
!orya#ordu

n1:'lqirqfl nao.:uaulooin:rv,lo dr.rirudtniunr:rBuunr:aouGo.rtv{ff rafi er

/ c lt:l(r

-d -1qil5nno d?6el.t.tfigu

ivr urfi nuriilrfl udauudrtornr:fi nurnuudnaor:Gryryriuarnran:ur.rrfrufi sr

artritrimurnrasrifi nur nruyiyurfl rafl i
ur,,triugra-goua:rtorfi

tJnr:6nur 2558

6ttvrdr{Juta.rlrarivrar#uqua:rrrrfi

/hx\
0( 6i ,"

'-.:.1L I

Al".-Y,

khanitha
Rectangle

khanitha
Rectangle



a

rn'rl ll ti......

,unn,iou.llYll l'] 
cq L+i

irr',60rr,fl, ., 1JJ$, 2559

USING THE SIMPLE VAN DER GRAAF EXPERIMENT

FOR ELECTROSTATIC LEARNI NG

YUTTASAK SAWATWONGCHAYA

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THEREQUIREMENTS

FOR THE DEGREE OF MASTER OF SCIENCE

MFJOR IN SCIENCE EDUCATION

FACULTY OF SCIENCE

UBON MTCHATHANI UNIVERSITY

ACADEMIC YEAR 2015

COPYRIGHT OF UBON RATCHATHANI UNIVERSITY
a

khanitha
Rectangle



[u:uta{2ytu1uytu5

!u1ayu1a-uoua:1101fi

rJ3ryryrinurnranrufi 1frufi n

arrritrimoraraniilnr*r nsuyi uraraoi

JO
Go.: nrfLftovtoaoluruuooin:rylodr.r.iruriry:-unr:riuunr:aouGo.ilrlh1rafin

-! -r
4XOU UlUqyl0fino A1a01.if1ltu

aoJJfl:t n1tdou

o:.iriun: $rerar

2tlufl14fl110't:u o:.ais 10u tl,ut

o:.Itnfia{ our6o.r

r..l:vorun::l ntt
n5l!n15

n:ttnl:

01n1tuyru5r'ru't

d1'Q:
({d:uarao:ror:d q:.a:y .:fi yr:ur)

}}; .F-e -;-t-
(:o{firam:rnr:d o: ofin 6rllrirj:sfivrd)

nru!6nruciyurflrani

cf,-"J ^^]
(:o{nrao:ror:ri o:.oiurn:ni nrtiiod)

:oroGnr:u6Ehuirrnr:

6uEvrdrfl u$owilrivrorduqua:rtorfi
tnr:6lnur zssg



a

finGn::trJ:snra

- r - a"nr:li'riy uriruoarir ieir 15o aw:nitdoir anr rl ol un:rv#uua yn.: rltix u ryA o o e'i1.i 6 0 i
orn n:.iriun: rraar o:.ItaFarJ :r.r8a.r rua v#drrarasr:ror:ri o:.a:c rsln:vr 16'Lri

at r 5 rir rruc Lr ula v s' :l o ufl t t uiv u rinui ra S o arl ro : n! rii o-e t ot or- yi : s n ru o ti r l a ll{
tu Lonlau

110torJ11iyn nfl./'t01iua1r''t11,'t?11utfl1aflt6nut ntus,:ytu.tfi16o5 !yriyura'u
ola:rtori nnvirulffL#nrui rir uucdr rfiur fi! nr:finvr ruasio-u *ddtr rdr ulura?n naln
r.l:vrilo oonfrdruronr:'[: lriulowrn:ru:rtiyrt]ldu lnotar: lrutreud'u araao o6ni!

-! -!ritirurunr:l:.r15uulrinfrnurnl ururin6 ar"a6yra oFmridrurunr:l:rriouniuoirgonrsr
sd;-1.r'ru05sy{a 1,!unetra r.t0'ru2Ln15Lt.:r:uu6:L0iqJfinu1 y] au! auurra y LIlo [o nra'lfifiI0'u'16'-- i - - i"---"

..,td!{aurFLrolyr r nr: F nur rUuo dr.l6 loi'Llirirrj5nur*a yfiuus uayo tucn: urayuoar n:1: I r:'r,u

a5rr5ryonur frfid':utirury6o ur:cdr uacl#arrrLirtlfiolunr:lirio''otunirf, naonolndl
,; ! ."ar:vnr:riuuiilrurflraoifrl5ariloanrlvr'iaqqr.Jn:nirirll rir u il n r: riri o-a

v ; - J -)v11r u11dor0 nt 1!flo11fl:en ru otuyi0u.:uti0 n rrr.toaiaoi araorrpteiu rravrgrilfrriol
----- ! v Iynn! 11110!n?1!5n t?utua00trar!!nlatLa tras a.i ta:! L, L0 nralrrl nr:6nurrir I d!rnaoo

, _! a, ;oruqlLLeu!53 Lufl!aLllr)rn1n111U11.r L5Au!t tOr:Otr!Uun5ol!g1qru io1 l.t1t01 n:
-' . ..:. jr., - j,
0^a15u Inyl']l_JyrLo!tsa115!:yalyqrr 5t,ntr''tau toLylnnnrlo.llttsrerrlat olt tnifu
9taoo Lll

-J -d8116finO A?AO?.ifltU

zu?au



t50.r

,t':0u
i.-
t0!irusul

alr'rirJ'r

UflNflUA

: nr:ldroyoao{Lr?!rooinil ori'r rirueirrai!nr:6uunr:ao!Gortr^lfirafrsr
-4 -::U140finO A'laO1.:fitU

: iyurorasr:lyrrjrufrn

:?11U1fi14F:finU]

oror:dfrrjinur : oitiraaran:ror:ri o:.a:v rfin:ur
rirrirdrg :'Uoyrfl ao{LLlt.JLooin:rli, b4flrafi sr, igd'n:nr:6uuiulrtf,lra'lU S rYu

e!, i-- .2i vo .i 
"{rttro'uiIi-nq!rya lrirfrofiruu-nruinruui{Lo15o{ilfirafinIos'ldtnvroao{uux1"rnoi n:11,{

odrr.irutonr:lroao{tt?urooinirv,loeir{l'rurJ:cno!t!eilu too!n:nin1:yroaoruavrifio
& "-nr:1{rru r.riuorou nr:'l{qolrn a o ruru uo oin: rli o ur rir u6o nr:L:ydur;toyoa ol ruavl:c riu

'; 
u -unrrl6 o uiuoiotnvroa o.:frairtfiulourirfi artrq riru'11.J 5 o1.J or nfidrrovoaorh.Jvroa otld

; , o id ,

"fror.J:vrIln'lrrfrrno'lofr!siorolroaollor,{hirrl ldrur o:fraau'lunq'lar:vnr:rior"i
ivororaoirirur! 30 n! zuanr:rJ:srfiuloo{rdurt.,ry r!.jr n.:rr rrarr vatr o.11Jol1na o.i

jj
oglu:vrYlr:rnfrao ayuu"lraSuuyirrYu +.oz uar.r{r:{ldrrufiarufillrolooq}.r:vo'urnfiqo
I -, ! , n-Lou qlnuuuurQau 4.69 rovoa0 rurluroo5n:r aur ri r ufrfeuurlfidrlr'L{itr nn nr:a or.

. 4 : - - vv xtnJ!a!raryy1ni1 5Fi!ildnTni:dlrarvyrnrrlSr.irrju ur.luuzuunr:io-urrr...ilndludetr

nnao!iioi.Jriuuuasvdtrieru uniorfiofildllxrrid'a6o rua.rlnr:6'nnr:riulf [!!roao!
dd

iozuad'r:qvrSrnrrnr:rietu rrllinnrrlfioro'lo uavtoion::lnr:lrnao,: fl a nr:ii'ur,,r!.j r
-!ruaa'rqrBnrlnr:r,iuutorrinriuuvai6uuarn'irdourBuuodrrfiriurirn'ryvrr{afi6fi:coi! o.ot

ldd!Lout6r?r!nl?yuryrlnr:15uuloFuotL'Lr":yor-lr-runar lfrrir <g> rvirriu 0.53 *avl'nlrl
fi:ro'[onorr:r,:'er.rBorh,ifirafir'Lu:vo-r6rrq zuanr:io-rlaort#r#r".jrrr:ldtronoeor

.i r ,sLnLro0rn:rv'{00'Nrru;irv5rnr:15r.unr:aou15or1v,h{rafrr':a.,fi'unr:o''nnr:litriuttf,r-rars
!:",:vrnruiarr r:n rfirLru a frr:qvivrrr nr:rialrfio.:orn rflunr:riuuifiurju'lri'u-n uie]uldlirion::il

ruartJfr lSnr:vroaol ufi onr:6auipi.l unurolodrifi !ryfi ysnryr



TITLE

AUTIOR

DEGREE

MfuOR

ADVISOR

KEWVORDS

ABSTRACT

: USING THE SIMPLE VAN DER GRMF EXPERIMENT

FOR ELECTROSTATIC LEARNING

: YUTTASAK SAWATWONGCHAYA

: MASTER DEGREE OF SCIENCE

: SCIENCE EDUCATION

: ASST, PROF, SURA WUTTIPROM, Ph, D.

: VAN DER GRMF EXPERIMENT, ELECTROSTATIC, 5E INQUIRY LEARNING

CYCLE

This research was aimed to use the simple van Der Graaf experiment for Learning

in electrostatic topic. The slmp[e van Der Graaf experiment consists of the van Der

Graaf equipment and the user manual. The simple Van Der Graaf experiment has

been evatuated for appropriateness by five teachers who have teaching experiences

in physics and evaluated for user's satisfaction by thirty science teachers.

Appropriateness of The simple Van Der Graaf experiment for instruction was in

a highest levet, mean score was 4.62 and in a highest [eve[ for user's satisfactjon,

mean score was 4.69. This simpte van Der Graaf experiment was used for learning

with 5E inquiry cycte. one-group pretest-posttest desing was used in this research.

