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The aim of this research was to study of normalized gain of students' leaming

achievement through cooperative leaming in the topic of stoichiometry. A one-group pre-tesrpost-

test design was used. Samples were 40 students in the I l6grade, first semester of academic

year 2014. The research instruments were a multiple-choice achievement test containing

30 questions, and questiomaire. Analysis of the data using class normalized gain showed thar

cooperative leaming resulted in an overall gain was high as <g> equal 0.71. Some individual

student's normalized gain resulted in high gain and medium gain were 55% and 45%,

respectively. There were no low gains. The highest and lowest normalized gains of concept

knowledge in students' achievement were molecular weight and preparation of solution,

respectively. The conceptual understandings of students after leaming were more than 70 percent.

They were fairly satisfied with this instructional model.



ct't: u tu

nflontt utJnrfl

unirocioorsilnu

UAJ

UA'

UO,,

u oou0olulo{nqu

fll1

d-t: ol t 1't

dlt R-IIT

a

cu

fiul

n

6tJ

o

{

26

z7

29

37

44

umn

t unrir

r.t nluriiulrrrnvn':rldrriqrorilrgnr

1.2 ?flq1]:c d{nn t:'tnu

t.: alrlnnruto.:nt:id-tr

r.4 torrternr:iir'o
asd

1.5 uul!fl 1r

aA
1.6 lJ5J IUYUllRl9t?10s'165X

-- j j
t0natl{lu?ou lnu2ll0r

2. t nr: s-nnr:fi uuf, rruui':ln'o

2.2 :r.luurtornr:,1"'nnr:fi uuiuurielfi o

z.r oaruuillorirlluun
-- :.1

2.4'l1U',t0UYlrnu'1.[oi

?tolluunl:20u

:. t : rrrrnr:iir'u

8

ll
20

22

J.J

3.4

3.2 :ynrfl:rlorn{rer-rodrr
.i a ic trq d e

[fl:0 iuoYt tT tufl'l: [nu:']u: ?lJ10u d

n t: altuun t::?1t:?u10! n

:.s nr:?rn: ry#do{ nuacd66fi 1f1u n r: ?ro: rs#rloto

t
I



il:ury (no)

4 flanrrio'uuayofirJ:rana

+.t HarYlqrivrr.:nr:Guu

+.2 naruu lori,rlIurusr
ao'',14.3 fi?1u1r{ o tnn 0n1: nonl: r:uut [[uu: ?r,r10

s opJna uovdorououu;

ton6Itlol{0{

Rtnflu?n

fil

s.t aqrJruanr:in-ri
, ir

5.2 1'0lduorrusYl to 0 ]nn r: ?0u

63

64

65

47

54

61

72

73

93

100

10'7

120

,An :tuulrJHYtt{fr ?flI

I

n

:i a jc r/q d
rnto{u0Yl tY tunt:rnu:'lut?u10un

zi a .io yo
rn:0.tlJoYt tY tufl 1:mnn0n

. d <.t r/q d I.l 001R11110 {tfl:0 {uoyt ty tun'l:rnut?u5?utl DU a

0 u Ytfr? l tJ't 0 u Yl [H u uy{:

lJts?o9t?ou



fl]:U6lJ9t1:1{

9n:l{n .l

4 " a .io g,a ,i -l.l [u0fi1[lnr n'lu?uR'lu[:uult tt tun'l:oon 1: r:uu;uuu:']! Fo flJiu toldl:d!y{u1i 4

3. I n1r i'and!u-nGuuInun-or:fl r orndrniuncuuuitr ntnrraEd!dAro{n1n

^:-(a 31221) nrnGuufi zflnr:f,nur zsso
dr3.2 fl1t00flntun[:0urruuonytnfllnt lt]nd1{rraJoou

3.3 ryrnfinnr:ohnr:riuufrruri:ln'0fi1*luruJourrirl rio,rrJBrrorar:a'lriuf,

3.4 nr:ilfuil;ruruunr:,0"'nnr:fi uuf orrl{orau ouus ornrlduarrquavi6urilt

3.5 rrflq'!dru'ru[[uu?-nHadrqvrfvrr,rnr:GouilrrJB u ror ar:dlniud to.rrr{.r
c, j F o. e r - Ay v dt et,o'll n? ufld [:0,t lJ:tit: d'l: dlJl{u! ntuflqetn:: ylri0lnt:an tilurituqmtudu

(Cognitive domain; nr!:;nilnrtlat!'l:ouo,rUC! (Bloom' Taxonomy) luueiay
4,'Hnnt:rttu5 33

J d, ,q a3.6 lfl flnl5 t ncrruufl'nullil tntylu luundlriuunGuufrnoluuuTnflolrluu
47t

lnonnouy{:0lJ t11lfl aHa :gfl 011

.t,.i3.7 tnflcyln'l:u nfl?'lufiutun 1[n au

4.r r"ranr:r iurrfiorRrrurirrurlyrrlnr:Gtruuuurrciay#ufiuu

4.2 n?lurir?lrfr1o.ru-nriuu:roqnno
a r - 1 d j ta q st j4.3 Hant:'tln:t8l.t ltnfl!qflrmt {n t:[5 uu t: o.r i!'l0l dt: dtrl-ui 51ulfro l

tt - a ia ec L4.4 5ouncro lrinG uufr inrrlrdrlolluler-1urfr onreir.:1 ornn r:rl:yrru'u

r ru u r n aou :yn'ir.: 13 fl u

4.5 Hanlru'wo1l ornaan r:1#firn::rn r: G uufrruui rrrfiou.r'or{nrurHadlqnf
-zi111.:fl1 tUU?n1[nlJ['0.t :lJ101flt:riu u!

t , 1- r tA
n1fl 'rludonfl n0t (toc) :i14?ltuullYlnd0u jaHaduqmnnulnilssdifi 15o.!

