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This research aimed to development of scientific concepts and to study expectations for

learning in fluid statics of the grade I I students by using Predict-Observe-Explain (POE) leaming

activity. The samples of this research were 31 students in grade I I from Nayiasuksa

Ratchamungkalapisek school, Ubon Ratchathani Province. They were selected purposively.

The dependent samples t-test analysis and normalized gain revealed that after Predict-Observe-

Explain (POE) learning activity, the scientific concept of students in fluid static score was

significantly increased at statistical level of .05 and the average of students' normalized gain was

0.73 which was in high gain level. The analysis of expectations in leaming Physics shows that the

students' expectation score was significantly increased at statistical level of .05 and the increased of

students' expectation favored of experts was in low level with nonnalized gain of 0.24.
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luotrynsri.rl [n5o{uo rn50{l,fril0tiruruntiruden']fl lury?nil:v0t?ut[ns tufllTvll{lu n']u
dt ,a d v a ,y' d lA 9a lt
riju,{afl?'uJf emurnran:[.rfl]Jr"rfltuflunzrr.,nqfl5rid::fl[rnefl']dsr:0ucl n?tilg?Ytu.tflldqt:5?u

I

lri'rfiqorrinrrruirrnsorrluirlolurJ:rannr:rfi r::ilrrfrurnrLro 6.:fir"rarirl#rfiqnr:tl-ruu'tvtr{s

rvrnlulo6ooxrrn lumxnnluri'urvrsrluln6fifirirurirrt'orurnfiovhYfinr:finuril'rri'un{rnrrrlf
6 dr h r I n, X, - r 4 d s s <

mr{Tmurflldsrisio"[rJotjx"[rlrqntir (anruiurirra5unr:douTmurfl'rdflSrrourmn lu loB, zs+0)

Johnston & Southerland (2002)1d'ot'lruriu?fi'ur::ilurgr^tol?muraragr$1i'jr

r : : il sr 6 I o c im ur sr afl i 6 o rir o : : n rt^ r r ufi ldrfi u 1 ri'u d I : e n o I im o r sr asr {



8

Ledermam et at. (2002) nrirljr "r::usrer'to{emutf,lflsrf r{Junr:drIdlq1rnrivror
e a a /a dq 6d t It a I a .i j+

uavri{n}J?yttJ1lo{?11u1fl1dgr: ?ytu1fl'tdgt: tu$ruv?6[r14.lfi?r:J5 14:onluutJ ttnun?1il[Tomiloq
odgvl9ad
luo {flfl ?ru Srravv{sru tntS fl o{o{nn?1il:1r1{'lvru1fll da:"{a

hu a i - dlfr9t a
Lonsbury & Ellis (2002) tgl0tutulnu?nur::tJTl9r10{?vlulfllflfl : t1?l r::u5191

x0{iyrurflranifinrurri'ild'uf,Iqun:.:riuryrruivrurflramfut oi6nr:firinivroraran$1dlunr:
v 4 c)Aoilq ttg) Y 4 d Y)

nsurnr:r:uugyttslunr:orlrul::uTrgr nr: ton?]ugvrli?vrurfl]d$r: uavnl:gvlulttnYnl:
,i t 9L , o Y s a 6l i v .

nJ6uurr:Jn{ro{n?1ilfriu oyrirulrir;nnodrilr:oel"'erfrutorfiue6'rLn?tildtJrrqflilruortas
r s I yA i - o dtir)

il:v Iuryuro{n?ruiTrnu?nu?vtu'lfllflet: to

o a u 4 ll49/r
0lnflloru'lufl o{unnl:flnulqnnnl'l fl -llJ'l: 0fl ?u I9l ?l

9asq
American Association for the Advancement of Science (AAAS) (2006 0'l{0.:n1n [SnSU

4 tn9o, a d _ Y I I
Uuul. ZSSt)-[61ftoultuxo{r::ury1n10.:?Yrutflld9D (Nanrre of Science) 1'loyslo{lj:unoU9l?u

dr I d
o{flil:uflou 3 0u1i no

(t) nr:fiuratvilta?tilflmt{emutflrdet{ (scientific Inquiry)
q

(2) n1:fi ryuruo.rfi t{luivlurf,lam{ (Scientifi c world View)

(3 ) o.: rin : r il r u l r u rS o a n r llu fi rit.: r u * rru ri'u lu rB l ivr u r er d n $ ( Scienti fi c

Enterprise)

ddr i. 4 u I d
TilTuxo{rlnamutfltdairiluTnyuvnixru duralu (tnquiry) il nnstu rtnvU:e[9u
1q

a 4 q9 q s q - & ri 9'a dq
mr{Tmurfl-lasri nrold'n?rruflu10d'u1qd'ufiil.::?}Jnu rrauunnrilAuua?ruiamutfltdetiri'u

rdrAtgoJra
otjrlriJurnsodrtr rioryofirranril6uuri'uovrfrpriu:uH'jr{nr:onrJ:rurYurfiouirrultu nr:tfiuu

uiln?Iilaf,u rrnunI:rJ:vqrufirL:rurmr{r^rurflrdrl{ 0vtfiulri''jrnr:drnrtrurrTr1onrrruf

ivrurnran$ ovd'olfint:r0:0r nt:onil:ru n1r validity uaunt:fi0:ttttt:lurlorynr.iru
vJoqstgtaddlgn:v!?unr:mr{d{nil fl:uu?unr:uritlf nrl}J;?Ylulfllda:lilun?l]Jgdlrl:al3 (Public

knowledge) dru'r:nrriplrursiohJldotjr.:sioruiorornqnnnflarun{ru riun^o nr:afr.:o':rin'lrruf
a ddr - ai^ J o q 

^ d4 ,)
imuratanittJu Social enterprise r^lnaflIYlrfl9rlju tuqu5u1j0{ufl?Ylulflldgr: n0 fl?'llJ:{
^4,.iaq?ytu'lflrflet:arilr:0ril6uurrr]osld'lurrqinvdr.:ro{n"r:l,{-sxur 6rnrtruffifinrrurirrso0o tua

rJooriu orrru'[riond'orrnufild'luournn qiliu nrilro{amu]fl'rfln{ 6rrflJunrvrto{n?ruffi-'a- ' { {

' a a nv s r € a io j o v l9) 9)

rirrfiofio'[d(Reliable knowledge) ]qurirumnTsnt:drrarefrililrer:$ru tfrore{frruri'unr:-ldruil

:vu'jrqrinimurf,tdnt (Claxton, l99l; Driver et. Al. ; tgqo dr.:o^ltrnJsn'fi'u duus, zsst)

an t fu ri r rai ru n t : d o u iyr u'r f, r cn {tto v tvt nr I u I nE Q546) rir r u o t o u ri I tl t o I
dh lrc d 9a I r I A

r::lJ$-lsrlJo{?vlu1f,rfla: ti turJlgr:$lunl:r:uu:?Ylu]fl]d9l:?1 t::ilry]fl10{?vlulflldsl: vl

q d il tnlv q 4 qY a d a 4 Jq
unriuuoysio{'[$i5unr:nruur no nr: lyn:vu:unr:vn{?vrurfltflsr:[rnu0sr?yrurflrdsr: tunt:
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4 i, , r d ai ^ J ' q rd
fiurarsu rnrrruf 'jril: rn0nr:flr1r'r{r::ruryrsr'firfiorfiuriaulnqjfigr.lrruufitnjuouaur:noG:Ltu

rrnen:?0dou'[d'nruld'rioryo,,ouoiurfiofifioqj1usi']u,rnrrful uirlo'jrivrutstanf rvrnlulnE

- A I 4 A Y v v dv
d{nil rravfl{tr?naoil un?1il[nu?to{du?Iurnu

o I s I ^ 
q d

[dl?d'nuii l:ut (2551 I dxortrn Billeh & Hasan, 1975) nar?t::lJTl9lflo{?vlulfl-ldgl:
tyZYalaa/il:ynoudruto{flnCI{[uo{aur0{?yturf,rflsr: ,{nrunfl10.:?vtu-tfllfla: n:su?unl:Yl'l{

adada/
?vlu'tf, 'tdgr : [[a3 0 : ufl 

-l 
dgl : I o{ ?1l u]fl 'l dgl :

Doran, Guerin & Cavalieri (1g74) nritt'jr r::tJTlei'to.:ivtutgtanirJ:vnorLdru
Ad vtt a d v v a -^,^ --! l^^^^ ^.4- I
iBnt:rrnstfltururuto,liytutfltdfl: qilanuiuuto{un?mu1fltflgt: lJ0nna{[u0{91u10{
a I a I la u v I J s s d

TmorgrAni n:&U?unt:mt{JTUtflldm5 ttnvilflriilWui:eil?1.:?vlUlflldsl:[mn tu tnU

d ,a ddt 4 9r +.:,- -.i^-^^- Y4 44t i
n1:r:uu5ailutfltdgt:riluflt:[:uu5qn0oT?9r ru0{01fln?1il!?Ylulfl.lfl9l:tuu[:0{:l?'-d -"- - a {

16orri'uIanr::ilstA (Scientific world) 6.:finr:nJ6uurtila{onoqr?o'l t"4nnudld'o.rfiuufruiodt

e{nnr:Guuf lrjldlufiisrrrnvnr:il:vnoror6fl el-{#ut{lrurLrulunr:'r"srnr:Guunr:douq

ivrorarasr$6rrjsniu1#{Guuld'riJu{GuufunsrYuvrudruauro.rilIndqo du6ol#ldvr\

n:uu?unt:r[ayo{f{n?]ruf tanrriuriitfl;tunt:douimtlrqtanfrrovtmnlulo6, zs+ol

<aad
2.2 illuilgtYt1{inulfllflgll (Scientific Concept)

2.2.t ruIurufi (Concept)

ruIuru6rrr-Jnur0rnrilir concept luntuto-rnqu 6lfir]l#n"rrrrJnriJurirrt'lrvi
n 6 A, o I S u / S s a q ul a

ntut'lmulrnvfruru]{rrnnsrrlnuuororir ryu il luvrflu tJ luntfl il [uust d{fllj uu?rt?l}Jnq tlnu

n?ril6n:?uuon ('lnl:rrf r6rurnrro'rr.:f,2ss0) lunr:id'unrYuAde;ot+rilir ruluto^ d'rfild'fi
9,rA 9 n' y- !

,.t tfl n?]ul.nJlu [?9r{u
A crr a / Y -^--.utYoY l]UffO^lin{i{t duq?{U (2537 I orlorotn Bruner. 1957) teltHn?"lu14U'lU1J0{

, s Ad a d a d j i - i
?.1 ru [uilFt no nr:o{n?tilnn[].lu0tflnt:dilnn?nqu:o[1{En1:flloul{sroluo{tll0r]nnuiueT

ndrol ri'u rrnvrloraqilrudrrnrurfiorri'uii'nunrr6u1 fi'hiarrur:od"rrnqr'ld'orni'nqrrnrruqnr:nl
9
@9)

uu9r?u

:fin::ru rrf;nnfiuh e543 : dx6.:rrn Fieldmam. 1987) lrtl#n?ru14uru

rorrulurfi'ir fiilrud{ toralr.Jfirfiq0rnnr:,i'afrsror rilqnr:rfi r3onufifiii'nuorvndruniurrlr
! v i s a o q ya Y q A , q Y' 3 s a o q Y . -4. c ';drud'u tslrLluuetlirlfrnqnrrrirrirloarflxl "[lirrutu u [uilsrflr [f fltu'l:odttrufld{ [14]Jvtv{u

ttI
t00 t9r
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lul:ori rer^ilrnrrel-fl.r d esso ; d'rrosorn Romey, 1968) 1li1#n?rrufiutuuo{

rulurufi1i'jr rulurusr'r{JurioagrJdrn"'cyro':n{run:tlfior.r3on{run.lrru03.:drrraostri'rfiudl
- A t - 

j o - q v a d I a o I

an!6uuvr:?ilnumdrfr€u1oqil00uel1i1 01nnqiln?lilfi9lH:onqiln?ril0:{0"|u?utJ]fln?1
! Y v a VtY r 4 S a 4 6 4 ,, q

uieirq'fi'u rai l (255 I )'[d'nn rrdr ru 
.lurusr- 

r u rud{ n?]}Jnoil5 on:tuuitlo
qqjoti-Aqdi-dt6q4

nru"turo.rel""rUnnnfr0yAn?rurrosd?iln?rurAu?nlu?.:lnfrrufrr o,urilur"rnrfra0rnnr:d{tnafi5o
ttetu r I i - A e- Y qc, e q t ii - A L t I

nt:"[6tuil:udunt:iust:.:[nu?nud{Uu uo? trqunnuuvdrniUm[nu?nud{uuilllJ:v}J?nr1"l

d'a a ti'u rfJ u r?o a : rhfJ u n or a u lG m3 o ii'n u ru v d rq fl r v r 0 I e 0 { t o { A { #u
qq

0 d s a 4 Y Yq A a v 4nfl [ntH tvrqou (2540) LJ luuel firJrufi{ n?]ilin?ril[1j1lornu?nu?flq fi:o
r d ' A r 4 s oi a I I r q ' 4 

'il:rngnr:ninrll Rlrroiavnu0uuu lursrrnu'rnuinquiotJ:tnCInt:fll0ut{ [o0u'l{14u{[[mnal{

ri'u nr:fir1nnafifr{qnnnlndunmr-nqnSorJ:rngnt:airixl rraetfrqnr:fuf qnnnriu0uilrnr:

fu5utrtdtrvtutnu:J:vaunt:iul9tut0{[1r Yi'][1.rlnnil [urunsi[1Jufi1lu[1] t0lflu?nu?glQ 1'l:0--t---- '' c

r tt, "ort a y&
U: tnfl n r: oruur[n&m I t?t [1 ]]Jn ?]rui1u

? : r n : ol 4 rJ r m r (2s 4s) u I u u 6 rfl u n ? r ri fi q n ? r u rdr 1 o fi fi si o fi .: tor fi .: r fi 'r rfr e
q a tngu t d i - ^. !'

0tnnt: d{tnfl r i onl: t9 :uu: e fl unl: il{r nlucl t[LJUtfl u?nu d{uu1

a n r uiu ri r ta3 il n r : d o u :vl u "t f, r dfl {t ta v rvr n j u l nE Qs s2) 1 d1d'n l r rL u u 
-l 

u lr o {
I

uIurufilinifi ru1urufi nruru6{ nrruuhlosioi'nqntorJ:rnflnr:flieir{"1 or0rfiqnrnnr:d'{tnet
v 9 d s v t I g, o I Y ,) - dt Y | .9)
iu5 rrnyryorJ [u{nuiliyflufl']:iltflo{uflnn rlR?uriltU:vil?nlfl19?unulilufl0d!lJd:l{n?]il

-{ n c

90 s, u v I a | 6l ' a at d a q o

r{tl0ro{auro{ [quo'lfit,onuils:?runu0uri [a0ur{Hu.:rljurnucnltavdltJl:6toru1u09lt1ltun

fi r 1 u ri fi vr u r o o'[ dI q u n r r ru dru vflu #t8 { tfi q t{ n il r.: a n u I fl 't d ql $

n ri r r 1 o u a1 il ru Iu l o'r.r ru r u fi .: n r rru f fl ? r u nn n r r rL uIr 1 t t o.: U n n n fi 0 v 6 n r r ru

A r i - v d 4 | dt & d1 A !, q
ilsod?iln?tilrnu?nuiflq rilEnt:fli 1-1t0il:rnflnr:fl{en{",1 ryitiluzun}Jt0lnnl:vlUfiflnuud.ttfl9l

4 nyo r dj - A L YqY, I Y^ u a Y {--e-ilt0 t9t:uil:edunl:fllrflu?fludiuu [rn? tTu:vdunr:01 fr?ruI[91J ?u?or t14EHn lrnuflotYl00:i

ruril:sil?nr{Jun'nufiqHn-nfidr}r.r:nrjrlrJldu::uru oG!ru t'tio?\urfl:nirrqnr:oi
' rAA e

il:edunt:ium[nu?10{
<aa/

2.2.2 illuilgrn1{?nulfllfl9ll (Scientific Concept)

rin n r : fi n u r r n r uvi ru'ld'1 #n r r ru u il r ux o { ru I u ru sr u r r ivr u r ar asr il {n n r u
v

qd

fl?'uJ14il'lu 9r.:u

agAtnY^sa
n::0lnr Ird{flr.ru'[']u (2534 : orlol0tn Klopfer. l97l) nal??l u Iu]J9lm1n

a d a A i d, v dr ivr Y 4 r d a d
iytorgrafl5 lrutun{ alyrriluurrur::ilourilur{nyr'ler0rnnr:rinuril:tnfln't:iut::}Jryta fi:0

nrrruri'rvriufsixt 6':rinivrursrasrikivru'ir rlurfi#ufirJ:vJovrftunr:finutIont::lvtfi
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dlrn?i tu"i'uqfi e545:dxororn rGrr ardgffi, zszs) td'1#orrrumruruflo{

rulurusrvrr.riyruraranf'li'ir uluruomrrimuraranf mrurufiq nrrrun^quei'nfrnur:rfisiofi':lqA.l
A j I o9y'4 yt yq A v v 4 | dt S i 9q @ t

14u.l cU{t?U tfiiln?lUin?'.rrJrlj'r [0[nu?nu?aq ilr0u:1n0n1:0{9r1{1 toumn?lil[lJ1t0n{na'l?0u

rrsr nsi r.:'hJ sr rr:J : v aunr: oft o.: un n nq

4 r ,i s a a d 4 a Yq
mail u::t{rilauu (2540) rJ [uuelvrl{?vru]flrflgr: 1.ru1u0.1 n?]ilnflfl?lilrt'l t0

i - d o A i a i o zi < inv 4 e) d 6 q a d
rnu?nuili [nfl{Hu{ri0[i0{ [q[:0.t1.ru{Yr lgr0rnnl:flnurfl0lvr00:{ltauilnflm1.:?Ylulfl]flgl:
A q yne)y A v <i ' q Ya I s dq ^ d, I t4 I -4 s a

r110 r1.t retfloilam0nno.:rrnsnmdqrraeu?u1#rfiqil:sJuvrflunr:n^q#uriolil uonorndillutfi
qQq

^ 
4 t q Y94 4 Y q 4 961 v t\ I t

ytl{?ytutfltda:tvry?u tHrul:uuilfl?"ttJrtl [0uYl[5uu[[nufl?"lu! tu:equd{ t90ul{t[0ur9l
aq{

4da
urunruci fi uao Qs4g) a; rJ ld''jr I]uInvrr.:iyt uIflIdfl { H il Iu6{ fl ?luflml.lqq

a d, & i- 6 e/q ' lA t,.'
imoreraeiil:vrnmrfrr frrnflornorrrunornrrruuirlo torn{rurinivrurarasrffiaqrJrio?.r1nfr.:

nfi .r nt oG orlnG orxfi .rluivrursran{

b^r l: orf rfr ru rsrryrr^wd (2550) ldhi'n rrrur il rulr o { u lu rusrvr x im ursrasr f 'ir
d a 9q i - A o Yidr Y--. -te

14u"tu0{ n?tilnn n?"llJr1J'l t0rflu?nur:ol1flrio'rvfi.rluilriamutfltdetifirTJu,rioal:Jfr
qA ld t v

u n?m u1fl 1dgr : t14 u 5 ?il nu

r I n n I : fi n u I n ? I u l.t tu'r u cr o r il J u r.r fi m r { em u r fl r a m f a : rJ 1 d''i r u I u u O^ vr r.:
q

a d4 I a 9q i d 4 | i q v
iyturgrani nr-o nrrrug fl?'lrJflq fl'l1ur"['r totorqnnam0vqrFr?ru14:0fl?ilfl?]]J[nu?nu?flq

rHanr:flI utorl:rnnflr:irisir.rr o"'urn'eorn{orritoS{ fi(i'nnr: rIavp{anr:yrqao{1um]{a{

imursraqi rrdrrjrrurrJ:vrurnuhdruri'uotjrrfirrqruarfluriod?il rrnvdrur:nrirrutofiltu
a @ /a a dh 9

n 1 I U fl tJ 1I U I rT.1 [14 9r r.l O vl I i ?Yl U I fl I dgl : t9l
q

23 ilqufint:fl51.:n?.1ilfffrrunuro.: (Constructivism Theory)

2.3.1 uu?Aon rNnqufi nouosrYnfi?ap{
dr < i u ,t til I A rl s q ' c) A -^rilumqu0rnu?nu?luJrlnufl ']: [9ulryin1tili t9u tury?{9tuflel?::uvl 20

u-nrJfryrurnrirunouaqrfnfriadrurauonrrrunnr#ufirigrrrd.:ri'rnrrrurdorqilfi'ir narrLf6otrild{oq{

9 d 6 q u I t d r | 9 r) - dt &
dudlJlo.:iotyrt0:{ traufl?'ltJ6iuv'tuIxo{il:1nfln1:6usIl{'l il:unou[t'191?uflu[ilu[u014110{

dt I 9t,/ 6 a A ia t Y r dr r

flrdninr{1 n?rufur0rndor{ununrru0:{r50fl{vril0quo?0rnil:udunr:il,.nul.J:vdlvrduzufl

rrsinr:uJduurrilarounlrfinpiuto':vrqufrvrr.:frlfrndariulrri (Modem Physics) filoBlruryl:rot

firrnnsir.:hJornfl?ndariurGr (ctassical physics) rinrJfrryrn{rLnouaninfiiadru6.:ri'ulr
j ji u d ,)aynJm?un?rilrBofrrnu?numquAn?rilgrflu1rri uavrdlro'jr fl?rilililldirn.rr;r"'r rrsiriJufrlfi

d^ r dr o o i<) '
:JUUUnq?16rU11{etfl}Jr.tO ruuftlosuluiletytdqlu.ir.rrrnrriu nr:flfovnn16onrioririluetet'rrJqcqq{
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n?rilnrqfli{ro.rqflnaliu 6.:r{lurto.:firtJuhJhjld'dorrrrrrurioryold'Iouarrl:ni ri'wiu

nrrrLf6rhjriJunrrruoi sfiar1:niarrr:nril6ournJa.:Id d'tfinurun n-ng rulurirt orylruortrri'-d{
j 

' .i a r 4 qyo 6 ull/q t d i y^ ta ' q9/ ' t4,yrulrsooournn?r u3ol#n'rot^uroldlur.Jrr,6udor",rufr6ru tufllur:u tHn?'riln:e0r{ ter{
u d q d d/qa 4

(r1ruvrur luvri, 2553 ; ?::Ell0:u rJ{d{1'1, 2541)

d q aa 4 dt oi v !) 4 Y
il q u a n 0 u afl : n n ?dryu lil u m qu fl tn u ? nu fl ? 1 u i [[o u n 1 : [: uu : lta v o'l fl u

Z a a tv Ya h i/vl Y t t4 ola
v,[ugrumrltgt']ytul il:rryr llnviltquu?vtul ?tf,i?rugn00e t:unua?l]Jg t9tu-loul{ [: vlquau0{

6 9r dr A rn, A d ri t I J q q s q
otlrunrrruf rrrilual"[tLurJFlur nnr:rilnoulriln{[[auQnfl5r{tunru [uFr?qnnCI louotf,u'' - -'€ - - q I

A - q , 4 9 oi , dr i
donnrImrIdlnI rravieilur::rJ d'ruflr:[:uugmril[[u?yrquAuQnil0{?I[lJufl:eu?un15vl

Vt99 q r 9v - Y i o J t I o i< tv Y
6y"llJ1:CIfi?uEU t9t0']ugtu[0{ tunl:910qnun?tilx9rlru.1ilrn01u:vl'r?'r.1fi?ltJgt9ruvlil0qnufl?'l}Jg

trrjfirrsrnrir.r'lr]orn16ru r{Junr:aflr.roirrrvrulrrjrravafrrlrurnoto{n?"r}Jos.rJorunurfluriafrl
A y 3 s ' 6 q a r.i ^ U;a

fl?-llr?tlJtufrair.:{ulouilrufion::Imr{diaru rravr.nunr::?ufiounnlilfruunrtUnnm{mtilu
9/rn,dg,^9Jy
drurrns"ltLrttu6?u (']::iuvtnr :oettt:.:f{1. 2540 ; otloqorn Fosnot. 1996)

4 u I Y dq dt
mquaT{eilu1nl:d5l{n?lilfml{tT'l?ilqiu110{ Piaget rt0e vygotsky [ilu

:rnsrufidrri'rgro':mquflnr:aflxn'rrrufldronur0{ (Constructivism) Piaget ot'uro'jr vflruutnr:
do d tq u ' d

mr{rryrifliuiUrflo{Unflnfinr:rJilsi":r.itun:su?un't:qilryruuioqordu (Assimilation) rrnv

n:uu?unt:iliuIn:.ra3'riyn{fl[UGUr (accommodation) ninrurdurdorlnnafutrasdriryrlriorya
A I dq | 9)A tv u dv Y d S ,) q ia ra t4 I

fl5oil:udunt:nilfiu[,[r'trJtiruvrutnrer':rnf ri0 [n:{dir{vniiliUtUrvrtJ0qtqil il]n lildlil1:o
a a dv bY a 14, J l- qY ,

dur{urid'u'td tvtilsrnt:hiaruqafiu (disequilibrium) qnnnorilu1u1uil;uanrrrl#oqjluanrrv

duEa (equilibrium) lquldn:vu?unr:il;!ln:rairlvn{flqliur Piaget rdo'jr nu4nnuoufinr:
v d{ ln I o - '- 4 rav v d 

uu, 

4- a g
vrmurrurrili!.ltut tilatruarrrunu 0'rnnr:uil0dlJl\ut[rRUlJ:udunl:ilflurYit[?9rn0]J9ntl

r::ustel^rrnrr*orn'.trnifirfiorriorri'rnr:n^or8{fl::nvrlaunfiqqtanf (Logico-mathermatical
It'9u

experience):?Uyl{nl:0lUylOflgl?-.lil;m'l{d{nru (social transmission) lmntfv (maturity) ttnv

fl:uu?unr:vr-murnarruauEoro{qnnorlu ciru Vygotsky h{nrrrudrn"'tyri'r{suut::tJrroed{nru
a I dvtg)v a a A I '- t a A 9,u]fl t1t0!u'lu?ltJuuu tq:u0Ylrv{n0tfldn[[?oo0ila{r[9rr[tn[no u0fl0]nfl{r[?9tdoLJvll{

o e duaA e v a <a - i y & - !,
t::lJs']fl[[n?nu{ild{t[?qaouyrl.ld{nil ry{flFro?flut::tJYl[[flardiFrud:l{1u 9r{uud0ruuvll.:

tyA ./ ry da 6 | u 4 q r

d{fr}J9lr{1 [:tJfii.l[[9rd01uun:0un:?0ulJ0vrr?ranonarulnl:vlli[Yr?iliuiul1J0i[rnoeqnnn
{ - d, .{ a o v 4q { -uon0-rfluu R]ulu{rilurfi:0{u06i'rfrilllJo.:nr:nq [[nvfl1:1\9rur[51?lJiu€urtuq{ il9ilu]nr:Yr1.:

a d A y 
u- 

j - ,4 A - { 9nlut rlasfl?1ugr9110{r9rn[:uq?un]:ilflu'lYtrlun0tnnu r[aril001uurntuilFilu'ln]:Yl{flo{9nu

?: 5 ilfi fl r : oelr[: {rtr. 2540 :d'r r 6.r o rn Bruner, t 9zz ) fi rrurfi nrfi ord'u
s 9/ I tngJt - & d s 9) 9)dtln:rafrrnrrruf (Structure of Knowledge)'[i'ir nr:'o''Frr[0':lfrorr HSoln:iflirimr{nrrlfrtlu
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A o ar i ' q Y9)4 d o u I t Y a I da v I
dl,ilrrilururnvrovtrulfri[5uuuo{[run?1il6irilur:&r.i?r{Fr?tu5 t4:0il:eflunl:fltlfl]Jnun?lu:I

A t 4d t -'- d 94 dt
fisoil:eflun1:iu tril1 9t{uun:uu?unl:t:uug 0{[ilun1:,.ldurud]u:314?1{n:vrlun]:
-rmrifi{9ro [lJu

( I ) nr:ri'ur-nn?ruf (Acquisition) rfJunr:: eu: ?iln?rilf1rri1 uhrurrrvrufi

n r r l f 16 ru ri o riJ u n r :,il'q I n : { a f r I I o { n ? r rt f fi 1 d'iu ru r l#rij u : u u u u I n du' -a A

ildtryAsy
(2) nr:fiFtrril o{a ?rug (Transformation) tilu nt: 0et : vtuuu tn : { d: 1{tl0 {

I y4 c-gtu v dr i - 4 a 9q I a dl ri
rJ'l?dl:n?lil:rotJ t?IfltJl\utrfloruo{fluflo]unt:il{14:ofl?lill tl{tJ fi:olilun']:tuauultilo{..-.,,q1 _. s

rir':ar: n rrru f fi 16'furu r1#o dlu : rJuuu 1n riq{q

n r : il : v rfi u p.r on 1 til f, ( Eval uation ) r{i u n r : rJ : v rfi u fi I fi ril6 uu r ril n l'hJ lir
q eA o ttAY v & 4 h '
I11rfl fl n1:r: UU:mnl??lullJu14: 0 [u

$

rin vr q u fl n u ri r n"'q 6 n n u u fi .: fi fi 6 vr fi n o si o n r r ru rn d o u'l u r t o.: n { ru n o u a oi'n fi

^ 4 tt, I lrl

?dsru tnlrn t1{0st: dsq?nnt: (2539 ;David Ausubel, 1968) finarilr#u'ir Jn:.:air.rri?uunna
dr dr .io - i 4 A o - j j

(The child's own Personal Construcrs) rijuo{fiu:vn0uflrilniumqg1Jo{nl:flnul d{dlniuilqqvl
e ,)q A i/ 4 A. i 4 y A- e- - r4?^- s 6t, Y?.

n;0udoif"[u!gGruf{urointiflou oo a.:vrrfln! rilomnite [9r?.1.:rt,.lunl:flou tou [ryfl?l]JgtfitJ

< d ea d dr A v 4 Y- =-4- 
qYY^ 4 1)

rraynn?5fl1:nuu5rfirulo{[onrilu09rr:ilau Ausubel0IUlu?] fl1:t:uu!0u[flo1,u [91611fl'l:t5uu:
I - -- '' --" a q q

Ao ,"- 9a o& & i s t/s yq !14-y4- oqva < vAq 'fl?.:1nrufu r{[iuurnuilnu$ruB{rBoru luruirnunlruf ]iltJ-t!i ryltvvit ltltnflnr:r:uu;d{ [?ltJuu{

UN11U14U1U

: I n g I u yt I .t yt q u fl 6 n m I { fi fi { fi r6 u r rlo ': n-il n { r n o u d rr in G i a 6l
,o

u..) fi 'irdrunr: fi Unnaovair I
, A da r d v dt

n?tu14u'tugiodlrirllnruil:sdunt:airoil rJ:caunr:i[rrnvqnnfln]il61'luel?l0iqnna0v[lJu
tgrA'-

sr r ri r u u n r r rr r d 5 r { n ? r il 14 tJ 1 u si o A { ulu 1 o tj r.: 1 :

a g r.J'j r vr q u fr n o u aor fn 6i adu r{J u vr q u fr fi ri o r ii'r n r r ru f, u n v n I : G u u f fi fi

: rn$ rulJr ornrJfrqro'stimurrrnunr: finu rnr: G uuf n rilvrtlu finr: aflr I o lrint rruf rilu
)Yo v o v g l[ tq ' < v g ,, t o rdt Y--{- S--.

n:yu1ufl'l:ytp{r:uu0nn:v1irnudoua '[lJ [s[?iu{5uiorunmrru10u't':[ou? [r9rtilun]:di1':1u touqa{

id e) 9) 6r d raq q ds i 4 A Y t gt A Y Y
yt u n ? tu a n ? tu [1'r t0 ]J lJ fl dult u t nu u n n n o u : ?u0 { d{ tl']q o 0 il fl l { dl lto v fi u lvll o{ n l: : u a

tu u t t dU vlo, j y A i<r a o la dr
nl:iliua?ttnsnr:il:srJ ?CIil: e dunr: iliyririla til lryrfl 0n ]: auilu d{vrlilu 0 : { r nnn l: u 0{nJu

!' y q q tv ut 11,
n : y u ? u n 1 : vt { m I { a 1 u fl 0J 6u 1 r r a v ri'{ n ru n u n ri'u'[ rl sir u": {

23.2 n:rffituvr6saffunr:t?uuiuavn2tulntilttu?nouflfl Yn6?osi con.tructivism)
9g

?::€ufiflr :oetrr:{r1t (2540 ; dx6rorn cobb, 1994) nrirrfirnr:Guufmrrurrur

noudn;nfiiaoi'irriJun:su?unr:dhi1d'mqord.:oqjd'rfilunr:dir{:?u:?tJ rrnunr:nnud{



t4

n?ruf, {GuufiIn:rairrnrruffildlunr:6orrruuruturravriruroruqnr:nioirrl:olri"lttr
s v ' iGuuororrilanrrnvrrflnsirrflrn]n:.raYrrnrrrLiclo{r'Xrfiurvriutn:{d51{fl?1u:10{h flgll{flln [fl:.:'61:'1.:n'J q {

