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: DEVELOPING SKILLS ON ELECTRICAL DC CIRCUIT BY USING

VIRTUAL BOARD ACCORDING TO OHM'S LAW
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: MASTER DEGREE OF SCIENCE
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: CHOKSIN TANAHOUNG, Ph,D.
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This study aimed to devetop students' skitLs on electricaI circuit connections.

The participants in this work were 35 grade 12 students and were purposively

selected. The DIRECT Version 1-2 standard test which was developed by pau(a V.

Engethardt and Robert J. Beichner, Department of Physics North Carotina State

University of 12 questions with muttipte choices was used to test the students'

understanding about DC crrcurts. The students coutd pass the paper exam, but they

coutd not pass the practicaI test. After the students have practiced with a virtuaI

board, they passed the practical test with 48.57 percent. The data of experiment

were anatyzed t-test and normatized gain. The average achievement score of the

students was increased with statisticat significance at .05. The average normatized

gain was in medium gain <g>= 0.57. Thus, practice with this virtual board can be

used as a learning too[ for students to enhance students' understanding and skitls in

connecting DC circuits.
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J i, )" - ^ I rr ! I -nliai :1uniu1una t5o.:vru'rau [0010u']01nlfir]n1: vtnlaitflrll,uo!.ltut?i[2a1uu 1410

.'; 
-:; 

;---' 
-. 

- o " ,.- ; 4, -- -- ".o.rn.,-.u..^ -r^.r^^^-.rfl u15olfr rioulu{fiun21:t5to rtdn Lo!iurirJlua2 n5[Uuounivqlu tuunt:uual1!n1n']]J

rit,ruorJ:vududovfinurtun:oidtirtrifirJ:v16ulorjrauto a;o'to'hi6nu'larndooirlluiorflu{
, at ' d e, a d ou

n:cdxd?unlltauo!ivlfruturiou utrt!n15U{,iu Lrunr:uuuotl5uU5vtoul4l0n10']lJvlfr!n1a{-:'; ", 
;-'"-"-

au LarUurS0{vnv[tfinul
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rfi o16!5?!:uillo{a toaxrrfi raior.J:rngnr:nirirr 1i6nr:n:roaorororirloivarr,i6 ttjt-,

ti'tn15voa 0.i vln 0 nll ,]1na!1u n'tt Ltn0ljfl ? Ln 05Lfl 0t1 ua51{an1ufl 1:6un1a 0':

(Simutation) nlrAnrelfirdo{aornron6'ndl{a{olnuua'.idola ri1.i 1 rfro1ri'trtrr6.r'ilo aod1{
d .j .- ! , r

LAU{v{O As ttLUtUnA L!

t.s.z q rYuo6!ru (Explanation pr,ase) turYudrfiorinriuuloido4arradrrtfiarvra
w 4v -o''tnnlta1llo9l:'')aaou[ra']o,rLJ1?lo!atoau[vnfr1dil1i rntrvli rn]ar.la a:!2a *acdrrauozuafr
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uionr:6uufld

1.5.2.5 tYuttnun2lui (Expansion Phase / Elaboration Phase) rflunr:rjr
w) w i\,i a ^ &vv v J -nl1ljlvta:1{?ru LlJ[to1] Lu{n!n?'trJ:[f]uv:oltu?n11 nor [onun?1[YrrJtfilu lrl0u'lttlilj0']40'1

.&s^e - t.i i ,

u:010a:uvrtn tlJ tt061J1uaolun15ruvl0 rvfln1tu01] .l o'r L1J00u'ru[:0 {911.i 1 LorJln[aq{?']
A c ' ov.J s - ; !

ta01n9!u0u t{n0Jt?ut14tt0lrlunn!$0{11?9r1{ .1 uaufl 'ttutnon't1u:n?''1.:1't1ntu

1.5.2.0 riurl:vrfi!aJa (Evatuation phase) lurirflutlunr:r.J:v liunr:ri uuiri': u

',rrrriovl:rirr ourrl: *avr:rndourfi u.rto orn"frudovririrlainls!'tun15Fl1.l 'l ?1 un[:8ulJr
qnl

n1:u1n?1!i ttjlj:vqnn Lt tur:0{0usl

t.5.z.z rYurirnllfltfld (rxtension pnase) lurYuirilurYufin:ovfrorfinr:d'e rfliell
a 4 6u- d ; Ja!-

[0n1a luunt:uutlI0 luuntiuu lflu1a.:vrLF[5uur]1tlJU:v uno Lt LvInoUic Lutu [ut?n!te1111.J

n:ovrflurinisdul#rinriuuatn:nri1n?rilidtdiuhairrriJunrt:flrailfirEun'ir "nr:rirulou

n1:riuui"

1.5.3 vinucnrrufiiuql (higher-order cognitive skiLLs) rarLrufil i'nuvnrr flu:cd'u
z ! ^-,. "nllulttjtt n1:?tn51vvr nl:u:vl!l,Jnl ttav n't5a:lna::n ltr]Lunl:?0un:{u r{?nuLooutautl4

.l e. )- & , - .q i 1rtu!r9ra0!ao,nuvn?l ltua{tlJutluuvroa0uvr'ro0nunsvoun?1 r1J1[atu[1J ltfie]0.u]

ioaavrordoaollluryri!nriirnilvffi uhliloirn'jriouav 5o ro{lioaotlli.rv!o

1.5.4 nvuuuflnfi'nuv rarrun'.r os wufifnriuuldo rnnr:lir uluvrfla ou;qzuaor n n1:

rio'xo:1r'lfir r:'oo lvlfirrirn:vuaoi{er'r!nnrollodr 6u{Juunirvoao!fi{io-ulffld

t!ulJ11oAour.r1fl5!1u DIRECT Version 1.2 firt'ruurlou Pauta V. Engelhardt uas Robert J.

Beichner ornttnlilaur il'rreu tz to

1.5.5 n?1ild1?ilf,vr1.:n'nGuu 6ozuanr:riuuSfirfirdutouitiuudfrlonla'[dnvuurtgi1ao
cJ,

lrirloun'jr5ouav 0 uavlonrafiosld'nruuuqrqo lriufiuiouaz 100 ri-un'jl normatized gain
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n?1!ivr1{ivtu1fl1aniHa!atalxn!n21rl6rtai1{a:inuacfl'laell0u 'l ?vlulrl'lag|: ''l t1'tou to

J - c, 4 r e ! {A Jo w a
riruuri66nfirnrrrt6o[[Jutuqtlu a 6oai1{al:n no?tn:1r}1 ?n1l6u u nucv]61nrUtunll

6'un{rrarnruf inrruarur:nlun1:uriirlJl.t'}oti1.irflutvu! aMrnel"oeulalou1{do4a

fia'r nval u ua v!:vdn{n u rufin:?naorlld ivrurfirasl5rf,uieruo::utollanarTuluri

(Knowtedge Based Society) lnnuilortiud'o.rkiitnT:fiouurriruivrurnrasri (Scientific

Literary for ntt) rirofi inrrlSnil!rt{nlano:5!trFuavrvralula6filrluriairla::6du uav

rirnrruftr-Il{otir':iu.rnata air.:a::6 fiqruo::l n?rriivtuifllanflilrfiu.luciururld'lunr:
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riulorqlunr:rr61q n1:rno!nniurrafi ravtfiuualnlrtnfiiad'udfir.rariodo:rnr:rfio
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2. 1. 1.5 r{{ntiotoiu:i6oruiu?5rvilioqnrn uavatrtifi si1.l 1 tolar:vr'fi
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n?1!a! u0 nuu:iu9lrl4uu?
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3-- . !

rirrTudunr:draidorirucilller:rduultfldrj:vlutriuavruasiofi.ri6ioruava.itt?oaor.]
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2.t.1.9 rtrlon:c!'lunlir!aJuut[Ua.:to!r!6onlan uavU:rnnnr:nJrtio:nidfiHa
r -'aa- I v

n0attt?nuava.:u?oao!

2.1.1.10 rdrlo n 1r rn n ua ui?"t! u ''] n 1:to n: vuuai u v nruHnG ronnfluav

n1 rrt d1 n'qJr o i rr nIrIa E or n r a

2. 1. 1. 1 1 rt{on?lxa'rrrYudro{n?uiirurnraqi dfi Harionr:rislul tunlilaE

d:vrnusirr 1 uacnl:r{flulrvln1ula6 dailarairiinr:6odu n?1u; 1{ivru'rfilasrivr'rimvrirara

-i
1A{LvrOLUl,aUfl 0t29r a.!6rJUAca{U?nA0!

2.1.1.12 rvqilrU14ruacsrs':rirnrudoveir:ron:roaou Irruinr:rirr,tuoo?rua'xfiud
, I - )1:v 'il.:er-?u rei'r.! 1 fiududoXaornualuu d': oi.:aun6grufiriluhJld'raaruuuryrrr oYofrulo

rao n0r?o6ou6 r.r6gru*rriilrJtri
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a?1u:yl [n:u01nn']54't:?o9r:?oa0u
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141 0 tt Lfl n [u [a ual:auryr6

2.1.1.15 liarruiuavn:c!rvnr:rl{iylu1n1an51unr:rir:l6in nllfinu1r41

nlufrfi l16l rirln:r.:ru uSoair.:durruorunruaulo
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2. 1. 1. 1 6 uao.:6in?1!ado ri.rriu iufi otou :otnou uav6oa'oeilunr:f, u rarvvr
E .u 4 4 rttw v 4 a \e

n11IJ5 tOU [t[n:A{!0 ltau1in1:v] !]1 toilaon00nLt000 [oo!

2.1.1. 17 o:cvilntunruri'ruo{n?luiivurarasriuavtualula6dl.fi'ludirrrl:cdriu

nr: :vnouorin uaorn'rnruiuu: 4i1o untiol drl6lrual,u du.rrudrfluaaorn4fitryrgr

' ; - s r di-yla.rou ttavn1:v{0!u']rfl n t1..l Lauvvua!u
!'o--i

2.1.1.18 uafl'rn?lutl!$.: l4?.i[u ll q9] n5:ulnu?nu n']: lt [avinulvl:v{u'1fli

ili tl6uaua.:urodalodr.:f qrurir tauasftto':i':rLfiorJfrri6ri'uqiltulun15flo'irYu
;e,:vri uln:fi :5tlt''l9luava{tL']oa0!'u0{v|0.:0u

2.1.1.19 uao,i6,in?u otouavrfiuqzurirlunr:d'uvrunmu! rwrirotouuioffiirul4'l

LO

2. 1. t.20 rirlruirrrrTufr6uodrrair.:at:6 uan{n:'l 6orriulnuitoiladr'r6luav
.J

rr,loaratj:vnou rdutduaratolnt:t{zuur tlarn1l Ltavtulfilan:uaytvln t! lau 0u'l{ a 0l: 910

--'au)?i{ntl uavd.:tr2oa0 uauu0tl:uv{.in']11lnot ul,o.lt0u

2.1.2 d11!n176uuiuavil1ntl, unr:tiuufdruiutnnrani

luua-n4o:nr:fi nr.rYrdrg',rr11ru dn11a 2551 kirirvuoar:;dltluorriil:vnou

n:rlitorndrar:vnr:riuuiirarnraorfl{ a a1i!uau!1tr:o1unr:6uufl{ 13 lrnl!1u''- --n-- - '_i--- - '_'- n

lufi dffi ,r"u r6onar:cfi 5 fl a-rrru !1n :6'ru s. t . 6o rtrlonrruauiud:cildr.l
'J ' w at:uavndllru ,Jato{nlrldyia.i{''ruflunl:91'r:.rt?nn'Drua uugufl a.l.l'lu !ralJvlu0:vx?1{

J v eJ - Jr qt 
'v{ii'{{'rugiotiq uaud{!r?na0!n niv!?un1:duta'tvr41n?1 : aoa15a.:vlt:uuitlaJ!1n?1 1tu

i.frrJ:vlutdo"riiiod 2 vrq,aor uaroBulun?ruailrTud:vra'irrnrrurirrf,nti n:vrrab{rir n'lru
t -./- A -nluyrlu uavr1n2l ttuttlJtvtutu [avo?t?trv] 4 a.itnn uavofl :'lun1:9io?.!a:11'lfirturiru

n

odr.ra nd'ar uavrja oorYu

2.2 uuuiilao{vr1{ailu161dni

uuuiilao{vrlrivrurara qri (scientific modeting) 6onr:airrto.:3'lrau'.rrri'ouuuin q

