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AND ONE. DIMENSION COLLISIONS

The purposes of this research were l) to improve the students'leaming achievement

and the students' leaming improvement 2) the students' experimental science skills and 3) to

study students' satisfaction using air track experiments on momentum and one-dimension

collisions with the leaming together model (LT). The target group was 23 grade l0 students in

academic years 2012 from Princess Chulabhom's College Mukdahan School, Mukdahan

Province. The sample was selected by purposive sampling. One group pretest - posttest design

was used in this research. The research tools consisted of a set of Air Track experiment, the

leaming achievement test, the experimental science skills and the satisfaction inquiry forms. Data

were analyzed into average, percentage, standard deviation, t-test, and the average normalized

gains <<g>>.

The results interestingly indicated that the students' leaming achievement on the post-

instruction was significant higher than that on the pre-instruction at alpha level .05. The average

normalized gain was in a high gain )<<9>>:0.77(. The students, experimental science skills were

in a medium level for the communication skill and in a good level for conclusion skill. It also

found that the satisfaction of student toward air track experiments on momentum and one-

dimension collisions with the leaming together model (LT) was in a good level. So these results



0

showed that using air track experiments on momentum and one-dimension collisions with the

learning together model (LT) can be used to develop students' learning achievement and

experimental science skills because students were emphasized to do the active experiments caused

efficient own learning.
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tel=tr ttavtiJunr:ri'lrlryrr fluduiln^g'ru rrayn?rruf1rrl1 siol:J r{lufgffi: d".:rrar^tu
nrnfi z.z (nn rnrr'lyr tpl,zstt)

nr':aillru

tr
frurnor

a!Iaur

Turfi
+

1

!a rnQ

i'rnn'l

n

IJ

a rnQit\:

rnnr: frr

nn^rd z.z ln : r aYx n: eu?un'r :rrdr.:rrnrrrufmr{emurflldsrf (nvr rnrx lvr:;nti, zs:z;
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01nn1v{d z.z ln:'raft.:n:eu?unr:ud?.1flIn?'tu;yrr{?ytu'lrl'tdrr:u:[?ol1ruyt
dr ea _. d1 

^^.d-.^_j -..(r_ e/..^-- - et d a i6yn luun?lil:?vlulfllfl91:il:vlnmett{1 u5l?tuil*ufr t rilunt:d'{lnnlrnstoryt00:{yt tn1]nnt:
ii'.:tnnnr:rra?{Htn?rilivn{emurflrnsr$G:rri'urirrfruhJ rrnvduqoro.ruErrnrdufi t nrjrrn^o

UiU?i114:0n?llrfl{flu mtnqlu0lnun=nilitryt n?'lUrfio r,rSonrrrufvn{TmU'lfltdetfr6ruovqnn-l
drdqodAlyoa
tUudilrufl$ruttaunl:Tlurn:ii luuTrrarfrufr n rrdrrirruunt:mnno{d,:rnsr rfiur7oruo

01nn1:mnno{ttCIuti'.:lnn tnion'qtrfaruun^gruluuit?ilduii t rruiolririorya0'lnnr:yterao.:gac

nt:ti'lrnnrrdr rirhJrrnrtl#rvt-uf,:vr.r'ir.:r?orfioo3.:lsir{lurulurufivrflorud'unr:afxdurtlu

gilrruu otolquorri'uiusrurnr:rdooGuru riouiooErfiri'uyrlluri rir}flld'n{uroruluuer'ou
1d'r{luvrqufr rirnfui6nr:fildsrerusid'u 6rrilunr:drn?ruffiriluriorfiooi.:ilEndouur

#ruvr-ufniu narur.ratutfllun{ruuo':ru)urusr^#u Gun'ir nr:qiluru ornn.rruffiriluvrqufild'qn

ourJ"ruoon'lilr{lura-nnr: nQ nnoq0ugnrjrlrJdrrrrlrn.,r#uouufig.,, rfiotdlunr:
rrd?{14rnrrilffiriJuriorritoTllnril ri"rueu nrrlfivrurarasrfdlu-.:'lrjr{Jun.:rruoilrrvt
( ultimate real ity) 6 q slo.r r r a r.r r r n 

-l 
r ru f 1 r rj si o hJ

z.z frnavnzsu?uR'l:ytI,r?nursrasr{

m-nuun:yuxunt:yn.:amoraranf (Science process skills) rijunqorn::rufirfinorn

nl:frortnvnr:rl6'uGnr:mtlivtotarasrfourn'nn':rru"f rurryrrnsnrr:rndo{unri?tunr:1d rndo

ttfl?{illn?1rufvrr.:imorfl'ldn$flooerouHri6nr:ruiorrriflcyrrrirrl yrlimurgranf Ioufi
1^.-^^.---4 - ot ' - 

u

tlunoun-'1il :vq:)rynr al"":arur1m^gru rirnt:mnao,: dlrnm tiluyrnoo.t :?u:?urra&irn:rg#
9ot
{orya n:?0dou{oryn aqilarnnr:ileao.: (qvr-ur::ru uiqvrdqr: sri, zsqt) drn-nus
n:&u?un1:vttlimurstanftrJ3 ulrafiournt o.:fiofiiirr{lulunr:rrfl?.r14rn?.rrJirrnsruYrligrr

nr:'$'qfion::rLnr:rSoufuuuimurararfriu {aouiirriJuovdo.rlil{Guuflnrinuvn:yu?unr:
yn{iyrurflraqft#rn^nn-u{Guu tqimd ryarir, 2s47) uuno..lndonrl-urirrairunr:aou
ivlutstasrfrravtvrnlulo6ldnrirrfi.: vl-fluvn:su?un'r:yrniyrorgrcsrfli r: yr-nuy In,
rrrjrr{luvr-nuvn:uu?unr:mrrivrurglarfoiudrrgrulu 8 vr-nuvrr:nuau?1-nuyfl:vu?uflr:

mrlivlutfltan$#ug':rto#urlr*'.lr,'.lr1u s vr-nusrn-r :roasr6unrelid (ailior arruln:;ad,
253s)
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2.2.1 frnuvnt:ffltflel (observation) 14tJrufi{ nr:ldrJ:sarvrii'tr.riaodr.:lnsdr.:rfil
--4 t v ur I r I
H : 0il 4 ru0u1.:: ?u nu'ldtrri sr r H 0ryn fi u rrns fi tnru r{r lilii'u r,ia]e uet:.: nll-tinq rS o

ds d , ,.^-{.d^_--_.e)- n d1 4 A !,tflEnr:il t9lutJqqil:vclrivlosttttioryafrrrilu:runylduqro.:frlu-u1 leufijleintrrun'nr#utoq
9v h I

ryd{rngln{ til
y irn 9 u

rio 
ry 

a fi '[ d'o I n n ] : d{ tn fl o r o r nj r ld'r{J u 3 rl : v rn m n^ o r7o ry a rfi r q iu n r fl {o { o

rfi.:il3rrru rravrlorynrfiurri'unr:ril6uurn,ln.r6.:rroiavrioryofid'nuruv n"'.rd

2.2.t.1 nr:ri":rnnrIoryarfi.:qornrn rfJunr:ld:J:&fllyrri'rJ,lidotjr.:lprodr.:rfi.:
--4 t @ ..^.n^-^P^.--ll 6r o v a i-r:ofiatuout{ fl{rfletrflurnlgiliNrrnudulmil:uEl"rn"":ro,:fr.:firi'lrnsrpiu grJdx 3 nfiu :a
4 v J ^ - , d r d^cl_y o & r d tr drflu{ anuiuviluru? fl?lru5ouruu ryu ul=oldnrgnnorusfierrfil uon'jt fi;rJdr.:nnru drrn.r
drI

ruu9ru

2'2.1.2 n r : ti'l rn sr rlo 
ry n rfi ': rJE ru r iu r{l u n I : d.: rn n I n u n I : u o n : I u a v 16 u o

.d-.-.---.-t dr - - st. A9 ad jy a , arnu?nuu:rJtrrJ luu nt:dirnmvtpfo.:ildsdr.:0.: nr:dr.:0.: ororirlnunt:nvil:srJtiu Hto
9avtqrY"
01.:o{nuyu?uiltFl:$tu1or1 rru rirnrom:ruru-nil:vrutu r filnniil

2'2.1.3 n t : ri'l rn n do ry o d't u n r : rrj 6 u u rnj n.: r{J u n r : dt rnn n r : ril 6 uu rril n l
A r ^( +_-r_ : j^ J r ,

10{d':41{61 trEnl:iu n5oil:tngnt:ninr.:1 frrfrqfiu r,iu nr:njduulnjn{rurnro{anel}.JA
< A mu- .y^^.^---J --y d. a---U 4 d zi o .itfino{rtJ0 [atun?1u50u o{u gn{udtrnortiuilturnrdna.:Gou1 oulufiqnauCItut4tuulil

q4dty
nlu tul?n] 5 ulyt rluf{u

Fl't trJ fl I lJ I : 0 d rrao.:.irrfi qm-nu eud? 60

( t ) dri l r r n s x : ) u r u d il uGt o r i'n q l d j q u n r : 1 dil : y d r yr ii'u,.id o d r.r l pr o tj r.:
jar

14U{?1:0rntu0ut{

( 2 ) u : : u r u a rL ri6 rfi .: rji :l I 0r I o { ?-n q 1 d'I q u n r : n v il : v ru r ar

( 3 ) u : : u r u n r : nl 6 uu r ril n s cJ o { A,: fi ii'.: rn sr ki'

z.z.z finuvn t : io ( measu rement) t't ru t u 6 r n ? I u d I u I : n 1 u n r : rd o n ldrni o.r fi o

lunr:'l-Flou1.:tlllJrsdlJ rrnsldrn*0.:fi0#urirnr:frrurrJSrurruro,:3,:rix1 oonurr{Juefr'?rnrfi
lsdr

ttuu0u Ioufrurirur-oilret:$rurirri'urc:ro 6sr,nirofnrrn:$rufildr{Juarnnlur1oluiufio

:euuilil?u SI (international system of units rto systeme intemational d, unite,s) nt:,:-gtovflol
otri'um-nuvlunr:?-et 6l,iJunrrrudrrur:olunr:1drn3o.:rr^ol-nrril3ruriuuo{A{sir{1 ,1dodx

9l a 
"l ^ry.-{_ __4 q v q ,onflo{ dtrut:otooni"ftnSolruodtrfui'qodr.:n4uryryil rrnveirurirfir-nkignrio.::rnrf trras

q_ 9r'd q a y { o ,
tnnrn u{ nufl?.trJ 0: {?\ f oilyr.:IH u rurirri'urauo
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n ?ril fl 'ru r: n fi rran r.irrfi nyr-nuvrrdr no

( t ) r fi o n r n3 o.: ru' o'l do d x rr ru r v a ru ri''r.r fi u fi ,-,
(2 ) uonrrmr.rnlunr:rfi onrnt o.rfi ofn ld'

( 3 ) u o n iG r-q r r n v ?6 1 #r nt o w^ o l-n 
ul 

do d x n n oio .r

(+) rirnr:fnnrr:rn{x n?'rrJUr? o...,ruu qrurqru^ rJilrsr: tirurinrray
A zi h, s)
fl.:0u6] toQngto.:

(5 ) : v q r rj rust-rra tfi 'ki'o r nnr: ier

z.z.l frnavnr: riluau (using number) n ru r u6.: n ?t u rytu'l : n lu n r : fu rir u :u
nr:ldd'lratrtantiitu':ud*ulol'nr:sr-n?u'irfi.:ro.rlurroinvn{rufiur"rururvirriur,rtosir.:ryu

ar:lt:nrirura{ ]ounr:u?n ou qil Hr: Hrdrrq6u n3o,u"'nn:vrird'usl''.lrarfirranlr13:lrnr
- _.6. ct A i A ,nv110{fl{ tflri':14u1 ts.:"[dornnr:ri'ltnfl nt:fq n]:mflno{ Inufl:lHsoornrrrri.:du sr-lrnrfi
rirUtrirurarsio.rrraqlrir:JGrutrulurrirordurri'u sr-rrntlrrifildornnr:n'ru:iuos,irul#fi0
n r r ru r r r u'ki'er : r fl r il fi elo r n r : r r n s.f'n, o u 0.: du

n ?'r rJ fl 'r 
rJ r : n d o v r r a n.:,i r rfi or m-n u v t r dr no o

v o o Ittll C)
( I ) uuolu?ualrol'[6qnriol

(z) ldri"lrn tuaq.: dru ruiiu:u ld
( 3 ) n-or fi u'i r fi .: t o.: 1 u uri a v n { ru fi iir u r u rvi r riu rt o *n n si r.: riu

(4) u o n ffi n r : rfr u :ru r rn v uapr.: iG n'r u I nr ldg n do.:

(s) uonffi uavuen.:ffi nr:m rrilnBuldqnd'o,r

2.2.q frnuvnt:dltrunil:vtnyt (ctassification) fi u'lufi I n rrl artr: olunr:
lAd^

ttu':nrnuSoGu':drri'ufrltol]nufirnru,ri rnsu.yiq"'.rndrroroovldnrrrurrru'ou nrrrurrnnsirr
--+ v v I t q 

' 
j ,t'tSonrtruii'lfiuriodxlo odr.:nfi.: n?ruflrilr:ofrrran.:'irrfrnrm,nusd tri'rrri nr:r*i.r?.rto.:

uSont:Gu'rriret-r-,fiut,u.rlproldrnruq{ 6.:oror{iuuo{eruro.rl.rtoro.: 4,6ur{lu4,rir?ruer
uonotnfiu-lfint:uonrnarrifildlunr:u:-i.:nrn niofiu.:rirniud,uruufi{6rrirli rilusi,u

n ?rlJfl ru r: 0fi rrafl r.irrfi 0ri,nusrrdr 6o

( t ) G o I rir o-l ni o r ni.: n r n fi .: ri r': 1 o r n rn ru dfi {6u rir r u n hflki'
(z ) G u'r ri r q"'u ui o r ni.r u r n fi .: ri r.r 1 J q u 1 dr n iu qiu o.: n u ro.r,ki,

( 3 ) u o n r n u,r{ii {6iu 1.flC u.r rir ri,r rt o u rj u,r r n l d,

z'2'5 finuvR I : il I n ? I xl frrurYu d : v n d r { aril ofi'u aril auo v rril affu re a r (space /
space relationship and space / time relationship) flrilarol:-srq nurufil fi-jt.:uirrrud;rq#,



ll

n:oun:o{od 6lovfig:Jdrlrrova-nuiuvr.ru16orri'ufnqtiu arilaro{fnorvfi 3 uosr^q - - - -"-i'---
49Av(drmensrons) flo n?tilnitn fl?1uu1? n?tug{ ySonrtrururto,:fno ?l-nusnt:H-t

evltY
n r r ru ri'ru n-u ri : v n'i r r anj arYu anJ ar rn v aril ari'l n a r o G u r u ld d'.: fi

2.2.5.1 vl-nuunt:fitnrrruii'lru-uf,:vn'ixarilaniuanJa rrutodlnrrufllu-l:6r
qsud
lunr:utnrt:rdrun-uf :vrixarrJari'rarilato.rinq 6.:ldrrri n.rr:rri'ruvf,uf,:sn.jr.:Iilm:.r

AA u u d t ^ ^!--a^_!-_--o & q-.y & j,2 un nu 3 rust nrtrudrurfuf :su'ixsirrnnllfioqrolr-nqrfilri'ufnqrfi.: nrrtarilr:nfril{
rAvvvJ.9

Itnnvlnuvnr:?t'lrl?ruii'lnYuf :vrjr.:anJad'uarila ld'rrri nr:ri.:figrJvr:{ 2 fiel^ ri'u : t'sr^'ld'

lonsitrrrilsrtofiatol'l-srqld' rLonnlru#ruvfiufrorFrfioqjnri]n:y0nr{rrrnvnrnfir.l:rnglu

n:vonsr'lpi' riluoi'u

2.2.5.2 vt-nu v n t : H t n t r ru d'u vr-u f: v n'i x aril ari'l n a r r l r o d q n ? 1 u fl uJ.t : it

lunr:rrnrrruti'un-u#:vr,rdr.:;rJ 2 u'a^ 3 fio' nlruarrr:n1unr::vlgrJvr:.: rurn air*rils
trnvvlflvll': nt:tnaouvttto':imqfrtrorrir':1 r,t'unetrudruy{-ur:sfi?1.:lJutqflo{utlr1,{yt

rilfiournJ n.: hJluna rsir.:1 r{luei'u

n ?r il fl ru r: n fi rran.r.irrn^n yr-nu vrrdr n^o

(l) lonnatrud'ruu-uf:vrir.rnr:nJfiourrilaral"rrrrri,rfioqito.rr-nqrirnnr'ld

(2) I o n n r r I ri'ru vr-u d: v ri i.: n r : r:l 6 uu rril n s r u r n ui o rji ru r ar r o { fi r I o,:

oir.:1 nlrrrorld'

2.2.6 flnavnr:6'on:vdruovdonarrmrursdo{o (organizing data and

communication) rilJru6{ fl?ruflrur:nlunr:rirriorynfildo.l*.lrdl,nfl nr:?-er nr:yrqoo{
, j @ oq I s i ottnu0lntt?lnioudl rui0nn:vritlrrj -[nunr:rrn':rru6 

Gu.:rirniu nr:rrunil:srnil fiio
rirurnrutrirlurj rfio1#{6ur{r1on:rrunrrold6du Ip,uororauolu;rho{ep:r{ *nu4ru'

t[r{unty,t n:ry'l arunt: rraynr:rfiuuu::u..tu r{Juriu

Fr ?ru fl 'r u r: n dtraq {.irrn^q yr-nu v rrdr fi o

( I ) rfi o n g :J *u u fi o y ldtu n r : rau o r7o 
ry n kyo d r.: rr u r u fl rJ

(2 ) u o n rfi q r.r n lu n r : ro^ o n g :J r ru u fi o s 1dlu n r : rau o rio 
ry 

n td'

(3) oonuuunr:rauor7oryonrrugrJrrrufi rfiontflld

(a) nJ6 uuurJn r{oryah?oqilugrJfi u?r1o6du ld
(5 ) u : : u r u a-n u il & I o,: d,r il d.r d,: 1 n d.i u r?o n r u d,r r -,, aru rra v n v rin fn

du u r', u r r', u 1#{o*u r.flr h 1d'
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(6) u::ororSo'lrntrruur'irrre rxsirtrrri.:to':anrnfinufion.rrrur,rrrulrtd6u
Y tn9J

[11tO

z.z.t fr nuvR I : a { n ? I il n'n rfi u o r n{o{ 0 (inferrin g) }r il r u 6.: n ? I il d I rJ r : n t u n r :
ofilruuioagrJ{oryofild'otnnr:d'.rrnnlnun:r uioornnr:?-n nr:mnaor Inurn^rn.:*r
adr-ia
nnrtiurilusl"'rfifi rrqnoa.r'hJ n'rirunnrrluri'rusr-rdrn^rua.:'l:Jrs'ldornnr:ldnrrlfrdru

rJ : v au n r: srfi fi rLr rn v r1ory n roru ru ril : v nou

2.2.g fr'nu v n'l :fl u I n: oi (prediction) r ru r u 6I n ? I u fl I u't : o lu n r : rir u I u pl n

rrqnr:al rtofirfitfinduJnuorrt'urioryo n'rrrri'ruvf,uf, rdnnr: nq vrqufidfioqj*#rr{lu
rtu?vl'l{ nr:iluin:ifoiortri':lririlu z ryfin 6o nr:uorn:alnrulutourtnto,:rloryutilu4
rtnsnl:iluln:nlntouontoutterl,o{rioryafifioqi nt:y{urn:oinrulutourtsrtol{o:Jnl#nrrru
A&ad*{

rfr o ruYu uE o fr I o n r a fi n vr a ro ld'rio o n'i r n r : n u r n : aln r uu o n I o u ru fl r o { {ou a

n ? tr duJ I : o fi rran.:.irrfi nri"nu v rrdr fi o

( I ) n t : u o r n : nivr'r 1 rJ r'ilu tir u r o r.r n fi rfi n du r r n r7o 
ry a fi r{l u n dn n r :

nq ntovrqufrki'

(2) n t : vt tr r n : alo r n {o ry o r6.r rJi il r iu rd u ri r u r u r^r n fi r fi r, du o r n n r u I u
C/a

I ourr erl o.: do 
ry o rfr r rJi u rru fi fi o qj ld'

z.z.g frnuvn l : 8.r4rur,6 g 1il (form u latin g hypothesis) n ru r od.: n r : 6n r r rir st o u
4l15oagil rfrsroutosrlcyrtrirrurirriouovrirnr:mnao{ Iquorri'unr:d.:tnfl n:rrf

il:valnr:nir6:r,{ludugru rfrnourirrnri',d,iiudufif,,hivr:runSou-rhirilura-nnr:
nqntovrqufrrurriou rfrsroufifinlidr.:uriril rinnrirrlir{Ju{onrrldrunor.,udruyr-uf,
: y rit.: gt-'rt ril : g1u nYr gt-rt ril : n r ru

n?1ilfl]u'l:nfirtan.:'irrn'nvt-nusrrdr 6o crur:nrtn'tnouri.l.rrritriount:
mnao.: Inuord'unr:dqrnsr n:ruf rravrJ:yaunr:ni

2.2.1 0 fr'nu s n t : dr m u o fi tl r ru ri.r rJ fr rifi n 1 I (d e fi n in g operation a 1y) u il I u fi .l

n?lilfl]lJ l:nlu nt: ritrunfl?tlJ?ru turln&rourtsrtolrirri or?onrrrufifio{1ua,ryn^grufiov

mqao{ rffol#riJufrtrIr1tn:lri'u arrur:ori'rrnnrroyr-euld'r,iu..nr:rr;ryrn'uIn,,rlrunrr*jr

odr':'l: d'0.:rirnuou^urru1##orou rdu nr:mTryrsr^uJflililrr,fi.:finrr1q.:,n"ud, rilueiu

n ? l u d l lJ l : n fi r r an l'i t rfi e yl-n u c t rdr no o ri t y u n n ?'r u ?r u 
-r 

u ua & t 0 u [r sr t o,:

ri r ri o sr-r r r il : ri r.r 1 hi'ri'.: r n sr r r a v r-n'l d'
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z.Z.tt frnuvnl:dlnuottovnaunrufr'rttil: (ioentirying and controning variabtes)

il u 1 u fi { fl ? 1 u fl I u I : o 1 u n r : ri t u u n sr-r rr:J : oiu sr-a rr:J : n r u rra s n-r rr :.J :
n?uqu lucruo'g-rurdu nrruruqrun-:rr:J:r{Junr:n:rq1?.:6u1 uonruu^o0rnsr-rrr:J:o{u
j o q g -r. -. 

