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YJ~ mh uui'VltJ1f'11~1'11~1'U1VI-d~~Pim~1VI1 n~Lnru6fl~h~ 1 61'1VI~'Ue:J5'U1CJU'j1n!J n1'jru1 u 
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~~i>'f El'Uiil:::~ El~~'U LLm 'U€1~1~ L ~~~1'U ~11J ruVI1~\I mlTJ'U€1\1~\ ~CJ'U 1l.J1;)~'U f11'j'U~'\.JU'j~ Vl~mLm 'U 
'U ., \I , 

L uuL 1r11u1u fl11l.IL i111il~flf11~Lfl~e:Ju L VlciTd:u::VI~\I'j1n~n vi11 ~Ln~m111L i"l 1:utJ'j1n!Jm1ru 

VI~€1G1fl1'U n1'jru'Vl1\IYJ~m1iJ~Ylf11~ Lbl;=t::a~~ f1 n 'J::'Vl'U ~ Eln11 L~tJ'U~ b -d'e:JV11YJ~na1 'U'J::: ~'I.Ja~ ~€11 tJ 
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(tl~~1 l'l:JL VIG'l'll, 2553) ,Yn1~EJ'Vl1~;)1uYJ~n~Pin'l.tJ1L~l.IL~~L~'U5\I?f1L Vl!'l'U€l~Ut1JVI1-rl'11f11'j1 off 

'j'U LL '\.J'Un11i>'f€l'ULL '\.J'LJ'LJ'j'j'EJ1CJ€1~1\IL~CJ1 VI~€Jf11'jae:J'ULL '\.J'U~\IL~l.l (Traditional Instruction) hJhi' 
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"1i1EJ1~~L~tJ'Ua1u1VIqjLn~m1l.lf fl113JLoU1hYJ~n~~~n~eJ~ (Emarat, 2002) Lbf1~ (Sokolff and 

Tornton, 1997) 'j\JLL uum1~e:Ju~"1i1EJ 1 um'ji>'f~1\l'll11EJ1mf'lm'j'L~uu~ 111~mn~m:::mum1L~EJ'U~ 
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1 'U~€1\Ib~cJ't.l L~crvtl:ll~v~iinT~Ll~'U b Ll~ tJ'U~€1\1 L~ tJ'Ul.l1 nmtJ nfivfl11i>'f€l'U LL '\.J'LJ'LJ'j'j CJ1 mJ1:::n €l'Uf111 

~151'1L:S~'\.Jl]~3J~'Ufi. (Interactive Lecture demonstrations: ILO) ~1Pll'U1L~CJ Thornton Lbfl::: 

Sokoloff n 1 1ae:Ju LL '\.J'll'U11 CJ1 EJ'\.J1:: n €1'\.J m1~161'1 b :S~'lll]i13.1Yr ufi L tJ u n11 a e:Ju~ij n11a1 51'1 

U11 n!J n11 ru lil ~ ~ 1 'U~€1~ L~tJ'U bbfl~ij n1:::'1.J1'U n 1 1~ i>'f~1\l n11lj'I.J!j~3J~'U 51:::VIl1~~ b ~ EJ'Un'I.J~ a EJ'U 

~b~EJ'Utl'\.J~ L~ EJ'U ;)1 tJtl'U 1 ~~ b~EJ'Uvi1'U1tJ ne:J'U f11'ja151'1 bbf1:::"1i1EJ tl'Ui bfl11:::'1-1~1l.l nub~ EJ'U Lbfl :::~ 6'1€l'U 
\1 \1 ,. \J 

m1~e:Ju;J1EJ1'l1LL uud ~13J11fl1m;Jnu~e:J~u11CJ1EJ'U'U1~1 Vlni~ij~L~CJu"il1u1ul.l1n c1oo-3oo flu) " ·~ " 
~1u1~CJVIf11CJ~1'U 1;)t11L€11~'l1LL uum1~e:Jud 1 '1.11 .Uaaui'll1Yl~n~Ldm~u 1 u-H'1ia~1\l 1 Yl'\.Jl1vi11 ~ 
~L~CJu~ijfl11l.l~fl11l.ILoU111iJL-d'eJV11Yl~n~VI~~m'jL~EJ'UL~l.I~'U (ehrm 1'0J1m~, 2550) 
" " 

:u1 n1J t1JV11oU1~~u 0~ CJ~~ijfl11l.I~'U 1:u n 11i>'fe:J'U LL uuu 11CJ1tJtl1::: ne:Ju m1~1fil'l L;) \l'lll]i1l.l~u5 

(Interactive Lecture Demonstrations: ILD) L~m~l.lfl11l.ILoU1hLL'U1A~i'VltJ1f'111>'f1'11LLf1~L~l.l 
II II cj .,j d ..J 

fl11l.lf111VI'U1'Vl1~n11L 1EJ'UL 1€1~ LL 1\ILLf1:::n11Lflf1€l'U'Vl 



.. 

2 

1.2 1V~qth~~~~lbt~~fl1111~~1'LI'UeHimca1~v 

1.2.1 1~Ul'lh~fl~fl'UeNmca1~v • 
t ~el b ~3JI"l'l13J b oU1b"il bbc;'l:::fi11WlT'"J'VI,j' 1Vl1~fl1~ b~ ti'Ubb 'U1fil'l1Vl V1P116'1\1li b~el~ bb ~~bbc;'l::: 