- A qs
n:vu?un1: n?'luai:J1iu6 14to a0lun1tru rtu nlra:1{ulJUn1ao.r't,0i [n:.ia:1.r ain1 t110 t14

inrn: aur:orirr1tu0i1.! "l ld rioudocair.:oir hi'jrovrtluuruiiraornriornrani u!1Jli'lao.r
c.4. o Jc.uu!txruua nfilanr rru uuu0'ta0tn't:yloa0urt{on2ytu't uuuQla0{ylluu:tJ0::u14:0nu

. Av : o
n0n[o uuu01a0{vrttu unllr rtu ulJ1Jo1a0.:n1:rllrJtio{nlu?un:c0l1u 14:o uuuo1ao.ia']

ia
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2.3 ri'nucn:vurunr:urlimararani

fr'nuvn:vurunr:vrlimararami (science process skiLt) rarrufi.: n'r1 ai!'r:0 rrav

- )s
nrMillJ1r-x. Lun'r:6o ufroduvrnrlr.Ji uavnl:trfftrflryr,rr Iou'ldn:vlxunliy'r.rivru1n1an i
arfr nrid',irnfl n'r:io n'nriluiru n1:ii'rttun nr:u1n?1!fi]lYu6:sv'irraujarir 11a1 n'n{o

cJ!^
n:yvt1 ttacaon?,l 41nu'u0!a n1:a{n?1 nFl L141.J n1:Ylu'rn: n1ln':a!! 9rf 'llJ n1lnlv!Fr

iurr nr:rirrarosr'rrL!: nr:vroao{ nrii[nr1cr; rravuU:ruatoua nl:ail ar ador]alfio ei1.:

510t5? nnoo.: uac $u]u1

2.3.1 ntlildlnruta!'nusntvutunllwl{e ul6ld0ri

ri'nuv n:vlru nt:yr1,:iy u1fi14 eri rfl ufr'nuvair n'rufiuaorfi.: nr:i n:vllu nr:6 or

&
0u1.iLt[1{9] !,.lan1r]n:3!?!n1:vn.:111u1fi1ar:111114i1t:uu [a3t]lJlufl tnon?1! [t'r L0 Lr.J[1]01.{'r

vrrifl urfl rafl 5 arlr:oritrui uacr.i'ruurmurolhdn:vurunr:6od{rdoulrniu

2.3.2 ifiur$inurnlvu?un'rifi 1.:ivrurnraeri

ri'nuvn:curunr:v1.rivru1n1ani rilur4''nuvuarrvrn?1!; uauuu? 'rlrirraiunr:
e. )- !

tuTltituyl tiluuu?vr1.rfrfl]-flurtufluua=nan: science a process approach (SAPA) tol
-e a

arln!o[r.Dflulvlea21r n12]llrlvnrimerroraori (The American association for the

advancement of science) rJ:v notrir uri'nuv n:vu?!nl:vniivrulnlafli t3 ri'nryv uu':uilu

z :vrTr 6o

2.3.2.1 *dtinvynrc!?unrtyrlliyuraraririuduol! 8 yinuy rfluvr'nucrdo
e.tr,

nl:ua?iv1n?1rJ:vr? [! !:vn0uo,)u

t ) finuvd 1 nr:f.: rnn (Obsevin g) u!1u6.: nlildu:yarua'1zu-arol:'rl nru
,aa*-

ou']n [n0u1.t14u{y:0ya1u ourn Lnun u fl'l axn a! nluar.trla [i,'td tiarl!a90y50[yrln1:n]
A oo

rfi o'lrivr:rl uaviuf{o4a :ruac16uo!0.!fr ruadrriu IourJ:rralnn?1rr6orliudrunu do4a

rvdrdovr.J:vnouoiru dolar0lnrunryr rtr!:-lrzu ttavtluas 16uo n1:rU6eruurjalfilfioduorn
v)n1:a{[no n?1tJaM:0yttao.!n1l tnoy]nBv n0 at!''l:0[6o,!145 o!::ul untua=nu u1,o.:i010

qtuart6rt.i!iy!1ru rayfl nlr nqfinr:nlnr:rrJ6uuurJa.:uoliorqld ornnr:1dtJ:sarya"lru"a
,aa

ou'l.t ttra u1{14u.114:0ua T u0 u't !
J.

2) vr"nuvfr 2 nr:io (Measuring) yurofit nr:1drnio.:fiorirrair:nr:io
e ? A ,- d, .i qqve .t , -J e .4e!.it0!a Lurr':lj:ti'rfu1ona.!et1t .l tl,t011, LotJor]arl-]urtrra,U lr.ryulu nr:iofrondol u udrki fli

qe 4 d . 4 y a cr4, - -l jy
n'r: Lttn:0{1l001tuLJ00.tra 0n [t [yrfixlv6 n!d{ytn0.:n1:io r?xn{r.il'[ni5 nlrth uayrrao.r

v ) a a qv )tllJn 0un15?o to ou''1.:0nn0{ n?1tlau1:oyl[ao.: n15 taoyInuu 6o aur:oua-on1{rnrSoliold
- J J- y --. ; -rvl]1va!nla{vrao uanrllE a ?o-n1: {umou u,avio-[{rn5o.:ro a1 1tnliln15iq:rrin'l:vr.l
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rarir uro.: gi'r ratkio drro nsi'or
;^

3) finuvfi 3 nr:rirurru (Using numbers) urJ1u6{ nr:u"uii'rurutorimo
;\e

ttas n15u'1fl2 taty Lnn'tnu! tlaJn2 Latolnnl:?o1]1n1!?tuo? ua0:n nfllant ttu n1:!1n

nlra! n'r:n nr:lr: rijuoiu lou nr: rfiori'nuv nr:n'rur ruo s uaoro o nor n nr:uiufin nfro.r

d'lunr:rirurruoc uannooni''rflfl'r:16onan:afinflrani nr: urao.:iBrirul rrauniiril!x fi
J^-a

nnn0.i rllJuu'] n?1!4M:nr[ao{n']lrnollnuv n0 fl'un50u1J0'rulu nlu? uao{?5n'rl-J')tu

ttaunonl1J?tu tn0nfi0.i
;

4) vr"nurfi 4 nlriil[un!:urnvr (Ctassifying) y!1u6l nliGu{ rir6'l riav

nr:ur-j.rndrinn v:'o:r uac 15 uodo{a ri'r u rn rudn? 1!ufl neii.r rai o nr rla-rn-uf,Lo .l au1.:1o
,iJ---

ou1.!14U{ n?1!aMtnruao.:nl novrnuv o0 a1!'t:0t:u{a10! [avtt!{na!10'l1Fr0 001]'tu

rn flLurSu{a1nu v:or,r,u{narJ Lou ttrnruTr I Loau1.:0nno':

s) m''nuvi 5 nr:urnlua-rri'u6:vr.r'jrlaula riuar a uavardariunar

(Using space/Time re[ationships) ar!aroiin0 ul1u6.r dilidinqriun:oroqj droroig!ir.r
. -- i

tvlounr-u u5aun nei'riduinoisro u5o: a i6 firirvuohi'id' aur:no6uru:!yr:ryx r:rtr
nrimtolinokiriu louri'rhjuirrf,u a ifi 6o nrun{r.: nlrrJu'r? uavn?rran nrua-rniud

:vr,rirraulariuarUato.rinn kiuri nrtra'r:ri'u5:vr,r'irl 3 ifr rYl z ifr nrl:a'rrYud:vy'irr
",Ja--;--,n'r tt14 u.: yr o u l, o.: ? n 0 u u.i n!'r o n 11 u { n ? 1 u a u fl u E : v u r r l a t! a t o r r"n n n"r m a r 1 gi* ri

,),i
n?1!a!n!5?,0{n1:tuauu[t!a{rl1tLvu.:10{?fl0n!t'].rr'ta1 u50n?'rufl1r1ruf,1,0{a rua10{?n011

,J r,- , -ltlauu LUn!t?it'la1 n?'trJalu']:fly ttao{n r:[nn11nu3 na aM:n05!1ua nu6us10'1,jfl 0 2 r.]n

uav?flo J !9r to

6) ri'nuvn' o nr:d'o n:vrir ua r f, onrtrylrurioua (Communication)

4v < .i
l.rrJ1U0': nl:U1,tJ0!A tO01nn1:A.irnn ua8n1i'to rlaonlcytl tl4tJn?M41J'tu loun1:y1n']1 n

e oeeA ,"-i[:u{a1q! n1:00n41l n1:nl!?funl tlr0 Lyr.]0utlJ'rl0n?M.1}l'tu Loo?Ju al11-Jn'Drdu0 [u:l Lr1J1l
'v

d!
10{sr1l'l.i t[rJ!n! ?{ol tl,uu14:ou::u1u n? 11141!'D0y]ll49]nn15tnou nuu 6'11.t1tnta0n

l uw uavoBlrunl:t6onr!uud,unr:rauoriorLadryrl1s alJld a"u.r'rr0oo nrrtlll uavt]:yungi
!!

nr:rauodola'lrioq'tu;rflurlvr'rtrloLill'ru arur:or!aJuuuuJa.: rJiurjl.r{o4auae!t:u1u
) - - ) .uv)anu vtj0{?nno?ut0n?1llyttyIlvar] ncylo:o ltava0n?M4r]'tu [uaJ0u[1J'l[0 [o,t1u

j_
7) vtnuvvr 7 n1:a{n11lrfi!n1n{or.ta (tnfening) ralrudl nr:rfrlorrlL

;'a e I e - .;d
nftt141.lti0.:9run at0!ayt[un 1nnlt a,i Ino 0 f,1.w Ly fltJa n 1n11u511.t011!5145ot]5yaU n-r: rufr,!,

)audl;
n?1!alrJ150rLrao.in't:rnoytnuv na 6M:006!1uy5oatuo1nu:c[frutot nr:rfrr:nr,l,L60rr]u

).u
t0nrlua0tolayl [olJ1



1.1.

8) i'nrvfi 8 nr:rurn:ni (Predicting) vr:ru6r nr:lirurovionr:

nronvrurirmou Io uorrTutalafrtoior n nr:f,i rnnvio nr:rirrh r.irun:vrrunr:ur.J:nruvr u

to.:rioraorna'rfiutinrutfr'nruiyrr.:iyurrraninruaur:nfiuans nr:rfiovr-nuc 6o ar!r:n
r J - i " : -J- , g
lU',rUr.lAvr0'r00urnntlo1ntotauu us1lJ1rann1: nl vrovrqurvrrJ0q fl{n1u LLJ1J01Jr1jolj0{

dora uavnruuontouuuntorriora'hrtlrlilrzuld

2.3.2.2 :caiuvinuvn:curunr:vrrivororaridul:rrrnr: 5 vr-nuv rfl uvYnuv

! )-n:c!?un't:r!a{urn?1!rllrourrr nfi u ufi o rra'l.rvrnarli 10 uldv'nuvn: vu?1]n1:v'r.:

^ ,A ! e. !
insi rnraoiliufr uoru rijllfr uorutunr:fio:ur :v'roudru

t) ri'nuvfi 9 nr:oirar:r:6grr (FormuLating hypotheses) rauru6rnr:oY.:

J.
n1011114:ononlmoua?nuu1n0un1:vlqao{[1,r0001.]1uu1n'l'l!4r u05y1411{n?ttu5n1'!.,] ?'tlJ

- e!
n? 1rr61!r"udo d1.:1:Iouau!6 orua:1{1ruo v o 1fl u n1:al rngl nlrui ua vrJ:vau nr:oinr uld

d! J - - -uann't: nn ioytoufl a1r.r1:0a5!''ruFno01J [o n']1l]4M:nfl[Lao{n1: tnf]vlnuy n0 aM5n
t" g,
fl.:n1011.l14l0nou1n100ua't.114u1n0!n15vtoa 0.: a1,]1:o0{n'r01!14t0nov'rn10 0!a'tnvu't

01n n ?'r ! a! nuD: u 

'1? 
1': n ? ulJ: n 1n 1to

, 4S
14U1U0{ n',t:n1vUO UAU001J1Un?lr]14tl',tU UAVtolJttnto.lFllfr1'l .l vtlnuXto{nUn',]5r1nu1 1450

.l ov- J - - a
nltvtoaa{ t a tu tnon?'llt Ll,'l LQfl5': nutv1.r21.!! nna n?'tua1r]1: nvluaonn'r: Lfl or nuv ao