I q t 4 q aa dt
U O n 0 I n u Cobb U { fl 0 1 ?0.1 1l 5 : fl U U Yl 1 { 19}l U t : : }J fl .l Fl lJ lJ 0 { n 0 u dfl : n 9l ? dn I 1

n r : G u u ir fJ u n : e u ? u n r : m r r dr n ru tr a c r t.l u n r : i r ru ru^ o ri'u : v u 'i r s (a o u r r a v flG u u 1u n r :
q-q{

rJ:vfir.J:vuorrnlru14rnuficir.:du Unflnfirr?erd,ol{Goutcfi6ilGflosioa?rilfiorfiutol{Gtlu
iqo ,i t v 9)4 q 4t q - i o - I d Y

uon0tnur{-[uruyrou:ougrrpiriuu n]Utltny?F]ruI::Utlju1J00Uvl6Ilfit.uUlnn0fl:uU?un1:[:UU!''-'qi-"---'-O--- { - u {

y4
10{,.t[:uu

?: : ilfi il I : oetrt: {rlt Q540 ;d't.:6.: orn Bell. I 993) fi vr : : guv rdurri'l nr: G uuf,

,,n'i t n r : G uuf, hi lrin r : rsr u aru o.: fi 'i r.: nJ ri r t o { fn G u u l#16 ru nt o hj l'ri

n r : ldru r d r n ? r il A n 1 fi ri 1 t o.: rin G uu usi rfJ u n r : vflm u r ut o rrJd uu n r r ru o n fi fi o qjrrd'': t o r

rinGuu nr:Guuir{lunr:rilduurrilarruJuruoriJunr:431i rtavflr:uotiunrrlnolrril nioq

drqsg6oia'Ycl'4udd1 t,.}ta
IIJunt:terln:la5t{mt{n?tuno[Ftuyruoq[r6? [],nJ ry{nufl:vl'tun?lunt:uutUuryd:1{rl?luno

r 4 6 O I o a dt 9) 9J I 19)

lJtn n itq n ryxfl ?tlJnq [il il 1 [rn y u n[: uu lil u ryai r.rn ?-ru 14 ]J t u 0 1 nil : u du n l: ol q ? ua u r0.:

'.yq69l^2)rirrix ,il'ura3l Q551 ; drl6ltrn Carr, Hayes & Symington, l99l) uo{n?lui
r dr a u h I o I q jq l- 4l I - ---.-.---^i?rriJuofl:e0rnfluserrou '[ririrnurrnvrJ:rngri'urlnnnfild'funr:flnrlu rrnuri'uUnnnfi:ounou

o s ; - | ,y4 u q y9
:yliot:v'l-llouiltun:eu?unt:uo{fl'l:rit:rolnnfrtttotriuoq {tTUuQnnlqri.:ltifiul'lt

j y^ yL
n?1il1.1lJ tuyr[[Yl0: {10{n1lilg uu

?::iuvt-il"l :oettt:{r11 Q54O;dx6.:orn Driver & Bell, tqgo) ki'rrafl{vl::f,ue
.i - I - urY- Z

tfl U ? n il n ? 1 IJ : 9l 1 U I tu ? Constructivi.-'l {91-l Ut

i 6 v , d Y Y o, -4-.-- .a L
"riloil n t: Gu t gt ? o u t { { "t u1 ryu n t: 

Q 
?i ?fl n t dfl n n u r.l t un ?u'1 14 ?fl n l fl n n u u }J'l

iiornu'orgun:uenu0yr#u'ir riunrasrnarrut:oqorflufl:uerrudurLrld'1un:fifi tilnnt:0i1uqiq

s a 4 dr s q 99 l

tnno:11 ry{rilu tonro{nr::uAq?uu:uarvrdrr^ia (lanto.:isrqltn&t]rEnt:rrlfirtrarlr:o
s q u 9 d . A '- o- Y I 4 j o 4
rirur.re'lnrrasfl'lut:6luo{r1.ru) cu{:?um{n]:qH?nil,.nlta?fi?qafl:vfllu tuol^{0-l:fil'lo.1su911Io{

rir ofi r r o fi r: r do s dr ra u o ril E n r : 0i1 u #u G u u rit o G u t u o t o ri u e nil n'l t ru n q t o l n t : si r u l o u

il:vlldflrornrihJdreYr rJ:vllvlflrqvrGruui0ud3r{flu'rrLlv'lfllruun:venu 6rdr1#rfinu:l
irUr,t,,dtrtnrrrhrYrziq'q,<1 r4

uun:yenu 0lnrnar?ilryr{14uer trurrovuJuil:rrb{fllr aurllv'lfllr rrnu6ul hilqiriiueirufir:r

frfld'd'rorJ:&drmdrr,.ria rrsiniur{Junr:aixo^usrurnr:dosrirrurofrutuil:tngnr:nifirfrrrdrru

Ionuoyri':udul fi16o':rlorriur::uryr6rornrrlfrurt'uf:srirrnr:fufd'rorJ:varvrdruria
s A dh rlng v y d tv 4 ul ty a4 I d

rL lunsrrrnvmqufl't:r'tdnt0rnnt:ri{rnnrr?u?rqiluu0uli{lurl 0{ ttJet0{d{flutau?1 t:lUnnuil

' tA - o , 4 v u 4 q I I -4 -1-----.-el4 I
il:valnt:nllnulnun?tuutflGiturflrsulfiu?nuun[:uu lunt:fl?lJlJ0tvl00:{nlflrlnr t9l0lflfll:

dtacA
niu0ilfluanr:mono{"



l5

1,/a44VAA/
2.3.3 n ? rili ?t1U'1fl I fl el :nliluu?nquanoufl fl : nn ?del

jooiuY4Ydq66 I
[tJ= o v{ 0'l : 6u 1 uu ? n n tn u ? n u n r r ru g t ta u n ] : t: u u g a 1 u uu ? r q u 0 n o u da : n a ? dgl

drdgtvAtlr6 lqaad
nsrfiu?1tJn?lilflonndo{nunl:dulfl1yn?1il9?Yru1flldgl: Iur::u5'l9l?11u1fllfl4: [il:1vnl:

fiurarvnrrruivrr.:?mursrasrir{Junr:n-slurruIurosir.:r dc",u.'ronraoudrusruro{ ttnuY{-e}tul
q

e)q t u /s -il:ttlotn
n ?1 il [{t10 p.nu n: y U ?u n t : yt t { ti{fi tJ 1 0 { q}JsU U n ?m U lfl 1 fl 9l : [ 9l U 0 v [fl 4 : s fi '] 1 i n 1 : o n

r1jrru.:ru flr:rduuuyrn'nxeo-utlavnt:il:erlJdruruutvttlivlu'1flldfl{ 6.:r::ruvt-u1 :oelu:{ri'l
qi.

(zs 40) 1 d'a ; rJ n r : a 3 x o r rin I r u f vr x i vr o r a r a sr i 1 in"'l d

t t ) n r rru f vn {em u rfl r dsr irJ : v n o u d'r ur ru r fi o ri u'lniu l n n n r ru t : : t v r sr (l l u

uo'nq nn-nnr:) rrur6qdor^uru6.:Ianr::ruryrsr rirurJ:snortorlnnrrnv?ldorri'uoqilu)nn'jr
a gt A ' U 4 v q dv t Ut

nrilrvrourl [:rtnsruntrilflilllutnu0u'l{ t:

(2) n'rrrLflvrximuraram{r{Jun'lrruoir'fi'rn:tr loruovr#uotnrrurnordrl:unou
v clr 9 ^ llat o io li I qY U "r v
d'urilunrrrufvrr,rivrurarasrifiriJurru':nqfifinr:r:16uuruJn.:"[d uonotnriurloqriurtut6qmli
a to a o ri r , d ' lA\c)
'lytu'lfltdrt5 tu14o1ud11t?stunl:[lJauulrilniour{:?a[:'] [[nutuooditflnltnvil:vflunl:rufr'[d

hjr{luhJsrrrullurn^utoilquAfieiidu ruluru6riovrqufiriutvfinr:nJdouttila{ n3oq1n,,vrud

zi o cr^ Y u t
rvr-o l}f rn q n r l il d o n n do { n l n r : ri l tn 9l t [n v il : & du n l : fl

(3 ) n r r ru f ivr u r sr aEr irtJ u fl ? r u fl fi il u u tia fl x du I or u n r r ru f m r.: im u r sr asr i 1 d'" - --qj - - - ' .! a a

l, & 9/ a a I v a dvl ,t ,' ^^^^-Y4^.
ondStiilurJrpfruonicusu-lru uoun?turJ'ruuoerfl'nrut0nuUUU unlmutfltdst: [9ld:l{n?lxinuq -o-o 'i"- 'i---- t

a9/v I r t Y -itlY ' '- q a
rtaon0u'[dri'n[[il0{rrnulhrurr?riru'rurr?dr:1iorynvr"[6otnnt:vtFlRo{fl0{tllt[ilntuu tJ Iuilat[ne

d a iriiufirfirJ:vri"uotiluo^nhrorr1air{ unea{r?rrirriu,{Jur-rfirioh{rfierilquflvn.r?Yru]fl1del a s

4q^alqairrrraryq

Unannry{x0{tinimutfltdnS{uiltuautinamurflrdaSttflaunultflnenqil0u:?t,u0nu Iufll:
eaa/

Y{ fl U',lFl ?1tJ fi gtyt 1{ ?Yl u'Ifl I dgl :

(4) n r r u f vn { am u r fl r d sr {r{J u n r r u f fi a v a rL rL r u r u r1o I liu rin ivr u r sr arl $
y s v se o iuyy dt Z o d 4& !

d51,:slu10.1[11lquo"lflun?rill tu09tFll] tqnuY{uliluflu$lu rrnun?]ud'l[:010{0ulnflnflu0q
qodoqry
nufl ?'llJdt[:t [ulJt0uuq

rinivrorsrasrfhjrJ: vnrn'jrmqufr to{rtrrfJufl ?ru 0; { g{ qer

(6 ) ?r ii'n n r : fl 0 { n r : Au rfl r e fi r n ?'nJ f vr r.r ?vr u r gr asr $ 6 o n r : ilier u r n ? u u?r 1 o
q

t d as 4i v &
rJ : r n g n r : nir : : il y r sr l q u n r : yr er d o u n Q r ra u m q u A fi a Yr': fi u

ct\\ \?lqo
eeAtouail0.l0u

User
Rectangle

User
Oval
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z.e grJuuunr:oouttuuriruru-ffltnn-nr:oGurg (Predict-observe-Explain: PoE)

m qufl nr : G ouf n rrurru ? constructivism oG u r u li'i r {G uu rilu {aflr.ro r rrufdru

eruro{ ornnr:drrnflrrasil:vaunr:nifild'fu lourXGuuosldnrrrufnrrrLr{r1ofifioqir6l'lunr:
a o I t 

' 
o - ----= ^"ntqnurufiToti'tutuntEnr:nr 0rngil[[uunr:doultuutitu'tu-ti.llflrt-n]:orulu (Predict-

observe-Explain: PoE) rilugil[ruun1:d0uongil[ruul'luimngulul tT[]l0d{td5}J tilry[:uuil

Jonrald'frrl:vaunr:sritrndorunr:nifinraYr.:du lotuornaorunr:nifin:air'rdud.rlou
o h 9) 4 , ,* oqyYt4 .Y 

'r 
---- 

"a

fltlJt:011tfitstou"[fi0tnnr:yrno0{ dunuroUn vn tfiryl:uudtul:[tfl:'l{n?]}Jg9l-ltJmq!An]:

ti uu 5 fl tutlu? Constructivism

::Jtruunt:douItuuritutu-d.:rna-n]:oGutu (Predict-observe-Explain: poe) t{lu
I

d 6 & t v 4 eA a - q - j

!illruunt:douillru?nqy{ustu0rnnq}Junfln!tfr0udfl:n9}?dn ry{u?1ann1:d]niUtnu?flu
- 

, a I d, <tq ,4 - jq {
n?]il:r9tullnuflt:d:1{oinn?tu: tilil r:oiflnq tfl:Yiu (2549 . d'rrolorn Kearney & Treagust.

n.a.; iuoai, 2003) grJrrlrLnr:aoitrlurfruro-d'ltna-nt:oGuru (Predict-observe-Explain: PoE)

ld: rl6snr: fi {G uu 1d'liru ruruan r: arfr srd'rur,r"'rt o.: rf,G uu ro.rvrioru vrerl#rm q runfi rilu lil ld'

drnfrnr:riruru rraynr:ti'rrnsroro'hin:.rri'ufild'tilrruunt:aourtuurirutu-ii'lrnn-nr:0t^!tu

(predict-observe-Explain: poE) d'rtJr:o.i?u1#rfliuu,ir:?0 rrneu^florf'jrqndold'run-rflfiuuro.r
trqoq

lourqy{rvlunr:rirurosi'or1r?rrnruoil:ynor ciruluriuto{nrid{tflaor00vrfr0nt:t-errrtT{fi'u

runro{nr:riruru ludqorqfl,CoufioroixnrrrufrrouilnourfJuarrruf,tor{Guuro{ (Mabout,2006

; dr{6{trn Searle & G;";"r", 1990 r Tao & Lunstone, t997) nr::Jfun?rrut{rln1#q1nd'o'r dru

n:eu?unt:dourruutitu'tu-1i'{rna-nr:oGutu (Predict-observe-Explain: PoE) ovrirul#{riuu

n:snrinlunrrruuTrloro{eru uoul#jonrariuilfun:rruulrlo1#qnri'o.r (tfruro ofirytn?-naR,

2s48)

:ilrrulnr:,u"'onr:Guunr:d0urruuri'ruru-d{lnn-nr:ot'utu (Predict-observe-
s

dr < i - qvv Yq ia
Explain: poelrtluiGnr:fidfuflqul#fnGuuld'sr-ofruloriurrYunrrrurrirltfriloql rtovoUtLu

drgluruonrrurdorer^tt white & Gunstone (tgg2) ld'nrilrir ;ilrrlunt:aur,,rrrilu.t0-
dradio,aai'a09;

d'lrnn-nr:ot^uru (Predict-observe-Explain: Poe) riJuiGnr:frfirJ:vfrvrt.ntufrosd{td;rl1fi'
q d nY a d a I i - 6 a d dt !, o

unr:uu"lqtrrdrt.:fl?tunolHulravonil:rurnulnu[[u?nnmt{?vrurfltflsr: [Uu1Jufl0un.]:ut[du0
d o I @ d o r ^ ,n 3 It a ri t v v d o

d0lunt:flirlnu [f un[5uu?i]u'ru?t0elnq0y [:iu 6rrnt:[uauulriln{ Hn{0'rnunr:uuvl]u'lu
9dq9@dvdut!,"rs)-dAi-<qvl 9,,a4

rra?n lfi unr: uud{lnfl nt: iu9 ifl nt? n ]nuu [?tunr: uuu onfl iilun[: uud ilnfl tq rlnu0DUlu6l {

n?rrrrnneix:srixfi'rfild'riruruliriufln0rnnr:d.rrnn 6.::rJrruunr:d'nnr:tiuunt:aouttuuI

OU
fl I u r u-rYlrnn -fl I : o r u I u (Predict-observe-Explain : PoE) rJ : v n o u ri'r u : #u sr ou ri'l d
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v(l) ,irrurnuunr:riruru (predict: p) rfJunr:riruru'irr.rador,frrduo.,nflr:maoo.1

- aj " o erd| h , s A - a 9) q I j -n0n::u rravd0tunl:umnrfiua t?trljuou'r{ t:u1.r t9ruflun[:uu1v910{ [?ltHnilarnu?nufl'1:q

rirur ur orfnrt uuil: s nou d'rt,,

' - dt !, A- o ,, 4 a d
( z ) r.iu t o r n r : ii'{ rn m ( observe : o ) rTJ u riu sr o u fr rin G u u pio { o { u 0 m o n o { fl q 0 d

e o i - a /q
dsrnn u r rit gr 0u lnu ?n u n r : yr Fr o 0.: n ofl : : ur [o u do tu n I : il il iU t4 I

e o dr { A- o a s y&
:. {utolnr:ot^uru (Explain: e) ruuriusroufirinfiououtnqn?ril{nuti.tilu:ul't?'l{

A .j o iu y o j u a dq A
fl.lyr?i]u]u[[ayr{am tgrtlnn]:?flnta0urnu?nun'l:moao{ n0fl::ultasd0]un1:fluaJHlry.l

rinG ourcd'0.:ot.rLruhi'ld''ird'rrirqoufi ldornnr:rirnr: mn no{fr0n::ui-rt oantunt: airJwr r
.,,

kiriluhlsrrruriurr:nru:ryoy'l: rrnvlun:fifi'hiarrur:nrrrirsrortdrlrusrurorrinGuuovdor
r4-riao
: ?tJtJ ofl u[1\0u [ufl 'l: 1,1'lfr l9r0u

Keamey (2004) Isifi nu r n r : ldffi n r : f,q n r : G uu n r : ao u 1 o trl#; il ttu u n t : ao u r ru u

ov6
?i'tu'lu-d{tnfl-fl1:otutu (Predict-observe-Explain: PoE) Inufifioriofifi,6o,ilu5'.tu vtl'jt nt:

,1"'qnt:Guunt:douJeoldgilrrrunr:dourrurrituru-ti'lrnfl-fl1:oBuro (Predict-observe-

Explain: por) fildnouv!^rrflofd?rud'ro#urirudrrairunt:Guuttuuauvrurld'rull lqutay{tvlu

#uto.:nr:riruru nr:rrder{r?rFrr.rorraunr:dirnn du,iJutiunouflo.:nr:d'qnt:Guunt:doulnu

ld:rJrruunr:floutluuti'lutu-d':tnfl-n1:ofiu1u (Predict-observe-Explain: PoE)

Keamey er al. (200 I ) ld'finu rn ? rur{r10t orfnG uurtnv fl ; 16u?ri'u nr: vt-nru r

u o , i carc v 4 s qY l o

u?inn:: il1r rurfroldlun r:,fi'an: uu?unr: ri uunr: flou Ifl uldg rl,,rrn* flourrllUtiruru-

drrnn-nr:ot^rtu (Predicr-observe-Explain: PoE) r"lnnt:i'fi'tlul'ir nt:o-nnt:Guunr:flouIau1#

gilrrurnt:aourtuuriru.ru-1i'{tnn-nt:oGrtu (Predict-observe-Explain: PoE) nru{hJri'unt:1d

noruu^lno$#uri.:r.rarirl#rinGuurfrnnr:Guufodxfinrrrurrrulunr:riuunr:douivrurfl'rflfl$
a q6 aA A i
'lT'tv,l dn d [: o.ltt: {ttnvfl ]: rn n0uyl

Mabout (2006) ld'frnurrujuruotorrinfrnur:sr,r"'urjiiUiurfliluatrrivrurstasr{
q6 dq o r6sa qa t X - -:-" d ,) ad
?Idnfl tunl:YnlJ0umnl:Y!flnduul\u$]ulJo{mquan0uflm:fl9r?fla n?u?Dnr:flourluu

rituro-ti'ltna-n'l:or-utu (Predict-Observe-Explain: POE) rfiurri'uGo.rnr:ron^oufi vru'jrrinfinur
ds-aAs)A-iiao
uu tuvrfluvt0nno{[nu?nunt:[naoum r[aefl]ru1:6100fl[rLJUn1:m9no.: lrnvCI{uoyrln]:ilqa0{I

srrru#uEroulo.:n-l:dou[[UUlitulu-dltnn-nt:oiutu (Predict-Observe-Explain: POE) lunr:
6 s - tA 4i i !, , dqe c)Ans)oGrrorlurigrirsornr:[fln0uyr :?uyr{6IrrJr:nrJ:yunfl tyn?ril:yr tq0rnnr:yrqnorlill#lu

tA he
d0tunt:6u0u6l t9t

Russell et al. (2003)'lstfinurlvruryrto{fl1:rrarrrr.rn]quld"h:Io:noru^rroro$r{lugru

lunt:ariuaquln:rair{10{n'lrrurdr1o1uri1u,tu.rnufl'rdFr{nr:rnn^oufi nr:i'il'ufi
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rA A c/a o'ligrqil:valotrl'ont'runrtrurritlolunt:oonItuun0fli5]J Microcomputer-Based Laboratory (MBL)

o ,o 9 u d d 1, u a6 a A s . Y 1) qlf aon n do{ n u m qu 
Q n t : r: uu g [[u u n ou fl er : fl er ? der ry'l o d{ lfl : il ta : { d: ] { n ? t}J tfl 'l t 0 1J o {

o d , trq & v A a A i - d d
unt:uu ?{11?1n?1iltt1t0[uo{gtutnu?n!naf,lfl915n1:tnaouvllJo.luflt:uuuraluttu']vll.l
u d d 6 o a -i c u I io Yq

u nri uu tr rmnun [u n15 nq m H n ]nfi a I u [u f]'1 : 0 n n'l: I 0u n il tna 0 1 n n 1 : [lJ'l t0

aqrJ'jr gilrrllnr:c0ur[uuri'ru']u-d{[nfl-fl1:o;uru (Predict-observe-Explain:POE)

r{JuiGnr:,il'onr:Guunr:crouenrruu?mqufrnouanfnsr?aoi lnur{Junr:rjrn?ruf,tAuilrtdr{lu
d I rrA tY q 9a u 4 o

$tulunt: d5 r lnrrrug [ulntusrrt0{4r5uu[0{ n:yu?un1: 0ofl 1: t:uufl 'l:flout[uLJYllulu-

ol,aX
i{lrnn-nt:ofiuru (Predict-Observe-Explain: POE) fi : tiustou 6o tiunouto{nl:lilulu (Predict: P)
yy

riug,uunusnl:ii'{tnn (observe: o) rtnvriusrouuo.tfl'l:ot^rLru (Explain: e) 6ln:su?ufl1:
dr r a 94 a 99v a d a I A -

nj.:nrirrrijun'l: d{rdsu{r: uuhif ,ilflrrder.:n?'rtJniqrilurrnvatilt: u0nil: tutnu?nurtu?rtetvl"l{

a/
?Ytulflrdgr:

uO d a ala d

2.5 n?rilnrfl il2{ lunrlttuu?T'lv{fl nfl

n?runrnrf{1unr:Guuiryrfl?ndto{ur{remu"rii'urrruirrnupi (tvtaryland Physics

4r o A A Y I i- uo d ara d

Expectations: MPEX) rijurrr-tudr:?0Huivrd5lllrurutvtion?liln1qH?.1[unr:t:uul'{flfldlJ0.:
udst&qdl

y 
Q nvfler u r o tj x si o rfi o.r ri I qfl 1u

- A o o'- Y AqY- a ullr a d '7un z uurnru n.fl.2001 (E.F. Redish, 2001) rJyr{14uFr 34 x0 ?1tl-tun[:uu tfiudFr{fl?1tJfi9lt14u?1

d y 4 rnrd 9 6t - !, 'd y ) &q'a y- 4-..-q-y---q o

rfrudrumSo"[nnrupiru lu s :vsru nrrrnnrurrruyrqq0un:vvrn lulrua?uYlqq t'i,t']ot tufll:vll

uuuril:?0 l5-20 urfi lqurruudr:?r MeEX fild'r.i'lun.,tvrerdo!n?tuqnd'o.r (validity) lqunt:
u r@ a !' ' irrinfiuurrilnfl?rrJl.rlJrurrsinc{onrtuirotirr'l:travdrn luilun[: uuvl { : 1u! n n n[[oe : I unqu']

o d 4 o n- A q dt 4 i- ,) 4
lfl:tulilA lqfl?nrrtrl{[n0nnountflouuucl firnrruntqrr'rriJui5o.:fr.i'l,fourrnvnraturJoo-u

q

Y A I t o -,----t4Y t dt t ,v v ----, -i
rdrrurrnu'ldo{ lrerrruud"r:?0 MPEX 

'lnqnrruroontlu 
6 nau (0il1\: ?0u&,2549) niu

dr t - i - d 9q^ S r dt d trs
(1) Independence rlJUflQtJFr?tUn1qfi?{rflu?nunl:[:uug],iflnfl ?"1[lJufll:[:uua [qu

nYv 9 t u 4 4 9Y a dr o ttAA Y u t)
toruroun0tnnl:otu14uid0r:o0'tnr.r:l't:olljunr:[:uu:vllnu?fl0.:nun:vu']ufl1:d:l{n?]ilt {Q s

9/O I
rlj"lt09?uaulo{

dri-s99aralu
(2) Coherence rlunqufl ?]iln rnH i{tnu?nu [n: I ai Nto in?]rj! m1 irldfl d 1{ onnl:

vrr.rf,findlu6o.:rir,:1 r,iu uaruacr?ur rflud'u'irr{Jufrrfirfiurdorrfiorjurri'uuior{Jufirfihi
J,v
1U9r0flU

dr'-;-ivaralt4r4(3) Concepts [Uunq]Jfi?tunrnfi?{lflu?nulu01.t"tn?]ugvnil',ldnd ?t[ljur:0{qn:
aqi,r

H:0Hnfl fl r:mryououfl .tuluan:
gq



t9

dr ' - i - i s I qa I
(4) Reality t-ink rfl u n {il fl ? ril n r n r rlr rdo:nu n t : tBo ru lul : v r i r.rfl fr n dr rn v la n

dr
n?]u11lu 0: {

dr,-;-alqdqad
(5) Math t-ink rIlunQiln?tilnrfl?ri.:rnurnruvrulvrlJoiarranf,rda: [un1:tsuurldnd

r A ddr o j a iogro o i q9h9 i . d a d qY
itnnrmgranirilurnulrn5olnovrtrylunt:riruaalllto [r lorutrylntn0u il:0ntuslfllan:Qfl tT

rnio or^ u r u il : r n 0 n r : RiYr r.: fl ?n d
dr I v; - ^ 

j" ar I d Y ,)q(6) Efforr lilUnqUn?1rufl 19ili{[nu?nu?\lqfl n::ilm0'lrljufl 0n1:[:uul ttastxl t0
d t u d - j 6 4 a , d i - A i o a - tArtrY -ildnd ?tun[:uun]aHi{yt0ennfli0T{nt:flt]0ut{n&[0ufilflu?nud{Ytvr111:0ruaaflrm tqnnuu.l

4hr
1450 tlJ

o- ji ,)
2.6 {ru?ountnu?1,0{

l/l ,4 o9/ad v 4 S qr,<
Keamey (2004) [9tflnutfl't: lry?rn]:09rn1:[:uufll:dou tou tT?tfl1:d0utluu

riruro-dlrna-nr:o;uru (Predict-observe-Explain: PoE)Inufifiol-nfifirGtlr{Jugru lunr:Gou
t 4 o- id, i o d a

t[uufluytulnautCIn {]u?duutilu{1u?0u[[uu Social constructivist yl0v?[fl:'l&filtnunfl?]lJ0'.lfl
q

u44^rJadtv4
uytfluytullJo{un[:uu flnut?I11:ilrilCIflyyrou n]:?01:011o{QfluYlu11o.1uflt5uu n1:
a 19) dt o i d Y \ i, 4 4 v 4 dd
?rnsly14iOtJArIUlrUUtT.:frtlrRlll cU.:tflU:1U:?tJ1J0iln [nUn]:UUvlntdu{ uavnl:uuYlnRlfl?91oqq
v d 3- o q d s d - !' d a v

ylf,u uon0lnuu{ilnl:dilnluilnguauun[:uu nt:d{lnn5ur:uu 9.ran1:?nuv{u?l fll:091fl"l:

rSuunr:cou]quldffint:douuuuri'ruru-d{rnfl-nt:o;utu (Predict-observe-Explain: PoE) fi
o 9 ^ dt ,) "- , d s. ll Y e

t5ftoull?rgto::?uFt?uuury?ufl.1lfl:]Jfl'r:r:uur[uudullu.r tgrrIu{ Jgurqiltvluriutolnt:rftutu
- i & e- - '1uflr:dou]que6nr:douuuunt: tlfl 9r { [1{ 9l run tra u n I : d { lnfl GU{ tljulj u 9l ou I 0 { n l: 0 0 fl l: [: t

q

oua
riru t u-dstnn-n1: of U I u (Predict-Observe-Explain : POE)

Mabout ( 2006) 1 dfi n u r r I u ru sr^ r o nin fi n u r : v niu il3 ql q r ni 1 u a r t t ivr u I fl r dn {
qa dq o raqa qa I & - -":^ I v ad
Tl d n d tu n I : yt I il 0 u n n I : y,l d fl du u il u $'r u lJ 0'r 11 q u a n 0 u d 9r : fl sr ? fl sr 9r ? u 1 D n I : d0 u [[u u
o v i - A i i I u4

viruru-ti{rnn-nr:oruru (Predict-Observe-Explain: POE) [nu?nu[i0{nt:lfla0uvt 1\u?lunflnul
ds-tAc)A-jiao
utJ [uytfluytEtflgt0irflu?nunl:tna0um ttaufl']u1:000nrluufl't:Yr9roo{rlnva{ilo?ltnt:mnn0{q

J q a s - rA i f, ?, , dqy c)A
FrlUlJU9r0Ul0{ POE [Unr:0turuil tuvrf,u15onfl]:rflnouvr :?rJvr{dr}J1:r]il:uqnn t,r,n?ruivr

ld'ornnr:mpr nor hJ1dlu d0 runr:ifi6u1 lfi'
- i 9 a r 09 a

d:uR-l n0rn0Qa (2550 I 01i0{0tn white & Gunstone. 1992) 1,{u?1 n]: lsrvrfrufi

ritutu-d.:rna-nr:oGuru nio por (predict-observe-Exptain) rfluffinr:mfirfingarrur:0rirri'r
t dq y A | 6 q 9t q d ds o d ,) j o /A i

u:uufl9r tTrlI0d{rd:tJ t?tuflr:uutJ [0n]flfl1:?0 vr9taon rIoytflu10iln [fl01\d0ud.:yrq{q

u A lq 4 vr)9) I v d y9) 
-ioun?mutfl]dgr: tu ofl a tfinuilua ?ugtu[0{ nt: nqn]:t: uui 9t?u?t u n0
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(r) ng,ilrr{ludo.ro"'orsrSuranrunr:irfurn:vduh?rinGuurfrqnrtrculo crrtrirorru
9 v a v 4 d\lr) q.9v a d 4r)

(dttinriuuarrur:od'nrnSuruaorunr:oi"[piror nr:1f unt:uursLSutJdolunt:gttFleunuto.t)
!, a oe/u d o 4 A j" - ^ 3 ' q I y a r

otnuu n:o{fl0 lfiunr:uun0{?itu]uo{d.tyrflrn{0slnqtu9ro tlJ y{:olJ0tulutHqr^lnil:un0u
'{q

(2) agdrGnanrunr:cririul#rinGuuq orn#u6.:1#rinfiuuriuvr'nfi':firi"rtnsrrfiu

(:) rinGourrnen;i?uri'uofirJ:ru?.:fid.rrnsrki'loo*r,olr,duruIo.:filriroGuru n;
I -- q

9 o q I e 4 I t o 6 9 td I S d t v 4

tiowruturrurir tfiunr:uuUnnui?rUflnr0ruruo?ulraril:v Iuruflrul:ory?ungIra&uflt5uu?11
o 6 A y u,9)

fi'lot lJ tuYtfinno{ t9la

d'ru n : r-o u x l2s4g) 1 d'd r : r o n r r ru n r n r i'r 1 u n r : G u u iry r fil fi n d I q u 1 d Marytand

h / o E < q o d qa d
physics Expectations (MPEX) trav"ldritnt:nt:ttjsuutvluunlrrunlqfii{ [un]:[:UuY'ldnd

I v o '- u 4 olj o - ala d v
:efl'ir.:n:rrastin[5uu .i'uru-rurufrnurTJfr 4 iirueu l2l au rrovn?runtqil?ito.:n;ildna:vrilq

udr4d9- vv4

utuurinutil'lu'lu 143 flu run0rflnr:fl]:?0?ru?ril[?tu{:oune 27 10.:n?]iln]qr?{10.1ufll:uu
et u i - YA

r[au : 0uou 48 1o{n']'lun lqil ?.:1o.:n; mm: {nuryrTU?T]il
! s) q a vtY4 u 6 4 zl

ilrr{rr oura:ru (2551) t9tflnulflonl:0nn0n::unl:t:uufll:flou [:o{.1]utta&

- & d u aa ds q rr< o q 6
fla{{tuuuvrugtutolylqu0n0udgt:Ft9t?dgr t9u t5ltnr:d0uttuuYllulu-d{tnn-n15otu'lu