The research tools consisted of learning plans, achievement tests, sa sfaction

questionnaire and experiment sets. The results showed that the students, learning

achievement on the post-instruction was significanty higher than that on the pre-

instruction at alpha level 0.01. The average normalized galn was in amedium gain

(.gr=0.53). lt also found that the learning act vities drew students'satisfacflon in good

levels.
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--- -V--- v t J ,

5',D.Jyt{fl1::11.J:',tl.tnl1!t 1J:uA! nlt tu tol]r4t 0n?11]5Q1n ttya.tFt,t.t "l 
'out1uU1L!qo?1}]t1l11o3 a , a ; < ! d JIra .

t50114t0u5u101"110V6119',11]1nt! ttay ttulylny Lt LLnlta1i109t:1Q 01J0L1tUA,t nyalU
(2) dr"rir:r tu,as duvrnr^li (Fxptoration) rfiolircr^rludrlo'tL!:c u6uyiorirctr

!q"&
1lUrAU L0QuFtnUt0Ul t0 A i Lrl1 rLdy1] nli'i'1,:ttti!ri1ulto ttl,t.t111nn1:dl:1oa51oao! Friailqfr51u

; a, \ aerirvuoyrrrdonfrur-luMri a.:frorJfrffrrfrori!:'tlr:M10 a?loaun16 yio!:rnXnr:njFi1{'l
..i10n1:9ri?0a0t 01a11'r Loyalu'tt rtu 11't.t15yoa0 t y1n0n::t.Jn1ae!^ n1iL{no fr.tLnoiLfra

;.!t?La:1{401!n1t 01a0t n15finu1fl0 aQ1ntona1:o,t.to{l4ioo.rnuyallJolarilt I Lflo'Lu
qv ) v i a .{ ou .1

Lrirrfr rrlolafr rfr t .:vrofr ov'[t'Lu{uro'h
(3) riu a3ure *a ua l{oat L ( txptanation) rfi olddolafi rfi u itl on 1 nn 1: ri1 r.t o

rrrQeaLudla'll:^riarra do au,lr qr,loil ri,a: ryv u!erJa a:!r.i a L.drir r,alo zu afi16"1r.:l r"lr
n

rlrr 1 rtlu !i5u1ual! airl ullqiraolyrl.:n fiFfl1a F iyiorro;r.J air.rorr:r{ 1a1 n1i6!n1.1
o &:-Luriuf,orori.uhJld'yarryrr 

rdu aunauuar:r6orufrsrit{ ldrd.rriuar:r:6rrufrfr'rl{vialri
a v < <io , A,,t u .) , .t c

tr u11.0 i n!!:c rou',1n1uuo L'l rrF tJall Lon u0 u LLt! tt!! LF naM: na 51{o?,u5ttnytr ehirio
flT:L:Ul-J5 LF]

,^, z "; v : \ ;(4) flU1JU1Un11}]5 (Etaboration) .!L n1t!'l F?1:.liyail ttu L! rt0,.J Lu{n! a.t 1}.t5' --i
- )', vv v -l u .iua."*ro1.t14:0rr1t'tnoyton!n1lLr,,lxrFt}.t y5oulrr!!ii1ao.t u5o1oa5!fr LdlrJ'ltTlunr:o6lru

anlunr:nj r,.iarrrqzua6u 1 
'ldo3l.rrio:rir.r 

1 ldlrnfiuaol.jrdorirrYorlou6.:oyd.lulfi'
9 I - ; , o.r,- !

tlj 0L LL in!r50.t9'1: sl 111lyrnonl1!:n11:1t1',]{1J11

(5) riu!:criu (Evaluation) ui]r-rnr:rl:vrriunr:uiulioirun:v!iun1iril.r.r
irl"nriaufinrrlSosl:dr{ uau lnfiourfiuiloornriuf,ovrirdairdin?1!flil!iyunoi'lffLL! ii !l'--_ 'i"'----

t:0.t0u..l

z.q 1Ylflra6n

tilr{rafin (Ftectrostatics) uilurtr.rirrhfirfina'rrfiritrb.tfirfirl:rnno{fi.:{li riJufi

r:r!frlr!iuFiafuh:rruuud': 6o r,fiorir uvir drriulrn fiur.ir ur: vioo rYr rira-nvarorLdl uvi.r

rirrtuarrr:noorouLl .l ldrru tr"u"r du.rrr'',u 1 rflldu n.r1rrn:- rd ilorv,l:fla
(Theophratus) yrSa (ThaLes) hafl (RLiny) rflut1oin oa o,:vrl lr udr *riildri1n1:finu.r
6unirl#n{rtrxoontri



1q

nolr o:.fiariio (Dr.GiLbert) r{lucL*:ndleitirnr:finurdun{r16o:#[rin{rrt.:^soonhj
- ; J o ;,vrlaul'{L11L1Fr00fllJ^nrl,o }1rl.J0uMnnuue? lur.ra rtu u6 r.r flu ilar!5r r5a r- druroyl6',orn

nr:t"ofifmno-lnrir'r'i1 "etectricity" Iourrornn"r'ir electron fitllninriundrfiuriurar
i o &,e-
6 :i^ etecrricity fr1.[,it rr^ or.F.:f, oqju

----a-v _ - i. - qul _ g
nr:yr1Fna0{t1.,toyu'tll.rQntLrai rnor.t€i.ti.Jraqo?o,i rlr 1 

'Lriiu rionir inqrilaoloirl
rfiofirl:v1b4rtrr (charge) riu nr:n:rrirvr'lirlriisrnrfinfianruvb,tflriil uiern.jr nr:trio
(charge) iorn vio ctectrify iorq rioiorqrYu vlodrurolv,rflrudr rEun.jr inqrYurflunarr
(ne utral)

z.+. t nr:rirt#rfi nrJ:coly,/fl rlounr:{ot
; ou , - - ! _ y,

fl0u1io0Ft1,irto n-ufr ryurs arlrlrrinfr ril r"nnvr"raol rirl rfior.J:vob,iflrufilto.l
&,riiqn racinnvi.:ao.: rirluaoldrurolvlflrootorrrr 1 Li luiudiornraurir 1 vroaolr.rui

& e. -y.,,,,t.!ra-aon o?L rJ't rl1l;0u'NrL: {ua1L l ail ru;irurviful!ao Lnaifiun:corurf, n I ovyru.iryi
^^="_ -.-. -, t. .1 ,1 u t j 

- d ,,- !oo'0Lntvo'ruLo ua o I Ly rtur'oi.T fl ruviui frrJ:v1b,ir{rf,u *ac uao ldrurob,lflr oo nlrld
ornr'ranrivoao{ u:rv:rrir tl: vrb^]firfi rfi n"l'ltruvi ua vuurulr: rflrtJ:v ltl^lflrrirrtfiori'l, - ,.1 i
ei^y:nfn nrr rtioei 6u 1 irv:-rv al lrizu a rtur6 u rriu

2.0.2 sfi oro.!rJ:;1lv,hh u:rn:arirfi rfi odu:sr.r,jrsrJ:vntv{r1r
P-..v- ? { , ' . Y 2 "-fl o a 0 iu1 r.t't ttyi: 0 n! rLn't rJ.t rna u.:a o l ttyrt ut6ru'r lnrl trdr r.[.:aotf, uutruli

1r .Y, , -yrna.'l ru 0vlJ:rnl?'trL}1{Ltn?r{40.:rlLytoonornn]-L uao.:irt ofr u: rsJa n:yu.jrl ruvirrui'.lr.i'l
J - - ud , i

a 0{ LT Lryt.i tlr']tJl tna u {tuotou'tnL0nnut.inri.lr r_ualoi u6r

rjrdu urrur.ril16 u, n'u orrlr.rnXi.uvi.:urirqflr.ra-nflu ua v lluvirr orn riu urifitjr
. -. Y-.|-Y ' , f .l , , v ) errirrfl't11no tuzu'tLrll: 

.. 
itnntl:n 1v1-J.luv.i rrrl! n ri! d nvil *n.: o r nriya"lfr odr utua'Fli rr#.:

. . !, v ,! - .j . z
a u!:1'rl't't tty' t 'rn't vr.i 6o{ t!L tt114t rlu r.a o :ir rrvr.l utdrcrin o riu tfr olir nr:yoa o lliryar u

n:{nas!:lnlrJarturou?nu

oln'.renriyroao{uraol.j. r-: y llylrIrfi uioluruvir urir ri,r: noYo.: rflr.rl:yolv,lfirrfro
lrr r 't nLry'rl'rvn1.: nol L rrvr:o1L aL ua v!:v o Ll'h1^fr.Folr.r rrvil rrrir riraa"l fi rilurj:s tll.htrrtio
toul flutt'15'lsn1n0o1ut!a-Fi tt! td ur n'u lo irfr *vi{ urir eiru: n zufinrYu rra v urvil ufrrriyaizua"n riu
turlttltlttdrolnntt:nttasorndvdrnoriueioruraovjr r..l:yolvlfirlr.r ulyil rrdrriuu: n rracdya'le1o.t

.t,! ,J ...
t1tLL15e a Lflv'{1m 1.t1Lo nu ut.]11nsvoeo.:LtJiFnodu'l frrulrval ffoc'Lfizualiruolrfi8r,iL
a t lv' r,q i- i - "-:"- 

, & -,.attllJrJatox't 1l: uQ 1l',{1'.{1v rnolu0l nn1:toa!r1l dr"o uao ltin uviru'uo-l1d'riryuotior.J:s o

1v'lflr I'ou uSEr n!:v1b'irlrtfroufi.r'jr l:volvlfirlrn (positive charge) uav rEunr.J:v11v{fir
.i,ontrovi.:ir !:v11vlflrar (negative charge) rJ:voh,lflrtipr16or fiu uor:2a'n riu urirJ:v1

Lrlfl 10'r.lt1.Jo n! u0!oo nl-J

(t) r.J:r1tv,lfirlrn 6o rl:vltvlfirfiriof,uuvir*ri.:firrnaur nruvai{fiu'rr:rqoirafir
ttl,i5

(2) r.J:yob,lfiral 6o r.J:c01ilfi^firiardulu*virdlttud (ebonite) nruydrfi .rLr

00'tut!an'l ut0anyalfi



t;i, \0\QQ

dorra#o.rfiu
.E

z.+.a inqdrirt#rfi ely{fl rafi or

1.5

r.rafir.J:rngornnr:rjrinorirrtiofirillrifirrarrsalr.riilrrqfi, udrrfiorl:co
t.rrl '&t1'{1',t'rLlrrJtto {-r0'n ttqrac ndu narr6o uiloh,'h{rafrr'lufirr,o lir n *asL:coltifirfrrfiofiu!L

' ) r rq . - i"oy-h110r'rF0nvL.r 1 ner!L!:enLfifl1fl1irtodLrrd!o i l1r'r nr:drfrgtt orin qfrlirlrirfi o
v 

', 
A l

ll.Jyl1a0r'[oL n1l{oa Li LoLoo 15L ie'urirri'lro llr:cinfli (frictionat orded rilfi
(1) tua-sri (2) tuuunvvioa'nraa ro (3) lil (o) rtauan (she[tac) (5) ur.ia!

'' '-' i '(6) ei: (7) urirfirr,ndur (8) rirflra yiorira' (S) n:voru (10) rirurn: (11) rrilfirr:r:c
(11) firraril (t3) Iaravsirr 1 (14) urrdu16u (lndia rubber) (15) drrYl (16) ritry6'u
(17) dhlusi (ebonite) (18) ul.r Gutta-perchta (19) rYrun: Amatgamated (20) uraqaoari
(CelIuLoid)

a oe .t ) -
1r 0L'r 1F Cn LfleU! xoLlll t ^ n! L!L f!tlJ10 aL ? Flfll1! rAt a 1o!1lo U n't'ttlr 01-J'trll01_J't 1F 0 n Lfl au!.1o11lt:1n! L!tr f!rl.t10 n! an fr,! rat eir pilio a n.ir ovr.J:rnn

i-rr!:co Lr,,Jflr!rn a':uinnfrfirateird'llrnn.jrovr.l:rnXfitJ:v1b,,Jflrau rtiu rjrtu#n.i
!

