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ABSTRACT 


TITLE ENHANCEMENT OF LEARNING ACHIEVEMENT AND ATTITUDE 

TOWARDS LEARNING SCIENCE USING HANDS-ON ACTIVITIES 

OF BASIC ELECTRONICS FOR GRADE 9 STUDENTS 

BY BANG-ORN CHOOTHAI 

DEGREE MASTER DEGREE OF SCIENCE 

MAJOR SCIENCE EDUCA nON 

CHAIR SURA WUTTIPROM, Ph.D. 

KEYWORDS 	 BASIC ELECTRONICS I HANDS-ON ACTIVITIES I RETENTION I 

SCIENCE ATTITUDE 

This independent study aimed to compare students' pre- and post-learning achievement 

and learning retention of basic electronics by using 12-hour hands-on activities, and to survey 

students' attitude towards learning basic electronics by using hands-on activities. The samples of 

this study were 41 Grade 9 students in Classroom 1, which were purposively selected from the 

population of Grade 9 students at Phang Khen Phitthaya School, Amphoe Natan, Ubon 

Ratchathani Province during the first academic semester of 2012. The research tools consisted of 

learning lesson plans, multiple choice learning achievement test, and students' attitude towards 

learning science. The study results revealed that the students obtained post-learning achievement 

test score higher that the pre-test score at p-value of .05. Their learning progress was 0.64. Their 

attitude towards learning science was in the "Good" level. However, their learning retention score 

which was assessed 40 days after the implementation of hands-on activities was statistically lower 

than the post-learning achievement test score at p-value of .05. 
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.1 '" '" ",..I "'.... "'" .r , "'" lJ~: ~fl91 'II''tIO-3fll ~UOU 'Yl 'il:: 'ilflfl'ilm ~ llfll~ L'J tJU fll~UOU9I111 fl11'lJ111J 1tJIIJ0-3LU 0 111 UtJ 'YlL1 tJU 

.., "'''''' '" "'" dt 1 '" "'''''' ... "'" l!U"::fl1111n11J1:: U1J9Il'lJ't1fJ1Ulfll~ IIJO-3~1'J tJu fll~ 'ilflfll~L~ VUfll~UOUL'W 0 11 ~L'J tJULflflfll~'~ tJU.. 

OVHU-n'il~ nru,flu ~-3~l,rlUIIJO-3fll'J iflfll'jfffl1!j191111't1'J:'Jl'11',jqJ~ nnfffl1!j1 't1.fl. 2542 

1fltll U't11:: 11 191 n 24 'Ylfll11 U fl UU 1'YlH fll~ 'ilflfl~::tJ1U fll~'~ VlJ 11 ~,~ tJU fl Hfl 'Ylfl1:l::..I • '" "'" fl '" "'''''' 1~ '" 
"" "0'11 .1"" ....... '" 0 1 "'.... ~1t.1 " f1.1.. "'". "'." "'" r.QIm::tJ1Ufll'Jflfl HfllJ{)tJ9I t11'Yll fl flflLtJU lJ~:~fl9lfl1111 lJ t'lu0-3mm"::UflllqJ111 llfll~tJ111 

'" ~ !II 4 • !lid "'" d '" '" 1'" 4 I !II"", "'" 
fll~ 'ilfl fll ~ t'lfl1!j 1910-3tJfl11~1~VU 'lflflU'lJfl1111U1111~ fl'~ tJU a""::'t1 fJlU 1911J10-3 flU": fl 0 11~1'JVU 'lJ 

'" ..I t ..I !lid .. d!ll Sold "'!II !II.Jd • 

1 
fl11'lJ ff1flqJ'YltJ'fl U::UU fll~ 'Yl~1'J tlU 'il::'fl"fll'H~Vua ~I~VU9IO-3U~ 1-1 fl1111l 'Yl'lJfl111111111tJUfl 

!II "".1 ..Q .. .J ~ 0 , 'i"l 
91UL0-3 " ('II'Ul1ilJ 't1~fl'" 2544) CJ-3UU1fl9l'YlUO"fln0-3U,,::Ul111H1Ul1J1 'II' 'Ufll~OOflUtJtJ 

.d. 1 d" ~ <V jI.c:I 4 J) 0 ct dl.1 G I , ... "" 

U-3U1"nOll'Yl1-3fll'lL~Vua L't10't1W1lJ1~L'J tJU fll'il-3910~fl1U-3mlJ'J::I"U I'lH G'J lJfll~'il"fl 'ilm'J'lJ 

d ~ .cI 1tJ" I I I "d 'JI 
fll'JL~tJUfll'JUOU ('YlflUl U'tlllllW, 2544) ,flUfl fl1111U9Ifl9l1-3~::1111~\!flfl"'tI0-3~L'JVU fll'JlUU 

fl11'lJ~0-3fll~ 'tI0-3~I';tJUlrlU11 t1fl fll'jlifJIUlfJWm't1;}191't10~~11VU fll~ iflfl'ilm~ll' ,r\,huu' 'il 

1 I • , " !lid l!4..\' d • !lid "" !II !lid " 
'lJ'Yl1 11 ~1~tlU4UflttJ011U1V fl11'lJ'lJ11l9l9l1fllW 19l0~I'jVU fll'j'YlTYlltl 11 ~L'j tllJ OV1fll flU 

",4..1 ..I""", ... d'l!" 4 "''''!lid
91'J::11Uflfl-311"1'Yln1'lJ1: U'lJ'Yl HI~ tJlJ 'il::lflflfll~1'j tlU ';j fll'J un~tJ~ 'J V1fllffl1 ~oumu fll'J W 11 Nil tlU.... .. 
1~1; tJufl fltJfll~ tliiiWi'il~ ~ fln UUtJiY~UU"::ff-3'U~1J fll'j ~ tJuf fllj Jj ~fI~-3111J1t111JtN fll'J uO'U 

"" "4 4 GI iI.c:t. 111 1-=9'.... ,... ~ ltd deS 
fl11'lJl't11 'il~L',WU fJ'lJ11"~'tI0-3~",wu fll'J ,lltJfl11ifll'J fl11ifll~11U-31'Yl1'UU fll'H'JtllJfll'JUOU'Yl" 

t~U't1"191 (dynamic) mh1fl6 ijfll'j LfI~6U1111ttl~tlUUtl"~Od9l"6"l1mJ~'U~llJfll~\l"fl'ilm'J'lJ 



2 

... ... ... Sid, ""... '''OJ " ,,,... ..."" ....fll'HIAO~m'nJfll'.il'H.l1Jl'VI 'tHJ1'HJ1J Al'Uflllm::fj1J 'tHOflfl11U~1Jl~1J 'VIl111t10'U 

... .. All AOf ... I ...... All AI""........ d 'J/ 1 ~ .. 1
flll IN'J1tlfUf:l11J flllW't1l fllJtlf't11 Uflln1U01JfI~ 'fF.IUfllJ {J'U~~H 0 ~::l'Ul ~lla::l'U1Jflll l'J1fllJ fH 

Q fI QI' 4"4 44 1 " .Q0 0 cid 
'Ufl~1'V1t11fY1U~lO'UO~UUll::flll lHI1Jlfl1JUa::'J11~ 'VIl 'tI U1Ul'lflflli'Ult1 'VIl1Jlt1 fllAfllltU U ~ 

I '2.... AI ..s d 1 ......... .. ~ " 1" ~H'l 'f1fltlHUl't1fjNa fllllJl::U'Ufl11lJgl1l~ 1Jfllllltl1J1'J111'V1t.1lfY1U'ill ~:a1J1JllHm::~1J 't1 

~~tl1J1jfl11UU1J1~ ~~l1'1J~~::ff~tn~ dl'l1~~'l1~Ufl'U ff'Uft'1Jfl11uf~1jfJwril1vtu~1Jmh'l'li 
't1 ~A5'1 fll'l iAfl~mlUflll&; tl1Jflll Ufl1J;'19ffl'lUflflfla'fl~ti'UufI1ft11J;1'i1~-; 'I lAtI 1 cfu't1 a~atl1J f 
~ 0 .. .<EQ". ..d4~ 4" 1 QI' 4QI

'VI'tIal0't1alt1 fI11J~n'l~1'ltl1J'VIlJ11Jfll'l1'ltl1Jl fl11UU1J ~Ua::fl11Un1JAt!~O~1'101J (mU1'J11fll'l, 

2544) ~'11.J1JlM'uo~tl1J '~a'llJflufillii~-;~~1t1~1Jlm fl1J~::ff'lNa1M'~&;tl1J1jl~~fl91~A~fl1'J11 
... .. °1""'.{ ... ""... ....... " t ... 0 1" .........

1'V1t11fY1U~ 'l ua::~:: 'VI 1 't1 NaUUt)'VI1J'VI1'1fll l l'l tl1J1'J111'V1t11fY1U~'lA'U1J fl1t1 'VI 'I tI~'VIl 't11JfU'WtJiJ 

fl11lJU1J 1 ~1 1J1'J1l;,),frh~tl1ti'U1'V1t1lfY1U~!11n::l'VIfl i 1J intifl1Jl~1Jrl15'1dlfltlf l1Jfl1'l'WflItJ 1 

Ul:l'V1fY 

o .1"" ...... ,...... .. t do ... l' .1 1 .r
fll1'V11lJ {J'U~fll1 1J 1'J1l1'V1t11fY1U~1 'UHfI HO\lO ~ lOA'f11fJ'I'UlJ 'l ::lJltU 1J fll1C)fV 

~umW'til1M'~umw11JM'v~ufilliifll11j 'lil'wtI'I'Wv 'lTO&; tl1J'U1Afll1i'1flnV~~1t10T:iufillii~-; 'I 

, t"., Q tI " ...Of -4.Q A I , 14 4 dI "1 ....Q QI 

lJI~OflA11fln::'t1 UOlJtlf't1l1Jm1V1JtnAfl1llJl'UV't11Jlt1 UlJfl1lum::'ilV1V11J 1Jfll'il1V1J 11'1:1: 

... l' 4 t/ " - ~ Q " .. IQ ~4 Q ,QlJfl1llJU1J ~~Vfll'il'V1J1'J111'V1t1lfYl U~'l1JVtI fll'l11 fltJ 'f11 flO ~m 1U n.l1JlJ{J'U~ n 'I (hands-on 

~I ... t All 0 All OJ" .1 .. All "" ~...... .4 .4
activities) 1lJ1Jfll'l11 61J4 ~10fll1n'llJV'VI1't11 V~'U~v'I~lJmW't1'V'UV~~1 'I l'U1J11Jfll''t11J~C)f~ 

'ITOOTiflmn'tf'VIAnV~'''l~V1M''lTO&; tl1JlflAfl1llJfffO'hliiV't1l't1~ v11v~~1'Ulfh5~~ fl1J hj'~l~1J 
uTi1JlU1J1 1lJ U~UllJl'Itli'U9ffl~'~ '~tl1ti'Ua~~l~'l1fl'Ui1 lrlfl'tfffUHU'tI~ vi'U9fv'I'm~~-; ~~lflA 
.., "!'t" ~ .. 
'VIOll:::Un::l1'U11UUn~llJ1JV~flfl1llJl'Ufl~~1Jm'l'U1J'lJl 

2Uumm1'I~ fl1J f ~lOfll'l a~lJVU fillii ~::fla'lflti'Ufll1 UV1J U D'U1ifll 1i1lJti'UO l'JUV1J 

U'U'U'U 'l 1 tllfJ 0 a nftfl 'IToatl1J GH lJflU filliiu~'li1jTi lJfl'tilfll'JUfillii fll'J 1~w1j fl1 l~1JN'fl1'UfllJ 1m:: ':d .. 'eel ..... 

Q" 0 t 2. GI.c:I d, GlQ .14 " ~ tI " 
11~O1'U~11J 'VIn:::1J flfJ ~fl'UfI1f:l1lJU1J'l Ua11J m'Jtl1J O'lf1t101J11fln:::'t1't1 1 tl til'll flUe Ul'U1J fl~flfl1llJ l 

A1t1~Um~'t1lVl~1J'IIfl~O~U ('Vfli~ ff'VI1fY;i1J'VIf, 2554) 

~fI~~'t1lJ lfl'll V'Ifll 11'1 flU fll'l UflU 'Ai''Ufl11Ul'VI H1'V1 fJlr11f1'~ f ihioll::: m:::'U1U fll1 'VI H 

1'V1 t.Ilr1lf1'~ fun:all~fl91'V1 H1'V1t1lr11U~I! lIlo~u1Ua:::l1tlf't11i~oal1f1ill~~f1'U111flOlllfll'l ifl 

'" "'''1 1Jlq .al Q .Q 4 Q ~jJ Q.-=:. d t/
01lm'lUfll'l1'lll1J2 fill 'J101lm'llJ'VI11J1Jfll'lU{J'U~~H (hands-on activities) l'lfl~ maO'VI1fl1JOU 

1dfl~~1J dl't1i''U'lTO&; tlUi1JJjlitJlJflnllliJ~ 3 li4mfWlulNaff1Jt)Vli'VIH f1l1 ~fJU fl111JfHi'11J'IIfl~ 
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1/ ... • ...... " ..It ,... ... ..::It 1'" "" 
f1111J.i utl:a"~f19'1~fJfll'Hl tI'U 1Vl tl1flTtY~ l I:J~ fj1" tlfl1 A 11,,::alJ 1..1 U'U1Vll~ 1..1 flln'Htl'Ulflllll tllJ 

flll~fJ'U1'J11Vltl1fl1~9'Ii'1,ru 1~'U1" \TniltI'U 'ft'il tI'Ufft'1t19'1'UlfJ~ ;jl"~fl~~~flfJ1'J11Vltl1fl1~~f 
... .4 .4 " ...... ~ 1 '" o,,~ .. "" 
1Jf1111Jm::9'IfJlfJl'U l'UflllLltl'U 1Jf1111Jq'\JUtI::~1In 'UflllLl tI'U UtI::~11J1UI'U1f1111JlVl LtllJ1 

1.h::~n9'l1.n'U;19'1tJ'.i:::'h1'U Ll'4n::~fJ fJtJmw;jft''U'tl'U~l ;j'\J1t19'111J~fJ~~mA 

CI! ~cvo CV 014 ~4 ..Is QQ ~ t/,l fJJ ~.Qd 
~1J1J9'I!1'U'\JfJ~fll'.i1"tI~1'ttl1J'Umltl'UVllltl'U'lfJ~ fJltlnVllfJ'Wn~'1JfJ~~'U tl1t11tifll'.i 

'II 

';An"mllJ,tf'UtJCtW1'ill~ (hands-on activities};j 3.,j'fJ ~~flfJ'tJU 
QI Q 4. 01 J. Q QI .c:t .,... 'Q 

1.2.1 1..1 ml tI'U 1Jf1::U'U'UF-ItI~1JqVltiVl1~fllllltl'U'ttM'l tI'W \T~n11nfJ'Un tI'U fJtlHlJ 

\TtJltlfltyVll~~ii9i~l::~1J .05 

...... '" ....t ... ... ... 
1.2.2 'Uml tI'U1Jf1:::U'U'UF-ItI~1JqVl1iVl1~flllll tI'U'tt tI~ll tI'UIU':l::f1::U'U'U f1111Jf1~VlU'\J~H 

f1111JI hiu~nfl1~n'Uf.lth~;jutJlhfltyVl1~~ii9i~l:::tl1J .05 

1.2.3 \TniltlUU'''~f19iflfJflllilVU1VlV1fl1~~i'1'Ul:::tl1J1J1n 

. 
OJ _I ......

1.3 fllllu1'r1ftfl1fl 

.... 1 ' fV ,
1.4 lJ1t'lf1fl111t'!:::flQ1.Jfl18t1H 

1h:::'lf101 ,ft'Utl ,rni'ltl'Wi'U~tilJ1Jfffl~li1~ 3 lHillJlJ'fi'l!fl'WiiVllJl fllflilv'W~ 1 

ilmlffn'l:n 2555 111'W1'W 4 M'fNi'lV'W l11J 175 fl'W 

mj1.Jii'18rh~ lft'Utl ,rnilv'Wiu~1iv1Jffn'l:nil~ 3/1 h~ilv'Wlf~lfl'WiiVltl1 fllflilv'W~ 1 

ilmlflnln 2555 1l1'W1U 41 fl'W lft'1Jll~vmll~r)f)Il1J1Jl\l1:::;t-3;tlntJl:::'l11m (purposive selection) 
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.... IV <I 
1.5 \U.I1'J.Jft'W'fIltl'Wl:: 

Q;,I .ciIII '" -.1 __ ~ .. .. 4 gI,d, " 
n11'i1An'iln11'J.Jl'U'UUl)1JA;lH (hands-on activities) flV fll'H'HJ'lJll1 'lfm::1J'l'lJfl1~ 

'" , '" , ,,'" '" , " ..1"'''-''' t" .. .1 2
Anl'lJU1J1J1J~~VUJnlJn1Jfl1~ 11'lJm~V'lJ An.:JlJVlJ{)1JAn~m~lJ'lJ'lJ'1A1C1A'lJAV.:J CJf.:JlJ~::mnJ9>l'ltJ 

... " .... c:I.1 ,,. ... <I '" ... c:I .... <I,. "" '" ...
A'lAl'lJl11'lJ A'lAn1JlJ~::' A LVA l1~l'lJCJfffAAV~ un::ff~nn1JVmnl1~V'lJnff IAVlJ 1Jn~m~lJ11~V 

A,,, ...... ,'" '" .I~ <I "21J.:Jl'lJ ,....V 11'lJm~V'lJ A~'llJn'lJffllJ11J'lJV.:Jflfl'll1Jlt1'ltlA'lJm.:J 

.... " .... <1..; j! <9 ... t""; "'" ... c:I0 ' fUDn'fl16'Ungl1J6.:.1p.'U 111J1VO.:J fll~A~V'lJ411\J1l1n"l1H1'lJ'lJV.:J A'lA1'lJl11\J A'lln1J 

, ,. "" <I .1 <lA .,; .,; " tJ~::, A IVA l1n'lJCJffflAV~ un:::fllJmWV\J'1l1LOV'l'llV-3 

IV ~ ... <Ii t ..."... 2
NDg'J.Jq'flfi'flHn1111t1'U 111J1VO.:J fl'l11J4 fl'l11Jff11J"0l1Hm~!~V'lJ'IIV~FJlnl'lJ t11'U 

fl'll1Jf fl'll1J\ll fl'll1JL"'l' ~ l1n:::'tin'iJ::n~:::1J'l'lJ fl1~l1H111t11f'1'lffA{ ~l1AffV1J1AtJAl1J1J 1A 

.t' .M
~mff1Jql1til1fff1~'II\J 

V .o!iI .. 0 . <Ii 
fll1'J.JfH'fI'U'U6.:.1f111'J.Jl (retention) 111J1VO~ fl'll1J ff11J 11 0 L \J m a 1un::~::: n n 

A ........... <14 A .... c:I ... <lA " .. "'... '" c:I ....
0 

L\JV111'l'JS11'lf11l1t11f'1'lffA~ l~V~ A~v.:Jvmnl1~V'lJnff'1JV.:JA\J CJf-3mm~'lfll1n~~lm~tI'lJ!ff~~ 40 'l\J 

~'ltll11J1Jl1Affv1J1'ANnff1Jql1im~fll~aV\J1A!;lv'ln\Jn1Jflv'lJA-tl\J 
.... , ....... <I. • .o!iI t'i!. 


l'ilAflAfl6n1111t1'Ul'f1t1lftlgfl1 (attitude towards sCience) 111J1VO.:J fl'l11J4 'ofl 11H) 

fl'll1JtlAl~'lJ 'lJV~Ut1l1t1'lJ~ !flA~l flm~ A1 V\J 1AV'cNfl"iAfl~fl ~ ~1JlU\JtJa..m~l.:J (hands-on .. "',2 ... ""....... .I
..... <I";,...", ~ 
activities) CJf.:J'lA t1~lflU1J1J'lAL~AflAAVfll~mJ\J'l'lf11l1V1f'1'lffA~ l1FJ'l~VfflH'II\J 

1.6.1 '~'lJu\J'lm-3 iTllfl1Jfll''lJm~~"''lJ1un::tJl1JtJl~ fll~ 'Ii'\?1 fl~m~1Jfl"ffV\J1AV'f 
"" " .1""..... ... .. A "" A
fl~fl'i'l1JA'lJ'lJlJ{)1JA~H (hands-on activities) L'lJI'lJV1111'lf1V'lJ'1 

.., "".. "" ~";"':'I 0:'1 ".'f :'1 0 " 1.6.2 \Jm~tI\JLOflm::1J'l'lJm'H'W\J'll1flAllJ'lJ 1111lJ\J UfllJUl111LlJ'lJ Im::\J1fl'lllJ~1J1 
... u ... 

tJj::~fl~'~'lJ;1AtJj::\l11'lJ 

1.6.3 UflA- V'lJijfl'lllJf1AlI1lJfffHff'i'lfl ml'luffA~VVfllJ1fl~'lJ 'fl"tJafflJ~'lJ ;~;ln1J 
A • 

' ....V'lJnlJ~l\J 

1.6.4 l1'l'lJm~fffHU\J'll1HmjtJj::flV1Jm;.... i\JVtA1f1A 

http:fll1'J.JfH'fI'U'U6.:.1f111'J.Jl


...• 
UYlYl2 

JI JI 

iUfIll'hlivfli'~iirfjiv'~fl1!11rfufrr1 l1'IJl1111f)flffll UU1flfl Y1trl;l~ U(I:; ~lulio 
..t..t " • rJ .l i " ................ " , 111_,.1
Y1lflV1'Uf)~lVffll UUU1Y1UrtU!lU UfIllYl1111t1 fI~'tt1'Uf)flf) LlJU 

2.1 fIlliflnllml1l1,ru'll6lliill;~ (hands-on activities) 

2.2 Y1q\J~fIllff!1~ffntl'f)~tl'f1111lf~1t1f1Ulf)~ (constructivism) 

2.3 f11111mYlU'Uf)~f1111lf (retention) 

2.4 11lflfl~1Y1Vlff1ffflf (attitude towards science) 

2.5 fIll'lllz,ijuH(lfIllilvuf~1v1i'Uf)~ Hark 

2.1 ft11iRfl\lfl11"'1~'Ul1D,jfj\l1\1 (bands-on activities) 

U Q 21 _I_ "'*'" .. ... .Q ... I~ ~ .4 
ft11\lRfl\lfl"""'U'UlJt)UPJ\l1\1 (bands-on activities) f1f) fl'ilml1lfllfllJ{J'lJfI'ttlf)fIll 

ilVU lf1t1f1ll(l~llf),i1 ~~flHflU1ftflnno~flq\J'h learning by doing (David L. Haury and Peter 

.Il 4 ..." 4 _,"" OA 4 .... " _, " .....
Rillero, 1994) 1l1t~'tt1l1tln~fIllllVUl"1flflll(l~1If)lJ{J1JfI'ttlf)11Jflf)~f.2lJfl'Hl.I'Uf)nH mf)\l1I1flflll 

l11tl6-uiifl1l 1U1'lf11Y1V1ff1ffflf 'IJ HfI f~\l fl .01 flfl A'1fJ\11'U 1'U Ufli'1 tI'U l ZV:; n (I 1 f.2'll fl HU 
~'IJtll:;1I1WU~flU,., hands-on hi;j'll'f).olflfl i'U(~f)~~f1lff11l1'jniflf.2'llmw,,rUfl~OU'~ (Ruby 

..." 4 _'''''............ 111_1 4 
... "-' "1
A., 1994) fIllllO'Ul~lflflll(l~1If)lJ{JUflm1lfl111l'tt1l1V'111 LlJ(Hflum:Jul~lfllJ':;ff1JfIl'.iW flO 

i "QI ... 1 J.d.di _I 0 QI" "QI ... 14 ~ OJdQ I
'lf1fffJf.2lJ m W Y111 'U'lf1f1lJl:; ~11'U 1l1t~ ~:;f1(11Vfl'IJfIll fff)'UlJ {J'IJ fI l111 f)'IJfIll fff)UU 'IJ1J1JIIV10 

flrlnflf) fill ilV'U f ~1flflU'll 6lliiuflil tI'U,r f),nl1f1ll Y1f1(1 f)~nUf,!tI m W'il~ ~f1n1v..;'flu'll6lliiflll 

" 14'4 0 ... Iq QJIQ 1'" rJ " i.d 'P "QI.ct cI I <V
Ufl 111I~11 f)'Yl1lJ {J'lJfI fll'.i flV1Iflll 'U r:jfl1'IJfl1l U(I:;U 'il fl 'IJ ~ 1'U 'Yl (lZ'U tlVU(l1'U flll tI'U fl'lf1t1fl'U 

" -'rJ ' ........... '" "
...11f1l1Z11'ttlf)'tt1'Uf)ffllJ1"4 'Uf)~f1f11111lfl1VfI'Ulf)~'I1lf)1 """ 4 rJ 'U"Uf)~fl1\)1I ('rtl1 ~ ff'Ylliffl~'U'Yl'.i, 2554; 

~1~6~~lfl ff711li Y1f)~i1u, 2541 ; UJ'lftl'W'lfl tl1'U1W, 2551) 

.... '" 1 12 .. -, "" """ ... "-' "... i " 0fIll'ilflflllll V'U flll fff)'U flV '1rflll(l~1If)lJ{J'lJflU(lZll v'Ul 'il1f1ul:; ff'IJflllW 'il H 'Yl1 11 

....... ... , iAct4 J .ct 0' Go' dI $'!I ~ ~ Q.J.d :f
f 

'U m l tI'Ul' tI'U PI PI tI~'U'UU(lZ11 fllHnn'U fl'U f)tl1~m Zflf)lf)l 'U ~~fl1'.i 'il~ fIlllUI'U fill fff)'U U'IJ'IJU 

.l """ .Il.,,,r .e .. 00 ..,1rJ U'rt'UJ1'Uflllffl1~f)~f1f11111l (constructivism) ~~ Plaget flmn~fl11lJfflf1'Y"Uf)~flll(l~1If)'Yl1 

lf1V1U'rt1zmh~~~ i'U1'lf1l'YlVlfflffPlf (vni ~ ff'Yliff111'U'Yl!, 2554) 

http:LlJ(Hflum:Jul~lfllJ':;ff1JfIl'.iW


6 

u ... v..lv 1l J J vv 
2.2 nl1flftn1"I"t1'UlYlI'U'Un1""lH"""ft8~ftftlll1lftltlfl'UltH (constructivism) 

.... " """ • • !:'Il'lt)\:It}fll·H"·nn"'.i'.iflfl~flfll11l1~11lUt.ll construcbVlsm (Jacobsen et aI., 2002) llJ'IJ 

........ ~" ..".....II....... IV :'1"" " '1!11
I"....
l'lt)'lIt}fll'.i l'J tI'lJl iillt1fll'.i m:l'll'Ufl~lIjl'.i tlt.llfl~ C)f~llUt.l1tliil 'H a fll1l1jl'.i tlt.lllJt.lIlj11''.i H fl~ fltll11ll9'l1 tJ 

• 1""... • tI ... ..."11 • 111.... tI""... ... " ...flt.llfl~ flfl fll'.i 'Hr:;tL'.itlt.la~lIfl '.i:flfllJfl\lm'.illfll'.iL'.itlt.ll9'llt1~t.llfl~ '1'1'.ifl j>J1l t)11'll'W'lJ1ifllJ 

.d. :iI 11""'" , ...,. "...,." a"l' d... I
11'~u liil nflll9'l lt111i fllHI H'l flt.l &iiltlfllftvtI'.i: 11'lJfllH1Hiilll &flH11''.i 1~l'lHlJqJ'Y1l'lllfl ~ua::: 

:J1.l '.:!I., ... " .d.:iI ....
UH1~1\lmv1t.I (driving force) llJt.I'Wt.lj1t.11l1flfl11fllnVU"fll'.i'.ilJ'Ufl1q!Cl \llfl11'~U1iili:lflll'H'.ifl'.i'U 

fll'.i 11'flt.l\llflfllt1t.1 flfll111,Tt.I ua:fl111l,jiiluJ~l'lHU'Y'Y l~LflYl \llflfl1'.i~~fltlaLNi'YtllJ 11'fl1'IJfll'.i or 
d a."I' .II 1 ' 11..... 1:i1:i1,. ~ d....,..a"l' ...
l'llilt.llJ'Y111 C)f~ 1l11'11lUflUnl1'.iflfl1ilJ1V 9'l9'l1V &flH11''lHl'lHlJ'YiYll'lllfl~ l1'.ifl\'llflfll'.i 11 

tlijfflI'Wt.I itllJ43t.1 \l:L~t.lU '.i ~1~1flLflYlfll'.i '~i~'.ifl~;~tl11tI dlfl'.i 'l11'~Hhlljl'lHU'YtlP ~ 
d "a"l'. " ... " a"f 1"?1 .... .s ....11'11l1'.iflflafl a 1V11't:l1t.1 flTHU lJqJ111'H '.ifl'Ufl'UYlLW~l'll~ lJqJ'Y1ua: 'lfllJ t.llfl'.i fl~llflgl11 '.i lJflll 

"."1''' "... d '1 ,." 1 a"f .... 1 dIUfllJ'Y'H 1'H '.ifl11'mt.l flllilUU'W1Zflt.l'l l'lfl~ t.I mfllJ'Ufl~ &flH11'll~ 111ll'l1~lJ'Y'Yl (~1Yl \llYlVl, 
~ . 

