1UtJ';j::fl'O'U'lJ'O'Il ~fliuu~ ~::<J1uurl'f)1:lW~ lllyn:: 

5) 1'111lJt';jl~'i~'O'iffUilllf1Hffl1'ifl1tJhJ'lJ'O'Il~f) 
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.., ... ... 
5. ftl'H)Y)fl41fl'lUlftl'lI'UJ'YflTUftl'Y 

,r'Ytf~HtllUJtf'Y'ij 

t'nihrfl'hlw~l~ (iitl11lJrtllJ ufl~iitJw'HlJiJU-lmfl) 
.r""1 	 <v GIIJ!II 1 '11 IIJI <v IIJ!II

- YllJrl1 flfl.fl1tJlJtlflffllJl'H'lff-lm~Um~lJtl-3t'HlJ l~ U~.fl1tJ llJ flflllJfflm'Hlff-3m~ l~ 

ufli1tJlJfi~"ht!fl1't1tJ1fflff~{'il~fffl'hll1flHffrl-3'11tl-31flfl L~mh-3L':i (fffl'td 1'illmhlJlh~fltlU'IItl-3 

f,Jflfl1U1~~~flMmti-l~lJ1 flfl ;1lJ ri1lJ~vilJtltlflm'illflfl1':itl~'¥.l'lltl-3lJl'111' 'V'l ~fl'hlW~'IItl-3i1lJ~~~ 
A.d.c:'!:l GI'j) ~ A lrJ .a I r, ~ 1I 

lJl'illflYllJ't1U':inw !~lJ'Hlff~'t1'j fl1'j~~U't11-l'lltl-3flfllJ m1ff~!'t1tllJrI1lJ"l1'W'I1um-3 '1 flltJh.J flfl) 

- fl~ Ufl~Ufli1 tJlJ~1lJnlJtlntl'jltJ'illflUlJ1fil~tlU'IItl-lUfli1 tJlJ l~fJfl~ 6-3 Lll!'lr\.Jfil~tlU 

.. 
• 	 .u',lihni)ui;'l~~'Y,.n 

- fl~'Il11fflJtln'ilm'jlJ1'itl-ll~tJ11ffjjtlu~1 'ilflfll-3'11tl-31flfl li1tlm11't1..r lflW~1'itl-ll~tJ1 

YlUfl-ll\.J.uUtJl\.JYll'H lJ~lfi\.J't11-l Ufl~lTflf,l!'t1ffl1'tl'j~ ~l~~fffl'hll (Role play) 

- Utl-3Ufl1'itl-31~tJ11illJ 10 fl~lJ hflTflf,l1't1ffl1'rillJ1Ufl11lJ2 W ~l'lfffl'hll~!UN~"l1tlU 
.4 	 .d 9J l ~dfJ,lQ,f 	 0 

(Active Reading) lY1tl1~'j tJlJfl1'jU':i 'jtJ1tJ lm~'H1'HlJlflW~tl1lJff-l't1~tl-3't11 

",!II 0 l.d ,tl"'... Ji "" IIJ!II 'JI 1 1 'JI , 
- 'H1'HUlflW~UlflW~'t1tl-3!'t1tJ1 tJ-3~~!~lJ't11-3 C)f-ll~'jtJlJ l1Hfl1 ~tJ "l1lJlmlff1U 1 

llJ~'j~tl 100 nlfl!lJ~'j 

- IrttlYlrtllJUa1i~lJ!filJ'Vll-31'itl-l!~tJ1~llJ lfflJ 'Vll-3~tlTViU~'1 !rlBm~ 'ilUa1fl~U~ 
'JI 	 "" 'H tl-ll 'j tJ\.J 

- 1..rUflt1tJUU~fl~flUtillJ'HU-3fftli1tJU1"l111f1fl ~1'jlfflff~fufl~el1fl1ff !~tJ1nu 

1 m -lffrl-3.fl1V 1 \.J'IItl-l1 flfl (Active Reading) ua1!~tJU.fl1Y1Uff~-l1fl'j -3ffr l;JfllV 1 \.J'IItl-31 flfll\.Jff~1'l 
Gi 'j} r ~, ~1 'JI ""1 'j} , t 1 'JI ,

'il~ 1 ~v l"l1lJl~'jlff1\.J l1C)fU~llJ~'j~tl 1,000 fl fI!lJ~'j Ufl1'j~U1Vff m-lff'jHU~fl~"l1U 'HU~fl~l-3 

<v 'JI t"" dt 
flUYI'jtllJ't1-l~tJU"l1tlUtlfl 

'JI.., 	 "" 0 ~I '.~ 1 1 'JI""1 'JI .d "" IIJ 'JI • ... 1 - 1 'H\.Jflt'jVU'Vll-31lJIlJ\.Jfl'QlJ lJ\.J\)fl flfl 'HlJ flHff'jl-l~llJ't11'11{J'WfllYl l1 U~fI~ff~ff1\.J 

Ji Ji 1 1'JI"" /( ... """" "" !IIl'JI"" "" </. tl 1 dt tfl-3m-3'H\.J-3 ~v "l1~\.JUllJUff!~tJ1flUfllYl11~ ttfl1 "l1lJ~fl~!~f)';jrll~ 'VlH'IItl-3 flfltYltlUffl'l-l"l1U 

'IItl-31fl'j-3ffrl-3~~UL1 
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'1$1"''''.'£ ... 1 $I 1 '1$1' • 0 ..1;;11 
- fl':j tl1'Um'H)'U'Yll'lf'tHl'UfI1'V'11'11tTW flHff'n:J (In l!m~ ~l1l!IOl(l~nnlJ'Ullff'Ufl~(I.:Jl'U'Yll1J'U 

~ 	 q 

fI1'V'111fltm~':nlJ'U lf1Hff~l.:J'IIeN hn~fU~fl'U.J'.:J~'U 't11 'l1~fl1Jfll'fll1'IhMfl.:JtSu'U U(I::flfll1'jlU 
~ 

u(lm11~u'UtSu'Uf~.:Jn'Ulm~n'U (Gallery Walk) 

• i'Uofi1JuJm'l~,)-ui.ll11 
- flllt(l~untSu'U; llJn'U flfll1'j lUH(I::ff111f111lJft~Uln1J1 flHff~1.:J'II fl"l 1(In t ,r,~.,rflff111 

, $I 1 ' t ~ 4 ,l 1 J,. dl td 	 4 I cS 

111f1Hff'jH'IIfl"l (lflu'U"Iflflmtl'U 3 'If'U flfl 'If'Utl1(1fln l(1fl t'Ufl (lfl !m::Ufl'U ~(ln ctr"lUIOl(l::'lf'UlJ 

rl' n'tJ W::II (I:: fl.:Jfll1 'j ~ n tl'UHlOln~l.:Jn'U 'j 1lJ.J'.:J fJWl1 iJihm~fllllJnfli'U!m ~!illU'U!;lU1JfI11lJl'H:Uf)'U 