m~bfi~B'U~ Ll'ltlb i~tl bb 'U'Ufl1~61B'Ubb 'U'U'U~~tl1titl~:::na'Ufl1~6115\11 b :a-:~tJJji13J~'Ul5 (ILD) 

~~~'U .05 

1.2.2 .. 2 t1m~ti'Uijm13Jn11VI'I!1Vl1\lfl1~L~ti'UL~a~ LL ~\lbbc;'l:::rn~Lfi~B'W~ Ll'ltJ1-ti'~tlLL 'U'U 

m~iiiel'Ubb 'U'U'U~~t.J1CJ'I..l~::: neJ'Ufl1~6115\11 b :a-:~tllji13.l~'U6 (I LD) 

1.3.1 th~"'11nca 

tl~~"'nn~ 1vi'LLri 't!m~v'Ui'Ul1'liv3.!Pimnu~ 5 bbc.J'Um~b~V'U Pi~u-m'l~../1 t ~\IL~t.J'U~~'Uli~ 
eJ1b.flelbiJB\I -.5'-:~VIi'l'liii~'UVli .fl1flb~ti'U~ 2 Ufl1~Pim~n 2557 ~1'U1'U 250 fi'U , 

1.3.2 n~:u~·:mfi1~ 

mi:u1Pi'1a~1\l 1vi'LLri 't!m~t.J'U.ff'Ul1'liti3JPim~ntJ~ 5 LLc.J'Lin1~b~ti'U PimJ-.n1~1 
' 

h\lb~ti'Ua~'Uli~ eJ'lb.nmiJB\1 -.5'-:~VIi'l'l~~'UVJ{ .f11flb~V'U~ 2 Ufl1~Pim~n 2557 ~1'U1'U 35 fi'U hwrn~ 

G'i3.! LL 'U'U L "il1~"il\l"il1 ntl~:::"'11m • 
1.3.3 ca~v:a 1ft1L 'Lin1'a't'l~ftv~ 

L~:IJvl1fl1~Vll'lc;'lel~b'U.f11flb~tJ'U~ 2 tJrn~Pim~n 2557botll1~1b'I..Jfl1'j"Vl~~v~ 10.&1tm 

1.3.4 Lilm.,1ffim'Limca~11~v 

1.4 tlca~tv"'nl~fi1W:i1'l~l;]-ru 

rn~1-.5'EJfl~~.a 611&-~1~m tl'U 1 'Lifl1~~~'~n"ilm~3Jrn~L~CJ'Urn~iiia'U1"111~anii11 'Utr1ia~'U1 Vl~a 
U11 tltl~:::tln\111 m"'l1~b~tl1oUe:J\Ib ~ijtJ~:::a't15.nTW:IJ1n~'U • 



I. _., 

~ 
'U'VI'VI 2 

~ 1'U i ~ vdl11 IPl f:l'IJ d ~ ?t \1 fi L ~ m ~:w 1"111:W L "lJ 1 1-:iJ LLfl ~ 1"111 :w n11 vru 1'Vl1 \1 fl1'j L ~ V'U LL 'U 1 ~ {;1 
' 

i'VIV11"11?f1Pl'h~a~ LL d~ LLfl~ n1';iLI"l~ e:J'U~ L{;l v 1 i'j'IJ LL 'U'U fl1'j?fe:J'ULL 'U'IJ'IJ'j'jf.J1EJ'IJ';j~fle:J'U fl1'j?f1~1Pl L ~~ 
'IJ 

'IJ~i1:w'W''Lifi (ILD) 0~v 1Ji'~fl't;1Le:Jfl?f1';ibbfl~\11'Ui~V~L~V1"lJe:J~IPl1:W~1"lJe:J~e:J 1 '!Jd 

2.1 n1';i~e:J'ULL'U'U'U":i":il:l1EJ'IJ';j:;fla'Um';i~1~~L;i.:~tll)a:wwuii (Interactive Lecture 

Demonstrations: ILD) 

fl1';j?fe:J'ULL 'U'IJ'IJ';j';jEJ1V'IJ';j~fle:J'U fl1';i?f1~1'1 L ~~'IJ~i1:w'W'w5 (ILD) L tl'UiBrn';i~~fl1":i L~V'U~~1v'i'-r'U 

fl1-;il1\91J'U1:ff'U1{;1V Thornton Lbfl~ Sokoloff (Sokoloff and Thornton, 1997) 

L U'U';i'IJ LL 'U'Ufl1';j?fe:J'U L{;l m~ L~v'Liih11'U~1:w1 'LI fl1';iL~V'Ufl1';j?fe:J'U LLfl~?ti1~fl1';jl1'1Jni1:w'W''Lifi 
'IJ 'IJ ~ 

';i~'VI-:h-:~ cr L~V'Ufi'U cJ?fe:J'U Lbfl~';j~'Vf'J 1-:JcJ L~V'UJ\1 Vti'U Le:J\1 L{;l m tJ 'U fl1';j?fe:J'Ubb 'U'IJ'IJ';j';j V1CJ Lbfl~ij~ f) 
'IJ 'IJ 'IJ 

cr L ~ V'U n'U cr ?fe:J'U LLfl~ cr L ~ CJ'U J\1 v n'U b f) -:1 L{;l CJ~e:Je:J11iJ b U'U ~f)~ b U'U a'IJ f)';joJVf~ f) ~f) ?f 1~1'l:U 1 ni ~1 f) 
'\I '\1 'U , 

L V1~mdru~1~ ~ ~L~v1"l1a~n'U'VIt)'l;i]'V11~Yl~m1 L ~a?ti1~'1J';j';iCJ1ml"f1 'U fl1';j L~v'U~'lle:J~~ L~CJ'U LLfl~ L tl'U 

fl1';jL ~:WI"l11:WU1?f'U h 1 'Ufl1';iL~CJ1Jf11';j?fe:J'Ui'li1Yl~n?~1 'U~1eUe:J~1~ ~ ~n~1v 
-5'U91El1.Jn1':i?fe:J'ULL 'U'U'U':i1CJ1V'\.h~fle:J'Ufl1':i?f1TI91 L ~.:~tll)i1:w~'UG (I LD) il~.:J'Vf:W{;l 8 .ff'U\Ple:J'U~.:J.Q' 

2.2.2 

2.2.3 

2.2.4 

1"1-;i 1 ,X,Jm~CJ'U'Vll'U1V~flfl\11 'U LL 'U'Uvl1'U1V~fl 
'IJ 

1"1~1,X1Jm~v'Liaii'IJ'l1V~i.1f11';ivl1'U1CJnuL.y;a'U ~ 

~:w~~fl1';ivl1'U1V'llfl.:!Uflb~CJ'Ubb~1bb?f{;l.:!~f11 ,XL y;e:J'U 1 'U,Xe:J~{;l 
, 'IJ 

2.2.6 l"l~?f1~~bLfl~Lb?f{;l-:J~~ 

2.2. 7 fl';jLL~~-um~v'U·lhvn'Liaii'IJ-;j1CJt:J~rn';ia1~\Jl~Ln~=fi'LILL~~ 1 ,X1Jm~v'Uu'UVint:Jf1~-:~ 1 'ULL 'U'U 
'IJ 

bb?f{;l.:Jt:Jfl (um~V'ULfl'U 1 i') 

2.2. 8 F1 ~ v n ~1 a~ 1\1 ?f m 1J nTmJ 1 'U"iii !'l'IJ';j~~11'u ~ F1 ~ 1 v F1 ~\I ti 'U'IJ ';i1 fl!Jfl1';i ru~ a1~ 1'1 ail 'lJ ';i1 v 
.. d I CV ~ I Q. II CV ..c:il CV 

?f mu fl1';jfi!'VI m:v:v~ ~ LLI'l fl1Pl1\l nu m':i?t1591 LLI'l?f1:W11f:l e:J5'U 1 v m vvr~ n n 11L~ v1 n'LI 

"l1mL 'U:::t1111Jm';j 1.U~tlbb 'U'U m1?1au bb uuu11mt.JtJ';j~fla'Um16'115~ L ~\lunliY:w~ufi OLD) 
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( 1) 1J{jU1il'l1~fn~UTUf11'~ 1 'Ubb~"~f11'nnBI'leJEh~fi1U~TU 

(2) 1 'U f111U11 tJ1 tJ VI~ aa5u 1 tJ 1m-if 1"1111 "f111 L u~ tJ'U LL U "~u~~ 1 ruV11~YJ~ n£1~1 \91" 

mhcm.d1mTrlb u~tJ'WLLUr;t~eJ~1~h L"li'W m~-J1 "m1~L ~'J-uan"VI""a~ijm1L u~tJ'WU. '\J"'II'l1~ 

nma~1 h" a~1m~11 "m1'Y'Im1m~lijf11'HU~tJ'WLLU"'IeJ~1'1h" 
(3) 1 'W m1LL?fl'l~-ua~" 1 ,X~ L~tJ'WL i1'W fll1L~an~l'W"li'a~"'nnm1'Y'I~LMtJloU a.:Jnu m1vi1'W1tJ"llB'~ 

'II 'II 'II 

~L~tJ'ULLG~ll 1-H'L "UTU'UVint:-l"~"n~m"'l1 'U 1 'ULL?f\91~1:4m~a 1-H'~L~tJ'Uijfi'J1~boU1 b\J~1'11'1n'W 
'II 'II 'II 

< 4) m1'\J1~ Li1'Wm1~ L i1 h 1 'WL davr1-ua~~ L~tJ'Wna'ULL"~vra.:J\11nm1~" m1b~tJ'W~,r'W'OJ~vi1 
'II 'II 

Lrifl11'lm~~a~mn 

.. .. " 2.2 tt 'W1f'lfi1VIti1A1al'l1 

Lb 'Ul Rfl 1 'U.fl1~1eJ~f1'1~1-iil"l1l1 Concept 

bL'W1fil'l 

ijm-H'm1~vr:w1tJ-ua~ri'1-J1 u.'U'Jfifl H~-:~d 
'II 

~rum'W\91 i;'Uaa (2549) b tJ'Wm1~f\"vr~am1~L i1 hn1tJl 'W~l'Uflfl"~~~&ifll1~ u."~a1u • • 
LM tJ'l nu~'l1fl ~'IV!~'! eJ'U L iJ 'U(:-1"~ bO \91\11 f111 G1~ Lf11'1 U1~?1U f111~lJL~~~ij eJ ci V!~el f1111~fu 

'II 

U';i~?f'Ufl11 rum-:~ LMtJ'J fl'U~'I,r'U Lb~'J 1-&'FJrua n~ru~&h•i'qJYi bMtJ'l nu~'l,r'U:W1U';i~~'J" b oU1~'JtJ fl'Ub U'U 

"li'f1?11'\J L U'Wflrua~u1ivr~aan~ru~~Lu~1~ L \11~\1-:~"lla-:~~~,r'W • • 
a~m1 -u'UolitJniJ (2545) L U'Wfll1:Wfil'lfll1~L <U'1 h-ua-:~uflflr;t~\1~?11\J LMm nu~-:~11'1~-:Jvt~'l eJ'W 

'II • • 

LOfi-;J1fl11~'1Lf11'1 vr~a 1~fu'\J1~aum1ruLMmnu~~,r'W vr~m~a-:~~'Wvtr;'l1tJ 1 bbuu LL~11-&'flruan~ru~ 
~LMtJ1ilu~~,r'W vr~m~a'I,!'W:w1'\J1~~l"L tl'U<U'aa1u u."~ir'l~fl'l1~~n1~11 ~'I,!'Wijan~ru~aci1-:~11 
?11~11mbtJmLtJ~~-:~,!'Uaan~1n~-:~~'W '11~-lifiL\I'W 

ijm oHfl'l1~vr:w1tJ"lJa-:~ Lb'U1RI'l1VIm!311al'lfl1~~.n 
'II 

1~h'OJ'l1 L~:Wbl'l"lJ1~~~f'i (2550) mhll1 bL'Wlfil'l1'VltJ1!311&'1!'1{ V!~1tJfi'l fl'l1:Wfil'l fi'J1~LoD11'0J 

L~m nuL~a'l1fiL~mvr~-:~1 'W'Vl1~1'VltJ1!311&'11'li~L U'WoUB?f1U~~'t!n1'VlmFI1?fl'liL i1'W~'l~ n'U • 
~~h\1'11 Lfll'l1'W111 (2555) mh1-i1 LL'Wlfil'l1'Vlm!311?fl'li vr~1tJfi~ m1~fi" fl'l1~boU1h-ua-:~ , 

Uflfi"Yiij~m~a'111'lb~el'lvti!'l el'Wb0\91-;J1f1f111Pif1~1 ~'UR'W LL"~LflU1'l~1'l~~1-;J1f1U1~?f'Uf111cUf111 , 
fu~~1~ ., bb~1'W1~1,_h~~1"LoU1~1CJtl'WbU'WoUel?f1U~~I'l1'1tl'ULL'W1fifl-ueJ'IUf11VItJ1!311?11'1i 

v I ' 

iJ'U'Vl'U1 Lb?f'l~ru (2557) mhT;h Lb'U1RI'l1'VltJ1!311?fl'li 'Vt~1tJfi'l fl'l1:W~ fi11:WLoD11\J "llel'ILL~"~ 
'U 

'l!flflr;t~ij~el~'lvti!~~'I'VIii'l1fl b~el'I'Vt~'lb~eJ'I11'l~Lnl'l\11f1oDeJLVl';l~~~ vranm1 ?ftn'Uf111cU~1'1 '1 'Vt~el 
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m~L~V'U~~ijfl11l.J~:W1 v LLG"i'Tu1m'l.J ~~m~ b U'U m1:w~ ~~1:W1~fiBG\J1 v fl11l.J«l.J-wwh ~-1 L ~l'le.J~'V11-1 u u • 

1'V1V1!311~111TI~B~1-1flnl'i'B-1 
u 

1 'U n 1~1..ij' C1 fl f -1-d ~!)..ij' ~ ~ ~ -J VI bb 'U'J f1V~1 'V1 V1 f'11~ 111 {'lJ B-1 'IJ fl b~ V'U ~1 V LL \J'U'Vl VI~ B \J LL 'U'J f1 VI 
u 

' ' ' 
1'V1~1!311~11liL~B-1LL~-1LLmm1~Lfl~B'UVl (Force and Motion Conceptual Evaluation: FMCE) 

-:6'1'U'J'U 34 -ifB 

ca. Ci. r( d .d d 
2.3 bb 'U'U\'I~flt.l'Ubb 'U1fl VI'J'Vltl1f11fll'l'H 'ael-1U. 'Hbb~::m~bfl~el'U'Vl 

LL\JU'VIVI~El\JLL'U'Jf.lV~1'V1~1f'11~11liL~El-1LL~-1LLmm1~bfl~El'U~ (Force and Motion Conceptual 

Evaluation: FMCE) ~l.J1tl~\l bL\JU'VlVI~El\Jl.J111l~;j1'U~tlnE1ElnbL\J\JLVICI Thornton and Sokoloff 
"" u 

(1998) ljfi1fl1l.J 47 -ifa LL~~bLtlflEIElnbU'U 6 mi:WLL'U1f1VIL~bLrl n~l.Jrl1fi1:Wb~El-1 LL~-1 n1~bfl~El'U~ • • 
ml'uVif'l m1v-l"lla-1LL~'l m1v-lm1:wd-1 f1!Jn1~Lfl~El'W~-ifa~ 3 'llEJ.:Jtb~'U um~m1v-lfl11l.Jb~1 ~-1 

bb UU'VlVI~El\Jifb tJ'UFl11l.Jf.lVI~1UtJEJVI1 'Ubb~Ji~~ b~El\I:W1 nn11n1~rl1'U'Jfil 

1 'Um~1..ijvflf\lif~1~ v hil"li'LL \JU'Vl~~au 34 -ila 5 n~:wbb 'U'Jf.l~ L~bbrl n~l.Jrl1fi1:WL~a\l LL ~'l 
u • • 

m1v-I'!JEJ'lbb~'l m1v-lfl11l.Jb~\l fl!Jfl1~Lfl~a'U~-ifa~ 3 'lJEJ\IU'J~'U u~~m1v-lfl11:Wb~1 

bb\J\J'Vl~G'1t.l\Jbb'U'Jf.lV~1'VltJ1f'11~11!{b~El'lbb~'lbbG'l~fl1~bfl~El'U~ (Force and Motion Conceptual 

Evaluation: FMCE) e.l1'Ufl1'JLL'l.JmL~~'l.J~u'l.J~.:J,.l'IJU.fl1'1!1'1L 'VltJ LVIV!3l'UV~am1~n'l!l'1bb vi.:J'l.J~~b 'V1!31L 'Vltl , u 

(~~'J~ m"il.'l'll, 2554) • • 
a1WG'l 1-oJ~n,.; (2550) L~U1bb \J\J'Vl~~El\Jbb 'U'Jf.lVI1'VltJ1!3111.'111!{b~El\lbb ~'lbb~~f11'5'Lfl~El'U~ (Force 

and Motion Conceptual Evaluation: FMCE) ITl'l.J1inu'\Jm~EJ'U1'U~~~ul!liEJ:W~fl'I~1111EJ'U'l.J~1tJ 
'l C111 8.1 Q I CI.J Q I II C!l 111 cl II d U d 
b 'J-1L 'JEJ'U1~1.'1'Vll'i1'5'1'5'11J 'V>lU11'l.!n L '5'V'lH'!1'U'UEJV1JI"l111JL "ll1 lii'Vlflfli'IEI'llfl(J')fl'UL 'l'El'l bl '5'-1LL~~n1'5' , v 

Lfl~a'Um~mu'V>l1~ 1 'U?i'J'U~ L tJ'U m~bfl~a'U~'!Ja.:J1111 fi\J'U~'U b~v \1 bblJ111il ::e.J1'U fl1';} L~ v'U m~~e:~'U 1 'U • 
~a \I b~V'U:W1bbG"i'1nm:w ~.:Ju11 'l.J~m~WI'Al'U1~'l.J Lb uuu~~v1v'l.J~~ naum~1.'116111 b ~.:J'l.J~a1Jw'U5 

(Interactive Lecture Demonstrations: ILD) wu111'i''!!Ufl11:Wtl11~tJ1'V11'lfl1~L~EJ'U (normalized 

gain) Lvhnu 0.3 ~'l~.:Jn11m~l.'la'ULL\J\JL~:w (u~·w1m.Wv-1a~1.:JL~v1) L'Uf11~1~v1~111~1~~au 

L ila~1'llEJ-1LL uu'Vl~~au LLG'l~'IJ~u'l.J~.:J-ilafl11:W 1 ~L ~l.J1~~l.Jnu'\Jm~v'U.ff'Ul!liv:w~n'l!l'1111EJ'U't.Jmv 1 i 
LL\J\J'VlVI~El\J 43 -ifa 

~mu'U?i.:JL~"i:wm~~a'U1'Vlv1!311~11liLL~~L VlflL 'U 1~v (2546) 1~n~11fi'lfl11l.Jn11~111'Vl1\l m~ 

L~V'Ui'V1EJ1!3111.'111!{ fia wq~ m~:Wfl1~L~V'Ui~~-1'l.J~~~\Ifi~1'U~~thyqp ~~Elfl111Jifl11:Wf.l~ 1 'Wi'll1 



6 

i'VlCJ1~1l:IVl{ ~.:~am'IJ'U~.:!Li:I~:Wn11i:leJ'Ui'VlCJ1~1i:IVl{LL~~ L 'VlflL 'U 1~mi')Ej~VI"'f1"UeHI Klopfer h.tf111 

ti1~LiJ'Uf111L~CJ'U-ri'11'Ul:l~un'ru1VI~eJvl1'Uf111:W-rf111:WA~ LLU-:1 hi 4 I'11'U fia 
" ~~ cu 'U 

2.4.1 1'11'Uf111:W-r-f111:WiiJ1 VI:U1CJ~.:I f111:Wi:I1:W11~ 1 'Uf1111~~ f1~.:1~.:1~ L~CJ'U:W1LLiK1 L tl'UL~fl-:1 
'U 

..J V' IJ' ~ ~ """" cv """"' """" ~ 
Lf1CJ1 f1i.J"UeJL 'Vl~~'j-:1 f111:Wfl~'j'Ji.J CJeJ~ VI~ f1f11'j LL~~'Vl'J~~'Vl1.:11'VlCJ11'11i:l\1l'j 

2.4.2 vl1'Uf111:WL~11~ VI:IJ1CJ~.:I fl11:Wi:I1:U1'j~ 1 'Un1'jeJBi.J1CJfl11:UVI:IJ1CJ"UCJ1CJf111:W LLU~f111:W 

~rn1:w 1~CJfl1~CJ~mV1~~~.:~ Vl"'f1f11'jLL~:::'Vl'J~~'Vl1.:~1VJCJ1~1al11{ 

2.4.3 vl1'Um'j1111 tl1 i VI:W1CJ~.:~ rn1:wa1:w11~ 1 'U nT~111f111:w-rLL!;'t~15m'jVJ1.:~1VJCJ1mal11ft t1 
'U 

1-lii. 'Un11LLnUruVI11 'Ui:lm'Uf11'jruffi Vl&.l~LLI1lf1~1.:!1 tl~1f1~Lflm~CJ'U-r:w1LL~1 1~movn:::eJ~1.:!~.:!1 'U 
~ 'U 

~1'U~L~CJ1~a.:~ni.J~1111tl'j:::lii'11'U 

2.4.4 vl1'UV1n~:::m~i.J1'U n1'j'VJ1.:!1'Vl CJ11'11l:l111{ 'VI:W1CJ~.:~ fl11:Wi:I1:W11~"UeJ.:Ii.Jflfl~ 1 'l.Jn1'j~i.J • 
Li:I1~'V11 f111:wfVJ1.:~1'Vl CJ11'11a 111 {c.i 1'U m 1tl~u~ n1'j!l m.J'Ua ~1-:~ih~i.Ji.J 1~ CJ1 in'j~i.J1'U f11'jVJ1-:t 

i'Vl CJ1ma~Prf~'ULn~m1:Wfl~ a.:~ LLfl~""J LL~:::r;11:W11m~an1 -&1. 'Un~m'j:U~1.:~11v1a~1'1L 'VI:W1~a:w 

(;'l'j\.11~11 fl11:W n1""J'VItJ1Vl1.:1 f11'j L~CJ'U VI:W1CJ~.:I t:.l!;'l f11'j L~CJ'U -rvi L ~:W~'U"UeJ'I~ L~CJ'U~ Lii~~1f1 . ~ ~ 

f111:Wi:I1:W11~ 1 'U n1'j'j:;:~ n~.:t~.:~vi L~CJ'U:IJ1LL~1 f111:Wi:I1:W11~ 1 'U f11'jeJBi.J1CJf111:W'VI:W1CJ'l.ICJ1CJfl11:W 

LL tl~ f111:W ~fl11:W hwa1~CJ~ elL Vl~~~-:1 VI"' f1n1'jLL!;'t ~Vl'J~~Vl1-:!l'VlCJ1~1l:l\1l{LL!;'l~U1f111:WfLL~::: 

15nT~'Vl1.:!1VlCJ1~1i:I\11TI tl1 -&1, 'U f11'jLLnuru'VI11 'Ui:lm'l.Jf11'jruffi V!lJ~ LLIPI f1 ~ 1.:11 tl~1nviLfl m~CJ'U-r:U1L~ CJ 
~ v 

1~t:.J~~1flfl::: LL 'U'UfleJ'U L~CJ'U-'VI"''I L~CJ'Uffi~~1f1f11'j'VhLL i.Ji.J'Vl~i:lfli.J LL 'U""Jfl~l'Vl CJ11'11l:IIP!{ L~€1.:1 LL 'j .:ILL!;'l::: 

f11'jLfl~eJ'U~ (Force and Motion Conceptual Evaluation: FMCE) lii'1'U1'U 34 ~eJ '1.1€1-:!'l!m~CJ'U 
n~:wl9i'""JeJ~1'1 LL!;'l~lLfl'j1:::,;~.m1~CJ1m5 Normalized gain 

2.5 Normalized gain 

Normalized gain Ltl'U15m1tl'j:::dJ'U~~~1'jUJ1~1flt:.J~~1'1'l.leJ.:Ifl~LL'U'Ui:leJi.JtleJ'UL~CJ'ULL~~'VIG'i'.:t 

L~CJ'UL Vi CJi.Jni.J 1t~ma~'l!m~CJ'ULL~~:::fl'U~~a1:w1'j~vl1f'"l:::LL 'U'UL ~:U~'U:w111'1~-:~La'UeJ 1~CJ Richard R. 

Hake~ University of Indiana 1'Utl fl.~. 1998 (t~.fl~Vlt fi-:!1"liCJ LL!;'l~f'"lru:::, 2550) L~eJ-:1~1n1'Uf11'j 

r.'leJi.Jf'"lf.:tVI~.:t ., ilit~lii'1n\>11'UL~eJ.:Ifl:::LL'U'U~1r.'l\>l (minimum or floor effect) ~'Vlflfl'U ~:::ffit~ma1~ 
I • ' 

fl:::LL'U'U~1l:l\>11&-lueJCJf111~eJCJ~~ 0 LL~:::1t~ma~~:::1~f'"l:::LL'U'Ur.'l.:li:l~ (maximum or ceilino effect) , , " ,:, 

1&-lLn'U-reJCJ~::: 100 Vl~eJ~L~CJn11 floor and ceiling effect ~1CJUqJV11d (Hake, 1998) ~.:~1~Lr.'I'Uel 

15m'j1'1Jf111U'j~LiJ'l.Jl:.J~f11'jL~CJ'Uf~L~:U~'U L~CJf111 normalized gain (normalized LU'Ufhvi:w1 

'OJ1f1fi1Pi'Wli"'Vl1.:Jf')""JeJ'UI9i':UYJ~n~ ~.:JVI:W1CJ~.:Jf11'jvl1L'I-1ffit~mam1:WL tl'U 1 ti1~L vh 1 n'U L~CJii~1L tl'U 1 tl 
' ' ... 

1~~'~'1~Lvhni.J 1 Lvhn"U) t~l'.l'VI11v1\11fl eJ\9111"'TU"l.leJ.:I~{;'IflTSTII'.l'l.l~ViLvhJ~'U\l~-:~ (Actual gain) 
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~fl(:.l(;l01'H~a'U-r"'.:~"'V~~ine:Jfl1"'L~1J~'U1;} (Maximum possible gain) L~a'ULtl'U"'1Jfl1'i 
'11'11 • ... 

fild11JGl1J~'Ufi1;}~-:~ii 

[(%post- test)- (%pre- test)] 
<g>-

- [(100%)-(%pre- test)] 

LV~a~ <g> ~e:J l'i1 normalized gain 
dl • .cJ "'a iJ~ .1 ~d: ~ 

% Post -test fle:J fl1L\l(;la'!J€l.:lfl:!LL 'U'U"'€ltl'l·m.:IL 'ia'UL 'UL ufl'iL'il'U~ 

d I .J I .111:111 iJ~ tl .. ~ .. 
% Pre-test fl€1 mL\l(;la'U'lJ€1-:Ifl:!LL 'U'U"'€l'UO€l'UL 'ia'UL 'UL e:J';iL'i!'UIPI 

(1) 

offmi.:~Ln\91 : fl1'iFl1'U1ru'VI1 Normalized gain dhJiil1LU'U~€l-:~1aLtJ'ULtle:JiLcij'U~n1~ LV~a1mi 

fl~LL 'U'U"'e:J'Uiil~.:ILL 'Vl'U LV~ a Pre-test ~e:J f'l:! LL 'U'U"'€1'\.Jrle:J'UL~EJ'U Post -test ~e:Jf'l~LL 'U'U"'fl'U'VI~.:IL~EJ'U 
-JII ~ 1.1 ~ II 

LL(;l~ L "llfl~LL'U'UL\911J'lJ€l.:I'!J€l"'fl'U"liVI'U'ULL 'VI'U ';ie:Ja(;l:! 100 • 
<g> 'VI~fl normalized gain LL U(;lfl111J 1~11 (:.l(;lfl1';iL~EJ'UfvlL~1J;ff'Uiil~.:l'll€l.:J't1'm~a'U 

(Actual oain = (% post -test)-(% Pre-test)) ~VILU'U~Lvl1'lJ€J.:J(:.l(;lfl1'iL~a'U-r"'.:~"'V~~ffi€lfl1"'L ~1J~'U 
:;, "" , 

1~ (Maximum possible gain = (100 %) - (o/o Pre-test)) ~.:!Fhvh~lil~iifi1e:J~L'U"li1.:! 0.0 - 1.0 

~1aiGfl1';iU';i~LiJ'UL"li'Udvh1 '1X"'11J1';it;1LLnUqJ'V11 floor and ceiling effect 1~ L ~€l.:Jiil1nL 'i1~VI~" 
Cll 11.J ~ ,N q CLI 1 .cal I ~ ~ 3 1" I q 1 _J 4 1"' 

fl1';iL ';ia'U'i'VI L 'V'Il.J'!J'UL 'Vla'Un'Uf'l1"'.:1"'VI'VILL\9l(;l~fl'Uiil~1J L fl fl1"' L V'11J'!J'U VI (0(;l11e:Jn 'U'VI'U.:Ifle:J L 'i1 VI 
" 'II • 

normalized 1'1Xffie:Jm"'LtJ'UhJ1~€laL'U"Ii1.:~ 0.0 - 1.0 Lvl1n'U ~1afl1';iLVia'Utl'Ufl1"'.:1"'V~~LL~"~fl'U 
'II " • 

lil~ffie:~m"'L~l.l:ff'U\~) "'1l.l1';imLti.:J1~~'U'lle:J.:Ifl1 normalized gain e:Je:JnLU'Un~1JL~LU'U"'1l.l1~~'U ~e:J 
"High gain" LU'U.ff'UL~a'Uvtl~Fi1 <g> :2: 0.7 

"Medium gain" LU'U~'UL~a'U'vtl.~l'i1 0.7 ~ <g> ~ 0.3 

"Low gain" Ltl'U~'UL~a'Uvtl~Fi1 0.0 ~ <g> >0.3 

ri1'VI-r'U fl1';ioWiiJ1';ifLJ1 normalized gain L ~e:~f!ln~111'11'm~a'Ui:i(:.l"fl11L~a'UL ~l.l~'Ue:J~1.:1 h 
~.:!L 'U';i~~'U~'UL~a'U ';i~~'ULL~(;l~LL'U1~VI (Concepts) LL~(;l~'i1a'4f'lfl(;l 'VI~e:JLL~m~~.:l';i1aoUmT'UL ';i11il~ 

1~LLanLLa~ 1 'IXL ~'U11"'11J11t;1Vh 1vi'e:~~1~ h LL ti~th~Lfl'Yl'llfl~ normalized gain e:Je:Jm U'U~~d 
2.5.1 LL\J\JLL~fl:::oA\.tL~fJ'U (class normalized gain) 'VIl.l1afi~ fl11Yilil1';if11111~(;lfl1';iL~EJ'U-r 

'II 

'll~N'l1 m~ a'U~~~'UtY'U L ~l.l;ff'U ~~n U'U ~ L vl1'llm~" fl1';j L~a'U ~"'~"'V~vlffi am"'L ~l.l~'U \vi' LV~ a V~Lvllil 1 n "" , , 
.J ~:; t1 IVai 

f'l~ LL 'U'UL\l(;l a'!Je:J~'Vl~"li'U 'Vl.:!OeJ'ULLfi~'VIr;l.:IL ';ia'U 

fl1';jiiliJ1';ifLJ1(:.l(;l fl11L~a'U'!Je:J~'l1n L~a'UL 'U~ n~ru~m otlL ~a~11(:.l(;l fl1';iL~EJ'U fl1';j"'eJ'U LVI a 
IJ IJ IJ 1J I I ,.j 

fl1'V'I';i1l.l'lleJ.:J~~-B''U'l1'UiJ~\1ll'U1fl1';i~'Ul.l1mJam Vla-:~1V~ ;.:~LV~a~1l tl'l1 n1~alil~el1~fi~ L 'U €l~lil 1 n"'11J1';it;1 
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'U8flLU'U.fl1'Wi"Jl.J"IJ€J.:J~.:~.ff'U 8~1.:~bnl'11l.J1 'Ufl11fii~l'i1'U"JruLv1vvn~h Normalized gain d 81\11"li' 

n11U'Ufl~ LL 'U'U'Vf18U'U..J1'U"J'UUfl L~tl'U~I'18'UoUm'I8'U 1~(lfl~8.:! L .y18l.J1L oU16'11'11fl111'i1'U1UJ ~~fl11 
'U 'U 

l'i1'U"Jru~Hi'\l~ L U'U n11u €! n.fl1V'111l.J"IJ8-:J~.:~.fft.~11i1~~ 1111 L~ tJ'U~~'Ul.J1 m!8 v L ~tJ.:J 1~ Lb!JitJ1'Vf1 n 

~8-:Jfl11~l1UflL~tJ'ULL!Ji~~fl'Ui1~~ fl11L~tJ'UL ~l.J~'U'Vf~8~~~.:~ L U'U€1~1.:~ 11 hJm\16'1'fLl1~~1 vi6m1-d' 
'U ' 

2.5.2 LL'U'ULL~~::i1ll'4flfl~ (single student normalized gain) 'Vf1J1tJ5.:~ n11oW\111W1l1 

'I! m~tJ'ULL~~~fi'Ui1-w\9l.J'U1n11fl11 L~tJ'U~ L U'Ua~1.:~ 11 1~v~ 1~\11flfl~LL 'U'U6'18'U ri 8'\.J L1 tJ'ULL~~'Vf~.:J L~tJ'U 
'U 'U 

"' "' ' ~1'Vf~'Ufl11'Vf1~h <g> "IJti.:!UflL~tl'ULLI'i~~fl'UYl.:Jotl'ULL~'"J:U1'Vf1fl1L\l~tl (average of the 

single student normalized gain) 'Vf~881\I\I~L~tJfll1LU'Ufl1L\l~tJ <g> "IJ8.:1Uflb~tl'UVl8-:Jd ~.:Jfl"J'l 
\I~L U'Ufl1L~tl1tl'Ufl'U Class normalized gain LLI'ifi1ffi~\11fli5d\I~V'I'U';hi1fi11lJLvhn'U L~tJfl1~1~ 
~"Jt~i5d\l~i1fi18~'1 t.~•th-:~~8tl~~ ±5 "IJ8.:1 Class normalized gain 1~v~..S1'U1'UU"S~"!f1m.~'Vl~6'18'U 