- i'--'

frrfrlfr'rnnr:mano{flarernn^ou riirrn,lrinruqlhi'nrfioud'urravr{Junr:fl;0,:ri'u'6i1#rfinrio
SY 9/ , a 4 q h r I j o
ls{ttriq {ofrqilntq}'tSoeriernrrru'lririrrfiofiooonhJ sr-'rrril:rrilroonrfllu 3 il:vrnm n^o

2.2.11.1 sl"'rrr:..l:ptu rSosl-rrril:od:v (independent variabte) mrutodl d.rfiit
qy I a i d,.y-..--.--9qyo 4^^_^^,__ | u d dr a o[14 un n fl 1 { nu ry{til u ${ u tu q rit lritno ru n B.: n rn r'r ov r rqr nsi r I nh u n ? tu luu o d: u [u a ?ro {

2.2.1t.2 gt-lrril:Fl1u (dependent variabIe) trurrufr.: fi.:fisi'o.:s,l^Fln.ril,.to
& d| u d r 09/ t u rry{tilur{nur0rfl nt:'il'qanrunr:riur{ou'nlr{rrqrnrir.:niu lrifinrr:rr{Juo^c:vlusr-.rror

ri'0.: r rrJ : rrj 6 u u'l :.J n r r sr-rr r:..| : rtu

2.2.11.3 ot-rrril : nruqru (controlled variable) il u tufi I ?.rdr: rri,o,:n run ru

uqgt 4 v i 
"u 

rd ^, Y
tin 1 f rr n o u ri'u rfi o 1 #r r il 1 o'i r n n n r : m n a o r rfi n o r n sr-r r r :J : du rvi r riu

n?1ild]u'l:ndrran.r'itrfiqyt-nuvtrdr n^o dril,,asrir?rueret-?u:J:du sr-:uil:
- r f, 9J 09

9r 
"ttJ trnert ?[[U: ytFl o{n?uqt'tr{

2.2.12 ri'nu v n l: nfl 0 o { (experimenting) 14 u I u fi i fl ? I r d I u I : n 1 u n r : :J 6' dfin r :
rfliovrerdouaruruo^grufisru.:du Inuldvinuvrir.:1 r.ilu nr:ri'.:rnfl flr:?-er nr:flurn:0i nrr#u

alry O^g ru "1 o { n : & u't u n I : tu n I : m g n o I il : v n o ud'r ufi o n : : ru : fusr o u

2.2. 1 2.1 n I : o o n uuu n r : m q n o r r r r ufi .: nr : ?r { rlruu n r: m q n o.: ri o u a,: iloo

oi
nt: mq n 0 { 0 : {rv{0 n tHu gt

t ) ffi n r : yr pr n o.: (6.: ri u r d'u n r : rir u u et r ro v fl ? u n u d'rr nJ :

2 ) q rJ n : air rn yrri o ar : rn fi fi o v d'o r ldl u n r : m or n o.:

2 .2. I 2.2 n r : rJ fr l5 n r : m n n o .: u r r u n' r n r : n .: n' o r.,l 
fl^ 

lG n r : m n n o.:

2.2.12.3 n r : riu ff n r.r a fl I : m n n o r r r t u 6l n I : 0 a u-u yt'n rio ru n fi ldn r n

^--^----Adlqvjn 1 : mfl n 0 {ry.: 0 t0 r u[lJu,.to otnn]: ri{[nfl nt: xh rrnvdul

2.2.1 3fr'nu v n r : fi n ? r il r rJ r u {o ry a ua v a.: {o o g rJ ( i n te rp retti n g d a ta a n d

conclusion) r'r:lufil rlorynvrr.rivrursrasr$rirulrrloqjlugr.ho.:ii'nuruyen:r{ gilnrn n:rll
nr:rjr{oryntrJ1d'6liirrfJurlo.:6nrtru1r?avq?n fiovdonrrrrruruld'onpi'oruasulrlosr:rn1u

trnvnr:6nrril?nruclouo6onr:u::uruii'nuusrrnvqararuG' luur.:n9.:oropi'o.rldli'nrr6rt
9 t o q d| It t y tA y a I 9 j
9l?u ltu nl:fltu?flr nt:d{rnfl liluriu crunr:nldoagil flo nt:uonn?"lndrurfuito.niotlnfr
o ,9- 9)

fr o qj vr-r r l rr n r : a i {o d : il a r :r r : a lir'l d' z : y o,u n^ o
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2.2. r 3.r n r : fl ? il lu : e d'u l rn u 6 o n r : a g rJ 1 #o qjrn n r v n { ru or-r o ei x r5 o d.: fi

2.2.13.2 n 1 : a? il lu : v riu n {r.: 6o n r : a g rJ fi o o n u o n I o u rt or r o r n{ ru

d'rodr.:usirfJunr:tu'run{xlil{rJ:vrrn:r,r3on{r1rqj {oagrJdfinrrrurfio6old'rioun.ir*uu

tt:n

fl -r'ru fl rrJr : ofi rraq.:.ir rfi n vr-nusrrdr n^o

( l ) r r:J a n a r ru r r r uri or : : u r u n-n u il s r ro v cru il6t o,: r?o 
ry n fi fi o qi 

,l 
d

(2) u o n n ? r ru d'ru vr-u f,t o.: lio 
ry 

a fi fi o qi I,f ryu n r : o fi u r u n.: r n d1 n-u f
:vla,it':sr-ttril:uun:ryl rYrr{lun:rv,lrrcnrrdun:rficrrur:nor'uruld.irrfinovl:dunirsr-lr*J:

i- | A
sr rru t nrs fr srirr uJ : o a: cril6 uu rril n.r

o',n,una",rdrfiurrio,rri'lvt-nuyn:yutunr:yrr.:imurflrdnfrr-.:nrirr noa;rlld',jr
?l-nu&n:vu?unr:vttsivrurflrflerf riJududnnrrrurirriqlrionr:0-nnr:Guunr:aou

ivrurstafl$ r{Jurirurd':tornrrriimurqran$ unsrfluS.:fiiGuuoi'oul.fl1unr:rryreu6y?{14.r
9,, ro da

n':rUf,oqilufiisrrJ: v iir':iuflaoot?or ni#u{: ro.rru6rn:srfn6.:nrrlrirri'rgtornr:n-ruur
9a o 9/4
{r: uu 1 f rn rr vin u v n : v u r u n r : vr r r ivr u r ar asr f lu n r : t-n fi o n : : r n r : G uu n r : ao u

z.l rnnfi nnr:ffonr:r?sufruuudrrufi o

2.3.1 n?lillltJltJttavttua6oto.rnr:rtuuf;uuu*arufi0 (Cooperative Learning)

nI: G tlufrtuIi rrufiortlu?G nr:,fi'nn r:G uu nr: aoufiniuhfln?G sua.:fio

rJfl'uhlrurfJun{rudoo n{runvrJ:vuril 3-s nu rfiorairucfrqaru::onrnnr:Gouf*o,,riuro,
. cl e/d , -..--+- {. - yt j u yc yrTuufluu [1{ilnl:ry?utraorylnurrRvri'uou:.r::qnrlrilrrrurufirl t? tun?1il?tn]nfiaturo{

i- 4 I i ,- .9 q , I a a r o d dntn::un1:t:uui t1'10fl1:tl5utJ;lnrtrurrirlrsioruorrTyr alrilnrrsincnuTuituunr:
,t

rronr:J6uun':t:ln^qt#uri'u ooruiur{.rnrrrun'nrrluto.:flfu finr:Ei.:urr6odsri'urrnvriu d,r
-s- d 4 Yt d uh dd r .n ^fnrTuuos:r::a6rrtJrrururro{nr:Guuf ld'firiu,uou*l8nnu6u1 lun{ruhJfirrfllrurru
.^i^..i^.^^% --- ..,e""^"^" ^";;^^ o d , e- J -o e)trutqu?nu nrtrudtt50ruo{etulo{ilfronrrlrirrioto.rn{rudru uonornfr u-lfinr:airl
u::ulnlfltll0 [l'tu{rnqflt:u::qrunritt5ofrsil'':'[irl'?u (Johnson and Johnson ,1999; Slavin, 1995)
4 dt io v t -!ilo{nil:yflouildtnEu 5 il:ent: et.:u

2.3.1.1 n r t U ri o rdo.r drr u-u friu 1u yr I { u ? n (Positive Interdependent)
4 i u q. I dr - I a & q 6 v d4 AHilluO{I''t'l:Y{{illnu lumt{u?n rruroonrlju z tJ:vrnm no nt:vr'lvttriurBlr.rari'yrd n-ont:tf,:vrt

q q 9 a {u I s. 4 o d r t v A o d I
fl u [uq lun l: tq: 1l r.t4il: v luryu 0 tnn'rturirr5 oro.:nqru : uriu Blnrrlrirri rtoln{ru010!e



rhrin?nainrr ur rinurduqua : rrr rfi

(r--- 4 - x, d , il,nrc1$L
tilurunlrurSoarnti'ruqvrfmrlnr:Guutorn{ru lunr:aYrlnr:ff.:nrri'uturfilaraii'lrrf,1d'6#u
9qaoioloinfron::unr:Guunr:aou1#{Gourir.:ru lerufirflJrnruru:run-u 6rrvrfinrr:.:g.:101#
9ao*i
{t5ouilnr:frlnt6lri''uttavnh arrut:ndrruu'ori'urir.:rut#u::qr.rorirrSoldgurnrrnnon-,1urB.:
3+-- a A q q 9 :. - -, 

q

?rn1: no nl:n=w'ltri'ulusirun:vlrunt:lirlrurnool#lrun{rucr:lr:nu::a'[d'srr:lr{lrHUru
A'^y- ' -'z' =.{1#,1',1",",,,^.1^-^.,q",^^..vlPv^ .y:^-^. ^:"- . - i 

-'-"'-. 
otsldolaf t':antilnt:olhi'{Guurroiovnulunoru ta:ua?reruro.run?rury'rniuflon?ru6y..rr:iro.:

n{il lunr:aYtlantunt:narntri'ulurfirffinr: fi0.:ri:J:vnor nid r) nr:rirtrirfir,nr:vro.:ur

vrinutn:la3o{oryn (Resource Interdependence) 6o rrriavqnnarvfifloryanrrlfrfiu.:lr.:ri:ufi

r{Juil:vlumlsiolrutoln{ru 4nnudorrirrTorynrur:'rruriu6.:osrirld'.:rudrrSoSi'lua-nuruvfi

rilunr:h?lurioqrJn:nifi4nnuoio.rdrrtoldd.rruri'u z) rirl#rfiflnr:d,:nrrfiwmuryrro{
arur8n (Role Interd.prra.n"";6o nr:rirrun uiltryrlJosnr:lixrul#rrriavr;nnnlun{1 rrnv
- o q Ya &nr:yt"tlfirnqnr:yr.:nrrylnr:v.nu (Task Interdependence; rl'o rniwrul#rroinvqnnnlun{rufi
^y-^. -i + A - 9 a o i o h , d - ^ ^,mnuvvlrnultuolnu iitarutBnnulnnurfr.:dtltutolsrulrira5r osrirl#arurfinnu6u
l4r06'[ri arru r : o dr r r u 1u dru fi sioru^0.: ki'

2.3 . t .2 n r : fi rJ fl ri'ru n-u ffi ri.: ra3 il ri'u : v rj r r aru r fr n n i o 1 u n { ru (Face ro Face

Promotive Interdependence) rruru6': nt:rilqlonral#{Guuri':orrf,ori'u finr:6nsioii'ruyr-ufri'u

nr:ofiil:ttluantil6uunrrruf nrrrun^n nr:ot^uruhflarurfinlun{ruldrfinnr:Guuf nr:fufls
tfi a,{ n 1 0 { fl ru r 8n 1 u n { ru n r : fi :J g dru n'u dJn usr :.: : s rj x el r fi n lu n { 1 lrirn'g n r : fi uu f n r : fu
r{ltmqr'rntolarutfrnntolun{ru ovriolri'rfinnr:yr-orurn:yu?unr:n'ntor{fiuu r{lunr:riln
lonral# {GuuLflf 'nnnr:tintudrrri'uyrr.:ii'{nu 0rnnr:.ilrurflfioau-uauuri'u nr:GuuY

txmruntolri''uttovniu drhi'ld'ilrioqlntiounnirrfiurri'u nr:rir.:ru1o{erur0{ o-.;nnrrrurouu.,,,
Ylr{?l0r travvirmtlto.:tYt^oudurfinrirul#f,fi'n,douauifinlffiii.rdu rilnral#rfind'1rflurnrn
J<ru
Yl9lnonu

2.3. | .3 nrru iu fi q ryoltol aru tBnrrri nv rtrnn 0 (tndividual Accountability)
4uadi

tlttttlil.t n'lrufur^rqryoulunr:Goufto.:a:rrfinrrriovnu Inupiorrir.:rufildflruouunruodr.r

tfi ru n r t :l a t ru r : n pi'0.: ir fi o ryo u n r : G u u f t o r n u,u o,,u udo u cru r fi n h?n r r ru d r n"'ruri u r ii'u
, 

, -.----o

n?rildrrur:orravnrIIffirrsi asnuoyldfu finr:n:roauunouor.,,urj1o.jr dGuurfinnr:
a g dt ,+^ul ^l i^-.^r-- -a- a r & . o]Gtlufrilu:ruqnnnrtohi lnu:J:vril'una{rurorarurfinusia&nu cu.r:1rnuruu,{a{ruro{

- l. q r)9) 9) - 
9- I q y a 4 dsnqil [?llJ0Unu0unnuvl{nailunu:luUflnalf dltdnmnnu:tu{tuHSofrlonrarran.:n?1il

6 d s .ianqrfiulnud'rfil n:rtaqrJr^ranr:Guurilu:ruqnnnHd,{ruumGuu rnior{Junr:rJ:sri'u.ir

dorynr?orfiu
15

User
Rectangle

User
Rectangle



t6

flrl8nunflulun{rufufinrou4nooxdrrun-un{l ,eudau',8n4nnu1un{rurvd'orfinrrrriulo

rrav n fl o:rd o y ldirL n r : vr er cou rflu : ruq nn o

2.3.1.4 nr:ldvl-nusnr:rJ6^ti'ruvr-u#:vr,r'jr,rr;nnn[[nvm-nuvnr:rit.:run{ru
144

tlou (lnterpersonal and Small Group Skills) rrrufi.: nt:fifi'nuvyn{f,lnu (Social stitt) rnol#
ar:lt:nritstudrrud'l{6uldodr':fin?ruqr n'o fin:rrr{Ju{rir f,fr'nn-n?u1o arrur:naflr.:narru
ulY q Yq a r j-lfrt':10 

f'il'nnnriofrodl: ttnvdtrur:nrrrl'ltflrynrrTot-nrrd.:lunr:rirrrujrruri'u d.r,iJu
dodr
d { d r r Il u ri r u iu n r: rir.: r u d r r ri'u fi o v ri r u 1 #n r: rir r r u n { u:.J : v a:L q ? r u d r rl o

2.3.r.5 n:eu?unr:rir':rurorn{ru (Group processing) ilu ru6{ nsuu?u nr:
G u u f t o': n { ru I o u {G u u o v do.: G o u f r r n n { u h{ru r n fi q n fi n'r r ru 

j r u fi o vrer dr u n : r ru i n

nr:riirru rrnunrrru fufinrouirrri'u0udrilr:ou::qr{lrnruruld' nr:fiovdruld,nr:
rilrfiustuuoln{rur{luhJlriodx fiil:v?vrGnr?urneu::q,iJrnurr#, n{ruovde.rfir-rrrlrfi6
alrfrnG uo&n:vu?unt:rit.:ruG u'u6o finr:rrhlolurfllrr,rrronr:rirrruirrun-u1u

3r -l "n:su?unr:fifrrfirirn"'ry 6o nr:il:vrfiuvry.:lurirufir{lui6nr:rirrrutorn{ru nq6n::uuo{
aUrfrnn{ru rtav,'lo.:ru1.lo.rn{ru lqur#unr:il:vrfiunvtruuto.:{Guurrriovnulun{,,rrtlu

r<qaodtg)
ncrtuunnu r?l0elnflun?truritt5otolnqruri'ru il:srru-un:yu':unr:rirlrun{1 il:vrfiur-tufir
runv:J:vu.r'uarur8nn{ru ri.:fi,n'oh1{Guur#unrrrurirri'ryt0{n:uu?unr:nd1fircdrlild

o d r hg/n?rrdlr:010.:nqru'ln

z.t.z n r : flor n r : G u ufr uuu d aru n^o g rjuu u n r : G u uff i r ru ffu n:^ o lr (Lea rn in g

Together)

;rJrrll LT (Leaming Together) d ooriuii'u rravoo#ud'u (Johnson and

Johnson) riJu(rauolufl n.n. tqzs eio:Jrlufl n.a, r98+ rtrGun;rJuuld.jr ?{flailnr:Guuf
(Circles of Learningl g:lrtufifint:ritvuqanrunr:nlrrur,rourltlrtu-nGourirr.rnrrur{lu
- t Q !/ q < ri 6 dnq:l tt{unt:uuttnntilduunrrrunnrfiurravrnjlrJuronflt: nr:rrilllrufiryrurvaru rrnvnr:1#

:rrr-nn{ru nr:,il'qfron::unr:Guurrrudrrufionrr:ilrmr lr ovdo.:fi0.:rirj:ynou pr-.:d

2.3.2. 1 af r': n l r ru f fi n ff .: n r niu (Positive Interdependen.") hi'rfi q du 1u n { 1

rinG uu d': o r o dr ki'u n ruiG fi u,i,n r r,fll rr ru rud rru t o.: n {ru (Mutual Goals) td'r1 nnudo.:
4Ya
Guufnrfroud'u z) nr:h{:r.:ia:?il 3) h{ldronar:riu,,nriooiuryn (Share Resources) n;or0

--. d 9) qy 4 a t 9r I vttonronflr:frsi'0.:ldrfru{ I Ea arutfrntrriasnunvdoqriruniueiruJqurril{ronar:oonrilu

cirul rfiodr.:rufi1d'fllourrurub?rirrSo +) rirr4ueruyru-ryrro.rdrurfinlunr:rir.rrun{ru

(Assigned Roles) u'.tuduuwIIutrsinvuuotorirruIu?tuImnI:rit.rtuto.:arur8nlu
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rrvdti-
nriuttflnsitsri'u rtnrilu{turfru?niunr:aouritnrrulurruuflnu"'nfiriruuq ntor0ri,4uer
u vr u'r vr r o { du Bn l u n { ru ril u {ei r u rir n r u {n : m a o u fln : v {'u 1 #au r gn ri r r niri r n r r,'., r u,

9,/v4
tlnur.t09tuuytflntaou

2.3.2.2 o'n1#firJfl^ti'ruu-u#:vu'ixu-nGuu (Face - To - Face Interaction) fu?
@ 4 o v o q9 t 4 I a qunr: uu vn {'tuo 2unun tu lriu:: urn rqzuo ln rrru.irurr frorras d{rdT iln;u

2.3.2.3'il'q 1#fi n ?rlJfu fi eroulu ciruUnn nfi osri uuf (rnaiviauar

Accountability) ltjun'l:drl#rinGuu,,sinsnusr&.:loGuurrav,irurYurixru 'hjfiurr:rrniou n:
o'lfi'ndnrflnr:rrild'd'ronr:il:srfiurfllu:vuv {ruarrfintorn{r1#norrirn111a3or..,ou..,u^o
n r : lir r r u arL r fr n 4 n n u6.: do.: rsrl u il vr fl o ru fi o v rfj u n-rr rm u t o r n { ru