& o o s ar a zi
(predict-Observe-Explain: POE) Blnnt:rir:?0tJ Iuufln0u[:uu[:0nn]u tlaufla{{]uttosY{s}lu-l

s aa tA o !, v 4
rulurusrivrurflrdn;Go{irurroeild'{{'ru xo':finr3ou'i'utitorHnuriJfi + ldgrJrnlui'u"'ur8.rGn'lrru

nr:irn:rsrirlolanlunr:6nrrltrulurusr'torrinGuu0rnuuui'orulurun^rtu ltaeflii'{{'tu [t,.lue.t-{
a

ulurLsi^rraynr:drnrunlfnGuurn*rur6u rrncil:rrnuulursrivruraran$tolrinGuu irruld
a s aa lA r a a /

n:ourlu?fi9tu Iu]Ja?mu1fltdfl:t50.:.t1uun&1\n{{tu1J0.1d0luud{[d:ufl'l:floulylulflld9l:unu

rvrnlulnE (2s48) ,{anr:ed'uilu'ir rinGuurLrnn'irfounv zo lrinierutrulurusr^vrrrrfionhJdrulu

r sr' i m u r n r an {rL o r a n t riu d r ra3 ru n t : a o u ivr u t st a sr $r r a v rvr n J u I aE

v d r a tn 94 u o d a ala d
nliuru't ouyrS rJ: vra5n (255 I ) "t6rinu 

rf,i?ruFt re14 ?.: Iunr: r: uu?ryrfl fl fl d
6 /d q 4 I L orA o \ qY
lytutfltflgt:fl?R]}rlj0{unf,nulfi0rul\urutnflrda: Tuljvr 2 rru?u 100 nu tou tryuuufl'r:'10

Maryland Physics Expectations ( MPEX ) [til { n']tu a ter r r-l o o nt{i u o ri'ru 6o
Y49)(l) qrunt:r:uug

.ysr,rr)(2) aru tft:.:d:t{10{n?1u!
,r&9(3) 9r'luruoil]n?lilJ
lr'Asrqa/sdr a(4) Frrunr: lToil [u{:v1.r ?r iv'l dnfl [rae [nnfl 0{n']rilr!u 0:.1

( s ) dr u n'r r rL rd o r I u.: n tfi sr sr aqr f lu n r : G u u fl 3n d
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, a jo ar r d L) q o t 9t

(6) 9r-tuilqnn::uvrolrljun0nl:[:uugrlastlJ'l [0 fla01nn1:fl]:?0ilu?l:0un& 4'7.7,

45.2 48.6, 46.5,41.0, 45.0 rrAs 45.0 lJO{fi?1Un1srr',:-.rr#Ud'rUflO{fnrSUUVY': O rirurrAslU
o v e q d I YA

R'til : ?u 9n u a l q lJ fl :': fl u fr ? l u n 1 q fi ? { lfi u 9r ? uI 0 { 
ry 

[$ u ? Tl tu

v dt o hr,t4 qq - ^yrflfindnrq0ur duil:rj:vra:5 Q553) toflnuln?lunlefi?{lufl]:[:uu?
^ dd u 4 a u le- arA o s ctI q

?ytutfltdgt:fl?n]il10nunflnut?yru-rnurrv{vrufltfla:5u1JYr I 0ru?u I l4 nu t9ru [Tuu!d]:?0

Maryland Physics Expectations (MPEX) [tilin?lun]nut:oonr{Ju o d'ru 6o
9J49(l) 9lunl:t:uug

.9/s99)(2) 9t',lu tfi:.1d5'l':1J 0.:n?lug

.e&e,(3) gllUtUOHln?lilg

. I zi s I qa / s d1
(4 ) ri tu n t : r50tJ [u { : e }r ?1 {v,l fl n fl ltae I n nx 0 {fi ? ltJ [lju 0 : .t

(s ) d'ru n r r ru rdo ru I u.r n fi sr sr am ilu n r : G u u fil fi n d
5Y 6 io dr I d I 9) q c t tl

(6) 9truflqfln:::Jytiillilugtoflr:[:uuirlaertl tn 2o0]nnr:d]:?oilu?r:oaav 27.

vdrtvoY-9q
53, 57, 52, 56, 36 [rnU 37 XO{A?]ilFI19t1.r?{r11U9t?U10{Un[:UUvr{ 6 9nu[[ne tUR]il5?tJ

o u v v d g YA
fl 'Iru a I q u n : { n u n ? 1 il n I q il ? { lfi u 9l ? u1 0 { r{ lryu ? 5 I ttlQU

d a d o h r tr 9/ o 6q j 
- s a a / j

lflu:9trJrr.t rlrll t: (2553) [9tfirnr:?0ulil0119]rurrJ tuxgrvrl{?Ytu'lfl]d9t: t:o{ [t:i
/i i q d !' - 4 ari I a d ,) o y

rtnsnl:rnn0uyt 10{uflr:uusu}Jtuilflnuluvr I fl?un0n::run1:r:uugrruuvl"lu"lu-fl{tfl91-fl1:

ofilru (Predict-observe-Explain: PoE) nonr:e,fr'uilu'jr rinrioufirulurufimrlrfionduarnuCI'tu

I n uru I u ru sr'vr x rf, o n lu ri o r sir r rr ri r t o r i'qr n r ni r o o n rfj u s n ei ru r I u r 6 6 o

(1) r6onlod'r.r6.:turnlrqj 

q q

(z) :vqvt-amx{ru

(3 ) : vU Yr^Rvr x rfr uu ri'u sr u ror

(+):vUvr^amr{rInv:euvrir.:rfioun"u1ndt.:o'.:rrnezunnr:n"'p]rurruIurusr^rto{rr:{rrau

nr:rnfioud nuir rinriuuurnn'irfounv 70ld'vr-flruruIurusr^vrrrrfion'hJcirlulfiimurflrdn{
o h d h9/4 s ^ a .i
rir'[nu ilrUA (2553) ld'finu r ru]urunmr.:rfi on G orrra{rrnsnr:rnnn rfl ro{fnG uu

!, - 4 iri I < q aa ds q9€ o u
SUUDUUf,nU'UJvr 2 UUY{Ug',rUXO{vrrlU0ftOUdnsnn?flA lnU [,r?rn]:d0urruuli'ru-ru-d{rnn-

n r: ofi u ru (Predict-observe-Explain: PoE) n { ru r{l rn u r ur{i urin G uu#u ru-t urufi nu rfl fi 2t2

I:rGuurlotouruiuivrurnu lquldrrruunr:,il'anr:GoufrnLrriruru-d'qrngr-nr:o;uru (predict-

our"*.-e^plain: PoE) truutlerdouriqilluilfrmrq16on)onr:r^,u"'rrv{u'jr rinGuururnn'jrioonv

so 1d'd'exurrulurufivrrrra^onhJriruIurusr'mrriyrurflrflfl{10{anrriuri.:ra3rln-r:douailurflrdn{{

rrnyrmnlul aa Qsqg)
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ro3q qvrt^ornr: (2555) 'lrlfinurnr:ninrutEovrouuuduu,,r,t?uqvrtu lnunt:aou

rruulirutu-ti'srnn-nr:ot^uru (Predict-observe-Explain: poE) drnfurinGuuu-tuilfinutelou

ilaru runnr:io-trnu'ir rirrqdurorasrruuud'rGuuqsn'jrriouGuuotjr.:firitldra,rymr.ldfiotfi

:vri'u .os nrurirtrrl'rmr{nr:GuurouinGuufirirrvirrir o.ae oqjlu:vri'ugr rtnvn:rrufilvro1o
d d ro - i
lunr: [:uuoq tu: vgutJ tnmqet

d a ln9d q a A - o !, v 4
il: tn:oi UiUn0 ( 255 3 ) l9rrinu rs[rrryrufl ?rrJfl er [: 0.r rrfl { 1J 0.:u n[: uurutJ t uilflnu'l

o,j t v o rad o y
i.|fi s riouttasxri'lnl: tT?rn1:floutlulJlilu1u-d{tnfl-nl:oGu]u (Predict-observe-Explain:

poe) n d ru ril r il ri r u riJ u fn G uu #u rir uru fi nu rfl fi sr t I:.: G ou un ru {l fl u em u rn il Iq uldtt,! u n r :

,il'nnr:Guuf:rJrrtu ffinr:aourruulitu'tu-ii'ltnn-nr:ot^utu (Predict-observe-Explain: PoE){{
uuudouorrurirsrrruilorurtjn lusrurroenr:d'ilnruaiodr.rhitfjumrlnt:tfiurri'uGo.rrtal uu'it

u 4 | q rdq o j Y u 
^ 

d

unG uu arulrrutrgtrttvtun?lufl9llld0an a0{nufl?uylufi?1ufio111.:?vlu'lfl]dql:
oo 

', 
d l4 Y4 v q d a qa I

fr du$ q?: : iuut\ylri rrnvnuv (2554) "lrfdnu rnrtiln ]ofi i{ lunr: ti uu':ryrfl and
t u 4 r s s d Y 4^d ^ o 

tU lOUtdfruSrurOltindnUrnuvdn?flldstitlnytfln [u Inunt:tnun:91?U0[n:uu{ 0lu?u 42 fi

Maryland Physics Expectations (MPEX) rir:rooonrfJu 6 s1ru n^o

.949)
( I ) nrunl:[:uui

.9sy9)(2) ntu tfl :nd:l{1jo{a?lug

"t&1)(3) 9l'lutuofl]n?luI
c, A s ' q6 d s dt a

(4) pirunt: tsoil [u{ : s1'l ?l{fl fl nfl ltnv [nfl 1o{n']'lulilu 0: {

(s) r1runrrrurdouIurfl tinstanilunr: G uufl fr nd
jy a io dt I d 9) ,) q o t 9J

(6) 6runqmn::uylii'triluoonr:riuuf rrnvmt to iln0rnnr:dl:?nilu?l:0uau 30,

rydyvo{-9cl
55,59,54,58,43 rrAy50 lJ0{n?lUntOr?{lfiUfi?U10{Uflr:UU1l.: 6 9t1U ttnU tURIV{:?lJ

o v v u d ,) YA
n 1 il a 1 n u fl : { n u n ? I il n I n fi ? { [?l u 9r ? u1 0': ry 

tTU ? s] iu
6- 4 d urd so d 6 qa d
ndu$ q?: : rurrnmd rrovnolv (2554) -[6rinu rnarunln?t i{ [un]: r: uu?51]ldnd

&vassdaar)4o
fiugrutolrinfrnurarrrrmnluln6nr:zuasrfrud?unr:rSuunr:dourruurufltJr.rfltu dturu

67 au iould Maryland Physics Expectations (MPEX) tit:rtoonr{lu 6 dru n^o

.yay
( I ) OrUnr: [: uug

.9srrr(2) 9t]u tn: id:r.:10{n?ru!
,,&st

(3 ) 9r]uru01.r]fr?rila

(+) d'r u n r : rdo u I u r : v ri r.: f, ?n dr rn v I a n r o.: n r r ru rfj u o3 .r

I A s 6 dd d qa d
(5) 9llun?rilrr0u [u{nilfl flrda: [unr:r:uu]l6Ynfl



23

9 a i" ar r d ,) lrq 9 | I
(6) f{luflqfln::ilyt.D-'lliluston]:[5uuf r[ns[lJt [0 ,{n0rnnr:d]:?0}1u?1:0uov 35, 57,

vdlvo!'Yqov+
63,50,58,45 tto& 5l 10{n?tun10fii{[l.tU9nU10{Unr:UU1l.1 6 AIU tlo& tunlil:?U 911}JnlnUU

Y v u d g,tA q ---. !-
fl ?lild0ofioo{nun?1iln1or ?{[1'luo?u1o{ rylryu?11tu tu: vouel'l

fsr u r n : ni n n r { }J fi ( zss:) 1dfi n u r n r : li'er u'r r}r er 1 n o n fr "fi'u t o uin G u u #u

il:vnrufinurijfi s 6o':rr:rrroyn?lud'u lqulda6nr:doutruuriruru-d{rnn-nr:or^u-lu (Predict-

I e)t dt v 4 !' t d ot j - s 4 I
observe-Explain: poE) n{urilrnrururflufnGuu'i'uil:volfrnurTJfi s l:lGuuriruluurirl
o d @ v I S qY v d I o s a

drrnorfroq or-lrintourrriu lqulfrrnunr:,il'qnr:[:uufttuuriruto-tiltnn-fl-l:0ru1u (Predict-
/

observe-Explain: poE) rruuior{adruqvrGvrirnr:Guu ruant:id'uvru'it rinGuuarrLl:o[uqlnon

fi.fi'ur#uki'.fi'nroulur1unr:ri'rrnfllnr:yrqno.:Jflufinr:?r{ru^ru nr:er:?0dou trnunr:il:utfiurun

dtunurol rrdq{6{n?tilfltut:nlunt:ldn:vu?unr:flourtuutitutu-d.:rnfl-nl:ofru1u

(predict-observe-Exptain: PoE) ld'lu:vri'u6 rirh?rinGuurfirrn:vlrunr:Guuf drxr:odil{
d ys d a a a tA v 4 - a.! 1

o{fin?1il5 [pruUrrutriqrr{?yru'rf,'ldqr:vrQnsr0{tJ]ntu [[nvr.tCIduqrrvll.:n1:[:uu?s'l- '''-- - ' o !
adv+&
?Yru 1fl 'l d9r : lJ 0 { u nr: uu q { I u

Lle/d - Yq j al i

?0:y nt:qt (2554) [qtgnul nr:flzuutfr?ru[1] [0r:o.:r[:{[taenl:[naouYllJo.:
o d !' - 4 <,j 9 a a 9) a
rinfiuu,f'uruirulfrnutIJfr + pirunon::r.inr:r:uufttuuritutu-dntna-nt:oru1u (Predict-

Observe-Explain: POE) Inutd Maryland Physics Expectations (MPEX) ,{nnr:i'il'uill'jl nrtru

-Alytv*taavd494=oAJntaHi,tlilucJuFt:unrqryuil:edmrr'rn 0.03 ua&unt:uuufrs[tuu,{adilqmrrl{nl:[:uu[1\u1lu
adri-o,oarv
lourunrrqnunruil:v dvrt t{n[mtnu 0.39

i nva o vfl:t?r utrdlurJ (2554) -[ridnurnr:douuulJvi'ruru-fl.rlflFr-nr:0tlJru (Predict-

: ) rni o nipu u t n r r u uTr l o t lu ? A a,* u u r, o r n r s r ra'lvl fl r n : l r.r a n r : i'fi'u n l'i t

rinfioufilriGuufrrur poEs finrrrruTrlouu':6nrto.rxo:lv{flrn:vttan:.:nii'.:fiuuq.:n'irriou
d | <u o v ooj u 4 Y Y d tq d

Guuodr.:fiu-odrriiyrr.:ansrfr:veiu.os frnrrrurfi?ilfrnr{nr:Guuoqjlu:v!r"'uq{ (0.73) ttavfi
4 o I q d 9r' tq

fi?ruilivr0 t0n0nr: 0nnr:r:uua0q tu:vauilrn

d{n:rue{ ryaairrri'r (2s53) ld'rirnr:i,fi'urniofinursr-rrrilun?rilnor rlos to{'lilo

rorrinGuuru-rurufinurflfi s ,rdrgrulro{vr6lufrnouanino'iaq{ )ooldgrJrrrunr:doutruu

riruro-drtnfl-nr:oBuru (Predict-observe-Exolain: PoE) t4ont:en-uY{u'it rinGuufisi'rrrvru

^jtvuadsdfl?lrunovrrtd9t{o0nllflnn1{nu [[9r l.to{01fln1:00n0fl::un1:r:uunt:fl0u [nu?rn1:flourruu
ovqv4d-'

rituro-d.:tna-nr:oBuru (Predict-observe-Explain: PoE) luntvr:'rtLfnGuufid"lrrvrun?tiln'4fi
tn 9/tl 9d d

[lfla{00nilr [n tfl atfl u{nufl ?[lilun?tlJnqT]{?ytutf,-rflgr:

QUn?::ol lvivro.: (2554) klfinurr.ronr:,fi'onr:fiuufrruuriruru-d{rnfl-nr:oGuruq. ,{

(Predict-observe-Explain: PoE) 13o.r lv,lflirnfr rffovf,qrurvt-nuvn:yu?uflt:yn.:?'yrutflldfl$[tne
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n r r il fi s n o t o si o n r : d'o n r : 11 uu f, t o.: rin G u u #u u-t u ru fi n u rfl fi o p.r a n r : i'fi'un l'i t uh G uu fr

yr-nuyfl:yu?unr:mrriyrorarasrir.irurnsu.v{nr:rl:vrtr^uqrn'itYouav oo rinriuufinerrn'wo1o
ayt6rved4adrtdt<

sionr:,$'nnr:Guuf oqjlu:ssi'ururn rtovruod'ruqmfrilt{nr:Guurri'lGouqln'jrriouGouourltt
-o-A-uudlflfll4:vo1I .05
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A4 o 6 Av
?fioltuunt:?0u

aq L J <t d q s a a t A h a
n t : - t u n f i fi ril u n r : fr nu r n r : vffl u r ru lu ru fi vr r r iyr o r sr osr i G o s r o l'[il a 6rn er r o {

v4-'-
tinrStlu:vri'l'i'uriturufinurflfi s jquldi6nr:flouuuurfruru-ri'rrnfl-nr:o;uru (predict-

observe -Explain : PoE ) {5,u"'u 1 d'ri r rfr u n t : i f'o sr r ru rlm u u oi'o d

3. I n r : o o n r ru u r ra s n I : af r.r rnt o.: fi o fi ldl u n r : i o-u

3. 2 n r : ri r rfr u n 
-l : : ?u : ? ru rlo ru n r r a y irn : r y #r?o I n{{

3.I R]:ooRuuuuaynt: o3r{rn*osfi odlfflunr:?fi'u

,
nr:id'ufilduuuru"runr:i,il'ur8.rrJfrrj6nr:1dn{lsr-rodrrrfiu.:n{l16ur (one Group

Pretest-Posttest Design) rn3o'rrr^ofildlunr:i,o"'un#sd rril{oonr{lu z rl:srnm 6o rnio.:n^ofildlu
ai a iq:rcr d 9,

nt:yt9r o0{ rrnsrn: o'1u0m try lunI: [nu : ?lJ : ?utoila

3.1.1,otuuu^udlfflunr:vrooos lri'uri uruu n r: d'onr : G uu f lnutdffi nr: aouuu u

rirutu-dltna-n1:ot.utu (Predict-observe-Explain: PoE) rtor to.:'lnaafisr :veiurituufinurflfi

s n { ru ar : v n r : G uu f ivr u r fl r dn f gr r il T{ (i'n dn : d0 r u fi n ! r J : { G u u u r rE ufi n u r fyru-.: n a rn^ru nq q fu - -- _'

o4
:vuur?a t"[unt:frnu I t z .fi"1]ul

3.1. t. I nr:rfiourrruunr:,il'nnt:riuuf
a

d5,il'urirru u n r : rfi uu rr pru n r :,fi'n n r : G uu Y: r uiry rfl 3n d,* o.: t o.: 1 n na -'- - ''{ -

a6sr lqutdffifll:doultuuriruro-dlrnn-nt:oGrru (Predict-observe-Explain: poE) mrrurirri'l
99ovd

lJUgtOU 9l':U

t ) dn u r I n :.: air r : r uiry rr rn y irn : r v #r ai'n qm : rra v rir o t^ u r o : r u ?sr
afAdsdd4auo'
fl?ndtoll:lrSuuuttEuHnut fvn-rnornrun rto.: ro,r'lroa6qrlqurfionri"r{orui : ri'rrio lsirrri

rqq4n?tililuIItuu n?'tunu r[outr: {n0ugt?}1 t 0rr: {trq{Io.:Io{lra?

2) fi n u r r r a y ri'u n ir rfi u r ri'u i6 fl r : fl o u r ru u ri r u r o -ri'r r n m -n r : o fr r r u

(Predict-observe-Explain: PoE) lrui'u"'ofirfiurr?os rravfron::unt:ytnno.:fi16urri'utol'lroan-st
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a 4 9q q d Yqy
3 ) OOnlruUn0fl 5 : ]Jn 1t [: UUi [U[[p{Un1: 0fl nl: t: uug lil n: ounq]J

I I d 4 I q , 4 e) h o- d' s
rfiorr rrnuQnil:udlrinr:fiuuf lurrieonr:Guuf xo{-[fln 'ilruau 3 tt,.tu rrttuov 4 T? tun

hr,
tnrrn

rrru u n r :'t'o n r : G u u ifi r ri'r rio ri 0 i Ft ? I u l't u t tni u il : r n o I dr o

- f, j - I a i,^.i rA
ilon::rufr l.l [50{ x?onuflltrJt4u"rlruu rion::ruvt 1.2 [50{ tJ:urn:nlfl?'llJfiul[[uu ttns

ojj'qadv
n0n::il1l 1.3 t:o.1 n?lilHu]ltuulo{?nqryu9[qu?nu

u,{ u n r : 0-a n r : G u u !fi z rit {o r3 o { n ? I ru riu 1 u I o { t r a ?

teojA-€qi^-j
u:enouo?u flnn::uyt 2.1 [:o{ fi']'luelul[osnrrlfinluto{ll40? fron::rufi z.z Go.: fi?lu9lu

rlavfl?rlJ14utrniu ttavfr0n5:ild z.: rSol n']ltr$l"'utrauil3rurn:tolzuo{r140')

rr,{ u n r : d'q n I : G u u f fi I u"'r r?o ti o { tt: { n o u el-? rl : v n o I d'r o

fron::rd 3.1 u:{nouer-'rlutosrrar t fron::rud 3.2 rt:saour,l"")lutoltuar z fion::rufi 3.3 rr:{

a o ur;t"'rlu t o { r14 o ? 3 [ ta e fi t n : : ru fi :.+ t [: { a o url-?lu I o { [r n ? 4

+ ) d r u r^r u n u a o u d aYr': du hJ h?q nr n g {a o u iur fl fi n r{ t ra & o I 0 r : tid

il3nurn:rofior:iur rrd'rrirrurrJirilqrruiltntruritrrusdt rfiorjrlilldlunr:f,nn:su?unr:

Guunr:aousiohJ

ri5,fr'u 1 do n ri'r o d r r ii'n u su v n r : rir fi o n : : il I o.: t r,{ u n r :'il'q n r : G u u f fi 3
g'a

q y A - iqla e':
14?1JOr50{ [r:{AOUgr? T try tun]:vlnoo{ 9l{U

n;rnirn{rurinriuuoonrtlu e n{rL1 ae 4 - 5 ou (n{rurfirunlutrp{unr:
qq

u d yA o d q a i - .i , t- t- '
ohnr:riuuffi t) ornrirn:drrauoantunrs6irnx1ufron::rufi : tTor rr:.:ooueh orsetolilfi

ojj
n 0 n : : lJvr 3. I r: o.1 u: { a ou!4"'?1u1 0.1 [1't o 1 I
v

riunr:druru (Predict) n;rirqiln:aild'rrri riosr t6onrut h? nrryuv

3 
"rr- 

o v I du A gQlv a o I .v t49
u::0u'rtJrrrdfi,r tilunGuufr o''qoiln:nrqr''rnrnm 3.t [[n? trun[:uuliluru'ir "a'nuuvnru truov

q{q

drruli,d4gtta'-9)1)uq4dl'!'-.nluourl'[: rilo0u uonarytasri]{ lrnunuuofla{yr{do{t-r{1\50unu lil:t&rfisr[n0{rilutryuuu"' -- --'- 6'' E q

s o lYu d o ^ t 4t '- q Cr- d o
( [qu tf unr:uuvitutu [rny0tulu[14Er.roil:vnourlju:luqnna 0rnuu tHunr:uuvllulu[[ae

oirrurunruarJ:ynour{Ju:rundu nrlurruuniuvr*nfirn::rufiu0n1# tilqlonral#rinGuuld
qq

a d s sh ' 9
rrdgr{fi?runnrfi u [9r uu i triluuQn p{9 )
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.i ry d q d 14 9/S u q Y
nrTtli 3.1 nn!flrvfl1:plnrryoflfllju0mltaufllu ttJ [9lu0o t?lduqnnu

qq

"--A99riunr:d'rrnn mqno{ firri'uriorya (observe) ergrronlufi0n::ilfi 3.t 1l

n?ruifi :l#rinGuufinurrrnvrjfiuGnr:mnoorflrulufron::rufi :.t t{.lureat 30 urfi lnontnou
s -7)- " - q

o lYo o a A a i - a ta 6 - i - -birirrrusrirrrasoiu'rurl,\=lrri=rutruvfrfnr:uurJfr116nr:vletoo.: ri'lnrvrfr l.z

i ' d o 3i c) A - ,j t

R]YM 3.2 nt: ?t u0uuo9l n { tuu til nut.l{rYr 0d{lnfl fl l: []J n uurrlj n iI 0{n lu

vq a I qYv 4 | a 4v 4lunl:0IUlU (Explain) flgqil tfiun[:Uu l- 2 nqUO5Ulu,{Aflunt:Uu
o 4 ra qa Y - o , q a r A q 9)vt 9)Y t

m l n t : fl nu t [[o u lJ fl u a n t : m q a 0.: 0 ] nu u fr g [tae u n [: uu : ?]J nu 0 n U : 1 u,{a til o n4 t9tl o d? ]J

rdueri'urr:raood'rtunrn? Hn-.:0rn#un:ofiurorfirrsr-il "rrujo?isrcroulurorrfinx0vfir[:{unfi;o
{q{
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04ilqodd4
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ajj
ilon::rufr 3.2 Gor rr:raoosr-rturya'l 2

#u n r : rir u r u (predict) n g rir q rJ n : nild'r rri 6u rirriu z rYo u fi fi l': n rra y

F I q 4 h V '" qg)v 4 q I du i
:J:tJr9r:sl1{flu tsontul til nluugu::0u1 u"t[[6lo{ tHunr:uuft 00oun:iln{nly{yt :.: rr#rtr?qqq

u 4 o I u t49t dt ' tn j , ^ 'o - d ,) I a I - '-uflr:uuvllulu?1 "anuflrenlu tu0v[1luou1{ t: tu0lilouuluun{ilout1.: ltae0uquilluuo.lyt{

ao{{r{ilYoruri'u rn:rvnrqlo6rrilurciu#u" tlou1#rinfiuuli'rururrnvor-rLrurrqrunil:ynol
dr !' 

^y- 
< otilu:ruqnnn 0rnful?irinGuurfrururrnvor^u.rurfiqrunil:vnour{iu:run{ru arlurrrrLriufin

fi o n : : ru d r r o n hi' ril q l o n r a l #u-n G u u'l d'r r a n r n r r ru fi n ul u l o u ri.: hj niu q n fi er l

ea @ a q h y a U - io t v
nrilm 3.3 anu 0{vnt: ryfl [T0fl nunlu [tJuayauU tuuyttJil ?nrrauil I il ta: m t{nu

s u ql v
tnunq trdilqnnu

v

t-u n t : d'r rn a/m q n o i /fr I riu do 
ry 

a (observe ) n g bi'rin r3 u u fr nu r rra y

ra c q a j <, d s d u 6
rJflu?nr:vrnao.:enu"luil0n::ilfr 3.2 riJunnr 30 urfi lorun;noul#rirrruvrirrrnvoGrrurnorursr^n

dqdt6oAud
lJorymu nt: uuufl uant: yta no { 9t.1R 

-tltyt 
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nrild 3.4 nr:fiuoufiurir:iunu1u#'lr'uau.r{r.:n$oruri'urnjod'rrnnnr:njduurriln.:

to{n1u

Ytuat?Yvdradudflunr:0ru]u (Explain) ngqil tilun[:uu I - 2 nqilosuturlaylunr:uu

rirnr:finut rrnvrJfrrifinr:mqno{ o.,nrirug,,ovrinGuuirrunhonr.J:rop.rarniol#ld'rioa;il

rdurniurr:soousr-':lutorruor vii'.rornriun:oGururil^:Jrsr-n "1u'l-sroryfiq16urri'urr:rnuruSo rr:.:oqq

- f, rl - a f, e
n o uer ?r 0 { u r 0 v ryr rJ 1J u e u il3 r r n : r o r i'sr o fr r r n ilu d'r u "

^;ifron::rufr :.: rSor rr:rnoud"'r1uro.:rfio? 3
Yl

riu n t : lir u r o ( predict ) n g ril or i rl : r r n : u phET rl o l r r: l n o u ar""l r.r r r ran l
qYu 4 Y qYa d o v OY ,'" d h9/ o & o
tflunr:uu9r rln? trunr:uuvrluru?t "?9109lliTunnu lo[[n urr[1Ji tu os 0eQru[uuil cu{u

F t a ,oI qrr t v 4 ' o ! -i o t - !' - 
j

il:uln:[Yllflu lrsruu11{un lilrm.rnu lilo0]Jni tuut [r:{n0ugr?yrn:&yngr0?9rOyt{ 4 ryuqu0vqq

rvi r ri'u rt o hi o dx l: " t Io ul#fn G u u ri'ru r u un y ofi u r urr q ru n il : v n ou ril u : r oq n n n o r n#u hfl

rinGaurirurutrnsoGururilEruoil:enour{Ju:ron{ru nrluuurLriufinfr0n::ildrr0ni# rfln

I o n r abi'rin G o u kt r ao .r n r r r 6q r# u I q u ul lil r#u o n fi q t
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riu n r : d.: rn m /m q a o { /fr u riu {o ry n (observe) n g h?rin G u u fi n u t tt n v

ra oo q ^ i - - <r d s q 9/ o o 6 A ^rJfld6nr:vrnoo{mril"lufr0n::ufi 3.3 riiunnr 30 urfi )oungnoulfiritrrusrittrnsoGurut}iilteiil
A- a rac
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3 o ' e /q d I o i - <
iunr:ot-utu (Explain) ngqil tfiunt:uu l- 2 nquoturur{nilufll:uu

rirnr:finur rrarrJfruGnr:mqao{ orn#ungrravrinGouitrLri'uofirJ:rtlnrnrfiol#'ld'de,a:rl
A-U--uiq,--^.--a^s^...tr:-1a..--v----!'-.4

lflu?flu u'rHun[rnsrr:{aouei'? rfioinqoirrsfirrfi'urrrifiilStrsr:rvird'u ilei'stlnuuogoiuru
A o o q v q ,q d q -.- - v 4 |

rfr-lrel^rJ..drnilinqaouluro{rHalrlnuierqaouil;xluto{rfin? lulrllo.:t[:{aouel?0&iln'l
r q lo - - A& q - d-r I e 9" 

---y--.^^-- i i q

rvitri'lrjrnrinro{iflqfr.fi'{'luornrg rrnelnrrynnuilrHunxo.:10{tHn?TqntrYluYl fl-Ill:u?nq

rrluuoru.rn? rurerro{rr:{nouri'?ovrloon-irr-srqfi'fi'ltuornrg osfirirrvirii'urirmrin{nqfi

uru'hliuto.rr*a? 6':tvird'lrfinrinruunu.,;.;;;,,r;d :' 
q

o.ij
nofl::lJvt 3.4 t:o.1 u:{oouei?lu1o{lHa? 4
v -. -

riu n r : rir u r u (Predict) n g ril or }J : t rn : il PhET tt o I t t: I a o tl st-'l u t t taq I

l#rinfiuuer udrl#rinfiuuriruru'jr "i'srqsirrryfiqri'u ld'rrri ,i.,,,fiu lri 6S ovqfirfiuru 61fi
gq

X - ,d F i , --q I -^-.-y^d^- ' 
e

rirnunrmrnu r[slrJlJ:]Jta:nt{flu [lJoUJn{'[ud] [r:{ooufrl*?frn:vlilsior-nqYft 4 Yfielfiosrvirri'u

utolri odr.r'l: " t]oul#rinGuuriruruunyot^ururl{Erunil:unour{Ju:IuUflna orn#u1ri'

rinGuuliru'rurraeoGurunlEr{nil:unour{Ju:rundu nllurrulliun'nfion::lfirronh{ rilo

I o n r a h{rjn fi u u'l ett r a o s n r t il fi n rfi u I q u u-{ 1 il rdu o n fi o )

hlJo BuoyancyPlayground

\ !

nr?{d 3.7 nr:ldlil:rrn:ru phET aYrrr-srqoixvfrori'ufifi1'lnrvirri'u rrsirJilrqr:'lrirvirri'u

{ - 4 ,) I .^. qYv a 4-

riunt:dlrnfl iloao{ dur{udo4n (observe) ng t?lun[:uuflnu][[ae
ra o^ q a i al d S cl /o - A

rJfruGnr:vrnao{fltuluil0n::ilfr 3.+ rlJurrnr 30 u'tvt [nungnou [rrirttuvur[lCIe0rulurv{}Jrelu

i- o ta*
1Jiuuilunr: uuufl unn15 m9 ao i

@Em



) 
^1-

nr?tfi 3.8 nr:ldiil:rrn:ru ennr rirrinqsir.:ryfionYufifirurarvirri'u rrsiilSrrsr:'hirvirnlu

hJEhlurir

qr-unr:0fruru (Explain) ng{rul#rinGuu t- z n{uoElruruafirinGuu
o 4 ra qa { - o , s a r j o rrurirnr:finur rrnvrJfrilnnr:vrcroo.r ornu*un:rrnyrinGeruirrri'uonr.J:rur{orfro'[fi'[d'rioa;rJ

riurri'u il3rutn:rrasrr:roooqr-'r 6rr-ncrsirrryfiprri'urrsifiriruu-nrvirri'u nii'sorntiurr:ofirruq{

d^ouqq
rfr-lrqrru "rirrfuinqnoolutorrfio?rraenourJirulurorrfin? rr:.:ooon-rfirurnrvird'u rJirursr:

tolisrorirudorulut,o.:rra? rSoryirri'r rjirrn:ro.:ro,rrl4ordonrryrufi rirrfur-sr00u1uc tu -4 --''--

to.:trn? rt:':aoori"rfiturnrvirri'u il3rrsr:ro,r-rqrYu,Yurdoruluto.rrurrr r,rioryiriYuilSrrsr:
j.i-A^iddda

