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SURVEYING GRADE 1O STUDENTS' SCIENTIFIC CONCEPTS ABOUT

MOLECULAR SHAPES AND PROPERTIES OF COVALENT COMPOUNDS

BY USING INQUIRY LEARNING
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SCIENTIFIC CONCEPTS, MOLECULAR SHAPES AND PROPERTIES OF

COVALENT COMPOUNDS, INQUIRY LEARNING

The aims of this research Were to Compare and survey Students, scientific

concepts for whole class and for each conception related to motecular shapes and

properties of covalent compounds by the use of lnquiry learning A one-group

pre-tesVpost-test design was used as a research design Samples were 37 grade-10 in

the second semester of academic year 2014. Research instruments were inquiry

[earning lesson plans and two-tler diagnostlc test containing 20 questions. Data was

analyzed by percentage and mean. Scientific concept were categorized as 5 leve[s of

understanding: complete understanding (CU) , partiat understanding (PU)' and partial'

understanding with specific alternative conceptions, atternative conceptions (AC) and

no understanding (NU). The resutts showed that the post-test scientific concepts

score for whole class and for each concept was statisticalLy significantl'y hlgher than

the pre-test score at the significant level of 05 lnquiry-based learning enhanced CU

andPUforwholec|assfromg'46okinthepre-testto80'940/ointheposttestwhereas

the AC decreased from 90.54a/o tn the pre-test to 19 060/o ln the posttest The

studentshadthehighestScientiflcconceptsscoreformolecu[arshapesfrom18.920,6

in the pre-test to 84.050/o in the post-test
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Ufld 1

UYIUl

1.1 n?utflu 1llasnx1ud1dryso{f, Nfi']
. ;)a

ra!t[!u6rAe]i ul1L{14u !ytiln't r r.tGil n-rg dr ra iu nr:uie,uiivrurorafli6lrllu!fifirfiur n'Litr

rFrfi1i1uluil1nfnasrfiu?lioifi'!!51nIn1r6i'tLry6'ldlriaur:nIorr#ufrrunrrta'rld

utjr" riorln:rairlovno!*acfiuocrnfi 6:,{.u13o:tfit:frllrlo::lr'i"l#rinrit-r':vd'l

rTrufinurnou!arufinrrr.l trjrlonarn lo6ourfiar rir.l viu o s1n tr rausi tta v:l: r lh ua qaln lr ualoi

u{_
(a:rrno! q:yna! uay6nofll dnrur, 2554: 39-57; drl6lOrn 1r.rni rfiOfiU$, 2544, Lt)11t1F,

lorfiu, rfiryn! 1ryar::6ril uav11q11a U911a , 2550; Peterson and Treagust, 1989) airuil

nr:riruru16orSrJirllilraqafu rlnriuuai':llraqiosudr'llra6'nto:nqufrur:r2frn:rrairrci

6rFnn:o urlrrr,a!d (valence Shell Electron Pair Repulsion; VSEPR) Ltrilriarrll:ndltl'r
,)

!:vqnfi ty\ov rul u?1lt'r i tlr tii qat6'qnoio.r rinlir.lu!rlnufior:rurtfiu'lu:'lzua-n:vvirl

6r5 nn:ou{iuri'r.roc y5o!r{nufior:6u1rfiu.: u:{zufin5vr,r'jrl6lSnor: ouxiloou6uruavfln G8!

ur.rn{uudrlo.jrrYrro{lr-uosalrL'mnriruru;rJirlllraqald (trni ilrsfirnr, 2551: 10-19(n);

drrfi.rorn rfirgni 1ryar::ria'l uacr::rufi r loottlidl, 2549; Nicott, 2001: Ozmen, 2004:

147-158) filyrnrinriuufirlurL6finarolo6ouGol;rJirrTluaqa6ocdleiarionr:fio1l6u1an1v'r

,irtorllra qa ua, rr:l6prur,lflar:vuirllu la na
v; 

' 
v' tt'

rui{t,LoflnurL'rL1n!"tu'l6o lrqrrfr vdnr-:uiurfrLnr:iqnr:tEut'ff 'tit"Xt5uurrJu
,^^--:^. i^^-^",^^-,:..,g,,",",' et ' ' I rYupoul6uri riuailnrl:;ird'qoreilon::1n15$Luitt!!a!ta1Yu1n11 it{1Jiun0!o1u

aulo (engagement) rYueir:ro uavrilvr (exploration) rYloBlru *ayaldod:tJ (exptanation)

,Yutu.,uu':',r,f (e[aboration) rlavrYu!:ctiuzua (eva[uation) olil6i1on rr.1'jr nr:{onr:6ul{

drufion::rnr:rieriurrr-firrarvvlFr?. itiunnn::r,firi.nIonralli{rr-oufilvrtrvrri.,r"{

rJfrt6nr: ?1.1lutu uavoonuwi6nll't!n1:uA?{ulFr1,u.rirfio6u11!n11lfri1.l"l locrGrLorncYu

v q d e'teud * 
',ou nr:ldrirorrlv6 o n1: a 1Baa51{n?1 au [0 1.]n15n:vglu Ll4tl tluu n'l'l]lou1nl 0Llntvu I

rfiotvftjnGu!r,fiqniurlr!nri6flhnr:ritauorJ:v16lflqrarfioy16orLIeLrtr.l(rYurir:ro uavduvr
i-a
n{un riu!a u LolJ1u nu: co!a!o.r11-Jn1:11.1ttru!l A fA fio n::lnt:v oa ol a tfiorJfrl-6fi0 n::l

Irau:11r:.)'.tdo!a rfiau'rh.lqduoBr.lr u tLaya{{o6l!loarjrdor:alri ln:ryrirra voffrl:ruir}r filr

; ; a e - q & o v4va
rfioua nrr6 uuri uuf{o4a6 rnnuaviu 'Lut-uturunrrL5 tnriuLd'ut1l nt.lFt't1lJlyr Loe 'ru1tl1



@v a ' rrYurJ:Y rfiuruarinui uuarlr:ol:vqno L"Su,iountt!ruv1v50an1!n1:6uLut?n!5sn1'11.1[fl uas [L

"4. 
e : e ct t4 ' - - -:-- d

rj" ra '', o.rria':r:- ffilda 5r.r{u roir t eL to u ^'[fLL r 1:gt:] t a o!i1fin tE uufi nruiovlr o rr l1:

Lrac!rnflourfiui'lo (trmi o.lrun'rnr,2551) uonornlfuudrnr:o-ofiln::lnr:riuuirrllf,l

ralsvlarl fltiLdurfidrltr u r': r,,fif, ryrar r:'o larru 'trl la aro raF ou fi:relrlnr:i6'utt
" J j, a q,u d o Yq 'iuiirrrulrnfrtlfrir nr:dnnr: t5aui trL! -! tdlutl L a{[al! LvLn L5uu c1'lt]tfl'rLQ tnulnt

'f at u'! i
aw5uavnllrla-uurrla{to {aaltLult1tnl..lLoou.ltu ttu (n a\r{ Ltu}.lflljr.J ttavtAuo tui u,

2557: 165-175; dr.:6lorn ailrgnrl lolai, zssr) 6nurnr:i'onr:tiaunr:aolfiuriul#
- - , r .i-+

fnriur"lolflrF uras L5tL5[o L Ltn:u!1Ln1lyl'']t'111U'fl1de'l t 0aLLAluyl Fr11tl:tuauAl1{o.!Fr

i , e ' -,o-.r-v-u d d v't 4 i,
n11 50? I m! rO'rrnY{!'r 1n1: a o n1r t6 uu nr:a ou6',t na r r lir'tririn i:- tlufr nr rrl urlr'Lo rt r n E l{u

