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DEVELOPING SCIENTIFIC CONCEPTS ON MAGNETIC AND ELECTRIC

FIELD USING SIMPLE EXPERIMENT AND MULTIMEDIA LEARNING
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NOMAL]ZED GAIN

Science experiment plays an important role rn developing scientific knowledge

for learners in sclence. Effective teaching methods must emphasize [earning by

experimenting where students experience to real phenomena. Through low-cost

simple experiments designed for hands-on activity in conjunction with the

reinforcement of graphical multimedia, the students have enhanced the matching

scientiflc concepts. This method hetps to solve the lack of scientific equipments. The

purpose of this research was to develop the students' scientiflc concepts on

magnetic and electric fietds using simple experiments in conjunction with muttimedia

learning. The samptes were 34 grade 10 students in academic year 201,4. The pretest

and posttest control group design was emptoyed rn carrying out the study. The

research toots consisted of simpte experiments and the muttimedia learning, lesson

plans based on the science inquiry process, the magnetic and etectric fields concepts

2-tiers test, think-aLoud intervlews on the scientific conceptuaI test and student's

satisfaction test. The data were ana[yzed into the average percentage, standard

deviation, t-test and average normalized gain. The result of the samp[e group showed

statistica[ty signif]cant mean differences betlveen the pre-test and post-test at

significant [eve[ of .05. The class average normalized gain was n the medium gain

(0.33). The students' abitities to explain the concepts in [evels of good, had positive

comments, and had very satrsfied about the tearning process. This result ndlcated



'l

that science inquiry process by simpte expenments and multimedia Learning can be

used to devetop students' conceptual understand ng on magnetic and electric fields.

The students had an opportunity to experience from actual practice to build up new

body of knowtedge by themsetves, enhancing scientiflc concepts through the

muttimedia learning and therefore students had positive attitude for science Learning

process.
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o-r u nr:doio n55!n1t t5uu5vrai[a5!n11fl9!u'l uu?nt]?vlu'lrl1afl: n{[!un11uvl']vl'lu

dt,riro: fi on::rnr:riuunlr6oudo{Aouuudouna'r uacl#larurilo (open end) tvl

rinriuuld6o aorfioaorqrnrdoriuuiorndldfin 6ir{!:ra!n1:niornnr:a.:fiorJfrrifin!

(Learning by Doing) niv!?un1:aoulufia.:tiun:curunr:6aufto.lrinriuu !vtlJlvlto{ni
A c. )l J -

[UaUU01nn!A0Uttlun:flta Ui olrJn (Coach) 1450i.1nofl']:tutlUU (Learninq manage, a:'l{
!J!

- -! eio ,d J d
t]5:ei1n1fi hnrnon"nL5uu5 n:0l0nll ufi'tu Lunl:t:uuia.i t14! l.i[n50{}r00'lu? ua1']!aYo?nt'l u

'lririnriuurfionr:riuuf louldrvrnlulaEar:aurvrnrfioafualunl:Liuuf'uo.:rinriuu d':urtJn

J:vmdlann{rrvrr6urvroiuin finrt:aur:olunr:ai1.rtll{o':101#rinrEuuau'[o uavouln
UU

t v A , ; ! ,- ' ^--- ^^\,rtuut L oantat! tuuntSuua:1{n1T}llttl u9rul0{tYl}]tllntu (uu n15?ll0l. 2551'. 5-9) lu---''n - -- n
)q

il01uu0{iln1ruln0 n?[9]0:ttTU1L1Ju6?LJl.lu{ tunSv!?un15091n15$ uuI o1n{1u?0uvIlJ?1

rinGuufi6ouiriruf,oornnorfirtnoifir,larnnaru (muttimedia) lri'ilnctflunrinnulic6'!to
-::"finruarur:nfisuuliraa'lqvGvl1.rn1:riu!it1ivrurfi1afliLfr!r1nfiu (vantipa, 2oo2)

lt - wJ c. J r a u i w <
u0n01nud0n1:r:uuirLllun'rv{taa0u [1.r? (animation) t.:a:1i1Jufr?u [1]:tLnl!n0rJvr?rs]0l u.i

alilriod{raiilfirinriuufirfiunfifi6rionr:6uuf (Poohkay and Szabo, 1995)lunr:riouur
i Js

unriuua.:vrero.iruu oo rnBcnl:t5uu! n11r]n9ra:lialln lon?1!a1 llnn1lHUu?
.) 6 tr. . Z.ee(Learning curve) t.:14u1Un.: n1:[:Uu: luan Lurl Loo?Us]U!0.1 LUluUvt?A'ldU tttluvluL!n1:

a vl i J. w i J ocvw < - a w)
L:UU:O',t U,aVa{vtalntuvldovt0uvtl Lvunt:uurnonl:t:uu:lvltJ'lfl1anl n0 nnnll!n15lluu5 vl!o

J ov-
n:n 0.:ilo141 n:v9tuua 3 a! ta:tl Luun t: uu L9tvt1n1lfloa 0.i LYr 0 tutnfl nl lYi zuu't uu? no

^ .)u .ovvr,J
?vru1fi1afl: t.iunn'r:finul?vrulnlaqr56?u L14tlJuuvu1t14luu l,1Jv]n1:6! ralJvtln? u1fl'r69ll

(Scientific lnquiry) Ioufion:r!a.iio!Atfi/tieiluln?1r.r6n (Hands-on/Mind-on Activities) 6':
i w - oq,,

u0n0ln0cna Lurn9tn':'r!inllxrlj1L0va{vlur[a1u.1u1L!an1lY{eitu1flnuvnl5nn uauvnusnlS

rJfrrifi uaviniuulfliafli (Scientific Mind) drvrirdonr:riuuf qonr:roaoldririll'l,{oi:
uA

$uli.!'tu:1n10n a'l!'l:0i91141!'t Lq0u1.1Lu!1c6!n!n0 n5t!n15 Ll uu5 !110 n1tn0n'lt$uun1:
Jd. J - ;r' .)!,e)

a0uvr.ru:v6vr0r.ra uun0 n1:00n'Er:uun1:fl0uyrl,o arifl00l1!no!lyaiFtrniti r,{

rl:vnouriru rirunrrui (Knowledge) drun:vllunr:fi'nuy(Process/Skills) Bacairu

Rrua"nEruvo'ufi.:il:ua{6ro'r{6uu (Atrribute) (rj:c!ra fi3riutlrir ,2555:76-40)
^.^ .t

01nuu?nouavtvlfl at1t0u ? n u Lu5'tuu :lJ Hqtounl:ilonll r5 uu5it't{d nd}ru6'tun--a-
d -,a a t t )

:vour.r0urJfinu'ruyl 4 0{na.in1la.ita5! LrUn riuurn?1!5n?1!rlj1[o uu?noiy]u1fl1a$5 15o{
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aL1,.rflorrr,l{u 11{5n-h"trIr 6rrfluriovrfifrarlirarrrlrdrlolouldiumu^rr: afrrnrlryr:lurFfi
c, ; .; - * ) v

tlJUulr.l0::1l tfl0tAl!d:1{n11![lJ1LaLUnl:0n!lU1J51n0nl5flrvltnotU tU0l01nn1:a:1.i
.a - i

ruur6orirrtlu6'arard'urJ:rn4 nr:nifrrfio{u or nzua nr:voao rrilugildl r'hrr:oil. uvrrvs'2a

loarirulrar!qrJ n:olfrL{*ao'rrJ:r n4 nr:rrjrfiurrir auuro{u: i*rjrvF n-'[ flr ocfi:rnruy{ruav

'lrirfiarnr:#rr,nnzuaro.:rJ:rnnnrrnjfirintulourinr:'uul:"Jtrirliri6nriv]oao'i fidrdrlvrrr

I:r riaufinr utro unauo! ni0:d'{ ndi'r uauor n n'rra-rnrunirin riau'lunr:lirdoaol o-Net

" -! J- -1uriorarfi finriuldru1vr!ovrovjrurn rirdoaarl:"ildulr:rvtrontrrr{rtoluuur6o
- , - Y ) c, t)
ivrurnrasri sirfu rfrortlunr:rair:airr ur,lr6oilrurflraflifroneior In efn Guu161i1n1ivroa o.r

orntonon::!n1:'r1flao.rod1.ii1u:rornn uavfinr:1df,oriafifi 16 u rfiotir ul#uiunrrlrorito r
z r .u i - '' & a..

t:rrXrr:oiu:"Jrra5r'-lvlrtrrfr.io{r" 6rrtunr:,Er-uilr"ir'lvilLr:vosrre^eYr.r kidululunr:
- vi l^-aqw - ovJ ---- i
t:LL:Fl'l zu10 U0.l LOOOnULLto na n:l!nl:voA 0 i0 trl i:^ U51lrn! l'li LtA 0!aa toU t50i AU^L

110.irL:.i LrlrLvan-LYli'il aluna'tn n15Qon1: rl u!5i.r10u Lt5! rrl1- n1! r: uu: aL La1, Lfr u na 5'tuu0
a c- i )" a
frt riJu;r.Jur.lurafrrt olnr: ri ulfurl Active Learning rfioa'r railr.[nuvfrdr ui]u urironr::u
4 - qve v d
11 2l LUn!!nr:LU O?Un1:!41!5',tl.r LUn15t: LU: L111nUULUn1:nO flOA!10:1 nU 1.ln15F0L00

-i
111'1011! n OvtvA 1nv a 1U UA C A 

,l 
:O A! LA1vv10? 1!:11',t.l1vtU 1fi 1a A: a 5f i0{OA11riO1UFll.Jt0{

i c e e v- e A
t.i [lJlr uvl510 Lun']l0o nll Lr u!n1:a ouv 1LurJ n L u[!! alc r! Loua0uu0u"].ruLl!1n1 rr0

-i- ,

a{ ta51]y nue fl15 15 uu:q a oot? 0l tla u t0 n n ny oo 0 n1: [5 ul.J:']Yt u 16 tafi:

t.z ioorJ:ca{drraEarru66luno.rnliao'u

1.2. 1 ioorJi;6{itornr:ii'u
) - - .i - -- - -i.2.1.1 ryr011FIrl.Jl.Dflnnn55 n15yoa 0.i0 L 1.r.r'ltl5'tl.JnLfr0}]ao! rFru LS0{ a1,.1,l 0{

ru:iuriryEn-tr',Ifi1

1.2.t.2 rfion'erur uur6qrrlilro roranitrorrin uiuu lou'ldr1ofio n::rL n1:yloao.r
, -.i ---a !

ou'r.r.r'rur'r n!aolafl rou r:o{ auMro,i u:{uriryS n tv'lfl r
"i-1.2.1.3 ltl0ral]Jet1.:Fr1.lJn {r 0 Lnt 0 rtn 15 uuyai i ri LLo iUl,oao nt:!nr:11oao{

, vi v-dd ;
ourriruiud'udoriafr du 15or 6uuro.lu:lurirySn-lvlrIr

1.2.2 6urr6g1ura.:nT :eo'u

7.2.2.7 at:raittrariluoruur6oyr.:iyruraranirolfinrEuufi ri0uieiruto6on::n
' - J w -a - i ,

n1:roao{o u'r.r.:'r u5?! n! a o!a n! ro u r5o.t a!1}]u o.t rr5.r rr}] ry5 n 111flr ya'.: ri0 !aln'ir riou
--frSorotjrrfr riurirnryyrl{6n6fr isd'! .05
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t.z.z.2 iniuuitnr rrt ri'rrvdrto.r uur 6oivu r orani vdrrEuui6'lu1,ofion::r

nr:yoraorodrr.iruierLri'rdoriafifiu6u rior aurrto':u:':urirvEn-lurtrr'h:sonrlrunar.r

(medium gain) 60 0.3 - 0.7

1.2.2.3 nr:oB!raurur6oivoraraoitorrinG0u radr ri uufoir ato fio n::r nr:
' - J v -- - ; a n ,r

vroao{otj1.:i'rui'rlrildorla6frrd u rEor aurtro.tri:.t urii,vFn 1vlfir ou'lu:cnn6

1.2.2.4 n'rrrLfi{ olrtorrin ri uufririonr: {o nr: ui auirir otofia n::r n1:vqao.r
. -J ---a A , a \,u

o ei r r i r u i u nn d o nia fr 6 u u5 o r a u u t o.r ur l uri rv 6 n -tv'{ r{ r o u Lu : c oi! l r n

1.3 10u [10rlJ0 { n1:10 u

1.3.1 rYtln:uasndrd?ad1.r
& - d d,i

!rvrlniuasna!fliou1{L[]urn15uudul]itJ plnultj}1 4/1 d'n"1u 17 au uau

rinrEuu#urToaufinv:fl)it 4/2iiru:u 17 nu :? vY{viloa'1u'ru 34 nu lunrnrialfi t

ilnr:fi nur 2557 1:ruiuulviualr.l:vtrar:6 tirrnorlnrisrqi d'rraioioa16o

1.3.2 rvusrrarlunrrio-rl
., " .- J
r,5lfirnr:idu sr.:*miufr 16 rlqunln! 2557 n.r 30 friruru! 2557 hnrnGerufr t

Lnrrnnur 15il r'u r'rar runl:voaoriiu tz 6rllr
! *,n

1.3.3 [uafi'tvt tt tun']l1l11iu
! *,- Y !"

rf, ovrn [f[unr:riri{u'!un:"ri ldrf, ovrlundrar:snr:uioliilrorarani :ruirr
filfrndfiloru 16or aurrtorur:rurirr.l5n-b"lfir nr!vf,nafi:un!nar.:nr:finurciuliuoru

nyrnrl"nilr 2551

t.q il:slutddnro'irovldiu

1.4.1 flnsuufildGuuirirutofion::r.rn1:vroao{odr{iruirrLfi'uf,ol-afii16u rial aurr

lJO{LLl.:LLlrr an-1Y1111 nyAM50At1irr!1nfi1vtu1fi1an: Lfi9rl uFruro i ualulFr't'11.r:yl Lfr [l]Y,rF!l.r't

-iizua#r:qvrBvrr.:nr:Guritrilfr nai Lraszuanrrfl oao! o-t'tet 1#ifi ramru
q,A . ei

1.4.2 Lnt:LL!Lannnyofi0n1:L:Llri11l1'{AnA tL0:01nLf'AltuOlJlLOn1lyfra0l0lU

srulo.i lounr:rairairruur6oilrurfiranirirudofaFiufiafiraarnraaruuasrirallo riorio

rui{0fl ofr o ul no v G riuisioh

1.4.3 a:yt:1!anrnlryr,lrtorfin rieu Lravdo! nniortornr:o"o fio n::rnr:rErunr:aal
- ri

rua?41 'ri 0r-r1ri': ro:r cu l ouff1rflruvr d,: railyi orYer urfn ri uuhlfif'n uv nr: ri uuit or
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rinriau uravrirzuanr:id'uhj riluuuryrr1rlnr:ioion::! nr: Gu!nr:aouluar:vnr: Guuiuav

rro:oru6uld

t.5 fiutrnhr{ror'ns

1.5.1 qonll?roao.rotjr.r.iru (The simpl.e experiments) vlrafil rnfion::rnriyoaol
)*-"u ! ,

frryio'uld'oonutuf,ulrourrG uu'iru iiruru 61o fridnrlririrurrunr:o"onr:,5eri ri.url 6 rurr.
..1'Lu15or aurr:ro.lu:.:ruirv6n.b'{rIr

t.s.z dorTafifir6u (Muttimedia (earning) ralru6r nr:'ldnorLfirrqroiiufirh:un:r
.iri-

toy,Jflrtl:Lunrla0F,1'u.rv!luLoLn'ritudtJr.tdlLaovalutLo rllL taF11! ni^fln (Graphic)

nlnra6o!'[v'] (Animation) rfiur (Sound) 56lr'arj (vlOeo) [avnr:sjraoiaorunr:0j
, a , .t etre - dd