1J0.:10.:lfin?mqnttylUyl " n;0IU-lUtY'ltJtFlutflU']nU Hnn10.10l:fl]l9ld (Archimedes' Principle)

tifi irofioruluzuo.:rrorvrurri'ouutoorurrrirfiurrrdruovonrr:raoun-rn:yrir rrovrr:.:nouer-?0yq9

I v Y - i - !, ; d d ,ny- I
tm I n u u 

-l 
14 u n I 0.1 I 0.: tfi o ? m Q n ?a q u u I tyt u yl 14 : 0 0 I 0 [1 uu t9t Ft { u

lun:fir-nnnouq

I u r e rJ o { r r : .: o o u ei'1 : n u 
., 
r rim u-n r o wr o.r pr a r fi fi rji ru r sr : ryi r ri'r

1un:fir-qrooruq

lJ u 1 er 1J o.: r r: { n 0 u e1-? : n u', r ri'.l n u-n r o r r o r nr a r fi fi rJi ru r sr : rvi r ri'u

Q9s a oa 9)a A n a Crn: [Hunr:uuntnofl::lJytfifloufi']t]Jttr [t 15ol t0{ lfindngt rilutrnr

- !,y
?fl0m{nou

r-nq riru fi r ru lut olrr a'l

40 ulyt



JJ

s.r.r,o{uuu^u*lffluo'r:rfi u: au: aru{oruag

3 . | .2. I r ru u yr er d o u fcr ru Iu ru sr m r r im o r ar asr i rt o s t o r'lr n a6 sr

ffi ,0"'u a i r.: r ru u m pr a o u fn il I u il sr^ m r r i m u r a r a sr f ri o r r o.r'l u n a fi sr
9'vv4

9rltJlU9tOU 9t{U

al I d 4 y v a
I ) ?[n:teHtuoti]rlny0nil:ufl{fl nr:riuuf ornrongn:anrudnur

s4d4t:{r:uuulruuflnul :5il {nntfl run

2\ ri r r u n q ru a-n u il y 1r o i r ru r m o u r r*u r{J u r7o a o u rl : fu r ru u rsr rJ ri r
a!,4qAovfl:oaouflu lrasrruurnoflaou 3 - 4 st'][aon ilruru 20 {0 20 Flyrluu

v o 9 o , 9 s 9Av vt 9/4 v 4 .i3) letynt0dou0'tu?u 20 "[0 tqu,ir0u-lridnur0tnHu{doiiuutol

flrY?vt. rtav{oaouGuusiolu:ssi'uoorufinur rrd'rrirurairu{Jurloaout#n:ounqru1n:rJ:valrinr:
qq

d 9S - dt ' s ojy v l,9,t:uul tnuoaruu 3 flnlJlrungl]ilu luilnytslo{nl:ia [9t[rn9q
q S oi I a- 9) a I 9)- ?9lrJ luuglr:0.1F1?'lul1ut[[uu u 8 10 no ro l, 2,3, 5, 6, z, g rrnvrio g

o s oj q 4 9) a 9 y
- ?9ttJ tuugtr:o.1ft?trJglu il 4 t0 a010 10, I I, l3 rlnv{o 14

q s. qA u d ^ It A, I 9,-'l9ttJ tulJgt[:0{[r:{o0ugt1u 81Jo rio.[o 4,12,15, t6, 17, tg. lg rlny{o

20

4) rirrioaouhJ 1#q nrn g flaouiryrfl ?n d rrn v or o r: ddrJ3 nu r n : r o

fiot:rut p{anr:er:?0torqrung{aou?ryrfilfrnduusrjrl#ld'nrurfidr1#fl,Guuulrloiru riifi.:6.:

n?tlt[1'tr.,'tufluxo{1itu?url0lurrluvrnfloueio:vuer?ntlun]rri,,,rrrrflou ruont:9tT?010.:
aA ,a

or0t:dfrilSnurtrusdthflrJfu;rJnruil:snourruuyrerdouhi"fi'qmu a:?0flo1Jn?rilQndfo{rrny

tlltJledulo.:it'lut urrlr?u-n,1ould'rfiuuofilrorrqruorl:vnorLrirmouro{eturold':u 6qov
q 6'Jldr]:srfiuruJurusr^vrt.r?vrurflrdsr:uo{un[:uu0rnuu,.r?ouurrurr]f:LrJ:,:

[1{utvdtJflunt:ut rilldrl:srl^ur]uilsl^ilr "^"^"'^-^--'^'^ "-^'a ''' ' ^ -''-' -1j?--- -q--

9,/ln i
rrR ttenurirrruvrir rfrorirhlldlunr:nr:r-errnvil:srnurun siohJ 

a

3. t .2.2 rruu dr:': on ?run tqu f{tolrinG uulunr: G uuiryrfl ?nd
!ra- o. v o 4 qla. d r g
q?r u dt : ?0 Fl ? trJ fl tet H ?.: [u n I : [: uu y{ fl n fl I o{ n q il sl ?o ut i 6r urru u

" * at y _ I q9/o d t49 a d , d ,)d]:?t MPEX ry{il:un0uptru"fonrtil 34 don?]il lr{fnrSou'ldrraonnrrunqrfiu'ir rfiudru
--4 14'd 9 q ^.^q^._!,^.^:-<-!_ 4 !r'14,< v A - jofi:0 ttJll4uo?u tu 5 :v9lu el{ltsttl.iua?0vtcleroun:syrr'lrumur{rufrqo nrrilnrqil?ifrtit:rornjl

dr94
oonruu 6 otu no

t ) rirun: yurunr:Gouf (tndependence)

z) d'ru ln:,:air.:n riruf (coherence)

:l sYrurdonrnrrruf (concepts)
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+ ) drunr: rdorl Iu s: vn -jr':fil fi ndrrav Ia ntoro'trrur{Ju oB r (Reality

Link)

s ) pi'ru n': rtL rfi o ru Io.: n tifl sr an flu nr : G uufl ?n d (vatn I-ink)

o ) d'r u yr q fi n : : l fi ii r rij u oi o n r : G uu f r ra c r{r'[ o ( Effort ) ldn n r 1 u n r :

rirrruumoaou l5 - zo urfi

o a 2) 
^ 

d|/
3. 2 n I : 9r I tuu n I : : ? U : ?tJ1' Oll Clllcl v ?[fl : I v 1l'1, ou ago

ffi,fi'orirrfi unr: rfiu: ru: ?urlol n le u1di6 n r: aou rruuriru ru-drtnm -nt: ot'u t tl
a9

(predict-observe-Explain: PoE) ,30.r to.r'lnaa6sr 6.:rJ:vnoud'ru : fron::ru {50-o1d'urlln{ru

rinGuu,fruru I n{ru1n v 4-s r1u IflueGnr:,0"'uaarn rioudovGrLrirfron::rul#u-nGuutirrtuu
q

o-ia,46araJtoiv4o
dr:rrnrrrunrorilvtfirionr:Guuiryrfrl?narrnvrrurmoraornout:uu truounGoutrmasndlJtil

vA U a I O yry d o e d o

fltfl::un:uyt{ 3 n0n::urla? lfiunr:uuylt[[uumad0ul.lo{r:uu ltn&ltuudl:?0n'll]Jfllfl14?.1
jo , d a ara t !, e,r6u h lra dY = o Y ^^d 4 | A V
mila0nr:r:uu?ry]fldnfl 0]nuury?0u t9l?lfl:le?rflo{a tqu lryfloell1u$lu ao nltQnu :0uau

rirurfiusruuiltsr:gturloy normalized gain rirnvttuuaouriouGtlultavHii'{GuurrJitlurfiuu
s oty aa ai - v o a dr a 9J I'lnul,fiansr 

t - test lruu depend"nt fi:yn"'uriudrri'iy .os uosetfl:-rutiil:sruur.ran?tilfil?t'tiltto{
u d S 09/

u nn uu tq u ts normalized gain 1o ufi ail fl I : n'l IlJ ii'1.1 rt'u #n\ fi

(%posttest - %pretest)<o> =b
( 100 - %pretest)

iortlfi . g, 6o rit normalized gain

4 r i -a dr t d4 d
%o posttest n 0 fl ][a n uI 0.: fl v t [u u dou H a':t: uu [lJ u tlJ o : lcxu 9l

4 r J t a dr t dd doz pretest no nrtq aut0{netluu d0unout: uulilutljo: tcrugl

, jm Y d | ,j ' 4 | ^ 
, j o q 9, t q I

nlyr [9tteilnrouvr5?{ 0.0 0 { I .0 nt: il:uluu[ryuuvlt lfi drur: 0rlu{:&4u10{n"l
dr@A

normalized gain 00fltlJUfllU:VAU fl0
d, !, o in

"High gain" rtlu'fi'uGuufild'rir 0.7 <<g> < 1.0

dr!,o
"Medium gain" rflu'i'uGuufild'dr 0.3S <g> < 0.7

dr!'o
"Low gain" rflu#uGuufild'rir g.g ( <g> (0.3



4
umn 4

a d9'
9{Ant:?tn:1vfifloil4g

a@ i q s a a / i h a v a
fl'l:?1u [:0{ fl1:v{9}tu1u luu9rYt1{?Ylu1fl'ldgr: t:o.1 10.: tiladCI9t lJ0.:un[:uu

:;n"'u#urirurufinurufi sJnuldiinr:dourruuriruru-drrnfl-nr:or^1Jru (predictobserve-

Explain: eor) ffit-u'ldirn:rv#rloryCIuaud'rtauoflonl:itn:rv#r?oryanurirdrd'.:d
a lgt A r< d s 6 a I A h a

+. t Trn : t v tirio ry a rfi o n E uu rfi u u u lu u sr^vr r.: iyr u r fl r cYfl ; G o t t o.:'tu a a6sr

q.z int E #r1o ru a rfi o u,G u il rfi u u n x r il n r q H i{ lu n r : G u u ivt fl ?n d (MpEx)

9aq h Yo q v I oo - i
,.1?0u t9n]fi undilnnuiuYtl.:cYgrgl 9t{u{o

t liu"ludc rira6el' t-test depend.nt fi'lr1ttnr.rnn'l:atn:tu#{orya

(g) r,ruru6': rirrndunrtrritrrdrmr{nr:Guu

** ilu'ru6{ firiudrri'arvrr.:a6a^fi:sel"'u .os

a dv i Fr d s a a I A
4.I ?rn:rvfi ,r!oilar?ronfiiuurfisuilIuruanrsanurfl 'rfler: r:o{ uo{llilafl6sr{

a ly A r r i r d
01nn1:?tfi:1&1410uatfl0Yt9rd0un?]uttgrfl9t't{:ufi?t{nuttuutaaufl0ut:uuttauq

r,rii":Guulrrulffinr:aoultuuttuulilulu-ti'{tnn-nt:ot^utu (Predicrobserve-Explain: PoE) ri't

tldn.:lufl1:1{ 4.1

j H d s a a lA ur a r d q4gn:t{n 4.1 tll:uutYtuutJ luugrYtl.t?Ytu1fl1d9r: r:0{ x0.: [Hnd09r flour:uurrnuHa{t:uu

]n ulffi n r : rYou ttuuli'lu I u-d{tnn-nt: o; u tu (Predict-observe-Explain: PoE)

ruo

nsltuu

uiruau

unr:uu(nu)

n1flct9t

x SD t to.o,

n0ut:uu 37 4.08 1.3819
-43.466** - 1.688

iln{t:uu 37 t5.76 1.6734

dsoqooi*x tJuudlstrumt{d09tyt:&9tu .05 (df :36)
o
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ornflr:r{ 4.1 ,{onr:ern:rs#rlolaro{nylruurioufiourracilii'sfiuu rSos ror'lila

afisr lnuldi6nt:douttuuriruru-d{tnn-nr:oGltu (Predict-observe-Explain: PoE) ttasmndou
9 v s a a 4 d h a o Y t I

rirurrurvrsraoriorulurusr^vrr'rivrurgrasrf Gor tos'luoa6n ,iruru zo rio :..l:rn6'jr nerruu
ivar@,jr4iorrqi

taaufla{r:uurvnnu 15.76 fiurruu q{n?lfivlruuranunou[:uuYlltfilrvtlRU 4.08 nuuuu nJ0

irn:rv#shurira6o t-test dependent ?IU'j1 nt:,fr'nfitn::ru rior to{'lfiaa6n lnuldiGnr:aou

ttuuriru'ru-drtnn-nr:oGltu (Predict-observe-Explain: PoE) finrarirl#{GuufiuIulsr'mr.1
a I 3 r dq o q ooJ
?vt u'tfl 1 6Y9l : d{ I u o u 1 { u u udl n fl m 1.: fl 0 9t vt : g 9r u .05qU

iol99a@as'
ru o ? rn :'l u l,t ft ?'l u fl 't 

? l.t u l yn { n t : G u u 1 o.: fn fi uu ] n u rn 6 u ] n uvr' n r : ru r r l n fl & r ru u
fdq49,/9tdqdt@

d0ufl0u[:uuttnera.:t:uu tto&n?1ufl't?14u'tvtl':n'l:t:uulJ0.:unt:uuttnnunu ttd9t{r{nn{
j

ell:1.:4.2 nlilfr 4.1 rrnen]v{fi 4.2 nrildleliu

i - 9 9 a i s qrradgl'l:"l.lli 4.2 n?1ufl1?14u]Yl'l{n]:t:uutanu I9u try?r average normalized gain

0rnnr:r.:d +.2 vru'irrinfiuufinsuuuaouriouGuufifi'nrijuYouns lnufiulrirri'uoin
y gt A ir4y U t t a i ' trrr, 9, a

1'l?10[:0{11 tnnurluutJln lilr]u0un0r:0{ ft?'tu14u'tttuu tgtnettuu:oun& 25.68 :0{n{il'lno
4 c, vt/ ,) -^-- I 4 j suri y A t v
t: 0{n?lufiu tonetru u: 0unu 1 8.92 uavqfl yr lun 0r: 0{ rr:.:o0ua? tgtnettuuu 0uytqnlm]nu
9 o @ v i- a
:ouas 15.88 alilrilau ttnuHo.ttlnmunt:uulsittuulnuldiGnr:aourruutiluru-d'.:rnn-nr:

oiuru (Predict-observe-Explain: PoE) trd'':rinGoufininrutnr:6duosr#uldnrnnvrtuuaol
---q-.4 dA 3 r d v y A A qed 9 j
HA{t:UU YltY{tJl'U0lnnvrruun0u[:uu4nil?x0r:0.: cr{rrd9t{ l14t?lufl1ili0uns10.:n&ttuuyt

rnaruduo3.: (ionv actual gain) leruGo':ritrYrotnrrn'hJnrrloudo rSosn,:rld'urn^ruduiouns
4i-a3yeai'At

65.54:0{n{u1fror:o.:rr:.:a0ugl? rlriliu50uav 60.47 rrnyda{1unor50.: n?]x?1u'llruu rnru{u
9 -- - o - A a 9, ,t d j s q9<
:ounv 52.70 glllJolaU tUoil0'l:iu]n?lufl]??liltmt{nt:t:UutaaU tnulyrt average normalized

,ygtAtg,gaedia;i-A
garn ttUfl$11U1'l?1Ot:0.1 ilU?1 fl?lUn'l21.lU1yl1.:fl1:t:UU10.:Unt:UUIlnTqn n0t:0{ n?1UgtU cX{

vY4
?t?1,ot:o.t

,)
:ouav

pretest

,)
l0U0Y post

test

1)
:ouov

actual

gain

v
:ouav

maximum

possible gain

Avg. Normalized

I

n?1il14u1rtuu 25.68 78.38 52.70 74.32 0.7091 (High gain)

n?1ufiu 18.92 84.46 65.54 81.08 0.8083 (High gain)

e
lr:{a0ugr? 15.88 7 6.35 60.47 84.r2 0.7189 (High gain)

tanu:?tJ 20.4t 78.78 58.37 79.59 0.7334 (High gain)
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dt 9 g) 4 a d j t @ @unrnrtrurilrrrirmrrnr:[Euutoquh[iuurq6u rvird'u 0.8083 oinoqjlu:vri'l High gain:o{a{ru1
aAo9rrai,v
fro rSor tt:{noue[? n?rrurir?r.rliryr].:nr:[iuurqAu rvirri':t 0.7189 f,noqjlu:;ri':t High gain rroe

.94jra99r4jr
dnriru n-oGosn:ruHurrruuiln?rru6r??r1i1m1{n1:[Suuraduryirfiu 0.7091 'u"'noqjlu:rri'u Higt

"t

gain tdu t6 u r riu rfi o 6pr ri r n r r ru dr ev #r m r s n r : G uu lu n rvr : ?il n n o n n r : f,rr fi t n : : ru nr: G uu f
+grlq/r99ai:Saadrt,ettanurla?rYllnu 0.7334 1{:0 n?]un1?Hu'rxo.:r.rnnl:r:uulrly{ulJu0:{nnrilu 0.7334 rml (5ounu

73.34 ryil) x0{flanr:Guufq.:qnfifilonrarn'tdu 'u"'no{lu:uri'u High gain (:vii'ugr; rrovrnio

finr:urnrrudrrrrhvrr{n1:fiuurosfnfiuurilu:ruqnna rraer.rlt?rfiulunrnfi +.r e,id

(ElEo=: 0.7334

xr

u)

t404

Topretest

- d . - ar v ! t I v I q d ionrilti4.1 rt?ludur{ui:vrjrl iouos pretest ri'u founs Actual gain lto.tlJ-flGuufifiuu]qu

ffi nr:aourrUUrirutu-d.:rnfl -nt:oGu1u (predict-Observe-Explain: pOE)

j
01nR1?Ifr 4.1 ttflrt.trt?rrudrun-uf,:sil'jt{ fouoy prerest riu fouav Actuat gain r0.l

s d ia < &rinGuufiGuuInuffint:6Youltuutitutu-d.:rnfl-nr:o;utu (predict-observe-Explain: poE)

'itueu 37 nu nu'ir u-nGuudruru 15 nufin?ruril':rrirvrxnr:Guuoqilu:yn"'u Medium gain

:_.dt- y q 4 o 4 I I < rq
ff eltuu:ouas 40.54 [tauunt:Uuillu?u 22 f1u ilntrruflrtrf rmtlnr:Guuoglu:vnlu High gain
o dt 9 - - L a tugr s a zi rn ^ s q9<
fierlUu:OUaY' 59.46 a{uu0.:dllJt:0dgil-t6?r nt:rqn0n::ur5o{ ro{'lfind0sr lou]fTBnr:



38

douttuulituru-d'{tnn-nr:o;u1u (Predict-Observe-Explain: POE) fir.rnrirh?{GuufilIulst'mr.l
ac&
?Yrulf,lda5grrlu

el()
ao

1.m

0.90

0.80

0.70

0.60

0.50

0.lm

0.30

0.20

0.10

0.m
1.7345 8 9 10 1.1. L2 13 t4 15 L6 t7 1.819 20

91
10m

nil{d 4.2 udn.:n?rldruniuf,:cu'ir.r rloaoufiu-nGuusrorgnolo.:lurrrinvrlo ri'r evg.

Normalized gain to.rlifl Goufi G uu Inui; nr:dourruutitutu-d'crnn-nr:oGuru

(Predict-Observe-Explain : POE)

d o/ q d t 9t dq d I q t I v0tnnlflYt4.2 [t6Ya.:n?ludtjlIur:ul.t?1.:10d0uytufl[:uu9l0u0n(io{lulrflau{0nu{
o 4 id s < o s a

Avg. Normalized gain 10.:un[:Uuytt:Uu [nuaf nt:aoultUUlilulU-ti{tnn-nt:0IlJlU (Predict-

.A dr 4 , 9 v a i r d
Observe-Explain: POE) cu.:tIunl:il01:o{tFr?uJflr':uurtolunt5uuytgrournJUytfidounout:uu

. qd q9 Y q , Y A ot, -.9 t ,, 9 a
ttn&il4.:t:uu tnQnno{ tut[flau1ocr.:uYt{?1u9r 201J0 lru?1 nurruun?1iln1??tulyt1.ifl1:t:uulJ0.:
@4"S1@|ydt
fn G uu,f, r u'lu 3 7 n u u u dt il 1 : fr r ru.: : & n u n ? llJ n I ?fi u I o o ntil u z : v niu 1 gtr rri

.. I -.-_i3^^^^.y_- ---et----- 4 ,q y __.. o!, y A a1) doaoufrIn?1ilrir?r.rliryn{n'r:Guuoqjlu:vn-u High gain fivi.:HUn t+ rio ts.rI

druru + {ofilrinsrruun?lxrlleilrlrrq6urvirrYu t.oo riufido {0fi r r?ofi s ,fl0fi s unu{ofi 13

dr-..y--.. j - A - ! 9I -^d1 9 i - j @ 4luul0rYoutnu?fllJr:o.: n?]lJilu'ruuu unriux0 l3 lilu.[odoilrnu?nilrs0{n?lu9lu :o{a.:u1fr0

tiofi rz'lrlnvtruunrrrutirrnrhrn6urvirri':r o.go riju{oaour6urrYurso{ rr5{nouer-? une{odoil
-_.i3--. --.y__. tt- -4__y_.i . q , __.. . a y A ^ j - A uyYltJfi&tluun?'lUnl?flultQnUuoumqn tunqU High gain fio .[0yt l9 15o{rr:{Aoust? B.:-[6nUlruU

9gtit
n ?rurit ?fi tirrqd uryi r riil 0.70 et tx dtri'u

2) rio aolfi fi n':trurilrn#tilr{n r: G uu oqjlu: vri':r Medium guin fi rirn run o rlo
s..-o. v g I c, A rr u I 4 tt A y A I At:U.:a'l9lu10{1JoGYoU0lflnsttuufi?ltJnl?rultqaUu0U hJl4]utn n0 {oyt 6, {on2, dofr tS



39

9 A - - I A - I A -. ,. q r. 9 9 j o dr s Avriofr t6, tiofr z uas{ofr t+ eiruluqj (unriurio t+ Go.:nrunju) rilu{odoufiflrroqjlun{ru

riru:ru d.rrinfiuurrmurirluarunr:n'nrrasurYarunr:'hi'lrirSorfionhirirr?oaouolu#r,uo

a. z ? rn : r v #{o q1 a rn^o uJE s u rfi s u n a r N n r o fl ifl u n r : ri uui u rfl ?n ifi ( M p Ex){

9Iqo htro
i? 0 u tn 6tr : ? 0 n ? ril n 1 n r i.: lu n r : G u u irrfl ?n dr o { fn G u u #u n-r ur fi ns rfl fi +{

(uf,D: u::rfir rrasg:s 1fiu:ulr, zsss)Jnufir-mq:J:varri rniodr::rn?r:rflrnrl-s,,uror',r,du
@drdrraata/Sggatall!,

t o { tinfS uu ri on r : [i uu f,iryrfl ?n d Jn : r af t.rr o.: n a r ruf vr r.:fl ?n d rfi o r rfl o { n ?triyt n fl Sn d
zi s I qa do s dt a a dd d a qa dn1:tsou tu{:eH?1{fldndnu IannrrrurtJu0i{ uyruryrxo.:nilnrTtdelSlunr:[iUuTryrildnd uns

A io dt r 4 Lq a qa / s t v r dt v 4 9- 
- aT{qfln::uYltltljuflonl:t:uui rrnsrll t0?sly{dnd [nunnlsreoul.:rfluunr:uusutJruufrnul

otisA44-@vaodoaov4vu
lJYl 4 [:'1[:uuultuuflnul :UU{nn]nlun 9{1unu1t0U drrnoutrUU 0{fiioqua:tsDtil d{nh
.q v C ; 4 s d o j -or 4 . o vt!,dlun{'lutl,9l}1umn1:f,nururuufinur r19t 29 Rlnrtuuyt 2 ilnl:frnu 1 2554 druru 79 nu "[6il1

s < 4 qq d 6 q6 I v o j E 4lnU?rn1:tn0nttilut0]c0.: ,{41o.:fi?]ufl14ili{ [un1:riUu?urflrinritolunnuurU=oril5uurfrUU
- 9A I hv - i
nur{tryu?u]flJlta? t9tr.roo{R't?Iyt 4.3qo

Yotsatorn 14:30:39 281312012

i
n r il ii 4.3 n ? I il fl 'l sr t4 ?-{ I o { u-n G u u rrfi o I rfi u u rirL r?16 u e sr oqU

i--drrqa44rrq
01flR'1flY|4.3 telriu?1{nnnUn?'lufnFn4i.:xo.:unr:uuosln?tUrrnnsillodrlrurnriu

,14 q a qa l/a o s
flBurrtrgluarttTvrildnti drGu.rrirniun{run':runrnH?-{lnoGurornfin?'run-ro141-{hifl:,:6'u

80

60

40

20

0

r lnd€pcnds,noe

r Co,nerencs
,r Concepls

^ 
Rsautf link

" l*ath link
/ Elton

40 60

Unfarcraue (c,5)

80 't00



40

9A i ht d sl,rr v 9; I ; u.gtv!
rytuu?51tuU lnm qn tilH liln ?lun ln r i{ lun : {nil {tsu?yrruf oufr qn 16ri'.:il nQ ru Concepts nd ru

Independence n{il Coherence n{ru uath link n{ru Reality link lrnundil Effort nrilrirnrir d.:ov

tfiu'irrinfiuufinrrrunrnri'stfiua6'urdorrnrrrufvrxflfind (concepts) hior:.:rir{rfiurr'.rryu',n
S-.- +- dt Y .- rq d s u d I q i - o Jofiqn nnrtlufouos 4t rrsi"[utruvr6urniurin[5uuilnrrrunrnfli{rhu?nuilqrrn::uyrorr{lusionr:

fiuuf uavulrloirrflSnd (Effort)n:rn-r{rfiururcyoqjtu:vn-:lrrnfiqnfinrfluiouns +s

I q , jyoq4 t4r4 qq d a d^ d v r

0 1 n I o ry a n.: n o 1 ? u 4 ? 0 u 0.: [a f, fl u'l n ?'t u fi "t 
9t t{ ? { tu fl 1 : r: u u ? 51 fl dn a n u n q u

s I iar v I !' s 4 .irj - s 4 4 4 s @ a 4 j
9l?oul{vltljuunt:uuruuruuriflulilvr 5 l:qr:uuurruudnur fru{nornrun n1nr5uufr I
dt4.oidr@+jddo
IJnr:Hnut 255s iiru?u 37 au firriluu-nGuufrfiruanr:Guulu:vri'lrJrunnt.: 1n{rurdu'lriun-u

qd'--4a,ididl
rinGuu'i'uriruruf,nurijfi + nrnGuufi z iJnr:finu 125s4) lsirrrJnuiGnr:160nrruur0re0{Inufi
etlAa.qdaatalAua@4
?9rQil:ed.:nlT{0f,nutn?"tuft1fi14?{10.:n1:r:uu?stfldnd mo.:10{-lfiadit9t xo.:unGuu

- ) u.-v -.-4. ere- t c s qirad o v:u9luYuIsuuflnu'llJvl 5 nouuaeiln{nr: tnu ty?rn1:cYoutrulJli'lulu-d{rnfl-n1:oru'lu

(PredicrObserve-Explain: POE)

-aif-:. - I q q d a ata I v a I d ts a @tU0?tn:1u14n?1ilnlnil?{ [ufl'l:t:Uu?sly'ldnrYl0{unr:Uunour:uu r:J5uurytuun:t
crA 9 vyv i

rltTU?sliurta? [rd9t{r{n tnn.:R11ryt 4.4

o |ndapsn(hnce
o Coherenoe
o Conc8pts
6 Realtly link

" Llalh itn.:

d Elloi
. lndggen(knca
r coherBnoB
r Conctpls

^ R€eli$ tinl(

v llali link
, Eillort

j
n rfl ii 4.4 n 2'r u n r n r f.: 1u n r : G uu ivr fl fi n dr o.: u-n G ou ri o u G uu riru':u 37 Ftu

rufi ul rfi ol ri'u {16orrr ry

100

80

860g
5,e
c,

.iq

4

0

I



4l

4uoaaqadqdo4
01nR'lilyt 4.4 fr?'tufr19r14?{ [ufl1:[:uu2u'lY'ldnd10{uflt:uu0'lu']u 37 nurilo

H d e gtA r a , glA dt r A d r q 4 d
rlJ:uulmuunurJrsu?s1iu lIU?1 un?1ilttglnfl1{11nrylsu?sltuluuou'r.:tl]n cr{0erilu?1uflt:uulJ

n?run1qfii'{riurn-urdonrn?rilf,mr{fl?nd (con""pts) dr'[risr:.:nlu(16o':trrUilrnfigo 6orfiu
y d s u d d q A - e io dt | 4 9t

Souou 47 rtoulJOrelnu?fluuflr:uutJfi?]ufl19ril?{tnu1nuilqfln::ilvtt1liluaon]:r:uug ttae

r{rloiyrfl?nd (snort) n:.:ri'u{rfiu?yriUodlu:vrirlrnfiqn6nriJuflouau s0 rruioffi'fi'u1d1#

aoulflutdffinr:douttuuriruru-ii'{tnn-nr:oGutu (Predict-observe-Explain: PoE) rrd:#u rua

fi 'l' ran.r rrr"'s sn : r { fi 4. 3 [ ra e n r y{ fi +. s n r il 6ir d'u

i I v i - yA .9t -!q, - yA
911:1{n 4.3 :OUOsfi?1tJn1nil?{yt9r:':nur.trryu?s'ttu/:0uasfl?lun1nil?.lvl tu9l:{flu,{tryu?TlaJ{o{u

riouG uurravn d.:G uu InuldiGnr:aourruuri'ruru-d{tnn-nr:ofi uru (Predict-

Observe-Explain: POE)

i 9 -A - 9A .rt -Jq'
01nfl1:1{Yr 4.3 50uaun?]iln1nr?{Ytfl:{nur'rrryu?51aJ/50u0&n?]unrnil?{vltu9r:{{u

v yA I d v d < o 9rd o q a
nuejrru':grE!, nou[:uuuauHn{r:uu [nulfrrnr:dourluuriruru-rirrnn-nr:oflJtu (Predict-qU

observe-Explain: PoE) ul'jr nrrruntnr:-stunr:6uuiryrfl?nd tolrinGuufin:lriuqilfiuttrqq0

a { | v so d a aa d e d irrflulumnnail n?1ilnrflr?{ rrnufl?'l}Jnlnrf.:lunr:GuuTsrfl?ndtoluhGuufitrjsr:.:riuqq

ltA hI r o r d e ghqtlg dl j
flrsu?sln, tnana{Tnnnun?1ilfi19r14?{t5ut9tu?nu H?0u tfitdu0tilun:1}l9t1uR'l}Iyt 4.5{oqq{

100
90
80
70

G' 60
?soE40gi3
.I10

0

Unfavorable(%)

MPEX pre/post

Xs o *-
t 

^o :

0 10 20 30 40 50 60 70 80 90 100

Xlndep. Pre
-Coher. Pre
r Conc- Pre
. Real. Pre
. Math Pre
x Effort Pre

^ 
Overall Post

x lndep. Post
- Coher. Post
oConc. Post
o Real. Post
o Math Post

lt6

nvttuu

Over

all

Independence Coherence Concepts Reality

link

Math

link

Effort

n0ut:uu 28130 19144 12144 t0/47 31/18 18144 s0/8

ra{r:uu 4st22 4U28 36t31 32t33 49113 40129 6415

----i.-F49qaAo14qdtl l?lYl 4.5 [lJ t uu tYl uu 5 0 u a u n ? 1 u n r n H ?.: 1 o { u n G u u iit u ? u 3 7 n u ri o u [5 u u r rn v fi d{ [i u u

X

I

a



42

j
01nn'rvlvr 4.5 rrdn.:nr: rili uurfi or iouov n?'runrnil f.:r o{fnfi ou riru ru 37 rru

rioufiuurravila-rGuu rvulu'irn:rrunrnui'rlunr:Guuiryrfl?ndtorrinGuu riouGuufin:.:

ri'ur?rfiu'rryrflrdnrfJuSoua s 27 .sorracfl?runrnui'rtunr:Guuiryrfl?ndrosrinGuuilii'sfiuufi{9

or:.rri'l{rfiu':rrrydnrilufouas +s.lg rracrilnoirn:rsrilnut#a6cl^ t-test dependent rrns

el
9n:1{Yt 4.4

normalized gain r rd:r tan': rua'lr1rr-l st t : x fi 4.4 r rn y n til fi +.0 sr r ru rir d'u

F 4 I -i - YA r d
nli u u rfr o u S o u a & r o.: n v uu u n ? t lJ n t n u r-l fi n : t ri't-r {rfi u r m cg ri o u [5 o u r rn v

rii'.:GuuJflulffini:aourruutitutu-d'.:rnrl-nt:ol^uru (predicrobserve-Explain:

POE)

ruanyttuu o1u?u

un[:uu

otu?u
v
lJ0

ntflcr9t

x SD t to.o,

nout:uu 37 34 27.90 23.49
-7.255** -t.692

fia{r:uu 37 34 45.38 19.69

deo-ooiv** tJuud]fir!.lyr1{doam:enu .05 (df :33)
u

a /9 - A - gtA
0 1 n n 1 : 1.: 4.4 r{ a n 1 : ?tn : 1 s fi x 0 u a I 0 { ft u t tu u fi ?'l u n 1 n fl ?,i 1l 9l : { n u ri tro': ryr al t o I{{o

-y- 4 '- ^- r 4 o d s, q yad o v aufll:uuYl.: 37 nu fl0ur:uurraeHa.:t:uu tflu t$?rn1:6Y0utl1JUli]u]u-d{rnfl-nl:onulu

(Predict-observe-Explain: PoE) r.rorJ:rnq'jr ncttuun?'runtnri'.:firl:.:ri't{16orrriyrndurn-l
d r q r s .J . ltA j t d ja tt:uutmlnu 45.38 nettuu d.:n?r nsrruun?runrnfii.:yrer:{nup[rsu?stajrqAunouGuufrilnrq -q--- -- --a-'--'-

rmrnu 27.90 ftyrruu
4 o 19 | aa t u

tl=oTtn:rvfid':tlrirand t-test dependent nujr nr:,i'nfion::rur3ol tos'lnaa6n Inu
q9< o s alfTint:aoultuulilulu-d.:tnn-nr:o;uru (Predict-observe-Explain: poE) finnrir}i'f,Guufi

rt?ltrrt'letfi?-illunt:Guuiryifl?ndfisr:.rri'ufl.rfiu?rtiulfirud.:du odr.rfiriudrriovrxd6et^dq o { _ _ ___-E_

:saYlj .05

A __- y. 9 s d -.1__._.. !, - t q ov{01:tuln?'lunl?}1u110.:unt:uu [auRlyr:?u rrasyt.: 6 ndiln?tilntnfli{0tniiruru

rin G u u :z n u I or u q o t n n u uu u n ? r u n r 0 il 1-{ fi rl :,r d'u (rfi u r rr cy rrn v'hl n : r ri'u f,rfi u ?sr sU

-r d sd hy - j
nour:uurraern{[:uu tgtr{an{nlTryt 4.6

I

t

a



43

-0.35

(t
o

=q,
Io
o
0

=t.,
G
E
Ez

Normalized Pre/Post Movement

I I oo.za- +x r)'

-0.25 -0.15 -0.05

_o.1

-o.3

Normallzed Unfavorable motlon

a Overall

I

l Coherence

X Concepts

'r. Reality

t MathJink

. Effort

iEdRlilri 4.6 lilSuulylUU Normalized Pre/Post MovementlJo.tft?tunln1,l,t-s1o.:fnGuu

riruru 37 nu!