- . A .id d 'iuas u{t1u Luun r:uuooo't ruou1fir3tL1d"iru ttavlnrrla{vu LLn15oodl (tllfuoa: 6r.lt:ao,

nrudnvfni roiraar r*avoia:r 6aavid, 2554: 233-244) finuruavrt]iulrfiuliraa-lrqrB
-.i ; 4 \ s

tl1t1t:,5ULr.Ay!lU!6fraero"eAOL L5Ot ?! 5.l.x Ll.lra 1d La t'l taUm Ol U 1r:AL Lals ttlJL ttlJsUl

9 ' I zua nr:i {ulrl'i1n15 a'fl n1: !i ul.Jitr!! e! ta 1eu1nx1rtirix unLn1:d0LttLLeLtd',]3fr1ilQ:U zuii'l' :'J1lU1l1l J rrI l)rle lI r)t)L

iEm:frr rarv*rtr Lrl"ull (Gl) t"avnl5Altdlua1L5o:tl (51) ltltn! '101:1J5'r:Ll.ltanaLnt?teLF
E - - -,.i - g , eq?o e,-.---u J -

to.rfn15uLrlLfo urJfrnu1Ufr 4 f lao.i5! tt!L?i1L14rntlrJl-Jl]tJa !qv5 1in1:LiLL valtluLfl

rn'jrriouGuuourlfiriurir6'rgvrxafrfifi:srir 0 05 rduuFurriuril (nrarlt lturitrfi ravtauo

doird, zssz, 165 175, dr':6rorn vrfior riuovnrrxorj rravd'niifli qn1u5, 2557) teifinglnl:
, i '" -a n::rnt: tE tuirrltf,lrarvj}iruL1 [1.J!Ffl11411u16'ldFll L:0i 0Fll1l1: tno!! ntultn!0'l L I

S a ed'uriuu!! t!5tr!tfru!9.Jan1ladu111J'llUntiLul]50uas Lul.lnva{t:uua{n'l1n0ut:uu

olnni:i'onliriuunliaoduilnl: A.rt1 2554-2556 ryiiuvrl'jrrinr:-uudrulr,rr!inrtr
e 4 r ..-i- -.,r{i[oaarornFou L5a{il:.iL taflaLqtltaLo LouLnLit1"tt11011n1:vlL'lu:lJ:'l{L Lanatuou

, t s 1'o d :' c 'lfl u: rzu a'n: vvi r :d rd n n: oLFri'ttJ{L5u.vl1t! Lou Ltle^t-:'l0l "tl 1ii a fl: uv )'l l0La nfll0Ln Loo

.i e c .j J, :, - s -:,-rdur ttacu:{rud'niyvil{oLAnF:o1roLoqtou1a1.]0tann:0!Fl:'ltlvrl,lfiv:luvlura!a!tnu1n!
-i ^ a a' ! 

'edE:r!t1frto'iur.rEoLuiu't:u14i1iI!tarlafi!not6oo[avlovao].ltva? 6r utlu ufiovrfr{ri uu
eA c, ! i dr v 1

rvdorrdrlohiriolurfr rfi or[Jufi rrgru Lunr:6nrgrrio Lu:td'u4lno LtJ

ornrunruadindr'rffi{rh.oruta:#aouit I rnfltrim: tr,lrinuriuer u rir drylu n1:i'o fion:5

nrt L5 erunl:a oud':rjr o n::lnr: t5uUli tt!n1: ti0!5 tt!! a! ta 1uv1a11l.J5!1Lt n!uflt: u1.Jvl

- ! - < a.; "!15uu1tlrn! riurlourdnur!fr 4 tln1tfrnu1 2557 1fl0d1:1i}J Lu!er1vt ,lr1a nl tl0 i:!:11

I! rana uac alrl5r o{a 1ila n rauei
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1.2 ?9nU:sa'ifltlO'in'li?OU
-n

n 1ul o u vr l { n 1 :fl n ul L: o { n 1 : ii'l i'l a I!! fi i vr u r o r a n i1J o l f n ui u ulsu}To 0 6 nur

-..i J ,, rilfi q r:-ol:! jr rll ta na uav altFto 1a15lntl LaLe'lot n 15t:uui ttlJ!a! talu 'lFr0!:saln

v:vr]o 4 1J0 0.11-J

1.2.1 rfiorrliar.lrfiu\rnattuurllurl6ilra',n',as,irfrriuliolriouGuuuravvd'l6uu

t.2.2 rfiarr.Jiul rfi ulns tlululul6ivrurorasri:rutflorarrioutiuruavua'l Guu

) . t& I ' ' 4
1.2.3 lfr ocil:']oriluri6-vu1fl 'lafl :vl'ldLlt:0un0!t:ul.Jtlavva': ll uu

r;6r!
i.2.4 rfr od1:?iillursl-vtu'rfl 1arl5:lr,tuovln0LtiuLuauva'it:uu

1.3 du n61ulJO{n1:?AU
an

:'rL1oLv11{n15FlflU'l t:ui n1:6i^5',]nIJIL}.]fiilrr-rqraF'ill0Ifl'EuLtsu}ioe 6nur

-.j .J , r s 6 :--- -..i

iJfr a 15o lylirllrL raqa ruav alfFra{a lilo t'l taLn [oL n1: tl Lu: ttlJ! at talu }.lar.] 9lf,1uYI

. ,!, -" -!
dooaio iiLirq!:Yd tnf rvl]o 41J0 olu

l! - q s - -e --^^^t^^ -=e-.i
13.1 uf r5 t Lvlt'dl"t:t LLas t'Llr ILlFva"t 6 uua tnlr rior"r:-uuodr rfriuiilo'ryv1lA09lvl

ivei! .05

-!
1.3.2 rinlSuufinsuLu!lUl.Jfrrn:1UriO141ud115UUq1fl11n0!t:Lu0u'lil]LualaQv'i

--iaoFvllvo1] .05
g I - a a 1 -j

t.3.3 rinrSrlfr'r.l'u15slIlILlFi11L1n1Ar)iydlrSuLaifl?1n0LtlLLuayr.ll.l[L!ryl
J,,d

a a 10 toa 0!a oa { n? I fl0u t: uu
a - s -i .i

1.3.4 rin Gulfrllul.t6iyt'rfl1Arliya-lt5rrua lnlrnOUt5truttay!1] Lu!Fl11nA1otnA 0uaoA'l

^xn? 1n ou t: u uvl n :1 u tu 014'l

1.4 1'0u[!ato{n']i?0u
- * & . < d'd

1.4.1 iEglnlf,tf [unr:io tt Fo l;n t5 uutuno e ]re lu'rl-lv 4 url'L"11t: LL?vru1q1afl:

nrinorani nrnGg!fi 2 tlnr:finur 2552 l:lrBuudrurrlal1 1;1!'111 70 a!