(Sim utation) rfi otirrl#{[darlr:nriuuiuSodrnon::rfr fi nrrrlyarnfi aru rav lirnrrrlaulc

1.5.3 uu?Aoiyulf,'lani (Scientific Concept) yllufi.r n1u6on'lrlrdrlofitva:!
i w l. .tr . d J o J .. i- .; - - J

rnu'l n! a i Loa{vu.11410[i0 r Lo Ho rvL.t 11rno01n n15d.i rnoyt 0 Lo51J1]5s ar n1:tuLn u'r n!a.:uL
d"r y ."

vSoriorriu .l 1o.i!nna ud'rdurrj:vrrari]udoaqr.Jvrrrivrororami

1.5.4 ax1 ,i1?firi'rta.: rtur6oiyrurerafli (average normatized gain) ulrofil r.ra

a vJ i ! ,-
n1:LiuLriyr[yu]1J1.r1lo{2r:uuorn nrryqao! 10 uldLr!lJyloao!io Lru?6oiyurorafii ull!!:!"u
^ " - v .^ _.
2 cird'lriu (2 Tier multiple choice and explain conceptual test) Gor a!1l]flo.1rn.l

" r ;e^- - : i
r,rriuadn-1v,h4r dluru 30 "[o frffiiuair.:f,urr 6':l:v rfiuzua drui6 Normatized Gain <g>

(Richard R. Hake, 1998) 1, ufr-r*',l0',r n^arirrrolnv uluao! rio!riu! rlayyfrr Guurfiur.l n'u
* iv- ,

IonraaraofrfirEauuoiasnuQvarur:orirayuuulfir:flu1fr To uvrtrior n o-sr:rai'r ut o.:ru a nr:
- w; !. i - v J*
riuuffirfilduo:-l (ActuaI gain) riozuanr:rie lYa t rofrfiIo nr a rfilfiuloi (\1a^imrm ooss:bte

- - a -- ! . , .h u - , - ,

gain) rlrtrurlua nlln?1 6 11u5 Loo.ilr Lounlv Lo0u}Jn109 Llrtl.r 0.0 1.0

<g>=
(zpost - test)- (xpre - test)]

(t ooz)- (zpre - test)]

n0 n1 norma(rzed garn

) ua c.
n 0 n l rQa ut0,tFr u ttu! a 0!y a.: !t L u tlJL ttl 0 : rtL gt

i,
Fl0 nltAA 0t 0lnYLIULa0!n0LtiLLt!Lt! 0:LtLFl

(l.l)

LOUYI <g>

0,6 Post-test

0,6 Pre-test



aM:0rrl.ilveiutolrir normatized gain oonrfl un{ildrfluatL:v6'u 6o

" High gain "

" Medium gain "

"Low gain "

<g> z 0.7

0.3<<g><0.7

0.0<<g><0.3

e. I - J.e,
LIJUtUL:U! tOn',t

a Z - *r,
tljutu[:uuy]Lon1
a. ! - te,

rllutut:uuvt[ofr'l



Uild 2
ra n61:ra u{ luiisd rd u rdo.,t

n1:ytslJu't uu?no?ytu'tfi1ani tl0i au1!u0.:u:l urirudn_b,/t4r loul{'ion::lnr:yna ol
I w) e aad he,rvd JJ e -,,.!ou'r.r':1ut1!n!40!ao!tou ,J?nu Lofinu1 nun,lLonall uac{1!ior-u9i.t{ 1 frrfru.l{0.:d'lriohJfi

2.1 qnfionrrunl: nao{od1{ilu (Simpte Experiment)

2.1.1 n1:xnao!il1.!eflu1f,16ni (Science experiment)

fl 1:ytoa o.iyt1{iyturfi r an j (Science experiment) urJludi n1:o'o nn n:rilrl
! J ja

un$uu Lo$uu:o?'l!nol?1JU00 [u150{r[5uu5 0?u nllrtJolonlaluin15uuki6uylri.r0lo!n1n

n1:lit6nonrrxri'r unurol e'irutj:vau nr:ojn:,:drflu:r.Js::l uiudunounr:6o nr:frln{r
nilyroao.i uavfl1:a:Ur.la orn nr:riuuinr:'[drJ:varua"rlaTays.r#rodrl rflun:vu?!n1:ouflLi

- - _-y- - I . .) c, e Jdn?1rJ: vr'tt un[:u1J Ln:un1tfl0!u.tlinu311u6.]uyt-].riyturarasti i,:tilufnuvfr!nrludlLIJ1r !u
rr J d J-n1:ua?.:u1n21u5 1n?UU',tfl1aot Lnu!flqqlnrr!ruaoid{n2.1!a,l t0fi5on?1!1i1u1fUfitnO

a1nn1r!frtAuiofinrlunrv!?unli6oodrllflu:vut louldrJ:caryla'uf,ayrsl#r'tunr::-!i nr:
.a c. e ! o eanufi'ra?1!:ltayun!qJfi"to2un5y!?un1ty].tiayu1fl1aoi dlruufinuc lio{6ufriln?1![5uui1u

\ tu w - - - r, )Lrtutou [avun?1 a1n]-udriotuoln=u 1oltn r4*'nuc nr:d'.! rno yr"nuynl:iil uundis rny fi'nuy
-vvJwcunl:?o yfluvnlla0al: nuun1:a{n11!tru tLaurnucnllflu.tn: fu non:5r]n1:yoao.:yt1{

-_J_-- -- r ,q I -1U1fi1An:n{L!Un1:QOn0fl::rjyta.t!1:0a.itas}Juauylg!ulfnuvfrurluytliiytulfilaoftfifY!

unr: uu Lo0u1,!u!5var5n1y{ o?un1Iiio!:v6un1:6uh41ln15uukiltonra!frflri'u6ri'l
J Y -Jdrurod'orL d'tfi zuol rfiurori (Jean piaget) na'm.jr fiorurnr:yr.la6flruryrrtJur.ta!.ra1nn1:fi

\ed,-e e.o; - v-'J c. d ve d.unt:uutnr,lU0A! u0 n! A.: u?oA0!Un 15uuav 15uuiAifr LUU:Uorlr.t nourirdnr: rieruffirtju

u'rroirr.r uavriorurnr:ur.la6f,rgrgrov rfluhJnrurird'udu uayaoond'olriurru.:6ouol oor,iu

6ad Uor,n Dewey) dnrirtjr rJ:yaur:nidt,riurinriuurfio,iluli'd'or'Wn.luAquavnr:ario

r.Jfru5fion::lrir.:.1 n'r:yrorao{uacnr:6unuri.luoruror rYr#u :r.Julunr:dofion::lnr:yoaol

vrl.riyrulflr6q)iGilyilrinriuu iirtlunr:flnri'nucn:v1]?!nrrvt:.iiyrarnrani rilunrt:aur:o
lunr:rJflifiuavflnqlunlvu!n1tAo'[unr:uarryrnrl!i oaooo!nrt urii rgrarvrrlirurorami
"1y., J- ' ^qeu d - !,'
to0u'r{na0.iuna?t'tulru ynu.ia,:[atI]L unHUl.J nllrJ{1!r{LUn,]:[5UU5?y]U1n1Aoi
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2. 1.2 fi onrrudbifn ritrualfi otlflrih (Ha nds-on Activities)

un n1:fl nu1?ytu1fi''tao: n ata:'t { ralun?1!: (constructivism) tluu 1[rn:io
a qvu d l, 4 r-E I a qvu d \e In0n:: luunr:uu r,na.:!0ullJ9] na1?n0 !yun$ulJ Loa{!oul!on:{ul0 L0yt1n1:uoa0{911.i .l

flr{i urarasri rriu riruriruSnr{rtn#iaosir 1 udrdlrnnaradrfiodu'tdinqoirr 1 qrYufirtfio

oirr 1 u#rriurut'lulflndrYuraEori',r',urrdun:rr',u sioyaooh.lfiruarur.taoorYrriruly{oru

ldndorlavr::oririo.rqrf,ordo.t o.:d.ri6iq rdrarryruloa.rlf(uri;T 1ula rtuoiu rdorinriuuld
- I s- t s ) a. v J .ryl'1fl0n::!anuflvunvfl'r 1,1.t Loanrnm autnotjun?uour0,: {{rrjul,0!aravUl [!Antl0url't01r.]

nr:oSrru nr:oi!:ru uacurdoarUeiohl o'lriu 6on::rdnurucd6rei.:raiulfi'fnriaulda.r
.a a. -r.l0!!!0lBacrJnno u'lr1a n1:451{a?1!to? tJ oLJ L0no?u n?1! Ll't 1,0${t!ua nuolJa.l0futj0{

fi on::uadorJfr tfr uavfi n6o (Hands-on/Mind-on Activity)

2.1.3 nlrdnnl:Guunr:aauimurnranflnonr:uaaat
i.

anutuv61ne0u'tnuuw0!n't:y'tn1urt1u?ylu1fl 1ao: 60 nl: Lt!tva!nltfust:.1
(First-hand experience) raionr:ld'alfiorJltG (Hands-on) rdokitoladovrillULfluila-n51u

)
lunr:a1! riun"roBuru rfiooorriroruyr.:iy urarao i r,rrnfraouoon uuuuilrunr:6uuf 1u

'q , d J ) y owLlHun1t0o n']i r:uuJ 0Jn0{uu ta?1llntl0o n 1: r:uunl:aouytu:v n0!o? uR0 n::r, ru!1f
rinriuuld'arfiorJfrri6 yioldrJ:vaunr:njfl:reiruiyrurarani nr:unaor6.:rflufion::udrn'ry

6noejr.rr.rdflunr:t'arnr:riuunr:aoudldunr:6urarvyrrirurnraoi (Scientific tnquiry) dr

00[lJ1]?on15fi1rti'utiyll{?ytu1?1'taol Lou a0u0.100vlrn11 t? u tudofn 15 uu noulu:vu v

Gr:rt:n ourinGuuaur:orirriunr:loirol#lr,rro riuoYrurinr:rrr*a!n1: oao{ nr:rsriu!ian
aa,0!n: uastnl0.:r09t1.i .'l n1:ri't!1lun 1:roao.i n-t:llufrn an1:ytoaoi nr:i tn:rvr,izua nr:

moao.r nr:urjaara uavnr:a:!aranr:roao.r 6lnr:rJfrrifinr:yroao,:d rinriuuatn:nrirhfl{
qadJ
ludon::rnr:15uun1r6ouullrJ6u 1 uonornnr:a'urarvr,trntui rtiu nr:ruif,rgrarrravnr:rir
rAte,.-!,[n:rruiuurnrani rflud'u oifu nr:donr:riuunr:aoulnunr:yoaol6llu1dnr:drrnr:6uu
^-----1< -4q u Jc, , ) .,n1:40!rr!o[6ia Ludrro.: uorrilu on::lfrrt]udrurafil,tro.: nr:o-o nr:riuunr:aouirurorasti
BLJlAU .l

,J
01n uu?nno{ na11il?0un i Lrt00nuu!!n da n::! nllmoaolodrlir u fi:rorqn r:-uul'ru

-.v^.--. .-4-. s.rtlorou rfrounUq;u1n?i r,'tottnauorin:n]nr:yoao.rytrliuurnranitoll:lriuuturorSn uay
.tsr-,:.-.. Jw q \e -- - s , ,a^ t vr!unnfl::!vtun[:uu telvf]40{nl.iua!d.lrnnu:lnlnllruirnotlrirunurol lirlfifrnrrrLrjraulo

-.! lq
uau&rn't1 t1ut.i L!n15Huu:.1y1u.tfl 169t5



Z.Z doriafifir6o (Muttimedia Learning)

dorl:val (MuLtimedia) tflunr:rirorvirJ:cnoruordotfiorir{ 1 1ria!rralur{rdru riu

!:vnoudru donru (Text) nrnfir (tmage) nrnrn6oulr,rl.rSouo0rrtfi1 (Animation) rf,ul

(Sound) uacS6vr'ari (video) lrrarirun:u!?unr:yri.:norfirrooi rdodon'lruylrufiufldodrr

firJi#ur{uri (tnteractive Muttimedia) loukiu::qraortriorqrJ:va.r6nr:1dlru uacriohi'rfio

tJ:vf,ytEnrnuav!:vSrBHaarqn lunT :dnnr:rEuuf 6rfin':rur.rrruluu.irro{i6n1: uav:!uuu
.eA g e Aa, A

Lou?0n11 09rluu lun1: Lta0yalu uuuulflarJ n! n15utl ulu a?ullJ rLUUuuov LuuvltlJua0

rl:ca!vr'l{no!filooirfluqrJn:nllunr:dlauoar:arrrn v6onr:a.rfifla1laurvrfl'lui! L!!1rro.i
v : J I s ira vd
1oFr11 n1 U.: n111rna0U Lv? U1JLl?oYlflu n11rntlfln ,]',rYl trol.JUrtUttAy LAU{ Lf]UvrruLtUnll

wirrr A! - &-- ;) aLnn0!n!40tqLouq:{ tun'r:?0unt{u QUUo9rl!a?1!vr]'r u?1.11f,n15 Lta v:! [Luu Louvlt:0.i Lo

a ) ,i---Ja, --aa Joy
r:0.114Urn vu0{nutv n0uvalu 0u1.:t?! nu !awunqila0rr0ytaytrlJu! a nrl[ouyr Lt{1un!