Aau?
u : u 1 iu rY'r: 6lu 11u f

.r.2 rirnrrleonndol(roc)rs'j1{rruui'nHndlqvrdmr.:nr:6uurioofilrorar:

dun-uf niruqn^n::ufi piolnt:a'nfl rru:sdunarrdrlr:o1o.rlJQx(Bloom,s

Taxonomy)

28

29

30

3l

45

46

47

50

50

54

6t

101

'1. I

102

a



flriliqnr:r{ (eio)

fl

ltu-l

l0s

911lr.rlt

.r.3 rirnrrrlurn'ira (p) uoyrirdrurorirrrun G) r{Ju:ru{otosullvroaolfnnaduqvrf

mr{nr:fi uu rio.r rJiuarar:dlvlud
-/4'i{.4 flsrluuq i'lfruuuylqdou?nH0 dLtflnrr I int:[:uu [50{tJ:r.t tfudl:d!y{uli

4t
flo{uflr:uunlu:1u flfla

104



cr

Rtfln v
ltu1

l5

49

2.1

4.t

4.2

4.3

4.4

51

52

4.5

4.6

4.7

4.8

4.9

4.10

4.11

53

53

55

56

58

59

OU

6t-l:ufirR'tyt

eqc, ul , -nt: nnnnilufl [:uumJ1 tnErnu[]rot[1 t1un1u?t TGT
,9

l.ra n l: [1]: ull [Yl uun ?1tJ nT']fi u'lYl l { n 1: r: uuullu:1uqnfln
, al I ;4 o e e I Ii9r?0u1i10f,our:o{n1ttntu!d'l:osnIuYtlJ:cn fl ?1! fl 12fi ulYl1{ fi1: t: uu9ilYl dn

(Normalized gain : 0.57)

r{dr4,
a fl 1: rll: ull [Yluu n ? 1u n 1'] ]1u'l Yt t { n'l: [: uuuuu:'1ull0

999
9r?oul{nnfl :tlJlta&H0fl 15tl'lfl?tut1lJ1u10{d'tt 0ynlu tu11u?u:0uny

t6U!?nt'lndl: t u n'r 9rrl:3 n 1'r u
, e , - a i< , E y i
10n1o1lJ[[ag50ua31o tunr:uuYt[60n6?raofl 9t1 idl tul0Yt 23

v . < Aa ,o * -Jn'l:[u:uulYltJll:0t 0g10 itJ nt: uullljfl']llJt1t t!u tuuaruo lalidl

9r'rorJl{n1:fr1u?Blrruumnfl 0uryH'irrG0uG owaahrana
.,di

Fl2Oul{nltfr1u?0llr:JrJmndor:y1{ ?1it: uur: o.: tra (0lu?u l anuouRtnl,0.tdl:

riruauIlaniulaa1o.:dr: ;!1n:eiohnto,rufra)

n'eotit.:nr:riruaorrrulJflndou:8fi'jtr6ourd olha (nrrlduniuf:cH'ir.rriru':u

lla oqnro u?a rlau ;rlrn:10urffel)
. ,- i

el?0u1{nl:n1u'l0lItu1lYlnel0 tEfi ?'t{t:uut:o.:n1:tgt:u fl ]:aga1u
, . e - a ia ' i
{oriroruuac5ooayx0iuhGuufr ra-onn'"tlAoneirnl Golueoocsto!1ur7ofi :

5'7



unYr I

unul

1.1 R?r lflur-llravn2t tilit'oJxo{{ra,fi]

a 9 I I 4 e + d.l-
n 2 1 ! rn I gu n t't }t u 1 1l'l { o't u fl I ft lt rfl : ! ! n 0 n I : [lJ o i un & [yt fi Iu t n uT n 1 :

ril6uuurjarotixr.u,Br r'lr#r,nr:f,nsr1uil:yrms,lyludrriiueios#1yrronirfi.:fidorrHfiru
d q .io ar j

rdn'[yroirna:!rinucfrdrrilueionr:rir:li]nlussr:::sfi zr (lrer'!rfl:lru?vrr-, zssz)
l-----.- I 4 e, t' 4 v s d, ,6lnurq lEoultuwlnuEntuntidodt:un&flt:TI'11_l:?!nu tnu!n?tt d ttJ t: o luflt:[iJu,ili1

lunr: rir.:ruuavrFnnr:uolir1ufiu.: ru ifion::rLnr:rirrrudafr.rn?1u;ufl'oyoulras
rqrra it . Aqrt j,
notHrflnfl' !d1 tufl'l:yrl urlt0 tt4ut:QHaaluytq.lfii{ rrard5ttnt:rd?u:?ulua?1u

o"ocrl'd'.d,:uHni0u tuRlt n 0 {'1u11: ou1l.tuo.tlfiuq flt!0{nt:T1.t'luluut4ufltuc
I I '- - a -,i0lnnlrflnu1x0uoHant:ytodousJntalfll0lun[:uuru fu dnHlijT 6 1,lo,r

l-. -a-- daa 9 t at a Jt:{r:uudn:d:lflfl nnfi?ofl:dyln! lu nlrfinu'l 2556 unatourJnslruuamulftldn5 u]a:n1u
-inrtfruui 3.2 (rnfi) rq6u 28.39 flyrruu odlu:snir!1n:n lufin?: tj{n"ruu r rfiolotnnsuuu

j I , ) a^ ;raa0eirnalnsrluuradu:sg-u :srmf,frtfrnsuuurahu ro.+s nsrruu (do1u-ullqdouyl.li
. , - - ,,- . tn1tflnu1lrfit!1n,255'7','t 0nyt{0tn:lutlu aduqylryll{n15[5uund!d1:Jn1:[iuuf