~a.:~i1fi1~-:ILLI'i 20 fl'U~'U 1 tJ 

€1~1.:11 'ln1'111J 1 'U'Vl1.:JUijmlL 1181\1\I~'Vh 1~~1'U1fl~1'VI~'Ufl11~\l~~ <g> "IJ€1-:J'I.Jflb~tl'ULL!Ji 

~~fl'U L i18.:~\11n ~ 8.:~1 i'L 1~ 1ln nt1'1'1! n L~t~'Wi1..S1'U1'Ul.J1fl ul'l~1'VI~'U.ff'U L ~fl'U~i1um ~ vt.~..S1'U1'Uti8 v 

L 116'11l.J11()~ 1~ LL~~\I~L U'Ufl11~ L ti8-:J\11nv1'11 VJfl"S6'111J1"S(l~-w\9l.J'U1fl11"1J€J.:JUflL~tJ'ULLI'i~~fl'U 1~L U'U 
'U 'U 'U 

2.5.3 LL'U'ULL~~::·:i1EJii'8 (single test item normalized gain) 'V11J1tJ5.:~ fl11oW\111W1l1 

..S1'U1'U'l!m~v'U~I'l€J'U~m ~:u~'UL U'UL vh 1~"1J8-:~ii'm'I8'UoU€J~L 11n1~.:J.W\111ru1 1 'Ufl116'18Un8'UL~EJ'U 
...... 

bbri~VIrl-!lb "SI:J'U 

m'loW\111ru11 'U~n~ru~di1i8~f18vh 1 oH'U8n1~-;hun L~tJ'Wi1m11l L i11 \ll'lvi86'1€l'UimT'U 

.?1 I 1 .,J 0 .?1 " 1 .I"' .I .. 1 d d d " .... " L u'U81:J1-!l ) 'ii.:J6'11:U11()'\.J11J1L u'U"IJ€!1J~ 'Ufl1"Su'l'Uu"S.:Jfl11b 11:J'Un1"S6'1ti'U 'Ub 18-:I'Vlbflfl'"J"IJ€!-!lfl'U"IJ86'18'U 
'U • 

oU8~'U 11~LU'U8~1.:1~ ~1'VI~'UoU86'1B'U1~'Vfii-!l 1L~mO'W1~oU€!6'18'U~LU'U Conceptual test \l~i1 
n11 LL U-!l'V11J1~'VIlJ"IJ8-:JoU 86'1€J'U88fl L U'Ufl~l.JI'i1ml.JI'11l.JLL 'U1fl111Jfii~11'U fl€1~ (concept) ~6'1~1~ 

'U , 'U 

LL 'U'U'Vl~6'1€J'U 1~~~ 11~.:~ LLI'i 1'18'\.JLL 'lfl vl~~'U~~'iji:J1J~\I~oW\111UJ1~~ fl11 L~tJ'U~~ L ~l.J~'U"lJ€J~Ufl L~EJ'U!'i8 
'U 

n~l.JI'i1m1Jfl~l.J~'U "~ B'U\I~vh 1 VJ'Uvn1~11'1!m~tJ'Wi1m11JL -ih h!Ji8LL 'U1fl11l.Jfii~'l"J'Utl€J~,r'U L U'U 
' ' I 

8~1~11 

2.5.4 LL'U'ULL~~::fl111Jfii~'l1'UEJ8~ (conceptual dimensional normalized gain) 

L U'Ufl11~11-w\9l.J'U1fl11'V1~8~rlfl11L~t!'Uf~L ~1J~'U"lJ8.:1UflL~fl'U~i11'!8 Concept 'VIii~ 1 L U'U€1~1.:1 h 
fl1'lYl\11)UJ1~~ fl1)b~ tl'UTI '1..1~ n~ru~.n"~ 1m 'U mru~~8~ fl1WrJ1U fl b~f.J'Uii~~ n1) L~I:J'U 

'U 'U 

'Vf~83j-w\9l.J'U1fl1'~1'18m'lL~EJ'U1'U~1oU8,r'U i LU'Umh~h tti8~"il1flfl116'1B'Ufl~~'VIii~ i "il~iim16'1B'U 
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~'d'U Ve:JVI L ~tl~lil~Vlt:.l~ n1'H~V'U~U m~V'UG'Iti'U 1~~ PJoUPJ?IPJ'U'lJVIJ'U 1 ~~oUPJG'IPJ'Ul.l1m .... ~1'U~1 1 U 
'II ' 

:udhl1~i'V11'111lJLoU11"\JVImV "~ Concepts m.i1'UoUPJ?Iti'U'lJV1L~f.Jdtl'U ~~J'Uvt1flb~1V1LO'V'11~fl~LL'U'U 
I 'II ' 'II 

~1lJ bJm"\l'UPJn 1~-)Tu flL~V'Ui11'111lJL oU1 h 1 'ULL~~~LL 'U1fl11lJ~V1~1'1JEJPJV1J'UlJ1n1J~W L Vlv~1V1 ~~LU'U 
m~~~ L ~1:U~V~1~-hu n L~v'Ui11'111lJ L oU'11"\ltlV~1 'U L~PJ~1V~lJ1nvt~mYa v L ~PJ~:u~ L tl'U LL 'U'dvn~ 1 'Um~ 

'II 

~ .J od "1 I al ~ dcv .c:;l q ~~'U1n1~G'IPJ'U 1~m~'\.J~~LVl'U'VIUflL ~V'Ui1fl11l.IL "111 :UeJV1tl'UlJ1n G'I'J'U u~~LVI'U'Vl'Uflb ~V'UlJ~ .. mm~ 

L~V'U~vi~mhL~1L ~1n?l1lJ1~m111 '\.J~~'U1~a1 '1-1~<ff'U 1 'I.JBn 1~L'Ii'Un'U 
'II 'II 

:U1n~nci11lJ1oU1~v1''U«l~V~~1~t1115 normalized gain l.l1l m 'Un1~U~~ Ll3'UI'l11lJtl11V!tJ1 

'V11~ n1 ~ L ~ V'U"ll PJ~U n L~ V'U ;~1 'U n1~l~ V flf ~.0~1 ~ V"il ~fi:U1~UJ111U n L ~ V'Uii t:-1~ fi1~ L~ V'U L ~lJ;fl''U 
'II 

" PJ~1~h 3 LL'U'U fiPJ ~1f.JoU'UL~f.J'U ~1VLL'UdflV1LL~~~1VoUPJ 

QCI.Idd II 

2.6 .:t1'1J1"\JEJ'VILOE.11"lJe:J.:t 

ehvm 1:u-rn~ (2550) 1mi15m~?IPJ'ULL'U'U~~EJ1V'\.J~~nPJum~?I1G\JlL"B~u~G1lJ~'UB (Interactive 

Lecture Demonstrations: ILD) 1'UL~tl~ LL~~LL~~m~Lfl~PJ'U~"lle:J~'!!m~v'U1 'U~~~UlJ6VlJPim~1\Jle:J'U 

'\.J~1vlV~vm~t11La1fle:JlJfi1L\Jle:Jil.l1'1i1v1'Um~LLG'IV1~t:-~~'\.J~~ne:Jum~?I16\JlncilJ~1e:J~1~1'Um~Pim~n 
' 

Ltl'U'um~EJ'Uh..:JL~V'U1V1i:l'Vlfi1~1~1lJ m..:JL'Vl'V'Il.lvt1'Ufl~ lil'1'U1'U 132 fl'U L'Ufl1flL~EJ'Um~Pimnvi 2 
' ' 

u~~lil1tlm~Pimn 2557 ILD L'U'IJ~'tJLLuum~i:lv'Uviu~~nt~u~1E.Jm~'VIV1~e:J..:J~1EJ 1 'Vl1..:Jtl~n~ LV~EJii 

m~'VIV1~e:J..:Jn1~Lfl~e:J'U~vivt~1nvt~1f.l ILD 1~-rum~~~'U1<ff'UlV1EJ Thornton and Sokoloff (1998) 

G'l1lJT'Hl~lil ~'\.J~~ Ll3'UU'S~a'V1Gfl1'Vi n1'SG'Ie:J'Ud lVI EJ 1 otl LL 'U'U'VIVIG'Ie:JU U 'IJ1fl VI L ifi~l'Vl fJ 1f311G'IIil{lJ11il 'S~1'U .... 

1'UL~PJ.:~ LL -s.:~LL"'~m-sLfl~PJ'U~ CFMCE) ouu111~11 'VIEJ lV~EJi1m-s?~e:~utie:~'Uu"'~vt~.:~m~?IPJ'U fl1EJvt~.:~ 

m'li:le:J'ULL'U'U ILD 'Vi'U':h normalized gain Lvhnu 0.1 'UPJO:U1ndv.:~'Viu11 normalized gain :u~ 
G'l~lJ1n1'UncilJL~PJ.:!I'l11lJd.:!LL~~nflsUe:J~ 3 "lle:J..:JU'd~'U :U1nt:-~~m~Pin~1.Q'Ifi'I-1L~'U11 ILD ?11lJ1'lCl'lbV 
'II ' d.J 

1 'l-1'!!m~V'Uiifl11lJ L sU11 "\! 1 'UL~PJ-:1 U 'S.:!LL~~n1~Lfl~e:J'Uvtl~~<fl'Un11L~lJ 

u~V11 lil~LVI~u (2553) 1~~~'U1'1lV1"'16\JlLL~~LLuu~1'U1EJt:.~~vtlm'Um~"'PJ'ULbuu ILD lil'1'U1'U 

.o~ 4 ~" 1 Jl .J "' ~r '!" ' ...... 5 "!!VI L 'ViPJii!0~1t:-l~n11b'l1n1~G'Itl'ULL'U'U ILO 'UL 'UPJV!1Lm.l1nUBWVI'Vi~f311G'IIil'S bVlEJ b'lJO"'lJt:-IL 1f.J'U .. , .. "' 
0 ldl I .J 1 .r:::J II 

"\11'U1'U 2 n~lJ flPJO~lJfl1'UfllJ'VIG'Itl'ULL'UU'U11EJ1EJ Lb"'~n~lJ'VIVI~B.:!'VIG'Itl'ULL'U'U ILD "\110U'U 
" 1 • • 

~1 011 L U~ EJ'U L Vi EJ 'U fl11lJ L sU11"\l L 'UL ~ tl'V!1BWV!YI"' lil1G'IIil{1~VI11.:!?1B.:! ncilJ ~1 EJ LL 'U'U'VIVI?Ie:J'U 
' ' 

Thermodynamic Conceptual Evaluation: TCE Lotl'VlVIG'Ie:J'Utiv'IJL~EJ'ULL"'~vt~.:IL~EJ'U'llPJ.:I~.:!?IB.:! 
n~lJ t:.~~n11'VlV1G'Ie:JUnB'ULL"'~vt~.:~L~EJ'UtJ1lJ1lLfl11~v1vt1f'i1 Normalized change LL"'~L'\.J~EJ'ULViEJu 

" ~~'V111-:~ncil.l~L~EJ'U~.:!?IPJ.:!nci1J'V'l'U11 Normalized chanae '!JB.:IncilJI'ldUfll.l LL"':mcilJ'VIVI"'e:J-:1 . " " :, , , " 
~f'i1Lvhnu o.o3 LL~~ 0.26 \Jl1l.lci'1~u t:-~"'~.:~nci11 i1'!!vri1~ru~LL?IV1~11 ncil.l~L~e.~'Um~-rum1?1B'U 

II ' '\1 
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'IJ';i'RI1~1'11:U'\Jn~ 

nVJ~ ~ 1 eJ1fl11"1~ (2555) ·yh n 1)Pi n'l:f1llfl~~lJl.J'U115m ';i llfl~n~ n';i';i1l m';i l1 EJ'U ~~ b 1J'U 
" 

n1 )vi 1'U1 ~ t:.J f1-ii1~1-:~'\J';i~li1 eJ'U n1)uJ-ii1~~B'Ut:.Jf1 ~ L ~ ~ n11'!11'ln~ n ))1ln1 )L1 EJ'U~Lb 'U'l.J'U)) ~1EJ 
' " 

'\J';i~ naurn';ili11BV1 L ;u-:~u~~1l~'U~ (ILD) L ~m ~1lf"l111lf"l11'1Vr!-:~ 1 'U n1)L1EJ'Ui'l11~~ n~ Lbfl~b ~1lf"l1111 

b .rr11 ~ bb 'U'JR I'! VI~ m ~eJ-:1 f111 Lf"l~ B'U~ bb 'U'J m-:~ ';iU bb 'U'U n1)l,] ~fia'VIil 'I nci1l'Vll'lli1B'U na'U L 1 ~'U bbfl~'VI~-:1 " . 
l1~'U t:.Jfl f11 )~111 ~ L ~Vl f"l~ bbfl~f"l'J 11lf"l11'1'V11'-:!'VI1'1 f11) b 1 ~'Ul'l11YJ~ n ~ ;}';) EJ Lb 'U'U~111 ~f"l111l f"l11'l'VI1''1 

n11L~EJ'Ul'l11Yl~mhm-:~1l'VI1l'VI~1~mL1l~LLfl'U~ Yi'U11 f"l111lf"l11'1VI1'-:!'VI~'ib~~'U;}'l~ ILO b ~1l~'U;}'JV 

rh~'!1u'\J';i~~'V15c.Jf1 0.50 61f-:~e:m1'U';i~~u'\J1'Unf11-:~ Ll'l~i1fi1Lo~~~'l1u'\J)~~'VI5t:.Jf1 b'vhnu 0.56 f"l1111 
" 

ml'l'VI1'-:~LLf1~~lJl.J'U1m';i'V11'1m)L1m..~'VI~-:~L1EJ'W~'~n11ria'UL1v'We:Jfh~i111~611fi''1J'VI1-:~ii1()~vh~~u .os 

n~VJJlf"l Lf"lV11'VI1'U11l (2556) 1;JPim~1f"l111lb.rr1 h1lL 'Ull~ (Conception Understanding) L~e:J'i 

m1i'U'IJ e:J-:~G1tJ~ 'I'IJ e:J-:~11 m ~ ~'U .ffuiruEJ1lPi n'l:f1U ~ 4 11'1 EJ1 in 11li11BV1 '\J 1 ~ n e:J'U l"l1 u 1) ~ 1 EJ 

mh-:~i1'\J~~1l~'U5 (Interactive Lecture Demonstration) e.i1'UU~'U1i m1;J'l~f"le:J1lth LVJe:J{ 

(Microcomputer-Based Laboratory) Lbfl~n11Liii1m'Un1';iuJ~1fle:J'i (Simulation) bbfl~Pin'l:f1 

LL ';i -:~~-:~1~~:rl~eJm1,YI'lm':iL~~'U{':i1~1'111Yl~n£111'1v1i':i~L tivui51,YvL :a-:~u~1l1ru (Quantitative 
" " 

research methodology) L'U~Ubb'U'Un111:5'ml'U'U'VIfl1~n~11 (Multiple-group design) ~Jfln1':i1:5'v 

'rl'U11 11 m1 EJ'Uvl1;}~u m1:5' 1'1 n11 L1 EJ'U ft~'~ EJ 1 i n11li11GVJ'lJ1~ n e:J'U l"l1u11 v 1 ~a~ 1-:~iJ'\J ~ ~:u-w''U5e.i1'U 
~'i LL'll'l~eJ:UU~U~ n11'VII'lfl e:J-:1;}1 Vf"le:J1lYl'l bVJe:J{ Uf"l~LL 'U'Uf"l111l L -ih 1 ~1ll 'U1l~ L~eJ'in11i'U'1Je:J'IG1U~ 'i 

'VI~'IL~~'UG1-:~n11neJ'UL1~'Ue:J~1-:~i111~~1fi'n I'VJ1'ili1()~~1~~u .05 m11Lf"l11~~LL 1.:~~-:~ h 1 um1L~~'U~ 
~ ·~ ~ ~ 

YJ~ n £1'1Je:J'i~ l1m.J'Vi'U11~ L ~ ~'U lL~fl ~ nci1l1;J~u15 m ':i:5' 1'1 m':iL~ ti'U { LL~ f1~15m':ivl LL(;] n~ 1~ n'U eJ ~h~ 
" " , 'U 

~1 b 'Vi1~ L~1t~'IV111lbb 'U'U n1';i'VII'lfle:J-:!,1'U :rlf"l~ LL 'U'U'lJB-:1 LL 1'i~.:J1 ~ 1 'Un1':il~~'U ~YJ~ n~'lJe:J'i~ b~ ~'U~ 
" " " 

LLI'l n ~1-:Jtl'ULQ'Vi1~L 'UiJ~ ~e:J ~;}1'UU1~~'VIBfl1'Vi'lJe:J.:JVl'Ube:J.:J (SE) l vh,f'U?h'U;}1'U~'U ~ hJi1m1:u 



d 
'U'VI'VI 3 

fn~1-:il t~ fl~·rllii11'l ~thi~?f\lfl L ~ eJ L ~&J fll1&J L .U11 ';J LL 'Ulfi ~1vw 1!311?1 !'l{ LL~~ L ~&Jfll1&Jtl1l'l,nJ1 • 
V11\lfl1'H~tJ'U b~v\l bb 1\l bb~~fl11bfl~v'U'viL~tJ 1 oU1tl bb 'U'Ufl11?fv'ULL 'U'U'U11tJ1t~tl1~fleJ'Ufl11?f1fil'l L ~\l 

'IJ 

tl~"'&J~'UTI (I LD) 1 'U fl11~1 L ii'Ufl111-:il tlfl~\l~ fJ'1-:iltJ 1m oH11tJ~~Lat~~ 1 'Ufl11~1 L ii'Um11-:il m;)\l~ 

3.1 LL 'U\JLLN'Lifi111-:ila 

\l1'U1-:ilcrlliiLL 'U'Ubbt:.J'Ufl111-:ilm U'Ubb'U'U 1 .Unci&J~leJ~1\lL Vit~.:lflri&JL~m (One Group Pretest-. ' 
Posttest Design) 

01 ---> X --> Oz 
.... ' ""' 01 fleJ fl11Vl~?feJ'UfleJ'UL'HJ'U 

X fleJ ~1 b ii'Ufl1':i?feJ'Uflci&J~1vfi1\l~1tl"ll~n';J fl11&Jfl11b~CJ'U-r1tl LL 'U'Ufl11 
\ , \1'\J 

3.2 Lfl~v.:~iivvl'Hfl:um".l~o5'v 

Lfl~B'lilvvtlm'Um11..ij'a tl':i~fleJ'U~ltJ 
.. .. ~ "" "" "" 3.2.1 bb \J'UVl~?feJ'ULb 'Ulfl~TVltJ1f'l11?fl'l':i L 1eJ\lLL ':i\lLL~~fi11Lfl~eJ'UVl (Force and Motion 

Conceptual Evaluation: FMCE) \11'Ul'U 34 -ifv fl~bb'U'Ub~&J 34 fl~Lb'U'U 

3.2.2 ~1-:iltJ1~~mn&J11'11~1'U LL~~~~fl11L~CJ'U-r 1Lfl11~'l-1';J1fl'VI~fl?fl'l1fl11Piflti1.ff'U~'U~1'U 
'\1 -- \1 \.1 .,. 

'l "" .... 'l .K """" ., ... ..,; ..,; "" ........ 1" 2551 "lltl\l ~ 1\lb ':itJ'U?f':i'Uu1 ~~tlb'Utl'VI1Vlbfltll"lltl\lfl'Ub ':itl\l LL 1\lLL~~fl11bfl~tl'UVl ~T~tl ~eJeJflLb 'U'U"ll~ 
'IJ • 

fl-;] fl1':i&Jfl11 b~a'U.r':itJ LL 'U\J fl1':i?fv'U LL 'U'U'U ':i':i tJ 1tJtl':i~fleJ'Ufi1':i?f1fil'lb ~\ltl fi"'&J~'UTI (ILD) LL~~~"ll~ 
~~ ~ . 

nf\Jm':i&Jm 1L~t~'U-ri.~c.h'U m':il'l 11 -;]?ftJu f11~LL 'U~ LL~hv'h m1'1J-r'Utl':i\l LLm "llf\11 nmf\!11v~'IJ~n~n1-H 
'IJ • ... . 

L Vf1J1~fi''U~f11~~\~E.JlJ LL?f~~eiJtJ~eJlJ~~Jl1YfV1 3.1 
'IJ 



12 

.... 

"!J~fhln~~~JnT~b~t.J'U~~tlbbUUn1~61B'ULLUUU~~tJ1t.JU~:mm.Jm~£11fiVIL~.:Itlfi~:w~'Ufi (ILD) b~B-:1 
.. 'U\1 d.J 

LL~.:~LL~~m~Lfl~a'U "il1'W1'U 5 "ll~n~m~:w "ll~n~m~:w~~ 2 .a-11:w-:~~1:w 10 .a-11:w.:~ WS..ijt.~1~aamLuu ' , , 
"ll~n~m~:wm~L~t.J'U~aamu'U 5 "ll~n~m~:w 1~un ' , , 

'!I~n~m~:w~ 1 L~a.:~ LL~'~ :w1~ umahvn!n 1~t.~i11'V~~tl~~a.:~r1LfJa1l1'11m~t.J'Ui1m1:wL·ih1~ 
fl11:W'VI:W1t.J"IJB'IU~:W1W~W.J~~Bn1~L tl~t.J'U61.fl1Yln1~bfl~B'U~'lle:J'Ii'VIfl L~LLrl LL ~'I :W1~ bb~~.J1'VIl!n , 
tl~~nau~1t.J 4 n~m~:WVvtJL~LLrln~m~:w b~el-:1 LL~-:1 tl~~nau~1t.J 2 am'Um~ru n~m~:wb~e:l.:lbL~-:1 

L~t.J~Y11'U tJ~~naU~'Jt.J 2 61fl1'Un1~ru fl~fld~:Wb~e:l'l:l.Jd~ tJ~~ne:JU~'lt.J 2 Gim'Um~ru bb~~n~m~:W 
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'!ll'ln~m1ll~ 2 L~B.:J m1'l'lm1Lr1~B'U~ Ll'lr.Ji1i'I1Hrth:::r:~.:Jf'lL~B1Vftim~f!'Ui1r~11llL·1hh 
• • 

1"111llli1'lli'U5'!lv.:J'IJ~mru~L~ r.J1eUB.:Jnu n11bl"l~B'U~ 'IJ1~ne1u~1 EJ 4 r:lm'Um1ru1~LLri m1'1'lm1 

brl~el'U~~1EJA11llb ~11"1-!l~ m1'1'lbrl~€l'U~~1EJI"l11llb ~1b ~lJ~'U n11'V'In11LA~B'U~~1EJR11llb ~1fll'lfl.!l 

LLG'I:::n11'\'Jf11<jb!"l~B'U~'VB.!lll'l~~l'lnBr:f<j::: • 
"l!~'~n~m'jlJ~ 3 L~B.:J n~.UB~ 1 -vB.!li1111i''U Ll'lr.Jiii'l'l~'IJ<j:::r:f.:Jf'lL~B1Vftim~m..ti1r~11llLeU11~nn 

'lleJ.:Ju11Ji''Uhr~11ll11 "111l~~:::r~.:Jr:l.n1'Yl~.!l'VI~eJr:l.fl1'Yl Ll"l~eJ'U~~1 fl A11ll L ~1r~.:JI'i'11 'ULL 'U1LG1''Um~ , 

'UeJn~1ni1LL 1~"''Yltf~l1rh 1lJLvhnui"I'U~ll1m~'Vi111ieJ111lmY'W" 'IJ<j:::neJu~1EJ 3 r:~m'Um1ru v , 

"l!~'~n~m1ll~ 4 L~eJ~ n~eU'eJ~ 2 -veJ.:Ji111'i''W11'lr.Jiii'l'l~'th:::r:~~r1L~eJ1Vftim~r.J'Ui1r~11lJLeU1hn!J 

"VeJ.!lU11Ji''U 1~A11ll11 "L~eJi1LL <j.:J"''Yl5~.:Ji1-v'U11'11lJL U'UI"I'U~ll1m~v'h!PieJ111l~~:::'Vi11 Vfi'111~ Lnl'lm1lJL ~~ v • • 

1 'UVll"l b~EJ'J nuLL <j.!J"''V-ltf~lJ1m~'Vi1 LLG'I :::'lJ'U11'l'll€J.!lrl11lJ L ~ .!l~~LL 'the1'Um.!lnU'lJ'U11'1'1Jm LL 1~~YltfLLfl ~~ ~ 

LL'th~.Jne1'UOUll1fl'lleJ~1111~" 'IJ1:::nm.J~1tJ 2 r:ICl1'Un11ru • 
"l!~'~n~m'jlJ~ 5 L~eJ~ n~eU'eJ~ 3 "VeJ.!lU11'i''U11'lr.Jiii'111Q'IJ<j~r:l.!lrlL~eJ 1 Vftinb~EJ'Ui1r~11lJLeU1hn!J 

'll€J.!JU11'i''U b~A11ll11 "'YJ nLL 'j.!jfl~m~:::~eJ.!JiiLL 1.:J'IJijn~fJ1~i1"ll'U11'1 b vhn'ULLI'iVli"I'V11-!JIJI'j~ O'UeU1lJ Lr:llJeJ, 

'IJ1~neJu~1tJ 3 r:~mtJm'jru 

LLI'ifi:::"UI'ln~m1ll1inm 2 i1lll.:J 11ll 10 i1lll.:J "UI'ln~m1lJeh'Um111111~r:leJUA11ll , , 

I oCII ll ~ 4 .-d d _.J 
3.3.1 'VII'lr:leJU neJ'UL <jEJ'UI'l'J f!LL 'UU'Vll'lr:l'fl'Ubb 'U1rll'l'J'VIEJ11"11r:l\111 b 1'€1-!J LL 1-!J LLG'I~ n11Lflfi€J'U'Vl (Force 

and Motion Conceptual Evaluation : FMCE) ~TU1'U 34 effeJ nunalll'i'1€J~1-!l , 
3.3.2 ~1 L U'U f111r:IB'U nri lJ 1'11 eJ ~ 1-!l~1 r.J'!ll'ln~ n11ll n11L ~ fl'U~ ':i'IJ LL u u n11 r:IB'U bL uuu 'j)EJ1 f) 

, , 'U '\J 

U1:::neJ'I.Jf11<jr:I1GI'lL~.:J'IJn;;;'lJ'l1'Utf (ILO) L~mbb1-!JLLG'I:::n11bA~€J'U ,)1'U1'U 5 '!ll'ln~m1lJ '!ll'ln~m'jlJfl~ 
:;..! • • 

2 i1Lll.:J 11ll 10 i1Lll.:J 

eva ll ..::a...::a. .-.::!1 .d d 
3.3.3 'Vll'lr:leJU'VIfi~L <jr.J'I.JI'l1 f!LL UU'Vll'lr:leJUbb 'U1rll'l1'VIr.J11"11r:f\1l'j b ':ieJ~bb ':i~bbfl ~f11':ibAG'Iel'U'VI (Force 

and Motion Conceptual Evaluation: FMCE) ,]'1'1.J1'U 34 effeJ nun~lll'i'1B~1-!l 
0 Q.l d d 0 oQ. .:::. .. .d d. d 

3.3.4 \1l'j1~fi1111€JU"!J€J.!l'UnL 1r.J'U'Vl'Vl1bb UU'Vll'lr:IBU bb 'U1rll'l'J'Vlfl1fi!l1r:l\1l'j L ':ifl~LL 1-!JLLG'Itn11Lrl~eJ'U'Vl 

(Force and Motion Conceptual Evaluation: FMCE) 
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.or::., t{ Q.l .::! ..:;:;1 I d QJ c::J1 CV 

3.3.5 'J Lm1~Vlt:-Jr;'l ~ll(]Vl5Vl1~fl1'H 1ti'U'lle:J~fl::: LL 'U'Ufle:J'UL 1ti'ULLr;'l:::Vlr;'l~ L 1ti'U lil1flfl111il~fl11 

L~ti'UTI~tl 1 otl1ULL '\J'Ufl11~e:J'ULL '\J'U'U11tJ1tJ'th:::nm.Jfl11~1519lL ~~tJn~lJ'W'UB (I LO) L~eN LL 1\ILLr;'l:::fl11 
'U 'U d.J 

,.j .,j'j' IV """" .. ..; ,.j .,j ( d 
Lrtr;'leJ'UVl b~t.IVl~~eJ'U WJ tJ LL '\J'UVl~~eJ'ULL 'U'Jrt~'JVltJ1m~mL 1e:J~LL 1~LLfl:::fl11Lfl(;leJ'UVl Force an 

II ' ' 

Motion Conceptual Evaluation: FMCE) 1~t~1offrh~i1&i~'U~1'U~e:J fl1L\l~tl fl1LUtJ~L'\J'Ull1\9l1~1'U ... ... 
f'11~i1&ivt~~e:J'U t-test 1~tJvt~~eJ'Urtl1llLL\9lfl~1~mh~ii'!!mh~'11J'VI1~~i1&ivh:::~'\J .05 LLfl:::iLI"l11:::t--1 

rt'J1lltl1'JVlU1Vl1~fl11L~tJ'U L~tJ 1-fff'11 average normalized gain 

"" .. ., 
3.4.1 fl11'JLrt11:::Vl'lJe:Jllfl 

'U 

Q. t{ QJ ..:! I d fLI d Q..l oiC3I Q.J 

'J Lfl d'1:::VI t:-J fl ~ll (]Vl5'lle:J~rt::: LL 'U'Ufle:J'U L 1 ti'U LLfl:::Vlfl\1 L 1 tJ'U'lJ e:J\I'U fl L d' ti'Uiil1fl fl111il~ fl11 

L~ti'U~1ULL 'U'\J fl11~ e:J'U LL '\J'\J'\J11tl1tJU1::: fle:J'\Jfl11~15\9l L ~\IU fi~ll'W'UB (I LO) L~e:J~ LL 1~ LLfl::: fl1d'LI"l~ e:J'U 
'U'U d.J 

b~t.IVl~~eJ'\J~lmL '\J'UVl~~eJ'\J LL'U'JR~1'Vlt.J11"l1~\9l~L~e:J~LL 1~LLfl:::fl11Lfl~eJ'U~ (Force and Motion 

Conceptual Evaluation: FMCE) L~t.J1if'11~i1&i~'U!1'U~e:J fl1L\l~tJ fl1L-dt.J~L'\J'Ul.l11011,;i1'U f'11~i1&i 
'Vl~~e:J'\J t-test L~tJV1\9l~eJ'\Jrtl1l.ILL\9lfl~1\l~ih1m111"1qJ'V11~~i)&i~ .05 

1Lm1:::'1-1m1lltl1'JVlU1'V11\Ifl11L~ti'U'lleJ~tinL~tJ'Ulil1flfl1d'~~fl11L~tJ'U~1ULL'\J'\Jfl11~eJ'U 
"" 

LL '\J'\J'\J11tl 1 t.IU1::: fl e:J'\J fl1 1~15\91 L ~ ~U~ "'l.I~'U5 (ILO) L~e:J~ LL 1~ LLfl :::fl11 Lrt~ e:J'U b~ tJ Vl~~e:J'\J ~'J tJ 

Q,. """' .. d d .d 
LL'\J'\J'VI~~e:J'\JLL'U'JI"lWJ'Vltl11"l1~\9ld'L d'e:J\ILL 1\ILLfl:::fl11LrtfleJ'UVl (Force and Motion Conceptual 

Evaluation: FMCE) b~?W1-fffi1 average normalized gain 

3.4.1.1 fl1L\l~tl'lle:J~I"l:::LL'U'U (X) b~tJ1otl~\9l1 
'U 

- ~X 
X=--

N 

v 

LL 'VI'U t:-Jfl)'Jl.J'lle:J\II"l:::LL'U'U~~Vlll~ 

N LLVl'U \11'U'J'Utim~tJ'U1'Umlll • 
3.4.1.2 fl1L-dtJ~L'\J'Ul.I1\011~1'U (SO) b~tJ1otl~\9l1 

... " 

SD= 

d 
Ll.le:J SO 

' .. 
LL'VI'U 1"11L'\Jti~L'\J'Ul.l1\9ld'~1'U ... 

II 

LL'VI'U t:-Jfld''Jll'lJeJ~I"l:::LL'U'U~~Vlll~ 



N 

X 
V q I 

LLVl'U fl~LL 'U'U"I.Ja-:I'UflL ';i!:J'ULL\9lfl~fl'U 

3.4.1.3 ?tn~.ffi-tllt~m';ii'll'1?ta'U?td.J~!1'U Hm';ii'll'1?ta'Ufh Vi (t-test) 

15 

6'11Vt-r'U-b' ad.Jfl ~hJ L D'U B?l ';j~ ~ e:Jfl'U ~a er1~ m1 a-:~ f11';ji'l \116'1 a'U1! n L~ E) 'U n~m'lii -:1 " " . 
11'1 EJ fn';ii'l\11 ?I a'U n a 'U L ~ EJ 'U L Vi EJ'U fl 'U f11 ';ii'l 1'16'1 a'UV!"'-:1 L ~ EJ'U 11'1 EJ L Vi EJ'U e.J fl f11 ';i L ~ EJ'U'Vf~a~~ 'U1 f11';i"I.Ja ~ 

1! n L~ El'U~ 1 n n 1';i~ 1'1 f11 ';i L~ El'U ~';iU LL 'U'U f11';i?l a'U LL 'U'U'U ';i';i El 1 EJU ';i~ na'U f11';i?t15\91 L ~-:~tJ nG1d.J~'Ufi (I LD) 
"" d.J 

L~a~ LL ';i-:1 LLfl::!f11';iLfl~a'U~ 11'1Eli'l\11?ta'Ufld1d.JLL\9lfi~1-:l~ij,Jm11flqji'l1-:!?tfi~~ .05 1Lfl11::!~~1 EJ 

LU';iLLfi';id.J Microsoft Excel 

11'1EJ1-ti?t(ll';i 
" 

t= L:D 
Jn'LD'-(LDf 

n-1 

d ~ I I 

Ld.Ja ~ D LLVl'U e.Jfl';i'Jd.J"I.la-:lfl11d.J~L\9lfi!J11-:i';i:!'Vt11-:l 

fl::!LL 'U'U'Vf"'-:1 L~El'Ufl'Ufi::!LL 'U'UL~f.J'U 

I D 2 