2553) t.lflfl\'llflUflltl1'.i';YllJnVlfllfffll'.in-Vt.I fll'.i 11'flt.l111ilYllflfll11" fl4t1t1t.1a~l1fltlijlJllfl\lmlll 

flll n- tlt.I~lt1f1t.1Lfl~ liiltlijl'l1~1itflfl1t.I flllt1 tlt.lf~'Hal fl'H altl 11'11l1HlI~fl1l1tl~fll11lf1 l11itl'U 

fll11lfLril ,~ 

2.3 ftlll1ft~YI'U'U8~ftlll1l (retention) 

.. !!It .d. d... IV IV "... "" '... a" ~ .. aftl11l\llua:tll11ltl~l'lt.l L1Jt.l11'~111ltl111l11'1l'Wt.l1i flt.l m &llllfllllfllJ n L t.lfl111l \'I1fl\l: 

" ,... "... ... ... a" ' .. , n " "1 d... .I... ,LlllflYltll11ltl~l'lt.l'Ufl~tll11ll11lfl'.i:aflfl~fl Lll11'11l1Ult.l1flflfl1l1 'If Yl tl111l1'Ul \'Il'laflC)f~llNa~fl 

.d .... ~ ... .1"" ... "...... ~.l d ... ,. IV '1!
tl111l\l1l'lV1d\HU flll l'.iVt.I,g \l:::1flYl'Ut.I LYllllflr:;tl'.i tlt.lllfll11l4 'Wt.lj It.1l'l ff11l1'.ifI1'1fflll 'tI~fllJ fl111ll 

, 'ti " ... ""':JI a"l' IV d.s'" I.d., ... 'jJ 1 " .. '1!'H 11 1:fflJ fll'.iilUYlll'Ufl~ fUl tlt.lllJt.llJUV')'lg 1f1il.1fltlHV~"flflll11 Vt.I ';j t.I flll ff'.iHfl~flfll11l'l 
.. u 'U • 

"... ~"....... "'" A ""...".l,.... I , YlV~\l:.d.
'Ufl~lIjll Vt.ltI~lIjl'.i tlt.llItl11111'111 \'I'UfllJa'Wt.lj It.lUa~ L~llJ'UfllJa'Wt.I j 1t.1 'U flll 11tlt.llI 1 flll'l 1 

.. , " "... ...""", .!" Y I I .I 1"..;l'l1 'Hlljl'.itl'Uffl1l1Hlff~lml~'Hfl~flfl111l1 'H1I LY.lflVH\lfl"fl~ 111V'l"Hua:~ltl'Ut.I t.lflll 

","IV" "1 ~I 1 
... , ~ ..;"".... " ;v.... d 111 ~ .. 

tIlZ~fl" 'lffllJffmt.lfll'.ifll (Donovan and Bransford, 2005) fll11lL'Ul 'ililJt.lfl111111' 111THI t.lfll'.i 

~tl111l'H1l1V t.lff~11 L~1'itlt.l4"11l~1l1lfl~'Ufl~~I'W'U lIa:1fllJff:ffll L1 &\n:lJlJfl111l'iJ1 (Anderson 

and Krathwohl, 1996) ~1fJflll\h,rfllla~'~i'lJ1'Ufl111l~11:V:tft.l'tlHffll Hfflt.1 nlJ,rfllla~iifl~
~ ~ ~ 

Y 1 . .:Ii ~I tI " I ... ..; ,... ",.t ..."d....1I

Ui:l1 'Ufl111l '\)11 ~::VZV1d C)f~ IlJ'U 1 :fflJflll flI ff1'U~111Nl'U1l1 t.lfl~~ I'H'U'Uflll1l Vt.lll1LflYl'Ut.I 

,;l~(lVt.I 'il: ii lJl1lJ 1 fl fflfliY~ "1Yl , 'U fl1 1';Yl fll'.i fl ~ flfl111l f1 t.I fl111l ~1 '.i:; tI: till'll eJ ~"'U 1fl--1 

(Kirschner, Sweller and Clark, 2006) 

http:I'UfllJa'Wt.lj
http:l:L~t.lU
http:l'lt)\:It}fll�H"�nn"'.i'.iflfl~flfll11l1~11lUt.ll
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'" " "4 4}! " " I ;114 .J '" ..fll'j fl'j::~lJfl1111fflJ1lIU'n::'lffl!~' l1 ~1'j tllJ fltllfU'j tllJ 4 fll'j1l1'1l fl\!'nUfl~L'j tl'Ulfltl1flU1AtI'.i::ff.:Jfl 

4 t " '1""4 <9 .:. JlII.!'4 }!.!' ",.J " ,0

fll'jl'jtllJ,d fll'jfl'jZ~lJ Ll1 FJl'j tl'U 'j::'nflffUl Umtl'Ul1l1Ut11 fll'jlJ l1fflJflU111 'jtllJ111nfl1ll1ff'U 11 

QI ~ ... w': 0 Q "1 SI<d " ... ,~" tlQ ~ '''Q,Q

fll'jllAl11nfl'H'jflfl1'lflJ lflU1'j tllJlUfl~l'j tllJ flU fl'jZfllJl1'jflflfl Ll11fli'lfll'j nUflUfl~l'.itl'U flU 

11ffA ~N'nJfl'U m;1J1~tl1flU fll'jtl ou1i'll fl~~~UlJ fll'jtl 'j:: LiilJ L~U1flUfll'jtlou1i'll fl.:J~&; tl'U fll '.i 

ffm'Ufll'jW'llfl~fll'j&;tllJl 
'" t '.!'1 ~ d 1" ....0fllni'lfl1ll1fl~l1lJ'IlflUI11114111 ~ i'lUfll'jl1AffflUCJfl CJf'HIZ 'lfUUUl1i'lffflUQUU 

II 

lAtl1 fllJ 'tll1AffflU1,Iflfl'n fl'U1Atl1fl'U , lJn'nl11hfllJflUfll'jl1AffflUl1n~~ tllJfl'r~U 'jflU'nZfl1'j'l1H 

fllJtI'j::1I1tu 2-4 iftli'll11 1i'lUtI'jZlIltul'Wn::fll'j11'lJ';1~'l11~i~mh1'i1::";ihrlni'lfl1ll1tH~'Ilfl.:J 
J,.!' ~ 1 .!' ' ..., ", .!!I tI "".( A.:.. Jfl::UlJlJl1 9'llIlflflUffflUCJfl AUfll'jl'JlJ'j::U::l11~ 15 1'1,.1 'iI:: l1fl1rJlI 'j::ffl11ifl1l111'lfflll'U11\T~ 

U'n::~~ 'j:: tlZn'nl ,'1,.1 fll'j L1'lJ,t1~fll'j11i'l ffflU 111 flll ::iitllfl1ll1l~fllflJ , '1,.1 fll 'j l1AffflUlI 1 fl Whfll'j11'U 

n~U::'l11~ 'lJfll'jl1i'lffflUUfltl (tI'j::iu Ufl1Ui'l~, 2542) 

_ 4 

2.4 19ft..ft'J11tIlftl1Jft' 

Q d QI Q fl'd. ~ tI..Q
111f1 flfllflU1flU111 tllft'lfffl nlfffl~fl1ll1 l111 1tl flfl 11lflflfl111 ~111Ulft'1 fffl'j (scienctific 

41 "4 .;. 4,:11 4 4 4 4IV"

11 lIfl1l~ lIfl1ll1CJfflfffltlU'nZlI 'il1lJ'Uflm~ lIfl1l111'VW'l't'ttlltl111 lIfl1ll1ilZlflUi'l'jflUflflU 

thlJ L'ilf1f1 ~~fl1'lfl111Ulfflfffl!fl~'lJ nm:l tu ::f11111 lfffl fl1111'lfflU 'li'lfflU ~V1'lfl 
Q tI c9 Q ~ ~ a. d 4 Q 

111Ulfflfffl'j (Gardner, 2000) CJf~'t'tt)flflnll'U'U fll'i1'i1ZUffi'l~flflfll1~1'lf~U1fl fl'ilZlI't'tt)flfl'j'jll 

'LI, J", J 1 IV "''':'1'' '.!' 4 .."..', d '" 
flflUff'Ufl~ ilJ 'U111~l1Al'lf'U ff'U 'iI 'lfflU ff'UUff'll'U l'H'Ui'l1U llJ'UfI'U U~m1l1'ilflflfll'lf~'nUflllZlI 

't'tt)~fl'j'jllflflUff'Ufl~ '111'Um~~ 'liA 1,t'U 'li'lfflu 'liff'Uh 'lil~'Uif"uJ (1f'lfl~ u't't UflU, 2533 ; 

flty'lfl ~1'1l1U, 2540) 
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1	'il~flAlfl'IJ 'tifl'MWZm~':i111'tJ0'm~a::'I"flfla~lfiPl'illflfl11111,r1l1fjfl~'tJ0.:J~9I , 'il~~UffPl~ooflfioa~ 
" "" 1 ~ ...... "t,,, .....; """ " 1':il11'IJ~tI'} 'lJfl1':iffn~utJtJffotJm1l1Pll'il9lfl9l'il::9I0~9I~ 11motJflllllamlw:l'Idlflty 11flltJfl1'IJ 

• II 	 JI' , "..::IiI 4 QI 2, 'JI 	 Q,I QAtI QIQlQ#1Plfl 1111'tJOfl1111l'1UffpHIOOfll'l~l'Il~"'1'IJtJ1flUa::Pll'IJatJ Pl~'IJ'IJ fl1':i1Pl L '\)9\fl91 'il~9IOnPl 'illfllY al tI 

~1'IJ':i111ti'IJ 1ifl1':i1Pll'il9lflAffll1Ufl1Pl~1f1 fl1':iff~lfl91 1110fl1':il'lPlfffltJ 1110~1fJUtJtJl'IPlff01J 

~~11i1Pl~ilfJlIij11"I1f11i (~1'IJ fflf1fJfl Ua:fl~flWl fflf1fJfl, 2538) '1~uri 
..... .. 1 ..... .r " 	 " ... I ..;

2.4.1 11i'tJ0~11i0':i ff 9I'IJ 11i'IJ 'il:111fl1'tJ0~u~a::1I1~n'tJ0~'tJ Ufl1111l'11~L 'ilfl9lflO'IJl'I'il: 
1/1 

Ul''l1'cfl'IJfl1':i19fJUa::til11'IJPltll11191':ili~U~ 0 (j.:J 11 1I1~':il 
..... .:'1 .,...... ....1""2.4.2 11i'tJ0~00fffJPl (Osgood scalmg methods) llJ'lJ11i1fU,\)~fl~ Pltll'lffl111111111t1 

~ Q Qt,/ 	 fl"'" ... , fl0

2.4.3 11i'tJ0~alfl':il'l (Likert seating methods)! 'lJ11ifl111Pl 'flfJfl1':ifl111'IJPl1l191':ilL 'IJ 

5 ..T'IJ u~a::..T'IJ '\):til11'IJPltll'l1':i::~1':i::itJfl1111fiPll~'IJ '11' l'il~flA~ll11i'tJfl~a!fifl'l ffl111':ifl'ril'1~ 
...... 4 ..... ," QI 	 .ew::I 0 ,r QI ~ r Q,I

3 11i flO 11i 'lf11aflfl::U'IJ'lJ1Jl91':iJl'IJ 11ifl111'IJPlfl1'IJ111'IJflfl::U'IJ'IJ ua:::11ifl1':i111F-In':i111'IJ111'IJfl 

fl1111!n fJ~!tJ'IJ , 'IJ l'Il 'I'l1~m ilfJlI til11 'IJ PlJ1111rflU~a n ::itJfl1111fifl!it 'lJ1fl'IJ .,rOfl1111 !;~tJ1 fl 

... ... oj ..; lilA I "..; fl ":II"";'"
':i::PltJfl1111flPl!11'IJ'illfl1l1fll'l1l'Pl LlJ111'IJOtll'l1l'Pl I 'IJ 5-4-3-2-1 um:mllJ'IJ'tJOfl1111l'1l1fl111111111fJ 

1;~atJ'il::til11'IJPl':i::itJfl::U'IJ'lJlfl'IJ 1-2-3-4-5 9Il111hitJ 

.1'" ... "" ......2.5 nl1lJ1:::11l'UNafl11nrt'Ul~lrt11i'U&,J Hark 

.1'" '" ",,;..:..1 2 .,... 	 ... 2 .I 1
fl1'hJ':i::!1I'IJNafl1"':ifJ'lJll'l!~1I'tJ'IJ"'1t111ifl1':i nonnalized gain flPl"l'IJ'tJ'IJ Pltl Hake 

(1998) Ifl'IJ flU'l1':i :::!ii'IJNaflU ~fJ'lJa'illflNa~H'tJfl'lfl1':iffOtJrifl'IJ~fJlJ (pretest) ua:::11 'ti~I; fJ'IJ 
, "''' ..;"" ..:. .I 1112

(posttest) 9IONafl1"':itl'IJl\1~1l'Pll'lll Ofl1ffl~lI'tJ'IJ LY'l (maximum possible gain) 1PlfJfiPl!~~1:: 
jld.cl r" OJA .to! 
~I ':i tI'IJ 'VI ffOtJ'VI 'I fl fl 'lJlla::11 a 'I1':i fJ'IJ Ll'IllJ 'IJfl ~ff1Jfl1 ':i 

(% posttest ) - (%pretest)<g> 
(100)- (% pretest) 

1fltl~ <g> ~u tll nonnalized gain 

4 I .. 	 "'... ..:11.1" oj
% posttest flfl fllm a tI'tJtHfl:U'IJ'IJ ffOtJ11a'l1':itl'IJIlJlJtlJfl':i ICJS'lJ9\ 
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f)1'.itll'U1W'Hl nonnalized gain ~hjil1rl'U~6.:Jhhrl'Ul'U6{1~'U~~'1I1~w'M"'I1 
"" 1 4 , .Q .at <114 

fI~U'U'UfI'm.HIHU'YI'U ~fI pretest fl6 fI~1l'U'UfI'6'Ufl6'Ul'.itl'U posttest fl6f1~U'U'UfI'6'U'H'H!'.itl'U 

, ~ d ~ t 
H"~ 'JI'flZU'U'U1AlJ'tf6.:J'tfflfl'fl'U1A'U'UU'YI'U 100% 

AI 	 I1" "" f~':'.jf)1'.iUtJ"fl11lJ'HlJlt1 <g> 'H'.ifl nonnalized gain UtJ"fl11lJ A11 H"f)1'.il'.itl'U<II'YI1'YtlJ'tf'U 

'ill.:J'tffl.:J4~tI'U (actual gain = (% posttest)-(% pretest» fiAlr1'U~nh'tfv.:JH"f)1'.i~tI'Ul\P~A~ij 
.:. .j ,11 .!i • ~'1 ~ "'" •''II1flf)1f1'l'YtlJ'tf'U YI (maximum possible gain = (100 %)-(% pretest» C)f'lfll'Y1 LAUlJfI1V~ l'U'JI"H 

''0 OIl 	 OJ;Q"~ 	 '''Iy~ Q.lttl
0.0 - 1.0 lAtI 	Hark Af)1'H'UA'.i~A'Uf)1'.itJ'.i::1lJ'U~1t111i nonnalized gain !!'lJ~ LA11J'U 3 '.i~A'U A~'U 

.... 	 "" .:..j"'.iZA'U\T~' (high gain) H"f)1'.il'.itl'Ul'YtlJ'tf'U 'U'JI'1.:J 1.0 ~ <g> >0.7 

'.i::i'Ufl"l.:J (medium gain) H"f)1'.i~tI'U1TilJ~'U'WJf1~ 0.7 > <g> ~ 0.3 

• 	 "" .:..j,.
'.iZi'U~l (low gain) H"f)1'.il'.itl'U1'YtlJ'tf'U 'U'JI'1~ 0.0 < <g> < 0.3 

2.S.1 ,j,ZLflYl'UtH normalized gain 

dTtti''U f)1'.itJ '.i~tJfl~lffl1'.itJ'.i~lij'UH"f)1'.i11t1'U111t11tl nonnalized gain 114 fl 

AI "" ~"" "" "" ",.j ~ "" , t 1 .... t "" .... II
lJ '.i::llJ'U11~l'.i tI'U lJH" f)1'.i 1'.i tI'U1'YtlJ'tf'U lJlfl'U fltll'Yttl~ A 'YI~ 'U '.i::A'U'JI''Ul'HJ'U (classes) '.i ::~'UUA"~ 

.Q • 	 ''j,I 0'1" 
fl11lJflA'l1'UtlflA (concepts) UA"::'.i1t11JflfI" (individuals) U"~UA"::'.il{J'\lfl (items) fl'llJ1'.i(l'YIl L~ 
......." 
A~'U 

2.5.2.1 u'U'Uu~,,::iu~tI'U (class:normalized gain) 

4 Q .. " tid ~ ~ 4 .I .Q ~I d • 
'HlJlt1(l'l f)1'.i'Yt'ill'iW1H"f)1'.il'l tI'U l'tffl~~l'.i til.! IN'JI''U1'YtlJ'tf'UflA1lJ'U flml 

'tffl.:JH"f)1'.i illJ'UlU~~~~iilflf)1f1'lTilJ~'U '111AtI'W'il1'.iWl'lI'illflfl~Ul.!'Wl\1~tI'tffl~.,f.:Ji'U.,f~tlfl'U 
.... ...... ..."... ,.... .x, "A,... 1

lm::'H cHl'ifll.! 	f)1'.i'Yt'ill'lW lH"f)1'll'1 fI'U 'tffl~~l'l tI'U 'U"fl\lW::'U 'JI'1'Ytfl~11 N~f)1'll'.i fI'U f)1'lfl'fl'U ~ tI 

t t t ... .... .j ~..., .. 1 ~ '1.1 <V....... 1I..e A 
fll'Yt'l1lJ 'tfflH'H'JI''U'U'UlJ'YtIl9l'U1f)1'.i 'tf'UlJlfl'U flm'Yttl~ AC)f.:J AtI'YI1 LlJ'Wfl1'i1t1'i1~vH (l.:Jl 'U flnl fl 

. y ~ ,d.d J 1 

A1t111if)1'.i'YI1'itlfl11 UA"Z'.i1t11JflfI" (single student nonnalized gain) 

2.5.2.2 !1'U'UU~"~f111lJfiA'l1'Uflfl~ (conceptual dimensional nonnalized gain) 
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... "" lIJ 1 lIJ '" 1 "'...... "'.... 1 ""1,W1flU 111flt]l1;ll'f1~fl::UUU111111lff1111Hl1Hlfll~1U::!llVU1Ifl1111t<ti11;) IUUfI'CI::::fl1111fllfl . " .
n1.1Vfl~1I1fl,rfWl,"V~1~ ;~l~W.rfl~fi;):: 'pf~fl11111,r11;) 1Ufl1111fi~111.1Vfl~,rU 'l 11161~'U.. 


.. "" lIJ '" tI d"; "'...... "''' "" "" UU1f1H IUfll1l'fI1llU1fll1ffflU l~flH '.i::::I~U'Ylr:;tnVU1Ifl11111'lJ11;)N~flU:IJlfl 

2.5.2.3 111J1.1UA'CI::::11V1Jflfl'f'l (single student normalized gain) 

... "" 1 "'... 1 ... .., "" '" :'1
11111VtH fll1l'f;)11W 111r:;tl1 VUUfI'f'I::::flU1I'fH"U 1fll1 fll11l VUl I lJ'U 

flVH'1 l~Vft;)llW 1 'pf;)lflfl::::UUU fffl1.1flflU L1 VUU'CI::::"Hi~L1VU'lJfl~~L1 fJU UA'CI~flU n11111.1fll'.i 

" " . 
111fh normalized gain 'lJfl~~L1VUUA'CI::flUli~,ruutf1'\.h1l1111fl1L1;laV (average of the single 

student normalized gain) 11;fl61;);)::::I;Vfl11'~Ufl1'1;l~V normalized gain 'lJfl~~L1VU..f~tffl~ ~..:I 
" ."fl1n::::'~Ufl1'~V1tiuti1.1 U1.11.1UA'f'I::::,rUL1VU (class normalized gain) UAf'hfi'pf;)lflnU;):::;l'f1.111JJ 

t " II, 

fllhh...htiu 1~Vfl1fi'pfpf1vnih::::ijfl1fl~1u';1~ ±5% 'lJfl~U1.11.1UA'f'I::::,rUl;VU 1~tJfi;11U1'U 
..; "' ... 1 t. ... lIJ_1 • lIJ d .. _I .... -- 0 lIJ2 

tI '.i:::'Y1m'Yl'VI~fffl1.1flfl~1Ifl1f1~Ufl20 flU'lJU llJ flVH llflfl111IU'VIHlJij1.1fllll61U:::'VI1 It'ltJ1fl 

001' ". • At " III " ~ 314 .. 0
nl1111.1flll111fl1 normalized gain 'lJfl~r:;tL'.ifJUUfl'f'l:::flU lUfl~;)lflflfl~ l'Yl1rt1111flt.11r:;tl1tJU1I;)lU1'U 

• QI r,.-::l ~.ct 914." .Q, '" 11 ~I 4 -I 0 
1I1fl Uflnl11'.i1.1'YUl1fJUfl1Ir:;tn VU ;)lU1UUfltJlnff111110l'f;)1'.iW11~ U'CI:::;":::llJUfll1~ lU fl~;)lfl'VIl 

1tffll ffl111'.i Ot]';I1lIU lfll1'lJfl~~L1 VUU~'f'I::::flU'pfl~UflVl~~ 6U ;):::l~UHU1'V1H'U fll'.i lff~ 111tfti1.1 

9I.ct id .c:A "do ~ '" " Q "QI ,1 ~ 4 ." t
r:;t"VU1IN'CIfll'.il'WUl'VIfl1 l~ fll'.il'f;)1'.iW1 LU'CIfl'l:! W:::UllJU fll'.il'f;) 11 W 111fJflU Ufl111flflfl..:lfll1 t]11 

'" . '" t "''''' lIJ2 '" ... .. ... "" '" ,'" '" t · lIJ'lJflfffl1.1UfI'f'I::::<tiflUU r:;tn tJUflfl1.1\lfl Lt'l11lflU fltJll'ftJ~ I~ 111fl1ll'f9llU1fll'l~fl'lJflfffl1.1'lJflUU flfJH 11 

" ~,q,:(.Q,d .dQt. " 
flfl~t]t'l1V11i11ifll'.ifll'lfJfl11 U1.11.1Ufl'CI::::ntJ'lJfl (single test item normalized gain) 

2.5.2.4 111J1.1U~'f'I:::'.iltJ,rfl (single test item normalized gain) 

11111tJO~ fl11ft;) 1'l W111 ;11U 1u~il fJU~flfl1.1\lfl n111 11.1,r flfffl1.1,r fl 

~ .=l,'" ~ ..... '... '" ... .... ., ,1... '" "" ...
11U~'l ll'f1l'lJUIlJUI'VI1 L~ !Ufll'.ifffl1.1flfluntJUU'f'l:::11'f'1~l'.itJU fll'.il'f;)1'.iWl'f'1fl'l:!W:::U1I'lJfl~ flfl 1.1flfl 

lIJ "" "'''''... "'... '" '" t ~ 'lIJ ~ • ~ '" ..L~11r:;tllVU1Jfl11111'lJl I;)flfl'lJflfffl1.1'lJflUU'l llJUfltJH!'.i C)f~ffl111H1U1111tlJU'lJfl\!'CI !Ufll'.i 

,ji'1.1,jl~ fll'l L1 fJ1..1fll'l ffflU1Ul1fl~~I~lI1,rfl~ti1J'\rflffmJ,rflJu ., 'pfl~U flV1~fl 

!II "" tI... ~ ..."" • •252•• 'U8A'U8..:1fll1 1:::I1lUNAaAU1! normalIZed gam 

" fllltl'l:::!iju~1tJnu'Yh',fffl1l1'lOUn'UqJ111 Floor and ceiling effect '1~ 
A .Q ,."do d A ~ I .d, d1 ~ .I ~" ,Qi .ct '1 

lU fl~"lflfl ~N'f'Ifll'l! 'l lIU 'l'YlIl'f1l'lJU !'VIfJ1.1fl1.1fl1 ff~ff~'VIUfl'CI:::: flU ;):::11 fJ fllff!l'f1l'lJU L~ flrt 116fllU 
~ ~ . 


~... lIJ '" 0 '" "''"'1 ~ "JtllI) 2 ... • '" '" '"'I....11U~fl6 1~'VI1fll'l normalized 11111 flfllfftlJU I Lt'lfl~ ,U'Y1~ 0.0 - 1.0 !'VI1flUU'f'I1 ~1tJfll'llflV1.1 

ti1.1fl1\T~tJ'~~U~'CI:::flU ;)::::i11fJfllfflYi1l~U '1~ Urt~AH1l1flflntl'l:::;!iJuHrt1f1vni1 '1 tI~'VI'.i 11.1U~ 
... · "'... "" '" .=l,...... lIJ I"J "', '"' '" "'... .=l,'"

'l'ftJ~11~!'.i tJU1IN'CIfll'll'f9llU 1!'Vt1l'lJU11 'l fJrt~rt~ U.l ,,,1.1 fJ fl11 Nrtfll'.i !'l trw l'lJfl~~!'.i tJU1'Vt1l'lJU1I1fl 

'" ... '"I"U6 fJtl'f tJ ~ 

http:lU1UUfltJlnff111110l'f;)1'.iW
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.. 