JJ
a1!'15000u1un't'tu14u1u ltavt0lJttntonn'tul0n'lu!1o1.:.1 vrrnu?t0{n! n1:Flflu1 [aun1:

iloa0{ld
J

3) fi'nuvfr 1 1 niirilvuouasn'rlnltiittlr (ldentifiTing and controlling

variabtes) r,rrrt,r6{ nr:ilrd uavrirvuodnurucdruu:1o 1 lr.i'rflurflr:oi'lrurJ:6a:vviod'rur.J:

fru uavsr"rril:1o 1 
'hirfludrurJ:nrrr uayei?r!il:to 1l#rtufrrurJ:nruqu or-rur.J:d'l 6o d.rfi

c, )..v- al)s ;.r )-: -,,t!1Jal tu0tyryr''l [ytno a 14:04{ u0{n1tyl0a0.! lyl0lyyl:1u?'truual ryg]l]0.l aytrnotuyta L!

sr-ruU:otr.r 6o ruadrfioornnr:n:vdluoroj'r urJ:fi!'[unr:noaorsYruU5nilnrl 6o ioo'odu 1
, e ) )v .j

!a n[l.tu0Q1no'] rLu:fl1J yl01a!ar aun 0 n1:ytoa0.:ytu 0.!n?!nI Lt r14]tau nu y50n.:ylt(usn't:
i---

oao!n2iua1u'r:ofr uao{nr: rnofnuv 6o arur:nrirrauo ttac o6! rufl"rutJ:d'u sirurj:nrl

uavfrrrrrj:nrrnllunT :xoaa.ild

c) ri'nuvd 12 nr:yoao{ (Experimenting) r,rrnsdl n:yulLJnr:rJfll-fi
. iq ! J . - a !.ttacvntl [l.J11,Jrl 0!tYl0141a1n a!0't na,ltJn51L tt!ir!l.J 3 d!r,o! no n1t oo nLtuun15l1oao{

urrufir nr:rr.:uarunr:yoa orriounliyroa oia;.: l rfiorilauoiEnr: lraciiuflounr:roa o{fi

Z) rinuvfi 1O nlirillrLroiuurt':Ufri6nr: (Defining operationatty)

rq q . i - i . J oraM:no1[!un']l [o01.: l?r.t0.:?0n11[n tt]1.]tuy10tJfl::nyroloInn{u1tuclir nr:y]oaol tfro1f
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n1:vlnao{61r1:oo'rriunr:hidrrSoqrir.:riru6 nrtrJfiu"6nr:lloao{ vll1u6{ nr:rJir-i6nr:
-1 . ) a,ytoao{05{ nllUuvtnfianlsvtoa 0.! vu'lufrr nllloUumntatJavlLonl n n1:voa0{t{01n tlutJ a

J.
nlnn'r:a.ltnon1t?o[a30u.l n?1!4M:ovr[ao{n1:Lnov]nus n0 aMln00n[t!un1:

! \. "ytoaon [aJnluun?D ljuflau n1:vroao.:ldnnd'o.i (avr]luluar] :ulJ ttau[aonLflounl Lunl:i,i

11oa o,iou"l.rn4u'rva! ilAifinlrvroao.ierlu?ylroo1]1d'adr.rg nd'olu,avrjrfinaranr:mnaaltpio dr.l

nn9t0 {

5) rinuvd 13 nr:finruvlrudoXauavnr:atrio4a (tnterpreting data

and conctusion) 14!1u6.: n't:uUtn?'t!urltuv5on1:ultu'tua'nutuvuavalu'6t0.:'il04afifi0{
q!

n'15 a o?'trr141l'r u1, olla ru!1i n: io''lo dolldvinrvv 6u 1 r'tiu rdnuvnr:a'.:tno 1Tnuvn15ri1u1ru

nlia{do!a ulJ1u6.r nl:irnrrvli uavnr:a:!ruan?rua1fi!61,0 idor:a a:!tJ:c r6urirfiruto I'''.'-'\j

e e\e .i a u a
torJayl Lonlnn15flna a{ t0flnuln'tlra'r!"novl1160.1n1:rnqvlnuv n0 a1!'lt0 t!n1l?[nl1vl,{

rua u a : ! u 5 c rou a 1 n fl :?! n.! n 1 : u! a n ? 1!v! 1 u 145 o u : : u r a dn uru v t o { do r.Ja ua u u o n

n?1rar.r1runta{to!a Lo

2.4 n 1:on fla fl::u n1: $uui
_3Lunl:nnnnfl::rn15r:uu: tuiJl0u to Lt?nn n: n't:t:uu5 ulu autalvvln?1!l ttulJ / '1l.Jn!

(tnquiry rycLe ze) riuqvroi6lunr:n-un'ririu!ni:ao!firfu{ri'uurtluqutjnar.:1ri{riuuld
q \ev

a:1.i0{nn?'lr.t:o2 u9rut0.: !r t:uu to:?! nuulurlrunl: r:u1J:o? uou t0.l LL/:vuv u: n Lo vr 9lll.J'l1l "l
n!

nlnilquiv{'el.ri.J1n'rrfl1{flfifl11;rU1rroorfiu uos{ ldrd nlr itlrtulun?1}J6o(Assimitation) tuavnr:

iliururuln:':ai1{n?1!6n (Accommodationl dlfi z rYunou riourtdrfi!rij! g rfuooL

(Eisenkraft, 2OO3) 6o
g"

2.4.1 t,ud'rr?0 (Exptoration sine Concept Exptoration) unriuu Loililjrua!n1:
) - tl
[nu?n!!u5::r.l wu ?s]014:0ryon'r5fu r.1n1:u1r0'r qu!n15 9]Ju1a0! ry ru1n15 rSuut! 0.r

eiaget rLr1'8'60 nr:rirhirinriuurlroa!qariouLdorjrrrirar:qa1ra:.i6nnir rirurl:varnr:nifi
ir A.e

na1? 0.ro?lr.rnfuarJ!a ntvglu lvtno! luYtfit/y50n1:y{11./yryr1111u o{anufuv!a1u11]o L oLy
o*-.- :

rinriuu1.ili6 uri'ltfiuarnuaro rtiu nr:1{n:ylu n1tyn.:iyl u'rfi1afli drun:i!1My1ufl'ri
a ,,!" e.

ti:uuaa-o Iounr:uuvrirra:-ooauri'rnrr:ro{fnuiuurvirfriirrilu vr"lfirfiolr.Iu"nriuurfion'lrl6nfr
))

aq tul0ulJ1ut0n$o{rnc$uu to In n1tlltJvu1lr [uyrFlu tvlJy:0n']fl yrLl4ut!!n!

z.a.z {uair.:iluriad (lnvention fi;o Concept tntroduction uia C(arification)
j ^ , -' - .i , ovs.: tsarman 5vu?1t: a'rn n1: La! 0! t'ltyrauu:0ua nn1:114u 1450n1051j1u ra:!Llr 0t't u h4



1.3

rinriourJ:vunsi:rJuuunr:ldrvorah!:vaunr:nito.rrtr usirilolo nr a'[#rin ri uudr lar.o

- J qvJ
r l'tfioti0{Ftu uun0nl Llavunt:uulj2unuuu'1}.r! 11-JvlF1l.J !ou0'10 !ta0n1la0!110 n tn

z.q.a rYuriruluri'ar!1dl{ (oisco,rery uia concept AppLication) uflu:vucdfinriuu
; - i , ,o q rJ s - , i

u1011u5 LUvtFlll 14:0vtnusvrtn ot! LlJ tt Luaol! n15 ru0u Louunn?au1{Lll0 ao{!lurflu
ew! ! ov g ,,
11:1lU OOlr',t LO! n a!lJ n6nU.l LflU',r?0 nl:Ulr',l Lt Ltac!n',]: Y{flU1?0 n',l5 ttAvtuFl0u Lun'l: $ul.J

nltaouurrl-ri{t{n:nr:riuuioonrtlu q fu d'.:d (Aal.man, 1 989)
.aZ)---

2.4.3.1 {!ri1:1e (Exptoration) rilutiufiEorinrSuur[Jueird'rg nr vE'!n?1uhiarrqa

n?1x6oro.!frri-uu uavdro1fir6on1:!iurulun?rrL6o n:iufiotounr:lri'rinrEuuLiiu

riruucdr duouraviaqq!n:niaurrrfiornofii!!filriuri tunrrfia'rriudrYrulr6or'irutusrjr
! v q, \ v 4 t -runiro.tFti gto,iu]uonunL:uu'jrvrrnrtrar:uiuuoyl: lta u do.:1rio6t ru rrur6 o'lriuurnr.l

" ) ov
uauuuul]'r r1r0 [un1t a1t20o1t1]1J9r0 LU Lo un r: Lu:Lr.1ot0Lfl 0 nll a1l'l0 ?aquasrn!5?1J11]J

4 v 1 v de
ua3/u:01luvlnt0lat0.1sl![0.: n:01fi uvr nuc n1:0']rJ tfi0 ttu?vr1{ n1: L: uul tonrl0':!? aq0!ntfu

.4 c"
fl'DLtUU UAvu:VdUnlttuvlLuU:u55:uO?U n1n5nC tvtOna:',',1'1UU?n9t?vlu1fl1aA:f,',]141!AUt0{

),a"
[u ttnl01tluuvtr0t?u t5!ntc!?! n1111.:Ii.ruBavn1n1 n0{u10:{LUan0n::uta.irF]n

, - d;e
ra!orL!u :srn rro.:riuvrnfi16novrir rravrlo.:lril o nv5-o o6ti1u Lru? Ao o10na'1?fi.:nltaou

odrrdo 1 ki ur':fr orooc rf, ulu;rJlorJ:varri'uonnr:aou
.y - Ja - a

2.4.3.2 lluaflula (Exptanation) t!u:cusvruoun$ulJr!l.JdlaqJu0ua{ [tauv'tvl't.t

'i'o'1u'run21rJavfllnvr1tafl ta txun r:u1J lol':14rJ1utJ0.::JUvun0n: Iauunr:uu:?!rJ0n!a:1.r
- J w X a )a i

rtu?noInu2 f]uuvlnuu nl ra0nuav00an1flu?qa 0!ta.:tutSuuvtfl{!5va{n [u:vuvu0ut']u

rirh]dnr:rJiwuluIo:iair{n?rrl6o ri'rfinnufito':rfi:tirooioBrroi{ rinr:'uurioui{rdudo
!l

.!-i,o
nulr! tu 0.:nualnn'r5 a1:?at0.i! nHUu n:o0.rl.J1t1ul v:0:u trljlj uLJ? n o [Yl0t'] u [!n1:u:t

ruruln:{air.:n?r!6o n:u!vuu'lrinriouou#':riroBururo':nuro{rfiuirYuu!?6o nt
o i )v a

a1u't:0 0vltuuttu?unt:t,,u uau{on1:u0n!n$uu tua{yl!nt:uun?:acnufl!ttax n{tLu?']n11l.l
) v .v

[1'',r t01J0{un$uu t!atJ!:cu rraJaM:0t? uu nr: uu t14 Lr1l0!a1]0{nua:1{rru?nor0 nsr0.t to

trrovrirrinriaultid:vuvrioltfioudolur]6 6o :suc n1:ru'run?rrtAo

2.q 3 3 iulanfl ?u6o (Expansion) ri!lcuvfi n::6ounriuurfl udrn'rytri'lr n

1 1, J, la ,

uaFrLtay[uu:uuJytt?u n:vr]un?1 :?u!0n1u[1Jnax n?1 tJ.ly!.]'1tJlJ0.:lyuJutyrot,t u6l[5uu ly

aMrndn:vriu!Uivaun'l:niilirnt1il6oyr{fnri uu16'ilrornn1iduru riolluIfiu
, t- ) v 4cyv oylo ,. -: )- -uSca!n1:fur,9trlyrnalunann! tlavrytoI nuflunll!:JUno L.!d.! h4tlriluiua{rrnt5uu [o15uu5

--..!- z 1-y ! e J r e - J .) )- -.- I!1[a? ttu?noyra:1{1! uays}ontt otJ Lu.:n!n?1!ao ouy:olj:sa!n1:fu0LJr6i!1JU6nX B{n5
,J

mo llr.ird n1"8nrur fisooa'tn 5oo'tu1r.r.t,l 1,0 itt!? 6oluil lfioyrr n rur o cldrfrlo r rl rrjrlr
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: j , .. v; ecea d s
9r5.iiro{frnet?uL1.lun15uu!luunntta{r[oLluul Lounl:tfr1u0lau''1.: v:0Lf]un1:00

tl:vaunr:nirilrir:aoufir:rfil lfior{erurd'ruoltolrint:'ul nrr!ftnudnrellu:vv'irr

ivru r arao i-rvrnlula d-#lnr ar r!t6tllflvrr{iti n'ti LLa u n''t:rr:vrarinf6'ruorfil'l isuvnll

turu a1tlr:nur LU{lvucn'1161:?n!rtl uun0 L! to Lou 00lLull0l o {1.ru'1.:isnoLua{alv:! n1:
e : o ! , qvv

ao!ttavn']lt:uuQ{nna:1{1JuLusc0cu n 5t ? 8 u n t: u u tv i tl:3 lti u ! n 15 aot o.: n 1./lq u n 15