.... " 'lI 
• 'lJu'UtlU.Ifl1UJl 

• I 	 'lI I 

- fll tlll'U lm~lJ!~lJ!fi U1n'U rl' fl'tJW::ffltlty'll tl.:J 1 fI'j .:Jff~l"l!!~(I~i'Wu(l::'tht~'UfI1'V'1;l!!fffl.:J 
d t 	 4 cS ~I ~ i rp QJ cS 3J i 
m'lf'Ull'jWfI1f1U(I~~l'Ull'jWfI1f1m1J'j~nfl'Ufll'jf)ll'U1U 11'l.Jm'jU'Ul'111 11 


tot ~ r1~1 ~ tI ,. ~ ~ I "l
QJ 

- flllOl.:JfI1tl1lJ11 "'Un1'YlUlfl'lfflOl'jJ flHff'jl.:J U(l~fl"lfll1'j~ntl1J'Uf).:J t(ln ~flflUl"l ~'j" !!(I~ 

'1$1 $I.d. .. d '" 0 1 $I 11 '1$1'*111 4tl1f1111Jlt'V'l1Jlf11JlflU1fl'Ufll'jffl'j1'i1 fl':j.:Jff'jH'IItl"l (In flU t'lffl(l'U m1ff~!'Yltl'U (Seismic wave) 


1m)i" Power Point U(l~i,reil'U'illnt'Ufl111Jfl.yt1Jl~1J 

Gi r;1 QJ.c:l ~ GJ d f "1 ~ 

- ~l1'Um'ju'Utl.fll1'jlU t'U11'j~If1'UlOlfl tl1'U 

(I )l'i·I'1Jt'jl~.:Jl~fll1"h'U11'j~ntl'U'IItl"lhfli'UU~(I::~'Uijrl'fl'tJw~m'V'll~ 
(2) 	l'il'1Jt'jl~"I~f)~ff'Uh lfl':j~ff~HfI1Ui'U'IIf)"I1(1fl 

- fll!!'U~U1i,r..rfltSU'U i11ffmf'U.,r tl:l.d(lI.yt1Jt~1Jt~U1n'Ufll'j!nflff1-111Jtujl'Hgfll(1n'Yll~ 
.. "'<$ 4 ",4 $Ii 
tl'Ul'YltJ'jt'UlOll1H''illfll1'U~fff) 'Ul1tl.:Jffldfi 

• ,)-'U'l.h::ti)UND 

- unil u'U!;itl'U Exit Ticket (FA) 

QI.c:l 0 Qld 

- 'Um'jtl'U'Ylll!'U'U'Ylflfff)'Ul1(1~I'jtl'U (SA) 


,£ ... 1 $I 1 AC\ rI.d 0 "1 31 

- m111'lf'UHWfI1'V'1I'11tl'U flHff'jl~'IIf)~ (In 1Ol1lJl'Umff'Ylflll1'Ufi n (SA) 

- 11'j::!ii'Ul~"(I~1'U'IIfl.:Jn~1Ji'Ufll'jJ'U'j111f1Hff~1.:J'IIf).:J l(1n fll1JJ'Ulmf~tl111'UfI'~ (SA)... 	 .. 
- ff.:J!fllOl'V'lq~n'j'j1Jfll'j iltl'U 'IItl.:Jum1u'U !~tll1'j~!ii'Uml~m~~'W f1111Jff'U i 'iIi,rUfl il tl'U 


1Jnfl'Uijri1'Ui11Ji'Unnl'ilfl'ilm'j1J~H"l !'If'U fll'j i"~ltl11J fll'j!.,rl' l1i l:JJfjtli'Un~1J t 'U1Jn 
.. 
.u'UlOlfl'U'IItl.:Jfll'jfff)'U (SA) 



M,OIRI:U,tUlUtn. '8 .... IF .... 

.tIMtt 001 ~t\,$b~trlL,l;! ­ ... ..., 

.t@~t~~~ft ­
I' ..., '" 

t\,llttUt\,t-GfI,ftl!UM.C.. t\,L[!,L lA,t ,l;! t ~t-L~.LmftLt\,t\,~ ­ pit> J 0, J;r IS07IT1~ '=' 

,l;!G.Lm~~[!,~It,l;! tV tlL~.tLU ­
'" ... 

Ut;!lH.t,l;!t-Wl NH1 t\,1l.t1t-t;!H.rW,l;!~lA,rLrm - IfJ -r t:7 I'a 

lftLt~rLt ­

~UJm.ty.t\,Li~t;!n ~UJm.ty.t\,$bM,LlmMn ­
'" '" II<". 

(:;!A~M :J!WS!:;!S) t\,G~1~,l;!tH.Lt\,~~ t-G~1 lU!Od J:;!Mod ­

t\,G.tMLt\,~t;!l1lU LfI,1IhG.t1M.J.JlA,~trlt;!~ ­ v 
If;:: r ", Ifl' '" ... "', .... 

mWnQMJ:lt/OJ:l '8 
? I· ...." 

fl.j t\,fI,~rL~~.tt\,l UGftl!uruw~IlM,t\,t\,n~~'£ I '''In f't:7 hH 11) I '1;;7 

fl.j t\,fI,~rL~~.tt\,l flG t\,Lt-t\,$bt-GfI,t-G~ullftLt~ 'z
,.'" 1'''' '" b, if' If; 

%OL IlGt\,t-LIlGL\QmU1M.LM rLG,l;!.tLUt\,t\,n~~ 'I 

" ~ II i 


tt\,Il.t1.tLUt;!Mt\,ftI~.tn~t;!H~t.tLUL\QmUi £'L "p I'" iIC::J' 1'1) p 

ft~Uftuu~IlM,~utt-,l;!rLrLn '£ 
, "" '" 

Ut;!lt-U,l;! t-Wlt\,llfl,iM,UJt\,Lt-t\,$bt\,ftI~.trLrLrLl1 'z 
If; '" if' "" '" 