....... .... J! 


2.6 ~nn;U.l'unrJl'UfJ~ 

Breddennan (1982) 'l'hfl111\ltJ1~VlntJfl111~ hand-on lUfl11\l"fl11Llvuflfw'~ 
l11fl11flfllJ1fYh 57 i!tH fl~lJil0d1,:Jfl':h 13,000 flU iu 1,000 ..rO~Lltl'U 1"VflfllJ11mVml1UtJ 

fl111~ hand-on ntJfl11ffO'UUtJtJi~1~m'llOfl1lJ;i1nfl11LlV'Ufl1H10'U1'V1V1ft'lfffl;'il' 'l1..,tJ'h 

UflLlV'U~LlV'U 1"Vfl11tN1iotl~U;ihlfllJ::m::tJl'Ufl11'nH1'nV1ft'lff~;'U~fYhfl~lJ~LlV'UUtJtJ 
t... "" ... 2! " ",.I ... "... " 
"~l"lJ 20010 U~::lJfI::U'U'Ufll1lJfI"ffl1~ff11f1 fl11"'9iI'U11'UO'H1'nHl'nUlft'lfffl1U~::f1W"ft'lfffl1 

U~fl11fl~lJflltJtJlJ 

Ruby (1995) 'll11flU1\ltJ1~VlntJfl11i"fl11~~ijol1~U;1'~Ol~lJN~fflJq'ni'n1~fln 
ilV'U1'nV1ft'lfffln"ul~ntJmilJil0d1~UflLlV'U-5''U~1iVlJflfllJ1i1~ 2 i,*,rOffOtJ1"N~fflJq'ni 3 

... !JI '" ,.., "" "" ~ .t.d .I". 1"" ... i'Jf'U""lVfl'U ..,tJl1 'Um1V'UlJN~glJq'n1i'nU~"'U lJl1i1:: 'Jf"OffOtJ'Jf'U" ~'n"ffOtJ 

Timothy (1997) flfllJ1fl111cffiilm1lJ1U''U11~U;iI'h (hands-on activities) lmvtJll1V'lJ 

n tJ1tJ~l'U1'U1'Jf1rJffmffl1fJm..,~iiN~9iON~ fflJq'n i'n1,:J fl11Ll VUU~::liI~f1~ N~ flU1\lfJ..,tJ 11 fl11 

i "'" "_1... ..-... 1 "''''' ... ",.t ... " 'Jfflilm1lJl'U'UlJl1tJ"ilH (hands-on activities) U~t tJ~l'U 'Um1V'UlJfmff1Jq'n1i'n1~fl1111V'U lJ 

u"flfh~n'Uu9iUflLlV'Uiililflfl~~~9i0fl111~nilm1lJ1U''U11~tJ'iill~ (hands-on activities) lJ1flfl';h 

U~::rl~N~ i'U1tV::t.I1llJ1flfl11 

Frederick and et al. (2006) 'll11flUflfllJ11\lfJ ..,tJ11fl11LlV'U 11o~ fl11fhU1W'nH 

fl~fllff";'''O~''H~ 1"fJl"fl11Llv'Uil1Jn'Ul::'H11~fl111~mrflU"11fflm11JU~::fl11l1111~U;fl11 

ff1lJTHll~1JN~fflJq'ni'n1~fl11LlV'U"O~UflLlV'U'l 
Holstennann, Grube and Bogeholz (2010) flfllJ1flUnilm1lJ1U''U11~U;ill~ (hands-on 

activities) ntJ6'ni"'~f1l1lJff'Uh"o,:JUflLlV'U N~fl111\lV"'tJ11n"fl'n1J1U''U11~U;",~ (hands-on 

.c1. 1 i 0 .I.., t ..e ,. i".... " _I'" ~....

activities) 1..,1Jfll1lJff'U " 'Ufl11'n1flilm11JlJ1fl"'U fH'U'UiI~f1l'1'H1l0fl1ff 'Jfflilm'1lJl'U'UlJl1tJfI 

ill~ (hands-on activities) iu-5''ULlV'U O"'\111,r1UtJ'ni;v'Uu~::~O~-n'il11W1f1l1lJV1fl ~lV'UtH 
n"fl'n1JllfJ 

Shyr and Hsu (2010) '~flfl\llfl11icffi"m'1lJ1U''U11~tJ'iill'l (hands-on activities) l~O 
(V ~ 4 (V ~cv • Q.iI Q .c:t QI .(d" 

111 flI'U 1N~ fflJ q'n ti 'VI 1,:Jfl1111 fJ'U 110~'rl ~~~lU 'n"U'n'U N~ flUl iltI..,tJl 1 'U fl!1V'U lJN~ fflJq 'VIti 'VI 1~ fl11 

" " . 
I; V'U 'H a,:J LlV'U" ~fl11riO'U Ll fJ'U 11~ UlilO~lJ",lflum; U'U 1..1'U11n"fl15lJii111::lV'JfUl1~::: ff~ fl 

'jllJO~n'ilfllllJlU''Ul1~tJ'i",~ (hands-on activities) l11i..rUflil V'Ul,r1 hU'Ulfl"lhtity'UtJ,:J&10~~ 
"" '''' &'1 fJ'U tJtl1,:J'Jf~liI'U 
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fll' (; tJ1J 1PltJflluHilmJ ~1J1iffllJ1HU~lJfll' (; tJ1JfUU~fHriflJqfltfll~fll' (; tJ'lJ1'J11 

1fltJlfflfffln~~;~ (Mattheiss & Nakayama, 1988; Saundem & Shepardson, 1984; Ruby, 1995; 

Shyr and Hsu, 2010) 

fll'(; tJ1J1fltJlfflffflflPltJfll' u~il~ll ~llii ffllJl 'fJlli'mJ1~ I'ilflfl~'U~~Un(; tJ1J ~ii91 ~ 
1fltJlfflfffln~ (laus, 1977; Timothy, 1997; Kyle and others, 1988; Rowland, 1990; Ruby, 

1995) 
~" .a.-Q"IIQ, 'Q,f" f t, c:J

fll'l'tJ1J2~lnfll'iNlJ6tJtl1JflffllJl'fJ'lf1tJ""RJ1Jln"Pll1JnlmUU::fll'611Jfl~Pl6l~n 

tJn~uu~l~n~ii,jt.y111 (Breddennan, 1982) 

iltJiPll tJffq1Jfl' (2552) '~ffm:l1nn'<lfll'ff61JU1J1Jfflif1~1lJti1Jfll'U~il61lfimi~ 
... , ",.t... .... ""'_I .... ~ ....t ""'....... 
lJ¥"I6HUfflJqfl1i'YIHfll'I'V1Jn'::1J11J1'1fllfllJIJ'~PJn¥"l l.... ~"m:l1F.JllfflJqfl1i'YIHfll"'V1J1'1fllfllJ 

ll'::PJn~UU~ffn'Wlf111lJ,"~""6' ~'U 6~Unffn'W1916 fll" <Inn ff~1JU1J 1J ffli¥"l;1lJ ti1J n l' u~il~ 

1l~1J1i liiwmh66mfl1J 3 Pl61J fl6 ¥"I6'lJ~ 1 fl6 1Jfl111 illf11lavlJ 146IWn~flPlUfl1J f161J~ 2 fl~ 
.... ulff~n it Vl~ff~lf1'l~"" VH1i"lJ'lfl~ Pl~1J~ 3 fl6 Jluu~Hnflilwcri'oimfl~ UU~';1f111lJ 
ff~61Pl mjlJi161h~lfl1Junffn'W l.f'lJiI~ 4 l1lintTPl 'fllfflfffl',jWc.i11'1 ffl'Ul1'1fl1fltJlfflfffl i 
lJ1111flV1litJn'lffitll;V~'ltJ ~ffn'W11'1f11f1ijtJ'~PJn~ t11J11J 17 fl1J lPlV'<lU1J1JUH1J1,)VU1J1J 

one group pretest -posttest design H~fll'1')V""1J';h fll""fll'ff61JU1J1JffliPl;1lJti1Jfll,~~il~ 

tJfimiiill,~ffflim.... f6tJU: 71.85 fl11lJ,"~""6'~'U6~Unffn'W1916fl1" <lfll' fff)'lJU1J1Jff1iPl 

'QI .. Q Q,ICIr" " QI 4 d t J • q

'1lJn1Jfll'U~lJ6tJtl1J¥"I 'lJm.... '1lJf)~ 1J'~Pl1JtJ11Jn~1~fHlJ1nflqPl fl~1Jl1J6~~lnfll'ff11i¥"lUU~ 
II • 

, M'ijfll,~~il~tJ fillii .... f~1J'rr~'~,)PlUnffn'W11~ln~lJ lVl6.y1Vl11a6ti1JU~::ti1J'1J~l1Jfll' (;tJ1Jf 

u~~,hn~m'lJ;1lJti1J ';1'M'unffn'W1iifl11lJff1J'~m~~~16f1J iifl11lJ ~1JfiPl'lf61J;1lJti1J'1Jn~lJ 
• ,91 ... ....1 "" "" ~.. <II ... ~ ,2 0 '" .1" .... .1 ......... 

ff~H~ l1fll1l'V1JlJIJ '~ff'YI1iHU1""lJ'U1J '1lJfJ~1Jn"n'W1 j>lfl1n"m'lJ'illn~IJmWn ~U~~IJtl1JfI 

~;~~1tJ¥"I1Jm~ fll'(;V1Jfll'ff61J~1tJfll,tJfilliilfl1Jfll'ff61J~'M'unfln'W1ilNntJfimn"m'lJ 
;1lJti1J ff ~H~'M'H~fflJq'YIifl1~fll'(;V'lJl1li~(;V1J\f~fl';hri61J(;V'lJ uu~11Jfll',)~n"m'lJ '1Jnn 

.... , 91... ~ .1"'...... £'1'" ,.; <II 'I 91 , '.II 91"" ... 
ff11if1U~:: l1lJfl1' ~~lJ6IJtl1Jflfl1' lIJ1J n~m'lJflPl~tlPlfl11lJff'lJ ! ~uu~ m~'.l1J 11~"V1J6tJ1nlJ 

ff11J i1lJ, 1Jfll' (;V1J 

.... '1~ fffli ff1,)1J 'YI i (2554) i~ffn'W1fll'-WRJ1J1H~ fflJ q'YIi1'll~fl1'j(; V1JU~~1'ilf1f1~91 f) 

"" 1 , 91 "" ~.. 91 ~ ......... 91 .. .., d
nnmJ'lJ tlV 'Iffl1'jI'jfJ1J2fll1J1Jfl1'jU~lJ611tl1JflPl1fJfl1Jm~ (hands-on activities) 1'j6~f111n1JtJ'j::~ 
~ ....I~I ... QI t ~do QI I rI A ... F.!.cI ~ Ad ... I QA QI 

tnn1 m'j1"VfI'j ~1JlJ1f1QIJ'j::ff~fll""6 hJ'jV1J1'W1JH~fflJqfl1i'YI1~m'j1'j CJ1JU~~1'iJflflflf16fll'j1'jV1J 

,1f)~i11~1J1l'::~ 'vJJh 'U6~um1v1J~(;v1J ltlfJl,r1Jnn~~il6tJfi1J"iiul1::;m'ff61Jfl1lJtJn~ n~lJ 
II • 

i16lh~fl6Un(;tJ1J'i1J,j1itJlJffn'W1i1;; 6 'iil'lJ1'lJ 90 fl1J lPltJfll'j~lJl)(j,~~ltJ'~mj1J'VJiI~6~IIU~ 
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mjlJfl1tlt)lJ mjlJa:: 45 flU 1f110,:ji'j0~1.ftufll'S1iv 1AUtl ,j91'Sn\lm'Slli11~tlU':i::,1-w~1 Utltl 

1911\l91fl~ UtltlffOtlmlJfl11lJflRlitU~Ofll'S \lRfll'S'~ VUl~l'U'U fll'Sa'liJouijtJ"ii fll'S11fl'S1::-H 

,r0\jatffl1fova:: t;'lU~V tlllflv,:jl'UUlJl91'S!lU flTnil~ t-test Uft::fl1 normalized gains 
441 , QI J .. GI ..:I 1 QI .d '1.cI 1 4 

Na fll'S 1\lV'ntl11 NafflJfJ'fI1i'Yl1,:j fll'S 1'SVU 'UO,:jU fU'S VU0QlJ'fIRaO,:j11a,:jl'S UU tT,:j01100Ul'SVUOVH lJ 

umhflty'flHffil9i~'S ttltl .05 1RvmjlJ'fIfi aO,:jijfl11lJtl'1111'11' l'f1HOU ~UU U,:j0",h 0 ~lJ fl1tl fJ lJ 

ua::l\l91fl9i~Ofll'Sil vU110,:ji1'~tlU'St'1-W~l'UO,:jUO&; VU~1Ai'tlfll'S~VU fll'S ffoulflVl'11'U fll'Sa,:j 

i'jOU~tl"'9ilU~ vo~1U 'S t ~tl lJ10ua:: tT,:j O"huoa VU~1Ai'tloua vu fll'S ffOUUtltlU 09i oJ,:j d 

1~0,:jlJU100U L; uulRV1,fuoL; vu 1Aa,:ji'joU~tl"'9i'ri11,f1AtYlJAffftur./umw'UO,:j\l;,:jff,:jNa1,f 

UOL;VU1,r11\l11aOfll'Sua::ilvUllf1vhj~0,:j-n0,:j~1 'ri11,fNatYlJfJ'fI~'fI1'lfll':iL;VU11a,:jilvutT,:j0"h 
,... ... ~ I ... ~~ ... A 

00U1'S vuua::lJl\l91fl919101'l1'lnffOff'q,:j'UU 

ft'fl'S'na 1lJ'II61fllff (2553) 1~01nfll'S1fn\lm'SlJli4mfilU1fll'S ,,f&119JNa,i,:jfl11lJ 

Un::lrJu 1RVij191Q u'S:: ff ~ tl1i4 offoll10n '1.,fl'l1 ~ Nali,:jfl11lJU111:: 1rJU 'UO,:ju m~vuiu 
• JI • 

,j'1iVlJfffl1!11tJfi 3 lufll'SffoulRvlf;hlm'SlJu~~ 0~lJi10tiH flO UflL;VU,fU,j'1iVlJffOll1tJfi 

3/2 ~lU1U 22 flU 'fl10,:ji'j0~1.nufll'S1iv U'S::00tlA1VUNUfll'S\lflfll'SL;VUl~1<t'n\l0'S'SlJ 
u~~ 110,:j fl11lJU1\l::lrJU Utltl1f1fll'S1,f&1191Na1i,:jfl11lJU1\l::lrJU U1J1J,julioOUL;VUl'UO,:j 

UOL;vu ua::utltl tYlJflUIW Na fll'S1iVTttl",hou'fn., m'SlJU~~';1t1 '1.,f4ilvuihfilU1fll'S '1. U 

'I " .. '~I 1 I QI d .d 0 QJ Q d4 'lII tJ ..
fll'S 1111119.1 N a 1'l1',:jfl11lJUU::1lJU flVfI1Tt'S1lJ'ntl1111 a,:j l'SVUlJ\llU1UU fU'S VU 'fIlJ fll'S l11 &119.1 Na1'lI',:j 

I ~ ''ll '" .I'll .r 1 4'" ~ .l I 1] ~I
fl11lJU1\l::llJUO~ IU'S::RtltT,:j'UU LUlJfUU0111 flVllJOTt\ll'SW 11lJU 11 fllU tl111'ntl11 U ClflJl aff1lJClf 

'~I ... '~I'" 4 1 ..,... I ,... .... "" '" 
fl11lJU1\ltllJU'U0,:j111~fll':i W Uatfl11lJU1.::1lJUUtltllJ1,:jOU 'U U fU'S VU ff1U L 11tylJ':i::Rtlfll1 L 11 

&11~Nalu'Stfttl 3 ua:: 4 uA0l11mVtllfivtlfl11lJU1.::1rJUJ'U uoL;vu~hu'1.11qjl,fl'l19JNao~1u 
'S::tltl 2 ua:: 3 ijl-nU,:jff1U'11'Ofl~0~'1.U1ttltl 4 .1flfll'S1.rn.m'SlJu~illl'ri11,fUOL;fJU';9IlIU1fll'S 

.. '" ... .1 t 3. 4 '" ... ... ... '" '" d/ ..11"' ... ~~ ......
111&11fJNa fI'UU 'tHU1UO,:j.1flUfU'S UU IHlJO'fl1O.m 1lJfl1V91U16,:j11a:: tlU 'YI fl Na 'fI R 'fI1111U fU'S flU 

'" 1 GI tf d. • ='1 1].1 1 A QI d0 QI t tIff1lJ1Hlt'U1 \lfl1ffTt'YI10fJ101Jfl11lJUUtllJU I'.II'U UClflJl a ffllJClf ~V11m1:: 'VI ~1 fl9111a'U 'YI 

,julio1 1'ua::fllH101Jtllf:l1lJ U1::00tln1JUflil vu'ri1~lUlrJumjlJ Nfl fll':i U~ml'Uo,:ju~a::o~lJ 

111 l'I1 i'jounu F.f1iu1~,fuoil U\J'lh lffU ONft~lUlIO~91Ulmna::1,fufl!1 U'U'l111nu tlihh1UN a ~ 

1 "',. ... '" "'... 1 2 ~ 1..1 ... '" I '" • 1 '" ... '" '1. 'I A .r 4RClf,:j'fl1 L'VIUfU1fJU tlUafUlJaUUl'iVUll1110U 'fI1 11lflflfl11111'U1 ~ tU1U01111J1flllUUft::llJtl 

"'... 'I '" d/ '" ... 1 'I '" '" ~I lIt'lA<4.r I ~I'"UfU1 UU &'11 m9lNa.~ff11J1HltlHO,:j flV L'.II''VIa flfll'S'fIHfl11lJUI l~::llJU I ~fI'UU ff1UfllllJ1::1lJU 

'" , '" ... I ~I 'I .... , ... .r 1""1::fltlfll1 11l'119lNa1'.ll',:jfl1111Ul~::llJU LU1 ::'VI1Hflll1 1 UU fll 1fftlUTttl 1111tl l'llU6111 flU fl fll1 

1mVtllfiutlfl11111JUt,rJU ~um~uuff1u'm.li'1.,fl'Vl91Na6~1ul::~1J 2 Hft:: 3 oJ,:jd 6U 

4 'I ~I':!'" • ~I "'....oS 9.I.l ..I '" 
'U O,:jlJU10 ! U0 U tlJ1 fJ'Ul 'YIfJ1J fl11lJU U:: llJU U m 1 fJU lJ11'ty111'f1 H ~llUTtU! 1U1flfJ1 Otlfll1 
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1mvtJ1livmj~'i lthu19'1 v,rflil V'U 'liUl1J1HltJVfl'~':h6~'i lth'U'9'lihil1Jlflfl1Tt11 vll'v Vfl':h'V fl 

'" , .!r .","'..s","'o,"",,"',' .~.,. ,2:'1 .... .,. "",V~'ilUl'U11'U.:.I lJ'il~lV{llfltyflfll 11'Ufll'iV'U 1JU11J1HUlJ'iVtJ1f1VU 'f'IllJ'U1'n'il::'Ufll'iV'U 1J1'Ul 'il 

,1 V.:.Ifll'ilm vmliVtJlff'Wth'UlUl:: 6~ 'i lth'U fll' ..rhiUl1Jl'i (umVU rnVtJfll11JU 111::1~'U'U fJ.:.I 

l119Jfll'iw1~ 
, '" '''~ '" "" .,." " _I""......... .4 QIl.:.1'Ufll U1Vty (2554) 9'lf1fl'Wlflln~fl'fl'i'i1Jfll'il'iV'Ull'U'U lJ{)tJ~'ilHl'nV'nflJ'Ul''ilf'l 

... , .. .,..4 .1"'.1"" QI.J. 

Ml~V lf1VlfflU~'i ua:: Na U1Jqfltifl Hfll'i L'i V'Ul'i fJ.:.Ifll'i llJa V'U U lJ M U1'i Ua~fll'i lWflUl 'i 

QI .. A '" .,. 'J!" .1"" ........ A .1"'.1l~QU'i~U.:.Ifl1'n fJ 'il9'lfll'i1'i V'U ~ l'U 'U fl1'i lJ {)tJ~'il 'i.:.l L'i V.:.Ifll'i LlJa V'UUlJa .:.I'UV.:.I U1'i U a:: fll'i lWflUl'i 

.. _f.! Q QI J. Q <lid • 4 4 ...sQ.I QI 

ua::1'nVllJ'iVtJ1'VItJtJ Na U1Jq'VIti 'VIl.:.1 fll'i l'i V'U 'UV.:.I'U fll'i tJ'UflfJ'Ul'j V'U ua~11 a .:.I1'jV'U ~ a fJ9'l''Uf>I 1'jl' 

"~fl9i'UV.:J,rflil vu ~ii91fJfll 'i Av'U1'V1VlfflU~ fUa~fll11JUl1J1Hl' 'U ~l'U 'tifl'W::m::tJ l'U fll'i'VI1.:.1 

1'V1fJ1fflU~f11a.:Jfll'ji9'lfll'iAvuf fl~1Jilvdl.:J'~mi ,rfl(;vU'iuU'~fJlJt1fl'WliJ~ 6 \11U1U 16 

fl'U lfl1fJ.:J1jv~'cfU'i::flfJUpflVUUU'VI9'lUVU19'lNi'lif1Jq'VI~'VI1.:Jfll'jilv'U'Jii9'l 4 il1ilvfl UUlJ1tU'f'I 

fl~91V fll'i 11 VU 1f1tJlfflUili f Ua::UlJ lJu'j ::lij'U fll11JU11J1'i fI'VIH~l'U nfl'W::flUlJl'U fl1'i'VI1.:J 

1'V1fJ1fflU~f Ni'lfll'i1itJ'nlJ11 Ni'lif1Jq'VI~11a.:J11v'UU.:Jfl11tivU(ltJUtltiHii,rviflt1ty'VIHua~ 

(p<.05) ,rfliltJ'Uii1'~fl~91fJ1'Jl1'V1t.J1fflU~1''U'i::tllJU.:.l (mean3.75, SD 0.50) ua::iifll11JU11J1H\ 

" QI ~ QI 4 f, ~ 4 QI 4 ,2 <istI,
'VIH~l'U'VIfl'W:: m::lJl'Ufll'i'VI1.:J1'V1t.J1fflU~'j 'U'i~~tJ~ 'VI.:Jumt1'U V-:l1J11Ilfl'U fll'i tJ'U 'f'Ia.:J1J fJ 

uijmfl'fl'i'i1J , ~'fl~fJU'1111 l.:JfllfJ 'ru1flfll'i'VI~i'lfJ.:J fll'..rtlilfl~fll11J1rlV11'\htJ,rfliltJ'U~.:Jij 
"~fl~~R91V1'V1fJlfflU~1 rilUNi'lif1Jq'VI~11a.:JAv'UU.:Jfl11tifJuAtJ'UfJ1'U~U''n'i1~11fll'ii9'lfll' 
il fJuf~'ll'u ,..r,rflA fJ'U '~uijmfl'm 'i1J~lV~U'fJ.:J "1,..r,rflAfJ'U'~i'uiJ'i~UtJfll'i~'inlflfll'i 

'VI~aV.:J ,rflilfJ'U , Klcf'tifl'W::m::lJ lU fll'i'VI1.:J1'V1Vlff1U~fuffifty111~lfJ9'l 'U iV.:Jfll,..r,rflA tJ'U il fJ'U f 
" ", 1 i '.2 '0 '" .. .,." " _I"" ...... "" 0 'I " ~lfJfll11J1'Ul , ~v 1J~fJ.:J'VIV.:J'l Ui'I::fll'i'il~fltfl'i'i1Jfll'i1'ifJ'Ull'UUfll'jlJ{)U~'HU11J1'ifl'VI1 L11 

,rfll1 V'U ii'tifl'W:: m::lJl'Ufll'j 'VIH1'V1Vlffl u~lv~''U'i ::RtJR fJ1 'OldfJ.:j '1 mrtvtifJ'U,rflA fJ'U ilifivfJ 

'~uijmfl'm'i1Jfll'i'VI<;Jav.:j 1rtV,rflAvu'~a,!JllviJijmfl'm'i1J~1ll'u fll'iiJijlJ";t;.:.I (hands-on) 

,.jIo,"",,,, "" .,.".,. ,A" t "''12I,",.:j'VI1 11'Ufll'ifJUlfl9'lfll'il'ifJ'Ui 1Jfll11JU'U '~'U'~'UVVlfl4VVlflafJ.:j U.:JfHl 11fl::U'U'Ul~atJ L'U'f'I1U 

QI COl tI IGI r/4 
'VIfl'W~m::lJ1Ufll'il'IH1'V1fJlff1U~'jV\! LUlflWCVl9'l 

q'VIi~l i'flfl::&Ul (2550) fllfl111ifJ fluunaij'U fll111t ,rllt'U fH,rm1 V'U ,1 fJ.:j 
1'V1t.J1fflu~{li'1fl1~fJ'cf,rvUVlJ Gel 'UV,!J,rfli1V'U'j~~lJU'i::fl1J-lTtiV1J 'VlHmfll11ilv~u'Uhl1v,!J 

1'V1VlfflU~{lafll~'U-nlff'W1,rl'h1Jfltm'j1J \ll'Ul'U 20 fl'U fll'it1fl'Wl i'Uflf,!Jdii~~iJ'i::u.:jtl,i4v 
.1 "" " 'I "'.,. "'", 'I "" "',,'" " , 1/ 1/'" lI)!JI '" .1"''''''' ...lJ'i::11J'Ufll11J1'Ul L t'UV.:.I'Ufll'iV'U 'VIl'Ul'i 11J L'U fl'1lm'j 1Jfll'j l'j fJ'Ul 'VI1'UU 11 f;j1'i V'U !'f'Ia,!J1JVlJ{)lJ9'l'ilH 

&1fJ,!J1'V1fJlff1U~11afl 1~tJii~lvdHfitm 'i1J1,s'U fll'j u~1,mtJu \lla V.:.I~ llJ1Jl9'l'j l~hu 'i ::1111.:.1~1,!J 

i'U'VIl lafl ui'I::9'll,!JfJ1ii9'lv ua::fll'iUU9'l,!JU'VI1J1'V1U1I3.!~l~v1tilJilfli'll-:1n~'UuH'U~U' 'tf1 '~'U~'U 

http:mean3.75


1'11 '11 .., '11 1 4... ""r "' ..:JI "" "" ,
'tf'\l~'Cn)1I1f1f111Ul'\11 ~''HH1't1tJlfl'lff~1 &i1fl (GCI) Un::11f111:annVfffl~ t-dependent vt1l11 

001 q ",.c:. A 4 (II _4 4 QI .4 ... 1q 1.4 QI Q

'l.Ifll1V'l.IUfl11U1'\J1 ~'vtU'\J'l.I~H OVHU'l.IVd1f1tyYlHffflfl 't11::fl1I 0.1 un::1U01J1::LU'W 

,j'::ff't1imvt'\J~~n~m'Ui1V nonnalized change vt1l':ilUfh,rJ'l.I 0.31 ~'1Ufffl~',fL11'l.1':hn~mnJ 
c:1 '11 1 '11 '114 1'11 ... "" ...... "'" 1 t .1 0 1 '11 '11 , c:1 '11'" 4.r 1 .... I
'VIL'l.I'l.I 'HfJL1V'l.I fli1~1J0,j{)1I~~H 'l.IflH'l.I't11 'Hfl11U1'\J1 ~'Qi1V'\J~~fJI'W'l.lLvtU'\I'l.I 'l.I1::fI'Ut 1'\..1 

.., 4 1:J1 .... I"" ..... '11." '11
flnH 1vtn::'l.IflL1V'l.I V'li1~U~1J{)'U~Ui1::Ufl1Jty'H1f11VfI'l.Il0~ 

'" "'" "r J{ 1:J1'!!! ...... '11 .1'" ...... 4
W{JJW'tf1 ! vt 1i~lU (2553) ~"fl1:l1fllnflfll'" V'l.Il~lflflll1J{J'Uflfll1 Y1f1ntHL10 ~ 

",c:I "", .. A:JI 4 4 '" J{ 4 '" "'" .. ""' ... t .14
01i1flYl1O'l.l flffl'Utl.!J ~'l.I 'vt~lvtU~nffUq't11iYl1~fll1"V'l.IUn::'t1fl1:l::Y11~1't1 tJ1f1'lff~1 fl111 ~flfl1 ~'l.I1J 

~ill~~'HU1t11~~vr\1l'l.ll~nd'uqYli't1Hfll1i; V'l.I Ui1::fl11U,"~vtOl ~~~fl11 iillfll11; V'l.Il i 1Vfll1 

,jgllilfll1't1f1n~~ fl~U,r10dHfl~,rfl&;fJ'l.I'i'l.l~1iVUfffl1:l1i1~ 3 ~1'l.11'U 33 fI'l.I ~i1fll11iflvt'U"h 
,rflL;fJ'l.I~&;fl'l.li1V1ill'tlfl,jgllilfll1VlgflYl10ilm'Lifo~~'l.I U~i1d'UqYl1f'Vll~fll1L;V'l.IU~fl':hri~'W 
&;V'l.IOdHn,rv~iltityYl1~ffn;t~'::i'U .01 un::nfl11Ufl'11'HU1Y1Hflll&;fJ'l.I (nonnalized gain) 

L'Wilti'U 0.68 un::Ufl&;fJ'l.Infl11U,"~vt01~~~fll1iflfll1&;fJ'l.Ifod''l.I1::i'U'n~vt01~U1fl~ 4.02 ~lfl 
u'U'Uu1f1nh'l.l,j,::U1Wfh 5 1::i'U'\J0~il1fi,'t1 ,f~d61~,~~~un1fl1f11Jijllilfll1~f1ifJff'1~4'W 
1rJ'l.I1f1,jgllilfll1 nfl1:lw:arJ'l.I1f1ti~fJ"1 tf'l.l"11do'H 1 ~ 'UmfJ1'l.I1illl;; fJ1un::ii U 'U'U'tIfl11ill'tflfJ'U 't1 1'l.IU~ 

tI 

n::1f1n~m,u1,fufl&;V'l.I~0'UfilfllU,j,::,ij'l.l~'l.Im~ilm;~J~iflfl~U,rfli1V'l.I'riln~m1UU'U1Ifli1:: 
tI Jr tI· 

ti'l.ltlOnli~Ufl&;fJ'l.I1fhlln::1,j1ri~11uti'l.l'ri11,flnflfl11U';1V1'Hiiocy~ti'l.lun::ti'U 11uli~n~m1ufl 

1,fUfl&; fJ'l.I'ri1 1'Uu~n::1f1,jg'U1in111't1~,jmw1'l.Ifll1Ylfli1~~~; ~ Ui1~ l'Jflfl'l.l~~~'ri1fll1 Y1illnO~ 

Jr ~ ~.... '114 '" c:I ""' .. 
1I)1~1 'l.IFj UJUfl11Ul!'l0~6Li1fl't1'HI'l.Inff 

A '11 "r ..,... 4 "",c:I ..... ,1 '11 .... 
I'U 0 .!JfI'l.I ! f1fJflill Li10fl ~lflU 'U'U't1f1ffO'Ul1 0~6Li1n't1'l O'l.lfl ffl'UtHfI'U '\10 ~ ffl'\11f10Uvt1LfI 01 ffff1't1. 