,tA-c,Ald
qrJn:oif,oar:nnnr riuriluf,ofifirJ:cfrySnryrlunr:riaufrfio.:orn6.rqontrlaulo{riuulfrrflu

-lJ<ou't.to ,Jnu1laM:nHUu5 Loo2ugrut0i tSuuLLaurut?utuo14't[o n y]nt?a1 touLay{1Jou1n
J J - ! 'tl,r.u.idoo.: na11a1x1:0aon1:yyt1{! furu1L14r.l t5u!aM:0 Lt uul $a u rt't L0 ru0}1't to tur?a't

o'u:toriruavdrulfr'aradlqvr6uor{Guu{ldu (Cadavieco, Goutao and Costates, 2012)
.! qsa , qeA v -d- d - A

ilnn't:finu1.1'tu?0uua1utultao{ [14t14u?1 n']: ttaoraouLouI aq0n1l11gltu1tJaauqyI0
J i < , tra , I )

fil0a{rJa00n11!n12uu'lr1n n1:L:uu1t0{!n[:uuyraitu touLa lJ0uliu{ Lua2ut0{ru0y'tyt
a.ec ..;)a. ir'

dor1"[iumurnr:rfiolrirfiunrnnoil luirfirijuuruErurfrlilflrr]l50drrnotriToun:lorn
, w u ) a o c, ' -', qvA ) Ju:val a!rJat{!n?1!01rlJu0u1.1ui Lunlt Lt601J:!6 yrual nya1u 11irtlJlJ0la0.i afl1un15fu

iiraor (Simutation) uzuunrn d oio'ri'nri rlyrii rfiod? u raiua ir I nrrl rdrlofiq:l rYur ol
hwc,. J J Jun[:uu t'] u tunl:0unu1n'r: lflufl?iiu Lou']a 0!lya!u50rla girJ tglufrual nya'turra on 1L14

. A t I 4 ,u - i
a00na0{n!uu?noy1.r?yru'rfl1a915 r:0.t 6u']}tl,0.!u5.!urrfi6in- !yh{1 fl'ttJl,lu?dornv}{9!u1[nu

1,{1unr:raiuair.!uu?6oiylu'rfi1aniua'rornnr:yoaor rfiolfirinriuuldr{suurtrur6oyrs
J . c ,i .q

?vru'1fl'ran: $0.: au1!tt0nu:.!ltut146in- Ly{fl'') 9t1r.ti00!:va.:fiflo.t.t1ui{u

2.3 dunounrrdnfi on::lnr:6truiuuuau[61sr416?,]!{

an'rtliudiraiunltaauiytulfllanSravlyrnlulad (2546: 219-220lrineit6.: nr:{n
4 . dJ y -innnS:!n1l$u1tlu1JU 5E 1,r50Uljl.J;i!raluy1n?1I5 IdUnounr:o'oilon5:11 5 rjuri*ifr!n

z.a.t rfuairsarlu6u'[o (Engagement) riunr:drurir{r:rriuuraiordolfiaulo 6roro
.--_i_.-- 4 j q o vLnotul0i0lnn?lllaiau u:00'10r: n1n0?'t aulat0.:0t,]un!5uuro{ u5oLRoalnnl:ofr lilu

J J. . - ^ I J a a, ) ),r1uL!na r:0.1flu1a u [0 01a !101n rfio n1:furir a=.: rilo{uoq [utrl rr a rriu ra5orflu15olfr
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J s u va ;d e I e I )tt0u !u.i n!n?''lll;[q!yr t: uutJllla? tuun? n: v9t1] [14un !5uuai1.t fl']01u filyuotJ:v t6urn c

finur

z.e.z tYudr:rouarf,urr (Exptoration) riorirnrrlrtrtolurJ:vr6uy6orirnrudaul,o

ovfrnuraeirrrio.luri'udr fifinT :rrlruarurirylouuryr.rnr:dr:eon:.:o6ou or"lauGrrudrrauo
a ) a, ,. ,',tv d ,-* Jvn{[aon tlullJLo a{xolJlugt[1rorn!5?1-J:?rJuoIa toaurrfl rr:orJ:rnnnr:njoir.r ]

i6nr:sr:aoao!ororirld'yarui6 r,tiu nr:rirnr:mnaoq lirion::rrnroaull n1:ld
- .), e

no!1r'trerot rlrot? u6lr{a01un1injd1ao{ (simu[ation) nr:finutarrior:aornronat:drl6.l

raioornur,ra'rtouarirrl rfi ol#'tril16.:rio4aoeirrrfi urnodoclflu;furioh

z.a.s lYuoBuruuasa{rio6!U (Exptanation) rdokidoraoeirr rfi urnoor nnr:dr:r o

v *v -o5?oao!ud'? o-qirriouarioauryraflkilri rn:rvli rr!tr.la 6i!rua uayrirrauor.rantdlul! ur.l1Jn --

rir.: 1

2.3.4 iulu'wa'tlxi (Etaboration) riunr:drnrruffiair.::iluhrdorlulrYunrruir6l
a - ;\e, , i - v ,Jc

14:0UU?nO LOnUn? 1[11r.] !011 14l0I',t Lr!! dl a 0{il5 0t 0 ar!' [o tu [t0f,1j.] u a01un1tfuy5 0
.)!lvonl: 0u .l yt't l1l[non11r]5n?1,11j?1wu

z.g.s riuil:srfiu (Evatuation) rflunr: :criunT:riuufrirun:yu?un1rri1,! 1'j1
v3unHUu!n?1!t0vt:lJ'r{ 0u1.iLl uaur]1nuour11u{to n1n{uuovulttj?in1ril1a11r,]iLU

, .i,r, ) A a a, J cv-l
Ulcunn Lt tur:o.rou "l l!uJ!n1:rsuun'tiaoutruuduralvy1F]x1u5 ttuurtllJliunouLno'{u

nrud z.t nltdouuuueuralr lnllli
dw,-
frur: anrriudrra5!nr:aoui uraraniuavrvrnlulaE

;funlurut
(otgogrmcn0 /1

trr:ruo:rlur r

(crplcetioo)

(7
ailuua:ol{oq

(crplmatim)

t:6reo
(cvaluatlm)

2549
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) -!oinnliAnul{orra16ornutrnr:i'ofion::lnr: Gounr:aoulo uldn:v!:unr:riuuiurl!n-

a!Larvuln?1ui !i?au Lo Lt?nn1:ann1i r:uu5 u1jUa! ra'tv14tn?1rJ5 fl 1! t[u?yl.].tro{an1Uun!
s i di , e - ! -i Ya{[a: n15aou?yru1fi']aolllavrra Lu Lau {.i!:ynoun?u 5 ?]un0u fl.iu 1) {u651{ff51{o,t.u]

aulo z) dudr:aouacduur 3) duoBlruuayaoioalJ a) ,Yururuaruf uay 5) rYurJ:yriu

2.4 uurFnmrriyrul6l6ni
. -t!nn1tfi fl1J1l,o Lyn?1u14rJ1ul,0.1uu?fi9tyt't{aytu'1fi 1a05 r1,:!

'r::rufilr1 :oou:rrdr Q54O: 2D ki}i'nluuurutiolririr uur6oyr{iilurfirastitol

rinGuu (ChiLdren's science) uurofir ortL6or#uto.:rinriuudiriolanfi unorfluo{ uavrio
o ae d .t- an1lrJu 1u1,0{nlflun Ll uu Lotun0u un t: uLJ0s L0 L5uLJt?11u1fl1an I [1,J L5.r 15 uu LLu160y1.r

i a- d J sa s J -2v]u 1fi1An:ro{un L:uu Lonotul,iJultuvytufl t:uuylulu'uylac !11[0 [a n?lr1t10'1r,1-u0u Lnu01f'1u

!tJa!n'nfr.l 011u: tlJu01uu BaJ0lnn'tu1lJ0{9tut0{

?rlnrni uririuor (2547:13) ldl#nr ruylr o,uo ln'r'ir uur6oyrrliyurorafl5'ir
1 eq ) .j. - , )

14rJ1Un{ n?llJ['t 1[0 Q ua:!:?!a nuruvy]tilfiflJ .l ll0iamq ut0!:1n0n1lnl0u']{ Loou'tiut.l
- ,l,I i , - acvl

uaruerav nuoloovluu'l6osiod':1ofr.ryf,rusrneir.: n'ufil6'6uo qjrir.lrJ:va! nrl0i uay?ein1':c
J^lro.i!nnafu "l rlu?6ovr1{ivru1fi laniuil{oonld'rflu 3 l:vrnyr6o

- J - Ja. . -(1) uurontnurtTun'rruu{thvrnv (CLassificationaL concepts) rtluruur6ofrrUuriro6uru
- ! ,v

14501UA.in fUa!! fl u0nquaxun:?tJ Lfiuu''lL!LtLunl:!::u'ruist0yt0U:1nnn't:ruuu"l

erl0u't.1ttu

(t. t ) oonLirJ:cnorri'rudrurir l tdud mu:oroo n ndurdu.: nfiloon rna:frrai

rna:n?uuu

( 1.2) dn{uilroo n rfl u 2 !:v myr 6 o dofuifi n: vonf,'uua"l uava'nifi nrso nfiuya'{

(2) uu'l6ovrTrrqufr (TheoreticaL concepts) rfluuur6odrinivrurnraninururuoBuru
- J .4, I '- - a,

nruanu6uvt0.ilJ'lia{!1,i0u1,i 1.,1:olJ:1nrn156uyrLu01a6{tnfl Lo Lou9ll.1y.i141to untu6inSlur!u

runNaafiu6uuurd?air.rfl unrur{r1nro.:gru[o,i oi':odr.:rdu

(2. t ) drfilurirldrfi ntirudoultrTu

(2.2) l!:6!rfl uar:ol,rr:fi fi oulurf,oa'ni

(3) uur6ordurrYunluf,irYud (conetationaI concept) rfluuu6nfina'rrdrnmlf,inTuij

tu1.t11.lI quacr]au1LlJ [t tun']:11'lu1uv:oyru1fl:rut?tnn'r5tuo1n l Lom?0u1ittu

(3. 1) orrar:bina-rlrurirhlirrnruordu
) cv- ; !(3.2) 1J0tL a1U.r0 Lfr5 ! n ? 1t.l i 0u { u r.r 1-Jl lr'r 9r5 r111.rlju
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niqru indradr Q554:31; drr6rorn ?:1nr0j udlAuflr, 2547) bial.lnaura!1uuul6o
J. w t)

vt1.t?vtu1fi1a0l n0 n?1!ao n?1!ttj'rLn Lunl:a:Uanuzuvraln ton't00 u:01.l:1nfln15 yl

; e .a - t ) - :, ! d f, !tnu?t0{n!?vtu1fl1aut [no01nn1:a,i tn9] u:o [9]:lJlJtu a! n15 tflu?n!a.:Iu 1450r:0.:uu
) < oed ^ ,-i

ua?u'rl.tltt0l.t Lul Lytla?1!arJyruSnut!ut0a5uyt1.l1yru1fi 1a0t o.iu
, ^ )) o , )"

( 1 ) srl0u'riuu?oovrrnu?tonnlt0ryon:{911.r 6l vruMa:! rtlJ
- - t)-(1.1) urJa.i n0 ao?vt! 6lJ1

.. -. i a o "o ) o(1.2) u1[r.i no u'rv]oq [uan1u3!0.1uun

(2) ol'roeirruur6odrioornnr:a:!n?1ilf,rrfiuiiivil'irrdouiooi.ruo.rd.:rYrr,raru utiu

(2. 1) n:crallifl 'rduriunru6'ruvrulu?io:
,) caeca- - ; I -(2.2) afl 1:010[!auua01uc Loa'r[o5LJvrai.r{']!rvulurvi0ana{

, . j
(5) n?0u1.:uu?nnyrLnoQln nl:u'rr0'rt0ray:0ryfln1l 911.r 1 rla:!:?rr!1o':unuruu

, J & , r! e\ i
fl :v1.J?Un1:0t0tu0{a.:uqn?1 :tlJ0.lnuL!0un:cr.in.:n?'DJStuoua{ ttu

(3. 1 ) ufiariioldiun?1!50!oun'roovrndoudrirdu

(3.2) 6udoqjruln:Illr!ocrfl usr'rrirvuoa-nuruvvr':fiuqn::r

or no?'r!i4!1u1,0'i uu? Aqvr'r.iivru'rn ran ia:r1lfr'ir uu?6o 1.ieylu1fi1ani y!1ua'{

- e. ) ,) w -'o I 4 a ) q ) i J-
n?1tlnn n21,]t'ulL0 avatutnu? n!4.: toa{vu{v:0 t:on LoL:0':14u.l v[no01n n1:a{tn9] vt0

.4 -; ! - A J J "toSuu:vaunlSolLnu?n!a{uu14l0 t:0{ulJua'ru.lu1jl.JtJ0.:unaauu "l u"[J1lJlv!?a t!101unu
a.a

[14tljU! 0alut0.10]u[0.1 l'tu?novr1{? u1fi1a o5a?u Lufua sr]a nufuv r!ua1n at.i 0vt? u 114

-!
ufl $uuun?1,][1't tnuvrSuuuavun?1u5 Lulvf]!4.:totnuolu

2.5 nr:vinuruur6oilr.rivrurnrani
v/

n1:ion1:rsuuiLyron''r:ri'om1Lr!?nr]nouan:nfl'1rrJ (aufl:d5r n!5aa!o:ir.r (2551:46,

drrdrorn Duit, 1991) drdo'jrrlfra-uriur5:vr,r'jrrnruflrail raiouu'r6ovrrrivrulnlani uav

nrtrir6liliorur6ourl16on rflueirudr6'rgdqordhi'rinriuurfionr:riuui (west: 1985) n1:

d'onr:rEauflorunr: Truu'ruu?6o 6o n:vrrunr:lunr:rJ:nnru$rGuhiaoondolriunllflvril
t)

{firauolrJuuunr:i'onr:r5uui6o Posner, Striker, Hewson , and Gertzog (1982) Iouncilt
, J- ,J ^ 

qwad 
' J

?1 nlSvrunttuuoJlnon15[tJduu[ua{uu1fifrl,0 !r.!ou tljdlfiflJou 4 t':0uLt n0

(1) rlnriuuovfroililvrolo'tunrru$rir ulu'jrnrrufrdulriatr:noGurura6oruiflrgurlu

60run1:niddo{nr116' (Dissatisfaction)

(2) rinriuuocdo':fi n'lurtrloorruflrari ttntettigibitity)



1.3

(J) ! n Lr ulrov r14u?'r qr r!flvriiu: vlut{a rr r: c dr o'lu nr: *rifl rurar d6'o : nr:1d

(P[ausibility)

(4) fn riuudoraur:nrirnrtLflvl'hILdLunr: *r(lryrarraiooiur uaorunr:njd uur6o

rfiufl 0.iun$uuL!aMt0[tn!qJ 11rt0001J1u [o

o1r-,vr56:r nr:Ea!o::r: Q551:47: dr.rdrorn Hawson, 1992) rrar111 io'qrJ:t'a:6tor
q.j

flliaonriL:Lu: Lounl:fl0!L1LL1.l1ao |1] Lt nt:! ta! LvLr r:Luu0tl:1j vi 0 r! a uuar rnlr}]:rolJ
a .a

L!a01't!:114 11nnaa.!9"r1rrrltlno1l'r.:?11u1n1aml ttgrtLlunlt a!! alu Lv1J n r5 LLrno 0.rnal1 5

drunuror lou nr:rlirnruir6rl lr.ia oo"raio rit *ut6ov,rriv urqr ar i6r (Stephans) loirauo

'ir nr:r-onr:r,iuu51ounr:fieuurur.r6o rfiol#rin13ourfiofioultr.a'::r,u,-Lr,rd Porn",.
& - . - _z(1982) Lora!ourr !niv!1Ln1:a1ne 5 tLao1"n0

(l) rinGuu:vr1uurlr6nfii douGuu (Express ldeas) ngoio.:n:volu't#lr-nriau:ca'nfilnrui
ii - Y s .i o ic vv501ltva!n1l rolrlJ0rlouro {11rnu'tlJo { nL ttu1no!u !ou010una0lun1:tuvL1auLQ]1n14{

- ! 6 - .j i ; "-- -
tn otu LlJ! 0 a !uv : 0 a 01un 1l fuv tn L?1 0 i n!t'l rl ! I s Q 1 11.,r,11 0 Lvu n L5 0 u Lo : ulJv: 0 tLa o t

uux6or6rlro.rouro.r
,i - Jd(2) unr: uuuta nt!auur[ulnovl].r 01J rSuu (5ha'e ldeas) alfl0iL!oLanlaLvLnr:LurrLl