2.3.2.4 l#nrrrufriurd'uvr-nusd.:flu (Social Skills) nr:rir.:ruj:lri,urflduld,
odx6 u-nGuuplolfiri'nuvmxti'.:nrfirirr{iu Id'rui nrrlr{lu{rir nr:sr-qfiulo nr:dyr.:n?ril
tneh i"[ fl r n r : fr o d 

-r : r r n y yl-n u v n r :,fr'e n r : d'u {o t-er r rrft o dr r air { a: : rf

2.3.2.5,il'n l#fi n : s I ru n r : n { ru (Group processing) r{l u n r : rfl n I o n r al#
u-nGuuil:vrruunr:dr{tulJ0{d}J'rGnlun{ru 1#rirri'.:1od.rn-urrosri'u rrocilryrrrilfurJgr

o ' o vojn1:Ynitunail [H9t1'u

otnro-nnt:st-.:nrit'lrirh{Id'g:Jrruunr:Goufd:td'u r3o Learning Together
i- < o drfrrinfiuudr.:ruriJun{lrfiol#ldHa'nun{ru lutruvrir.:ruu-nGuu.irunlufisrgavsirgd'usrou

rirntru nururlrithi'aurfrn4nnufirirudruuayUnnurrlihfirurto.:rirnou h{rinfiuu
tonrtuiru,rn^oornrfiourioufiovnr:Jnl rlnengrrurrurSohi:r.:r-nn{uaril,{a{ruro,:n{ru
dr-idradt,tlJurii'n fr':nr:Guurruud?il:l'ofinrrrurirri'cyunrfirJ:yluyrfsiou-nGuurfJuotir.:rrn r{lu

a f, | o 9/a 4

n=on::rufrri.:lfirfrqrunxi'uqmt.mt.:nt:Guu ri.:ra3ruhi'{Guuri'rorrf,od.:niugnvriu uavriJunr:
4r q y94 

o 

o .i '
fl n 1 #{G u u fi n r r ru ruiu h 1 u sr u ro r fi o v fl 'r 

rJ r : o.i? un r fi o d6u Id'

2.4 uu ? A fl yr qu fi fi r6u r{o s ffrL q or rJ fr ffi n r : vr r.:i yru r fl r fl fl {

2.4.1 n? rilfi ilruqorJfr ffi nr:iyrursran{

q rr rJ fl' uG n r : o s fi n-n u u v hfl u-n G u u c r ru r : sr ri'u n {r r r rir m o u r rn v G o u f 1 d
y s do .^.41..^.^ q-y-y-4.. r,1 ,,q u I e) e t9l?uelutO{ [Fluilnln]ilryttus [fiunrSuu 'leFlnnr:d.:rnn rrilnn'lrrurrurudorynrrnval{oa;rj
_u_ d ul 99 a e 4unt:uuov"tdi{uuttltu?fl?trnnfid'{0rnfrnut rir:'lonrnaulurrn&nt:on'il:rurii'lqn

:Jfi'u5nr: rinfiuuovlffindrj.:,,ururirlcyrr Inufion::riurwouovGlrl'rurlryrr u-nfioudor

6flrfurrnvdr:'r01.r'rfl'rn4qro.:rliyuldun',r,o,,ri'rIgrr dros"rirul#u-nGouldflnn",rdrio
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rlcyrrtravnr:urYrlcynrfinn::ruluqeril6'lGnr:rilufirn::ldpiu}flrjnriuulriGuu$ rY.:unr:

1#:J:varvrii'rpio nrurfildn,l:rrirln.iru rndol#{Guuffin.jr4nflufl-rur:nGuuorn1n
rJ6'uGnr:d1d'fion::rufirirruorluqrrrJfl^uGnr: oynororrut#u'nGuuldl.;vr-nusn:su?unr:

^4vl't{?ytutfltda:

2. 4.2 q o rj.: n ru r u ua v rJ : vlu mi r o r n r : G s u n r : o o ulo sl# g o rJ fi ffi n r :? ns r s r an j
Wr { I r ru r at o I n I : G uu n r : ao u J q 0 I n u ldrJ fr lG n r : iyr u r Rr an i rfi o ri.: ra3 ru

qru d A a, 9/q q o 
^---_ d44 9) u a I r a atHunt:uulJn'ltru5nlrrutdtloluilon::ilr0.:rJuutifirfiurrio.:niuryrurgrafl: d{rcy:rn?tunn

4 d ,__-cl-.q 4 - t r qlyq drluu?vlulfltan: ilqnpl':vtnuvnt:draruaoud?u fr.rrsrirulr{u-nGuucrrur:nrjrliltd
rrrirlqnr6ul ld'rJqnfl.:l#tn'qnrruaulo ronnsr'rrnvfl?rruyr'silo1on:rrufiton{xrrnvn?ruourfl

fournrrluluivrivrutntanf nrruuTrlolur::rurrfizuormqufrrrnvrrruiiraor uiruurfl?riln'pr
oA I d
5i5ruaf r.:a::rittnvnrrruarrut:nlunr:ru1:ftyrr nrrruuhlo16urri'ulluri''srfrrnsnruarur:0

9 aq u
yt t r Fr t u a sr il su su I vliplr u r n ? I il d r u I : n vr r I n r : rJ g^ 116

2.4.3 il : v rn n r os n I : fi'orfi o n r :r.r :J fi ffi n r :?yrs r s r asr {

n r : hi'u-n G u u ri r rJ fl' l-n^ n r : ? m u r sr a sr $ riu m-'r l rJ hJ,t'q 1 !i' z r r l u 6 o n r :
llqno{[tu1]rirriogil (Structured Laboratory) [rnsflt:ytftoo{rruulrjrirrunrru?yt.t.:
(Unstruoured Laboratory) (gfsxfi frururi'r, zs: t)

( I ) n I : m q a 0 {ur u rirrB o g rJ n r : il n n o {r,r, do g,{l u {rir r,r u nrlry?r r u o n
34 9vt9) ai ucr" a u d e
rtnr:rrri"[rirrnvdul "tirirrSo rinGuurrsirirnrrurirfirro.:lu{fionr:mnno{ (Lad Direction)

(2 ) fl r : m q a o.: t r l u hi rir r.r u fl uu ?yn.: n r : yr er o o { r,r r drin G o u r{l u {riu r r
ritstott )non;rirrunrliyrrtr{rfiold'rru:vrxudr6.:rrunrfiunr:rirnr:mnno{ gdrrjrnrnfild'ur
^i-t_--- c) L o e- & 14 a 'on:J:tut'ttjtryudnnflrfrl ttd:o:.:n.:ru-onr:mnao{nrrurruufirirnuli nt:21{rr,{unt:mflno{ng

fq dr A! Ao{lugruvrtlufirdu': Bsnr::r.:rrprunr:yreroo,:il:vnoud.:u nr:rirnunrrlryn-.,n..,r#oorurufirru

[[aunt: dit.lyte o o{ nrrurirniu

u u n o rnd qfi d rr ru v:J : s fi mf Qs43) ldrirr u nyfi n r o.:i6 n r: dourruu
^ _i

mnno{ 3 Tugl fi{u

( I ) i6 a o u rtu u vl q n o { er I tJ 1 n rJ 
6^ 

uG n r : ri o gt r ru tru ufl n ri'el ( Laboratoory

approach or cookbook experiment) )ourjlniul#rinruu:Jfrffimrruhlrunt:mnao{ (Lab sheet)

si^-:,--.--e-.-.t4rqyd , s t v v d a r, ,q q y d 6 dvlngontn-uru"t5lt{t:uu5ou }our;.:nr-.:tinGuurilnn':rrufnrrluirloJuriouInrTlrSoruIurusr^

rrovnlunr: sr: r o aorrii'nnr: nQ mquA
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(2) iG n r : ao u r ru u yr n Iq u fi n.., r d,,u, (Guided experiment) rj.r niu hi,rin G uu
'lst6etoonrruunr:mqno{rtnvrirrfiunr:mnorrl'lueruro{ Inrufingnoury.rri..,r,-.1rd,,u&rru?yr..r{

(3 ) ii aou ttu u m er n o {fi rrvio3 I (Pure experiment) rj.r n1u l#u-nG ou fi i6 n r:
=^^i^y^- -- 4 o * '-nflllialunllra0n nlHuniliul4t oilarurrorgru nt:ooonrtuunt:mnno,r:Jfl'ufinr:mnno{[[au

ag il r.rn n r : vr pr o o.: 1d'd''r uer uro.:
I

z. q.q iluaoil n I : ri u u n r : o o ulo ulf; q n rJ fr ffi n r :i na r s r asr *
3 ,o -o a t ) t t v v
riu n o u n t : a o u rJ 

6^ 
l-n^ n'r : a m u r fl 'r a n $ d,r hi fi r r u u fi ri r n u n n r u ai',; rir fr

o!, e r e v durua 0u lu n t: d0u: r_.hrllndrul niu n-oa,

( I ) n g or-.r rlry r r 1 #rin 6 u u rt o o r o o v 1 #rin ri uu rfi o n r]ry r r d o u r n r s fi nu r

(2) n g rdu o uu v i6 n r : : r u : r ru {o ry n r,rt o l#iG n r : sr r ru fi : y u I ilu uu u G uu
u4<4At,'

( 3 ) u n n u u rau o TB n r : m n a o I rE o a I ru o rJ g'uG n r : rn^o u rYu n ir : ?u : ?x

r7ory aor rrffi n i : fi 1d'ir nr : rfl u ouu e

(4) rin rt u u rir n t : m q a o r Jq u d.: rn n r ra s aq il r.r a n r : m n a o r rh on u ro.r

(s) rinG uust oIritn trutorn; inul#riorya0 rnnr: yrer n or rfi ol#rinG uu aq rJ

rn-nrnu'r,fornriory nfi: ru: ru lrirrnvldnii'nrnnr.rirrri'.rdriruru,{nnr:mnnorfirfiurr7o.:

,u, rin G o u t r a v n g ri : o ri'u : r u : ? rJ ri-r er o u rnio a; rl riJ u n r r u fi q : : u o o n rt o
& Aia

ru0l-t110{flimflnut

u o n o r nfi : ot fi (Rorney, I 986) ld'rnj I fi o n : : il n I : cyourru umq a o { o o nrij u
yv
uud

3 lJU 91.:U

I

( I ) liu on^:J : ro ri ou n r : yt n n o I (pre-Lab Discussion) lu riu do, fi n r, #t
qfuoi
il ry r t n t ru u n t: u u tn u rrlu n r : o o n [[u u n'r : yr n n o { ri] n'r : art^ qr rfi o u rf r n.: r ru au l o un v 1 #

@udr
n?lIdu?ruIUt{0u1.1

,/

(2) riu rir n t : m n n o { (Lab Activity) lu riu d,fl u n r : a,: fi o t#rin G uu rir n r :
mnao{elrxJlrurfild'ofirJ:roliluriuriou uvrurymo.:n;ovo{lugruv{rirutuir-ururnn.jrfirv
dr o d 4 q yo u q a I t v v 4 t 94tu u fl l n l : vl fl n 0 i ru u fl 0.: fi u u a tta r? u lfi 0= 0 rr n y ] ririr n l l o 0 fr il : r o d r ru riu u-n G u u a ? u fiil

oo4qd
ltltutYtdtFl[u fl 0 un[: uuo ---

( 3 ) o fi il : I or n'.r n I : yt Ft o o.1 (post-Lab Discussion) il a-l o r n u-n G uu lr1rirn r :
Yqg)uddL

m q n o r r r dr birin G u u rau o,{ n fl r : yr cr o o r lu Ei x fi fi ,: fi o dlu fi o n : 6o ru n n r : r r u u u d o n d'o r r r nq Q "- '''{i''
v4 4 d _ eqy ai a r 4 4 9)14u{d0 0lflnr:rqno{uoOtryil rrnflr:TqaolytlfrnSoliloour{dHSortnng dorynrravrunnt:
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ilqao{?ndfiliu,lionJEuurfiuud'uto.:rinGuu.jr nr:mflao{ro.:u-nGuuriluodx,l:uono,nd
------ q e vAA rl 4 a
ng otr oe tfl n ?tili mlnu?,Uo{lilrJrstrJ

2.4.s unu rntornglunr:fi'o nr:couloolf; qorlfr ffi nrr?nura r osr{

:J:vinf yfrail tzsz+r nrir,irrvrurvrrorngfio{ : nouryr,d'u noo

n o u fi t n r : ot- u r uri o u n t : m n n o.r tu du o fi rl : r u ri o u m n o o r n : o c glo r rm3 o ru

o I A v d{u a ,'
rirnrrurir.:1 rn^on:v{'uhi'rinGuuournfournulu n^er e.:d'u rSorruvuurvrr.: rfiol#rjn6uuld'
fiurar;rrrirsrorriohJ

Er o u fi z n r : l#rin G uu :J g^ uG n r : il o n o': lu r?u rir n r : m n a o.: n g o v oio.r q r ra 1 #
riruuvrirsit.:1 odr.:1n#8n noun:v{'u uovariuaqurrasrflufir1inur [irJrioul#rin6ru

n o u fi : n r : o n' rJ : r u r{ n n r : m a n o r n ; o v olo r rn3 u u n'r n r ru ri r,: 1 tfi o hi'rin G u u

aTr r : o ld{o 
ry o uS o ru n n r t r t u u u d r r r : u l da; rJ r{J u rn nr.ri m q u A rS o r ii'n n r : ri r r 1 : :ru nur

Af49a
o fr :J : r u fr .r do.: ru- q il n r fl I o { n I : m n n o.: fi o r r r{i u hJ 1 d'rir o

a g rJ kid r n t : G u u n r : a o u I nr u 1 #il 
6^ 

uG ? vr u r ar an f n g rir n rir fi 1 #n'r uu v ri r

ritll noun:v{uhi'u-nGuutfrornrtruournfournulu rniorirutririnGouarrur:nldriorynnSonra
.i ,r e) t r4?^-_-- -i q yv a on1:ilfln0{11: ?u:'llJ tel a:ilflnnt:vteroor"[ef n;nrrurfrohirinGuusrou rfr:ru.:run]:mano{

r I n u d r r r : 0 o t^ r r u fi r rlo p.l^ or fl n t q I o r n r : m n o o r'l d'

z.s nr:irn: rv#aronr : r3uuf; fi rfi rufi uo3.: llctuar gain) Ioslf; Normarized gain

Norr,a I ized cain 6oi6 n r : il : v rfi u rua n r : G uu ffi ,*", d, ril u n r: nE uu rfi uu ru n n r:
o yi d i -., 

t---

rSuuffirn'rLfiu l3 t (Rctual gain) torruonr:Guuq.rqnfirsfilonraryr^lduhJ tofi?vrf t{'lru,
ltnvnilv,255l) Jnuilr'[d'otno-sr:td'luto.:ruonr:GsuffirfildurBrtectual gain) sioruanr:

Guufq.:qnfifilonrarn^ruduki'(Maximum possible gui, I rfiuur{Juarunr:n:rruri'lvf,ufld
-J
9t.:u

(oapos- test)- (%pre- test)

100- (%pre- test)
/o\ =\Di
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sj4
lqufr -s> n-o rir Normalized gain

Toposr-tesr floo rirrade,rornsuuudoul4a-,rGuur:Joir6upi*

zopre-test floo nirrnduto.:nvlruu6youriouGuur{lunJotr6uri-

* il ru r u u4 E 6 n rq il r v fn G r u n u fi a o u mer ri o u * n v r ni G u u rvi r riu
iquldrnru'yiri'.:d :vri'ug.: (High gain) riroqj:vrjr.: <g> > 0.7

:sri'uilrunot{ (Medium gain) riroqj:vr,r.jr.: 0.3 < <g> <0.7
-l:vq=usir (Low gain) riroqj:vrjr.: 0.0< <g> <0.3

Z.S.l il:vmntos Normalized Gain

2.5. Ll Class average Normalized gain rru rufr I n I : yt^o t: tul'jr run n t: G uu fl

I o s fn G u u #u #u #r,*^, du o^ q rfl u fi rvi r t o q ru n n r : G u u f q.: q n fi fi I o n r a rn' r du 1 d i, o g I d'0.l n
^-...-.^d !,!. y, udnurtuulq6ulosvt-ld'u vti':riouttnvrn-rGuunr:n'01:rutr{ont:rTuutolrinGuuluii'nu*rdld

itdcYy
r n- o q 'j t ,{ n n I : t3 u u n I : d o u I n o n t n : r ru t o r vrer #u fi n r : yr-s u r n r : du ru r n riu u r fi u .: 1 n

d.r I e u fith 1 il rin i,u"'o o y dr .: fi r, u' o.r o r n fl r r r : o u o n rf I u n r n : u, u o r'u #,
2.5. 1.2 Single student Normalized gain il il t udt n'l : n^0 r : tn t'jt rinG uu rrri n s

nufinl:rfplurnt:nt:Guufrflluodr.:1:1nuq1d'0rnnurruudouriouGuurrayrn-rGuuror
a 4 I o -y-.t q 4.- , 9- n- g) , juflt:uulrflnvflu d]?l:uf,i] <g> no{unGuurrsinvnufi'l.i'utrdtrutrtrirrn6u (Average of the

single student Normalized gain) usootoovGun'irr{lurirrqdu <g> rolrinGuu#0.:d doorro,
rflJuni116urnirri'u clnss Normalized gain rreirirfild'orni6dosvru'jrfirir]1jrvirriulquri.,iild,ilro

v

iGfiovfiriroqjluri-;l + 5% uo': class Normalized gain lnufiriruru:J:yryrn:dvrnaoud'o.rfirir
9!

sr-.:rrsi 20 nufiulil

2.5.1.3 Single test item Normalized gain ilutufr.: nt:fior:ut'jt,ituru
rinGuufiflougn,fir.,durflJurvirlqtorrloaourlofir:rrira-rn^0"r:ru'r lunr:aourisuGuurroy

rn.:ttuunr:vlot:sut luii'nuruvfrfrrio6n-odrhiuon'[d"irrinGuufinerrurrTrlosiorioaourTo
Latrnl:^at

ulu1 riluotjx'l:6rntrut:nrir:lr{lur7oryn1unr:r..lfurJg.:nr:Guunr:aoulurSorfiriurr?orn-u

,ioaulfi1 1d'r{luodx6 rirrfurToaurlrndo, Jnurqflrsdoaoufir{Ju conceptuar test 1vfi

nt:ttrjlu:lrorrqjto.:rloaoroonr{Jundrunrurru:nrrru6n:':uaonfi{agxuuuyrerdould,,ri{li
i^..:-^^.-.------{ 4 o i o ^--.,1 - ge o 3 u 4 r r et tel.:rtelel0utl: nfl iuu 0 {uuuvt0ur{0 r:rurruont:t: uuf frmnTuroluhrS uurion{rudoaoun{:l
vv v oOY U

riu l ri'u o v ri r't #r o n 1 d''j r uh G uu fi n r r ru ulr l o si o r ru ? n q : ? u u u r #r 1 r{J u o d x l :
2.5. 1.4 Conceptual dimensional Normalized gain t{lu n t: q1'jru-nru rnr:ri os

fl n n r : tt u u f r fi ru du t o r rin rl o u fi fi si o ri": rio u d r l r fJ u o d r.:'l : n r : fi o r : su r r.r o n r : G u u fg
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lun'nuarvdovldn:fifid0.:nr:q'jrrinGuufir^rnnr:Guun3ofin-nrurnr:sionr:Goulurrsiov

rt'rrioriul rtJuoeinl:,fiuoo",nn-.rrauru#t:ndr1ovfinr:aou:?u0onrfiofiovn6nnr:Gou
i- < hvr q !. ) ^, 

{

frrinriuuaou'[d'siocioaougotuuulfir,Toauur,rer:s1uyl&?uhJosfinr:i'nnrrlrr1loror11
-y-.Y tq 9) d - - 

9-

14?1r00q tuioaolEnt6ord'u st-ltiuvrnr:rqraflryn&rruu:'tru'[riorouonld.jrrin6uufinrr,
9 cl o r e { 9 d q 4 dt <4 tlly r q d drtl l0lurt9laurru?n?luriet:'luuoeuluurnfiourfrusln 6lrilunr:6fir:rovtriqr'rrinGuuiln.l11.,

r{rh ru^o lu rt o r 1q il r nil3 o#o u

z.o sruiffsd,dor{ru

2.6.1 { ru?flr,1uilryr?rfl

iqonr :rryrrd unvaruq:al n'uqfnf (2s5s)'lrivf,ruurnr:f,nfirn::rnr:
4Y'413uufrrrri rr.rrr'o rvrnfin r-r rrnyfinurn?'rud'rlJr:nlunr:n'qirn:rv#to,:rinGuu

A A t i r t L , d. oli t v 6 < ,)?ry1fl0.l91fl1fl'll [:01xmil:eqnn ryurJ:volldnurTJfr 5 v{u'jtlrflunt:,u''nnon::unt:GuufuxU
r4adra-(-i-.-----+qdraa
:?tJtJO[mnun LT ilil:vdvtDRtilarurnilqifrritl.tun fro is.38/75.40 nYsfi:J:vfrmir.rntol

rt,{un1:'fi'nfi on::runt:Goufrtludarufiormnfi n lr fi rirrvirrYu 0.6695 rSofounv 66.95 uay

n ? r lJ 6y'r u r : n 1 u n r : fi o irn : r v #u o s fn fi u u fi ri rrqd u! oaav t s .ag