U11~'l.In~u,r1~ti1~91'l.11'l.1nU 48 fl'l.l ~~i~Un1nfll'l~1Jod1~~ltJ Afl10~ijo~1fl'l.ln1';i1ifJ 
... 1 ~ Q .Q tI QI Q.c::l 4 .. ~ d .Q tI.J :1 Q,I 

1J 'l:: flO'U V'l1fJ 'U't1 " V'l.I fl tlUvt11f101U nflUIfIV I'l0 ~ Dli1fl't1 'l0'l.l n ff!11 0 ~ ~ 'l.I Ii 'U 'U 't1 fI ffO'U1f1 

Administrator
Rectangle

Administrator
Rectangle
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t;,ftlVn::Lln::tht'il~V Nnfll':i1;lvfflt1LI.'h LtftJYlnmJfltllJ'n'l1f1tlf~n~lhtllv 11tl~ OlgflYl':i tl-umf 

.l. .l' '" '" """ "" ""'" '" t".l. 11" 1 1 ...m tl~PlU lJfJOUl1'Vt'Utl~tJYlI ':i VUfI tllJ'Vt 11f1tl':i lJnfllJlfHIYl~i'llUlUtl'tf1un::tl1UffmY1f'1 U n fJ 

fll':iftm:ntl~'u':i::itJtll Lln::tJ't1l1Vuntl'::ffYlifll'Vt 92.5195.56 ~~I~tJltlfl1lJlfltl.lcfllJ1f1':i!1t.1 
.. ... .. -"" " 'I !I!'t ....l., " .l''' 11'"lU tl-Hl1fllJfll':iUld'Ji11fl':i1::'tf':i::tJtJlJ1 L'V LU fll':i'Di'lLUtl'tf1 'tffftli'lf'lntl~f)tJfffll'VtU1i'lntllJUn::1fJ 

"... ~ 1 1"''' ..! .. 'I'Utl.:J~I':iVU fll':itltlflUtJtJllJUfll':iNfflJNff1U'Utl.:JIYlf'I U nV'YIHfl1UfllVlU.:J fll'Vtlf'lntlU L'tf1un:: 

IfffJ.:J t1':i::fltltJ'tfflflfll':iUn::'YIqlJafll':inVu~l.:J~ 1,y1'lhv'1ufll':i-WfllU1lJ'YInVU I';U 'YIQlJafl1111 


Uflfl~1.:J':i::'tf11.:J1Jflfln 1i'lvtJYlnVUfltllJ,"11f1tlf~n~nltllv I~Uatl~ff1lJl'Hlnvu,tftf1V9IU!tl.:J VA 

"... ~I " .. "... "".l. .. ... • '1AI I ~11'1 " ~1':iVUhJUUUVflnH C]j'.:J~I':iVUff1lJlnHntlfllUtl'tf1f11lJn1i'ltJ i1m1V LlJ~V1fl Ltl UfltlU'YI1V'Utl~ 

u~n::tJ'YInvuJ~ltWfll':itl':i::lJ1nNnfll':invuf'Utl.:J4ilvu tf1Vfll':i'fl1UtJlJ'YIi'lfftltJ un::':i1V~lUNtl 
... ~, ""... , "" "'.. "... .. c:I .. 'I ",,'" "'" ..., '1fll':iI':iVU .. 11~I':iVU'YI':i1tJ U'YIUYlllJtl~I':iVU'YI1UtJtJ'YIi'lfftltJlff':i'D 'YI11'1Hjl':iVUlffflfllf'l.f,llJ i t.I 

t "" 'Ill"" 0 0 "..I _I"! !II ..I 1I.l.
f'l11lJff1lJ1':i (I'U tl.:J9IU10.:J 'YI~V.:J LtI':itJf'IlU U::UU1flOli1':iV'YIlJ':ifllJ1I1tl:: ~ l'l1V1'V1qJtl1U lU tl111un:: 

l'YIfl1U1nv 
U1Vl~1au i'l1.:JfltlH (2551) ltfftfllJ1Ntlfll':iii'lfl ifl':i HJ fll':i 11 VUlutJtJifllJ:: 

A AI ... c:I ..." ... 'A.I~ ... c:I ...".l. 11fl':i::tJ1U fll':i 1':i tl.:J fll':i lJ':i ::fltltJ1-Hl':i 01n fl'YI':itlU flff 1'VH1U ","'liLtl:: tlltl fl'YI':i tlUflff11Jtl.:JPlt.I 

':i::~tJtI':i::fllfliiv,jfl':i 1'Vl;'Vt,fuiI~ 1 mjlJ9I1miHlUfll':i ftfllJ1ti'UfI'f1 ll.uri ,rnilvu ':i::~tJ 
t1':i::fllfliiv,j9l':i1'V1~'Vt,fuiI~ 1 lfo.:J 2 UNUfl';l.:JOlgfl'YI':itl-Umy fIlf'l~V'lJ~ 2 i1fll':ifffllJ1 2550 

'Utl.:J1'Y1V1~Vfll':itl1;'Vt,"lJlfJ i.:J'tf1AUfI':i':i1'VfflJl ~lU1U 27 flU ~~ 'tflJl1i'lv1jfll':i~lJUtJtJ 

ulhmjlJ (Cluster Random Sampling) Ifl10.:Jijtl~1f1Ufll':ifffllJ1ti'Ufl1'1 t1':i::flOtJtf1V UNUfll':i 

Q/4 d,," 0 ., ;'N, .t 
iAflifl':i':ilJfll':i1':iVU1UtJtJ'YIfllJ::fl':i::tJ1Ufll':i i1U1U 4 UNU UtJtJ'YIi'lffVtJ1f1Ntl",lJQ'YIllYl1.:Jfll':i 

d .4 ~I ... 1 QI ... QI 4 0 " ;c::I' r, I 

I':iVU C]j'.:JllJUUtJtJ'YIi'lfftltJUlJtJlJ':iUV ItltlflfltllJ 4 fl11tlOfl i1U1U 40 'UtllJf'l1f'111lJV1flfl~Ufl 0.39 

ct dlo 0 f" ... I Atl,t til 'OJ 

(I~ 0.68 lJfl1tl1UUi1UUfl fI.:JUfI 0.43 (I.:J 0.93 fl1f'111lJl'VtllJU'YI.:J'iltJtJl'Y1lfltJ 0.97 UtJtJfftltJfl1lJ 

lJ1f1HthutI':i::lJ1tl.1th U'l.h'j::~tJf'l11lJ,".:J'Vttl'il~U 5 'j::~tJ ~lU1U 40,ytl ntllthUli~lUUfl 

i~u~ 0.28 Ci~ 0.74 tl1f'1111l1~01tU.J~'il,jtJl'VhtitJ 0.90 Utl:: UtJud'lJm'l:lWU1J1Jhln1f1':i~ffrH 
Q QI ~"'j}~" Q.I~ 4, 'jJ cv ~QI 
Ifl~Hnflfll'jC]j'flfl1lJ'Utl~NflfllJ1f1Uf'l11tlffl::(I~Ntlflll ifl flifl':i 'j lJfllll'j V'U 'J IIlJlJ'YI fllJ:: Nftfll'j1 ~V.. " 
'Vt1J11 UNUfll':i ififlim'JlJfll'j~VUrUlJtJ'Vifl'l:l::~-WfllUl~untl'jdy'YI~ fll'Vt 83.79/85.55 ~'Vii.. 

4114 d " "1 4 " IVa 4 4 1.' .d. " UflI'jVUllf'l111lfll1'tfUl LUfll'jl'jVU 'jVVtl:: 68.67 Lln::um'jVlJlJfl11lJ'Vt~l"jO L~flflfll'jI'jVlJfl1Vfll'j 

iflfl~mllJflll il VU~UlJ1J'Vifl'l:l::m::lJ1U fll11f1V11lJmi'tu'j ::~lJlJ1mVl'n::UNlJ fll'j iflnifl':i 'j lJ.. .. 
... "11)'" "..., d ,d ~ !II ...

fln 1'jVUl LfiN1U m ::1J1Uflnffn~Utl ::'Vt~lJltlUl~IVU'j:: lJ'IJ VVHIVlJ 'lJ lJfI tlUllJUflllfl':i 'j llfl111 

http:83.79/85.55
http:92.5195.56


17 

t '" .el," '" "" ,2 "" .1"'........" '" ""1 '2
'U'U916'U 9l11J'VIflllZmZ'U1'UflTS'VI 'H'Ufll'H.I'U ~HH1J61J{)'U91fl~m'.i1Jt'l1Ufl'U16~mlZf.l~1J 6fllff " 

~ .. • ~ !iI!iI "1 " · "" " ""1 1"....... , " flflfll'.i'VIH1'Uflll1J nfllll"I'Ufnl'Hlf1111J~'lfl 'Ufl111J~Ull::U'H'HL'.if.l'Ua 1J 'U~1'U 'H'Ufll'.if.l'U t'I 

'.i ::t'l1J ff1J 6.:! Vil.:! l'Ui fl'U fl~1J Vil1lft!fl':; f.l'U Int'I fl1'.i':; f.l'U f 6fh~1~'U,T'U9lf)U9l11Jtlflll::m:: 'U1'Ufll '.i 

!iI"',I ......... t"...
ff6t'1f1nf).:! fl'UI'U 6'H 1UllZfll'.i't'lfl~m '.i 1Jfll'jl'.i f.l'U.4 'UD.:! FJl'.i f.l'U 

U~'H 1 hf i ",i'U (2549) i~fffl1l1fHl fll ',)1'; f.l'U f ~1f.l'U'VI1~ fJ'U fI 61J-n 11916 i' 11 f) ~ 
... of ... 0',1 :11.... 4 '" "" ... 0,4 ... of ... 0',1 " 
6mflVl '.i 6'U flffl'U 6':!~'U 1J 1t'1~~'H1J1f.l1'n 6'n1tl'U 1'U'VI1'.i f.l'U f161J'n1L91 6'.i I'.i ~H61llfl'VI'.i 6'U flffL 'Uf).:!91 'U 

';'Uif1if.l1Jfffl1l1i1~ 31lfij,j'.i::u'VIim'n9111Jlflw'li' 80/80 '.i11Jil~'H1i'ril,j'.iZU'VIiHll'U6':!'U'VI':;f.lU 
.- 4i.d tV" .. ~ .ct 1 Q,I" ad'" .- J'.d

fI 61J'n 1191 6'.i'VI'n1tl'U 1'U'U UllZl'n6nfl1l1f1111J'n.:! 'n6 ~'U 6.:!'U fll'j f.l'U Vl1J~ f)'U VI l'.i fJ'U f161J'n 11916 '.i 'VI 

'" " • '" • i'l ....... t '" ~ ':'I.el .. d! ,:11 · 'ntal'U1'U'U flll1J9116f.l1~'1J'U'Ufll'.if.l'U'r'U1J1if.l1Jnfl1l11J'VI 3 '1'U1'U 30 f1'U Clf~ "1JnlflfllHl1Ju'U1J 

fl~1J (Cluster Random Sampling) 1Rf.lnflTs\imlll1fl 'f116~ij6~1.rt'Ufll'.ifffl1l1tf'Ufl1'1 i~url 
... ..." .... "".t. ... ..... "".... " 'UVll'.ifJ'Ufl61J'n11916'j U'U'U1RHllff1Jq'VI1iVlHfll'.i1'.if.l'U 'l1'Ut'llt16fl916'U 4 9l11ll6fl 'TU1'U 40 'U6 

• ... ",".ot 1""" t"~f1111Jff11J1 '.i \I'U f)~U91 llZfI'U 'U 'VII'.i fJ'U fl61J'n1191 D'.i ff11J1'.i \lR~ t]R fl11lH'f'U ''U6~ FJ 1'.ifJ'U 1J1n fl 

l'Hij6'Ugfl,j~flllllfAfJ'U Vi11lfffffl~'UllPf'U ff~flff'U1'U lnt'lUH~.:!1"'Ufll'.iAfJ'U 1lid]6'H'l.hf.l nllZ 

http:i11Jil~'H1i'ril,j'.iZU'VIiHll'U6':!'U'VI':;f.lU


•
'"UYlYl3 

....'" 0.... .......,

11i~11'U'Ufll11i1rJ 

, ... .. ~" AI"" ..... ... ... "" 0 "" <f A 2: 0 ..,
'Ufll'HlrtOTH'HJ'Ull'U'Ufll':i1Jg1JA~H (hands-on) 11fH fllflO'YI1fl'UOffl1Jfl-311'U ffTH11J 

!II, !II Ji 

-Joi1~'Ui'UJ1i~1JffO')nil';; 3 H1i~'R'';11il'UfllHn1JdlA1J'lj'UAfl'U A-3U... 

U1J1JUN'Ufll':i1i~1rJ'UU1J1J Pre - Experimental design lrt~1t'ltJU1J1JO~1J1~~1'Y1rtfffl1J 

tlfl'Ui1~'UUfl~'I1~-3i1~'U (One-group pretest-posttest design) 

Gil ..Q )191 ~ !II .... IA ~ 4, 

X fllnrtfllll'i~Ulrt1~Ollml1JL'U'U1Jg1JvH)H (hands - on 

... ""0 "" <fA 'j/
activities) l':ifl-3 flLflO'YIlfl'UOffl1Jfl-3A'U) 

0. flllfffl1Jrifl'Uflll'YIrtflfl-3 (pretest) 

02 fll'ifffl1J'I1n-3fllHlrtflfl-3 (posttest) 

'j/ .." ILl 'j/

OJ fll'ifffl1JfI'Jl1JiH'YI'U'Ufl-3 f1111Jl (retention test) 'I1fl-3NllJ mUfl'J 

A <III ~~ <III
3.2 lft18~"8Y1I" IUfl11ftn'Ul 

4 JI J Q),IQ t/" l .4 A Q.I .Q A 

fll'j1 'i tJ'Ul O~1J ffU::fll'i II tllJl1'Y1~lfflffA'i t)1Jflfll U1J1Jl'i tJu 111..1 1n1'HlrtmJOn1Jfll'i l'i tI'U fll 'i 

.Q cI ';'.d-d 'jJ 

ffflU 1'Y1 ~lfllffA'iUfl::lfl 0 ffl'i fl'U ~ 'YIlOV1'Ufl-3 

.Q cI Q.I .c:! 'JJ od. JI'..::i Q.I 

3.2.1.2 1lfl'i1::'I1'11flO\J~'i ffll::Ufl::1J1A'i!llJOT'H'itJUl Nfln1l1'itJlJl'YIfl1'iil'l11-3 

O~1Jffl'i::1'Y1tJlfllff~i' ilJ,j1itJ1Jffml1i1~ 3 

3.2.1.3 ff01:l1fll'iiflnllm'i1Jfllli1t1lJfnr'UtJ~1J1i~'i ~ ~10'l1-J-3iYfl mOffl'i 
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3.2.1.4 fff)1:111flHn'~Vnnrf)~R' f)~1Jn'1'~m'~8Uf111f11ffln'R7 fllfli1.118 

nfJ11fl 11 lhfJ f)" ~ fJUf11fl111fJlffln'917 m, 9i'H1111c; fJU lAfJfl1111HlUflum, 9Am, ~fJYf 
. 	 ~. 
~lU1U 5 UflU ~lU1U 12 ,r111J~ i~il 

Q1 .. 9/.,J QJ"
UflUm,\lAm"'fJU211 1 9l1R1U111U 

UflUm'9Am'~fJuf~ 2 ~11~1.1,.h~1 
UflUm'9Am'~fJuf~ 3 1A16A 

QI .4"d ~ rI 
UflUm,;JAm'''fJUl114 l1'lUCUn'lR6' 

'" ..::I".J CV Q d Q rI 
UflUm,\lAm'''fJUll1 5 n'lif)f)1.16111f)11'6Uf)n' 

3.2.1.5 ~11ilum'n'~1~UflUm'9Am'&;fJufl'U'uuijllihis~ 116~Olgf)11'6Umf 
ld6~~U 11fl111tJlffln'917 f)~1Jn'''~m'~tJUf111fJlffln'Rf ,fU,j1itJ1Jffmnll~ 3 ~lU1U 5 UflY 

~ ~ 
c::t Q1 Q1 .c:I. 

1J'UURflUA~U 

o cv 	 .ct",,d GI ,c::t" 
1) ml1Ufln'''~mHAm'''tJul fll1f)"1'fJUll1fllA111~ l1U1fJf)" 

&; fJUf fl1611.1lfJntJ11fl f1111UAl1111&; fJU Ul1~f1;Jf)n1Jf)"&;tJUI~I111Jl:n'1Jli461l1hJn'~H 

Q1 	 0 Go"4"d 
3) 	;)A111f1l1m'''tJull1fllA111~ 

'" " ,l ..~.J. "'". I A4) 11fln~'HLUfl1111l11:fll1m'''tJU 411fllA111~U111111m' U1.1~1Ufl111 

66mrJU 5 ";1"'6 5 uflum,iAm'&;fJUI '11JJ~111JA 12 ,t111J~ 
5) f1111UAf1;Jf)n 1Jm"~ fJUf)U n'6U~l'\r1J ~&;tJ1J1rJU 'thfillJ lAtJlof 

Q JJ ... IQ Q.IIQ Q

f);)f)n1J1UU1J{)1.1R\lH(hands-on activities) 

6) f1111Uflm'1Afll1Ul1:;:;u,:ailufll1 

QJ cv Q 	 QJ -=I 4."'.:::l
3.2.2 &11.1 11 fI At'I'tl11 1A Ni:I t'l'2J q'flfi 

. 
fll-3 ill' 1"ilJU il tlUI ",j fJ UUO: 110 ~1"ilJU !,. il ~ 

",Q '" "A <;J ......". 0 " .. !'.,,, ... .:
6l11f)l1n)Uf)n'11.16~R1J U1.11.1U,1JfJ 4 9l'lI~'Wf) ;Jl1J11J 20 'Uti 1J'UU9ltl'W 1Jm'n'n~A~'W 
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... ~ cf 
fl11 L 'Hn.J.. 'lYll.llft1ff~1 

~ d ... ....,. 2! ... ",.t ... 
3.2.2.2 "fl'lJ1Lf)flff11LflV'lfl1J'l1ifl11ffl1~U1J1JYlAfff)1J1ANafflJ(lYl1iYlHfl11L1V'U 

.. ... ... .t ... .J2!.t • cf 
3.2.2.4 'U 1U1J1JYlAfff)1J'lA NafflJ(lYl1iYlHfl1111 V'U Y1ffl H'\I 'ULff'U f)~f)f)n11 V 

.f"! ,.d .., ,.... ... _I'" .. 
lJlfl'lJ1uazI;;!L':II'tll':11'lqJijl1'U 'l'U 3 Y11'U ~1 'lijlfff)1Jfl 'lllJ Qfl"f)~~llJ11 a fl fl11 'lAUaZlJl ZLlJ'U Nal'W f) 

... " ..l ... '" 1'" 	 ,.I'llfll1Z11fl'lllJLYltl~"Hl':ll'~L'Uf)111'\1f)~U1J1JYlAfff)1J Atl'W ijl11 W111 1fl1fll1lJfff)Afla f)~ (IOC) ijl1fl 

_I ... ,. 1 ,. d d.... t. .t '_1'" ,. 0 

U1J1JlJ1Z'lJ'Ufl'lllJfff)Aflaf)~ AVl;;!l':ll'tl'l':ll'lqJ Y1lJfl1,..:tU,. .05 '\I'U lJ (mlJ'l':ll'lfl11, 2545) Ua'l'U1 

,rf)Lff'U f) U'UZlJ111i'1J111~LLfl'1 '\I 

.. <II IV.t ... ,_ 1 'I ,. <II ..,... t 
3.2.2.5 'U1U1J1JYlAfff)1J'lANafflJqYl1iYl1~fl1111V'U lJYlAaf)~ ~':II'fl1J'Umltl'U':II''U 

1 	 ., JI 

li'6VlJfffl'lJ1iJii 4 lHilv'U";~Lfl'UY4Y1V1 iiLflvilv'UL1millJ1LL~'l 111'U'l'U 37 fl'U 

3.2.2.6 lhmZA1'lJfi1"f)1J~r:!ilV'U ~f)1JU~'llJ1~n\l1,rI'lZU'U'U lAv'lff)~"f)1JQfI 
llf 1 flZU'U'U 'lff)~~f)1JNA1l1' 0 fl~U'U'U Lrtf)1'llJfl:aL'U'Uilv1J~f)VU~'lU1Vlafl11Y1Afff)1JlJ111fll1~H 

11 Uhfl'lllJtJ1fl uaz,;,e1'U1\l111U'U m 1tl'lff) rlAlaf)fl'lff)fff)1J~ij,he1'U1'il ,i'lU'U flJ~u~ .20 ~'U'11 

Im::~lfl'lllJtJ1fl~lV ij,hf)dl::11';h~ .20 - .80 rlAlaf)fl'1' 111'U'l'U 20 'Iff) . 
3.2.2.7 ti'U1J1JVI"tYtl1Ji1Nlunll~'1\ltYtrUtllfl1111t11fl 11aZf11tllUl'\l"11Ufl' 18 

'Iff) lJ11Ifln~,.;'111~lfl'lllJl~f.llr'U'\If)~'lff)fff)1J,f~UU1J ~llJ1i'\lf)~ Kuder-Richardson lAtJ'cf'U,.l 

K 	 R 21 (mlJ1':11'lfl11, 2545) 'K~lfl'lllJl~f),r'U'\If)~U1J1JYlAfff)1JiANad'lJqYliYll~fl11iltl'U 
, .., 

LYllfl1J .86 

3.2.2.8 .oA,"lJ'W,rf)fffl1J~Nl'Ufl11~1'lijlfff)1JfJWm'Wml'l 'If'~'UUU1JfflJ\llW'L~f) 
Ul'11Y1Afff)1Jt11Jfl~lJi'lmh~~fl'11 

u _. .c:t Cl _ .