1.4.2 n6ilei?ad'xtunr:iiu 6o rinr6uu{urioulfinurilfi 4/1 druru 37 nu lourf,on

tt!! ro1u1.!o1n!5ut1n:
- ea --:1.4.3 9r?u1j:fl6nu',l rro rl.J

1.4.3 1 fr1u!:aai& 60 nonil nl:Gtuirlwfiluarv

1.4.3.2 er-?u!:Frl 6o rlurFivrulflraai Go.t rlirtll ta na *a v6!!-Ato{415

tntltau9t



J iao . -w1.4.4 luafi1vl tt tuYll?ou
' ! i.6 i q ^^^^- Y - a

Luoy1fi'Lfhnr: ri d'a rijr-r ufl o vr'Lui'r uir 1rafi 1rtv,1u 130221 riurioarfrnur
-i & !. ilfi 4 n rly6'na n: r,rnLr d r inl:6nu1riufiug"r" vofir:"t 2551 liorlr-irrlxrranalot'rLdugi

Yc-i
an1l,1l1l'rfla{ LxJLana Lor?ra!muau tt: {uf] r141.JL'l:sv1''l.l L!tana LotltaL9l

1.4.5 :vuv[?a1'tun']5voao.l
::"-": .i -. i

n t:i i'r'LLni:h Loli1tL LLn,lF 15 uLvl 2 ! n^:rnu' 25 57 a^v:LuntSuLlJu

n'sri!finsrifi 4/l d1u:L LrLL nl:{om:rE ur"iur-r-f,L tarv :tl.lar t0 drll r

t.s rJ:vTuuifi aro'irosloiiu

1.5.1 nr:tdrwll'1ao{htanafili'rornL',lrLuavrrriulaovt'rulfr'rinrEe!rtiller:lairruas
ed ; -i i

,r1La L5A r:!51.11!LAn At0 1A1l L6rL1reL0'lJ',r I U 11L

t.s.2 rlnGrr.aur:nrirarrr:ifildirltllflunr:oSlrairfinr-rrir.'[ufiinrl:cdri1"ufierfi'!

nr:aears tlas nlirliu!rfi u!aoL6oo ttauoouao1]tva']1o.la151oLxLa!9itei

t.s.a uhGautd:uorn'ritr6n a.rflorJfrrifruavrirnlivoao.rd'tuourorarrua'l#rinGuufi
ir

o1'rriyrnrll1" d'rL^l0r'b01.r[t.r0.1q41'!:ro!n!0 leP']T !: !v]]Lo

1.5.4 un 15t] ,ltl1r0ai1.10{nn11}.llFl'l 
uFll.t t0.10Innls!1!n150o n15 tiul.J:ttll!a! tfr'lv

t.s.l ui,r.u,r.rvrr.flun1: n'oioni 5 n1:rirLuiufiorfirLrllulFivernrani'ior:ti"rhraqa

ttava tfito'rariln tx tauei

t.6 fiurun'nrirayng

1.6.1 n:su1un1:riuuiuuu8urar! v 18fi.i :tJ *rtro-onr:ri aual:ao! 6{!:vno!dlu
Y 1. , Y e I . Y

5 rjunou loun rua5rrnruauLn fluril:ia ttavduvr cjuofrtl:1u tta&a {1loff:tl {ltorun':uf

1JU1lMlrUrJa

1. 6.2,JIu il 6 yrl 1 u fi { n 1 1 rr A o 6r r u: r{r1o rfi u r rirr fi r1o fi r v fi lr.r:' o 16 o rlo 6 o ruf, l oiu rfi o

n n.l rrd-:r1ry;orr:1oiir-r :ra!r"rfl.r":uril- F rrjr vEouEo rriu:- "rj:vrra ldr rir a it"trirflu

rioa:t,viori rrjr{onlrrLto rF floa tvf,i

r.0.3 ululfiiyruln't6ni (Scientific Concepts) vrr1tF{ n'11!i a:tLrdrlo fifinoil
. j j i- u .t I < Y4=- - - --Lodluill 

fru oorntorrino5i yannl: a011,Jn1r[uF]1.r 5'l 1{10n15t5uu:v] nl1 1411'l u tLa1ull.J'l

. !iu!1arfluni1,rf fiatlr:nosrrtLnrrrLa'r:riurirfirruqzuarlrivru'rfi1aF;triodrlqnfrol

:
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. -J A
1.5.4 ilIux6fi 6a1o[aAou 1.r l u6{ nx 1!;n1 rl t{1'ta fi tto neir{1lo1 n u!'] 6oto.l

.) d.,

un'nlurfiran: r{r1l-JrJa!'ro1nn1: #r rnrviotj: vat rr:rur6rt o rfn 'i ar"fihiarr-:rulirlrinr:

6 nr r:-vi o'trinr r:-vL t L t-t- Lrr eL r r: nitv:"iu},.r ur- u'[r-

1.6.5 aclruuulul6iuurnrasr 5 vl I u fi r av ulufi '[dor n ltllvroaoliollul6
vq'

ine rnrani utlrJ:riu C n'r16on vrSor-fr'fLf urqr.r a (two-tier diagnostic test) 16o t:!ir t

hrana uavarri6uo':ar:lnrr rausi riruru 20 rlorirou urriac{orirnr!fi z;irufi6'o.lmor.l60

a":uu: n rflurirorrr]:s rnvrfi'r 16o nfi 4 sr":rfian d rufrao rrtiunr:l#nanaraarilarlun'roo!1ro.i

a'luu:n



unfi 2
AV J J

[0n6'l:ltaE{l1u20uvtnu?to{

^- a<, J - a a,i J ,,
n1:'lnUU[!Un1:a1:?otl Llrt]FllylL1fl 1anll0 lUnt:ULtu1.l0U fl nUl!yl 4 [:0{:115'l.i

huanaruavalt6to{arrlar?LaLe{Ioun1:Guutrrwe!raru dlyi!fnGuut'urisu!finurid q

, -- .;J e ; aec,
rJl i L LOq nu1nlnl1Lo nA 1: ttL?nfl vrquflo"{ 10aooaLl'tu'tljulltnb?1J0i r1',ro L1j"!urr1]xy1,1

lunr:iofio n::r n r: ri'u un r: a o! ua vritlrrial riur rilu n: ol uur 6 oduoru'lunr:i 6'u6rfi
-vJJ p .- -i!0n41:uav.i'rula uutnu?to.ia1!a1fi1J o.1l.J

2.t r:Iur:fi (Concept)

2.2 n:vrrunr:Gauiuuf,rrarvyrnrui
-", ! J

2.3 {'t1.J1A Uv rnul? 0.r

2.1 ilurrfi (Concept)

2.1.1 a?1 11X1U1'0.:U1UXa

r:lur fi url a or n riljl co n ce pt'lufl t giufi i o ilflun rurtv u fi o qju a r a n'r rtiu rlu
!:*", --"

l.J0' ![uvlFl1" e]1:.ra01 lLU00 rrayLtLtoo rlluF1.J LLnl:1n Lo: {LJr.r10u Ltnl't't "lrLul]a

ulurG rarrufit nrrl6o nrrrLrdr'hfi a:r.lrfi otrilfr flofr'ryflryio6o.:lnrioryfi ro'u
i -r J a =i y .

LnFr01fl 01:a i tn9t y:0 n'll Lfi:lJlJ:3 6L n1:rurnu't n! a{u!y50 L50.rul-J 'tu:vt]1a1fl101unuLy

- tro tr )
utluioalJ ra5orirrirnonrutorfrr'Loilvfir (aluood q:vfiaiJ ,2553:8. uJ:r:6'nd firLrrrou,

y . -ei r -i2557: 8) Lot!onalLnu1.lr. e 'lr55L 5u).J1duYrlr5nt!5ve!nl5furotJt0 rLt'r v r L14tirfl! Luugr$.l

- ," J x ".e - . !
"tlLF l1tr.1r'rLiLnLl'rlitFC v101]5 rlrr:tL1..L,rauv' !v,lJ1!a11l.r:L'r,l1Ju (usl5: lJ:trv1.