$:riuli rufiisrrf (2553 : uvrfl"qdo) lr1rirnr:finurr.rnii'rqmfnr:,fr'nnr:riuuf
i qY a 4 I t 4 alnoldtvrnunnt:Guufrtuud:rru'o iryr nr:ldI:J:un:rugrurloryn Inunr:rirra'nnr:nr:6uu"{
I v 

"4 
Q q r d {f- r r q gy{ r r a e:?ilnu10{,'lt:uu Inun]:0nnqrunt:r:uurflunquuouhi{Guurroiavn{lfrnurrlrgrrunv

9q I u d gt lA. 9) s a o I ,)rrnuqfil:?rununlu IFlfln]unt:ntvtritrun {aoud'.:rnnn=nnrrunr:rfr.:rutoln{rurrnvn:v{u
A o ! t 9)d d 4_4 y a 4 9t v r arfl:rJrr:{ [uuIin: i ilu?ttir5uunnlln:cfro5ofu rnqn:su.]uni:Guufdr:rd'u.il.turrdo

*----.. - .- q r t yq .- q y i "ry.:flutInunuRlu l1tnaru rryu nt:ttnilryrt nt:Jtirrn,.tn nt:donr: nt:rirrauo [[ayn1:
i o J _^_^u^^l_^ -4_-o _ j o qdlryOil tun cxifl:YU?unr:gllnnrr truofrot:rutr{nflglluuredu:']utrnn'l:titmadoU14o{[:CIu

tvitn-u zt.+o 6lqlnr'rnvrtuurqdu:'rufi'ldrrnnr:rirrruuyrerdouriouGuudrfirirrvird'r

46.00 6ra;'rJld''jr nr:n'on::runr:rtounr:nr:Gouf;rJruLrirruru^o Iquldrmnfinnr:Guui9q --- - --ql

rruu Jigsaw iryr nr:ld)il:un:rugru{oryn fivf,cxurdu rilrJ'rydildryrirrurldtunr:Guu

n r : a o u t u fl o q fu rui o rnAr il : y fi yr G n r n 1 u n r : G u u n r : a o u hfl6 0r du

n-q q r fl : y 
Q n fr: d (2 5 5 3 : u m ri'n do I 1 dfi nu r n r : n-er u r qnfl n n-nu v

n:uu?unr:mr.:ivrornrarf,?uqrnnnl:r0{u-nGou InuiGnl:dir,:,.rori'rqvrdto.:fi1 Go.:

Irrlusl"'lnr:ryu r.ronr:i,fi'ovru'jr rund'ruqvrfrrun'.trGuuivrimuraranfqrdu n-nuvg

.4@<9vYtv
n : u u ?u n l I m l {'t vt u t fl r dsr : lJ 0 i u n r: uu fn u n t : yl n n o { yr nu y n r : n l do aq il rrn v vr-nu y n r :
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v

ai'l ail U n' g r u o qj l u : v rriu u t n fi qo ru r n rr o s il rn o l r sr r ru rir nlu rr a s u-n G u u fi n r r l fi .r n o l r
t4i

oioqnflnvr-nuen:vu?unt:vrtrivturRranf,lur;:ru',n",r,tuo Irnrusr'urrnunr:uu oqltu:vn"'ud

aiggfirr lnd.:rru (2ss2 : umn-ndo) ldfinurnr:f,onr:Guuiornnr:
!i^^:.{-_-. o t I ^y^. -d- o ot 4 d uil 8 u fl n l : vl q n o l [5 o l o= td n m : o u n dru- o'r siu rn'o rfi ru ru n du q m t m r { n'l : r: u u lrn v yi n u v m r l

ivrurerafli zunnr:id'uvru'jrrinGuufiriuud'ruqerflnil6^rio^nr:yrrr6rf,nvr:ofindruiorrlu
4uXdrr4rdqoq.:o449r9,
uruoduqmrvllinr:tiuuqrnrrrioutTttuour.rfiriurirri'rymt{dnetyt .0t unvrln.:tunt?rul

4il1':nr:iiuu (normalized gain) rvirril 0.68 rravfnGuufinrrun'luofusionr:,i'rrnr:Guufoqjlu
saoi

: v er u 14ril o I o ru r n fr 4.02 r'r n r [u u il r er :'r 6i? u il : s ru r su ri r s : s rir t o.: fi rn o fvr

vr-YT u vr $'il'u vr $r-r I vr u (25 44 : u m n-er do ) klfi n u r r.r a n t : d o u en u ?t ai'n n r :
couttu:l:'llfiori'uGuufluitrimuratanf ,6oo ,lr,noofiisr #uriruuflnurflfi I y{u.jl
s d jvrc/- q -.- I 4 4 ,r4 _ A 4 runr:UuYllfllUnl:d0ualul'loflnltdoultuuduuont:Guuffinoii'rJqm;m1.:nt:Gouq.:n.jr

^y-.4-.-.-4U y- 
'd | 4 v q q ooi v uunt:uuYl tqlunl:dountruqru-ongoot.tiltiutitr{'rymr.radn-fi:ssi'u 0.5 Tr-fluvn:uu?unt:yp.:

4 d ' y^.a-.^.^.!qEg- - ra r 4 q o. q -6 A -?Ylulrl'ldel:flifl?runl:uuvt'l6ilnr:counrruriru-ongodrlfiriudrn"'ryvrrldfisr'fi:vnu.os
..-- -y- -o Aq gr-
ttnvunGouvl"tr{f un'l:douertura-nnr:dourruui,tlfiori'uGouf luirrimurarasrf
4ao,oJ
uy{qfln::un t:yn i tunntJnuu

Savv@
I w iln'il'q faim u r q n (2543 : Im n-er tio) kYfi nu r eta t o I n r: rl uu uu u j ::l fi o

s q Y ..fl-.--'- d., d- {r - ia , - 4 d[9lu Iutmnuanr:aoutlunquvts?uruaorilu:ruqnnnfifieior^radruqvrr'yt]{nt:Guurla&

n?]ud]u'l:nlunr:rirululnr:Gouftuirrnfinflranfro{u-nrluu#urJ:vnrufinurflfi s fifi
e I q a@ I v A u:u9rufi?tilfltu"t:0en.:nurunnr:itu uuit fnrSuu4n:sri'un.:tualu1r0yt-ltflt:tluuiryt

a /id r

n fr n qt an i fi G u u rr u u i ?il fi o Iq u1drm n fi n n r: ao u rilu n { ru fi drurr do rilu : ruq n n a
a-----..-,d46edrrlJ,{nfluqmr n I ifl.l:t: uuirlntlnatcnig.:nrrriount:mnao{rrnvfin?tild1Jt:0lunt:riru]ol

d 916 o ....!_,. I e 4 jd 
. | 6 r 4 q o q ooaint:r:uu:?srnilafltda:d{n?lunr:uuyrr:uuFtruilnsrour.:iluiurirri'rymr.:afid'fi:vri'l .os

q r-ru rf ? : a m ; t z s +o I a f r .: q n rJ 6' rior' n r : ayr 0 r fl r fl n $ ri o r ntorld
lv{flrvrqnolrilu-nGuu#uru-turufinurflfi 3 rru'irqorJ6'rJ6nr:fivr-ruurdufiil:vfimGnrnnr*

rnil.vifirirruqfio Eg.75lg2.7Br.rad'ruqmfvn.:nr:Guurrauyl-nu&n:uu?un'r:ynriyrorgran$
qdud.rrdr4vevoojv

I 0.: u fl [: u u ?1 o { [: u u q{ n ? I n o u 15 u u 0 u 1 { r lIu d] ri'rgm t.: an dfr : y d'u .o t

2.6.2 {tueffrfl usi r.rrJ:vrvrq

Frederick Stem et al. (2006) 1d'rirnr:finuri,u"'onujrnt:Guurio.:
nr:riru?ilyn{naflrdgl$10{'lrn Inul#nr:6ou jrrun1u:sn,jxnr:ldno-ngn:ia.ln::rusrcsrf

r rCI e n r : dr il fr ffi n r : fl r ru r : n rn^ru pl n ri'ru q vrdvr x n r : G o u r o I rin fi n u r ld
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Neal (1969) ld'finurfi.rnr:'il'nn{ru:J6^uhnr:iyrrnfirior.rnti'ruqvrdvrr.rnr:Guu

rrnsri'nuvrJfru-n^nr:tolrinGuu lerurrrirnq'ruor-roeirroonriJu z n{ru n^onq'runrrqrulri'
-o- raoo i , qyo ra6drrJfllGnr:,6ur ndrLvrqao.:h{lirrJfrlT z nu lunr:'fr'qnuprirn{1riuJgYrpjroonnru:yqiu

dr ^ a a --i_ -- { a r- r v ,) r In?lildllJr:el0onrilu : :velu noql nnr.: air ornriuoltinrrsios:vn-urrirnq'ln?uqillrovnqxJ

vlFloo{ lunr:?tn:rv#riorya nrnil:rng'jr'hifinrrilrrflnsir,:otjr,:furirri'ry:vryjt.:n{,firirEn
^r=-r,:_ i ' j. ,^Gu0ufl nt:relu?rrne n alJytvirqeilfl unnt: 2 nu

s r. J o h n ( 1 g 7 g ) ki'fi n u r 16 u r nlu rt o { n r : fi q o u r .r rin fl fi n d rvrj o vr-w u r gn
la6a6tad

rJg-uTnr:it tflfinrito.:ruurimurn-urrnfiilorfiu fir:r^$nrnti drrfru-nGuuiyrorsrasrffirnrn
q 4 d la I a J a d r d I dua&unflnul[9]:ulJlt?{11u lualutolirytnngtani ornnr:Trn:]vfiHn0ut.tastouFtv,tu?tun?tu

lvl

ttn n si r l ri'u o u t l ru t n : s rj t r n r : rJ fl uG n r : rru u rri r rrn y rr u u fi ,fr'q du tn rj rin G u r d l dq,
rJ fl'rin^ n r: tt I u lm riG u u f vr-n u v fi fi rJ: v I u ryrfrr n v rrTr 1o n r: m q a o.: fi rir dr o sr-.r ro r o d r r d
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9 v _,-!t__.a ,) - ! a q 9tfl n 0 { n u n 1 : 1 { ? 9t Q il : e dl n n r : 15 u u i r rn s rn ar d n r : n- o t : ar r : s n''u n r r ru 5q - _q --'.--- 

v
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3.5.3.4 drr rl I m n ao I fi afl r.r du rau o oi o f,rfi u ?ur EU 3 yi r u n : r r a o :L n' o'r : su r
o d s q 9e dn?ruer:{rfr.rrfioHrleru"lfri'rfinrrudonndo.::erj',ur?uournluqnrJ:va.:rinr:riuuf tloc)

t Y I I --2) 9 I a------ 9 I a a /i9 v?110flOUt[9laUlJodonno0{flUtnilcvlnl:Tln1:il'l:snUn?]Uf uaunt:n=n-rn:'ls}ifrd'o{nt:?h
Ahl_ovaq4a

14:0 tU n?1I[1'lU1&dlJ1o.:t?n] n?1Ut]lU1UrY]Jxo.:fi'l0'lU[[aef,t''?rfi0n unfrnruanr:fr'ot:arrrol
-gt4 { a, ,)
rdrTU?u16uyt {1{ uaril u : 1ufl o

3.s.3.5 d r uu r m n c o u ii 1 d'l il m n a o r ldri'u rin G u u fi'o r G u u i m u r fl r fl n {
-{qao':snlu'i'urituruf,nurflfi 5/t trae sl+ J:.:fiou0wrn:ol:tsivtorii'u rynntHr: tirtnorfio.: olrr-n

rynnlfil: dtfntruttstdufinr:finutfrorfinur $Jn 22 fir.irunr:GuuGo{ Itrruusr-lrtncnl:su

tu I 1J0r

3.5.3.6 drnvrruufi 'ldornnt: vrndouurern: rv#r.r rrirn:ruutniru (p) unsrir

tirurndrttun (r) rirnt:n-n16onrToaoufifirirtirurriirrrunsrs.rrrsi .zo duhJ fir *r rirnr'ruurn

itu .zo 6.r .so doaor{olnhioqjlurnuq{rirhJuri'[trJfrrJg.:luriud':drrauo{rdurrrrgn::o

douttaefitr:rur ri'nhiltun^otnnrvr?ofitr?rrnnr.yi iiruau zs 4o Jnurie.rfirirn:rruurnirooqi

lud:r 0.30 - o.zs uacfirirdrurriiruunoqjluri.:.r 0.30 - 0.70

3.s.3.i'lrtr rl t vr n ao u i'n r.r a dl q r f r', u n', r G u u iir u a u zs rlo l dn a r lu n r :
rirtrulmsraoil 50 utfi riirutrrrirn':rrurfioriuns{nu-uInul#qn: KR - 20 1J0.r Kuder-

Richardson ln ufi ri rn : r ru rfi us (Reliability) : o.g4

3.5.3.8 rir hJ rau o {r6o:vrry : vi ru n^0 r: u Isr : ? 0 ryo u rrdril frlrJ g.:rul'[t

n 9.r fi z uu u m a d o u fi kirfll u ur u vr n a o u fi d r hI 1 dr3 .: riu rin fi u u n { r sr-., o d r r

l.s.n uuurJ:rrfi ufrnuvrJfi ffi nr:nr{?fl r,rsr6rsr* irr n nsran f rt o l Ilnr ud,ru
qooJ-ao,J

ttaenl:TuIutfrst-'i'unirurufrnurTjfi+r{Jurrll:J:vrn^udrun'l:r[0flrr0{:vrrlunr:rJfr:tG

(Rubric) il:snoudruyl-nusfl:su?unr:yt1{imorgrasrffifrlyr-ufriu 3 yl-nuu 6o yr-nuvnr:

mnao.: vl-flusnt:0-nn:vrirttasf,on?ril14u'rurIorya rrarri''nusnr:6narrurrasn.:rToagrJ d.rffi't'u
--rt J o{ q r, - IrY:'l.ttuto.t utu gt0u tunr: a5 tlnlu

3. 5.4. I fi n u I ro n er : u a-n n r : ryro o,fll u,,u r m r I 1 u n r : af r I r ru I rJ : y rfi u vr-n u v

rJ6':rGnr:vrr.:imuraran$ rr#rrirr,runrrurmrslunr:oonrrrril:vrfium"'nu;rJfl^uGnr:

3.5.4.2 a ir I rr u u il : y rru^ u yr-n u v il n lG n r : m I.: a m u 
-l 

f, r a n f t o,: rin G u u
Ardrr4Gr{ttu.:00ntilu 3 d?u rl0

rirufi t il:vrfiu?l-nu&nr:yrnno.r Inufinqfin::rufido{il:yrfiu
,

: tiustou rtoont:?trttp.tuiGrirrfiunr:mflao{ nr:rJ6^uGnr:yreroo{ rrneflr:fu?l4nnr:mnn0.r
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'jcitu fr z tJ : s rn-u vr-nu v n r :,fi'n n : v rir rra s fi o n r r u r ru r o{o u a In ufig
o j, r a

v{ q n n : : u m a 0 { il : s ru u t 1 n : 1 u.1'lu r{a n 1 : yl 9t o o {

riru fi 3 il : v rru^u vinu y n r : 6 n r rru n, r u r7o 
ry n rra s n r flo cg rJ In ofi

6 d9,' I a
?r q n n : : u m a 0 { il : & ru u 0 I n : 1 u { 1 u r{ n n I : yt ft o o.:

*-+r .e/_..a-a{ e.___ .{y jd u, o e , {Gr.: [u u 9t ? d 0 a lil 0 ? [n : ] e fi I o ry CI yl rn u u 1 1 6 0 I n li-t u .l 
u srr o d r I vTl r rr n

-r-.-€-.itl .y I q 14 a o r d o Jnltaaum trl6Y?u trqnmnuuru 2 eirrrrrir o-rrirrunln6uclint:r[:Janrturrurorn'ofln:spr'u
,jdtrqrtnri

fl ttQ nu00nluuT?.: a.:9t0 tilu
I 4 rq dd 4 q tq 64nlrqau 4.50 - 5.00 0g [urnrufieturnysoythuyrJfiuGdrurn

-t-.-{ 
rq d4 4 q ra osd

n 1 ra a u 3. 5 0 - 4.49 o(.tu rn ru.ri a fl5 ovhu v rJ g :tGd

-f-.-S.--^rqdt4sraedrfl r re n u 2.50 - 3.49 0 g [u rn ru qi :J r u n n I { ?rT o ?]h u ; rI fl :r?6 rJ I u n n 1 {

ri r rn 6 u t . s o - 2.4s o qj 1 u rn ru vin o 1 drt o ri''n u v rJ fl' uGvr o 1 d

ri r rq 6 u I . 00 - I .49 o qj 1 u r n ru,rirJ iu il g w3 o n-n u v :J 
6^ 

lG rJ fu rJ q .:

3. 5.4. 3 d r r r u u il : v t u^ u vt-n u s il g' rG n r : m r r i m u r a r a n f i,i a 3 r .r d u 1 il 1 d'
^gt.1.-.^--- ^, a I
{tBo:rtry : vitu 9l:?0doun?rila:{rfr{rfioil1 (content validity) lnurrulrj:snr^u'ldr.irunr:r,rr
ud9)

fl sun?1ucYonn6o.: (toc)

3.s.4.4 dr ul I il : s tfi u vr-n u v il fr uG n r : m r.: im o r ar a n f hJ 1 #r3 r riu n d r
sr-'rotit.:

3.s.s ttu u il : e tfi u n ? I il fi s r^r olo fi fi si o n r : ri sulor u1ff q o rJ fr rY6 n r : d ur ffu n r :
.l lt t zt a a ei S v oo & v At:uugtluu: 2ililotnniln LT au t nofl t csr irSo{lurilud'r.ltlov nt:uu I fr fr .i'u n-r uru fr nu rfl fi +

rflurtuul#nsuuutiJu:sn,unrrunrrruff.:nolo d.:{io-uaYrodu,ru fil?usroulunr:a$r.rrird

3.5.5. I fi nu t to n ct : 14 (i'n n r : vr qu fi vr r.:6n ivr u r rfi o riJ u r ru ?m r { lu n r : af r.:

r ru u il : s ttr^ u n ? r u il'wr o h u d'r rir r,r u n r ru r m x l u n r : o o n uu u i'n n : r r ff ur o l t
3.5 .5.2 a it.: rrl u :..l : v rfi u n r t r ff .r u o 1 o r o r rin G u u d.: rrri r o o n rfll u + d'r u

A e, a il 9 4 d .y y_-.-__q_q4.. r t 1 4 9 ,,nonludt:ent:[:uu5 9t]un0n::unr:nuuf rfrunr:ldfrogiln:ni:J:vnounr:Guuf rrov6ru

nt:fnuas:Jrr,fiu^on,:Guuf drfirnaryinr:rJ:vrfiur{luuuuurn:rriru:J:vursurir (Rating

Scale) ellurtuutolfirnoivr (Likert) d.:rijual"'rafifirfioirn:rs#riorunfirfiurur'ldrrniiru.:u
-y---t-.9- , a d a dr r j jhcr, o rdni:otitsvt-.:ttun (rluuyt: flnil0r?, 2552) nlranum rnfl?u rr,rryruvrafiot z sflrrruill 6.:rirrun

d t i - v t i a, r o r rn,9
tn gu qin t : r ril a n ? I il tl ru I u r?r o t Ft : v Ft u n'l rn a u o o n rfl u ri r.: n"'.: ri o hJ fi

flrranu 4.50 - 5.00 og lurnarvtrurnytqnilsoil{uolorurnyran
,irqda4

n r rqd u 3. 5 0 - +.+e o {1 u rn ar qf ru r n m5 o n*l u o t o ru I n
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t I ro 4t a d d I

nllanu 2.50 - 3.49 0q [urnil.yt:J]unal{Htoil{il01ril]una1.:
t i rq d9 4 d o Ifltranu 1.50 - 2.49 0q tulniucytu0ut45oTr.lilo1otiot,

' i rq t9 i a 4 q 9 i
nrrq nu 1.00 - 1.49 0q tulnilcytilouytqnr t oy{.:ilo10uouytqet

3.s.s.3 ri t uu u :J : v rfi u n'r r ru u'.r n o 1 r fi air.r du hI bfl {rfi o r ur 6U 3 yi r u

el : ? 0 do il n ? t ru n : l rfi l ruco ?n (Contenr val idiry) r rdarjr u r rJ it :J g.: r rrl'lrr

3 . s. s.4 ril ru :J : v ru'u n'l r ru fi w o t o hJ 1 dr3 r nir n { ru n-r o d r r

Adcl)
3.6 ?fi nl:tfiu:ailr?u,[oxlas

---1.-q-.-U {Et i9r' a Urt66 9) v o d
fl r : ?1 un :.: u ru u n1: ? 0 uly.: il n a 0 { [rn u lnu 0 un n1: T q a 0{6 run urol nuu nri uu