3.2.3 U1J1J"JFI'it~fl~~flfl1"nn.l\"1'Vn'JItl1ftU'~1 
• 	 • JI.......... I ,. ,.... 	 <;J ...... ,
0 	 ,. 

5 l::A1J flf) lJlflYl1J'A mfl t l'Umn~ 'UmJ Ua:::'UflVYl1J'A 'ill'U'l'U 20 '\If) lJ'\I'U~fl'U 'Ufl11ffn~ 

3.2.3.1 fffl'lJ1AflflfflllP1ln ~t~t.n,rfl.:tt11Jfl11fflHU1J'lJiAlijlFlfl91l"if)fll'jilv'U1F1v 

fffl'lJ ln~i:lfl'lJW::"t'l , 11'\1 f).!JU1.J1Ji~H 'OFlfl ~ fll'i 'lHUN'U ffll~Ul.J1JiA t 'llFlfl91 ua:::1i fffHL L1J1J iA 

lijlFlfl~ 
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3.2.3.2 tl'rHUtJ1.rrfll~flfl9l~Ofll'j;;~J'U1'l111'Y1tnfflt1'flfI9l111n'U0~ihflf'YI (Likert 

Scale) ij 5 'j::~'U 'l'U1'U 26 ,ro hm,rOfl1111~1~'Uitll'U'YIH'U1tlUfl::'YIHfI'U 'flvih::~'U 

" d1'Hi'1Jthm1l1~~ij1l1'U11~61;;-3'U1tl (positive scale) ~::l9ln~ 'lffl::U'U'U~-3il 

1Iltl~Q'fI fln~'lf 5 fl::U'U'U 

1I1tl fl'j1~'If 4 fl::U'U'U 

1.h'Utlfll~ fln~'lf 3 fl::U'U'U 

fln~'lf 2 fl::U'U'U 

tI'UtW .d'YIQ'fI "fl'j1~'11 1 fl::U'U'U 

..,s .... 0 ...... ...... '" .... .1Cl111'j'Ufl1m1l1'Y~'Ultl'1i11'jtn'l1~fI'U (negative scale) ~::91'J1~ 11fl::U'U'UfI~'U 

1I1tl~Q'fI 
1I1tl 

'l11'UtlflH 

,j'OV 

" ..I'UOfJ'YIQ'fI 

, _I 

fl'j1~'If 1 fl::U'U'U 


91n~'lf 2 fl::U'U'U 


~l'n~'If 3 fl::U'U'U 


fln~'lf 4 fl::U'U'U 


M'J1V111" 5 fl::U'U'U 


.... ...,- , ..I ..I1I\~ .... .,.
'Ufll'j Uuflfl111111111t1 'U 0~U'U'U1f11~flfl 'l111i111fl11'ilflfI'YI L"~ltlfll'j11fl'jl:: 11 

" .os "" .,...10 J
'U OlJfl1I1l'Y1t11J tl1J!t1tuCfI'YItl111 'U fI'U'U 

4.51 - 5.00 

3.51 - 4.50 

2.51 - 3.50 

1.51 - 2.50 . 
~htll1 1.50 

.. 
11111t1fH .. 
11111fJtH .. 
11111fJfH .. 
11111t1fH 

ijl'l9lfl9l0g''U 1::~1JlJ1tl~Q'fl 
ijl~l9lfl9l0g1'Ul::~1JlJ1tl 

ijl~l9lflAogl'Ul::~1J'l11'UtlflH 
,.::I .q 't .,,,
1Il'l9lflM6~ 'U'j::~l1J'UOtl 

.os ... " .,,, ~ 
1Il~l9lflMOtl 'Ul::fl1J'UOtl'YItl'~ 

.. q 

3.2.3.3 1l1U1J1J1fll~Mfl9i~tlfll'j;;tI'U1'l111'Y1tnfflt1'Mf lb'1"i.lOm~11t1~~mnfl'j1~ 
... " 'JI .l ..I1Y.
'Vt~11tu1fl1111\1tl\9l0~ fl1111l111J1::tI'1Ifl1'U1'Utl1111m::mEl1'Y1 'If 

3.2.3.4 flfllnOtl,r6thm1l~fil'Ufll';ifi~ljW1ufI::'l1i'mJ 1~,rothm1l tI1~,r6\9l111 
.Q d cf.d_r! "0

fl1111flfl111'U'U0-30n11t1'Y1ultlEl1 ~1'U1'U 20 'Uo 

Q.f Q fI 0 QI ~ • cI 4 ~ cf.d I 

3.2.3.5 ~ fl'Vt1l'Vtufl::'U 11!1J 1J 1fll~\9lfl\9l\9l6tll1l1 tI'U 1'l111'V1l'llfflt1'\9l1 'YI Hl'Uflll 

flj1~tI'01J ~bJ'.fti1Jtlq1li1oth~ 
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3.3 'lifl11thli'hUll119rJ 

'I 	 2 2"'" t .r ~I 1 'I ~ ... ... 9191'" 'j}
l'l..lfllHl'l..lfl·J1{)ff'~flH'I..I'lJ'I..Iflln1~"'V'I ~w l'lf11iflla~fll"'V'I..Il~1Vn~mn"'I..I'I..I 

Aa,QA .4 4d .Q .. ,1".cl~ qJ~
lI{)'U~~H (hands-on activities) "V'I{)mn\1'{)'I..InffL'UV~~'I..IlI~'I..I~{)'I..I~~'I..I .. .... ... 

3.3.1 'U'Ulft1rJs.J 

3.3.1.1 	 ~'1~ffV'Ufl1111~v'U~{)v'Uv~1f11{)~1iv~'.n'l..lfll,ffmn 
.r . , ... 1..... ... ... r d " _1""..- "'" 

3.3.1.2 	'lfU~~fl1111~~'I1111V 'I..Ifllll'V'I..I ~tl11ifll'~~fll·U'V'I..I4 \1m'l..llJ{J'U~~H 

91...... '" 'I1'1..1m',H,I'I..IL'U1 ~ 


" 
.... " v' 3.3.2 'U'U1fl1J1'l1Jns.J'U8\1D 

• ...... ~ ... A "",d "" ".I ;,
3.3.2.1 'I..I1U'U1J\1~ffV'U1~fnlffllq\11i\11~fll'l'W'l..llH)~ VUm\1'V'I..Inffl1JV~~'I..I 

~ 2 2 " ..I ,_ I ... I... • '. 1 " ...~ln~"n'W11'1'l..lfl·nfflH~'I..I lJ\1~llV~n1Jni'J1I~1VVHnV'I..I\11fll1ffV'I..I( 'lfl1ll1 30 'I..I1\1)iI'1~ 

d 91 
fI~U'l..l'IJUll~ln1J~{)Jjll 

3.3.2.2 	 4ffn'W1f('I..Ifl1'''11l'U'l..ln1'iiilfi~nnlln1'ii~ tl'l..ll lilvl,fuml v'I..I'ril 

fi~nnll~'i'~lVlI'1'LrI'I..In~lI ~111UN'I..Ifll'i~fll1i1V'I..II~ff~1~~'IJ '111 12 i111l~ 
UN'I..Inl'ii~fll'i1V'I..II~ 1 ~19f1'1..1\11'1..1 

QI d ".cl QI d ... 1 
UN'I..InTn~fllll'tl'l..ll\1 2 ~11O'UlJ1~' 

UN'I..Ifll1i~fll,i1tl'l..l~~ 3 ,~l{)~.. 

QI 	 Q'd".J 0' 

UN'lJfll11l~fll'11tl'l..ll\1 4 \1'1'1..1C)fffl~V1 

UN'I..Inl'i~nl,i1tl'l..ll~ 5 ff'lnti1Jfh~n\11Vilnff 
1"Qld 0 QJ QI ~ d QlQ Q,I 

3.3.2.3 'I1'1..1m'tl'l..l\11U'U'U\1~ffV1J1~Nllffllq\11i\11~nl'1'tl'l..l\l'Um~1I'11ll~~ln 

fi1fll'ffV'lJU~1 (1fnll1 30 '1..11';) ~'1'i1f1~U'l..l'l..lUll~'~mrVlIll.. 
3.3.2.4 	1~1'i1~fI~~vn11i1V'I..I1'1f11\1tl1f11ff~fl~VlfH1J1JffV'U[)111 

3.3.2.5 1,funi1tJ'I..Ili1U'U'U\1~ ffV1J 1~Nll it'llq\1~\11 ,1011 i1 tl'l..l \l U1Jl~lIti1J'I1 ft'l 

i1tl'l..l'~V1~fl1111f1'1\1'1..1'UV'Ifl11111 LrtVl1ll1Fh'l..l11140 1'IJ 

"'" 	 4v
3.4 fll1'llfl11~'H'U8\1D 

~ 	 .. Q,I J .4 1 4 . .d 0.f!
3.4.1 1LfI11::'11 Nllffllq\11i\11'1nlll' tl'l..l ~tlfll lllJ' tl1Jl\1 V'U fIlL\llltl 'UV 'IfI~U '1..1 '1..1 nl1 \11 

U1J'U\1~ffV1JfiV'I..Ii1tl ....ulll~'I1ft'li1tl'l..l l~tll,* t-test U1J1J dependent ~':;;~1Jumhflty\11'1ffO~ .05 

"'" 	 "_I "'" ""...... 1 '1"3.4.2 1Lfl11~'I1lJ1::'1I'WNllfl11l/nl1'11'1..11'UfH'I..Imltl'l..l VlV!']f nonnalized gain 
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Q ~ • d • .d 	 4'.CIt; ~ , 

3.4.3 11fll1::lffll1iHW ff11U'lJtI{U'lJ\J1J1~lJl\JL~~fl~~f)1'tfl1V1tnfflff~l 

3.4.4 ,mv'lJl;;v1.Jth'Q~V 'th\JL~V'U'lJU1J1~lJ1U'Uf)-3L~~fl~1'i61'Jl1f1tnfflff~fn6U 
... .... ... 
llV\J1L~~'UH1lV\J 

3.4.5 11flll:a1' fl111JfHflU'U f)-3fl111Jf'Uf)-3..rfla VU 111 flfl1l 1 mtJ'lJl;;V'lJN~fl1lflftfff)'lJ 
JI ,. 	 • 

'H1!-3aVUfli'-3;; 1 ft'lJfl1lfllftfff)'lJ'H1!-3aVU,11f)11~lfh\J't140 1U iftV'~ t-test U'lJ'lJ dependent ;; 

, t ,: ~ .... , ~y.",,,,,,, "" .... ,: 
Ufl1lfllft~f)-3flHU F.;t1~V 1ft L'lJfffl~fl1l11flll::'H'Uf)1.!~ft-3U . 	 . 

......~~ ..." 	 .oil .oil
3.5.1 	&rOft'fl L'I1"m11Ift11:: 'H'HlfJWIl1W'U8.:Jlft18.:J1J8 

, cl QI JGo' 

3.5.1.1 fl1l'Hlfl1fl111JlfIV-3 (validity) 'Uf)-3U'lJ'lJ fIlftftfl'lJ1lftN~ff1J flfllf11-3fl1l 

... ... ... ..Ji ... d ......l.P QI ... • :1' 
'lVU 1'tfl1f1Vlfflff~lL l f)-3f)1~flnl f)U flffl'lJ fl-3~U ~ lflUAl 1ft 'tfU fllfl11lJfffl ftfl n fl-3 IOC (flllJ 

1'tflfl1l, 2545) 

IOC 
N 

"..;R unu fl:mUU'Ufl-3F.;tl'tfV1'tflf\1 

~ 	 "..d J

",",R unu fI~l1lJ'Ufl-3fl::UUUF.;tl'tfV1'tflt:yU~~::flU 

N UfI\J ~lU1\J«';V1'tflf\1 

, '~4" 3!" 0 OJ":
3.5.1.2 flTi'Hlfllfl11lJVlfl-31V nJUfl1l11ml::'Hl1V'Uf.) ''tftT~lfl1lfll\J1WIft-3U 

(mlJ1'tflfl1l, 2545) 

R p = 
N 

<II ... " P UflU 1ft 'tf\J fl111JV1fl 'If) -3'1 fl ff fl 'lJ 
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N urn" 

0 QI• 0 1 i"'" " QI i"3.5.1.3 flll111fl1fll'\.·mnnU'Ufl "6 'Ylf1fl'Ufl 25% UVl'U"16~1flfl'Hl r 'If\T~1. 
,; 

flllfll'U1turl~il (fl11J1'Ylflll, 2545) 

r 

.4 • 0 0 

l1Jfl r UfI'U fll fll 'U1'iHllU'U fl 

il'U 1'U,rfl~6'Ui'UflQ1J~{j~~flt.J\lfl (flQ1J\T~i.f 
iI 

'l.i1Z1Jltu 'Jfl6f1Z 
QlQ ~ 

25 'UiH'Um16'UfI~111J") 

il'U1'U,rfl~6'Ui'U flQ1J~l~~flt.J\lfl (flQ1J~li.f 
,; 

,h::1JltuJfl6f1:: 25 'Ufl~,rfl~6'UYi'~111J") 

N UfI'U il'U1'U,rfl~6'Ui'UflQ1J'~~111flfl~1J~1 

• A ~ r.. Go' i" tJ GI"'"3.5.1.4 flll111fl1fl111Jl'Yfl1J'U'Ufl~Ut.Jt.JfI"ffflt.JfI~ ~nJt.J 'Y11fI'U "16~1 flfl'H 1 rIt 

,; 

1"6'.fU~lfll'U1tu'Ufl~ Kuder Richardson - 21 (KR - 21) (fl11J1'Ylfll'J, 2545) rl~il 

.4 , .4 .:, .4 ... .... 
t1Jfl rlt UfI'U fllfl111Jl'Yfl1J'U'Ufl~'fl'J'fl~1Jfl1" 

n UfI'U il'U1'U'tlfli'Ulfl1fl~)j tV)'" 

(j2 
x UfI'U 

,; 

fl1 TlmunJ'J 1'U'Ufl~fl~11'U 'U Yi'~111J" 

X Ufl'U 
, 

'" 
., 
<lI 

fI11~ fl6'Ufl~fl::U'U'U VI ~111J" 

• " 11 

nfl'U fllHl" fI fl~'t11fllfl111Jl;tflJ'U 'iI::~fl~lllfllm ~6UfI::fl11ilU U'J U'J 1'Utl fl'U rl~il 

o QI C\ 

'il1'U1'U 'Um'J'6'U 
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o '" .osllJ() N U'Yl'\.J "'1'\.J1'\.J'\.JfU'HJ'\.J '" 
QI.c:t' OQl

LX2 
U'Yl'\.J Ffnl'1lJ'U()~fl::U'\.J'\.J'U()~'\.JflI'jV'\.JU9lfl::fl'\.JVflnlfl~fftH 

(LX)2 U'Yl'\.J fha~ff6~'U()~Nfll'1lJ'UO~fl~U'\.J '\.J~Ufla V'\.J 'rJflflU 'A' 

...... & lIJ JI • 
3.5.2110"11"111' lflUfl 

JI lJl'" "''' lJ1 ",.l03.5.2.1 l'6fJfI:: (Percentage) 'YfftyflflllW % nll'fll'\.J1W 'Y\T9Il'fI~'\.J 

(fll'lJ1'Ylnll', 2545) 

• II 

3.5.2.2 fhmftfJ (Arithmetic Mean) 1~\T9Il'~~il (fll'lJ1'Ylnll', 2545) 

:EX
X 

N 

'" llJO X U'Yl'\.J 
, . .os . 

flll11flV 

:EX U'Yl'\.J ".., Nfll' 1lJ'U()~fl:al '\.J'\.JnntlJfI 

N U'Yl'\.J 
. "o .cI.c::t QI 

'81'\.J1'\.J 'U()~fl::U '\.J '\.J 'YllJ 'Yl~11lJ fI 

". 
3.5.2.3 ri1'\.Jl\jfJ~nJ'\.JlJl91l'J1U (SO) '~tT9Il'~~il (m:U1'Ylnll', 2545) 

NLjX? _(LjX)2
SO::::: 

N(N -1) 

, "". SO U'Yl'\.J mfl111H'lJV~l'IJ'\.JlJlm!1'\.J 
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, ... x UYlU fI::UUUU~Ill::~l1 

..." L UYlU HlI'.i11J1J f1~fI::UUUYI ~ 'l11JfI . 
UYlU fl111JO'"f 

0 "'".. ... " 
N UYlU 'iJ1U1U1JfI~fI::UUUYI:lJYI~l11JfI 

. 
""""~~ "" 3.5.3 af.lfl'JIl~ IUfl11'J1~at)Ualillfl!lU 

3.5.3.1 ffilA~'.nUfll'Il11thfll'I'lh::&ijUfl111Jtil1l1,rnll~fll'IntlU lf1tl'sfli 

" normalized gain '~tTfI'IPl~il (Hake, 1998) 

(% posttest - % pretest) 
= 

(100-% pretest) 

A , 
l1JfI <g> UYlU fl1 nonnalized gain 

% posttest UYlU fl1l\l~tl1JfI~fI::UUUffflUl1a~ntlUlrJu 

% pretest 

~.ca..d., " , lV ~ ,c:(

3.5.3.2 ffilflYl "fYlflffflUfl111JUflflflH1JfI~fI::U1J1JHlIff:IJqYl1iYll~fll'Il'ItlU 

fltlUntlU 'l1a~l;tlU UlI::fl111lfl~YlU1JfI~tl111lf lf1tl'~ t-test UUU dependent 



• 
tJ'n'n"" 4 

... QI'" QI QI.t... ....... 1 <ilil 

f11n~lI t'ifHI f11'.ifH\IU1fHUT1Jqn1inHf11'H'.illUUft:a'11l'1f1flflflf11'H'.illU 9lll1"lf 

... 511 tI""..... ... ... ... d .... <I.l 'J/ t ~QI QI

fl,-.m'.i1J1UU ll'Ufl'-'H (hands-on activities) t'.ifl~ f1tftfln'.iflUflfft'UfI~fltJ dnn'U'lfU1J1ill1Jnfl'l!ll 

il~ 3 

.... ... .... '" .... ...... 4 A "". ... 4.r !II
4.1 'U'ln11;)itn;)n1111n111'UIUlnHn1111fJU11fJl"n'UJlt11i1f11118~ alann18unilltJ8~flU 

t~UJ'~n;)n11111\iutifiOO;)1~ (hands - on activities) 

~ t/tJ .,4 ".el , Q 

'111 flf11 '.i 11fl'.n:'t1't1 f11.l ft l~ fI ntlfffl'Ufll11J"flflfl1~'.i::'t11HfI:: ItU UlQ ft lIflflUl'.i lIU Uft: 

't1ir~UllU ltllllclfl\lm'1Jl..rutI~llihl;~ Hfttl'lfllltl~fl1n~ 4.1 
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.ci ,J, d ,..::.4" QI QI 0 QI 4_ 
~l1H~ 4.1 fll'~H'W ff1'UnW,mJ'U1JlfllJl'U fllfftlflVlflff01JVl U~::l::fl1J'\.WfflfliYVll~fftlfl~O~ 

tlllnflff01JLtAtJ1Jl';;tJ1JfI::U'U'Uff01JnO'UU~::,..,r;;~~tJ'U~o~,rtl~tJ'Ui'U,:r1itJllfttl'l!n 
... ,...,' "' .. A " iJn 

d 
3 lUI~ 01~tlVllO'UtlfflmHfI'U (n = 41) 

"" " "1'18 
NDfI::1NU 

fI::UUU 

.. 
l~'" 

J ...." 
ftUJOfl 

X SD t Sig.(2-tailed) 

.... " fl1f11'U11l'U 
I .... 

tlO'UlltJ'U 8 2.71 1.78 
9.954* 0.000 ....... 

'tH'I.:Jl'n.'I.I 8 6.07 1.01 

.... d tl
fl11fl1J 1:: ~ 

• .... 
tlO'UiltJ'U 4 1.63 1.09 

8.301 * 0.000 ...... 
'tU'I'Ultl'l.l 4 3.17 0.83 

ifllofl 
• .... 

tlO'UlltJ'U 4 1.02 1.01 
12.021* 0.000 ....... 

'HU{)1' tI'I.I 4 3.10 0.62 

A .. 
nnWltfflf10l 

• .... 
tlO'U1'J tJ'U 4 1.10 0.80 

11.220* 0.000 ....... 
'HU{)1'JtI'I.I 4 2.90 0.77 

tI 
'" Vl{),..,lJfI • .... 

tlO'UlltJ'U 20 6.46 2.81 
19.544* 0.000 ....... 

11 U{)1'J tI'I.I 20 15.24 1.43 

t.05 (df= 40) 2.0211 

. 
, , e:t' 4 QI.ct Q,l4 4 

Vlflff01Jfl11lJUfltlflH ,::111 HfI::U'U'U m ~tJm)'U 1l tJ'U u~::,.., Mll tI'U 'UO'ltlll ~fltl ~m llltlll1lV'U 

y.... " ~I......... .... '1'''.... .... d{
tl1Vtl ~m1lJl'U'U1J{J1JfI ~ H (hands-on activities) ~flVnflfffl1Jfl1t1U1J1JVlflff01J 1f1fHl fflJf]Vl1i 

nHfll'.i ~V'U ~1'U1'U 20 'lffl fmtlntlflt]11fl:;U'U'U t'Q~tJ11 r;;{)t;v'Ul...hfl1J 15.24 U~::fI::U 'U'Ut'Q ~V 

no'U{l V'U i;/ 6.46 f1::U'U'Ut'Q ~V~lfltll'Jnflfffl1J11 r;;~t;v'U\T~fl11fl:;U'WW'Q ~vnfl'U~V'U (i~ 8.78 

f1::U'U'U ,rto1'f1n::..r;/1tJfhffO~ t-test dependent ~l::i1J,rmhflty .05 l~rill'fhfl1J 19.544 Uff~H 

, ,.r,l1'1.111fl::U 'U 'Ut'Q ~V'U fm·mnfl f(fl1Jnfl'Ut; V'U fl1J11 r;;.:J~V'Uiifl11lJ Uflfl~ Ht1'U mil{)lj,rtJ t;'fltyn1~ 
• tI 

ffo~;h::r;l1J .05 1r~,r'Uffltli~11tllliflfi~m'JlJtlllt;tI'Uflf1v'off'n~m1lJtlllffflW,r'U'JJii,m~1~ 
... , ...... ..A ....... "' ..... .l jI .... o~""....

(hands-on actlVltles) 'U'J1V111nnVlfllfffl'J~'U!1'U l'Jfl~ fltaflVllo'UmH'Ufl.:JVI'U lJH~l1l t11 r;tl'JV'U 
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4 	 QI.ttI. d. QI d • I d d 'QI 1 a (V 0 QI QQ~ G.I 

1J HCllY1Jf]'Yl1i'Yl1'U11ii n VU 11 CI~ Iii VU \T~ fl11fl t)U IiiVU C)S ~Ufl flfl1~ flU t) m~1JUVCI'lf1ty'Yl1~CI'{lfl 'Yl ii:: A 'U 

.05 

l! V '" Q,I'" ...... .,. ""0$ ... .,.1 V 
4.2 	tl11'J.1fnl'H'nnHn1111rJu'Ut)~um1rJU1UJ1'nnrJ1RliJfl1 116~ 6U;)f1n16Uf)iJl\J6~flU 

1~rJ'~nuf)11'J.1I;!u,ja,mu;~ (bands - on activities) 

""" '" 	,2.1'" "" ",.J "'" 1 , """'" fJ1~W ~1J'i::l1JUfl111Jfll111U1'Yl1~fll'il'iVU1~ClV'tIt)~fJl'iVU ~w '1f11i average 

nonnalized gain lmV1J1'ilV1Jii::ilJfl111J~n'H1rl'm~fll'iilvUl~~rJ\llfl "high gain" <g> > 0.7 

"medium gain" 0.7 > <g> =::: 0.3 "low gain" <g> < 0.3 HClfll'itlii::liJUUlYA~i~fl1'iH~ 4.2 

. 	 .
1 	 '''''''''' "<::itfll1Hn'" 4.2 f1111Jfll111U1Y11~fll'il'itlUmClV"" .. d AV '1f11i average nonnahzed..gam: Utlf11lJU111't1{l... 

Q,I V 
'Hl'Ut) %pretest %posttest 

actual gain 

(%post-%pre) 
possible 

gain 
normalized gain 

... " fl1fl1umu 33.84 75.91 42.07 66.16 0.64 (medium) 

... d tJfl1lf11J ii::~ 40.85 79.27 38.41 59.15 0.65 (medium) 

'Alt)A 25.61 77.44 51.83 74.39 0.70 (high) 

... "YI ii 1WICI'lfl{l'i 27.44 72.56 45.12 72.56 0.62 (medium) 

.J 
mClv 32.32 76.22 43.90 67.68 0.65 (medium) 

.J A.... "" d 1 'I"d'Olflfl1'il~Yl4.2 l1J{l'W'01'iW1fl111Jfll111U1Y11~fll'i1'iVUmt:lfJ ~w t'1f nonnalized gain 

"'" , "" 0'.1 1..." A..." ... d.1 .. 1lWflfl11J111't1t) Ufll'i11fl'i1::111J'ilflD11111't1t) l'it)~ fl1~lUYlll.l ~11f1lJlJ'i::~ lA t)f! 

Q tI ,,9J .dar 	 041d 1(l,I 

YI'i1Uc)sCI'l~t)'i fl111Jflll11l.11Y1Hfll'il'iVl.I!'ilt:lV 1Jfl11Yl1fllJ 0.64 ,0.65 , 0.70 , 0.62 fl11JClUllJ 

.Jz ... " , 1" "" d " ... ~ d " "C)S~11 1't1t) f! t)fI 1Jfl111Jfll111'W1Y1Hfllii! iiV'W t)g 'W ii ::fllJ\T~(high gain)'W {lfl'W 'W 1Jfl111J fll111U 1 

.Q I 	 d 31 !V d"1Q,I 	 Q

YlHfll'il'i VU t)~1J'W 'i::~l1JflClH (medium gain) 11Jt)flflfl111Jfll111 'Wl~t:lfllii1iiVUl 'WfIl'Wii11J 

... ... d", " "" d.J '" "" "" flClt)flfllii\lflfl\lf11ii1Jfll'm V'Wl flfl111Jfll111'W 1m~flliiliiv'W!~t:lmil'W 0.65 lilt) fl111Jfll111'W l't1{l~HCI 
.c::t 	 ",.. ~.J Q Q cj iI cv' QI 

flliillVUlYll'W1J'tIU\lHflflliluumCl:: 43.90 \lflt)~1'W'i::fllJmn~ (medium gain) 
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90 


79.27so 

iO 

60 

• %pretest 
50 

III %poiltell 

30 

20 

10 

AI"" ..- ... .. "" d ..;. .. .K 'jI ::II ., " 
lJ{]'lJ9U1H (hands - on activities) l'HFlmtlflVl'I6lJflffL'lJ6~\9IlJ LWfl1lJlJ'Ilt1'Wl'\lf) 
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1.00 

0.90 

0.80 

0.70 

0.60 

.=,.. «I 0.50 

.'f 
0.40 

0.30 

0.20 

0.10 

0.00 

.u ...• ~ •.................... JMZ·_"([83~.80..· .. ~._.....JL87... .. "'''-O.8~·_ 

··----0;14"· ~... 