2556: 1.0: 6116rorn nlr uarvtvilarj, 25q0)

2.1.2 nxlxfi lu lurlainurarasri

ululfiivrurfirani rtlun':u6ontu rdrlofirfioornnr:a't rnmraioldiurJ: var nr:ni

riu 1 rfi urnir Go:toGooau'rvsrfi lflui!D::!uav!'r ni:!ttd'rdM!tvrL1aai'lvi''uriodrlfirraqzua

Io0orfrurjorfiqoi{rLaulia-nLnrudvlrilrurcrani (a!roflei q:vFaiJ, 2553: 9, rrJ:lo'nii

frr:rrtnl,2557: 9) Iooldqrua-nutuv;ird'qJfrtfrurfiifilriulrrl:slrardrd'ruriur[]urloa1rJ rfro

;J A ! -; z c, j
oE!'runfud'nurusto{a{l]ultau L14alii1non']'l u0.lt:0{!u14106{l.Jut!unrua !nv:0anu6usvl

ro11'ruro'ruo'iro{a':ril (!rl:oi Inn:ur:r, 2555 15)
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Z.f .a lTuu6dnatnrn6ou (Atternative Conception)
s -.i J , - , o jc , j

LltLtt9'yAA1r'rqAaLt't 141J'1L01 A11lroO14l0Ft?1! Lfl't L 0yl Lta0 OCa0.: n!t0 At!11
-)a.drnrtor niy urfllani rfiuil!d'! 6.: rUur.r alrorn nria.i rna ua u!iua! n1:0:16!1o{unna'h

, ,z .,.
n1:a:1{n?1rJ:1.ru (!.tL5ol.J Lnn:u1:1,2556) 6{ rilFloluioriroBl rud uao{fi{ n? 1il 16oy; o

, 
"q 

). - i d v,a ;
all'.llFr'11}]t1"L0vrL!0nn0i oal.Jta:0 a!a! Ll]lrtyotJatyiuill0 Ll:'1f]01nflu6't1.Jy- o LLl r[]ut

0orl;wo{fni},lrlfi1aeri (llfior fiuavnrryoi, 2557: 1.9; drldlorn xiltufrfll :oou:{6i,

2554)

2.1.4 62TtrrtltoilIuua

Frlrilr{{ailIurr6 url1ufi{ tso'!o?itrdr'lorolrinGculou'ldrnrudrror Westbrook

and Marek (Mungsing, 1993; drl6rorn Westbrook and Marek, 1991 ttas 1992) 6ld'nnr:
'Lvncr,u1"rilL 

5 ra'r:o11];irdrarurdrloo-rfi

2.1.4.t rlufrfral!:n: (Complete Understanding: CU) y!rufi.i rilnouro.!

rin riEiunnuas nr:l#uaFzuaonsio.:a!!iflj nr!o iri!:ynoufidr6'rghuriavuu'rAn lfi 3 asrrl.Jr.J

c -i2.t.a 2 r:Iur:6frqnsior rrilria!!:0: (PartiaI Understanding: PU) y]liElfi{ ri'tno!

tosinrBuuonfror uav nr:'t#rvozua0n usirlrnorrir.l:vnolfi;irn'rulrrdru'[# 2 nyuun

2.1.4.3 r:Iur6froarorn6oulrld't! (Partial Understanding with Specific

A[ternative Conception: PS) vrrufil rinriaur6onn'rnorn nun'[#u,tnor ahin nyiolrL'l#rran zua

uiou6onrirnor.irionun'[#uamzuannsiowrrdru lvl 1 nsrr!u
. -i J

2.t.4.q r:lulrfifraa 1o LoA 0L (Atternative Conceprion: AC) ylrun'r rirmorto I
vo i ; !,

LnL:Llrt"aO ln'l'lIl tfll liylnalOLnao!11.lvLlo Lv O nuuuu

z.t.+.s hjfirlufr (No Understanding: NU) ulrun'r rirprolro{rin G uutrirl: rrYr

n'rnuyiorinriuutilqo!rirnril'lri 0 nvr,ruu

2.2 n:su?un't:r:uulrruu6urd'ls

2.2.1 n?1ll14x1uuo':nr:rSuufuuuf,urarv
j .i, ,

n1:nn n1: 15u!: tt!1l dLl ralsvln'l't!: r!u10 nl5vl].ivl}.J la t ta5! Ll4ti Ll uu:0 nonuln!

"* vrkirirunuro{our':fi tc!!to{nr:6o '[dn: s utl n r:trol n r:aun't1141n?1}.t: no tlas un!fu
vl ,nuniluln?1 56{!5vn0! o't u.]0n1:vl'l{?11u1Pl'l69lt v nuv n5v!?l-Jn'l:vl1{?vlu1fi1afl:*av

, a v A- quJ ' d \''
imivurnrafiS allv{1rio!:rur n1fiq1:aaL Lv t00flon1: tl tJu: noLtn! Qv" [o u [tnl5vlqa0l

rasofiL:1Lr-nn1 uflufit n::rLraa"n1r"n^:e o! (qotl;'nunl r.,nfil{1, 2545:49, i:vYr.{ v-nuai,

25 48.24) 6 l n r : o-o n r : ri s l iut-L l f, l ta r v u r a l l r: iL{i u n l 5 io n 1 5 L:- t L i6 1 ulsl a u ! n n a'ld
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n:u!'run'r:6q111larol 6r1fruri n1:fi{rngt nllo'o!:vrryl nr:l-o nr:aBlru nr:drl6r:uril
nrud'nuruvsirl 1 odrr{irar! tdruri nr:rirvuorl curar nr:#rarl6i1u nr:oon u!l.r nr:yoao.r

n1:a{tn:iey 01'll.]l tLau0Fr']vrularasr: no rrn!ryy1Lou Lt nityoaol (Sund and Trowbridge,

1974: 53-55)
!,2.2.2 unauta{n1:6outtuuuuueu[61e

an rriudrrairnr:aouil,rurflraaiuav rynlu1a6 (2546: zt9-z2o)'lfrn eirrn'rnr:

iiaunr:aorilturoranilou'[dnr:6'o nr:Gauiruwf,l rars Lr!! 5E r]:v noldr atiusroufrairdru

-i
Fr.tLJ

z.z.z.t ilua$vt1!ar.'[a r{]!n1:drrdrdr-vrG uuyEo6o rfiar.lo 6loro rindlro r

I a J i , o .;nlnn?1 a.iau v50010t: n1nn11,]au LQl0nnlunr:u1"t0{ r:0{yllJldLJ 10010!1n''tnLufin1:fu,

"-^i!-e,JJa's-JJanlantnotuou Ll.Jt1.l r'ta1uu y50 L!u[:a ty rt0t]Lu {n!n't1t]:to}.tyttl1.i t:Ll.JirJlLta't L!1-Jfl1n5snL

hi'rin Gouflnairrrirnrrl iurir.rriryrorolJLlJFuas Lronuor:ruas r6 uoto r Go.rfi6nurlr.i'finrrr
- tr3
tq rn!u {tt-rtrdu1.l rLlrxyt1i11llj L! niiril:'t a or5't 0 6 01.10 u't{ya1nlia1a

2.2.2 2 Eudfitaraydrly'r rfi orirnrrrlrdrlolurl:su6lySorirnrrlfi aulaoc6nur
!,^i

0u1{n0{ttvr[41 ?1n ur]unlyuo tru']y1{n1td't tl0EE't Q a 0! F.ia}.t rln1! fl't141.Jovl1{ta0nyt

- ,-* J z
tl.lutLtFr i i}.I 01Jfl!a tn0 tnlJ5'lL I llrt0Ha t0aL,vF1 1r:011:1nl.r'r:fugr1{ 1n^:qnulu1lJ0 a

, Jqu,o ; e a qq ! ,\
Q1nt0.rd'r:0'r{0{v:0n1rttuatt0!eF)116l rr^0 Lu lr'l]'rt ]10tla 0 u11,vlt :yt0]1a3lt LLILFla L!