Olnn]ilfi +.0 tiliourfiuu Normalized Pre/?ost Movement 1o{n?tilntnil2-{fl o.t

rinGtluiiru 1u 37 nu ilu'i'l Normalized gain lJo.ln?lrtnrnr{.:fir#usr:.rnilfl.rfiurryl*ryr^ruaodu
{ u { -''

qnndrn?]ilrl]el1'1?-{ rlnu Normalized gain flo{n?runtnr'ftfir#u hjsr:lrYl#lfiu?utflnnn{mnq o i'

n{runtttnrnfl'l-.:tliut6urriu Jnunrfl:?urrd'? u-nGuufi:vn"'rnrrrurilrrdrrorn:rrjnrnfii'{fi
.^q^--^- -y^.-gt4. rq @ t v
t?lUsl5':nUrylUU?Ul€U0g [U:sfiU Low gain ryflnu 0.24

I

a



4l
UYIYI 5

I av 9)
fl :u r{ant: ?0u uav,u0tfl uottuuq

aq 9- I q d q s o j rn a v 4fl"1:?oun:{urilun]:f,nulfl]:?Igltul}J [uugr r:o.1 10': [fiodCIst 1o{untiuu:ygtuTu

rirorufinuriJfi s lnuldi6nt:doutruurirutu-ti'lrnn-nt:o;uru (Predict-observe-Explain:poE)

9Ag | 6u 4 9 o - - !
ry? 0udlu 1: fi dl u Ho n1: ? 0 u rra e il I 0ldu 0[[u e n 1u 6i 19t u 9t { u

IAU
5.1 d:lJ9{Anr:?ou

nt:io"'o rSor nt:rt'slurruJurusrvn.:emurfl'rdsri rior lro.r'lraafin xo{fnGuu
-{v4:cri'u'i'uruirurufrnurflfi sJnuldiinr:dourruuriruru-ii'.:rnn-nr:oGutu (predict-observe-

Explain: PoE) dtul: o d? il fl nrrunr{lu z rJ: v rdu n"'.ril

s.t.t rinGoufi'kifrnr:,fi'nnr:GouflnuldiGnr:douuuuriruru-d{rnn-n1:o;uru

(Predict-observe-Explain: PoE) Gol tol'lroa6n firuJurusr^ytt.:iyrurfltdnf Go.rto.r'lraa6st
-. J t 4q o- 9 -ooi @ -- t) ,) d u d oq':1U0U]{UUUdln€UYn{flOAm:U9rU.05 rlnefl'lriln1?rulT'r{n'l:[5uu1o{gnr:uuluRlT'l:?u

flaonnr:o''nfion::runr:fiuufrqdurvirriu o.zgg+ n3o n':rrurilrrrfiro{,{an1:Guufirr{Auduo3l

n^srr{luioun v T.34,ri'.r ,,0.:nunr:GuufqrgorfifiIonratfirudu,fi'noqjlu:vn"'u Higrr gain

(:s6'uq{)

rin G u u fi 1 rifr n t :,fi'n n t : G u u f I n u 1 ffi n r : d o u uu u ri r u r u -d.: rn fl -n r : o ; u 1 u

(Predict-observe-Explain: PoE) 13o.: tos'lfiooo^, fruIurun'ytt.:iytutf,tdflf rio,tto.:'lfina6gt

4udutirf,rtuio.:otnnr:'il'nnt:Goufl'r:dourru:Lriruru-drrnn-nr:0;uru (predicfobserve-

Explain: pos) t{luiGnt:fidfudquhflrinGuu'lr1sr-nfiutrrdurd'rnrrlnirlofifioqj uavo{lu
&ia
frugtullo.:n':rltfiot6ru white & Gunstone (tgg2) ldndrt'ir g:Jrrulnr:courruuti'lulu-

d.:tn0l-nr:oGurtl (Predict-observe-Explain: poe) riluffinr:fifi:J:yfiyrinrufioyrilrairul#
q 4 h 9 3. d a I j - a a ? dt ,r- 

"unt:uu [9ttdel.1fl?lufl9ltfiuttav0n:J:tutnu:nurru?frnyn.:iytu]fltnni riiuriunount:iltrduo

rYolunl:ifuasl#u-ntiuurituru'irovrfir'oy1:du tirfinr:r:Jduurnja.: rn-rornrinGuudrur0
9 dqr)u a @ ____-4----_r-. v- qlt- a A i- o q hs, a 4tta?fl [14uflt:uurY.:tnfln1:fliel.:na1? 01n{ulftinr}uulond.:frrinr:uud.:rnsr'[d rrayorutufl.l

n?ruunngi'r.::stl,ir'r?.:filririrurul{nhrunrrnn.r:fi.:rnfl ldruro oR's.ra?-aafl ,254g)rinGou
rYlu1:oil;untrrur{llthi'gndo.:ri'run:eu?unr:douuuuriruru-d'{rnfl-nr:ofiuru (predict-



45

observe-Explain: PoE) ttas0-.:d:uhirinriuusr:vru-nlunrrruuTrlrtolsru rravl#lonra#uiliu

n':rlt{rlobflqndo'rlddoaonudorn-u fourn:sl nnrrilfi (2ss3) lrifinur nr:niorurrrunrnon

^s u a { t 4 a,j j
ud'utolrinGoud'urJ:snlfrnurTJfi 5 Gorrr:ruosnrrruri'uInutdffi predict-observe-Explain

(PoE) n{rurfllrnrururilurinGuu#urJ:vorufinurflfi s I:.:Gour1ruluurjr,r drrnorfior 0-.n4?-n

touttriu Ioul#trr.runt:f,flnt:Guufrtuurirulu-fr.:rnrt-nr:or-lru (predict-observe-Explain:

PoE) uulr'nr.radtqmfvn{nr:Guu nnnr:io-uyru'jr rinGuudlrrl:orrgnnonfifurfiulsifnrou
,t,"[uniunt:d.rlna/n]:mnnorlnufint:?'r.r[[r.ru nr:er:?0dou rlaunr:il:srfiur.rar1ruglulo{ rrfla.r

6ln,lrlarrut:nlunt:1#n:surunr:dourruuriruru-dtrnn-nt:o;u1u (predict-observe-

Explain: pon) lrilu:vn"'u6 rirl#rinGuurfrnn:rr:unr:Gouf drur:0d#r.ro.:rin'lrrf1nufi
A a a lA^- zt- -{ ot I d a a d q atlulnatY{?vlu'1f,]fl91:vlQnsl0{ulntu ttnsr{aduqTn'mr.:nt:nuulytiytutfltdflixollIn[5uu

Ae
fl{fiu ttnudonndo.:ri'u Mabour (2006) ldfinurruIuuo'to.rrinfinur:voiu:J3iuatrfllluarur
A /ata lq --- --9- -l1r-9aa---ata. L l 4 u aa t y dTmutsrasrifl?nd lunr:rirrJfru6nr:f,?nduun'ugruto.:vrqufrnouasrfnqrTasi ri':oTTnr:

aourruuritulu-ii'.:tnfl-nr:ot-uru (Predict-Observe-Explain: pOE) riurri'ur3o.:nr:rna^oufi
I q 4 d s q tA _- -y- ^.4-___o-._- 4 j d- llu?luflflnulxu luvtfluvtQngr0{[nu?n:-lnt:tndouyt tlnud]xt:ooonltuunt:ytFtoo.ttlogalru=o

o{

. li'ln1:mnao{41ilfl:urlouto{nt:dourruuti'ruru-dlrnn-nt:of;uru (predict-observe-Explain:

' Pop) lunt:o6lru ruluvrisrfrSo.:nr:rnfioufi :rrvr&,:arrur:rrrj:vunsil#narruffildolnnr:9s

. yrnoo,:1il1fr1uaorunr:n16ur ld'
q d jq_ll- @ 4 9l qt<

5. 1.2 unt: uum ta: unl: tnnr:ti uu5 [n ulf ri n r: fl ourruutitu tu-d{rnn-nt: ot..utu

(Predict-observe-Explain: PoE) Gol to':'[rnafin finrrrunrnrf.:lunr:Gouirrflfindq.:du
t4qoqooi

out.:ilu-utitn"'ryvrr.:a6o'fi:vrriu .os rrasJnunril:?xrr#? rinGuufinrrlrir:nrfiro{n?rxn1nilf{
e-^<--^^--y-.-sl 4.-- ,q v - v s j I v
Yrrl.t u9t : { fl u ryrsu?5tiu 0 g tu : y9t u Low gain (: vr[uiou) raa ulyt 1nil 0.24

rin G o u fi n r I il fl I er r 1-.: 1 u n r : G u u i y r fl fi n d a.r r3u o d r .: fi riu ri r riry m r.: a 6 o^ fi

:uel-u.05 rtavlquntfl:'tlLtt#: rinGuufi:vri'unrrrurilrr#rrornrrilflrer14?-{fir#usr:.:ri':r
-9 4 'q ,-^.y---91- '. 9 a dr r

{rBurrrcyoqj"lu:vn-u Low gain (:sq"urlou) rqfiuryird'u o.z+ riutirr:rrrunfrrr:orrr{lu o n{:r

fl?uJn'rnr'r?-{ lunr:Guuivrf,?nd fin-rGuufin:.:ri'uflrfiursliu flu.j.rur^rdurlnn{ilfl?..r}J
y d I q 4 qa

n1nil?i ttavovtfiu'jtuhrSouo-sfrfl?runrqfi?-.rlun"'rGruerrflfindfiniun'r:0eriitrravrjrgn:

hJld ortr{iurn:tvrinGuufin'irnr:riuuri':ulnqjniulunr:aourvir#u gsiodr.rl:fi91rru-nGuu
< a i" dr 4 ,t .^..-._--- e o q,/a 4 ,, r 4 r a atJ?Iqnn::uvl0ltlJuflonl:t:uuf ttavrunatrunurutufr0vdrhirnnnr:Goufodr.rfirJ:ydminrvr

JnuGusrirsrit$ooastornatrnrqHl-.:1unr:Guuirrf,?ndra-rGuufin:.:ri'ur?rfiuayrsurrnilrn

hJfirriouldq"'.:d n{r, Effort (iouav o+; n{l Reality link (iouos +el n{ru ,ro.o.ro."..
.9(fouav +r; nq'I Math link (iouos +o; n{l coherence (flouav 36) lrnsndil concepts (louav lz)



46

stludteriu ttnslnunlil:?utrd?#ouasn?runrqu't-llunr:Guuiryrflfindrii'.:r3uu fin:rn-u
-gl 4- d A J et t a t v e j u c

{tBu'lvtryfrtvt-tTud:urvuriurvirriu iouav +s fi.raonndo,rriudun: i'ous (zs+q)Iddr:.lo

nltruntn?r,l-llunr:6uuiryrfl?nd Jntll# Maryland Physics Expectations (MpEx) rras'lrtrirnr:
E d qq d qa d t v 4 q u { _ an1:tlj:uutvluun?lurtlrtttillunt:nuuildnd:yrjrlnJrravrinrluu"[u:yniu,fr'ufiorufrnur

+l j o @ ata J u v 4lJYl4 0lu?u 121 nu ttnvn?lunln?1?{10{ngfldnd:vnfurhuufrnur ifruru 143 nu ,.lCI0tnnl:
-q-. I d d ,) -.^-. 9 u 4 g vfll:?0Y{U?'lUt?lu.::oun& 27lJ0{nllunlnilr{lJ0.:unFUurrncSounv 48lJoiln?'trJntnr?iro{nl
d y ttA e v d tfrn:':ri'r{rBu?sriu uav6ronndo{ n1q0uli'uvrf:J:yra3g (2551) 'lrtffnurn.:runrnr?'.:lunr:
d^aaladdv4 l9-orA[:uu?slfl riniiamulfltdotiBrn rurorfnHnu rnnryilutulofltani.i'uIJfr z dru ru 1 00 nu Inu
q9lftrllrit:ri Maryland Physics Expectations (MPEX) uriln'lrrunrnrt-.:oonrflJu 6 r1iu n'o

(r) rlrunr:Guuf

(z) riru ln:,r aiNt o.:n rrl i
(al rirurdourn?lxi

(a) rlr u n r : rfi o r., 1,, I : r rj x f, ? n du n v I n n t o I n r r l rij u 03.:

(s ) rir u n r r I tfi o ru I u.r n fi sr nr asr f 1u n r : G o u fl ?n d

(6) rir u n q o n : : u fi iir r{l u si o n r : G o u f ua v r{r 1 o,'r o 0 r n n r : dr : : o n u'jr f o u a s

47.7,45.2,48.6,46.5,41.0,45.0 rroe 45.0 ru,orluu''l'nf.:ulurtrutocfnfiuunur 6 r1ru rrn,
Q o v s 

----4- g yA 9 u aa dtu n'lY,l : ?u sl l r n l n u fl : { nu n ? 1 u n 1 n ?1 i{ tfi u r{rut o.: {rtsu? utty lto u do n n do.: ri'ufr fr uf
dq?::oltrllvlti ttaanatv (2554)'lrlfinurnrrilnrnill-{lunr:Guuirrfl?nddugru tolfnflnur

vd
nilvdfl ?f,rdstittastmn Ju Jodnr:rnusr : d:u6rfi $ufi q iiru'ru 42 ?1u lnul# Maryland physics

Expectations (MpEx) rir:eroonr{lu o d'ru 6o

(l) rlrunr:riuuf

(z) ri'ruln:{aflNro{n:rilf

(l) drurdorrn?1u$

(a) dr u n r :,fi u u L * r rj r.r fl ?n dt rn v I a n r o.: n r r ru rij u oB,:

(s) r1runrrrurfioruIulnfi naranflunr:Guufl ?nd

(6) dr u n q st^n : : u fi ,D't ril u si o n r : G u u f rrn v rrh 1 o n n r rn n r : dr :.: o n u.j r
I
fouas 30, 55, 59, 54, 5g, 43 ttne 50 10.:n?luntnur-lttlugl.:u1o{u-nGuum&,: 6 rilu tray

luntn:':l ntrtiitn"'lsr:lrYun:runrnri'suluriruto.:{rfiurrrry ovrt1u,jrrinGuulun{,mnao,:
u

Yt-l 37 nuJounru::rutt#tfiiounvn'r"ruflrar?-.:lunr:Guufl?ndHd{Guufisr:.:ri'u#lfioarrru fi
o lrd t _ q y u aa ddnrrrlndr6urodr.:rurnri'uSouncnrrunlnr?{ro.:ngfldnry tu:cariuil-runriru.ru ,* ,r;,i,

- yA
n :': n l {tBu ? $ 1 q n e 1 ru n 1 n fl 'r-.: 1 u n r : G u u irr fl ?n divr o r ar asr ffi ? R r yr 1, o { u-n fi nu r n nr s



It,atA- o ia - gtA qo < 6
v{uru'tCIflldsri'fi'uijfi z ,iruru 100 nufirfiun:.rnfu(rBo?ul€U rroen?runrnili'{tunr:r:uurrr

o aC v 4 u d?ndn^ugruto{fnfrnurnilsd'fl?flldfl;rrasryrnIuInEnr:rflugr: riru'ru +z nu nlxdreriu

' t4yt s 4 Aa -i ' 9A Io10nd1?'[6rrrint]uufrilnrrrnrnrirfrrrsrnsirs0rn{rBu?urqfuarrur:oGuuiryrfl?ndrrayfi

fl adil6lyrryn{n1:[:uufl '11,u tgtrxunu

s.z {orauouuv

fli,fi'u fi {o r a u o rru & d { o r n r e ril u il : v J u ry rf si o n r : i'fl n : e u ? u n r : G u u f u n e ril u{ '(i''' - --'-
o d as '- t u , - X

rru?Yt'l{ [ufl 1:flfl u120un:.:9r0 til a{u
,ta@ a ?q q r^4 o v

5.2. I lr ? 0 ufl ?: n n ?1 1 d0 lu n'r : iu [u n 1 : [T?r d0 u rru u ?il u 1 rr-d{ rn n -n ] : 0 r u't uI

(Predict-observe-Explain: PoE) h?rrTrriuuElvrrSoBinil:v,fri'utolfnGuuryr:rsrvrirl#
q 4 4 q 6 d 9) 

'J 
9q tngrt :3

ufl t: uuun'ntJ 6Iu t0 rnnnl:[: uugrrnud: 1 {fi?1}Jrljl t0 l9t{]uu{lJu

5.2.2 f|11L:riGnt:aoutluutilulu-dttnn-nt:oGltu (Predict-Observe-Explain: POE)

hJrJ:vqnai'rir:ruisrfl?ndlurdour6ul d''rurfiori"surnrrrurlrrnr?rmr.rnr:Guuxo'iu-nGuu

1#6dusiolil



,)^
l0nfll:01{o{

t

t



49

9'Alonfll:o'l{oil

ultaodadalald
nliU0ur ir'uvr5:J:sraiS. "n1:ii'r:?nfl?run'rerl,r?-{lun1:GuuTyrfl?ndimurgrasriBanrntos

v4avlq
unflnu 1?Ytu'louttv'lYtufl]dgt:", [u

u. 264 -269 . a n r riu i,fi'u r r a e flior u r n n r im u r n-u ft o il r n :, 2 5 5 3 (n ).

"f,i ? I tJ ft I el ?t r-l 1 u n r : G u u iv r frl ? n divr u r gr a n f fi r n r n r.r o.: u-n fi n u r
J

nileilu1u1afl1d9ll", In

Thailand, l u rivrurii'oltt'l^na, 255 I (x).
gAha/soiqaaraduo{

Ir,[{fi tiu [?u. fl 't: ?rn: ]eilu Iuunnnlntna0u [u?s11,{6Ynd10{ufl t: uuruuruu
a <,i a a I a I
rinu r il vr 4 n : { rvr}t.4. ?vr u tufl u r il : il 6u t n : fl t dgr : ti t4 tuorcvtfl : t w't 0.t fl i 0l

- 

qu q q

A
u14'l'tvtutau ,2534.

n::iufl1

qdav4'-&
fl:tJ?s1nl: n:vvr:?.:f,flu1ffl1:. ilaflda:n1:flnu11uT{u0lu vtmrflnilT 2544. fl5{tYtY{"l :

sAJ9
t:{1\rJ1'{q ? dR1019l?r: "r? ,2546.

AYralatdda@r
n{i'{'l dU!?{U. nl:UtTf,nl:dOU. ll0UttflU :flillUf,flUlflld9l: Ufll?ylUlAU1OUlLf}U,2537.
d - d o l,tr
lnu:eruflr u1?{ t:.

I

AAIFA@aaul
? Yf U 1 U 11 U I lJ : iU tU I fl nU'l f, 1 fl 9l : lJ fi 1 U 6Il cfl 9l : U fi I ?Yl Ul n U I O U t tn U, 25 53.

otn 4
nt tflu v{tud.q

AA/F4@aaql
?YlU1UflU5lJ:i!,ill1flnU1f,-lfYsl:lJ14lUiltcl/lfl : lJfi'l?Yl8]AUt0UttnU,2553.UU

aa-i<sa
roigu avrt-ornr:. nr:yrelurrer?reroo{l:o{r[:{rAuqmru ]qunr:aoulluutitulu dstnn orutu

rirrfurir ulfinurnourlnru. ivrurfi vrudrfi
60a

tu tu 1 ?Yt u1fl 1d9t TtJ l,t 1u fllcYt9t :

u 14 l'l^m u 1 n-uEU a : 1Tr tfi , 25 5 5.

Jrn#r, 6uu':. "fll:rJ:vqnrildrJirrgrra:ugfionorfiu.:lunr:n-nnr:Guuffl?nd,,, lu ronar:

aA t t

flfrnti. rourrriu : rurrimuro-oxourrriu, 2551 (n).

"n r : f,n n r : G u u em u'r f, r dn $or r ru vr q u fl n r : a ir.: 0,: r{n r r l f l n u l#uu ? yr 1 { n r : d o u

rituto ti'{rnq ttouo;utu (Predict Observe Explain (pOE))",lu ronar:il:snounr:

etouin1232421. Iourrriu : runrimurn-urourrriu, 255I (r).
I

i



50

ronGn:dr{6.r tsiot

/a
Rr:lR:rll ufuno.

[:

vriil u::r.rnj6uu.

oqaaalF4ua
Yr 1U 1 U -d{ rnn -0 r u'r u. ?yt u'r u 11 u I lJ : il il ]fl nu ]fl 1 d9t I il 14 1 u Rl ctl 9l :UU

A@l

u141?1lU1AUfl 0Ulrfl U, 2553.

t

r ra u fl fl{ s n-u fl r : d o u il fl sr^. i m u r fi fl u f iJi ry iy r fi n u r fl 'r d er : u 14 r rinr fi' n :

aql

u14 1?YtU'lAUl0UttnU, 2540.

Zilqaulfrl{ 0urd:u.

rrrirurdorourrriu, 255 1.

Ft/+-lostl6taa/iliryr rsri1f,:. "nr:tFrtuofirttnuorauto{il:u6yunr:ol",lu nr:aourjoq'rvrrmurgran:q

ti<aqsqa
u rj rufi t -2. uu mu] : ruu rir ora'ud]tvt''ur : : ru 1?zm, 2525.qq

lvrin: rrsq?flnr:.

a6lA4qa
OBSERVE-EXPLAIN (POE). ?yr u] U 11 U r il : iufulfl nU ]fl] dgr 5 lJ14 lUorcyr 9r :

I

I

- 
t- q 4 !t, a a /n

: g9rusulJIUUf,fl UlAOUAU. ?vtUlUilUril:
dq a d

iuiurnIflldsl:qUQililcylel : !W1d{f'llfil
-q

u1{'l?Ytu'lau ,2539.

lul:ori 16rrnryrfiuru.
AA/Fd
?Yr u lulr u r lJ : iu iuln ? fl I det : EU 0

q6agl

UtUcylFl : U1'l-l?YlU'l0UlJ0UttnU, 2550.

A u d rJ t

YUJllUr rnryVqilgl. il:e

r r?i I n r : 6q. n ? { rytil "t : dn r:tiu yr-pl u 1 q il n I il est n I : (y{ ?), 25 50.

Aa- d I _ o d a qa ll v 4?IduS q?::cltttflYlU ttnvnius. "fr?'ltJfil9rl.rr.: [un1:riuuiyrflandnugtullosil-nilnurniusdn']
. d s s d ir 4 a/ 6

fl r fl er i ua v ryt n I u I aE n r : rn u n : ei? ud ra i u fr { ", 1u : r o,: r u n r : :J : v vruirr n r :
: s rr-u rr sr s1r u6 rfi iu fi .:. u. 85 -89. In : I n r : I r rim ur a-o'lul o $'lm o, zss+.

nn rarnuln:;nd.
dv

fl:. n?{lYlfl"l : ?flJUl?IlUS,2540.



51

roncn:61{6s teiol

d/a
riunlugt l.ludo.

d v a v t a e a d & .i oY a A
u u u u1 0 { u n fl nu I : y 9l u 1J : v n ]fl u uu 9t : 151$?1 5u d{ ru o tSuYt ! fl 'l dgt : n 1 : dou lfl o

,j s a I 9a F 4 s a
lil nuuil Iuilfl . nl:nun i]0d: &il:iufu]flnu1fl'l6Yfl:ufi ]uotcllfl :

u u rim uta-ot outtriu, 2549.

uf,D: u::rfi.: uasq:u '1fivr:mru. "nr:6it:?0n?tilntot14i'.:lunr:Guuiryrfl?nd to.rrinfiuu#u
u a a,i o r a a@ !, ; d
rironfrnurijfi 4",lu nr:il:vryruirrnr: ror.To-u nfrfi o. u.tiz-tzl. QUaltsrlfr :

e

aq4
u1{'l?mulauQUa:lsr 1u, 2555.q

daeiln:il?{::flr rilaft?uJu [?u.

AAdaaqaav
?ytuluiluril:i!.liu]flnurf,ldgr:ilfi1ufilcyrfl :tJ?1'r?1rurnuufi1d]:fillj,2543.

v I d o ao '
:etu'lR:B{ nat{uru. nr:neturrrusrrnonuvulolfnGuu.i'urj:snuflnurflfi s Gor rr:{ilau

AAdaA
?Yr uluY{u rlJ: ilil1fl nu 1fl'ldgt :qU

qaa@l

Ulllutltcvlgl : Ufi ]?YlUl0 UlJ0Ultnil, 2553.

- cta A j i @ 4 '- - 4:0:y fll:fllj. fll:y{9NU]fi?"ttJnjl tot:o{ tr:{rtaefl't:tflaouil 1o{fnGuu.i'urituruf,nurflfi +
aa6daa
ru'lu. ?Ytu'tu?Iur il: tutut?ytu'lf,]dgt:

a u1v, I yq s a s d ic, qa , '
r3o.rf,npr "[sr:fru. n?rrJrflr torJ turJerlJo{unr:uuyr tryilu{floorurj:snourfior:Jduurululo^fi

i i o a /n a @ a
n a'ln tn a 0 u t: 0 { ud{. ? Yr u'r u il u r il : iu iu 1 f, nu 1 f, 1 dgr I lJ fi 1 LJ fil cYl 9l :

a@l

u141?mUlAUl0UttnU, 2549.

?::il01ti nl?.:r{. ":Jfryotnt:air.:a::rinrrlflfioru (Constructivism)". tu nt:rj:csru?rtnt:
v 

-

Constructivism and Application to Teaching. U.20-25. flOlJttflll :

avl
u141?ytu'lnufl 0ultnu, 254 l.

49-4lavr
?::Ellvlil1 :09ltt:{nl. CONSTRUCTIVISM. n?.:tYll1dl : niludnu1fl1dgt: Ufit?ytUlautouttflU,

2540.
dr

?:]R:flr gilrmr.
A

-r) y I 
'ra 

yd s I a a a / n
d:'r { fr ? ltJ : 0 1 nil u f, 1 u n ? 1 u i r9l u I 0 { r.tr: uu n u n 1 : d 0 u il n st. im u ru u u i il5 0 al r

UAAqd
U l't'l U ilt cyl 9l : U ?l 1 ? Yl U 1 d U q U A : 1 St 1 U, 25 5 4.

4oaaut
fl n U ]f, 'l d gl : lJ 14 1 U flt cyl 9l : U 14 1 ?Yt U] 0 U I O U t tn U, 2545.



52

t

ronil:dr{6.r tsiol

I
d.:fl:-lu9t

f,:t?r ul,airr. nr:dourruuriruru dsrnsr oiuru rdorf,slurnarlr{rlorru'lfin Go.ralo:'lv{flr
aa/FAgaava

fl:ylrdgl:{. ?ytuluilunil:iuiul?ytu]fl]dgl:ul1lu0lcyta : ilflf iTU1ouqua:lsI1u,

2554.

49t@ojhso1-v+<,jZ
rynfl:lrn?. st?rlmun?]unn r:0.r r0{ tfio 1o{unr:uusuuruufinullyt 5 ljufluglu

AA/n4s€aot
?vl U 1 U il U I lJ : €U tU lfl n U 1 f, 1 dn : ru il'l U tll cYl 9l : lJ 1,1 1 ?Yl U 1 n UT O U t tnU, 25 5 3.

dxn?: tu#unl'. nt:ttfiuutfiuun?rilrdrlo:rlurun^fil?nd rio.r il:rnnnr:irlnajuro.:fnGuu{

dqtaaadFAqa
traenilurmuuniln'r:d0u1jflgt. ?ytu]uy{uril:iuiulflnutf,'lcYgt:uillutucytgt :

aql

ul.t'l?Ytu'laull0utlnu, 2545.

arr r riu ri.r ra3 il n 1 : do u i?t u I f, I dfl f r ra v rvr n I u I a6. n I : 0-{

alsal
?Yt u]fl 1d9t:. fl t.:tytll "'t : [5.1y{ uylft I ct n. 2546.

. ng{rvrfl"r 
' 
I:rn^rur(q;anr,

2548 (n).
q4 {-_-._.-- _ -4 yl i i v t 4 ,)

- 

l,tu.: dol: uu d]: e n1 : t: uui ilus'lu n I : tn ci 0u m Itau?{ a {{ 1u nqu d]:u n1:[5 uu;
o I Y- 

- d a,i < 6 d
?ytulf,lrYn: TuuIUtJf,fl u lljyt 4. nl {rytlr.4 : t:,:nrunq; fynl, 2549 (x).

a l!, - 4
?1lu'rf,]dgt: ryuItuufln Ul1JYI !. n?.:rril"r 

' 
I:rn'ruv(qq etn1,2549.

'10fl d]: ou:ilng (il a-n4a:na1{)", lu
vraa/ssd

u.50-54 : d01ulJd{rd:ilfl t: d0u?ytutflldgtirrn&rmn Iu lau, zss2.

d:uR'r
o{@
nttfloflo. n1:01 r0ndl:

:J : s n o u n r : 0 u I I : n'u q Ia n : I r rim u t a-uu [: fl ? :, 25 50.

d:uv
a6daA
?Yr u 1 u ?1 u r il : qiu ]flnu tflldet :

9AAqt
U 1.1 ]U tlt cyl 9l : tJ 1{'l ? 1l U'l 0 UlJ 0 U t lfl U, 25 50.

u?aqqaadavvd,LA
rdt?aflufl{ t:ilr. nr:nmurrd'nqn: r::rurrst=to.rTmurerasri rirrfurinGuud:lfufi l.

aa/Fdqaas<aas
?yr u't u fl u r il : iU q r n ? fl r da : q u a ffu fl n : u u I Tm u r niua3 u nT u m : il : s, Z5 S t .



53

ronflr:dr{o^s tsiol

fi
qlo4

UT{UT IUYI?.