V q 4 ori ..- s o 6 s o s I ; ddut-turufrnurTJfi +lz I:rGuuIvnn:il:1uimura-u rlnnrlJr:drtin.:1urrervr-ufrnr:frnur
q 4 < l^<1 4 v a o 9,|qsh9/o o -iuruilflnullljel 22 Rlnt:au"vt2 t]nt:rinut 2554 unriuuiiruru 23 r1u {Toll"tdrirruunt: r[.ru

3.6.1 ilndolriourSuu (pre-test) riourirnr:aoulnuldrruilmndou?-nr.rnd'ruqvrf

m1{nl:Guuiyr nngrcnf rSoqhrruusi'rurrnvnr:ryulu t n^n' riru'lu zs {o

3.6.2 dh f,u 1 duri.: n { ru fn G u u o o n n r ru : 3 niu n ? r u d r u r : fl I n o o r f,o nr a dru q vr d
4qdirvtqasrvadrroa

m1':n]:t:uu tuRlnt:uuYlr.lluul0nnquunriuu [nurrurunriuuoonliju 6 nqu r{rruunr:aou
d9)

enurt,{unr:t:uug 4 ur.ru Inul#qnrJfl^rJ6nr: ofl.ruriqnrJfrrin-nr:fi l-s riJunar z riehx

Lo.: n{tn-rodtwitrtuuytFtdouiln-{Gou (post-test) rirurruuytgtd0ueu-urn'il

u:etilu r{nn1: [: uug ?Ylu'lfIlda:n lumnu eilaunn]:yr'r.:?ytu'lf,]dgt: trnurtuud0u0liln'l1u
d 6l r d I ail o raoAfr.rvrolorionr:iiuuint:ldqnr nir Track lunr:rJ6^rj6nr:vrnno.: 13o{ Juruuct-urrauflt:uu
q-aarqtrrda
tu I ila :?rnufll:dourluunqu:?uriormniln LT

g.o.+ itn : tv #r1o 
ry 

a : v rix ri o u G uu ua s fl a-': fi uu d': u a6 o^ t-test dependent ln o

mndoun?tuttflnnr.:fifiriurirri'ovrr':afinfi:vrriu.os irn:rs#ruonr:Guuifiryr^ldurSltol

rin tS u u l er u l # Normatized gain i u u n', r,,fi o r rfi u r ru a n r : G u u f fi rn^ ru du oiu t u .: 

^ 
a n'r : G u u

ia< : J hil
g.:qnfifi1ontdrn^rufiu'ld (maximum possible gain) Ha-{0rnnr:,il'nnr:Guuf irn:rv#
n t : il : s ut-u,{ a n r : G u u f im u r or a n $dr u ri'n u s rJ fr lG n r : m r': am u r fl r fl n f r ra v irn : r c #r ru u

raAo
u : u ril u n ? r u y{': Tr o t o ri oir r : o-n n r : G u u i In u 1dd r rq 6 u ri r f o u o v



40

3.7 nr:ern:rv#doryo

ras o g jrnri a
{Tt-urjr{orynfikiurirn:rv#r^ra Iquldnoun^?rflofJil:rrnlu Microsoft office Excel

Fr{u

g.z. r irn : rv#u rrJ : v ?mG n rnt o.:up{u n r :,fr'nn r:G uuf,In uld{n Air Track
r-6 j

rJflrj6nr:vrano.:Go{Iilruuel-uuaunt:su I n^o' j:run1unt:floulruuj:rufiorvrnfin LTJnurr
@ @ .-.^-jqE^---- e €r v t a v ju yn?1ilrYu?Iurl,0{rluttuuvl'[60]nn1:rirttuullnvrhuy:eil'it{rTuu fi'unslruufr'[ri'nrnnr:mr

ttuLrvleldouudtEuu Jsrufintijuflouaurrd?drp{ailrnGuurfiuurr:J:s?minrnnurnru.}i 80/80

3.7 .2 irn : r s r{nra dru q vrf vr r.: n r : G u u In u njs u r rfi ur ri r rn 6 o t o r n y rtu u n r : rir
t tu u yt n do u ri o u G uu r ra v n ii'.: fi uu In o ld t-test I ru u dependent

3.2.3 ?rn:rv#il:vtu^unon?rurir?r4dryrr.:nr:riuurro.:u-nGuu Inuld normalized

gain

:.2.+ irn:ts#rirrn6u rirurdu.:ruuurer:g'ru nrrrfiryrolrto.:rinGuufifirionr:

Irx
\,, Ll
11.

n

d'n n r : G uu Jn utd xn Air Track :J fr rJGn r : m n n o r j rru riu n r : do u uu u j r ru fi o tm n fi n lt

t.s o66fi1&1unr:iffE

q-.--.i tv -&{r-. s q9 o t-!
ru fl I : ? rn : I & 14 I 0 { n n : { u { I ru rir u ru t n u l,f n 0 ru n r rrt o i eli{ fr

3.8.1 rrafin^dugru lsiuri rilndo x ririouav uavrirrirurdoo,ruu,r:glu (sD)

3.8. l. I r rrirrnfi u (uean)lpr utdqn : n"'.: d (aru13 rflr uri orir, zss r )

rrujo x lryru n-:nnr.:rnrnfisrfltodrrqdu

f rx rlyru 
^urrur'onuaro{nerruuvn rrytu iirurunufl{fiuet

3.8.1.2 nrrirrirurfiu{tuurtet:Stu (Standard Deviation: sol lnoldqsr:ri'.:d
,6914
(cYuugt ytlu[:0f11, 255 l)
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frx
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n

rrytu

ttYtu
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ltytu
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6Y?UlUU.:tUU U 19t:S'lU

I

fl a: ?uYt.:1{un I 0.:fiytlu u
9y

rua:'llvti':rrunt0,:nettuuunritn-ldo.:fl-.:run
Ioo

01u?uaum{ilu9

[Ixl
lNlL r xl00

A

[Ivl
L,ul

B

A

nIr*'-(I*)'

3. 8. I .3 rirfoons (percentage) In uldqn : n"'.: d f aluG r{ru6 ofir, zss r )

,)
:0uae

n'rrarfi dornr:rGuurfi uu x 1 0 0
o d lJ
01u'tuln!10.:fl.tuu

:.4.2 irn:rs#r,rril:sfivrr^nrnrorrrruunr:,fi'nnr:Goufd'ruqer Air Track:Jfl'rlGnr:
io

mnn0{ r:0{ tlJruugturraenl:Tu AA I 
-- 4 Y t I 4 6I uet :?ununI:0nnI:r:uufrruunqruirIruormniln lr

__-A d q.a { - a a,A:ru2utnofltryst: :14d?Tt ? 30201 yutjruudnurTjfr +

3.8.2.1 r,r r rJ : s ? m i n'l il I o { rr,.r u n r : G u u f n I ru rn ru,yi goiso 1 n u 1 d4 ot :
n /n -l d
Lr I Lz 9t.:U (UEUSU f,1fity01qt, 2545)

Er=

Ez=

j
ru0

x 100

Er [rytu

E 2 rlytu

lx uYru

l v uyru

rJ : v ?mGn rur o,: fl : vu ?u n'r:

rJ : y ?vrfi n rvr t o,: nr n ah f,

ft& [tu u: ?111, o{truuYt gt dou dou

n&rlu u : ?u1, o wil1 ou r r nn r : rJ: vrfi ua

HA{r:UU

4t
n yrtu u [9[J110{ ttu uYt9 dou u0u
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B uyru nsrluurfiruxo{rruumnryouudrGuu

N uytu iflruau{Gou

3.8.2-2 irn:rcfHrriro-tfi:,,l:s?vrt.naro.rrrp.runr:,fr'rrfion::runr:riouf Ino
tdEn eir rrack rJfl^rl6nlrrruu,,*0.:Irurruusl"'rurrnsnr:uu t fisr^ jrur;unr:6,nnr:Guufrruu

i'rrufio lnuldqn: E.r (:Jrurru #ayorn, zs+s)

n r ri r ri'rfi rJ : s ?vri nr n ' 
(r'rururinGau Xn;uuur6l)-iln:rlro{Riuurrncourioriiuu

3'8.3 lt u u vl n a o u fn n a dru q m dvr r.r n r : G u u r ii'r o r n ri r 1 r,J 1 dd'u n { r sr-.r o d r r
itn : r v #{o 

ry a ln u ldafi sr' 6o ri r rn6 o ri r io u a y un v ri r riru rd ou,r u r., r : g ru in u ldqn : *iu
dcoij
tnu?tluLJvlgld0uu Iurudfrnnrntnfiou ytFrdoufi?'rrutrnnsirrtosnyrruuriourrnara-rnt:i'n

nr:Buuf,toru-ntSuun{rurGurniuJnoldafin^mnaoudrun'grurruu 
Dependent samples test

rirun'ltltr9lnsir{1o{nvttuuriourrnvro-rnr:o''ernr:Goufto.:u-nGuun{1s1"'rodr.:I,uldafist^

mndouduilfrgrurruu Independent samples test Inuldgn:ri{d (aruu6 virurtorir, zsst)

ituo t ttytu

fl n r?ttuorn cuuuyrn aouy ri,r ri ou -

D llytu

lo rryru

Io'

ri r afi fi fi o s t #ril3 u u rfi u u niu ri r in q o,nou n r.,, 0 r.,,
dq o s
rJuudlnfl
rrurr

n t,{an'1,: : e il ?1{ en 
yltuu

,
,.r o : ? u m-.: fi n er r o { ri r ru n ei r.: : v rj r r { n v r ru u

r ryr u 
^ 

u r r r r'o r u n t o l ri r r.r o si r.: : v l1,jr,: q' n v r ru u

unrird'.:aor

(! o)' rtmu onrira-raor I o{ fl n : ?uvr,rr:rnto.: ririlnsi*: vil.jr.:
I

qnurruu

n rrytu rirurun{loi'rodr.rutoiiru.:u{nvrruu

3. 8.4 n ? r u rir ru flt m t.: n r : G u u rr o s n.: t ru rlt r r #r m r.: m-nu v n t : n'r, riu qr q dru
irn:rv#riorynlnuldiG Average normalized gain, <g> 6.:nrldornruanr:Guuffiur^,duo3r

d!'-(ro)'
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(Actual gain) rr:rfleurjanr:rSuuffifilontarn^ruquq, (Maximum possible gain) rirrun:yflu
xo':a?ruriiTrrrirmrrnt:GuuIqu?6 Aurrug" normarized gain r{lu 3 :v'r",rno low gain
(<g> S 0.3), medium gain (0.3 < <g> < 0.7) rrnv high gain (<g> > o.z) Inol#qqr:sl",.rd
(Hake, 1998)

%post- Yopre

<g> ttytU fit normalized gain

% post rryru drrqduro{nurruucyou14n-,:Guur{lu,Jofrfiuoi

o/o pre umu rirrq6uro.:nvrruuaouriouGuur{Junlofrfiupi

3. 8. s n r : r r :J : v fi m fi n r n t o uni o r ru^ o fi 1 d1 u n r : i o-u n #r ii I n u I dqor : n",.: d
3.8.5.1 n.,rrlor.,rdu.: (vatidity) to.rrruuyrrrfloul-nnaii,lqvrfvrr.:nr:Guu

]nunr::J:sru'ufl?ludoornd'orrrn{rfiu.lvrq ornqn:rr-rfin:ruaogndroq (Ioc: Index of Item
objective Congruence) oid farutG rtrorSorfr, zsst)

j
rru-o Ioc uyru n"yfin.:rruaonnd'or:vn.ir.r1n:J:va,:riniu

&a,d
rulor r 15 o : v rir.:{o aou riu 1n rJ: s a.: ri

XR rryru fln:?unsrruun?run^errrluto.r{r6u?uriU
,_

yt.:11:Jn

n uyru tfruru{rfiurrlry#orurr

3.8.5.2 fll:?nn ?tuur ni ro (Difficulty) I o.rrruu ma ao tr-n rua duq rdr..,,,
n r : G uu r{J u n r : irn : r y r{r1o ao u ril u : r orlo ri'.rd (n : ru iryr n r :, 2s4s )

irilo p [[yru rirn.:rrurnrorrToaou

R rrytu tiru:ununouon{

lu0

IRIOC _-.
n

P: R

n
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In ltytu ,ftutunum-lrtn

:sdun'lruurnjro (Diffrculty) firir#,rusi 0.00 - t.oo lrrunr:u:Jo
4 4 -t

R ?1 U il U lUU :'I UA U IO U9I fI { U

I n u.: r u i,il'udfi ri r n ? r u u 1 n i r u o qj1 u ri':,: 0. 30 - 0. 7s er-{ u der {

lunrnnurn ry

3.8.5.3 n1:Hrrildlu't0,0'1[tun (Discrimination) tolrrulilndoui'fir.tad'ruqmf
4 s 61 9 I

m t r nr: G ou 
-lnu]dfl 

n:ro.l Brennan n".:fi (n: ruirtnI:, 2545)

RU_R,
l--

N

joo
ttJO r ttl'lU 0lU100'lttiln

oeaq,i
Ru uyr u,f r u': u rin ri u u 1 u n { l g.: fi n o u 

Q 
n (n { ru g,r 1d:J : u il I iu

9@o'
ioonv 25 rolfnG uu?i{Hrn)

R, r ryr u iiru ru fnri uu lu n { ru oirfi fl ouQ n (n { ru afl rt#rJ : yil Inr
9vo'
io uas 25xo{fn[3 uufi".: t t u q )

N ttyru titu'ru nulu n ri ru a.: rt o n ri u sirfi rvi rniuq{q

tt
ntn?tilutR.:lu nr:uilaa?tultr|lu

0.81 - 1.00 irorurn 1 nr:ilfurJq.:rt o"-r,fi )

0.60 - 0.80
t ,l r _d.

ft0ulJ'l{{'tu ( 9t )

0.40 - 0.59 urnilonnJte 16rurn )

0.20 - 0.39 riou{xurn ( 6 )

0 - 0.19 urnurn ( nr:rJfuilq.:riool,nfi I
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rirtiru r r rirrru n fi rirsrer rrsi 0.00 - I .00 In on r : r r:J a n r I ru m ru I ui : r u o s t6 un ei,: d

I q u.: r u i o-u o 9'r dfi ri'' o', u r o iir u u n o qi I u ri r.: 0. 3 0 - 0. z0 n-.: * a n.r

lunrnnu'ln r
3.8.5.4 r r ri r n.: I n rfi u *iu (Reliability) I o.: uu u m n a o I i,n nr a d, q nf n..,.,

nr:Goulnoldqn: KR - 20 1r0.r Kuder - Richardson n"'.:d ta,uh riluriorir, zsst)

rn:*{, Ipql;rl
ttJ0 rn lrytu nrrrurdoriuro.trruuytnaoufnnradruqvrf

mxnr:Guu

k rryru iiru.lurlouruyrerdou

p uytu drrri.tuto.:{nolqn1uflord.:1 (R/N ulio R

ruvru iirua{nougnturioriu lms N umu druru
9Y I a - A
{tdrrJ: vul=u run dru qvrGm r I nr: G uu)

q rnlu ri'nri.ruro.:{noufinlurlondul:r-r
2S', ltytu ntrrurnj::J:?utJo{fiylruu

Inululru?t'odfiri-,ur.,r,do., (Retiability ) : o.s4 ri.:uanl
lunrnruu:n s

3. 8.5.5 ri r dr u r o rir tl u n I o { t t u u ?-n n ? r r vr'.: yr o 1 o I n o iG n r n.: r u dl uyu f,
:srjrlncrtuu:ttlrToriunsttuu:?u (Item Total conelation) Inu1#qn:ardpn-uf,llo,:riJ$odu

v

rfi'rfi (auil6 vtrur3orir, zssr)

nrruilonarilflil"ru

0.00 - 0.19 iir uu n n { ru g.: n { ru cf r ki'rio u hi n a : rjrrl r ldr-rr

iir r ru n 1dlsitir u r o iir r ru n uIr rn ru,li

iiruu n ldd ou {r.: q,: rilu rio aoufi fi q nrn ryr6

il'r uu n n { ru qr n { rr sfr r kio d r.: aru :; : nifi q cu n r vr 6
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fxY =

jluo rxy rlytu rircrd'lln-uf,:vrr'r.:nsrruuqo x riu qn v
lx rryru 

^urr*n',rrufitoirfrvuuux
I v lryru 

^urrur'':rurrl,o{n&lruu 
y

I x' uyru 
^urrrr'unrerflo{nelruu x rrsiovra",r

unfitn-rao,:

I v' uyru 
^urrur'orurrr0{nylruu 

y rrrioysr.l

unrir#laot

)x v rrmu 
^oraur'orrJerflo,:nyrruu 

x unv y oarniu

urinv{

N llyru rirurunuyrerrrun

In oq ru io-uo 9o iifi ri', oru r o iirrru n o qj1 u rir.r 0.7 g -0.95 n-r rran.r
lunrnnurn ar

3.7 .4.6 n rrir n rrtrfi o riu (Retiuuility) r o,trru u dou ir u n t rl n.: n o 1 o ln ul#
qn:ii'rurJ:vfivrdrroor,,h (Alpha-Coefficienr) ro.tfl:0uu.tn (Cronbach) lnol#6n: ri.:d
(aruuT ri'rurtorir, zss t )

k I tr')
k-l l' q2 t- t -r )

erfro o uyru rird'rurj:yfimfnrru,fioriu

k rryru iiru.rurloro.:rnto{fioe-el

)S,' rrvru r{n:?rlro.:n.:rrrnJ::J::uro.:rrsinvflo

S,' tryru n:rrurtil:il:?ulJo{nylruu:?u

Inululiuio-rdfiri..tor..trurfio:,iu (Reliability) 0.987 fl-,urflel{

NIY,_(I,)'

lunrnflurn ar

N xY-
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unm 4

q dlt a I
HA nl : ? lfi t'lu ?11, ou auae o RU : 1u H ag

o- io - , r A q v 1 d 4 q ra 6
n 1 : ? t uu u ?n q u : u d { n lilov{flru'rruaduqmrmr.:nr:r: uu f,nu lYrnueilounnl:

ilr{emurf,renfrravnrrrun'rnohto.ru-nGuufi'ls1iunr:aouInrul#Xn Air Track rlfrrin'nr:
isqaatvv49tda

mna0.:r:0{ tlJruugrtJrrosnl:uu I x9t :?uflufl1:0nn'r:r:0u5rluu:?uuolYlnufl LT 1J0{

@a !, - a
rin G u u fru :ir u il f, n u rfl fi + I : .: G u u q wr n : il :'r $em u r a'o q n n r u r : dr rn o ruo o { r-{ r ?-n ry n n r fl 1 :
o @ I ; d v a s g,rav,nuo a a I
dlufl.t1utI911ruYrfl1:f,nulIruuf,nuttl91 22 L$alJ1nu t9r9r'rruunr:rrasrdu0r{nn'r:?rn:1s14
9 o - -!10u4fl]uol9tu ft.:u{

)
4, I rird'r rou sr ou lu n r : dr rau o r{a n r : ern : r c ?i{o u a{

4.2,{anr:ern:rc#{ola{

{o v v e o a lV
4.1 01 0uxugt ou lun l ru'l tfl uor{ant : ?tn I I v?t.u ouaq

aoufi I n 1 : arn :'tv v{ ur rJ : v fi vr G n r il I o.: [r,.r u n r :,u"'n n r : G o u f n r n n r : 1 dqn

Air Track:Jfl^rl6'nr:vrnnos r+oq luruusr-uua&nr:uu t u^sr jrruniunr:d'nnr:6oufrrurdun^o

avl{-4<,i
rvtfiufi LT lJ0{unr: uusuuruuflnulilyr 4

n o u fi 2 n r : nfi u u rfi o u r^r a du q vrdvr r.: n r : G u u r o.: fn G u u ri o u G uu r ra e r ii'{ ri u u

filsiiunr:aou Inul#qfl Air Track rJ6'ri6nr:vrqnorrdo.: hrruuri'ruaunr:su t l^sr^ i'rrud'r
s6t)tdauaL-4

n'r : tin n r : G u u f r ru r d r ru fi o rm n u n LT x o { fn G uu.i'u rui uru fr ns rfl fi +

fl o u fi 3 n r : il : & [n'u n': r r ril r u rir m r r n r : G u u r o.r rin G uu ri o u G u u r rn u H d.: ri u u

Inul#Xn Air Track rJ6^rJ6nr:mnno16o.: Irurruusi'ruuoeflr:yu r fio^ drruri'rnr:,ir'nnr:Guuf
I A a o d { - d <,i

rruu: ?rJU 0[m nufl LT lJ 0{u nr: uu 5u}JI utJ f, nu ]il yt 4

fl oufi 4 n r : arn : r s r{ri'n u e n : e u ?u n I : m 1 { am u 1 fl r dn $x o { rin G uu fi ld'fu

nr:flouJnutdqn et rrack rJflrJ6nr:mnno{rior Jrurruusr-rurrosnt:uu t fi6 j:trilnr:
@4Yt<av+t--Aa,j
09r fl 1: t: uu : rruu: ?tJ uormnu n LT x 0 nu n[: uu 5u lJ I uuflnu lil yt 4s

d a I 4 q q 4 r Oy
m oufr 5 n r : Trn : r s r.i n a r ru n-l vr o 1 r t o.r rin G u u si o n r : 1#{n Air tract :J fr uGn r :

mna0{ rtorJltruud'rurraenr:yulu I fiA drruri'usionr:,u"'qnr:fiuuirrlld':rufiormnfin lr
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6 lv
4.2 ,{antl?[n?ryfltouo

iallaavdyqy
4.2.1 9roull 1 nr: ?rft:]yHmtU:v dltfi R l?rt,o.lrmuntt0onr:riuug0 lnnl: lf {o