J s ! a r tA t - e t- - J ' i q 4
riorlurdr r5uu5r'r!t,1ri!n?1 nou5oUlua!nl:tuor.J "l {{atl$uonuttulno a:1.1111J lulvuuu

: ,d 6 ) e e v <
ay t11!n?1!qr]and1u51Jnl'111141.1"1u1,0'lttu?no lrav tYl01J u'] uljolJ l?fln11r.J910 { n1: a 1v:l.J Lo n

2.4.3.4 rjurl:vriu (EvaLuation) n11!ri{ult'rtrtor:v u cdrfio tflu nr:ro aou
- ! q - , ; ! ;v

x1fl5nlUn'Et5UUi n1:t5UUll]n03 rnutu Luaoal!n'lStYiulluvlll0un?1n1:u n:301Jvlf in'l'll.Jno

Jd L v ' ) a 4 c a - Y ' ) J 
" 

a ' : 'frfr nr:v aft5o5.rvt ttju'[U to d.ifu n1l!lv[r]urJa n?l n 0[u0.: t.! Lx lt n1:aufioll0.1L tiu1:1450

i6nr:tolvrirunllGuu nrriouarutfrofinrrliirrilurionr:o"orirnr:!rvtfrulou:urnr:

!rc ufi ur.ra:r!uriav:uuy1ro.!ininl nr: riulflrrldronrynrro'nlilnouaovilu
la

uuvtu'] u6u[na0:U Q540) Lonallni lu\J q.qt. 1992 tnl.inllfinulvanan:- -'-- i -r-

irurnraqri a1t1t?ivru1 toiauioourinl (Biotogicat Science Curricutum Studies: BSCS) ld

rJirturugrJurlnl:aauiro'n:nlrrSouf oonrttr s rYu r,rio15onir 5E rfiorfluuurvrr.:eirraiu

1{oo n *urnr:donr:tiuunr:aouivrulqlaoflfitv!1vauO{d! lou s rYu utsiavrYufiar:vrrav

- -!:lUavtouonnu
x " e,(1) 1rUu1rt1a!T!iUU (Engagemen0 tuUn',ll uuclJ'l1JvlIluu L1]o? u n1:snfl'ltJ

- J - iq
iryr,tr nr:uuuruni'uitfi! nririlvuonon::r.rfrocrilfliulunr:riuun'llaou[avLi'tt4r.r']u

(2) n1:d1r?n (Exptoration) tflunr:riJolonralririnriuuldl'trrlanru6ovl'fioqj
- - t- - v d" o ii

ua?tJlaon?1!a!flu0nuu?tJ0 n'la.!0c r: uu tvttlLuL/141.1?fi14tl 01nan5511fltnu'l n!nT:vloa0.1
!^

n'l:41:?0 n1:aUnUOl U?nn15vl''1.1?vltr 1fl14915 5ltJvl.l LvlqUnUacnl'l1l:111in1:!!1J0riJ01LUU

" 
p ) a. a-l- a

[ur]? un?1r0.i!nL:uu t0{ !ouuniv'rvulvr[ul.r r11u.rzu rluvu1v:04 r:tJ0]u Lun: vunr:uuLr.l

a11llro14lonG!d'uld

(3) nr:oBuro (Exp[anation) rfluion::luionrvurun']iriu!ifinr:rjrnruffi
:?u:?!lnud?lurfud z rLrl.firiluduorulunr:finurri:dor,r:'ouurnru6ofirira'.r6nuroe.j

fion::uaroU:vnuhiri'runr:rfiu:ru:?rrrio!anlnnlieiruuacn'ndlto!a!1oi!:1u

(4) n1:a{toa:! (Etaboration) rilunr:uiu'lvhinriuul6'inr:rirnruiv5o{ola
z ), ) t

or nn'iufrairuurud?rJil{ nonrrd?u1r,tr!ororflunr:ofirJ:runru'lv ndr,!o rrturo.ltfioalrioa:tJ
- - i v - dJc ,

LflO[UULIU1n1',]tlnnyAnlU !nH UUOC!5! LLU?n?1l.]nUUant0.tn2[0.! [! n:fUytLilaOOna0,:14: O

Apa-
oal0tnaarnTnt0tvt00t.l
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(5) n1:!:s tiu (Evaluation) riJuYuo ouqoi'ruornnr: GsuilnunSriolonra'[#

'c,a l ;
1;n 15uu LorJ:s r!uzua o?uelur0.t0$rula']rtaorLna!!LlLL!l]vt 4 11!e't1 a0ona0.i14:0

Z- J {, . q"., ! ot

nn6'ounndaarfiu.:'Lo:rtLvr"rfinr:oolirlrlrnrior,ufiu.:1o'Uoaqr..tfrovliovrJur'tdrflufiugru[urlt

- e,,.2! J
nliAnuifl;.reiohJrirfr:ur4'rnr:rJ:vriuzuato.:ntoionr:r:'uuitolfnt5uud':u:Uuutnr:t5uu

-_ !. i
nlraouuluAu rarv nr: 15 uui 51i! (lnquiry Cycle) 4M504:U Lodlnrrvt 1 (601uua{ta5!

nr:ao!iylu1fi raniuav uvrnlulas-, 2sqo)

doryarh "3, 
'

1''(t ,1 o bi 5

/f-xr
o( ls,i:0
G#

khanitha
Rectangle
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Learning CycLe

J a v-l
R1y{?r 2.1 n1:[ruu:uuu6urAMn21!l 5 tu

dorrlutJ n.fl . 2003 ldr u1u:! Lr!un'r5aollnulduuu{Xo-n:nr:riuufor n s fu
(5E) rtju z rYu (ze) drriuiulr zit 6a tYurtroorrdro?1li!A!to.rt6n (ELicitation

prrase) lunsudrthfudinrtrdrui,ueirr.riunr:aoufi6uJruurafirirri'rgluifuffionr:n:vr{u1#
oJ!"

tonun?1llau !0uaunulflun!n1lt:uu a1!'l:04:1':a?1!:0u1trJn?1 14tJ'lu[[autunllu']nl1!;

lril{ (E>tension Phase) rfio'triu"nriuuarrr:o :vunril{nrrliornirdlcir:'ouurhirfio

tJ:viutrflutior.J:vil'riu nr:tlirru'ru;!uu!nr:aaulou'[{uuligo'n:nr:riuuforn s rYu

(5E) r{iu 7 riu (zE) uan{riqr'l n'tnd z.z
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Engage

Exptore

Exptain

Etaborat

Eticit

Engage

Exptore

Exptain

Etaborat

Evatuate

nlud 2.2 nr:ltuuuiXo'n:nlriuuioln 5 riu (5E) rflu z rlu (ze)

n1:aouorlxulruild'n:nr:Gouf z'fi (7E) rthnr:aoufi uiunr:rirulounr:rEtru{
"- ) - a )a.;;

l'tac lun?lud1nfurnu2n! n']:or:?0aoun?1u:[o!.r1j0':[qn t{t1J1]6.i n5as tau t! Lo tlac n1:n5?0
e! a a

a0!n? 1ll:lru01utrurt0{r0 n0cfi1 Lvn:a!11u?1!n r:uu0 0.: $ uLr:ov L5 n0!n0uvl0s r:uu: [u
t-!.:J-

Itl0lrlUvlllUU1JU'l t.!Ast?U ll,llnntnOnll tiU'L/l0tr1.:!U5cavl5n1Yl 11LJt,0{n15 t:UU:n1!$U?

6ntor Eisenkraft (2004) irdourar:v sr-rd

-. .o I ! a, ! a ! " l
(1) duor:roaolnrlrJit6rr (El.icitation Phase) luriufi ovr[ludr.fr nlovsT.in"]n1!rfi o

n:cgiuhieiEuulduan{n?1!irfi!oonlr rfion:ocleiiir 16nusiavnuidunrrlir6ulvirl: ovki

rrluzuunr:aouldqnoior uacnf.ldijrfnGuunr:ovrEuurdovr'lnrioufiorriuulurdorrriu 1

(z) rYurirnlr:au'[o (Engagement Phase) rfl unr:drrdrriuvrGuur,rio #ordaulo

ornn?1tl4,!iu raiooro Glornnrl!adol o!er-'rfn rSuuro rvio rfioo r nnr:0.fi!:runrulu ndr:
J J, q .;. - - ! q , i a e, ; ))
t:onylulauL00''t0l.l't01nrufln15tulln1a{Lno1]!0uLut't'![?a1!! 1t50LUumo.:YtLtol]lu,in!

e - e c J d e e;
n?1!ILOl.tvltonL .tt:uu:x1ua? n: rulJo! n Iv911./ lyun t:u!at1{Fl"t0']tJd'll4uftu5u loufl11n u

, .i, .; "-n:3nu[oun1:rauau:vtoutun0u ufl L!n?5u.:6u LyUnr:uuua!t!U5y L6l]y50r1101!rn5 ri']ai
t c. I ) au-

a! [a r!ur:0.rvr0Y Ltflnu1

Extend
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. Z. l Yi ' A & Y(3) 1J!41:?nttavnuul (Exptoratron Phase) 'luliufrov n o riolo 1nliut5l n?l]J
. i J -d " i ,

auL0 t.: tl.r0.ljn LSuuvtln?1t.rrfl110 LulJls to1.J vl0a 10'l!va! tnnu fi nu'10u1{00.1tLv lta'] fl! n1l

?'r.:urrurilur.JorLu?v'rin?rd1:'rnnrlnao! erv.ialrqfif'tu rilvuo li16onfitthllld arfior-lfrr.i6

4a[yrotRu:1!:?!t0 a t0au[vfl v50!:1nln1t 0r'1.! 'l 1D n15 Ft:?04 0! 0'l0vl1lova1u']5 t?JL

.A
?i1n't:floa0.i Mln0n:lunlnau1! n15Ltn0tJ 'lIu05[1141']ual'l{401!nT:tun1a0.i

(SimuLation) n1:finulvltioxanlnLonarid'r.:4.:o'rn Lt dldolarili 1 rfiolri'tri'l16.r'ilauaad'1.:
d ) .- Z , 

"r11U ina110v Lt LulJuFr0 LlJ

(q) rYuoBrlru (Exptanation pnase) iurYufi rfi orinriuutidaXal't ou'f i tfi u'! oal n

n1i?i1i'rnnr?oaouudr 6tirdoua doaurvrqfrld'rrrirn:rg u!a a a:urJa ttacdl[dL0,{afi1d'

' o:!rrn air.:nrrrl nl:d!fl !Lu?!ol.r .l ltu 1J:5uluaiu asf i ttlJlJ i1a0!111.in tunfi1afl5 v:i ,
! z. , ,". - Ji - )!\w a I '

[uo rur o'r0 riju tLJLoualuv''t.: [r! a!ua!!atqni1! r].:L? Lr\[tu{n!alJlJFl6'lu n{L'1 1450 Ll]

; u ' e ;"e" ""'anr:GuuikirRu?t0.rrl!!:Jtouil tonluuo L? 411.r1:0451.rn 
.)1!t uavtl u Lutn{

(s) rYuturuarrl6o (Expansion Phase/E[aboration Phase) rfl lnr:rirnru{fi
u Zc.) < - a ^ aaee v i - ,!r,

a51{.tju LUrta! tu.:ri!nl1!:tFll.r v:0uu?no Lonun2ll rrm vl0u'lt[lJlJ11a o.:14:01041!vl Ll]

r) f ' I e
['?{00u1ua0']!n'llruul0tuq n15 01r 1 n1Lt051J1u tl0.!91"1'! "l lolllnnttao.:?'ltonlnouou t.in

, npJ s -; . !
nutlu LvrtatJtu{nu[50.!11?9r1.: 1 ttavvl tulnoall].J;ann'l'l l1?'1.:t1J

(o) rYurJ:vrium (Evatuation pr,ase)lurYudriunir :cd!ni:$'uuirirun:vleunr:
Vl o5'! ' lrr 