LLVl'U e.Jfl'j'Jd.J"IJ€l~n1a-:~?ta-:~"IJ€l-:lm1d.J 

LL\9lfi~1-:l';i::!'VI'J1~fl::!LL 'U'Ui'l\11?la'UV!"'-:IL~EJ'Ufl'Un€l'UL~f.J'U 

n 



..,; 
'U'VI'VI 4 

~fln1-:i1:5'vufl~v.fhh1V~fl 

n111 ~ (Jb~eJ'I fl1'~~19U'W 1 bb 'W1 f1~1'Vl tl1 1"11 ~ l'l'f"ll eJ'I ~ b~ tl'W b~eJ'I bb )"'I bb(;l ~ n11 bfl ~ eJ'W~ 1~ tJ 1 otl 
\1 

1'\.J LL uu fl1161eJ'WLL uuu11tJ1tJU1~ne~un11611B\91L ;a\1'\.J nGllJ~u5 (ILD) i11 \91~'\.J1~61\Irl L ~e~ L ~l-lfl11l-l 
\1 ~ ' 

b ob'11 "iJ bb(;l~f111lJtl11'VltJ1'Vl1'1fl11b~tl'l.J bb 'W1R~l'Vl tl11"116'f \9'l{L~el\l Lb 1'1 LL(;l ~fl11Lfl~el'W~ fl~lJI'i'1eJ~1'11 'W 

m11'<ilcrd'LiJu'!Tm~tJ'W.a:uu5tJlJ~m~ntl~ 5 b.:JL~tJu~~'W51 ehb.flmiieJ.:J -.il.:JVt1~6'f~'W'Vl{ mRL~tJ'W~ 2 
' 

4.1 1 Lfl'i1::,.;'~ (;ja:tJn'VI~'VI1..:1 m·n~a'W'tleJ·n!n L~tl'IJ"il1 nm'i,)fl n11L~au~1'\.J LL uu m'i~eJULL 'U'U OJ \1\1 

'U'i'ifl1f.IU'iZflei'Un11~16\91L1l..:itlnalJW'UB (ILD) L~el..:l u. 'i..:ILL(;1Zn1'ibfl~ei'U~ 

0 ~ tJ 1Ji''l'11 m 1 L 1.J~ tJ'U L Vi vu A~ LL 'W'Wt·m Gll.l q'Vlt'Vl1 \1 m1 L ~ tJ'W ri mJ L ~ tJ'W LL(;l ~VtGi' 'I L ~ f.J'W"ll eJ\Iu n L~ tJ'W 

"il1flfl11~~ fl11 L~ tJU~1'\.J LL 'U'U fl11~ei'Wbb 'U'U'U'i'i tJ1tJU1~ flel'Ufl1'i~1B\91 L Ofi\1\J nGllJw'Wfi (I LD) L~el\1 LL 1\1 
\1\1 ~ 

LL(;l ~ n11 Lfl~ el'W~ 1~ tJ l bf!11Z'i-1rh Lu~ tl ~eJ tJ (;l~"lJ el\lfl Z bL 'W'W 1~ tl'Vl~~ei'U ~1 tJ LL 'U'U'Vl~G'fei'U bL 'W1 R f1 

i'Vltl1fill1~\91{L~m LL1'1LL(;1Zfl11Lfl~eJ'U~ (Force and Motion Conceptual Evaluation: FMCE) 

~1'W1'W 34 ob'e~ 34 fl~LL'W'W LL~1LU~tJ'ULfitJ'Ufl~LL'W'W1~tJfl11lbl"l11~'i-1'Vl1\16'f(i~LL'U'U t-test 1~t:-~{;1~\l 
.d 

\91111\I'Vl 4.1 

.d 
l"l::LL'U'UbO(;lfl 

0 .. 
fleJ'Ub )tJ'W 

...... 
Vt{;l\lb )CJ'W 

*ta=.OS, =1.690 

0 

lil1'U1'U 

um~au (l"l'U) 

35 

35 

' .d (" fl1b0(;1fl 'ieJEJ(;lZ) so t-test 

6.83 (15.88) 1.72 21.37* 

21.37 (49.70) 3.74 
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.J I V ~ ..::1 .J I ..:;1 q I I tV 

':il1fW11~1-!I'Vl 4.1 YfU'J1rl~bb 'U't.H:J"613J'l'Vl5'Vl1-!lf11~b ~tJ'UbtlG'lf.JneJ'I.Jb ~CJ'U :Wrl1b 'Vl1fl'\J 6.83 Fl~bb 'U'U 

~~ b U'U~eltl"~ 15.88 6'i1'U L ~ CJ.:J L '\J'U:W1 l'l~_N1'U 1. 72 LL~ ~ Fl~ LL 'U'Uf.J"~:W'J'Vl~'VI1-!I m~ L~ CJ't.Jbtl~ tJ 

VI~.:JL~tJu i1!"11Lvhnu 21.37 Fl~LLuu ~~Ltlu~ew"~ 49.70 ?i'J't.JL~CJ.:JLU't.J:w1111~!1't.J 3.74 r.J"m~ 

'Vl~61aui"11ViLL'U'Uf1~:wl'11afi1.:~hJLiJ'U€i61~~\Jlat1'U ~'Ui11~1"11 t iirhLvhn'U 21.37 > 1.690 (tos. 34) 

LL61~.:J-h Lb 'U'J ~ ~l'VI tJ 1 f'!161 111 {V!~.:J L~ CJ'U 61-!l ni1 ria't.J L ~ CJ'U 1~ CJL i~tl Lb '\J'U m~61e:J'U LL '\J'\J'\J ~~ CJ1 tJ 
~ ~ 

tl~~f1e:J'Uf11~611511lbt8.:Jtl!j~:w~'U5 (ILD) e:Jfi1.:Jii'li'm:i11"i'qJ'V11-!l61~~~~~~'\J .OS b tl'U1 tl!Jl1:W61:W~_N1't.J 

~~.:JH 
61e:J~Fl~a.:~nm1'Ul~mrn.:Jen~~ h-rn,; (2550) 1~Pim~n15m~61e:J'U LL 'U'U~':itJ1tJtl~~ne:Jum1 

611511lbt8.:Jtl!j~:w~'t.J5 (Interactive Lecture Demonstrations: ILD) L't.Jb~tl-!1 bb':i-3bb~~f11~bfl~e:J'U~ 

"1.1 e:1 .:J'!T n L~CJ'U1 't.J ~~~u~rw:wPi moJ1\1l e:J'U'l.l"1 tJ 1~ tJ m ~'1.11 w1 r~ v:w'W1 Ll'lv{:w 1-ci1 tJ 1 u n1~ LL61~-!lf.J ~ 

tl~~f1e:J'\Jf11~611511l~'U11~'\J11 normalized gain Lvhnu 0.1 il~L-c1'Ui1 ILD 611:W1~fl-ci1tJ1~ 
'li'm~tJ't.Jiim1:w L -ff1 h 1 'UL~tJ-!1 Lb ~.:JLL" ~m~ LFl~tJ'U~1~~~un11L~:w 61tJ~Fl~e:J.:Jnutl~m 111~ L -vmu 

(2553) Pin'l'}1CJrt fl11 1 im~61e:J'Ubb uu ILD 1 'UdfaVI1b~tJ1 nue:JUJVIY'Irtf'1161\JlTI~tJL imi:w~\~E.J'U-o51'UTW . . ~ 
todl I .J I d to .-::1 c:1 

2 n":w Fle:Jf1":Wrl11.Jrl:W'V161e:J'Ubb '\J'\J'\J~~EJ1Vbbfl~f1":W'Vl~rt e:J-!!'V161tl'Ubb '\J'\J ILD ':il1fl't.J'U'VI1fl1~ b tl~EJ'U b 'V1 tJ'\J Ill • , , 

1J 1 'I Jl f' I I 1J 

r111 :w b "1.11 ':il b 't.J b 'tJ e:JVI1 ~fl..! VI~" Pl161 \Jl ~~ ~ Vl11-!l 61 e:J .:~ n~ :w ~1 tJ bb '\J'\J'Vl ~ 61 e:J'\J Thermodynamic 

Conceptual Evaluation: TCE 1i'V1~61e:J'Une:J'I.Jb~tJ'I.Jbbrt~VI~-!Ib~tJ'tJ"l..tJ-!I~-!161e:J-!In~:w f.Jrtfl1~'VI~61tl'U 
ri tl'Ubb"~VI~-!1 L~ EJ't.J't11:W1l brl ~1~v1VI1fl1 Normalized chanoe bb"~L tl~ EJ'\J b Vi CJ'\J~~VIi1.:~ fl~:IJ ~ b ~ tJ'tJ ;, . ~ 
" 

change "l..tJ-!Ifl~:WFl1'\JfOJ:WbL"~ n~:W'Vl~" e:J-!1 iifii1 L vh nu 0.03 Vl-!l6'1e:J-!lf1~:1J~'Ui1 Normalized • 
Lbrt~ 0.26 m:w~1~'\JCJ"~.:Jn~11 ii'li'm:i11"i'ru~LL6'1~.:Ji1 n~:w~L~tJ'tJ~hi-r'Um~6'1tJ'tJLL'\J'\J ILD ., . ~ 
.. "11 Jl .. JI 1" .. I I ..... ..11t.'<V :IJ fl11l-Jb "1.11 1iJ 'tJ b 'tJ €1'1111 eHlJ'V!Y'I 1;1 Pl1 i:f \91'H'fi.Hi1'U ~ ~ fl'J 1 f1 i;'i:W tJ b 'HJ 'I.J'VI ~~1.J fl 1 ~ i:f B'I.J bb 1.J 1.J1.J ~'HJ1 CJ 

, ... , \1 

\Jl1:Wtln~ 6'1e:J~fl~tJ.:Jtl'\Jfl\Jl~ CJ1 e:J1il~f'!~ (2555) vhm~PimmL"~~~'t.J1"11~fi':ilm':i:Wfl1~ L~CJ't.J~LL 'U'\J . ~ 

'\J~~tntJtl~~ne:J'U f11~6'11511l L :a.:~tJ!j~:WoW'I.Jfi (ILD) b vi:wfl'J1:1Jb oU1 h bb 'U1~~VI~ m~e:J-!1 f11~bfl~e:J't.J~ bb 'U1 

1J1 ~.:! 'l"'ui1w~'I.J1 m1'VI1.:J m ~ L~ vu'VI~.:~ L~tJu 61-!l ni1 riau L~ tJ'tJ t1 fi 1.:~i1'1i' mt11"1 ru'V11-361~~~~ ~ ~u . 05 
~ ., 

6'1e:J~Fl~e:J-!Itl'Ufl']!Jl.tlfl 1Fl!Jl~VI1'U1:1J (2556) 1~Plf1'1'}1rl'J1:WboU1h:w1'U:w~ (Conception Understanding) 

L ~tJ.:J n1 ~i'I.J"lle:J .:~ 6'1 tl1.:J "1.1 a -!l'U m ~ tJ'U .ff'U~ 5 EJ:W Pin ~ntJ ~ 4 1~ tJ 1 i m~6'115 IJl tl~:! n au r\' 1 'U ~1 tJ 1 tJ 

e:J~1-:~iitJ!)~:w.W'tJ5 (Interactive Lecture Demonstration) ~1'Utl!ju~m~~1EJfle:J:WW1bl'ltJ{ 

(Microcomputer-Based Laboratory) Lb":!m~1i61m'Ufl1~ru..J1"tJ-3 (Simulation) f.J"fl1~l~CJ 

Y'I'\J 11 ,r f1b ~ EJ'I.J~1~-ru f11 ~~ ~ f11 ';j b ~ CJ'I.J v~ tJ 1 i f11~ 6'115 \Jl tl~~ n tl'U ri11J~~ tJ 1 tJ e:J f) 1-!!i1tl!) ~:IJ~'t.J5~ 1 't.J 

~ -!lbb 1 ~~ tJ:Wtl!jtr~ f11~'VI~" tJ.:Jiii'1 tJFltl:WoW'J bl'ltJ{ iifl~ bb 'U'Uf111:1J b oU1 h:w 1 'U:IJ~ b~tl-!lfl1~i'U"lltl.:J61tl~.:) 
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LderVhJ1'jnJ1f-.H'l"'lJ')'VI~'VI1~ f11'jL~tJ'W'U€J~'\)' f1L~tJ'W LL~(;l:::FJ'W ';11nFJ::: LL 'W'W fl €l'W L~ ti'W LL{;l :::V!~'l 

L~ti'W Hi't-~{;1~-:)Jl1'\"j~ 4.1 

30 

25 

20 

;::! 

~ 15 
~~ 
cs: 

10 

: 
; 

-------- -·- -·- ·------·--· --

I- - -- 1---·--- 1-··-- ·---

H--·1--U--tl-l~ -j[HJ--11-t-JHI--IH -tt-iHH-j t--JI-11-1 -jHf-IH - --
i 

i 
I 

1 2 J l 5 6 T j 9 j) 11 12 J3 l!l E 16 :- 15 l) 20 21 22 ~~ 24 25 26 ;7 28 19 30 31 32 33 3il :: 

.. 
f'I'UVI 

~ • q .., c1 "' a o c:i 
.f11~'VI 4.1 f'l~LL'W'WOe:J'WL "iV'WLLt'I~V!t'I.:JL"5V'U"51V'Uf'lFlt'I'Ue:J~'WnL 'W'U \l1'U1'U 35 f'l'U 'VI'VI~ae:J'U • 

... ... ~d d d 
LL 'U'U'VI~fle:J'ULL 'U1fi~1'VIV1f11fl\PI~L ~e:J~ LL ~~ LLt=~::n1~ LFlt'le:J'U'VI (FMCE) 

vi'VI~G'IeJU~';I!:JLblJlJ'VI~G'IeJlJbb'W'Jfi~1'VIml'11?fl'l~L~eN bL~\lLL!;1:m1'jbfl~eJ'Wyj (FMCE) ,j1'W1'U 34 ifeJ 

34 FJ:::LL 'W'W 'V'jlJ'hum~t.J'U'VInFI'LiiiFJ:::LL 'W'UVI~\lL~tJ'U61\l n-:hne:~'UL~ tJ'WLL61~.:~1 VI L ih.d11!m~v'Uiirn1lJ • v 

L "li11~LL 'W1~~1'VIml'11G'II'l{L~e:J\I LL 'j.:JLL!;1:::nTHF1~8'W~ L~lJ~'U'VInFJ'U L U'U hJmlJG'IlJ~~1'U~~~H . ~ 

4.2 1LF1~1~~f'l111Jfl11V!'IhVI1~n1"5L'iV'U'Ue:J~UnL~V'Wlil10n11~~n1'H'iV'IJ~'jtJbb'U'I.Jn11fle:J'IJLL'U'U 
- ~~ 

'I.J"i'jf.I1Vth~nvlJ011fl1GIJIL;i.:JtJlj~11~'Ucr (ILD) L~eN LL 'l~LLt'l::n1"5LFl~e:J'U~ 
d ..::::t, .., 1.1 q d "' Cll cu 1::11 !.4" 1" 
LlJ€J'V'j~1'HU1Fl11lJn11VI'U1'VI1\ln1~L 'jtJ'WLu{;l tJ'U€1\l'WnL ~tJ'W ~1nn1~~~f11'jb 'W'IJ'j b~tl '!l~ULL lJlJ 

v v 

01~61 v'W LL lJ lJlJ 'j~ t11 tJ tJ'j:;: nm.J n1 'j G'l151'1 L =8 \lU ~ G1lJoW'Wij (I LD) 'VI~ 61 €1'\..J ~ll tJbb lJ lJ 'VI~ G'l 8lJ LL 'W'J ~ ~ 

1'VItJ1!'11G'II'l{b~€l\l Lb ~'I LL{;l:::f111 bfl~8'U~ (FMCE) U1F1::: bb 'U'Uri€l'Ub~tl'ULL!;1:::VI~\I L~tJ'UlJ11 Lf111:::~ 

Fl11lJfl11V!oU1'VI1\lf11'jL~tJ'Wbu~tJ (average normalized gain) ~1t.J.ff'WL'itJ'W ~1tlbb'W1~~ Lb!;1:::11ti-li'eJ 
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II II "'" ~ :; "'" 
4.2.1 fl1111n11'VI'U1'V11·:1n1'~L 'W'ULilflfl~1tl'tf'UL ~fi'IJ 

~1 fWl~bb 'U'U tle:J'Ub~tJ'U-V!"'\l b~tJ'U LV!tJVIV!~e:JtJ~1tJ LL 'UtJVIV!G1BtJLL 'U1AV~i'VItJ1fll1~(Jl i L~B\l 

LL1\lbLG'l~fl11Lfl~mJ~ (Force and Motion Conceptual Evaluation: FMCE) ~1'U1'U 34 .VeJ 

34 fl~Lb 'U'U U1l.J11Lfl11~'i1fl111ltl11V!U1'VI1\ln11L~tJ'U LV~tJ 1-ff~1 average normalized gain V'ltJ11 
0 ... 0 

UflL~tJ'Uiifl111Jtl11V!olhvn\lfl1)L~tJ'ULO~EJ)1EJ-ii''Ub~tJ'U ~\lfl1V'lVi 4.2 

100 

80 
<g> = 0.53 re, 

60 

40 

20 

0 

0 20 40 60 80 100 

o/o pretest 

111-w~ 4.2 fl1111fl11~wh~w;h.:~ %Actual gain nu %pretest 1Jv.:~U'm~E~'IJ 1il1nm-alij'V~m-a 

L~ti'IJ~ ~tlbbUUn1~iilv'IJbbUUU~~tl1t~tl~~nvUn1'aiil1Bflb~.:!tlilfl'11~'1Jtf (ILD) " .. -., 

d I ILl IIV ~ I IV tV .r:::l 

lil1flfl1'V'I'VI 4.2 "n'U11FrJ1l.J~l.JVfU51~V!11\l %Actual gain nu % pretest '!JeJ\lolJnL1tJ'U 

lil1fln11-;ij'V!n11 L~tJ'Uf~tJ LL 'U'Un11~€J'ULL 'UtJU11tJ1tJtl1~ fle:JU n11~1B(Jl L :a\ltJfiG111~'Ul5 (ILD) ~1'U1'U 
II oCiio -. .-,d d ...J 

35 fl'U 'VIV!~eJUV!1tJLLUUVIV!G'IeJULL'U1fiV!1'VItJ1PI1~(Jl)b 1tl\lLL 1\lLLmm11bflG'leJ'U'VI (Force and Motion 

Conceptual Evaluation: FMCE) ~1'U1'U 34 .Vv 34 fl~Lb'U'U U1fi~LL1.J'UtleJ'UL~eJ'ULLG'l~V!"'\lL~tJ'U 

'!JB\ltJnL~eJ'Ul.J11Lm1~'i1fl11l.Jtl11'VIii1VI1\ln11L~tJ'ULO~EJ LV~EJ1oU~1 average normalized gain 

-nu-J1 um~tJ'Uiifl11l.J tl11V!oU1VI1\l fl11b~tJ'ULO~ t111tJ.ff'UL~EJ'UL vh nu 0.53 ~\1-;ij'V!eJCJL 'U1~~'Uti1'U flG'l1\l 
" 

(Medium gain) iit!m~tJ'U~1'U1'U 6 fi'U iifl11l.JtlTJV!oU1'VI1\ln11b~tJ'UeJ~L 'U1~~U~\l (High gain) A~ 

b'iJ'U~eJEJG'l~ 17.14 t!m~v'U~1'U1'U 29 fl'U iim1l.ln11V!oU1'VI1\In11L~EJ'Uv~1'U1~~uti1'UflG'l1\l 

(Medium gain) AV!LU'U~eJtJG'l~ 82.86 LL~V~\lh~L~'U11um~tJ'Uiifl11l.Jtl11V!U1VI1\ln11b~tJ'U L~eJ\l 

LL )\j bbG'l ~ n11bfl~ eJ'U~ LVI tJ 1 off~tl bb uu fl1)G'feJ'U bL UtJ'l.J))tJ1 tJtl1::: fleJU fl1)G'f1B(Jl b :a\ltlfiG1l.JW'UTI (ILD) 

LtltJhJ(Jl1l.JGUJl.J~fj1'U~~\l 11 ... 
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II II ell d Cll 

4.2.2 fli112Jn11'VI'LI1V11-:InTn ~a'LIL\lifa~1mL 'LI1fll" 

fi'J12J tl1TmJ1V11'ln1'H~tJ'ULtl~ tJ~1tJ LL 'U'Jfi~'llv'l'li'nL~ fl'U ~1nn1~~tl'U~1 tJ':iU LL U'IJ f11~ 
'IJ 

?ftl'Ubbi.Ji.Ji.J~~mtJtl~~nvi.Jn1~?115VJL~'ltl~~2J~'U5 (ILD) Vl~?ftli.J~'JfJLLi.Ji.JU':i~Lij'Ufi'J12JLoU1h L~tl.."l 

LL ':i'ILLG'I~f11~Lfll~ti'LI~ (Force and Motion Conceptual Evaluation: FMCE) '\i1'UTU 34 oUfl 

d II II "" d ... I ., I 

~1''51-:IVI 4.2 fll ::u 'LI'Lifi112Jn11'VI'LI1VI1.:1 m·n ~a'LI L\lif aca1a u. 'LI1fl ""llil.:ln iflJ~ 1€1 a1.:~ 
' 

u II 
o/oActual Maximum 

'VI1"lleJ o/opretest o/opost <g> 
gain possible 

gain 

1. LL ~\I 22.04 92.24 70.20 77.96 0.91 

2. n':i1W'llti\ILL~\I 17.50 41.07 23.57 82.50 0.30 

3. m1Ylfi112Jd'l 20.00 61.71 41.71 80.00 0.53 
d dv d 

4. n~nTSbfliG'IeJ'UVI'llfl'Vl 3 

"llt1\IU1~'U 22.57 53.14 30.57 77.43 0.45 

5. n':i1Wfi'J12JL ~1 18.57 57.14 38.57 81.43 0.47 

d I J.l I q q T l., 
"'il1nl'l1':i1\I'Vl 4.2 Wi.J11':ifltJG'I~'llfl\lfl~bb'U'Linti'UL ':iV'LI "'il1nf11~L ':itJ'Un1':i?lfl'U ~~tl "111'\.J LL i.Ji.J 

'IJ 

n1'S?ffl'ULL i.J'IJ'IJ':i':it11tltl':i~ nvi.Jn1'S?f15Vl L ~\ltll)i12J~'Lifi (ILD) iiLL 'U1L 1!2JL ~lJ;'U'YJnLL 'U1~"Ldm11 

oUtllJG'Iffim tJ L ~ tJ'LI n':i1W L tJ1tJ'IJ L Vitli.Jfl~ LL 'U'Ufi'J12J tl1'JV11!1VJ1\In1~L 1 tJ'U btl~ tJ 11 t1 LL 'U'J ~"~1mtJ LL i.Ji.J 
'IJ 'IJ 

f11"a?feJ'ULL i.Ji.Ji.J':i'HJ1titl':i~nti'Un1'S?f15VJL ~\ltl~i12J~'UG (ILD) l~t.~G'I~-:!~'1..1~ 4.2 
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1.00 

0.90 

0.80 

1\ 0.70 on 
v 
c 0.60 

"jij 
on 0.50 

'"0 
IV 0.40 ~ 
1'0 

0.30 E ... 
0 0.20 z 

0.10 

0.00 

_,J I 1.1 II c:l .J Q 

\!1f1.fl1'VfVI 4.3 'VfU11fl~LL 'U'Ufl11~f111VI'U1'VI1\If11~L ~V'ULtli;HJ~1tJLL 'U1fl~\!1f1f1Tma'U 

~1V~t1LL 'U'Uf11~aa'ULL 'U'U'U~~V1Vtl~::na'Uf11~G115111 L ~\ltJij«~~'Ufi (ILO) W'U11fl11~n11VIoW1'VI1\If11~ 

L~V'ULtl~V~1tJLL 'U1fl~a~L 'U~::~'U~\1 (High gain) 1 LL 'U1fl~~a LL'U1fl~L~€1\ILL ~\IL~tJLL'U1fl~L~€1\ILL ~\I 
.cl II 1.1' Q( d ,d I CV c:l .q dCII V tJ' 

1Jfl11~f111VI'U1'VI1\If11~L ~CJ'ULtlG'lV~1f1'VI'!~ L 'VI1f1'U 0. 91 LLG'l::~ 4 LL 'U1fl~'VI1Jfl11~f111VI'U1'VI1\If11~ 

L~V'UL'l~Va~L'U~::~'Ut11'Uf1G'l1\l (Medium gain) ~a LL 'U1A~L~a\lm1W<ua\ILL ~\I m1Wfl11~d\l f1!) 

f11~Lfl~a'U~-ifa~ 3 <ua\IU1~'U LLG'l::m1WP111~L ~1L~VLL'U1A~L~a\l m1Wfl111Jd\l iim1~n11'VIoW1 

'VI1\If11~L~V'U w~mvhnu 0.53 ci'1~ul'ia1tl?imL'U1R~L~a" m1WPI11~L~1 iifl11~n11VIoW1'V11\If11~ 

L~V'ULO~mvhnu 0.47 Gl1~'UI'ia 1tJAaLL'U1fi~L~tl\l f1t)oUB~ 3 ttltl\IU1~'UiiPI111Jn11'VIoW1'VI1\If11~L~V'U 

Lu~m vhnu 0.45 LLG'l::LL 'U1fi~L~tl\l m1Wttl€1\ILL ~\I iim1~n11VIoW1'V11\If11~b~V'ULu~VUBV~a~ b vhn'U , 
0.30 

L~ B1 LPI ~1::l-1rh Pl11~ n 11VIU 1'V11\I f11~ b ~ CJ'U LU~ V~1 vi tl~B'il 'U mi ~ LL '1.11 A~ L ~ CJ1 tl'U en :ij v 
~ , v 

ttla'IJ1LG1'U€lt:-IG'lf11~1Lfl~1::l-1L tJ'U 5 m~~LL 'U1fi~~\ltr • 
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' 
' "" "" 4.2.2.1 mUJLL'U11"l~L'fEJ\ILL1\I 
' 

1 £to ~-=! 9..1 V II _J ~ 0 .cJ QJ d _d 
mn.JLL'U11"l~'U~ 7 "IJ€J'th~ne:Jumti"IJ€JV1 1-7 L U'UI"l1m~Lnennufl11bl"lr;'J€J'UV1 

' 
"IJ€J\I L~m11Lb ~\I~LI"l~€l'U~'U'U~'UJ1LL ~\1;\lij LL 1'1 L~f.J~Vl1'U,Jm.Jmfl"il'U hi~€J\ItJ1~1fi~ L~f.J l"l'U 1~1€1'1 b vh 
~~'U1€J\I b yf1ij~~ LL VIr;'!~ ~ ~1~11~~'U'U'UJ1bb ~\lbbr;'J~€JelflLL 1\I~'UL~eJJ1LL ~\11 ~LI"l~el'U~1 U'U'U~'U 
J1LL~\11~ L~f.Jijfl11L ~~VI~€Jr;'J~I"l'J1~b ~d 1 ~LI"l~eJ'Uvtl 'UVi~Vl1\l..g1tiVI~el"IJ'J1 bL~11 ~'li'flb~ti'Ub~elfl 

"'fl~W~"IJ€J\ILL 1\1~ fl1~'V\'1~€J b~€JJ1bb ~\l;\l~€J~I"l~€J\Ifl'U fl11LI"l~€J'U~"IJ€J\l b~€JJ1bL ~\11 'Ubb~r;'l~eU€J ml~ 
' 

LL 'U1fi ~-n"il~ij'U1\1~1 L~€Jn~U\l'U€Jfrhun L~ti'Uijl"l11~L eU'1 hm 'U1fi~~~nfle1 LL 1\l~m~vh~€l1'9lmt 'lJ1 
v ' 

ir'Um'lnum1~L ~\l"IJ€J\1191~ LLrt~LL 'U1fi~~t:l~ fla LL 1\l~m~l'11~eJ19lmL U1ir'WI'l1\lfl'UI"l11~L ~1 (:..Jflfl11 
' ' 

Vl~~€J'U~1tiLL'U'UU1~LiJ'UI"l11~Li1hL~€l\l LL1\1Lbf!~fl11LI"l~€J'U~ (Force and Motion Conceptual 

1 v ... .J 
Evaluation: FMCE) ~(:..Jr;'I~\191111\IVl 4.3 

" 
fi1111Lihl1ilLL\.11flflvlNfl 

(Lb 1.:1bb U1~\.1911.:Jtl'U 

fi1111L~1) 

"'I ... d d 
fi1111L'!I1 ~~LL\.11fi~'VI~fl 'VIqfl 

~-------.----------~ 
(LL 1.:JLb'li1~'U911.:1fl'U 

'tiel . "" nvt.IL 1li'U ., "" 
'VI~.:J L 1ll\.l 

fl11:1Jd.:J) ,j1\.11'U 
,j1'U1\.I (fl\.1) 

(fl\.1) 

1 A B B 21 B 35 

2 B D B 25 D 35 

3 C,G F C,G 31 F 33 

4 G F F 17 F 34 

5 B D B 2 D 31 

6 E B E 0 B 31 

7 E B E 28 B 27 

\11fl91111\l~ 4.3 'V'IU11R11'1€l'Ufl€J'UL~ti'U 'li'flL~ti'U~1'U~1flijLL'U1fi~11 LL 1\ILLU1 

ir'Um \1 num 1~ L 11;\1 L U'UI"l11~ L eU11 \]~ ~ ~ ~'J'UVI"'\1 L~ti\.IJ'Utiflb~ti'U~'J'U~1fl b~€lflri'191€J'U~~ n~ €]\I v 

fl€J'IJflb~ti'Ub oU1h11LL1\lbLU1ir'U911-:Ifl'Url11~d-:~ ijeU€J~ 1 Lbfl~ 4 ~'1Jm~ti'U~1'U~1flb~€lflri'191el'U~ 

~nl'i'€J-:~~-:~n€J'UL~ti'ULLr;'I~VI~-:~L~ti'U ;-:~ri1m~.Ua~ 1 LLrt~ 4 LU'Urhm~"'n~ru~L~tl1fl'U L~t1ri1m~i€J 
~ 1 t tl'U~m'Um1ru~ L~e1J1LL ~-:~fi1~-:~ tl"l~a'U~1 ti'VI1-:~"IJ111~mfl~€J'U~ L ~1~'U~1tleJ9111~~1 L~~€J 
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(fl11:wd.:~fl.:~~1) ihi'n~ru~rhm:wL~EJ1n'tui'uie:J~ 4 L'U'U?ItlTtJnTHu~ L~ml1LL ~-:~n1~-:~Lfl~eJ'U~1 u 
'V11.:~i1EJ 1~wLfl~m..t~L ~1:ff'U~';wam1G'1~1LG'1:WB (m1:wL ~.:~A.:~~1) ~.:~'li'm~CJ'Ufi~,..hL~BA11:WL ~.:~A.:J~ 

~.:Jt:.m 1 ~LL '5-:!fl-:~vi~?'l'JmL~~LL '5-:~ii~filL~EJ1tlU~fi1~L~ml1LL ~.:!LA~eJ'U~ ~~L U'UA11lJL i1 h LL 'U'".lf1~~nmi'v.:~ 
'U 

l1LL ':i.:JLL U':itir'Um.:JtlUfl11lJL ~.:J ,j''ULL?I~.:J 1 ~L ,:;'Ul1'Vf~~lil1nn1':i?leJ'U~1EJ':iULL UUfl1':i?leJ'ULL 'IJUU':i':iEJ1EJ 
'U 

U':i~ neJUn1':iG'1151'1 L "1J.:JtJlj~lJi'UI5 (I LD) 'li'm~EJ'Ui1fl11lJ L oU1 h bb 'U1fil'li'V1EJ1P11?1 l'l'h ~eJ~ bb ':i.:! b ~lJlJ1 n:fi''U 

Lb!;l~ L~B L ~CJ'U m1'~ L tJ~CJU L ViCJUA~LL 'U'UA111Jtl11Vf111'VJ1.:Jn1'H~CJ'UL\l~ CJ':i1CJolleJ LW n\J11:W LL 'U1fi 1'1 1~t:.~a 
.., tld 
!').:)~ 'V1 4.3 

~U1n.fl1'V'j~ 4.4 'V'jtJl1A11lJtl11'Vf'IJTVl1~fl1':iL~EJ'UL\l~EJ':i1 EJoUeJe:JEJ1 'U'5~~U?I.:! 
'U 'U 

(high gain) ~" 7 -ifa ii 2 .Uavii1fi1fl11:Wtl11vr1hvn.:Jm':iL~CJ'UG'1-:JviG'1~~a .Uavi 1 LLa~ 2 i1f11 
'U • 

II II .t:::il c:J I CV 1.1 .Jq 1.1 .., IICII d II d 4 

fl11:Wn11'Vf'U1'V11-:J n1':ib ':itJ'UL\l!;l m 'VI1nU 1. 00 LL!;l~'lJB'VllJA11:Wn11'Vf'UTVm n1':i L ':iCJ'U LOa EJ'UeJ CJ'Vl?l l'lAeJ • 
-iJB.yi 7 L tJ'UG'1t:l1'Un1':iruvi L~ml1 LL ~.:!rl1~~Lfl~eJ'Uvit U'V11~i1CJ Ll'lmfl~eJ'Uvi"li1a-:!1?1'1 EJell'l ':i1 L ~1 G'1~1 LG'1lJeJ 

(fl111Jd.:Jfl-:!~1) iiri1fl11:Wn11vr111'V11'1fl1':iL~CJ'ULo~ m vhnu o. 7 6 'li'aCJviG'1~n 1 'Un~lJLL 'U1fi~L~eJ'ILL 1.:1 • • 
LL~nV.:!~ell1eJEJL 'U':i~~U?I.:! (hiah gain) tT'ULL?II'l-:!1 ~L ,:;'Ul1'Vf~.:!~U1nfl1':i?IB'U~1EJ':iULL UUn1':i?leJ'ULL UU 