^ Js t- - < a,.l o, 4 d - f?Ylu'rfl]flnr t: rr[: uudel: d: lnfl y{u?lunr: uuturr u finul yl 5 iJnlrdn!1 2556 uHndilqTi

vninlrGuilerrilEutilflr:#uy{-uf uo{u{{ rorrra? uld e3zz2t) Inurqdu z.rs droirn.jr
,t.iss-,Ja

lu'r1.[J1U1l t:it[:uun1Hufl ( ttl[:uudnidtrflfl,2556) 0lf]tjt s dunltoil fll: ryouiryrrnlcJo I
,ae h9 4 q 4 4 1r' c
t?nu 16 u q lfl0un[:uu1]nn ? tlJ du 10[[ocn?1!n5 sn=os o5u]unt: 15 ou nrruffrnri'r:a
A-t ,4 6 '-i-_- .t4r e io rq ^ 1,^ . j - <r!0no{11'lltuu ?ytlflulfl:1cno1"t?i1[nur u?ylyt[tuurdl-l0u]n6nli{Iflltfi.tu ?01 frluhiiuu

firinuylunr:riru.,orriourir.rsri 6nr&,:iloo-urfiuafixurruin1flro,:#o rFuuiyrurqraoi d{or:
* , i ' , !-[1JU140tytfl{[d:lJfl15r:uu dlndutu-[tJrn5u6 d{flnnoroflne]=lunt:Guu iltyrrrrritfid,r

: ?!6{n r:r tnm-nuynt:dt 1u odt{fi: sul nr:fitiauj rllunr:Guu nr::Jfrdrun-udritrniou
1. ! a I d q ,dr a zi " s .iqra:?un [:uu rytfl-t:[:uu?ntrfllJ d?u I EUIiJUnnnr:!f]1: yto oo t[l{-ol.trn'rsrou lnufiriGuudolfi
s-_- +. et - ,tA e-. A eA e sun'lt[:uut:']ltfluHou:0u1!'1.:tfl0n?tlJ5ron6otf,nl0uljlnnilnt:tiuunut6t,?



2

ITinr: donr:iiuufuurLj'llio (Cooperative leamingl rilu16firflnlonrd1#u-nfiuu
uf rd - o,t , , .i -L ,'[siGuurrns?irrrudruriurilunrjltioofiarrinlun{rdoufiri.rrril:lrunarrrrncdou : ytrru

3 - 6 nu ri?uduGuuflntrfirilnruroro{ndri?!nlu na'rornfingrirrauourGuuudr {6uurrei
. ntq o zi . n,<asnd!iy'[dfu]u.nurfiorjr1ilfin!rj?rifiu riGouueia;n{rioc1ffinr-nucrravofiJ:ru

dsvYAduvt[:uu:?uflu un]:[rafllUnuufr?tunnI ucrfl0'lltnu tir fl?tu[{'l [0outi?fiolon tulf
ddl,d.l-dlllnnunn tu n QU[lJ ] tnuTrtuunlu oul tn I oyln'l:011o trt fl 1: nenl:G uunl: doud{fla1']

d ' . 
-i.. 

4l r o d , aiEnlu?1n'l:t:uu?tuun[:uu1nflu! t0nldu:Edu a d l[: n tylllyl ulJ nu trdg tflFl Hoft[[n912

' q9o d 99 h r<s 9 atun[:uu tyl:lcY?u tfiuflr: uu[fl6n1: t: uugn2ua r0i unrSuur]nnu t6! tonldrl[1. d']u:?ll
q v 4 ,a a a e j v .l d' , j ,tun'l:nnnl:[:uul !n?ttn:c0to:o:uyt0yrrd?ill'tft?llJ5 [uo{0'lnlt]ud?u1.tuiflo{nn
q y -i.i I t 4 | q y o d . o rgalr?tulYlflngnoia?urfinonnu t?ld1lJ'1:0nlluuflnn:t!0uu::ar{nri'l[:0 fi] lf e{[tuuunl:

t4rt6d,al-eqay),aavjv
uaflru nuun2l!:fl1'lr.innr u { lury n0rytnuttasnu [u n1:[: uu tiyt[: uu[n { nyx?utfi d0{yt'tlJ

, 
""rr;o 

_rt,, 
, c d q < nt, ' yAo tln{ Yll tfiFrYt[:uu turfl iu:c duHa d][t ! [un1:r:0u t6 d1u,i1lm uurn t 0s!n? 1!r{11n lur oH'l
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c A ^. !^

arirarlufi.rniuuasniu uosfin 2t!ilnnyot j alriu n-.:1u rirut o lsruro I rrav riru::lu{ob?
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q Y. 4 s ' o o 9ttun'l'lu: Ytl[[uuHnfln:?!flu0n :1uljtu14'tlJ5 ofi lo1u n']ununs.t 0doxfilgtou r?tJtiuttfill
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Student Teams Achievemenr Division) rflunr:i'nnr:6uuf)nufin;rilu(ritlduour[3uu
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Student Teams Achievement Division)

2.2.2 nt: n''nflt:ri uufuun{trrriltiu (TGT: Teams - Game - Toumament)