'o'rs I ?lunr:uutJn?1!:av L:u1{ ou1{L: ltaurlfluouLYlul !o n1n!u!nuul!uan1lu1n11]ll tlJ'---''_- - - n- ---

thvqnoil{ludru6u1

(z) riuu'rnrrlfitfld (Extension pr,ase) ludlfiriludn3ovoiorfinr:o'otoriuilon1a
w" i &roa u qe

h4unriuu !oUla{, Lot:uLru1 [lJUlyu nfl Lt [vrno!:c Iutu Lut?91!lun1?u n: oc tuut,]n:vnu Lv

. err a, v.ia , , I &
InL5uua'u1:0U1n11']tvtLniu LUail.i LUun?r!:r nu n?1 " n110"lu L01rn1: t: uu: " QTntuFt0u

oirr 1 uonornfi'tiruiulririnriurarlr:ndln?uidlriiuhJrl:vqnorlt1ritfinrJ:vlutrild

ornrYunourir.: 1 1u:!ulunr:ao!*!uino-n:n1:riur{ z'fu (7E) ocrdunr:riru
aJ<,-'J{,

[0!n1:riuui Ltav Lvn?11ldlrifur]!n1l9t5?040!n?1r.r?ro1llJ0.:!on t{rlJ!a{vnl [!o']50vau [a I
-tr;!-oaur.l r!0.!nt n n1r o:?0 a 0!l'iun? 1!i toll'u 0{ to n n uvl't [ua: LonulllJ? 1 untluuiuF0.l

J - o M .a)cd.qec
Ituu:0v[:n0uvlnJHUl][utuauluu.] unt:uunsal'l.ln?1!:Q1nvlun?1r:[or.]vllfln! v1t14ton

-J-qi,!tRonl:t5uui0u1{rFr?'l!u!1u rrac Lutnottu?o?'r!no}1 o a1o nllac[auvSotrnt0u Ll-JlJuuav

'ota.:16n 6.:nchirfl ulUnrr:oori.!14!'tufi n:r1l1{ uonorndu'ryl't [14 u 1n l'tn n1:ltflu1uu? n?1Ia

ruiu'tfru"nGuu a'u1r0d1n?uidtri:"ul!r.l:cunerl#rfior.J:vlutrjluiinrJ:viiriuld (Bransford,
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Brown and Cocking, 2000) oln?! [!un'l:aolili'n:n1:n-uuffi'{ 4 t[u! allr1:0t!;uulfi0!

fi'u16'6'rmr:rr

orr:rrfi 2. 1 nT :rGuurfi uugduuunlT6ouBuuino'n:nr:GoufrYt c uuu

2.5 aiuri'r.tui1vr1.!nlrGuu (Norma(ized Gain)

- .) ; ! en:udrruirvrln1r15u! 60 aranr:riuuifrrfiriurlor{riuu Ioa Richard R. Hake

(1998) fnflineiulii university of lndiana kirauoiEnr:rJ:vriuaanr:ritruiol nnl:fioao!

riouriuu (pre-test) uavva-{tiuu (post-test) Iouo'rfi.:6{ floor and ceiling effect 0onrald
; c 'v s J

nvuuuolanL uounl't:auas 0 ttavlon']avlovLonyrLuua{ao L tn!:oua8 100 mun?T

nor.utirud gain (normatized rilurirn'rror nrird'vrr{vnrnroufilLiti nai drulrufirnr:riririfi

[0n1dn?1x[1J1.1L1J torv]1 1nu La urJnl r!r. L! Loa.:aorll]n! 1 Ly'rnL) tou141ton'rn 0FE'ra11J

a vJ i ! - ,. v Jas -' i r!
'u0.l a n15 L:UU:vltfllJt!n5{ (Actuat gain) lr 1lo?Uala n'l: tl tJ1./54la ovll]L0 n1a tviLlllJ [o

' 4e d' .(maximum possibte gain) Lounlvt[ooc!n']0u [Lt?.t 0.0-1.0 L1]uLrLlua!n']:n?1!ary1L5 [o

-!onu

uruufi r (ae) rurufi z (qe) ruuufi a (se) uurfi q (zr)

1. tual:?o t. rirrir:ro t. riurirrdreilnrEu!

2 rilrir:ro

1. tLJ0]:? 0 a0! a?]}J5

tfll]

2. riurirn':uau1o

3.'tiu;ir:rouavduvr

z. riuuuvrirlllufi'flil
v """-1'UrtlJVUln1a1nfU
z.?ua:1{!tu fiu
!tw ) < - .
1ru Lou'tt.llr tuvtf1u

2. riuoBrru 3. t"lroBtlrel q. {uoBlru

g. riurj:sandld

ulufiori

3. tiul:vunn Lt

" - .J
x t!11fiU111rlJ U 1U

llurTnri

Aa
4. IJU1JU1UUiO

rJ:c u no{

ttrJ 11t11filJ

5. tiuuorunlr:6o

4. riur]:vriuaa 5. riuircrfiuzua 6. riurl:criu,.ra
_z "/. lruuln1'tlJ: tlt Lt
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(%porr - test)- (%pre - tesl)]
'E '= l(loo"")- ("-Pre - test[-

(21)

LOUYI <g>

% Post-test

% Pre-test

6a rir normatized gain

; vd a.
no nltoautonnctLuLaa!r,''4.:$uLJtuutlj0lttugl

!,
60 nlr0auta{nurrlJua0un0uriuurUrrtrJ0ltgua

rir normalized gain oontflu a :soiu ld rrri "rrign gain" rir <g> > 0.7 "medium

gain" rir 0.3 < <g> < 0.7 [ac "tow gain" rir 0.0 < <g> < 0.3 normalized gain rurllufll

class normalized gain, singte student normatized gain, singte test item normatized

gain uau conceptuaI dimensionaI normaLized gain

-- ) )
2.6 {1u20uflrnu?go{

t'uqvro afio: (2554:41-42)kifinurnr:rYruurtofion::lnr:GuufrirtLrfiotfiunraduqvrd
d - -.a .i X. a a'l ,iutnr:15uu:ruitrili na 15oulo:hirlrn:vuan:l urriiq;urtalrinriuu{!{outl6nultlfr 6 di

Han n1liofi'nu-r.nr:riorro:b.lfirn:urr4n5.:tJo.ifin Guu t,t1JU:'lu ndu ttavS'lu!ana nuullutodu

nlnn'Ef,nrn0\rann:{i'rtnornvuur:rd'rn(r: 16.20 (SD = 0.84) :vriu:rcrlnna 15.96 (SD =

.JX,
0.79) uavtr0,) tn:lvvnvL!uunlt?ovtnuvvl.:aa.: nq!o2 u n1:voa0u llulJvlnailsl?aul i to u?

(one-sampte t-test) fl!'jrncrtuuroaJori'nuvnr:rio']{atlt{fl'lnlv[aq5.i1o{liflt;uuii1!tnruei

nr:rJ:vriuiouav eo atjrliriudrn'rgrl.tanAdrvd'! .05

ringnrud o?{1,ri (2549: tvn"ooo) loifi nurul:'wrfr uutran't:t;u!Lrlluino-n:nr:6uuf
v.-_.7 tiu (7E) ttac nl:G uua!ralvtor aortualtas n1la0!iflulfi1anl nru0'fi14n5 ttavtlln L! LaL

-)a, J - s
(aa?m.) vEr910uu?n?1uoora0 nrnu2n!! tulJ011a nfl {luttavYial.!1u L[auv]flus nSvu?un1:vl'l.i

^ ,!, i. < a,j _

?vtu'tnlq:tulj5ru1n1: ro{unr:uutllr]ou!flnu'r1Jvl 4 vru?lun Fuulflud?ur?r] rinriurtru
-Ja . "-J,--.- eq J v s

uavlnr5uul4rwvrr:uurrljljin0ntnl:$ult: 7 {u (7E) r.Jn?1!L11t00u1ia!!r Lnu?n!!Lu!n
-)

fl 6nd {ruuac a-.r.:'rurrlnfr ao :orauLr6ofinrurdrlorfi u.:urra"lu drurin6uuloudru:lr
- f -unt:uut1u uayun t: uuvfu.: v[:uuttu!autalv[!ua01ur.Ja{taltnlla0u?Ylu'lfl1anl

nruflfl169r:uayrvln tutau (aa?vr.) tJn?'rlj[1J1[ar11u,ru1.ia?u !nHUut'ruuavunHUl]14[u{ vtr:uu

ruruf,urarvuwa0lJud{ra;rinlrao!ivrulnlaeri nnlnnraniuav rv nlula 0 (aa':vr.) fiarrr
-J-tI1tOtlrU.iU',t.iA?!!ttu?n?1!oo aJo al0rll!a10!
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-.id - e_ L__. -ufl!:uu Loua?ul?!uac! n$uuvfu{vrL:6u ulJU?!an5nl5r5uu5 1 lu l7E) rn?l!ut't[0
- !- e , u d eoulial]ultu lnn?1 ltolln?1tJt'u1L0L Unu1.ialL[avtBuln1']!no aro]ta1ououn?1 unt:ulJvt

riuuuuua!ralvuuu a6?vr. ourrfil-ueir6'rpvrr.:afrsrfi:vd'u.os riau#nGuutruinruuirlo
' 

)a
odrrarl:oiurnn'jrfiriuua'urarvu!! aa?vr. odrrfiriueird'ryvrriaAflfr5ud'u .05

narr6 tarvllr (2551: 128-12il finurnr:u.liurrfiu!uuu;n6'nrnliriuuf z ;uvu (zr)

Inu'tdrvrninnr:i6o fiiriouurnrufinfifiorrarorfiarfi'urhrfiilinai ttavrinucn:curunr:
- .! x - a a,) )a a J,

v]1.:?vtu 1fl't0r:lJu1J:fu1n1:t0nufl tSuututJ0 uufi nu''l1lvl 5 !aran't:[5ul.Jv]9l1.tfiu tlu?''l
q - i- ; e

douriuurinriuuloud?ul?lri !!u?n?'r nnyzuqflalnulnyao :ouav 57.5-75.0 :o,iau.r16o

in'lrnrtrlorfiu.ru1{d?uiouau 17.5-35.0 fia'lrrLrdrlorfiu.l1J1':a"rLJ[avfiuu?n?1il6or]

Eonarsr iouav 5.0-17.5 uavinrurrirloadrlaru:niuavinrrrLhirrirlo iauac z.s rnrurfiu
1'u

tut]0llana : An51t5?1,0':[l4.: n1:avflOUt0.:UA{ n1: nt}t1,0{Ua.l UAvnl:tto{t14U u1!alUU
).J

druva".rriuuu-n6uu]nua'ru::! u!?n?'r nnfr alu:nlrLrnfr ao ioaar 52.4-66.7 ro{a.i 160

inrurdr'torfiuru1.rd?uSouay 28.6-47.6 inrrlrdrlorfiorulnd?uuavfiuu?niril6od

finyraro Satrav q.a rnrurrYul1u!fiflfinii : o'fl:rr5rro.iua,i n1:ayvior./1l0.!ual nr:lr-nu,t,ua.r
4 o U < ia , , ; i

BA{ Lta3n15r0.rr,l4u 911ralflu tnuunr:uuvr!Han15 $ula.iun11r.[tj'] t00u1{a!ulturfllrtualn
- J- --Jriou15uu uavlrifi uurnru6ofi fi nyraro aeir.:fi rititir6'tyvrr.rafi fr fi :vri'u .0s

an'ry{r lra flil (2552: lO5-tO6) 6nuraa nr:o-nfio n::rLnr:riuuilnuldn:vu:unr:

f,urarvrarnrufnrrir.:o:nr:rEouiuuu 7dr (7E) lu:raitrflinii{ufoal6nuriJd s fnriuu
!s-
fikiiu nr:o'ofion::r nr:ri uui Iouldn:vur! nr: f,urarcurnlrrJintnlo: nr: riuuiuuu
_!.__, - - J d
/l,u ( /E, !Haauqyroyrlnnl:r:uu ynuvn:clJ?un1:yl'r.r?yru"lfl1aq5 tannnn0nl:$utfi1u?t1

fl fr ndva".r15uua.:n'irriou15uu !orrrlusrnsir{odr.:fi riudrnrgfi :vd'l .o t

Berdt (1994: go) ldflnurnr:aaud?u'r.:o:n'r:riurlflrln1:6ouiytu1fl1ani !'i1 n1:
!d

aou9r?u?{0:n'r:HUulu0vr6 an0Haar.Jqu0rlinl:L:uu rnuJn:vu?un1tyt1i?ytu1fi 'tan:

uacrannA Iourinriuufi uurLiu'luynrriruadl

Ewers (2002: 2387-A)lditntzfinurranr:6uuuuuino"n:n'r:Gulf riunr:riuurJn6d

n:rflu{riruvroon2lrJi d'0.!n1:yieurli'nuvn:cu,lunrlyl'r,:iylu1fi1aoi uav!:yfiuEnrnualn:'-- -'--- n