Ut;!lt-L .t,l;!t-.t~1 t-G.t1 t\,IHit-t;!H.I1G,l;!~lA,l1l1n '1 

" f" \00'1'0 


tt\,ll.tgLUt;!Mt\,ft1~.tn~t;!n~t.tLUGftt-G.t~1 Z'L
"p t:.;I' I'" 1'1) r;r '" 

ft~Ut\,Lt-L1'\.tLUt\,!;P~.tj1 T 

Ut;!lt-U,l;!H~lt\,llfl,1M,UJt\,Lt-t\,$bt\,ftI~.tj1'Z 

" s;:;t' r ~ 


[!,1 LfI,mLt~tftLt~t\,ftI~.trL 'I 
b If; If; "" '" 

tt\,ll.tgLUmmftl~.trL~t;!n~t.tLUy.t l'L (f.;:::t '=" I .... i1) ~ 
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'" '" o'dl 1 V "I 1I 1 1 """"I9.'Ufl1'VlV1fllff~'lflfl1:l1 flHffl1~fl1V t'U'Y'l'U (lfl ~V11i 1~ 

..,j llJ "" 1. fl(l'U m1ff~t'Vlf.l'U 

2. fl~'Uullm~fl1vH:h 
dl 0 0' 

3. C)flf1~fI~l1Jl';i'Y'l (Fossil) 
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2. ~tJ~htJ~~~~nfl11111Pl~lPln~TU,rtJ1J'j'HJlf11fflJ1fi~iftJ lCln . .. 
3. fI1'j&~tJ1'11~~ ~~'fl~tJ '1I1ff~1V1~tJ~lWI1tJl1tJ~h~"1f11(lLtJ lCln 

4. fI1'jtJ~'Y,/~~~.fJl~l 'vl~vitJ~tJ ~htJt!Cl~1IPlQ~~nlJ1~iftJ~11Cln 

11.1I\l'iirlLIPl'1I''liffl11l~~ri~hrlfilPll!~'U~tJ'111 

1. fI1'jlfilPl.fJl~l'vl'll~'Y,/ 

2. fI1'j~..r~1'1Hl'flij~tH!tJ~~n lCln 

3. n1'.}u'll'j i¥tl.!.il'U~~~U~tJ'I! 'jWf11'fl 

.... 1 "l!llJ' ... 
4. fI1'j1'1IPlCl~~'j~11JIPllJ'jlJ1tij ~1Pl~tJlPltJ 

12.U; l1tl.! LlPlij l~fI1ff1filPlu~tJ~tJ'lI1lJ1n~~1Pl 
11 Q 41

1. UtJ1.fJl~lU~CllJ-1IlJ1Cl(l 

2. UtJ1UflUlI~lf11~itJlPll,r'U 

3. utJ 1'j ~UlJlIlff~1'1'ju'll;fJn 

Ij/ I.il dl ~o Q Q lJ] " VI f

13.~~'fl11lJ !lPlnCll1f1.:JfftJ(lfl11tJlPll!fltJlPltJ IlI1 lItlflfltH 
~ 9 

:'1 0 ...i."'I IlL I,!II'" 1
1. IlJ'UlPllUlltJ.:J1'1~~ClflCl.:J IlJ IPlfl1 lin 

2. l~tJ~lPl~ '~i'U'fl11lJlff(llllfJlJlfl~~1Pl 'tJfI1'jlfilPlu~tJ~tJ '111 

:'1 0'" <!\ lIJ <9 lIJ.1 ...
3. IlJtJ~lPlfl1ltJlPl'flCltJ !lI1ff:::;I1'1~tJf)'j~ \l1rlvvn llJ'Y,/n1'1ff'Y,/fl1'1H 


:'1 0 l..i ...,J lIJ!II , J' ..i "" 

4. IlJtJlPllUllWI1'1m'HnlPl~tJ !lPllll\1fJ "1 ~1Pl tJ~'U1'1lPlllJutJ1'jmIHwtJ 

14. u;ntl.! 'j ~rl~~~v.:Ju~tJ'I!'jWf11'flij l~fI1fflfilPlu~tJ~tJ'lI1'~lJ1nn11tJ; 11tl.!gtJl~'jl~I'l1IPl'1Pl•. . 
Q CI d Q <IS 

1. lJfI1'jl'flllVtJ1'1~~.:JlItJlItJlPl 

2. 1'flHff~H~1:Nl1tJiJ'fl11lJUlPln~1.:JntJlJln . , 
'Q d 4t Qt 

3. UfltJ 'I!'j tl.!f11'fllJfI1'j I'flClVtJ1'1V~lPlllVlPlnCll 

4. ijuHitJff~lV1vtJ,\l1nfl1'jlfilPlm~l 'vltJ:::;1'1 
~ . 

15.fI1'j 1'fl~V'U~~~.:JltJ~vn lClfl'Yil ,,r,rtJl1tJ~tJllPlLlIqjulPlfl,rmlCl~rll(llu'UTtD'HluvtiH'j 11Pl111 
'JI 1 , , 

,,rnU';tJl1tJl1V~~lPlntJ'tJl'll~V.:JflOufil' ,rlfiIPlU~tJ~tJ 'lI1 ill1l1;ilPllfftJ 1I'1'lIlJl(li1~..rVLIPl 

(lI QI ~ A \IJ oI!!t 


l.~Cl.:J~ltJffnv 'flCltJ IlI1ff~11'1VtJ 
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d I 	 <41 ='1 rI.c::I
1. lJ'H'U'JtJ'J'illl u'UlJl'ill'llllJ{)'H!fH'Hl 

2. flWH;iJiJl'U~,jt'l'ill,jri{)m){)n1J1L'Utll'llfi'illUN'U~'Uhn 

3. mlJ1WfI'JllJlfftJ'HltJfl'U lrt tJiJ1J11J lnm'l lfi 'ill UN'U ~'U1'H 'J'U'Uff'U 1t'ln 

'" '"'ill1Jlnfl11lJlfftJ'HltJ\ltJiJVlfll'l'U l'U '" 	 " 1'l tJ'U lm~m'l'Ul'illI1J'Umtl'l1'J'ill\ltJiJ~fI'Ud "'.,. "4. 'J'ill 	 "" '" 

17 .fI'J1lJl'UlI'J iJ\ltJiJIIN'U ~'U''H'Jfh'H'U'ill1Jln~ iJ i'ill 

1. f-mm~'I'1'U'H~{)fI'J11I1fftJ'H1tJ1JlnI!N'U~'U ''H1~,fi'ill i~~'b1t'ln 

2. m1J1Wl'H;iJiJl'U~,jft'ill,jritJtJtJ{)m.J11Jlntr'U ~lfi'illUN'U ~'U' 'H1 

3. m1J1Wl'l ftiJiJl'U~,jt'l'illuritJtJtJtJn1J11Jln ~'illll'/ijtJtr'U fi'tfi'ill!!N'U ~'U' 'H1 