2.2.3 nr:f,nnrrGuuf,)no1#grJrrrlleioumfi ou lligsaw)
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2.1.1 n?rx tsxo.rnr:i',on1lr1suYuuui:ufio
19Jtad'dflo.:?nur l rn 1tflfly1 (2542) fl a 1??1fl1:0nfl1tr: ulJ; lruu: ?lJlJ=oriju ?r dou

a a d ,s 1 -a q ,r4 14 9'Yl0ofluuunnflr:unt:[:uu5 taud.trdjulf ,iGuu'16:?uu-ofiu]un4ud0u"l rfunl:flfli
u[6Mtu!:cfi?1nH[tuu tuuflnifto!ns dtJlaflytun?1 dllt1:otlnnm1.rnu ,iaSuuugtaenu

, t a q d y, s 4 ,.i - d o ro - o j envn0{:?lJlJo tun t:[5 uue:']!flu un't:x?u[fi nouayun nl nuunzl oottru 1fritnl]tBlriu
lr0rnu fluyrrfl.t!3y?ufiuylooun?'l fllJtln lunnu0sri0{:?!nuiuHonoufiont:[5uui

,i a .4 - .i, . d10 {nl0u f,lJ linl n n u [n:13 un o o u.]n n 1t ?lft? 1! d1[5 i 1o.l d! tBnl nn u o;::trilu
o.t

n?t!d1[: niJ0{na!



^ a 4 td!fluf lnycquo (2542) n01']'t1 nt:r:uulruu:?rJ o ruluo.t n1::?rJ-0
:i , A - - :i v 64numl{1u[1r01r::6!nrJ{ rJ1u cr{lnnuuo!:x 1n{{fi ulu:2!nurr0sru oylolu 1d1t: itla']f,,rr{a

t}tr.t5 ?ll.:'l tnon1'l:Jv{a lfl

iruurx: :viu4nri(zs+rI nrira'jr nr:Guuurrjeufio nrru6.r iinr:i'o
gA,qtraatts<l|d-ja

nnn::!n1:r:utJ!Ytluu tl1H[:uu[:uu::?!nul ufi0ulanl [[nnsnq! :gn0 61uflultn1lu
9tn?rx;n?r!drrJ'l:orrnfleirrriu Inofiusiasnuiri:u j:lodrIurlniI1unr:Gouf rrov
. d ,i - d ' { ,t "- a, " -"fl?'rlJd'llt i10tn0u !fll5unnl auun?rrJnol u rrut uytiy{uln:nltaiuul:?!yl,rlLlufila{ln

. -i- a i,
unnuunynu fluYlr: uurfl i nJalurfi n 0num00un? I f,!trn tunqtJ l![1I u.:un5 1l HFlTounonlt

l,,ertqt'
[5 uu 1o.rcl u ro.t rytr riu fl rnusiocdo.: i aliunoro:tcio n t: G uuir o{rlioual rinrlnnulu n{l

.d .<t
fl?'llJdltt il0{un acqnR 0non?1!d't[:010 tnau

919nliunul alnqfurso{ (2544) tl1fl 2"nJlflJ 1U10{fl 1: [: UUUUU:21J 0nU[tUU5
4 sA o Aa yo 4t ? s , o d d' ' dlllt]uo{ n'15 nnnnn::!n'ltrtuuflt: floumun4ttuutuufluun 01.t [euuu{unr: uurl]un Q![andl

al rinn rulunai!firJ: sr rar 4-6 nu fin ?1!rrslncir.:niufl runarui n:rruarur:o lnarflrrlru
ea ;, - .o, ,

10.:fl15 [t uut[lJU:']u!onur: uu5 fl 0dlJlxnn'lu tun quuultulytlllyl tlyluunu luf]15li1It fl 0!
r . d h9u , A - AutrdrHadl[:n t9flflulrnucT'l trYin! [un]syitilunnu lltyllduudlu[14oulnnulunqrJ

l#rj:yaunodrrS nuayu::dr{hfi rrr0i ?rrnh
,/,^ t t , a d, - ;-duflno n'tfl1n1t::tu (2544) n n'l'l ?'1fl'ltr: uu Iruu: ?tJr0[Iun ]5rt uuylu

n1:n9na!n1:yt1.t1ur1Iod.:rd5!n1:r:uu: trnglllltr[t{n{ t0 tunl:r:uu n15[:uultuu:2uu=0
!f 'l r< , I dr i ,) A-t! tY?r fl'r: iffunlt uu[11na!:']!nu[[1tur:: unl unruun1t5?!nQ ouli! lfl:,:d51{Tsn[0u

s v tt e a d ,n0l2nodulnnTnnu Ium!isu gri! urflonulunt:[:uu5unsdultnmnnuos'ldiunl:
e qyo q .i A 4n:s{ulfrn-nrr:.i !llorfioosdaurr fi o rrnyu.l-!y{untrfi uuft o ratrinlufi ri
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tunQtJng tfitu:I{?n:? nu [!0nQUYtlfluttuu tnottnrucm nlruft
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a 1t, a99d hr' dt
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s A/ d - zi ' qrr d .j- - / - jloc,-
tlrlJ:91 0 dnl?u (Robert E. Slavin) [y10T?u lfiun[:uuTtHnriuflyt[11] tnl:[iuuyt9i1lfiu
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:vu'irr{Gtru
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gt "- -!STAD ?tlJ5gnou6'tu 2 xu9tou flo n1: r9l: uun tt flourlnyn'lt 1tn0n::! [ou : tuasroufln iu

(1) nltrnSU!n]:d01.1 (Preparation)