_'___#~'H"" ..-. -.- .. -- r---'"0.62 0.61 0.61 
............. -..{};55-.. ....".......~~m.~_ r r . {)5S- .. _•... -- !.••. f· 

0.48 ... -... .- 0:44- -
0.50 

0.41 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1S 16 17 18 19 20 

.ffl~ 

..I !:It... ~ "i ."'i.l1flftl'Vt'YI 4.2 tlJ'lJfl1l 'Vt'i.l11W 1FUIfI1 UJn11'H'I.n 'IJ flllflO1JH1J1J'YIfH'I'01J'i.l1'IJ1'IJ 20 ~ 0 

'Vt1J 11 fI:: 1I 'IJ 'IJ fl111l tf11'Hlf1 i'IJ fl1 l 9l01JU 1J 1J 'YI ft n'0 1J ijoy 2 

iI JI 01 "... .. "1 t JI ,l " da JI JI d AI JI d
fl111lfl11'H'lJ1'i.1ftO%! m::ft1J high gain 119 ~o 'lJm'HlIft 9 '\IO'IJ '\I0'YIllfl11lJfll1'H'lJ11l1fl'YItlft flO '\IO'YI 

1 'tffl1f1111l~11'Hlf1nl~Vl'rhn1J 0.90 lrJ'IJ..rofi1m1l1~tJ1n1Jfl111lflft';i11JVtJft'Hlf1~'\I0'li19i'1'IJ'YI1'IJ;'1 

lfi'IJ11tJ'I~irflil tJ'lJn'11l1ltlff'l' flf'IILft::'ri1f111lJ,'li'11'i.1 'tf'i.l1flO'i.lfl'j l llflll 'YIftfttJ'I''IJ11'o'lil tJ'IJ lO'lft'l1l1 fi0 

Vd " ... 2' <JI 1I.d .d d "0 .J W 4 a QI

'\IO'YI 8 un:: '\10 16 t¥'lfllfl111lfll1'H'lJ1l'ilfttJ 0.87 'If'! liI'IJ'\IOflltlllllfltJ1f)1Jfl111lflftl11JtJBftlfltJ1fl'U 

"..I ......... " 'JJ 'JJ 1II1'JJ J.!:ItA ..I .....
11'IJ1'YIlln::f'JWn'1l1JA'\I0'lA1A1'IJ'YI1'IJ('\I0 111ft:: '\10 8) Uft:: tft Oft ('\10 16) 'lf~tlJ'lJllO'l'YI'IJflIltJ'lJn'11l1ltl 

~ 0 "iii ... " 4 ~ "d _~ • ".d J jI"
n''1IflAII''::'YIlfl111l1'\l1 111 tft'i.l1flfl'i.lfl'jlllflll'YIi'lfttJ'I 1'lJ110'lllfJ'IJ tlft"lltJfltl '\IO'YI 15 fIlfl111lfl11'H'lJ1 

''il~tJL'rhn1J 0.74 Alll'fhfi1J II":; (2) ..rOn'01J~ijfl111l~1111lf10dhn::fi1J medium gain ij 11 ,j'o hw 

,j'0~hl'fllf1111l~1111lfll'il~tJlfotJ~iJft tio ,j'o~ 9 hl'fllf1111l~nl1lfll'il~tJl'rhn1J 0.33 ,fi'IJ,j'on'o1J 

,~tJ1t11Jl,lfl~'\I0'li1'~1J1h::~ 
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..., ... , 
Ufll'UJU fI iiSJ 

, 
fliiSJ gain ;)1').fJU( flU) ~f)t1''I:: 

•UN 

high 3 7.32 

medium 7 17.07 

low 1 2.44 

m:n.:J 

high 6 14.63 

medium 13 31.71 

low 0 0 

•
VVU 

high 4 9.76 

medium 7 17.07 

low 0 0 

'.i11J 41 100 

d AQ Ql4 • t , level l' 

1l1fl~UHYI 4.3 l1JVTflll'HU1Ufll'HJUflf,11J lfl.:J mn~ VV'W Tf'lJ11 Ufll'.i6Uflf,11JlfH 

ffl1J1'.ifl';flfl~1J gain lAlr!U 3 fl~1J fiv mi1J'.i:;i'lJ~l (low gain) ~1'W1U 1 flU flfllr!U!V6a:: 

2.44 fl~1J'.i::i'lJflaH (medium gain) ~lU1U 7 flU flfllr!U~V6a:: 17.07 fl~1J'.i::i'lJ\l~ (high· 

gain) ~lU1U 3 flU flfll~U!VtJa:; 7.32 n1u'll'm;tJUfl~1JflaHua:;fl~1Jtivu ';flfl~1J gain 1A 

lriU 2 fl~1J fiv fl~1J'.i:;i'lJflaH (medium gain) ~lU1U 13 flU ua:; 7 flU flfllr!U!VtJa:; 31.71 

041 0'QI 4~"
ua:; 17.07 ~l1Jalfl'lJ ml1J'.i:;fI'lJ\T.:J (high gain) 111U1U 6 flU ua:: 4 flU flfl&1JU'.iV6a:: 14.63 

ua:: 9.76 ~l1J,,;,i'lJ ua:;lun'll'fliltJu'Ufl~1J'.i:::i'lJ~l ua::111fl,j'V\!a.uH;i'uffl1Jl'.i ml11J11:U6U 

fl'.il-WlAi.:JO 



33 

.. 
HISa:: 

~o 

25 

20 

17.07 

15 

10 

5 

o 
•LfH f1i1H 

..; "" ........ 

• Highgllin 

17.07 o Medium gain 

• Low gain 

o 

,(..,... 4'" 1 1 ".. " In'Wft 4.3 fl11lJfll1'HUll'1Hfll'H'HIU1'1fl1l'1fJlfflfffl''ll0~Um'WUl'Il'HIU ~fJ 'lffl~m'lJlUU 

_I" ..- .. .. ... d ..,(.1 ,'j) ...... 

lJ{JUfl'ilH (hands on activities) l'0{jOl'flfll'l'6UflffL1J6{j~U lltJflflllJfl~lJUfll'fJU 

ill ..,.,...;.,. ... "" 4.... '" ... 4..r ill 
4.3 ft"l111ft~ft'U'VtHtl1111l'V0~\Ul'1f.1'UftI1f.1'U11r.fJ'lJnftrnRliJYl1 110.:1 8IDtlft10'UtliJA'UO.:lYl'U 

1~f.I1;fltltl11111.u'U,j~;mtll~ (hands - on activities) 

..,( "1 _I':! ... ....... ..
N'fIfll'l'11fI n::'H fl11lJfI-fJ'YIU 'll tHfl11lJ 'l' ~mlJ 'l' tlml'l flU N'fIfll';i l1~ ffOU 'H 'fI{jl'l' fI'U IlJ 6 

'" 
.d c::l QlQQ,I QI ~ d ik QI d QI~ 
mJ'UIffn'YI'U 'YIfl'URf1fll''YIflffO'U'H M'illf1!'H.l'UtffnU'fI140 1U 11JUfI-fJ'W 
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'"'lelia 

Ni:1tl:IA'U'U 
tl:II'U'U 

"IflU 

, 
""""tllD'fJA 

X SD t Sig.(2-tailed) 

., " ft'lftltlYlltl 
.,.,. 

'tnHll'rJtll 8 6.07 1.01 
8.583* 0.000 

., "" 
'H1FU'.irJtl2 8 4.49 1.16 

"" Q 'lIft'lLfl1J '.i:, ... "" 'HfHll'rJtll 4 3.17 0.83 
1.239 0.223 

"""" 'HiHl'.irJtl2 4 2.93 0.93 

'~lo~ "'.,.
'HilmrJtll 4 3.10 0.63 

1.738 0.090... .,. 
'H1Hl'.i rJtl2 4 2.81 0.84 

.... "YI'.iltltlSfflftO'.i 
... .,. 

'HfI..:Jl'.irJtll 4 2.90 0.77 
2.133* 0.039 

'Hil'..:Jn rJtl2 4 2.48 0.95 

"... 'YI..:J'H1J~ 
.,.,. 

'HfI..:Jll'rJtll 20 15.24 1.43 
7.410* 0.000... .,. 

'HfI..:Jl'.irJtl2 20 12.71 2.15 

t.05 (df= 40) = 2.0211 

. . " . .. ...f.! ct &::4 QI 4 .ctQI 

,.lflftl'.i1..:JYI 4.4 m'.i'lJ'.irJ1J1Y1rJ1JNflfl::;Utltll1lflrJm'.i'YI~ff01J'I1f1..:J1'.i tltlflHYI 1 UfI:fl1'.i 
JI, • JI 

'YItl ff01J'Hil'..:Jn tltI fll..:Jn 2 Ci..:Jl1'tI '.i::;tI::; 11 1..:J m'.iYltlffo1Joil~'ltlU1J1JYI~ffD1J1~1~tI'lfltltlltl 40 itl 

l~tI',,*ffo~ t test dependent ~'.i:iuumhr1t:y .05 lrtoVi"1'.iWll~tI'.ilm11,j'D 'n1J"h 'trl,j'oi'll~1J 
_I ... 'i .,. • . ~ .......... ... "
.,. ... .,......." .... "" 

lJ'.i:, UfI::; t~ tOtl 1Jm t-test YI ttlltlYlHff(lA(lD11Nflfl::;Utltl'YItlffO':lJ'HfI..:JI'.itl'U'YI..:JffO..:JflH t1JlJ 

" ." 
fl11lJUAmll..:J ntl -Um'; tI'Uiifl11lJfl..:JYltI'UD..:Jfl111Jfn..:JffO..:Jl;O~il u~1'U ':h,j'oi1~ltlYlltlUfI:: 

YI'.i1t1~fflAo! iifil t-test ~1~tI'YI1~ffO~ii011N'fIfl::U'U tI'YItlff01J 'H~':U'; tltlJ..:JffO..:Jflf ..:Jijfl11lJ 

• QI <V ~ \I) tet; fjJ QI ')J ~ Q rI QI 'jI 

UAflAl-11fltl'Unl'.itl'U llJlJfl11lJfl..:JYltI'UO..:Jfl11lJ~''UffO~'H1'UOtl UfI::;11fl'n::;'H'.i1lJl'jfl'H1'UD fl:Utltl 
I " • " , • 

m~tI'Hil'..:Jntltlfll..:Jn 1 "iln1J 15.24 lm:'Hil'..:Jntltlfll~n 2 "h01J 12.71 iifil t-test ,"'~tI'VI1..:J
iI" 'JI J 

ffo~iio11 Nflfl:U'U'U'VItlffD1J'Hil'~ntltln..:JffO~fli'..:Jiifl111JUAfl~1..:Jntl ~,nr'U'..:Jffl'l1'~11 -unnrJtln 

a& .4 Q d Cl J A fJJ 'JJ QI Q .-=t 'JJ Q fJJ ... IQ ~ Q "1 Id 

1'.i tltll'.iD..:J DlflflYl'H'J'U nffl1JD..:JAtI ~1t1m'.ill~n'ilfl'.i'.ilJm'.il'Wtltl1VmJfl'.i'.ilJl'U'U lJ{J1JA 'ilH llJ 1J 

http:tltll'.iD
http:lflftl'.i1
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. 	 .. 
... ....... I .... ...... <I...... If ... <I... V ,. ~y. 


4.4 l;)flflfl"f)~'UftI"nJ'Uflf)fl1111t1'U11t1l'JnYlrnft1Ufl1 &1f)~ ElUmYl1f)'UflUI1Jf)~fl'U !fltll" 

... v 	 _I........... (b d . ·ti )

ft;)ft11l1l'U'U1Jfl1Jflit1~ an s - on activi es 

4 .Q tI .4 d d'.l tI Gil Q d.c::t 1 4J jI,q, ".c:::t. .-=to QQ 4 

nV1'lf11V1U1"lffm '''H)~ fl1l1flVl'H)'Uflff'1Jil~~'U '\JO~'Ufll'"jV'UVll'W'U ~w b"iffl'ilmnH'U'Uu~1J~'ilH 

,i4offfl1l1L'il~f1~~ofll'"jLlv'UnU1'lf11V1U1f11ff~; nUlI:aiju1li~~l'"jH~ 4.5 

fll1H~ 4.5 	NlIfll'"j1Lfln:::M fll'"j11l''il~f1~~Ofll'"jLlU'U1'lf11V1U1f11ff~;'\Jil,nrflLlV'U~LlV'U11lvlcN 

ti'ilm'"jll,tf'Uuiillii'il;~ 

11t1fl11 

1.1'U,t111l~1'lf11V1V1"lff~ ; 

. t Q 1 'JIQ,I 'JI 
U~lI:::f1H'Um'"jV'U~O~fll"i 11 

11111l'U'~1'1 * 

q; Q A ~tla d,
2.'Ufll"iV'Ul 	 fl1l 'il11l0(\~ 

,t111l~LlU'U1V1V1"lff~f** 
Of Ad. Q"a'3.'Ufll"iV'Ul 	 fl110V1fll'"jV'U 

Q.4 ~Q tI 
1'lf10'UUVl'U1'lf11V1V1"lff~'"j* 

: QI a tl4' ~ 
4.'Ufll"iV'Ulffm1~'UO'U'lflflH 

I ''U'\JW:::~LlU'U1'lf1 
"" " 1V1V1"lff~"i * v, '114 .,. "' ... 
5.01 111l10fll'"jV'U'UfU"iU'U'il::: 

,i;oflLl V'U 1"if11V1U1"lff~;,rI'U 

fl'Ui1Jmfl** 

Q q 4 flo 
6.fll'"j l"i V'U1'lf11V1V1"lff~"iVl1 

1 v.... .,. V
ll1flflfl11lJlfl"j Vfll.... "j l:::flO~ 

'\J1Jfifl,jty111~lItl1ln1l1* 

I .... 
ftf)'U11t1'U 

X 

2.44 

2.98 

3.17 

2.34 

2.76 

3.00 

SD 

1.14 

0.65 

0.83 

1.11 

0.83 

0.95 

cv .... 
't1a~11t1'U "UaRl1l1 

X 

3.66 

3.61 

3.88 

4.07 

4.41 

4.32 

,I .... cv .... 
't1Q~11t1'USD • ftf)'U11t1'U 

1.15 

1.09 

1.10 

0.98 

0.81 

v 
'UOV 1I1fl 

U1'Uflll1~ 1I1fl 

U1'UflllH 1I1fl 

'11 
'UOV 1I1fl 

U1'UflllH 1I1fl 

I 

U1'Ufl1l1~ 1I1fl0.85 

7.11'flLl V'U i~ilU1fll,r1i111 

"" • .,. ... 
fl'ilm"illfliJlIl1111!'::i U'U1"if1 

2.10 1.11 4.54 0.64 i 
V 

'U'tw 
4 

. 1I1flVlfffl 
4 

.... "1'nU1"lff~'::i * 
I 
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fll1H~ 4.5 H~fl1~1'fln:M fl1~1~Lllflfl~ADfl1~~V'U1"11"'Vlfflffflf"tl,nro~V'U~~V'U lilltllcr 

nllm~llLll''UtJaU''ill~,:J (AD) 

i I '"ftO'W111'U 
1111011 

I X SD X 

9.nllm~1l1'U1"11..,mfflffflf 

! l~'UnllmnJ~l.hff'U'll** 
A ,!II.

1 O.lllDfll 'I1"'lfl11"'''~D,:J 

1..,mfflffflf,ro~V'U~D~fI'U11l 

I 'tilll'UrilL~ll* 

~ 4 ~ 

• llD"'~~D,:J"'1,:J1..,mfflfffl1 

I ... '" .' loJ_1 • 111!1I• 'Um~V'Ull:"'lf1D !,1J1l'U0111l: U'I 

I H~ril1~1l** 

1II!II'" 4 .... ~ 
L~11V'U1"11"'Vlfflfffl1** 

, . .... ~ 

U~1'U0'lllffl1~1"'Vlfflfffl';j** 
QI Q 4 Cl. 

15.'Um~V'Ul';jV'U1"1 

1..,mfflffflfu~11..rl'1l~lV** 

.... ~ 

"'1~1..,mfflfffl';j** 

.... .... ~ 

..,U..,1t.J1"}fl1..,mfflfffl1 ** 

2.15 0.96 3.59 

2.46 1.00 3.66 

2.49 0.87 4.29 

3.00 0.05 4.15 

2.95 0.74 3.59 

2.41 0.84 3.78 

2.63 0.80 4.02 

2.46 0.95 4.51 

2.39 0.80 4.02 

uth"rnu 

SD 

0.89 ll'tlV 1110 

1.22 1110 

1.26 111ft 

0.63 

0.98 1110 

0.94 tJlt.JO~H 1110 

1.26 ,h'Uom,:J 1110 

1.41 1110 

0.87 1110 

0.87 

1.08 1110 
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Vl11H~ 4.5 fU1t1111lfl11::M t111i'fll'i1flfl~~Vt111 t; t1lJ1'Jf11'rltllf11fffli'\J'fN,rflt; t1lJ~t;t1lJ1f1t1l~ 
n'ilm1111U'lJ'I.J~lli1'i1;'~ (~V) 

11t1tl11 

• ""tltl'U11t1'U ..,""'ttD-I.I11t1'U ..,JD8111J 

-
X SD X ~ 

, 
""tltl'U11t1'U .., "" 'ttD-I.I11t1'U .

Q>'" ,~ '" 019.1Jm1t1lJ iH1IV'rl1fl11 

'rlft~V~~1t1fllJ1V~'ri1l 'If 
...... " 1 ....ItlJm1t1lJl'\J1 'ilU~~VlI1J1m1V~ 
j/ .r 

,rlJ'l '~'\JlJ** 

2.46 0.98 4.51 1.81 
'JI 

lJVtI 
... 

111fl 'rlqft 

-Cl oQ cfrJ" .J20.1'Jf11'rl(J1f11fffl11 lJ1'Jf1'rl 

(J1flU~::1r1lJ11V~'fl~i1* 
2.49 1.03 4.24 0.99 U'VtI 1I1fl 

.d 
'fa~t1 2.57 0.31 4.10 0.35 'l.JllJ fl~l~ 1I1fl 

*1;~~1J (Negative Scale) **1;~1J1fl (Positive Scale) 

'illflfl111~~ 4.5 fl1lfa ~tIl'ilflfl~~Vt111 t; t1lJ1lt11'Jf11'rltl1f11ffl'l i'\JV~,rflt;t1lJ~t; t1lJ1fl tI 

l,m'ilm111'U'lJtJ~lli1'i1'h riVlJl1t1lJll~~11~~t;t1lJl'rhn1J 2.57 U~t 4.10 1?l111,hi1J ,rlVl'iitl1Jfl111 

lflWct1~tlll1lJft1l' l'm1l riVlJatllJ,rflt; t1lJij''ilflfl~~V1'Jf11'rlV1f11ffflifl~1lJ1 ti1J'l.J1lJ fl~l~ thlJ 

l1a~l1 t1lJ ,rm'; t1lJij''ilflfl~9iV1'Jf11'rlV1f11ffflivg1lJ1ti1JlJ1fl ,rlv~ 'il11 wl'~lJ1lt1oii'Vl't1J11 

11t1fl11~,rm'; t1lJ ij,'ilflfl~riVlJ''; VlJU'vtI~qft flV n\l fl 11111 lJ 1'Jfl1'rl fJlf11fffli l~lJ n\lfl1111 ~ 

U1fflJ l'il (X =2.15) "~t1l1fl~qft flV,rflt;t1lJijfl1l11q'\JlrlV 1~t;t1lJ1'Jfl1'rl(J1f11fffli (X = 3.00) 

thlJ 11 ~~t; t1lJ11t1fl11~,rflt; VlJij 1 \lfl fl~U'Vv~qft flV n 'ilm111 1 lJ 1'Jf11'Y1V1f11fffli ,r1lJ n'il m 111~ 

U1fflJ l'il u,,~irflt; VlJ 'JfV1JlilU1J1JHmifl/l1J~llJflQ1Iffl1~1'rlfJ1f11ffl'lf(.X =3.59) U~::1I1fl~qft 

flV ,rfl11 t1lJ '~'I.J~1J1ifl11'Y1fl~V~~1fJfllJlfl~ (X 4.59) ,rltJU'lJ~11tJfll'j1h :;lih,\tJ't)fl1~lJ~l'U~H" 

ffllJ1HlUU,:j'~ 5 t11.,rmH;n rl,:j'fll'5H 
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"l1H~ 4.6 H"nVfll'.i1.h:aii'Ufll·.i')"1""fl9i~flfll'.il1V'U1'J11f1tJlfflff"''lJfI~,r0l1V'U~l1V'U lil'ItJ 

1~n,.O'j'junj''UtJ6u1l,.'1 ~ 

X U1.hUIlUI 

,...
fl8'UI'UJ'U 

"'... 
'HQ~110'U 

'''' 
fl8'U110'U 

.., ... 
'HQ~110'U 

1.ff,rUff~'U,,r,r011V'U 

,,~1Jfll'iln,.m'.i lIA1tJ 

7, 10, 11, 

12,17,19 

2.41 4.35 lJlO 

• 2.fl111lff'U,,.'fll1tJ'Ul 

''U1'111f1tJlfflffA' 

9, 14, 15, 18 2.48 3.75 1110 

... , ... 
3.fl11U'UVUW'IflU"fl1'11 1,2,3,4,5, 

6,13 

2.81 4.01 ,h'UO"l~ lJlO 

~ ..s ...
4.fll'.il'H'Ufl1111r1 ltlty 8,20 2.35 4.30 1110 

.... ... 
• f1H1f1tJ1ffTtf,.'.i 

16 2.63 4.02 t11'Ufl"1~ 1I1fl 

2.5 4.09 1110 

. 4 .4 Q Q Q , 4 Q ~ 'fI 41 4 d 
,.lO,.l'.iHfI 4.6 111 fltn1'.iW 11,.,.tlA1 ,.,.fl,.,.flfll'.i 1'.i tJ'U 1'11dflV1ff1ff~'.i 'UfI~'Ufll'.iV'U fI 

... 1 'I~ 91 _1"'''-''' ~I 91 , ... ,... ... ... ', ...
l'.itJ'U il'ItJ L'1J0,.m'.illl'U'UIJ{JUA"'.i~lIJ'U'.i1Vill1'U VtU1l 1,.,.fl,.Ofl'U1'.itJ'U'lJ1:H'Ufll'.iV'U fig 'U'.iZillU 

91 91 ... 1/ ...... ~ ............ ~IO ... ..;""
'UfltJ 3 illl'U ill~'U 'Ufll'.itJ'U1'H'Ufl111l'lhtlty'Ufln'l11f1tJ1fflffm lIJ'U"lillUfI'H'U~ (X" =2.35) 

.... 91 ... '191...... .... 0'" 91 X 91 'I 
'.ifl~"~U1flflilll'U ff'UUff,..'U L 'H'Ufll'.itJ'U"~Uflfl10,.m'.illill1'U~'U1fI~ ( = 2.41) U"::illl'Ufl1111ff'U L" 
lfl(;tJ'Ull'U1'111f1tJlfflfflPi' ( X = 2.48) ,.lllthillu flgl'U'.izillutl1'U0"H 2 Al'U flOA1'Ufl111liltJlI 

'J1I'IflU~fl1'J11f1tJlfflff'" (X = 2.63) U"::~1'U";flJ'U1'flm:IZfll~1f1tJlf1lff'" ( 2.81) t'11'U1,.,. 

" fl9im;~fitJ'Ufl~''U '.i::iilUlJlO"'lfl'ntJfll'j iil,:!'u ~1'U ff,rUff,..'U1H',ro(; tJ'U ,,\I11fIl11n,.m 'jllA1tJ"'Ulfl~ 

l~'U'thiilu~'H~~ (x = 4.35) 'jo~,,~u1fio~1'Ufll'jl;;'Ufl11Uthrlf1J'Ufl~1'lf11f1Vlfflff'" (X = 4.30) 

~1'U";ftI'Ul'flm~I::f1H1f1tJ1fflff'" (X= 4.02) ~1'Ufl111lilVlI'JU'JflU~fl1'lf11f1tJlfflff'" (X = 4.01) 

Al'Ufl1111ff'U1,.lflll'U1'J11f1t1lfflff,.' ( X = 3.75) ,.lUlhiilu 

http:fltn1'.iW


• 
1J'rI'rI"" 5 

UltJND eiltJ"ntlND UDZ feIU'Uell'UZ 

4014 old"" QQIIQ" A Qd Q t/
flTHI i'l fl~ fl'i 'nJfll'H'HJ'W1m 'W tJ{)'U iii ~H (hands-on activities) L'Hl~ 0 L'fl flVl H)'W fl ff 

"'JII '" "'... r.... ~ ... ...; ,....., .1 ".1ct ctl'UO~iiI'W riTH'i'U'W fll'i tJ'W 'IS'WlJ1itJlJl'lfl'.tntlVl 3 FJ1~tJffllJl'HH"llJHafll':lffm.n OtllJ':IltJHafll'ifffl'W 1 

4" G1A
UaZlJ-UOU'f'WOU'WZ i'l~'W 

QI J. ,. QI. t., ~ doe::~.d .A 
5.1.1 Ha ff lJ q Vl1i VI H fl 11 l'i tJ 'W -U 0 ~ 'W fll ':I tJ 'W 'IS 'W lJ 1i tJ lJ ff fl '}j 1 tJ VI 3V11':i tJ 'W 1HJ ~ 

... d .."" 'JII ",;,2'" 1 1'JII" 'JII AI"'..- ... ...OL'flflVllO'Wflffl'UO~iiI'W VI 9'I'i'Ufll':lffO'W i'ltJ 'lSfl~fl':l':llJl'W'WlJll'UiiI~H (hands-on activities) lJ 

HafflJf)VliVll~fll'i~ tJ'W 'Ii~~~ tJ'W \T~fl':hfto'W~ tJ'W OdHihrtJriltliYVll~fftl;j~,Z~'U .05 :§~l~'W' tJ 
• JJ 

iilllJfflJlJ;;Jl'W\1i~'1' 
'JII 'JII ......; "'......;... A ... d "'''''.'11

5.1.2 fl111lfll1'1i'W1V1HfllllltJ'WmatJ-UO~'Wfll'itJ'WVllltJ'W In)~ OlaflVl'H)'Wtlffl'UO~9'I'W 

~'Ai''Uflll ffO'W 1i'ltJl~fl~mllJlll''WtJ~'U1i~1~ (hands-on activities)li'ltJlugtJo~1'W1Z~'Uflal~ 
, ... .... I.., '" ~I 'JII ......; ...1..t .I ,2

(medium gain) flOllflllVllfl'U .65 fli'lllJ'W'iOVaz 65 -UO~Hafll'jL'itJ'W\T~"l'i'lVl~Zll OfllffLYfll-U'W 9'1 

..,... ...;... A ... "'''''.'11.''';' 'JII..,d !II1'5.1.3 'Wfll'jtJ'WVlLltJ'W l'jO~ OlatlVl'jO'Wflffl'UO~9'I'W VI i'l'j'Ufll'JffO'W i'ltJ 'lStl~mllJl'W'W 

... IQ Q"IIQ. Q QI 4, 4 "" •
lJll'U~~H (hands-on activities) 'Wm'i tJ'WlJflZU'W'Wtl111lfl~VI'W-U0-1fl11lJl 'W OVfl11tlZU'W 'W 

HafflJf)Vli 'Ii~~~ tJ'WOdl~ihrvriltliYVll~ffn~~,z~'U .05 ~~'1iL~'W'tJ\PIllJfflJlJ~!l'W~;~'-r 
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~ J!f.{ "'........ c:I ... ~ 1. " ..l, 11'"
5.2.1 mnlfl'l!:llFHl,,1JqYl1iYl1.:)m'HUJlJ 1'UH 6l(lflYl'H)lJmnmH"lJ Yl ~'tJfl1'1161J 

, ,,... " _1 .... ..- .... • ..,.{ ... .., ... •1AtJ 1fflVm'1JllJlJlJ{JtJAVH (hands-on activities) "tJ11Na111JqYl1iYl1~m'L1tJlJlnH11tJlJ-q':)fld1 

n6lJntJlJ6dl':)U..rtJthrltyYl1':)11D;j~,::.rtJ .05 lrt6l;Vl1tU1UtJflAl1J111,rt)'WtJ'';' L16.:)i1~11JYll1JU 
d,.cs '01 ~ 014 'IV A Qld 

fI:allJlJl~atJfl6lJl1tJlJ lYllfltJ 33.84% l1a::fI::UlJlJ1~atJ'Ha':)l1tJlJ 1Yllf1tJ 75.91% L'6.:)A1lf1tJ 

U1::, fI::UlJlJ1~atJri6lJ~tJlJ 1l'htltJ 40.85% ua::fI::UlJlJ1~atJ'Hti.:)~tJ'I.j L'rhtltJ 79.27% 

'fl16f1f1::UlJlJ1~atJn6lJ~tJlJ nhtltJ 25.61 % ua::fI::UlJlJl~atJ'Hti.:)ntJ'l.j llhtltJ 77.44% 