4. Nftm::'I'1'U'\1~tJfI'JllJlfftJ'HltJ1Jln!!N'U~'U''\1'J~!fi'ill'U'UN11ftn ill ~'illffiJ1n'ill 

18.0'1I!N'U~'U1'H'J\I'Ul'ill 7.1 ~m'illtJf 1J::lfi'illNt'lL'Uftn'llw::i'ill 

I:S ~." Q.I

1. 'illntJlfll'l IIft~ffiJntJff'lHl'liJ'I'1mtJ 

2. mYl~w\J1'U'U'U~hN'I1iJ'\1ri'UftiJ1Jl'H,rl~1iJ'iiJ 

3. \ltJiJll'/ ft1 i 'Um'l1'U::1J~m~~tJmlft~'HntJtJn1Jl 

4. fI'UlntJ'U~'U'll tJQ IfI~tJiJ'illm!~iJrl'1'UI!'illm1mfftJ'H1tJ 

19.0'1'H1mfi'illUN'U~'U ''H1i'U\lW~~'I1n~tJ'UtJ~'U'UVlfll'ltP fI'J'l,j Bllil'ill'W tJdliJ , 'l 

1:l'UtlftiJ<J'Ui'ill 

'" t I "i 'I " .... .1 " 2. 'l'UftiJ'l1'UftliJ L'illtJ L'l1ft1'l'ill 

3.ld'ill l,rli~n~::mtJL'UVlfll'l 
, , 

4.1,j~'H,rl~H 1~{)\I{)fl111J'Ihm'H~tJ 

20.U'U1'l tJm~tJ'U~YlftiJL'U U'l ~1'1'1f11 'I'1mh'U L '\1qJtJ~'U~!1WL'ill 

""1. mfll'H'UtJ 

2. mfl'ill~1'U'illn 

'" 	 '" "" 3. mfl'ill~'J'UtJtJm~t1iJl'H'U{) 

t " 4. \}n'l'1iJ\ltJ n !lft~\I 

21.iJ1\l11yJijYlftiJ ijftn'llw~mhiJ''l 

1. 	 iJ1\ll 'yJ~ijm'l'l~!iJ'ill'HmtJ'''PtJ'U 

, • .1 ..I II) • I" I... '~'1' 


2. iJ1\ll 1'l'l'1ffiJ'U !U!!ft11!'illln'illnl'lfJnl'U\I'UlJ-1 L '\11J 

3. iJl\l11yJ~n i '\1ll~tJ~'ill'l iJnmiJ\ltJiJiJ1\ll1yJ~nlfh 
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4. f,J!'111 1vJ~J<JfJnit.!v~~H'It)~H1f11m~tI~lJ~t.!lmdv' ':in'~ 
22.cUtlfflt1 't~',jllfl~tUI~f.nnlJfJl'lll'vJ 

1. an1:JW~m':ilfl~f,Jt'lll'vJljltlttlJlJ~1'I11itlt.!nt.!'I1lJ~ 
2. 	 ut.!1m ':i tfl~f,Jt'lll'vJn1J1tt.!1m':itfl~UHt.!~t.!' 'I11ttlt.!ttt.!11~fJ1n'W 

lit ... "'... lit oJ... tI 91 oJ ... tI ~ ...I3. f,Jt'lll LvJm'H'l<JfltlfJt'lll IvJ'YIlJm':i ::;lJflVt.!'111<Jm"'1::;tll~lJm':i ~lJ'IIt.!lJltln 

4. f,Jt'll 11vJ~~lJU~1 ttl t.! f,Jt 'Ul1vJ~tfl~~t.!lJ1t.!lt.!lJ1nmmtlt.!'111.'11 tJUff'W 'I11.'11t1~1t.!tl 
23.nvt.! n 1':i tI~ lJ 'U tl<J fJ t'll11vJ ~n lj t ff tI<J fI ~1 titfftl<J~h~tl<J~~~vnt.! ttl t.! t11.'11 'W 1t.!tfftl<J J'W tfl ~~1 n 

fflLlW.l't~ 

1. fffl1Vlmmflutl':itl':i1'W 

2. ttl~vnl1.'1mfl~m':itfl~v'W~t~tltli'lJfflJ~1.'1 

3. UH'W~t.!1'I11':iVlJ"lf,JI'Ul1vJlfl~m':iA't.!ff::;I;;Vt.! 

4. m':itfl~Vt.!l'l11'11V<JUlJnlJ1Ufiff~H"l U1.'1::;lvJl~\lmi~11' 

24.f,Jt'll1 lvJ~;'Uv<JtI':i"::;t'VIfl~~t.! 'li~ !tlt.!f,JI'UllvJtI':i::;tflfl'~ 
1. l~lJt,J!'Ul 1vJ 

2 . .f)t'Ul1vJ':itllrl
'" 	 '" 

'" 3. m1t1t,Jt'll11vJffam1'W 

4. f,Jt'll11vJatlm1t1m1~f,J!'Ul1vJ 

25.i!~~ -Ut.!ij fJt'lll 1 vJ~ijVl a<Jv~lJt.!l1.'1mtlt.! ~1t.!1t.!tI':i :l:lJ1Wtvh't~ 

1. 100~n 

2. 1,000 ~n 

3. 10,000 ~n 

4. 1 000,000 ~n
tI" ,.A .::I 4 tI eS QI .Q "1 Q GJ

26JUtlllfll ~tltll'll~tlfl'jJl,.tllilt.!1.'1n1:Jw::;'Uv<J'I1t.!f,Jt'lll LvJ'I1t.!~ I~ 

1.1'ivJYl 

2. '14'lJ1J9f 
... 

3.ffflVt':itl 

... "" 4. tlVlJ9ft~ tit.! 

27.11 t.!~!fl~ 'illnn l':itl::: lJ'IItl<Jf,J!'1111vJ ff1t.! 't 'I1tY 'il::; lj an1:Jw:::ulJlJ 't~ 
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<II 	 'I' ,... .l ... 
3. FU'lfl'U'Ul~ l'Htym~~lfJV~Vl11'UV'H'U 

<II 	 'I' <II d.1 ''I .l ...
4. fiflfl'U'Ul~ !l1tyUfl~fiflfl'U'Ul~lflfl1J'UV~ l'Ul'UV'H'U 

A Q .e4 : Q.I 	 : 1'1 iI d Q.I Q Q GJ 
28J't..!tl't1't..!2Jl'Vtl't..!2Jlf1 't..!l't1't..!f1!tJl al2Jl1tlf,1tltl't..!11~ 11J'Uml'1::1ru~'UV·m'U"lf'U~!~ 

1.vi'rl~ 

2.vrlJi1C)1 

3. 	h 1v'fI~ 

... '" 
4. VV'UC)11~fJ'U 

29.'U~nru1~ 'UV-!ltI'J ~lVlff1VI fJ~ijm'fl!1'Ul~fJ1ti'U1JI'Ul1 'rl 

1. VI WYIffifld''U\91f1'U tml.:J 'H 1~U'W~ 

'JI 
4. \]fllJfl'UV . 	 " . 