'U 'U ::> 'U 

U':i':iE!lEJU':i~nau fl1':i?l151'1 L "1J~tJl)~:wi'U5 (ILO) 'li' m~ EJ'UlJA'"l1lJL -if111il LL 'U1fi~i'Vl EJ1fi11G'11'1i L~eJ~ Lb ':i.:! 
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LA~EJ'U~~\lijb dmlf1L V!:WeJ'Un\Jn~lJ LL 'U1fil'l L~€1\l LL ~ \l LLvl1J1 L?f'U€11 'U~'IJ LL UU~vl1\lrl'U fimj' f1L ~ t'J'Uiil~vl €1\l ' ~ 

~lil1 'j" n.n n1~Lfl~EJ'U~"!J€1\l~n"!JEJ\l L~'U bb6i'1 L~ eJ nm1Yl"!J€1\l bb ~ \l flUb 1 Gl1~?1€ll'lf16i €1\lrltJ n1 ~b fl~tl'U~"!J €1\l 

~n'1Hl\lb~'U ~Gl n1~VII'l?fe:JU~1 EJLL UU'IJ~~ LiJ'Ufll1lJL oU1 liJL~€1\lLL ~\lbbf!~ n1~Lfl~€1'U~ (Force and 

Motion Conceptual Evaluation: FMCE) 1~~Gl~\l\911'j"1\l~ 4.4 

... d 
"lleJVI 

14 

15 

16 

17 

18 

19 

20 

21 

~~ (bb 1-:JbL t11~'U~1-:J 

nufl11:1Jb~1> 

A 

E 

c 
A,8 

H 

0 

F 

A,H 

(LL ~.:Jbb tJ~~'LI~'3-:JrltJ 

fl11lJd.:J) 

E 

A 

E 

8 

8 

G 

E 

"' .. Vlfi.:JL ~fl'U 

-;i1'U1'LI (fl'U) -;i1'LI1'LI (fl'U) 

A 26 E 8 

E 20 E 25 

c 19 A 24 

8 14 E 20 

H 17 8 20 

0 9 8 19 

F 11 G 21 

A 12 E 13 

lil1n~JJ1'j"1\l~ 4.4 'Vl'lrh'lie:~~ 15 hl?l1lJT~mJ\ltJeJn~\lLL'U'lfil'l"!leJ·:I'IJm~t'.l'LI1~ 

'lim;'\lLn!JlfieJ?fm'L.Im~WoU€1~ 15 'H1mJ~\l hJ1TUf1L~t'.l'Uiil~ijLL 'LI1fi~rJ1LL ~ \lLL 'lh~'UIJI~\l ntJfl11lJ L ~1 
~ 

,Y m~ t'.l'U~1'UlJ1n:WLL 'U1fil'l11 LL ~\l LL tJ~~'LJ~'j"\lfltJf111lJL ~1~\lb U'Lif111lJL -b'111il~CJI'l ~1'UVI~\lL~t'.l'U,f'U 

Uf1L~t'J'U~1'UlJ1f1L~€1nfl11Jl eJU~~nvl€1\l fitJ1Jm~t'.l'Ub oU111i111LL ~\l LL 'IJ~~'Um\lrltJI"111lJL ~\l bb?ll'l\lL ~b ~'U 

11VI~\llil1 n m~?ftJ'U~1t'.l~'IJ LL uum~?ftJ'ULL uuu~~t'.l1t'.l'IJ~~neJum~?f151'1 L :a\ltlfl"'lJ'W'Lifi (I LD) tr n L ~ t'.l'U 

:WA11lJL oU1 1liJ LL 'U1fil'liVlfJ1P11?ft91i L~€1\lm1vl"!J€1\lLL ~\lL ~lJlJ1n~'U Lbf!~Li1€1 L~t'.l'Um1vlb U~f!Ub Vlt'JU 



1.00 

0.90 .. 
Hish sain 

0.80 

·~ 0. 70 +-------------------------------------------------------------------------------------------------------------------------------------------
"0 0.60 -;: 0.55 0.56 
Cll N ,_ 

~ 0.50 -:: E " Medium gain 
~ 0.40 

0.30 +-----------------

0.20 { 
i-

0.10 -E 

0.00 I 
14 15 16 

Low gain 

17 18 19 20 21 ... 
1Hlt1 
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..J I II II C111 .J111 !'/.., 
~1 flflTVfVl 4.5 'VIU11rl111Jfl11'Vl'U1'Vl1'1fl1'H 'H.J'UL\lrt tlft1'U 'Vlqj €1~ b 'IJ'S~I'IU 

\J1'Uflm'l (Medium gain) ,)1'U1'U 7 oifv LLrt~-ifv~iifl11l.ln11'VlU1'Vl1'1fl1~L~m.JLO~tJm.J1u~~~u~1 
'U 

(Low gain) ,)1'U1'U 1 oifv1~LLn-ifa~ 14 Ltl'Uftmum~ru~ ~mfl~a'U.ffi\J'Vl1.:J'lJ11 ('Vl'u\-11.:J:U1fl~~'~ 

rl1L Ul'l) ~1tlfl11l.J L 11fl'1~1 tl€J'UL~tl'UUflL~ti'U~1'U 1 'Vlqji'!€JU-il€1 A ,)1'U1'U 26 fl'U ~'IL U'Ufl111JL -if1li:J 

LL u1fii'I~~"'-J1LL 1'1LL \J~ir'U Ll'ltJm.:Jnufl111JL 11 LLrt~'Vl~'IL~tJu'li'm~tJ'U~1'U 1 'Vlqj~au-ifa E ,r1'U1'U 

8 fl'U ~'I b U'Ufl11l.J b -if1 h bb 'U1fll'l~t:lfll'i'€l'l11 bb 1 'I bb \J1ir'U Ll'ltll'l1'1tl'Ufl11l.J b ~'I ;'l,r1'U1'UUflb~ti'U~~€JU 
'U 

t:1 n :u1 n m 1'Vl"' ft au 'Vl~ .:~ L ~ tJ'U iT 'Iii,)' 1'Ul u u a tJ €J ~ L~ €J L Vi v u ilu ,)' 1 'Ul'UU m ~ t1 u~-:~ 'VllJ ~ vh 1 ~ri 1 
'U 'U 

l'll1l.Jn1l'VlU1'Vl1-:!fl1~L~ti'U 1 'Uoif€1~ 14 ~1 ~~ti~-:!I'I'U'VIU'J1UflL~ti'UEJ'Irl11lJL -if1 1'1~~1'111 LL 1\ILL \J~iJ'U 
'U 

~1'~ tiu rn 1l.J L ~1a ~ Liil'l:u1n n~lJI'11mlJL~€J'I mTW'lJB'I LL ~ .:~ L tl'U 1'11mlJ L~ En tiu n11 Lfl~€J'U~;'IiiL i! B'Vl1 

L 'Vli1 €J'U nu m'llJ LL 'U1 fl 1'1 L ~€J'I LL ~'I LL~tJ1 Lft'U €J 1 'U ~·t.Jbb UU ~ ~1'1 tl'U ~ €1'\J fl L~ti'U'l ~ ~ €1 -:~fi '11 1ru1 fl1 ~ 
• 'U 

Lfl~€J'U~'lJ€J'I~t:1 LL~l L~ €Jflm1'V'I'lJ tl'l LL 1'1 flUb 1rt 1~ft€ll'lfl~ €l'ltlUfl1~ Ll'l~ tl'U~'lJ €J-:I~t:1'1!flb~ti'UEJ'I 

1l.Jft1l.J1~m ~tllJ LtJ-:11~ \J~~L~'Uf'i'U'VIU-dt111 \J~fl1~~\ijj'LJ1'1l~ n:Ufl11l.JL~€J'I m1'V'I'lJtJ'ILL ~ 'I~€J 1 \J 
'U • 

4.2.2.3 fl~lJLL'U1fli'IL~€J'Ifl11'V'II'I11lJL~-:I • 
n~l.JLL'U1fll'l-dii 5 -ifm.h~nvu~1v-ifv~ 22-26 LU'Ufl~lJI'11mlJ~fl~1tJnu • • 

I 0 d cu. I CV C3l .J '-' I d c:i ~ .J 1 I 

flrtl.Jfl1t:11lJL 1v'lmTn'lJ€J'i bb 1-:1 'Uflb ~ti'U'l~t:1flt:11l.Jbfltl1flUfll1lJL 1'1'1J€l'l~t:1'Vll.Jfl11bflrt€J'U'Vl'IJ€J'I1t:1 'ULL~ 
• 'U 
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~=::?ftn'Uf11'HU ~~m~'Vl~?fe:J'U~'JmL'UUlh:::Lij'UFJ'J1~boD1hL~mLL ) .. :Jbbfl:::f111bFl~e:J'U~ (Force and 

Motion Conceptual Evaluation: FMCE) 1~~fl~\11'1111\l~ 4.5 

22 

23 

24 

25 

26 

"' "' n'I.Jfl11~b~1) 

E 

G 

B 

F 

A 

(LL ~\ILL th~'U~~.:JO'U 

fl113Jbi.:J) 

A 

8 

c 
8 

c 

~1'U1'U (fl'U) ~1'1..11'1..1 (fl'U) 
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G 

A 

E 

c 

23 

32 

13 

12 

13 

A 

B 

c 
8 

c 

26 

23 

14 

16 

29 

"il1f11'1111\IVJ 4.5 'W'Ul1fl11'1e:J'Urle:J'UL~CJ'LI '\Jm~CJ'U~'J'U~1 nihL 'U1flm1 

Fl11~b ~\ILL thtr'UI'l)\ltl'UFIJ1W ~'J-5\Ib U'Ufl'J1~boD1 h~~~ ~'J'UV!~\Ib~CJ'U,r'U,r f)b~CJ'U~'J'U~1f)b~e:Jf) 
fl11'le:JtJ~~n~eJ\I~eJ'!!m~CJ'Lib -D'1h'i1LL 1\ILL thtru!'l~'lntJm1~d\l ij-D'e:~~ 26 L U'L!?fmum1ru~ 1~ 

'U 

bfl~ e:~u~1 'IJ'V11\I'll11~1CJfl1 1~ b ~1F1\II'i' 1'1! n b ~CJ'U~'J'U 1 Vtqjl'l e:JtJ ~ n~..:t ri e:J'Ub~ CJ'U LLfi:::Vt~\1 L ~ CJ'LI tT'LI Lb?f~" 
1 'iXL i1'Wl1V!~\I"il1f1n11?feJ'U~1CJ~tlbL 'U'U f111?feJ'UbL 'U'U'U11CJ1CJU1:::n e:J'Uf11~?1151'1 L :a\ltJ~~~~'U5 (ILD) 

'!Jm~CJ'Ul'jf111~boD11"iJLL'U'Jfl~1'VlCJ1PI1?11'1{L~mm1'WFIJ1~L~\IL~~~'U bbfi:::Ldm~CJ'Ufl)1'VJLtJ~CJ'UbVJCJ'U 
FJ:::Lb'LI'Ufl11~tl11VIU1'V11\If111b~CJ'ULO~CJ11CJoDeJLLCJnm~bL'U1fl~ 1~~fii'1\11U~ 4.5 

'U 



1.00 . 

0.90 

0.80 

-~ 0.70 

~ 0.60 

~ 0.50 
E 
~ 0.40 

0.30 

0.20 

0.10 

0.00 

22 23 24 

27 

High gain 

0.73 

Medium gain 

Low saln 

25 26 

d - r;:! ... ., ... ... "" ... 
ll1'VfVI 4.6 t u'W1.H 'VI£11Jfl::tt 'U'Ufi111Jn11'Vi'U1'VI1·:!n1'H 'HJ'Uttli'IE.l~1£1"ll v 

m=i1Jbb'U1fiflt~tl~ n~1'VJfl111Jd~ • 

"il1f1fl1~~ 4.6 ~td1m1l.ln11'VitJ1'VI1~n1'H~tJ'ULu~ mhu 1 Vlqja~1 'U1~~'U 

U1'Uf1~1~ (Medium gain) :il1'U1'U 4 -b'e:J1~LLrioUe:J~ 22-25 LL~::-b'e:J~ljm1l.ln11'VitJ1'VI1~n11L~tJ'U 
"" ~ .... ) 0 IV 1" . IV d :'1 .. "" d ""1· I LufH.Je:l~b'U'S::fi'U~~ (High gain "il1'UTU 1 'lle:J ~Lbf1'lle:J'VI 26 Lu'Uafi1'Un1'StlJ'VI'Smfl~e:J'U'VI u'V11-:J'll11 

~1 tlfl11l.J L ~1 fl.:JlJl1~L thJ L '!J'U-dL ~11::oUe:J~ 26 L D'UoUe:J~~1tJ hiijfl11l.J'!i'Usz1mJ'\JflL~tJ'U~~a1l.J11tl 
~"il11tlJ1n11Lfl~ e:J'U~'lle:J~1mL~1L~e:Jf1n'S1v.J'lJe:J.:Jfl11l.J L ~.:Jtl'U L 1~1~ae:Jflfl~e:J~ tl'\..1 011 Lfl~ e:J'U~'lle:J.:J1tl1~ 

tlf1~e:J.:J ,j''ULLa~.:J 1 'iXL ~'Ul1'VI~~"il1f1fl11ae:J'U~1 tJ1U LL 'U'U f111ae:J'ULL 'U'U'U11tJ1C.I'tb~nD'U n11a1fi111 b ~.:! 
~ ~ 

U~ ~l.JW'Ui5 (I LD) '\J flL~tJ'Uijfl11l.JL oU1 1"iJ LL 'U1fl~l'VI tJ1P11?tl'l1L~e:J~m1v.Jfl11l.J L ~.:! L .yil.Jl.J1f1~'U 
I 4 d d diJ d A. CV 

4.2.2.4 n~l.JLL 'U1flfiL 1e:J~f1!Jn11Lfl~e:J'U'VI'lle:J'Vl 3 'lle:J~'U11'l'U 

mil.!LL '1..11~~-dij 1 o .Um.J1::ne:JtJ~1tJoUe:J~ 30-39 Ltl'Un~l.lf"11ml.l~a1l.l11tl'Ue:Jn • • 
- Cit. dQ. oQ. odl .::::.. d I Q.l de:.~ I 0 I 110:11 CLI d 
{1-:!LL 'U1fl~'VIc.J~ae:J.:J LL 'U1fl~fl eJ LL 'U1fl~'V111 11'ltl'VIl.Jl.J1 ~l.J1 f1f111"il::e:Je:Jf1 LL 1~m::'VI1l.J1f1f11 1 eJ f111'ltl'V!'U.:J 

' ' £i ,q CV Q d I tJ dq " I 0 I Clll Q.l d <IC:il 

Ll.Je:Jl.Jf11'S'1J'U f1'ULL~~ bb 'U1flfi'VI11 11Pl~'VIl.Jfl11l.J L 11l.J1 f1 f111"il ~e:Je:J nLL 'S.:J n'S~'Vl1l.J1 n f11 18 f11 111 ~ Ll.Je:Jl.Jf111 

'IJ'Utl'U c.J~fl1'S'V1~&1e:J'U~1tJLL 'U'Uth~LlJ'Ufl11l.JL oU11"iJ L~e:J.:JLL 1-:JLL~::fl11Lfl~e:J'U~ (Force and Motion 

Conceptual Evaluation: FMCE) L~c.J~~.:J\11111-:Jvl 4.6 
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35 

36 

37 

38 

39 

fl11~Lih L;)bb 'U1fll'l~ 

~~ 

I .tCill Ql d 
~1nn11Bn1~~'VI'U.:J • 

d ... "' 
L~mJn1'a'ti'Un'U 

A 

A 

A 

8 

8 

8 

8 

0 

n~~'VI1 

8 

8 

8 

c 
c 

c 
8,C 

Lb~.:Jm~vh 

b'Vhtl'U 

E 

E 

E 

E 

E 

A 

A 

A 

A 

E 

28 

0 d.., "" 
fl1l'IBU'VI'Ufl L ~fi'Ul'IBU 

~1'U1'U ~1'U1'U 

(fl'U) (fl'U) 

E 14 E 25 

A 14 8 16 

8 30 8 15 

E 33 E 35 

8 19 E 23 

8 18 A 23 

D 17 A 21 

C 15 A 15 

8 29 A 24 

D 15 D 11 

;J1nl'l1~1\lvl 4.6 'VlU11riB'UL~fi'UtJnL~fl'UG'i1'U 1 'VIqjiifl11~L *1i'11lilLL 'U1 f1~~C3~~\I 

L1eJ\ILL u1fi~ E~m1u*lie:~vl 30 LtluL1munTHuvl~~~\lflin1"'-:JLfl~eruvl~'lE.re)l'!~1L ~'lLvhti'u 'lHu~~ "ll'U 
'II 

tl'UtJ nL~fJ'UG'i1'U 1 'VIfllij U 'U'lfi ~.yj~ n~ e:J\1~-:J rlel'UL~ fl'U LL~~'VI"'\1 L ~ fl'U LLI'i ~1'UTUtJ n L ~ fl'U ~eJU ~mil"' \1 L ~ fJ 'U 
·~ 'II 'II 

lJ1fl n11rlel'UL~fl'LJ LLm~iiiavtbJ~1~1'H1U\IUeln 1~1111nL~fl'UiiLL 'U'l~~.yj~~'VI~m1nB ~1\11 <j 1~LLrleUeJvl 
'II 

33 L'U'U~m'Um~ruvl~\l"j()Uflel'Vl LL~~'j()fl'UI'l n1"'\lbl"l~eJ'Uvl~1CJeJ\9l"j1b ~1b vhn'U 'lJru~vl 'll'Utl'U 1~ fJ 

LriJ'VlVnTVI'U~ 1 ~11UfleJ'Vliitl1'VitJfl L vhnU1()fJ'U!Jl nfieJL1()1'Ufl11Wif<j()~\IL1eJ\Iii~\ll"l'l1lJL ~1 LL~~m~ 

Lvhn'U ~.:~1ll11'l!m~fl'UiiJ~iiLL'U1fi~eJ~1\Ihn'oiJ~~eJ.:~\9leJul'i'1L~eJn E FimL"j\ILvhn'U LL~~-rreJ~ 39 LtJ'U 

*lieJffili~1lJ1"j()U\Iuan 1~1111 m ~ fl'Uii LL 'U'l~~vle3~eJ ~1\11 1 L tJ'UG'Im'U fl1"jruvl11 m~fl'UG'IeJ\II"l'U ,1\leJ ~'U'U 
'II 

dl1i6'11tJn\11'Uvlb'VIileJ'Un'U'Vln'IJ1~fl1) LL~~~'U'VIU1Li1'VI1tl'U DeJUiilJ1~ 95 m~nfl.l 'lJru~~~lJiim~ 
' 
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mh\11 ~fi~B\I~Btr:hiJBueJBnLL ~\lm:::l'11lJ1nn11~B~B\I~Bu~1L~em s vt1v o L'V'I~1:::ueJui1lJ1~lJ1 
nil LL~~ L U'Url'U nu ~1nm~1\IU m1eJ'U~BU ~1 L~B n D lJlfl~i:l~~\lnB'UL'ieJ'ULL~~'VI~\1 L'ieJ'U~\IL U'U 

' I I I II I 
V .odil d.c:t. I 0 Ql ..::::111 d Q,l 4 d4::1. V d II I I .::!11 Cll CV ..:::1 !I q 

m L(;'lelfl'Vlli.JV! LL~~1'U1'U'UnL ~eJ'U'Vll'leJUm L~elflVI!iJV!'VI(;'I\IL ~eJ'U'Uelelfl11flel'UL ~EJ'U 'Uelfl~1 fl'UeJ\IlJ'UelVI 

31 LL(;'I~<U'el 32 um'iV'UG1'J'U L vtq)V\I~BtJtjVJ~\InB'UL'ieJ'I.JLL(;'I~'VI~\1 L~eJ'IJ L~VUflL~V'Ui1r111lJL oU1 h-J1 

i'11H1~i1m11J L ~1lJ1 n ni1~~BBnLL ~'~ n1~'01ln n ni1an-J~ rrvt~\1 ~ L U'UL -d'Ud a1~ L tJu L 'V'I~1d1 
1 1 

61ri1'Un1~ru1 'U"UVI fi~m~lJhJL~elB flbL 'U'U n1~"1i'U'llv\11~rr~i1r111lJL ~1 <U'BFl'U'V'I'URB?I1lJ11rl'l11L \J 
1 1 

~WJ'IJ1fl1~el elflLL 'UU fl~ fl1~lJn1~L~ EJ'U~L~B\1 fl!JoVB~ 3 'UeJ\IiJ1~'UIJiB L \J LL(;'I~ b~BL ~el'U n11'VJ 

L \J~vu b Vivur1~LL 'U'Url11lJtl11vtU1VI1\I n11 L~V'ULu~v11 v.Vmw nmlJLL u1fi~ L~li.J"' ti\'\11\J~ 4. 6 
" 

1.00 
1.00 

0.90 
High gain 

0.80 

c: 0.70 
Oi 
"' 0.60 
'0 
41 
~ 050 

Medium gain .. 
§ 0.40 
0 z 

0.30 

020 

0.10 
low gain 

0.00 

30 31 32 33 34 35 36 37 38 39 

<Uaii 

ll1'Vivl 4. 7 L mmn fivufl::LL 'U'IJfl11lJtl11VIU1'Vl1.:Jfl1"H~V'ULufi£111£JoUvmilJ LL 'U1A~ L~eN • 
d d11 .d A .., 

n~m·nfl~v'IJ'VI'tlv'VI 3 'tlv.:J'IJ11'l'U 

~1fl.fl1'V'I~ 4. 7 'V'I'Ui1r111lltl11VIU1'Vl1\l fl11 L~ V'U btl~ Vel VL 'U1~til'U1~til''Ui:!\l 
" " 

(Hish gain) ~1'U1'U 1 .Ua ?1v.Ua~ 33 LtluL'IiuifL'V'I11d1ia~ 33 Ltl'Uivmll11'11m~vu~~i1LL'IJ1fi~ 
v~l\1 hih1~<ii' v\l~vul'11 L~Bn E ?1mb 1\1 b vhnu '!!m~V'U'Vlflfl'UI'lvuiv-drrnvh 1 ~rllfl11lltl11vtU1 . " 
'Vl1'1fl1~b~EJ'UBV 1 'IJ';j~~U~i:l-1 LL(;'I~~1'U 1 VIWi1r111lJ tl11VIU1'Vl1\lfl1'H~el'ULO~ eJBEJL 'U~~~'UU1'Ufl(;'l1\l 

\J 'V " '\1 

(Medium gain) ~1'U1'U 6 'livL~LLri.Uv~ 30, 31, 34, 35, 36 LLm: 38 'UeJn~1n-diJ\Il1'1i'B~i1 
rl11lJtl11vtU1VI1\Ifl1~L~V'ULu~Vv~1u1~~'U~1 (Low gain) ~1'U1'U 3 ia 1~Lbri<U'v~ 32, 37 LL~~ 

39L~tJ<U'v~ 32 i1f"i1r111lJtl1',IVIU1VI1\Ifl1~L~V'UbO~t1~1~"'~LVhnu 0.03 ~LU'UL'Iiudb'V'I~1~<U'v~ 32 
' 



30 

't!m1EJ'U~1'W1 'V!rucJ~~el'U~~~~neJ'UL1EJ'ULL~~'Vf"'~L1EJ'U L~EJ't! m1EJ'U~f1'J1l.J L sU11~V'JT)~(1~iif111l.J L ~'J " , 
l-11n n11~V ~Bv mL 'l~ n'l~vhm nn-J1~ n1 ~(l'Vf~~ ~ L tJuL '1iui1'B1~V L tJu L Yl'l1d1amum1ru1 'U'll~ , , 

n\lm1l.J 11ihi'Bvf1 LL 'U'U f111'll'U'!lfl~1~ (1~~f111l.J L ~'J sUB R'U'Vl'UAB6'11l.J11(1U11 '\.J~~'U1 f111elfl n LL 'U'U , 

n\lm1l.Jf111L~EJ'UiL~mn~offv~ 3 "llv~'D11Ji''U~v1'\.J 

4.2.2.5 mil.JLL'U'"Jfl~L~v~m1V'Jm1l.JL~'"J , 

~\111ru1m1 Lf1~B'U~"llfl~1(1 LL6l1 L~ v n n·nV'Jf111l.JL ~1 ntJ b 1m~ G1B~ f16l v~nu n11 bfl~fl'U~ ~~mh1 t.J ~ 
II .I ~ 11'1 "" ... .., 

f111'Vl~?fel'U~'"J EJLL 'U'U u'l~ Ll.J'Uf111l.Jb "ll1 ~\I L 1fl~U 1.:1 LL~~f11'l bfl~fl'U'Vl (Force and Motion 

Conceptual Evaluation: FMCE) l~t.J~~~m11.:1~ 4.7 

II '1 "" .,j.,. 
fl1111b "lJ1 L~LL 'IJ1f\~'Vlt:.J~ 

fl1111auau'l"::wh:m'l"1'V-l . ... "' .. 
"' "' 

nv'Ub'l"~'U 'VI~.:! L 'l~'U 
f\1111L 'l1f1\JL 1~1bL~:: 

n'l"1'V-lm'l"n'l"::,Y~nu L 1~1 
:S1'U1'U (fl'U) :ij1'U1'U (fl'U) 

40 A 0 D 18 A 23 

41 F G G 33 F 24 

42 B C,H D 16 B 23 

43 D A 25 D 13 



1.00 

0.90 High gain 

0.80 

c: 0.70 
ftj 

"" "0 0.60 
GJ 

~ 0.50 Medium gain 
E 
l5 0.40 
z 

0.30 

0.20 

0.10 low gain 

0.00 

40 41 42 43 

ll1\'f~ 4.8 LmV'LILiiiEl'I.Jfl~U.'U'Ufl112Jn11~,j'1\111·:Jn1'n;EJ'ULO~EJ'a1Eiifilmj2.1LL'U1f.ifl 

L~il~n<a1f4fl112JL ;1 
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lil1n111'Vl~ 4.8 'Vl'll'hl"ld1l.JtlTJV1'il1'YI1·:Jn1'H~V'LJL\J~ fJ~'J'U 1 V1qjeJ~L 'U~~~U 
o II 4 II d II d<>l II II <>l .,j 

U1'Ufln1..:1 (Medium ~a in) ~1'U'".''LJ 3 "liB flfl"llfl'YI 40-42 LL~~"ll8'V12.11"1112JnTJWlJ1'YI1\InTH ~fJ'UL\J~HJ 

B~L'U~~~u~1 (Low gain) ~1'U'l'U 1 -ilB 1~LLn-ila~ 43 Ltlu~m'Um~ru~~fln1~..:1L~11€i'm1L~'l~'lv 
IV ~ ..,j A' !"J ..,j o•J oj 0 'I I"V <>l 1 I .. .., I ool 
B\il~1~:1J1L~l.Jel LL~~L ~8\I'UL u'LJL ~e1..:1m1 nfl'l12JL ~'l'YI1 L V1'UnL ~f.I'U 11Lfll'lfl1~G1U~'LJ~~V1'l1\ln~Tn 

1"11111 L ~'ltlU L 'l ~1 LL~ ~m1'rin1~n~~~l'l tlU L 'l~1fl~ LL 'U'LJL\J~ V rl8'UL~f.I'UV1~\I L~f.I'IJ~\1 hiiifl'l111 LL\il fl~ 1\1 

n'Umm1~e.Jft 1 Vlrhfld1lJfhn-'l'iJ1'YI1~n1':H~!:J'Ub\l~ !:J 1~G1~lJ1fl;)'lt.l 
"' 

II Ill .. d Ill 

4.2.3 fl112Jn11~'U1\111~n1'aL'aV'ULOaEJ'a1V"llil 

lil1 flfl~ LL 'U'U na'UL~ f.I'U-'VIa\1 L~f.I'U Ll'l f.I'YII'I~el'U~'l f.IU. UU'YII'I~BU LL 'U'l fli'I1VI EJ1fll1G1 \il i 
L~a..:IU.~'ILL~~fl1~Lfl~a'LJ~ (Force and Motion Conceptual Evaluation: FMCE) ~1'U'l'U 34 -ila 
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c 
iii 
0'1 

'0 
QJ 
N 

~ 
E 
0 z 

1.001.00 

1.00 -

0.90 

0.80 -: 

0.940.94 

OJJB 
0.86 

0.76 
0.73 

o.1o •ill-lfiHtii-11----------------------M~o.64 _____ _ 

0.60 -
i 

050 -L 

0.40 _: 

030 

0.20 -: 
~ 

0.10 -+ 

0.00 ., 
I 2 3 

0.550.56 

0.45 

0.33 

0.18 

4 

0.50 
0.46 

0.35 
0.38 

0.52 

0.30 

0.37 

0.03 

• 

1.00 

High gain 

~:---....D.AL---~~---------0.64 
0.61 

0.50 0.50 

0.36 

0.22 

0.17 0.17 

I 

32 

d .f.:! .. II II .. d II II tJ 
.f11'VWI 4. 9 h.J"UJUL 'VIfJUfiZLL '\.J'\.Jfi113Jfl11'VI'IJ1'VI1•:1n1''H 'UJ'ULtU'IU~1fl'!ltl~1Ul bL U\Jfi1~fltl'Ubb U\.1 

u~~v1m.h::naum~a1fi~ L ;j.:~tJ~fl':u.Wufi (I LD) 

.r::J I II' II d ~ SJ 

:u 1n.n 1YI'VI 4. 9 Yl\.111fl:m 'W'Wf'I11:U f111VI'W1'VI1-:!f11'jL 'j t.J'WLO~ t.J'j1 t.J"lle:J :u1n f11'j 

~Hl'W~1 t.J~tl LL \J\Jfi1'jfle:J'ULL 'U'lJ'lJ'j'jt.J1 m.h:::nt~\Jfi1'jfl1fi!Jl L :a-:!tlfiG111~'Wfi OLD) 1~t.~'VI~fle:J'U~ht.~ 

LL \.1\J'Vl~fle:J'ULL 'U1fl~1'Vlt.l1~1fl!Jl~L~ti-:!LL 'j-:!U.~:::f11'jLfl~ti'\.J~ (Force and Motion Conceptual 
O 1.1 1 1J cJ.q II U -=II .J il OV 

Evaluation: FMCE) :U1'U1'U 34 'lltl YI'U11'lltl'VIl.lf'l11l.lfl11VI'U1'VI1-:!f11'jL 'jt.J'LJL\l~t.ltlt.l 'LJ'j:::~'Ufl-:! 
'II 'II 

(High gain) ii~-:!VI:ll~ 9 -ife:J fi~LU'U{e:Jt.J~::: 26.47 eUeJ~ilf'l11l.ln11VIif1'V11-:!f11'jL~t.I'Uelt.l"l'U'j:::~\J 
. 'II 

tl1'Um'l1-:! (Medium gain) ih~-:!VIl.l~ 20 -ift~ fi~Ltl'W~e:Jt.J~::: 58.82 LL~:::-ift~~iif'l11l.ln11VI'Ii'1'V11-:!fl1'j 
b~t.J'Wtlt.JL'U'j:::~\.1~1 (Low oain) :i1~-:!VIll~ 5 it~ fi~Ltl'U~tlt.~~::: 14.71 m~t.Jfl'UL:UoUt~~:i1f'l:::bb'U'U 

'II ~ 'II 

I I I .., .Jc~~ "' II 

f'I111Jtl11VI'Ii'1'VI1-3f11'j L~t.I'U ~hYifl ~~ eloUeJYi 32 iifli1 L vh tl'U 0. 03 LLfl:::"IJeJ'VIl.Jfl::: LL 'U'Ufi111Jf111VI'U 1 • 
.. d d 0 " tl " " d .. 0 0 "' 

'VI1-:!f11'jb'jt.J'\.JL\l~t.Jfl-3'Vlfl~:U1'U1'U 3 "lltl 'j:::fie:J'U~1t.l"lltl'VI 1, 2 LL~::: 33 l.Jfi1L'V11fi\J 1.00 
'II • 
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ft1t1111fil 30 - 34 LiJUfl1"j'tJ1J'l~ID14'nlt.11J~LLa:rmm'rnn a1Wi''Un1'lWluufi~~fa (30 - 34) f1·U~14 • 
'JII''J! .J 4 ,.¥. 4 ... ..f ' I .J " .J 
~,..Lntm'M\1~1tilil'UV1fln1Lfl6fl A fl-1 J ,N'U'i'lf11EJLL')-1')ZVI11~'ll1mMLLfltr~l1m1YJn'VI~n\JlfN'VIq"' 

8 t f'll ~ I ..J I' 0 I 

A 'll1tl'n'Jfl98 nLL 'l-1fl1t'VI1til!l'it1 EJ1Jtilfl1 fJ'IJ1J1fi'VI111flfl'l1U. 'l'4'VI1Clei'I.Jtil fl'ltl'l19l £l":i(l'U'l'l'V!fl 

B. 'll1t.IUR8&flU.'i~fl1~1fie1l1U'i'i'Jfl~1fJ'IJU1fl~1flfli1U.14~1Dt11~nn'l~~1~il'lOt.I1J~ 