2.2.2.3 riuoBrr a uasa rdoa:rJ rfio],ridorao eir r rfiu{1,{oorn nl:dl:xn n:xaao!
4u - . ir v q & i

ulror]am [o!'r'1rc51vv ula a 6:!rra ttaculral.Joi.JayrLoLu:L]r[lJlJrr:1nr:nunlLudutolo
, .)v !

riluhJkiraaruvnr unzuafrki'ovoulu: urr.r'[o6arrr:nairrorriartLiuravdrulrirfinnr:rSaui

" . " L . .; " !
2. 2.2. 4 ilt1eJil1al?'u.n 1Ll r.Jt! n r t ur a i l t y a t l,i r uh] lfi oll u l rl'l n': r l ir6rl y6 o

-.i, .i a a, ,-ttt o. a tJ
ttul eavlnutY'itJ r9rl.ry:010d5!y Lgr Lll Lt05L l u a fl lL n 15 fuy 5a Lyo n1l fuoL 5t rrayy'r Ly rn9ro'r'rLl:

"!n1 1.r11 'l {1JU

2.2.2.5 durJ:vrfiu rilunr:!:srfi lnr:liuufioi':un:vrruni:ri1i 1'jrrinlioui
nxrrl;ou'[:d1{ ourr"L: *avrrnriourfiuflo o rndlfl rvrirhJa'nr:rirntrri'h!:s u neild'LuGo.i

J
0u"l

nlidrn'ru;v;ou!!d1ao{lr]'[doslroviar]:vand'ldrilr,uo nr:ni osrirha do

IdudoaiododrrYo 6.rriobirfior,flul:vr6r.raSorirnufiovdoldr:ron::oao!rio1rl virllirio
c. ;, i A -rtlunSs!1un1lvla0r!0lnuL!r:0u l nlL:Lnx1 llanlnlla!ta1uule11!l nls!1un1l
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a lfi o rJ fr lT rfi al#lpin': u ir'r rfl uniumr:lu n r : ri u ui oi.: n r vr 2. 1

-!,or n nr:6nurrnn outolnr:riuuiult f,u rarv a1!!i.ir nr:o'o nr: riuuidru nr:
i'o nr:Gariuulf,r rarvura':rrifi:! rurruavrYusr or.:fido rorrlo a ujlrjn rielr{lu4urinarur n
*-tu uavrarrra'rr,'usnnnr:o"qnr:rieruina'!ar:cnr:liuuiivrurorartinrl:rJurr.lfiyrl

aorl-ld':rairnr: aouili uro rao i uas rynlula ilkiriuu r r', #,f,drrouto.r nr:{onr: ri uui
pi':unr:t'qnr:riuuiuu!f;!rarcyrnmlffiryi6'urf,on'lfllnr:ii'rr.]:vnu,.,,6'ru drairuur.,rr,
-..r & " , Y - p !au'lo rir.;ir:r o ura vduyr tTuoB!r o.racar{oaq! riutorua.:rr,i uac?YuL:rrfrr, ,fiolftd

t)a,!
n11 :t 1JUytu5lLJ L!n15 !: Ul.J 5

iXo'n:nr:riuuf

uu,.r 5 1Yu

nrud z.t igo'n:nr:6urarr
4-,-fl!1: 401!UA.itA: n'tIA0U'tVlU'1fltAflittaU

!11ntLLaU,2546

2.2.3 r'rqGn::lto.:rin riauuasuyururo.:n:luueiasr1uqouro.lfion::lnr:o'onr:

$uu:ttuudu[a1s

trni r.Jrto'rrr \2551. 39 q2) leioSlr u r:srtu r r:ionr: r:'r r.ifi "rju nr:f,r, rarv

vrerrli nqfi n::rto,:rinr:-uu uua&tlyrlJ.ryrllornflurrdavrYumauto:r ro:nr:Goui s rYurrou

ri.:nr:r.rfi 2.1

rYuairrnruadr

(Engagement)

duoBlra ua yardoa:!
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d --- !
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n1: t: uuvllrt'1nt't ''t
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( t. t O) kirj :v a! nr : nisr :.: Tl nri'nuv n r : urifl euyr ua vyin uv n r :lt'rnio lfi o
iyorsrani

( 1 . 1 1 ) err:1: 0r"'^ ar rr:i1r-fl flrfi i s.r- : c iiril"1d

(z) t0n1n9t

(2. t ) lduraurn'lunr:aouuriavail ur.:afrorold'rdo6o.:hintrnuriruuol{
.-; - ! "(2.2) draorunr:nlvr-n:airlf,uhilirl#rJrald'rru!an1o ovrirl#rin16eruuio

4,eq ,.i) ---Yvu'ru LL0 u^ I n LLuA301nl L rll Ln]-ytrryury Lun r:aolisi tu.!n.t!alnqFn::lta.:fn 6au
!rnuir.hjocdr lfr" n rS uul:"ifiIo n r a'lrif,r la rsrarer uidr us'Lro r

(2.3) rinGeufifi :vo,lafi trprprrir udoyritrrioudrrtrn yiol:"jfi nr:n:s6'ulr
vroocl:^iar r:nrSaudruiSaor.ulr-fltei

(2 4) rinrisu!r :nufi uilrirflr-:{lraryvio rirl#trnu:ro.:1ofi ovfi nurfl rgrar*av
lv

l,Jn $uul1Ft0{n1: tr:.1fl5vfil-J r110Lrrnon11}]n5vdo5o5uLunr:t5u!!1n l oroo vlron olritntl
ki uril"nGuroylrit:varrnruiirrSolr"nr: Ger"riroi6f, ,ri.,fi ur:

(2. s) drrin r:' u uki io'n y #n n r:rir r r u n d I fi n n pio r o r o rirhirin ri a u r.l r r n u
a ! i-

vafl tau{.i'tu{{[nonl:t5uLJ:
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n1:6ou n1:ioLrav!:cLiUHa
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t ul

ivrorfrvruii ttar{lfiu?tlrUoi?o6o!n']1rnr{t6{rfiour lorJ:varrinr:6uuf ntM4u1varlto.r
vl

fl'tu't v1n'tq{un?1l.la0aFra 0{:u14? ''l{10Fr'101}r10.1uLruvoao!'l ou Lu fln!1fr!5va{nn1l
v ia .A -q.riuri 16onrloao!frid1 toc flr*ri o.so-t.oo 6rraorjrro!:carrinr:rSurrSriuriokinr

-xn:o!na!!'19r5f, 1un15t:uu:uaual:unll tieJul utfl 6ufl nll Ll4Frsttuu nnu
a -,- !,

lfinvuulJ + 1 tu0uu[a111040!!ua0ona0.in!lolJisa{nn1l[5u1.n

l#nvuuu o rfi abiuulodrdaaoufuaoon6o':riroorj:val6nr:riuui
J . , . 2", e'trinvuuu -t r!ouriLo'irrioaorriuhiaoondornirlorl:varrinr:6ouf

3.4.5 d1u!!voao!fi !i!rJ:.:ufitrudrhlvroaofl{rirrinGuuduriouilfi nurtlfi s

1i1!x! 35 nu tlnrnGuufi 1 ilnr:6nrvr 2557 6lrnEi6nur Gar:tjirrtr lana uaua!{6toia1l

Inurraus{ mud: tdr':arrirdaao! 90 l.nfi
i,

a.q.o drdouafikiornnr:voaoflduwr4erao! rlritn:rvlivrrirnlrrlurn (p) [as

rarrirtiruroliruun (r) rr!!v]qao!:ra{o udr 16ondofiircd'!Fnr}.r urn (p) ortr uri 0.20-0.80

uavfi ririiruroiiruun (r) 0.24-0.76

3.4.7 lil ulJllvoaoufrfirirdruroil"r ttunon rn d lrtirnr:iln:rs vrrirnrrr

udorTr (Retiabitity) rorurrvnaor#lal-r ldrirn':u16oriurvirrit 0.oe

3.4.8 d'lu!!yloaorduritujirrJ:.rudr hlvroaofldriurinriuunril6'roeirs

ca
3.5 n1to1[UunlirnuS?Utl tA a

(?nuo'rruunr:vroaolnrunr:uufnGuuliuliourlEnurtlfi q/t nrnriuud z iinr:6nur
-y - 3

255 / LliHuuuluulAl: o'tu?u 37 0u l]tumou o{1..