30.f11'J'W'U'H5fl!1'U1~i1uff~-!I':h1'U v~ifltI'J~ IVlff'VlfJlf1fJij1JI'Ul1'rll'UtJl.:J~'Ui1 

" 1. '\.l1~~v'U 

2. -H'UumuifI 
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1) 2 11) 2 21) 4 

2) 3 12) 3 22) 1 

3) 4 13) 2 23) 4 

4) 1 14) 3 24) 3 

5) 1 15) 1 25) 3 

6) 2 16) 2 26) 4 

7) 4 17) 4 27) 1 

8) 4 18) 1 28) 2 

9) 1 19) 3 29) 4 

10) 1 20) 4 30) 3 
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tll;U;l-3U'IJ'IJ fftJ'lJill:IJdi1 r~lilll'i~ff.:jt1~~tJ~~'IJ':i1'IJ'i 1:IJ.,rtJ:IJ'H~tJ1ti'IJ fl11:IJ ~.:j'n tJ1lI~tJ.:j tTni1 lJ1.J ~. 
 ~ 

i1lPitJf11'i ,j~nn i1vUf11'ifftJU 1U1'lflit'!n f11'ilfllff~fut'!~tJ1f11fl 1tftTni~ eJ'l.ll'iltflitJ.:j'l1:IJlt1 ../ t'!.:j 

i U'lftJ.:j~\P1'i.:j ti'IJ'i~,r'IJfl11:IJ~.:j'VltJ i 11 

'i~,r'IJfl11:IJ~.:j'VltJ111 

5 ~.:j'VltJ111 1u'i~,r'IJ:IJ1n~1:j~ 

4 ~.:j'ntJilliu'i~,r'IJ:IJ1n 

3 ~.:j'ntJ1111U'i~,r'IJ1I1Unl:n~ 

2 ~.:j'VltJ1'il1U'i~,r'IJ.JtJtI 
.01 1 1 "" 9I..t a 91 .1"".1
'Vl~'VltJ 'il U'i~\P1'IJ'WtJtJ'Vl1:j~ 'I1'itJ\P1tJ~1J'i'IJ1J1~ 

!II . 
'lI8f11011l 

!II ... Q 

fll'I~fl;)fllll1flllI1f.1UfllltT8U 

"" '" "" "" 0 "" 
" OJ 

1.'il~flllf1'i 'i:IJf11'i !'WU f11'ifftJU:lJl:n~'IJ ~U\P1tJ'W 

~ Q 4 ~ 

2. 'il~n'ilf1'i'i:IJf11'i!'i tlU nn fftJU! 'I1:IJ1~ff:IJfl'IJ!1t'!1 

3.,j~n'ilm'i:IJf11'i i1 tlU f11'i fftJ'W'I1l:nfl'l1t'!lt11n 'I1t'!ltJ'illU 'IJ'IJ 
~ 

4.~i1t1'Wi1,bu'h:IJ1 'Wnllf1'i'i:IJf11'ii1 tJ'Wf11'i fftJU . 
~ 4 QlUtT8flllAlf.1UfllltT8U 

.,j "" .., 
"" 5.fftJf11 'ifftJ'W :lJfl11:IJ'Vl'W ff:IJtI 

~ "" 91 "".~6. tJf11'i fftJU:IJ fl11:IJ fftJ~ fit'! tJ.:jn'IJIU tJ'I11 

.,j .01 1
7. fftJf11'ifftJU~~~\P1f111:IJff'W 'il 
. . " 4:1 " , 9J SId ~ C'l d q; 0

8.fftJf11'i fftJU m~~u '11 ~t'i tlU!f1~fl11:IJfI~'Vl'il~~~fIlm:IJ 

~lU~tT8U 
" d ~ Q.t .c:l i/.c:9 .~fftJ'W :lJfl11:IJ.. t'I1:IJ l~ff:IJn'IJffl'i~nn t'i tJU~'VlfftJU 

91 "'.., , 91 !II 1 ,
lO.~fftJ'W:IJ!'VlflUflf11'ifftJU 'I1t~1 'il~1t1 

91 ~ 1 !II 91"" !II..,..,'" " 9111
11.~fftJ'W n 'I1~!'itJU~'ilnfl~1!fI'il~'I1ut'!~un ty'l11 

!II iI 1 a 91 i 91 91"" "'" 'i "" 12.~fftJUI ~ tlf11ff'l1'itJm~~u 'I1~t'itJU:lJff1'W'i1:IJ Uf11'it'itl'W 

'" <dI ~ 'i~fltJflllll'n-3'n8 ;) 

5 I 4 3 2 1 

I 
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fllflN1n f1 "U 
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.fit) 
0 

f)l'Ul~ 

UtJIlFIll HtJIlFIlltJW.m'W'Ut)~.fIt)t'I't)1J. tllU.tI1f1 UtJIlFIll Sig.... •fI ~ll1'Ufl 

1 0.60 H'~ 0.35 * 0.0268 lrt~ ,rt~ 

2 0.58 1.rt~ 0.38 * 0.0151 1.rt~ ,.rt~ 

• 

3 0.38 ,.rt~ 0.39 * 0.0127 ,.rt~ ,.rt~ 

4 0.60 ,.rt~ 0.56 * 0.0002 ,.rt~ ,rt~ 

5 0.65 1.rt~ 0.37 * 0.0182 1.rt~ ,.rt~ 

6 
, 

1.rt~ 
.,f tJ'" tl 4.,.,f0.35 -0.28 1.0000 'vH 1U l~111t)~fl'V1~ 

7 0.35 1.rt~ 0.32 * 0.0423 ,rt~ ,.rt~ 

8 0.50 ,.rt~ 0.70 * 0.0000 ,.rt~ ,rt~ 

9 0.50 ,.rt~ 0.44 * 0.0049 1.rt~ ,rt~ 

10 0.28 1.rt~ -0.12 1.0000 
.,f tl"" tl 4.,.,fm 1U 1~111t)~~'V1~ 

1.rt~ " " 11 0.43 0.0568 
.,. 