-:- - qtn A 'v i q u
r"'lu!a n larrlu':6ofrfr nouGr,u lr.i'.r,ral"li elullr r r Lrriurl elr-J Lr.Jv ir iriar.rfiotrarrtf,u!rLl.J?AotO{

o!La{i1!n'u Io a o r o'Lrirjn riullfrrjr ia uo uur 6ort o.iE!vr:ld! G 0! ua vofi! i'ru Ln.r16 flto.l

' vvA
9rLtt0{:?!n!20u

(3) rinrEuuvoao!uu?6ofifiriorti'0! (Chal.l.enge tdeas) n;6'oliofion::rLlririnGruld'
. .'. , . z

vroa 0! LtlJlnov! n 0L n ul.t LoLnarttlJl]u l nv0r0iLuLn,SLuLolJL0nlaeoa:!a!!!n LvLo

u )-
riorafrufiurnorionrlal!LrauLnqarrrudrloodrrcior*fr tdu nr:noaon n1:61oernnu1e1n

ttua.i $ultiot{14:0401!n1:olo1a0{ fl nuln1nt0na15vl00u[n0:LLJ9t

(4) rinriuurjilraiouolil rrur 6n (Accommodate ldeas) n!pioln:s6'u dnnrlraSodo
a q id 

' 
d

nn n5:x LUUn L: UUl tn:1c14 n 1:0.J'l ttUlnOtOllvl n0UtItl.J tlJ:ULtvltr!ntttlJlaovLoi'll'l^5
Jo i - & -,

o"onon::rr fi r'Lofr uvi olfir.rrr- oe'r { rirr Jl an'rM4!'ru uavriaa 1r- rih.rrur 6 o'lvri nSolri'lrtjo
q ';ae- ;

LOI' a Ly1Jn 15Ot"tilrdLOrrulAO Ly]JlJ0.tF U.0 { ttau dn!:11r"1.J?eo LUt]Y Lo nL tl'{0L 6,]

(5) rlnGalrirrur"rFolvr:lt("t (Apoly loeas) a:d'alr:v{u dnnt:ruavriJolonrel#rlr.ior.,

'-iqa.r -liriruur6o"[vrfr1d-lr-1'6oirJ:rr-v6or"riflrprarluanrr.nr:ru6u 1 loeranrten runtrifr
) v ,-i,r q

rR u?t o {rlLtao!: s iiliut o iun ri uL 1411tnL5uua1}r1:0u'lo11ulLvl.JvlLoLll051J1uu50

rurltrpuraorunr:nlrir.: l kir:rn 6uaotl#r,riuirnrtLftvrlriufil::llti drtfrrinriur.rfionr:

r,a!:Lua3Lnfl n'l:Lluu5 LotljL0Llno
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n1:0nnon::!n1:t:uunlSa0utyunnuutnonl:1'r9uu'tuu?nny1.t2ytu1fl1aol fli'uJ

A - J I o q*a a v)n:v!'tun1: vN 5lJuu 0ro.: Lt?5nlt00n0n:tunl:L:uu:yryalnyalu Ltu n15yna0{ n1:a51{

rlr.ruzu-.i[ru?6o nr:eilu n1:a18fl ri]u6'u rfiobiaoondolrYuuiuyrqir.i 1 tolrinriau rdorar

r?a1 uacLru?nnvn{raonrorunriuu rfiorirl#rinriuurfionr:riuuflriodrl16!rYnunryrto,r

eruro.! d.rn')rfiflu1uu?6oyl1ni uin16oin?ir3!fln#.:uqi{uu:nroluoiav:vrYurYu rir'[ri'
.J J - o -!e !

untSuurJvnuc!'tntuu]0t:uu LutuolJtuyla.itu

2.6 nrrinuua6q l.ri ula'rdeti
v&

nl:41:?n uu?nora.il]n$uunoun't:ion0 ntt nlltruuluu 0c?i1L14nt [oyt5'tu[Lu160
- - J c J J , q s -o w J-q,

1,0.:unt:uu2'tunr:uuuuu?oor{u5'tu Lu[50.iflay60u0u1.t ttlJ'1i ltac u1J?no [ou1.:ylr{ tilgnfl0.i

rdorirrioua*tl6'ttt1t1un1l?'r.i$.ru u6'ttuur6otorrin16uul#onfr'0.:riou{onr:6uui (r:rn:ni

udriuor, 2547: t8) 6r tturd (1970: sa) 1dndrrfi.:nrua-nutucro{{irt{iluuui6oeY,iriolild
-,J(1) :vrloiroeir.:frlduavh'lduur6nld

(z) lduur6ooBurErluaorunr:oitillld
,^\ 4e - a ! - ) ea
( J) ttuu?no tunl:nrarrn!'ruLr0n'riufl Llfuy'r Lo

(q) a lnr u rriul,l6oa':rioallki'ornaa1un1: 0i
4v(5) oolrola l9ruunnarnlun?1!arJyrui

(6) a1na01un1roia1x'r:ouundo a uu?6qoonalnn'uuavarur:ortrloluuu?6olfildu

(z) o-nnq'ri'.:rir.:.1 (Move around) ldirulouldydnrnrur{tormu

(a) ri uufl d'rirlurir{oln dr6u r6'u (Topic a rea)

-., -a) y J J
16lUn',ll?urru?n0,l a1u?! t{fl60uFI0.i La0fl't5n1tylr14u'tv6}lytavalI150lJUuu?hot 0.i

rinrSuulriodrrufioi.:11'ttiionr:vio{1i1 (oiiu'r oTal rrasntuu, 2549: 232) t'raur:nrirld

fia'rulnoiu

2.6.1 nlrvrq6au
4q - t

[r!lJ1]O60Uvr Lt LUn15A1t?OUU?n9t,tJ0{Un[:UU UUAlUllJrllJlJ 9i{U
n

2.6.1.1 u!Ljyro6oljrioraonqou (MuLtipte-Choice ttems)

rulruy oa o!rfio 16o n nortriq nritrr'[{o eir.r nirlurr{1u:fi ol uruier
! .- ).b

n? rrt iua c 0 n! i! rfi ol,.tlunr:finu1,.r a n'r: r; uuflu:!to I nr rli all!rd'rla n1:o"oaulo

n?1!alrnrnlun'rr ufii rUvl uavni:ri'ru1uzua u!uyro6ourio 16o nnorovinrufionarod

tnn0l nn't: toluau nl1ulruyroa0!tuo0nrJo uasuutJytoa0utunta0n00!!n?'tr.l Llono1.:0,]n
, a e qeo

uLru nao!!:vrryrau rua.:01na1x't:nltion?1!noIo{unr:uuhJ5vg{uan ttu :vs{un']500
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irn:rvri nr:flira:rsri uacnr:!:vrfiuc{a 6r uuuvroa ol uur.l n nfio o viokirfie r:vo-uerrrr:5

nrudruasnrurdrlo (oinru lndvdr, 2554: 33; dr!6rornrum6 ilado:, 2540: 224)

rurr6 ilarjni Q54o:225-227)binrirrfila-nuruvto.rr,u.rlvqaorra'onmolfi6 a:lld'frrd

t ) do rir n ufi u{iu d ru rirriu a r :ldn rur fi t-o ro r.r n r r-, ;^ld'Lo u r',, ua,
Jia,;
u5olfr ot:ar:rijr.15oreird'rgrfr t lGorrfi ur'turriac{o

2) o-rrirnunr:'lddonrrl rfi wrn vfinrf,t lnr:'tri{onr rl,turfi rr,frrao uo
a. - e ";a. - <i n

0',]0'lt!Ua0{ Ltnn'l:lJnLaU[u 14:0 LIJLULlJU9"] tULalYrt!ULll tAi tl\ 0 Lvtvlr LqtO t0UL"as L!Un1:

uiurr-r rir nrl dr a

3) don:vvruavdorr'rnrrLuriavrloor:rtll6 a:vv :'ouentroornfiuhidr"

rirto6u 1 luuur:rnaorqoriu 1

q) [irdorirorr:dolofrororrTu n: r]',1 nl:in 141 frrrirorrL ttasfr'lt6anov
iJi,

sSolvrorn{o au5o!n11!rnurrfi o':ril{orafr r:rornn:rll vSonr:rl!:v nolriu 1
i <, . i .i

5) sr1ra0nr0nn15t!un19'01-140nr0{v504}J!Stuvao ttavQva0{!9'?ta0n
i a ,X
11nntfl u.:o') tou? r1,r'rLJ1.r

^ ) qv ' ,rr d rr.ol'^ qirn"oer': rl1#o u"[u6) a lrlc Lv al lt]v 1tu nl t Lv 0 L LLo'laT r

fl'tta0n

7) nr:raa nr6u rnr:hifrr u6onrl:s m11 " nnl1 n{0 " vio " rirfl o!fi a nhitd

1#1{ "

8) a-nuruvtorriorirnolovpio rlrilfi onlldLt!vriloa!

9) nr:i'oGolol'ruvrjlm'r16onfi onto.:dosir.:'l n1:ououlufrnuruud!ttas
io-,i{

nivi'rugi2Leonfrnn l'ud'oaruihiur nrir r riulr nrln

lo) nr:ioriuldonisrl.r uasnii6i'rtiunr:o-ofi rlr{ or:lrioulugtJrrur.l

[ou?nu

1 t ) dorirnuruasr{rnolnr :orfludoa rluvrjr u6ur nil

2.6.1.2 tt!uvoao!tu!! dfifiuuiott!1]1104 otltiorilnlllla18 ttlo (Essay ltems)

rllj1jvroa o! uljLr o-nrio vEo ullv oa o!tio n"r 01!! a1u rilq Ondrl.lr't"i'Lu

nr:io zu a nr: riuuirarrin ri uu 1oul#risro!fi 6 a:clrr nr: n o! n'rnr! u!!vloao!tiofio vi

flrgraurnlunr:nr1o1fioc uutl vYodrunrruuilut::r:lunr:LvinvrtuuuavarrrLavqr n:?otir ttsi

finrrrrvrrvar:lunr:ldr"onrrr:it!:cn"lltolnr:ttriflryvr n r:i un: r v # tta v n r: !: c tfi u

(Kubiszyn and Borich, 199 6: 106-109) "lduauo rruc rfr ur fi! nr:rd auuas nr:ld'utrtvnaol

tuon101u! a 1 u t1J9to.l 0r 0 nJu

doqarietfiu tttrt\cvtl

khanitha
Rectangle



j

t6

r) i rn:rvri'ird'or nr:ionr: ui uuito.rrinri aulu: v ril nr:i rn:rvfnr:
Frodu 101450n1:ao [uSunua{

z) airrr'irnudfi arrrL{nrouuavlriaar rnEoril.riurinriuu uavfi r,iroBrrufi
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. -' g s " -i <. : J d

3) [:uell]U:v[unn101uo1un1l[tn']v:01a 1!!n15[lJlulJrvru!aiylr141.r0u

drdusrnuirrnr:ano'rodrr nr:riruru hin'::Gufrurirorlrirurilir ovl: tn: uavrdol:
. d .i 1 v4

4) vanrau{n']5 [1/r!n$uuta0nt0vl0v9l0!n101u ttu raonfl 0! 3 1J0 01n

"!"gAc,Jn10'tlivl{141to 1tl0laofl9]o1J 4 ta 01nnln'ruvt.:u o 7 ta tuanilniu ttJufl1:ann?1rlvltj.:flo{

tllJLjy]Oa0U

5) riruuorrrarfi'tduaviiruruurirtoi[nJlJvoaoufi [ur.]1uar.rd'rv;!n1:
, ! Aqv- -yrnaouugravnt{ry{o Lyunlluual 'En 1t0a0! toou1':a utu

e) ri, uuo n'T nrltiinmua'rriuiirYr rdovrd a ou

niqru In6vdr Q554: 36drr6rorn !6unrr! noGoluiqvrd, zsaz' 135) nril?'j1

nr:'[driTnrrnJarurio rflui6nr:drtolonrabirinriuuloiuaolnauFqrliudrunrur uav
) de d- i

021 A010.:0?to.t t.1tl1t0no{u

(r) {orou16'fiionraldomu6ouriuuaunolleiot.i1ira5
(z) 1dn'rmoufirflunrurrduuro.irigro!ro.i6.iocrfluriloorfin:rfi'un'lrurfluoilro.r

rio orlrnn'irnr:1f rirorlUar utlo

(3) airlr'irnrulfriruacolnuacrf,unarriou {ffhifinrruriruT rg6arrLr:nair.r'lvIfi

lvifinrunrnki

(q) aur:nair'flririrvuor,iroouaruuEourr rrndo unrrnrudornr:ld loau{u

tiovir.:lflri

(5) aur:oair'ruuuiodo4afi av16uo6nt!i' uavfi 1oil:vardr,fi od'ornr:v:rrfi r
-. i - J y Jq ,v z -,,ttulnotanun L5uu21!n?1!r1r1tn Lnu? n!anuuou't{ L5 Lnuvtt!no{n15']1n1fi ouuu0vnn S0tlr

. -,in1t Ltn'10't!Ua'tur1lolr0stlln Lonla tuunL:uuoo!n10'trFr1'ln?,ltlnqn?1 [lJ1[01Jo{unt:uu[0.1

2.6.2 nlrd'rlnT Uni

n1:aunlu tllu?on'D[lJot0n1aL unt:uuuan{n1llJnotuuftlunlulltaJoll no
) o i vJ

t0nouro{ rylod']5?1n?''l non?1ll[t1[0taiun[Suutnu?nua{10{ uav!:vaun1: touuJ!o14?.1

! e.; - .A
?1UU?601'0irn15uuuu 0vL!uruarls! [urr{ivru'rfl1anlu50 Llt noU5v6.in [un15a!n'lufu[110

d'ornr:iuurhnrr.:t6antor#ntiuu (Atternative conception) (6'uvrii:r nl:fialso::l ,
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2557:39: dx6.:ornan6in: oiouor, 2548: 15) i6nr:frLnrunirfiorir:rorru':6ofiialldriu

1.rq.tu

(1) ni:a-un1vn:Iouldd'rodrr (tnterview about-instances) t{ltnr:a-rlnrunjlou

i#r:nruniovo nol'r o drl:rln rufiioo uluuur6o *actrio-n o uluurlr Fnriu udrl#rio ni'!nlcni

ra'onmo!'irer-ro eirr:!nrnuriavm'': odrrrfud'oo uhurr6ov:'otri ua v n',t:ts runlornr:dlnrrgoi