Air Track rJfrrYfinr:nooo{ r*o{ Iurilufi'ruuavnr:!u I fiA iaruffunr:fi'onr:r?uuf;{
I A a v 4 L v 1 <li a 49 Uy vlluu:?uuotnnun LT 1,o{unr:uurultfiuuflnurun 4 nrr?rn:rsntoualog.rad{9t'tr1{

i a I t a a q d y qy
9t't:1{114.1 

'.rAfl',r:?rfi:1u}fi41U:edmInl}I10{trflufl1:0Ftfl't:[:uui01nn1: 
t.r?n Air Track

ta6 zl s s aa
il0unn]:Yrnno.:r:0{ luluuaurlnsfl]:ryu I ust

i,
0 r n n r : 1 { fi 4. I n u'j r rJ : v ?mr- n r il I o.: rrruu n I : f'n n r : r1 u u f n r n :J 6^ili6n r :

A lA 9 & o, , - A t i s j,
Yl]{?vlulf,lrTa:mfI:1{luunlrmrnu 88.04/86.80 cr{q':n?trniucrlula:glu 80/80 tnuytnl 88.04

6orj:vfivrin1ilto.:n:uu?unr: nrldtrniouauro{nsrruurqduro{rrruflnil-er:sn'ir.rrlou
I s d tt t 4 I a a q 4 lng g

ttnau[[r{un']:0nnl:[:uuAttnen] 86.80 fioil:edmrR1vlfl0{flnnilr Ht'ti{0'lnS0uavnurruu

-d--9!A4vaayAorvataatqaufl0{nvrluuiladuflYr!1lt{fl1:r:uura{n1:09tnt:t:uui traetti0u1r11{1n1asuil:utiytrHd

(E. I) fl o': u nu n r : f,o fi 0 n : : u n r : G u u f fi ri r rvi r d'u 0.7 7 4s d r ua n r l ti'ui u'j r rYG u u fi n s uu uq - ''g-- -'---

qd A r 4 o dl 9t
ila{r:uurv{xJ01fl nou[: uunnrilu: 0un v 77 .45

td

4.2.2 ri.oufi 2 n 1 t tilii u u rfi u u r{ a ffil q n i n t s n r : fi u u r o { #n G u u ri o u G s u uo s il f.lI

d 4.lvu < crs,/ , '
rBsu fr'tdfuntiflou lorulf;qo Air Track rJfrffinr:nflao{r:.o'l lrurruufi'ruuosRl:ru t fifi nr:
a d:,, uy v X
?rn:1v1rl,0ua toflao{u

fl n n 1 : e tn : r v r{nJ3 u u rfi u u ri r rn 6 u r.r a dr q vr dvr r.: n I : G u u ri o u G u u u a s

--,q4 S qr-aae, .q o- j4 - I a e 4 9 ailn.:[:uu t9tu [5d09rvl (t-test) tu{1u']0uuflflulr.toduqmrm'l{n1:r:uulJ0.:unliuu140,:riuu
a /o
?Ylulfllflet: i)'lu?u 23 FtuJerurirrlotonsrruurt:riouGourravuii'.:Gou rurrirnr:riliuurfiuug

iiruau

unt:uu

23 nu

4ruttri
fivlruuuuur.lnfi fl u0u:vt{? t.lt:u1{

:?TJ Pre-test post-testItgtovttr{unt:ofl nl:t:uu:
I

t$rull I rffiud 2 rmud 3 rmud 4

10 10 10 5 5 40 25 25

x 9.04 8.65 8.74 4.43 4.35 35.22 10.35 21.70

SD 0.77 0.6s 0.69 0.51 0.49 t.54 3.s0 2.29

v
:ouav 90.43 86.52 87.39 88.70 86.96 88.04 41.40 86.80

nanr:tlGu!rfiuurirrniur.rori':rqvrfrxnr:GuuriouGuurraauii'.:Guu rran.:'lrtd'lnr:t{fi 4.2
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jrigtiozld
nlrl{il 4.2 n1[AAU 5OUAV [rA&d?UrUU{[UUU19r:S]U1O{nvrtuUr{ndUqYlrTl{n'l:t:UU

ldq4

fl0u[:uurtasro{t:uu

I e t a @ o s ooi v* r lfl nfl 1.: n u 0 u 1': lJ u u til n q m'l.t fl 0 9t vl : & fl u .05, df : 22, t : I .7 17

r I n r{ a n I : yt n a o I ri o u G u u r ra u fi a-{ G o u o r n n { ru sr-'l o d t.: 23 ?\u ril il r a 1 rl

ri,:sn:rrfi q.z fl'u n'ruriu'lslfirir:+.rs rurnn'irrir t inqfl d.:firirrvirrir 1.717 ttosrirtflAu

neuuu,{ad'ilqvrfvrt.rnt:Gourfr.:Guugln'jrriouGuu agrJld''jtu-nGuufildflnr:aoulsru

ldqn ai, Track ilfrrJfinr:mnao{r+or llnruri'rurraunr:ru t fisr^ du6'lnt:6'Ernt:Guufrrlu
rA6Avl4vdll4atotd
:?uilormnun LT ur.loduqmrml{nl:t:uuila.:[:uug{n?lnout:uuufi?1ultglnnl{nuoul{u
q o - ooi q d I 4 I q 9 la va o q I q d

{urirrlry m r { fl 0 er Yr : u fi u .05 [t6Yel { [fi t?i u ? l n ] : tuqn :J a u n n l : d 1 u'l : 0 Y|1 [il u n t: uu
d - dA { j - d utg d ta6, s d .9 I lt4z
nnariruqmtrllltlu tuo{n1flunr:uu [9o{uou0ua9r?u9rur0.: unt:uud:1.:0{nn?1I9il[nn0]n

nr:rluvrud?ueruro': rfinnr:Guufr{lurirn"'uriunou 6nvtJrrflnJonral#rinGuufirirudrulu

nr:urlfliur r rirh?rfi nnrrrudrrB olunr:fi uuf

4.2.3 noud 3 nr :r.l:vtfi un?rilfi r?fi rltnt{nt:6uu fl o{#ntiuuriout?uuttav

mfrsrisu lorulf;lor Air Track rJfrffinr:noaosrdo.r lrurruufrruuavnr:ru t fi6 *arfi'unr:
v4r1)t4lavdLv4ofi
d'o n r : rE s u 5 uu u i ? il xr= o rn n il n L T $ o { fi n ii u u f urifi u u H n u tll fr I{

fl n n r : arfl : r c #n'r r il ril ? H ril yr r.: n r : G uu rili ur rfi o u ri r rq 6 u fl n frx q il f
a r < qd s qlr+ zi cr/d s,

mr.:nr:GuunouGuurrnuua''{[iuu 
-tnu]'frT6 

Normalized Gain, <g> rfiolrirr?urtu:lfiuto.:nt:

yrimurnrad'rqvrfmr.rnr:Guuirr nnflrdn$,io.:]rurrusr-urravnr:sutu t n^or^ Ieruldln

Air Track rJfruGnr:mernorlurrsiasri'rrio d.:fiu-rrlotjou s rto.: n'o u-'l{od t 13o.:hn.lusr-l
qyAA-gAzioaaArvgtAi

fi?10Yr 2 r:0n n1:anrlncrr:{ao H?lJ01'r 3 [:0{ n1:su tu I u9r rruuufr14tlu ?1?10vr 4 t:0.:n1:

sulu I n'6 rru'hjo^nr,r{u rrasr-r{0fi s Go.: nr:6noirrrun0rnd'uxo{r-orq1u t n'sr^ 6r'lrtnr:
rn{g14udorar)-a

[lJ:UUtYtUU50UA&fl&rlUUn0Ut:UUr[nsrA{[:UU [Ut[9tO&fi?fl0 9t.1911:'1.:Y|4.3

Rllnod0u
0tu2u
val
unr:uu

nuuuu
c

tgttJ
x v

:oudv SD t sig.

n0ur:uu
23

25 10.35 4t.40 3.50
34.35* 0.0000

fia{r:uu 25 2t.70 86.80 2.29
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js,gdied
9t1:1{ti 43 n?'lruril?141ilYl1{n1:[:uutq6u (average normalized gain; <<g>>) 1o{iln[:uu

o@9r
01[runnlilr?10uou

v1)
?t?t,o

Pre-test

(%)

Post-test

(%o)

Actual gain

(%post- %pre)

Maximum

possible gain

0oo - %pre)

Normalize gain

(z post- %pre)
100 - % pre

I 49.28 88.40 39.1 3 50.'72 0.77 (hieh)

2 4s.65 86.96 41.30 54.34 0.76 (hieh)

3 39.1 3 85.87 46.74 60.87 0.77 (high)

4 36.02 87.58 5l.55 63.97 0.81 (hieh)

5 46.38 85.51 39.1 3 s3.62 0.73 (high)

td
nttaau 43.29 86.86 43.57 56.71 0.77 (high)

0 rnn I :'l{d 4.3 nl'irn':ttt ril'lr#rm t{n1: G uu xo{fnG uu rfloIG ou
a d s o r^4 A ul Y d Yi A 4 -eTmurgrani Inul.frT6 Normalized Gain, <g> 6.rr.rrldtrnr"lnnt:GuuffirrlrufiutT{ (Actual

cain) rr:d'?up'{anr:rtuuffifiIonrarniruqrqn (Maximum Possible cain) oqjlu:vri'ug.: (nign

gain) 6o firirn':rlrirrr#tra6umt{nt:Guu (Average Normalized Gain, <<g>r) rvitri'u o.zz

i A I I 4 e d y 9- t- t I A Zt-----r,-
riloiln1:Euln?lunt?fifl]ytl{n1:Guuxo.:unr:uu9r1u14?lJouou 11u?1fi'ltnaufl?1ufil?11f1

d rq r A rq q . . S y-2t-1 a----.9 I
ilr.:nr:Guuoqjluri:.r 0:3 - o.sr 6loqjlu:seiu4.: (high gain) Inuu'':{0fr + iln':rruritrrir

a.ran6ofirirrqdunrruri'r'lr,rr?rrvirri'u o.s t ci?uli'r{ofifinrrrurYrrnrirrloufian fiori"l{0fi s

<dtt@
lourJftlrvrlflu 0.73

rrne0'ln{orynrr-lndrrrfiorirlrirn:tv#utrit Normalized Gain, <g>

to{nerruu?-ftnad'ruqmfvn{nr:Guu pre-test / post-test toln{ln""lodrtrrul:ru1nna ilu'jl

firinrluudfin':rrurlr:nrJroEjlu:vrrir6{ (high gain) t5 nu n'nrflJuioaay, 6s.22 ua&:sdunal{
A dr " ' -- drlunr:finurn*.rdhjvrlrinGuufrfinrrlri'rttrir(medium gain) 8 flu nfl[Lju:0uo& 34.78 '

r r.: nt: fi uulu : s si'lsir (low gain)
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1.00
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z
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0.00
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j
ra{il

i-ldisqqaa
ntilfi 4.1 normalized gain <g> ro{r{nduqmGilxnt:Guu Gol lruruuoiruttasnt:Tulu I frst

dr
rrunruu:luqnna

i ^ 
lv a d v d iuv-

4.2.3 gtOUY| 4 nt:?tn:luflllRUvn:vu?uR1:Yll{211U1fl1691:t'o{Unl:UUYI l9llU

nr:aoulsrslf;Xo ai. Track rJfrrYfinr:noaormios llrtruufruuavnt:!u t fifi datlfiunr:
v4lYtAa
00nl:l:uu:iluur?ulJolmnun LT

I

,aq Ul t,a lq lao- e 4 - --v' 4-- --r I

q r n'u "t ri'T rn : I u li yth u s :J fl r-o' n r : vr r { e m u r f, r d n f t o.: rin G u u r r ei n u n q u

vAv,-At9,/-43 ytnue flo yrnusnr:Tna0{ (Experimenting) wltJ:vnougr?u 3 ljuglou n0fl1:?'I.:ttr{un]:
!

ta6q4vsoA
yt9t o 0{ n 1: il aufl n r : mq o o{ [ [n3 n 1 : u u 14fl fl ofl 'r: m n a 0.: m nu e n l : 0 q n: u T]ua u don ? ]ilfi il 1 u

rlo ry n (communication) t [n e fi"n u & n 1 : 6 n : r ru r ra v a.r rio a; rJ (Interpreting)

A ocrd sY v u a I
rv{-o tli [14 u tt u ? [ u u x 0.1 n 1 : il fl u 1 Yt n u & n : u u ? u n 1 : vl 1 { ? vl u 1 fl 1 dgl : 1, o {

a a iurc/- s qY ta6 ei s y aa
rinri uufr "tdfunr: aou JnuldXn Air Track rJ 6^rl6nr: vrn n o { rt o{ Jruruura"ruttaunt:ru I fr 6

luusiacfi'r{odou 6.:finr:nG uurfiuuri'nuv:Jfl'uGnr:vn{emurflrdaflurrsinsu"'rr?odourilu
q@i

:lumnue n{n'lT{Y|4.2
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r finrruuavarrioafl

11?iJO

rXrrTa t :firlila z rhda g #rda a rfrdo s

u9r?ou'1.:

i E a u ta6 a dq I v 9 | dl v v d
ntrrfi +.2 nEulrfruum"nuy:Jfrffivrr.:ivrorf,raEri"lurrsinvrirriodoutiJu:'luyt-nuuto{ilnt:uu

I

nn

n r r{ fi 4. 2 rfi o du r n' o r : iu r : e n"'u fi'n u s fl : e u ? u n I : Yt I { am u r gr an f J n u

rlunflril:'ruvr-nuvnr:il:srfiur,rii'rGuutorfnfiuun{rud"rotjr{ 6nur:0tran.:l#rfiu d'wr:rl
j
114.4

Alaaduaa
sn:l{n 4.4 ,{an'l:lJ:sruu:enuTnuen:vu?un1:v|1.:?11u1fl'ld9l::luvlfluuHa{t:uu10':

@a
un[:uu

irsqdav
0tnat:1.:yt 4.4 ilu?1 [nunr?\:?lJun[:uuilylnu&n:uu?un1:Yl1{

a J ro q d a dr qt A a dl I t v v
?ytutflt6Y9l:09 [u:s9lu9 nnriluS0uoe 80.56 lrjov{0'r:tu1[1Ju:1u9r'ru 11u?1ilnu& 2 nflHx,

val
nnucn:vu?unl:Yt1{?nu1fl 1dgt: x v

:ouas
v laeA u
mnuvuflusr:vou

1. vtfluufl]:mnao{ 3.48 69.67 rJrunax

z. li'nucnr:,fi'nn:crirrrn,duur",u,uru{oruaq 4.20 84.00 a

q49t
3. Tnuefl 1:9rfi?lurlaua{10d? u 4.40 88.00 a

d
:?TIqOU 4.03 80.56

d
9t
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d u 4 I I e s 9 -9' - 4,^-- I - --Y- a I

dovrhu s n r : 6 n : ru o l rio a; il r rn y yr n u v n r : r n n : e yi'r fl o { n d o n ?'l u fi u 1 u x 0 ry o 1 0 { u n t: u u o q

lu:sn"'u6 fiqr{luYouou 88.00 rrau 84.00 srrldrd'r dauyt-nucnr:vrnaoroqjlu:vd'uilrunnr'r

6nrilufouo v 6s.6i d.:ovuXu'irvinucflr:ilnaorto.:fnGuuoqjlu:vrilairn'jrrlnn-nuc orntfret

rrnvinusnr:mnaorriluyr-nuvfidororri'unr:':rrtrr{unr:mnao.:odxfn11ru dotnt:tni.rrrirfi
u A q ee, I ev 1 -4- 4-^^--.0-.^a-] o^^!^^y^l- e .4

n?luiunnryoulri{irrunt:mna0nlfrynrru q,?un46i0tn0Qanu tunqu 0flm{unt:uuelo.:tJ

n?lil,flurruuavndo{rrnrirlunr:1drn3o.:u^oq:Jn:nIlunr:mnaosodr.:ilrnrvroolr?nrrurvalriu
oqdy4,4vlaoa6l-j.4

r?nrlunl: 0hnt:i5 uuf 0l 0vttvtnuvilqun tu:urlumq{xu
jAllqvatvclY'

4.2.4 etouti s Hant:?ln: rvmnatrufi su olotostintisueionr:ffo nr:r?uuf fiIfiiu

nr:floulflunr:1ffqo Air track rJfrffinr:nooo.r doulurilufi'ilrtovnr:rulu t fifi darufi'unl:

IAA
oouuuu:ziluolnnun LT

a 4 d o @ d I v 4-.-.Y {qY--.-
o r n n r : Trn : r c li n r r:Jfr lyr o 1 o t o r u n n uu n o n t : 0a n 1 : t: u u i 1l t 9l : u n 1 : 6l o u

lnonr:ldqfl Air track rJfrffinr:vrnao.r ,iorJruruusr-tJttn&flr:ryulu r fio^ drruriun'l:douttuu

j1rru^orvrnfin lr lsrufi:runt:il:vrfiu + dru n^o d'ruar:snr:fiuuf drufitn::runr:rtuuf

rirunr:1.flfioqrln:airJ:vnornr:fiuuf rrav slrunt:i'nuacil:vtfiunanr:Guuf dsnr:rlfi +.s

,1r"rud 4.s ila:ru{tunr:rJ:;rfiufl?rufi{ilolorionr:ld1fl Air Track:Jfrrj6nr:vrnaol
j s e q - aal q v I I t 4 -a
G o.: I u ru u siu ua u n I : ryu lu t fr 6 i rru ii'u n r :'il'pr n r : G u u f r rl u i u n o rm n fr n Lt

er r :'r.: fi +. s vr u'j t fl ?'t u n4.: r,t 0 1 o t o.: rin t3 u u si o n r : 1 #{ n Air Track

166 i s v o aa I q v a g ..1 -- 4 a
rJ 6' ffi n r : vr q n o l G o.: lil ril u eix r ro e n l : $u lu t fr qr i r ru ri'l n t : 0h n'l : G u u f r ru l i u fr o tm n il n

lr rirmfrrinGuurflo.:ivrurflrflaf #uriruruflnurijfi + riu &,unrvr:rlrinfiuufin':rruvt'.:noto

:rsnr:il:stfiu x 1)
:ouav SD

v46l
:vflun?1ilil{flolo

t. rhuar:vnr:fi0uf, 4.01 80.1 8 0.47 iltn
9aay

2. 9r'lufl 0fl ::iln]:t:uug 3.94 78.78 0.46 utfl

r. drunr:ldfi o qrJn:niil:vnount:
dy
t:uu:

4.47 89.39 0.48 u'tn

9sta49)
4. a'lu n1:'l9rt[a&il: & tuu,{a n 1: [: uu Iq 3.78 75.6s 0.49 urn

.l
:?iltqau 4.0s 81.00 0.47 il1n

oqjlu:trrilrurn (x: +.os) finr{lufouns 81.18 ,ll'on^or:rutrtJu:rur1rurinGuufinrtufiwoto
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,q q is a d 4 q a - v u 4 , f:1dfi0oqlu:snuulnqn:lun1: :'lun1:vlunrt uuufl?luil{v{o t0q{mqn 3 ou9lu no nlun
t dtqiln:il:J:vnounr:r;uuf tx : +.+z) 6nr{JuSouas sq.ls 6ofiun'.rtouu6.:q1nn':rlauln

o o rq d q a ,) qt 91 a 3 !- l'--"---- n--,.--.^l-r^r=-yn rflunr:uuflUn runr:Guu n:uduh{{Guurilnnrrun=orfrossr='.:ritotu 6.:ei'rflal#{fiuut{rlo

rdoururiasrio.rld$ro :rett'rdu :0.:a{urfiodruar:vnr:Guuf tx : +.ot) 6nrfluYouas
* iC d t 6l I d d q I ,)q | - v

80.18 lsrufrruoiltunarturaul0 ruoHlil:runvrounryal0u 01utIlt0.:]u tl4uledunu
94 - - a^4 I a a g.- a dt I

n?lufy'llJl:nIo{dGuu rrned'ufi'uyt 3 6o6runon::un1:[iuui (x :3.94) AntilU5OUn& 78.78

dr ^ 
i - : d , I q o u 9< 9t v dr | 4 I a

rlJuilrn::ufrfnr:uu4nnuufl?u:?uluri0n::u'telt:uug:?ilnuluunqililfl?lus'lutfio0
t q a o d q o d 4 4l' I I o .Y;^^!^
rnoqnilu rnnnrrrurir150lun'l:1it{tu u:runur0untta&utu0l0u'urtt0u.:1unon1:t:uu: onm.l

r o9A a4 i, cl d 92, 4 r- -a a a I 9o
,daulfirilnn?tun:eet=oSo5ulunr:nuuf 6?ueruro': 0.:d{td:un1:nn?tn:1sl{ttaufl1:ttnurU14l