Q fI .. '4. 'QI 4 (V .4 • Q,I 

Yl'lWlf111A6'l fI::UlJlJ1~atJfl6lJl'ltJlJ 1YllfltJ 27.44% ua::fI::UlJlJ1~atJ'H(l~l'ltJlJ 1Yl1fltJ 72.56% ;I:: 

1i1lJ':h 'lfl111,r6UfI::UlJlJl~armti.:)ntJlJ U':)fl11f1::UlJlJl~atJri6lJntJlJ i.:)dl'Wn::1~lJm,\lflfl1' 
i;tJlJ f~llflJ'H'..rfl~ tJlJ hfu~mlflVm' 1J~1tJAlJ 16,:) ..rfl~ tJlJ i~i'tJU1::11tJfl1nUA1':) Vlflfl1 1 

YlAa6~ ..rflntJ1J illcf-nfl'l!:l::m::tJ1lJm1Yll':)1YltJlf1111Af utfifty'Hl~1tJ"'Wm.:) ,;,'H'..rfl~tJ1J~tJ1Jf 

~1tJfl111Jl,rl'V lf1tJ i~i6':)Yl6~'1 ~':)116f1fl1f6~tltJ~llJ1\ltJ'\l6~tltJiAl tJf1qlJYl1 (2552) ; 'W,i ~ 
ffYlif1";.g'1JYlf (2554) ; 1~1J1ll 111rity (2552); qYlifl1 i'flmaul (2550) ; Shyr and Hsu, (2010) 

.... ... ....... ~"" ... c:I '" ~A 11 ..l1ll1l'"

5.2.2 ltAflA"6fl111'tJlJ'ltJ11f11Yltllf1111A' l'l6~ 6laflYl'6lJfl111tJ6.:)"lJ Yll~'tJfl11 

.. ~ fJI C\~Q '41 d~ t J.Q,I QI

116lJ1fltJ L1ffltm'1J1'l..tlJU{JtJAtH (hands-on activities) tA6g LlJ'::fltJ1J1fl Yll1JlJ11flJlJ1lJ6~t1fl 

... ... " _I'" ..- ... " '_%1'" '" III 2~ ,.... ..l ~Ifl11Vflfltm11l1lJ1JlJ{JtJ~tH (hands-on activities) llJlJ l1lJm'tJlJ L~"mn lJl'l6~Yl1lJlJlJ11J1i'j11J 

'''''!'It 40'''.......... "I...... ~ ...... oS
_I 1112'H1'HlJ1111JllJ1i"1J '~Yl1 'HlJm'tJlJlf1Afl111J111dfl11lJllJ LlJm'L'tJlJ1YlI'J1f1111~1 lJm'tJlJ L~a~1J6 

' . " 
11~mlfltfl1 'l1l~1tJ~lJ16,:) ..rfl~ tJlJ1f6tJlll fl tflH1JYlfla 6,:) 'ril'1f1,r1',ua::6itJlttl; 6~..rlJ '1 ,~ 

ff~Na'H'U1tIAfI;j~il ~~116f1f11f6.:)tltJ~llJ1itJ'\l6.:)tltJiAl tJf1QlJYl1 (2552); l'ni~ ffYliff1ilJYlf 

(2554) ; 1':)lJlll111rity (2552) ; Timothy (1997) 

~..,.... "'" ....... c:I ... ~" " 
5.2.3 fl111JfI~Yl1J'\l6':)fl111J4 mnflflvm'j1Jfl1'l1tJlJl LHHI 6laflYl'6lJfl111tJ6.:)"1J 

1"... " _1""'..- ... .... • III_I .., • "'... ...1fltJ 1ffltm'1Jl1JlJ1J{JtJ~VH (hands-on activities) 11J611alNllJ L1J 40 1lJ 'WtJ11 lJm'tJ1Jll 

~". ... .{"' ... I"; ~I ... " • 
fI::U1JlJfl111JfI':)YllJ'\l6~fl111J4lJ6tJfl11f1::UlJlJNa111JqYl1i'Ha~1'jtJlJ U~11J6UtJm1JlJntJ'H1'\l6'WtJd1 

'" c:I _I III 1 ...... ... "~I"'''' r. 1 "I " 
~1lf1tJ1J'j::~ua:: Lfl 6f1 lJm'jtJ'W1Jfl111JfI':)YllJ'\l6~fl111Jl m~U1JlJl'W11:;1...Im'jtJlJ"~ ,ua:: L'Hfl111J 

11lJ1,llJfl1'j'ri1flvm'j1JL~lJ6dH~ ua:;1~nm'jYlA(l6':) '~cjtJ~fllJ lla:;~ltJurifl1'll,rl1v ff1lJ 

QI 'jI 4: Q,I" 4,J fV IIff4 , 14 t QI " QI

'H1'\161'l6':)"1AllJYlllJUa::Yl'jllJCJr111"fl'j 1...Im'jtJ1...I 1J1Jfl111JfI':)YllJ'\Ifl~fl111J4 61Vl"n::l11'\l6~1 

il1...1Yll1...1 Uflvm'j1J'Halfll1'ClltJ iim'jVl'Wua::l11filf1111Ji1'WYll1...1 ..rflntJ'Wfln'l'~U~1...I ~h~tJ111...1 
... 0 ..It ...... ... •• 0 ..... " .... ...... 1

ua::1Jf11'fI11...11tU CJr~1J1...Im 'j tJlJtJH1111...16 6lJfI11...11W 1111...1 'H 1'\1 fl1Hl 'lYl':i1lJCJr111~ fl 'j 1,:) t'l 1...1 

" flvm'1Jufi6lJ,r1~cjtJ~fllJ 1,r11VtJ1fl m'j9i61~v'1cfnal1J1f1 'ri11H'..r fl~ I'J'W '~111...11,llJ ff1lJ Ylq'l!:la 

~':)116f1f11f6~tlWnlJ1\ltJ '\Ifl.:nU{J!W'l111"i.:)11J (2552) ~filf1111Jfh;l'Hlf1i':)116~111,rfl flfli1 
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4 I 	 ...... :'1 ' ''' 0 " ..... A
5.3.1 flOU flTHYOU fllfl1711.:JU~U fIl'H1PlfHlm7111lJU OtlHPI 'Vllfl11111'Ul1~fl1JlU0'l1111 

QI -4 .,d ",(11 A 
ffOU 	~Pln~m71111ffOPlfl"0.:Jn1JlU0'l11 

....... .1 ". .."" ...... _I"
5.3.2 ~Pll~'Wll~lJn'JW~H'l I'llTn011 U"::fl1'j'~':i1'ilfffll'W'l.J0.:Jlfl10.:J1I0U"::~lJmw 

.. ,,!II 0 ... :'1 ,_1 I "'_1 ... ... • .. .. " _"f
t'WO 1'I1f1l':illlfl'ilflnlltlJU lJOtJHlIlJ':i::ffll1ifll'W fllfl1711Pl"0.:JnOU1'V40 1 'I111711JlJf\I'I11U"::'I11 

UU1111.:JUtl'U noulh't11.f'ill.:J 

.. .... ... ... ti .. "... " _I"" ...... "" :'1'" 'J!45.3.3 tU 0.:J'illnfll'j'iJPln~m':illfll'Jl':itlU4 PltI ''ltn'ilm'JlI1'\.JUlJ!11J~'ilH llJU17t1UJ II 
II 

~ll- tlUll-tiUI'illflnn".:Jijotlii'llil A.:JUU1 UfIl':i iPlfl;)flnllfll':i ll- tlUlfll ~ffOUfl1':iij fIlnHU~U 
o <II " A "Q,," .- ..",.. Q.Q ~ ~ 

U"::fIl'l1UPln"l ,'111'11111:: ff1l1'W0
fit
,'11 LnPlFJ17 tlULnPlfll'J1'JtlUl0tlHlItI':i ::ff'YI1ifll'W U on~lflU fIl7 ,U 

• 	 II 

(;0.:Jn"11U1Jl.:Jfl;.:J 'tiffl111Hlfl11Jf)lIn"1'rl' fl1':iiPln~m':i1l1un"Twnn"1.:J1u '111 0 n",.-jH 

t'i40ll-vu1 ffll1U onn"l U"::fl1':iii fIl'J VPI'I1 qu'U O.:Jn"l 1 UU~"tn~m ':ill 

5.3.4 fl17ij fl1':iffmn~"n1':i iPln'ilm'JlIfIll(i tI'U IiPlV1.fn~n1111 l11'UtIiillii'ill.:Jti1J~1 

Utl':i~U'll'lfU 1P1t1ii1Jllfl1':i Yin}jtfll'JflPl11fl11t11 UH~.:Jl~lFhillf:J'YI1f fl1111ffl1117(11un17 

Uti'i1f\1'1111tluiu 

5.3.5 nn1Afl111lfl.:JllU'U0.:Jfl1111I'h'rl'1P1t1f1l':illAff01J~1 fl17"h.:JoutI'Jt1l1W 2-4 

iftlPll11 iAvtl7t1l1Wl'W':iltfll':i t ~u'lf1.:J"h.:JA.:J n~11'iltlil1lflnPlfl1111f1~~1l0.:JfltUUU~'rl'~lnfln 

L1/U'lf1.:JfIl711~ff01JlIln'iltijtilf111111~Olt'U1UfIl':illPlff01JlIlnfl"hfll':id''\.J'jttl::11 HlufIl'JllAff01J 

11'Otl 
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..., ... n !llYo... v _I......... 

I,"'Ufl11ilRfl1,.,t1'U4 &Rtll'lfl'fl'nU'U'UU{J1Jft"~ (bands·on activities) 

.. .. 4.( ...,... I ... V.. 4 
11t11"nYltll1.1'l1.1'ft11't'U!1'U 1111.1'1"1132101 fllJ'nn1~fl111'W'Ul1Y1t11ftl1.1'ft1 .. . 

..., ..., OJ ... iI'"
1~R1J"'Utlltl1.Iftn1n YI 3 . . ..., ... v... .. ..., J! 

I,"'Ufl11ilRfl1111t1'UlYll 11tH ft1,I1'UYll'U 111.'11 4 i111.l~ 

ftl~1.1'8'U 'Ul~1.1'nU~81 I'YlfJ 

***************************************** 

o ..., 

1. 1.1'l1~illftcy 

i'ul'ltJYlltJ,rhJ~tJmw~'offl11JtJ1Jm1J1W m"l1 ft'\l6~m~LLff'YI~l'tJ1~\l' ,rlo 

ll1i'l~ltJYll'U1Jlfi6''U 'In, 'YI-Rl \l~'rll,..rm::Uff'YI-Rl1tJ'l~\l"tJ~tltJ!ttJft~ ~li1~1'UYll'Uijfh 

UOtl \l::tl61J'lfm:;uff'YI~1 'l1ftF·htJ '~1Jlt1 ~li'l~ltJYlltJijfil1Jlt1\l:;[m1J ,,rm::uff'YI-Rl'l1 a 

NltJ 'R'u6t1 

.... ...,
2. 1.1'l1::YI 5 : 1'tD~~l'U 

1.Ilft1!1'U 1 5.1 : ,,rl1\lfl'l11J~1J1ftJ,r,:a·r;jU"H;~~1'Ufl1JmnhH;1fl m"tJ~tltJltJ 
Oil' ... 1-"" rI I -ev fit" QI • .etA:), .cl2 

~ft~~l'U 1Jnff1J~tJ1i'~l1'll~ffl'Uft~~ft~~ltJ Hft'\lfl~m' ''If~ft~~ltJflV'lf'lflUft~ff~'n~nfl1J 

ijm~'n'Um'ff1Jlffl~111fl'l11Jf ~6ffl,~~~AtI'Ufuft~111fl'l11JfltJ'oftJ,~1t1'1fu 

ft1;1A 15.11.1 3/4: 6i1Jl~i'l~ltJYlltJ ,~1fl~ YlntJ4lffflflfl! lli;l::YI~ftfl-3fifl'ln' 
'" d ",,,.l ~,d", '" " 
fllftt1Y1' fltJt1ffl1Jfl~~tJYl1JYI'lWl1fflfl6' 

3·1Atl1~1.1'~~fl1111t1'Ul 

1.ffl1J l1t:nh'U filf1'll1J~ltJYlltJ \l1t1ut)1Jff'\l6~i'l~ltJYlTW , yf 

2.f1mnff1Jllii~fl,:ji'l~1'UYlltJ'lfij~~h~'1 ,yf 

3.ffl1Jl't:lll1i1~1'Unl'U'ifijfl~1~'1'tJ'of~1'U'yf6~H\lt1~V,:j 

'" J/4.1 ffl'::m'LUltJlllt1'Ut1ftl~ 

.1 I ",d .. " I '"'~ '1 '" "'" ""'" -'iftJff'l'U61ftt1Y1' fltJt1ff 1'if'U ~n~l'UYll'U fI fl~ YI'TW a:ttfflflfl' 1Jff1J1Jflnl~ 

'YI~l~llflt1fil~fltJ i1~ltJnltJ'Yil11,rl~~lfiflm::uff'YI~11tJ'l~\l' 
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.. 
i'Ufl11til'UlrJ(Prediction) 

GJ .cI •"tjI 'I
1. L11'UfU111'UU1HfllllJ fllllJ~:: 5-6 fl'U fl~::fl11lJff1lJ11t1 

"tjI 41:1 , ~ 0'.4 dt Q Q .Q Jd
2.fll111'U fU1 ll'U , I ~~:fllllJnfl1:l1 UH..:J 1..:J '11 fl tllJl't11~tl1111tll IN ..:J1..:J '1' tlmfl'VI' tl'U flff'VI 

ff1lJ11 0111',"'U ~tl..:Jg'U'lJtl..:Jtl'fli1ll'U 

... ... 
3.fllmlJ'UfU111'U 


...... " ... .4 .1 """ d ... "l " 
-'UfU1t1'Ul'1fl'ltlfl1J01wtlmfl'VI'tl'Uflff iit1JH 1'U1..:J'11 

-tl'fli111'U fliit11 fl'1101 W;'U liitfltli1,f1'U'VI1'U 

-tl'fli1 tI'Ufliit':hi1l1'U'VI1'U'ri111tl'1~mh..:J" l'U1..:J '1' 

-~11'11~1l'Uti1fl11lJ,f1'U'VI1'U l'U1..:J'11 '-n"h01::1Iff'-nihl'U 1..:J U l'11~tI'UU'11~..:J 

-tl'fli1t1'Ufliit11~lffn1J'lJ1'IJtl..:Ji1,f1'U'VI1'U'1::ii01'I'11~tI'Uu'11~..:J'11flhiffn1J'lJ1 

11ltl'~ mil..:J" 

4.l1fl1fli111'Uu9i~::fl~lJ'ri1'U1t1fl11lJff11..:J'lJtl..:J'iit 1tliit,'11ri..:JUff'l1iittlfltlmi1mlJ~..:J l1J 

.4 ... " ,
..:J1'U!1tl..:J fl1fl1'U'VI1'U 

d. ... 
ll'tlJl~lJ 

...... .4 "'1" ...... 1"0 91.1.:1 I " 3. fllmlJ'UfU1t1'Ull'tt)01::~'U L11'U fU111'U ~'VI1011'V1~~t)..:J "m'1J~ll'Ufl1f1111J~1'U'VI1'U 

l'U1..:J'11 1-n~101::lIff1-nlh1'U1n1 '1::,'11~tI'UU'11I:'I..:)11ltl1~ tlVH 1 1u~::t5'lffn1J'lJ1'IJtl..:Ji1l1'U'VI1'U 

'1:afiiit01ll'11~ll'Uu'11~..:J11lt)'~ tlV1..:J h" 
'I "... ... I 91 ... " .:I 'I :>I

4. L11'UfU111'U 111f11fl11lJ~1'U 't11'U '11fl~1~1'U 'VI1'UfI..:J'VIU'1fl L'Vi 

Q.lQ , '~Q4o GJ "9"40
5. 'U fU111'UU~~::flll1Jnfl1:J111i'Vl1011'V1iit~tl..:J'11fl L1J..:J1'U U~1 !11~..:J1Jt)'VI1011't1~~tl..:J 

~ 01" .d l. 1 J 'I"cv.cQ
~t)'U't1 1 ~1~1'U'VI1'UfI~'VI ~llJ'IJ'U~tl'U011'V1~~tl~ 1J'U'VIflH~ iittlfl2f1t)ll'JU'U::U'U1'V11..:JU~:: L11 

fll'lJ1 fl1:l11 'U 011 'VIiit~t)~ 
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.4.,.:1 .cl 00191 d d lid .J! "1""''''06. LlJtJ'U fU'UJ'U't11flll't1f1nfHfltJ'U't1 1 fl1f11'U't11'Ufl~'t1lrrl till fJ'Ul tJtlUn1 H'UfUltl'U 

-n~i1U't1'U;'U~umWflll't1f1ntJ~fltJ'U~ 2 ;l1~1'U't11'UU;'Ufh1~ 
7. UnC;tI'UU~n::;nfllJffm!llUn::;n~)jtJ"ln1')'t1f1ntJ~ fltJ'U~ 2 i1~1'U't11'UU;'Ufh'~• 

t ..,4 1.1. 1"o-~ 1fl1lJ'U'UfltJ'Uflll't1f1ntJ~ 'U'U't1nNn fltlfllfltJtl1fU'U::;U'U1't1Hun::; Hfl11Jlmn 'Ufl1l't1f1ntJ~ 

ft9fl111JD'lU 

i".fl118i'lJ1DHD(Explanation) 

1.un~ tI'U II~n::n~lJ;1lJfl'U tJnUl1t1Nnflll 't1f1ntJ~un::; rrlU !~tl1fl'Ui1~1'U 't11'Uun:: 

1"CVcl • "QI 0 " " Q2. H'Uml tI'UUfI n::;nlllJ rr ~fl1U't1'U tJ tJnlJ1'U llrr'U tJNnflll't1f1 i:ltJ~H'U1H tJ~ll tI'U 

3.fllUn::;Ufllltl'UtJnUl1t1;1lJfl'U 

-Nnflll't1f1ntJ~fl'U flll"1'U1t1'UtHUnll tI'UlHi'jtJ'U H; tJUflfl~l~fl'Umh~1 '.i lH'J 1 fIi~ 

-i1~1'U't11'Ufl~~ufln~1~'iJ1fl;l1~1'U't11'UUUlfh1~(u;mh1~)tJd1~1'.i 

-rrft'U'U 1'UtJ~i1~1'U't11'U fl~~1~Ni:ll'Mi'jtJ'UH; tJUflfl~1~1l1flfltJ'U~hirrft'U'U1 

4. fllUntUfl~tI'U~1t1fl'UrrlUNnflll't1f1ntJ~Un::;flltJi'U1miftJH1IfilJl;jlJ'~tl1fl'U 
Hftnflll"1~1'U"tJ~;l1~1'U't11'U Ult'fl't1'UtJ~i1~1'U't11'U flllfh'Ufh'.i':;rrl!t1'Uff'U'Ui1i1'U't11'Um~ 

,i4tJfl11lJl..r11tI~Qn~tJ~un::;fll~fl'U 
5. fllU'iJfli1tJtJflUtf11~ufllltl'UfltJmhmlJ-n~ 

. 
.. I ..." 
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6 9 17 15 13.5 15 10.5 71 15 

I 
7 6 14 15 13 15 9 66 18 

8 9 18 14 13.5 15 10 70.5 16 

9 9 18 14 13.5 14 10 69.5 17 

10 3 16.5 15 13.5 14 10.5 69.5 15 

11 7 14.5 12 13 15 8.5 63 14 

12 13 14.5 15 14 15.5 11.5 70.5 18 

13 11 18 15 13.5 15 10 71.5 16 

14 5 20 16 14 14 11 75 14 

15 8 20 16 14 14 11 75 15 

16 6 17 15 13.5 14 10.5 70 14 

17 9 20 16 14 14 10.5 74.5 15 

18 5 15 12 13 14 8 62 17 

19 4 20 16 14 14 10.5 74.5 16 

20 12 20 16 14 14 10.5 74.5 14 

21 8 17.5 15 13.5 15 10 71 15 

22 8 14.5 12 13 15 8 62.5 14 
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, , ... u 

fl'U no'U fl::U'U'U1::'H1HI1l1'U 'Ha.:a .... ... 
'RloR I 'n11'U.al"oi 

... 
'n I1l1'U u ..., tV 11l1l1 . 

"1 "1 IIlIflflU nu 

(20) ~l'U'nl'U 1m. '" .. '" ~ (20)Olan'n'j8'Una 

(20) \11::1 (15) (20) (12) (84) 

(17) 

23 5 14.5 12 13 15 8 62.5 17 

24 11 17 13 13.5 14 7.5 65 15 

25 5 17 13 13.5 14 7.5 65 16 

26 10 11 9 13.5 14 8.5 56 15 

27 4 16 15 13.5 14 9.5 68 15 

28 4 11 9 14 13.5 8 55.5 14 

29 5 11 9 13.5 14 6.5 54 13 

30 7 11 9 14 14 8.5 56.5 16 

31 6 17 13 13.5 14 8.5 66 14 

32 9 11 9 13.5 14 8 55.5 13 

33 4 18 
I 

13 13 14 8 66 14 

34 2 18 13 13.5 15 10 69.5 17 

35 4 14.5 15 14 14 8.5 66 13 

36 6 13 15 13 15 9 65 14 

37 9 14.5 15 14 15 11.5 70 18 

38 6 14.5 15 13.5 15 11 69 15 

39 3 14.5 15 14 15 11.5 70 14 

40 7 18 15 13.5 15 9.5 71 16 

41 1 18 15 13.5 15 9.5 71 13 

11'1.1 265 649.5 564 554 594.5 384.5 2746. 625 .... 
6.46 15.84 I 66.99ltlilll 13.76 13.51 14.50 9.38 15.24 

~f)lIa:: 79.75 76.22 
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4 w tV' .:I 

U1J1JYlAtY61J1AlAV1flUfl1Jfl6UllVU 

, .. . .. , 
NDfhuha~in'~ (D) I... "' ... " ... "' ... " ... , 

fty" "D~"rJyft'~n 1 "D~I'nJyft1~n 2 

1 17 11 6 36 

2 16 14 2 4 

3 15 10 5 25 

4 17 16 1 1 

5 15 11 4 16 

6 15 13 2 4 

7 18 14 4 16 

8 16 15 1 1 

9 17 16 1 1 

10 15 12 3 9 

11 14 11 3 9 

12 18 17 1 1 
. 

13 16 17 -1 1 

14 14 13 1 1 

15 15 13 2 4 

16 14 12 2 4 
! 

17 15 13 2 4 
I 

18 17 10 7 49 
i 

19 16 15 1 1 

20 14 13 1 1 

21 15 15 0 0 

22 14 12 2 4 

23 17 11 6 36 

24 15 11 4 16 

25 16 12 4 16 
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fll1H~ 4.2 f4nm·.d/flfl111lfHI'VI\J'lItl~fl111l1'tn;~5fl\Jlffh 40 1\J ti'1flf1l7'V1f1fftllJ lf1fl'~ 

U1J1J'VIflff61J'Vfll~fl1t1\Jt11Jrl6\J5tJ\J (~6) 

. " . .. ... ...... .... A! " .. "A! 
, 

NaRHii1u4B4 (D)ta'l'" "a41'U,."'4" 1 "a411U,."'4" 2 NaflH(D) 

26 15 11 4 16 

I 27 15 12 3 9 
! 

28 14 13 1 1 

29 13 12 1 1 

30 16 10 6 36 

31 14 10 4 16 

32 13 11 2 4 

33 14 12 2 4 

34 17 14 3 9 

35 13 12 1 1 

36 14 9 5 25 

37 18 11 7 49 

38 15 15 0 0 

39 14 10 4 16 

40 16 16 0 0 

41 13 16 -3 9 

7111 625 521 104 456 ... 
l11ntJ 15.24 12.71 

~tltJn:: 
t-test dependent = 7.410* 

76.22 63.54 

t.05 (df= 40) 2.0211 
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.. ....t "" I "'.. "" rA ... d .... ,,1 'II
ft111.:1.,. -3.3 	 Nfla'lJqYl1iYlHnlllltJUfl6Unl'j'il9ilflfjlfUllJnl'UltJU4 ll6.:1 mflflYll6Ufla'l1J6.:1i1U 

lfttJl'11nfjlflnlJlU'uuiimifjll.:l UtJmi1ulltJM1..r6 

I ... 

,.::"""88"110" (pretest) 

... I
.,.,1Wlfllft8, 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 20 

i 1 0 0 1 0 1 011 I 1 000 0 0 0 I 000 7 

I 2 100 000 I 000 0 0 0 0 0 0 000 0 2 

301 000 000 I 0 0 001 001 101 6 

4010110100010000000016 

5000100001010000000014 

600 I 1 0 1 0 1 1 1 000 0 1 101 009 

7000100001010010000 116 

801110011010010000110 9 

99 1 1 1 0 0 ~ 1 1 1 1 1 0 0 010 0 0 0 1 0 
~-04-0-+-0~-1~-04-0 ~~~-0~-14--0+-0-+-0~-14--04-0-+-0~-0~-0~-04---3~ 

~ 1 1 _0~_0~_O+-0-+~I~_O~_I4-_0+-1~_0~_04-_I4-_1+-0~_0~_0~__7~ 
12 0 0 0 1 0 0 1 1 1 I 1 1 1 1 1 I 1 0 ~_I-+-_l_3-1 

13 1 1 1 1 1 0 1 I 0 1 1 0 0 00 0 1 0 0 1 11 
1'--14-+-0-+-.1~-1~-0~-04-0-+-0~-1~-04--0+--; --0+-0~-0~-04--04--1+-1~-0~-0~--~5 

15 1 1 0 0 0 0 1 1 1 0 0 1 1 0 0 I 0 0 0 0 

i 16 0 0 I 0 0 1 I 0 0 0 0 0 1 0 1 0 0 0 0 

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

18 0 I 0 1 0 0 I 0 0 0 0 0 1 0 0 0 1 0 0 0 

19 0 0 0 I 0 0 0 0 0 0 0 I I 0 0 0 0 0 1 0 

20 0 I 0 I I 0 I I 1 I 0 I 1 0 0 0 0 I 1 1 

21 I 1 I 0 1 0 1 1 0 I I 0 0 0 0 0 0 0 0 0 

8 

6 

9 

5 

4 

12 

8 

22 I I 0 1 0 0 0 I 1 I 0 0 0 1 0 0 I 0 0 1 0 8 
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.. ~.(. "'" "''''' """A ""d 4"'.1"fll1Hn ~.3 	 NHrl1JqYlliYlHfll'U'UJ1JflO1Jfllarlflflml1Jfllll1lJ1Jll16.:J 61Hfln161Jfla'11JO~A1J 

lrllJ'~1ml1Jl,r1J,jfi1J'i,..'h UlJmrl1JlllJH1'1fO (fiO) 

,... , ... 
n n::II'U'Ufl6'UI'rJ'U (pretest) ''11.1 

filill'U'rll'U 
.., ., tI , ...16... 