1-(l.l) [uo111Ulu:Ulr (Material) ntrflou [6u [.fnnn:: fl1tr:uuuuu

srAD cnul: ol{ldn-urdor rsi r 11 fi n g afl r ldunt!r dn qn: lourqilry,dofl rdmrl
d ta 4 e ! . i i y ,' l t e

lJfir?YlUlnU0014U60 nUfl d:1.r1U1{:OIUOfilytfi!4d0Ud51.:1U[0{ ]J:snOU6?U[On6y1t

rl:vnolnr:eou (Supptement materials) lulru (work shee0 n:yorurirno (Answer sheet)

unsuuuylndou (Quiz) tirn iurdomrusiayrrruunr:dou

(1.2) nt:6'nnd!u-nGuu (essigning srudents ro teams) luueioy

n{l wrJ:vnoldaudurtn 4 - 5 nu ny synoudruu-nfi ourrir I flu rJrunar{ 2 nu lravdou
.9tid,9raI flU Oldulifi 5 nU nJrU n[: UUU A IUfl n N[lIUOfl I nU 10fl?: nlrunn AlJUnt5 UU[{ tnAUtiO
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nlnfla fl 1: [: uuYl H'lu lJ 1

(1.2.3) rir fi u n dl u ? u I o { n ii u ei1 r 1 1u u Fia s n q'r: n:: fi
d!rin 4 nu nr:0srirrua'jrlcfidru'lufinduu'u1#,0r q 'hJnr:rirururin13uum'urlo
t h' vd
0rfi'r: ti.J n{n?noyllj 1{nouud:J 18n 5 nu u1{;ri!dulf;n 4 au

( 1.2.4)o'r u-n n rr,,,i,l r r o',r n { u 1r,,; u r n { ru n a: ir'n h{fi al r in
d ! q a n-u fi 5 y n-x n t t u d t ! t : o l a u rn 6 u uei n r n { rL ryi r riu u n y : y n o u rir u fn G uu fi i
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(2) Fn:'ltfi0n::! (Schedule of activiries) nttliuunl!: [[uu STAD
t e - .!

1J:Ufl 0Uq?un1:[:uunl:d0uri{u
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(2.1) nlrdou (Teach) nt:dour{iunr:rjrreuotoln: orol#rror

2 n r u 1 u n r : a o u,rju n'',,i u u * r'.r I n orir ru^ u ar r l ufl n r t Gr o u o ?, lau o
4 C9 I . 
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| 4

u m [5 u u 1fi n:ounorln Inr:rjrr{r{lIGou nr:n-aur uavnr:fln]noh{uuarJ6lG

(z.z) nr:r3uur{lundl (T.ulnr rtudy) nr:Guurilun{lna-lornfi ngcou

ruJonrluumGuurrdau-nGuursldfinuri:lriur{Jundll#lrarr-2o"'r.,,ona',rdlilu,iud

no ]Uttu (work sheet) rrdyfn:rn norirnol (Answer sheet) otirrns 2 1n rtutfiGuuaurfinlu
-:-- t,- I zr4 "- qt:,q tti , a cq, , 

",o I t-
nqx0vn0{[:uu;[uo]r'ruu tfir1lt tn flu1?110{fln!noTl tfidrJ]xfl [una![.[110r 0fi1yt-{ un

lnonr:d:unt6ofiu lunrurr:ntornr:Guui:rufiurflundl nroyrloroirroh?rinGouuirlo
.lod"

tlu?111{ tunltYl1.:1u 5 ?unu[[ayrytfiunnl il [un1:r:uu[1]un Q!

(2.3) nrtdou (Tesr) n]:flndou osldna ril: s! ror trZ - t nru r{Junr:

ndo :rurlnfla lunr:mnaorn:nr: b{r:n rlun r:ne rouodr rrfiu{ o rras'hirflnlonrab{
!f YF e it 

" A qt,d t @un[:0u tnlJ:flutnu tur0ls?l luuuylnd0um0[[dq I t rfi u?tunri uuUnnulrit]0lurylE uu
Ir. -,. a y :i " d qe- a a9 ^ !,luu 0u 1{ntla'tllJoyl trrull mndoulff: t tfiunr:uudaunuat'tn [f nsrluu ogn:anm tuonnir

< o 9ra9e 1ngn{ tnJ[[uu!1rr0.t tfi un[:uuYt:1u

(2.4) n 1: ft: J H fn 6,r n r r l tir ri o r o.: n a'rt (Teams recognition)
,is r t) lqya , .i: I!?nou:sdin[ 0n t]tlfiuftgltut.lto{lrflaEnqr] unacrnnayt[ !1u ynltrnn:riru,:or

,4 ' 9a dlflsrruul,o':flr:uuuflntflu rrn?flfullufl;uuulloJutnltloiunasn lD{ufln3nn1l ln1:lli
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frulruu lufil!nn t n{01nmonourdi0 ry{ 0ylilunl:rrwrr: t o l]olunr: Guu

2.2.2 ntto"nntrEuuf;rruunrjrlrni.r.u'u (TGT: Teams - game - tournament)

g rJulunr:G uufruLun{rL rrrjrniu trcr) rilu:rjulld nobe.r Slavin et al.