9d oq9q 4 s q a d s d t'll ,
x o.: e{[5 u u tit lti {n i5 u u fl el u 1 Yl n u s vl 1.: ? Yl u'l fl 'l d el : I 0 { u n t: u u t el

lrt i ar 9t A a q e-.-.-+e--r^----q^^ 4 ?t

u o n 0 I n u d 0 ry n yt rtj u,U 0 td u o r ru & lil ]J lsr lJ 0 ] n u n [: u u 1l u fl 0 n ] : 0 n n 1 : t: u u I
cq:Jld'rrid rinGoufinrrudUnduruuavsr^urdulunr::Jg^ffifi0n::ru 'lrirfionrirulunr:rtuu

rvr:u'ld'druriarirqrJn:aioS.rldriorynfiurJudr rirh?rfinosrin':rrufrrirltrto.:fuurust'ruttns
J A v 4 qeA o s a ---€-.-.tq-y^.^-{^. i -n1:Tuiltn{u tsltrn[Suurduorruslrlryrurrnr lun]:0nnin::ilnt:t:uug tfiulntu [u0.:11fl

q 4 a ' a ovY ir1#rijuo:Jd::neionr:fiuuin1:1un1:f,nu1n0fl::ilnl:mfl40.:ttflne[:0{Qntlnnn?ut?o]?1 q {
oa lrgrurrd j

n1: mln0n: : u t9l [lJ[9luYl
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,ty
cr?u14a ilautotfluouus

as 4^4. ^Zta.-- tt v @ A 4 4 u ra 6
n I : ? 0 u n : { u r ? 0 u et 0.: n 1 : fl ot u't fl a dru qm rT 1.1 n 1 : 15 uu rinu ryr nu yil 

fi f6nt :
a I 4 q v < ju9- sm'l':Tmutflranittncnrtrutlrno'ttto':rinfiuufr'[d'funr:cou)nuldXn Air Track :Jfrrin-nr:

ilv-arqqdg!td6os
Ytftoo.:[:o.1 turuuelurrnunl:uu I u9l :?unufl]:dflnt:r:uufrruu:?uilormnu=n rr rirriu
.q.d 9 d a -.- ? -'. u 4 orj A au tngt-X
u fl r: uu 14 0 { [: u u ?yt u] fl 1 dgt : : y n u uu u I u il f, n u ] il1l 4 cr.: n I : ? n u d? tJ 

-tr{r[s il

I AU
5.1 fl:ilruanr:?ouq

5. 1 . 1 n 1 : r I rJ : s ?vri n I il fl o.: rrp.l u n I :,il'et n I : G uu f o r n n r : 1 dqn Air Track
la6 i

rJfrrlGnr:vrnao.: GorJutuugiurraenr:Tulu t u^sr^ Jflu?^Gnr:,il'srnr:fiuufrrurdrrur'ormnfin

LT

,{ n n I : ao-u n u'ir r rruu n r :,u"'n fi o n : : ru n r : G u u f 13 o I h rru u st-ru [ ra e n I : su I fi a'g

v4{-
to{tInGuu'i'ulirurufinurflfi + Inunr:1#{n Air rrack rJfruGnr:mnao{j':rud'lnr:d'rrnr:
a-.-.y --- | 4 a -- iyqq - X o 1 a- a t v I dt:uuittuu:?ulJormnun LT vrll?0ufleuu'llJuuu:ydmnntflrytlnu 88.04/96.90 d{n'jlrnilqi{ g -qi -.'

eolso i'iei.:1{uavrirri'rfi:J:s?vrir.ro (E.I) ro.ruruunr:d'nfion::runr:Guuf firirrvirri'u 0.774s

d.:aoe,ndo.rri'u.rrui,fr'uxo{ rY[uerRnl y{nur{uofl (2554) 'ldfinsrnr:yrierurrrnunl:,fi'nnt:
dYqvvadvd"'
[Suuflunr:vlnrurvrhuvn:vu']unr:yr1.:ivrurfllda: xo.:uflr:uu.fi'uil:ynlfinurflfi o rto.:{

ar:tufiinrJ:srirfu Jnul#iinr:ryouuilunq'rud:ru'orvrnfin lr drruriuqnflnrJg'u6nr:
A a A dt- - ., v I o -- 

" 
t @ d ,/d r a AYl1{?vlu'lfl]da: cr{lilunquel?0u'l{rilu?u 32 nu ?tU?trrruunt:0hnt:i5uuffuJ:vdvrEnrilnrru

td
tnilcvt 88.67186.50 riluhJqrrutniu.Ii 80/80 fisrtrlirrosrirnhfirJ:y?vrfiruofirirrvird'u o.zzss
4.^ _._ --t- v 4 4 e. d o A j o dr 9fr.:rran.:'ituhGoufir.rndrqm;m'r.:n'r:fiuuul'rilun=nriJuioua v 7i.5g rra&donfld0{{tue6'u

- q 4 v d . @ t6c ^ dj olJ0.:iluflna fl]uttd{0uvll (2544) T'lsJrurTnil0usrnr:mr.:iytutfltdfliGo{ rytou=flnt:uun6I]:

-v-.-@ 4 !, v 4 orj s 4 a v v , A dr | @ rilnno{nuunt:uuryu}Ji uuflnu lUYr I [: {[: uun {m 0.:?ytut 0lninun : il$ u B{rilunqilst ?ou'l.r

'iltu:u 40 nu vru'jrlnrJfrlGnr:fivrinrurdufirJ:yfimGnrumrrrnnryifirirrufln'o 81.19/80.33

d aq , - X i , v 4 yiq 9o v
n1: mHnfl 1: ?0uu: 1 n0n{u 0'tilu0.: 0 ]n?1 r[r{u n1: 0nn1: r: uui yl tuInl: r9t

- 4 A gt yd dr o v dr o q !, -n 0 n : : I n l : t: uu n l : 6Y 0 u vr ru u ryr: uu ru u d l a iu ril u n r a u l u 9t 0 u Tgt r0 u n4 u l u du n u
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n?'rudlrJr:ouosn?ruduhrro,rrinfiuud.:.irusionr:rr7rh:rrun&rnr:i'nfirn::runr:Guui

finiunr:orfiorJ6'uTnr:mnnorosrrXnrirruu iqrJn:ailun''ry,uuuoddrqnn.rrraulo ,i',1#

rinGoun:s6otofurirfitn::unaonnnr uosrfinnr:Guufdrud'ulun{ru rvdrun:v{uhirfin

nrtrn'nfitr#uri',0',u arrur:nrrriflrynrrir.r1fi,fir,du,on'.rcflfir6'ruflurorrrnvn{r 6.:r{lu
. - ---- d ,. .i q 9a v v a I a - 4tlu?Yl1{vldild:lJ lfi[nflfl'r:flfliulmnuvn:&u?unr:yn{?yrutf,'tdst:rrnsilrundlqmfmr.:nr:
.a---.-...-4-rfy4--9qy v a d yat a a , lAe-urg
G uu q'rfru'ld Slrirh{ur{unr:,ilnnin::unr: fi truffirJ:v?vrinrnqrn'irrnruqifisr-r ld drul#
q d d L, q 4 vA J r d r a a

rInGoulnrtrurir':rrirrraefl-ellurnr:Goufrfrrufiuodr.rfi:J:v?mGnrn artr:ndr'l:J,u"'nnr:Guu

n r : ao u'lrir{J u o tir.:6

s. t.z n r : rili u u rfi u u r.r n du q, f , "' u n r : G u u t o': rin G a u ri o u G u u rra v r a-r 13 u u

fildfunr:aou Inul#qfl Air Track rJfruGnr:vrruuu,iuu llrruuniruuasnr:yu r fi6 i:lriu
v49t4a

n'l: 0nn'r:t: uu:truu:?uuolmnun LTI

r^r a n r : i,i'r, u u'j r u-n G u u fi n a dru q vr f vr r,: n r : fi u u r dr G u u g.: n'i r ri o u rt u u
I d q q o ooi @ - A 9t q au v I o d

ou].luuud]nqm1.:dnnm:s9tu .05 cx{do9tfla0{nu{lu?0u1o{ qiflu ?:rimf (2540:
q r.Vtr4 9 tacA a I i

uvrniqdo)'ldfrnutnt:afr.:EnrJfrrlfinr:mr{Tilurflrderi r5o':rn3o{l.fllv{flr drrfuu-nr3uu
L - 4 ori- t u 4 ia 9 tae a tA y J o - 4
YUUIUruflnUlilYr 3 Y{U?lUnr:UUvrr:UUfi?UTnil0Ufln1:yr1{?1rU'.rflldn5ytd51.:flunruarilqmt

+ 3 t aq q q a!' o s {
m'r{n'r:Guuqsfiuodr.rfiu-urirri'ryvn':46fifi:sniu .ot uovaiqgfirr lni,:rru (2ss2) v{u'il
e 1 ja 9 q a yA ,J taqA a y 9 t-6un[:0uYtr:uu9r?urrr.lufll:0nn1:[:uugylruunl:u0u9t0:{91?ufl1:mnno{9t?uTnu0u9ln'l:

ed ^ 11 9 d i -< r r a A r r <q o s aa
otnnm:oufldtuo.lfluunerruulf,nuila{r:uuq{n?]n0ur:uuctr{ttnnfl1.:0u'l{uuurilnfuytl.:flo91
i - J o- r - J j o
fr:ssi'u .01 nr:fi,{ant:To-urJ:rngn"":fi or0rfro{0rnnr:tiuunr:doulnunl:nln^orJfl^l6nr:

I oqyq d d - 1A 3 tnyo LIA 4
mnoo{6?ueruro{ d'ru'r:nrirlriuhGuufrnad'ruqvrr-rnrufiu1do3': ri.:ilruo{01nnr:GuuJnuhfl
@ 4 l,lr4 dS .t4rq v v I /a ht{ a t66 r,uflt:uu tnflnu10lnn1:mna0{u t0ntd tadur{rYnuqiln:ilr:{ lrrrJnnr:nn rrauilfl.usi r{uil1

ritsrorrirusrutor rirbfluTrltrTorfitrirluruiorrotjrrrrvlrislug:Jtornr:rfin concept u?rto

rdnnr:drri'rg uavqrJn:nIfildfin':rlurjutirluriorya rru^orjrrurirn:rv#nnirurionr:rirn?ril

rrhltnirvrqufi rirl#rinrlourfinnr:Goufr6urri'ufi.r#uodr.:uvi'rS,:Inuhid'orsrf,unr:vio.r,fr
o d A g v aq

01nn1:]t:Uu ry{dOnflAO{nU{]u?tU10.l Breddernan (1982) ltav Frederick Stem and others

(2006) 6.:rirtrirfinrn?rxfn?rrr{r1n1u6o.:lrurrun-ruuo&nr:yuu'rnfl3u 6nvrs{ludrunr:,ir'er
i----- 4 I Y r- -a r 4 q r ,y' a A a ' 4n0n::unt:[: uug [uud{[d:unt::?uu0fl 'lu tunqil 9?ury]fl un LT cx{dutsnmnnunl{u

y i ai I q 9 r I o d dt E r & o o rv d a
uvlulmttnufiulYrtfloS?u tfinquu:eduHacYl[:0 lljulr:{?.: [10u]{14u.:yl't tfiunr:uurnnfl?]u

riulnatrut:oGoufld'ttrdu uasnt:Guufu:Jui:u^orl':uryrnfin r-r finr:raiuu:.:l#rinGuu
S el,

rf,in{ru rinGuulriirn?ruro1101rirrovfin'rrruau1nrurndu rfrl#ruadruqvrdmnnr:Guuqrdu
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. 9 s a@ v s l.- q r jhgd q ddonndo{niuflaToiuxo.t ei'nnr n:vnnfird (zss: : uyrn"'ndo) fikifrnurnr:rt'eruryrflnvlnuc

n : s u ? u n 1 : m 1 { efl u'r f, r a r f ,?'r q r * 1 n'r : r o { fn G u u I n u ffi n r : d ir { ru o ri'ru q vr f r o.: fi r n u.i r

- d q d f, | dv o q ooj v va J u dfleuuutaAuto{rin[iuug.rfiuodr.:firiurirri'rymxa66fi:srYu .0s unsil-r3umi f,uvrfri'r]mu

(2544 : uvrr{'prdo) 'lrlfinurnran1:dougnufin'nnr:aourru:li'rln^ori'uGuufluirrivrurgrasrf
.<---?--+^Se---U_---- 4. ori- | s 4 jtly- q r dt:0{ u1[?{0T?91 5utJ5ulJf,nu'ruvt I lIu?]un[:uum tn:unl:cYou9l]u1{rinn]:dourruu:?uilo

-^--a---.y=-.' -?t- -4 d r q d j,ly- rA I ds o sn1:r:uugu,.raduqmtmt{n1:r:uuq.:n?tun[:uuyt[9t:un1:d0u9t'tuBrJong0ul.riluudtnrymrl
.eoi v ^ _ 9 s d - jur ya r 4

ansrfr:sn"'u 0.5 [rau6Yonndo.:ri':.rurit0u (Baron, tg93: Abtract)fr'ld'frnurn:trudrruru-olunr:
irf4 q r o dl 4 | o dl d oq9, o 6 o d dr i

ttn tflutul4'r:u14?1.:fl'r:vr1{rurljuvtu }1u?rn1:?i],:'rurIuyttJ0&?it tfin1:fIlrilu.:'turil[5orijuyr
zi a u9 t q o 4
t5000 t9rltnnfl '1.:nunl:yt 1{lunutftu?

5.1.3 nr:il:srrl^unrrrri'r'lr,rrhmr{nr:Guuro.:u-nGuuriouGuurrneHii',:Guu

lnoldEn Air Track rJfl'uGnr:mnoorrior Jruruusr-rrraunl:yu r fio' j':ruri'lnr:6'nnr:Guuf
rAaqd{-Aa,i

r ru u : ?rJ u 0 rvt fl u n LT t 0 { u n r: uu uu u I utJ fl n u'l 1J yt 4

0'rnnr:rili uurfiuun?ruri'rrrrirvrr':nr:rtuu 01nr^roii'ruqvrfvn{nt:Guuro{
q 4 | d u d s or< 4 @

Unt:UUn0U[SUUttAgiln{t:UU [nU [$?t average normalized gain, <<g>> Unl:Tt0lillilnn]:
4 yA J j r u --- A a | 94 a 9t y a rq - A A
t:uuIIIIUXUteAU rTlnU 0.77 cr{00?1r^[:uuiln?1ilfl1??tU11r1{n1:[:uu0q tu:enljfl': cr{rilo

a dl I t s I A zi a qo ooA r a ron-tr:rurtilu:lu{ov{u'jr rirriofr s Gornr:6aer-?1u t ru-n- filr.ranr:il:srfiuoqjlu:vn-ueirqet
,^-^. I'l i I q q a 4 yA
(0.73) n-rfior0[u'o{0rnn?ruGlonndo{x0{r?n]riunrr0hnrn::ilnt:Guuffirnrnrorunoulu

a I o ct,(
rr,.ruflr:r:uu; r'r rl4fnGuud?ildl:erirn"'cyrrnvnr:afxnrttl6n:'luuontosdlfild'fiuufhjq

a i - Y i- i 4 I 6 9 c, L
rgrumlrauil?uoyr 2 [:0{fl]:narraylr:{nn ilr{nfl1:lJ:urilun?]iln1??tu19t'l (0.76) :0{a{u1

orttdottrn'irfinn::rudriourir.r.i'rdou rinGuulun{uo1o.:drruri'uur1rlcynr :JiurJguru?yn{
ttt

fl1:mnao{otjt.:trrursduoqrrn0n d?uli'rriofi + rto.:nr:uu1u I fisr^rrr.rulri6nuq'u
4---- 1t- 9 4 .i q t. v d d oInarlrirtrfrmxnr:Guuq.:qn (0.81) or0ru-0.:!lnluci?unr:mnao{rinBuulnrtustu'tsU

lunr:ldqn Air Track 1urJ6'ri6nr:fi : Go.r nr:sulu I ru^n^rruuu^err{u rrd':rirh{rJfrri6nr:

vr n a o r 
rkin 

ri o.: un ri r du d l u r : n uri'l t rlry u r fi rfi n du l d'6 du rin G o u fi rr n r l u n r : il u yr ? u

fi t n : : ru u n #u r u r u, n du o'.r r'.t r o a ; rJ a r : v ri r n"'ry r r n v n r : a f x n : r ru n' n : ? r u o er r o { d u d t a
4 yd ia d1 q9 q - 9 J r q il A
r: uu: r9r u Yr 0.r 0'l r tu u rY1 rr4 E [r n y r ru u tu H ? t 0 u q.: n ? 1 r ?1 0 ou

5.1.3 ,{nn1:?-et?i'nuun:uu?unt:yt'l{emulfltdflf rY{ 3 m-nuB 6ori'nuvnr:ilnno{
-Y-9o9g.9q49trv{rilnuvnl:091n:uYll10rynd0n?1u14u1u'[0{arravylnuenr:fin?tuo{e[0d?il y{u?tunBuud?u
q-- _f F s d It I t v rq v I A @tHflITnUYfl'l:9lfi?1uttneo{X0d?Uq{n?14nylflUy 0q tu:s9tU9t :0{n.:UtnOytnUsnr:on

-p-.9 4.--- 9 rq v d t v ron:erir{0{arrasn'r:aon?ru14uru{orynoqj1u:vri'uG druvr-nu&nr:ilnno{oqjlu:vo-uilru
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^--- 4--^- -{-._r---o/_ q 4 !q o I t v A 9 vnat{ cr{ts[14u?]vtfluun1:mnao.:1o{unr:uu 0q tu:sfiugiln?14nflnuu B.tdonndo{nu
aq e d v r j q 9 d,.lanl:iit"uflo{qYr*u rr{{nn1{ (2547 : tvrnnuo) ytrrdet{ ll4ruu'j] fl?]ufl]u1:ntunr:6nrr

rrqnntfilet::nsrasrf m-nusnr:riturnrlunr:fiuuirrfl?nd yr-nusnr:6nrrrtulru{o{nrrcls
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fi Jn nr n : si o rie 1ru.:'lil m x vr^Rsr y fu o o n
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3. t{r.rqnlon z fiInnir rlron'rtlrEr to nrsr:sioiurfi tuuur:vnirlr{rruriruywlufiasi.r
___y. o 9 I q q a , d r a aelnnunlrtvr{lra?d&vt0unaurl [utru?rnun?on:rl15': l0 tugt:9to-utyt 0{fi 1
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ril6uurr:Jalrirrd.: turnto{tt:rn:srirryrfiurrlo.rriudr{l?ardoonrr:.:n:sdrrYufsrnrso'hi
tln

0u1{ t:

5. 1 .3 0 r n do r u n r : ain r : rJ ci o u'hi n : rro v rinG uu i rru rYu ofr rJ : r u ln utdriro r ruq
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i"vursfin:vritn-ri'nq nir1tlrrun,rfirrJ6uuTrJ rrav,il'xnnrfirr:rn:srirriu{nq lnunr:ldqn
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rqauuuunfldouYt 2

4
Ito.t Rt:oaltaytt:{na

a4o t d
0{ucro{2[tlt0u1{avtouo

<oadsl'
TGrir irn:rvrilovrri rfiof * : 0.4 kg d'olnr:ur AP=m(v-u)

rr nrrruttrrioun:gytu (u = vr ; ntn v,2 = ur2+2gh,
hi, d r 6 d
tn n?lUt:?flOUn:UYIU : 20 tUfll/?U]Yl

fit nrtrutErra'tn:emu (v = uz; otn vr2 = uz2 +2ghz
l,l, d e a d
ln n?rur:?l4n.:n:;ytu : t0 rugr:/?ulYt

- 141 AP ; 01f) aP = m(v- u)

= 0.4(lo - (- zo))

=12 kg m/s

n"'.r#u L,r,usirufinl6uuurjorhJrvirri'u rz filnniruurn:sioiurfi fivr-sduluuurfir

l. lunr:r0no.:rJriougnlrflrnfluoail'la o.+ frlanfir arlurrurdrfin:rruq.: ,o,rrruudu
- ,) oQ9 gt - & o A Iflulu ttalml [HQnu1fllnflu0an:&rfrinnulutJl lurlu?a{fl.: 5 rugt: 1]nflu 9l,t:il rlHrnr:no

ao--l
m n : e m1nil ?gl 0lJ0{yfl : & Yt u iluq
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2. !rn{o t dltrarnuursiGru:Jriouour,rqnrtlu s iurfi 0.:r{'rrr:{flarq6ufin:vriroiognuon

n1 EF ..u _ mV- m[
LL _-

At
;C v v v

- H1r?arfrfrud'lniari'luon (At) ; At = S - (t, + t, )
- Hr t?nrfi?-erqnnaldu (t, ) trn vr = ur+ gtr ld tr = 2 iurfi

i- I // \ he-14rr?orfi?-aqn:uerouutnfiu (tr) orn v, =ur*gt, 'ld t, =l iurfi
- dlrarnlrrrsil3lrJrioununqnr{Ju z iurfi n"'.r#u At = 5 - (t,+ t, ): z iurfi
- rrYrudrludlnr: rs'ld xF = 6 x

3. Qntilufidu?o 0.2 filaniru rnf,oufirl':uo-n:rrEr l0 rufl:/aulfi lurru'::vri'ugnaruna'urhu
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---->
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rfio EF. a t 6odui,i1d'n:rv,l rvlri'ir
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tt-uyt16n:tr,{ = m(v- u)

(j", x ro-2, 4oo) = o 2(v- (-ro))

v = 20 nrsr:sioiurfi
-Y-vdaqdrurad9r{uu 0a :1r: ?10{Qnrmuudila{Qnnrmlnu 20 lugt:9t0?u lyt
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tduo ltaer{a:?r1o{]utruugt-uriount:uurlo{:uuryitriup.raS?ilro{Jxruust-trrn'.:nt:yuro.:

:VUUIdUO
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oaaAr'nr:rulu t frfr uuu8srn{u (rnstic couision) 6onr:rufindl,:rurndro{:uuu
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tlnuild'nnt:n.:ol"'atolytii',:,nu0af1r,u,'*1-^r.' 1 z | - 2
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A-!,94u/sqoAoo
flunuI0ryn rrov0ru'lufi?1u?flJ'lulJ0{nQnr:outn! IruruusrUrInvfl'l:uu]uilil.:il=gt=
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l,t t,
t9t
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2. d 1 :.r I : o ri r n'l r u f rfi u 
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+. rirnt:vtftoo.:n1:uutorr-nqlurru?sr:.: rrasnr:6n$l"'?rrun0tnfiuxol':-nqtu

ltu?er:{ agr,Jrualei'jr Iuruusl-l:'tu1,o{:yuun,:d'rrfiohifirt:.:ii'nf,n:srirsio:suu
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- nAnt:oUfndllurugl"'trfi.rrdu (law of conservation of momenrum)

- nl:llulu t fifi (one dimensional collision)
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Ioutf;grJuuunr:Guuf;uuuiarufio rnnfin Learning Together (LT)

Les.l dua{rsnaruflulo

5. 1. I n I lta v fn G uu i ur d'u au r u r yr u yr ? u n rr ru ir6t 16 ur ri'u rr: I e o rrn & n I :
ia t 9

nam[:uuil]utJ'lrlo?