3.5.1 vrel6o!riour:-uu(pretest) '[undrn-roeirrdruurryoaolr-ouluufiiyuroramirdol

:!irrhra nnuavartr'Ftolar:lnrr rald drlru zo do ldrrar'lunr:lirurlr..llroaol 90 lrfi
a vA v cv "J.5.2 OlrUUnl:nOnAn:l!n1:L:UUIU1-J!a!rA1V9l1 rLilUn1l0On15[iUU:yat1.l L? 0',tL11.J

3 $lu :?rr to d'rll.: lunrnriuufi 2 ilnr:dnur 2ss7
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3.5.3 vrer6o!va-{riuu(posttest) lun(16'roeirr Ioot#rinriauriruru!yrnao!iorLIu!sr-
"t ., r

iyrurorayri rEor:rJirrllra na uavalrlGrolar:Inr': raudto16lqiluxL 20 do 'l{rrar'tunr:lir

urrvoaor 90 urfi

3.6 nr:irn:rcddoua

3.6.1 nr:ira:rcd{o!a

tunr:irn:rvridorLadtdornut,r.,y,oao!iorLIuilfiiyrurararri rior;rJirruasartG
E - d a,) .

10{ Lu[ana Lnr?rauflalvl!unr:uutur]6urJflnu'r!vt 4/1 ,.r'r0u loun15ttonu0{uayrilu?fu 1n1
!"

5ouavrorirururin15uufrnorrirntrutlr-lrirr l louldrnrudror westbrook and Marek (1991

raa 7992; drq6.rorn Mungsing, t993) Erur-i.rrflu s n(u d'rnr:rrfi 3.t nril:cd'rnrriluiir 1o

-!qnu

a.O.t.t ulur6dgndolalr:ni (Comptete Understanding: CU) rarlrudr riroou

tolfnriuuqnriorall:niuavnr:1vlunruaonoio.r6lu:aj n:lorrirJ:snorda",ArU 1# 3 nvuruu

a.o.t.z rlurL6fignfrolunlrialr;:oi (PartiaI Understanding: PU) ylrufil riroror

tolrjn6oronfroluavnr:l#rvozuann urirrnolrir-l:c natfi;irn''rglrlriru 1# 2 oyuuu

g.O.t.: lluufifinaro rnd oulrldru (Partiat Understanding with Specific

Atternative Conception: PS) vrrer6.r rirnorlrlo.rfinuiullqnrrtdru urirrrdruuaolorrr
so ) i - -Mlovlna10tnaou t0taonelr'0!Lo0nl!fln]o01J1tjlurla]a [ 1 n3truu

g.O.t.+ llurfifinarotndou (ALternative Conception: AC) r,ttrun'r rirnor
d4'

rin15uuuaordrnmlnarorn6ou 1# 0 nvuuu

3.0. t.s liliilurfi (No Understanding: NU) rarrudr rirnorrorrinriuulrio:lril

nlfi'u.t14:0un[5uu ulJ00un']011r [ 0 nJLtuu
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nT:'r{fi 3.1 llulGivrsrsraqi 5 nriil

rlurGivrurnTani
n1flou [fiarJ6 ngt[uu

tora! 9r?u0

ilur6fiarX:ni
(Comptete Understanding)

CU flnn0{ 0nao{6lJlJ:tu 3

llurfi fi nndor urilriarLt:ni

(PartiaI Understanding)

PU ona0{ 0 n0r0,i

uorhiarr:oi

2

e -J J 
'r lurs]fl na10rnaout'r.la1u

(PartiaI Understanding with

Specific Alternative Conception)

PS fln00{ Fralo tfia0!

ti:o Lr Lutvr]tia

1.

s -.i e
u luuflvlnaloLnao1]

(Atternative Conception)

AC ,.J9r nal0tna0u 0

LUuULULt9l

(No Understanding)

NU fuo lrinor.ln'rnrr 0

3.6.2 afi 6d'[ftun1:iratlvftoua

3.0.2.t imzrv"invuu!tllu!6ifl u1fi raniriourasv#in1id'o n1i[i u!ittuu
A ) lY - J s
Allra']v L-a{: :rn [t.] La na ua Jdr.rUotlJ0.ial: [n t'] [auo u!lvl{tuL:ul.J tlast1u tl.J 014't Lounll

, i o. --J , d
ru]i ul rfi ur rir rafiur o{nv !r1.Jus l nnr ili'r ul-l!voao!1ouldafr frvltrorunr taa u Frltosav n'r
Av

uiu.rruurrn:rruuavvro6o!d'?u6fr 6 t-test tt!u dependent samp[es t-test

3.6.2.2 iaazl'itiouavnrrlfir'rrarir (s6drrudr) to.invuultuTuuAivrurflrani
JU. i , , s'

uLiuvr{turSuuLtau:1uruol4lalnfl arirwo.liouavnsttuu 11.J!t]xvlu1fi 1a0lnouuavvaifl ls

n o n 1l t5 u 1.J I [tlJ lJ 6U t6',t; v',]n 11! l
3.6.2.3 imrv'ir1urfi torrinuiuuornu!!voao!iorrL1uufi ivurnrani #o.l

;r-JirrlrLuaqauavau{6torar:lntrtauci dfldrnrur{trol westbrook and Marek uavr41Fi1afifi

! ,- , )
lrui1u F|t:ogav nlloau



Uild 4

,'{an1:?ou

t-test) Lrao.:llra1:1{fi 4. 1

nr:i{u rfi odr:r o:JIu!6iyru r nra n iG orSrJirrlu ra qa ua varLtifitol ar:In tr taudto'l

rinGuut'uriou!finurtfi + lnanr:tiur.rfuutf,ltarv tuuilda11,r:nrrao':zuanr:i6'uuav

ofrrl:ruzuafii u

4.7 nclruuuluu6irurerafl i #o.rgr.ldr.rluraqauasauf6toldr:lnrrraudriouuasr/id'l

n r :o'o n r : G ouf uuu 6u ta r c

4.1.1 nr:rGaurfi uuncrruuuluufi ivrurnragi#o.l;rJdrlIu raqa rrayaud6tolar:

Inrrrauoiriouuavvdlnr:i'onr:Liuuf rruudurar;rildurEuu

ornnr:iollll6iyrorarani ri or SrJ 
ir,:11ua qa uas arLr-ifito la r:In tr uaupi ua s

?rn:ry#uriouasnrrr:firryrjr (oZorirryrjr) ns rrtuynnanfipi'rfi (t-test) rfio rr.Jiul rfiuunv uuu

riourieuuavua'luiuudranr:yoaourirfirulun{r:6':odrllri6a:vrioriu (dependent samp[es

n1i1{d 4.1 nvuuuuluufiivrurnraoi Gol riolg{drilrrranarasdtrffi$o.!61rIn[?tauei

#rdr,3s, (n = 37 nsuuut6! 60 nsruu)

n;Ituu h1laau :auat 50ua!ft?1un'l?1{u'1 SD t-test

n0!t:uL 11 84 1.9.13 60.19 558 27 .r4*

1IA{tlUU 47.95 79.92 8.64

*uonrirrodr{fifiudrdrgvnla66fi:voil .05 ornnr:voaotrirfrrrllndlo.r-'tourlJ,rL6a:vrioriu

zuanr:iun:rsririo aolfltr!!Ytoao!ior:Iul6iv o rnraniGo l;r-lirlll uanauavaltGtol

ar:In ur lauslufiourJiu! lfiu!Firnv *u1.Jtae uos ttl-Juriouuauua-{nrsoifinr:G olfto'lnqloiro drl

ilalil nr.jlou uuuuluufiiyrurrraniriounr:a-onrr ri EluiuLl!f;! lars rvir fi'l 11.84 nvrtlu