!0.:fnAnuln:altrnr: :vnl6nur na'loi'orriluu-nfinurn:arr'rarlnr:rJ:vnlfinur{utd En

- )a .;
uav 4 ylt:uu:'t u?t1?yt u1fi1an:r1l14't?ytu't6iu t00'1[E Ha01nn15y]oa0u n0utsuu u?.1

rinriuuri'r z n{uhiunnoirrfiul,u6oloruarulrnlunll6nulrtlrysrran'trrrtourl:u,tn'trr
! - Jr

to.:i'uriuu n:trrio'l,ur.J:vdyrGtanr:riuu uaynrunror,li,:llaanr:rSouusifioru uayfinuv

n:yu?un1:y11.:2ylu161aotu.o nnl{n! uayitanl:ytnaou}4ii.tt5uu ylu2lrnfinu,tn:t[9tavna!
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riouttavydl (On€-group pretest and posttest design) dlfi:rjullo-.rd

or ------------ X -----*---- O, (3.1)

loo O, 6o niiyloaolriourEul (Pretest) O, 6o nr:mnaolyn-{liuu (posttest)
nX do n1:0:onanll nl:Anfinuuntir:uuto?uLo:oo.tao,i r:0.1 lyh{rn:yuan:.r
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.ta!dtua!,-a-.)naur!'rl4u'ru rllu!n[5ulJtu1t0trr]6nu1!?1 6 * !n15[5U! irU-nrufl l:l15uuor-lur:6niiar
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- , " '!!:yn0uoluutJlJ o{n0 L!u
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ornuainiiraor louovlpinuav t loin rirnr:flndo !:c r 30 urfr

3.5.5 lfi'rinriuurir nr:vroaouvr-nuvnr:rio1{o::'ru!nna rfiocrzuaxlfinriuuarrLr:nsio
+ ri "?{05q1! [0viuvn1vu9l t14fl nn0.:14i0 [1r (voa0!fi a{ Ltuo:F]0140':)

3.6 nr:irn:rsrdtala
Aa A a *t ta 4 .-&

r.ri1iuu1tJ0!avtta!5'ru:? a1flrn:o.:r.ror Lt Lunll rnul?ut?t]1J0!arilxtn:']u14 nnu

3.6.1 irn:rvrdnvuuunlnnlrrflaourJaA'rlqvdnr:flr:tiuuraa-rnrnfildGuurrruuruunrr

d'nnr:Guui nl urJunlrnonon::unr:riuui 5 ur.rutrtfl dru{oaolsiruru tz 'ilodri'nrdon
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,J?auu'1?to!Javrtolr'r? rnr''lsvr.la Iqatdfi.J:un:unolfir toroSvoaourirfrruwnausr'roa'xvr

lri6a:yriorYu (Dependent sampte t-test) to{nyulun1:1i1t[!U nAoliovl-n19v n15eio

?{a:11'lfllriouGuuuayud{nlnnliGuudruuoio*ay!:vrfrunruniryrirloul{ NormaLized

Gain <g> (q:v 'piu:r4il, 2556; drl6lorn Richard R. Hake, 1998) alnda5

(%post - test)- (%pre - test)].tsr=@

6o rir normaLized gain

(3.2)

Iouvl <g>

% Post-test 6o rirta6utolnvttuuaouYa-{riuurflurdoir6uri

% Pre-test 6o ririadutolnvuuuao!douGuurijurrjoir6usi

rir normatized gain oontiu a:vriu lfr ttri "high gain" rir <g> > 0.7 "medium

gain" rir 0.3 < <g> < 0.7 uav "[ow gain" rir 0.0 < <g> < 0.3 normalized gain ttillrflu

ctass normatized gain, singte student normalized gain, singte test item normatized

gain uav conceptual dimensional normalized gain



Uild 4

Hanl:i6'urarofiU:ruila

nr:ldtrrfr o*-qrurfnuvnr:norlo:t?ifi rn:crlafl :r orrlnntorloril dttloindraor 1r.r

n:{u i.r?0u [on]an1:?n u uaconu:1unian1510tr o.lu
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a -- "
er1:'r{fi 4.1 acuuunlryrodou DIRECT Version 1.2 r,o.ifinGuudufisolfinurflfi O

a10uvt

n;Buu

vroaouuqufr

(12)

nsuuu

Yro60u

tJAtih

(rioul.U)( rzl

nJItuu

Yt9rd0u

tJAffi

(ua'rlfi(tz)

ruasir.r

ncuuu

(ua'.rl{-riou

1,fr)

normaLized

gain

<g>

(:iunu)

1 10 2 8 6 0.55

2 9 0 6 6 0.55

9 1 7 6 0.55

4 8 0 5 5 0.45

5 10 2 8 6 0.55

6 10 2 8 6 0.55

7 t2 10 7 0.64

I 10 1 7 6 0.55

9 9 0 8 8 0.73

10 5 0 4 4 0.36

11 10 2 I 6 0.55

72 9 0 0.45

73 11 1 9 8 0.73

L4 11 2 9 7 0.64

75 12 3 10 7 0.64

76 10 2 8 6 0.55

77 77 2 9 7 0.64

18 9 1 7 6 055

79 9 1 7 6 0.s5

20 8 0 6 6 0.55

2t 5 0 5 5 0.45

22 9 2 I 6 0.55

23 9 1 6 0.45

24 10 1 7 6 0.55

25 9 1 7 6 055
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n1i1rfr 4.1 n!rtuun']:?rodou DTRECT Version r.zso.rrinriuudurisulflnurtd o (sia)

.nd +.r

a19Ult

nsuuu

uoaouvqufi

(12)

nsuuu

TNAOU

dfruT

(rioutd)( rz)

nsuuu

fioaau

u0uer

(r.rd'.:'ldxtzl

fian1.i

nvltuu

(r.rf,.rl{-riou

1dl

normatized

gain

<g>

(rlunu)

26 10 2 a 6 0.55

27 10 1 8 7 0.64

28 9 0 o 8 0.73

29 t 0 5 5 0.45

30 8 0 7 7 0.64

37 9 1 6 E 0.45

32 7 0 7 7 0.64

33 6 0 8 a 0.73

34 8 1 8 7 0.64

35 8 0 7 7 0.64

roau 9.06 1.00 7.26 6.26 0.57

1.@

o.s
0.80

o.70

0.@

0.50

0.40

o.30

0.20

0.10

o.m

high gain

E

B
C

a

aaa aa a

a

aa a a

a aaa a aaa
aa

a a aa

aa medium gain

low gain

irururrnr-rrr,(ru)

ns[uuRmrtfirrurir (normal.ized gain) tol{nrEuuuoialnu
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erl r'r{vlr 4.2 dtoda (iau a s) ra.rfn ritrudn ou6rn dou uavua't r?uu ri,tfi (t-test) uav

nrufrmurirrfidu (Class normatized gain)

* t g=s.65,61=3a1 = 2.0322

01nq1t'lwt- 4.1 lrlollol:rulH ane [1,Ju fl1i110a0! nr:riorlo:b"lflr rioufl n 6'ru!oio
riraolnuir hifirinriuuau'lofiaur:nrirnyuuuki'r.irlrnrud'r,lEo6ou{iuiouav 0 so{nufii.i1!

-i-Jrn6ueinlr irtiu uav6olilEu!riuunl-unsuuufrttaq,:{1nn1:yr]aoduvrrlvrqufrud':ldrua1u

fir1{fl:.rnut1! tflt'lvny uuu [uyl't{ quflunL:uuvllns uuur.]1u[flfua nitr.J:u[r]u [on{5ouav

88.57 toriirurufnGuu?Y.iiluo 6ruao.rlri'uil'irrinriuulilfifi'nushnr:riorro:ir,,lflr#r 1 fii
t4d4u

n?1l.]l Llrvl1.r vl fl't 0 uau[r]0ya{0'rn[xun[;uu[or.]nq0}Jm0?i0:Lnu[.fu0tnd']a0{ rra?h4
, i... c

rinu5uul6yroaounlrrioi{orly'hhAnnir ruanyuuurJ:rn4'jrrinriuuarlr:nrirnvttuulunr:sio
'r,.{ J3 J o?.ro,[1lll1r uruunnu uorJun r:uuyral!'ti0ti1nv uuui.l']uLnruflii'tu2u 17 nuuso6nlflu

iaua:- 48.57 to{o'rurufinriuuyrsr !o
anli iv[iun2.llfitydryrlnr:risu (normaLized gain) tolrin Guuuoiaynu 6luanl

lusrr:r{fi 4.t rirnr:ujiu![fiu!rioutrauya,:ornnr:{ofion::r:nr:riuuiuavflndolrio

?.toi Ltl1l'tn?uu0ttt0ta0.tun$uuvl nnu!n?1r.lR1?14u1yI1.: n.n t5uu LLfl0't tl,u nyto1tfu.tfl1.Ji1!
- id

rinriuu q nufiilnrudrtariryrrnr:rEuuoritu:vrYu high gain uavfirinriuu 31 nuoqluty6'!

medrum gain uav tutlunllutloqlurvtl'u low gain o-ruaortunryrfi q.1 uavrfio rrJ5ulrfiuu
J.

nvuuutaau n0uua3uana1fln1:nonlnS:l.ln1t t5uul uayi.lngo Fto't.t0: Lyil,{10'tuuo:9lil1a0{

to{u"nGuund!rflrulru rJ:rnn'jlnuruuraauua"{Sau (7.26 6orfluiouay 60.5) 4ln'jr
.i , - "- )

nvuuuroduriouriur (1.00 6oriJuio uau 8.33) 6.lunnrirroeir.rfiuualaruyl:vou .01 uau alyt

(t-va [ue) titf,u zt.t s rYr uaorlun T :r.rfi +.2 ua o{#uiudtinri uudkiiur:o-n fi o n ::rnr:
rEuuiri'nuvnr:sio?.:artr{firn:vran:rloulduoindraarlunr:flndorL fnriuufia.rancuur.J

il'nuc nr : eiorlo :1v,1fi ra.:du oi r
- !. I

A?1In1? l.I'lvl1'!n'littuLJ?l.ltu 14:0 Ctass normalized gain tlun']:1101:6u'l L14t14u21ria

! ! : ! - c. J , J* : ! "u.n1:15uu:t0nu n t5 uuyr.rtunlr.rlJuFro luun [1111,0.: rJa nll $ u l.J5fl.i a o t0 n 1a Lytt]lJu lft [f]u

a1[aau
nlt oaou

nlyt
t, o l&

n'11lln1? u'tvl{l,u
fl0u ua{

, a .e
nlroau (50uas) 1.00 (8.33) 7.26 (60.5)

37.75 0.57 (medium gain)
6',tl.i[1]U.i tuultln:n1u 0.94 1.42
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draornr:rio'l'ro:lv'lflr'uo'rrinGuun{urflrur:ru lounrn:rrLfinr:rYruurdurfiur'lfl lurrui6'ud
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nlmrurflu{o 3.7 \ar 3.2

3.4 nflrinrrufrn'urrTu rro:iflalouuiod (wheatstone Bridge) vrJ!:vnourirunlu

d'ruyru 5 ri'ruiod'roiruvrru 4 n-'l uaviunauruoirooi t o'rrilarird ion:vualv,hirdairurYr

gtJd e uav c rdo'r.ro:auqa oclriin:vualylflrlr,raairu nrovkinmudur{uiiri'.raunr:(3)

- - A qvs t eq qe ) , u e - i
3.5 ryi0! unt:uurlj1t0 n1: !tan: r:0i n1:flogr29r'tuvtlu o:unn?oul.i ollJ

uaJrtuu'uu'r1l n?1t]9l1uvl'lu:?l.ltlnavn:furJnl[yI't Lo

?0?r1 nolrlJuoqn5rJ R=4+&

R=100+1000

R=lt00A

oiouuuturu l=l*l , f= I * I

R \ R, X 100 1000

I lt

a'rodrqd 1 4 rvirrYu too lofil 4rvirriu tooo loriu riodru,doulloqn:u

R 1000



J"i.nou dodrrJldouuuoln:x1ein?1rd'rurru:tirvirriu 11oo lorrl $avrfioriortutr$uruoc

trinrruoiruvrru:rurvirrYu 90.9 loriu

n'rotjr# 2 o'rnrUa?uei1{dndllh{r:vra'jr.:1o A uarln a irirrvirlo uacdodrei'reiruvrr!