C. 'lfl~4a94W1A't1on~ 'i4fl'i~1~£lflULaEJ'lflEJUPlQfl'tJUW·UTt'l~·hl!u \ue~'!f11~'VI1-3 

'Ifl\J')'"'fl 

o. 'Ifll.I'I'i'lnaenu'l4fl'it,J,we'loEJu\ll u~'imJutllwL~aanu'l4fl1:t,J1fi£l'll1U'l'lVJn 

E. 'lflU'l'ifJfl88flLL'Hfl1t\\1fi8'lflEJlJA~fJ'IllJ1fiLVhfl'uu.1ribaen.JPin1t'l'f1PifJ'll1l.I'I'I\IJfl 
F. <UffiJ"mmnbiLi4V4Tte~1tmenfhtmufaWami4~nf,4uuliK 
1. 'Wi'Hfe'tflun 

d ~ 'i' ~~~ d 
111'Vf'VI 4.10 flf11'1Jn1'Hl.!Ufl:: ~1'VIEJ1J8'VI 32 

1J1flfl1T\J::ElElnLL 'i.:Jm::vi11J1flfl11~fl1\JJClVI~.:JLdElijflT'l'l1lJfl1J (fiEl~'lLfivn'!Jtl A) LLfl::LL 1J1fifl~11 • 
V .JQ d I 0 I d ._, ..sf .-:ill ILl 4 ...., 4 t.l """"" 

1ACl'VIlJFl111J L ')11J1flm11::mJmL 'l.:Jm::vmnnmTe:Jm(PlmlJEl1JflT'l'l1'1Jfl1J ( FlElm Lfl El n"Utl B) LL 'U1Flfl 
• 1 

~~ n~El.:~FiEl"lCl~.:JaEl.:~1::~El.:JElElmL "l.:J n"l::vi1~ eJn'IJ~1 EJ"U'U1fi"UtJ.:~u "l.:J~ L vhnu(fim;i'1 Lfi Elfl'li El E) LdEl 

~11":itu1f'11(P}8U"UEl.:JtJnL~EJ'IJ 1~f!.Jfl~.:J(Pl1":i1.:J~ 4.8 
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"" 4 o "' Cl t II "" IJ11"51.:J'VI 4.8 01"5Lailflfl1~il'U'tliH'IJnL"IEI\J \J'tlil'VI 32 

"' ... pre- test o/o post - test 
~1Lavn 

0 0 

~1'1J1'1Jfl\J o/o pre - test ~1 'IJ 1\J fl 'IJ o/o post - test 

A 0 0.00 7 20.00 

8 30 85.71 15 42.86 

c o. 0.00 0 0.00 

D 0 0.00 2 5.71 

E 0 0.00 1 2.86 

F 0 0.00 10 28.57 

J 5 14.29 0 0.0 0 

~1fWl1"i1~vl 4.8 vn.r:htiv'UL~El'IJUnL~El'IJ~'l'IJl'VIqjL~tln'tltl 8 ,j1'UTU 30 fl'U 

~Vl L tl'U~tlW:~~ 85.71 LL~~L~tloW"il1"iru1'VI~~L~El'U'UnL~V'U~1'U 1 'VIqjL~tlnolltl 8 ,j1'U'J'IJ 15 fl'U fiV1 

L U'l.l~tl vm~ 42.86 oll'mr~ Ln~J~f!t~\Jl'J L~t~nvltin L~mJL~€'nlJ1nvl~~~~tit~'l.IL~EJ'ULL~~vr~.:JL ~ vuflt~IJi''J L~ t1 n 

1 J.l G • u q a ..::.. .::::1 • v calC~~ G • o • q cu d 
8 LL"'~.:J 'VIL 'VI'U'J1'1JnL ':iEI'UlJLL 'U1fl~Vl'J1'J(;l(l'VIlJfl'J1lJL "i'JlJ1fln11"il~tltln LL ':i~n':i~'VI1l.J1n n11e:J n'J(;l(l LlJtl • • 
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ma'U.Ifel - 7 L1tnh.Lf~lf1M.4f~r~a~iftiJ''HI.t~·.SI.L14LftmtWl\Ji1'b1J1~UOO)J10W1.tiifHthSnM 
f'Nln'la~~l11~ifu1fH~i1i1$Ju.11!alJ , H11J11t"ltiuutnl1t.Ltkuall&Afdt,~ut1mhu.t.-~..iauftl1lwifu 
J1iLif.:'l.~ ~~8001-'mlmU (~111 A n-1 G) io-sZ"Ii'letflL1.,}1U. ... f~n~'1'5~8 
,J,u.t.a1U11Una 

tfilLEierMIJJ-mrrh14i1~maw"tfms#tt~ u.l'l~LaanltKtimf'i1flm.Aimtuu.L-rm tW.whRen J 

m'WiiilLEinnll1~n 

& Wf'IUfU'Jf 

.. 7 A U1~fifll1tm14.1'l~fi'l6flfhafv 
B.U1~~~~l~1t•1nua~\J1ft~~ 
c. u:Hi'mfllthnftTHlomil"'N'lfiM~ 

\.. I :;; o. wvuflu«mmllm,;m, I 

I 

I 

iMMU.u E. .~m....a... .... t:; ....... .. F. U.~ft\tm'}4~;il'IJ\tlfil . 1 
'-· I _/ 

G. &L1~ft\~dht~~ 
' I 

I 

__ 1. L1mi1ai.1Mi4tll&nritt\Jtlm11Uw\f'l~flv;C..!1fuMu~ (~L~) 
2. t~e,l,u •. uhMtfllgfnlt1\'lht-w'll11ilsm1m9'>Mtb 

.,; tl ,. till .,; 

ll1'WVI 4.11 ftn1\Jn1"Hl.ILL~::L~VIV'Uv'VI 1 U.~: 2 

.0 ..,. o "' "" d "' ~ 11 ...1 .J ~I I .-d ...1 ..., 
UJEI'V'4\11~fii1\11'U'l'U'l.JnL 'W'U'VIL~Elf11Jl€11.JL 'U'UEIVI 1 'ii.:tL u'U"m'Uh11fii'VILnf.J'lf1'l.J 

4 d 4 :: ~ d ci -=1 A' ~ ~ d q Cil IJ' 'l . ..,! 0 - ,. 

f1THFl~el'U'VI'Uel.:tL ~8'U1LL 'U.:t'VILFI~el'U'VI'l.J'UV'l'U'U1LL "ll\1'11\ll.JLL ~\ILat.JI'l'VI1'U'UeleJ1J1f1\J'U 1J\Jlf.:t'U11J1Fll'l Ll'leJ 

'I I " d Jf IJ ..... , .. !' <4 ... .. !;' I ~ 1"' .... ...1 
fi'U La1EJ\IL 'VI1'VI'Y'I'U1El\IL 'VI11J 1{1JLL V1~1J ~ a11J1~~CJ'U'l.J'U'U1LL 'U.:tLL~~88f1LL ~.:tl'l'UL ~B'U1,LL 'U.:t VILFI~el'U'VI 

1 J/1;'~'1"''1 ..,::~ .... ..I dL 'i ..I d~.:'vi.!- 0 
tl'l.J'U'V'4'U'U1LL 'U.:t Ll'l LI'ICJL ~8'U1LL 'U.:tf11~\ILFI~el'U'VI U'VI1.:t'U'l1 Ll'ltJLFl~el'U'VIL ~'l'U'UI'l'ltJ~IJl~1"1J1L"1J8 

( Fl'l11JL ~ .:tfl.:t~Pi''l) offe>d'l~iiu1.:t~Pi''lL~an~'li.:tu e>n-hwm~CJ'UilFI'l11JL -ff1 t '1 LL 'U'l Rl'l~~ n~e> LL ~.:t~m~vh 
" : 

~B'JIJlmL tl~~'Um.:tn'l.Jfl'l11JL ~.:t'UEJ.:t'JIJl~ (~BIPi''lL~Elf1oUEI B) LL~~LL 'U'l~\11~~1'1 ~8 LL ~.:t·~m~l'i1~el'J\J!C'I • • ljl , 

tl
u llJ ~("""'"' ).::tJA o 4VCII '1SI fV l.,d 

LL ~~'Um.:tn'l.JFI'l11JL ';i'l fi8\Jl1Lr;'lelf1 A L1Jel'V'4\11';iUJ1fi11JlEI'l.J'Uel.:t'Uf1L ~t:J'U Ll'l~~l'l.:t\Jl1';i1~'VI 4.9 
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OJ ... 
pre- test o/o post - test 

~1L~vn 
0 0 

:U1'U1'Url'U o/o pre - test :U1'U1'Url'U o/o post - test 

A 14 40.00 0 0.00 

B 21 60.00 35 100.00 

c 0 0.00 0 0.00 

0 0 0.00 0 0.00 

E 0 0.00 0 0.00 

F 0 0.00 0 0.00 

G 0 0.00 0 0.00 

:U1fllP1111\I~ 4.9 ~u11rlel'UL~EJ'UUnL~EJ'UI.'b'U1l1qjL~eJnia B ,)1'U1'U 21 rl'U 

~~nth.J~eJEJ~~ 60.00 LL~~L~el~:U11t1J1l1~-n~EJ'Uum~EJ'U~f1rl'UL~ania B ~~LU'U~eJEJ~~ 100.00 

im1\l Ln!Pl ~e-1~1 L~ an~ir m~EJ'UL~ am.n n~a ~-vr\1 nauL~EJ'ULU'l~'I-1~\IL~EJ'U~ a~1 L~an B L U'U LL 'U1~~~ , 

LL 1 \l~m~vh\Pl a1lP1L1 LL •th~ww~ \ltl'Url11lJ L ~\l"lleJ\11lP1L1~\I L U'U~1 L~a n~t1n~ eJ\1 ~ L U'UL -d'Uda1:u , • v 

d .., I;' d ~I 1.1 d o 1• v v o .J~ v 4 ~ u .., 
L 'U el\llJ1:U1f1"1JeJaeJU"lJel'Vl 1 b u'U"lJ el'Vlrl1Ll1lJ lJ'I1U'I1el'U bbft ~ fl1lP1 eJU'VllJ L l1bfl eJ f1 f1G1el~ flfl el\lf1U 

am'Uf111ruvh ~lJ1L~EJG1Ll1'Uf111ruia~ 1 L U'UG1Ll1'Uf111ru~L~atl1LL~\Ifl1~\ILrl~eJ'Uvtl U'Vl1\l"lJ11L~EJ 
.d d ~ 3 II' QJ ~ 6 I 4L1 Cl.l 4 d 1J 4 4<Q. 1tl Q 

bflfle:Jt.I'Vlb ~1"Ut.I~1CJe:J\Jl~1b ~1?1~1b?f~e:J (fl11~b ~\lfl\I~JJ1) 11l1b~e:Jfl'Vlflfll1leNfle:J bb ~\I~'Vlf'l 'Yl1\I"U11bb~~~ 
v 

"ll'U1~~fl\1~1 vh 1 ~'l!m ~EJ'U hJ Lfi~fl11lJ~Ua'Uirm~EJ'U~\I L~anLJn'Vl f1fi'U:U1 nfl11'Vl~aaul1~\l L~EJ'U 
v • 

I 1" V V Q .J V .J .J I V 

a\lt:.Jfl l1fi~LL 'U'Ufl11lJf111l1'U1'VI1\Ifl11L 1EJ'ULuf!EJ"lleJ'Vl 1 a\I'VIa~L 'VI1nu 1.00 v • 
... 0 .... ... d ... 1 ... d d !'t ~d d .... 
~:U11t1J1:U1'UTW'Wm 1EJ'U'VIbfleJf1lP1eJU 'U"lleJ'VI 2 '11\1 L uuam'Ufl11t1J'Vl Lnm nu f11";i 

Lfl~el'U~"llel\1 L~atl1 Lb ~\I~ bfl~ el'U~U'U~'UJ1LL ~\I~ 'Iii bL 1'1 b~EJ~'VI1'UUeltJlJ1 n:u'U 1lJvi'a.:~'l11lJ1~~ L~ EJfi'U 

1 I V .J Jl V colo If c!l :: <i 'V ... :: <i 1 V .,j .J1tJ 
a1eNb 'VI1'VI'W'U1el\l b 'VI1lJ ~lJbb l1fllJ 1 a1lJ11LltJ'U'U'U'U1bb "lJ'Ibbfl~elelnLb 1'1~'UL 1el'U1LL"lJ'I l1bflflel'U'VI 

~ ~ ~ 11.1 <i" 4 ~ ~ 0 fl.l d ~tl II ~ cv II 3 <C11 Q.l 4 d 
'U'U'W'U'U1LL "lJ'I ~ L~EJL 1el'U1LL "lJ\If11fi'ILrl~e:J'U'VI L 'V11'1"lJ11~1tJfl11lJL 11rl\llP11 "lJel'U:U~lJtJ1'1m L~elf1'VI 

'1.1-:~u a n'i1'li'm~ EJ'Uiifl11lJ L i1 h LL 'W1 fi~~Lln~ a LL 1-:~vl m~vi'1~a1'1P1 mL tJ1~'UlP11'1tltJ rl11lJ L ~ 'l"ll e:J\11lP1 t1 
v • • 

(~eJ~1L~eJnia 0) LLfi~LL 'U1~~~~~ ~el LL 1'1vlm~vi1~eJ1~qLL tl1iJ'UlP11\ItlUfl11lJL ~1 (~eJ~1L~eJf1 B) 

d oCiit. 0 cv ~ 1"' .... d 
blJel'W:U1";it1J1fl1lP1eltJ"llel'I'UnL )EJ'U ~t:.Jfi~'I\91111'1'VI 4.10 
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" ... pre- test %post- test 
~1L~vn 

0 0 

lii1\J1\Jfl\J o/o pre - test lii1\J1\Jfl\J o/o post - test 

A 4 11.43 0 0.00 

B 25 71.42 0 0.00 

c 0 0.00 0 0.00 

D 4 11.43 35 100.00 

E 1 2.86 0 0.00 

F 1 2.86 0 0.00 

G 0 0.00 0 0.00 

lil1n~Tn:tvi 4.10 Yl'U':hfiel'UL~EJ'U'!!m~EJ'U~TIJLVIqjL~tlnoUtl B ,)1'U1'U 25 fl'U 

fi~ LD'U~am't:-; 71.42 LL~~~1-H'L l1·t.d1timJL~tJ'U'!!m~EJ'U~1'UL -b'111ile.1~-hLL ~~LL tJ~er'Um~n'Ufl11l.IL ~1 

LL"~L~tl~lil1~ru1VI~~L~EJu'!!m~EJuVJnfluL~vn.Ua o fi~L tl'U~tJEJ~~ 1 ao.oo LL~~~11VI~~L~t~'U 
'!!m~t~'UVJnfl'UL .U1 h~ n~a~11LL ~-3LL tl~er'U~~-3n'Ufl11l.IL ~-3 viL iJ'UL "li'Uda11il L -da~l.l11il1n.Ua~au.Uavi 2 

L ~u.Uavi~1 EJhl~utb'au'lJ m~EJ'U ~.:~ L~ a nC'I n'Vl nfl'Uiil1 n n1~'Vl~ ~ e:J'UVI~.:~ L~ vu~ ~ ~" 1 ~fl:-; LL 'U'U " . 
V V "" ..1 V ..1 ..1 I OV 

fl11l.lfi1'JVI'U1'V11~n1~L ~EJ'ULQ"I:J"!Je:J'Vl 1 ~~'Vl~~L'V11fi'U 1.00 " . 
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thu1ufe 30 - 34 LU'Un11'1l'U"l~vr:h-:J1t1EJ'UPlU.~~·:mm·r-.1f1 tf1l-i~Um1'1l'U1uu.l'i2!~;;s (30 - 34) ;;,~~~ 

t~LaBn'VIii-:JR'11'18'U~1n~1Laan A n~ J ij~m·n.nvu. "S~"S~m1~'i.ovu9lu.~::'io~'i1~nili\lnla~iliq~ 
0 1 .. ., ..... t 111:1 ~ '0 t 

A. 'itllJ'i1~tl68tlU."l~tl'S~~1~61tlV'U~~1~'U1~~U1tlf111U."S~~'itlV'U~f11~1~6'it1U'i1~f1 
~ 0 I lol ~- t .J 0 I ~ 

B. 1tlV'UI'I88tlU.1~tl'i::~1~8'it1U"S1~tl~1V'Il'U1~~U1tltl11U.1~~1tlU'i'i~f1fl'j~~1~61t1EJ'U~ 

C. 'itl,.r~t'I8~UJ1;iafJf1U."Hn"S~vi1~8tl'UL~V1CIEJ'U9i\ln'll'U«-1L'W"l1~11li'ULtl8~'1l11m1~ 
'itllJ'j'j~fl 

D. ':itlU'S'S~naanu.'i~m::vhl'is"Saau91 u.1'11t1EJ'U~1ll1;!aanu.;~m:rvh~s'at1U'l1'V!n 
0 1 6"tJ ' Q.l 4 ~ • J 

E. 'StllJ'S'i'Vl f18tl 01.1. 'Hn'l~'V111'1S'StlEJ'Uiilm e.J'!J'U1~l 'V11 tlULL 'i~~1t1tJ'UI'In1~'V11f!El"SCIU'S1'Vlt1 ' . 
F. -Ha\l~m~111 'WLoWV.:J<na~l\l::LaanR'1Aau.Ua lwH'~ii~l\11n.u'1~uu 1;1 
J. 'bm.Uat~Qn 

ZuFi?m3.Jf!8 33 - 34 ttfitvu 
1CJV11nmvu1flfJnani.JiJJ·mi1n 

f 

d ",. ,.,,J 
ll1'W'VI 4.12 flel11Jf11"HULL~Z~~'VIEJ"'JS'VI 33 

~"il1'HlJ1~1'W1'UtJm1EJ'U~L~elfll'lel'UL'U.rra~ 33 ~·:nth.ti;1t:n'Ufl1'HU~~\I'Hl 
tJ f1 el'V'HL~::·HW'U I'! tl1~ \1 Lfl~ el'U.yi ~1 t!el1'111 L ~1 L vi1tl'U"llu.tZvi"li'Utl'U L~ EJ L"iJ'VI fi'nTVI'U~ L ~--htJ flel'V'llJ 



• 
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.., ... pre- test %post- test 
V~1b~e:Jn 

0 0 

;)11J1'Ufl'U %pre- test ;)11J1'Ufl1J %post- test 

A 0 0.00 0 0.00 

B 0 0.00 0 0.00 

c 0 0.00 0 0.00 

D 0 0.00 0 0.00 

E 33 94.29 35 100.00 

F 0 0.00 0 0.00 

J 2 5.71 0 0.0 

~1rwn~1'1~ 4.11 .Ue:~~ 33 ~'lbD'U~mum~cl~~'I~CltlneYvm~~~m.J'U~rh~..:~ 
bfl~e:J'U~~1 t.JelVI ~1b ~1 b vhn'U"lJru~~"lJ'U n'U L~W h'VlEJ fhVI'U~ 1 '\.1·;htJna'V'lihhvtiJ nb vhfiiJ~(ltJ'U~nfie:J 

f."'t:n'Um~ru.n ~(l~'l~eJ'Ii1~'1fl11lJb ~1 bb~~lJ1~ b vh n'U ;.:I hl11irnL~t.J'U~~ij bb 'U'J fi~~~ :'1111VJ(l~i1m~ • 
I 0 I ..o:::'il CV .d d Q Q..f .odl .c:::t. d I <V ..Jq ~ 

lJ1 n m1~~e:J a nLb ~" m~'VI1lJ1 nm1am IJ!Cl'VI'U\1 blJeJlJ m~"ll'U n'U 'VI'le:J bb 'U1fl~'Vlt1 m111Jl(l'VllJfl11lJ L ~1 . ~ ' 
~.nnn'l1~~ae:~n LL ~"m~Vi1lJ1rlf111an1~J~~'VI~.:~bdai1m'l"ll'Unu 'W'l1irm~EJ'U~~i1 LL u1fi~a ~1"1 ~niJl1lJ 

;J~~e:J.:~IJlaiJI'i'1 L~an E fimL ~.:~L vhtiu ~.:~b D'Ufl11Jle:JiJ~(ln~a-:~a,:u:.J~ 1 'i-1fl~bb 'U'Ufl11lJtl11'VI'Ii'1'Vl1'1m~ 
~ 



--

d 
'IJ'VI'VI 5 

~~tJllJ~f11~11ij'EJ , 

'11'l{j :il v-d'i1-J 111 m.J ~:H'1 -:~~Pi' L ~ tl L ~lJ Fn 1lJ L oV1 h LL(l ~1 ~ f111lJ tl11 'VI'!! 1V11'1 f11~ L ~ EJ'U LL 'U'J fl ~ • 
1V1CJ1!'11"!11~ L~tl'l LL ~'I Lb(l~f11~Lfl~ tl'U~ L~CJ 1 -u~tJLL 'U'U f11~"tl'ULL UU'U~~CJ1CJth~fltl'U f11~6'115!11 L 'll-:~ 

'\J 

UD~lJ~'Ufi (ILO) "1lJ1~fi"1U~(lf11~1..ijmL(l~oUmLtJ~t11 ~-:~d 

5.1 ~~a3JqVli'Vl1-3n1'H~EltJ b~tl-3bb ~-3tta=:nT'Hfl~el'IJ~ l~aL .ijJtJLL 'U'Uf11~fleJ'Ubb\J\J\J~'Hl1tl 
tl-a::nvum~fl15111t<ti-3'1Ji)a3J~'U5 OLD) 

~fl~lJ~VltV11-:Jf111L~CJtJL~m LL 1-:JLLfl~m~Lfl~atJ~ tiauL~CJtJLL(l~'VI~'IL~CJtJ 1~>w 1-ff~'IJLt uum-a 

"tl'ULL 'U'U\J11CJ1CJtl1~fltl\Jf11~"151Jl L 'li'ltJD~lJ~tJif (ILO) ~flf11~1..ij CJ"W'U11f1~Lb 'U'ULO~ CJ'VI~-.3 L~ti'U~'I 

n11tit:J'UL~CJ'Utl ~1-:~i1iJmh~'qjV11'1"~~~ .05 LL"~'d1iJm~CJ'Lifif111lJL oU1L \1 LL 'U'Jfl~1Vl CJ1!'116'1111~L~tl'l 
. " 

LL ~'ILb(l~f11~Lfl~tJ'UVib fi3JlJ1fl~'U 

II II .. d d d d'r "llltl 5.2 fl113Jn11'VI'U1'Vl1-3n1~b 'ati'U btl~ CJ L '5el-3U ~-3U~Zf11~Lfl~el'U'Vl L~~h '!1'5 LL \J\Jf11~fleJ'ULb \J'U 
'II 

u-a~a1a'IJ~::nv\Jn1<afl1GII1L<ti-3tl!)a3.1~'l.l5 OLD) 

II IV "" .,j :; "" d d ""t 1" 5.2.1 f111lJf111'VI'U1V11'1f11~L ~CJ'Ubtl(ltl11tl"l!'UL 'HJ'U L ':iel'l LL ':i\ILLCl~n1':iLf1Clel'UVI ~tl 'li1ULL \.1\J 
'\J 

f11~6'1ti'ULL tJ'UtJ~1CJ1CJtl~:: fleJtJf11~6'115\J1 L 'li'ltlD~3.1~'UU (ILO) 'W'Ul1 iJ flb~ti'Lii1f111:Wtl11'VI'I!1Vl1\l 

f111L~ti'ULO~CJ11tli'l.IL~CJ'UL vhntJ 0.53 ;..:J..ij'~a~"l 'l.I~~~'Utl1'Uf1(11'1 (Medium gain) i1t!m~CJtJ 
~1'U1'U 6 f1tJ i1m1:Utl11'VI'I!1V11'1f111L~atJa~"ltJ1~~'U~'I (High gain) f1~tU'U~tJCJf1:: 17.14 

irm~ti'U~1tJ1tJ 29 f1tJ ilm1lJtl11'VI'I!1V11-.lf11~L~CJ'Utl~L tJ1::~'Utl1tJflm..:J (Medium gain) ~\91b'iJtJ 

~tlCJfl~ 82.86 hJi1irm~CJ'Liiim1lJtl11'VI'I!1V11-.lf111L~tltJ€l~LtJ~~~'U~1 (Low gain) LL"~-:~1 ~L ~'Ul1 

iJm~ti'Ui1f111lJtl11VI'I!1VI1'1f11~L~tltJ L~tl-.3 LL 1-.3LLfl~f11'Hfl~tl'I.J~ L~tiL otl~ULL 'U'Uf111"tl'UU tJ'U'U1~tl1tl 
'\J 

tl~~fl€l'Uf111"151JlL'li..:JtlD~lJ~'U5 (ILD) 

5.2.2 f111lJtl11'VI'l!1V11'1f11~L~ti'ULO~ti11CJLL'U'Jfl\91 L~tl'l LL )..:JLL(l~f11)Lfl~tl'U~ L~CJLotl'SUbb tJ'U 
'\J 

f111"€JtJ Lb 'U'U'U11tl1 t1tl1:: fltl'U fl11"151Jl L 'li..:JtlD ~lJ~'Ufi (I LO) "W'U11fl11lJ tl11'VI'I!1V11-.3 f111 L~ti'U btl~ CJ 

11CJLL'U1fl~ti~L'U1~~tJ~'I (High gain) 1 LL'U1fl~~a LL'U1~\91b~tl'ILL1-.3L\91tlbb'l.l1fl~L~tl-.3Lb'S'I i1 

1.1 1.1 IC:III d d t v .1:31 Q .:Je~ 1.1 II 

f111l-Jf1T"J'VI'U1V11\Ifl11L 'W'WLwGWl-11flV16'11'l LV11fl'U 0.91 LL~:::U 4 bb '\.cl1fll'lVl:Uf111:Uf111'VI'U1V11~f111 , 
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L~tJ'UL\l~tJe:Jt.JL'U1~(;)'UthtJmn:~ (Medium gain) Ae:J LL'U1fl~L~8'1fl':i1V'l"lle:J\lLL1\l, m1'YJfl11:Wd\l, f1!) 
" 

f111Lfl~8'W~oU8~ 3 "lle:J'li11~'U LL~~m1'YJflJ1:1JL~1 1V~t.JLL'U1AVIL~8\l n11Y'lfl11:1JL~\l iifl11:1Jtl11VI1J1 

'Vl1\lf111L~t.J'U L\l~mvhn'U 0.53 ~1(;)'U~eJh.JfimL'W1fl~L~eJ\l f111Wfl11:1JL~1 iJ 

fl11:Wtl11VI1J1'Vl1\lf111L~t.J'UL\l~tJLVhn'U 0.47 ~1(;)'U~eJh.JfimL'U1A~L~eJ\l f1!JoUel~ 3 '1JeJ'li11~'Wii 

flJ1:Wtl11VI1J1'Vl1\lf111L~t.J'UL\l~t.JL vhn'U 0.45 LL~~LL 'U'Jflt'IL~€1\l f111V'l"lJ8\lLL 1\l iJflJ1:1Jtl11VI1J1'Vl1\lf111 

d d 1.1 d I Q.J 

L1tJ'UL\l~t.J'U8t.J'Vl61VI L'Vl1f1'U 0.30 • 
5.2.3 flJ1:Wtl11VI1J1'Vl1\lf111L~t.J'UL\l~ t.J11tJoU8 L~8'1 LL 1\lLL~~f11'Hfl~tl'U~ 1~t.J 1i1t.J LL 'U'Uf111 

" 
61e:J'U LL 'U'U'U11mm.h~neJ'Uf111611fi(;)L :a.:~t.Jij~:w~u5 (ILD) ~1:W1'HlLL tl-:~1:::(;)'Um1:w tl11V!1J1e:Je:J n L iJu 

3 1~(;)'U 1~LLri oUeJ~iJflJ1:Wtl11VI1J1'Vl1\lf111L~t.J'W8~L'U1~(;)u~\l (High gain) iJ~.:JVI:W~ 9 oUeJ fl~LU'W 
~e:Jt.J(;1~ 26.4 7 oUeJ~iifl11:Wtl11VI1J1'Vl1\lf111L~tJ'WeJ~L 'W1~(;)'Ut.l1tJf1m.:J (Medium gain) ii~'lVI:W~ 20 

A~LtJtJ.;'e:JtJ~~ 58.82 LL~~.rrt~~iiwn:wn11VI1J1'Vl1\lf111L~t.J'We:J~L'W1~(;)'U~1 (Low gain) ii~'lVI:WV~ 5 

Q ~I .., 
fl~Lu'U18t.J6'1~ 14.71 

'\l1f1 f111l..ij tJ'\1~ L ~'W 1~11~t.J LL 'U'Uf111~8'U Lb 'U'U'U11t11t.JU1~f1el'Uf111611fi(;) b ;a 'lt.lija:w~'Wfi (ILD) 

W'U'J1fl::: bb 'W'WW~ tJVI~\l L~tJ'U61-:Jf111neJ'UL~tJ'UeJ~1\liJUm=h~'oi'VJ1\l61Cl~ LL~~-:11 ~L ~'U'J1 1ULL 'U'Uf111 
'U ·~ " 

~EJ'U LL 'U'U'U11tJ1tJt.l1~ ne:J'U f111611fi(;) L :a'lt.Jij~:w~tJ5 (ILD) vh 1 ~'t!m~tJ'Wiifl11:WL .U11'\l u tJ1A~ 

l'Vl tJ1~161(;){b~eJ\l LL 1.:1 LL~~f111bfl~ el'U.yi L fi:w:w1 f1~'U ~\l61eJVIFI~ el-:1 n'U.:J1'Ul..ij' tJ"lJeJ\lel1W~ h -r f1,; (25'10) 

.ffi~U11ULL'U'Uf111618'ULL 'U'U'U1'W1tJt.l1~f1eJ'Uf111~1fi(;)L :a-:~t.Jna:w~tJfi (ILD) 1 oUtl'U~b~tJ'U 1 'Wb~eJ-:1 LL 1.:1 
'U d.! " 

LLG'l :::m1 Lfl~ El'U.yi LL~:::n(;)&i tJ1 eJ1fl1Pl~ vi1~U11U LL 'U'Uf111~eJ'ULL 'U'U\J11tJ1tJU1:::f1eJ\Jf111~1fi(;) L :a.:~ 
' " 

t.Jij~uwtJ5 OLD) H'ti'u~L~tJtJ1tJL~eJ..:~ m1Lfl~t~tJviLLtJ1(;))\I (n(;)&itJ1 mfl1Pll 2555) 

~1VI-r'Ufl1(;)eJ\J LL~:::rheJfiU1tJL 'V!\ilC-1~~1'1 11 'W LL U'U'l-11'W1tJC,mvitm 'Wf11161eJ'WLL 'U'U\J11tJ1tJ 

t.l1::: f1eJ'U f111611fi(;) L :a ..:~t.lij~lJ~'U 5 611lJ1)(1U1:1J 11 Lfl11~~fl11lJ L if 11 ~VI~ eJ LL 'U'J AVI"lJ eJ\1'1! f1 L ~ tJ'W11 

Vl~\1~1m~tJ'W'Vl~~~1 t.lLL~1'!! m~tJ'Wiifl11lJL ii1 h L~tJ1tl'UL -de:JVI1VI~eJ hi LL~~611:w11n1 off L U'WLL tJ1'Vl1\l 

~1VI~'U f111t.J-rut.J1..:1 f111~8'W L yjeJ 1 ~Uf1 L~tJ'UL if11 '\1 LL 'U'J flV!l'VltJ1Pl161(;){.yinn~e:J\l~\I~'U~ EJ1 tJ 
• 'II 
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/ n~\9lnl"l Ll"ll?l1'V11'U1lJ. ~a'tleNn1~~fln1~L~aui~flml L~il-1 m~~'U'tlil-1fltn-11fla11inT'ifl1B\9l 
th::nvufi1u~~a1aveh-1ih.J~fl':u~u5N1'LI~~LL1flamJ'l.l~cUiln1'3Vlflav~;;1a 

... ' 
flv:uVi1L\9lili d1vr~u,jm'ivu<ti'Lil1Gv:uflm~nufi 4. 1VlaTth'l'UthJ1qJty1Pin,;1~1G1\9l1 

lJ'VI1Dru;il?l: lJ'VI11'VIV1~tl'llfl'ULLri'U, 2556 . 
., Q .., d d .d ..., Cll ~ u ct 

n\91 ~ CJ1 fl1.fl1~~. n1~'WWJ'L11LL 'L11flfi'VIam '3fl~n1'3Lflael'U'VILL 'U11?1'3~ 'Ufl~'UnL '3ti'LI't1'U:ll6V:llfln'l~t1 

U~ 4 ;;1V'11fln1iln'3'3:lln1'3L'iV'LI~LL'U'U'U'3'3V1V'lh::nv'Un1'3fl1fi\9lL;)~t.Jnfl':u~'UG. . " -.. 
1vu:nih~'Ufit.l~qJqJ11Vlt11~1£1\9l1lJ'VI1Uru;i\9l: lJ'VI11Vltt1~tt~'Ufl11t!Li1.U, 2555. 

m ~11 1?1:: L 'VIfl'U. n1 '3~ WJ'U1 n1~flil'U'U~~EJ1 V LL 'U'U fl1fifl L ;)~t.J~a1J~'LIG'Uil~ n~::'U'l'LI n1'3'V11~ LVI eli 

l:u lfi'LI1iind. 1'Vlmi1Yl'Ufit.l~qJfll11'Vltt1~1G11?l1lJ'VI1'1Jru;il?l: lJ'V111'Vltt1~ m :fitt~ 1 'VIlJ, 

2553. 

1 YlL 1~'11 L~lJLI?l'll1&i'rl.:~f'i'. m'3An'li1n1'3Lt.l~v'L111L 'U1l&i"llf!~,jm'ia'LI~'LI~GV11Ami1\9lv'LI'l1~1EJ 
L~e1~vru1~au lflal'tin~mJn1~~fl111lvra1vii~. 1'Vltt1i1Yl'WfimqJf1!1Pirn~1P11G11?l1 