Iould'sr-rodrrarill:0ai?Qdo!n'r'u.rttrlofi tndrto rulr6orYu 1 td

(2) nr:#lnrunjlo u'lduaqnr:oi (lnterview-about-events) tflunr:'tdrirorlorn
w )a, ,* t ' - a

n1:unoiaut{n1 a1utauvtt!uan1!n1: tLJ tl,iaoSlnao!'t'tl.Jfll:ult!nt1!41}J150Lun1:

rdor:vv'irr uurF ofir- aorunr:ni rr:'onl rr drr r: c'tun 1:uL aqlr vuruo r n!:'ng rr: ninr:

a-r:nruoilouldryonr:niovrir'[#a:vr:rrfi riunurnr:toninriur'[ri
J , ia 'anlnvrnal?!1t1nou a.l :fl al! [o?1']0n1:vl Lt Lunl:41:1Qtt1.J1 no!val u'ln

lduri nr:ldulrvroa o!tf,oLA ongrar.l nr:ldurlvoaoltiorirnrllara tilo tlavnr:a-lnruni
.;. & i "--ft{Lunli6nurrn-J'tnovllavul6taFlluniiL tltau!tt0ttrl.J'tnolllnFru 'tl'!9ul.J'tttll-J

urr.rvoaoliorun6ovrrin urnraori ullr.l:fiu z rir6'rrir (2 Tier muLtipte choice and

exptain conceptuat test) Io uluvf rdar-.t:v.rord': u rirufi t ufluirnrrtrio' q fr'rrf,onr"av
, ; ;a , i

a 1 u11 2 n u r! u n 1 : o n! 1 u tv fl i.r a v La 0 n n 1 0' 0 L Lue't L vt 1 tLa v Lt trlJ L fr :{,1 lufu? o.tL 1 n 9r

Jov- a rJ-'tvtulrildFn rfl0 Luun rSuu [otrao{ttu1no1v]ulF11asr:v t n o 01 n 1l t: u l-J:'IJ0.: Fr't t0.t

2.2 arrcrirdruro.ruuxFoirul6laori rdo.r 6uutoru:rudu,r6n-lrtfl r

2.7. 1 a15c6i1frNuux6qd t u:.:rdolornrYrur,iru6n
, ' c), aaul ttutyan luni !lt?tul01J 3l ttr.:tt! tva nylt[}ttyand1lJl5na.r01ull ttl]lua n

t1e,'a)ou4,vt!nr alurauaul! 11Lrruan r!uLr5.lttr.lluanyltanufuytL]utau 1tt0.tn:sn1u0u[a[]61-]'t].tttlttuan

1o ufi fi a t r n?ir uvfl oh d{d11gi't 0.1 uvir uri rv5 n

rurlrv5n (Magnet) 6o ar:fia rrr:nqln *a v ara-nfi'ulor'tpi uasaur:nooat:rrrirySn
.i- 3 , &

to tr5.lv tnotLSyv?'l{1? rtlJtuan nur!urLt{ntu1 Llln5u1 q otlu]1o r111,t1"yF]Fl5 rlj1tl
, I - -vt$'iisy?'t.l1l?tyu0n!t'ttfiu0 0ytnfl [:.i2an
, a.v- I

uu:::vvir lt'i[drir,rirld oc riou: rzua-n

u:r :sy'jr.rqr-r'tdflid': urafl o o y rfi o *:,:oo

tlJOllltLyl{LL! tya n utlL 11,111{fl'l0q LUttl./15s q! UeyA l}J'l56lyttl.J LO0L 1{0 a:y tta'')

! t & Jt - ,;Us a 2".
tj't tvuo1t0.iltvr.i tu]tvan0vt LlJ']l'r itl La n ry!0 uao.i1't]lti La nruuoov!aL1!rr:'] rydnd't Lsl tLay
jgr oe - c I
111t'l [a n tnnvtlaul]rL$tLya nt't tyu0
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2.7.2 alitdtdcAuur6nd 2 rduu:rauruurina6n

2.7.2.1 re'uu:ru:,jn,t5n (Magnetic Lines of Force) 6o rduauuF raiou'jruyiluil

L Ana{o1u1an150{fin l!n{ ?oyltauu:{u!ryanyll to tou

i) ldru{nchrvSn 1:urun:rorudllri'ruviruriua5nl{ rdornrcn:verru
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2.7.2.2 axt6ro{rduu:luilu,lin
! o t ,!qv ^ q pl t I

1) xvrfll'!.i01n1?r1.ru0 tlJu? Lnuau!a't11114u1rluuu1n!:r2tu Lnat2uutuan
cs .e,cs - -!a?u fitJ0{t6uu:iu,lltvan tan0v!vrfln1n12 [an tmat? Lan rvu0 lr1:1vltvr{urruan LanulJ? tyu0

Jc' 'auml{vtFlLn uavt? tnouvtl{vtflt u0

2) rfiuu:lurirv6nhisTorYu usiov:'r!riuy6ooiruriuoonhj (n:oiiuvil

uriuafinurnnir t uvi.:) rir'lfrrfin "lnacLfr!"

loasrfiu (NeutraL Point) 6o lodfinrrurtu.uo.raulxuri!uf;n!flunud

ttaqJanuol Q9

@
?G).d*6
B/H+{

nl,rd z.a 106llfi urdo{olnuvilurinr6nm.rlndriu
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nlrrd 2.8 dnr*suvuo{6urrrurirvHndrfi nornn:vuatr,lfl rdlva
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2.7.3.3 n7z,saflfi utiT (lnduced Current)
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r"C"ud.L

a'urd zlz a'nuruv,uolu:rdnrsu'reioirrirdin:cualy,lflltvalirud':r{sr'{ornriu

aurub'lflr

z.z.s ar:;drdryuuriad 5 u:rrdorornrJ::1b'hh

z.z.s.t u:rlvlfir
J.-)a-"i-

rioririorQfr !r.J:c1llhirlr':r.:'[ndlriu ocrfi ou:ln:vrirErriuuavriu nr
- t,

ruulJlJltuo[ou2nuQc Lnou5':r]an uav0ltuulJ:v1tu00E.rlJ1!nu0vlfl9]u:.io9l [:unu:.:u?1

" u:r:vra'jrrtJ:v11vlfl r" v6o " u:ilr',hlr"

2.7.5.2 *111vuirr!:vouavnntornaord
J- . -lu5.:vttflo:u1411n!iv1111 lJvl.l ttS.iSouac u5{ira nua v t!utt5.i911.l:?u n0

yrsr 2 r.lruovoonu:rn:clir6rfYuuacn-ud?uu:ltvirduttrifi fi ilrto:r{tl
rJ : v 1 t i o 16 u r riu o v nr dn fiu ua v rJ : v 1 ri r r t fi o rYu o c n o rYu Cha(es

doeiruarnaiufi'urira-{aorror:vucvlt.::vr.rir.rrJ:v1{riu "

2.7.6 ar:cdr6'ruuurf, cd 6 au,ltrlv{fi r uncrHuu:saurulvhh

z.z.o.t autrb,hlr 6o uirrruir.l:v{v{rlrarlr:nrisu:$rJfir ii.:riiorilJ:v11o1
E - J.q J - - Y

LtJ?'ri ua? Qvrnou:nn:Yvrlnou:vluu uavr:un!:vlvlu'r LIJ?1iu [:un?1 !:u0v]oa0! o{uu

n'ro0nn1tvll1lJ?1 fu o'ru14u{ tou6ulu l,flY.l'r1410 Lu 010nt?aa0! lo L9lu u1lJts0vro601.J L1J?'r{ L?

zu riruvrjlrfu drfiu:ln:vrirfiul:vlroaou *ao'r'irn'ruvrirrYuiauulvhlr usirirlriiu:r
. ,c

nScvlnuao.i?'t t l]au1! 1flll't fu 9l'tuuunuu

2.7.6.2 au1riilfl r vio n'lrrLrirro.laurlb'hlr 6o u:{fi n:clirqiorJ:vluoaou

+1 naorJil

rirl':rJ:vo]tl{rir * q lfl uli rr ruifi auuhirlr E nl'jr rfi o u: r F n : crir rio

c
t]lJl +q AU lo?',r E = 

-+q

Augustin de Cou|.omb ldri1n1rvoao.:ttac6:r.harfl unntiri'ld
h .r ' J

" u:s:vu'ir.:rl:c olv'lflr rivfirov riuaodrulo un:r f,uaran rut o{!:co uti
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.J
2.7.6.3 vrfllJ0.!ulnvrntvr'lsl0oun1n

t) rirrJ:v16'urirrioaurlbifl rrtlu!:v1rrn uavil:uldrirlr':rrlu

0'tn!:uanufl'ttun

u:unounltuo

r) drrJ:v1d'urirrioaurllv,lrlrrfl urJ:v1au uacU:voddrlrrrslu

auub,hhrflurJ:vorrnfifltoru:.rrovoglufin16ueriuriufirtoraurrlh'{flrr1oufifirr{t,rr

a) dr rJ : v 1 oiu ri r rfi n a u r ulr{ rl r riJ u rl : v o a u u a v U : v 1 fi rir I r r r llu
auulyh1rrfl urj:voaufi 6roiuri r ovaulufi acr:.:{rln-rfr nto.rauuh.h1r E

z.z.o.q r*uu:ilr',|fl r r.rurer6.: riuaurfi d16uurfi ouao{fi fl!o{au1rllilf, 1

2.2.6.5 alri6uo.rrduu:r1v{fl r

t ) fi fi ar!roonornrJ:v1u'lnuavri'rrtrdrJ:v1ar

z) fi fi aoYrornr{r fi r,u o.:'1"fl n rauo
,trJ-

3) UJI1uflln?U',] UOQJauaovH?tonolul

4) aur:oahuourub{fl rli'
5) uriavrduLid'n6'u

2.7.6.6 nrua'rriuii:vy'jT':rduu:{ilrIrrYlautrbifl r

t) 6'rrduu:.:llhirfi odiorYuurn udtauruhirhoviritnn usi6'rrd'uu:r

L,lfl r o {il r.: niu u r n ud': auubi rl r t vfi ri rrio u

z) frrrduu:.rlylfl ruuruuavrirrriuarirralo ud'lauulv{fi rovn.:si'1 rdu

aurllv{fi rfi rfi oornur.iulauvqjturudfu :r1lv,lrh n',nd z. t 3

auub,hlrrflurj:voulnfratoru:r F ovou'lufrfi16uirTufiifrntoraurllvh1r E Ioufifrnoon

2) drrJ:v16'urirrfi oauub,lfi T rilurJ:co1rIn uavrJ:v1drjrlrrrrlu

auub'hlrrfl u!:v1aufi a'uo.:u:.: r ovoqlufi ao:r{ruriurirauutvlfl r r

nt'rd z.rt aurllv{fl rdrfi oornusiular,rsduurudfi rJ:v1lv,tfl r
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3) driliuior0drdry:nna! 2 rluurosirrfiudourYu nru'[uy:lnaunarr

hifi#uu:rlri r#uu:{y,lflrovduaoadfifiruontorv:lnalnarlrvil?u uavrfiuu:rbirlrvrnrdu

fiuurniruonoudnarquo.:vr:.:nal 1un:nid nrer'luv:.:nalnar{riiauulv'lflr n'rnrild z. t q

)
n1nfi 2.14 drriu:rnar 2 ?{ru1ad1{dudauriu

2.z.o.z yravrfiuluautrb^lfi r 6o lndfi rirnrtrrtr:rltolauull{flrrfl uqud

rfioornrJ:v11v,lflr z rJ:;pr{ndrYu udrdrnrlrrdl'uoraututu-ror"turarjrd rirlliaurlr,t'ndrr

riuralo

2.8 arrudrrurirrrrnr:tiuu (Normal,ized Gain)

nruflrrurirurrnr:rieru 6o sranr:r6uuifirfiudurorrinriuu lou Richard R. Hake

(1998) rinilf,neiuri.i University of Indiana kirauoiEnr:r.l:c uiuaranr: riuuSolnnli oao!

riauriuu (Pre-test) uavua'rGuu (Post-test) lourirflrn'r ftoor and ceiting effect Gonrald'
a |' ', J rsnvuuuerlanI uoun?1rouar 0 uavLon']avlovtnnuuuuaiao hjrfiu iouav t00) 16on'jr

norrnutir"d gain (Norma[ized rturirfirrornrirfi'nrir'roororr-rnanai t'.:r,rlrodrnr:rirl,#fi

lonranrrurfluhJLirvir 1 fi'u iouirirrfluhJkiqraorvirriu t rvirfiu) lourarlpiorn dn:rdau
- ef -' : - ,. e Jds :, ! qy

!0{r.l a n'l5tiUU5vltfl!tU0l{ (Actuat gain) y1:01U an15tlUUiA{qoyl! l,0n1A [ 1ltuLO

(Maximum possibte gain) Iourirdtrirvfiriroq'luti'lr 0.0 - 1.0 riuurfluaunr:nrufrir{uii

(Richard R. nake, t998)kid'1fi

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

Q.1)
(too"z)- (xp." - te.t)]

6o rir normatized gain

J -d c,
n0 nlroaut0{nv[uua0!uai$uurlJurlJ0l[{u9]

<g>

% Posttest

loud
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96 Pre-test 6o rirraduto.:nvuuuaouriouriuurflur!oirdusi

rir normalized gain oonriu a:von 16'uri "high gain" rir <g> > 0.7 "medium

gain" rir 0.3. <g> < 0.7 uau "tow gain" rir 0.0 < <g> < 0.3 normatized gain uil':rflu

ctass normatized gain, single student normatized gain, singLe test item normatized

gain uac conceptual dimensionaI normalized gain

2.9 n?1llfi{Y{olodirioivrurarani

2.9.1 n't1 1u!o{n?1rJfr'{ila1o

n1500nQ n5:un15lt uun'ua0uu0n01nfl0.in1l114 ton11l.Jn1? u'rvr1{n'r:L:uum1}r
v l. ;)- 

"-i,-'?oolJ:ua.!ntonnl: t: uuLta? a{uu{yltn?1ua1nfu tr.JU{vuou t! n?1nu no n11!y1{ 0Lal0n
- )o a a - o !, - - -:unt:uuuacn'r:aon0n::tJn1:t:uunl:aouylunt:uu!n?1u11.1Yl0 L0uu ltuannlS 0{u

ula?::ru llnqruE'r (2544: 58-59) 1#n':ur,1rLruro.rnrufi.rvrololi'jr vurerdr
va ) I J - 5 v J v - a J i o o jv, - )

Fr2',tr:anuto'lJ:Ja!anfltauarnuv L0no.:n15 0tuL0un!!ana,1:oa{vto1r t0 lto L0vtLo Lvln!vt

00.in15

o:?ufl: aoa?lvr llasnrus (2545: tg) lffLrinrTLrarrunl'r!fi{il01n y!1ufi{ an1lr

- !, - 4l ^ .Y
1]0.!an1?v09rvt1lt1f]Q1nfl1't![nluo 11.1l.J[11:'tvE::ltt'l9t10.u]liut]1tlJ l]n?'tll0l0{n1: 01n?1!
e J \e- ! - " - !fl0,in1:Iu to:un1t00!au0.1yt.i14u0l,t:oL1.:a'tun?1![n:uoQyu0ua{ n?1!yliyl0 [0auIn9]1u

. !\ f e-
uaJLuvr'r{na!nu nln?1}rfl0.in'r:uu [r Lfl:!n1500uau0{ n']TurnSuuuavn't'tr.t[!.in0[n0u
-itno!u

fiiriou ufiafii:ra (2546: 703 - 105) nritdrrqufrlr1uufiuuuolurala'i (Mastow

Humanistic Theory) l{'jr rlla1airo{'j1 uuurjusiacnufi6'nun'tilyloti114i!iovddlo-? Lo I
a' 'l ' ,J \ t, ) ) 'nllIUU Lil0qu.lUgr0vl!auu LU9ll!a0'run1:fu9l't.r 5l ylu?oa0r.tu,as ua1{u1n?1!0to{n15ylovr!1l,o

- !" ,
ouLo{ uo!:nou ra':r4rlueiruddruunrdo.: ii'nooeiouuaynl lrla1r]"1:nroieturo,: rrTld'

e e Ji
00111u?1 r]quu nnu!n?1lln0.!n'E 0uauo{n?1r]o0{n15 [ n!outo.iy]{au uaJnl.)rlqt0.!n1:

- ) e qe- w t
lt0.ilruuuIl.t't nlll uya1u0 u'1.!o? u nu t.iF]0.1tut!n't'r .tyl0Lo01nn't1 st0.:n1t !n'1u1450

e y . - I -.!ol'raorf,uriou o'rairuiultjtirnruao.rni:rtua.ipt1ua1n!n?rt:sto.:nt:ronluuu alo!tJtJ pl{u

(1) nrud'ornr:druirrnru (PsychotogicaL Need) rflunrtrsio.inliddluhnr:
t) a , o a, o X - ,trltit?01,o.itlquu t.r002'r0'rtuualylLlt?et [ottn a']'t a0{n110'114'15 I'l 01n1n n1:ylni.t0u

n ? 1ti 910 { n 1:yt'1.: tll Pl

(2) nr udo.:nr:n?'r !a ooriu (Security t'leed) a'ltrfin'jrsrueiorldi!Frrtt
- .J -- ^ . e i

!aooriudll4suruuuUuloyrolraflor'tetuln r{n't.luFlo{n1:uovrfiuld{olurdnrH n drrtrldiu
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!,
n?r:rYna11 a!€iu kiir n r:ra-u ro o d r r ro r'[o'tdov ufioorrr:or eiu Lo rfi oer rr] if,n nr:fio,ur

- Jr ,-
!nann11,{ xu9r0"l 1.r'10{rljuuoann1fl 11 Lo5!n15801151J01n4{n!

