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The purposes of this research was to study and develop students' expectations of 

learning Physics; conceptual and to gain understanding on linear motion. According to the 

expectations survey for grade 10 students at Phanasuksa schools, the data showed that students' 

expectation and attitude largely differ from those of experts in the field. The author thus aimed to 

study and develop process and activities focused on the outcome prediction - the experience 

enhancement - the result reflection called the set of Interactive Lecture Demonstrations (ILDs) 

learning activities to enhance the expectation and understanding the concept. The 38 students 

were selected randomly and used in the study in 2011 academic year. The one-group pretest

posttest design was used in this research. The results of the survey of students' attitude and 

expectations by using the Maryland Physics expectations (MPEX) to Physics and learning 

physics after treatment with the ILDs indicated that the students' attitude increased with <g> 0.50 

in medium gain. After evaluating students's concept on linear motion, it was found that the 

average normalized gain of the class was in the medium gain <g> 0.56. The learning achievement 

score and expectations were increased with the statistical significance level of .05. 
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fl111Jl'YIHnffflff 'U fl fl 'il lflil~1J1Jfl.:aL~tl101Ji'lflnffflff UCl:: a .:a~UflLl tl'Ufl1'1't11.:ai1'il::L0'1~\J 1 'U 

nu Ll vu i'lf1n iin n ii1J'YI 1J 1Y1 d1fl' i\19' vm ':i 91 vu ffu v.:a'IJ v.:ivt 1m'IJ1 ii Fm m:: n1J ~ v ~.:a~ l'f 1m'II1 ,, 
ff'U 1'il1m::~.:i 1'il-n.:a1u1::111Hm':i 11vu 1rn::iir-rn9'vm':iuiJ':iri1111't11J1t1'illfl~.:J~l't1m'lJ1 i~uu 
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. " &!I ... 'JI o' V 'JI, 'JI ... Id d I 

'n1Jtl.:j'YUl" m 'j 1Jfll'j ff'j 1-:i tl.:iflfl 111J1Uft::fl111JL 'Ul t'lJV.:jft1flL'Ul'11tl ff .:i m Cll'U ~ :::1Jfolftfl'j:: 'Yl1J\Pn:l 
' I t I J/ Q"' QI.:$ ' ~dQl.cl QIQICl..:ljl Q.lq/ 'QI 

fll'j L 'Stl\J 1" v.:iu m 'j tl'U Vf.11~1Jl fl l11 flff .:i 'YI 'Um 'j tl'U fl1Rl11-:jfltJff .:i'YI ~ffV'U fl 111'VI1~ 'U 'U LL~ fl~ Hfl'U 

" . 
'1'.:iuu, 'Ufll'S iRfll'SLl tl'U f fll~ffV'U ~.:jfl1'S ffl'ntfl111Jfl1Rl11.:i, 'Ufll'SLl tl'U 'U tl.:i ir flll t.J'U rlV'U LVf V'VI 1 

4.cl .J QI Qld 't"Q.ld d "'tGt 
11ifll'SffV'UYIL'Vl1Jl::ff1Jfl1J'UflL'Stl\J (Edward F. Redish, 1998) Uft::'lf1tl 'Vl\JflLW\J1Jfl111JL'Ul t l'U 

.: ... ,;,. .r ~ ! O ,~ QI o' "f "' I I , 

L\JV'Vl11'1f11Jlflt.J.:j'lJ\J 1'1t1fl1Hffllll'U\Jffl1Jl'StlYll A lAtlfll'Sff1JfllllW 'Vl'SVfll'Sff.:jLf)~ U"Vt.Jl.:j 'S 

. " 
~1111J 1ifln'1.:imh1t::n1,~tllfl1 umwfiiiu fllltl'U il'W1'U1Jlfl '1.:iiJ'U U1J1Jffl'I1tffl11l1Jffflll 1 

fl111Jfl1Rl11.:i ~.:i1i1u YIHLnvmtd .:iffl'H i'uu~ 'll~vi1ti;i'1.:imin Maryland Physics Expectations 

!it ... , 0 ,J 'JI .r .. ... ... , .. ~... .. QI .. 

(MPEX) llJ\J'tf\J.:j \JU1J1Jffl'ntYlff'SH'U\J1Jll'rfV1Rfl111Jfl1Rl11.:i 'Ufll'IlW\Jnffflff'UO.:i'Wm'Itl'U 

id - ., ,,~ . .QI 
Y11Jl111fWUW Marylamd ffn.:i'll\J (Redish, E.F.,Saul,J.M.,&Stemberg, RN., 1998) ll'tV111fl111J 

. " 
fl1Rl11.:i1utn'IlltJ\JYIUflff i1u1u 34 cWv UffR.:ifl111J1ilu 5 l::'1u ll1J~.:iu~h::~u11i1iluA'1t11Jlfl 

~iy;i tuu.:il::'1milu~1mJlfl~iJR fl111Jfl1Rl11.:i'Uo.:iij11t1u~d1ntuti.:i1flu 6 A'1u fin 1) ~Tu 
" . 

m::u1um'S11vuf 2) ~iu lm.:ifff 1.:ifl111Jf 3) i1u1unl11f1111Jf 4) ,,.1um'S1;fv1J lt1.:i'I::l11H 

rluflii'ua:: lafl'llV.:if111J.J1flutl.:i 5) i1ufl111J1~v1J lt1.:imii"ff1ff"fl'Um'I11t1uftuflti' ua:: 6) i1u 

l'tfl~t1'J'i1J~i11i1u~nm111vuf 
1'!1 " ,, ,,... QI &!I ... , ,J ~ 0 l! , 

tlflU \J 1YI H fll'i UfllJ ty'ttl'UH "'U ij1' mH1J fl111Jff\J tYI t:: Mflll lllrl:: Yllfl 111J l'U 1 t 

a.:iffll'tt ~ U 'W 1YIHU fl"l 'llUty'tt lU \J 'lfl Rl~tl1fl1Jl1 aflfll'iYIHflff flff'UV .:iu flll tl\J Jj'1i t11Jffflll1U~ 4 

.. .. ,J l ""'"' ,1' ,, ... ... t,4 ,, , ,,... ... ,y... ,, 
no.:im11flavuY1uu111H Rt1ij1't1 ttffn.:i1Rfltmrnm11wu,'Jf.:i&'U\J 111wu1wu 111lt11Jl1111.1 

o " .I o' " 4 ... ""' 'JI fl'i:: 1J 1 \J fll 'i YI 11J 1 ti - ff 'il .:i 11 'i:: fftJ fll 'i W - ff:: YI V 1J Nft 'tt 'iV 'VA flt fl 'i'i 1J fll 'H 'itl \..I 1U1J 1J 1J 'i 'itJltJ 

.I .,. Q .I ... "" "' o' .. I ... 

11'i::fl61Jfl1'iffl1i"&'V.:i11QtY1J'rf\J1i (Interactive Lecture Demonstrations: ILDs) ll't6tY.:i&ffnmn 

Q Q Q o' 'JI 'JI Q ,l I "" 'JI 
vniJ 'iltJU 1J'lflR'YIH'lfltllffl tY11'i l1J 'U fl111Jl ,,, , ,, , 'Wfl111JflR'i11Jtl6R'lJV.:jl\J Vl111111fl::'tf"l'll v 

1.2.1 1~nli(llJJu1uu1fiRHan 11v.:i m'ILflgvu~uu1m.:i 'llv.:ium1t1uiu"nt.11Jfffl1:11 

iJ~ 4 11 .:i11vuvtu1fln1:11 ~'ltl'VAnvm 'i1J m111 uuf uuuun v1v1h:: nvuml mi"' ~.:iiJ~ ff1Jimf 

1.2.2 l~Vfffllllfl111Jfl1Rl11.:il'Ufll'illtl'U1'1flrlffflff'UV.:iirm1t1uiu,j'1tJ1JfffllllU~ 4 

1 HLltl\Jl't1Jlfffllll 
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4~ ,, ~.d QI Q Qo' 4 .;. d 
1.2.3 1't1tlfffl1flfl111Jfl11'H\.111m.11fl'UU'U1fl~'HClfl rm~ fll'Hfl'Cltl'U'YIU'U1~H 

,, . 
'Uti~iJ'm1'1'UoM'U]j'1i[JJ.Jfffl1fliJ-rJ 4 1Ht1'1'U'Vf'Ulfffl'lfl 

1.3.1 um1'1'U~,~l'Ufl11i~fl111l'1UV~'11f 'l!~fi'1mrn ILDs 
A A d ... ,,, .... .., .l 
11tl~ fl111fl'Cltl'U'YJU'U1~H 1.Jf1111Jl'Ul '1U'U1fl~'H'Clfl~~'U'U 

1.3.2 irm1'1u~i~1'Um1vAm11'lr.iuf1~[11f 1~n'1mrn IL0s 

4 4 d ... .... , ... .... :el"" " .l 
L1fl~ fl11Lfl'Clfl'U'YIU'U1~H 1.Jf1111.Jfl1A'H1~ 'Ufl11L1tl'U1'lflnffflff~~'U\J 

1.3.3 irm'l'1u~i~i''Um1i~m111'1uf1~r.i1f '1!Afi'1mrn ILDs 

........ 
1.4 'UO'Ul'UVl'\18.:.tft111iltl 

,, ........ ,1',Y. .... ... ,, ..;. 4 d ' ~ 
~1'1'1 ¥'t "1'1!Afl'1fl111.Jfl11LHl\Jl ILDs LHH fl111fl'Clfl\J'YIU'U1~H U'U~OOflL'UU 

5 1AVO[J 111J 10 i111..1~ 1::'1::l1C11lum1ivt.t 3 ff'i.JA1M L~fll~1.Jfl111Jfl1AH1~1um111t.tui'lf1 
:el"" ,/ ~ , Q QI .. 4 d 1 , "°' I QI I 4 GI &t 
Tiffflff LLCl::fl111.JL'1Jl '1U'U1flA'HClfl L1fl~ fl11Lfl'CIO\J'YIU'U111H ~ti 'lffl'Ufl~1.J~10'1Hflfl \Jfl11t.l\J 

~\J"1it.11.Jfffl1nil~ 4/2 lHL;V'U'Vf\Jlfffllll i.:.t'H1AV1\Jl'11'1;ty ~fhn~fffl1111\Jflltll;t.l\J~ 2 

ilm1fin111 2554 

,, ,, 
m11it.tfll .:.!Uff11.J110L~\JU\J1'YIH 1um1fffl111fl111.J1~11 '1 LLCl::fl111.Jfl1A'H1.:.t, \Jfl11 

"" "" :et"" " ,,,~ , .I ..... I "" A '°' d 
LW\J1'lflTiffflff LLCI:: 'lfL1J\JU'U1'Yl1.:.t 'Ufl11IJ1'UIJl~fl11LW'Ufl11ffO\J 116.:.t fl11Lfl'Clfl'U'YIU\J111H 

.l • , .., d ,,... .... 
UCIZl'UO'HlO'U ~ \JClflllWZ'YI lnmfltl~fl\J 



' "" Uflfl 2 

11J flll li' Vl~O-:i flll n WIU lU 1J 1fl A't1 '1'm~o-:itn':i lfl g01J ~U 1J 1~ H 'IJ tl-:J U m1 tlU 
,, . 
i'mjli t111flm:ntlfi 4 ~"'1An 'llflll1Jflll L1t1ufu1J1J1J n t11t11h:notJmnni~L;i-:i tJ6ff'm:f ini . . ,, 
f1it1i1"ttmnnqllamliAmlL1t1uf mnm':i1rn:-:i11.11it1~h-:i 'l YiLiit11~0-:i~-:iil 

2.1 'r1'1'.Y~m111nuf fl11Jih1ilflfl111lrJUf (learning pyramid) 

ii ...... "c · · · th1 · > ,J,,, 'lllfl l11JAfll':iln11Jl National Leanung Laboratones, Be e , Mam, U.S.A. tJf-:1 A . . ,, 
oimvi111 fll':illt1uf'Uo-:i11\jllVjj't1mt1ovH u~m':illt11.1Yii1"r-1n'll;-:iun:J-:ivt.1i!u i~url fe.wn: s 
... !':1 -• • ,, ... ' ,, 

1flA'lllflfll':i11-:iu11n01't1':i01J':iltlltl (lecture) ':iOtJn:: 10 lflA'll1flfll':i011J (reading) rnvn: 20 

lflf!,1flflll1~u i1"n1u (audio-visual) fovn:: 30 lflA'lllflfllHYli~l'li'ti (demonstration) 

" 
4 

' Q-f M 'JI .Q .c1 ':iOtJn:: 50 lflA•1flfliJ110flu':iltl&tn::flfluty't11 (discussion group) ':iOtlt'I:: 75 1flA91flfll':iLW1J 

1 • • ... ... n ,, ..; 1! .. , ,, JJ"' 
At1mrn-:i11ol'lnH (practice by doing) un:: lWUl A1Jlfll'lttA1ot1n:: 90 1110 Affou~ou un: 

i~ll11ul"liufi (teach others un:: immediate use) f11111f fl-:i'r1U~9A~11~u1u 'l un::fl-:imnoog 
,, . . 

f.IVH011':i'IJO-:J~lltl1Jlfl~Hllflfllllltl1J 1At1nil111nYittA ~-:im'rtli 2.1 

~~;i'~,~~; m« 
~·~~Relit;··, 

lll'rt~ 2.1 ill1iiAfll':illtl1Jl roml::'IJO-:!fll':i'll~~l,~'IJO-:!fl111Jl~,~i'1J l~tiln~H'l 
(~Auun-:i'll1fl National Leaming Laboratories, Bethel, Maine, U.S.A.) 
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"' "' 'JI 'JI " " QI "' 'JI '11 fl 'VI q 'l:l t) fl 1 'S L'S t.l 'U l '111 ~ ~ 'U ff tl '1 fl ll tl ~ fl 1J fl 1 'S L'S t.l 'U l ~ 1 ll 11 'U 1 Constructivism . . 
d ,, Q,I !/.cl Qd 4 d d tJ}d .cl 

(Jacobsen et. al., 2002: 5) 1flt.11'11tHfl1J1J'Vl1Jl'Vl'lltl~fjLW'Ufftl~11ifll'Sfltl fll'J1'rn'U'Vl~LW'UlJ1J'Vl1Jl'Vl 

, .ct "" • q,, 4 .cl ".ct ' rjJ 
'Ufll'SL'St.l'Ul'11t.l~'Ul6~ (active learning) fl1Jfll'SLW'U'VlfjLW'U\}flCllt.l'Vltl~fl11lll (passive learning) 

fllliit.1'U~~Llt.1'Um::nllfltlfll'iLlt.l'UL:V~1fl (active learning) v~~Llt.l'UL~'UfflfltyLrn::ml~Llt.l'U . 
0 .Q, Q di Q d. "QI ' Q ..c::s. ' 4 
flllf 'U '1'Vlff'Vll~ fl '1fl'S 'J lJ'Vl ff ~L ff'j 1J fll'j L 'i tl'U l ~10 t.IH'll tl~ fl'1 fl'S'jJJfll 'J L'S t.l'U l 'lf'U fll'S l 'S tl'U U1J1JLffl:: 

Uff1~lflfl111Jl (investigation lfltl inquiry) mrn~UOJlfl (problem solving) fll'in1fi11m'iJJmj1J 

(group work) fll'iLlt.l'UL11J1J'i1JJijtl (collaborative) mnhm'i'Vl~H'ltl~ (experimental) 11::n1hf 

,,... 0 ~ 1"11'... 0 ,,,... " 0 ,,, ... .J' ?t 
ijLW'Uff11JlHI 'Ulfl111Jl LU 'If '1'1HLrn::'Vll lf1Jfl111Jlfl~'Vl'U '11 111.Jl'U fll'iLW'UU1J1J1J'1::11J'U 

JlU'ilfl'116~th1il'1 1 \J'll W:: ~ fll'i Ll t.1\J~ ~Ll t.l\J\} flfl'i::n1 'tt_l6fll'i Ll t.11J fll'i Ll t.11J L:V~ i''U 

... I ,,... ... 'JI .JQI 1 'JI ?f ~ 'JI " " I 

(passive learning) Cl611fjLW\J1Jlf\Jl'Vl'i1J '1t.lfllijff61J11J'U~ Llffl111JlUll::'lltHJll Nl\Jfll'i1J'iWW ,, ,, 
lu-i1JLlt.1\J 1J6fl hf ~Ll t.11J '1'1'11lf nfl flt) ~~'j fl111JU1Jliui' fll'ill t.11JU1J1JUfllff1\J, lft\i'lfO'U 

I : d .d d QI 4 .el QI 4 

ff::A1Mltlfll'j fftl'U_un:: fl11JfJ1J'lf'U L'i t.l\J Nllfll'i L'j t.l'ULlf u Nll'lf11L '1 'U L1J61Jfll'j 'Yl'1ff61Jlf ll~l 'j t.l\J 

mh~h~~1JJf111JJf fl~'YIULMnoU'ovmn 1fluri1utJnw'llo~ih1il'1 ~~~i'J1Ju~1nl::'Yln-3 
fll'ifffl1fl'll6~ff-3fl ltJ{1flt.1mh11~-h .. teach less, learn more" l1;6ff6'UU'om1t.i'U1Jlfl (Ho and Boo, 

2001: 3) l11Jlt.1f1111Ji11..ffl11J'iwwU'ov ci 1n1~'111flu nn111vuri1ulmy1flu11n1~i!m1vuli1 ,, 
il11nnJJ11vu l~m fll'i'Vl'1ll6'3 mrn~uty'ttl fll'iLff1::uff1~l11fl11JJf m'ili1-nu1it.1n1J'ti-3m1 

"".I I 411 t?f ... ..;,,... ... , ... 'Jll/ 
6flIJ'ilt.lfllJ1J CJf-3TI1\JU~l1J\Jfll'iL'it.l\J'VlijlW'U1J1J'Yl1Jl'rl \Jfll'iLW'Ul'11t.l~\Jl6~ (active learning) 

.,. ... ""' ~- J 
2.2 U'U'lfl119ilflll&'Jtl'Ul'l'V1TID'ftD' 

1'111~ ff fl ff 1flu 1nt.11ff1tYfll]JllJ 1u ~ oi111t.1M!o1'li'11 '1U 'i lfll)fll'i of 'VlH 1i 'i l1J'lfl~ 
.I d , """' • I o QI QI o'. I ""' o "' t 91 o' 
CJf-3'Vt1JLl1\J \J-if1~u'i::'111'U (fl10J'1'Ul '1'U'Vllul::LfflJ, 2551 : 1J'rl'Ul) A-3'U\JflllfflHffCll'UflllW 

1~01..l'lnll1fit.1~0'11;i1~ul::'111u (Interactive Lecture Demonstrations: ILDs) 'ttloii~-so11~1 
4 QI"" JI. "" t QI .I "'1"QI"" 'I" "'.l""QI"" CJf~'UfllW'UrJ'ULflt.1'1 (physics already known) l11J'rl~flll'1'1u'i::ff1Jfll'jOJ 'tt'l.Jfll'it.l'U L'1ll'31J6ul)1J~ 

(practice by doing) '1'Ufl'IJ'Vt1Jfll~61Jll1t1~'\Jl6~ il11u~fl111Jl,j'11'1fl111Jfl11'i11Jtl611 (conceptual 
0, ,;,,I .. ... 

understanding) un::fl111J'11 'IJ'i::t.1::t111 (long term memory) 1Jlfltl'3'111J (1i'\J~l "f'1'i~1i'i'i1J, 2552) ,, 
ff6Aflll6~01J 1-isflitl V1Jtl-3 (2549 : 1J'r1Ul) un:: Michael c. Wittmann (1999: abstract) '\J6fl'11flU 

V-3ii-31u1it1~L~t11'1i'o~nm1u1mliAm'iLl t11Jp'lfl~ffflff'll6~ Wolff-Michael Roth (1994) ~-3 ill 
tfm:111~t.1101Jfll'i 1~fi'1m'i1Jfll'i'Yl'1ll6~ (Physics Laboratory) 1'1J 1 HLltl'\JlJ1itl1J Uff~'31..f 1~ui1 

~Ll tl'\J ~ii ff11J l 11J 1 'IJ nu Ll tl\J 1 A f.lfll 'j n1ii'1fl'j'j1J fll'i'Yl'1 lltl'3 '1:: ii tJ 'j:: ff 'Yin fll'Vt, '\J fll'j Ll tl1J 

,,;, .l ?t ... .J I , """" " , QI ~... .. .l A 
L'Vt1J1Jlfl'll\J L'Vt'il::fll'i'YIAlltl'3L1J1Jfl'1mrn'Yl'lf1tl 'tt~LW\JL'lll '1l1llflfll'j'Yll~Tiffflff1Jlfl'll'\JL'\JV-3'11fl 
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I ~, I 

"Jfftll'UflllW 111J 

" ... " -• ... ... _ , ... ..., " ' 2.3 m1;:iAm111t1"M3uuuu11r.1u1tJ1:moum1auA1Y~tJ{)D'll'rt'Ufi 

(Interactive Lecture Demonstrations: ILDs) 

?I Qcl ... cl t..;., ,,.., ... .l 1 , ~ 
LlJ'U1tiflll'1flfllllW'U'°'t'I flHJfllll't\JJl'Ul'll'U fltl Thornton m1:: Sokoloff 1Ju 1998 

I I I JI 

1no'tf1t1111li1ty111f111111.u'1 l '1Tifln1fl1flno-u l -un101111'lf1ff iinff''llo~~1'l v-u ILDs ail-u 1im1 i'Am1 

cl ,,..;. 0 ~"" e' I ,, ?f Q I 4 , ,, cl ?f "" I 

lW'Ul't'l'Ulflll't'lflf!O~'t'IHnfftlff~lfJ ") 1'1111J1llJ'Utl'1tllllJff1'U111J~ 'U110~1W'U LlJ'Uflllff01J't'l'lf1tJ 

u /Ii] ty 1111rlt11nuuu1fl 11 JJ ii fl ~fl n lfl 1 fl g o-u 'II o ~ ~11 tl'U l fl vii ~o u n =~ tJ fl,. W'~ d1 ftqj 
, ... cl ,, .r .. , 0 ... 9'cl 4 , ,, 0 .Ii .. 