tli'Utl1 ~l1~t)i~Vi~0.30 'V1~ 

12 0.45 1.rt~ 0.45 * 0.0033 '~1~ 1.rt~ 

13 0.75 ,.rt~ 0.61 * 0.0000 1.rt~ ,.rt~ 

1rt~ " " 14 0.38 0.19 0.2302 "" tli'utllm~tJiflVi~'V1~ 

~ 0.78 ,.rt~ 0.36 * 0.0210 1.rt~ ,.rt~ 

~116 0.60 1.rt~ ,.rt~ 

17 0.45 ,.rt~ 0.59 * 0.0001 ,.rt~ i.rt~ 

18 0.55 i.rt~ 0.50 * 0.0010 i.rt~ 1.rt~ 

19 0.45 i.rt~ 0.45 * 0.0033 ,.rt~ i.rt~ 
.,f " ".,. 

tli'utl1~11~ tJi~Vi~20 0.83 'V1~ 0.18 0.2707 'YI~ 

21 0.43 1.rt~ 0.52 * 0.0006 1.rt~ i.rt~ 

I 22 0.55 1.rt~ 0.32 * 0.0460 ,.rt~ ,.rt~ 

0 ,rt~ " tl"" tl 4 IV.,f0.40 0.29 0.0679 
.,. 
'V1~ 1U 1~11'ltJ~fl'YI~ 

0.65 1.rt~ 0.33 * 0.0374 ,.rt~ 1.rt~ 

25 0.45 i.rt~ 0.40 *~0114 1.rt~ ,.rt~ 

26 ,.rt~ 1.rt~ ,.rt~0.60 
I 

8 
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.d. 	 ~ til 'j/ 10' 0- 'JI 'j/ ~, 
f111Hfl 'U.l 	NClfn~'Uflll::::'I1f11f111lJtJ1ml(1'IJVUCl::::fI1ml..l1""lu'Wml(1'IJV'IJV.:J'lJm"V'UU'Ulm.:JmllJ 

(wiv) 

I~I 
• 

I8nno 
uuaNatJWIll'ft'U8-1.u8tT81JAluunn uuaNa Sig. utJaNa

•
~m'Un 

! 

Hi~ 1.n~27 0.55 0.32 * 0.0460 

I 28 0.50 1.n,r 0.43 * 0.0055 1.n,r 

29 0.60 1.n,r o. * 0.0159 1.n,r 

30 0.65 1.n,r 0.40 * 0.0116 1.n,r 

31 0.63 1.n,r 0.51 * 0.0007 1.n,r 

32 0.48 1.n,r 0.38 * 0.0168 1.n,r 

1.n,r " 
33 0.30 0.29 0.0717 "" 1'H 

34 0.33 1.n,r 0.37 * 0.0175 1.n,r 

35 0.45 1.n,r 0.37 * 0.0176 1.n~ 

. 36 0.30 1.n,r 0.33 * 0.0372 1.n,r 

37 0.65 1.n,r 0.50 * 0.0011 1.n,r 

38 0.45 1.n,r 0.45 * 0.0038 1.n~ 

I 39 1.n~ " 0.53 0.25 0.1203 "" 1'H 

! 40 0.38 1.n,r 0.26 0.1091 
.£ 
'Yl.:J 

I 41 0.60 1.n,r 0.60 * 0.0000 1.n~ 

42 0.58 1.n,r 0.38 * 0.0169 1.n,r 

43 0.65 1.n,r 0.54 * 0.0003 1.n,r 

44 0.63 1.n~ 0.51 * 0.0008 1.n,r 

45 0.50 1.n~ 0.39 * 0.0141 1.n,r 
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. . . 
ct I I 0 0 f a QI QI 

PI11H'YI 'U.2 mfl111Wlf1 (p) flTeJl'Wl,Hl1U'\..Jn (B) tU'1~mmll1t'b'611'W'\.I6~U'IJ'IJ'Yl~HHl'IJ1~~H'1 

QI ~ .c::S 0 'JJ 
ffllf\'Ylti'Yl1.:Jf11'j!'HI'W1l1'W1'W 30 '\.16 

v d 
'U8'Y1 

, 
fll fllUI f.l1 fl 

(p) 

, 0 0 

fll 81'1.11,Hmn.m 

(B) 

v d 
'U8'Y1 

, 
fllf11UUJlfl 

(p) 

, 0 0 

fl181UHI1l1HUfl 

(B) 

1 0.60 0.35 16 0.43 0.52 

2 0.58 0.38 17 0.55 0.32 

3 0.38 0.39 18 0.65 0.33 

4 0.60 0.56 19 0.45 0.40 

5 0.65 0.37 20 0.60 0.44 

6 0.35 0.32 21 0.55 0.32 

7 0.50 0.70 22 0.50 0.43 

8 0.50 0.44 23 0.60 0.38 

9 0.45 0.45 24 0.33 0.37 

10 0.75 0.61 25 0.45 0.37 

11 0.78 0.36 26 0.30 0.33 

12 0.60 0.40 27 0.65 0.50 

13 0.45 0.59 28 0.58 0.38 

14 0.55 0.50 29 0.65 0.54 

15 0.45 0.45 30 0.63 0.51 
. a . 

'" " '" '" . '" 
mfl1111t'b'611'W'Yl.:J~'IJ'IJ t'Yllf1'IJ 0.89 
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f I I 

ofltnum .... 0$ " ... 
fl:;;U'U'UfllUJfl~!'t'I'U'lI8.:a~!'lStll'lSUy , .::i tT1UNU 

.u8~ .::i .::i .::i nu fl 1 !-nUti 
fl'U'fI 1 fl'U'fI 2 fl'U'fI 3 

1 +1 +1 +1 3 1.00 tfill 

2 +1 +1 0 2 0.67 tfill 

3 +1 +1 +1 3 1.00 ifi~ 

• 

4 +1 +1 +1 3 1.00 ifi~ 

I 5 +1 +1 +1 3 1.00 ifill 

6 +1 +1 +1 3 1.00 ifill 

7 +1 +1 +1 3 1.00 'fi~ 
8 +1 +1 3 1.00 ifill 

9 +1 +1 +1 3 1.00 ifi~ 

10 +1 +1 0 2 0.67 ifill 

11 +1 +1 0 2 0.67 ifill 

12 +1 +1 +1 3 1.00 ifi¢( 

13 +1 +1 +1 3 1.00 ifi~ 

14 +1 +1 +1 3 1.00 ~ 
15 +1 +1 +1 3 1.00 ifill 

16 +1 0 -1 0 0.00 'filiill 
17 +1 +1 +1 3 1.00 ifill 

18 +1 +1 +1 3 1.00 'fi¢( 
19 +1 +1 +1 3 1.00 ~. 
20 +1 +1 +1 3 1.00 ifi¢( 

21 +1 +1 +1 3 1.00 'fill 
22 +1 +1 +1 3 1.00 ifill 

23 0 +1 +1 2 0.67 ifill 

24 +1 +1 +1 3 1.00 ifi~ 
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gJl1H'rI 'U.3 HClm'fVHI1'HUlfl11lJffUflfl~H)~'lJU~!UU111 'lJUmmlJfllJ~fl1J'j~ff~flm'H'HJU~ 