14!1Lrar t nnit urirfir rnfi t, iultlu rar 7 u#r !:rng.jr frrrr"fr'n.joyr_J:rngfir,::1b^Jrtrrr.,rn

tufireirurufirurirovt:rnxr:vo,[r.lfirar uridrr"'rurirfirrndeoar:rurar 7'[Lnnnrirufl:
i41.r1urar to ud'.: lufir urir ovrl:r nnrl:r otr4firlr n drloir run: o sr..l:r nXfirl:; qlvlflral

z.a.q frrdrlvlflr (Conductor) uacoueuly,lflr (tnsutator)

nr:rrfi 2. 1 orarirb,,hlruacaueulv,lfi r

darirlv'hh
( ri u r rir 6'u o r n 6'rrirly'hh

ai
oyl6ea{ [U)

nrnn'roYrrirlv'lflr

ntrourulv,hfi
(rEo r a'r o-uor n n'l r u rfl u

sr'rdrlv{fi tnnhJytioa)

auxulvhh
( Gorrir duhjr.n auruldrh

JaJ
floyqo)

t uiu

2. yto.i[to{

3. norrir

c. oyairflol
5. a{ nva

0. rlarGril

/. LUAn

8. r.l:oyr

9. uvirriru

10. dltayaluto{nro
oirr*ayrna'o

t t. rjro::r:or

12. i1{ nr u

1J. t,ltdLJU

14. zu1tJ1U14l0A1A

-t5. tlJ

t6. fiueiou

17 nlyflru
18. rrrit

19. U',tll: alln
-- i - ,

zu. lJ11r1.J9r1.t cl

-!21. n:vtlJ0{tna0!

22. nu7,n1

15. Lvt)

24 riusniu

25. u1.r Gutta-percha

26. rta[aFr

lt.a11
2a. 61u1usi

zg rfraulr

JU. tLn'l

J1. 01n1flrry.i 'l
32. {a nroiorii

khanitha
Rectangle
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d .te d -j, c
et't 1.J't !1,{1,\l't a0 ?6,01nL0!L141.l5s0Lti{1LnaO!rL!LoIouasfrxn ttu layue'1.1 ,1

ariava^uro{fl:o r!d rac,nA;,il.fr'!
au?ub.hl1 6o inqfltrjuoll#rJ:vllvlfilnfioufihJloaayorn yiol:"iuor:'l#!:yo

ad-?-
11,,lr'{'rtqaouyrtJlu LLl ttu nis tL 0 itFla0! u1.io L! LLgt rUuol.

2.4.5 ilqufitylfl1
d!,q d!, t, q

11qul tl,{l,{'tyrLlJ LLtl0l1JL o0 yqunoran6ia! ([lectron theory)
dqd .,4.1 e vrvrqul0rann:0! llflBlurnu?r0{n!Lnt.ia:1 rfl oi0yn0! nalxno innyntiouor:

!:vno!piruocmo! (atom) ufludrurur:rnlra [ac rrFia youe]otovrl:vnoldr uounlfl aitu
valutf,o lrj! 6rFnfi:ou (el.ectron) h.J:nou (proton) :jrfl:o! (neutron) r{Juoiu r{lu

.j" -0{n!lun0! a1n to{asqoLt

1o ur.Jn iorsrolnroro r n aorriunarr (neutron) uaro 6al:.iuaortirrrrohlfir r,Y.ril

rur:rv'irlqunrrvrJn6hj:srolfifirrn;udro.rocFroleioriiiruruuyirfllrirurl6rsnm:ou
i J ic
fruoa-o1qriur,1.o::or-fi':rcfrLaualo uuayLJ:mor"ir-irLrrulr4flrrvirrildrSnn:ou uayrfll
rrioo:lrYr"rlui.ltiiuar"ran'[#ocaro.Lo.ro"o o'rt tanrry lt]unarlo dlduravh rran rdruroly,lfir
oonrr nr:oBrrurJ:rngnT:nilrrh4rtrr o s oBlr alo oldn r: rna'oufiror6 u5 nn: ourflludn
Js

rI o ia1nl!l n oruqoo onrr ni': rnd 0aldurn:l r n drl6 15 nor:ouatLr:nrn6oufryaooo nor n
s^.-?--trr-- -,. J -< r d ; 

";" "t -;,- 
,LitFraud[o{1Ln11 na1']a0 L!00ranriouraa0Lvruaf'0onnlnovsrol'Lofruilunarlt1irl!a

i ie, , -i
0y F 0Ll0ullrlJ!n a1.: rral 0uFa!r{aturaLoranosouLrJ dos uao ltiruro'Lyhlrl.: n 6o r-:rn4
q , r,q ! - -. c, " "; " + --rlhU:un L1,ifl1tlr nttvrnvr{ lrtlueirurolr,!flrto llr-: o: oufrfir uca r_ aro rovr orL druocstotdu

^= O,- -.-..-.- a-.,1 .re e e - A < :11rlJLna1r,!0 !o:!0rd1F:0u,tluru.l0u,Lao rd1L1Q 11,{14^d! a o!:i r X.tlurJ:v1'Lr^h{ral{t
-d a r
r4r.rr t :rtiuti^u^olv,h{rt o :drdnn:or"flloiil,fi u lh.ro r

a'ryil nr:dr uyil ur6':firrnarurn ril#rulr: uyil ufir ufioirl:c otylflr!rn dru#rrur:
r ,q Z ^ .i , - Jr.lor.tiyQ !?'/1'{raauu 0n!10 Fl? uytqu{ 0 Le nrli0u Lel ao rlono!0titr y'l uyr.l * ri.: rravriruu:

-,!"erlrr!Lna1{ o0 r1{!t'tL1uLl.ltr0l.Juay0rdnriot.tnl1du H_odrl^ndu*a'roiijurua"Lr.i
; - !, io

0re 1n:oLF'111tu1lj0:rrl1irtl l rna ouvta'r r,vli Ln? r.L1tu1rrnt oli{1] d^uruH:oroufr[Luuvil udr
i:iu:rnnfr:v1b,{r1^r,rr a:l#ru,r: leYil6rFrn:ouufir{urrornurvirr,dr arriuiirurr"

aa v !
o rF n n:oufrf[ua, r *n:t ruvfl fiiirr.rulrn nirL]: n or. frr rur:6lr,raortirurob^h1r au6r rtru
tirl.o Ll^h{rto l6uFnr':ou drrrt:6lrJ:rnnir,:vql fl ral

-_-.-- -x < I't r,q.Jo 3 _ ,t - g nnlr]rqulLnury1"Lel't1 1ltu0L1,'11.,'tlytll!:1nfllLlJLioqlO 1 riO{r.rlollrnnr:
rn 6o ufi rir u ry d uE n a : o!rir.J ro{

2.4.6 n1r[ufiu?dr1r{fir (Etectricat induction)

irc'lo 1 fiorr: uiol:rnnfirJ:va1v'trtrrt'l.riir rJ:v11v,htr"fifir-:rngodriuoardru.o

tvlfiroon'[r]rfluriureulou:ou rian.ir "ar.rrrtr4flr,,firrjrr-orq6l6rrflunarrrrlrrrlu
\,u! - !. v Y,aurllr,lflri inofrriruqlurrjlovltao.idruiol]'{fir1pi uravrvrJ:rnxirj:volvfi{rrrnuavau

.+-i Y ;- i -raori.Jr5or.rdul-!Erta.:innfu nr:fr':"nnfrrfirJ:vlh,,lfirrirairurolv{rhoonhj r{h.zualriisro
i".q s'".^^^^.--^-:- - -, ,li ? - \u, ! ; 

". 
""";"" 

"'-"'
01..rv r!unn 1{ LtoLlt 5s ! ly,t1.'{'tLLl.JrJrto liorq Loutu"r" r:r.5r^ir n r: ryiurdrlvrrlr uny ri u n
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q ,q J- i s , 3, i .t-:volvh{rfirfiof,ulo ui6nr: r.dufi'jr rJ:vtlvhtrr rvflurrjr (induced charge) 6llvrfiofiuuiol
nlufr'ltiour n ura v.ui o al ocfidr!'turyirnu r.J: vobifir uyf,u'r rirfr rf,oyrrrirutn dnr-LrJ: yo
r q i" q,u .j" ;d
Lv'lYllvlU'rll''l d 0 i u t!ull: v n Ll'\11'\l.1F - lljLF rlLalJ!: t n Ly{l',lry1]'lU1A 0 tAL 0aflnrtl!:s0 Lv{fl10u

;a a u\! .;
LvLU?LlLv1Fr0vrl.lLna1{,nO0r1"10[y11,!',]Lf] LL0111ll1LnanL

R firj:yo1l,'hl, urnriurlnd BC firrfllnarr 6r5ns:ou'lLislo BC ovlroofilaru
B tfiotornon A no ar0 B 6lflul:voal rJaru C rfiq!:voil'tn r fln1:nilueirfirfio
i, w a ; ^ J - - ,i-ljlp:'r1 0'tro'r A 0an 0ranr:ouy B nc raaouy nat trLfr! BC aitUunat.tru ouro!

n1fld 2.1 inqfifiU:soly|flrocrufiu'tdrlfiinnfirflunarrufioairuloldflllddadtrrtnf,rYu

R firJ:sob'hlral6r,5npr:oulrrlpiru B nnzua-nlr.i'un6o!drull]odllrldru c lirhi
, &,-p'rr" B r orJ:yolJ1n rrau C ,io!:uoaL r,urirj:vcfl1:.ida:srn:'yuiouor I oonlr- BC

ovr{hnar.:rviou16r
J a . v-nery!?'r nr:rylurdrns rfiol:yo.uion:rdu frrJar o{l o o [nairY!r]:cofrdrrrrria

d 6o,- ;a, J 
".-ta! 0n {11'r LvLnorLS ro{oolr 0111!Lrle 1{0t 'r tLou?L}l1LU LL!n1:'.JAn

nr:rir't#rfi or.l:so6a:vluo'rrirdrunr:ryfl uxdl (BoUND CHARGE)
-io .i 

"ut n1:1111iU1e'CytLOtUnl: tyLU1U10ylJ1lt y0r5lt'ttJn!'lon11u1tl^ tyucJlL't
.j;tz) ?e'fl vrryr"ulur lv'[:"iarurfi al:yo! !o i

7: @f:-r//r
/E

a1ufr 2.2 nr:rirl#rfi orJ:;16a:cuun'rdrrirsnr:u,rfi urrjr (BOUND CHARGE)

(t) fir a rtur:r1r-':n qnri{rltniiinqflrrj^ gC 6lu{lunarr 6u5rn:ouovlrfi
,o.lv,!a.u u (ot:Lll yrlLy!a1u c t11L1]:y11J1n

rorirunvfir.lara C lirl#av ufioludl roldl o o n (!fllyfi A u'lruflurod) riorrror
a, -id ,

A OonlsulAuntsQluoony1 tsC y'tLyst')l.Jl BC r!La! riLtLn'!'r BOUND CHARGE

(z) turi.ruorr6urri'u drrjaru A riir.tj:coa! dolrirhi BC ri.uun

%
A%

B
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** 'tfa'lunm'ir 615 no:ou u{Juoi'r uofioufi rara o-rriu r':arfir:r rori'r unsyiorio
-ia{ou oranfl:oualnl]alu c ova io1.v:o Luailnouflur]l v'r114!a1u C rluna1n