1Jfll::1.J1'Ufl11'1flfl1111t11Jlll1.J'U'U flO 'U~1'Uff11111.J~IW1Jl'Vt0 11't111J1t1Frn Ufl::'JlfllfllO~JJO 

"" ~ .l 0 ... ,,,. "" 4 cl,, cl4 9'cl cl .... ~, ... t"" ... 
'Ylff1H'IJ'UJJ1ff1111'U 'lf'Yl1fl11ff1tifl CJS~JJ'IJOflflO ~l'W'UlJf111JJtl1::910l01'U 1Jfl11lW'U" JJ'Ylflll:: 

, ""-1 ,, , "J!cl ... ,, l" ,, , "f.cl ... 
'Ufll'l"OfluntJ m::~'U 11~l'W'Ulflflfl11JJOtJ1fll0t11fl'YlflllO~ ff1JJ1Hl 'UJJ'U11 11~1W1Jflfl9111J 

cl ' , ,,,,cl cl ... ,,f cl ~... .. .l 
flll1W1Jflfl6fU1fl1 ff ~Na 'H~l'W1JlJNllfflJC)'Ylti'Yl1~fllll'W1JTiffflfftJ.:jl\l1J 

" ... ¥, -• ...... -'""" " ' 2.3.1 fl11ilAfl1111tl'U4UtJUU11tlltllJ1::fl8tJfll1D'lfi'111Y~lJ{)D'll'rt'Ufi 
,, ,, . 

2.3.1.1 .U-uli11.11t1(Predict)1il-u.U-u910-unhl'~1'lt1-u,juf1flm1li11.11mrn,.o.:jfll'j 

mi911rJ-u 11t1fl-u un'1oi1tJ1 wnrn...;ou l -u fl~" nmf ~,...;o-u l -u i\' 0~11 v-u il ~Nmr .... 1i~u11ilu1111 A 
~if A lflt1 hmm11Tt1fl1'1,-,1'.i W' m1li1-u1mrn'llo~1...;o-u un'1tt1.u'otY1tJm1li1-uwNn 1 ~wnJJ 

?I ,,.., cl .. ,, .. "' ~ t ,, "' , ,, x cl 
fll llJ'U ~'1fll911 tlJJff tl11J fll'j tu 't'l'U'YI 1'U fl11lJ1 11'.i0 '1fl ·r;r OU '.i:: flO'UUfl:: 91~'II0 ff ~lflfl 11 ~l W'U 

t .I _. ?I t ..;.,,,,,c1 ,,,.., "' ., 
2.3.1.2 1\11Ju'.i::ff'UflllW (Experience) llJ'U'IJ'U910'U't'I 11~1'.itl'U flffJJNfffl'U 

.. ... l .. ... , t cl .. ,, 0 ,, ~ 
fl,-, m 'l"JJfll'.i fflti 91 fltJfl i 111 ooim ff JJfl'.i -u 'lf'U 1 w-u am:: n ~ JJ o't'I fl no .:j fl -u tt 1fl 191oufl1t19l 'ULO.:j m-u 

I I ..,\ 4 "' d,9'o ,,,, 91 91 91cl ,,,,, .d I 

fl~JJtlOtJ l'Vt09111'1ffO'ULtn::tl'Utl'UNfl'YI fll11'Ultl 1 'U'll1~91'U ~1W'U'1:: flf}'U'Vt'Ufl~fl11JJU91fl91H 

.c!I ,, ~ I .:. .cl 0 ,,,GI .:t .Q .l .Q 1 , f 0 .Q ~ 
11'.iOfl 11JJfl llltlflll~'.i ::111Hff ~ l'l'Yll'U 1tl 1fl'U Hll'Ylltlfl 'll'U '1 H fl ti 'U 1::111H fll'i'YI 1fl'1fl'.i1JJ1J 
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1ii fl 11 ii fl1Hli1J1Vlf ltltlfllh Wl ~ 1H~1J l'Vtl 1:: tl HU rl 6~ mu fl111J ff1J, \) 1 u fll ni'u l1 lfl Hltl 1J 

~1'1fl1Jltl~ 

'JI ,, I JI I I 

nw 1 u mj11un:: lu iu1'i 61J n11li~Vifl urn~ 1 ~ n1u w i ~~ 16 \l1n-il'u ~~n1ilti1f101JM ltl iY~li i ~ 
"' "1 z .ct ' cl Q " i ,, ' ' , "' LW1Jl 1J1JHflHfl111Jl1JLH'Yl\l::\l1Jfl\lflll1Jtll\l'lll1J'IJ1J9101Jflllff::'YI01JNtl 1191061~ lMll1Jfl1'l' 

iim~61ti11m'l'1'16uf un"~ 1M1llu 11~u~ou n:: n'ou Nn Ltlu ii ~d1t1qi1~01Mij1'16'U 1~fiAoaH 
ii"ll \) \JL~61ti11a ~~, ~ll 61J f Til, M fll l l ~tl1J 16~ fl1J~ ~ ~ r 111ti 01JU n::'l' ::1J~ ~~ iim1 l ilg vumln ~ 
~16fl111Jfli"l'lltl~911JLO~ fllijnou n1mH1'ti16~1'i 61J 1 u mHiw loum11'i 61Jf 'llo~vt1m'll11 iJ ~ 

nmum1w1m.i1'16l~uu1fi"lfnn~i~'11nfi'1mnJ 1'tiu ijnouo1\luu::u11ilu1111'1Jo~m1n1i91 

~\l:: i~Nnn"n-fi'u91n9'Hnu i1hnm1ou i 'IJ1~11iu\lmilg6u i iJM1o ii.i nmum1W'~u '1 \l::mY~N 
, Ml 11 u Cl~lf nflfll'j LA610\J, ~lf 1 tl iii ~~ l UU1J1J~ L Ug61JU tln~Llf ri id' 01\lUa'i"I~,1J 'j::: lf 1l~fll'j Ll 6'U 

Predict Experience Reflect 

- - ,, ' \lrn.Uu~oirnnmi~ 3 iu91ou n1111H11wntiomf10~169'om'l'u1iill~i~otiHii 
fl fl 

ih::nYJitn'n 1ilu s .Uu;iou ~~i'.l 

(1) oi1116m'l'n1i;i 

Jf"' ... ..i ~ .l , """' ... ... • ~ , (2) tll1J~L'l'61JtHNll'Yl\l::LflA'IJ'UUll:: lfFJL'l'61J1J'U'YlflNllfll'l''Yll'Ul"11J'UlW1Jflflllll~ 1J 

111~1udrni'11li1u16Nn 

(3) 1Mij1'i6'U oil ill 16Nn m1 li1u imtlu n~ 1J tio6 

. ""' , """' , ,, (4) Uffi"l~flll'Yl11JW'lltl~FJLW1Jlftll6 '1 fl\J lffjll61J 'UlfO~~ 

, """' ... ... 0 ~ t ,, , , 0 ... "' ,,, 

(5) lfFJLW'U1J1J'Ylflflll'Yll'U1"11J1JflH~i"l'Yl16ll~ 1J 1J'Yll'U16Nll (CJf~fl1\l::Lfl1J 1) 

(6) li1mln1i;i 1'1 un::uni"l~Nn 

""' 4 "" "".I , ,,l ~ , """' (7) tll1Jrj1W'U 2-3 fl'U L'Vt001i1J16 tlflulWNll 'Ul'UOlf1'1JtHflllffl1i91 un:: lfFJLW'U 

uufinNnn~1u1tH1'UUllfl1JUffi"l~NnLLn::1Ma1'16'UL~1Jl1J~l\JUff'1~Nni~ • 
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... QI 

1At.11fl\l 
JI I I JI 

mi::u om:nnilti'~iifi1u u::\111At.1'ri111frno1h::ff'YIDfllTI'UO~fll'i r0Afll'i11 t.11.l f ~~il 
(1) il~tl~~rn.1m::111u m'i 1 uu~n::m'iff1n;ioti1~m11d'1u 

(2) lum'i'U'iWlt.111looimt.1hftff'hh "fll'i&Ugt.11.lut.ln~iJ~mwm~ 

rHinff'~iA" oti1m11i1nnn1iJ~t.1\l1LUl1~0VHh 1'tfu 011111 "fl11111l1'UO~Hlf1Al10~jjfll'i 

11'gt.1umJn~;i11111moti1~ 1 r oti1m11i1 "nnnfl1111111jjm111'gt.1uuiln~ otiH 1 r 
, ,, , ,, ,,... d • I ,, A.1..l 

(3) umrnffA~'UOl;Jl1 11ij1W\J111\J fl1lll10flff1\J'UOl;Jl1'1flflHn'YI 

.cl ,, ., • ,,... ,, , ,, QI ... .cl ,, , , Ji , ,,,,... ... 
lt1t.11'UO~fl'Uflll'Yll\JW'UO~ij1W\JU'11 '111'Ul'U\J'Ylf1Hl1'Y1Qt1;t0~'1~ \J 'UUffA~Hl1 &TIO 11~1W\J1J . 

"1"" QI fl111J1'Ul \l'Yl;tHfl\J 

- -Al .... ,, , , • """ I ., QI "" 1"' 0 ( 4) fll'jIJ'S::1l.J\Jfl111J1'Ul ,. \l1\J011l'UO~ijL'it.l\Jfl0\J11'1::11n~m'i 'Afll'j 1W\J t \J\J '::l'll 
Ji d ~. 

11101Afl 1'flnff::A1fl 

fll'ir0Afll'i11tiuf U'U'U ILDs ,::'tf1t.1iWJ'l.llfll'H1t.1uf 'Uo~~11t.1u Hl1fll'S1rOt.1TI'Ui1~11t.1u 
"" ,, , , ,,: .I 4 ,~., ., ... "l t .... ., 
1Jfl11111'Ul \l \JL'l.101111Jlfl'U'l.l 11JO 'ftl'Uflll\lAfll'SLW\Jl At.lfll'S'UlWW1L'U'UA~1A11Hff11Hff1\Jfl'U 

- . -ILDs , unm1u 'U'U~~1~11~L1 tiu ,.:: , ~til;tO'UflQfl~O~un::fllA 11 fll'j Hl1 '::1rlu1'1fu U\J ;tl1J'YlqlJ a 
1ff110 lu'Yl1~;iHnu'li'111 ILDs ff1111-sC1t.l-s::~n~lff2tlmwun::1~0" lt.1~1'1i'1t111a~~~11t.1u,.::u1 

. -uu1fiA11;oti1;io11n1~1'1fi~,.;~1u11;11'Yl~H 'l u~n::iliu;iou'Uo~m1r0Am111t.1ufu1111 ILDs 

0 """" .... "" t t 0 4 l .... , t "" QI """' m 111 ijLW\JlflAfll'S L wu, l At.l'U\J 'Yll\J WHl1 v::L'tf01J t.l~fll'j ff11i;t \J'tf\J1W'l.I fl'UUl::ff'Ufll'SWLA1J . . . 
I Q """ .I I I """ Q O , '1 I Q ""' 
flO'l.ILW\J'IJO~ijLW\110~ Couch et al (2004: 'U'Ylff1IJ) fll11111 ijLlt.1\J'Yl'Yll'l.llt.IHl1 AflO'tJ'Yl,:allJ 

Q I cl 'JI , I 4 Cl.I C11 4' QI ~ 61 : Jilt 
fl\lfll'S1JUffA~111'Ul11fl11111'Ul '°'.11~11\Jtlfflfli\j1Jlfl'U\J un::fJWl1fllJW::'Ylfflflty'UO~'U\J;t0\J'tJflf) 

~o~m-s hT um; tJ\J 'ti1u WHnrlou ~ ':a~11n,.nn11 ~\J 1h ::ff'UfllHU 1rlu ~\lfl ou ~n'1'YI 1t11Jlfl 

""" ,,, ""' 4 0 I !/ QI ..1,,, ... 4 1'1 
ijl'Stl\l ':: fl;tl1,ff6'Uff1J1J;tjl'l.111l6fll'S'Yll\Jltl'UO~fl\l1lff0flfll1~Nfl'UH'1'YI flU ~1f'S6 11 1ltl 

""'°' .cl QI Q !/ , !/ d I !If t .cl QI !If I .cl , """ t ~l\l1,t.11flt.11fl'UflllLW\J 1 U ff fl~ 11111\J1111J\J 'U'l.l;tO\J 'Ylfflflty1TI'Sl::11J\J'tf1~11'1l'Yl1'Ul':: 111W\J t 

i1li1l1JH'1~1~fl'Uflll°til'l..llt.l'UO~L'Ul~~ff0flfln'O~lt;O 1JiffOAfl~O~fl'l..IOV1~ 1 'S 1Jil 'tf1-nt1~Uflflll 
I !/ , 4 ""' ~ !/ 4 

'UOfl11L'U11'Ul 'Qfl11l0Hfl (National Research Council, 2005) un::'U'IHlfl'Yllt.1'110~ ILDs flO 

~ " • ~ .cl ""' """ Al -1..1,,,., .& I ~ 
'U '1..1ff::'YI0 \l H n 11l0 'U '!..I 'YIU ff fl~ fl 11 lJ fl fl 'U o~ ijll t.1'1..1, 1 fl lJ 'j:: ff 'U fll 'j w 'YI A 'j 'U C)f ~,.:: '11'1t.11TI1J 

Hl1ff1Jq'Yli'Y1Hflll 11 tJ\lUn:.~iWJ'l..llfl1111ffl11 lltl'UO~ ~LltJ'l.11 'l.I fll'j ll t.l\J r OVHDffl:: (Bransford 

et al, 2000) un::m1r0rim111 tiu f U'U'U'UlWlt.1oti1~1~t.11,.::'ti1 hl' ~11 t.1u1nri m1 '" ~i111nni1mnh 

m1111.u'1l' (Mestre Jose., 2005) 
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ffl'H i' 1J m11 ivA'1u :n ff flfffffl'tj 1 i ~ij fl 11fffl'tj1~ u fl ~lvd1.:i fl~H'U1H1~v1titJ1i m 1 

{;im·n1vufu1J1J ILDs ;nflf1~11~1ivA'1u:niYflffffflm'Uv.:i11M11l1v1nvu11~unu~ 1-Mu 'i1v.:i1u 

m11iv'Uv.:i Ronald Thornton (2005) i~1;ifl11111.,J11;11~v1titJunun::fll'ilflgV'U~l;ivl6* ILDs 

' .cl 91 91 Q .: QQ,I 

't'l1J111Jfl111Jfl11'H'Un1m;i11 30% - 90% uvmnm..1h.1m11\lV'UV.:i Redish un:: Hammer (2009) 
OI I ... d J/ 0,,,... J/ 
v.:i't'l1J11fll'i\l;tfll'i1W'IJ1U1J1J ILDs m 'Hlfl;tfl111Jlfl.:i'Yl'IJ 

flU1~1im1i;im11';vufutJ1J ILDs nvu~u111\l::~v.:i~.:i1~1'Hmvlum1un'ilqrtt1 
fl11111'li'1 l \l ~11n1;i1flgvu'Ut>.:i~,; vu 1 u1~t>.:i~1ti;i~u ifov~ri;i l lli';i1 \lu1~v.:i1~t>.:i1~v1rlt>u 1-Mu ,, 
fl 111J& 'li'1l\lN;t'U6.:i ~,;vu "t1\l:: v.:ifl .:it>gl1 n.:i \l l flfll 'i ,; vu fll'i fftl'UU 1J 1J ~.:il~1J ~,; vu,j' fl \l:: 

i1foD11i' 1Jfll'i 1 m VlJl 'iiV1Jfl111JUrt fl~ 1.:ifl'iW Nil~, ~ijfll'i ~fl 111J Urtfl~Htiu l1; 6l1 n flfll'i~LrJu . ,, . 
u1111in11~11rlu \l::~t>.:ivfl~1t>d1.:in1rlu 11Jlin 11 \l1nuu \l::~t>.:i'H 1fi1rit>1J 1 Hl~1w:: i 'ill\1::'111 H' 

m1u1iriif mf .:iNn lllij1';m..11n;im111vuf mh.:iihh::iY'Ylimvt ~.:im1miri~ihrn1v1tJutJ1J 1'lfu 

fll'.i'Yl;tntJ.:i 1 uH't>.:i1';vu (Classroom experiments) 1u'HnltJff1~11'lnjjm'il1;tlltJ.:i 1 u 
J/ d .4 I 1 J/J/d .... Q I d d I I , J/d 

'HtJ.:iLHl'IJ C)f.:i'Jf1V l1~1W\Jlf1Afl'i::1J11Jfll'jfl;t fl6Ul1\l::1Jff1\J111J 'Ufll'il1;tll6.:i~l'iVUff11J1Hl 

fi1uwNn 1~61 M'1nAfl1111uu l \l~ \l::*n!u i tJ~uu 1fi;i11nfl 1unu1';vu f un::11n.:im1l1;int>.:i 

""' ,, _, .... ~ d,y... t I l ,, 1 ,11 .... A 
~1wu\l::rtt>.:iIJ'.i::111un-.:in i'mvu,un::m'.imv t>ufl11111'U1 \l'U UlJ'itJ'YltJU '1 

o t1 .... ,1 A 1 """' .., t1 fll'.i'V1ll6.:iffm'IJfll'.iW (Simulations) fll'.iffllirtU1J1J'L.l 11J6 'H~LW'Uff.:ilflrtfffl1Ufl1'.itu 

0 I d jl .., d. t O I ,, ~ ,_, tfd O ,, ,, Q , ,I 
\l1nt>.:iff1uMu.:im1111n11m'.iill.:Jfl1m1111 mmu IJrt111um1..1m'iWl1\l1nt>.:i'U1.:irtu\l::m;itJ:: '.i'U1..I ,, ,, 
~tJ i tJ ti1rtt>1J'Ut>.:ifi1m11il~'::t>dl 1..1umu mnu ihu d';i iu 1im1u1iriutJtJjjtJgff'11iuti'il 

1 ,, A ... ., d. , ii""' .... " I 0 1 ,, " 4 0 ~ ,_ , I "' 

ff11J1HI 'l11'V46;t.:i~A'Ufl1'.itJ1..I i'lflA1lfl'.il::l1fl6'U fll lffl11fl1;tfl1'.iWlf'.i6fl1'U1tJNll11J1..I IJ6V1.:i1J 

11anm'.i m1miri1 ;ivm1 ~in tNurn1..1 m1w Ju,:: 1 ll Nnn"Vnf~1i11..11tJ nn11m::~u ~,; t.11..1lum1 

U~'UUf\Jlf1ill1111~1J1J6.:i'UtJ.:i9l\.ll6.:i 

d1lf i'tJm1~11u um1 u1iri i1H1\l::1tJutJ1J l;i~ii1111 m\lli1m1 u1iri l ;iv111..., 1t>~1'1 vu 
I I d,,, 

urin::mJJ.Jfl ;i 

... "'di ... .... ~..... " 
2.4 ftl1ftfl'Ylfl1lllfll~111.:J 1um111ou1,,1nam:r 

1 ..... "',, ... ~ .. "1""'"' ~ "1 "'"' 'U fll'.i\l;tfl\lfl'.i '.i1Jfll'.i l'W1..111'l1lnffflfl' 11\J fll'W'U fll'.iMfl°lj1fl111JL'Ul \l'Utl.:i'l..lfll'.i VU 

..; ., "' ,, ,, t ~... "_, " ... ..; ., 
1flt.11fl1Jfl'.i::1J1\.I fll'H'W'U 1un:: fll'iff'.i1.:ifl111J 'l'JHn ff fl ff 1J '.i:: ff1Jf1Ti w U'U1fl;t ~1J1J6.:i1m.l1f11J 

:niYflff'UtJ.:ium';vu ~.:ilu~d' flt) fl111Jfl1;t'H1.:i 11..1m11';vu:nffflff urnrJ1..1a.:id1tity lvt'n::a.:imrl1d' ,, ,, 
1r!uf4u11u l 1..1m1ff~1.:ifl11111'li'1 l \l l um11'1v1..1f l;ivm1fffl'tj1uum111rn<th i~l;ivm1ff'1Jmljw . ,, 
m1ff'.:im91 u~nm'.i~.:inrl11\l::-th i~v1n 1 umw .Yjjjum1 vu ~iu1umfl ~.:iuuutJ1Jff1'.i1\lffl'l1i'tJ 
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!!! ... 4 ?I ... d "' ii , ii!!! ... "" ii ... 
nflll1fl111Jfl1'1'111n.:i111u'Yl1·mrnm·n.J.:i 'Ylfll~ftH1uro:: Plnfllll'Vtq~nn>.Jm'H'Hl'l..11 fl11llfl1~'111.:i 