ao loillsio:vra'j1{10 A uav B nlurirlrTntj:vuir.l1n n uav B irirrvirlo

< ' v=R ocld t=Y?Evrl o1nnata{tafi! 
R

Yl:1lJ Y =12 R=30+60=90O

oclri t =! e Lrac v," = rR,,
90

ocld v*=ft,a0= 8 ba,i nou

rdorjroirsiruvrru golorilsio:cv'ir.:1n A uav B trruriu n-ovki n- lr,rrj

rf,u n, Ioud +=+.1=+R,s 60 30 60

o r n n 4 t arloriro vloin: c ua :rilur.r o : rvi r n-l r = {
R

lllo .R=20+30=50Q
t2. I =-A'50

ovlpi v,e = IR, riu6o v* =fi,20 = q.8 traei nou

r.o rlr'01#rinGuurdr'tonr:siarro:1v,{rIrnflfirinGuria':fiorJfrt6rioxo:flrrllovrdeiroEit
J"

nlvuo Ll,l tlJ [u.:1un0n::!ta:!vlnau [ou [t!a:no']aa.:

+. r?uoBuruuava.r{oa1J (Exptanation Phase)

- , " '.!n:40!0'uJunr:u1Jo?uljlvtouo1.i.l o{0r0 LlJll

aJq.1 nr:eioer-rd'ruvrrui6uuu ( 2 rrul 6o ttuuoln:rl uavttuutul! )

4.2 usiavrluuurnrtrd'ruyrru:ruldodr{:

(uluoqn:l R = q +& +...,ru1mu1u l =*-l-.. I' R4&

52

R=looo=90.94ll

n* =! =zoo

q.3 n:vualilflryrrairun"rd'rurrudriouuuoun:uriuodr.rl: (rvirrYuuacryirflu

n:vua1ilfl{u?{ni t = 4= r,=... )
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4.4 n?'rrrilid'nrib,hlrfinnndousr"rdrurrudriouuuorln:lrfluoeirll: (araulntolnru

rirln'ntiuouroror"rriruyruuriacar-rryirriunrrloirrdnd,tio':rro: v =v,+v,+...)
q.s n:vuah{firvrJairun"roirurrudrioulutururiluoeir{: (n:vuah,hft:'ulu':lt:

ryirrYuaraurntoln:vuab,lflrdoodtuaairusr-rd'rumruusiavsr'r r =t,+tt+...)
q.6 nrtrrirrfrntib^lfl rto.rr.:o:driouwtururihodrll:

4.7 nr:rarnruoiruyru::uryiolrYlysosirln"urYunr:urnrlLlbifir:arrntorjursio

tru! oq n:u tta c uuu'u uru (qi r.r n'u )

q.a nr:rioeT'roiru llutrrllounl!a1ur:orirtil{rl:vlumiovi:kitir.r (l{rflun"':uil.:

6'ntitr{flr)

4.9 rfl:rvocl: (ur:rc'jr nr:oiouuuoqn:ldnrjhhh:ruto.:rlo: ryirriu aitlrito.i

fi 'ntitlhir:vu'ir.rrJaru.uo.rsr"'ldruuruuriayd'r)

4.10 nr:siod'rfr'ruynlJulrut uluatn:orirltfli'rJ:vlatriovl:ki'rir.r (l{rtlun"ruri.::vua

tvtf,rl

4.11 rr:rvovl: ( rn:rv'irnr:oiouulturun:vuab',hh:rurolr.:o: ryirrYu ara:rmol

: v ualv{rfi yr'traa drl d'l d'ruyrru uri a v dr )

q.n noiltil'tuyt'tuuudprlfinrud'ruvrru:rrtiriurnn'jr (uuuoqn:l) nguourarrat#

rinGuuriruuuf,nraiurJ:vaunr:oidadrySouacuonlfirinriuu hJfinurrio.r nr:sionadhifir
J a o .)<
s{aJr:uu !ut2 ur{no tua?nM1

5. duturunruf,n (Expansion Phase/El.aboration Phase)

s. r nfl frnllfril16rrdurrYurial riouo.ror-rd'ruururfi urfi u'jrfi n'uuuntl,filu
,&. a u

l'',tgtu:vn1?uuaua'M:n u0untfl[ a1uton']n Lfllj1.!
q ev d

5.2 nlt unt:ultauuaca{rnfi n?'uJtl,ru0u uavn?lr.tuono1.l:v14?1.tu0:oQ:nfluu0t9t

0'ta0{?lrJanurucruuauln Ll

J,
n1v{Yr 1.4 uo:onla0.luaJualnot.t
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v:-e.l
5.3 n3!01r14rJ1U tl4Un$UU tufinUlnUA2lrYrr.r LnI01n r[]1aifl',',t:$UUt0U'i rtu 14uia021la1:

.1oe) o ,J d ,wo i,s
140.:A4fl 0Urer0lru0 L14r11au.l [f]vr:']!uauu''lu'lrranruauur:uu;nu Lut? ll].iflnna1.i?u

o. tYurj:vriunrn (Evatuation Phase)
, e v )d a I v A

6.1 n5 Lx!n$uulloa3nu1101:tu'1']'101nu?'u0vrt5uulJ1uavn1:Ulu0r n0nl:!,.t0otq!'l.iyl
i -.vv d v

tirhjrrjiLor,l5ou-.:!iaa.:d'u drln;tiruo6uru rfi r16ilfirinGuurrirlo

6.2 rinGuud'urrYutl:vriunr:rJluhfion::lnr:uoao.r'jrfiflryutriaqrJa::n'[ouacld'finr:

uffltotir{:rir.:

6.3 n:vloaoun2lluir'to'uouinrEou Iounr:lvinounrouafluauouirfinfion::r: d'ld

- n"rd'ruyrru6aavl: 6oovl: rinriuuldu:lvrrfi anriilofl': unfr?oti1.r!:vno!

- nlta{ !014rJu?10u1i H

-d)- n1:0r0fl ?srluynuuanltJnuuu 0v ltlj'ri

z. rfurirnmuflrJ'ld (Extension Phase)

z.t hirinrieruna'uhJn:roaouo!n:oilyhlt,r5oor]n:ni615nr:o0niidriru!0.!fnGuuroi
o Jv?1!OUn: tOUlULr0l?0l1ult'runaau tu'r.ro:uuo?u

z.z hirinriuufior:ruljrqrJn:nitvh{rdriruuo.rrinriuuinr:sior{o:rfluuluorln:ur,riouuu
e J- , t

l'U1U 1I:0Ivt,l00U',tUt140 a?1vt'l UJgt0.tgl0uuuuu

a. damcrv6ir6uui

1. [ona1: :vnoun1:6ou

z. uri'rf,oriuuitriltnri reil 4 !0.! 6a?yr.

3. Fr?0.ruyr']u, qo2{n:nltoa02glluyrluuuu0Inl}JuavuulJtju'lu

q. uoSoriraoluavlU:ronuoiooi,:
.1

5. OUtgt0:t1.J0r
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)onltl{?t u.1 n1l?aB6vu1!tlluaa01nBflu

nnn::llt6lu0ttus

nltinera

rJ:srfiuarariru

26n',tt2n tnl0{u02n rnrurinlrr'i'ru

1. olun?1r.1:

n21!tt1tn

n1: a:rJ n? lxao:?1J

uorlfion::r]

ulual n?l!ao:?uuoo

hrru/fion::l

v10nn0{5auav

zo iiu1il

2. ly'rnvz

n:v!?un1t

a'rrnorornnr:rJfruh

^ o !-nnn:t!tutur:uu

uuua.:rnnflqflnl:!n1:

vt'1.11u

kincuuulu:vri'!

z ifuhl

4
3. ntuanurusvt

fi.rrJ:va.rri

nr:dlrnoraruau'[o

uavn.: tnrtulJ

uuualrnnnruaulo
4q -LtaJq{tnt:ul.t

loinvuuutu:vdr

z {ull

aln'l,l nnluu?0{}ru.tRUUNtl

n?1!t14U14214U1n4!41:V

n"t':$ulJ:?vtu1filan:

n21 ! L14U:A':R 01U? U n1:

n{luiur:itrnr: I n{uu3r.rr:itrnr:

a.!ta
trla

a.1i0....................................... I aito....

(ur.rio:rriuii durqa) | {uruornr duvrilacra) | {urufitrfr nar.rrry)

d u^nllrt u{a{HU:u1ltt.!t:uu

)
a{ta

(uruuariar] iladnuoi)

{rirurtrnr:I:r 6uuo'{ur:fl iiur :vtra::ri

..................J....................../.......................
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non:llral! nu!

fl1rvrn6o{ nrvufll flluavnrrrlsir{d'nriliflrro.:d'roiruvnudriorYuuuuaqn:r:uavttutillulu

, .A
ottu:sf,{n tfloflnu'}a?1rJa! u010.:

t. n:ctralilflrhrro:rYun:cttah.lfirdilrud'rd'ruvruusiavd'rrdo0Y']d'ruilruqiorYuuul

ount!

z. nrrrlsirrFr''ndlilfirdniolrlaruyi{aorro'rsr-rgiru ruusiacsr'rd'unrrlreir.rdndlvlfiriniol

. & ! ), -uaTUyr{ao{$0.i0r?sl'1uvr1uv1.!a0{vl9r0nuuuu0qn:!

a. n:vuatr',lflr1urro:riun:vuahifirdairusYrd'ruvru*riavsY:LdoqiorYuuu!ruru

q. nrtrcirrfi'ndlilrlr:vu'iru.JarovYlao.rto.rriroirurruttqiavsr-rriunrrurir.:dnri b',|flr

J - u /, o
:v14't'1{!a'tu {a0{t0.to?fl 1uvl1uYl0anu[!!lJu1u

?oflqa0{ nau l
1. l{n-rfrruyrru 2 or"r 6o R, rav R2 1oo loir zoo loilr orrudrri'u siod'u

uuuoqnl!lu?.ro:h,hlruac0iouolirnof e 6u or'rur,ril.: uolirooi ril;rJ

n. !. ttac n. eiruuacuilJfi nrilnlcuah{fl lolnuauirnoS n rJ':'[dalnaa':ao

100 iaduoriurJf (mR)iriruor"rd'ruvrlu Rr R2 ua"uus,rroC

n. 1. R.
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2. rjrd'afr'rumru R1 uas R2 lroioriuuruturululiaitvlfll udruJa'ur
. J tr !'

ci'rrri4liuor]titnoi A nioaonlsrLa lflfl'r ir i2 trav I frr.r1ufirier1uyt1u Rr R2

rua*runrnoi rir:U n. t. uav n.
Rr

noud z

t. rjrdrdruvrru R, R, lunaud 1 uroiouuuoln:rtu':ro:tyhh uacriohag{

tJt00: v tu fl1ul4uioillJ n. o'ruuavuumnnlo?'ru9r'r{plnu LT{r,'11 Vab Vr

uav V, n"l:tJ n. t. uav n.

z. rirdrofi uvrru Rr uav R2 lrsiouuulurutuxo:lyifl r udr rtJd uuairu,rarj.r

to{radiroroi V rviror-o V"6 Vr $au V2 rr-r;! n. r. uav n.

t. n.

Rr

tlrlrl

rlrlrl



58

NAnltvl060{

n?1tJo1uvt1u

(O)

nrrrr61y,lfl1 (mA) 6?1!d1{dnd (v)

naauntrl fl0?u1u naaun:! 00tu1u

Rr

R2

R,,,

fllUsranlrfloao.r
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,1ne{u?n 6

sr'ro dr{rioaau Dl RECT version
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doaou Direct Current Version 1.2

tio 1. ol6u.rturota.rn'lruqir.:fr'nti:cil'irroor'
-,t

[Ld f].r1J1{a'r{u n 1 n!1 n t!u0u

(a) 1 ttav 2, 3 *av 4, 4 uav 5

(b) 1 uav 2, 4 LLar 5, 3 uav 4

(c) 3 uav 4, 4 uav 5, I *aa 2

(d)3uav 4=4*aY-5, !*ar2
(e) l uaY 2, 3\ar4=4*av5

7 Ltav 2, 3 *al 4, 4 uaY 5 d'{tlh.iorfi

do 2. o.lrGarrfiurnlua'irlroruaoolv,l tur.:o:v' 1 uav ato:fi 2 'irraaonloova'irtrrnn'ir
J f,. W

(a) r4a0q tt{ tu?{oivr 1 r :1vrluoln0: 2 o? n00!n: nu

tvt?aotmo u0un1'l

(b) raaarrb',l1uxo:n' 1 ,n:.ruurrroi z d'r riooun:rfi'u

tileas{rflo lrnn'ir
(c) uaoorh,llur.:o:vr' 2 rn:rruuq,rnoi 2 m-r siorurun-u

lfihas{rno fotln'ir

(d) uaoobflu':ro:d 2 rr:r"uuo,rs,ad z oYr qiorurufi'u

'[rihas{roo rnnn'ir
c.