~~~'\Jruefi\91: lJVI11'VlV1~ti'Ufl'ULLn'U, 2550. 

lJrum'U~ ii'LI~a. fl11:ULoU1 L1il:u t 'LI:u~1'VIv1A1afl{ L~e~ '3::n1'31 VlaL1v'Lilaii" tui1~mv:u'L1<ttv • 
u~ "' cO<UQ .. ~ ...IOJII d d d 

'Uv~'Un 1'1 n<tt1'3::fi'Ut.l'3::n1 ft'LIEJ'U" '31'111'U'rl'ti'LI~ ~ Lllil ~ '11~'VI5f11a" '3f1T1flil'LI L Ylv L t.la EJ'LI 

11L '1.111~. m1A''U fl11B~i::'l11 qjqJ1Pi n~1f"'1G1\9l 1lJVI1U ru;i \9l: 1JVI11'Vl m~tt'll e:J'ULLn'U, 

2549 . 

.., ""' - ~ "'" a I "" II "'"~ • I "' "" 1l'U'Vl'U1 LLG1-:J1lru. O'l~L'U~tltJL'VItltJ~uU\JtJO'l~fitel'UO'l~'VIflael.:lfit151J1fi1V1fl LVL'VIuntJn1'H'I151Jl 

Lf!ElfllL vlv~WJ'U1LL 'LI1flfl1Vl V1A1flfli L~v~ LL ~~avv~1. 1'Vltt1U'Vl'UB'l.l~qj(\!1 

1'Vlt11~1G1\9l11JVI1Dru;il?l: 1JVI11'VItt1~tlfl'Ufl11tlli1.U, 2557 . • 
~~ 11~'11 Lfll?li'U111. m~~WJ'LI111 l 'U1J~'V11~1Vlv1f11flfli L~v~ Lilv~ 'tlil-1um'ivu~ul1t>V11An<tt1 • 

tl~ 5LfiVLf16m'3flv'ULL'U'U PREDICT -OBSERVE-EXPLAIN (POE). 

1'Vlt11'WYl'LI5mtyqJ1Pif1~1~1G1\9l'3lJvt1Uru;il'l: :llvt11'Vltt1~tl'llfl'LILLri'U, 2555. 
"" "" U II OJ ..I ..I d v .. ~ u ~ l:"id 

~~1:: n11~'ll. n1'3WWJ'U1fl1111L'U1 ~1i!L~v~ LL~~LLil::m~Lflav'U'VI 'Uil~'UnL~V'U't1'U116EllJI"ln'tt1-u'VI 4 

;;1 V n 1il n'3'3:ll n1'3L'ia'Ufu 'UtJfi'1'LI1 v-a ~ Ln l'l-vfi'U1V. 1'Vlt11U'rl'U5t.l1tyqJ11'Vl t11 ~1G1 \9l 1 

1J'vn'\Jruefil?l: 1Jvr11'Vltt1~ttfl'Ufl11t~5Tu, 2554 . • 
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m.:JL'Vl~l.l'VI1'Um: e:J.:Jri'm~~'U~.:J~'U~1lL~~~?l1?1ilru'Vl, 2546. ' , 
____ . 'VIU..:Jilat~V'U"a1V1"ll1L~l.H~lJ VJfln~ Lci1l 1 IJI11J'VItln~VI"aLLn'Umn:mT~fin<t;1;j'U 

.!J <V '1"'~ ., 
~'U~1'U'W'VIoflm1"ll 2551. m.:JL'Vl~l.J'VI1'UFl~: b1-:J'Vil.J~ ?ln?!Fl. m111~~TJ, 2553. 

~ . , 
?Ill mea "IJ'UoUfJflii. m-abmvmVivufli111Jb ih 1~11 1 'U1J~vlFl6l1IJILFl~e:ru1"ll1VJ~n~ L~B..:~ 

'\1 

th1n!Jn'l"aWFl~'U "'JB..:Jum~v'Ui'U31ov1liiin<t;1Uvl 4 b~B t'tfna15m<J~B'UVI11l'VI'J"t;~ 
m<Jbt.l~V'U1l 1 'Ull~"'JB..:J 1 'V'Jm 'UB{bba::Flru:a Vimium<J~B'Ut.ln~. l'VlmtJ'V1'UB'IJ~qJ11J1 

~m~1ill1?1VI~l.JV!1UrusViiP1: l.l'V11l'Vlm~fJ"Ile:J'ULLn'U, 2545. 
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m::;l?l1~fl1\ilB'U \Ple:J'Ufl1rl1~ozJB 46a ~~1'Wm~~1~fl1\Ple:JU~'"W ~.:Jm::;l?l1~fl1tn:Wbbfl~ 
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fi1m~.VB 1 - 7 b~ml1bb~·nl1bb~.:Jbfl~B'W~uv~''WJ1bb ~.:J~.:Jbb 'j.:Jb~EJI?l'Vl1'Wi1'U'W11?11JaEJ~lfl'ii'W hJ~a.:J 

'111~1~1?1 fl'W 1~'je:J.:JbYJ1~~'W'je:J.:JbYJ1iJ~:wbb 'VIfl:W 1 ?f1JJ1'jfl~'W'U'Wtl1bb~.:Jbbfl::;aamb 'j\J~'Wb~mJlbb ~.:J1 ~ 
bA~a'Wvfl'lJu'Wvr'WJ1bb~.:Jhi' 'ii.:Jb~amb':i.:J'VIi!.:Jbb'j\1 ('i11fl A fi'~ G) ~m~..,h~m~ml1bb.ij.:J ~.:J~B~Ati'e:J.:J 

1 i1'11b~an1~~1nn11'VIii.:JA~.:JVI~e:J 1~1ibflEJn1~ bbfl~b~ em1~b YiEJ.:JI"l1\ilB'Ub~m1 'Wbbl'ifl::;-b'a 1 ~\ilau 

~-n~em J ~1hiiJ~1b~elf111'lfln 
u 

A. bb 'j.:JiJVif'l1 'lJ'Vl1\I"U11 bb~~iJ'U'W11'l~nl~.:J b.yj~~u 

B. bb 'j.:JiJVif'lhJ'V11\I"ll11bbfl::;iJ'U'W11'l~fl.:J~'J 

c. bb 'j.:JiJVif'l1 U'Vl1\I"U11 bbrt~i1'U'W1~~rl'l~.:J~~a.:~ 

E. bb 1\li1Vif'l1 tl'Vl1\leV1mbf1~i1'U'W11?l~n1«.:J~I'l~.:J 

F. bb 1.:JiJVif'l1 UV11\IeV1f1bbrt::;iJ'U'W11'lfi.:J~'J 

G. bb 'j\JiJVif'l1 U'Vl1\leV1f1bbrt~iJ'U'W11?l~nl«.:Jb~~~u 
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1. l~ml1lb ~.:j n1~.:Jbfl~m.t~1 U'V11'1'U1111ilmfl~e)'W~b ~1~'WJl'JtJB~':i1?f~1b?f:UB (fl11:Wb ~.:jfl.:J~1) 