'I ""~ ... .t "'"" ..i?i '1.1"'.I ., ,ii.., ct ct ii, 
&'Ufl1l1'Hl'UTiffflff'lltN'Ufll'Hl'U 1'YHH1J'UU'l..11'YlH & \JIJHhJ1 .:iun::'Vt~\.11 '11\Jfl1Hl\Jllfl111J1'Ul 'O 

1 \J'l1Tiflfl1l'Y11.:i~iYmfod1.:iu Yi ro~ .:i 
Maryland Physics Expectation (MPEX) LV\JU1J1Jn1nro~uf 1.:i,\.11~ffl~fl11llfl1~'111'3 

'I "" ~... <I ... "" ,, .l 'I iJ "' &\Jfl1l1'HJ'l..lnffflff'UtN\JflLW'U ffl1'3'U\J &\.I fl.ff. 1992 'YI University of Washington (Edward F . 
., ' ' 

Redish, 1997) fl1lfff1'3U1J1Jn1l1'0il1~1J'01flflll~PlflVtl1JUflLlVULflV101J1ill1J'l11~'UtN1'111VliYflff 
a ~ ... <l'l' ... d ., a d ., A ., • o .., ?I ii 

un::m l L l VUlTI ff fl ff i rt Vfl111J flrtL '11 'l..l 'll tNu ml vu LflV1fl1JL ltNrt.:iflnnro::u 1111 ro;im u 'U6fl111J 

, ~ .a oCllidtd~ 4,. iQ rl 
unflllW::'lltNLL1J1Jff61Jfl11J Ll'Wff61Jfl11Jfl111Jfl'1111U111'H1.Jtt1V'l1l6 1J '01fl1.J1.J11fll1::'11 un:: 

viitJnv l;iv~1;v1'111ty~jjtJ,::u1Jmlw1um1uvu~iYmf 

'l1nn1flm1'YlP1nt1'31~un::i~u11m1Jn1nro1uJJ'l111'Ylv1nvn-l1 15 11M.:iu~1 t.:i 1~ 
o d.1 ii ii ii ,ii., a 11!' ... d • 

U1J1Jff111'0 MPEX 'Ylu1::fl61Jfl1V'U6fl11JJ 34 'IJ6fl11JJ '11UflLWU tt'I11JUff P1'3fl111JflflL'tt'U11 

n1ui1v,.,;v11in1u~1v1u 5 l::~1J ~'3u~1i1uA'1v~qrtroum::i.:i11in1ui1v~qrt 1~11n11umnh 
U1J1J'Ylflff61J 15-20U1TI 1PIVLL1J1J'Yl1lff61J MPEX 1~H1'Ufl1H1rtff61Jfl111J\}fl~6'3 (validity) ., 
lrtvn11ff'JJmllwum1vufi''311t11Jflflnun::lwnq>.J-l1um1vumJnfl11JJ'11JJ1vu~n::~vfl1n1 

11vd1.:i h un::&'Vtn::m~ 1rt'Vt1m'IJ1t'31i'fomh~vmJuci 
., ., 
., ii ,ii • ?I • ., a 

LL1J1Jff61J01JJ'Yl'3 34 'UV PIU1J'366fl11J'U 6 flfJJJ rt.:iU 

(1) Independence LV'l..lfllJJJfl111Jfl1rt'l11'31~v1n1Jm111vuffliYmf 1111'.lum111vuf 

1 , ii., ii • ., ~ • iii/ • ?I a sid d ii ., 
11 vml ;i l 1J 'll m.i n ro 1n m1 v1u '11 \.I .:i ·a ti'l1ltiro1 fl ~l '11 mm u fl1 l L l vu l'Yl m v1'U v.:i fl1J fl 1:: 1J TU nn 

uf 1.:ifl11>.J1~1 l ro~1vflum.:i 

(2) Coherence 1i'.lufl111Jfl1rt'l11.:i1~v1n1J lm .:iuf H'llti.:if11111f 'Y11'3Vliimf 

'l1nflfl1l'Y1Hiliiflttlu1~ti'3~H ci 1'1iu uu.:iun::1i1v.:i 11'.lu~u 1111'.lua'3~1~v11~v" lv'3nu11;a 

&i'.luii.:i~11i~u~vnu 
?I' .,d .,,: ,, ... .t•?IA 

(3) Concepts L1JUflfJ1Jfl111Jfl1'1'111'3LfltJ1fl1JL1.J6'111fl111Jl'Yl1'3Tiffflff 1111JU1l6'3'1J6'3 

~~l'11lti'l1Tiflfl1l~cifvuvgmv1u?J~l 
(4) Reality Link Li'.lunlj>.Jfl11>.Jmrt111'.:i1~v1n1Jml1~vJJ lv'3l::11-l1.:ifliinri'un:: lnfl 

'llti.:ifl111JLi'.11.J 'O; -3 

(5) Math Link Li'.IUfllJ1Jfl111Jfl1'1'111.:i1~v1n1J1J'Yl1J1'Yl'IJ6.:iflW~ff1ff~f1umlLlV'U 
~... <I • ... <I ?I a 4 • "'1 ~ o 4 1 ~ ii d o <!I ... <I 
nffflff 11flW~ff1ff~l11JULl'W'3Lfl16.:i1Jti'Yl '11 L1.Jfl1lfl1U1WLl'rn '11 Lfl1J1CJHfl1~61J 'Hl6flW~ff1ff~l 

\lfl 1 ~1-Avvi1J1vtJl1fltJmlw l11.:ifliintt 
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(6) Effort 1fluntjJJfl'lllJfllf!Mi~1~t11titJ-nfJ~ m ·rn~ ~ 11ilu ,jvm11; tiuf un z 

fl11lJ1.u'1 l 'ilVl ff fl ff'11u fll; tl\J ~ 'ilZflA M1oii'ill'S W16VH n: ltl tl~l~t11titJ~ ~~'ti 1M1fl~ft~'n" 

~1'1'n~tJlJ1l1~fl hi 

1 ~ t1ntjJJf111lJfllflM1~ l uu~n:ntjJJ'il:m: 'illtivdl u u 1J tJ rl111'il MPEX u,jn:.u'flfl1111 

~~u ,j n: ntj mm~ fl 11lJf11fl M 1~ 11fonut1fl'il 1ntiu 1 ~ otlH oMfl 1 'ii 'U fi vJ~ fl~ ihh'U ~ ~fl'U 't1tJ M 1 v 

1~t111 ~ v~ti'U v d u n:f111JJmA11i~ l uu~n: "1o~~nrl11'il :Yi 'ii n w 1-i 1JJti1Jfl11lJflHll1 i~'llo ~ 
~l;tl1'1f1ty ~~1h:notJ~1tlfl11lJfllfll11~~PIHfl1J~l;tl1'1flty (Favorable) un:fl11lJf11fllfi~ 
~1,.jPl'Htimj'1:it11'1Slty (Unfavorable) 1Atiu~nzntjlJfl11lJfl1AM1~1.h:nvtJ~1t1utJ1Jff111'il MPEX 

. ... . .... 
Pl11H'n 2.1 fl'JlJ'llO~fl11lJfl1Al11~ 

. ... 
mjiJft1UJftlil'Hl~ n 

1 Independence 

2 Coherence 

3 Concepts 

4 Reality link 

5 Math link 

6 Effort 

. " ... ,,8ft11iJ'n 

8,13,14,17 ,27 

12,15,16,21,29 

4,14,19,23,26,27 

10,18,22,25 

2,8,15,16,17,20 

3,6,7,24,31 

. . ... .... ,,... 1 ~ .... .... 
Pl11H'n 2.2 fl111Jfllfll11~'11V~ijl'lftl1'Ylty Atl A l1J\Jfl11lJfl1Alf1~'IZA1J 5 un: 4 

ff1\J D &fl\Jfl11lJfl1Al1i~'lZ~1J 2 1m: 1 

1 D 8 D 15 D 22 D 29 D 

2 D 9 (D) 16 D 23 D 30 A 

3 A 10 0 17 D 24 D 31 A 

4 D 11 A 18 A 25 A 32 A 

5 A 12 D 19 D 26 A 33 D 

6 A 13 D 20 D 27 D 34 (A) 

7 (A) 14 D 21 D 28 D 
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U 1J 1J d l'l' 1 'il MPEX 

V1Jrn 1'ilu:: (2550 : 'U'Ylfl'Avo) i~n1m·rn111mvmfit11.Jf1111JfllA111~1mn·.u'ivuYJiYnri' 
,, . 

1::1111~fll1m::um'iv1..1 -iu,j'1itJ1JffmniJfi 4 ~1u1u 121 fl'U un::fl111Jfl1A111'~'Uo~fllYJiYnff'1::~11 

l1tit11Jffnl11 ~1u11..1 143 fl1..1 frn'il1nm1du1'ilw'Ui1iirnv~!ovn:: 21 'UO~fl111Jf1Hi'H1~ 
QI cl 'JI Q,I .d QI ,,.d ... 'jJ QI 

'lltM'U m rnu un::1 ovn:: 48 'UO~fl111Jfl1Al11~ 'llfl~fl l'YI~ H fl'U ~&'JW1-t1ltlJ 'lffn'flAfln o~nu 

flltlJ'il'Ul i''U'Yllth::1ni1 (2549: 'U'YlflAVfl) ~,~Ull'1'ilfl111Jf11Al11~1'Uflll'lltl'Ul-t11YJiYnri' 

o 4 ~ .,. : o • SI 
'ill'U1'U 100 fl'U 'lf'311J\.ll'VffnftlJ-3'Y1'3l11JA 'illflf.lllflllffll1'il'Vf'U1ll'fltll!Z 47.7, 45.2, 48.6, 46.5, 41.0, 

45.Q 1m:: 45.0 'UO.:Jfl111Jtl1A'tt'l.:J'UO.:Jij11vu 6 ~1u1m::1um11111J ~1mii~u~Hti'Uij1;}t11-t11ty 

... 1' Sidi ... 
2.5 fl11ftH'Wltl'lUJnlll'l'Ul&'Ufl11&1U'U 

oiln'Yli ».:J 1,,v un::flw:: (2550 : 'U'Ylff1tJ> mi11i1 m1tl1::1nufrnm111vuf mm1a 

o , SI - 4 l ~ ,. I "' 4 , SI "'.,. • ' l d • I "'" 1 'Yll A'Hllltl11i'lf'3 At.l'Yl1 u&l'l1JfllJACl.:Jflll' -t1tYfl~ 1-t1'U t-test, z-test Ot.11'3 l'fl~l1Jflll'ul'Zl1J'U At.I 

- ~ ,.I, •ill ' '"' l'. "' '"' • ~ .,l SI 4 , • "' SI "' 4 11i'Yl1 lJ 1J ~1Jf}fl11Nllfll'HWU4'UO.:J'UflLWU1ll'Vf1J'U'U1Jlfl'UOVl'Vft.1'3 A un::u~n::l11'UO'UflLW'U 

'"'"' ~ .,l SI '"' , "''"' .I "" '"' 1 , ' 4 .,. 1J'Vf9U'U lflll'l'Vf1J'UU 1Jlfl'U Otll'Vf t.1-3 A 11iflllul'ZL1J'UNllflll'Ll' t.l'U 4U'U'U l11J 'lf.:J'ilZ'Vf 'illl'W nlfl 

I .Q .., .cl 'JI .cr..cs4 .cl I o l 'JI I I 'JI 
flZU'U'UffO'UflO'ULW'UUn::'ttn.:JLW'U A1t.111i'YILl'tlfl11 Normalized Gain ffl1Jll'fl't'll AOVH.:Jlt.IA1t.I 

flll'n'il ll'W lf.ll!~ H 1::1111.:Jfl::U 'U u ffO'UflO'Ull t.l'UU n::11 li .:Jll t.l'UL fivutitJfl::UU'U 11 -3 tf A~ii l omn 

~ .l ,11 ...... .llsr"' 1 • .,..., ..... ~ isri11"""' ... 1rnJ'U'l.J ~ 11im1u -t1flU1Jlfl '1.JflQ1J1'ilt.1ntYflffrrfl111 un::ff11Jua ,, ~Afl'UfJfltY1'U11-t11 ,, ,, ,, 
u Ofl'illflUV.:JtY11J11a l flA'11mvmw iiiin::1~ui9Uu1m1n.:Jiu11 vu 11;onv~flfln un:: .Yh l lf 

• .,...,,,SI A ' '"' '"'11 
flll'Y111'ilt.I 1J~O.:J'Vf::1.:J&l' O.:Jfl::U\.I U tYO'Ufltl\.11 W'l.J Ofl~1t.I 

Richard R. Hake UflnffflffUM.:J University of Indiana iA'1ffuoiim1tl1:ailuNnflu ,, 
llt1'1.Jf 'illflflllffO'Ufltl'ULltJUUn::11n.:JLlt.l'U lAviinml'~.:Jil 

A , : d .c1,,. 411 A ~ 
11.JO.:J'illfl 'UflllffO'UflH'H'U~ 'l 1J'UO'illflA 'l.JLlO.:Jfl::U'l.J'U~lltfA (Minimum or floor 

d '"'1 ,SI ~ , •SI ' .I .. d .. l d 111 effect) 'YllJflfl'l.J'il::1J Ofllff AflZU'U'U~ltfA 1J'l.JOtJfl11 0 lIJOlL'lf'l.J~ un:: f}fllff'Yl'il:: ~fl::U'l.JU 

, .... ti .. d .. 4 d4 ' .• 
il.:JtfA (Maximum or ceiling effect) 1Jlfl'U 100 L fllL'lf'l.J~ l110'YILWfl11 floor and ce1hng effect 

SI .f di ,11 ""''"' , .,. '"' Sid ~ .,l 4 • A1tJL'tt~'U Hake 'il-3 ~lff1.Jfl11iflll' 'Utn1tl1::11J'l.JF-lllflll'LW'l.Jl'YIL'Vf1J'UU LWfl11 Normalized Gain 

~ 0 d 0 .., .. .., ~... .. 4 di • , Sl41 
(Normalized l1J 1.J fl l 'YI 1J l'il 1 fl fl l f'l"rt 'YI 'YI H fl 1 fl 'l.J ~ 1J 11 ff fl tY 'lf '3 l11Jl ti Cl -3 fll l 'YI l l11J fl fl1 ff 'U fl -3 

f1111J1~u i11iA'1n1 'l tiu 1~wiitiiL~uitJiA'il~tfALn1ti'U 1 1n1tiu) lAt1111 i1t'il1n v~11ri1u'Uo.:JNn 
'"' Sid ~ .l .,. • 4 SI d4 1 ~ .,l 111 • 

fllllW1.JI'YIL'Vf1J'UU'ilH (Actual gain) ~flfH'lfll11W1.Jiil-3tfA'Y11J flflltYL'Vf1J'U1.J ~ (Maxunum ,, 
possible gain) L~t.11.JL~1.JtY1Jflllfl111J'tllJi1.J1flltfl'.:Jil 
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<g> =(%Post-test)-(% Pre-test) I (100 %)-(%Pre-test) 

. 
1 ... ... ' 

"tl'YI <g> flV fl1 normalized gain 

4 ' ~ ca.14 ~ o'd o> 
% Post-test flV fl1L~HltJ'IJV·rn::uuuffvtJ11tmwumu1tJv·w1ru,-i * 

<!I I ..; I ... ~ ,/oj ,/ 

% Pre-test fW fl1L~Hltl'IJV·:ifl::U'U'UffV1JflV'ULW'U11J'UL1.JV'iL91''U'1 * 

" .., 0 .:, '0 ~ " ' ~ " d ""'1.1' 'IJVff.:JLfl'1: fl1'jfl1\J1W'H1 Normalized gain 'U 1Hl1LlJ'U'1V.:Jhmn.111.JV'iL9l''U~fl ~ 

1~rnl111~fl::U'U'UffV1JVl.:JU'Yl'U l"tJ Pre-test fiv fl::U'U'UffV1JflV'ULltJ'U Post-test flVfl::U'U'UffV1J 

..,... " d " t mmwu un:: 1~fl::U'U\JL'11J'IJV.:J'IJVffV1J1"uuunu 100% 

... ,~ ' ... fd ~ .I "' .., ... 
<g> 'H'itl normalized gain u1.Jnfl111J "11 Frnfll'ilW\J 4 'Ylll'f1J'IJ\JVH'1Jtl.:J\Jfl1W\J 

. Q ~ d I ... !/ ..; ... 1 ~ .I ,.1' 
(Actual gain=(% post-test)-(% Pre-test)) fl"11J\Jfll'Yl1'1Jfl.:JNnfl1'ilW\Jl~.:Jif"'Y11J flfl1ffll'f1J'IJ'U ~ 

((Maximum possible gain= (100 %)-(%Pre-test)) ~.uh~11l v::iifiwtjlu'li1.:J 0.0- 1.01!1t11in1'.i 
,, . . 

tJ'i::1uu1oiuil'ti1llf n11J1'iflLLfl'ihy111 Floor and ceiling effect 11ln1vn1m'i1fi"Nnf11'illt1\Jfn 

~ .I 4 °' I ..; I "'1 ~ ,I ,_11 I 4 , .J <!I ,.1' o 
ll'f1J'IJ\Jl'YllJ1JfltJfl1~.:JlfA'YIU'1n::fl\J v::1J flfl1ffll'f1J'IJ\J ~ (nn11vn umH fl fl 1n ~'Yllflll 

normalized 1i1'iHflf11fflfl\J1tJ11{vglu.J1.:J 0.0 - 1.0 l'n1nuuft'1 lt1t1fl1'iLnt11Jfl1Jfh~.:JlfA 
J I "'l ~ .I , !/ 
'YIU'11'l::fl\J V::lJ flfllffll'flJ'IJ\J A) 

QI I I QI I 4 GI C11 QI d. !/ I I Q 

'11fllJ 1.:Jl ~\J ('11VtJH1A tl1fl'U fl1J~ fl\JU'i fl) \J flL'i tl\J ffV.:J'H fl.:J Nl\J fll'jff fl1Jfl fl\J 1 'i tl\J 

" " "" .., 1" d ' " ~ .., ,: " 1" d (Pre-test) A 10'11 flffV1J1AtJ1fl\J Am:uuu1~rnt1u~ n::11 fl.:Jl11\JA.:J\J 11 fl.:JU'ifl Afl::uuunrno 

" J , " d l ..; " ,,r. d 30 fl::U\J\J 'HtHflfffl.:J Afl::U\J\JlUl'llJ 50 fl::U\J\J tiH.l'Yl'IJOff01J1A'U1Jfl::U\J'Ul~1J 100 fl::U'U\J 
,, ,, . 

'Hn.:Jt1nuuli.:Jffo.:Ji1'0.:JF-i1uml11oull1v1i~Hnu uft'1no11'Hn.:J11vu (Post-test) 11lfl::uuumno 
JI I I I 

1ilu~.:JU M'tHmfl 111fl::U\J\J 60 fl::U\J\J lu'IJw::ihf o.:JTiffO.:J 11lfl::U'U\JLUntJ 75 fl::U'U\J 

nntJl::1nuFmm'i11ou f~1~1J,ult1onml Normalized gain .Yh 11t~.:Jif 
.., ., .. 

v1nff1J mm 111J fflJl'f u 1i 

<g> = (% post-test)-(% Pre-test) I (100 %)-(% Pre-test) 
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~ ~ 

~.:ii'ruu'Yluti11uuJJmn::1~~.:iil 
... ,, ... ... ,, ... ... 

FH'l fll'H 'I tl'U 'I 'UtH'l.I flL'I tl'U'tHH'Yll1 'lJ .:i .. 

<g> (60% - 30%) I (100% - 30%) 

30%/70% 

0.43 

,: "' j/ I ... ~... .:. ,l ... "' ... j/ ... ... 

'\i'Vl.Jft'l.IV1itJltl,~l11 Nftfll'IlWU4'Yll'VtlJ'U'l.l'H (Actual gain) 'UV.:J'l.lfllW'l.llttH'Yll1\N 

ijfi1 60% - 30% = 30% un:Nftfll'Illt1uq.:iqA~ijlvmm~JJ,u1tJill (Maximum possible gain) 

I GI : 4 t'.d ~ 4' Q Cl ~ ' 4 

ijm 100% - 30% = 70% A.:iuu Nftfll'SlW'l.11'Yll'VtlJ'U'l.l'H flAllJ'l.I 0.43 l'Yll (l1'IV 43%) 

'UV.:JNftfll'Slltl'l.lq.:iqA~'::ijlvmtll~ll''l.l'tJ1i 
... l Q,... ,, ... ,,,. 