(t991 : n:fixti ru'oruria,2553 : ?:d Hnrf;n. zsso, drl6lorn go-nnr oouflr. zs:o)
\ev 4 J i -tnlrsru'urJuuun'l: d0uuuu: ?uuo u!u TGT tuBl nhuorslndrHu,r ri'13 ilull STAD lrgi0s
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odufufiI rlngnt:unuo,:ytuyl tydufln ai115 0

2.2. 2. r n r : rir rau o r vr 6 o u si o ri.: #u i n'n u or s rdu 16 u rfiu : u:r r sreo
luniudn;or:nr;d'u riodl#u-nGtruulunarr.,dro"'quovil:slulri'or,,6uuriouG,Gou
j o rrsBrorrrir'[d]nonr5:va!d!on ohrl:ru ni orau ouus Iq 0fl: r or nng rn"ofi rin6 tru o;lrif,.jr
6o'rfirira'.royr3ou6oos1: drri'tyodrrl: rirauhodr.rl: uuno.'ndlrriu,ouoru{orr nio
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n!ohi

2) xlrrrrxo{d!rinlun{l rin6uurlnnulun{1fi uvrurvrfi {nrou

ruiu {tiru {uiuyr'n {:ru.nu {rirueor rf,furrnr dn:aor{olru {noo1#rira',rh {rl:varu,nuriu
flnrou nluou

3) fl ?r!:-!n-nyoil nriuiunnlorsiorruriaurnna u3orrundrrrn
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ra-lornud.:niurnu}Jrrde a'rJnr#siotJrinGauorqnuJ6ouhJudrniu6'ul6'crnu6u duo{riu

annr:urilniutorfrilorririou'irHonr:udrriuu-nGuuoqjlurirunrj.:1n iirlucr"rrrvilrfi t orrnc

gnrdou}Juri.:niu1ulfi'vrnrfiq.:nir (r:iu ornlfls + lil16'c :) drldlurirunrjrfiaorYruurr

o t r r v q n rnt o u n r'hl uri,: riu 1u l 6's rn l fi sr: r n.i r l rriu n r n 1 6'; r 1 il ol l 6'c z)

2.2.2.4 fi1iuniurfi lfi rJ:yauruadrrSr fi lfi fi nyuuu:.tl6.rrntuq{fi rirnun
rf , r a hre , tA6 as td

nE tfi: r.ranx5 o-[6ilnr:ontjo I rnorqifrrirnuory]drnoni16oanirg:Jr[xu STAD

a 1 rJ riu er o u n r : o-n 6 n n : : u o r u : r r u rL rcr 1 d'li',: ii
( r ) nsrfluon?r!frui{fi ou1uv'uGou

(z) rinriuurirfr on::lndl louf,nurrdonrlurin:.rruh{nirloodr.ruiilufl,r

d{ l r tiu dfn,i u u fi ui,r o s'[sia o u rin G u u fi dr hi uir 1 o ki
(:) nr:rrrj.:riu u-nGouusiavnurfluer-aumuto.:n dlr{rrrrilniuyrr.rilrnr: ril

gr?ttylunau0ul T!ntt!d'llJ-15 ollt1tfr utnr-u

- 'tltt \Qry)
dorynri.;ii,r.l

khanitha
Rectangle
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(4) nr:undo{ nsuu uflo{n6iudo;du oqjriro;uu ufi'ldo rnnr:urirtiuto r

elrfinusiasoulnuosrirHancuuurorn{lrJ:vnrrh?vr:rrloorirriu n{lfikifrnr:fl:0.:
'jrrilun{ru:;rir6 6rLrn rt ooon16ol fi osslo.idrnvrruul#lrinrrufi drnun'[i

2.2.3 nr:ffnnr:Euufl ou1f; grluuusiormr?uu l.rigsaw;

Robert Slavin et al. fl991 : n:find rl'o,ruti't, 2553 ; d?:6y ruarf;n. zsso ;

dr r o'l o r n q n-n n r a o ufl r. zs : o ) 1 #: r u a y 16 on fl r rL ri: cio ei o lil d

2.2.:.t nr:rer3uun"'r,uio,dunu,o;{aou nr:uri,rnrirt nr:Tndordoo uav

rntuc{nr:fr^or:rur n{1fi ldiunr:on,luu o#l0,i'r;rl,r, srel
,.).a.r rdun.fr rnu rs drr Jissaw ril u fi o n : : 1fi rj or-ru u r n r r ru r{rlo ru r n n.j r

4 e I a i u, 'o a ? in'l:,.ln flug luuflltut:t]'lu 2ilyltlJtl'lydu lfiun.tyldinlJ r::arnn ttavuurflrafliurlrT ol

2.2.3.3 iitoixflii douulLl Jigsaw

r r riu ri r 1 u riu fi n ; (a o u r y f,n fi o n : : ru u.r' o r r dr a-n o rJ : c a l rin r : fi 0 u
q-.-c-t-..-i. t 9 qtv 4 4 I ' h ,llus? [ .luu1 ?t0lotflt: t un[:uuiln2t 5n?ttdlrit:oout.t-t: [[nsooflon::rurrTomutru

rdonrfin;{aoulduorn,rul#u-nGouejruriarurl*da leuorol#rirouyrurauriorfidruur

riaruriru#e'irrtluG or16fl rnluoc'l: fi rJ:y16ufi ri rruh otir r 1:

z r riu fi n s r 1 u n { l ri u.: r r ty n a-r o r n fi n g ri r n^ o n : : ru rni o u {.r

inqrJ:varrflu#urirrrdr ng{aoufi1dfu?rinGuujuniurirnuo#eriorl:srduilqmrfioyfinur
q ' , 