6oufluiOuav 19.73 ro.insrruurEl druuiulrlu!1el:s'tu 5.58 dlunuttulJra6ullurlF

iyuroraoiu#.:nr:iarnr:Gouiullf,r rarv iyirril qZ.qS fiorfluiouav 79.92 tarnvuuut6l
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dru lf, ur rlulrn:61! 8.64 uayrirfiurllndlsiro eirlhirilu6a:vriofil (dependent sample

t- test) firirrvirfil 27.14 iaaavl)alnrufirryirtolnv uuurTu!6 riou li ouuavvfil6ur

uyirri'l 60.t9 d'.:riurinriuuvr*leiilnr:o-onr:riuuiullf,l tarvfinvuuurLlrll6 udol;r.Jir{ raqa

uavaulGtor6r:Inlrraudya'.:nr:ionr:riuuiqln'jrriounr:o"ont:tSaufodrsfiriueirfrrg

nxafi6fi:s6',l.os 6ruraqr't#r#u'irrinriaufildirnr:iqnr:rBuuittLrlf,lrarvfiorrlinru

urir"lo GorgrJ:rfl ruaqa uavarL{6tolar:Inr':rauo{arduoir

4.1.2 n1:r6uurfiuunsuuulluu6i urnrani rdat rdo.rgrJirslutaqauavdldhta.lar:

lnrrraudriouuacvdlnr:{onr:tiuuf uuu6ura'rvuuu""dt"

rdofi or:rurns uulrLlurLfi iyrurorasririourEuuuagyfilriuu rdo.lgrJirlhraqa

ruasart6to.:ar:In rt rauoi looo"rrrunr,rrdo''t rraq{'hmr:rlfi 4 2

or:rlfi 4.2 asuuuduilAailurnrasririourEuuua!ud{Guu ,{al grJdrll,raqauacd,.dh

$0.!d1:ta[1[au0i

ruav'1 tn!l

flaur:uu ua{$uu taga!

rirrvrir
t-test

mean :40

a!

5D mean :oua, SD

:rJ i r $r: ra na

lnrrraud

30 8.17 27 .23 4.30 24.97 82.63 5.33 55.16 17.58

a n 1v{lJ't 10 n

hraqa

LAr'ltaua

15 2.1,8 14 53 1.26 11.92 79 46 2.41 64.93 24.27

Lr:.iBo[t4uu']

:rv'irr

hraqa

lnr':rauoi

15 1.49 9.93 t.28 11.24 7 4.93 3.80 65.00 15.20

tl 60 11.84 19.73 5.43 47 .95 79.92 8.44 60.19 27 .14

JJ
{1nfl 1t1.iyt q.2 u afi or:[urdriouavtolnyuuuuluufi iyetroraniriouGuuuas

'i " " v 6ttl-FrL olar:Io ur tausilo uuir urun n rr.,rdov rvrl'irrin uiauiva lL:uu n0l 51.1111[!tana[La

io u acr ol 
"rc 

rLur-,r.:h.l6ilr ur nra r iriou rS e uturfiorar uS o l,,r: l6o ryfiorrsv'jr rll ra na

c .; - A ' 'j- ; - e
Iorrraudoirao 6otiluSotav 9.93 Iouton101!fr 16 a1:IetltaLoYIUFrtvLU']nuolu

a d Yla
rut raouoou Y'{!'j1{n 15 uufrnu uuuriout5 uueilao do t{lL5oua s 6 31 11{utl"0{0'rnun t: uL
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rlllrirou160ulurdoyrriordrlrriou 6wir1i'rinriuutrjiduSrunrrrfr6rLlu6ord'tnd, uav

nv *uuriou G auqlqo'lurflorar 6ol:rlirrltr ra naln rrtauoi 6orfluiouav 27.21 lq8{ofirnr!

fi 1 nr:lirura:rJirllrLraqarjo.: SiHo r,rliTin 6uufinvrru!riouL; El!alqo6or rfluiouav 39 04

ri,.:i rfl o lor n r,i olfil nrirr or6'udugrurfiur ri!nr: rfiuu1n:lairlull udutorar:In ul r'auci

6lrinriuuld6uuuavfidugrufrinei,luitr rafidurrulr udr uasa*Lr:ofiqclirnr.,,rdrtodru

firrin GuurorJ'eiirdrzua'[#nvuuuaolrior'rGauarn'jrtfl o''tGo.:dul

vdlnr:i'n6on::lnr:r'i uuitlllf, u latvr''L'jr tdovrtiol*:l6ouvfi ul:vu'jrl

hraqalnurrauoi rinGuufiiouaytolncuuuya-rtEuuairqo 6orfluiouas 74.93 (nlflfi 4 1)

uoifiioaaynrufiIyrirynlnr:riUuqlqo loo{arirol!fi 19 n15tliur.Ltfrullot6ootolar:

Inu:raus{ yrr.jrrinrEuufinvuuurafil6uuortrqo6orfluioo as qS qS rl-{irf,o{ornnr:fior:rur

tiot o.l u:l6orufiu.:: vu.ir lh ra na uaynr:dialtfialoot6ootolar:lntrtaloi do'ror6'u

nrrl rdrlo G o l;rl jr llrL ra nalot'l rauoioa,an '',rnrY'lroI ar:In tr ra u s{l r fii vriu rj n'u rirurfior,tr

GolgrlirlllraqalorruausinUjrfinGoufinsruuuufil6ar.rqrfian 6srr,tluiouas a2 Oa Iou{o

n'rnrufi t nr:liruru:!irll!raqaro1 Sit-to nl'jrrinriuufinvuluuv#l6uuasao 6nrflu{ouav

SZ.ZS li'.idrfiolornfion::rLn.r:i'ost'rrolanlr-llril;rJirrhtanatolar:lnrrr,auoi finr:16qnlth

uavu!lrirao.lllraqafilirornlv,Jl6lufluqrJn:nIfiuflu:r.Jo::r:tunr:n'nrcrrSol:rrfirflu

r.J.urfl::r.r rirlfiinGuufinrrr:rdrlot'oiou uonorndrdxnnn::rLo'lndrrfinuEuutdtirafi'u:sor

nxr!Aq a{fi0!AriBoir idruixrrlunr:ionr:Guu{lnrYuruu rinuiuuarinriur:rirfion::l

(!14ai!nluruuntlau, 255 t )
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E2.63

g rioufiuu

@udr,6ut

@voin"u,i"

20

tu0r,rT

- L -l ,l
grJdr'rllraqa 6n11',J{?1,o{} Lana [n 'luo l14uu1lrv11{ Htaqa

n,tfid 4.1 ioaasrosnsuuuuTuu6iyrsrsrani 6olgrJdr.rl,raflatras6'.,ri6$a{

61r1n[x[auei riouuasr,td'lnr:{qnr:GauiuuuButars

ufi ofi I r: rur uu nnrlrdoraryrliryrnfrr{orinri uufi nv uu!!Iu,.,fi ivU1fl laai

raa''l ri uuql n.jr riouri uu #.ifiufio{!'tr1fln1t0-on1:riuufuulf,lrarsrflu:rJulr-rnrraoufi

rin G uuidruirlluniit'nniirEu!i uiulvftinriuuldalfi or.Jfr ffi dr u nu lollquldn:c!runr:

yl.r{aytU1fi1afli lirli'fi nr rrratrr:n'tu nr:6 oi un:r vri nr: n-n fi ulo ui o': ril nr: rr rifl rgra rlu

rJ:ur6urirll fioi!'[oriurni!nr:uiritrgur'iurJ:vr6urixlfiadourau ultr'u.rttfiflruulodrlr{]u