Nftfll'HW'l.14'UV.:J'l.lfllW'l.ll1V.:J'YltlV.:J ':: A11 

<g> (75% - 50%) I (100% - 500/o) 

25%150% 

0.50 

.u'v1.Jnd'vitnt1li·h Nftfll'Sllt1Uf~l~lJ''l.l~l.:i (Actual gain) 'UV.:JUflllV'l.lltN~tlv.:i 
ijfi1 75% - 50% = 25% un:Nftfll'Illtl'l.lq.:iqA~iilvmtll~lJlultJli (Maximum possible gain) 

.... ... f.:lct'1.:i.Cl?t '4 
lJfll 100% - 50% = 50% Uft::Nftfll'HW'l.I 'Yll'VtlJ'U'lHlH flAllJ'l.I 0.50 l'nl (Wm 50%) 'Ufl.:JNftfll'J 

"" ..i ""l ..:, ,l ,. I, " l'StJ'l.lq.:iqA'Yl,:lJ Vfllffl'VtlJ'U1J lJ A 

t/ I "' ... t j/ .:.,,, .l,j/I ... t/ 
~lfl'UVl.Jftfll Normalized gain 'UV.:J1JfllW'l.l'Yl.:JffV.:Jl1V.:J'l.l'Yll l1fflu '1111 Nftfll'SlW1J1 

..i ..:. ,l "' ... ti ..i "" I ti ..i 4 "' t d , j/ 1 j/ """' .I "' I ,: o , j/ 
'Yll'VOJ'U'l.l'UV.:J'l.lfllW1Jl1V.:i'rltlV.:JAfl11l1V.:J'Yll11J.:J A.:J'l.l'l.l,:mu A11 A1tl11ifll'SIJ'S:llJ'l.11'1S'l.l'l.l'Yl1 .., 

1'S1 ,~~VfflU~U~fl~1.:J~lflnlAvli'1 ltJ - ~ 'l.1Vfl~1flil Hake v.:i 1~li1fll'Ifffl'l:l1fll'IU'S::dju~1vii Normalized Gain tiuum'ivuli.:, 

h1-s::~tJii1it1JJffmnun:-s:~tJlJl11iY1t11li't1 iiu1un-h 6,542 fl'l.I tiuffr111jum-sf1m:11 62 nmuu 

. -;mnn, "itJutJtJfll'Ill tl'l.lfll'S'tYV'l.I, 'lJU~ft::cM'l.lll tl'l.IU~ft::ii, 'lJ VllJl fl1 1 AVU tl.:,1tJu tJtJfl1'j ,; vu 

fl1'Ift'V'l.lli1'l.lft'V.:Jfl~lJflV fl~lJ~ffV'l.1~1vii Interactive engagement course (IE) 1rn::~1v1i 
Traditional (T) 1Am'U11~utJtJ'YIAffVtJlJ1~'Sj1'l.l"fff1ff FCI (Force concept inventory) l~V'Yl;ttlVtJ 

-tiui'rm'i vu &'U1'Vtui1 ~1vm-stJ-s::1iju1'1fuil ii1 hf mm-sm1tl.:,-s::~u'Uv.:ifi1 



?I I ,,, "" <!I 

normalized gain Vflfl11J'UfHl1J 'fl 3 'i::'flU flfl .. . 
~ .... ct .,., ,, ' 

tlJ'U'lfWl'it.ll.J'Yl 'flfll <g> ~ 0.7 "High gain" 

"Medium gain" 
.. . 

~ .... "' "''I ,, ' 
tlJl.J'lf'Ul'it.ll.J'Yl l'flfll 0.3 $; <g> < 0.7 

"Low gain" 
.. . 

~ .... "' .,., ,, ' 
tlJl.J'lf'UlWl.J'Yl 'flfll 0.0 s; <g> < 0.3 

A. Gain vs P...iast Orapft ·All Data 

20 

I Gain vs Pretest 

HS COLL UNIV 

a o <> 
Traditional llll e + 

40 60 
%<Pretest> . . . 

15 

..; Q , ,, I ... .cl ,,..; ~ .l Q ... 

'illfltlll't'YI 2.3 01i1.Jlt.I 'fl'll Ufll.J y flflfHlfll'il'W'U1'Ylll't1J'U\J'ilHl110 Actual gain 

(%<Gain>) ihuunu X fiv fl::&l'U'U %Pre-test (%<Pre-test>) un:: Normalized Gain (<g>) fio 

fi1ff1J1J'iW 'UO~fl'l11JY\J 'UO~flllW (!slope!) 111 i~'illfl t1~nri1u1::1111~Frnflllll 6\J f ~1'~1J~\J 'il; ~ 
. .... "' ,, ..;.,.1 ~ .l ,,,4 ,,, ... ..I 

%<Gain> nmrnfllllW\J1fJ~"l'fl'Yl1J 6fl1Ull't1J'U\J 'fl tlf~ 'fl'illfl 100% - %Pre-test l1lmnnm1n 

if ~fin <Gain> I Max. Possible <Gain> m1w1~tJfitJtiannW~Uff'fl~flllUU~'Ji1~'UO~l::~1.Jfll 
normalized gain ~1~uu~L1~uff1m::~1.Jfl6 High medium and Low gain l'flom1w1~tJYiu~ij~flffl 
,, ' 'JI • 

.d. .ct I ~ I 4 • • 01 4 .ci.C:S 

'lfU'1::1'U6\J'l1 <<g>> 48IE fl6 flll\lnt.l'UV~ Normalized Gain 'U6~'lf'Ullt.l'l.J'Yl1Jfll'jff0\JUU1.J 
.. ' .. 

Interactive Engagement ~1\J'l\J 48 ilHlt.l'l.J un::nnw1~ufiuriij~flffl;fun:a~t.1ui1 <<g>> 14T 

khanitha
Rectangle
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. " ' ,,, 
fifl fi1mitt.1'llfl'I Normalized Gain 'llfl'lilJLlttlJliiim'.ifffllJU'U'U Traditional ~llJ1lJ 14 oilJLltl'l.J 

' ' t t .cl d .c:!I 'j/ Q,I 4 ,ct d 

11Affl1HW1J 1'1fH'l1J '11'.ifl'lll1J1H111J~A U'U'U'Yl'U U'YllJfll'.ifffllJU'U'U Traditional un::11Affmat.1lJ • • 
1'1fla1J 'H~fl~l1J'Hm1Jvi'A U'U'U 11.H.:i U'YllJfll'.ifffllJU'U'U Interactive Engagement hw ~~~L'l1~t.llJ 

unu'.i::~mj1itt1Jfffl'lfl 1.:inn1Junu1nm~tt un::1tJ~1111n11J~AU'YllJ1J1111nm~tt v.tJ11 
,, 

(1) lJfl '1 ~A'llfl'lfll'.ifffllJU'U'U Traditional (T) ~llJ1lJ 14 oi'Ullt.llJ (N = 2084) 1,)1fl1 

<g> tJdlmh.:i Low- g 1Att~fll <<g>> 14T = 0.23 ± 0.04sd 

(2) 85% (41 mj1J, N=3741) 'llfl'l~llJ1lJ 48IE courses iifi1lw1h.:i Medium-gun:: 

15% (7 fl~1J, N= 717) iifi1tJdlw=ih.:i Low- g 1Att~fll <<g>> 48IE = 0.48 ± 0.14sd 

(3) un::l'm1111mn~u1Amtt~1Ari1 normalized gain linh.:a High- g 
d ,,JI. d .cl • ., 0 , ,, 

tlflFH1fll'HYl'.i1t'Utl'I Hake L'.iU::l'HlJ '111fll'.iLH.llJfll'.iffO'U'Yl91Hfl'lJ\l::l'll 11 

4 "'"' I <!I I • ... ,,,, 

Nllfll'.i1'.itl'U191l'lfl'U fllll1fl0 ff1\J1J1flfll'.ifftl'UU'U'U Interactive Engagement Course CJ'I 'Hfll <g> 

(l~wihuinn) ;intJglwih.:a Medium-g t::'ri1l1fum;vuiimni~u1f1111J1~11t1~u1nni1 
,d I I ~ '1 I 

fll'.itYtl'UU1Jll Traditional CJ'll'ttJ11fllHHUl'lltl'I <g> t:: .. fltJg 'U'lf1'1 Low-g 
,, . 

_, ... "" 1' """" "" , "" "" fll'.iu'.i::11J'Ufll'.i1'.it.l'Uflllff0\J'11t.111i Normalized gain 'U1'.i1'l::ff'U tl'INftfll'.ilWlJ 

.J ..:. ,l ~ W l .J 4 ~.J ..:. ,l .: ,l I "' QQ <!I 
l11l't1J'll'Ul1J'U l1nfl At.ll'l Nft fll 'H '.i t.l'U 4 l11l't1J'll'U'U t:: 'll'U t>gfltJ11iflll fftl'U 11'.i Ofll:: tJ1\J fll'.i 

1 u ml iAm'.i ,; t.1u m'.i trtJu nhJ u 11i1 ~4u ogt111f1::11 u u fftJtJ rltJu1; t.1u un:: t111 n~uil' m'i vu 
.J d ,2 I ., W ti I Go' I 4 V d t 

CJ'l t::l 'H 'U tt tl flfllff11ff1Jl't\J 1il:: 1111'1 <g> fltJ tl::ll \J\J ff01Jfl6\Jl WU 'llO'l 'lJ flll tl\J U91ft::fl1.J 

.J 1"',, "'.:: 4 • QQ Q .: "12"' I CJ'I 'H fl 1\Jtlt.11Jlfl Ul::1JlW +0.02 A'l'lJ\Jl'.il'il'lff11Jl'.itl'lJ111iflllU'.i::11J'lJ'U 1J1, ')f "fltJfJflfltJJJ 

I , d 11'"" ........... ,2 ,, ,, I _, .... 1' -.: ,, ,l I.., .., A 
(at.11.:a lfl9111J tt1JU01't1 ttl'tt.11t.11u111'UtJ11t.1n1mlu'.i::mu"1t.111u\l::9lt>'l'llUt>gn11ilnt.1t>'U '1 

~J.:a 1,jf iiiu tl11JJff11Jl'.i o 1 unu hf'm~Nniufl.:aum1 vuuAn::tlu fl111Jff11Jl'Hl'n1.:aflw91fflff 91f 

'H ;' tJUJl' fl'.i::i.:a1l't ff ~'I Nftfll'.i 1im~tJ1tltJU \l tt.11 l1 n1d' l'ttJ11U ff1'l.I ~fi 111f Nftfll'.i1it.1~Al'tftlA U'H 

1Vit.1.:a1gnU't>t.11-ri1Ju ~.:a111u~t>~Ufl~'lltl'lfll'.i1it.1l1Hff'lfl1J) ffll1ltJfll'.itt\ll'.iW1 Normalized gain 

A~ I..,"" "" "" ..:. ,l I , ,,, ,,d I 0 I 

ll'f 8Mfll:l111\JfllW'lJ 1JNllfll'.i l'.itl\Jll't1J'll'U tlt.IH '.i l'fl\l:: AUt.lflUtt::, 'tll'H\J11ff1JJ1'.itll111 A Ot.11'1 h 
,, 

1Avut.i.:itJ'.i::1fl'Yl'lltJ'I Normalized gain t>om11u~.:ail 

(1) Class normalized gain 

(2) Single student normalized gain 

(3) Single test item normalized gain 

(4) Conceptual dimensional normalized gain 
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2.s.1 1u.1a:::a8u~m1tiTu1wua:::m1utfotl11'lJ11'lJ1u 

2.5.1.1 Class normalized gain (1U10fl"1'l':i~1hM'n1~11 Class average 
'JI JI JI 'J ' 

normalized gain) 111J1Vtl~ fll':in'il1lW1il FH1fll':illVUf'UO~UflllVUTI~cMUUU1-ri1J'IJUflA1ilUfl1l'h 

'Uo~ m1fll':i1i vu f 11~~A~iH omu1~11~u 1 A' ~ 1A' 'illntl:::u u u1 li ~v'Uo~..f ~~u ..f ~nouun::11~~11 vu 

t t .ct I , dd , Q o .A I '1 ,,, 
lll'Vf':i11J'IJO~'YWJf'UlWU Ol.IH 'n1fl~11J 'UfllltlAfll'U1Wl'Vf0111fll Normalized gain 'U Ol'il "Jf 

QI 4 QI • QI 4 cl ,, ,,, 'JI .A 'JI 0 

flllU1Jfl:::UU'U11lO'U1J'illU1'UUfllltJ'U'Yl~01J'IJOn'01J AfJfl~O~ 1'Vf01Jll'U11J~rn1rn1u1w Nllflll 

O d, 91 ~ i i I 4 4 ... .1 ')/ 4 I Y 
fll'U1W 'YI A 'il:ZllJU flll1JOfllll'Vfl11J'IJO~'Yl~"Jf'U 111JN?'lflll 1 W'UA'IJ'U1Jlfl'U Otll'Vf V~ 1A U~U1111fl 
')/ I QI 4 I 4 4 .;. .l 4 I , , I ,yy - .! 
~O~flll~11'Ufllltl'UU~ll:::fl'U1JNllflllllV'Ul'VflJ'IJ'U11l0?'1All~OV1~ l 1JOl'iln'1tJ i1"11V11iflll'U 

• • • &f Q I QI 4 I 

2.5.1.2 Smgle student normalized gam 111J1VtH flll'Vf'illlW111'UfUltl'UU~n:: 

flUihiWl'Ulflllflll ll vuf ailuodH, 'j 1Av~ 1A' 'illflfl:::UUUn'01JOOU ,; vuun:::11~~,; V'U'IJO~un(i vu 
,, ,, . 

u~n:::flu d111i'1Jml111ti1 <g> 'IJO~um1mm~n:::fl'UTI~<iuud'1111111fi11linv (Average of the 

4 4 I~ ' d QI 4 ')/ ./.4 ~ 
single student normalized gain) 11l001'il&Wfl1111J'Ufll&Ul!V <g> 'IJO~UfUWU110~'U CJS~fl1l'il:Zl1J'U . ,, 
fi11Av1iluil1J Class normalized gain uAfi1n1A''il1n1iil'il:::'Vf1Ji1ijfi111inhilu lAvoglwib~ ± 5% 

'IJO~ Class normalized gain lAv~i1u1untjJJ~1od1~~'YIAUom~o~i'ii~u~ 20 fl'U~u1t1 odHh 

n~11J 1 Ul'IHtJiju~ ll101'il'1:ah 1A'th1Jlflff111l1Jflll~'il::~ <g> 'IJO~UfllltJ\JU~n:::flU&~O~'illfl 
~o~ 1 ~nn1111nli1u m1 vu iii1u1u mn u~linh 1~'il:::1il u flllA n11 ..f flllll11JWWl'U lflll'IJO~ 

u m1 vuuA n::tiu 1A'1 iluovHA ti'u 'il:::1iluu u 1nH 1uml'lf1mu;JJ1..f u m1 vuij Nnmn1 vu f 
.;. .r , " 

ll'tlJ'UlJ " 

2.5.1.3 Single test item normalized gain 11111vil~ nnn'illlW111~1u1uum1vu 
d .;. .l ~ I , ')/ Y. d O QI Q , I QI 4 

ll~ OUfJ fll'Vf 11'1J'Ul1J'U 1 'Yll A'IJO~'UOn'OlJ'UOlll llfllll~'Vf 'il 1l w 1 u fll'j n'OU fl ouun::11 Ml 'j vu 
... QI .r ... ')/ 4 4 O ')/ YI 01 4 4 9/ I ')/ ')/ i 

flll'Vf 'illlWl 1unm1w:::u1J'UOA flO n1hrn11Jon 1i'111umwu1Jf111111'1J11 'il~O'IJOU01J'IJO'l.J'U ci 
~ I , .. 0 ~ " , .I"' .I ... , A d d " ... 

llJ'U OVH l CJS~n'11Jl'J' fl'U 11Jll1JlJ'UOlJll 'U fll'l'u l1Ju1~flll1 l V'l.J fllln'O'U 'ULlO~l11flV1'1JO~fl1J 

91 ,,i,'J/_s "'" .. 1 t/ d~ 4 I 
'UOn'OlJ'IJO'U'l.J A u111llJ'IJOn'01J'VA11'U~ '1 AtJ&U'Vf1:::'110n'01Jlll1J'U Conceptual test 'il:Z11flll111N 

I 'JI !:ft I .Q .:1,, ,, 
111J1A11 lJ'UO~'UOn'01J OOfll U'U fllJ11~111U lJ 1fl1111flA'J' 11J VOA (Concept) llrjn'lHU 1Jl1An'61J 

, ~i~, ~i~uA~ OlJU 'J' fl ~~Ju ;~UV1J~ 'il :::n 'ill l w 1Nll flll Ll vuf~L~1J~'U 'IJ fH u flll V'U ~ 6fltj1J ,, ,, 
~nununtj1Juu ci ti'u'il:::'ti11..f unn 1~11ll'niivui'ifl111.11~1 l'il~ouu1f11111fi"nuv0Auu ci Lrlu 

,, . 
I , • ... Q , ... ... • , ,, ,, .Qd 4 ' ' ,_ I 

6Vl~ 'J' n'111llJflll'Vf'illlW1 'Ullfl\IW::'UU11Jllfl'Vll AA1V11ill'il:::flll11~0 u 
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2.5.1.4 Conceptual dimensional normalized gain Ln'l.JflT'l'~11li\JJ.l'l.Jlfll'.il1~flfHI 
4 Sl.d .;. " "' 4 .d 4 ' .6 ?I ' , ... 4 Sl'I 

fll'.iLW'l.JlYILl'nJ'll'l.J'lltH'l.JnLW'UYllJ~fl Concept 111..1'3 'l LlJ'l.Jflt.11'3 '.i fll'.i'Vt'il1'.iW1fl"fll'.iL'.itl'l.Jl L'U 
v ' v 

nn1:1w::il 'il::, .fl 'Um oHMti'3fll'.i ~ 11tl' m'i tl'U "fl"fll'.i Ll tl'U 11 ~Vli\Jll'Ulfll'JPiVfll'.i Ll tl'U, 'l.Jlt 1'1i'fltl' 'U 

'l ,n'l.JflU1'3 h 1-dti'3'illflfll'.ifl'V1Jflf '311d'3 'l 'il::iimrn'tJ1J'.i11JtlflAL~6~'il::~fl"fll'.iLl tl'U~U m'i tl'l.J 

, 11 • SI ~ .6 SI .;, ,. I 4 "' SI 'I 
fl'VlJ 'fl~V'llVfl'VlJ'fA'U'l.J 'l CJf'3'116fffl1J1J1~'.ij1'UYl1 u'il::1Jfl1'.i1Afl11lJL'll1 L'illrnW 'l Concept 

fl~l'U1'1L~t.11fl'l.J ~'3J'l.J'llV'31'.il~L\1'Vt1::fl::U'U'U'.i11J 1J.iV1'il1JVfl 1~-;h Uflllt.1'1.Jiifl1111L'li'1 l'il luu~":: 
v ' 

u u 1fl1111f1An11v0Atl' u 111flU' vmi1ti'31" ;'3Ln um'.i~ ntn'il:: ~ 1 ~11tl'm1vuiifl11m,j'1 l 'il ~" 
, 4 , 4 SI 4 .d ?! , "' ,SI .I d • "' 4 .d 

'UL'.ifl'3 A111fl'H'.itl'Utltl L'VtVYl'il::L1J'UU'U1YIH 'Ufl1'.i'Vt\Jll'U1fl1'.ifl'V'U A~Hu'.i::LA'U ff1'U'l.JfH'.itl'l.J'YI 

4 4 ~4 I d 0 ,. I "' I , Sl4 .l , .• 4 , SI I ., 
1Jfltlfll'.iLW'U,AVg l'.i1flff1111'.itl'U1 ul'l\Jll'Ul~V 'HA'll'U uOfl AL'lf'l.Jfl'U 

fll'.iU'.i::1jjum·n1t.1'1.Jfl1'.iff6'U~1vii Normalized gain uv11l.UltJfl~1Jfl1'.ii~t.1~1'U 
.,. .. ~ .6 "" SI .,.4 .f SI .d 4 .d .;, ,J ~ "' l 4 .d 

Vjffflfl'Mfl'l:ll 'lf'3fl1'.iU'.i ::11J'U HtlA1t.111i'l.JL'l.J 'l.J YI F-Htfll'.i L'.i tl'U Yll'VtlJ'll'ULlJ 'U 'Htlfl Atlfltlfll'JL'.i tl'U YI 

.;. " i , ·i~" I"' I 4 I "' 4 1.l I"' Q4 .di QI 

L'VtlJ'll'U'U'l.J 1J tl'll'Ut>gfl11Hnffo11flowwuun::m111umwu u~'Uuogfl1111ifl1'.ifl'O'UMrnm'J'il'1 

m::111um11'ivum'.irrtiu1J1flfli1 ~wiiu'31ui~t.1'llfl'3 u'3nfl1:1w i'uY1fn.Yv (2552) l,-ivlum'.i 

v 

fl~1JYIAtl6~(Ufl~t.1'U1ulfl'J'3fl1'.i~V'3~t.1'UiYlt.11ff1ff~l)flUfl~1Jfl111~1J(Ufl~tl'UoM'U"1it.111fffl1:11 

iJ~ 4 ~1'U1'U 43 fl'U '11fl l HLltl'UUM'3'Hd'31 u1it.1'3l mh fl~1Jfl11J~1J,~i'1Jfl1'.ifl'V'U~1Vii11nt.11t.1 
1 .., tJ ~ I t I 4 t f 

'l.J'H1'11mrnuff1fl'~'.i 'Vt1111fl1 normalized gain (<g>) 'llV'3fl1J1JYIA"6'3 (<g> = 0.47) 11fl11J'3fl11 

I .6 ~ ., , .. .di .6 ,l"t SI 
fl1J1Jfl11J~1J (<g> = 0.32) 'lf'3fl'6AflU6'3fl1J '1W'Vt'31:1 L'JV'3tpnw (2553) CJf'3 V'l L'lfU1J1JYIAfl'61J 

QI ~ SI.... t I I I QI <!\ 
fl 111J 91'.i ::'H 'U fl"l'l.J fll '.i lflAYI A ff 611YI'3fl1J1Jfl11J ~ 11un::fl"J1J YIAtl 6'3 fl OU u n:: 'H n '3fl1'.i fl'O 'l.J L'Vt v 

U'.i:anufl111JL.u'1h~1uuu1fiAun::T1111J~'.i::Mirnm'.iffiA 'Vtu11 Average normalized gain 
v 

'll6'3f1~1JYIAtlV'3jjfi11J~fl11f1~1Jfl11J~1J'ti''3~1\J1L'U1flAUtl::fl111J~'.i::'HUfl~1'U01'.ilflA 



• ... 
lJYIYI 3 

ij1Vfl,~TI1fll1fffl1:11fl111J fl1fl'H1.:i 1 'lJ fl11 ll fl\J 1'111Yt ff flff U l1:al\J1'YI H 1 'lJ fl11 VA 

ntnntJm1 &1 flu f u u u ini ~ui nJ n ti'miu 1 ou fftlflfl ~tl.:itiu'" nmJ i' 'lft\Jl'Utl.:i&rr11:1.1 n tirttllrt ".:i 

l Afl 1 f UtJtJff111'ilfl111Jfl1Al11.:i 1 u fl11 ll fl'lJ1'111ftiin ff'U tl.:!1Jl111'YI fJ1nt.11l1J~ Ull\J ,;' fl~ JJ9i'1tldH 
fl • . 