(3) n'r1u6'a.inr5nrtL:h uavn':u tflur6'rtol (Love and Be[onging Need) vnnu

ournloiirn':rrfnornnu6u oernrflur{'rto:nu6ulurrus.6u':fir,fioLrnlri'fiur{lufiYn

rfluIou']nu

(4) nr rrlfrorn r:lfrir nr:r n d orrjl 6o (SeLf-esteem trteed) rfi orlnoalfrir nr:

oolauoroeirrfi lno'lotufrrun':uinrr u6'r 6ovrf, on':tLrlornr:tdfrnr:u nr orr]rfi o 6rfi

z dn 6a orrlolornr:fl1fioouro.r finrrrLrfioriu'turruro rtrifrorfirnrord'uri6! fi'!nrr
tu \1 wu vA a va , v)
r o.i 111 LoiL n1: u nerarrilnao r n{6r" finrrrLfa-ni r{6uuor.rillun'l'ur f,ur:nror mu 1#ot rr

o dd d 4 e 'd! La .d0tau.ioLJt!uvna1'11'ru1L6{e!

(5) orrrolo':nr:fiq v r{r'lomuro.rourl ufroir (SeLf Actuatization Need) axrr.l
. & ! - ! \ve v v
fia{fl't:fluunufl9}Ju1lJulJ'l [oF]o{zu1un1lvt9ru1yli 4 tuaul {1\{y'{0 [0 travr.]11:vay5Jl'11\u1n0!

!nna6{ou[t{i n![o.iod1.i rr?iai{flr{or1uan1nfir{]uoei rdr'lofirnr uarrtr:n n']1r.Jauloo'11[.]

rl0{fl'1i

Shetty ( 1 975)'[oi6nrcruur 6o rfi ar nr or rrfi rr o1o a1ltriir ni1lfl'{fl of a6o

ll nun?101Un 11lr:a nA 0 { t[lJ1.J1]0.r].lUU8 n0 n11}l:a 0v'r.r111n [a u 01'11]54 fly 1{a! n't'tt.]54fl
1,

iJ - i
111.r1r'r n Llun11l.n 6 nvruro rnor!rrdr o vlirl#rfronrrrat oruif;nriurflunrui6nfrrunnrirl

ea 6t i , a a, v-;- i .
aln6l?1tJ5Afl LLy',r{!?n0u .l nalxe0 tl1"n11 5a nli!t vlJ1J L 01.Jna! LLasF't1tudll1t a'!15f111'tlJ!

hiufioorrratraSonrrrif,nnrrurnrfirdr.ld6n d'rduovr"rir"'irerrratrturrrrrianfi
3-ayaaa!{!{ou uaualll.]al]uau!r.Jam0!nBa}.r1fln't1n11!5anl]1nL1n0u 6t n'l'r!:afl}l'ri1i1fl

n't'D.J54nl11{A! ltAyn11 at! n?1}.la!y,run nu0 El1.1aa !{1J{0l.J uautvlJ!n11:.la fluDlJ0.1
e- v !-

n11 5AnyNfl',rtJl.J t5Ufl?T 5u1J!n?M1.ry10 L0

2.9.2 a'tlioe,t1ufi .:noto

nr:ionrrrfirlr olo ulurr n:rdrur.l:slr ru rirfi 5 :vd'r 6o firyrolorLrnfiao

firno'lorrn fi.ryro1o!rrnarr fi rr olorio r uayvr':vro'torio afiao Toufi rn ruq{nr:i#nu uuuer}r

" -Jlso!41'll.JYr ill0 L0 0n!

fiwotorrnfian 1rfi 5 ayuuu

filno'lor:rn lri q orvuul"

firnolotjrunar r '[ri 3 nvuuu

yr'lr,r o'loriou 1# 2 qcrruL

firflolorioufiao '[# t ncuu!
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nr:1d[u!urfl:rdrurJ:vurrurirriu o v pior: r u lrun a n r: o ort o l n du 6": o dr rt o.r

uriav{ouiousiavnu Iountr:u'irinrrufirvro'[oog1u:vri'uln ocd'orurrirtoatutotn{lluuri

avdovio usiavriru uavlountr:t! ud? u!anrru !rurirrodu6nfi nT:utjan'luvlroov'[d
-t.

rnrugl tUu:cl.JU to u ? du rlu:vr-JU n 1l h4Fru Lr1.r1.r [ourLnol9|nl:trljan?1r]ru1u fr.:u (!futll

Aiatola, 2545: 702-tO3)

rirra6er 4.5t - 5.OO ulanruir fioryolorrndao
,j

nlraau 3.51 - 4.50 u!an?'t!?1 11,i1101a!1n

rirua6o 2.51 - 3.50 u an'ru'ir filnololrunat
rirroa'u t.st - 2.50 uUanrlldr fi.:nol,oriou
,)l

nlraau 1.00 - 1.50 rluaa?1x11 ?tivrolluouvlao
a ! , . .a " J )
turugro t! nulro'rtota!1io:vlJlJ ?rnt'1v14 u!aerar ovr0val! uav0'ri0.roo t!

- , t.-
n'r:a0u luunr:uuavaunfuanu cL14a1uL? acu0u 1n0cL!un1la:1.1!n9]nqv50n?1r1r.:1r0t0

- .l < , i - a *so a
rlnlvtu'tfl1a05tu tuo2un L5 uu tnu toltlvou'NU.: n0 nl:r] n1l $ uu nllaouvltfiunt: uu tnlJ

lonrarirnr:uoaorpi'luoruroro3.:q'uruu!rEuu vSodr.ra-nasr:rirvruol{riJuotir.rriourYu

u0n0'ln0v tot?u tuun$uu to?ie!u1 L0tfui0ni'lllvr1io1u11v]0114u uasu!lJ011auua? 1.ln$uu
z ; "- a) !

u.:nv Lonsuu'roluaqYrau Llrl0! 5l n!q?u Llrvrntun0u a.:61nqJ!5vn15vu.:u0cn0i!a nf.l.r [14

- Jq - a-
Lnotu Lu0?10.:un$uunn0 [0nnr]u:an?1ufl.:1r0 !n LuytlilJ'tngra? u1fl1a0: 01nyl1Lo Lounl5

"\,a ! ! ) J -400ufl:ntt1t? tu[u014'l1J0iuyr$uu [!n1:t:uu']yru1f1'ran:uflaua5n ttnl:ytaya0u?ylu1fl1a0t

1#rinriuurfioronnfiluri{urncioiyrornranirluduo{rYuioduuaru 1!lrn1: ri.rdtdneirr

,r']ud? lourofl'lvn:aiaouroiocd'orio-nrvrnini6nr:'tunr:aoufiovrir'tririnGuurfinrostnfilu
14

It.:!?nn0?vtu1fl'ta0:0'tntrJa0u6'rl.t't:001tu'un159l'run:u!?un1lo.ina1?Lo un!:u!nauLna
-, - ,! qe , 4. , r , - ! --

tnnnn tutt{1.J?n00?vru1fl1ao:,ttu [or0.1rrl.J!n0u[1Jua0u t! oiuu 4flnu'r0{r1n1tflnu1Ft?1!11{
! - < <J - Ja ,

110 t01J0{un[iuutu!6uufinu1!yr 4 yltl00n1t$uuto?ulonn ntliln1t oa0i0u1i{1u51!RlJ
A -^dd )
dolhfr irdu r5o{ aul rro.rui.rurirudn-b'{f, r

z. to rruio'ud rdu'rrior

Bredderman (1982) loirirnr:iiurdurrYunr:1{ Hands-on tunr:6'ornr:Guuilouki
, -_ )rirnr:finurir 57 r5o.rnald":ori1.!n'j1 13,ooo nu lu 1,000 ri'olriuu loufinurrliuurfiu!

nr:td Hands-on rir nr:aou uuu t riuyio qrrreir:r nr: ri uunr:aouimu ro ra nSi": 1hJ
)a , , Jd

11lJ?1 Un[5UUyl L5UU IOU n1:a.iI0!lumr.]li nUvn:v!?Un1:yt',',t{,]yIU',]fi1a056{n11nati, t5 uu
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l^. .i -ttljLlonro!10 u as z0 uav!ov Lruuo1ua11!nfia:1{45:n n1:rsul.J't rl.J0v'tvt't.i1vlu1fi1an5 [ac

nrufifi14o5 a.: n't 1n a tJ n? ! n l.J

-u i d ,-u-i -i - J
Atl.en Ruby (1995) Lovl1n15'l0U tn U1n! nll Lt nl:a{! 0!llJ FrtYi0 tYt}JrraA!qYl0111in15

z - d d; :
r:uu111U1fi1AO:LOULtn!nA!fl?0U1rUn$UUtUlJ5UlrPlnUl!vr 2 LOLLt10A0!1Oi{Ad!qvl0

A; i q,, ,tee
31JUOO'tUn! flA!:1n!?',r UnrSUUlrr.rAa!qr511A{tU LlJ110v LtI0AOLrLO LO11Oa Or

Lawrence E. Carlson and Jacquetyn F. Sullivan (t997) tri6nurii'ui! u!!nl: Gutl

nliaoulou'[dniizuarHarr:vra'irrn1:aouLra un1:6u! na'1160 nr: rSor,lYfi rfioorn nr:a.rfio

lir Ioatfr'a;aouhJdru uau#nrEuuldarior-frri6h.frrfioSaor.hJrirurYlrin6nrvr
ae 'i61r5:r]fl1Ar: LOU LL!tr:ny,t1r: uL [y!']fi nB.rt: ul.Jtyrqblyr^ t1q1n5t! t.aE114u^4-dn: Lu!

; n v- a
11A0: "LAsA1lJ LULnqnulmLl]in^n.r^tdil.]01.lXL9tr3l rra&tL!aov'ru.lll,rLnrnlsl00ntr!l]

ruavr.l:vduiiararrllfrarur:orirhjl{loioi:6rnrir:rJurrnr:{ornr:riaunr:aoro-lna'rr
- y - { . - -;

a 1!'D0119!U1Yl.i rJ a Al] qvl0yll in 1i t:uutLau1l nuu n 1lvn.i1! n']1tJnq I L:1r110.tl-J nfl nut [f]tuu

0 u1.i o

nr: r:'Eruillerra raor ilounr:arfiorJfrri6aur:orJftrJlr lo mnFt orrin ri ulfifisioitr
ivroraranflri (Jans, 1977: Rowland, 1990: Ruby, 1995)

- -- !"
orn nr:fi nurrruiitrir'luuaruon!:z uyn nlir nr: l5 uufl ou n - :rJilGoi r ornqo
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p buu" tA,a 4 ! i
no[a0nt0v lt Lo01u?u J0 'u0 tta'] Lv01n15uvl!5nule'51040!0no5.lv1l i tta1v1n15!511!q.:

t) ,aol nltluvu't'tj0.:0'10'DU11!lnu'l

4) L' l! Lta: 1.rL1.J'ltSLLna!r?0L11n1: l0 u
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sr'r:'l{d 3.3 rJ:vrSuuur6oivrornraniddornr:ir,drdur{orrYuuuumq6ouinuut6o
J , d h .q

?Ytu1tl1d9t: HO.t dU1U10{tU5{U![Uan-tlly{1

uu1nn2fiu''1f,'tdn: 1r01r

,c4
utvtouyt 1. R:iaulrJul]luanuaun ar!oau1!ulttvan t, 2, 3, $av 4

. 4 d, , < i-
u:vLouvt 2. au1!ruuruanvLnoolnn:vua111111tva 1ua20fl1u1 5uac6

rj:vl6ufi 3. aurrLu:.irr,rf, nlan 7

,cJdd
lJtvtouvr 4. Bt{au1uu!lvann:vm1m00!n1ar U:31 8, 9, 70, tt,

L2, Ltav 73

, c J ' 1 - o 4a
lJtvrouvt 5. ul.:aul!uurfi ann5cvr1fl 0azoer?u1fl ljn:clta Lfl "r tuaa]1u 14

'c;
!sCLOUyl 6. U:.:aU1! 1111{',tttAsAUArUOA!1rl Lrlyl',t 15, t6, t7, 18,

79,20,27,

22, 23,24,

25 $av 26

rl:cr6ufi 7. u:rauuh.|fl ruayaurr:uriu,lFn(6ordollu.r) 27,28,29

lrau 30

mul.tipLe choice and exptain conceptuat test) ldolau.uto.tu:.:urir,y6n-b'{flr riruru Z rio
, I )e ,J ; e .j

L6ru 1149r:.ilJ:J touvrfl0{n1520 UUlnfl1vrU 1q1A9r:vr.1 7 !:cIOU LUyU.:rA!5vn0!01UA1Uy] 1

, i- - J4 e a
toun n1011rtu0r 4 9r?ta 0n L[aya']uyr 2 001J1u rlrn ayrta0 nn1n0! [u61uyt 1 t{uulJyloa0u

#rnruniiouur6nivrurflraofld!iuornuulynaoliouur6ovnriyrurfirani lou:iu!unr:
?onv Luunl:6!ailn lufu tuun[:uu Ln001J1u u1./1nn?ylu'tfi1an: Lu tl!o.lto.igi?to{ Lou0ur.]