5.1.2 n;und0lunt:ililnonr:arI^anl:sufi'u10.::nrnao{ 2 nh uu:r.:
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6 10 8 8 4 4 34 9 22

7 9 8 8 5 5 35 l0 22

8 8 9 9 4 5 35 6 l8

9 9 8 8 4 4 .)) 8 18

10 10 9 9 4 5 31 7 l9

ll 8 8 9 5 4 34 8 l9

t2 9 9 8 4 4 34 8 l8

l3 9 8 9 5 4 35 t4 24

t4 8 t0 8 4 5 35 ll 2t

15 8 9 8 5 4 34 9 22

l6 l0 8 8 4 4 34 ll 2l

t7 8 9 9 5 4 35 l3 /.J

l8 9 9 9 4 5 36 8 24

l9 9 l0 10 4 5 38 ll 24

20 l0 9 9 5 4 31 r0 20

2l 9 8 8 4 4 33 t7 25

22 9 9 9 5 4 36 ll 2t

23 l0 8 r0 4 5 37 l3 25

x 9.04 8.6s 8.',74 4.43 4.35 35.22 10.35 21.70
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l'4lrta49ll
gr r: r{fr q. 1 n 1 n v [ [u u [ [u uTlfl HYq ej o uvir uttruu n 1 : 0 a n 1: [i uu ; ( m o)

j,udr
sn:r{fi q.z rireiryilil:vfrmGrun (E.t)

oqAv
,{anil1 0 { 0 1u ?u u fl [: uu nu

n& [tu u [9t lJ1 0.1 ttu ufl 9l d0u

zua:?il1J0{nv[[uu
@d

114{[: UU

p{a:?illJo.:fivt[uu
td

fl0ut:uu
E.I

575 499 238 0.7'745

, q d r a a ,{a:?}J10.:ny[[uurfidollfiii'rGou-rla:?uflo{nv[tuuYtodouriouGuuilrnlqTuu: YflYlr[^|CI (E.1.) :
('ilru':urjnG uu x nYttuutdu ) - fl n: ?il 1Jo {n&ltuullrldolriouG ou

: 499-238

(23x25)-238

0.7745

d
ta1,n

d.tlA
nv tluultuur.l nmou 0u: v1'l? I {l:uu

: ?IJ Pre-test post-testtudY
lrfl avtmunllofl nl:t:uut

ltruuT I ,r^ud z ,,^rd I ,,^rrd a

10 10 r0 5 5 40 25 25

SD 0.'77 0.65 0.69 0.s 1 0.49 L54 3.50 2.29

1)
:OUAU 90.43 86.s2 87.39 88.70 86.96 88.04 4t.40 86.80
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nr:mril:uAmGn rnruortruunot oou istnraffruqvrGn tlnt:tisu
AIA<uoaa?rrnaarani Go{lilrilufi'ru ttovnr:uu'lu r rusr

j 
' i s vA 9) ^ qa d- , qY v 4 I .-

elt:l.:iir.t riln?rurfrur'teruqfrBu?sriudrulrrildna 3 rru ldgn:r{run?rudoafldo.: (Ioc)

1)
floflou

y4
lJOll

^ 
d Yd

fl ? tiln olmuu0 {P.l tuu ?! l6lJ
{q

x

tudntflIu
1,'

fi?ttJfloflnoo.l

(roc)

arilp.ro
c

fiuYr I
A

num 2 nun 3

1 +1 +l 0 2 0.67 1.f,'td'

2 +1 +l +l J 1.00
o9h,
[T t9r

3 +l 0 +1 2 0.67
oyt49/
try [9t

4 +1 +l +l 3 l.00 1#1ei'

5 +l +l +l 3 r.00
a9/l0.9)
[s t9t

6 +l +1 +1 3 1.00
o ,l,r 9,
ts t9l

7 +1 +l +l 3 1.00
(nyv9t
tT [9t

8 +l +l +l 3 r.00
aYVy
t,lt Io

9 +l +1 +1 3 r.00
o 9rtn i,
tlr to

10 +1 +l +l J 1.00
alhy
try t9t

l1 +l +1 +1 3 1.00
a 9\fr 9)

tT t9l

t2 +l +l +l 3 1.00
a Y\t 9)

tT [91

l3 +l +l +1 3 1.00
o g/tn 9,,

ts to

14 +1 +1 +l 3 1.00
o c/vr 9,
ts t9l

l5 +l +1 +1 3 1.00
o 9/lJl 9/
ls ta

t6 +l +l +l J 1.00
qYa9)
try t9r

t7 +l +1 +1 3 1.00
orln,
Is t9l

18 +l +1 +l 2 0.67
o9l1 I
try t9l

l9 +l +1 +1 3 1.00
o 9,rh q,

ts [91
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i t i s 9A 9 a qa d r qgt q 4 I
etl:]{yt r.1 Fnn'tlulvrul tnurfrru?s1iuetluiT1fl6ind 3 mru trgn:orun?ludoflndo{ (loc)

(sio)

1)
1'0dou

y4
t,oYt

a 6 Y4
n ?tNfi 9lmul,o{r.rruu?u ra,{s

x

tu<
nroTu

1)
fi?ttJfloonoo.t

(roc)

agrJrua
dnufl I 4nuil 2

4
num 3

20 +1 +l 0 2 0.61
ortny
t1, t9l

2l +l +l +1 J 1.00
qYl0.9
tu ta

22 +l +l +l J 1.00
a gJVt 9)

ts t9l

z3 +1 +1 +1 3 1.00 1'fi'td'

24 +l +l +1 J 1.00
qyv9)
try to

25 +1 +1 +l 3 1.00
o g/tn ,
try tFl

ranu 2.84 0.94
o grvt 9/

tu to
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^drrrooriinl:2[Flllv?l filfl?ltJUln{"lU (p) [t0vnlO-lUlOnl:Ol[tiln (r) t[OvAlA?-ltlttOIIU (rr,)
a

1,o{rruuno fl ouior.rofrruqnGnr.rnr:Guu

nr:r{d r.2 flonr:ara:ru#rirn?rxurni'ru (p) rravrirtiturtnr:iiruun (r) rravrirnrrrurfioriu

( r,, ) t o r r [u u yr Fr d o u ?-Fr,.r n d'rJ 6l yr dvr r': n r : G u u

yd
1'Otl

tt
fltn?truutn{tu

(p)

lo
n'l0lu.lo0lllun

(p)

,/d
1'011

tt
fltn?'ltJUtn.:'lu

(p)

lo
ntotul00tlrun

(p)

I 0.6 0.4 l4 0.7 0.6

2 0.55 0.5 t5 0.6 0.4

3 0.3 0.6 16 0.55 0.5

4 0.45 0.7 17 0.45 0.'7

5 0.60 0.4 18 0.4 0.6

6 0.4 0.6 l9 0.3s 0.7

7 0.35 0.7 20 0.4 0.8

8 0.40 0.36 2l 0.55 0.5

9 0.65 0.3 22 0.7 0.6

10 0.75 0.3 23 0.6 0.4

11 0.5 0.4 24 0.35 0.7

12 0.55 0.3 25 0.55 0.5

13 0.5 0.4

,id,-A,o'-s
fnFr ?'rur50u u ( Reliability) fl 0{ rru u Yr gr dou ?9r r{a dil qm t m l{ n l: r: uum{auu

lnuldgn: KR - 20 to.l Kuder - Richardson = o.g4
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i 4 I t -- v e. 1 d
gt-t:t{m cu.l t{on]:?[n:'teHrtnl Normalized Gain, <g> l,o.:fletluu?9lr{adilqmIYll{nl:t:Uu

r ru u : r u q n n n ri o u fi u u t ra s n a'l G Uu 6 o.r 1tt til u eiu I to u n 1 : Yu I u^A

rolrll

Jvva
uuu?o9{aflilqnfin1{

d
n1:[:uu

ohpre Topost

q)

s
I

O

^\

q)

N
I

<a>E :U9IU
I

nou ma{

25 nvltuu 25 nvuuu

1 7 18 28.00 72.00 44.00 72.00 0.61 Medium

2 1l 24 44.00 96.00 52.00 s6.00 0.93 High

3 l0 24 40.00 96.00 56.00 60.00 0.93 High

4 l6 25 64.00 100.00 36.00 36.00 L00 High

5 10 22 40.00 88.00 48.00 60.00 0.80 High

6 9 22 36.00 88.00 52.00 64.00 0.81 High

7 10 22 40.00 88.00 48.00 60.00 0.80 High

8 6 I8 24.00 72.00 48.00 76.00 0.63 Medium

9 8 l8 32.00 12.00 40.00 68.00 0.59 Medium

l0 7 19 28.00 76.00 48.00 72.00 0.67 Medium

ll 8 l9 32.00 76.00 44.00 68.00 0.65 Medium

1.2 8 l8 32.00 72.00 40.00 68.00 0.59 Medium

l3 t4 24 56.00 96.00 40.00 44.00 0.91 High

t4 l1 2l 44.00 84.00 40.00 s6.00 0.71 High

15 9 22 36.00 88.00 s2.00 64.00 0.81 High

l6 ll 2l 44.00 84.00 40.00 s6.00 0.71 High

t7 13 23 52.00 92.00 40.00 48.00 0.83 High

r8 8 24 32.00 96.00 64.00 68.00 0.94 High

l9 l1 24 44.00 96.00 52.00 56.00 0.93 High
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ja/ruv44
gllll{Yl cr.l ,!Anl:?[fl:'lY1{11]fll Nonnalized Gain, <g> 10.1fiv[[UU']qruAdUqilIYll.:n15[:UU

r ru u : I uu n a a ri o u G u u r rn u H a-i G u u rt o I ] :r rru u sr-ll I ta s n I : ryu I il^ gt' (si o )q

.l
to1,Yt

A
lrlJ lJ ?O r{ A fl ilO Yl fi Yl l.:

I

4nt:t:uu
ohpre Topost

q)

I

o

6)

s
I

<s>b :sou
t

n0u lio.t

25 nvrluu 25 fivuuu

20 l0 20 40.00 80.00 40.00 60.00 0.67 Medium

21 t7 25 68.00 100.00 32.00 32.00 1.00 High

22 l1 2l 44.00 84.00 40.00 s6.00 0.71 High

23 r3 25 52.00 100.00 48.00 48.00 1.00 High

Mean 10.35 21.70 4t.39 86.78 45.39 58.61 0.77 High

SD 3.50 2.29 n.22 9.90 7.30 |t.22 0.14

Max t7 25 68.00 100.00 64.00 76.00 1.00 High

Min 6 l8 24.00 72.00 32.00 32.00 0.59 Medium
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Rtnr{u?fl f}l

rl : v dmB n r v{ r o { I [u u Gt 0 u 6r I il n ? I il Y{ il y{ 0 [ 0 t o { u nl : u u

oionr:lffqo Air track rJfrffinr:vrnao{ ,*ol lu,uufrruttavnr:tu I fiA
lvtleta
:arununt:Gtouuuunqill?ililolilnun LT
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enir{fi zu.I Fl-ryfin'rruaoondosIo.rrluudouolilFr?riln'.:uolotorrjnGuusio nr:1dqn

Air track rJ6^rj6nr:vroruuu ,iuu lutruud'ruttnsnt:su r fio^ itruri'unt:dou
rrAa

r[uunqu:']rJU0[mnufl LT

:rsnr:il:vrfiu

e=tOEY
GF(Ge
= 

-(F
E eE"

U
(!3

a
6t

-

I ) 3

94yl. Rluflt:vnl:t:uu:g

t.t rfionrfiorruriraulo I I 0 2 0.67
9l

d0nna0n rirhJvrnaoqli
t u I u,s 9 t 9q

1.2 tuo?n tiluln turyuryou 01utlj1 t0{]u I 0 I 2 0.67 aonndor rirhJvrnnorld
I 4 E o iqv

1.3 ru0t4'tulj:urBul.rlJ]sdilnur?nlm trydou I I 0 2 0.67 eonn#or rirhJvrerno.rl#

t.4 I
t4y@drt
u0l-t lil n? ru d0nn n 0 {nu 9{ n nl: [: uug

mnrq?l?i
I I I J I

I
d0nfla0.1 rirhJvrnao.:ld

y4ay
2. OtUn0nstlJnt:t:uu3

@ 4 ds 4 9\99
2. I unr:uuu [0nldflnula?]u: lfi9t?u9l1t0i I I I 3 I aonndo.: rirhlvrnno.rld

s < h y4 9t v dr r 4
2.2 unr: uu tnr:uui:xunuruunquunxlu

Ir<40
a2utHn0[n0nanus

I I I J I donndo{ rirhJvrnaorl#

iq,,q a I la*
2.3 [?nlm tI tunl:r:uug0lnIn!0unn1:ltn

nuTnfin?rilrfiurudlJ
I I 0 2 0.67 aonn#0.: rirhJvrnaorld

'qlyaIL)2.4 \1A tYrnfl fl ?tun: gn0: 0:u 0 I I 2 0.67
I

d00fln0{ rirtJvrrrnorld
y qy4 t I I 4 y

3. olunl:tTfro qun:ilu:cnounl:t:uua

:. t fl onr: aoufi nrrruvriuariu I I I J I
I

d0nna0a rirhJvrnaosl#

:.2 flonr:aoudrqna'rrrLaulorirhflarlnlu

nr:fiau
I I I J I aonn#or rirtJvrnaorl#

:.: du n.,rauun: vd'ul#r?G uurfi nn':rrlindq{

0sn{fl101u
I I I 3 I aonnd'o.r rirhJnnaosld

A oq99a 9q i h9'
3.4 d0n1:d0u1r1 tl4Flr: uurfl 1 t0ru0?41 tnntu{ I I 0 2 0.67 aonndor rirhJvrnao'r1#

t. drunr:iouavil:vrxuruanr:riuuY g

< ots a d
4. I ilnl: tf?rnl:?nunyil:sruuflnYr

fialnfiatu
I 0 I 2 0.67 aonndo.r rirhJvrnaorl#

q.z fi ainr: r-e 2afi r#u an rn o3.r I 0 I 2 0.67 aoond'0.: rirhJvrnao.rl#

+.: rinG uufi Io nrald'r.i: yrfi uHa qrunuro r
j

Iau{]u10ilyi0u
I I I 2 I aonndor rirhivrnaorld
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jroo4qAd,gntt{il 0r.2 n10-tu't00]llunI0.1r[1JlJd0uit'lufr?tuvt{110 [n lrnefl?llJtTolJultuuflounlu

fl?luil*{il01010{u-nfiuudonr:1d1or Air track rJfruTnr:vrnoor rto.: Irurruust-Lr

vtr46
rlaunl:Tu I ugr :?iln!fl't:doulruunou:?uuorilnun LTq

4i&!,-,v
n?]ulrolJu ( ct ) mcquu rmrnu .987

yd
rJ0n

lo
n10'tuto0llrun

?r'oa
t0ntCIttJor{

I 0.94 I

2 0.94 2

J 0.94 3

4 0.90 4

5 0.79 5

6 0.95 6

,l 0.94 7

8 0.88 8

9 0.93 9

10 0.94 r0

1l 0.91 ll

t2 0.95 t2

l3 0.95 I3

l4 0.90 14

15 0.92 l5
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j a I 4 q v d , v 4 ,s qv
snrr{vt G!l.l ,{anr:?[Fl:'luHn?tilltwlo lotolun[:uuflon]:0qn1:[:uui t9lurll: ITTFI

o

Air rrack rl fr ffi n r : vr n o o I t* o.: Jr., ttt u pi'ru r rn v n t : ryu'lu r fi fr i rru d'u n I : d o u
IAA

UUU:?TJ}JO[Y]NUfl LT

Ad
: lUnt:ltdo{n?lilfi9l11{u x v

:0uav SD orrrufirnolo
0u9lu

YI

r. drucr:vnr:6uuf;
I 4 4 Yq

L I tu014lu:1UA&t0U9l59l[0U 0lutfl1 t0i-]U

4<
1.2 ru011]iln?lUrl4ulUdUnUn?]ild]U1:61

fl0{Flt:uu
I d F - Aqv

1.3 tilofi ltJlJ:uloJrl4Ulvdunut?n1T tTdou

t .+ rfi orrfi n':tuaoondorrir lnrJ:t alrinr:
a9
t: uu:{

3.83

4.29

3.37

4.54

76.60

85.80

67.40

90.00

0.39

0.45

0.4'7

0.5 7

il1n

uln

ilrunnx

uln

l0

6

14

4

9aay
2. O1Un0n:tlrn1:l:uug

A d 6 dt, -
2. I fl 0n::lJU:lUAYt0Unt[AgUtugl0UY9l[0U

z.z fi on::rurirra3unr:fi fl itn:rs#traunr:
9q 914

run!iu14r10{ryr: uu

^ 
q YYA a 4 9t

2.3 non::ud.lrd:u tYryl: uutnfl n1:t:uug
d,rdr4{

: ?ilnuruun quil n?]il ry'lu[14 a0tn0Q o nu
io Yq a Y a d

2.4 rxnlT tu tunr:[:uuIolnnon::uun?lil

rYUledil

3.7 5

4.55

3.30

4.t6

75.00

9 r.00

83.20

66.00

0.52

0.47

0.39

0.49 ruln

utn

utfl

rlrunax

t2

2

8

l5

s. 6runr:1ff do qrJn:rirJ:vnounr:6uuf;
j ooeea 9q I ' 

j uYt
3. I d01] 1 tl.t Flr: uurl I t0tu014 1[[n n y[: 0{ to.1 lu

a

aJ
ltag:1fl[:?1u

i < r q o a9 q d
3.2 doun?riluldu tovn t1.1dun tunl:[:uu

j , e qee+ ^ ^ i &
3.3 d0ryxun:selu [144r: riurfl 9rfr?lilnnm0en{

fl1fi1lJ

o a 99d d @ q q Yd t I
3.4 Yn t14r.lr:uulJmnug lufl-t: t5d0 o]ln:il$e

il:vnornr:Gaui
I

4.52

4.78

4.39

4.20

90.40

95.60

87.80

84.00

0.5 r

0.42

0.50

0.47

A
:JlnTd9t

j
ulnllqfi

il1n

illn

3

I

5

7
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6^ 

ffi n r : vr o o o.: ri o.r I rL tu u er-u r r n v n t : ryu lu r fi o' i u ri'u n I : d ou

rrru:':rLn'orvrnfi n LT (sio)

Ad
: tunl:tlcT9lrtfl ?tunolfi u x v

:0uac SD n:rrufiruo1o
0u9lu

YI

l. drunr: isruovrJ:s tfi uruanr: riuuiq

+. r fi nr: lffi nr:'l-nuavil:vtu^urua
j
fl14AtnY nlU

d<-Att
4.2 u2rnl:?nflaTtuudnlfl 0:{

a.: rinG uufi ionra'ldrj:srfiuzuo lrunuto{uav
j

nlul0{t1\0u

3.65

3.9 r

3.78

73.00

78.20

75.60

0.49

0.5 r

0.47

il1n

uln

u1n

l3

9

ll

:?iltqau 4.05 8r.00 0.47 il1fl
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