AAIaA@aavt
?ylUlUilUIlJ:illEU]f,nu1fl'ldsl:U141Utllcll9l : lJfi'l?YlUlAUl0Utlnu, 2553.QU

oun?::ol hilyos. flanrr,0"'nn'r:Gouirru:Lriruru-d.:rnn-o;ulu 13o.:h'lflrrnfi rnjonisuur
l

9- 
- 4 <,i a 6 4 a a q

ryu n l u u rin u t il vt 6. ? yt u'l u il u 5 u : il fl 1 ? vt u't f, '1 fl 9t : u 14'l u 0l cyl 9t : u fi 1 ? Yl u 1 0 u
ua

d

qun:rur1u,2554.

drm: fouv. uflra toucffld rrnvrfiollrn fl:flfil. nr:ti'r:?0n?rlJa'rnfi?-.:lunt:GouiryrUU
qA?vvvagaqa
v{einri. doluuu?Frn::ultocy{gilu'rn:vu?un1:t:uui : ul,l'l?Ylu'l0uufiaa, 2549.

tirurr ofivrn{aon. scHooI- oF cIvIL ENGINEERING. un::rraur 
' 
ritrinist

?ar n : : ru ar a sr $ ru r,r r ivr u r ii'u rvr n I u I oE q: u ii, 25 4 8. ( ro n fl r : d'n rir ru r )

American Association for the Advancementof Science TAAAS]. Science for AllAmerican.

New York: Oxford University Press, 1992.

Bell, B.F. Children's Science.constructivism and learning in science. Gelong: Deakin University,

1993.

Brewer, W.F. "Scientific Theories and Naive Theories as Formsof Mental Representation:

Phycologism Revived", Science and education. (8): 489-505; Winter, 1999.

Bruner, J.S. The precess of education. Cambrige, Massachusetts: Harvard University Press, 1997.

Carr, M., Hayes, D. & Symimgton, D. "Language in science : Constructing a sense of the world",

In E. Furniss & P. Green (eds). the literacv connection: lansuase and learnins across the

curriculum. South Yarra, Vic: Eleanor Curtain Publishing, 1991.

Claxton, G. Education the inquiring mind: the challenge for school science. New York: Harvester

Whestsheaf, 1991.

Cobb, P. "Where is the mind? Constructivism and sociocultural on mathematical development",

Education Researcher. (23): 13-20; December 18, 1994.

Driver, R & Bell, B. "Students' thinking and the leaming of science: A constructivist view",

School Science Review. 67Qal):443-456; Spring, 1986.



54

ronm:dr{6'r tsiol

Doran, R.L., L.O. Guerin. And J. Cavalieri. "An Analysis of Several Instruments Measuring

Nature of Science Obiectives," Science Education. S8(3): 321-329; July-September,

1974.

Fosnot, C.T. Constructivism: Theory,perpective and practice. New York: Teachers College Press,

t996.

Fieldman, R. S. Understaning Psychology. New York: McGraw - Hills Inc, 1987.

Johnston, A.T. & Southerland, S. Conceptual ecologies and their influence on the nature of

science conception: More dazed and confused than ever. New Orleans: National

Association for Research in science Teaching. ,2002.

Keamey, M. "Classroom Use of Multimedia-Supported Predict-Observe-Explain Tasks in a social

Constructivist Learning Environment", Research in Science Education. (3a): 427-453;

Winter,2004.

Kearney & Trea, M., Treagust, D.F., Yeo,S. &Zadnik, M.G. "student and Teacher Perceptions of

the Use of Multimedia Supporte Predict-Obseerve-Explain Tasks to Probe

Understanding", Research in Science Education. (31): 589-615; November I l, 2001.

Klopfer. L.E. Handbook on Formative and Summative Evaluation of Student Learning. New York:

McGraw-Hill,l97l.

Lederman et al. "Views of Nature of science Queationaier: Toward Valid and Meaningful

Assessment of Leames' conception nature of science", Journal of Research in science

Theaching. 39(6): a97-518; Winter, 2002.

Lonsbury, J.G. & Ellis, J.D. "Science History as a Means to Teach nature of science concept: Using

the Development of Understanding Related to Mechanism of Inherritance", Electronic

Journal of Science Education . 7 (2): 22-30; November 25, 2002.

Mabout, S. The Use of a Constructivist Laboratory to Improve Students' Conceptual Understanding

of Motion in Tertiary Physics in Thailand. Doctor's Dissertation: Curtin University of

Technology, 2006.

Redish, E. F., Saul, J. M., & Steinberg, R. N. "Student expectations in introductory physics", The

American Journal of Physics. 66(3):212-224;July 15, 1998.



toncn:d'r{6s tsiol

Romey, W.D. Inquiry Techniques Teaching Science. New Jersey; Prenict- Hall, 1986.

Russell, D.W., Lucas, K.B. & Mcrobbie, C.J. "The Role of the microcomputer-Baesed Laboratory

Display in Sopporting the Construction of New Understanding in Kinematics",

Research in Science Education. 33(8): 217-243; Winter,2003.

Teller, P. "Representation in Science", Fictions, Fictionalization. and Truth in Science.

http://maleficent.ucdavis.edu:8080/ pauVmanuscripts-and- talks/Ris%20finaVview.

March 27,2009.

White, R.T. & Gunstone, R.F. Probing Understanding. Great Britain: Falmer Press, 1992.

55



R1n9{U?n



55

R1n9{U?n R

val9taaly
rrfl uR1r0onr:r:uugrlayRofl :5ilnr:r:uug

{



56

t

vde;it
n.1 t[,.lunl:oonl:t:uu:Yt 1 t50{ n?1ililu]uul{{

vaYA
rmilnt:00n1fl:uu?Yt I{

aarad
:1U?U1 130202 (ilflnil 2)

A drd
UUilEUilflNUlUlI 5

nilaunr:riuu5 rto.r roruhnoa6srv
-yAro'fi?.r,ot:o{ n?lilmululiu t?o]4 t'alus

r?412 fi'rfuq

r?or 2 *alil.r
vi4

fl 0u'1u.........Yr........to0u...............yt.fl .

,)A
fltruflou utuuflfi: u::[1t{gg

A
1. rtu?nodlfln

1.1 n?tilfiurrtriu (densiry) r{JuaruffirarIrsd"llo{at: Inuvt-r'lilocililru6{ nrru

tuuruiluu?a (mass densiry) rrldtrnrj3illilil?nluufi.:nri'rurjirurn: drhi m rfiuulato':cr:

d.rfirJinrn: v rrne p (otui't I: ".ho"; rflunrrururuiluxo{dl: ou'ld

p:+

n ? 1 il r u rr ril u fi u ri r u fi I a nfru rio q n u I fl riru a : (t<gm3 )

1.2 n?tilfiurrniuffufimd (relative density) Inurirnun'jr fl?rufiurrrilu#llyr-mf,rol
O4urrr'--tgaad]: tFl fiu1u0{ 09t:1ct'tu:91.t?1.:n?1u11u1ttuu10.td't:uunun2'lul.tu'lttuul0{dl:dt.t0.: uuru

qy! o di a d A a ' 
j

lsulu: dmrmoil?lnU 4 o.:fllrcuarBua fr .:fr nrrrufi urrruuillnmflfl ryirflu 1.00 x I 03 fr Io nfrusioeaqq

2. I o ; u r un ? I u ?t u 1 uro.: n ? "t rJ t4 u I r ril u r ra ; n r r u il u I r lil u #u yf,m fld'
z.z ritutuur n ? r il l.t u I r ni u r ra v n r r ru r u I uil u d'u vr-vr f,'l d

ddt9a
a nutflnlilfli: rilucY'l:01{0.:

-rldy2. qoU:vfl.lnn'l:[:uug

s. iao orJn:srietrnYurir6on::ruea

A4{yly
fl{mngn0{[9r:uil / fi0ll

r. riruiu a{ utau

2. n11h

:. 'hiu::vin
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iot)
4. 6IOnl:t:UUl

+.t lunrruYfi r rio,: n?till.iutrrilu

+.2 lufion::rufi t rio.r n'rlrJfiutuilu

+.:. lu fi r n : : u yr er do u n ? r ru u?r 1 o ri o r n r r ru u u r r niu

5. nrvu?uR]:00R]:t:uu:{
q9@ a o r a zi - ,l j -5.1 n-! tl{unt:uuYlllruljYlfr610unout:uu [:0{ r[:{a0usr? (ruorlrnu?nu n?]u

?ru1uilu or'.tr*luro{rHa? rrasrr:{nousl-?) ldnor 30 utfi

s.2 nguli{n{urinrtuuoonriJu e n{ru1 au 4 - s nu
oloaiarsil

5.3 n:ultduodo]unl:irinrulufr on::ufi I r:o.r n?rill.turrruu et.rsiolilfi

a4l 4ul
nofl t:tJlt 1.1 ffi 0.1 il?aRun?1il11u-l[uu

L
tilnl:n1U'lU (Predict)

ngrir{nq : vfin lduri 6uriru-u a{ uasur.:au uanlh{rinGouq udrl#rinGou
orsttoiarrsahr

tituru'jr':-nqvr-rarruvfrnfr 0siln?'ru14urrriluryirri'utl3o"[ri ry't:ryrilqln f lnuhflrinGuuli'luru

tta so; u 1 util q r{ 4 il : e no u rfl u : r uU n n n 0 r n liu hflrinrS u u lir u r uua v ol' u t uril n r{ 0 il : & no il
drro@dai"tllu:lunoua{ tuttuuuumnn0n::ilyrrr0n t# rijolonrah?rinGuuldrran.:nrruFqrfiulnuu-.r

hJniuqnfin) ldrrar s urfi
vvvAyy
llUR1:fl.llRsl/nfl oo{/flURUt,0Uo (Observe)

n g u0 n lu fi 0 n : : u fi I un e1il n'r'r u f ii r h?u-n G u ufl n u r un v rJ 6' ri6 n 1 : m n a o { n I u

lufitn::rufi t.t ldrrnr 30 urfi Inuo:nouh{rirrruyrirrrauot^ururnarurfiruroryfirinGuuq

u0ufln1:ilna0':
I
VA

lJuRllofiUlU (Explain)
r. q , q d I o i a a o < ra oangqil tHunt:uu I - 2 naUorulUr{nYtunt: Uulitnt:dnut rraeilAlInnr:mnao.r

-. -, -_-E'^ -- - -q-4 -!^-.-q-._e-t- A qyvtltrt rj v q r s0lnuungttasunt:uu:?unu0nil:lur.lotlio tri 16,[0d?ilrnurnururan]Jn?]ul.tu'lrrilu rai0tn
'-oAariungot-ururn-u16ru "t-n0cit{rfinri'u fifirJSrurnrryirniu ovld'jri'nqfifiurotrn osfin:ru

t r - -..j+ I 4 t ty a1'lullluuuln d?u'l-nqfrilu?nfou0eiln?rill.rulriluliou fl;0fl?tuflururiuocrr:J:ruiun:.:n1u
-Aail?nxo{i'nq ru'o:J3rurn:nlfi f pa m),'tdtror l0 urfi
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6on::rud r.z,iuo rj?rrsr:ffunarrurururiu
I
v
t UR'llnlU'lU (Predict)

ngrirfnq : vfin ld'rrri fiuriruiu a{ unvur{au fifiu'rarvirniururrranrl#u-n6ouq

ud'lhflrinrSuuriruru'itr-nq#rarrurfir'd osfinrruuururiurvirniurtohi rn:rrrrqln rlnolt?
s 4 o a--, t dl & o y - d o a

u nt: uu ll'lu l Utta e0 n U l ulrq r{4 il : e n0U til u: l Uq nn a r r nlJu ]r{rJn15 Uu riru rUrta voi u tU

trqrua:J:vnoutfJu:runq'u arluuur.ru-uvronfirn::rufirronl# rilnlonrahflrinrluulduan.r

n?lilfr9lll.ru tetuu{ turuuQnr{9t) tfl?a] 5 ulli

t uRl:fl.llflgt ilOAO{ flUnU{OUn (Observe)

n g h?rinri ou fi nu r r rn ; :J 6^uT n r: m n o o r sr r u lu fi r n: : ru fi r.z r{J u nn r ro u rfi In on g

e iro o a d a A - o ra oa
nou tl.tfi trru&utuae0rutulr{utnulJotumunt:uuilAilnnt:mna0,:

LA
1lUnl:OfiU'lU (Explain)

I q y q d I o j 
- a o d ta ua

fl g qu t?lunltuu I - 2 nQUoIU lur{aYlunt:Uufl tnl:dnul rraUiloilnnt:mnao.r

trnrfungrrocu-nGuuirruri'uofirJ:ruruorntro1#'lddoagrJrfiur6'urJirursr:d'unrrruuurrrrju

ro{0lnuung0nillutllutnu "?flqnt.:sunnu nuu?ormtnu 0e'[6?linnytutJSrutn:utn 0uil
tyr-oiotogdr4fi1lullu1ttuuu0u d'lu?9lQYlulJ:uln:Uou0eUfl?tilru1iluuutn fison?1ul.tutrtilu0e

lu
r nJ : H n r.rTu rYu rG ru r n : t o.r i'n q rfi o u': a n.: fi ( p o |1,, ldrr a r I 0 u I fi

e^------< - ^ i t v q d vn0ni:lryr 1.3 ffi 0.t n?1Nltuluuur,0.t.fl qTilolou?fl u
L
{Unl:Yl1U'lU (Predict)

oa f, - r
n:utourirruYuIulogil't6l 4 flu1q (rurarrosil3urn:eir.:nh) rurrran.rh{rinGuuo udrt - ! orr rcr,oovn 

I

q Y q a o r a- n" 
- !, gl d r r s a h r a .

l f tI n i5 uu tir u r u i r d u d t uiu m-.t + rio u 0 u fi n ? l il r u r uil u ryi r rYu rS o hi ry{ : t & rr q 1 n t I n u l d
v 4 o a- r d1 & o , - d o aunl:uuvl'lu1utta&0!lJ'lutrqfloil:un0utIJu:ruqnno 0rnfulftinrTuuriruruuasoGuIu

tdt
rilqruail:vnoutilutlun{ru a'rlurrurfunonfion::rufirronh{ tiJnlonrah{rinGuuldrran.:

nrrrun'nu1u]nod.: hiuiun n,.l^n) 1dnnr s u rfi
Lu{unr:tlrnn mooo{ frufiu{orya (observe)

I

n g hirinfi uu fi n u r r ra v rJ fl^lT n r : m o a o { enu lu fi 0 n : : u fi 1 .3 rfl u na r 30 u r fi ler ung

--.q9o o _o-.^-._-4- o j- o ta6
n 0 u ril n ttlu yu l r la c o r u "t utT'l u retu l rus yr u n n uu il fl ffi n r : vr o o o.r

Lo
lJun'll05U1U (Explain)

t. q Yv d r _-4 - o o 4 ta uang 6YlJ tfi u nt: uu I - 2 nq uoru ]ur{a fr tlnr} uurir nr: fr nul rrasilg u-e1nt: mfl ao.r

ornrfuoguavu-nGuui'lruriuofirJ:rur^rorfio1#1d'rioaqrJ16u':ri'uufinto.:r-nqri'un.rurr.rurrniu
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- 4 a s a d s h rr d d A q rd I

fia{olnuungorx'lu[ilurnil "?nq5untou?nu [u?'ltvtJlJu1ntanfi:o tl{Eunnlu n?1il14u1ttuu

ro{i'noliuosfirirn.rfiraruo nrsru nr:6nrirnrruuurrrilurfunr'ldornrJ3rutrururnlurd.ruri:u

il3rurn: dr1# - r{lururato.rar:d':fi:JBrurn: v rras p rilunrrrururtuiutore 'n wld p:ff-
ldnar ts urfi

- A o i r @ v 4,
nlorulurilursrn 15o{ nrrururrniuii'rurt'mf (relative density) Icruriruuo'it fl?llJ

q

t@@dO4qtrt&-
l.tuluuudtIlIyt!lJo.r6Y1: ta flu1u0{ 0n:1d?u:s?1?1{fr?1u1.lulttuu1lo.l6Y-l:uunun?1il

t I a a qYU o di a 4 A d , d
14u1tluu10.rd1:61.1o.r uuu tTillu:qmryrqflil4ri 4 o.rfllrcuorcuud ry{un?1u14ulttuutJlnilqo

t @ 1 6s s t d dt 9 a q t

tmlnU 1.00 x l0- n tAn:UnOQnUlf,ntugl: [lJUdl:O1.:0.: n?0U'l.ltUu nl:fi'lfi?lUl{Ulttuu
@qdtioaYirdrdr,-14'
dunhrfiro.rrJ:om ornnr:r.rfi t lulun?luifi t il:omfin'rrilflurrrilurilu 13.6 x to' nlanfir

t@vJ4 ltdrdllr
l.lulttuudUttyt5 13.6 t.tltu]ufi?]u?11J:0mun?lil?lu]ltuutuu 13.6 tYll fl0{n?1illiu1[tuu10{
I a r d dr , )o A !, dra t r

u'l fi:ou:oytuu?arilu I3.6 rvtlljo.ru1 trioGTl:?l-{dorfiil3rurn:rvirriu 1dnor 40 u]fi

n : l#rinG uu rir fi r n : : ru m fl do u n ? 1 il rdrln 13 o.: n ?r u r'r u 1 r til u tfl u t'l a t 30 u I fiq

6. uu?nr?iltvrfiunr:risu5{
nr :il:vffi u nt: ri uu ito.r u-nfi uu fi d'{fio

6.1 nr:iouovnt:il:vtfiurua

6. l. I nr: glouritntruluuuuulufrnfi on::U

6. I .2 nr:rillufi tn::rumadoun?tuu1llo rtol n?1u?tulttilu

6. 1.3 nr:fi eiruirrulunt:ritfi on::ru
j

6.2 tnro{riofilfflunr:rJ:vrfi u

6.2. I rruufuvronfi on::ru

o.z.z lufinn::uyrerdounrrur{rh r*or nrruuurruiu

6.2.3 rruud'.rrnnn1:rirfi on::u
lvla

6.3 tRtucnRlt?Ouovulvtuur{a

6. 3. l nr : er o u rirn r u lu r ru u riu non 6 o n : : u r ra e1u fi o n : : ru n n ao u a'r lu r{rlt
o a h, , 9t I v

flounroluoruru taQngro.: n:u6r?u duu:iu :uau 5 n&rruu
r a Vtrt I 'tt t It I e

nouQn rrgroIulu taQnero.: rrn tun:u0?u duu:Rr:ufiu 3 fiurruu

nor'hlq n rrsiofi u ru'[drrq r.roln dr6o.r :caru 2 figttuu

6.3.2 rruuuiun'nnqfin::ru nq6n::ufiii'rrnn il:enoudru s :runt: lsirui
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(t ) iurrraonnrru6nrfi uotjr.:fi rrnHo
dttda

(2) ud?u:?rJ lunon::il

(r) l#nrruri?urfl fi oaurfi nluna'u

(a) Yu ru^nrou {rufi ldfu u urn u''u

(s) uo ru fufl.rnr rufi n rfi uro.: d5u

rnor'finr:1#nsuuu
sd

:g9rlJ9ril'ln

:grt-ud

:gn"'lnold

:vn-unr:iliuilgr
lta

lnotcnnl:u:vtNu

n&ttuu:'1ru

fistruu:?tJ

figttuu:1lJ

frgttuu:?u

ld' 4 nurruu

1fi' 3 n&rruu

1fi' 2 n&rruu

1# l fl&rruu

d
18 - 20 $|rj'rn

415-17 9t

t2 - 14 nold

e - 1l :Jfu:Jg.r

I
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Ad9@9,t4t)
n?1runot?turto&l0rdu0rru&lJo{1.r??rulnqu 6Y1rsnl: r: uug

(a.rfio)......

(............................................)

@9r-dyad
fi ?14utno udt: vn1:t:uu: ?vlu1fl dn:qq

a d I q I ^ 9o
n ? 1 il n nrfl u ua cfl 0 [du o Iru g1 0 { ?1 ?l.t u 1 {1 u ?Yln 1: /: o.: ry0 1u ? un 1 :
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uu u il, v tfi uyr q 6 n: : u rinri u u

:runr:il:vtfiu
dt r o a dl. udlu:?il tunl:ttd9l{fl?ltlfi9ltl'lu
dAayqo

2. Ufl?1iln:&no:0:u tunl:vl].l'lu
d u o iurr-

3. U fl ?'l u : lJ r.lo 50u.t "l uYl t9l : u u o 1J 1'l u'l u

o'- o dr
4. UlunoUYll{]U[]JU:UUU

s. ldrr ortir.rruo dr':tl't u rc du

rnnr'finr:lfrnvtruu

:vri'r6utn 1#
@ d q9)

:eflu9t t14

:so"'uvrold 1#

:vniunr:rJfurJg.: 1fi'

lta
lRflcnRl:U:v[]lU

nvrruu:'lu l8 - 20 6rurn

fr&rruu:?ll 15 - 17 6

ft&[ruu:?u 12 - 14 T{Old

fi&rruu:?u 9-11 r.lfurJql
3n,,4

fiN]utflE n&ttuu:?u 12 fivuuu lju tlj p'llutnfuryl

4a
:lUUOCIN]UN

rrunl:ilrvtfiu :?IJ

(20)

r^lonli

rJ:vrfiuI (4) 2 (4) 3 (4) 4 (4) s (4)

I

)

4

5

:?U

rqau

4 n&ttuu

3 nuttuu

2 fisttuu

I nettuu
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ruuuil : vrfi ufrnuvnr: rJ fr fi6nt :mo oo.r

:runr:il:vrfiu

t. nr:'r'r{rrfl urJ g'd6nr: vrn oo.r

9tl q
2. nl:[rn tfl]JaJrl

3. nr: fi vr-nuriuo"'r rruu.,
a (l9 t I

4. nt:r6ion tflqiln:Bl

s. nr:drrauo{oua
J q9

tflo{.mfl1: tt{nvlluu
u d Ay:vfiuoil1n lfl 4 nutruu

:sniud lfi' 3 nurruu
u ol a9

:snuflo tu t?l 2 fiuiluu

:vd'unr:rJYrrJg.r lfi' I ouuuu
lta

tnotcnnl:iltvtilu

nurruu:?rl t8 -20 6rurn

nvrruu:?u 15 - 17 6

frsrruu:?u 12 - 14 nol#

fisiluu:?u 9-ll ilfurJ?.:
iu,'d

?nJ]ulfiE fisuuu:?u 12 fiulruulju tlJ Hlurnilcyt

Y{.fl...

4a
i"tutoflil1TR

:runr:rJ:vtfiu :2}.t
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st6rR"t:
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lav4a
iluulJ:vmufl 't:uunnn0n: :ilfl 1 :1loo0't

flunltil:slfiil

l. nlnnerud0luRlsurYurfi ndilfl nq

d 4 9t a9 \19
2. :?U:?Ur:UUt:U{fl0rynmflo{n]: t9r

:. rj r rau o 1 u d'n u or s t o.: n r t r d'ru vr-u f,: v n'j x r?o 
ry 

a 1 d
a 19 t I @

4. ?rfi:1&fi1j0{n0u1{ul{annr:

s. ofi :J:ruuovagrJ run'ldqndo.r

I a9
tRilcnRl:tltnvuuu

:snildrurn lfi' 4 nvuuu

:srrird lfi' 3 flerruu

:sduvrold lfr 2 nuuuu

:vn-unr:iliuilg': ld' I nvrruu
laa

lnilcllR't:tJtvttJu

nslruus?u l8 - 20 6Urn

fiurruu:?u 15 - 17 6

fi&[[uu:?u 12 - 14 nold

n&uuu:?u 9-ll rJfurJq.r

r4xrunrE nyrruu:?u l2 fleuuu dul:J nirurnar.yi

4a
:'luTofltJlTn

:runr:il:vtfiu :?ll
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9{0nl:
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4
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:?IJ
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tunaru$fi r
jr
t:o{ fl?1ilfiu]ltuu

t. n? tilrtuluriu (density) r{l u aru u5ra fl re gi?fl o.: dr : l n ufi''?lil o vm ru r udl n rr u

?turrriluru?a (mass density) rrldrrn:J3ilriuu?a1uild.rnrjrurJ3rurn: drb? m tilururatolar:

d.rfiil3nrn: v rras p (otuit I5 "rho") tflunluuurtrriutosar: nr'[d

n r r u r u r r ni u fi r ri r u fi 1o n fru eio q nu 1 fl r{til n : (kel'n' )

jraiodq
st't:t.rii l.t fl?tililutrriluflo{dt:lll.rsunyrqiu?r4u 0 o.tflttcuntcrud tto&n11tlou I u::ulnlfl

fl-l: narrumururiu (kg/m3)

6
110.tttt.:

m0n 19.3 x 103

ngn? 11.3 x 103

rfiafl 7.8 x 103

OUAUTUUTJ 2.7 x lO!

,)
rtn? 2.4-2.8x103

n0un:9r 2.3 x l0l
ta

u'lrrfl{ 0.92 x 103

h,
uJ 0.3-0.9x103

iyiu 0.10 x 103

CTl: n?1lrfiu]uliu (kg/m3)

,u0.11fi6?

rl:ovr 13.6 x 103

I

ulTvra 1.03 x 103

ti"'(+'c) 1.000 x 103

al
romatt0nn0u0a 0.806 x 103

l.a
u'luutuuctru 0.879 x 103

d
IINCT

01n1fl 1.29

OIAUU 0.179

dhhd
nl5UOU tOOon trygr 1.98

rruriufrurYvrd (relative density) Inurirrun'j'l n?ttJttutttrjuii'run"vrf,cto.:
od@rrr'--tl.,aa

d]: t9ll.tu'lu0{ on:"td?u:&?1?'t{ft?'rtJ14u-lttuufl0.:d]:uunun?'lu14u1rruufl0.:cTl501{0{ uutJ

agt'" o 4j 6 d A a ' 
j 1as v I

lfrriruiqvrifiqnnr4fi 4 o.:flrrrynrBod frrilnrrruilurrriluurnfiqnrvirri'u 1.00 x 103 filoniuno
ldtgaurrrqvl,i

anulf,nrun: [ilud]:01{o{ 9r?0ul.ltYu n]:filfi?'lufiulrruudtJ?rYri10.11J:oYl 01nnl:'l{Yl I

-m
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rJ:ovrfinrtrur.rurru"iur{lu r3.6 x 103 filanfrusioonurflrirunr n':rrururrniudruyr-mf,to.:rJ:oyr6r

.ramffifiiots.o,-u,?uo,..,,,urrrrjudruyt-ytf,r:.o6lrrurun,lrru,jrrJ:oyrfin,lru
rutruiurflu t:.0 rvir ro.rn?lur.rurrniuto.rrir uSorj:ovrfirurorflu rg.o rvirro.:1i', ,*,oudlrr'.,

ao.rfirJErurn:rvirriu

vlt
9r?0u1{ 1.1 n?lilfiu]uuu

q q 6 I d r a d dd ia
u n 6T1 : ? 0 r9r u yr 1 { 9r ? uu 0 o 

Q 
u u : : q I rn d n0 u 0 0 n [n u m 1 { 11 1 u : : 1 r rn d 8rn uu yt u

il3urn: 400 anurrtrituer: rta&u?a es.o fiIanfir ,*rrir,,fia6rduruluuoanufin?lruilurrniuo _ _,_ci,___-.

rGl
tYt'l to

A r d dd o uy d dd o A r

ttu?fio n?1il14u"rrtuulJ0{rrndsrauru tuu0aeurl [601nu?a10{rrndtraurulurillrurU

il3urn:

?fiYtl 01nflun1:
q ii F d dd j
tilYlu 1j:U]n:10{ttndstauu V : 400 m

il?ato{rrfid6r6uru

uvrurirovld

p=+

m : 65.0 kg

p:H = 0.163 ke/rn', 4OO mJ

r d <a r e a* u t J
erou n?1rJl.r ulrriluro.rrrn d ara uu ryn nu 0. I 63 fi Ia nfru rio a nu'rfl nrun :{

a
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qai
tunonttil?t 1.1

ivt
r:o.t il?onufl ?'tilfi ulttuu

.l
qqu?v6r{n

i4woltq,iFi
t?Iof,nulfi?luduT{ur:&?t?1{u?anufl ?'lut4ulttuu tuolJ:u1n:fl {yt

.J
qunrol

o3-t. ourirulu e{ rravui.:au (:J3ursr:rvirriu)

d,
2. n1T.:

r. 'lflu::m''o
I

osaddlrqAlllra
n101tJ ?n0 3 xuftu ufi?]ul{uluuurmlnufi:o tu ril:]urfln tnqQ

rirurslo?urs

v. d{rRgr/ilnao{
a4l
?fiR't:flaao.l

qrt@ d u t r a I - t 9 u d
I . tfi unt:uul{10n:]d?u:ul.t?'t.:u?alo.tfiuuluu du rlneul{au rra ?uumnHa

arquJtuto!-r
2. tnuun:tY{ttcY9r.:fi?'luduT{uI:eil11.:u?onun?1ul.tu1ttuufl0{nuil1uu duttos

u'I.:au

flaRlrnoo0{

o fi rJ: ruuav d?ilHo n'l :il o a o.t
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oai
tuR0n::ilYt 1.2

iavr
ffi o{ u:u19t:nilR?'tu?tu'ttluu

qorJ:vorri
i4qqtrFs,jj

tfl o fl nu 1 fi ?'l u d u fl u r : & il ? 1 { ]_i : il 1 n : R u ft ? 1 u l.t u 1r tu u tu-o u ? n n { fi
tJ

qunr0{
o9o-rl. 9ruuluu du uauul'rCIu

dt
2. nlT.l

:. 'hlu::vr-rr
o q tru d d o q I A | 'r{rou 1tirini5uuiSu{drd'ufl?rufiuluriuxo{durirriu a{ uavurau (u^orurarvirriu) ornrurn

hJ r r rio u n Yo u m&.: 1 #rr q ru a'j r rir'h6,r r{J u niu r?u

riruruloGuru

v.: il{rRgr/iloao{

?fiRltnooo{
- qy@ 4 e r r F o 3 - t I @ Il. tl.runr:CIu1410n:t6Y?u:s1.1?1{lJ:uln:10{nuil1uu du ua&u1.:nil rrd?uulinr{a

z. rfiuun:rr,lrrdn.:n?rudurf,uf:su'jr.rrJBrurn:rYun?ruflu1rriluto.:6urirriu a{

ttOUUl':AU

it0R1:Ytoo0,t

ofi :J: ruua y 0? ile{ o n I :yto CI o.l
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lu6on::rud t.s
Alva.lv
t:o{l fl ?'ltJfi u1ttuulj0{l?9lCIuuolou?nu

qorJ:vcr.rri

iatua4-Aat@
rfl 0 fl nu lfr?'lu14u1[ruufl o.: ?n0sunrau?numulu "t9rrlnnnl{ nu

qrJn:oi
o3-r/Aatsl. AUUIUUgIJYr:.:enillflnilUflU1nrlnnn1{nU 3 1U1A

q,

2. nls.r
ln9 q

3. tilu::Yro
o olYq d d o s r a t . , lAa I q '-fi101il lfiun[:uur:u{cilaufl?1u1.ru1uuulJ0.r9luuluuailQnu1flnmu1u1nttnnnl{num{ 3

r u r n do r n ru r n'hJ r r rio o n f o ru vr'.: hflrr n ru n'i r rir'h6.r rfj u niu riu
a

riruruloBuru

fl{rnn/mfla0.r
A<
?finl:floclo{

qgv d & n o 3 - t 9t ,t u 4
I . tl.r u n r: uu ry.: il ?a r ra e fl 1 il 5 u 1 9r : ljo.l 9r u u I u u I tgt CI v no u r ra ? u u m n fl n

d9@ I q
2. n{unl:uufi10n:1d'ru:eri1.:il?arraeilEurn:to.:fiuriruiuusiasriou ttdrriuvton

,{a

f{ant:flo00{

ofi il:ruuoyo:ilfl anr:mnoo.lq
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lufi on::uvrnoounarut{rlo
.dr
mo{ n?1il111{'liluu

4
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TU................1dlJY|..

uAdl
?1r/r9tou/u..

rY

ri r ff { 6 o n : : }ryr o fl o u R ? r u r{fl o fi fl{ il il o 3 {o l#rTn G tr u sG u t u t't'lo ott eor siG fi r

t. r-nqrixrYu : rfinfior-mq A,B ttne c nrucird'ufi:J3rurn:rvitri'urrsifiu'losixri'u

do rir hJ 
1' 

ru a'r 1u rir,{ a n r : m n n o.: rl : r n g rYl n r n

:J:vnou

q 9s d d o u t a !l I I Y & -o-.lf {ni5uu15u{6irnun?lill.tu"tttuut0.l?nq01nu1n tilfi1u0u v{:0uYl.:0ru1utilqfla

:

@
mrfir,

trIffi{
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I
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A dt ia d ra t I a dq 4 as r

2. 9r1?U?9r:0U[1JU9|l?Ylul'Ulnran unrufl?]Ul,lUlttUUU]n 619r1?U?01:oUU:f,U l0 n [Arun: lrn

firurarvird'unr.rorfinri6o 1.99 x 1030 fiInnfru n?ril1.rurrrilu{o{nr?fi?n:ourtlurvirln

:. lrlryfiorrd.rfirJ3urn: l Qnxlflriruer: rracfin?1urluruiludiln-m#0.ts osfirirrrinrvirlo

(rirrunt# nrruri.rhlud'x g = 9.8 m/s2)
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R.2 ilflUnltOOR'r?rrul{gyr 2 H0{ n?lilfrull{ljo{lfi0?

rrlrunr:6'0Rr:riuuf;fi z
aatql

:'tu?ut 't 30202 (y,lflncT 2)
vvddld
xuil5uilflRUIUY| 5

nriaunr:rtuul rto.r ro.r,lttoafisr rTrfiorto.r n?tilfiu1uro{rfia? r?01 4 ffalu.rg

r?or 2 fralu.r

r?ar 2 *alu.r
v44

flou?u.........Yt........ro0u...............?I.fl .