",d , 
'lJU,:jlljt"lWT'lflqj 3 flU (~U) 

. I 
ilot'l'o'U 

"'.. ,., ... 
A:::U'U'UA'Jn.lflfU't'l'U'UO~J;J''tStI'J'tSlt;g ., ... 

t'l'lllNt1,., .,j .,j .,j 112.1 flllllt1t1 
'UO'rl A'U'rI 1 fl'U'rI 2 A'UfiJ 

25 +1 +1 +1 3 1.00 
I ,.rt~ 

26 +1 +1 +1 3 1.00 i.rt~ 

27 +1 +1 +1 3 1.00 i.rt~ 

28 +1 +1 +1 3 1.00 ,.rt~ 

29 +1 +1 +1 3 1.00 i.rt~ 

30 +1 +1 2 i.n~ 

31 +1 +1 +1 3 1.00 i.rt~ 

32 +1 +1 +1 3 1.00 i.n~ 

33 +1 +1 +1 3 1.00 i.n~ 

34 0 +1 0 1 0.33 i~'~'~ 
35 +1 +1 +1 3 1.00 i.rt~ 

36 +1 +1 +1 3 1.00 i.rt~ 

37 +1 +1 0 2 0.67 i.n~ 

38 +1 +1 0 2 0.67 i.n~ 

39 +1 +1 +1 3 1.00 i.n~ 

40 +1 +1 +1 3 1.00 i.n~ 

41 +1 +1 +1 3 1.00 i.n~ 

42 ;-1 +1 +1 3 1.00 i.n~ 

43 +1 +1 +1 3 1.00 i.rt~ 

44 +1 +1 +1 3 1.00 i.n~ 

45 +1 +1 +1 3 1.00 i.n~ 
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.:ti ,.ct".d 	 I ;iI ,.a gJ

Vll1Hl1 fI.l 	flWiHW fI1ff1'UI1JtJ,mJ'U1J1m!1'U 1L"::::fll'HltJ"::::fI::::1I'U'U':i::::'l-nl~I':W'U~1flll~'U 

fl1':i,)~nilm':ilJfl1':i~tJ'Ufll1J1Jijff1'U'hlJ ':iltJ1'1fl1,,0 fI1':ilf1lff~ilm:l::tnfl1ff 

t1'tl~ 1m~ff~1~1,,0 ttH'U~'UhnH"::::\!I'\n'yJ 

..i 
n'''l1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

.., .... v 
AANUtnnVltn1A1f1Ul 

..i . ..i
;:f 

.... 
AANUl1 1 AANUl1 2 AANUl1 3 

0;:)

'II!: 
;:f 0;:) 0;:) 0;:) 

\'C \'C \'C \'C 
~= ~o;:) ~o;:) .0;:) 

;:f ;;:::I 
;:f 

;;:::I 
;:f 

;;:::I 
;:fC \'C \'C \'C 

!O ,... !O ,... !O ,... 
;;;- c;:: "" c;:: "" c;:: "" ~~ ;;:::I ;;:::I ;;:::I (""> 

IS: 5= - 5= - 5= - .,.. 

30 5 5 5 5 5 5 30 

13 5 4 4 4 5 4 26 

14 5 4 4 4 4 4 25 

11 4 4 5 4 4 4 25 

15 4 4 5 4 4 3 24 

10 3 4 4 4 4 3 22 

9 4 4 5 4 4 4 25 

14 4 3 3 4 21 

7 3 4 4 3 3 3 20 

13 5 4 4 4 5 5 27 

15 5 4 5 4 5 4 27 

17 5 5 4 5 5 4 28 

14 3 4 5 4 4 4 24 

12 4 4 3 4 4 4 23 

13 4 4 3 4 3 4 22 

13 5 5 5 5 4 5 29 

14 5 5 4 4 4 4 26 

11 3 4 4 4 4 3 22 

15 4 4 3 4 3 4 22 

10 4 4 3 4 5 5 25 

;:f 
0;:) 

'II!: 
d~ 
:;: 
;:f 

C-H 
IS: 

30 

24 

21 

21 

22 

22 

21 

22 

18 

25 

26 

25 

23 

22 

24 

29 

28 

21 

22 

23 
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I • • 

4 	 .::::t ,,, 'd'Q' I 	 " 
\Ill'nnl A.1 	flWiH'1fJ fIlff1'Wt'UtJ-:lt'U'WlJlm ,il'W m'l~fIlHItJ~~fI:::Lt 'W'W ~~'l11NL'W'Wfl1mt~'W 

nnifln~m~lJfll~atJ'Wlu'U'Uih11'W<j1lJ ~ltJiG))'ll~n fll~1f11ffflfu~~'tnfllf1 

L1tH lf1Hff~Hl~n UN'W~'W''l11U~::lJt'lJl'vJ (~fl) 

.. 
ta'UfI 

.., ... v 
U"''-Am'HI'' fl1 '1 t'm'-Aa . .. ..;: ... 

U"''-Afl 1 UN'-Afl 2 U"''-Afl 3.., 
1I!: 
;: .., .., .., 
(S) (S) (S) (S) 

-c -.., -.., -..,
;: ;:I ;: ;:I 

;: 
;:I ;:c (S) (S) (S) 

(I;p ,... D ,... D ,... 
~» (;: .." (;: .." (;: .." 

;:I ;:I ;:I roo 
(i: &= - &= - &= - It'" 

I 30 5 5 5 5 5 30 

20 9 4 5 4 4 3 4 24 

21 14 5 4 4 5 4 4 26 

22 17 3 4 5 5 4 4 25 

23 17 3 4 4 4 4 4 23 

~ 11 4 4 5 4 4 5 26 

25 12 4 5 5 3 4 25 

26 11 5 4 4 3 5 4 25 

27 11 3 5 3 4 4 5 24 

28 17 4 5 3 4 4 4 24 

29 11 4 4 3 4 4 3 22 

30 13 3 4 4 3 4 4 22 

31 3 3 3 4 4 3 20 

32 6 3 4 3 4 4 4 22 

33 18 4 4 4 4 5 4 25 

34 14 3 5 3 4 4 4 

35 15 3 4 4 5 4 5 

36 3 4 5 5 4 4 4 26 

37 16 4 3 4 3 4 21 

38 12 4 3 2 4 3 3 

39 13 4 4 4 3 5 4 24 

;:.., 
1I!: 
~; 
:;::
;: 
c... 
~~ 
(i: 

30 

24 

24 

26 

22 

24 

26 

23 
, 

28 I 

•

22 

23 

23 

24 

17 

23 

23 

21 

22 

23 

21 

17 
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.., .... v 
UN'Unl1;}91nnl1fJ'Ul 

.,. f f 

;% 
.... .... 