&iluum1fluiuij11"""n1:11i.Jfi 4 'Utl.:i h.:i&1fluwu1Rn1:11 i.:il11'flii1u1'ill'illt\l ilm1Rn1:11 2554 

'~", 1Aflnm1&ntinuurn•1::•.:i ~iu1u 5 ifti.:i'1"u nJJ 200 flu rtu-:i1f111JJmfll11'.:ilum111"u 

1Y1ftiinif lAflnJJnfi1~~1.:1tiu~1;fl1Y1tyU'tifln-:i1~11i~1.:1tiu~1;"1Y1fY fi11Liluf am1:: 25131 

l~wm w1::n~1Jfl111Jfl1Al11.:i1~"1tirnif til11tl111Jf'rn.:iftffnff fi fl1ilu f tlfln:: 13/60 flfll~'U 
fl~1Jf111JJf11Al11.:i1~fl1tium114ti1J lfl.:i 1::'H11.:ift iinn&m:: l nn'llti.:if111JJ1ilu 'ill .:iijfi 1~ .:i 1 uni.:i~ 

~HtitJ~l;fl1'111ty flfl&iluf tifla:: 62/19 (n~~m m111rfi. 2555 : untl'Adti) 
fl 

'"n.:i •1nuu G1v" ii,; 1n11fln1:111 u1i.:i an l Afllntinn~ 1J9i' 1tld1.:i • 1n u1::'111n1 
fl . • 

iuij'1if11Jfffl1:11tlfi 4 ~1\J1'U 200 fl\J 5 if ti.:illfl'U ~1flfl1ni1rnd1.:i~w (Simple Random Sampling) 

l ...... "' "" " ... .4 • "' I d,~... .., ... : QI ~ '!'Id 4 !'ft 
At.111ifl11 'iltJffnlflllltlfl11fJ.:!lW\J CJf.:lfl1]1J~1tlt.11UI ~flt> \Jt11W'W'lf'W1J1ifJJJ11fl1:llu'YI 4/2 CJf.:illJ'U 

U'm1 t.1\JUH\J m1 L1vu1ll t.11rr1 ff~f-flw~fflff~{u tJtJfla::n~tJLti.:i u1u na H un:: fl~JJotiu 

u1::ntitJ~1t.1UflllflU'lf1t.1 8 fl\J ua::um1t.1Ul1fV.:! 30 tl\J 111J 38 fl\J 1AfliAt111llt.1'1..1f~1fl'JlA 

n•nntJm111 flu f u uuu11vwiJ1:: fltltJm 1ff 1i ~1i.:iu ii tY'miu 1 ('JlAO 'il nntJ m111 vu f ILDs) 

4 ~ "' , ... ... ~... .. ~ " d QI ... "' ..;. 

&rt t>11fll:l 1fl111Jf11Al11.:i u m111vu1'rTn ff fl ff un:: fl 11JJn 11l1\J 1mt.11n uu u 1fl fl l1nm1 tl.:i nn 

' ' "" "" ~n ... .., 3.2 lfl'JO.:!lltlfUY 'Ufll'J19tl 

fl fl 

1 \Jfl111Vt.1fli' .:iil1 ~UtJtJUH'l.lfl111imi.:inflnti.:i (Experimental Research) 1 ~fl~JJ 
<II I 4 I 4 ,,: do QI 4 J/4 4 
~1tlt.11.:!l'Vft.l.:!fl1J1JlAt.11 (One Group Pretest-Posttest Design) l\Jtll11'Yl'Y11t111'ilflt111lW'l.ll fltl 1rn.:i 

.. ~ ' ?I 0 .:, c:, QI .cl 

t11llfllltl\J't1U'l..l1~H UtJ.:!tltlflllJ\J 'ill'l.11'1..1 51fl 1Aa:: 2 '111 lJJ.:i l11J 10 '111 ltJ.:i l1lfJ'ilAt111lW'l.ll 

i 1t.11Afl'ilfln 1J m111 vu f u tJtJtJ1lflWU1:: t1tltJ nu ff1Dflli.:iu ~ff1Ji'l..I n 1u111flt1 t.1'1..1 ~ 2 

'!'I ~ d " ... .. " ' !'ft I 4 ~ 
um1nn1:11 2554 t11llfltJ'Ut:n.inun::11m1::l1'UtllJaU1Ntltlmu1..1 2 ff1't.1 flt> m111n1:11fl1111m11l11.:i 
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, .c::t Q ~.c:\ " ..:. QI A ~ .d , QI ct 2 .Q u m1 l 'i t1t.11~1n ff fl ff u u 1fl'111 nm HN m1Lmrnu'YIuu1~ 1 ~ mrn u n:: 11n ~ l 'i vu t11tl'Jt'1mmn11 

fll'illt11.Jf ILDs hw1M'n~11~10~H°ti1UUUffl'i1Vfl111lfl1fll11~hrnn11vu1~1~ffflff MPEX 
• ' • JI 

un:: U UU'Ylfl tYOUiAfl1111 L.u'1lUl1.J1fl'1l1 Hfl lltHfll'i 1fl~fluiiu'U1~'l ~ l1H~ VlflU 'U ~1~ tl;~,j' fl . . . 
Q d ,,., I QI I ,, Q d ,, 4 4 d 

nvmrnflTHW'UlflUfl'J11A10tlH '11tl'Jt'1flVfl'n1lfl1'ilW'Ul ILDs lrn~ fl1'ilfltlfJ'Ul1U'U1;'1H ;J11J ,, ,, 
uu1TIHm'li;invm'l11m·n'ivt.1f 1t.1u~n::1;invm'l11m'l11vufli~ s 1" 11n~v1nirt.1;~1M'fl~11 
QI I 0 .c:I : ,, 4 4 d 'JI .Q • QI, 
;i1vt1Hl11UUU't1AffOUOflflH ;i1mmo~11omunun11'\IVJ.Jn1;i1;i11 rrto~fl111lfl1fl111~ 'Ufl1'i 

llt1t.11~1~Uflff un::fl1111~1111U'11~t110UU'U1fl'1l1'1'fl 1~6~ fl1'jlfl~O'U~U'U1;'1H 11H~Lltl'U~1tl'Jt" 
0Vfl'i'l1lfl1'llltl'Ul ILDs l'1t1fl1'll1'1fffJUflfJ'ULLn::11n~1lt1t.1 1t.1-i1 lmut.1::U'U1Lm::i1 l11~flVfl'i'l1J 

QI ,,4 QI .cs ' .. Q, 1 .c:I Q ~Q " ~ QI Q 4 11 ,,QI QI 4 
'rfll'UlfjLW'U '\lfJ~'UfllW'U flfJ'UfH'Jf1 1l~LW'U1~1Tiffflff Un1V'1flVfl'i'l1Jfl1'llW'U' 11flU'Ufl1W'U . 

~1t1'JtAn,m'l1lfl1'Hlt1t.1f ILDs ~~ii 5 'JtA 1clnn1 10 i1 lm 11n.:iv1nJt.1;~'YIAtYou11n.:iiivt.1h1 
i1111~ut.1::ut.111m::-i1111~n,ml11li11t.11~Lltl'U '\16~Ufllltl'ULY'ULA11 ~~Uff'1~1'Utn'rf~ 3.1 

• MPEX • Predict 

• .u' f) ff f) 1J • Experience 

I fl 

fllYfTI 3.1 UF-Jua.:imYrWUUAOU1umnh1iv 

• MPEX 
• t-test 

• Average Normalized 

Gain<g> 

O t ,, d OI t ., I d j/ _J di d '1 _J 
ff1'l1V'Y1~111l'1 34 '\JO Uff'1~fl111ll11'U 5 'l::;iu;i~u;i 1lll1'U'f!1tl1l1flmtAV'UtHLl1'U'11tl1l1fl'Yltf'1 

QI ,,... _JO I ~ ,, 4 ,, d ,, ,, 1 1! 
fl111lfl1'1111~'\ltHfjLW'U'Ylffl'l1VUU~L1J'U 6 '1l'U fl{) 1) fl1'Ufl'l'::U1'Ufl1'HW'Ul 2) '11'U flHff1H 

,, . 
fl1111f 3) ~iwi7v111fl1111f 4) ~1t.1m'l1orv11 lt1~l::111H~unri'1m:: lnn'\lo.:ifl11111flm11.:i 5) ~,u 

f111111~011 lt1~flw;iff1tYAllt.1m'l1'it1t.1~unri' un:: 6) ~1t.1'rfq~ml11~~11flt.1~Vfl1'ltlt1t.1f li1ml 

1Lfll1::H1Atl'LhFrnfl1l°ti1U U1Jff1'l1Vfltl'Ull tl'Ultn::'tt n.:itl tit.I tm t1tJLYit1U l ;it.11 cl 1 ~ff i)~ t-test 

uuu dependent un::11fln::li'I::~uml'W'11t.11fl1111m;i11i~lt.1n1'Hlt1t.11~1~unri' 1flv1~1i 

Average Normalized Gain <g> 
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ri1t1m11h:aihumm·H'lrJ1..1f ut11fi,-...,irn 1~tN m11fl~o1..1~u1..11~n ~1.ijrJl6*r·rnffti1J 

fltl\JllfJ'UUft::'tfir~1'lt1t1 (Nonnalized Gain: A new assessment method by using pre-test and post-test 

scores) 1Ati'tf 11A'tlfl v 9'11lff1'U'UO~ Hftfll11l V'U f~l~lJ~\Jtl ~~0Hftfl111l fJ'U f ~~~~~ii 1 tlfllff 

~ .r 1" ... ?I "'"' !'lil""',f l'VtlJ'U\J A (Hake R, 1998) l'UV\Jl1J'Uff1Jfll1fl111Jff1J'Vt'U1i lAA~'U 

<g> =(%post-test)-(% Pre-test) I (100 %)-(%Pre-test) 

1Av~ <g> fio ti1 normalized gain 
4 I d _, .cl ?I .I ~ Q ~ 

% Post-test flO fl11\:iftV'UO~fl::U'U'Uff01J'tfft~1W\JllJ\JhJ011Clf'U~ * 
4 I d I .cl ?I .I ~Q ~ 

% Pre-test flO flll\:iftV'UO~fl::U\J\Jff01JflfJ\J1W'UllJ\J1IJ011Clf\J~ * 

4 , 1/ I .cl td ~ .r "' "' .cl 
<g> 'tf10 normalized gain UUftfl111J Pl11 Hftfl11lW\J,'Yll'Vt1J'U\JU~'\IO~'Ufl1WtJ 

"' ?I d I .cl t od.ctl ~ .r ,j/ 
(Actual gain=(% post-test)-(% Pre-test)) flAL1J\Jfll'Yll'\lfJ~Hftfll11W\J'~~~A'YllJ Ofllffll11J'\l'U ti 

..I I od,1/ .cl I '1 I ((Maximum possible gain = (100 %)-(% Pre-test)) Clf~fll'YI tt t::lJfllflg \J'l11~ 0.0 - 1.0 flll - ~ .. I~ .... ,,, I QI ' ~ ....... 

u1::11J\Jl'lf\J\J'Yll 'tfffl1J11f'IU1J~1::A1J'\IO~fll normalized gain OfJflllJ\J 3 fHJlJA~\J 

?I t .cl d, tJ I 

"High gain" llJ'U'tf\JlW\J'YI Afll <g> :<!: 0.7 

- . 
"Medium gain" 1nuciu11vufi1A'ti1 o.3 s <g> < 0.1 

- . 
"Low gain" inuciu1'lvufiiA'ti1 o.o s <g> < 0.3 

U1J1J'YIAff01J1Afl111Jl~lhU\J1flA'tfnfl 1~0~ fl111fl~O\J~U\J19'1H 1il\JU1J1J'YIAff01J 

uuuu1U'mnon9lou 4 ~11non i1u1u 20 ~o 1Avti'A1nomrn::A'Auua~mt1nti1m1J uuu1Jn11A 

n'1V1Jfl ,,fJ~'ttU~ft01lV\JUft::~ijofll 11t11'111 nffflffl~lJL~lJ niinif lnlJ 1 ~11J'tfftf1~~1Ufl'Uflftl~ 
- -flllfffllll.Uu-Wt1Jl\J 'Vj'Yllifffl11'11 2551 '\IO~fftllU\Jff ~Lffl1Jfl11fffl\J1'YIVlft'lff911un::l'Ylfl l \J 1 ftV 

(ffff1fl.) n1::n11~fffllllim1 Nl\JfllHl11tff01J 1AVOltl1V~U;fllll ui'uu1~~l1JfllU\J::th 
i~u1i111f 

'JlAiltm11Jm11'lvufuuuunvivu1::nflum1rr1i~u;~u~ff'miu; (ILDs) 

1~0~ m11fl~ou~ut119'!1~ iilu1Aiitm11Jm11'lvuf~lflum1i'Antm11Jm11'lvuflt1m11i'v 
t .1..1 1! .r 1 ""'"' ,1'... ~1 QI t l 

flH\J Clf~fflH'\l\J AV~1t'1 Pl1lfl1l::'ttl\Jfl't119'111J'tf ftf1~9'11 Ufl'U fl ft Hfl11fffllll'U U 'Y'l\JJl'U 
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" . " " ll'Y11iffm1'1f 2551 i'lf1Wffflffl:~11'iuij1v1Jffm-niHi 4 n111u~ h1'tl' m1vu11vu1ilv111~1inn 

l~tN fl1llfl~V'IJ~U'IJ1~H 1~t:iflflU111l'JI~fl~ml1Jfl1llltl'IJl flVflliJ'IJ 5 'Jt~ 1~ufi 

'JI~~ 1 tl!1J1W'Yl1-3Wffflff 

'Jl~~ 2 tll1J1W~1'3 1 ~fNfl1llfl~O'IJ~U'IJ1~H 
,~~ 3 fl1'ji~tl!mw9l1'31 ~6'3fl1'jlfl~O'IJ~U'IJ1~H 

.d "' d 4 d 
'Jl~'YI 4 fl1l1116~'jlll1~6'3fl1llflll6'1J'YIU'IJ1~H 

.d '.,d cl 

'Jl~'YI 5 fl1l111fl111JLH~0-31;!Q'Yl;!flU111llffl 

u9la:1~ 1fna11'1vu 2 ~111J-3 n1J 10 ~111J-3 1~n~nniJfi1uml~n~nv11ti111J 

un~o-3 l~vonnti'~mm:n ua:tli'11tl1'3utfl~ t-3'111tl1ffi11n~1J~1'J~1'3 

Exprience 

Predict Reflect 

nu""8"4.nn11H 

• 
• • " • . 

iff11111ti'N'1 I nuiinli11111ti1*1 I nm11l11111h nu111~111~ 
iffll11111NHnif 

-u111Wnn..H n~nu111de11;h11111m1H hnu!RIRI! '1Mnn111,e"4uV111n 

... ..., 
3.3 Nilft11"J~UI 

... ...,.. ... ... ~·- ' 3.3.l NDtl11flH111fl'lUlflUl'l1'l-3&'Utl11l'Ul'lfl'V111Q'HQ' 

" " 1 '1Jfl1lfftnntii'-3il Gii'v 1~li1mlffflll 1fl111Jfl1~ 111-3 l u m11'1 V'IJ i'lf1rliinri' 

tiun~1J~16VH ~'3&fJ'IJufl1'1vuiuijy;v11ffflllliJ~ 4/2 1HLlV'IJ't1'1J1ffflll1 fllfltltllJ~ 2 

ilm1ffn111 2554 ~1'1J1'1J 38 fl'IJ 1~vlclu1111d1n~ti111Jti1~11i-3lum11'1v'IJi-v1wiinri'~o-3 

1Jl11l'YIV1ftVU1J~ Ull'IJ ~ (MPEX) 'YI~ no11fiouua:11n-3fll1i' ~ flllll VlJ f ~ 1V'Jl~fl~fl'j'j1Jfl11ll V'IJ f 
ILDs l~0-3 fl1llfl~O'IJ~UlJ1~H Nllfl11fffl'lfl ~1U'IJmilu fl111Jfl1~111'31'1Jfl11llVlJi'lf1rlffflff 
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rim.JI; vu fl111lfllfl111.:i, 'lJfll'H; vu1'1fl~ffflff11li.:i1; V\J fll'j LID vrnnV1Jfl111lfllfl111.:i 1 lJfll'j ii V'l.J 

1'1f1~iYnff'rivu1;vum1::11l\'.:i1;vu 
Ip 
1 .... GI ... ... ~.... ' I ... 

3.3.1.1 tni1.1t11~'tn.:i &'U m11·mu1,, 1nananou1·n1u 

N'1iv 1A'n im':i tin 19ri1rnmf!111.:i1um':i,;vu1'1f1fJ iYnff'nvu11vu .. 
~1V'Jtflfl9fl':i':i1lfll':i!lVUf ILDs !~D.:i fll':i!flgt)lJ~Ul..11;tH '\ltJ.:inrj11~1Dth.:i lflv16*utJ1Jffln9 

Experts 

Students 

Overall Independence Coherent Concept Reality 

87/6 

33/29 

93/3 

26/39 

85/12 

18/42 

89/6 

24/36 

93/3 

36/14 

Math 

9214 

31/33 

Effort 

85/4 

5415 

9lfl911':iH~ 3.1 1111i1Frnm':i1tfln::Mfl111lfllfl111.:i 1 unu iivu1'1fl 

VJiintttfouiit.1\J'\lt:1.:ifl~JJ~1odH jjfl111Jfllfl111.:i~;iHtitJij1;}t.l1'1flty lflt.1':i11J (Over all) flfl&flu 

,, ·-I'!....... .... ""' ...... ?!,, 11:: .... ,, 
rnvn:: 33 12Jtl1IJW1J&'t'W1Jfl1Jfl111Jfllfl111.:i'\ID.:i~1'1ft.11'1flty'lf.:iflf111J\Jltlt.ltl:: 87 Un1\J\J 1Jfll'l.JDV 

ni1ij1;}v1'1fuyil.:if t:1vn:: 54 (um; vu fl1':i 1A'i1JJn9m ':iJJfll'H; vu f ~,f1vli~u lfl111Jfllfl111~~ 
;iHtitJij1;}v1ttf1tyJJ1n,u> luti1u'\lo~fl11JJfl1fl111~~1u;iHti1161;}v1ttf1ty Hfl1nuftwn:: 29 

... _!':!....... .... ""' ...... ?!,, ,,:: .... '""' 
l1ltlluW1Jn'lt.11Jfl1Jfl111Jfllfl111.:i'\lt:J~~!')ftJ1'1flty'lf~flflllJ'l.J':iVVtl:: 6 Utl1\J\J 1Jfl11Jlflfl11~1'1ft.11'1flty 

il.:i f vvn:: 23 (um; vu fl1':i 1A'i111n 9fl':i':i1J fll':i 11 vu f~'li1v1' i' 1J fl111Jfllf1111~~ 1 u;iH n11 
,,.,; ,,,,, 
~1'1fV1'1flty 11'1.JVVtl~) 

~ ~ 

91nuu11fl':i1::M'lu1;~gm1~n::nrjJJri111Jfllfl111~~.:i 6 nrjJJ -ntJi1 

lJ n n~JJfl 11JJmfl 111.:ijj•hf v vn::fl11JJ fl lfl 111.:i~;i ':i .:in11 ~';iv 1'111 tytl' vvni1~ 11i ;i ':i ~ti 11 ~' ;}v1'1f1ty 

vm~uA'1u11q~nnJJ~~11nu~vm':i1; vuf (Effort) iM1 l u m~;iH.u'1JJfiv iifl1111fl111111~ ~;iHti11 
~l;}V1ttflty1Jlflfl'll~1U;iHti1Jijl;}V1'1flty (54/5) tTU111J1Vf1111Ji1Ufll;t.1Ufvvn:: 54 Ufll;VU 

iifl111Jfllf1111~i1Hnm':iffVtJ9::1fluuu Trn.:i 1 um':ili~u iri111J1.u'1l91if v1111'1f1 fl1':i iim1Y111Y11u 

4 0 "1 ... d ... cl 0, ,, ,, I QI cl ,, 

11':itJ'Yllfl111Jl'\ll 991flfl111JHfll1tllfl'Yl'l.J fll'j Vl..l'Yll \Jfll':i1Jl'l.JL&n::'\IVffV1J ff1'1.Jl..lfllW\J rnvn:: 5 

iifl111Jfllf1111.:i 1 u 'YIH;t':i .:itiu.u'11J i1Hnm':iffDtJ hJ1~1fluuu1'YIN 1unuli~u1fl11m.u'1l9 
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&d'o1111'Jfl 1ij ~11iJu ~O.!J 'Yl'U'Yl1\J'H 1on lfl 111J&.u'1 l \) \llflfl111JNA'nftlA u1i ii .!J tlVH, l ~1111JLrl tl 
• w &m vmiit.1tJtitJFj'1;iv1'1f1tyun1 luu1ia:ntj1Jfl111JmA111'.!l 'ti.!l 6 ntj1J ir m1vu iifl111Jm~'tt1'.!l 