,)A
R:r.ldou utuuflfi: u::tYt.:gU

A'o vl. ttil?nomnq

1.1 a?rilfiu (pressure) noo tutnto.tu:':fin:clirne{arnciodufiHd':rrjru tYrl# r
dr i o "- . 4 ; dr - io . I i
rllult:{vt10{rilo?n:cfi19r{qlnnuiluytAttauPrilun?'lu9tuyunn0lnljo{tfla?n:&fi]uull-uyt

e osld'ir

p=I rto F:PA
A

n'rrrud'urflurjBlror drnali firri'ro fi'rri'usionr:r{ruer: (Ntm2) rto vrrari'a (pascal)

v o a i ! - A - , { ;;
1.2 n 1 I il 9r U lufl 0 {til A ? n 0 u: { tu 0.1 0 1 n u ] H u n I 0.: fl 0.: tr a ?m n o m u fl 0 y{u yt yt

-i@AtAqodr@r*s:o'::uYl:u9rufi?1uonfl1ru{ n'r1tJ9ru lul,0.l[110?[1]ud9rd?u [nun:{nufl?1rJl.tu'l[[uuiloun?1u
4 tq tE @ F s dl F I t q dl F ejo o '.anrrn lillunurJ:u1n: n?1u9rur1luil:illudrnor: rrnrr:{9ruriluil:u10tr?nrnoSytyif,n:9fllfl{

lg

a1nfl0ruu{nlsu&tduo

13 n?tilfrutfl0 (gauge pressure) rfJunrrrunlutu'0.:ornrirrfnto.tto.trl.tarrfiulotjx

t9tu?

.vvl-_dtuvv
1.4 n ?lilOUfl ilU:6u (absolute pressure) rilU,.tO : ? U 1J0{ n ? I UOUIn 0 nU n ?tU FtU

u::u]ntfl

-llal)2. 09ru:yfl.lnnl:ffiuu5a{

z. t oBIru'ld'drnIrruq"'u1uto.rruor n'o rurerrr:rluroIrrnrfin:sdrsY.rnrnsisrd.r
, I AA- -

1{U?U11 UYt yt 6YtJ'.rd10.1 rfl A ?

z.z ofiuro'lr1'ir nrrrun"'ulurorrrn'r'hiduri'u:J3rurn: rrcidu6'un?rruuulrrilurrau
4

fl?1UAnfl0.:lJ0.1tfi0?



74

n oiu r u'l rl'i r n l r ru n-u 1 u fl o.r rfi o'l r fi r, o r n rir r.r rin t o .t lJ o.t tfl n l tt a c u o n

n:tuduv{ut:&fl?t{n?tilou n?1uan n?till.tut[[uu1o.:lJ0.1tfi0?ttagfl?'lu[:.ttuotl01flfl1 g no'1

Innld

2.4 uonn?1ufiuruflo.:n?run-utn0 nrruri'uau:;:ailtasrirursrrr:JErurorfirfiur{o.r
h,
tfi

2.s flrur:nriruii'nnr:nrruri'u'hjlflunr:oiuturd'nnt:tixrucrolrnio.tu^oi'et
- A io E

n?ruerurrau a{m tnnxutuf, in:J:srf r{u'ld

t lo v o a
3. ?cYO Oiln:ilfl'llt:um1n0fl::ilqQ

Ii e I e
cr{mn:910.r[9r:utJ / 110{s

arAvq
3.1 uUUOUrnoi (rn50{inn'l1uf[u)

t{ddd
3.2 U1 UltnAo nAtcUO:U

3.3 n:vuonn?{
I

3.4 RlYU&U::E10{tilA11U19l9l'l{dl

i4r)
4. d0n]:ffiuug

+.t lunrru$fi z i*oo n?rru$i'u1uxo.:tna?

+.2 tufirn::ufi 2 rtol nrtuduluto.:rror

+. : 1 u fi o n : : u yr er d o u n i t ru r{r 1 t rt o.: n l ru sl"'u lu t o.t tr o r

5. R:vu'.rlrRr:ffOnr:riauig

a qtA
r:uulvr l)

rrvadtrraq
5.1 ngrru{nqililnr:uuoonrilu 9 nqul as 4 - 5 flu (nqrutniln1iltt,{un1:0nn1:

s.2 n:dlrcyuod0'run'r:ofnrruhfion::ufi 2 tto.r nrrud'uluto.ttrarqr-.:siohJd

a j i v <ctn0n::iln 2.1 t:0{ R?'l}roultcrvR?'lilon lufl 0{t1to2
,v{unl:fl1u]U (Predict)

ngrirq:.ln:ai'lrirui rruuon'rnof ,i',,,urnrrronnl{ il1rrdn.:l#linfiuuq rrd'rhfl
qdorytgqlAvatorrdlj

rinGuuriruru'jr "dr{rurooerrrri?a.:lurirfr:vnunrruannr.:dl nudrna€j'rurirfinr:rrJ6uurrila{

otjt.:'l:" flnul#rinGuuliru'rurrauoiururfiEflorJ:ynourflu:'ruqnaa orn#u}i'rinrSuuriruru
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ruaso;ururliqfloil:snourilu:rtrn{ru orluuuuuiufinfinn::ufirron}fl rflnlonra}irin6uuld

r ran r n r r ru n^ n r# u I n u u-'r'hi niu o n fi n I ldn a r t o u r fi
LuaYY
rluntld.ltRgt noao{ ciunu'toryo (observe)

n; rr0 n1u fi 0n: : ru fi z rravlunrrufd z l#rinG uufi nurrrnvrJfl^ffi nr:m naornrrulu
o j dr d s o ro o a A o d s d ta os
frrn::rufi 2.1 rilur?a'r 30 urfi lerungnou}flriruusrirrrnuoiuturnaruro^rutorsfirinrSuurJg'u?nr:

mna0{
I
VAe[Un]i05U'lU (Explain)

n ; { u h{rin G uu t - z n { ru o i r r o nr o fi rin 6 uu rir n r : fi n u r rrn v il 
6^ 

l-fi n r : m n a o.t

& ": - " ,, ^
0rnuungua&unr:uud?u6'uofirJ:rurunrfio}{1ri{oagrJ16or6'un?rueiuriunrrrua'nluto{tfln?
A , dr v v { o d a -.A e <-e 4-

tu-on11il14u]ttuuflo.:10.:riln?ilfr]fi{n? fio{0lnuung0ru'lutvtutgllJ "Yl:g9lufl?lilnntililtu
-A{4qorvqarl?'llJrlu0&tlIutu u:on'ltrusl"'uluto'ttfia?ttil:r'iun:{fiun?1ilfin (r q' n) rfionrurulttilulJo':

d I u d9 4
lJO{rfin'tiln'lft.:9t? " t5t?a1 20 ulYl

Ajivt
R0R::ltYt 2.2 ffi 0{ n?liloullovn?1il1,1u'lltuu

v
v
{unrrri"ru"ru (Predict)

n:frflo.rrfln? 3 ufin ld'rui rir rirrnfio rraunAtryotu vrfloruvr&.:orjn:oi'lduri rruuo''(i a

a J dYq 4 9 qYq d o t i t I
n-rnoi rraen:eilonn?{ulrrdn{hirinriuuq rrdrhirinGuutituru'jr'1ru^o{uuaosrrrrira.rlu

1o{rila?ei1.:rfin6'u fi:sn-unr'ruf;nrvirnlu arnaeirurirfinr:nl6uurnja':odt{'l: ril:1&n{flln"

(ln u h{u-n G uu li'r u r u rra s o; u r u rfi q fl a il : u n o u rfl u : r u rl n n o r r n #u 1#rin fi u u tit u r u rra v

o i u r u ril n,{ n il : v n o u rfll u : r u n ci u o r l u r r u u u-u vr' n fi o n : : ru fi r r 0 n 1# rfl n l o n r ah{rin G u u l dqq

r rdn{ n ? r u fi n r# u In u fl.r'hi niu o n fi n I ldn a r I 0 u r fi
IvvAYrt
{ilnl:d.:tRgl ilOAO{ dUnU{OryO (Observe)

a y s d 4 ta cA o a d dt 4
nghirinGuufrnuruavrJ6'd6nr:mna ornrrulu fi rn: : ufi 2.2 rilunar 30 u1fi Inun;

e 9o o a A a i - o ta 6
fi 0 u t1.1 fi'l r ru e u 1 [ ra s 0 I u 1 u rT{ il rn il I 0{ g m u n t: uu lJ 0 u n n 1 : Yt o o 0.:

cva
{unl:otiU'lU (Explain)

I q 9 q d r o J - < o d ta qa
ng qu tllunr5uu I - 2 nqiloruluruamunr:uunln]:flnu1 rrasilounn'l:mnno{

& u a r e ar .' '
!rnulungrrn cfnG uud'r ru ri'uofirJ: ror^rnrfiohflldrio aq rJ16urd'un'lrusr-u riunrrrururrrilu

-'-aAoi4rav'idila{tlnuunl0nulutllUtgtu " flo'1tfla?ililn?tul.tulttuutJtn osuft?1u9tuil1n d?uflo{tfia'lyluq

n?lur.rurrrilurlouryfinrrrusr'uriou 16o nerrun"'urnJ:r'iun:.:ri'un?turutuil u (p Ct p )" ld
d

r?nl 20 ulYt
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aiiua
ROR::tt?t 2.3 [:O { fl ?ltJOUuAv U ttJl gtt.t' 0.11 o{tlt o?

LO
{uR1:ri1UlU (Predict)

o 3 t I e- t 41tI r a d
n g u 1 u't R]5u e u : : 1fl o.r r11 o ? lju 1n n 1.: c'l 3 fl u'r9l vt : o u m { q il n : fl t 9r t [n t til u o u r9r o 5

ruoyn:suonn?{ urucrn.r}flrinfiuun ud'r}flrinGuuriruru'ir "lutorrrarvfin16urniu fi:sd'uq

4rqar@t@Ah
n?1ua-nryirnu neNrirn?ruriurvirnluuSo'tri (rruoonrryusfiu::lro{n4a'rfirurosir{fiu) ril:rs

rilelln - (Inul#fnGuuriruruua&o;u1unrq,{nil:enourilu:ruqnna ornrlu}flrinrSuuriiuru

rraso;urunrnflail:enourtlu:runriru arlurruuu-uffnfion::rufirr0n1# rflnJonral#rinfiuuldqq

r rdn.: n ? r u 6 or rrl u I sr u u-r'hi niu o n n^n I ldn a r t o u r fi
IvvdYy{unr:dunn nooo{t 6iunu,tr0ryo (observe)

oyv d 4 rae q a i-- dr ds
nl tfun[:uuflnulrraeilounn]:mnao{fl]ru tuflnn::ilYr 2.3 rljur?a1 30 ulvl toun:

Gt 9o o a A a A - a ta 6
ft 0 u 114 fi lt ru cu 1 r ro s0 ! u 1 u ril u tn u I 0l g m u nr: uuu 0 u n n] : m a oo {

,
VA

"tIuR'13 odulu (Explain)

| 6 9 v a r o i - a o 4 ta sa
ngqu tfiunr:uu l- 2 nqu0ruluruamunt:uufi1nl:flnu1 ttaeil0ilnnl:mnao{

or n#ung uo vrinG uui e ru fi'u o firJ: r unrarfiol#1d{o ag:J16u'rriu n rru ri'un-u:J3 u rn:to r
- '- o A a q s F l/t l4 q u lq j

1J0.ttila? r6l{01nuung0nulurlllJrgw "fi?tuounutj:u1n: tuufi?luduflunflu tuo{01nfl?1u

d'uluto.rrrorrfifl16u'rri'ufi:vriun:rrufinryirn-ufirirrvirriurauo Inu;:Jvr:rro{nrsucdu::q

lilfrr.ralerr rionrrrud'urau" t#nar 20 urfi
oAoivvvdoFti

n g ot- u r urn-u rn u 15 o r n ? r il er urn 0 n ? r u eYu d'u U :oi n r: rir u ?0n{ 1il3 u r arri r.r 1 fr

t6u':r10.:n-un?run'u, rnto.rfrofrrn?rilfi'u rrnun?runhlu6inrJ:s,ilr':-u ldrrar 30 urfi
q 9q 4 o a 9t q A - dt 4

fl: rrunr:uurirfion::rumndoufl?rrur{r'[o rTo.r n?ruer''u rilunat 30 urfiq

6. uu?nr:il:vrfiunr:riuuf;

n r : il : vrn'u n r : fi uu fr o.r u-nr3 uu fi d'l d

6.1 nr:ieruurn,rrj]r,fi uu,u

6. l. I nr:norrirorrulurrurriunonfi on::r

6. I .2 n'r : lir lu fi o n : : u yr n do u n ? tu r{r 1o rt o.: n ? I u el-u lufl o { ril a ?

o. t.: nr:fi riruirulunr:rirfirn::n
j

6.2 rn:o{rlofilfflunr:rj:yrfi u

6.2.1 uuurhnonfion::u

o. z. z h n' o n : 5 u yt n GT o u n r r ru rrh h ri o.: n r r ru n-u lu r o.r ru a r
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ooa
6.2.3 rruud{rnnnl:yt1n0n5:u

lvla63 tnotcnntt?fl uavu:vttJ1{r{a

6. 3. I n r 5 n or rir o r u lu rtu u uiu ff n fi r n : : u r ra s h fi o n : : ru m or ao u n r r ru rr7r1 o

o a tn9 I I I q
nounl0luorulu tnQnno.: fi:u01u cYuu:0r :setu 5 n&[[uu

I a Vt9/ 9 rtJl t 9 d @

nouQn u9r0rulu tqQnflo.r rr9r tufrsufi?u dltu:0t:setu 3 nulruu
h r r a h, q 94

nou tuon rrnoIulu t9rr149rr{a tnarnu{ lvflu 2 fr&[[uu
{q

u a a a i-
6.3.2 uuuuYuyr'nnqn^n::u nqnn::ufiri'.rrnn il:snoudru s :runr: kYuri

( t ) jurrrao{a?'ruonrfi uoth.rfi nrqrua

dtt6a
(2) ud?u:?rJ [unon::u

t:) 1#nrrrusi'rurrfioarurBnlun{ru
. s a iuy-(4) :Urufl SoU{tUvt t9r:u}J0ul1rJlU

(s) uorl;ufl{n?1unnrfi uto.:{6u

I q9
tR0lcl1R1:lfinvuuu

:sdu6urn lfi' 4 nsrruu

:an"'u6 lfi' 3 nuuuu

:sd'unold lfi' 2 n&uuu

:vnlun'r::.lfu:Jg.r 1fi' I fleuuu
taa

lnil.mn1tu:vtilu

nsrruu:?u 18 - 20 6urn

fiurruu:?u 15 - 17 6

n&uuu:?u 12- 14 ilold

n&uuu:?u 9-ll rJfurJql
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Adgs9/tag
n?lilft9rr14urtau1J0rdu0ttu&10.:14?fi ulnail 6Y1:unt: t:uut
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(....................................)

vYldrad
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4rt,tJflillulfiE n&rruu5?u l2 nerruu flu tlj Hlurnilcyt
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Ito.t

qvi
lun?rlr:Yr2g

narru6'u1uto.rr1,ro?

z.r naru6'ulurorufia?

tfi ri r t r n vr o t an^ n ru t tt t s ; }flfi rdu ri r u qu tin o r.r :J : u u r or l n' o fi tru n : il n r udl g

o , t @ , " l, o 'q | 3
ar c{rrrild.: rir.r1 niu :our?el udrlririrourfrrurrn ri'ltnnnr:rjldroonorng d'.:g:J z.r

grJ z.r a'nuarstor arurirfi 4'roo n0 rng nr rf,rrrrilrsi'r.rdl uufl ?nfl a ldfi er

q q io t i u rr v
nuru{.rnrrusyrgirrn4u.ryrr0'rsg tu?rflu.r0sod1urru':1rr drflngu:.rn:srirdfiulfioqi rrae0s

o r v @ , i - q aa 9v q v | & .
n:slireioflu.:nryueuasr-nqrXnri':ufiri'rupiarorrrn?rrnsrr:.:il?l-ar,t''rqrnriuruti.:drutiu n-r;il

-Ao&rjiArdr,
2.2 Iu'ra1o.rtr:.:griufrn:etitfl-'rqrneion-ufrrilruu?u r:un'r'r n?rilfru ( pressure )

i 3 r , d o , ! - l- qilt o a !,
nr:ytu14.:oon0lng rrdet{?'1 firr:ln:sr{rsiorir rr:.:niudd'ulfi'riroonurluyran-{qrn

4oto
n. tt:.11110{tila?n:&vt1910 p.tu{n1ryug dorod

l.t. tt: nm10{t140'ln: gYtl9ro?9ttlYl tu

grJii z.z fiRmxto.:rr:.:fir0.:rrarn:vrirsioruu-.rn1yu&uaueio'l-nqfiouluro.:rila?
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a

tfi hi r rfl u r-n o fi t o.: ul o ? n : c dr u,'u q r n fiu du fi a r rn s p r{l u n r r u n"'u fi rfi er o r n
odj

lloirlila? n:&ynuur{ufi a ovriuu'ld'ir

FAP:: fi?o F: PA
A

s clt F 11 r dt a s | ) 4 u
fl ? 1 U 9r U t:J UIJ : U 1 Rl dtn n 1 : U 14 U ? U[1] U U ? n U n 0 n I : t.t tU fl 5 (N/m') il5 0 fl I dn A

-Atr
(passcal) cU{U0?1 Pa

2.1.1 n?ul6'u1ilxo.trfl a?duoqjffunarrudn
j o ! ,ya , r y e o 3A< { d A t e

n u m tn ufl ]u 1 0 cT{ u 1 1 : dn ? 
"t 

lJ ? nrln ? il fi 1 0 1 u lu{ a nu ] n 1u n 0 y u.:1J ? n rrn'l fis9{
i - , 3i o r e ar A 4 , j { .i

il'rnilu Itdn.:'j]u:{nnto{drfrn:vrirriouri'rqfirirrvr-unrrun2tuAn usilfro,:r]nfrufrto.:rrri''111'hi

r:JfiuurnJa': 6rrranvir n?1ud'uluto.:r140?firi'rrndnsrrunrrrudn rw'irn'lrnri'u1uto.rlfia1;il:

r.tiun:lri'unrrrudnttovnrruilurrriluflo{ro{rHa? r:ror01.r1n1rrud'run-uf,ldunnl:fl't'r:flrrfi.t
o-i

mqua o{u
ojdrtAoar,'-
1101:0I1fl 0.:[iln?milfl ?1u14u1rruu p LLay 0qu{ tunlryuelil9tfl 01n1f, 01nuu

Ardr&Agt-jAaarr.<
0unu1n1:'llrJlJo{r140?:lJyt:.:n:yuonfluyrl.tulst9t A (d?uytlr:[.r1) c[,1r.t?uuuCIur{?a1{0qan

0rnr.r'?to.rrra? hr rr6ls tr, nrruiird'u nigrJ z.: n rirmrinto{10{rila?;ilyt:{n:&uonrvirrYu

w = pve : pA (h, -h,) e
I @ io @

fl 'r n ?'l u 9tu 1 0 { fl o.: tfi a ?m fl ? u u rta ga 1 { fl 0.t l't : { n: & u 0 nrm 1 nu pr ttn & p2

o o o io & i
9r'luo'lou lt:{n:vYt110{10{trn?mru?yr.:do{ttdn.:n-ltil 2.3 t. rfro.rotnlo{r1.10?yt:{n:suonq

oqjluauq onrirr6o oqjfi .r

grJ z.s n. rr5{d n:vrirciorol rfi a ?m :{n: uu o nfi iirurrl.reir.: 1
aeiaaa1. fl01:il'ln?]uau10,:1o{l14a1mlnan h fl?uuun?]u9tu I u::utnlfl

zl i a e V90lnnant:[naouytflo.lu?nu 0u t9t

t

h,= 0

h:= h



85

PrA : W+ PrA = pA(hr-h,)g+P,A

ri r e hJ r r : yr&r eo.: {r.: r o.: d u n r : o r n r?u rir p, o u ttu.: do r {t r t o r a u n r : o s'l d

P, - P, = pC( h2 - hr) ............2.3 n.

&ar-&@t4
uufio n?1il ttnn gil.:fl o.tft?luftuluRUfi?lurrnnnl{10{n ?1uan du n]: 2.3 n.

d t4rr010r{uu-t61?r APt = psLh .............23n.

aru nr:dldldrilro.r'lv n rdo16urfi siorfi o.r 6.rrYurvirriu

lu g il z. r t. fi n'r r o r rm n': fi rfl pr o o n { u : : u t n t fl fi n r t ru n-u tvi r rir n r r u n-u

A gdy @ 4 t o A - - d a 4 q t q

u::utntfl il50 po 6r1fi:gnun?1urin hr rmlnu 0 vt:u9ru h2 un?tuan h ufi?luftutmlnu P ttYlu

luarnr: (z.r r.) ov'ld

p _po : psh

uio P =Po+kh
4 | u jYr u o id , 

-i 
q 4 - a

,u-l n o t r [6 r r n ? 1 u 0 u [u t o.t ttt o I vr lJ ft ? 1 u ]1 u] [ [u u p il : ea u o n h 0 1 n,{?

Psh

Pg

ro{rila1fiu::qlunruuvrflo{u::orntgtvitniur.ra:?u1o{n?1uo"'uu::urnrg Po n-uil3utot

n?tunu

P

A,hv

-V. 
Po

yl z.+ n : r r,l n r r u d'u fl o.r fl o.r rl,r o ? ri':r : v o s n : r ru d n o t n n^ r t o.t t 14 6r ?

,duoo',n po uos g luaunr: z.r r{lurirn.:n-r d'.rriu6{agrJld'h nrrrurYulu
a d - j u a I @ d r r o s r I u ra

lro.ruro'lrilnrho'lriufr:vo-'uanrhurn-uilnrrvirnhraruo Inu;rJvr:{ro.rRryuvfiu::1h.ifina1n1

cionrruii'urnu

dr u fu :Ji ru r st kh rfl u n rr ru rrlulu ro.r rr a rfi : y n-u n'r r ru dn h d.r rfi q n r n

'o - d t o - io I v I v u 4
Ul14 UntO{tl'lO?tflU.l0U'l.1t9lU? fl?'lUOUUt:Un'l'l n?lUnUtn0 (gauge pressure) ttYlUfi?UfItUAnUfll

4
fi11ilafl
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fl o : ? u n ?'r u nlu u : : u r n r gri'u n l ru nlu tn o fr u n'i r n r r u n"'u du :; : oi (absolute

pressure)

ln o :J n fi r: r u-n o v hi fr f ri'r n e r u ri'u rJ n fi p0 t o { u : : u r n r e rn : r s fi n l ru flu tn u

- - jA o , , a U ,o r

nulr:{01nfl?ltJ9luu ctr{n:uvrlsro:1{n1:4nmf,il'1.:ul9r.rttgrrno rrn:1{n1u0s910udu0.:910fi?1u

d'urno rsiu nufiriro.:ld'rirodr.::rnrBr nrruolu,no,fiudr,Srrurn ixntuilfiLhiniuororflu

0u0r:"tuu1n

ulvvvlgt?ou"tit 2. I fi?'l iloutn otto v ft ?'l uouililu:iu

rtorirrirrirrdroqjfi:vniun2ruf;n 100 rrun: 0{Hrn?rild'urnouasfl?rud'udrur;:ailro.r

rirfi:sn"'un:rru6nd drrirvrsrafin?lilfiu1rniu t.024 x to'fiJanfircioQnulf,ritun: ttaen?rildu
A - 3 , o 5 s ,o qY t @ I a 1).

u::u1n1flfr:vn''uilrmsrnrvirriu 1.013 x to'nrarin (rirxusrh{ g rvitnlu g.s tun:eio?urfi')

rru?6o n?ludurnor{lunrrud'uluxo{rra?d:vri'rn'rrudn n d.: n lun:fidfirirrvirrir 100 run:

- & q h I - t s q ldt q
ri".r tiu ar u r : 0 fl r n ? 1 u elr-u rn o'ldr r n p, : kh ri r u n r t u du dru r; : oirfl u n n : ? il 1J o { n ? r u d'u

/- u::ulnrflriun?ruri'urn0 n-.rriur:rdttrl:0r{rn?rild'uii'rurg:oi1dorfl p = po+ p,

A.lo.- 2EYll

fl. illn'llildutnooln P, = kh
-{rI.:uu ps : (1.024 x l03kg/m3 ) (q.8 n/s'?) (100m)

: 1.0035'106Pa

qvlfl. il]n?rru9ru3iilu:0r P : Po+ P,

4
tuo Po= 1.013 ' lQt Pa

P: (l.0l3 r l05Pa) + (1.0035 ' 106Pa)

: 1.1048 " 106Pa

erou n?1ud'urn0rro&n2runiuii'rurg:rrificl-r6orirdrryird'u t.oo, l0uurari'n rras1.l0, l0uurdri'a

a
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vriorrL:gr?ou'r.r 2.2 u:{?rRrvltlgtoutvflRuut

rJrrq#uri',,ril.rnd.reY.roqj1urru16.rn{x L q{ n rndo:sri'urirq{qq rr:.ro'nffin:cdr

sio il : sn rYu rir rtj urvi rln
A t /- 3 i v y v -.1 !' ,q A q I d i 3 o , r { ".uu?Ro ]J:&qnuulyrHu.:9rluduHduln.:oq tuuu?n{ n.:9il 0eurr:.t F muln:u7i1noil:c4nuil1

q A !, . r urr, | - I - I A v t I'
luYtflvl'l{n.:a1n o.::il flu10fl0.rrt:{14'l [601nr{aflil:&fi?1{fi?1uf[uxo.:illnun-uytr{u.::J:unnuq{{

u1

iGrir rdo{otnn'rtruduluto.rnrn':durirnrrruf;nrruur8.rrdu r,r"'.:n:ty{ ilJ 2.4nirludrrfo.rld
- i A vev i

ft?lunutaau cr{r1 t9t9t{u

-41-in?luniurflAu : ; (n?rueriufi!nq{qfl + n?ruriufiqnefrqa)

0lndunt: 2.3 0s'ld

-in?luFriuradu : iIr,+(Po+ Alh)l: Po+) pn
'C i q t l, Z a

rlgry{uYt,{u.l1j:eqnuul fio Lh

-'.jot@ttrl9r{uutt:{ F mn:gYtl9ror.tu.::J:eqnuul

p : (Po +; psh) (Lh)

r,r3o F = pol-h +) Atrn'
sidli
t 9r uYt PoLh rlj U r t:.1 d? u yt u 1 0 1 nn ? 1 u ou u : : ul n 1 fl
A oa y A !, o o 'A I s - &

0fr.:vrt{H1i.:6ndtutorrfroutiu ilrr:rn:srirro.ru::urnrfl r' fi.rrvirriu rotn rilfurr:.r
y !4 o r I l, I r v 1 ^ -zA ar v d i - Ioflimn:&Yllnoil:eflnuil'r0srmlnu 7 kur' cr.:rIuil5{ailrrqT{1vYru101nfl?1urlurno 10{ri'l

tYtluu
q 4A o I t '- !a,

er ou t t:.: a fl r m n : E yn gi o rJ : v n ri'u rir il ri r rvi r d'u ! Ontt'2, "

t\
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il:vnoud'ru roonrrrfrgrJn"'rq firo':rroru::q'l{nru1u ri'.:grJ z.s rJnru{r.:ud.rorotflnqi

u::u'rnrfl ti,tdornr:r-0nrruel-urfiuurYun':rrud'uu::urnrf, rrsioroldrfiurd'unrrrud'uojufild'

u::utntn'ldJnusr:.:d.:rJ:v6uflnu moi3rrya6(rorricelli) yrr6flr16uu lufl vr.e.zt86 uu:o

n^rno$:J:ovr :J:snoudruraonrrrirm:{n:suonul?il:sural so rryu6run: rJarorir.rudrrfln rruAo

u::qil:ovrou16urrdrnira.rluejr.rrJ:ovrlnohih{ornrar{r1unuurr ,duunruuro'odu rvrfio

qiyryrnrnd'rurJarurilfl fl"'.rriuuir':ilsrouuuro{1.raon 6.:hifinrrun"'uornrg rroyriril:oyrtiln.r

-- 9-. -- - VZr{ - j o a I o | | A a:enun?1ud.: t9luutfl:1&n?1u9tuu::u1n1fln1uu0nmn:&il1p.t?il:0ytlu01.til:0yt"r.:rlfl?1ilnu
U

uAu-A/-orA-&v+at
01nlf, P0 Uduqanufl?1ufiuluo{01nillilUn10t16i1il:oytyt h 9l.:Uufl?rrunul::utn]fl p0 olnnt

4v
2.1.2 rn:o.r?on?]ilou

vdiloqol@t
n ?1 u fiu lJ o.r rtndu {9t u tu 0 {rrn cY n ? 1u n u1 0 { u : : u 1 nlfl fl 0t gt? a ln 1.: 6l fi ?1 rJ

niuto.:rrffa1uut{:nuue{ ntonrtrud'uto.rrirrJ:vrir drurilunrrrueiufi16urrio.rri'ufi?srrJ:v,firi'u

flo{Unflu nrrrud'uto':to.:'lranrrird r-nrirld'otjr.r'l: rn3o.r?-etflo{n?tild,uto.r'lrarucirdfi

mntug:Juuu rriu rrruuofitnof ttu:ofirnofrractn*orirrr;inou rndolr-nnarudurneirdfi

r n-n n r : ri r.r' r u si r.: n-u o d r': 1 : 1 u fi d o y n ri r r 6.r n o ii'.: r r :J

ul u o fi rn o { (manormeter) riJ u rni o.: noo i'o n r r u d'u t o.: t o r'l r a ryfi n r d,r

I t @ O Y- gt o q9 - A r
uavnl::fi?rrunrr :gnuto.ttila?'lur.raonyl-.:flo{fl1{0em1tfiflru'l5ot{tn?tunuytrrnnnr.:ri'u'ld
A,

lu0vl: lufr'l ltJ l.t u'lttuul0{ 10.trl.t o ?