(e) uJrJlr 0 too n rfl 51 cv.iao.i n21ra'r'1.: rvr'r nu

, , '!rio 3. o.lttJ5uurfru!n?1!ai1.:1lo.n4aootr^/ n, B rLau C ro{?{niriohJfi r.raonlnovfinrua'irr

1]1flvtafl

(a) vaoo A

(b) uaao B

(c) uaon c

(d)uaooA=B

(e)uaonA=C

c

L:

circuit 2
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{o +. orn:rJnrvrtoarun:uduaord vr:'rrTurro:1vh1rln

(a) alo: 1

(b) xo: z

(c) rlo: 3

(d) rlo: +

)o
(e) tu:Jn'')9r0uvlQnfl 0.1

ffa
2.!n:

r-@--l r--@----1 ffi
ffrmffi

2{0t ?{n: ?{n:
,l.Jd.)u^.

1A 5. n',ln?1 9r1uvt1U5c14?1{AOUA1Ufl{A0.i0JruaUUrUUrylrt0 tlr0?iuA?0]tt0.t?{05

, i-g a. -(a) tvrlrtju tlJu H

(u) rdu:uYurflu vz
(c) f,inrwitdl

(d) analriju R/z

(e) aoarriu R

to 6. rirnrtrsirin'nti:vv'jr.:1od t

(a) rfiilri! q rvir

(b) rfilriu z rvir

(c) d.rnlrvirr6u

(d) aoarrflr Yz rvir

(e) aoarriiu yn rvir

- uu - . 1,
uaY 2 ua{d!fl'l9tqnvLl]urvtl Lo

A

do z. orriurrirsriurirn:vuah'lflrdtraarirulod 1,2,3,4, s uav o ornq'rqohJoirqrr

h\ 5,3, r,2, 4, 6

(d 5,3, t,4,2, 6

k) s=6,3=4, 1=2
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@) 5=6,1=2,3=4

@) L=2=3=4=s=6

do 8. rirnmla'irltorvaooh,| A uav B ovrfllodri: frldorrrduarorio:vra'ir.r1od t uav 2
. ;i J(a) tll1r1Uvl.:a0.iua 0 0

(b) aoa{vi':ao.tr,taoo

(c) a'ir.:rvildu

(d) raaon A a'jr.rurnn'jtaaoo B

(e) lrifi ua o olv'la'ir.:

do s. ri'ufitl'na.rornnoaiflflfi'r.:o:risr rirnruoirumrurou,raoolyiocriluodr.rl:

(a) n1n?1lJ911uvt1UA JTUUAU!n
v :3(b) n1n?1!q1uvl'tu0vtY{rJtu

(c) rirnrusiruyrr!ovaoa.!

(d) n 1n ? 1! o l uvt'll./ u n n.: rlrrJ 01J rolJ

(e) rirnrtrd'ruvruocriufl ud

do to. rirriurirnrufrurru C rdr\Jlur.n: rirarrr:a'irlto.:naoob'{ A ua; B olrtuodr{:

(a) uaon A rvir16r, yaao B a'jr.:ioua.r

(b) uaon n a'ir.rrioua':, uaoo B rvitdl

(c) vaon A uav B airrurndu

(d) vaoa A uav B air{iouar

(e) xaon A uac B airlyirrd!

ACB
n@I-m€h

!,_-l

.o9@I
L-r,--j,

72V

da 1 1. orn:rJrirnmusir{dnd:vil'jr.l1o A uav B ovrflurvirl,o

(a) 0 v
(b)3 v

(c) o v
(d) 12 v

)e(e) [ un1oouvrlnno.r

closed
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ilo tz. a'taeruaixtolraaoobi n uav B ovlflurvirlnrdod'uaisrd

(a) vaoo A uvirrfirL, uaoq B a'jr.liioua{
,!

(b) raaoo n a'irurrns'u, vaao B air.: oua.r

(c) uaoo n uac B a'ir{u1ndu

(d) vaoo A uac B a'jrrfouar

(e) uaoo A uav B ar'r.rtvirtdl
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RlAHU?n {

n?a u'l{lR1llu:vnaunl:il1nQn::il
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n1:vrel6rouuoiosi'rao.:ttasuoinoB.:

nryrd l.t n3aauunvoBuranr:l{uoisr

nrwyrt r.z rinr5trufl ndolnr:siouoioiiraarrirunu[0.!rnRu
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) o- ' &, s
n1fl fi {.3 rinriuudrernadrrvr7ndauurhlngao.:nr?ar{an'rrrio'ir gndoru3olil

J w < - . a ^e a o
nlviYl't.4 unr:uu?[at1!ua11!Bt0u14t09t1{t!fi l1.lu0loQl{nuu0:oQ1a0.l

I

!



67

A-J
R'rfl fr {.5 Unsior.ro:ornuoiooilornrloaauudtiru'ryrnaouriuuueildroliltir

I
J

nl}t?t {.5 r,raanh{ uia LED d'j1{116n.!'j'rfinriaudar.ro:16gnfor

/\
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RInHU?n 0
JA

Hanl:1.,r n guuutlt tJ tFrSI
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A-n1:1{lt 0. 1 A?0U',].tuuuu:!uJu?lnuvfl 1ln0?{nl

a1,|uvt to
7

1,0

2

1,0

3

110

4

1,A

5

ti0

6

l,o

7

1,0

I
1,0

9

ti0

10

l,o

11

t0

t2

t?!

o2)

1

2

3

4

5

6

7

8

9

10

11

t2

L3

t4

15

16

t7

18

79

20

27

22

23

24

25

26

27
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)e
er1:1.:fi 0.1 nradrluuurj:vriiuvinuvnr:daaro: (sio)

a10uvt to
7

{a

2

tlo

3

?0

4

go

5

to

6

1A

7

to

8

t0
9

t,0

10

,u0

11

1,0

t2

t2
(J2)

28

29

30
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nlr, {d 0.2 flanruuuUrrriuvYnuvnr:doxo: (riou'[tua{n)

610U?t t,o

1

to
2

?o

3

to
4

to
5

t0

6

lJ0

7

lro

8

1,0

9

tJo

10

t,0

t1

u0

t2

:2U

(J2)

1 0 1 0 0 0 0 0 0 1 0 0 0 2

2 0 0 0 0 0 0 0 0 0 0 0 0 0

3 1 0 0 0 0 0 0 0 0 0 0 0 1

4 0 0 0 0 0 0 0 0 0 0 0 0 0

5 0 1 0 0 0 0 0 0 1 0 0 0 2

6 0 1 0 0 0 0 0 0 1 0 0 0 2

7 1 1 0 0 0 0 0 0 1 0 0 0 3

8 0 0 0 0 0 0 0 0 1 0 0 0 7

9 0 0 0 0 0 0 0 0 0 U 0 0 0

10 0 0 0 0 0 0 0 0 0 0 0 n 0

t7 U 1 0 0 0 0 0 0 1 0 0 0 2

t2 0 0 0 0 0 0 0 0 0 0 0 0 0

t3 0 0 0 0 0 0 0 U 1 0 0 0 1

t4 n 1 0 0 0 0 0 0 1 0 0 n 2

15 1 1 0 0 0 0 0 0 i 0 0 0 3

16 0 1 0 0 0 0 0 0 I 0 0 0 2

17 0 1 0 0 0 0 0 0 1 0 0 0 2

18 0 0 0 0 0 0 0 0 1 0 0 0 1

t9 0 0 0 0 0 0 0 n 1 0 0 0 7

20 0 0 0 0 0 0 0 0 0 0 0 0 0

27 0 0 0 0 0 0 0 U 0 0 0 0 0

22 0 1 0 0 0 0 0 0 1 0 0 0 2

z7 0 1 0 0 0 0 0 0 0 U 0 0 1

24 0 0 0 0 0 0 0 0 1 o 0 0 1

25 0 0 0 0 0 0 0 0 1 0 0 0 1

26 0 1 0 0 0 0 0 0 1 0 0 0 2

27 0 0 0 0 0 0 0 0 1 0 0 0 1



610U?l tl0

1

to
2

?o

3

?o

4

10

5

1,0

6

t,0

7

t0

8

t0

9

to
10

to

L7

1,0

t2

t?

(12)

28 0 0 0 0 0 0 0 0 0 0 0 0 0

29 0 0 0 0 0 0 0 0 0 0 0 0 0

30 0 0 0 0 0 0 0 0 0 0 0 0 n

37 0 o 0 0 0 0 0 0 1 0 0 0 1

32 0 0 0 0 0 0 0 0 0 0 0 0 0

35 0 0 0 0 0 0 0 0 0 0 0 0 0

34 1 0 0 0 0 0 0 0 0 0 0 0 1

35 0 0 0 0 0 0 0 0 0 0 0 0 0

1.)

nrrl{d n.2 HaRyuuuUt!fiuvTnnvnrtdor,to: (rioulduoio) (rio)

;



,r111{d o.3 aEaslruuUlvriu#nnvnr:darro: (udlt'fiuoio)
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1

t0
2

tl0

1

lJ0

4

t,o

5

t0

6

to
7

t0

8

to
9

t,0

10

ljo

t7

t0

t2

t?ll

o2)

1 1 1 1 0 0 0 1 1 1 1 1 0 8

2 7 1 0 0 0 0 1 1 1 0 1 0 6

3 7 1 1 0 0 0 0 t 1 1 1 0 7

4 1 1 1 0 0 0 0 0 1 0 1 0 5

5 1 1 1 0 0 0 1 1 1 7 7 0 I
6 1 1 1 0 0 0 I t 1 1 7 0 8

7 7 1 1 0 1 0 1 1 1 1 1 I 10

8 1 1 0 1 0 0 1 1 1 0 1 0 7

9 1 1 0 1 1 0 1 _t 1 0 1 0 8

10 0 1 0 1 U 1 0 0 t 0 0 0 4

11 i 1 0 1 0 1 1 1 1 0 1 0 8

t2 1 I 0 1 0 1 0 0 1 0 0 0 5

73 1 1 1 0 7 0 0 1 1 1 7 1 9

l4 1 1 1 0 1 0 0 1 1 1 1 t 9

15 1 1 1 0 1 0 1 1 1 1 1 L 10

16 1 1 1 0 t 0 0 1 1 1 7 0 8

L7 1 1 1 0 1 0 0 1 1 L 1 1 9

18 0 1 1 0 -t 0 0 1 1 1 7 0 7

t9 0 1 1 0 7 0 0 1 1 1 1 0 7

20 0 7 1 0 1 0 0 1 1 1 0 0 6

2t 1 1 1 0 0 0 0 0 1 0 1 0 5

22 1 1 1 0 1 0 0 1 1 1 I 0 8

23 1 1 I 0 1 0 0 1 0 1 0 6

24 1 1 1 0 0 I 0 0 1 0 1 1 7

25 1 1 1 0 0 I 0 0 1 0 1 1 7

26 1 I 1 0 0 1 0 0 7 1 1 1 8

27 1 1 1 0 0 1 0 0 1 1 1 1 I
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6

1'0

7

!0

8

1'0

9

do

10

?0

7t

rio

12

:2U

o2)

28 7 1 1 0 0 0 1 0 1 1 1 1 8

29 7 1 1 0 0 0 0 0 1 0 1 0 5

30 1 1 1 L 0 1 0 0 1 0 1 0 7

37 7 I 7 0 0 1 0 0 1 0 1 0 6

32 1 7 1 7 0 7 0 0 1 0 t 0 7

33 7 1 I 1 1 1 0 0 1 0 I 0 8

34 7 1 1 1 1 i 0 0 1 0 7 0 8

35 1 1 0 1 1 1 0 0 7 0 1 0 7
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