~11l.!JO'UFj'L;t.11'1fltyU'ot.1ni1~1;t.11'1flt\JOdmn Uft:fl111JfllA'H1.!J~,"111.!Jtl'U~L;t.11'1flty~1Jlflflil 
• • w 

~1;t.11'Jf1tyodmm'iiu1~t.11tiu ~.!Ju ffA.!l lum"nfi 3.3 ~.:,i!ui!m'i t.1\Jl]flfl\J~.:Jf111 i1i'l11Jn\lmnJ 

flll L'i t.1\J f ~'ii1t.1Ul'Ufl 111Jfl lA 'tt 1.:, 1 lf'~ l .:JO'Uij'L ;t.11'JflqJ1Jlfl~\JUft: fl111Jfll~ 'H 1.!l~ iii~ l .:Jtl'U 
,,..; ,,,,, 
~L'Jft.11'Jflty 'HUOt.lft.:J 

MPEX Experts/Pre-test 
100 "- Overall Pre 

Experts 
80 

X lndep. Pre 

+ Coher.Pre 

• Cone. Pre 

• Real. Pre 

• MathPre 

X EffortPre 

t:.. Overall Experts 

X Indep. Experts 

20 - Coher.Experts 

<> Cone. Experts 

0 D Real. Experts 

0 20 40 60 80 100 
O Math Experts 

% Unfavorable X Effort Experts 

cl "' , ... ... ~... " ,, .,; -~ ... "' "' 1nnn 3.3 fl111Jf11A'H1.:J \lflllLWU1'Jflnffflff~tl.:J~l'Jft.11'Jflqfl1JWUl'Ylt.11Jfl'Ufl111JfllA'H1.:J 

.., ....... ,, ... ... 1 .. .. .,; 
~tl.:JUfUWU fltl\llltl\J~1t11Afl\lfl1l1Jflll&'WU4 ILDs lltl.:J flll1fH'ltl\l'YIU\J1'1H 

"'~ ...... ~ ... ' "' ... 3.3.1.2 fl1Ulf1Ul'H1~ 1um11·nnnv11111nD"tta~11nu 

ij1~v 1An inu du 1\l fl111Jfl urn 1.:, 1 u m1 &'i vu 1'1f1Vl iinff'Mn.:,11 vu 

A1t.11Afl\lfl1l1JflUL'it.tuf ILDs ,to.:, m11fl~ou~uu111H ~o.:,n~1J~1av1.:, i~wl~U'U'Uffll1\l 
fl111Jfl1A'H'J~luml&lt.t\J1'Jf1~ffflff (MPEX) l~tl~11\lfftltJilfl~1J~1tlVH"fl111Jfl1A'Hl.:J 

lunn&'it.1u1'Jf1~iinttfiA&iJufot.1a: ~ijfl11111i1u~HtitJij1;t.11'Jf1ty (%Favorable) ua::fl111J&l'f u~ 
1ij~Htiuij1;t.11'Jf1qf (%Unfavorable) ~.:Jfmm1d1n\lLLffA.:J lu~n11.:,~ 3.2 
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J 
m1H'YI 3.2 

. . . 
' 'JI QI 4 QI ,, 4 'JI QI .:I, ' QI 

fl l'l' v" n::: fl 1111fl1 A l11.:i 'YI~ 'l' .:i nu fjL 'If [11'111ty/'l' v "n::: fl 1111fl 1Al11.:i 'VI 11~1 .:in u 
'Jl.d QI 4 ,, Q .Cl 'JI 
~1'11[11'111ty l1ft-:!lW'l..IA1[l'JtAfl'1fl'S'l'1Jfll'l'l W'U 1 ILDs 

Overall Independence Coherent Concept Reality Math Effort 

Experts 87/6 93/3 85/12 89/6 93/3 9214 85/4 

Students 67/17 59122 57/27 65/21 73/9 66/18 74/9 

.d I <ell r/ .,, a ... 
'11fl~l'l'H'YI 3.2 l'f1J11Nftfll'l'11fl'l'1::l1fl111Jfl1Al11-:I 'l..lfll'l'LW'U1'111 

"ff fl ffl1 n.:itl [11.J '\I fl-rn~11~ 1flVH 1An1 f u U1Jff1'l'1'1fl111lfl1A l11.:i 1 'W fl1 'l' Ll [J'Wi'l11"fffl ff 

'\lv-:111M1iY1"1nm111~unu~ (MPEX) f11111mAlf1'.:i~~Hnuij1;}"1'111ty 1A[J'l'11J (Over all) fiAt~u 
!I .. .I'! a "' QI !Id d "" !'fl j! :JI : a I !I mm,:: 67 11Jfll IJW1Jl'Yl[l1Jfl1Jf1111Jfl1Alf'H'\lfl~~·'l1[11'111tyCJt-:!flAllJ'U l van:: 87 UTI1'U 'U 1Jf11Ufltl 

n-h~L;}[J1'111tyftJ[lft:: 20 1uff1'U'\lfl-:!fl111Jf11Al11.:i~hj~Hnuij'L;}[J1'111ty flAl~Uffl[Jn:: 17 

.. a "' "' Jfd d Q !'fl !I !I: a I I Jfd 11Jtllm[J1Jl'Yl[J1Jfl1Jfl111Jfl1Al11-:l'\ltJ~"Jl'l1tJ1'111tyCJt~flAllJ'U'l'fl[Jft:: 6 Uft1'U'U 1JflUJ1flfl11"JL'l1[11'Jf1qJ 

- - -f v"n:: 11 '11nll'u~ 1u1i.:iifou~n::n~1Jf1111Jfl1Al11.:ili'.:i 6 n~1J -nu1ilJflfl~1Jfl111Jfl1A111.:ill'u 

iifl1ftJ[lft::fl111Jfl1Al11.:i~~ 'S ~nuij'L;}[J1'Jf1ty1J1flfl 11~ 1,j~'l'-:! OU ~l ;[11'Jf1ty ~-:IU ff A~ 1 'Uflll'f ~ 3.4 

MPEX Experts/Post-test 
100 

Expert ~ Overall Post 

s 
X Indep. Post 

80 
Post-test + Coher. Post 

+Cone.Post 

~ 60 • Real. Post 
~ • MathPost 0 
t; 

X Effort Post ~ 40 
~ 0 

6. Overall Experts 

20 
X Indep.Experts 

- Coher.Experts 

o Cone. Experts 
0 

D Real. Experts 

0 20 40 60 80 100 O Math Experts 

% Unfavorable x Effort Experts 
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d ... , ...... ~ ... o' ,,..; 
'illfUllft'YI 3.4 fl111Jfl1A111'3 'Ufll'H'H.11.J1'1SlTifffH'l''UtNrj1'1H.11'.lrlty 

11J'i tltu nf.11.Jfl1Jfl1111fl1A111'3'U0'3Ufl1l tl'U 11'1'31l tl'U ~1tl1Afl'ilfl'n11fll'Hltl'Ul ILDs 1~tH 

nn1flg ou~uu1~H ft1Ji1 lAt1n11u m1 vu iif111111l1 u ~Hnu~1;v1'1S1ty111n~u lu 'Utu:: ~ 
• • • ti 

f111111l1unili~HnuG1;iv1'1S1tynAiN 1jjo-fi,11w11~un~1Jfl111JmA111'3'ri'3 6 n~11 fl1111mA111'3 

~~1 '301J~1;V1'1Slty111tl~lf A1lV'3iili'l1J'il lfl111fl i thj' Otlfltl ~11.J fttl~fl'n11~~11~1.J9iOfl111l V'U f 
(Effort) ~ium11~011 lv~'l'::11iHftunff'1m:: lnn'UO~fl11111~1.J'ill~ (Reality Link) ~l'Ufl1111 
.. 1 ... o' 

1'1S011 tl'3fltu~fflff~'l' (Math ,, 
(Independence) 1~1.Ji'l-3U 

Link) 
,, ,: ,, ~ ... ,, 
Al'U1'U 0111fl11111 (Concepts) ~ 11.Jfl'l'::1J11.Jfl1111 tJ'U l 

ilum::1nun1111_vuf 1~um111vuf1Avm'l'i~i'm10JJn'il1nm'l'nTu 

11U-3ffOl1lO'illfl~f 11lOl~1.Jfll'l'Llt11.Jf~1~v1.Wo~n1Jfl'l'::1J11.Jfl11n'!Hfl1111l'l111'ilA'1tJ~1l0'3 
um1 vuiifl111Jfl1A111-3~~'l' -3nu~1;t11'1Slty/fl1111fl1R111~~ iliR'l' -3nuG1;t11'1S1fU riou11 vu 26139 

11n~11vu s912211n-A-311l1n-31'lvuA'1v1An'ilm'l'11m'l'11vuf ILDs um'lvu1l1u~HnuG~;v1'1S1ty 
.l d , I <II "d ~ 4 ... d t,f 1 1 II <II &t <II 

1llfl'U1.J un::mu 11RHfl1Jl~l'IStl1'1SltynAn~ 1.J'Ufl01Afl'ilfl'l''l'11fl111W1.J41.J 'IS1V 111.JfllW1.Jfl1Al11'3 
,, .l ,, ,, 

i1m'l'Ai'IS1ililiiA''Uuodnun1'l'i11ilo1111fi1iru irm1vuff1111'l'011vuftunff°iA''il1n;fi911h::i11'u ,, 
ili1t;v~11~fim:n 1ulf D~11vu111o 1u11il'-3no1l'i1uu 

~11.J lflHff!Hfl111Jf l~1.Jfl~11fl111Jfl1A111'3l~tl101J lm~ff!1'3'U0-3 
fl1111fY11'3ftumf '11nnmnn~vtunff'1u1~0'3~Hci 1'1fu 11ff-31m::1ift1'3 1~u~u i11~uii-3~1~v1,,,tH 
A 1 "' ... ~ ~ ..;, ,,l I "' ., ... ... "' d "' " ..; "' 

l'IS01J tl'3fl1.J'tf'l'011J1.Jff-3'YI 1J'U1.JR6fl'U 1.JfllW'U1Jfl1111fllA'l11~'YIRHfl1JFJ1'1Stl1'1S1fU/fl111Jfl19il111'3 

~iliRH01J~1;tl1'1Slqf tlO'Ulll.11.J 18/42 11n-31lV'U 57/27 Ut'l'A-311 Un'A-3il'J!Afl'ilfl'l"l'1Jfll'l'1lt1'Uf 

• 1""' ... "1 ., """ , ,, l " ... .l ., ... ., ILDs 'Yll 111.Jfll'l'tl'Ul'Ul 'il~Hfl1JFJl'IStl1'1SlfU 'UAl'U flHff'l'l~'U6'3fl11lW'U1Jlfl'U'U 1.JfllW1.Jfl1A'tf'H 

~'i1::14o1J lt1'3fl11J.Jfhl1fiA'11.JfJflt'l'mu m'l'w t'l'1111H11-N1im'l'~'11 n1mrnw1~01 M'lA'111~'3 
"' "'""i" ,!/'I' "'i1 Fmnrtli'YI 9il11n1nmmn l 'il'Yltl qi111 

",: ,,~' """" .,,: ,, iil11.J 1'U0111fl11111 1 lJ 'U mJ1l fl111Jfl1A'l11'3&n tl1fl1J 1'U6'11lfl11111l'l1 -3 

vtiinff'i11~'UL~0'3'U0-3ffR'l'11l0'11'1flfll'j~ctfO'U01itnt11'Uff~1 u m1 tl'U iifl111Jfl1A'l11'3 ~9}'j '301J . ~ . 
~,;V1'1S1ty/fl1111fl1A'111'3~,"~Hn1JG1;t11'1Slty tl0'U1ltl'U 24/36 11n-31ltl1.J 65/21 Ut'l'A-311 

riou ,; vu um1 vu1 '111 l 'ii iliR'l' '3fl1J ~,;v1'1S1ty 1 u ~lu1d' o'tf 1fl11J.Jf u~11n'3'il 1n~u m1vu11 vuA'1v 

'J!An'ilm'l'J.Jm111vuf ILDs 'ti11 M'um1 vu1.u'1 h'l1nnm'l'RHnuij1;v1'1S1ty111n~u 1rlou m1 vu 
Yi] 1 o'~ "" "'1 " .,. " "' .,. ""' ""' ... .J .J ti "' M :J 'il::Un ty111 'ill'ltlTit'l'flff 'U 'UOt'l'61J'l116fl111J11.J 'Um W'U 'il::'U flf1'31l1.J1flA'Y11fltJ1'U6'3fl1JufU1111.J 1.J 

un::u m1 vu1,,,1l'iii1m111/{i1ty'l11hn611il 'lfufinu 11Y1u ti 1~H ci 1~0 h1'1~~1m'UoonJ.J1 
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..,j 1 I ~~ ~ 1 ?f 4 QI .cl 4 QI d Q.I tJ .J 
fll'H'lrV1J ti.:11::1111.:iTiffflffUn:: (lfl'lJV.:jfl111JllJ\J'1H \Jfll'SV\J1Jfl111Jfll~ln.:i'Yl~Hfl1Jfj1'1rV1'll'lty/ 

fl111Jfll~l11.:i~iii91Hfl1J~1;t11'11"li\I nv'UtlV'IJ 36/14 m;'.:itlV\J 73/9 Uff~~11nV'UllV'IJUflllV'IJ 
I 1 t d QI ,,.:1 QI .cl .clo Cl.I .cl .cl d QI ,,.::1 ,C: 6' ct 

ff1\J 'tftyll1\J91'S ~fl1J fjL'lrV1'11"lqj un::'tf Ml'S V\J 1J'11\J1\J \JfllW\J'YIL'tf \J91'S .:jfl1J fj1'1W1'11"lq/1'rf1J'll'IJ Vfl . " . 
1ilvn1fl 'fA0'1fln1Jm11'1t1'Uf ILDs ii1ilvl11nuv~fl-n'v.:inufllnhfl111Jf 'Y11~niiflff1tlvimv 

m~m1 w1uY191t11:: \hiu ffl1l1Hll;V1J lv~t11::uum1w1~1nul1'1~ vn iimf~fi l n.:i1'1 vu v d 
., ... .. ... "1 ,, .: ., ,,4 .I 

'U flL 'W\J ~H1Jtl111JL 'll 1 1J A l'U 'U 91 H fl1J fjl '1ftl1'1rlqj1Jlfl'll\J 

~ l'U fl 1111'~v1J lv~ fl w 91fflff91 { 1n\Jfl~1Jfl111Jfll'1l11~1~V1fl1J 1J 'YI tJl'YI 

'IJV'3tlW9lfflff Pll1 \J fill' Ll V'IJ niimf-:htiw 91fflff 91 {1nu1');V-3Ltl~ V-3jjV~ 1rt\Jfill'fll'IJ1 Wl ~V 1 H'i ~1Jl 
..i • 4 '"" "1"..,j .... I " ~..,. ""'.,..,. .,4 
CJS'3fl19l61J'tf 'SVflW 91 fflff Pl 'SQ fl 'lrl 'nV Vli 1JlVIJ 'S l fl{) fll 'SW 'Yll-311 ff fl ff \J fl& WU 1J fl 111J fll'1'tf1~'Yl91 H 

fl1J~L;V1'1rlty/tl111Jtl1Al11~~,1i91Hfl1J~L;V1'1Slty nV\JllV1J 31/33 'tfn~LlV'IJ 66/18 UffA~11 
., 4 4 d ., ,,4 ~.I 4 ... 4 t I ,, 1" 
1Jfll'StlU1Jtl111Jl'tfU91Hfl1Jfjl'lfV1'1Slty1'Vt1J'll~ &U8~'11fl 'fAfl'1fl'S'S1Jfll'SL'SVU t ILDs ~~LUU l1 
., 4 ,,, "" OI 4 i .,,,., 4 .,4 ,,, I 4 .I I 

Ufll'WUL'lll '1UU1fl~'tf(lfl'IJV-3l'SV-3\JU 'Yll l1Ufll'SVUfllAl11~'Ylt::l'lll '1ff1Jfll'lVtll~(lflCJf~ 1Jlflfl11 . . " 
fill' tlff1Jfll'Sil i11nu 'tf l V'fl91'Sn~1-nvll1m 1 rt \J fill' unl V'YIVUty'H 11 unn lffvmfi1u u 

~ lU'n fl~ fl'S 'S 1J~ t 11 nu~ Vfll'S 1'1 VU l L flu f1~1Jfl111J fll~l11.:iL~V1tl 1J 

'Vtf}~fl'S'S1J~tlLflU~Vfll'SLl tiuf Un::t~l 1 VnUfltY 11Uflll VUtllA'Hi~~'l::flA, 91'i91 'SV~'tf lVVf'1l'SW 1 

VVl-3 n::1ov~1rlv1 fl1J a~~ °til'H l v H(l nvnf ~,~fl nu 1J l'H; v 1u ir flll vu ii fl 111J fll A'tf 1~~91'S-3n1J 
~,;V1'1rli\l/fl111Jtl1Al11'3~,"91Hfl1J~&;V1'1rlty tlV\JLlVU 5415 'tfn'3LlVU 74/9 UffA~11 nvu11vu 

U flll VU ihu h1ojuti111J L lf U 91 H fl lJ ~L ;V1'1rl ty Un:: l1 n'3Ll VU A'1V'f Afl V fl 'S'S 1J fl l'S ll VU l ILDs 

d ., " .J .I ..s : 4 4 ., ..s ..s d 11 '"" o ,a I !it mu 91 H fl lJf~L 'lf V1'1n i\11J 1 fl 'll lJ v fl lJ u fl v '" v 1J fll 'StllJ ''H.11.1 u·n vu '11 1J fl111J 1 FHlfl l'HHJ 1J 1J 'lJ 1J 

.J~ 1 "' ., " A ... .! :... ., .,. 
UU1fl1'3flllJU V'S:: V'lrU 9l Vfll'Sl'iilU lfl111Jl'lll 1 VL \J V'tf 11'1S11J 'S11JfH1Jfll'l' flnll 1 V'YllJ't111J 'tf H) 

0 ,, 1 "" .J QI 4 o 1 ,, ,, .I I QI 4 .:1 ... 
't'llfl111JL'lll '1'1lflfl111JHiil'Vf nlA'YIU mwu'Yl1 u mnnuun::'llVffVtJlJlfl'lllJ u1uu mwu 'Yl1J 

d,r .,,,.:I J d" i 4 ..,.,. ,i,, 
fl111JL'tf lJ 1J91 HfllJijL'lfV1'1rlty1Jl fl'll 1.Jla flU VV\JU ffll'tf ~' lJ V-3 v lflU fll 'H.llJ m n 11.J lJ 1J ffl1Jl'l'fl 

mhnm 1um'l''ti1fivm11J~l'3 'l i~ un::~1~11ii~1ul11vm1U'1u1u1'1r1~1~ 'l 1Jlfl 

.!':! ""' ""di ""' "" ~I"' " ' ""' 3.3.1.3 ftl1&1J1r.J1JIYlr.JtJfl1UlflU'l'H1'3&Un11&1r.JUl'lflnt:rflt:rfltlU11r.JU 
.., ... 