:rJ z.s rruuou^rnofg

A l, d
ttu : ofi tsl oiil : om (mercuty barometer) ril u rnt o.: ru'o fi ld:J : o vr fo n'l r u du

rqia,
rvirrYu pgh rn'o p rilun'lruuurrriluto.:il:oyr
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il:ovr

,l

grJ z.o u a-nnr: rir.r ruro.: ur : ofi rno fiJ : ovr

ttu:ofitno{trofi:ogr{ (aneroid barometer) tiJutnsoru^o'l-4fl?'rila-uotntauSo
q, d A a- dr r < i '

rurfa6nuu:rr.rfrr frahunrsrilunriorlausfrnrulul::qornrflfiilnlilel"'ueir e,r"'rnrio.:'lr,roqj

rrnA<t4ur-ai
: & l.t ?'l't r r r.r u dlj 5.1 cx { u q il n : il n a t n n 0 n u t1 lJ y

A - A J 4 d oo9 | s 4
tu 0 fi ?'t u 9t u o 1 n'l fl fl 1 uu 0 nrfl u lJ u 14 : o a n a { u 9{ a yt 1 t ?t n n 0 { t a r e qu o { l.t : 0

,i , r . o oa j i m - 
n

v{o{oon nr:lilauurrila{turerro{ncio{ rirhflr{ldrndou'lrr lrdn{n?tilduo'rnlfl in rlalriu

uu:ofirnofuofi:oud,irrfludo.:finr:rJfurfiuuri'uuu:ou^rnof:J:ovrriou6.rrfio6old ueifilfi.:'lu
r,l , ' i - ic 3 rs Ae. 4 v
tn6Yen?nn?1 ruo{01nfl?'ltJ9ruo1n1fl or d0'luYt tolJu0qnun?1uq{xo.td01uytilutl.lilo:gfIu

ti',ruu 6rfint:n-nrrilarrru:ou^rsro$rrofi:ous{l#rilurnSo{?-nn?rilq.r uSofiGon'ir o-afiru'rnof
. A v @ o i a h,

(A lti meter) cu.: d 1 u 1 : o ? o : s n u lyt fi I u u u fl 0.r rrit 0 { u u [ 6

tni ol ior gioot{ ( bourdon gauge ) ril u q rJ n : aifi r-n n r r ru rrhfi fi n r r ru 6'u q.: niu
qr/q v d q q a d v €9 9t A o, q d dr 9
ts tu 0': tn u a u dl l,t : u rn u u t { : 0 uugt 0 { r t n du { 9t u 14 : 0 un d lu u l.: : 0 uu 9t ril u 9t u

orJn:srifia-nuarvrfjuviona?{:ilduilou ilarud'ruud.rsiori'uto.r'luafic1o.:nr:q{

l-nnlrrud'u rirurJnru6nrYrurd.:flo rdoro.:'lrar{rTrJluvio fl?ril$i"uro.:lraoc?ir1#vio6oroon

6.rfir.rarir}flr{rufin^erodn:.:rJatuvioruu'hJornc{rrrrri.r16ru drilSrursunr:ruuoyuonn?rueiulu
mU

fl0.1tUAUU

ral4d

--ru 2.7 rru:0urer0:rr0u: 0u9tg
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I ar s fi n'l r u d,u o r n r fl 1 u q { q { n ?' r n ? 1 u rriu I a fi n t s'hj 1 du^ u rd u.: t fi o n a r ru n-u

o1nrflluq{rvirrYun'lrrud'uoafinlurdurfion Iafinovfiruh,rnl:J{rJarurrtu d'rov'lffiur?u.rfer

ornuf,r nrrruniufiejru'l6lun9.rrrrndoufluo'lruniu:vugri'rlofiusfr'r (systolic presrrr.) dtfin
u o d u | < a u r j r r , /- gv d

0rnfi-?10fiuci'rci.:Iofrnl:JrEu.rrirusir{dl ro{dr{nru 0rnfu{?-nfiriool ilriouornrsoon0rnq.l

rfiurovn-{fnduounrrr'ur?u.rfildEunourr:n0&ftuun{ n?'rrun-ufieirul6lutorsdrflun':rlsi'u
uou

:eue1{1l0na1ugl? (diastolic pressure)

i r r n r u n u il n rr^ o s fi n r r ru n"'u : s u v r"'r 1 o fi u sfi'r rJ : v ru r il I 2 0 fi a fi r u n : t o I il : o vt

rraen?ru$1"'u:sosri'rlnnarusi'ril:vuror 80 finfirusr:toril:ovt (nrrruri'udrflunrrrun'utno) nl:

fnnrrun"'uJafinoroldgiln:sidrf,nm:ofindrur:J:vnou6'usr-rfuf,nrrunlu (pressure sensor) ttau

firuorsro$d'srlunhdrrfuguornrf,lun-? d.rnvejrunrtrud'utiJusr-rratldviufiIsru'hisi'0.:1#rnruo

ur9r0:
A qv A i q .q q
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!9ru?vfl{n

i4qvJrq@rAaa
liloflnu]n?trudu?IuI:&l.t?'1,:ft?"tu9tunufl?'lu?tu1tluutJ0.tl,0.:t?ra? tilon'1]ila=nu

I. uruuofi rno$ (rntolr-nn?1u6'u)
v/

z. rir rirrna^o ndrryoiu

3. n:&uonn?.:
o qd at o r,f3. t rd li I rU At 9nroltl un[5uufi9r?'r0urnnou l:flu (drnno1uflliln15rilauurrilo{0u1.r t:) ru=olrira0ntlfl?a.:

orasA-4ru
luljo{11{o ?n1{lunRu yt : Bnufl ?1u 6inlmlnu

rirursloBurs

tq

ci{tnn/iloao.l
q.l
?fiRl:mnao{
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n r t ru d n rvi r ri'u r-rr ri r n r t ru o'u r ui a s n 9r fi 1 d u d'l fu n' n,{ a n I : m fl a o.:

4tqullot
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ddro
ttosfi?1ua n10{1 0{rila?untfl {n?

te
oljfl:firq

t. iluuo rJ^tno f (rn6o l':-nn ?1uriu)
,

z. fit

3. RIYU&U::1XO.rr1.rO?fl Ulogil.r"l

rirorru luto.:ruo'rvfin16orriu fi:sii'unrrruf;nrvirri'u osfirirnrrud'urvir6'uu6ohj (ruionryus
i < r,
fi u: : po'rur orfi g:J d r,rrix rYu) o.:oiur u

rirursls?urs

.. ff.rrRsr/Yrooo{
a a4l

?fiR1:ilOAO.r

t. 'l-nrirnttrud'urirfi:sr,-rn?rudn n 16urriulnonjduunryusfifir]srurn:rrnnei'r,rR-u

:-n ri r r rsi a s n 9.: r r d: uiu n'n il a n r : m n n o {

z. rfl u u n : r y'l u dn { n ? r u du vriu f, : s rir.: n r r ru n"u ua v il3 ru r n :
9{ARltnOOO{

o fi il: rtlroy aqrJruon r :vro o o.r
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t

dn3 rmuRr?ffonr:rTuuf;fi s rto.r u:.rooufra
vdYA

lmunl:0flnr:rruu3n 3

:luarl 13ozo2 tfl?nd zl
vrvvAdld
UUIIfiUilflNUlUlI5

mriaunt:ttuu3 rio.r toslmooGsr rTafiorto.r ur{ooueI? r?ar 4 ffalur{
viaJflou?u.........n........to0u...............?r.fl r?CI] 2 t'alu.r

fl0uiu.........fi........ro^0u...............?r.fl r?a'r 2 ffalu.r
I,' An:flflou u]uuflft u::tYt{ss

aov
1. ttu?nofl]nno

AOUOU

I

AOUOU

ovt@'o.A-!tA
n:s yt 1 ua sil5 { a o u9t ? 0 stm 1 n il u 1 r u nlo{ lJ 0 {til a ?n Q n ?n q u u t lyt uyt

OU

-ttat,2. EOU:yfl{nn1:t:uui

vrI
to

v4
1. u:{aoufr?m3ott:ruqr{o{t,o{[1ro? (Buoyancy Force) 6o rr:{fi10.:[1.10?ilq.:?-flq

vt| I u ro '- - i ,c
1 f udr i'n q o qj 1 u t o.r ru a'r riu l'n q fi o qj 1 u t o.r rr a'r o qi 1 !fr1u 3 n-n u or v 6 o

l.l i'n0aouluto.rruorrrao.:'irfnnfin?rul.rurrrilurloun'irrorrrorfir-nrrriuqeq

t.2 ?-nqaouilSrulurorrua?rrder{'jr?-srofinrrruuurrnjurvirnlurorrrn:fi'l-nqrfu

t.: fnonuluro.:rilalrrao{'ir{fl0fin?'rurlurrriluurnn'l'rro.:rrorfir-norluaouqaq

dr v 6o:J3rurn:ro{inqfifinrrrururrru, p rra& FB 6orr:coouri'r ovkY'ir

Fr:&Y

z. ro'nro.rori6fi6a (Archimedes) u-nil:ryqri5rrninrijudrluflur5:rJyIel^flo.:u:.:oo
s ta/ q i - - A a I v dd<6

aousr? rray torduoHannl:tnu?nunl:aouttdynt:0tJ10.:1nq ry{t:un?1flnno1:ftuod

; ri'.: d r-n q fi o u 1 u cr o { rfi a ? yrsr rio u r3 o o ru r rsi rfi u r u r,r ti r u o v q n r r: { a o u d'?q

z. t ot'u t unrtilr u tuto.: It: I ao un-r'ld

2.2 oG uuun-n n r : o r $6 fi 6 4 ua s rir'hJ ldo i u r u rfi u r d'u n r : a o u t o r r-n q lu r o r'l u a
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2. 3 rir u : on r 1 u: { o o un-? r ra s :JB ru r or fi rfi u r {o r 1 d
v I lo v o -3. 1flO OtJR:Stdl?t:UYt'IROR::Nqe

Aieae
d{mn:no{[nruu / l.to{q

d hra ! -3.1 uon til nuuluu

3.2 rfionrur
!

3.3 nrsucu::1u1
d,

3.4 9tlT't
j'

3.5 do Simulation tSol tt:.toousl''r (]rJ:rrn:u PhET)

j..r,
4. CIonl:trgug

+.t luorrruiii l,*oo u:.:aoug{'?{

+.2 lufion::rufi : r3o.: tr:{oousl-?

+. : lu fi o n : : u vr er do u n ? r u uir 1 o td o.r r r:.: o o u gir

5. n:vu2uRr:ffonr:r?uuf;

5.r ngul-i{n{urinGuuoonr{lu s nq'l1 ae 4 - s nu (nq'tr6untutt,{unr:0-nn1:

Guugd rl

s.2 ngdrrduodCIrunr:olnrru1ufion::ufi r duo,,,oouurfi'r rfi'{dolild

6on::ufi s.r rdor u:.toou6'rlusuo{rfla? I
Lo
tIuRl:riru]u (Predict)

n g rir q rJ n : aikiu ri fi o n rfi o n ru r'l fl n r ryu c u : : 1 dr ru r uan.r }flrin fi uu q r-n q rJ n : oi

n-rnrnfi r.r rrdr}flrinfiuuriruru'jr "o-nuarsnru'hiovrfJuotjr.r'l: rfiorjrufionarfins{r.: uas

rjrufionn.rvre.rao.rch{fl$ouniu rn:rvrrqln6.rrfJur,iu#u" tIerol#rinriuurirururrosoirru

rrqHail:vnour{lu:ruqnna rrnriuhi'rinrSuuriruruuacoiururrqr.ra:J:vnourflu :1undu a.r

1u,,rrr-ufinfirn::rufirron1# rflorlonrah{rinGou'ktran.:nrrru6nr#uInuti.:hiniuqnnr^nl ld
nar to urfi
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n r yIfi 3. 1 n'n u fl s n r : fl n rfi o n 6'u fi o n r ro s n r u'l # I n u,fi'q 1 #a u q a fiuqc

Lv<yy
tll{Rltfl.llRgl Y|OO0.l dUnUtOUO (Observe)

n g u0 nlu fi 0 n : : u fi :. t lu n r r ruf d : 1#rinr3 uu f; nu ruo s :J 6' u?n r : vr n n o { n I u lu
o i dr d< ou
ilnn::rufr 3.1 tilur?or 30 u1fi Inongnoul#rfrrrusfruosoiururn^rurn^rurorsfiu-nGuurJq^uTnr:

-Annno.: o.:R]Y{Yt 3.2

j-^ , d q d j y Anlilfr 3.2 nt:ildoufiona{ ruutmacrr.trilod{rnnnr:rilAuurrilawo.:flru

t
VA
t URl:oEU'lU (Explain)

- r. q 9t @ 4 I a A v a o 4 ta ua
n g qu tlru nt: uu I - 2 nQx05u lur'lCIYtUnti uufi r nr:fr nu I rrasilqfdnr: mnaol

,r9@ u d t q a I d qtllr, td v q q q v0lnuungttavunt:Uu:?Llnu0RlJ:1Ur.ron{=0h{-t6,[0d?illnu?fIUrr:{ooUg}t'"?]urunr ilo-{0tnliu
^--a,-, A o --C - rq d 4 o j e-

ng0rulutv{utnu '1u0?nq0q tux0.:tila?0siltt:{unilSorr:wqlrutn:edt rfro{0tnro.:[ila?u-u
r. s o r q ..-.-.- 4_ :, v a 09 dflrtu:{nun:gyt19t0?9t0rdu0 t:unrr:,:li?'t il:{aougI? 1450u:{1Iq.:" Jfr?ar 20 u1fr

-*f,

oo

r
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ajzl
fron::ruiis.z Gos u:qass6'flurfio? 2

Iv
'UUn 1l?l1U'lU (Predict)

t

a

ngrirq:Jn:nild'rui 6urirn-u z rloufifirurorrnsrJirursr:sir.:ri'u 16onrrr 'lr?nrryuy
/ dgt- a u r Juu::Uil rulttdn{lfi'fnGuuq n-nqrJn:oiri'.rnryrfi 3.3 rrdrl#rinFuuriruru'ir "a-nuusnru'lfoy

rfluodr.:'l: rfio{u6urirn-unrfinv{t.r rrnvrju6urirriun.:vruraordr.:n$oruri'u rn:rvruqlo6.rrflu

ruiu#u" tlerohflrinFuuriruruuavoi:rrurrqrunil:cnourfJu:ruUflna ornriul#rinrtuuriruru

ttnvot^urutrqr'rnil:vnorrflu:run{ru n.:lurruuu-un'nfion::rufirron}{ rflnIonral#rinriuulrt

r r a n.: n r r ru n^ er r fi u I n u d.:'hi n?u q n *^o ; 1 #lr a r r o u r fi

d u 4 s h9,, a I - Aa F I s s @qy
RrilYr 3.3 o nufl s n1 : rdnrryo nnufl 'ru trlrro snuil'ruuyr u u ?nrrovil : ru rn: n x nu tn udq lfi auna

ffunr:ffunn mooo.r frufru{orya (observe)
qrl q 4 4 ta6 q a ci dr

n:}{rin[iuudnurrrnvrJguGnr:mnao.:strru"luilnn::ufi :.2 riJur':ar :o urfi Inun;
Q9o o ar A o i- < taoa - al

fio u tfl n rt tu su'l [ [a so tr u'l urfl u tn u I $l e m u n r: uu il fl un n I : m n a 0 { f{{n I fl yt 3.4
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nrrrd 3.4 nr:ildouAurirriun.:1uri'.lr,l".rao.:{'.roniouri'urfioii'.rtnnnr:rrj6uuttilas

l.to{ft1u

La
{unr:oduru (Explain)

n : d u 1 #rin 6 u u r - z n { ru o r^ u r o nr o fi rin fi u u tit n r : fi n u r tra v rJ 
6^ 

rifi n'l : yt o Gl o {
o' q

o',nr?uo;,,uyrinfiuuirru6'uon^il:ruruornaol#'ldrioaqr.16utriutt:{aougi?luto.ttila? firi'{ttn
q

U o A o 6r q a a @ 4 - .-f,- 4-{-.---.-F
liu ng o t u r urr{ il tn u "lu in q ru n ta u? nu rr: { T{ q{ H : o tt: { a 0 un ?fl 0 { u 1 0s lll tJ t u n l u u 5 il 1 n :

-;{ecro{fn0fiilrnfiud'ru" 1#rror 20 utfi

^jjfion::rufi r.r Gs.r u:raosfi'alutorrlr,to? 3

Lo,fun t:li"lu'lu (Predict)

n:rfler}J:rrn:u phET ,tuo ,,rouurfir rurrranr}flrinGoue rrdrh?rinrtuurirurtl'ir-.qi__.. s

u I a q rng rU d Ura aa Aa6 rq'a3 ..ry-t4-!--'--s i..rinqrit.:tunnu '[6rrn ilrrr{.r -tti og oeQUruuu cu.:u1j:u]n:tm1nu unuull{un tutmlnu luo

ijrua.rturir rr:{nouefi'?fin:yrirsioi'nqvre.: + yfinfitsrvirri'uuSohi otjr'r'l: " (Inuh?rintiuu
o a r dr --"--.q-Y-r' lyrluruuauonururfiq,{nrJ:cnoilrflu:ruqnfla ornriuh{rinGuuriruruttaso;urutfiqHa

rJ:snourfJu:1unq'il o.rlurruruluvronfion::rufirr0n1# rilsrlonra}?rinfiuuTsYrrao.:n'rru6nr#u

lnuri{lilr#uQnfi'o) ldnor s urfi
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nrflfi 3.s flonr:eouornlil:rrn:ru phET r3o.: u:raouci'r

t
vvAYYqlUR"ltii.ttRgl nOO0.l flUnUtOUA (Observe)

q9v 4 4 ra6 6l a j ar dl
frg tfiunr:uuflnu1rraeilounnl:mnao{gr]u [un0n::il11 3.3 n]ur?al 30 ulYt tflung

q,o o a d a iq < ta*
fi 0 u tfl n luu&u ltla &o r u 1 utTI u rn u I 0r& m u nr: uulJ 0 u n n1 : m n ao.t

n'ty{d 3.6 nr:1dlil:rrn:il phET rirr-srsrsir.rsfinri'u firJ3rurfl:ryirn-urreiurnhirvirri'ul:Lrhlurir

v
VA
1,UR1lOfiU1U (Explain)

t. q g v d r o j - < o 4 ta sanaqu rflunr:uu l- 2 nqu0rulur{amunr:uuil1n1:flnu1 rrasilailnnl:mnao{
,t
@qat

0rnuunguaeunt:uui?ilniuofirJ:rur^rarndo}ildrioa;rJt6urriu rirrfnrrosu:{aouei'? rfio:-nqqa

sir.rvfinrYurrcifiil3rurfl:ryitnh rii'.:ttnriungoiururnarurn^u "drriul-nqaouluro.:r140?uaui'nq
rA o e < r t q 'o - - A& o 4 raouil5u Iu1o{tfi41 flutgtfl0{rrr.:oounl0eilnrryirnuururlnto.:inqfr.i'.rluornrfl rlaelfil
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t@/-jjo-e6lur,l
rvrrnuilrrunflo.iflo.:rfiaefiqnuvrufi drrfufnqoulutorrrn? flu1nflo.:rr:{aoud'?0sriounir

'l-nofid'r1uornrfl rsfirirrvirri'urirmrinr-nnfirru'lillu1o.rrilar d.:rvirriurirrrinrorlro.rrilCI?fi

qourufi" ldnnr lo ulfi 
q

o j i uc
RoR:rtrYt 3.4 r:o{ u:.lcrou9r-ilu.t o{tfla? 4

Lc[UR1:li lUlU (Predict)

ngrfln}J:rrn:u phET duo ,,ruuuun-r urrranrlrtrin6uuq rrdrl#rinfiuuriruru'jr
*r-nqeir.:vfinrYu lduritilr{{ 1# o^l oeQru'rfruu d.:firirrrinrvirniu ucifiil3urn:eil.rriu rfiorjru

o 3 -i o r - & o i t @ a hr t

a.:"lurir rr:':ooueli?frn:srirsio'r-nq?ri 4 yfinfiovryirriuu3o'[rj odr'l:' t]eru}flrinrtuurilulu

rrauo;urur1.rqflo:J:enorrilu:roqnna ornrlu}flrinGouriruruuavo;ururfiqnra:J:vnourtlu

:rundu arluuuuriufinfirn::rufirronh? rflnlonrat{rinGoulduoroor',uUrrfiuI0uul'1il

niuqnfin) ldnar s urfi

olrrd s., nr:l#Jrj:trn:u phET a#r.rr'nosir'rryfinn-ufifiuroryirri'u rrsirj3rurn:'hirvirri'uq

IvelYy
tilR136i{tnfl ilOClOil flUnU{OUA (Observe)

qvv a 4 ra6 o a j ar ds
ng t?runr:uuflnulrra&ilounnr:mna0{n1u lun0n::uyr 3.4 rljur?cIr 30 ulm tnun:

e 9o o a A a A - o ta 6
nou trnlttuuut[[a gorulur?IUrgllJlJRlemunt: uulJ0ufl n]:Yt9ro0.l

Ltk s.l&.B

a
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nrfld 3.8 nr:1dI:J:rrn:u phET riri'norir.:rfin6'ufifi1:arvirriurrciilSursr:'hirvirriul:Jriiluq

!
u1

LA
1,uR1:0fiU1U (Explain)

I o 9 o < | a j s a o 4 ta ua
ngqu tilunr:uu I - 2 nquoru'rup{amunr: uuvrlnl:flnu1 rroeil0unnl:T9ro0':

Yvuata-A-
rrnfungrravrinGuudrruri'u0fiil:ruruorfio}fllsifloagr.16urrYu :J3urn:uovrr:{CIoun'1 fi.rinq
I A - ,at - | q - &

nr{Tuflnurrnrurirrunryitriu ra-.:ornriungoiuturtr^ut6ru "drrfur-nqoouluflo{rria?rlCI&aou
,Aoudrqra@t
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u 1.1 0 u 1 { vt t'l Tt t0 1 t 9r 0 1 u 1.1 : 0 t 9r tl.l u u I t ta ?

12345

28.

n r : ldn a r u r u t (nf r r?r I u.r ri o u r n n'l r riu I 1 u n r : u r{I o m ti

:1q; r r rfl u n r : rfr u rr o r dr rir vr r{r hj a t u t : n u til o m tirTq r r 1 d'

:oeeAAy,
0 u]{: ?a t: 1 lJ1T{ [0] 0 g0 lunu0uYl : u lnn?1

1234s

29.
q o q o o 3o o g & io ar I I

1l tul.r 1 tilfr €rJ tu ? ryl u n 0 fl 1 : 0 9t I I I 0 lJ o Yl { 14 lJ 9r yl 0 1 tu u 91 0.1 :
--o- o o q

12345

30.

- - Ay 9ut9 d a ia a yA q9
mnusfl a nmttvrti 1 t9r01nn1:r:uu?T]u n0 t: uugvl0e tutfi q

ruo'ldo dr':rr ru rvau rfi urriu fi .rrir.: r fi rfi ndu

12345

31.
{r n rdr 6 u u $'i t o v do.r rir o ti r.: 1 : }{uir 1 o,do r r 1 ffi du t I n n ? I u

o irt , o q
runrralnml ryr [0]yr r ru nl: d]ulrovrTo aou

12345

32.

o ogt & i
lu n r :'l$a ru n r : r fr { ur'o r uTI o vr drfty r r ( I fl u rq r{ t v rlq n r d hi

dry9o99tr
rfr u r14 u u 1 n 0 u ) lJ'r 1\ r0'r I 1 n 0 { I il 1 n n 1 1 n'l'l u 14 il'r u fl 0 { t tn a u lYr 0 lr
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JJ.

arraiv,
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12345

34.

n r : fi u u Yfl ? n d,f r rfJ u do.: ri r cio u a fi 1 dru r o r n #o.r fi u u Ht oqg

r - f, oG uu ru r6nlr il,fi'er In :': a$r.:lr rirrnv'fi'rr : vrfi uu 1ril6 n
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er r : 1 {fi n.2 n Gi il I o { n ? r il n 1 n il ?-.r lu n r : G uu ivrfl fi n dq

,lrlod fl3 n'rltJnrnrr-rtorpilfiu?yrtu leru e tfJunrtruntnu{.r:sn'u 5 ttae 4{U

riru o rilunrrunrnui'.r:vn"'u I ttac 2

12,15,16,21,29

10, 18,22,25

3,6,7,24,31

Dimension of student expectations MPEX item

Independence 8,73,14,17,27

Coherence

Concepts 4,14,19,23,26,2

Reality link

Math link 2, 8,15,16,17 , 20

Effort

ID 8D 15D 22D 29D

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

3A 10D 17D 24D 3lA

4D ll A 18A 25r'. 32A

5A t2D 19D 26A 33D

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

7 (A) r4D 21D 28D
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sn:r{d {.I n&ttuu0rnIruuyrodour-ouJurufimrr?murgrani 6o.: ro.:lnaa6n roqu-nGuu
dr
[lJU:1UUnflA

ro{Yt
td

RVuUUfloUn0Ut:UU
vA

flyul{ud0ulto{t:uu ruaeir.r (D) p.rasircundr 6'{fl o{ (D'z)

I 5 13 -8 64

2 4 16 -12 IM

3 7 19 -t2 144

4 4 15 -l I t2l

5 J t7 -14 t96

6 4 17 -13 169

7 4 16 -12 t44

8 6 l8 -12 144

9 5 t7 -12 144

l0 5 l8 -13 169

l1 4 l5 -11 t2t

t2 4 t7 -13 r69

l3 J l6 -13 169

t4 J t7 -14 196

l5 5 t4 -9 8l

t6 4 l6 -12 144

17 2 14 -12 144

l8 5 15 -10 100

l9 J t4 ll t2t

20 4 t4 -10 100

21 2 l3 -l I 121

22 6 t7 -11 t21

23 3 l5 -12 144

24 5 l5 -10 100

25 2 t4 -12 144

I
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srl:r{d {.1 n&rruuornrruuvrerclour-nruluru6mximurgrenf 13o.: to.r'lraafisr ErorfnGuu

riju:roUnno (sio)

I

tatYl
t<

nvtluuflounouffiuu
v.l

nuiluufloufio.tmuu Fras'ir{ (D)

lov
fl0911{uRR'lo.lflo{

(D1

26 5 16 -l I 121

27 4 14 -10 100

28 3 t7 -14 196

29 6 16 -10 100

30 5 t4 -9 8l

3l J l8 -t5 225

32 5 t7 -12 144

33 3 t7 -14 196

34 I t4 -13 169

35 7 t9 -12 144

36 3 l6 -13 169

37 4 l3 -9 8l

:'1il 151 583 -432 r86624

nltaau 4.08 15.76

t-test dependent = -43.466
I
:0un& 20.41 78.78

SD 1.38 1.67
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i9r9)4sd
fl 11 1 {fr {.2 n u uu u ft ? r il n r ?fi u I yt I { n I : [: uu 1J o { u n [5 uu 0 I n t tu u yt o do u ?-n il ]u il fi

^ 4 i n a
Yt1{?ytu]flldn: r:0rt lJ0{ tfiad09t

a

a

t

d
lo.uYl

Pre

test

1)
touov

Pre

test

Post

test

I
:0uov

Post

test

,,
t0uov

actual gain

I
l0uov

Maximum

possible gain

AVG.

Normalized gain

1 5 25 13 65 40 75 0.s333

2 4 20 l6 80 60 80 0.7500

3 7 35 19 95 60 65 0.9231

4 4 20 15 75 55 80 0.687s

5 3 l5 t7 85 '70 85 0.8235

6 4 20 t7 85 65 80 0.812s

7 4 20 l6 80 60 80 0.7s00

8 6 30 l8 90 60 70 0.8571

9 5 25 l7 85 60 75 0.8000

10 5 25 l8 90 65 75 0.8667

1l 4 20 l5 75 55 80 0.687s

12 4 20 t7 85 65 80 0.8 r 25

13 3 l5 l6 80 65 85 0,7647

t4 J 15 l7 85 70 85 0.823s

l5 5 25 t4 70 45 75 0.6000

l6 4 20 l6 80 60 80 0.7s00

t7 2 l0 14 70 60 90 0.6667

18 5 25 l5 75 50 75 0.6667

t9 15 14 70 55 85 0.6471

20 4 20 t4 70 50 80 0.62s0

2t 2 10 l3 65 55 90 0.61I I

22 6 30 t7 85 55 70 0.7857

23 3 l5 l5 75 60 85 0.7059



t4l

eni r {d {.2 n c uu u fl e r ru rir r r rir m r n r : G u u t o r fn G ou o r n uil u yr er d o u r-n u Iu ru 6

mrrimursran$ rto{ to.r'luaa6n (eio)

d
latYl

Pre

test

I
:ouoc

Pre

test

Post

test

v
:ouav

Post test

1)
t0uov

actual

gain

1)
louov

Maximum

possible gain

AVG.

Normalized gain

24 5 25 l5 75 50 75 0.6667

25 2 10 t4 70 60 90 0.6667

26 5 25 t6 80 55 75 0.7333

27 4 20 l4 70 50 80 0.6250

28 J 15 t7 85 70 85 0.8235

29 6 30 l6 80 50 70 0.7143

30 5 25 t4 70 45 75 0.6000

3l 3 l5 18 90 75 85 0.8824

32 5 25 t7 85 60 75 0.8000

JJ J 15 17 85 70 85 0.823s

34 I 5 t4 70 65 95 0.6842

35 7 35 19 95 60 65 0.9231

36 3 15 16 80 65 85 0.7647

JI 4 20 13 65 45 80 0.s62s

flttaou 0.7334

Medium gain ls nu I $ouav 40.54

High gain 22nu I fouas 59.46
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n r r r {fi { 3 n & r ru u n r r ru rir r r rh yr r { n r : ri u u I o r u-n G o u r ru n n r ru ri'r {o ri o.r

t

v1,
fl?t o

t:0.1

v
tJo

YI

pre

test

1)
iouov

pre

test

post

test

I
:ouav

post

test

1'
:0uov

actual

gain

v
:OUCIV

maximum

possible gain

AVG.

Normalized

gain

n?1u

l.tu1ttu

u

1 t4 37.84 37 100.00 62.16 62.16 1.0000

2 l4 37.84 23 62.16 24.32 62.t6 0.3913

J 6 16.22 28 7 s.68 59.46 83.78 0.7097

5 2t 56.76 34 91.89 35.14 43.24 0.8125

6 I 2.70 14 37.84 35.14 97.30 0.3611

7 0 0.00 22 59.46 59.46 100.00 0.s946

8 l4 37.84 37 100.00 62.16 62.16 1.0000

9 6 16.22 37 100.00 83.78 83.78 1.0000

:?IJ 76 25.68 232 78.38 52.70 74.32 0.7091

fr?'luou

l0 6 16.22 30 81.08 64.86 83.78 0.7742

l1 l3 35. 14 33 89.1 9 54.05 64.86 0.8333

l3 8 21.62 37 100.00 78.3 8 78.38 1.0000

14 I 2.70 25 67.57 64.86 97.30 0.6667

:1U 28 18.92 125 84.46 65.54 81.08 0.8083

rt:{

a0un'l

4 7 18.92 30 81.08 62.16 81.08 0.7667

t2 4 10.81 29 78.38 67.57 89. l9 0.7576

15 l9 51.35 35 94.59 43.24 48.65 0.8889

t6 5 13.51 22 59.46 45.95 86.49 0.s313

t7 8 21.62 34 91.89 70.27 78.38 0.8966

l8 4 10.81 18 48.65 37.84 89.1 9 0.4242

19 0 0.00 26 70.27 70,2',7 r 00.00 0.7027

20 0 0.00 32 86.49 86.49 r 00.00 0.8649

:?U 47 15.88 226 76.35 60.47 84.12 0.7189

n'ltaau

yl.:1.lu9l

l5l 20.41 s83 78.78 s8.38 79.59 0.7334
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a

d sq d a qa 4 @ 1 dt I
9t1:1itIt {.4 ngrruun't1iln1nfl?.1[un1:[tuu?slr{dnd {o{unltuu rluntilut1ul0

r

y4
t,oYt

I
:ogav

pretest

v
I0UOY posttest floeir{ (D) arosir{undrfr{do{ (D2)

I 5.41 32.43 -27.03 730.46

2 5.41 45.95 -40.54 1643.54

J 67.57 72.97 -5.41 29.22

4 5.41 5.41 0.00 0.00

5 67.57 '70.27 -2.70 7.30

6 64.86 78.38 - 13.51 182.62

7 40.54 56.76 -16.22 262.97

8 24.32 29.73 -5.41 29.22

9 16.22 16.22 0.00 0.00

l0 13.51 40.54 -27.03 730.46

1t 62.16 67.57 -5.4r 29.22

t2 18.92 59.46 -40.54 1643.54

l3 29.73 48.65 -18.92 3s7.93

t4 2.70 48.65 -45.95 2l I 1.03

l5 13.51 64.86 -51.35 2636.96

l6 13.51 13.51 0.00 0.00

t7 32.43 45.95 - 13.51 182.62

l8 35.r4 s4.05 -t8.92 357.93

t9 2.70 29.73 -27.03 730.46

20 16.22 40.54 -24.32 s91.67

21 5.41 10.81 -5.41 29.22

22 8.l l 29.73 -21.62 467.49

23 2.70 24.32 -21.62 467.49

24 13.51 37.84 -24.32 591.67

25 67.57 70.27 -2.70 7.30
t

ft
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a

a

i @q d a qa d @ a dt L| .gtltt{ri {.4 nsrruun?rilfi19t14?.r [un1:r:uu?TlfldncY 10{unr:uu uunlilu:luto (gr0)

yd
t0n

I
:ouov

pretest

,)
:0UAY posttest r^ldei1.t (D) flasir{undrff{flo{ (D1

26 40.54 48.65 -8.n 65.74

27 5.41 32.43 -27.03 730.46

28 10.81 29.73 -18.92 3s7.93

29 10.81 32.43 -21.62 467.49

30 56.76 56.76 0.00 0.00

31 64.86 72.97 -8.1 1 65.74

32 59.46 59.46 0.00 0.00

33 13.51 45.95 -32.43 105 I .86

34 51.35 70.27 -r8.92 357.93

:?il 948.65 1543.24 -594.59 16917.46

fl'ltqau 27.90 45.38
t-test dependent: -7 .255

SD 23.49 19.69
"r.

t

Y
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1

j I 9, @q d a qe I s agt'tt]{rl {.5 nyttuun?]un11?tu]flo.lR?1un]nfl?.i [un]:r:uu?alT{dnd 10{unt:uu
i

drt
uunrilu:1unauq

Cluster

,)
:ouov

pre

test

v
:ouov

post

test

v
togos

actual

gain

Yguov maximum

possible gain

AVG. Normalized

gain

Independence 19 41 22 8r 0.27

Coherence t2 36 24 88 0.27

Concepts 10 32 22 90 0.24

Reality link 31 49 18 69 0.25

Math link 18 40 23 82 0.27

Effort 50 64 l4 s0 0.27

Over all 28 45 17 72 0.24

,

I

,Y
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