rnzudnr:lvincuuudnurucuu!urer:rdru!:crn6uFi'r 5 :vsil 6rfior:rurornnr:16onrirorol

uasnr:oBtru uur6oiyrurflraqirorrin Guu 6o nouonuasoBlruldalr;:ni (6rrn):yd'lrir

nuuuu 4 nvuulJ eroun n uaco6! rukiur.!dru (6) :vrTurirnyuuu 3 ncuuu nolonuavfr

a"laruniuucdr riou6.ro6ur uloi (rlrunarr) :vd'uriracuuu 2 nvuulJ srouon uavlriarr:r:n

3.2.2.2 trlJtly$fioufilnruniiouur6oivrurarafl 5

uuuuoaorduruniiouur6oivrurnrasri ruuurJ:rio 2 rird'lriu (2 rier

';odrruld/riToEurur!uoej1{6u (n01fl :c6'lrirnvuuu 1 nvuuu uacoo!fio (rJirrJql) :von

rirncuuu o ncBuu 1#oror:dfiGnrrn:roaouudrrirnr:rlirL!:rqrlriruuvdrrororor:tifi

rlinur udrrirltfldnoaoufi'rrinGuuna'rrfl taurordonr:16r:rr:rldora
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3.1.2.3 ulJlionxufilno'to6rrfluuwr:rn:rdru!:vrrrurir (Rating Scale)

- w) -n1: a:1.i ulJL.t't n n't1r.tvr.:vr 0 L01J 0 iun t: uLJ Fr0 fil5 0 0 n1l 15 uLJ: l1'! 0vlgilu'l

ruu'r 6oivrs 1fl1aoi rSor aurrlto.r u:i uriLilSn-1r1fl1 Io o'[dion::lnr:voa o.ro d rii'rui'] ri!
d d.i

fioria6!16u drr.rilrinr5uu{uriourfrnurilfr 4 tuuurtrrn:rdrurJ:vrLrrudr (Rating Scate)

9r't1r10n1tnot0{a Lno:vr (Likert) 5 5volJ [o u [vLnLl LLJnal:tu1ta0nn1n0L a1!n1M'!{11010

5:un! no fl':YroLoLlrlsolJlrrnfrao:vfrueirncuu! 5 nuttLu fi fi,io'[oll.: v rY1j!1n r voiL Fi'r

osur.Ju 4 nvu!! filrolah:vfir!runarr:voilrirnvuuu 3 nyuul.r filn ololu:v d'lrio o

:s6trirnv*ur. 2 oyuuu firilo1otr.:c6'!{or.fiqo :voYrcireurn rr I FrLnlL loerf, iirr.rl
20 do druunnuo.iri!:uno! 4 dru r.l:vnarri':a 1) druar:snr:6uu{ : do 2) pition::l

A - v a %vwdnr:"ieuf o to 3) druf,onr:rie,uY 7 rjo 4) nr:ioe.rauavU:criuzue q do 6{ffi{u10iFnur
); .i a,

n 1n t0nA1:Y tn U?10 i n!n1M1.:11O L01O itJ tl UU t'IlnLa n1l A:1{ ttU! A0L 011l th0r!Uttu!tthU
X " .; dlunr:airr or ndudr urrr a o! 01rl;oai1rLfii o1o ralo roo ro r: rlfrrJSnrvr u'drrfi.,tj:t nrr:

)a
1J0td1-.0ttUU0nU1LLl Lfl0l { nL Un L: UU tfl 0 tnlJ 5111:'l t.l1J 0t n

3.3 i6vreao{ua;rfiu{oqa

3.3.1 n:rruvrir:! rr!!n1:o-onanirl.rnr:6ouiuavrvn-rlvrro.ifn G uulunr: riolS:rJulr
-J ---a i

n 1: $ u1.J5A! ta 1v ttlr! na!:1lt!o 9rlutonQnl: n1:v oa 0{0 0'l.l':1u11! n!40lJn rl t9lu t:0.1

, c r .q s .r.& , ! -att}]ta{t[:.irtl]tuan Ll{vi1 Lo u Lt1Jugr 0!n15 t: u1.r5a! ralsvrl.i'111016140r5 1'!5 0l.Jv1{a}.lt'lutu

t[l-J?no']vtu1fi 1aa:10.iun t:uun0u$ul-Jfr'tu

3.3.2 vlOA0!n0!t:UU (Pretest) LO U LvL n tlUUlll LIL1J11F]fl 0lJ?O ttu I FrOlvltJlqleF in0r-J
ai
r:uu r:o,i a!Mlo.i[:{$]Lr4an-[y1fl1 dll]1u 30 do

3.3.3 ur-irfnr5uuoon Lilunei!dou nqr:as 4-6 al lounavzuafriqvrdv ''r n r: ri eu rrit !ru
,j,

fl a''r{ uav00l.J vlttunn1nuan15vlo60ll'torLl.JlnolYtu'rfi lao:n01,]r5u1.l

3.3.q sir rfiunr:o-o fio n::lnr:6 uuflnuld:rJ ur.ll nr: G u!5e! 16'ry u1.J! n ririufio oira

-J --dd J ' <,,.s q.&
tonnnSS!n1:yt9la0.:0u1.1.r1u5'l!n!a01rarl!tou ti0{ aul tJ0nL!5.:rt!tuan- L1'{1'{1Lou Lt1JuFr0l-J

nr:Guuif,!rarvv1iivu1fi laaimrrLuruunlrd'nnlrriuuifi air.r1{ iirrru 6 unl

3.3.5 ]1oaolvd{ri'ut-r (Posttest) Iool#rin6uuriru!!lroao!iouul6oivornraniua-l

riou rBol 6ullrrol u:iurirv5 n tr,hlr to rdruriinr:aa'lriarirou druru 30 rlo urava-rnrrsni

ttl-J1nq'tvlu1fl1an510.iunt:ultua { t5ul] 01u tr1l1.l'l o rrl-Jl0911v u'lf1'l dsr S $ae a!n1u t0Flnnl0.l

unt:uu
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Lr.o hirinr:'ourirutuionrrrfintolorudrr.irhr,rJEelrfir-r-fir-rnruqi6uiluuurLlro:r

drutl:srrrudr (Rating Sca[e)

3.4 nr:ira:rcd{oua

3.4.1 r!5 u! rfr u!nv ruuunludrrvdrtor ruur6oivrararami torrin uiuuriouriuu ua v

)-
ua {15 uuvr[5uu9]'rlDlJ trlj! nltr:uLt5A! tals ult!na!:'l!]J0 fi1ut0 na n::].rn 1:110 a o{ 0 u'r.i.t1u
. - i - --a .i , c ,.. s q. --i5',ttn!aol]ao!tou L:0{ auMr0.lLL:.lrruLuafl -Lv{l{'l LouLtafiFlYtl.Jnlu

3.4.2 i*ts:wiatrufirnolo'trorrinrieruv;r''rGuu 6'ru:lulunr:Gu!if,!rarsutlllna'rr
- i - -a a J

51!t00?ut onn n::! n1l110a 0{0u 1'l,i1u:1!n!aat.Jafl! to u l:0.1 auM 0.1tH.1tr! tva n - [1'{1'!'l

Lou Lrannll!61u



UTd 4

Hanl:eiuuauofiU:rurua

-w J w r d t 1
nr:iou rfro{guuruur6oiverrrtran: r:oi auluiJo{[r:luluaan-b',1fir louldfion::lnr:

, v J v -!yoaoroeirr(rui'rudrdorlafr du frio'utdaranr:ii'uuavofi :ruruanru

4.1 62ud12$ri1ra{uu2ea 1{rixu'r61f,ni

4.1.1 amufirrudrsaruuahailrriuurarani

n'luirlra{rtor uur6our.:iyerrfl ran i:r ut'uriuu (Ctass normaLized gain)

Ae , wJ w-a- ; t c
vr00n'Dr,luul Lou Ltna n:tiln1lvoa0{0u'r.!':1ul?!n!aoIaoILnu [:0{ aul tjo.i t[:.i uurua n-

lvhlr rirriourfinultJfi 4 druiu aq ou lounr:1fi6 Average normalized gain vru'jr rirtodu

nrrlr{rrvrjluoruur6nivarnranir.rd'rriou (24.71 6nr{luiouac 41.18) qln'jrriouriuu

(7.38 6ortluiouav t2.30) drusrnrirrotir.rfiriudrd'rgd .os uavidrfi (t-va|.ue) uvirrYr-r 10.78
Js

Iao.i 114 t14u21ttu?n n?flu1f]16r]11,0.!un t: uuun'r:]1gltu'tlJu Io u n?1r.t n1?uu'110 iuu?nnyl'].i

ivrurnraflitoqfinGuuT,'{.f'u firirrvirrYu 0.33 oglu:v6'lr.huna1.i (Medium gatn) drrfluhJ
- )Y,e - i J J

nuarq6orufroxlS d'rmr:rrfr 4.1 uavnlflfr 4.1 fr uaornrru#rr{uij:av'jrr % Actuat gain

ruac a6 Pr:test uolrinGuu

fl1:1.!d 4.1 ritodtr (iosac) ro{uu?6niilulf,raniuaqfnriuuriauGuuuacua'lriuu

drfi (t-va(ue) ua! Class normatized gain

n160n
RCUUU

tgr

nllyttt60u

t

c [ass

normatized

Sain
pretest posttest

n1toau (%)
60

7.38

(12.30)

24.77

(41.18) 10.78*
0.33

(medium gain)
a?utu u.l LlJurJ10lfi 'tu 2.98 70.25

\ 1g = .s5, df = ,1= 7.6924
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a.--,.-
u 0 n a'l n u ar 2 n u I o 2 tn : 1 v v n 1 1 ! n'] 1 14 u 1 11 0.1 uu ? n n ? vl u'l fl''l a q : t 0 { u n [l u u

r1ulnna (SingLe student normatized gain) eY{uao':lu n1fld 4.2 nu'jr irinriuu riruru

t ou (fioriluSouav 2.94) ouJu:u6'!e{ (High gain) druru 20 nu (anrfluiouac 58.82) oi

tu:vonrJrunarr (Medium gain) uariil!?u ta nu (Aorfluiou at 38.24) oqlu:cd'ustir (Low

gain) Iourinriuuioqlu:;d'uq.r (High gain) uav:v6'utJrunar.i (Medium gain) o;fin'luaulo

uavdrra.:dulutruvrirnr:roaor vriud'nntrriolriu{rtolutzuvda:rirrauopi'ludoriafiirdu
- ov J

uau0uL!l.rlru'rt0.:na L!n1ll?un0niitnl:r:uui$au00l.J'ru [14ur0u .l 1'{.! Lun']ll?}r
,J - c a , i. - - - , t dv

L[an[!a uun?1!no luu a!'iJ0a:! uasva']n6uun L5u!nql]unut]vlnuu Lunl:o1u nolto:'lvvr
-116uu oq'iu:vd't6 ri'lurinriuufioglu:vd'risir (Low gain) rj! rilurinriuudfizuanr:riuulu

n e 6 o qe a 4
:uouoou l.r nuvLun150'tu no?1a51v14 ltuu Lu:uolJ or']ltaclcou 0lt t{0144v !fu14'ltu

nllrilrlrluvrel6ouiaruur6oivrurfiraqf rdor aulr.rta{u:{tLriuaf,n-tvlflr d.lrflurrllrl:riu

z rird'l'fu (2 Tier multipte choice and explain conceptual test) tn:rvovfr'oluiuuva'nnr:
J : a. - i4 " I j va Jdv

uulnn?vu1filaq: [ua']!vr 2 tirlun1t061J'ru[14Fri.]av[40n41001J Lua1uvl 1 t.:u$ uuvll.tfinus

'lunr:eiru 6oira:rvri riuu'[u:caYueir olioud.:aralfinr:riruwvtor6oul-ort1J?6nivulnlaqi
) 'ee - !

ludrufr z lpirlou d'rdu niiudflruu{un1:4i1.:uuuvlerffo!uullifu z rir6'rrTu ni.:riohi lu
, J -. - I <, a ) qv- a

a2!vl 2 01nLol]vtLlluuu1Jtlruuo5u1un?:!:l.JLvtlJunltaon tv{0Luunt:uuLota0nuu?no
- rJ - i
2vtu''lfl't69t5 0n910.tuvlun1:[1uu00u't u t{0uv]'t L}t?ouu?oo1vru1141a9Ell0.:un[5uu tntn[0u

!1nu.:uu

) tttnlrfr 4.1 6?1!al!r{uiSlJl,ri'r{ yo Actual gain ual 7o Pretest !0ttun$uu01nn1:inn1:

IM

90

EO

10

:60

Ero
.: 40

30

20

l0

0

, wJ v-aa
Ituut tnu !tnan:lrn1:riaa{0u1{{1ut2!nu6a!6n!rau
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L00

0.90

0.80

0.70

$ 0.60

.> 0.50

i 0.10

0.10

0.20

0. t0

0.00

Mcdiurtr-ga rn

O

f *ru"'"

trl

t0l0 l5 25 l5 ,10

unl:uu (nun)

nrnfi 4.2 amuflrrurirtoluurf,oiuuraranitalrinGtru:rurlana (singl,e

studentnorma[ized gain)

J.
t}]0vr0''t:fu110uavt0.:ttll'tnolru'rfl'ran110{unl:uLJn0!mtru[auva{ffiuLD1u

- i- v J v -- d i
tt1.J1no 1180n15t:U!n1:tO?ernnnSt!n1:Yrna0{0u'1.:.:'ru:'t!n!d0lJaF tou t.ivna0uolu

rurlmoaorio uur6nin o r ora oi rirurl 30 rio ur-iruiju 7 uu':6o nuir ioaavro':ur':6n
! a Jh, - i.)vru16'169r:10iuntSLuuait:t u6.ituQ''rnn0uL:Lul1"vrnrrulno r.rLoi.afiirlll'r{11 4.2 Lou

- .i-, i - - ;
ttulnovr!50uasnvullJua'iHUua{vtafi n0 rru'tnov 1 tt5{aul1]ttlJtvanttauntua}]!n

auruuriruSn (fiorituiouav 68.38) :o{e.i}r1 6o ruurFofi 3 ar:rrru:.irvf;nlan (fiouijr.iouac

47.06) uu':6ofi 2 aurluriuaSnirfiorrn n:s uab^lflrhaarirua'lool'rrir (6oriluiouas 42.05)

-i)--Jtlulriovl 4 [Li.tau1!u![vd nn:v?i1o001Jn1F]vr!!tcl (notltJ50u?,v 41.67) tr1.i1nov 6 tr:.r

aurrlv'lflruavnruarLrjfiauub^lfir (6orfluiorav 37 75) ruurFofi z ru:raurrLlt^ltlruuav

- dde c i - - .j
Al"lLltLuLvan (eOL!U50LAs 25.3 /) JdY rLl"leqv!5ot dsaY LtLLva 1,:U1]U0LllAO Fl0 .t!1nfill

5 u:rauuurirvFnn:vrirrioarofrrrirfifin:v ua"Lvlflrlvar.lrl (6nu{luiooas 25.00)