Ui1Z'tti1'3&1r.JU 

Jl.ci. QI 0 4 " QI ' .d. QI .cl " 
Fj1 v vu l Hn fll'S'll fl 'S l:: l1fl111J fl lA l11~flV 1J ''S vu 1rn:: l1 n~ ''j VlJ A1V 

'fAilvm'l'1Jm11'1vuf ILDs 1~v'3 fll'l'Lfl~vu~uu191H 1J11mvmfivunu wu11 iifl111Jflliiil11'~ 
1um111vu1Y1~Ufl'tY~u91n~1~nu ~~uff~-31u~nn~~ 3.3 



P111H~ 3.3 tll 'l" LID tl1JL nutJf OtJCl::fl111JfllA'H 1-:i ~\ii 'l" .:J tl1J ~L ;tl1'11lty/f OtJCI:: fl 111Jf1111'H1~ 
~11i\ilHti'tJ~L;tJ1'Jflty rlO\JLm::mi.:iL~tJ\J~1tl'Jt'1fl~m'l"1Jtll'l"L~tJ\Jf ILDs 

Students 
Expectations Experts 

Pre-test Post-test 

Overall 87/6 33/29 67/17 

Independence 93/3 26/39 59122 

Coherent 85/12 18/42 57/27 

Concept 8916 24/36 65/21 

Reality 93/3 36/14 73/9 

Math 9214 31133 66/18 

Effort 8514 5415 74/9 
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Ulfl\ill'l" H~ 3 .3 'rttJ 11NC1fll'l"11fln::Mfl111Jf1Hl'H1.:J, \JflllLl tit.I 1'Jfl~unt'1,.o~ 
I "' I d,jl I ... 4 f jl .. ... !J 4 4 d 

flQ1J9'10tJH l1 9'1'l"11JflUfl'j'j1JflU1W\J 9'11tl'fAflUfl'j'j1Jfll'jL'jtJ1.Jl ILDs no.:i fll'l"LflCIO\JTI 

jl.Q _,.:1 w9'4 l I ... J! 
U\J19tHUCl11Jf1111JfllA'H1.:Jl19'Hfl1J~1'JStl1'rltlJ ~W'i11J (Over all) flO'WLW'W10tJC1:: 33 ua:: 

mi.:i1'1vufova:: 67 un-A.:i11'Han1n~il'm'1v1..1i~i11Jnum11Jml1'1vuf ~1v111num11Jm1iiv1..1f 
ILDs iifl111JmA'H1~~nti'11~1;v1tiuq~n-l1fiouiiv1..1o~rovci:: 34 1uri1u,.o~f1111JfllA'H1~ d, I W 9' .:I l ' .cl tJ QI d. '1 t 

l1 1J9tHfltJ~l'rtJ1'rlty At1n1J (Over all) no1..11wurnua:: 29 ua::11a.:i1wu1oua:: 17 un11.:i11 

'Ha.:JUlfl~Ufllltl'W ,~l11Jfl'1fl'j'nJfll'Hlt1t.1f ~1t11AflUflll1JflTH1t1t.1f ILDs uft'1 ijf1111Jfllfl111~ 
, I "'!Jd "'jJ I I ... .. 1! 4 _!'::! ... "'!Jd lj} 

1J9'HfltJ Fj1'Jftl1fl1J'W Otlfl11fl0l..11l tll..ltHrnua:: 12 L1J011Jl tltJll1t11JfltJFjl'Jftl1'Jflty (87 /6) fllHWCI:: 

Q.I~ Cl.ISi.ci W.ci .:1~.l I 4 ltJ Q,I 

fl 111J fllA 'H 1-:J l19tl ~fl1J~L'Jf tl1'Jflty'H Cl.:Jl 'l" tll..l fll'rt 1J,.l..I U lflflOl..IL 'l" tll..I U Cl ::fl l'l" 0 till:: fl111JfllA'H1~ 

~, li\il'l" .:J tl1J~L;tl1'Jflty'Ha~11 tll..ICIA Cl.:J Lm::, uu~a::n~1J fl111J fll11'H 1~ ~ihh, tlTIHL~tl1tll..I tltJ 

lAV'l"11J ~~Un'A.:Jl'Wfll'n~ 3.5 
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MPEX pre/post 

100 & Overall Pre 

Post-test )I( Indep. Pre 

80 + Coher. Pre 

• Cone. Pre 

• Real. Pre 
~ 60 
-e • MathPre 
0 

~ 
~40 
~ 

X EffortPre 

A Overall Post 

)I( Indep. Post 

20 - Coher. Post 

<> Cone. Post 

0 o Real. Post 

O MathPost 
0 100 x Effort Post 

80 20 40 60 
%Unfavorable 

lllTt~ 3.5 flll &m omiltJ1Jfl11JJfllR11i~ 1 'U flll ll fJ'U1'Ylnff flfftlfl'UUa::'tHl~&l fJ'U 

t1flfll'rt~ 3.5 fl11JJfllR11i~, 'Uflll&lfJ'U1-v1nffflffftfl'UUa::11l\~11 fJ'U ~1tJ1Afltfl1UJ 
4 !I ... 4 ~ I 1 tll 4 I , 14 d 01 

fll'il'HJ'Ul ILDs l'ifl~ fll'i1flaO'U'rlU'U19lH 'rt1J11 RtJl1JJ'UfllW'Uff1'U 'HfYJJfl11JJl'H'UAHfl1.J 

,, ~ .I 
~1'YfJ1'VlfYJJlfl,,'U 

AUH~ 3.4 ml1momilou ti11u~o u1u1~o~muJJ1AlJl'U ti1nil~'1Rffouil ,, 
im::'i::~u il'mf1tiqi'rl1~a-il~ ,,o~f111JJmR11i~ 1um11'lou1'lnniYflff'li~ 6 ~1u 

N Mean SD t 

' ... 
tl81.UUl'U 6 31.64 12.672 

• 
" ... 2.015 

'HtHl1rJ'U 6 65.74 6.982 

* ih!mhtiqi'rll~ffO~~'i::~u .OS 



30 

. . 
1 1 .ti::I QI .ct Q r ct r QI ' .i::::I 

6 mpJ fl:: u 1.J 1.J fl ti 1.J ''HI 'l.J 'll fN 1.J m 'Hl\J 1J fll '~HW LfllfllJ 31. 64 fl:: u 1.J 1.J ff 11.J L'iHH L'lJ 1.J lJl 1911J1 \J 

1'ti1n1112.672 lHl'3\l1fl~Uflllt11.J1~i"h1Jfl\lfln1Jfl11Llt11.Jf i'i'1v1"n\lfl1'j1Jfl1lllt11.Jf ILDs U~1 

. . . 
QI .ti::I Cl I .cl I QI I .:I I QI 4 0 

'lltl'31.Jfl1'Hl'l..I 1JfllL~HW L'YllfllJ 65.74 flZU'l..l'l.J ff1'1.JL1Jtl'311J'l.JJJ1111J1'1..1 L'Yllfl'U 6.982 un::&1Jtl1.J1 

. . 
QI QI .Q I I 4 I cl QI 0 QI .Q.C:ui::I QI 4 

fl::U'l.J \J fl111J fll'I 111'311'ft'31 'j tl\J iJ '3 fl11 fltl\J LW\J Otl1'31J\J tlfflfl ty'YI Htlfl11 'YI 'j::" 'lJ .05 un ::11J ti ,, 
n..llornnt111fl::uuu'tiw.iu1fln 1uu~n::fl~1Jfl111Jf11'1111''3'ti'3 6 fl~JJ i'lt.11 -if Average Normalized 

!..dd cl,. QI ,,.d , .J 
Gain <g?' 'Yl'3'YIL11\J11HU'ft::L11'1.J 1J11Hfl'U~L'JStl1'JS1ty Uff'1'3 \Jtll'Yi'YI 3.6 

• 0.58 
• 0.54 

1:1 o.so •~.Po~ 
~ 
0 :t:: 
~ 0.44 z e 
0 
;.. 

i: 
'i 
~ • E .. 
0 :z: 

-0.60 -0.40 

Normalized Pre/Post Movement 

0.65 

0.6 

0.55 

0.5 

0.45 

0.4 

0.35 

0.3 

0.25 

0.2 

0.15 

0.1 

0.05 

-0.05 
-0.20 0.00 0.20 0.40 0.60 

Normalized Unfavorable motion 

x 0.44 

0.80 l.00 

~Overall 

:t:: Independence 

+ Coherence 

+ Concepts 

•Reality 

e Math-link 

X Effort 

l.20 

mw~ 3.6 'tiw.iu1m1'llt1'3fl111Jfl1'1111''3 rlouiivunu11ft''3&lt1\J~1tl1'1fl\lflll1Jfl1l&lt1\Jf ILDs 
,, . 

'llt1'3t7m'lvuiu,jnt11Jfffl'1:niJn 412 i1u1u 38 flu 

cl 0 , I I QI~ cl QI Jlcl ~ J 
\llfltll'Yi'YI 3.6 fl1 <g> \JU11'ftZfliJ1Jf1111Jfl1'1111'3'Yll11\J11Hfl'U~l'lftl1'lf1qjl'Yi1J'll'l.J1111J 

' QI .i "" • QI ,. I " ..,. " A i ' ... "' Utl\J Y lJtltliJ1Jfl111Jfl1"111'3 CJf'3l'Hl'3'ft1'1'U\l1tl1J1tl 111111.Jtltlfltl '111.Jfl1ll'lftl1J t1'31Z111HntYflff 

un:: 1nn'llt1'3fl111.11rlu\li'3 (0.58) 10'3n'31J1fio ~1mif t1111f1111Jf (0.54) ~1\Jfl111.11~01.11v'3 
flW11ff1ff91f (0.50) ~1\J 1f1Hfff1'3fl111.1f (0.48) ~1um::'U1um11'1vuf nu~1u'Yiq~nn1.1~i11rlu 
~ om11'1uuf111u11 nn'U~l ;lv1'11'1 ty1~1.1~uniinu (0.44) u~l u 'lltu::1~ v1nu ~ 1u Yiq~ fl n 1.1~~11rt1..1 
' ... ""... d , ' QI ,, .J ~ .I ,, 0 ' "" 

11t1m111vu1fl1Jf1111.1111 u 1.1111 '3 nu ijl 'lft.11'11'1tyl'Yi1J 'll'l..I" 1v ( 111u 11u'3'U\Jm1-W \'1'3 t1 dn H \111 lio) 



31 

' lit d ... ... ' , ' ... .... ....l 1d ... "' ' ., ... Al 1 ... ' 
~JtlH &'.iflfl11J'UfU'HJ'Uff1'U lfty~::JJ't't\IJl'U1n1Hl'\l'U U"fW'I &1J~'l1J1fl v~ 'U'.i::A1Ju1'Ufln1'1 AtJ1Jfl1 

<g> 1'Yi1n'U 0.50 (1Av1i Average Normalized Gain '\IO'I Hake n111'UA'.i::,r1J'\IV'lli\IJl'U1fll'i'YIH 
,, ' 

fll'.itlt.1uil1flu 3 1::,r'U tiv 'i::A'U~l (O.O s <g> s: 0.3) 1::,r'UiJ1umtH (0.3s <g> <0.7) un:: 

1::imJ;'I (<g> ~ 0.7)) 

' ' ' ' ... J! ,, ... ... .., ... .., .. .. ... 
3.3.2 NQH11ftHlllftlUJnll'1Ulfll~n11l1tlUlfltllfltJllUltl~'1Qfll18~n111ftQ8Ufl 

I I I tJ 

, 'Ufl1'i 1Afl111J&.u'119U 'U 1fl Alf 5 flL;V'I fll'j lflnV'U iiu 'U 1~ 'i 'I '\IV'IU flLl tJ'U'MtJ 

_ iJ1w1Jffm:nil~ 4/2 i1u1u 38 flu rivuun::11a'l&lvu~1v1An9fl'i'i1Jfll'il1vuf ILDs 1Ati1~ 
0 'JI~ l QI ~ :,: 

U'U'Ul'IAffO'U 91\n'U 20 '\10 l'lfllt)1JflQ1Jl'U0'111 ~11J'l1tlfl~~'illfl'UfltlHfl1'infl'W1'U'U't't'Uj1tJ 

"' ,, ... ...,.r 
11nnft'fl'i1'f 2551 l~umm'i1lfl'fl:lfA~u 

' . ci1 ... I ..- ~ ti .cs 4 .., er. QI 

Pl11Htl 3.5 Ntlfll'iu'i::l1J'Ufl111Jtl11lf'U1l11'1fl1'il'itl'Ulfltl1fl'UU'U1f1Amtn 

%Actual %Possible 
Pre-test Post-test %Pre-test %Post-test <g> 

gain gain 

7.18 14.24 35.92 71.18 35.26 64.08 0.56 (Medium) 

91 fl~1'i H~ 3.5 IUYA'I Nt'I mnh :ailu fl111Jfl'Tllf i1 ll'I Hfl1'i ll tl'U 1 Atl, f1i 
Average Normalized Gain <g> 't't1J11iifi11-rhti1J 0.56 ~'l~Avdlu'i::A1JU1'Uflt'IH ~11JltlWcti''Uo'I 

.J" ,, I ,, , ,, ,, I .... cl I , I... .... ,,l Id.... , I I, 
Hake l1 &Aflt'l111J1Ut'l1 'U'UH~'U UffA'11l'Ufll'HJ'Uff1'U lfqJ1J't't\IJl'Ulfll'i1Jlfl'U'U U~fltl'I 11og u 

1::A'mJ'I cb'lffOAflif v'lti1JNnm1Rn111f111JJfllAlfi'l l u m'il1t1u iY1~nnif~1t1 MPEX A'I~ l ~ 
JI t JI I JI I 

11t1'11u1iJu~1iru m~ii1rlu1'1fuil 1ilvn1nirm1t1uciuirnv1Jffmnilii 412 (~AM'V'llltl'UU1J'Uflt'I:: 

1::,r1J1ri'11.huflt'll'I ua::ovu) ihu 1 mlliiNam111vuvd1 u'i::'1'Uoouii'l'i::A1JU1unnH ua::iiNa 

fl1 'ill tl'U V d'i:: ,r 1J tJ ~ ~ l'U 1'U ,j' Vtl1J 1fl (2-3 fl U) 1rl OU flll tl'U 1~i111fl9fl'i'i1J fl 1'i ll ti U l 
~1tJ1Afl9fl'i11Jfll'ill vu f ILDs ui\'1ir m1 tiu ri1u 1 mytn1J1rnli11J1u1~u l iJog1 u 'i::A'ut.hunaH 

,,l ,, .... , I .... ,,l ,A I... "' d ... , .J 
1J1fl'U'U U1J9:tl'I 1Jff11J1Hl't't\IJl'Ul'U'U utH'i::A1JtJ'lfl~l1J A'IUff~H 'Ufll'Yf'Yl 3. 7 



A 

100 

90 

80 

70 

60 

. s 50 
~ 

~ 40 
~ 0 

30 

20 

10 

0 
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',, ~ Hight gain .. .. .. 

.... <g> 
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Low gain 
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··~ ' "' ... lr ••• 4 I+. "' .. ' . ········· ', ········ ', ·········· ', ·········· ', ·········· ', ... 
0 10 20 30 40 50 60 70 80 90 100 

%Pre-test 
.; .,.,ti. ., . 

illTt'rl 3.7 UffA~fl1111ff1JTt'U1i'I:::111H %Pre-test fl1J %Garn 

I 4 
08Ul1W 

.., ... 
1UHl1DU 

"1 ... ., .... .4 ~ 
'llfl~fl::&&'U\Jfll'Iflftfffl1Jfl111J&'lll tU'U1flfllHlfl l'Itl~ fll'Ilfll1fl'UflU\J1~H 

t .ca ., v.:t !I Q 4 ti 
flfl\Jl'IlJ\Jfl1J11l1~1WlJ A1lJ"fAfltfl'I'I1Jfll'IlWlJ1 ILDs 

N 

38 

38 

Mean 

7.18 

14.24 

SD 

1.658 

2.259 

t 

1.6896° 
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.:I ' Q " jJ 'illfl~UHfl 3.6 'Yt1J11 Hl1fll'i1lflll:::11fl:::U1.J'Utlflfll'ifl'1fftl1Jfl 1111& 'Ill h 
I ' I I . 

Q Q# 4 4 d. I. Q ., d. .cl I 4 I Q# 

U'U1flfl11l1fl l'itl~ fll'i&fll1tl'UflU\J1~H fltl'UlW'U'lltl~'Ufl&W\J1Jflll1rnlJ &fllfl1J 7.18 fl:::U'U'U 

ri1mrlr.i~m1..111u11i1u 1n1nu 1.658 ua:::11nn1n~il'ni1r.iu 1~i111ntnn11m'i 11 r.iuf ~1ti1" 
Q 4 'JI 'JI I Q t/ GI.cl .cl d. 
fl'ilfl'i'i1Jfll'ilW'U1 ILDs ua1 'Yt1J11Hl1fll'i1&fl'il:::lffl:::U'U'Ufll'iflflfftl1J11l1'3&W\J1Jfl:a&1.J'l.J&~iltl . . 

' ., ' d. • ., 4 0 • d. 

&fllf11J 14.24 fl:::U1.J'U ff1\J&1Jtl~&1J1.J1Jl~'ijl1.J &fllfl1J 2.259 &1Jtl1.Jlfl:::UlJ\Jflllfl'1fftl1Jfltl1.J&W1.J 

Uil:::lf n·Hltl\J1Jlllfl'il::: li'1iJllJ1J& Titl1J~1lJfllffil~ t-test vt1Jil fl:::&& lJ 1.J fftl1Jlf n-3&l t.11.J ff ~flil .. 



• 
'Urtii 4 

uriu1t.ln111~u 

\ll fl N'1ffflll1fl11lJfl111111.:J 11.1 fll'i L°i V'l.l i'lfl~ ffflff Un: fl 11lJL~11\lU'l.l1fl 1111 a fl 

L~tl-:i fll'ilfl~tl'l.l~U'l.11~H A'1V'J!11fl\lfl'j'j1Jfll'illV1.1f ILDs tiufl~1J~1tlVN~.:JLilmrm1vu 
- . -ci1.1,j'1itJ1Jfffllllilfi 4/21HLlV'l.ln'l.llfffllll ~11.111.1 38 flU ff11Jl'iflff1UN'1fll'Sffflll11~~-:iil 

' ' ' u .. ... ... ~·... ' ,, .. ... u 4 4 ... 
4.1 ftl1SJftlfl11l.:J1Ufll'UUl\flVlnU'fliJUD::ftlUll,,l1\lU'Ultlfl11Dfl 118.:J fl11ltlD8U'rllLUlV11.:J 

11a-:i\l1 fl~ U flll V'l.I fl~1J~16Vl.:J 1A'l11JO\lfln1Jfll'Sll V'l.I f A'1V'J!fl fl \l fl'i'ilJ fll'S Ll V'l.I f 
ILDs ua'1iifl111Jfllf't111-:i 11.1m111 v1.1i'lf1~ ffflffHa-:i1'lvuLfi11~u Lrtofi \l11w 1f11111mf'IH1-:i~(;l'i .:J 
tT11~1iv1'Jr1tyl11i(;l1.:Jtl1J~L iv1'lflty 1 f'IV'i11JU m'i V'l.I "111.11 Hqjiifl111Jfllf'IH1-:i (;l'j .:JflU~L;V1'Jflty 
L~1J~tl l1.1'11W:~fl111Jfllfl'tf1-:i~11i(;!Hti1J~1;V1'lfltyn11n-:i lflviifi1 <g> nhtiu 0.50 Ldtl-vi\ll'iWl 

(;111Jfl~1Jf1111Jfllf'IH1-:ii-:i 6 A'l'l.I nu11 lJflfl~1Jfl111Jfllf'IH1-:i~~Hti1J~L;V1'lfltyLvi1J~'l.I un::fl111J 

fllf'IH1.:J~ 11i~Hti1J~L;V1'Jfltynfln.:J vm~'l.I A'i1.1Ytq~flH1J~~1Lfl'l.l~tlfll'S Ll V'l.I f ~iifl111Jfllf'IH1-:i 
QI ,, d • ~ 1 QI ..d, ' ., ,, .J d ~ ,l ,, ., d 

~Hfl1Jl~l'lftJ1'lfltyLn1J'lJ\J U~fl111Jfllfl'tf1.:J'YI 1J(;!Hfl1J~l'lfV1'Jfltyflln1J'll'l.lfl1V 11.:J~l'Sl.:J'YI 4.1 

' u flQSJtll1SJftlfl11l.:J 

2 • 1 I ~ ... ~ 
4. ~1\Jfll'il'Jr61J tH'i:'tf11.:Jnfl'flfl' 

un: lnn'llt>-:ifl1111Lfl1.1\l;-:i 

~ • 1 ... ~ 
5. fll\Jfl111Jl'lftl1J v-:iflw~fl'lff~'S 

' ' 
flllSJft1fl111'.:Jilvi1.:Jnu flllSJft1f1111-:in'bj,.,.:J 

I 

I 

I 

I 

I 

I 

' ,, ... 
'!f IV!JlVl«y 

' u ,, ... 

fl'lJ~IV!JlVl«y 

I 

I 

I 

I 

I 

I 
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4.::. Q r/ QIQI _d 'JI I QI d 
llJO't'f Vl'iW 1FHtfll'S11flllZ'Hfl111Jfllfl'H 1'1 f'l'l~l'i N'YI 4.1 mn Ufff'l'l1l'HCl'lVlfl'YI 

tl'rn'jtJlJfltj1J~16Vl'l 1~;11JflVfl'i'i1Jfll'ill vuf ~1tl'J!f'lflVfl'i'i1Jfll'illtJUf ILDs iifl111Jfllrt'H1'l~'i 'l 
QI ,,.:& ~ .I : 'JI 
m.J~1'1W1'1fltyt't'f1J'UU 'Yl'l 6 ;nu 

JI Cl tJ QI d. QI I Q ~, I, 'Jl'1 I QI 0 l. 
fll\J fl'iZ1.J1\J fll'i&WU l U fll'i tJU fllfl'H 1'l111fl'irt1'1fl\J 1J rt'U\Jf)~fl1.Jfll'i Vll\J V'H l ,, 

1li1tl'u tl' m1 vu ffllJlHu'i vuwffflff1~ v1fl;1~ 1h: ~iiu 11fr~ v.:iu~ilmn 1 u ilo.:i11 vu..,; o ,, 
lu11t!.:iuv1'Yi1tl'u 

'JI 1 'JI 'JI .., ... "' ..; 4 1 !"! - 11 "1 "1 .. rtl\J f1Hff'il'lfl111Jl \JfllW\Jfllrt'H1'l't'rn:1'1fV1J tl'lfl111Jl 1lJ 'If rt U't'JflffOl\Jfll'iW 

, ,,.....,. ..i .. , ~ 1' .J .., .. .s, 'JI "1 .. ~ 
m 1J l 'i ri 'lf1 Ji fll 'i 'YI 11mfl11 "i m vrn ,.., i" 1J i CJ1'lN""'t'f1i 'YI rt m v 1 fl m rn fl v 'YI vu qi111 