" * .-!- '4 
r,. v I t 9 | , 

", 
d otunauuouelrun?tuflu lr touytnsleiritfiun{ariorurrirlmfrriouud.: otnfungfi0yr'n

e io s : -rinGuur{rn{l1n Inufiar,rfin4nnuoysloruhfinurnuay r f?dofirun?rudu-n:1n ,r'0flnn.i
v ut, 9 d 9 7, I I d e j uyanu lnun? d 'lrflr[flasflunnyrrunn [litdflut :vrourJtyurfroruro{"[9irn-on loorJg*u?n=on:: I

i " u r,
errrfr rirvunlddruritlalrinornn{rLdu1 fi aulon: lnlu

:t riufinurndrutju, 1u#ud,ilrriufl oufi eioru'ororn#ufinurlundr
._J...--.. a - i ^liu?fl'rru ri ai{ 0rnra flu rin 0 tfln qurnunau 0.]nn1r flnu tnd 0oufinu aulnu#.t6,itrriun.,,

rjrrauordor,r nar,fd'roruro'r'ldf,nurur Inufiailrinnrulunei,16rHa'qril6ouriurirrauo

srrltirniuriariorSor drlurorvfiarrlnnulorjrrauordonr arLrfinfirilu{r[,rorrnvfi?nffiov

rfi l16lrudom rn3oofi rJ: rue;rJriruld rfi o1#rdourlsiarrgruiii,rd,

+) riu yr n eo r ei o o erL r B n r n n u rir uu r u n eo r ti o t, i o ud lri ld,
deurfi 6ofiu nyrruufi ldrir'lrliluncrruurro{nri!
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2.2.4 ottffonrrriuufl oulf; grJulu n{uialu'o llr t Learning together)

Jil[t!x LT (Learning together) d ooriuduuacnor{udu (Johnson and

Johnson) rflu{rauolufl fl.fl. tgls siolrlu-rl n.fl. 1984 6ongrJuutd.jr?rnnilnrt
a e , t4 o r .i rn oe,- a .[:uu! (Circles of learning) A rrUUur.Jnt:fit und0tun1:si[[as[.!-ou11hilinGUudlHn{tu
c, , cys d ,i -rflun{l biu-nGuurranr 6uuR':rrinr#uuasuil.:iluronryr: nr: r[li.r{rudrrrurv dr ua;nr:

1#:r.:inn{l (n:finti ur'ouuir.2553 ; d?rd Hardn, zsso; drr6,rorn'lar {[ntrr, zs+zy
I q 

' 
o h,

n ofi u du ua s n o fi u du'[dr du o n*n n t: o*a d o n : : I n r : fn n r : rS uu f ul u

i:lfi o'li'irnr: o-nfi on::rnr: f'nnr:6ou$urui :ln'on rr:rlrrrr Lr ocdo{io.rriil:cnou
.!
9{U

( t ) air I n : rl if, nir* r yr r niu ( positive i nterdependence) }i'r6ndu 1u n{ l
A ore €d

unt:uury.i010Yl1 tnfl a 1u?tno

( l. I ) rituuo[fl ]H!10 j ?!ro tnq'tL (Mutual goats) 1#4nnudol
-',4t:uu:tfiltouflu' 

,t.z) nr:1#:r.:i'n:rr rdu tiralrinrlnnur0rndrr'ldnErruu
6arfiufouay so dulilro{nsrruurdl aurinlun{lriuos'ldnvrruufirqu6nnuay s nsuuu

h9s o 90 d
le: u!0lJ111J1U tfi d'lr: n

( 1.4) fitfl unur u tylx o{d! tifl lu nt: rir.r ru n rju (Assigned roles)
i,

r rufrrourrrurrerasr ru ororirn unuru rr n r: rir r ruto.: aurinlu n {!uflngir r fiu vrnrilu
-- f e . q ar - .i..tturiuanr-lnr: n ourirorlluuurflnn-afi rirnuon: or rdrnu rrumr rml o r d! r;n1u n duilu
9t d d q, a , o ,t,d01un1n'r! Hn:20d0lJ Hn:sriu tlrry!lnnreununnfl rfirgtourrncdrnriul]-nfl'rno!

(z) f'nl#irJqd'lu-ud:ywitlrinfiuu (Face - to - face interaction) l#u-nGou
e9rir.:rudruriunruleiu::urnraro{nr rudrurr6ouncd.:rdixriu

(:l flnbifinrrl:-:t fiotolluriruqnn ofi rtG uu$ rrnaividuat accounrabiliry)
.lr-.---.r.q r,- o , Jq h,a A . ?ruufl'r:yt1 tfiun[t0u[[nasfluct.: li[:uuua;launufit I ru '[rin=uu:lrrlou 

flg o]n,i'n dn lltnt:s;
lddeunr:il:vrfiurflu:ytry rjla,rintorn{u}?norrirorrLnto:rurruHanr:rirrru arrin
r1nnu6'rrlo.:rerSurnioufi oyrfl un-.:rrmutorndn

( t.:) l#l#ronar: ni orru d,:rioXo (Share resources) fl: o.lollonrond.lt
.iy oy<
fisior1drfiu.: l Tn flr,linueiasnuwdolrironludrulnourjrronar:oonr{ludrul ruiorirrrufi
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tc; 1#fi nrrlf r6oenilrinu; dlnru (Social skius) nr: rir.rui rruril {6u ld
odr.:6 rinGuudorir{nuvmrrdrnuiirirrilu ldrrri orrurilu{rir nr:sr-n?u1o nr:aixnrrn
qlq 4 -t1t0 flltdod'lt unsmfluynl:0nn l: i ot nu8{ 0 u t.: fl51{ fl::fi

(s),i'n1#in: s l'lun t:n.i! (Group processing) rfl unr:rfl nlonr a1#

rinGuurJ:sru^unr:rirrrutorarrf;nlunril 1#rirnihd{nluuasniu uavr.rvr.x ft qrnr:
. ' o q-t

1l'li lltfl n! tfiou
I oqynt, r 4 ,r

n 1n fi a n fl 1: n I n a 1 ? yn tfi taluuuun1:rruui:?!nu fi50 Learning
A- ^ . d,

t o ge t he r fi u-n G u u ri r r r u r fl u n { l u.r' o }fl 1 da a,! r u n d u l u r 0l s lir r r u rin G u u d r u riu 6 o ua y