:t
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n111{d 4.2 Souavraruu':6nirorsranitolrjnGtruriouriuuuayud.:rEtru uas Average

normatized gain trauurBa

Scientific Concept
o/oPretes

t
o/o Posttest

o/oActuat

gain

Maximum

possibte

gain

<3>

ad
lru260?l I u:naul!uurfian

[[avn a!!oa!1!rL:,]ruan
15.07 68.38 53.37 84.93 0.63

uulefid 2 auruurinadnd

rfi oo rn n:v uah'{fl rlraaairu

a'ro9r"?d1

73.97 42.65 28.68 86.03 u.33

uu?end 3 auruurirusn1an 8.82 47.06 38.24 91.18 0.42
a d,uu2no 4 ul{aul uutuan

n:vrirrioounrnfi irj:co
74.7 t 41.67 zo.v6 85.29 u.5l

uur6nfi 5 u:':auuuriuadn
- ")-n :uyt10 0a?o9l?u1yt! nlv t|'a

hiflrlr.railru

4.47 25.00 20.59 95.59 0.22

uur6nfi 6 u:lauuh{flr

uacntua!!flaul!1 fl1
12.50 37.75 25.25 87.50 0.29

uu?eod 7 u:.:aurl1'r'1fi r

uauauluuriLMdn (60

rdollu.r)

7.35 25.37 18.01 92.65 0.19

da
loau ntlu?no 72.30 41.18 28.87 87.70 0.33

.-4--r-,
u]o1r 01t 6urn?']1t nt']14u'tlj0.: ltlJtno?y u 1fl1ar]5t o {gn t5uu: r u [ur 6o o1n

conceptuaL dimensionaI normaLized gain ldr.rari'urvrd 4.3 il!'jr nrrurirlarjr uur6sr
)iyuraranirro.:fn rSoura6u:ruuu.:6oog1u:vd'ur.lrunarl (Medium gain) iiruru 4 uur6pr

ls-i
Lqu 15u.!rird'!n2rl drruiror nlrnltjrarrloa 6o uur6ofi 1 u:lauuu:.irr,t6 n uacnruauifi

au1!uri!ilHn (o.og) uur6od 3 auuu:.irra5nlan (0.a2) uur6oi 2 aurrlurirlrSndrfiqorn

n:vuallifl{uarirua':nfr'lrjr (0.33) uav uu?nnfi 4 u:lauuuriruSnn:vriroiaorlnrnr'irJ:v1
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(0.32) aru6niirLlu 3 ulriAo oqlu:vdr-dr (Low gain) 6o rrur6ofi 6 rt: tau^!1flflr r.ac

qruarr:-Fauub,ifir (0.29) uur6nfi 5 *:raru urjrvS nn:vrirrioarofrrrjrfifin: s uall{fir

tvariru (0.22) uur6nfi z ur iaurr,ly,lth Lrasaluur:"jrv6n (0. 19) Ioe rio r;ir6't trnlrnltjvr

rioo

I .00

0.90

0.80

0.70

0.60

0.50

0..10

0.30

0.20

0. t0

0.00

High-gain

6
E'

N Vcdiunr-sa in

-) -.: -.i -.t -i -; -.iuulftflIl I rrulner 2 [u'rRflr 3 uu']aroYl 4 llu1floll 5lru1fl9ll'l 6 rru]fl9111

J
Iu'tR6t?'lulfl ldgtl

n1v{d 4.3 6x1rrd1?firi1ro.!uu?eoiyru'r6'l6nito.rrinGuu:ruuur6o (conceptuat

dimensionaI normatized gain)

J- - "i - ; p - )
L:.o1[O:.]svQln anlt'liL 0utvlJ?'r .rllcov 1, 2, 3, llav 4 tnL'lta{rtt:0{

aurr:rrrirra5n Iou fio n::rnr:voa o.:41:]1:n oo n u!r-loivaru:r- urrr- nrnto n n n::}n'ril1oao i
) - J - e 4 - i . E aJ - -a - .i
vatl{1rL LoL!nr:uua1 15n!l! n [on 5.rrvulJ:lnlnl lvlrnotL L9t [o u 9]t i ttau!a 0!aml.]toLvr

" "" : - .fdrrrrair air.:nr 1! Lt11i u!?Fov r.rivru r 61a fl 5ia rr r: o rira oltl: r n n nr: oifr rf,o6ltdn:r

:cr6u 1o ErLarrvodrld.: uur6ofi t, 2 uau 3 fifin1l,r filrvdrrlor r,ru'l6oiv urflraoitor

{riuulu:v6'rrJr!nar{ (Medium gain) 616oirarfiqo 3 rirri'!uin rf,ororninr:tdf,o
- ^. a ;
!aoutou 14t!!anlun1rtuo1ao.i (Simutation) alnh:ttn5! PhET-simu.at ors 6lrflr,

LJ: un:lnr:iirao.: n'r:vrqa o{11r rfl a ndlounorlfi'l um oi fia ur:n u-16 ouriror-r u!:rix 1 fifiHa
,;^ 2 "u- .i N .j - o d ov

riorJ:rn1nr:nifrrfio6u1d finrvrrafioulv'lfia!ii{ {n15sr.Lr.ieruar.,1orflr"odrrr,rT d^vir.r

0 19

1",".J
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uuxfiad 5, 6 ttav 7 tutnfio n::rnr:yoaoru'ilriarur:ooo nurrkioeirruarnuaru ruardo

rTa6firdueirulra4jfiuoiuuro'raol nrnil yionryrrndoulu'l (Animation) iuaolrfial
, t)- i -rJ:rngnr:nifrrfio{urfiuroeir'rrdur loutruynr:riruauohiartLr:nio'usr:fiiorloinau:vra'jrr{

rirrauortudold 6r oirror na nrunr:nidra o I alnIr]iunilr PhET-SimuLation, ,',iri.lrauo

a1u1i0ri1ao{rilyuoriroYrurl: Ioufinr:16'nor:cil'irl#lirrauori!dolrt l4rlri'frriuu16'r1iu
, .e^ ! u , .| jrJ:rnnnr:nlfirfiof,uornnr:rJilriro't url:raionr:dourirfrrfrur{ola.llufiJ:uln:u o''lriu lunr:
4 J v -d d J ' a c, A )dq .u q

[aona0 anilLouytr14r.]'rua uavu'r6uLa a?: [! u d arr.]fl{ n{u Lu n 1i!t a-rJl{uS n-uiyyil i
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(nr:vrfrnvrrrldnnfiotarl#rjnrioruaoflrio uernrJ:co rrnuavau) uarounrndfirl:r1 rio
rrroqluauuhifirarltrra!o ovfi u:ln:vrirqioorlnrnuvulnuorlnradfir.l:rlarorradoudrro

d.,,riufinv,,:auulr,lfir(hJyr.rrY.:urn)uavorlarnvrtirl:ror.:norrna'oufrltjnrr:fintor

auulyhlr(trJurrriral) airuoprndhifir.l:vlouhiiu:ufiorornauull{flrn:yri.r
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n1:1.rd a.1 iraruaonador (toc) rcu'i1{uuuunaauinuur6oiyruraran{fiu

oo :cali

t,0vt

a d ya
6VUUUR?1'lRnI UtO{HrtU?t1rU

roc
RUvt 1 aui z nufi a

1 1 1 1 1

7 1 1 1

3 7 1 1 1

4 1 1 1 1

5 1 1 1 1

6 0 7 t 0.67

7 1 1 1 1

8 1 1 1 1

9 1 1 1 1

10 1 1 1 1

11 1 7 1 1

72 0 1 1 0.67

t3 1 1 1 1

14 1 1 1 1

15 1 1 1 1

16 1 1 1 1

77 1 0 1 0.67

18 1 1 1 1

79 1 1 1 t

20 7 7 1 1

21 1 1 1 7

1 1 1 1

l5 1 1 1 1

24 I 1 1 1

25 1 I 1 1
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nlil{d 0.1 rirarrrnaaa6ol (toc) :vfi'i1{uuumaaouinuur6aivrsrnranifiu

lnrJ:uari (rio)

?rtl1ut n

rir toc :cil'i1r 0.67 - 1.oo

tavl
- d e4

nuuuua?1lJantfiuto!Httu'l!'lo,
roc

6U?l 1 aud z nufi a

26 1 1 7 1

27 1 1 7 1

28 1 1 0 0.67

29 L 1 0 0.67

30 1 1 7 1
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nT rT {d 0.2 iraruorn'iru (P) uncdra;rumo'ruun (r) rflu:rudoto.luuuytoaou
.Aiouurhni urnrani r3o.r auruto lurl uri u,t6 n-tr',|fl r

ta?l draruurn.ira (P) drairuroo'ruun (r) alJHa

1 .3t .39 a09tna0.:

2 7( .26 600aa0{

3 .67 .26 fl0ona0{

4 .67 .22 400na0.1

5 .61 .26 600na0{

6 .39 .26 aaonaa{

7 .37 .26 a00na0i

.39 a00aa0.t

9 .75 .28 a00na0.!

10 .61 .26 a00na0{

11 .28 600na0':

t2 .39 .27 a00na0.:

LJ .37 .55 60rtn a 0 {

14 .39 .27 a0qna0.:

15 .15 a0naa0.r

Lb .53 .26 a0qna0.r

L7 .zo .26 600na0i

18 .31 17 a00na0.i

19 .5 r .27 aoon6'or

20 .67 .27 a00na0.:

21 .42 .27 aoond'o.i

22 .56 ,7 fl00na0{

23 .50 .26 a00na0.r

24 .Jb .28 aoondo.r

25 .)1 .22 a00na0{
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n1:1{d 0.2 drn'lruurniru (P) uacdrdruroiiruun (r) tflu:rtrriotosuuurnaou

inuurFnivrurqrani rior aututoru:.:utituSn-b{fi r (eia)

!1 1UlUn

6'or6onri,druroil'1run (r) 0.20 iiuh] (6'or6on1i 30 rio) Inarir r :su'ir.l 0.22 - o.5o

n"orfionrirnrruurn (p) 0.20-0.80 lourir p :vu'lrl 0.28 - 0.75
, J{ &

rirnmrirtoriuuo.:ulr.ruoaour4*rorjrfi rirrvirrYr.r 0.879

!o?l irnrruurniru (P) dro'ruroiiruun (r) a1Jrua

26 .42 .50 a00na0n

27 .50 .50 a00na0.r

28 .17 .JJ aoflFra0.i

29 .zo aonado.:

30 .44 .lb a00na0.i
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J.q1r1{fr o.t fl anlri16r'tsraEuuu6uta{rinr;uut1uu66a Inauuuuoaouio

uurBnirurnrani #ol auutolu:luriu,r6n-tr,hfi

6lJ

?l

Pre-

test

Post-

test
Post-pre o/o pre-test o/o Post-test

o/o Actual

gain
<g>

1 7 15 8 12 25 13 0.15

2 6 14 8 10 23 13 0.15

3 5 tz 7 I 20 12 0.13

4 6 14 8 10 23 t3 0.15

5 10 26 16 17 43 0.32

6 7 8 1 12 t3 2 0.02

7 10 18 I 17 30 13 0.16

8 8 28 20 t3 47 0.38

9 11 50 39 18 83 65 0.80

10 7 43 36 72 72 60 0.68

11 10 _to 6 17 27 10 0.12

t2 4 18 14 7 30 0.25

t3 9 27 15 45 30 0.35

14 6 14 8 10 23 0.15

15 7 12 5 12 20 8 0.09

16 2 3l 29 3 q, 48 0.50

17 10 41 31, t7 68 52 0.62

18 7 29 )) 12 48 37 0.42

19 10 tb L6 t7 43 27 0,32

20 8 16 8 13 27 L3 0.15

21 5 30 25 8 50 42 0.45

22 1 19 18 2 32 30 0.31

23 7 15 8 12 25 13 0.15

2q 8 24 t6 13 40 27 0.31

25 11 37 26 18 62 43 0.53

26 7 22 15 t2 37 25 0.28
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Jalw
sl'l:'r{fr o.1 fl an'r:arRllJ$aEuuudul,0tuntiuu:'luq6n6 [0tJuuuvlfl6ou?o

uu?Ani u1616ni #ol aurutolut.:ulitu6n-ldr11 (eio)

J.
n1:1.:fr O.2 HEnl:-tnl1lli6Jltuu6ul'0{Unlluunl!UU16n tnUBUU ndou?O

uu?eniilu161ani riol autrtolu:lrrrin,r6n-b',|fl r

fItJtl Pre-test
Post-

test
Post-pre

o/o Pte-

test

Yo Post-

test

o/o Actuat

gain
<s>

27 6 30 24 10 50 40 0.44

28 13 q4 31 22 73 \) 0.66

29 6 26 20 10 q3 )) 0.37

30 13 29 lo )) 48 27 0.34

3t I 26 18 13 43 30 0.35

32 0 18 18 0 30 30 0.30

33 10 33 17 55 78 0.46

34 6 29 23 10 48 38 0.43

SUM 25t 840 589 418 1400 982 11

Mean 7.38 24.7 7 17.32 12.30 41.18 28.87 0.33

SD 2.98 t0.25 9.37

t-test 10.78

Concept

Mean

Pre-

test

Mean

Post-

test

Mean

Post-

Pre

Mean

o/ogte-

test

Mean

0/6post-

test

Mean

o/oActuaI

gain

Maximum

possibte

gain

<g>

-iuu?no 1 t.2L 5.47 4.26 15.07 68.38 53.31 84.93 0.63

Llu?aor 2 0.56 1.7 | 1.1) 13.97 42.65 28.68 86.03 0.33

uu?nou 3 0.18 0.94 0.7 6 8.82 47 .06 38.24 91.18 0.42

Lru1nov] 4 1.7 6 5.00 3.24 14.71 41.67 26.96 85.29 0.32

uu'r6ofr 5 0.09 0.50 0.41 4.41 25.00 20.59 95.59 0.22

[r?nnv 6 3.00 9.06 6.06 12.50 37.75 25.25 87.50 0.29

uu?R9tvt / 0.59 2.03 1.44 7 .35 25.37 18.01 92.65 0.19

:?lluu?na 7.38 24.7 7 17.32 12.10 41.18 28.87 87.70 o.31
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n1r1{d o.3 Paired Samptes Statistics

n't:1.rd o.4 Paired Sampl,es Corretations

Mean N Std. Oeviation
Std. Eror

Mean
Pai 1

Pai 2

Pair 3

Pai( 4

Pair 5

Pair 6

Pai 7

Pair I

pre

post

pte2

pos12

pre3

post3

pre4

post4

pre5

posts

pre6

post6

prc7

postT

preS

postS

1.2059

5.4706

.5588

1.7059

.1765

.94'.t2

't.7u7
5.0000

.0882

.5000

3.0000

9.0588

.5882

2.0294.

7.3824

24.7059

u
34

u
u
u
u
u
34

34

34

u
u
u
u
34

u

1.06684

1.97308

.70/,5a
't .21927

.38695

.81431

1.01679

2.16025

.28790

.78817

1.63299

4.94173

.78306

1.83378

2.98496
'10.24999

.18296

.33838

.12083

.209'10

.06636

.13905

.17438

.370/,8

.04937

.'t3517

.28006

.84750

.13/,29

.31449

.51192

1.7 5786

N Conelation Sis.
Pairl pre& post

Pai2 pre2 & post2

Pair3 pre3 & post3

Pai4 pre4 & post4

PairS pres& post5

PairO pre6& pos6

Pai( 7 preT& postT

PairS pre8 & postS

34

u
u
34

u
u
u
u

.442

.268

-.158

.248

-.067

.'t76

.178

.429

.009

.126

.371

.'t57

.708

.318

.315

.01 1
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