;%
CQ UN'U't1 1 UN'U't1 2 UN'U't1 3 

CQ
TI!C TI!C .,. ;f CQ CQ CQ ~;;;~ ~ ~ ~ 

u,'1'U't1 -c -CQ -CQ -CQ :;: 
;f ;;::l 

;f 
;;::l 

;f 
;;::l 

;% 
;f 

5 ~ ~ ~ 5b ~ b ~ b ~ ;;:za:: "" a:: "" a:: "" ~~ ;;::l ;;::l ;;::l ("" ~~ c ~ - ~ - ~ - ~ c 

30 5 5 5 5 5 5 30 30 

40 12 4 5 4 4 4 4 25 23 
I 

41 13 4 4 5 5 4 4 26 
! 

24 

42 10 4 3 4 4 3 3 21 24 
• 

43 11 4 4 4 4 5 25 

44 11 3 4 4 4 5 4 24 23 

45 14 4 4 5 4 5 5 27 20 

46 11 4 4 4 4 5 5 26 26 

47 9 4 5 5 4 4 4 26 21 
,... 

!'iUltJ 12.77 8.17 8.06 8.21 24.12 23.02 

SD 2.62 0.98 0.96 0.99 2.21 2.48 

~".. 42.56 81.70 81.06 82.12 80.4 76.73 
Q Q ~ Q ~ 

'lh~ff'YI1im~'UfJ~U~'Ufll'HI"fl1'jt'HJ'U~ (E1 1E2) = 80.4176.73 
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,... 
Il.'I'llfl 

, ... 
fl~UUUflYlr;rf)1Jnf)UA1t1U 

(30 fl~UUU) 

..., ... 
fl~UUUflYlr;rf)1J't'il.'l~A1t1U 

(30 fl::UUU) 

fl~!!UU 

fll11JOn't'i~1 

! 

fl~UUU 

fll11J~rJ't'i~1 
o .., 

tlnmD~r;rf)~ 

Xl xi X2 X~ (D) (D2) 

1 13 169 24 576 1 1 121 

2 14 196 21 441 7 49 

3 11 121 21 441 10 100 

4 15 225 22 484 7 49 

5 10 100 22 484 12 144 

6 9 81 21 441 12 144 

7 14 196 22 484 8 64 

8 7 49 18 324 11 121 

9 13 169 25 625 12 144 

10 15 225 26 676 11 121 

11 17 289 25 625 8 64 

12 14 196 23 529 9 81 

13 12 144 22 484 10 100 

14 13 169 24 576 11 121 

15 17 289 29 841 12 144 

16 17 289 28 784 11 121 

17 11 121 21 441 10 100 

18 12 144 22 484 10 100 

19 

20 

11 

11 

121 

121 

23 

24 

529 
-

576 

12 144 

13 169 

21 17 289 26 676 9 81 

22 11 121 22 484 11 121 

23 13 169 24 576 11 121 
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.... 
nlOUTl 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

fI::U'U'UTlfl

(30 fI~U'U'U) 

Xl 

12 

6 

18 

14 

15 

13 

16 

12 

13 

12 

I ... 
lJ81Jfl8'U"tJ'U 

xi 
144 

36 

324 

196 

225 

169 

256 

144 

169 

144 

fI~U'U'UTl

... 
I1tJ'U (30 fI~Ut!'U) 

X2 

26 

23 

28 

22 

23 

23 

24 

17 

23 

23 

.., 
fllJ81J'tUI~ 

X2
2 

676 

529 

784 

484 

529 

529 

576 

289 

529 

529 

fI::U'U'U 

v y
fll11lfl11'tt'Ul 

(D) 

14 

17 

10 

8 

8 

10 

8 

5 

10 

II 

fI::U'U'U 

fll11lnn'tt-lh 

o .., 

tJflflU1~lJtH 

(D2) 

196 

289 

100 

64 

64 

100 

64 

25 

100 

121 
I 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

13 

10 

11 

11 

10 

11 

17 

14 

15 

14 

14 

11 

9 

169 

100 

121 

121 

100 

121 

289 

196 

225 

196 

196 

121 

81 

21 

22 

23 

21 

17 

23 

24 

24 

25 

23 

20 

26 

21 

441 

484 

529 

441 

289 

529 

576 

576 

625 

529 

400 

676 

441 

8 

12 

12 

10 

7 

12 

7 

10 

10 

9 

6 

15 

12 

64 

144 

144 

100 

49 

144 

49 

100 

100 

81 

36 

225 

144 
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\!Il''n~n fI.2 	 ~"f1l'Hm tJ1.JtiltJ1Jfl11:IJ!t\Plf1~1~'ll6~fl~!t'\.n.J':i~'Yrh~fl~UlJ'W n6lJL;tJlJ u,,~ l1ti~L;tJlJ 

(~6) 

. 
.ot 

u..'Un 

, .ot 
fI::U'J..I'J..Invu,nnJflO'J..I!1fJ'J..I 

(30 fI::U'J..I'J..I) 

.., 
fI::U'J..I'J..Inftt'l'01J'I'ItH 

.ot 
l1fJ'U (30 fI::U'J..I'U) 

fI::U'J..I'J..I 

!II!II 
fllUlnl1'1'1'Ul 

fI::U'J..I'J..I 

!II !II 
fllUlnll'l'l'J..Il 

o .., 

fJflnltHt'I'O~ 

Xl xi X2 x~ (D) (Dl) 

47 12 144 25 625 13 169 

':i1:IJ 600 7980 1082 25196 482 5196 

X 12.77 169.79 23.02 536.09 10.26 I 110.55 

SD 2.64 2.50 2.34 

t 29.98* 

t .05 df46 1.679 
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1. 	 f;;!'I11lJfllff~'n'il1'HJ ~'l.flfWI'l11lJ !~'I1'l'l11lJ 

tn'ilnti'lh~1i1fl1fl1'111YlfffHY flW~1'Y1mfllff~f :wm1'Y1lJlnlJJ1'11fitllJ!~~ 
'" 	 <I ""'..{

2. 	 'UlUJ'4'lfl'tl ffl'l::::ff'YIti 

fllGJfl'U 1\\jf11'l h ~~lJ'U~n1J~nlilJoW'YItl1fl:W 
... Q ... 

3. 	 'UWQllnW l~~~ 

fll GJf 1'U 1 \\j f11 'l oW tfl'tl h ~~ lJ 'U'lj'1 'U 1fl fl 'l1:W 
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