2.4.7 ionfr fi Ursob,lf, rooinnfi rfl unarrlsiotirrl:
<i c v J-, a,u eq v;c - - i

tlJ01111nqYrl!:YA L1'{1'{'ltfl1lnA11,LlLna^ tOULl:1nl n15flonUtU tljU l.J'ltt14{LLn'l

frnd':afrruyr:uHrrtrhJlndfrln:sorulSn r cvuiur,uvi.:ruriroofiun:vorurrirtr.lyruyirufi.:

r{h..d! oS!rErlei'irnr:n:vrirrdr.rfi riaulr.ilfionr:u.rf,urrirb,lrlrf,uriou rvr:rsfnnfirflu
narrfir oer'tuautLtv,h1rrolr.J:cotlirIrluinofifrr.J:votvhlrriu Frr:firoiru'[nd;nnfirflunar.:
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- .- i
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nrnfi 2.3 nr:rirtrirfi orJ:;olvlrir 6a:crfi ordurriufi'u,t-oqffWu.rfi utir

arrfi inn n firl:volvlflrlrnda:y6rr:r1dlflun-ruaiorrir rirr-srofrrdr B ras c
aotfrusirr': rra.:uuaurtrlv{flr raio#o u uutruo r naurull,lfir l#firtoror-rrirvYraora'rr.r-ariu
a o ! -"'[r"nr:drrtiufl n"rrirlot-'Lri a oqi'Lnii A rrnnir c (6'.:;rJ n.) t:vntylfiru.ln!!i11ro.i A

rvvirnr:ryfluti'rBuayCrfl!2a1#rfior..l:co'lrlrtrrrvflurriraldulufirrlorBynroiru'tndan
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fru (ni.:grJ t.) udran n oantrJ (nigr.J n.) 6ovldtJ:v1tdfir6a:sar.Lllfir6'.:rjr B ulavldrl:co
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tltY'{10 at s!? nLufl1u^ L 03 Ll4u',t l tlJULliuO L1{1'{ltUF tOUlfl!11w:y0 Ll,h{ lL!r1L1 A yLt
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z.q.c616nTn:a1n (Etectroscope)

" v, !-
oLarLgrie,qL rLLr"ri o rfi o6iruil-o: rotl,lfi re frr, fr"n:y:-L'lutl!f,i Z tio 6o
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, j )" r tq r v ,v e -20 ta n Ln:fi Le! rLLL :1u11ao !: yn0!fr?uannatLdnytli']fl1u LfLtlIau y5o Ldyn]rrlda lil.rfrriryr,'n

v 1 ;yrlJ'rr1n fi1anfla!rr11LJo1urt0no1u ytaLyttau,an 101n!alLralrnt!uLtliuau?uLv,l141
o{nlllyt 2.4

ntrfi 2.q 6 rE nlo:alnrJuuufiouaa (pith etectroscope)

_. .,i , _^_,! "_! -1t t:.t0e'0.:n1:m:10't9t0 LoL115y01y11,!^yr 0 t! n!l!Flo1L Ltu.t Fte.ia t laLl
., i :" - )v

tt1"Ln']1 anrtetr!!na1l0:i .l 01flulr?r'011101n^trt.ta?rlJtl5yoLr4flryioLrLrtrlrLyvl')
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-Zi--rilr.ld'nrrrPfrlaoouwaiyfi'lalrlutolndotlarasCrirullrilravdruy#lrolndo.tlauyoy
a \ev , ; aeao00n [ayn! t?o']u[tzu!n5yQ n [1,{0 LytJo ityl]ttr]Lr0 {a1tu a,t Loayoln

n'lllfi 2.5 SuSnlsr:alnrJuuuuaiuyro.lrir r aa (Gotd teaf etectroscope)

tnufi 2.6 616n1n:alnr.JuuuuriuvtolriruJar rfi orirlfifirJ:sob,lfl r
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rfi o r o r n sr-r n d o l ril uI a y v ua, r r r o d l u dr fi rvi r r{l o n ro o ivr o ei n a o n rr a r
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Iayv ur.iuyro l rir 6r dr o o n

firnrrlvffLdr,th.r.:ouri: uriuyorriruJar6nrloonl6' rfi ofi rl:so1l4fi ,Lrfi orurr
"zru,r: rcuzuLlyo,:riru.larrilaolfi r.l:vosr:{fiu 6{zudnrYudrlllnrloon
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(1) ro non:iI.rL:y notrirt::uru riJr.lorr:aal;irv:nfraouoy'tda oufi.:'eurflr"
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(2) rorriao!.r!lna':Lfion::lrijurorr:aor"ri"yiul#rlnrEruriuuiu:rYur,tlun(l
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"dr1r-:vlru5-7au-lor'[",iaorr:aalfrt::tliLutnFon::lrrnaytolrfroyfl.r''nuv
c:,'[u,iovrit rv15ur.: *av'lririn Ge r..filonralir lrlirrl{r.

(3) tq n1:aou[!lJ:'tr.]!nnau;otn nr:aounrlrori'onrn rfluronr: d oudrrail6uu
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Ia u L0 n 1a11ty! 13 4!fl 0 : tLflaynL

(2) tir rto"ofl o;r,t r nr:r1n rnaun: rr:rsto fio n::rdr a1v1{r:- ur 15 u uldd': a ou uo r

v:09ro.rnlln?1 tJ1 u tuao0l fl a0!ty'lu{ta nl-J0u

(3) tr o'lu nr:finuruo n:sulI:l uiau rr:r vdriolat:r:ndr rorto fio n:r!h1fr16'
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(4) .draaonr:vulavtiruai. :otunior:uayol^r:rir"'to't#urio:rn:rstrnfi on::rLzu6m
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odr :fi rl:ciyBnt,JIoa6ofr6sr.rir.nudrar r
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2.6.2.j, tL\rytaaoufin:airrt'uuol (Teacher - made Test) r{Juutllvrqao!fi r

iozuaa-r:qvdtoro'iGuuuovrrcna'!fiagaou ovlririrlfldrYr-rinGounq'rdurtluurlr.ryoraor.,frLdriu

r.i'r 1 h,rtul:rGar
2.6.2.2iladaru1n:oru (Standardized Test) rfl uu!!lrqaa!fi r],rfnzuna-lqrd

! + r, i 'd , ; j ,ttl1"toul n! ttlrlvo a 0L11n5a: l l tlmlJn O!.tvll1u tll0 t!5 uL L1. U!Arunrfls'rl l tolri15eufrstr.t| ---n__-- ,,,,-
n(rfii niu rrliulrfrtlnrunrnto.rrinGuu'lul:rrEauurdlyfiln'll-nGuun{l6u 1 frrrJ:vrro
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nr:ri eru 6rrihuulr-Lyoraol ulr rfionnolrio 4 pr-r16on
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, i,,c -i(1.2) a?!111!.rtvlJo': L r[LlLlJu L!1141.JO']U L:tt14uo',lL0U',l lU.i
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ruiuriruourrOr / t#tdtuu hiuulo z hiufupiro u hirriurfireodr.re r
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i' -
Y'{And: i11.1 t'{Ai{l1.JttacL}.lt!1.Jsl! tlAu1i1:tum1 yl}]vlnUu n:u!'l!n1:vl1.l111U1fi1frAittonm'1.1

n1] !fl L:uu lLna!110a 0l n't 111L1r't l00L1tarL I tu LLastnl l:]o9rLt {1vl1nu't a15 fu lnLa 1u:1
--ittavt!1t51uo'1l.J1.,]noM11nn11L!nate':!P1.r 0u1.:!uea1nry111.taflovr:vflL.05

nun'ra [a{iaflrl5crr (2550) trilirnr:rt'nrurqofion::rnr:riali nrrn:slllnr:
,! J , tr ---6!talvy1n?11]5'1.tr1?l'ru1filaF:Yr!nr! r:0': v1]?u10.ia{!tlattaYt']flll1 61v:u!nt:ul-J
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finrrrrvrrvarto.ro.rrilJ:uno!r'1.r I to.rqonnn::rllu:c6'L!rn Ioerfir.J:vtvSnrrrvirrYr-
i-

76.67n7.92 !nH ul.JlrrJaal.Jqv5v'11n1:ti ul.va itl rJuLou Ltqnn0n:5 n15t:01.J: a{n'11n0!lluL

odr.rfiriu;irfrruvrxafiFfi:coi! 01 nr:Gtlnr:aoufrtrirTnuier"fiuoe'eAv1{ivurq"anive-rtitu

lookitofi on::rnr:u50!i arnirriouGerLaEjrri!'urirfrrgvr':afi 6fi :vdl .ot

r1;!'r y{aa1 (2553) lifinurzuanr:tonr:rituirilunl:ldtoninrilivulfilanittl.r!
dr. rarvvroru5frIsrozu a d!ov5vtr t n1: t5 u!414 u'41aFl ttasn'l1 41 150!un'.lFloaSlial:Fl

_ _,.i d nq 
'v 

e 'tvvr1{i}1u'rfl'r6grStoifnt5ut,r{t:tlou!Fnu1!v 2 v'M1UnLluu14LolLn1la0uo1un1:L1J
v - --1--- -.ronnni:!ivu'tfiraFittt-uduta"vvln'l'rrl5 r tJa a! 0v0v 1i n1: tl ul.J?vlu1fl 16sl5va'l ti uu

--J .j- 'r a
ar.'jrriolu5e uourtfrrie aira'ruvr{addfr:vd! .01 ttautnt:Ll.lvlLF1T!41!'l:flLLn1leo

air rar:rivrrivornlafl ivf,iSuuarn'jrriouriou our{fi fiuri1dzurlrafi 6fr :vfi1 01
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firrirror rL{nauau (2553) aafi'lqvrSlrr.:nr:riLl elr nrvrr.lunr:riuuf*aaronoG
y, - a da - J r ,q s

111i',t11L1Fl',rAfi:1J0{Ln,:UUtLlJ0trLenU^!v 3 L:0.i11'lY'{1L0Ul1J?!tr1J!n1:A0! BSCS 5E

irr nfu qvronraoin r:aouar*nv,JTvla6r liujr rinrioufiizuaa-rqlrdrirurn ruryliauav 70 rvir rir
tz nl ornrlnriuu 22 A\ 6or{iuiouac 77.27 zuaa-uqvdlrrrnr:riuuriouuravva-uiau

--! )- i q ,s s
xJnyL,uuL LLannl{nuoul.iuLLa1nfl1l1ianfiySuolt.05 LLao {11unL5uullL:uuL:0.t 11,'ll,'l'l Lou L1l

i!uwn1:6ou BSCS 5E irr:fir anonrao inr:aola rtnl',]I a fi.:fio':uolyr'tunr:r50ui uac
i-

!n t:8une ttuutoautafinall'r.r1vu1fi1aatva.: t5ul.J ann'llnout:uLJou1.ruuua1Fr[u111{anFl

11:s01r.05

L0r1frnurti fiuor:rrj (2sqs) toifi'nur zu a ir'rqvr6vr r nr: u:-ou Lra v ro nn611'r':ivruror an i
Z - d d-i )t v-

t0{Lnt:LUIJU}.J5UlJflnB1!y 1 ylLO:LlllaO!LflttonAn:5!Xlnn:n15,:rrU: 5E A!1'
nc t- d - -u0LtLl.tllLOlLn15A0ULOtttlOn0n5l tOn0nr5}]')lnnSnllLSulrt 5F lrflaalrqvr5uainul.J