1' ,l t "' ... "l "' "',,..; .I A..,.,. 
'11\.11\J V'Hlfl111J' \Jfll'W\Jl'Ul V'HClflfllHIHfl1.Jij1'1ftJ1'1flOJ1Jlfl'U\J 11JV\Jfl1W\J 

v:uoi1qi111 lv'Ylti'v'ffflff'lu,j'vn-vu111vm'iU'1u t!mjvuv::i1fln'luu1firt~1~v1,j'v.:itiui1f11111Ju 
1rn::t!m'ivu1,j'1 lv-hfluuni10J111 ln1ti'1ijl'Jiufim'i uV1ufi1~H ~ r~v 1il1~~1rn'llvon1J1 
1f'IV61ffVUAfl1lirn'l1Jl'ifl lum'iUfl'Y11.J'Yl1U~'l~1~fll\J'HlV 1~n~u 

~l'U fll'il~V1J lv'l1:1111~WffflffUC1:: 1"fl'UV'lfl111Jl11u Vl 'l u mj V\Jfllrt'H1'l~V::'lh 

fl111Jl'Yll'lWffflff111viu1mHPJfll'iW1u;191il'i::~11u ffl1Jl'ifl&~01J lv'lU'i::ttum'iru1,j'1tiu11'1,j'o 

wffnff~thn.:iii vuvd i!m'ivuv'lnfl111J1,j'1 lu ~1url'9l'i 'ltiu~1iv1'!f1tymfl4u 
'JI "'1 ..... .., ... ..,..; "1 ,4,,I I 

rtl'Ufl111J1'1fV1J V'lflW91fflff91'i Ufll'itl'Ufllrt'H1'l'YIVZ1'Ul Vff1Jfll'iVVHClflCJ1'l 1Jlflfl11 
I o >J 

fll'i~lff1Jfll'ifi~1111uH1v~911nri1\;vll11J1 l flu m'iuOl v'Ylvi1qi111 l u11mn-vm'Yi1uu 

~1uvtq~fln1J~~1111u~vflniivuf i!m'ivunfl111Jmrt111''li1 1rtvt!m'ivu1'ivu 

d 'JI ... 0 ,_ I !:Ii ..; !:Ii - I 1 .. I "' 'JI , ,,: ... ,f 
1ff'iVUCl11Jfll'i\JlNClfll'iffV1.J ullJ\JUU1'YIH'YlllJ\Ju'iZ V'lf\J91Vfll'i'Yt\Jll'Ulfl111J1'Ul Vl'UV1111'1fl'l.J 

,, . 
'i11J'ti'lijfll'iflH1.J, il'Y11.J'Yl1U 11lVlilfl111Jl,j'l l v Vlflfl111J~Pl'Yt Cllrtfit!m'ivuli1 l Utn'iU'l'l.JUftZ 

'JI .I ' .., ... ..; d , ' .., 'JI ..i .I d 'JI ! 4 
,, f)fff)1.J1Jlfl'U'l.J ff11.JU fll WU 'Yl111 u ""H nu ijl 'lftl1'1fl0J1J lfl 'U'l.J"' fl'l.J vvu tJ ff 1111~'1.J tN Vlfl ,, 
i!m'ivu111n1i!u11iu11Jnrim.h11C11lumnhnvnn1J~H ~ 1~ unz~Ni1n'l1u111vm'iU'1u 

lui'lfl~H ~ 1Jlf1 

~ 'JI "1 ... "1 ... .., UCIZVlf1NClfll'infl'lflfl111Jfl11'HtJ1 \Jfll'i1W\J U1.J1.J'YlrtffV1.Jfl111J1'Ul VU\J1flfl'HClfl . . . 
"' 4 .,. 1' .,..,. • I ... .,. "1 , 'JI ' .,. 

l'ifl'l fll'i lfl{lf)\J 'YIU 1.J1"H '11V1Jifll'iu'iZ11JtJU1.J1.J NCI fll'i 1rnu1 Pill 'lfNClff61.Jf16\J1'i V\JUCIZ 

W.cl. • • QICI tQI to 

11Cl~&rnu Average normalized gam <g> (Hake R., 1998) 'UV'ltJfll'itl'l.Jfl(J1J~1VVl'!VlU11.J 38 flU 

' 'Yt1.J11 

(I) 1dv-nv11w lVlflflZU'l.JUm ~tJ, 1.J fll'ilil111.J1.J'YlrtffV1J'UV'lU fllltl'l.J ntj1J~1VVl'l 't'f 1111 

.,. 'JI, ..; ~ ,,I .., .I 1 .,. ' ' "' 
1Jfl111J1'Ul V'Yl1'Yt1J'UtJ'iZrt1.Jul1.Jf1Cll'l rttl1Jfll <g> 1'Yllfl1.J 0.56 
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. . ,, 
(2) 1i'iv'Wvl'HU1fl:::mnm1~t1fll1J~~1h:::ff"'fl'llV"'fi1m1J 'ti"' s 1~m·n~t1'Wf flfl tl1mru 

m"'Vlffflff tl1mw~H '1 'llV"'fl1'Hfl~V'W~U'W1'1H m11~tl1111w~l"''l 'llV"'fll'ILfl~fl'lJ~U'lJ1'1H 

~ j/ j/ I l" ... Q j/ , ... 
VlflFHlfl1Htfl1fl 'llHfl'W Uff~"'11 flll 'b''l!~flVfl'j'j1Jflllllt.l'Wl ILDs 'Wfll'IV~ 

fll'j Ll tl\.ll '111,f \i m'i tlt.U V"fl~ U'1:::'VUJ~fl'j'j1JtJ'W ff "'fHl l ,f lflflfl111llf l l VU 'lJ 1fl~L~tl10lJi'll'l 
"""1 •• "" ,,, ,, .;..l ... : ~ ,,,,, ·~-· Vlffflff flt.l&D't'tl:: nv"' fll'jlfl'1V'W'YIU\.11'1H ~~fl"V"'tl"''ll\.I 6fl'Yl"'V::m'UU'W1'Yll"' Mr~ffV'W'Ul m 

tli'tJtl l "'flUiflflV fl'j'j 1Jfll'j ,; tl'U f 'j 11J fl"' ut1'1'llfl111J1f11VU\.l1flfl~fl n lflLfl~V'W 'llV"'U m'ivu 

l u1~v"'m11fl~Hu~uu1~n"'~v i ti i"'rl' (1'Ylity ~vi' ff, 2545) 1dv"'v1m~unvfln1J~um~t1u 
d 1 ....... 0 ... • , ,, • .... """ .... .l : 

ffllJlHl'ntJll'l'U \.l,n~iJ1:: V11'U 'YI 1 l1 ff11J1Hl'YI l\.l ltJUf1::61ilJlt.1111~fll'IW 'YI lfl~'ll'W l11J'YI"' 

., Q V.JI "" .,. V 
4.2 ll1'1111.l,.8./lnl1\lAn1111t1U3lrru.11~ m:mniun.1u3 ILDs 

, \.I"' 1u1ivrl', ~flu iflfll'j 11 tl'U fflffflff~ 1tl'lflflVflH1Jfll'j llt.1\Jf ILDs l~Vfffl'l!ll 
li lfl 111llf 11 VO"'ffllll ~ 'YIHUfl', 'lltltylllU \.I 1flfll~t.110tJl1 nflfllll'IHflffmf l 'Ul ~ V"'flll Lfl ~V'U ~ 

~ ... ,y y .... "" ,, ... • y -• " ,, ... !'It 
U'U191H ~ dVt.I '1fflH'l!flflVflll1lfU'lJ\.lllf1fl 'Yll'UltJ - fflHIJl::fftJflllW - ff::'YIV'lJNf1 C]f"'lU\.I 

flll\jlWlflU&f 1n11m ~flllW~lflf14u 1u;i~tl1:: v1iu un::\11, tll ~ffvuum1 vu .fiu ,j'1w1Jfffl'lfl 

ii "' 1 ... ~ 0 • ' .... ...._. .... .... " ,, , ,, 

'YI 4 HlW\.l'n\.llnfll:ll Vl\.11\J 38 fl'U l'nVff"'1ffl1Jflll6tlIJlltlU\.11flfl'YIH1'Ylt.llfflfffll 1\J'U l1 

U m'i tl'U iifl111Jlf 11V1 \.lfl111lflfll11Jt.IVfl'llV"'U~'1::l~V~1Jlflfl11fl1lfll'lJ1W l 'lJ ff1'lJ'llV~fllli'fl . ,, 
flUlll1Jiifl1nlflf1V~ u n:::ff1i~tl1::: flVlJ 1 flrH~'nl:::vth~o~, uiU'U91V'lJ fllllil'lJWNt'l un::: 

,, ...... "'"'"1 ... ,,.,.., Gunstone, 1990; Tao & Gunstone, 1997) ijlW'lJ1lfl111Jfl'I::~VHll'lJ 'WfllllW'Ul lJ'Ylfl'J:I::: 

, ... _. ,, 1 ,,,,.,. .... ,, 1" ,, , ,,,,... .... 
'Ufl116tl1JllU m::~'U l1~1W'U1flflfl111JVtllfllVUlfl'YlflnV~ ff11J1Hl 'lJ1J'lJ11 11FjLW'Ufl~fl111 

Q f , j/ j/ Q Q ... .,( Q ~"" ,/ .l I ,_. Q :: ... ~ , j/ 

fll'j 'W'U91f1Vfll11'11 ff ~Nn 11 rjll tl'U lJNn ff1Jf)'Yl1i'Yll~fll'j lW'lJTtffflfftl ~'ll'U '16 lJ Vfl'YI"' f.I"' Hfl 11 

um'i uu i~ufll :::1111.1 fll'I ml nH1u1~u fl ~1J i'tJW~fl111Jflfl&lf u 'llV~&~V'WU m'i uu ri~1ff11J 

1,fiifl111lfln'luff~NVVfl, 'lJ fll'jlff'WVfl111Jflf1Ut'l::OfitllltlVfl~1tl ( tfloMtl Ul'f i'mtu ~lJVllff' 254 7) 
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P' "° " P' t'O '=' b' I ... Pt5 IDtC p I t'O IJi f' 

IUttLL~.tLUtL lffe u~ub::.t[1[1 L L[t.tLUnaµr:-a~uu~.tLUU~Ul\ l L,Qi1rtltY!!tLfl~tU.ti~ l G~1 U~M~~ttL11 . . 
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mty\ltn iun{1h::an11. fl111Jfllfll11~ 1 um·n1vu1'111~ffflff1l1v1ff1n;i{;1m'Yf'llV~t!nf1mn 

tuU:::'YWl1.Jlnff1ff;if 1vtV1U'trn1ftJltytylfffl'lflfflff9111Jl11UWcYi;i : 

.Q QIQl.Q 

1Jl111't'IVlnV1 ~ff91, 2551. 
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091~V1 fllfl':iffl un:::~fl1J -ti't'411'11. "m1fffllllfl111Jfllfll11.:J 1um111vu1'111~ffflff1m:::uu1m.:J 

1um1ifln\lm1lJm11'lvuf utJtJn1i;i1;.:JtJ~ff'1J'tiun6un6flfltto~ntJl1nntJi''lfty1'110~ 
,, . 

1ffUIJfl1>'>'46lt;V~'ll6.:JtJfl1lfJ'lJiUii1iVlJfffllllilfi 4 1HllfJ'lJ't'4\Jlfffllll", 1u mnh:::1lJ 

.Q QI .Q .Q ~.Q QI i d .Q QI 

111fll':il¥fl1.J'l1191 1l1fJlfflff9111\lfJ fl':i .:J'YI 4. 'lJ.129-134. lJl111'YlfJlnV'lJl1ff11, 2555. 

1 ... .. ,.J! ... ... " 1 1 "' ., , ... "' ,,... " '11fl'l1tJ tJUtJ.:J. 011 '!r11'lJ1flfl1'YIVlfflff911 &'Ylfl u no un:::ff~fllJ um1\lflm11wupvtviff1n;i1. 

I ~ f! .Q QI I 

'116\JUfllJ : flW:::nmnfflff911 lJl111l1VlnV'll61JUfl1J, 2549. 

, " 4 .., ,, , ""' , 4 11l 1 ,,, .I 
'11tJ'tHll 116.:J1f111W. fl11't'f(llll1.Jlfl111Jl'lll \l'llfl~~lW1J 'lJ11tHfll11fflff911't'f'lJJl'lJ flV 'lflIJUlJlJ 

.Q .Q "- t.i=i. _,., .Q QI .Q 

flllD'OYUlJlJND'lJNtil\J. 1'YIVl'lJ't'4\J1iu1tytylul'11tlJ1~1:JQ1.JWc:rJ91 : 

1J1111no1nolJi111n, 2553. 

m1ty ~\li'D'. m1ffn111f111lJn1m1n 11m11tl1fl11JJp'l11~aoffltll ~ u;1;itJ1:::v11't1'll6.:J 
,, . 

i!m1 ouiuii1itJ1Jffo1:l1ilfi 6 i~111'11D'1Jl111.lnm1. 1vto1u't'4untl1tyty11nn1tJ1n;i1 · 

... ... ... 1 1 "' ~ ,, ... 
lJ1111.JWc:rJ91 : nmtJumfl u nn't'l1:::\lolJmu11\l1fJWl1111rn111m:::tJ.:J, 2545. 

... ... - I ~ ,, ... I d , • .I-~ 4 ., ... 4 ., 
1it1111 1ftl911ill1J. m1111::Qfl9l l'l111nom·m11111nn nnll'Vi6't'l(lill1J11flD'11i91 &'Yf6f4(1111\Jlfl1llJ 

1.v' 11 \l'll6~u m'l ou116~ flQfll llfl ~6\J ~'llo.:Ju 1~ u. inv1-Uvt u I u1tyty1in01ff1ff 9l 1 

Q/4 .Q QI Q 

1J1111.Jtuc:ri;i : 111111l'JvinvlJ1111n, 2552 . 

... " i1 .QQI .Q "" Q.Qi,, .Q "ic: 
1il'lJ'lJl11 fin \'111. fl111\lVUn:11f111:11'116lJnV11~fftl91fl1tJ SPSS. '>'4lJ't'4flH\'I 10. 

... ... " ""' fl1.:Jll1'>'41J'Hl\Jfll : 1.Jff911\Jfffl11Uf)\Jflfl, 2552. 

u~nn1:lw iunl-wio. mnrnu~anif~1t1mnm;imrn. 1nviu't'4unt11tyty11nn1ff1n;i1 

1J111uwefi91 : lJ1111nv1nm;v.:Jl111j, 2552 . 

• I ~., " .I ., ~ .., 4 "' .,. ii ., ., ~ !'!!'"' 11 
111::lJ1n n1N1JUfl1,uun. 111J.:JTifllff11Jl't'4flfl111W'lJ1YIVlfflff91'1:::fllJ1J1itJ1Jnfl1:ll Tiffflff 

QI I .Q QI QI ~ QI .Q t1!d. 
11nmJ911U11~'l11911:fllJ1J1itJlJMfl1:Jl (GCSE) 'llO~tJ1:::1nffO~flt)1:J. 't'41J't'4flH\'I 9. 
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SI "" I 
ltlflD'l'itll~tl~ (At>) 

QQ o' o' QI cl Q .Q o',:, QI ~ 
'tHY\lj ~1'i 'HULL'V'fYltJ un:::tHU:::. "fl111Jfl1Pl'H1'3, \J fll'j LW\J 1'1f1Vlff flffl't\J jl\J 'IJV-3\J flnfl\llflW::: 

ff'"1ff1n-Afun:::1l'lfl lu ln'Vm1m1:1A1i1vv1iif uu-3", lu mnh:::'lf1li'lf1m11:::~u'lf1~ • 

QI .c:. ... I .Q °' o' 4 1"I .cs. .d Ji .A 4 .ct 

1\Jli\Jl ffn11:::1nnuw. 1flfll'jl'J"lt0'3ll'tVLLn &'IJLL\J1fl"l'lflltl"lflCIV\J'IJV'3L'iV'3fllt\JlfftJ'3. 

il'lt11Ul't\JltJ1qiqi1il'lt1lfflffA'i1J'HlUW<fiA : 1J'Hlil'lt11nm;lt1'3, mj, 2552 . 

.ci..., o' ... I°' 4 ~Q o' o' • QI .A .d 4 .d , v 
1l'llil't\Jl IJ'i'lftlJl'tt)l'lli. Tiffflff (flltfflffA'i : 'H\J1tl'IJ0'3fll'i1" fltJfll'iLfll\V\Jl'l fll'ilflCIV\,Jl'lflltJ ~ 

Q .Q .:IGI QI .Q ,/ !.d 
V l'l li'VUl 'll V-3 LL H l'l Qll tJ ff1Jl't l'l li fll'W ), Yf 1Jl't fl H l'l 3. fl l '3Ll'lYf1J 'H 1 \J fl'i : 

I Q o' 
"1\Jq'l'llilflll'W1J'W, 2550. 

umuuri'31ffl1Jfll'iffouil'ltJlfflffAf. ijiio1"Fmun:::1h:::1"uF-Jnil'lt11ff1ff~f. fll'3Ll'll't1J'Hl\Jfll : 

Q .!I "" .. 
ff'iL1JV'3fll'i'W1J'W, 2546. 

•4 .cl 11l ~ Q .Q o' r ! ., ~ 41:1 .d 
___ . ij1Jflfllffl'S:::fll'SLW\Jl'W\Jjl\JLL'1::1Yf1JL911J ~ffflff Ln1J 1 'lf\J1JJitJ1JnflllliJl'l 4 

QI ~ :1 QI .Q .,:c1, 
9111J'Hltfl~91'Sfll'Snfl\ll'IJ\J'W\JJ1\J 'Ql'llifffl'Sl')j' 2544. l't1Jl'tfl'i '3l'l 2. fll'3Ll'l'n1J'Hl\Jfl'S : 

1 "" .. ,, 
H'W1JYffJlfffl1"1"l't'S11, 2548. 

QI ~ .:I cl "" .::. Q .Q " ' : QI ~ 4 cl 
----· l1\J'3n6LlV\Jffl'S::fll'ILWUi'W\Jjl't.Um::L'W1J1911J Tiffflff Ln1J 1 '1f't.11JJiV1Jnfllllill'l 4 

QI ~ t'1 QI .Q ,,,:,J 
"11Jltnfl~f)'ifll'Snfl\ll'IJ\Jl't\JjlU 'Ql'llifffl'Sl'lf 2544. 'n1J'nf1Hl'l 6. fll'3Ll'l'n1Jl11Ufl'i : 

1H\;1J-W'fJlfffll?ll"Yff11, 2549. . ~ ~ 

----· ijiiofll'I1Vi'YlloW1JL~1J ~umf 1rl1J 1 A11Jl1nfl~91'SLLfl't.lfl"1'3fll'Sffflll1oiJ\JffUJ1\J 
QI 1"""' ,, 'Ql'lliffO'il'IS 2551. fll'31l'l'n1Jl11Ufl'i: H'W1J'n ffflfffl. "1"'W'S11, 2553 . 

. l1U'3fffll~V\J'SltJi'lflL~1JL~1J ftunff' 1rl1J 1 A11Jl1nflff"rnfl\Jfl'11'3fll'jfffl\11 ----

.Q QI o'ICi.Q .Q .QQI Q o' .Q QI " 

ff\J 'Vt\Jll't\J 'il. Ll'lfl\Jflfll'S1'ilVl'l1'31l'ltJlff1ff"'S, fll'3ll'll't1Jl11\Jfl'S: 1l'lVW~\J, 2552. 

QI QI"' OGI ~ ,,,.d 4, A A 4 , 

q''S'JfV \J'WHl\JLL'il1J'ill'Sff un:::flw:::. "fll'SLLfl &'1Jfl111JL'IJ1 'ill'lflCll"Lfll\V\J \JL'iV'3flCl\JlfftJ'3flltJ u 

l1nV"Oll'lO\J'', 1 u m1tJ1:::11Ji'lflfl1'Sil'lt1lfflff"f 1m:::Ll'lfl 1u1nvLLM-3t1'i:::Ll'lff1l'lti 
~ . 
QI.id .Q QIQl.Q 

flH'YI 30. 1Jl111'YltJ11'\tJHfffl, 2547. 

"""" ~ i . I "" Q ,, , '1 , ,, I Q 
Vflffl'lli li-3 ')ftJ un:::flw:::. "fll'i11'S::l1JUF-JClfll'il'W\JlLL'UlJ l11J "tJfll'j ')fF-JClffVlJflV\JlW\JLLlt::: 

11n'31~r.iu'" lu 111n-11 1Jun.i'lf1m1. u.s6-94. 1J111il'lt11nr.il111iir.111\lii1Jv.1:::1nr.11~. 

2550. 
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~.Q. J ' Q,I .Q , QI ' -· Cit. .Q. o' nfl'flfl'l::'H11.:Jfl1U'1:::'1Jml tl'IJ ", 'IJ ) 1'lJU'Ylfl~t1om1u1::'1f1J1'1flfl1l1'Yltllfflfl'~l trn::: 
" . 

l'Ylfl lu la'Vuli.:JtJ1:::1Y1ff,'Ylt1fli'~n 33. 'lJm1Y1t11at11avamnu, 2550 . 

. m1dn1\lfl11'lJfll~'H1.:i1um1ilt1'1JYiilmf. nmuuu1~mnma:::i~u1 ----
d ~ .Q. QI .Q. 

m::u1um11wu1 : 'lJH11'YltilatJ'lJ'H~a. 2549. 

~hrm hi'mf 1m::'ll1'ty 01w::11ii9!Qa. "m1nouuuuu1w1v1h::noum1n1i911.;i.:itJijff'1Jiui' 

-. , .4 .4 ..,; ., , ., ., -· , ., • 
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