... tI 

fllAntJ 1=, 'rl11WIU'fl61 

1 2 3 4 S 6 7 8 9 10 II 12 13 14 IS 16 17 18 19 20 20 

25 0 0 0 0 0 0 0 0 1 I I 0 0 0 0 0 0 I I 0 5 

26 0 0 0 1 I 0 I 1 I 1 0 1 1 0 0 1 1 0 0 0 lO 

27 0 0 0 0 I 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 4 

28 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 I 0 0 4 

I 29 0 1 0 0 0 0 0 I 0 I 1 0 0 I 0 0 0 0 0 0 5 

I 30 1 0 I 0 0 0 1 0 1 I 0 0 0 I 0 0 0 1 0 0 7 

31 0 0 1 0 0 0 0 0 I 1 I 0 0 0 0 0 0 I 1 0 6 

32 0 0 0 I I 0 1 1 1 1 0 0 1 1 1 0 0 0 0 0 9 

33 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 4 

34 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 

35 0 I 0 o 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 4 

36 1 0 1 0 0 0 0 1 0 0 1 0 0 0 I 0 I 0 0 0 6 

37 0 1 I 0 0 I 0 0 I 0 0 0 1 0 1 I 1 0 0 I 9 

. 38 0 0 0 0 0 0 1 1 1 I 1 0 0 0 0 0 0 0 I 0 6 
I 

I 39 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 3 

I 40 1 1 1 0 0 0 0 I 1 I 0 0 0 I 0 0 0 0 0 0 7 

I 41 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 
i 

10 18 16 16 9 5 19 18 23 20 18 6 15 1. Ii II 14 1. tI 10 
11U 

III 67 42 45 265 

..I 
IIIDO 2.71 1.63 1.02 1.10 6.46 

Jtlll 

~ 
33.84 40.85 25.61 27.44 32.32 
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I~ 
, ... 

A::II'U'Untl'UI'UJ'U (posttest) 111.1 

.... " fllf11,"1I1," ftllnU'lh::, 'Rlaft ... ~ 

1I11WliJlfltl1 

1 2 3 4 5 6 7 8 9 10 II 12 ~ 14 IS 16 17 r;- 19 20 20 

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

2 I 1 I I 0 I I 1 0 1 I 1 1 0 1 I 1 0 1 I 16 

3 1 1 1 1 0 1 1 0 1 0 1 0 1 1 1 I 0 1 1 1 15 

4 -; 1 1 I I I 1 1 1 1 1 0 .10 1 I 1 I 1 0 17 

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

6 1 I 0 1 1 0 1 I 0 0 1 1 1 I I I I 0 1 1 15 

7 1 1 1 I I I 1 I I 1 I 1 0 0 1 I I I 1 I 18 

8 I I 0 1 I 0 1 1 0 1 I I 1 1 1 1 1 .~ 1 1 16 

1 1 I 1 0 0 1 I 1 I ilii I 1 0 

~ I I 17 

10 1 I I 0 I I 0 I I I I 0 I 0 I 0 15 

It I 1 0 1 I 0 0 1 I 0 1 1 0 1 I I 0 I I I 14 

12 I 

~: 
1 I 1 1 I 1 1 1 0 1 1 I I I 0 1 1 18 

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

14 1 I 0 1 O. 0 I 1 1 1 1 1 I 1 0 I 0 1 1 0 14 =ml 0 0 1 1 1 I 1 I I 1 

+i 1 0 1 1 I 0 15 

0 1 1 1 I 0 I 016 1 1 0 1 0 1 I 0 I 1 1 1 1 14 

17 I 1 0 1 0 1 I 1 1 1 1 0 1 0 1 1 0 1 I 1 15 

18 1 1 1 0 I I 0 1 1 I I 1 1 I I 1 1 0 1 1 17 

19 1 I I 1 0 0 1 I 1 I 1 I 1 0 1 1 I 0 1 1 16 

20 I 1 0 I 0 0 I 1 0 ) 1 1 I 1 ) I 0 1 1 0 14 

21 1 I 1 1 0 1 I 1 0 I 1 1 0 0 1 I 1 

~t-H 
1 15 

~ 
0 1 I 1 0 I I 0 0 I 0 I 0 1 1 I 1 1 14 

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

~ 1 0 0 0 1 1 1 I I 1 1 0 1 1 1 0 I 1 1 15 
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..; ",,J. ... .., .., '" ... lA ",d ", .. ,l 91 
"111-1171 .:1.4 HflfflJqVlDVll~m·n'nJ1J'n',:Jmnflflifl'.i'.ilJml1'.itl1J4 &'.itH flIf1flVl'.i01Jflff&UO,:Jfl1J 

lfltllifiifl'.i'.ilJ&\f1JiJiju"il,:J Utlfl&~1J'.i lt1H1'll'O (~O) 

•... , ... 
71 tlZll'U'Ufl8\U1rJ'U (pretest) 111.1 

.., v ft';UtlUthz'J 'fl18f1 
... , 

fll"1'U7I1'U 7I11'U.1I1"61 

1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 170 19 20 20 

25 1 1 1 1 0 1 0 1 1 1 1 1 1 0 1 1 1 I 1 0 16 

26 I I 0 1 1 1 0 

~~ 
1 1 1 0 I 1 0 I 1 0 15 

27 I 0 I I I 0 0 I I 1 1 1 1 0 1 1 1 15 

28 1 1 1 0 0 1 1 I 0 I 1 1 1 0 1 1 0 1 1 0 14 

29 1 1 1 1 0 1 1 I 0 0 I 0 I 0 0 0 1 I 13 

30 I I 1 I 1 0 1 1 I 0 I 1 0 1 I 1 1 I 0 I 16 

31 I I 0 I 0 

~ 
I 1 I I 0 I 0 I 1 I I ~ 

32 0 1 I 0 0 0 0 I I 1 I 0 1 I 
- 1 

1 0 I I 13 

33 1 0 I I I I 1 0 0 1 1 0 1 1 0 0 I I 1 1 14 

34 I I 1 0 I 1 1 I 1 I I 1 1 I 0 1 1 1 1 0 17 

! 35 1 0 1 I I 0 0 1 I 0 I I 0 I I 1 1 I 0 0 13 

36 1 1 1 1 0 1 I I 0 1 0 I I 1 1 0 I 1 0 14 

37 I I I 0 I I I I 1 I I 1 I 0 I 1 I I I I 18 

38 0 I 0 1 1 I I 1 I 0 I I I 1 1 I 1 0 1 15 

39 I I 0 I I 1 1 1 0 0 I 1 0 I I 1 I 0 o~ 
40 1 I 1 I 0 0 I 1 0 1 I I I 1 0 1 I I 1 I 16 

41 1 1 0 1 I I 1 I 0 I 0 I I 0 I J 1 I 0 0 0 13 

38 37 25 35 22 23 31 38 29 3(l 37 34 31 27 32 37 26 29 3S 29 
1'111 62S 

249 130 127 119 
.I 

IlInD 6.07 3.17 3.10 2.90 15.24 

'flll 

iI:; 75.91 79.27 77.44 72.56 76.22 
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.I
fll1HYI ~.S 

JI" .ct "..4 ... d Q, fI X 'JI QI QI 

f1111lfllllfUl't11~fll'l1'nIU"V~el'nIUl'lV~ VU'lfl't1'lVUflffl'lJV~iilU mHfll'lUiil 

nllfl'l'lllfll'la tlutflt1nllfl'l 'l1l11fUtJij'lJ"ii III~ Utlfll~U'lltl'l.!f1f1~ 

I~ pretest % 

pretest 

posttest % 

posttest 

%aetual 

gain 

% maximum 

possible gain 

average 

normallized gain 

1 7 35 17 85 50 65 O.77(high) 

2· 2 10 16 80 70 90 0.78(high) 

3 6 30 15 75 45 70 O.64(medium) 

4 6 30 17 85 55 70 0.79(high) 

5 4 20 15 75 55 80 0.69(medium) 

6 9 45 15 75 30 55 0.55(medium) 

7 6 30 18 90 60 70 0.86(high) 

8 9 45 16 80 35 55 O.64(medium) 

9 9 45 17 85 40 55 0.73(high) 

10 3 15 15 75 60 85 0.71(high) 

11 7 35 14 70 35 65 .0.54(medium) 

12 13 65 18 90 25 35 0.71(high) 

13 11 55 16 80 25 45 0.56(medium) 

14 5 25 14 70 45 75 0.6O{medium) 

15 8 40 15 75 35 60 0.58(medium) 

16 6 30 14 70 40 70 0.57(medium) 

17 9 45 15 75 30 55 0.55(medium) 

18 5 25 17 85 60 75 0.80(high) 

19 4 20 16 80 60 80 0.75(high) 

20 12 60 14 70 10 40 0.25(low) 

21 8 40 15 75 5 60 0.58(medium) 

22 8 40 14 70 30 60 0.50(medium) 

23 5 25 17 85 60 75 O.80(high) 

24 11 55 15 75 20 45 O.44(medium) 

25 5 25 16 80 55 75 O.73(high) 
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.. ~" ... "....d. ",,,,, ..." J " '" '" 
9Il1H'fI ~.5 fl11lJf111111J1Y11~m'l''lV1J'\Jf)~Fj'·n.l1J ''If)~ flU;'lf)Y1'lf)1Jf)tY''Ufl~~1J l1lHm'l'll~ 

n'm'llJm'lAv1Ji1Vn'f)'l'llJ,,r'Utlii,m'll;~ UVm~1JnV'lJflfllI (fifl) 

I • 
% % % adual %madmumiI pretest posttest average 

pretest posttest gain possible gain normallized gain 

26 10 50 15 75 25 50 0.50(medium} 

27 4 20 15 75 55 80 0.69(medium} 

28 4 20 14 70 50 80 0.63(medium} 

29 5 5 13 65 40 75 0.53(medium} 

30 7 35 16 80 45 65 0.69(medium} 

31 6 30 14 70 40 70 0.57(medium} 

32 9 45 13 65 20 55 0.36(medium} 

33 4 20 14 70 50 80 0.63(medium} 

34 2 10 17 85 75 90 0.83(high) 

35 4 20 13 65 45 80 0.56(medium) 

36 6 30 14 70 40 70 0.57(medium) 

37 9 45 18 90 45 55 0.82(high) 

38 6 30 15 75 45 70 O.64(medium) 

39 3 15 14 70 55 85 0.65(medium) 

40 7 35 16 80 45 65 0.69(medium) 

41 1 5 13 65 60 95 0.63(medium) .... 
0.65 (medium) lUlIV 

low gain 1 (2.44%) 

medium gain 27 ( 65.85%) 

high gain 13( 31.71%) 
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'" "" ... "... A ... " ..." J' " ... '" f111HYI ~.6 fl111Jn11'H1J1Yll~n1llltl1J'UO~f;;!l':H.l1J llO~ OlftnVl101Jnffl1JU~;t1J 'Ha~n1l';t 

fl,ml1Jn1lt; V1JA1Vfltlflll1JlU'1JUnm'~~ uvmrJ1Jlltl,rU 

, 
.v8i1 pretest % posttest %posttest %aetual % maximum average 

pretest gain possible gain normalllzed gain 

1 10 24.39 38 92.68 68.29 75.61 0.90 (high) 

2 18 43.90 37 90.24 46.34 56.10 0.83 (high) 

3 16 39.02 25 60.98 21.95 60.98 0.36 (medium) 

4 16 39.02 35 85.37 46.34 60.98 0.76 (high) 

5 9 21.95 22 53.66 31.71 78.05 0.41 (medium) 

6 5 12.20 23 56.10 43.90 87.80 0.50 (medium) 

7 19 46.34 31 75.61 29.27 53.66 0.55 (medium) 

8 18 43.90 38 92.68 48.78 56.10 0.87 (high) 

9 23 56.10 29 70.73 14.63 43.90 0.33 (medium) 

10 20 48.78 30 73.17 24.39 51.22 0.48 (medium) 

11 18 43.90 37 90.24 46.34 56.10 0.83 (high) 

12 6 14.63 34 82.93 68.29 85.37 0.80 (high) 

13 15 36.59 31 75.61 39.02 63.41 0.62 (medium) 

14 10 24.39 27 65.85 41.46 75.61 0.55 (medium) 

15 6 14.63 32 78.05 63.41 85.37 0.74 (high) 

16 11 26.83 37 90.24 63.41 73.17 0.87 (high) 

17 14 34.15 26 63.41 29.27 65.85 0.44 (medium) 

18 10 24.39 29 70.73 46.34 75.61 0.61 (medium) 

19 11 26.83 35 85.37 58.54 73.17 0.80 (high) 

20 10 24.39 29 70.73 46.34 75.61 I 0.61 (medium) 

.d 
mati 0.65 (medium) 

medium gain 11 (55%) 

high gain 9 (45%) 
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ftl1H~ ~.7 Nafl1,1~1\lftflAritl'UntJ'U'\Jtl~,rflnfJ\Jfttlfl1,ntJ'l.J'ltJ11fl1'YltJ1flln'ftf l~tJ.'.f 

n\lm,ulu'Uuiillii\l;~ 

. 
110mnh,,,,.1 1ZRtJAll1.lftAI;b" 

' ..fllltlDfJ SD UUD 

,11"«")11 - ,11,,«·u, l'il" ,11"«'uJ ftll1.l111.1l0,,,,, 
311ft «''Jr. th" «lD -lieD 
, 

'".. -lieu'rIqA 311ft mn~ 'rIqfl 

l.l'Ui111l~ 10 12 12 5 2 2.44 t.t4 UtW .. ., , 
1V10lfflt'l'fllUfi 

- ....'" t'ltflH 'UnllfJ'U 

.rtl~mlltf,"lIA 

'uLh ., 

",,,, fit'"2.'UnllfJ1J nA 2 2 30 7 0 2.98 0.65 Ul'Unt'll~ 

lllLrttlo~i111l~ .. .. 
1l0'U1'1fl 
... .,
1V1fJlfl'lt'l"ll 

3.ll'ni1O'UfiTn·;h 0 9 18 12 0 3.17 0.83 Ul'Umm .. ... .
tltnmlfJ'U1'Vltl'U 

... 
UVI'U1'Vl 
... .,
1V1fJlfflt'l'ftl 

4.,rnnO'UfiTn 10 15 10 4 2 2.34 l.ll UtlfJ 

• -'" n~'Utl'UYJnft'H 

1 ...; ...'U'UtlIt'YIL1O'U 

... .. ., 
1'V11'Y1 Olfl'lt'l'ftl 

5.~lltfLgtlni1O'U 1 4 23 10 3 2.76 0.83 Ul'Umn~ .. ... ... 
\,mL1O'UlIZUl tl n .. .. .,
1'1fl1'Y1fJlfl'lt'l'ftl 

• lfJ'UtJ'Ui'Umn 

6.nllilv'U1'1fl 2 9 20 7 3 3.00 0.95 Ul'Umm 
... .,.
1'Y1fJlfl'lt'l'ftnt:'YI1 

l"'"10ft .. 
fI111l1fll VA 

1..,n::~6~'II'Uflft 

Uty11lftt'l6ftl1t'11 I 
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f)UH~ ~.7 FU'fl1'I1o;1l~~fI~ri6\JllfJ\J1IJ6'nrflllfJ\J916fl1'IllfJ\J'IlfJ1'V11l'lfJ1fl'lff~no;1fJ'cJ 

n~m'I1Jl,rutJaUi~l~ (916) 

7.Ufli1' tlU 'liOrnfl 

l41i1lJft'fl1UI 

mjlJl1'Cna;tlU1')11 

1'Y1t11f1'1tY9I' 
... ..~ 

8.1'Y1t1lflltY9IllUU 

..... ..t 
fl'lllJflflllllJ 

trfl-11tY"fi" 

9.ft'fl11lJ'U1'jfl 

1'Y1 fJlf1'1tY9I'LrJU 

ft'fl"lJ~'llltYU, .. 

I0."1-6fl1 ,,r,jlfl11 

'YIflaO-ll 
... .. 
'l'YItilftltr9l1 

Ufl{;tI'\..I,fO-ll NU'" 
'ri1'lUth~, 

I Uifli1'tlu'i 

tJijU'ifl11'Y1fl a0-11 

~'ltl9lULO-li 
..I " .J

I 2.LlJO'flfl9l1lJ'YI 

Ufl~fJU'~lH 

~O'tJ'Ufl11'::'~ 

Nath1.. 

.11U '11U~'lV 

~'lV 'lhu 

16 II 9 

2 4 9 

2 10 

6 17 13 

o 4 20 

2 18 

4 

12 14 

17 11 

3 2 

8 9 

15 5 

:' 

i I I 

,, ... 
fllltUltl SD 

2.10 1.11 

2.22 1.17 

2.15 0.96 

2.46 1.00 

2.46 0.95 

2.49 0.87 

UUD 
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Pll1H~ ~.7 Naml1ft';'IPlt1~ri6'UatJU 'Utl,nrflatJU~tlmlatJU11D1'lfll'V1mfllfl'Plf lftDl.v' 

n'ml1J,,rUtJa,m,~~ (~tl) 

.,.. f·~ A13:umnJU nfl1J 

fl1l1JtJ"ld6't\'nOU .. .. " 
l'lfl1'nlllfYln", 

14.UflnOU'lf6UWh 

UUUNfl/'mluflq1J 

~,. ...... 
15.Ufll'llUnflU l'lfl 

1'nfJlfYln..fuKl 

l.rl"~l11 

... " l'nfJlfYln", 
., .. . 

17.Ufll'llU'lf6'U'nl 

fl1''nfH'6~'n1~ 

... " l'nlllffln", 
...... . 

18.UJf)1Jl1al11~ 

... ... " 1'1S1l'nlllffln", 

19.Ufli1fJU't\'t1~iif) 

'rilfl1''nflt16'UflfJ 

"Utf}~'ril1,.rUfli1 flU 

• t.rl1~Ut1::6i'U1fJ 
. t .I 
i16~UU"l ,Rfi"u 

... .. .. 
'::ilUfI11t1flill'H" 

l'li"AltJ l'li" 1'11"AltJ 

tllfl AltJ ~1" 

o 5 31 

2 3 28 

o 5 11 

o 7 13 

3 17 

15 

5 12 

7 15 12 

5 

7 

21 

20 

13 

20 

17 

6 

... 
'nqil 

o 

4 

7 

4 

6 

3.00 

2.95 

2.41 

2,63 

lI~a 

flllt1'HtlltJ 

0.05 ,.humn-il 
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... J, 
ft111Itl11::11111ftl t-test 

Paired Samples Statistics 

Mean N Std. Deviation 
Std. Error 

Mean 
Pair 1 preresistor 2.7073 41 1.77826 .27772 

postresistor 6.0732 41 1.00971 .15769 

Pair 2 precapadtor 1.6341 41 1.08986 .17021 

postcapacilor 3.1707 41 .83374 .13021 

Pair 3 prediode 1.0244 41 1.01212 .15807 
postdiode 3.0976 41 .62470 .09756 

Pair 4 pretransistor 1.0976 41 .80015 .12496 
posttransistor 2.9024 41 .76827 .11998 

Pair 5 pretotal 6.4634 41 2.81156 .43909 
posttotal 15.2439 41 1.42794 .22301 

Pair 6 postresistor 6.0732 41 1.00971 .15769 

Pair 7 

Pair 8 

retentionresistor 

postcapacitor 

retentioncapacitor 

postdiode 

4.4878 

3.1707 

2.9268 

3.0976 

41 

41 

41 

41 

1.16452 

.83374 

.93248 

.62470 

.18187 

.13021 

.14563 

.09756 
retentiondiode 2.8049 41 .84319 .13168 

Pair 9 posttransistor 2.9024 41 .76827 .11998 

Pair 
10 

retentiontransistor 

posttotal 

retentiontotal 

2.4878 

15.2439 

12.7073 

41 

41 

41 

.95189 

1.42794 

2.14760 

.14866 

.22301 

.33540 

Paired Samples Correlations 

N Correlation Sig. 
Pair 1 preresistor & postresistor 41 -.141 .379 
Pair 2 precapadtor & 

postcapacitor 41 .263 .097 

Pair 3 prediode & postdiode 41 .154 .335 
Pair 4 pretransistor & 

posttransistor 41 .138 .390 

PairS pretotal & posttotal 41 .208 .192 
Pair 6 postresistor & 

retentionresistor 41 .415 .007 

Pair 7 postcapacitor & 
retentioncapacitor 41 -.016 .922 

Pair 8 postdiode & retentiondiode 
41 -.058 .719 

Pair 9 posttransistor & 
retentiontransistor 41 • -.036 .824 

Pair 10 posttotal & retentiontotal 41 I .301 .056 



101 

Paired Samples Test 

Paired Differences 

Mean 

Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

t 
df 

Sig. 

(Hailed) 

Pair 1 preresistor • 

postresistor 
-3.36585 2.16513 .33814 -4.04925 -2.68245 -9.954 40 .000 

Pair 2 precapacitor

postcapacitor 
-1.53659 1.18528 .18511 -1.91070 -1.16247 -8.301 40 .000 

Pair 3 prediode - postdiode -2.07317 1.10432 .17247 -2.42174 -1.72461 -12.021 40 .000 

Pair 4 pretransistor

posttransistor 
-1.80488 1.03004 .16086 -2.13000 -1.47976 -11.220 40 .000 

Pair 5 pretotal - posttotal -8.78049 2.87674 .44927 -9.68850 -7.87248 -19.544 40 .000 

Pair 6 postresistor

retentionresistor 
1.58537 1.18270 .18471 1.21206 1.95867 8.583 40 .000 

Pair 7 postcapacitor

retentioncapacitor 
.24390 1.26057 .19687 -.15398 .64179 1.239 40 .223 

Pair 8 postdiode

retentioodiode 
.29268 1.07805 .16836 -.04759 .63296 1.738 40 .090 

Pair 9 posttransistor

retentiontransistor 
.41463 1.24450 .19436 .02.182 : .80745 2.133 : 40 .039 

Pair 

10 

posttotal

retentiontotal 
2.53659 2.19200 .34233 1.84470 I 3.22847 7.410 I 40 .000 
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~1uu iij1\l1fJm.,1~mui4LfnJ.;mfJ1 

Lihm'1!lfiwU1~~11,j'4tl' 1I1l'1!l ,ha4An'tt11,A'tltR'l/'l/'l1l'1 ~1'IJ'"I1l'1tJ'l"'lafliifn'tt1 
'i'tl1L!ln'hltl11'11t'1l111~'tv'ln1' 2m11l'1!1'lftfJ~m'l1l1'l'lii IU\II";1m1ft-ulll11i1U1Z L1tH M01nTIIU1 
f.li!l~'W1l'l'S\~WL~M8tl1'LlfJUtfItJtfihlll'J'nIl1MJ{jtM~4(Hands-on ActMties} It ~ 
Lfiud7u~'l1fIn'tt'lIIII'MIitlflmV'l1'l1ftfliRft'tt-wwruoMl ('ll'1.lI.) 

L~lim1~hm,.ru1'l1'f'lf.dLflultlti'l8ft'l1SA'wi&tI\J'·UIPl1SliJIIQ'J,;!a~IUI,Miw,,'tv1 
LWu-l'l U1t1t'111Il" L488W "'lIL'In1~ "11'1UlfliW LtJ+-nlla121'l,QLm:MJ118lJm,tu1u 
L~tl4;fltJu8U'l4;;m4 '4tfl;"t)f'l1121e'fLfI,"nn~flfI'lm«4fUh~ LUuiLfeml1tlltufl1'ftS1taStJ 
LI'I1t1~mC~Z!tftUm':iLn1J'n\Jm.ft11llfum'D;'m,ftu.miiif1" L;!S1IMit>i1lUu""tufuIlllBU 
"tltt! 

~ ilda ..........~..................~..... 
(VNWl1,J'"a, ~lm.J) 

Pi,u.'In14 fit 
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1j~~;M~lIIlrimV1 
IhU~MAu a.ViYl,a 
'ul'Um-mtl1ii lIIlCMo 

III. 0111Q11'111 ~.r 

~le4 'IItlm111.'1t:"d'luiL;lUl'll'ty"'1~etlt.fll;&3IElm.til'Umnhm'ft1J.nliift1:l 

L;ID.I U1-1S14f1ft 4''Um1Jmu 

b.J1J'Ma1l\1~&, 11., fha14itfl"it1~CII"l1tJl f.'I'l,dt"tJ11'11f.'1,,;ftmn 11s'l1Jl0 
iJl~1I'11i'1fli1.1'01'1n" 2tM1'lmJ,atJ~ft'1'lItl1il u.alrrhn11,;'Utmfia~ L~ •m'n1IUU1f.Il'IoUI')lIbn411'l1 
L!tJ\llUltlL'Il'I'IJjfiefl1'L;lI\lt,,~tffi'in''WLu'Uu~,ji'"'{Hands-on Activities) .. i4lrtuei"nrn;lntN 
m1;Cn~n~"m!l1f'1'W1;~ (7rlJJ.) 

Lietimnhfl11ftVM18",cftfdLrtutUft1tJI'I1'lJJL;fJ'U;&lI'U1'Ulm1l191QU'Zltt4ftLLftetA' 
ihl"t'U1L~'h mVlrt.ft11u! ft11JJft11111t111.6l!ih.I1l!ft1Jfl1't'U'UL;fl4'{J\lmJ14MS~ .•4Url'tl9fn1JJ 
.rnw.1tll'huL~Lf811rlCllt'l..lfmfln~tI~tftUfl11li1u'f7tlm9lfath~i'tJfl1'MnI-l1 
~II Li£l'*\ht'Lilun'l1t~"8UIIie\U u.aml{J\Ifl814!!~1"'tM\ii'tJ1'I'l111&'IfIl'I1~'i'mh'UMtli!Lw 
IIIlI Wtn8'll&mn~MJ' wternmf 

~.n1tJ1J1J'L~flt\h~"M 

WWt~~'Wll1Jr;e 

~, 
iti'l'lntlfl11t14L;tI\i,wLft'l.lt'rlfJ1 
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.t1UmNlJ'I\I 8.1.mnfl 

,.~tJeml!'riI 1iIl<C~ 

III", n~nQ1fW ~tf<f 

i~(J~ ~al'l11JJ~U'I,"~d~JU«L~fJl'111qJlII1'1,mru'fI~MiisYtto6l'Ut11nhm~m..m18mlll 
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1'1'1!l1fl1ftflivsW1fl1'J 1MnYlrill~\Je'1'IItf,;l LLh'Ihn1'Jftu~ L;84 "n'n*Ii1I'U1N&lilt~14m~ 
L;fJ'U1I.1'IIMI"I'I~"OO1'L1ll'Utfltltfi'i'fl''nILVtnJ~ijill14(Haods-on Activities) • tn\Jmhtm~4'IJ84 
tmh1f111MtT,.~..iMvwwn.i_ (-mJJ.) 

Ltel~n1'~1n1'K'Uft11'ft,zl'lf4~ftulu~fJft1'~L1t1\1;8fJ\I"q~'ul~qu1~ft4~ua~1« 
ft'il11&l11LW11 'ri1'UL~\Jfi1frrmf "''rua'1l''flIUIQhJ~ft'\Jm1N'\lL~84d,\1'UmJ14A!i4 i4tf'l11Jeft1111 

'fI\jU'l'1~1'ULfIu(L'm'lqlt'Utmfln~w...l9~toit'lirrrMVn'\J'l11li9'4fti"Mftln"Kum, 
8a11l Ltilllltlll.hiNm,t'UiJ,,8'lJfisttf 1I.fttMl'4L~\l8fh~fimf'HlfI1'\JfI111ro~1-dt'ln'ri'\li'W;;LW 
U'lfJ um'llf.l'Ull'\I1m$fIN1/' Nt~ 

t.~t81thfrik1'~M 

('U1fJQ;fN spr~) 

~iJ1'U18m,11~L;tJU"41fllJimm 
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