--i - -!a.ifl11n0ut:ul.t0u'1.:1rl.JUa',lntu11''r.:ana11tuo'U.01 LouunL:uLJ1.ln't1!SLLauvnuufrllu ttau!
..;

t09l€Oua{tltrUfr.in11n0Ut:UL0Lln UUAlafU}1^lA0e'v:cg!.01 dl.Ai LUUnLlU1.JttAOi001

0ianu y10.r ut t0 F n flv'1.:'t vl u I F1't fr 9t:

{1!i d'u ei1.i ! is rvn

ttaflr{ uauuourooia-u (Ladd and Anderson, 1970: 395-400) toifinurnr:aouurl
Z " ) a a p)a

d! ta1su1n11l.i5 01n n 1:fi {a10'rlJ10{ n: tnofi nu1zu a n1:ao! ttlJ !a! ta lsu1n't'r! 5 vr:.r tJa a 0
-lruad'!qvGvl1,i nrrGuut olrin 6 oulo o'Ldagiiruru 40 nulirnr:a auu!!A! ralevln?1l.riln u

- - ; s -idnr!ril0rrl'[u: uo"!a{ uav:vqnFl"rIo urirnr:aourin 6or 40 fiolzua nr:ro elwlrunr:uulrr:r]r-J
) a e.t,uo - J

01nn5vr60uttlt!a\rta lyv1n't1!:11 [tn1n1!l uo!a {}Jzua d:.r0?]0v]1{ n15 t5 uu6.: n'l'll-Jn t5u!nal.Jn!
.id
11Lt t L LOLn:vtnl:a 0LrrLa!aiv'lF')"1.r5v]!'bnlc1tJ 11,: r o! c"l0 L'r iLL u a 1a flvl1.i a 0 r

vlrinra (Farkas, 2OO2: 1243 - R) tdfinrvrnatoliBnr:aalrulurlnfr ruavnr:aoulou1t

ronlrao!fiirion15riu!fei1!tJaa-!qyrdvl{nliriu!tarrnAnrsto't'[o'[ri'ilnr:uiuurras
! -,; e - d

e11 fl'rtJ1:0L!n1l$!aa?1r.rvu1L1.0iult5uulru!vrnn tJanllrnulYlu'l'lLuoluzuaa!qvlD
j-"i ! d o

tofr5flourr.la0va1nva1u111LvLn5lL1rl.lt,ad flli511l{n1:L5LLLreuA11}]41}.l',li0l!n15

'3tll la nl lxyllTUFtllu

ttrltla nr61:na uav6riu (Sibel. Ba[aci*, Cakiroglu5 and Ceren TekkayaS. 2006: 199-

ZOI) 6i6nrgrzu aro{ n1i io n. t ri'ur.irurrt f,r_,ar vyrni^:"li 5E (5 rYu) rr:o-orn" r rr'uui"L!!

nr: rl6 uur!a.:ex1rran tLas n1:n-or r: Gt uirur.trl n6tolrln G uudufoul.r6nrvrtii z (grade 8)

fifizuarionrrlrdr'lo'tuitrfiriyur: nr:a-lro:1sf LtaiLtaunliylu'toflolfit nrr!rcirloto'l
v )- .r - .j-

ririOuiodr UrlaaO!fr11"nru'lA1n HasLam tiav Treaqust L!n1l''J Lo51eu tt1.J'l n11!nollrlflllal Fr

tolrin rEtl'triullieruur6niio a'ufrr rd o nao uirrilril (two tler multiple choice) aor-Lriou

Ga".*asvfilr:-rtr"lr.fruEuulr'rylolj1llt" 101 eL ndrleilodr{fi: ni:.1u1::riuuu6erniu

loatdnr:(lotJrlirufin{rLn.rlqluaundrlyloao{ rinriuufiriaurirunl:{onlrrEuuiuLl! 5E

drr.ru 33 cu, fn6E ufi Li uLsi?unr:6'onr: G uuiur-unr:urja'eru *rja:nrru6odru 11^ 34 a\
Aa

ttayin 15 uu, 15uuor u nr:n o nr: G auf,ur:lrJnFiiruru 34 nu nr:io to n nfr ttau nllAa! riou
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uiuu'[d Rtlcove (Anatysis of covariance) uflr.nr:io-ouCrvroaol!:vrnyyil (Quasi-

experiment) finrrlurmnrirrodr.rfiriarir6'ry:svirrna'rn'':lnrtravna'lyroao{ Inulun{l
- --la , ,

nr:voao{fironAfr6n'irneirLnrrar uac'ti1,{!nr r! rrn n oir r'[u nrilfr aoldr a nr: ionr: ri uui
rrtltl 5E rrau n1:o-on1in'uuirrl-r!n1r r! f, or.rruJa :or 1160 uav !'i1nr:dol6'r urir o sE lirl#

! - - i e ; - a evv
Ln r: ul.J tnon't11r rlj1La.l1utJl.J ua v! ttu?n11!noyr0nmor t!0Un15uu Lonuo,]'t LLl.J't n11!no Lyr.l

rua vrJ: var n r: nilr,r:"io va r rr: n!: v ril rirki'o r nrJ: v al n r: nifi rlrul r tua y riiolo n 1alu nr l
oBlro nr:Isi*dr uavnr:0fr!:ralirl#lionr:l-ouur6qfiru ryar.l lurYunr:turun':rri
rinGalovrfiorarr :o!i 451.r rL!! lrzuuuurnrr Fqrfio'lriluanrunr:oflv:j r td

nrnirfio ravoruv (Patricia A. Beffa-Negrini and other, 2OO7: 66 71) n;{aou
!,- ,a
ll1.ruD ul.rmull'll: fl.J1n1:ua na ni nr:aoulo u lfi n11rl5 rrayfrnucnrr rl aooriuhoryr: rdrttl
lu nr: aorfi'nus rra u rru'r n1''ll.raoeiruilr u r or ami In:r n r:frquurrrn:rruiyrur o r a n i6nur
uvirtrGuasfirinur finurnr:ld sr lunr:oonulrnr:aouoa!'[a 16or otrr!aoon-a
'tuorvr: (Food Safety First) nrio!:rt 3 !!w! ts t':hl nr:aouairur5rllroi (web based

instruction) fl nv-nuy nr:1{nrur uw r.Jfr a'lnTud rravnr:ofirl:ro (interaction discussion)
i -o & q

tLas 16r:0.rtr 0 LL.l TSvroa o.iy:0 n1l?o a l.lnSrJaaud:yrsr!Ll.r 71 n! 38 F5i L!n1:ao1-nou
-&ev15ouuavuai15al n r nriu rilltorahilriolryrl'irinrtLdorou oo.sozo rfluhlloi 34.2oto 6nvt

h{riuu 3,570 Au firi'rujulunr:flnr.lurujrfitl:slurrjrLrn z1.t o/o 01nnl:;ozuaudnl't#

rriur rffidia nr.J:v alnrua'rr5o'tunr:ri01.J u!!f;! uar v rirl#arrr:onr:a ou ur.luf,l larvhjld
a i ) .qww-
Lunr: a aLL:a:a'l't!!a aoJlrrLLa ty'n t{nsyn ltizu.t uLlJtlrtUg LLntt a!tatuytn't 1L:

rLo!o5'i uaslloa (Andrew M. Ray and PauL M. Beardsley, 2OO8: t3-22) loifinrgrnr:

a otl tio { nlia-'r ta:rvvilufit gr}.r:!u!!nri{onr:riauf 5 riu (engage, explore, explain,

extent uav evatuate) irrrir nrrlun n ril.rrJo{o: frd o!'tt-rriurirnrrrauloto.rfiri ou lourdu
;--tr

Lt 0 ]v!a i{'u L!n1l a{ ta:1sv rra{ Lra v fi a191n5 v!''tL.l'r5 r:.10 r': a12.L L!81n n1t "t runl5voa0{

nunr! 1 r'l !ir--F nr: lv rn:'ur1i,fiol#vroa o!v 6lul- Ion'r!q! uas nr:rj"ltJ a:r- rir."ira fl6,r
Lrasnliirnilvl.i n1: a'o!ifF n1r r15 ur'Lna u.va rri"uasrir riunr:'tu:vurro::rtrF 6 rrr:aou
'tuo::rtrfirw'ira1 :oair{n':1rei11ol#rirfrliuu air.rnrrln:v6oioiutunr:fiaruiu riio-u

. !- a .inti r nr: aou lu:!urtlrlflair le'l'1.r rtr lo lur'^t 15gl rSot nr:fr:rn:^v#*a t *a u e't rrL: svt-tlo
.ihv.-.--vq;ai

rr:nu5ltolzu15r-Juuao{oon ^r1.r0Lo!0trnnn:5}] r^t:LLel,l1]LfllLnvlanttt0in1laItFl:'luY
, - ta- tv - ;

LLa{[av:0'inrun]torr^raanonritkiarnni:a'{rn:1s#Lta{:1lJfl{nt:tnaouuluvta{{lutrav
iXo"n:tu:vrriur A

Inuo1u\i (Candace L. Walker and other, 2008: 56-61) I'66nurnr:d'onr:riauf

[1J!f,!raru s rYu rfiorfirLeTrlrdrlollnr:riulrJflrifinr:vroaotn15t6oo'r'lel11.l6i1fr! (seriaI

diturion) to.rfn6nur!;6Utyrri'usui f 2 a1'trna61irtl 6 r ri.rr 'rur nrrrl6ofit r nn onr: 'drlo
finr:!:slir.r:vr,r11{n1i!r!'fi1unrn6uu rfiofiionx1lt{114to'r{Guu fl!'j1fin1:6'nn1:

ri-Luiur-L 5 dufinrrr:rirrt r"rirvilrlnriurlfifirr:rirrulu:sonnal{60 5oolo lroifntEuu
!,"
r.[lriOl'[oU[unrilnl!n o'on1t t5U!iLt!!!nm n0 Lur"t1L a0u0fi1J1Un1: ta 00'l {e'1rt a10! LelU
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flr:16ut-l!un:so1r-Juauttao{n]:arBsr ornriurinuEuurJiri6rflu:rurnna vfirrrnnr:
uil-Gnr:vroaol {tir aaouov rei urfl'rflo!fin ndorl{ uaco6lru uririL; Lu lu;uvufi a rln,iau

ovrir ururFnfitffl!vroao':ltfld'Lunr:voao.:1unr:16oor':nt:rir6''ltor ulafi tEuluurL nr:uun

rurnlvroilor4ro uavofruvistuh{ r{lunr:donr:riuuirrnnirnr:6uu!nG fifinr:arBn*ri

riro}iririuuidruirrtunr:riourj:vlrru 5 a'rlqr# ua vrit nt:vn aord.,lun'',r0, n urn n '',,