'i vd -. 'iir ttnr:fi1ddrr,,voo8lfirit'vrdri
:uLLdluisnl:frtlr1llua}, Un fiuu! L0n1a LoL1tau0f ivrou1ll.l t
nu6uf, rov0rrirudl lailarurrirlo ttauoodlu'r'lu1rt6{drt

a1nnlrion1:riuliluudluarynlirzuanr:idaaoondotfillrui{utolrrl:*d'nd

Surrreu (2557: !vr6erdo) 6w'nuulul6ivrurnrani 16o r ll'uos1nuruaupi oi':uf,on::r

nriGu!iu1l!e! ta1yy1n11!iirrLfi1r ttu.llilao{tfi{ilrun111 Na n1l6nulfll'irrln Guufinv uuu

rlul6raa-rGuuq.:n.jrriourBuuourlfiriurirn-rpnxafrfifi:soil .OS uonalndfl{aoondo{fi!

.t.l.lid'Urro{n.l6goyu AuyllAq, nrudovisrri rfitaar uavoia:r 6aasid (2554: lvrdotio) fil

finurc.ranr: urJiul rfialnad'lqvdyr lnrr riuu16o r;rJir rIrL ua qaln il Lau0ieilu n1:e! talY

rul r.t uuvrjr ua v nr:f,1la rv urlr rir rins!Ha n1:fiau1ytl'j r nr:o'or nr: riuuidr ai6 nr: f,r.l rarv

ull uuydr uas nr:f,! tarc w!rir t i o; r.Jri rl#rln ui aufizua#lqvrsltr r n rt r'3 uuva-l tioualn'jr
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riouriauodr,:firiurirdrgur.rafi6d:vfrl .05 uaol'[#urXu'jrnr:6'nnr:uiuufullf,luarslflu

i6nr:aoufiaur:ntirutfrrinriourfionr: riuuSr,lavdr raillr.irin 6aufi zuadllqrdurl nr:riuu

vr6 {1Ll

+.2 uTuufirEo.rgrJir{lutanaBacailri6'tro'lar:Iarrraudriouuacildsnr:{onr:tBtrufrtuu

f,utars

4.2.1 iouauro{uluu6uluil6fi gndola!1:oi uluu6onfiotrrsilriaill:ai ilIu:Jfi fi

narqra6ouur.tdru,lu,fidnaroro6ou uacllifi,.,Iuufi rdalgrJirllutaqauravauri6to'r

d1iln txtauei

ornnr:itn:ryliu!!yloao!ioul]fiiyrurrrarriGol;rJirllluaqauaga}.]tGflo{

ar:lnraraud riouua vya'lnr:o-onr: riolfuluf,l ua rstolrin G auriruru 37 nu [fl!:ludo

l0uldr,nruciror westbrook and Marek vil'irdouGuurinuSuufi iluilfi fi{uri:sd'lIrifi ilufi
- i "- l) lrrivfilornnr:o-qfio n::IltLul6l tarsnl'ir rinriuufilIuufi(NU) iuo il.lLul]tl11ar.l!: u tLL

irerorani (CU+pU) rfrudu uavfiilul6finarnrn6ouaoar (PS+AC+NU) a.J16'friorr:rt

-i -
11 4.J

rfi ofi or:rurlnunrn:rlJyll.irriouu6uurin ri EJ!fr illu:.]6ivurorasri (cU+PU)

iauav 9.qA u"ayfirluufi firraro tn6ou (PS+AC+NU) ioaav 90.54 vd'{a 1nn1: riau{r'rll

f,lrarvnr.jr rinGur.,ilTr"l6ivrrrnraoi (CU+PU),fi udu 6or{h"5ooas 80.94 rravfiiluufifi

nalorneouaoa{ (PS+AC+NU) 6otfluiouav t9 oo rl'lusu raa'l nr: G uuf rull6! tarc !'jr

rinriaui rL1uuGfiauq:n5rfir,f,urio i riour lfiuri rfrorarGo'r;rlirllrLtanalnrrrauoi anrvlrYr

tolluraqaTn'lrauci uacrr:.i6oryduxryfi'jiil,ralalnrruaud'tuvlnriorirau #ltnnt6orn

iouavtorfinrSuufirLlurLFfioaroro6ouaoar ruavfiilulFfiar1:ni (CU) ilrnnirriouGuur'1n

dorirn1t] uaolir fio n::lnr: G auiullf;l rarsal:.r1:ndx 8ao Iuil6finarertn6outolrin6uu
ds a-d--. . i .t e o ..= ^.or{luiOuAy 91.90 *asufiO

ar'Ld lor-rlr15uufrulur,6fraut:ru lnvaolull0F'r01 vr v Fl

t
fi or:sururiavtf,our zuarl:rnnfrlorr:rlfr q.4
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et1:.r{d 4.3 :Edullulato.rrinGuurolrioaauue{acto riauuay d.:nrt6'ofion:tu

nr:riuuiuuu?u t61s tEo': gtJil{u raqauasaut6la':61:16 r? rauei

lluufi

t0
YI

iauurt rotint;oudfi
- -i 4

tl [u!nuAa']nlaa0u

io, arr,..,tin ri t udi

uluuf,inurarani

NU PS PU CU

n0u ra.l n0u van nau ua.! n0u ua.r BOU 114.i

;rJirr
Iuraqa

Torr rauq(

L 45.95 0.00 0.00 0.00 10.81 2.7 27 .03 10.81 16.21 86.49

2 45.95 0.00 0.00 000 13.51 5.41 29.73 10.81 10.81 83.78

? 54 05 0.00 2 70 16.22 8.11 16.22 8.11 10.81 70.28

4 51.35 2.70 0.00 5.41, 13.51 0.00 21 .03 8.11 8.11 83.78

5 67 .57 0.00 0.00 0.00 13.51, 16.22 18.92 8.1 1 0.00 7 5.67

6 67 .57 2.70 2.70 16.20 29.73 10.81 0.00 2.70 000 61 .59

7 7 5.68 16.22 0.00 0.00 16.21 16.22 8.11 10 81 0.00 56.7 5

8 14.27 8.11 000 0.00 21 .03 2t 62 2.74 5.41 0.00 64.86

9 7 4.21 0.00 0.00 21 18.92 2.70 10.81 2.10 0.00 91.90

10 75 68 2.70 000 5.41 21.62 0.00 2.7 48.65 0.00 43.24

anrnt'r

Lrana

lalrraud

11 51.35 0.00 0.00 0.00 48.65 21 .03 0.00 29.73 0.00 43.24

72 64.86 8.11 0.00 0.00 35.14 27.62 0.00 16.22 0.00 54.05
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raau 63.24 5.00 0.27 3.65 27 .O3 10.41 7.16 13.24 2.30 67.70
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j
Fr61orL6fr 6u1rla'lL AC Flo
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19.77

5. 1.2 nEuuuiluuf, iilurnranisolrinriuu:rsldour rioutiuuuavr,r6q riuu
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uaca!fifir0{ar:Ia ur r,auo{dru r"rllyoa our-ollurLfiiyrurfiraFS nl'irfinliuufillul6
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ni1tr6.tullnlun1:6oitn:rvrinr:n'oiulorfiurnjlnr:rrfrirgrarlurJ:v16urirll n-oiulorfiurrir
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