__ 2. l~ml1lb~.:Jn1~'~lfl~Bu~1u'V11'~'U11Jl1vm1lH~1fl'~~1 

__ 3. l~ml1ll~'~ n1~.:Jlfl~m.t~1 U'V11.:J'U11 11ilmfl~m.t~oti'1fi.:JJ11vB'~':i1?f~1l?f:Uv C fl11:Ul ~.:Jfl.:J~1) 

__ 4. b~ml1 bb ~.:~ n1~'~ bfl~m.t~1 tl'V11'1~1t1 t111 mfl~ vu~ b ~1~u~1 vB'~ 116'1~1b?f:w e1(m1:u b 1.:~1"1.:~~1) 
__ 5. b~ml1ll~'1Qn~u1~bfl~B'W~~1n'V!~Iil~.:J ~um~~.:Jiif"l11:Ul~1'U'W1111Vl~'l h.J'Vl1.:J'U11 bb':i.:J1\Yl 

~~~'¥111 ~ b1ml1bb~.:JEJ.:Jf"l.:Jbf"l~B'W~vl1tJm1:ub ~1-d 
__ 6. b~mJ1 bl ~'I n1~'1bfi~B'W~otllfl.:JJ11 tJ e) l'l';il ?f~1 b?f:UBLbfl ~ij fi'l11:U b ~ '11 U'V11'1'U11 

__ 7.l~ml1ll ~'I n1~'1lfl~m.t~1 U'V11'1~1tJ 11ilmfl~ B'W~otl1f!.:JJ11tJB~':i16'1~1b?f:UeJ (A11:Ul ~'11"1'1~1) 

1m otl~1l~Bfl~B hJ-6 (~1fl A ii.:J G) b ~eJbb?flil.:Jbb'j~~'VI5~m~'¥11~eJ';m1 'Wbl~fl~mru~'U':i'.itJ1CJoU1-:Jfi1'1 
1~~eJ'U~1b~eJfl J t;)1hiii~1b~Bfl11iltifl 

\I 
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"" "' "" bb~\lG1'Vl5fHI~1 'VlP!~\l 
' 
J' cl 

ml.Ji'fUbe:JtJ\l 

' ...::::....::;1 .c::rl 0 Q..l 

bb ~\l~'Vl5:W"1J'U1(;l'Vlf11fl\l 
' 

o:;p:~ q 0 Q.J 

bb ~ \l~'Vll5l.J"1J'U1Vl'Vlf11fl\l 
' 

~ .r 
b'W:W"U'U ® ~ .r 

b 'W:W"U'U 

ri1m:woffe:1 11 - 13 LtJ'Ub'Vf~tltlJ 1 vr-d\l6ff'UhJiil~\l 1 vr~.:J\!1n~m~tJqj'Vf"lVIiie:J L'Vf~CJqJLfl~mJ~;ft''UhJ 
"il'Uii\l"ilVI~\I~VIbb~llilnn~ufl\ll-l1an 1mi'~lL~e:Jn1Jie:JhJ-d' ("i11n A ii" G) Lvlm.Je:Jn11Lb~\lL(;lri1~\l 

' 'U ' 

m~'Yh~m vr~tJqJ1 'ULL~mm·nu~u~~tJ1tJoU1\lci1\l 1 Vllile:J'UlPllb~e:J n J t;l1 hiiilP1lL~e:Jn 1V~nn hl~e:J.:J 
" 

4:111...::. d d 0 tV c. bb ~\l:W'VlP!fl\lbbfl~:W"1J'U1Vl'Vlf11fl\lflV!fl\l 

D. bb~\lbU'U~'UV 
IV 

E. bb ~'liiVil"l;u'Ubbfl~ii"ll'U1VIfl\l~l 
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. 
f'i1m11"li'v 14 - 21 ~t:l"l.leJ\IL~'UI"i'UVIU\1~1lln1l 

Lfl~€l'U~1 'IJVJ1\I"ll11VI~aVJ1\Ii1CJ 1~ ml!LG1'Um\11 'ULL w Q)+l 
'j:;~u (lllVJ o 1'U~'llfia-;uVJn1L'U(I)"l.JeJ\ILbn'U'j:;E.J:;VJ1\I) ---------

' '\) ' 
n1VI'UVJ1VfVil'l"l.J11riafiaViP~mn ~ 0 : .................................................... Y1~1··· 

0 + 

t l/ Q I o<:::il -=f IJ' 

VI{;11JlJI'l11 LL ~ \1 L~ CJV!Vl1'U11"l.J'U1(1)'UeJ WJ1 mJ'U 

bJ~a\ltl1111fl(l) 

tVfL~anm1'1"JLL'H-n~1 ('\J1nA \1 H) Vl~\lm1'1"Ja1V1~u 

iam1:wLLI'i~:;.Ua·h:~~1\I~\I'\J:;vh1Vfm~Lfl~a'U~"l.Ja\l~t:l 

LU'U1'1JIP11:W~m~E.J1CJflrum-;u1i~1L~an1~:w1nn11VI~\I 
' 

fl~\IVI~a1111iL61CJnl~ 1VfiPlatJ~1L~an J ~1bl:U~1L~an 
t(l)t:ln 

'\) 

., .,.,., .. ' 
14. ~mfl61tl'UVl b uVl1\l"l.J11 (VI'UVI1\I'\J1n'\JVJ --- ' 

. 
15. 'j(le:J~'U\1 --- '\) ., . ' ., ~ 
16. ~mfl~a'Um'IJVJ1\I"ll111V~mfl~a'UVJL~1 ---

~'U~1CJeJ~~1{;1J1L~11tl (fl1111d\lfl\11Ji1) 

17. ~mfl~auvtl tlm\li1CJ (L oU1V11'\JVJ ---- ' 
rl1b'UVJ) ~1CJfl1111L~lfl\IIJi1 

18. 'jmfl~eJ'U~1'llVl1\I'V11L(IJE.JLfl~eJ'U~i1 ----
61\1~1CJeJm1~J1b6111tl (fl11l!L ~\lfl\ll'i1) 

19. ~mfl~a'Uffi'llVJ1\Ii1CJ L(IJE.JLfl~a'U~L~1 ---
~'U~1CJel~~161J1b6111tl (fl11lld\lfl\ll'i1) 

20. ~mfl~a'Uffi'llVl1\l"l.J111V~mfl~a'U~L~1 ---

~ 0 r ...................................................... i~1 ... 

@+~············· 
~ 0: nrn 

<!)+! 
~ o,_: ---------... ~1i'i1 ... 

0+ 
~0~············· 

mn 

0+; 
~ 0 t ...................... . 
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® + ~r-~ ----------
~ 0 ; ............................................. ~ .... b;;>i>1· 
:j 

21. 'Hlflnt:.~~n h.J'Vl1\l'Vl1LL6'i''n.J~m.J mTw ~flflnt:.~~n hJ'Vl1\l'V11LL6'i'·;rtJ~m.J nnvJ'l~?J 
--- 'II 'II 

u ~~ tnc.m ~\l~ m~vhllii:i~ 1 n~~flfl mJ ~ m.1 
'II 

1"11m~'ti'eJ 22 - 26 ~fi'Ve:J\IL~'Uri\.tV1~\l"'1l.J1~mfl~m.J~1 U'Vl1\I'Vl1VI~eJ'Vl1\I.V1t.J 1Jl m~L~WW~\11 'W 

Lb 'Wl~~~'U (~1?1 o 1 'U':i'\JA€l~l?ltl1b'WI?l'V€l\lbLn'U~~t.I~'Vl1\l) tl1VI'W~?J1 ~Vl~'Vl1lj€lfiffi/i~U1n 
• 'II • 

( 
Q 

0 + 

ii't~m1l.J'!h:~~1\lU~-smt.Jm-sbfl~eJ'U~'VeJ\l~mLuu~1\l 11~L~eJnm1'Wfl11~d\I-L1~1 (~1n A t'l\1 

G) ~G1€J~fl6'i'eJ\ltl'Uf11~bfl~ €l'U~'VeJ\I~fl~'U'S'St.J1t.J 1 'WbL~~~iJeJ flrueJ1~ 1 eUvl'Jb~eJn 1Ji'l.J1flfll1VI~\Ifl~\l • 

~+~~ ------------

-~ 0 ~-···························································· 

~ -1 "" 

0+1 
-~ 0 f ........................................................... l'J<t1 

r 
(i: 

0 + Lj --------
-~ 0 ~ ........................................................ l'J<t1 

' r (i: 

., 
-~ 0 ~ ....................................................... l'l<t1 

' r 
(i: -
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0+~ 
"7 ·g 0 :-----------·""t'lin 
r 
r 

-~ 0 t··················································· "Tnn 

~ 

-. 

cv +:;--: -----~ 
"· ~ -~ 0. ri r··-·-····· ................................................. t'lil1 
r 
r 
~ 

~ 

-. 

22. ~mfl~erw~1 tlvn~'lrn (vl'uvh'l'l1n'l(;lfl1b tJ(;l) L(;lCJbfl~El'W~b ~1~'W~1 ~8m1?1J1b6UJe:J ------ ' 
23. ~mfl~erw~1tl'V11'l"1111L(;lCJLfl~fltJ~.ff1~'l~1~8'm1?1ll1b?I:WB ------
24. ~mfl~t1'W~1 tl'V11'l'li'1~ (boU1Vf1'l(;lrhu(;l) ~1t1rn1:wb ~1fl'll'i'1 ------ ' 
25. ~mfl~tJ'W~1tl'V11~'1i'1tJ L(;lCJLfl~fltJ~b~1~'W~1tJ€i'191~1?1~1b?I:WtJ ------
26. ~mfl~fl'W~1 tl'V11'l"V11~1tJfl11:Wb~1fl'll'i'1 -----

f'i1m:w.UB 27 - 29 LtJ'Wb'Vf~mlJ~t.! 1 tl\91~-:J 1 Vl~'l'l1nVib'VI~t1'1JVfG1(;liitJ b'VI~t!'!Jbfl~tJtJ~~'W 1 tl'lt.tfi'l 

':iJ(;l?I-:J?I(;lbb~1\9lnn~u~'l:W1Bn 1Vf'1off1'11b~Bnl918hJ-d' ('11n A fi'l G) b~B'U8nfl'J1:Wd.:J"Vfl'lb'Vf~mu1ubbl9i 
't \J 1 QJ 

6l~mru~u~~tJ1tJoU1'l~1-:JL(;ltJ1m.ffVi~~'WbUt.tVif'lu'Jn 191B'UI'i'1b~fln J ~1hiiJ1'11b~fln1(;lfln 
'U 

I ..::lilA .:::1 d 0 Q.l 

C. fl11:Wb ~.:Jl.J'VI~~'Ubb~~:W'IJ'W1(;l'Vln161-!l~~~;H 

D. fl11:Wd'lb U'U~tJ~ 
'U 

I QIQ. elf d 0 V 

G. fl11:Wb ~'ll.J'VI~'U'Jnbb61~11"1J'W111l'Vln1~-!l~~~~ 

_____ 27. b Vf~m1Jn1~'lbfl~BtJ~~tJVI~'l'l1 n~n LtJtJ 
' 

_____ 28. b'Vf~tlqjB~Vi~~~'l~lll 
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'H'l 'U 'j 'j'VJ fl , 

~ 

'j(1CJ'WI'l 

c. 'j(1~\l~e:J\11:W1Ji'e:Je:J mb 'j\Jm~'Yhl?ie:Jn'Ub~tJ'j(1CJ'WIPi~n'lJ'WoW\Ib 'W)1~·:hir'W 1 tJ e:J~'ll11\I'Vl1\l 
'j (1 'U 'j 'j 'VI fl 

' 

'i (1 'U 'j WI fl , 

t IO Q.l d d1.1 QJ ~ I Q.l d V 

___ 30. 'j(1'VJ\I~fl1~\l Lfl~e:J'W'VIVl'Jf.Je:Jm1b 11 L 'Vl1fl'W'll ru:::'VJ"If'Wfl'W 

~0 CV d d~ I 

___ 31. 'j(1CJ'UI'lfl1~\lbfl~e:J'W'Vlb 11fl11)(1'lJ'j'j'VJfll.l1fl 1 
I~ .J ~ d .J II 

32. 1(1'U1'i'Vlfle:J C.I'W\1'/J ru:::'VJ)fiCJ'W\91 Lfl~ e:J'W'Vl L '1J1'1J'W --- . ~ 

1uf11ml.loUe:J 33 - 34 Lti~C.J'W 

'j(1LJ'j'j'Vlm tlt~1fltJ nfl''W~\Ili • 
r Q,, • .., .. 

'U TWU flL 'Vl1 fl 'U 1 f1 C.l 'W 1'1 



54 

t,1 I I I 

33. ~-:!~fiUfleJYHbG'l~·m~'U~fhi'-:~bfl~B'UYJJl1~eJI?l~1b11L'Vhn'U"Vn.I~Vl'11'Utl'U ---

34. 'jfiUfleJYIB~ti-:~-vru~~'jflfJ'U~Lfl~B'U~Li1'11'U 
--- 'IJ 

(35 - 38) 1Jlfln1Xa-:~ 
'IJ 

d ~Q,J ~ I Ql .:::1 ~ tf Q.l 

A. LL ~-:J'VJ'jfl~'U\?1(1)'U'jfl'IJ'j'j'VJfl:W"V'U1(i) b 'V11n'IJLb 'j-:J'VJ~fl'U~~'VI fl(i)'U'jfl ~'U 1?1 flG-1'\J • • 
d .. Q..l ..:::11 II I d Q..f ({ Q.J 

8. U~-:J'VJ'jflfJ'UI?l(i)'U~fl'\J'j'j'VJfl:W"V'U1(i)UeJVfl11U'j-:J'VJ~fl'U~~'Vlfl(i)'U1flV'UI?lflG'l'U • • 
..J ({Q.I .c::=f • d Q.J ({ Q.l 

C. LL ~-:!'VI~fifJUI?l(i)U~(l'IJ'j~'VJ fl:W"VU1(i)1J1nn11 bb ~-:J'VJ'j{l'\J~~'Vl fl (i)'LJ 'j(l Vi.! 1?1 flG-1'\J • • 
d ({CJt. d I CV ~ ({~ 0 I I 

0. b U B-:!"il1fl1(l~UI?l l?l(i)bfl1B-:!B fJ (i)\I'U'U~(lfJUI?l"il-:!BB flbb ~-:! m~Vl11?1 fJ'j fl'IJ~'j'Vlfl bb\?1 b 'W~1~ 
'IJ • 

35. 1mJ'UtpJ r\'1~\lvlU 1fi'U11'VInLLI?ihiG'111J1'HlVll 1 ~'Hl'U11VIflbfl~ B't.J~1Jl ---- . , 
36. '11UJ~~'jflfJUI'in1~-:J~'U~(l'\Jj~'VJfl ~(lfJ'UI'in1~\lb ~\1Lfl~B\IL~1~UL ~B 1 VjLJleJtJl'j1L 11~ ---- . 

., . 
(?lf)-:Jfl1~bbG'l'U 

3 7. 'j(l fJ UtpJ;-:Jn1~\lvlU'Sfi'IJ'j1'VJ fl n1~\l bb~'UJl'JfJeJ\?111L 11~1XB-:Jfl1'jbLG'l~ EJ\Ifl\1 bfl~B'U~i?la b '\.J ---- ' 



95 kg 'IJru~~~~ihJ-:Jfl 77 kg ue:nJ11-:JLVJ1L'llci1'1Ja.:JL'IJ1 

'UUb ~1'1Jfl.:)~~~.:]~bb~~.:] 1 ~bi1'U 1 U1U~1'U'IJ'J1ljeJ UeJ'U 
\J 

~UbVJl'IJeJ.:]b 'IJ1aan 1 'lJ~uVI~'U 1~·vh 1 ~Ln15~.:)61eJ.:J L~a 
Jlbb~-:J 1u'IJru~~bVl1'1JB-:JDB'Ufl-:Jbbll1~mJti'u~'Jb~l'IJB-:J 

\J 

A. um~tJ'U~'I61eJ-:J hJ1~aamb 'j-:Jm~l11l?iail'Ubfl tJ 

Bob 

8. UB'UBBnbb1-:Jl11l?ia~~ LL!?i~~hJ1~aamL1-:J1~ 1 vlll?iBDB'UbfltJ 

J1m 

C. Unb~tJ'I .. lbbl?ift~A'Ul?il-:JBBnbb 1-:Jm:::-01~-:Jtl'Ubbfl~tl'W bbl?i~~BBnbb 'S'I:IJlfl fl'Jl 
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fl1m~'tiv 40 - 43 1tl'IJB-:J Lci'UAUVl~-:J611m1mA~ B'W~1 U'Vll-:J'IJ'J 1Vl~B~1tJ1111~b61'UII11-:J 1 'Wbb U'J1:::vl'U 

( ~~ o 1 'U"S'lJfia~~rh 'W~'IJB'I bbfl'U1~tJ~'VI1-:J) tl1Vl'U~ 1 ~~l"l'IJ'".lliJafia~l"l'U1fl 
, \J • 

L~anm1'VJfl11lJL ~1-b'Jm (A-H) ~61B~A~ eJ-:Jtl'Ufl11bfl~ B'U~'IJB-:J1tl~'lJ'j1mtJ 1 'U bbl?i fl:::i ai1'1~1-:JA ru 
' 

Bl~b~Bflm1'WollB 1~iBVl~-:J 1~:~-JlflflllVl~-:JA~-:JVl~B 11Jb~animY'WbfttJflt~ 1 ~111B'Uvl1b~Bfl J ~1 hiiJ 

1Ji'1L~elfl1~t1n 
'U 
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~------------------ mn 
'U~ 0 ···························································· 
ri 
r 
r a: -

(9+1 
r 

·~ 0 f·························································•·nn 
(""" 

a: 

G)+~ . 
r~ "!!:: : 
ri a~...................................... . ..... 
~ ~ ~m 
a: 1 

0+l 
... ~ """ . ~ 0 ..................................................... t 
ri : 1~1 
r • 
r : 
a: : 
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(""" 

·~ Q?----------..... bl~1 
r 
r 
a: 

(""" 

""" ;i oL ...................... .. 
r : 
(""" : 
a: 1 

®+i 
(""" : 

""" :...·--~ ~ 0 ~ ........................................................... !1~1 
r : 
a: 1 

®+1 
lJ~ 0 ?·················································· 

r 
(""" 

a: 
~~1 
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L-D'UL'l.IT'il1ffilft!WD'l ~vl1'U~1'l'l.l'fl'lbU'Ub~mJ1Lb~'lih)m1b~1 v bbi.l~ilv·ni''l'l1'U"ili.l'l1 E (~~\l\l1'U • 
b ~a-:J"iJ1nm':ibfl~m.~~"Ua\lL~m11LL~\l) "iJ'll'JaurhmlJ~a 1 ud 1 unnn'itilu 'i_,Lifv~n7uum:u 'i"vhu 

' 

44. L~ml1 Lb ~\l(lnmn~'Ub ut.Jb "U1~it.Jn11Lb~'Hn vhn\J L ut.Jb 'LI11 'UTUU'U 51'1 ';ilL ~T'I.IB'~ L~a 
--- 'U " 'U 

J1 bb ~\l~vl1'U~1'l'l.l'fl'l b U'Ub 'l.ll (V!~\l"illn~:W''U 1(li.li.l\lm) "il~i1rhb'\J'UB~1'1 h 

0 

:IJ1f)n'J1 

D. .Ummvtl m~ b ~ tl\l~'fl~"il~l'JBU 1vl'-;h5l'l':i1b ~1~vlTU~ 1-:J'l.l'fl\l b -D'Ub 'LI111'li1'LI'U 11'l~.J1 n nil 
'U 

' 0 4 0 q' .... .c:l 

bi.l a nfl1l'l B'UVl (lnl'l 'fl\lV1611'1 
'U ' 

Q.l ~ odil ~ ~ d!LI I .Q IV q I 

A. ~i.l\l\ll'U"ili.l'U'l.l€1'1 L ':i'fl'U1 bb 'l.l\lV11'11'Ui.l1'1 b 'U'Ub '1.11"ll'U1l'l.I'U11'lm n m1 

11V ~ .dl :: ~ .d11 I A A Q I c. ~i.l'l-:J1'Uiili.l'U'l.IB-:Jb ':i'fl'U1 bb 'l.l\lV11'll'Ui.l1-:J b 'U'Ub 'l.llbl'llJlJ'l.I'U 1111m n m 1 

D. oU'alJi.lm VIL~b ~v\l~a~"iJ~uan 1vi'11~~'~'~1'Uiili.l'U11'li1'l.I'U11'lmnni1 
'U 
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46. L~mJ1 Lb ~~t:l flG'I1fl~'Wb i1'ub -u1~~8·mi1 LLI?iiu1!e:mn11L iJ'WL •1n 1 'l.JjthJ'W ei'm1L ~1-um ------ ~ ~ ~ 

L~m11LL~~vivi'1'W~1~-uem iJuL m ("M6i'~~1nviiru 1m1G'I~~1) ~:::iJrhb'uumh~ 1 j 

V a dv I ~ d I IQ.J il I d I .<:::olo ~ 
A. fl\?lj1b 'J';JV1~1'UG'I1~b 'U'Ub 'll1Vl61~fn1bb\?l'll'U'Utl!:Jfn1 ~'lJ'U1~:W1flflJ1b 'U'Ub 'll1b~~ 

~ 

B. fll?ljlb ~1.yi~1'W~1~iJ'lJ'U1~b vhn'U?hwru L lJ'Wb 'll1~~t;'ffl~ 
fV a .Jv I A Q <01::11 I c. e.J\?l'J1b 'J1Vl~1'UG'Il~L'U'UL 'll1L~~~'ll'U1~mnm1 

D. itJ~"vtt "Mb~L -w~~vwvi~:::~e.Ju 1~-;i1ei'm1L ~1vi~1'W~l~'U tJ~ L iJuL 'U11~iJ'Uu1~mnn11 
~ 

46 a. LJjj~1m'MI?l~G'I~1"M1'ufi'1~e.JU1'UoU8 46 dJ'WATW~ (b"IJ~'UVIe.JUL'Ufl'l~~1~A1~BU ' ~ 

~e.JUtJ11b'l'l11~ti1~) 

4 7. ~1"M1'u Liiu L ou1vit;'f~n11Lbl?i-a''U1!mJ n'i1 L iJu L '1!11 'W1UU'U 'WGl~~1'W~G'ItJ'llB~ L~m.J1 LL ~~vi ------ ~ ~ 

~1'Uci1~'llfl~L lJ'UL"Ul "MGl~~1nviiru 1t:lG'IG'I~:W1~:::iJrhL U'We.J~1~ 11 

V ~ .dil t' ~ d11 I oCll I CV 0 CV A t 
B. 'WG'I~~1'U\lf.'U'1J B~ b 1el'U1 bb '1J~Vlm'Um~~'1J'U1~ b Vl1fl'Ut;'fTV!jLJ b 'U'Ub '1J1Vl~G1 e.J~ 

QJ tf dl ~ d .di.l I .<:::>. oQ «=:!!~ I c. 'Wrt~~1'U~rt'U'1ltJ~L je.J'UlLL '1l~Vlm'Um~ b 'W'WL 'U1b~~~'1l'U1~:W1flm1 

D. oUtJ~rtvi't m~b .W~~'WeJvi~:::~tJU 1~l1'WGl~~1'U~rt'U1~iJ'1J'U1~~1flfll1 
~ 



.. 

.n1fle.J'l.l1n 1.1 

Lfl~v"'iiEitlm'l.ln1':iVJflaiH 
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fllle:lfl"a .. .. 
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'YJ~ ~fl~eHiijvrh~'li'Um'i~~n1'i~'iv'LI~~L UUU'i'iV1vth:nvUn1'ia16~ ~ ~-1\J.fliiYaJ~'LIG (I LD) ' ~ ~ 
d d d 
L -ae:~.:~ u -a.:~ua:m-a~flati'LI'VI 

'!l~Lfl~mihnhvr-rum~:5'~rn~L~V'U~LLtJtJU~~V1V tb~ne:JUn1~&'11B!JlL~.:I\Jn~~llW'LIG ' ~ ~ 

(ILD) ~\IL~V1-iJe:J\Inu L~tl\1 LL~\ILL~~nTHfl~mJ~ 1~v\J~~mJtJ~1EJ"ll'~rhm~~ll~\I'Vfll~ 5 '!l~ ~\ld , , 
q, <11::11 lid f " 

1. "ll'~n'Oilfl11lln11L1V'U1L1e:J\I LL1\I ll'"J~ LL~~ 'U1'Vf'Ufl . ~ 

~ .ci vd .4 .cl 
2. "ll'~fl'<ilfl11lln11L1V'U1L1e:J\I n11'Y'Ifl11Lfl~e:J'U'Vl . " 

q, ol:ll tJd II d A CV 

3. "ll'~n'Oilfl11l.Jfl11L1V'U1L1e:J.:I fl1l"1Je:J'Vl 1 "lle:J.:!'U'"JI'l'U 
• " 'dJ 

..::.. q vd II' .J Cit. cv 
4. "IJ~fl':ilfl11l.Jn1~L1EJ'U~L1e:J.:! fl~"lle:J'Vl 2 "lle:J.:!'U11'l'U 

..:::,. q vd v d Q cv 
5. "ll'~fl':ilfl11lln11L1V'U1L~tl\l fl1l'!fe:J'Vl 3 '!le:J.:!'U11Jl'U 

• " 'dJ 

LL~~~"ll'VIfi':ilm1l.l1 oUL 1~1 2 i1Lll\l 11ll 1 o i1Lll\l ~.:~~1'U\J1~nau1 'ULL~~~"ll'~fi':ilm1ll • • 
aamL'U'ULVIf.l Ronald K.Thornton LL~~ David R.Sokoloff LVIEJcn:5'f.l 1~'lh~f.ln(;]':il1flt:-J~\11'U"lle:J\I 

~ . 
ehv-m l<il-rm~, (2550) 'lh~nau~1f.l 

1. 1 ufi':ilm1l.li:i1vr-ru11m~v'U~.:~th~nau~1V 1 uvi1'LI1Vt:-~~LL~~ 1 'ULLGiVI.:Jt:-1~ : 1 U\11'1.1~.:1 
II II 1 II' 

a tl.:!ilij~ n~ru~ fl~1V nu LVI EJ 1 uvi1U1 f) t:-1 ~,r'U,r m~ V'IJ~ e:J\1~1'U1 v t:-~~Vi':il~ L fi~~'LI ri au fl1) LLGi Vl\lt:-1~ 

1 '~XL ~um1v\'1u1 f.ldu m~vu~a\1~11 hlijt:-~~~am1 1l1Lm~'!la\11Jm~vu m~u1urn1d':i!~"li1v 
a.:JLGi~l.J 1 ~,Jn L~EJULn~ fl11L~EJU~ G'i1vr-ru 1 U LLft~\IN~':il~~1 fl11U'UVifl.fl1EJ'Vf~\l fl11ft1BI'l LL~~ 

~ 

uaV~.:~N~ 1 ~L ~uu~~ 1l111 m~vuLi1u 1 u\11uffi 1 

14 14 3tJ II T I ,.s cv ~ cJ 0 :'t I d 4 d 
2. fll.Je:Jfl1 : fll.Je:Jfl';i'U 1~fle:JUmV bfl1.:!11-:IG11'Vf1'Uft\I'Vl~1L uUfle:JUfl11fte:JU Lfl1e:J\Il.Je:J'Vl 

" \J \1 \1 

~e:J-:1 1 oUtJ1~fle:JU f"i1LLU~th1 'Ufl1~tJ1Ufl11ft€l'U LL~:::~VI~N~fl11ft1B!Jltl1~Lfi~rn1l.JLL!Jlfl~1\le:J€Jn 1 tJ 

1~ 
d "" d tJ .. d tJ .. ~ ~ .. 'I ' .. 3. "IJVILfl)e:J\Il.Je:J/ft€1 ~ mru : ft€1~ mru'Vl L"ll' LUfl11ft1ti!Jl b'ULL!Jl~~fl~fl11l.J 

.Cu~v'Un11~VIn11L~V'UiLL U'U'U11V1V"th:mv'Un1'ifl1GIJ1L ~.:~tJnfl':u~'UG (I LD) 

1. a5u1Vfl11Gi1GI'l 

2. mlJ~L~vufi.:~t:-~~~~~Lfi~~'ULL~~ 1 ~~ L~vuuuVinN~n11vl1'U1V L UU11VtJflfl~~.:~ 1 'U 1 u 
~ " . 

.:11u G'f1vr-ru~1'U 1 v N~ 

3. 1 ~~L~EJU€1.fitJ11Vt:-l~fl11~1'U1VLU'Uflril.l~vEJ 
~ . 

4. LLftVI.:!fl11~1U1EJ"lJ€1\I~L~EJU'Vf~1EJ '1 fl'U 1 ~~L~EJU 1 U~e:J-:1~ 
~ I " " 

5. 1 'IX~L~vuuuVinrn1~1u1m tlufl~\lftVIVJ1V~'I1 u1 u~1u1EJN~ (~\lfl1~~Lnu 11) 
~ . ~ 

.., q d Q QtJ 1 ,K Q c: .., IJ' d 

7. ml.Jt:-JL1EJU 2-3 flU LV'I€le:Jti'U1VLL~~€J.fl 11EJN~ ULUv'Vf1"1J€1\Ifl11ft1til'l LL~~L'Vft:-JL1EJ'U 
~ ~ 

u"UVine.H.'l~\11 u 1 'U\11UG'i1vr-r'ULLftVI\It:-Ja LL~~ 1 'IX~L~vutnu 1 'U\11ULLft~\lt:-Ja 11 
" 
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' 
8. e:JJ1U11U~(11'Ufl11oJVie:l1"\I"\I~~LL~fl~h.:~ntJf111~15~LL~~1lJ11(1e:J5tJ1U~1U'Vf~flfl11 

'U 

L~V'"ltl'U 

R1LL 'U::'lh l~u..t11 tJL rJmh::~'VI51l1'W'tlt:Nin1"'~~nTn~u'Ui 
" 

1. tJ~~~1l.lfl1::!tl1'Uf1111 'ULL~a::!fl11~15~e:J~1-:!fl1tJli'1'U 

2. 1 'Uf111tJ1':W1U'Vf~e:Je:J5tJ1CJ L 'V!L otlrhi1 "f'l'J1l.JL ~1"Ue:l-:!1(1'VJ~ae:J.:~i1m1L tJ~CJ'ULL t.Ja-:~~1l.J 

L 1a1e:1~1-:111" e:l~1(11l.J'"h "fl11'Wrl11l.JL~1i1f111L tJ~tJ'UbL tJa.:~e:J~1.:!11" 

3. 1 'Uf111LL~~.:IoUe:Jl.Ja L ~~L~V'I..!L ~'U rl11L~e:lfl~1'UoUe:Jl.Ja"\11flfl11f'I~L~CJ1oUe:l.:!tltJfl11 
'U 'U 'U 

vl1'U1V"Ue:l.:!~b~CJ'ULb~11 ~L "U1U'U'Vinc-Ja~(1fl~e:J.:!a.:!1 'U 1 tJLL~~.:~c-Ja LvJe:~1 ~~L~CJ'Ui1rl11l.IL oU11'1~ 
'U 'U 'U 
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1.1 LL':i~ 

LL1J1A~1VJa1f11fl~~ : LL':i~fiimhu1;J'VI~eJfl11~'Wa1a1~~;J::vhtl11~mtl~a1Jfl.n1-w • 
m':iLfl~eJ1J~ LL ':i~ Ltl1JtA~1ruL 1n~eJiij'VItbm tJ1J\l1~1J (N) LL~::trcy~m~twvh iiLL 'Vl1JLL ':i~ 

(P) 
~ 
"!J1J~el1Jf11':iflel1J 

1) fl1eJ5u1v15m1~15~ L~a-:~LL 1-:1 1111vmliJ::: 1 ii(;11i-:~~m-:~~-:~1(;1~~'JtJ"IJ1J1111"1Ja-:~LL 1-:~1'11-:~ 
'U 'U , 

111JVii"''V11-:~~fl~nTI,1J111 

2) fl11 ~um~tJ1Jvi11J1tlc.J~~-:~11JLL tJtJvl11J1tlc.J~ 
'U 

3) fl~1~um~tJ1JeJiitl11tlt:-.~~m':ivi11J1tJnuL~eJ1J 1 

4) ~:Ur:.l~n11vi11J1tl"lJa,ni'm~tJ1JLL~'JLL~111-:Jc.J~1~L~e:J1J11J~el-:1111 
• 'U 

5) fl11 ~um~vuu1JVinc..~~m1vi11J1tJ~-:~ 11JLL uuvi11J1tJt:-.~~flnfl~.:~ (~-:Jfl':iliJ:::LntJ 11') 
'U 'U 

6) fl':i~1G(;lL111tJ"lJeJe:J1~1?1:U'Fl':i:U1·1hmrm15(;11 ~L ~a1J 'l 111 
'U 'U 'U 

7) fl':iLL":::t!n L~ti1J"Ih tl n1Je:J1ith1tlc.J~ fl11~15(;1~Lni1!;1JLL"::: 1 ~t!n L~ti1J'U1JVinc..~~~-:J 11J 
'U 

LLtJtJLL~111-:~c..~~ Ct!m1t~1JLnu11) 

8) fl ~ tl f1tol'J mh-:~~ m1J n11 ru 11J'li1 (;lth:::-.J 11'1J'vifl~ 1 tlfla -:1 nutl ':i1f1!J n11 ru~~ 15(;1 

ai1tl11tJ?Im1Jm1ru~mliJiiJ:::~LL~nvh-:~nun11~15(;1LLvi~1~11~v5u1tJ;}'JtJ'VI"'nn11L~tJ'Jn1J 
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0 

LL \I'U'VI1'U1V~iil 

... d d 
mJO':i'UJ'VI 1.1 L':iti.:JLL':i.:J 

d " .d 
"lle:J ..................................................... oU'U ......................... L~"lJ'VI ..................... . 

o'd 
a fi1'U n1'HU'VI 1 

i1LL ~\l"ll'U1~ 3 u·wi''WLL~::: 4 u11Ji''Ue:Je:JnLL 1\1~\11 'UVif3!V11\I~\I~'lll9i'e:J\11 imi\la'll~\1~\11 'W'~f3!Vl1\l 

OL----~) 

viTU1V 

4N 

) 

3N 

'U 
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.rd 
a m'IJ n1 ~nJ'VI 2 

i1LL1~ 2 LL1~ "1l'U1~ 3 D1~tJLLG1~ 4 D1~u ere:~mL1~~~1'WVifll'VI1~~~1tl~m1imi~~m~~~1u 
'IJ 

3N 

4N 

vi1'1J1fl 

• 

' 

• 0 • 0. 0 0. 0 •• •• 0 0 0 •••• 0 • ••••••••• 0 •• 0 0 • ••• 0 0 •• 0 •••••• 0 ••••••••••••• 0 ••• 0 • ~ ••• 0 0 ••• 0 ••••••• 0 •••••••••••••••••• 0. 0 0 •••• 0 • 0 0 0 • •••• 0 • 0 • •••••• 0 0 0. 0 ••• 0 •••• ••••• 
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0 " 0 .. ov .. 

'lle:J ..................................................... 'll'U ......................... LG'l"ll'Vl ..................... . 

1. 'J~LLl-1'J'U~'Jt!Lfl~e:J~i~GfU~~ 2 el'U ~'U'J~LL 'VI'J'Ue:JeJti~ "ll'U1V'ILLG'l~~~'Vl1~"lle:J~LL ';i~~m"~Vll~e:J'J~ 
" 

LL 'VI'J'UL U'Um.h~ h 

2. ~~'J~LL'VI'J'U~'JEJLfl~e:J~i~~tJ~~ 3 el'U ~'U'J~LL'VI'J'Ue:J~ti~ LL ';i~~~~1l.ILL ';i~ii"ll'U1V'ILLG'l~~~VI1~LU'U 
e:J~1~hLLG'l~r:.JG'l';i'Jl.J"lle:J~LL';i~ 2 LL';i~~~L'Vhn'IJ"lJ'U1V'i"lle:J~LL ';i~~L'VI~e:J'VI~e:J W e:J~1~h 



. . 

N 

N 

(1) 

F1 = 5 N 

• 

(3) 

Fl = 10 N I 
F2: 5 N • 
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(2) 

F2 = 10 N Q-2N 

I • 
• • .. • 

F3- 5 N P=7N R=3 

(4) 

F1 = 2 N F2 = 1 N 

• F3 = 5 N • __ F~~>LJ _ _;.,·----•• F4 = 5 
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.. .. ~ ~ • "" dill ...; d 
LL1J1flVI1VIEJ1f11g'l~"a" : LL"l'.:JL~liVIVI11J (Friction Force) f'IVLL"a".:JVI~11Jn1'Hf'I~Hl1JVI'Ile:J.:J 

1~ C1 LL 1-11 LflliVIVI11J LflVI~1J"a::Vi11.:Jthfl'llaa'IJe:J.:J1~Cl LLi'l::'IJ1J1VI'IJe:J-IILL 1oi!LflliVIV111J'YI11~~1 n . ' 

(N) 

f=J.LN 

1~e~v1 f 'Yil.J1t.Jn\l bb':i\lb~tl~'VI1'Uiiwt11muu-n1~'U CN) 

J..l 'Yil.J1t.Jfi-:J "'2JtJ1::~'VItLL 1-IIL~tl~'VI1'U 
N 'Yil.J1t.Jn\l bb ';i\IU~n~m1 'lJIJ, 'U1~\I\l1 fl n't.JC:b"'l.J~~iivn11 m U'UU'J~'U 

' v 

1) mt~5'U1E.lfl11~151)1L~e:J-:JLL 1\IL~t.J~'VI1'U~1n 2 ~m'Um':iru~-:~~ 
\1 

~..I 
amum1ru'V1 1 

1"11tJ1'YitJ-:I~e:J 2 b~llll111\lbfl E.lfl'U LU~'YI'IJ\I~e:JLL!Ji~::L~l.J 1 ~11-:!i'eJ'Utl'UVi~::'YI'Lh 1 U~'U'Yil.J~ Lcil.J 
\1 

.. ..: 
amum-aru'VI 2 

1"11e:JG'U1 t.J111"11~ ::\11 ~1-i-:~~'\.J~ \12..111 m 'U fl1':i~ 1 ntl\I'VI':i1 t.J'U'U~'U u,~:: L~ml1 tl\I'VI11 EJCN L~ lJlJ1 
\I \I II • , 

2) !"l';i 1 ~tJflb~E.l'Uvl1'U1CI~~6N 1 'ULL 'U'Uvl1'U1EJ~~ 
\1 

3) R~1~irm~t.J'Ut~iitl':i1t.Jt:-J~m':ivi'11J1E.ltl'UL ~e:J'U ~ 

4) 6'flJ~~fl1':ivl1'U1tJ'lle:J\I'!Jflb~tJ'ULL~1LL~~\IC·Ia 1 ~L~e:J'U 1 'U~e:J\1~ 
• \1 

5) R':i1~11m~t~uuuVimmm':ivi'1u1EJfl\11uLL'U'Uvi'1u1t.J~~ilnRf\l c~-:~R-a~::LnuH) 
\1 \1 

6) R':i~15~ 1~EJ'IJe:Jel1~1~l!R':ilJ1"1i1EJR':i~151)11 ~L vJe:~u 11 ~ 
\1 \1 I \1 

7) l"l':iLL~::'!Jn L~t.J'U"li1 t.Jtl'UeJ.iiU11E.l~~ fl11~1G~vlLn~~'U LL~:: 1 ~'!Jn L~EJ'UtJ'UVifl~~~\111JLL 'U'U 
\1 

LL~~-:~t:-J~ c-wm~EJuLnu 11') 

8) R~E.Jn~1e:J~1\I~mun1':iru1u:fi11)1'\.J';i::-;)TruvlR~1tJR~\Inu'\.J11fl!Jfl1':iruvl~151)1eJ.ii'I.J':i1EJ 
I"Q I GJ 4 I -=-. tJ cv .q .., 

~mum':iru'VIen~~::~LLI1lni111-:Jn'Ufl11~11ll1lLLIJl~1lJ11tle:J1l'U1tJmEJ'YI~nm':iL~EJ'lfl'U 
\1 



bb \J\JviTW1f.l~fl 

n~m·n.1~ 1.2 bb'l·Uflf.I~'V11'U 

.=J ~ .J 
"11e:J 000 0 0 00 00000 0 00 0 0 0 00 ooo 0000000000 00 00 00 0 0000 00 0 0000 0 0 "I1'Uooooo oOO 00 o oooo 00 0000 00 ooLfl"ll'Vlo 0 o 000 ooo Oo 00 00 0 00 ooo 0 

lfd 
i'!!;l1\Jn1'lW'VI 1 

69 

fl'.i'tJTVl1J'.~~e:J 2 Lri:W:W111-:J LflCJ tl'U L U~VIU.:J~e:JLL~a~Lri:W L ~-;n.:J'li'ti'Utl'U'Via~VI,j'1 hJ~'UVI:W~ L~:W 
'II 

~.:J1tJ LL~1 L tJ~CJu L ViCJuti'um111-:JVIU.:J~mr n~ru~ L~:w LL~ L tJ~CJ'U~1flfl1111-:J'li't~'Uti''UVia~VI1!1 L U'U 
'II 

t~um~CJ'U 2 fl'U~.:J~'UVIU.:J~tlLL~a~L~:WL~VIU.:J~e:J 2 L~:WLWfle:Je:Jfl~1fltl'U L~mtJ~CJ'ULVifJ'U~.:J 2 

mru 11LVIiie:J'UVI~tlLLI'lfl~1-:Jtl'Ue:J~1-:Jh 

fi1'U1tl 

.cJ 0 I 3 
L Vl~t.Jfl'Vl'Vl1'U1 m "11'U'UL Yl'l1~ 



ff'd 
am'UnT~ru'VI 2 

fl~\1~1.!1 mi~~m ~l.J1L m 'U m ~m nfl~'VI~1 VU'U«'U bb~ ~ brleJti1CI~'V1~1 V fl~ b~lJlJ1l'iv ~1 V "' , .. , 

li1'U1f.l 

70 



LL 'U'ULL~~HIN~ 

n\ln"a'UI~ 1.2 U 'a.:IL~f.I91VI1'LI 

"" ~ .. 'llv ..................................................... 'll'U ......................... L~"ll'Vl ..................... . 

2. vvmL ~~~·:rJI'ltlrJ'UL~EJ'ln'U LL~m~~m1~~1~n'U~~1tlm'l"l u 1~m i~~L ~v 1 ~11'lmFl~B'W~li 
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