16 o o r.r nr : ruu r d a d or nh {h r rirvr oa o r fr ri eru d r urJ irl6 n r : lr o a o r ua v'hiqr " vr r ucJ o r

n'r6'rr,1 (lirnrrr:au'tr) itirr.e or.ur- rnar:fiGr,unarLac q 
"ru 

1#riGE-L1di6nr:a'r rarvrararui
1oo(rjruaouuonqrJn:ni raaoovroaor q uaoofifif1f, o qjua vldrnio.r spectrophotometer

s J 4,d
0'lLPl'l LyzuLlUuLOtnOnllt]nO0U1Mn15rufU'ltU Lfi U n15n.1q1011.1ttA s LUti t5UUtllUfl nulfl? U

q & -- t {
nur0l LLtun 0u! llJfi n''r: rra u!Llln r!LflL . iln r 1:a 1rn9' rtau 0 0n tt!L n" i!ulln115voa0 i
J.
riunounr:6unir{uiorfinurutJun{rl 1 lunr:frlrnornr:njrdururunfruio 1u 4 nr:vnaor Tno

Lt n15 rn 00't.iya3 10,yt'r zur: uu,!1.J''JlJLlln n1:rro Ln LaL ttau6l'ru1tun1: tQ0 i 1.i eo111tJzu$uu

oc1#nrrr,v!roroyriL6oal{FrrrLeilflih"rYun.:aBr-rr- o-o{Guur{Jun{ruFn l rfiori.olonra

1142r5Ul.J L9r0n!:1Urraulrn:1u14ttl.r?n't1!noto{n1:t00a1{Fl'r n10!
o J ; - . - c , ia-lurI..fr 3lirrvfrounarn:ror.r n1:aou,nr!f,lrarvfir.l:vletriiirvirrinr,Sau luneirfrfizua

n1:r:u1.J:sfl!nall narLvprail.l'rtvlpinu $uuai n'i1na' 01!n! n'']lao!ailfi z rrav 3 uraoxlri

r#rr^r^:aourulufluarvrirl##uEuur'firlqleir^efil *ar.drtoodrrFrduL^rduornnr:
x

1.J1ttl-JXnq l! Lt L!n1:11OA 0{t r

rnaiu (Kevin Pyatt. Rod Sims, 201 1) 166nur a-nutuv n 1: t;uuif,t tar vr.rrnr rlito.l
g -.i!nt:LutL1Jyr 1 tL?t't t6r! LoL LLUn r!u 2 natnl:r:uu Lo L A:1.r10 n11110a 0{ rfllJ0u0: { [aY

nrivFra o{Qrn n''r:'tdtonr:vroa ol'lu#ofiJfrrjfi nr: tfio6nur zuaa-lqvBvrrl nr: G uu tta v taona
v,

rorrin riuuli'{ao{ ndr fivrnaorldrliu! ufr u! nr:aour.i'ra or nrililou1du!!rir 0'r nliroao.r
;av- 3 , & q. - l)- -ltLolrsilrtu 11L11 tn t5 uuvt.ra o r nar.rLv,, ai{}]qvf,vo,v}]0Lnu ttas Ltao i Lu tvu't1t09tnflt0.l

Y ' lidrvilto nr:noaaltafiou!n t: uLtvt{a0nna1.l00:vflllo n1l t:u!n1:a 01-J tm! a! Lalvu'lo'11

i5 rvS0tovoa 0{ Luv0.rLl!!nn^tvll LvunL:Lu}]vtnuvnl5 Lt t6t:0.11.100u LuisoLo}.11fl tvl nu
d -- s , , o

or nnr:fi nBl{''rLJ1Q ull.i Fl't.i! 5ut'}16 *avn1o'tu!:s tvl6a:r.l16"jr nr:iornrt tiu!in!fiao!
nx:oonu!!n1:GuuflosrdilfifrriuuldfidruirrLlun1tfr!ta1sv1n?rli oirunr:liauitol

' 'i v'
r15r-uaurruatnva'tt:tJt5u1]tL0nleLonlB'lFlLall9l1LFll.Jta{!n1ltlnl'lnuvn:u!1ul^5

drurirl l alnnrr!iti6nlivqaa{ ttauartl't:o',i'ruuraraa'lqlr6vl{nlsGuutol{riuuldrirl#

frriIurionr:r(ruur6'nunr vr1.inrrlBuuflri6t'ruir)rgrarriruorlrollu?ltt!Llto.:lonnn:5
.A v - J - 1" 2 a..!

nr:15uuf louISr'0!:va ln tfrolielrLlt' aa!qv5 T' i nllL: uu LYa :1L fl15aonQn:trnll'lul.l:

r!uh4unSriu:]01't!5 tn u, nus n: y!'l1-Jfl'1511'l 'i'l11u 1fi 1a 015
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I i-- . i 4 -nr:io"ueirflfiinQ!:varrirfionr:frorlrruaf,rquBtorrinrSor.r 16or lvhtrrafrnTnuki

"r " : v q a o r o d r.i i r u 1 or-tdn ^ : ri r r i,rr- l fi r ra r t v r e r r r, i 5 ;fu rii o-uldrir uiu n r r i {u
a1 1l.JFr01.JO,iU

(1) l:vtr n: tua s n{rLn-r o drl
(2) uuuuzuunr:i6'u

) 4i(3) [ni0.i].tovrLt Lu n r: [fl u:11J:'] 1r t 0 ! a
(4) 16 nttl ta:lsvt at a

3. 1 !:s11n:[[asnriusr-rotirr

3.1.1 tJ:vt1ni
n:riaouluna'rar:vnr:riuuiivurflranS:vd'!riou!n'nurd'rrlodrrinrl!rrgrdlrfi

nr:finryrrTrarfinur rrn 29 fl 2556v-
! n r:u1-JlluuDs!n nurtlfr o 1:r uiruai loirufinur tlnr:6nur 2556 g1'r!afixfler1!

ajrrnofiroyvrru irviodruroroirp iiruru 30 nu

3.t.2 na'rfr'rodrr

n:r.iaol'tunrirar:snr:riuuiivrurorani:vo'rrToar6nur#rrtoairrinrruurndufi

nr:finurrisurfinur rrfl 29 tl zsso riruru ao au loai6riruul.ru rnlvo.r
Y - < -irin15uuriufourLfi-nrgrilfr o1:rriuuoiuoiryfinrrr tlnr:6nrgr 2556 sir!a#rflsilru

iirrnofrrqrsvnu {rraiodruro uoilu siruru 30 nlloa nr: 16o nurr.r r'.r'rv',r.:

3.2 uuuuHunr:idu
-- Jo ra - & i1, -o )a

ttlJLltttJLnl:?OUyIL'ULUn'l:qnU^n:lLtll1-r'l'l:'l0Uvl:^1n1511O40!n0UtlLU - UAit:L1.J

(One group Pretest Posttest Design)

err:r.rfi 3.1 uuu ur.runr:?t'ufifinr:moaouriou - raa-r6uu

(One group Pretest Posttest Design)

nau a0un0u oaa.r 60uua.:

E T1 X r2
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fr'rya-nunifrlftu*11.r ur]ufl 1:14oao{
, .t-E ttytu flalJ9l10u'tlvlt58Lto'tutonln:t!n1ltSuulttlJ!a!laluvln?1l.lt

Tr uuvl nr:aor dornlivoao{ (Pretest)

x rnlr-J nr:o'nnr:riuuirir0tona ni:unr:Guriitwf, l larsvrn':ui
T2 ruliu nt:aolva-lnt:voaon(Posttest)

A a )oh c
3.3 rn:o.:uoYr [g [un']5[nui?u:?Ul,0ra

lunr:iialun:ifi{iiutduulluuzuunr:iiulouhin{r6'rodrrrfiu:na'rl16o1 (one group
.aJi

Pretest Posttest Desiqn) rfiorarfrlilni:aou 6o6or b'{r{rafin ulloonl[]u 2 t5o.t t5o{ac

5drhr :u 10 r-111i Io uldrvrnia nr:aouurJle! ralvulnr u i 5E husia v ui o rldlirnr:
11060.1 2 rirhr uav rflovr a drhl rirnr:aounrnuSolfi 1 ilnr:6nur 2550 nr:r6ldola

- -a A
rLlr{00nrlju 2 a'tL Fr0 tt1JL110a 0L n0LLl uu Lrasua iL:uLJ Ho.i L?'{1'{140n 01u'1l.J 15 1Jo tteu

ruLlJiorofln60'o Gor lvlfirafir' druru t5 rio

3.3 1 Lulrnr:{onr:GuuifiGou*rlf,rlarvrararrri s rYunou 16o1 lvlfirafrn :vo'lqYu
& -^ s <'!nrrnnbl!vr 4 01L'rL r rrzuL :'t!1[rv]ro 10 elL IF UrLrJufr 1 r:'a t lr:airl!:vo6a:r

rrinn uzuufi 2 rBor u:.::vvir.:rJ:vob'lfirlouffio"u1d6nuruzuunr:d'onr:riuuior nua-ndo:

n 1:6 n u 1t u h 1r 6'l ullvl0,i n 5lt 2551

i E.z ,rr-Jvoaor,iozua#rqv,dur:nr:rEuL uEo r lvhlrafioii'rulu 15 da hif'rriuu
rirulrvqao!riouuEuu'tdrrarrir s0 lrfi rfiorir rfi!n1:6oi.J raSo r*a vo'r tffunr:lirfio n::r
roion:i!nlilioaorGur,liouufrr 6rt#u-nrioldrur.lllvroaouv6'lliuuhilrarlir so urfr rudr
.icJ-J

d rr anv uur-rfrkir rnva".ru5 uuh.li rn:rvr.izua f,lqvsnrr nr:tial lSar lr."lfirafrn

j s ! j,owa
91t'1.iv| 3.2 {odauuu{91'tu[uo141Yt ttl?otJa

i - i qw w
a 1 v : 1J ttl- L vr fl a 0 !'t o ir a a q14 5 yr 1 { n 1 : r5 u u 
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? 0 L tq n 1 u! o n : 0 u111't { L1 ua')

" .; .- ;
Lr raLo olol: Ly1l: nu1nloot? a ao! tta y!;!!i{ ruitr,toao!s,rr.Jrir uuyrirto usir uunrdour

! ,v- S ."'.-
li1L1u 15 roLos*rrrli.uuiovrloiflre t) rr:liiLfrior-:soaar vtll";Fq 2) u:r:sy'jrr!:so

.. a
Lfl1,lr d1r4:Lt0a0L Lo.LL.1L1.J 0y'r L!U 2 ArL O.3Sl',r:',r:Vr 3.2

.i q ..r.ilnErullianltlllt[lJ1]11aa0!na!t5uu trauya.imul.Jl01!nrt0u [:0t 11,{y,{1a091
id

lirnr:iro:rcyzuafrrLqvBvrrrnr:rSouloodrnyuu!riou*avya-rriau rrJE u! rfr 0!Ioo'Lda fi6

t-test u!! dependent rlavirn:ryfi:cfitlni5'ot1.J'toxr!fl!nr:riuulould normalized gatn <g>

tu0,11 a'?'ru5 01 n?1il[{1ta n1:n1u?fu

n r : ilrhilfi or.J : v 1 d a :s r uisr o 4,5,6 7,8

rL5.r i vu'j1i!: u 111'1fi'r 9, 10, 11 12, 13 74, 15
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3.3.3 rurlio ro r n F no nr: t:-uuG orb"lfl rafio druru 15 riofi: voil nru6o r,fiu 5 :vd'u
Y, '"'., , ; - -J

a.t Lra LlJ Ll4uO1 U 0 U l l L {O! n { tvLO',l U 0 L 1 { U { O il.J

5 :voilnru6orrir"r#uoiroodrlC:

4 :vfrrnru6or,fiulrilriru
3 :co-tnrr!6or#ulr,ur"lo

2 :sofunru6orrir"hir,fir"dru

1 :v6'rnrrr6orfulri,fiudruodr.:6r
.i q ,u - -' - - x

3.3.a qor-frtGnr: ,6orb"hlraFn fif'rv:ro 2 to o-rfirr:rir1#rfiorJ:v16a:vluieq ttav

ru:.15 uv'i 1.:!: vO'lf ifi1
- j - .i- i s

toion:5l.rt 1: aQ 1:ttun151404 0.ir119rL]1JU LO UtJ.l1{1 I LUUnrl UUI.Jn',l',lU t1J^ L0 ttas

,;nn.lr,n.,lrriaa:rrr.,nrq o1nnlifler; rirutv ttavtuf,utrjr louuurjlfion::r:1u1orJfrdGnr:

f,,iu z nau 6onorfi t ,tr"r^:fiTrv^nr:rfinrJ:r1'Lrlfl1!uirctfioei'r{ " lou rr:defi

n1:drur11 uaunl:Lufluxd1 uuavoroufi 2 ufllnr:anur ua va irl6 rF nln:alnlo drl'iro lrav

ru?! to o in511',lo d 1{i1u
- .; i- ! J 'tv- a u't

tononlrlJ.}l 2: rL:{tuu?1.r!lsaLY'{14'l L! un a n:5}.JvlY{FIlu111.ltl\ 0 Lvun [l uutljl Ln

or rld'ut'uit or ur'i:su'j r.i!:slb"hl t turoto.rtl:vo'[ fi1 [6s ls u uvix:vr.r'irl r.J:vnh"Jflr

h":rl*wro.rnXtoreao!i uao rism:q"rlrrur,fio rrilordfl rgrarfi ri urto lrir- ru:l:vvir t!: vo
ice -1oiar.'rnrdo: ua vr"ir zu afrki-lr- 15 e lrfrot n'ur qufr ttauait h a

Z9
3.3.5 ri!fl o!nliafr{rtacoon[tlt.lto]1oaoitul1.Jtooin511'lou'r.l.i1u

va'nnr:lirlru
J - - i -..rlaianao{'uto}]10 n!a v tRonl:Lta n r!a uuo ra nF i0u 10l0lJ1xlJLJo0s 1140 La n01:ou

r!

lrrrfioovirdrSnsr:outrid tq:im: aifnd, 2541) rird'lrlilru.J:vtrLoriaquao{oiGi16'!
;" - e .i

r1i a1 1[ouv6il0Lio ueoa v! l'l: Lv 0ra lr l0utta'] al.J!a t!ulj5u0lJ'l n lnvao tteval0!}]1fl
-i

a o a r!.1'r : 5t 0 ra n n l 0L rra': ! d!L 9l b!L!1l : u 1 aL! 1'r11 d o

(t)lufiu (asbestos)

(2) tun:vriru (rabbit)

(3) udr (gtass)

(4) rduzur (halr)

(5)tuaou (nylon)

(6) tluns (wool.)

(7) frrlvl (sitk)

(8) nivolU (paper)

(9) rirflru (cotton)

(10) ur.ruud.r (hard rubber)

(1 1) ar.ra-rrn:rsd (synthetlc rubber)

( tz) Inf, roarooi (polyester)
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(t l) atnl:}"tr: (styrofoam)

(14) ooaou (orLon)

(ts) lvr6qirr:u (po[yurethane)

(to) lvrdrofr 5u (potyethylene)

( tz) lvrdh:hf, u (potypropylene)

(t a) hflhianaol:ri (polyvinyl chloride)

(19) rvfiaou (teflon)

(20) u1{6dlou (siticone rubber)

(ant.,llarrairrnr:aouintLroraniruavrvrnltlla6, zsqo)

rnio r riruiqrlvlfirafin uw*rur,ooin:rl^l (van De Graaffl 01fl-uva'nnrt0to.i u1{n-!

raa oo urirlnufi o.:rir.J: vn or.l;ir d'ry uaoro"rnrufr 3.t 6rr.l:v nor dr uro unoilirvrirfrlrryl ty{a'r
--. J - v u ) v , , i(dilrRriF e|rtan.2542) drrrAuL'r.r50u0Lisv'r''ti"y\er ttavv 0 [n 1t{t 0 u 0uLLunus'u! ttr0

luoreroiu!!rduurrovnrirviourrir firtorurrosdrdrFnn:aunrnviourir lirl#firt o.rvio rurir
c ; ,, J -cfil:coriuL?n!rn ofioc6r6rEnn:auornarulv,ldrutLErsiootifi'!n:ctlor rfro616.ro:ou

wA
on6loanlr-ueirlir'[r;firriruuonto{nrv!o{fiL5sorir.t':r eiruaruh'loirudrlocli^uilrfr
aa4
o{0tanqi0!00n601n1fi v50a{69ru

[rr.r ur.Y.:o.iddrsn ouu{n rJ o { n 1 I rfi orJ

r[?u[qain:11'{

wli. bru.h lo a@nd

rsah^lfl1s o.: roEo 'r rir rfi o1v'Ifi ra6 sr

3pn.r. to' .o.h c.r)

\
I
c

E

.jI

I

n1flyl 3.1
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drurJ : v n ort o r qr.J n:nl
(t ) roroaflr',lfirrurerrFn q.5 1'rar4 i frr
(2)ihdturo 0.s uorrJ t frr
(3) ulir"tnlvtr'r 0.5 l6ufiuLn: 1 udu

(4) rle!u'r1 2 u1 1 a'l

(5) aiulylr]ou um 20 r6u6ur:n: 1 rdlr

(6) alutilaloEr tlrr 15 rdrfrmn: 2 rf,u

(7) trnlJnla]na1aon 1 t!
(8) viafir'fin:.: 3/4" ul1 3.6 r6u6rrm: t frl
(9)viafir'fin:r 3/4" all 2o 1616urn: t du

(to) viofiifiat:vrr 3/4" t du

(tt) i{rirub4aru a riou t fru
..t-l

(12) niu!o rLai-orFr"rla^ 1 r:vrlol
(t 3) rjrntronarafin t dl
(1a) aird 1 er-r

rirlrlfll
!dreail;lr

nr:ilo,,

i:tl

I

\. rlinrlgtt1naiden

rxlneraAn

xa !Yr1rrili l/4'

n1u}{ r:rau

nTv,d a.z rirurJ:snouorjn:nitoyo aoruru roo n:t',lodr.rirs n1ld5'l.rl,o nao.r

r[?u[qo nt1v,l oti'r { i'r u

( 1 ) airrdruSruTourirviofiifi n:r vrnrru#.:rirfr onilirriruy6ouilubi
(2) air rdrueorcrl Ioul.?inslrlartrvfr uldojo rldosrlrfirr.tuviofil6r':l Ioolfr

nruannofi rilrurorsry!
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(3) rirvio udro rnil':d IeunoorYriJr ailrrraord'ruao nlo u'[dnr rliouornfi'r tlit tuav

"-- - z - y -, ,
Ltnra!11fi i111vt1d o 0 n

(q) drrnarvraraGnriorrir riuo rsroi

(s) rioa rulvl {a rr 20 r6ufi rrn: rd'uvf, .rrio udr fi'lrir oiruraf, rtouotnoi dru6 n
Y. ), w- - t
t1 0'1l.Jvl.J.1sr 0 tt 1 n! a'l 9r t

. ;X
(6) !:eno!!orao:rt1n!110411]Y]1.:O1LJl',lF1.lQ1nn!rtUXviO ldtvrlnl':ri'uror.]n'r

,.ro rF oi rfio't#n: vt"r rittu^o'uo:vio riaa'utltornlolsroirracaivdrdrfi'!firiru
(z) rirviofiifiriauirfi'rvioauvrtdrrttu?sr:{ utd?drov!io a rdr fi'lvio rurimlwuio.r

yF)s L! L'l
vA

(8) !'ru1.rra!:0u tljl n! Lllalt0.i!0 ter0i ttau110 ttn'111'l'r1.l0q!!10.i110':114fl'lt

(9) air.r *vil:oln:vi o :10 al#rLuro r,durirourjna I rt o.:riowafr n'lviofii6r,16rrjur

Iaa { LLvr01,rlrolulJu

( t o ) fi o ri'r a r ulvhj : u Q a ! T o er d1 a 1 ul1l u r l 1 5 16 u F rrL n : fro a u r uvr a r a sr- n o o n

!:slrru o.s rr. rirarulv'ltduirlutiorfiyofitfiauvrrrlr.ir.Jaruufioudrfrarirriuurr ldulitJnm

aoalEr 11,'ln!voYl'l{

( t t ) fi ofr.rar01yllivo1r r n 10ud1a1oh'lu11 1 5 l6ufi rrlsr: n-oolruvtaraG noon

liur.rl0r 0.5 r6u6rrn: riruS noiruvf,roioa!1uo on! tv!'t nr t0 l6ufiulm: rirrirufi sl'oouru

oon 0.5 L{Ldrrrr !^r'oLii1j!rnvoYrlt Lr"aol-aili.ldn!tauu1l rna1u Ll'111r1J111n11011'lt

oirt uvrtnrr drudnrrarudruvfi niurfi olirir-lrntrotraraFn
x - i-.

(12) rjrnryrJonjro-narfrriloalrurdur':rwuuviu:0.:n:vtJo{ (rJrncJrou'r) 6on:stlol

t{r u uviu : o lrir u rvrJ n rr
tiuo ounr:voaoltervqao'i rLrutooin:rl',Jodr.:iro

voF o! r'D1i^.r1L LoLs 9'n:so11e 114,!LreL I Lta1L1!^m9' Lll1o^l-Jljl.Jlr0 in:u!0 iOl U

ulitnrr noai mdt#lo rn o idr.rru rfi o i uF n n: orn nn' t oa ntrj rueirlirlr.lfir 6ruuo ntotn: vUo.:

uavldlrn:corufir.J:v1rflurrn #.runn'jrn:vorrgorrioa 1'f,'u'u tflorornrflurJ:vntfro16urfr'u

i': rfi o *:lc..r fin:sv'ir ltj :vo

dunour-l:v liuo':trfi rvro'to'tlo{tTldtnvoa o.r

[!!ao!0'rro':1rfi lnatoriotoroa orfl frnurusr]ar oilo 5 rvfri 6 r ur-i r oonrfl u
- i. a . . : <)qq

drLelL o.1L o1un^i00rtrl-Le0 o1Lnrt L"u n1] [aE9]^u,u0v1 LounlvLotn flll[1J LL.]1:rt!a
vA e ;Fl'r'rl.r14rl1ulJo{n':rrnorvrtor{rfiartrry uavn:fraaurfirrrir.lnrrrfiruolatq14oao.r

rur l ro o i n: r vlo eir r.ir u oonrilu s:yoi'l d'tfi

avuuura6u 4.50 - 5.OO ruaovir r#lrireurnfiao
I _^

ayLLl.Jl.dLeau 3.50 4.49 Ltao t't't rrlJoitL'r.r
.j _^

av"L1.JLrLAaU 2.50 3 49 rrAo{'r1 rrwr',rL!]LflA1i
.j _-

ay,LLLrQeu 1.50 - 2.49 LLAO11',r Lr1.rO1Llr0Er
.j,vA

avLr1"lrodL 1.00 - 1.49 rraot?1 r141"o'tutourao
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J d q v)n1:tn!to aLrl0a0!n11]at1 1riyl0L01Jo.tzur1JullJ1rul!1.r141?vu1au0!a51'tr5'11.1

LLavn:zuaouLufla:ra1:un1:r:ul.Jiiyru'r61ao5 rnux ni! ox'tl.rr-{110'[otovoa ol ur u to oin:1Y]
, ,"'.y ,-:

0u'l.t.t1u !fl 1.JFlo1.Jo.t1.t

_.! i 6
(t ) fiuro riorqrJ:valcitlnr:lirurrr aoL c rr.rFr'lr fi rfl o'[otli{r6e':trr rylurvriv urfiu

0 ! a :1t 01l.J 115',]lJ
. .|',; , &".
(2t hi{rfr urtrryv oao.:16{1! tovroa a { u'rutoa in:rv,lo rrti. u n1 nfu'1fi m oL

d . -id ,

tt!!a0L n1!n?11.r11 :r{0 LnrLF 0'0o140a0 :

i3) rirdora urr-r ao! nrL a1^rLfi r o'to o r r {rC r-rtr rgf fisiorervoe o r ururo oi n:1}"1
-jffe

081{n1U }.r't'l tn:tv141101]4111.: a n a !110lJa11Lo1J'r!llJlJ: r10voa0.l
.,!
(4) fi uorinnrJ:varrilunr:rirurrao!n1 011rlfi{fl olo'[#ng{aoulr:tr

, ! qu
(5) Lfi n;rya0L11oa0 i Lr r1u to11oa0 { r,'ruro0:n:1Y'{0u't i{1u i'tnLu Lvr'0!

11Lr!ao!n11.]n'rrr.rfi fi,ro'[0fi fi riotolinao.l

(6) ri^t"oXaur-laoL01r.JF'r1L11-i11011orne:fiaoufifiF orovoao.rulurooirilTl
0u'1.1.t'tEr !'t't tn:1vylr 0! ayl l { a fl 0]

3.4 16n1t1[n:1s141'a a
;.. -i 4 i)

Lt10UL110!Avtn!51L51UQ1nre50 i}]0vrLt LUn15'tn U}]11rA51Vr41r0 Av1{Afln n1:!:vrtU
F'r'Ldrlvirvnlnr:uEruilori5vrFir rorral zeo ga n <g> ui. ui5vfirdiurhiLutrr.i{e

.,. . ;.
vrr rilfrn dfrfi r":yoaor- dolrEuuuat y a": ti uu 6t Ricnard R. Ha"e rlnflFnri* r Jnive.sity o[

tnd ana loYrar"oi6 nri!is LiutJ a nrr,i uu!10'urirfl r F.: ftoor and ceiting effect r11t1srfio{a1r

n1:aola+.rufi{ l fidodr rioh"Go rav ruur"sirao (rnin,mum or floor effect) fivrnnr.ilonrald
i q 'sv , .1 . s .i

avuu!iilaoLr]Lounl1 0 r!oiLiLor uaclonrafrov[6evuularao (maximum or ceiting
-- &'- -- - vilS -,eftect) vrL tn! 100 tlj0:ttuo L9ru14'101n 0n:1a1ul]o.t0.Jan15 t:uu5vtt111]1u0t'ia0tJa nlit:ul.J

a.iaofifiIan1arfi {uld rf,uurflua,rnrrn'lrrlfr'lr'udlddld(Richard R. Hake, 1998)

(a/apo stte st) - (a/ap|'etest)
<g>

(7 o o a/o) - (o/op r e t e s t)

tOUll <g> 6o rir normatized galn

o/o posttest 6o rir ua6uio uayro.rns uutao!ya-{Guluflu urloi16usi
o/o pretest 6o rir raFe io uayro{ny uu!ao! douEaurtluuloiu6uo{

eitaileir normatized gain ,tJurlt- r.r a nr: r,i r,r"5fi,filt'r.oi l.uo lrir6 r-r"i^6o rilufiivir
i-s - i',.; , J".

1ro.:r.ia.r1rriuu54ifiofrfrlon1a,f,lJf,uli fr.rcirfi}ioyfirirodlutjx 0.0 - 1.0 6lnr:rJ:yrfru
iJ, !"..

rtiufilir'Lv1arr:r:ouudfl ryrar floor and ceiting effect lfr r i ls [flun1:!i!eir zua nr: ri e,r.i
.ter. s , j: g , d j4 ; !t.
!vr1lulr1e'ti']u LolLulJ.myo!24nl:rsuuytrlwrum0r{an1:rttur}] L0n1aLll!du Lo oonr[JL 3:can6o
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High gain 6o <g> irir 9.7(<g>< 1.0

Medirm gain 6o <g> finr 9.3 (<g>(0.7

Low gain 6o <g> firir 6.9 (<g>(0.3

nr:irotlsl.iv'rFi'r normaLized gain arr:r:nutjloontil! 4 r.l:vunv Ioufi:ruavt6ao
-*. -- J c
drfr (oidvri oiLtt Lrasnruu, 2550)

(t) urr uuriavduriar-r (Ctass normalized gain) ulrl6l n1lfio15ru1nx1! ldr'tolooor n

; ! , - & g , j1 v
nv Ltlru,od Ll o.t v'{ nout5uL tlasudi15 Lut o Itl '5 Lur{tL n1r Loa^nn15n1u'ltut!un^:! 0n

&Y,--^!,dd)
n111:1}]fl O{vr.llJU? 11r tJa n15 t5 UUOlJ1.r}] 1n!0 U tlr U X Lq ttavlflelo{n1iq11r.Jt:uutLFlavo!!2a

- tr j ! ",".^nrr 15rurfrL{Lvso a r\a itthoL" 1[: L!o 1o fllt]Loo'l uaii n 15t ty'l:'ru LLlLol'{Q'l tu1fl{ne Ltl.J 1.J110 {
; lY - , Y

r.rt5 ultLtaavnu ottmov u,ulr taa I t o.:vl.lflu t: u u tll1lJ1l

(2) *rluriav:ru!nna (Sing[e student normaLized gain) Y!1u6{ n1lfiol5rutjr{Guu

rrsia vnufir[ruurnrr o erlt: lqufiorrurornnutruu6olJr-ioutiu!ttavva-':t;u!to'ittriaunu

r.rr rilux ruv'rri1 normalized gain do6tal nr:fior: rur tt!! ttsias il u!nn ad{a ouar :0

on'rt.Lrm:to rti6uuuriavnuldrfluadrr6 ttav l{iuuturv^.1'lun1l1YqrL1n1:tiuunll aourilv;!
id ' iqv - )-'rulnaaorofrort{rraurnun rS fll]vtlJua nl: t: uLJ9in [9t lLnvlnr.] !lUl.J!41!'lU!1nn1:1141:6U']', ,

(3) urur*riav:rario (S ngle test item normalized gain) r.llrufi.r n]:fio1iru1'jlii1uxu
.j " i -i(,5r rfroarnn;irv5Ltovul "t thlrJL'{Jt-l.vt1loL!n1:aa!na!t:LuLtauva{tlL1" v'l Lv1.r^ L1-l

,l;ur.lr'ln',rriiounliao!firiuxfitlfrrdorir 116 uavdrarrrrn!onldiri6nr:fi01J#tr
." ! " -. Z i ^ v a q iqq

lir'Lv$nriur"rdrLnrtovl[Lv1'tou1"'l LotJlntl"olnLo!!'nlroLtYtu.lLo slLtLunl:!lutu1.J

n funlr'i10n n1:a 0uFrl u

(4) rtrluriav n: r!Ao:x!uoet (Conceptual dimensionaI normatized gain) ralran-.1

lilunr:ficr:rutirnerurnr:viorianr:uiuuifirfirfiurLor{riuufiirionxl!6ni':LruoFtvfl.:'l
rfluodr.r'L:aitairdoaorrlovfir l Tortavrrvrioaolr-on':rl6n:luuoo loun-n'['?ifiuodrl

la -;
ttv{5va1u Lult'r1',la na fl nult i! n'l'l!not1lJ u 0n0u Lut 0a o!to tou'l nusi n'151101: oll tanlu

nvulu:rl6rl ororanl6irfrriuufinrrt,:rdrlo'luus'acuuiatrrr6o:'1!uoorfr.rrnr.lourfiullo

rarn1dnr:r-orrur-rruriavolrl6o:rluoo 6r rilu 6 n rr! ? vlt ilu n t i fl-ru ur n r: a o u'[rio: t ril
- ir- -t.L10't.!ool'tlJL00112L5trulJF llL Llt I L0ruo Ll]li 1 11'{ d rle Lfl

-t,tr
nli'tLn51svttljlJ10t0Fnal]5vfrlJo'l'l!aFrr141r 5 5vfllJ 0l.l tl9lLu lvuol u0u1.lu.i0un.i tvuo? u

ir
otJrxat ?i1nr:atnt1v14[ouLrtJauL!a'1i?nva.it:Lu }l1v1e1t0auLoLLtLn flnl5tt!a
n1r r.r.r1crnutu!1.Jro{ArAiv Ioufi or:rurrirua6ud'td

4.50 - 5.00 v!1ufir fi ronaFotr'lu:v6'trrnfiao

3.50 - 4.49 vurufi{ fi ro pro6oa'tu:so'rrr n

2.50 - 3.49 vllun-l fi rq srn6oa'[u:caiL]!runar.r

1.50 - 2.49 vrrafi.r firoornfra u'tu:v6'lrioa
;,.jrln?1 1.50 14!1Un I !,QaAe'0U L1.J5vOUL0L11dO
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Hanll'lau

-- .j i ,{ ,'1
n15100 r:a{nl: Lrrovqaa iull"rooin:11'loti1:.d1ud1virnrr tSlunr:a orr u5o.r lvfi{raFm

rolfinr5u!{u "oul6nu1ilfr o 1:rriauairoiqfinur o-rvr-odrlla taiQtirJi{undlxn-'i

n15 ra!orJanl:i rn:rvr.iriora }]v"r'ilori ohjf,
-:(1) gJa n 15'l tnt 1uv1r0! a r.ra a,.l qr5vl'l.i fl 1: t5 u u

(2) zuanr:i tn:rvr.irioqa roornfr

(3) tJanliailiqovoaotututooin:rv'lorrliro

4.1 eJanlre[n:1s#doilazuaa'urlvrdvrrsnr:rEuu
d+

Llnr: oont n::ln.rt L5uLl Lo 114!nLl u!nA!n10u1.111'l LtlJlJYIoa0!1oi.laa qY5Yl1in15Liuu

rior b,irtrrafinudr{oirn::r'tu:r-ILLta{nl:LiL-An':lroaor 2 fion::rL 6o nr:lirlririo
l:soia:sluiro uac rur{:uv'jlilisn'h{filvd{nrnnl:rier",aiodrl'l#rjnriur"lirrrllyoaol
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