1 s o c.t, yq j o o,t2unua0un'lo'llJltululriTl tlJdlJlrnTnnu!d?uS.tuuasTflnurrirloytlrtorrilflou 1f
untl uul0n?1lJi?ulH n o01n[110ufl 0u110s ollJfl: ung R: T! txufls 01f :'l,rid9t1 Hnilulo{
n{lrfl unahlun r:rirg rJrmriililldnr:rirrfi unr:n-.rd

( t ) rirnunr-erqrJ:sd.:?iuolnrr doul##nrou

t z I,il'o n q' l 1 #n' 1 u I o'l ri[6u 6 n u fi I n u-n 6 o u u-.: 1 ri ri n't n r : o-o n r :
1-. ! , 4 qtr ' Aa < .l qr,- o , j
[:uu5[[ulJ:2rJu0 fi?: tynq!rlJlJulnlnn rflo lfi unri uurfl?u:.]urj lnyl dn lIni:0uluugias

. , - . d i-nQUUfillrJdlUt:Orlnnnl{nu ulrlfll1ru{rracrylflylu unluultfiilnr:rnfnBuufrI
. 4 e 9 - .l .r - d " hvn?1 fl1U1:Oll4lJOUnUrl1n0ll[nu?nut o,.lnylflu3fl d't!150ri1'lfi

o I o-n 1 #fi rin 6 o u riurYu r rir uIr u r riu r{J u r r rndo h{a r l r : n d o d r r niu 1 ei

dyn?n
o qs < ) A(4) nnr0ndlr lJ: odonl: dou tHunrruufi0 {11,ty110]fiunu lru nhlondl:]]i

nQ1l nvlfir9lu? ry{0 tfiu n[: uuull tnuQ ll1J.llu0lr'l00flltJufl?uuoulf ugtasnuiur.t-nry0u]unt:
, .qy^ .-,----, zicy. 6 q t, J ,o1u uay?11 tfilfl6fl1: ulj{1u:J l.t']',1rn QUrli0lti dultnn lulu n q!9i0,r11{il1d?ulHaOdU dtlf

' d, ,i
nq!.t,0tnuruun Q!Ylnue

( 5 ) ri r lr u n ! r x 1 yl 1 0,t d ! t B n lu n d l rn' o birfi n n r : ud.: u r riu o-e o d r,: l m u r yt

lunr:rir.rrundu'ld'uri (aqr.ldo rirnrirfia;rJuvrGuu {n:?0dou rirr#rfiaororruuioarrfin
-!- ) . y)' qy.i d es 4 . qrj
tn:snu rl u lyrd{[d:!yfll?u hi [fl-0ud!ltnrnn uufln{fl ? run-nlfi u {l-unn rirnrirfinn

| 9e " :uuflnnrsnndu lnr ornn!?ri or ru.r1uxo.:n du {d{rnnrirr.nirfinr ?n ryouR?ru j ?un'o:sn ir,r

arrrBnnrulun{l

(o) ot.urulrudtoufi !tu1fllinGuulir
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(z ) u fli rt o u 1 t rfi o,o"'o a n r n 1 #r fi n n r r u 16 o r uiu riu 1 u r* o r r o r rfl r n l r o i r r
.rrrt o 6t, ' a J a qy -T1 tn tnufllfiun tl1na!r{aflH0,t'lu: ?!nurflu I I nu fis0hiI I t?hnnu01flH o t.lul0.rdr,1Bnugi

avnu

rs) fln an rfl 1#rfi nnerlfufi nroulu nr: 6 uufto rrrei nrnu dlo glirl#
4 tts v e a dt b

unnurld2u tl.tflunn! rnu fl: nndouunlruurlu:luqnno R;q laond tBnro{nu]nnu fr.:

rJutJ'l:'lui'lu9-r n { tulJotnq! fi t 0n:[a0flru0.1]u1o tdu 1IflfI1] lonuH ltJllilufl?rlTunqilud?
it r, tn a, yt nsrruuflalJ01n a { 1uI0.t6t1J'lyflnuuu r ueiu

(s) i'nan ril 1#rfi n n'nu i 2! fi 0 : s'j r.r n d u r{l u du.jrlrin rlrniou nri u oru'ld
Att

lu on o{ n 1: ft?1ua?ult4 a 0

00) or^ururnorcir 0{n ?'lrr ri'lri n n t:l#nyrruun ?: riluuuu6{rnorciurnn.ir
,d0{nn! d'll4: Un AlJ[tUUunnfl 1.t (Heterogeneous group) tnU"nnr: lrinyrrU U iitU ilttn Agndl

9 a 4 ar t!cn0ifli l:0llt u:'lun: trl

(t r) :sqnqsr'n::Idnrnma-l lu::orrr:nnq6n::!finIn ?-{ 6o l#oqifll
, ,l :l ^ q ^ - A- e J uv ,."nq 0lunolyroudlJlrn tulrqnnr:tJ:snufr ryurioutru -lsiun bierurBnmnnu aeujru]u

e r ,6r d In1t0R)J:'lu nnu[1 ] tn uasrfi ufl ?unufi'1910uI0,:nnu

( t 2) : yn'ir r fi u-nG uu rir l rur{l u n dl n : fi l yr u rm ril d

(i2. l) d{ rnfl il 61 6 n : : I n r : rir I r u I o{ fn G u u o d r.:ci o rfi o,: ru' o
e,ri-n][uunl:ufl llr{ tnun$ uurJ:ydut]tufl1lun'lrlil.:'lu io:ftu 1l6u?nlunl:i2 u-onr'u

t r z.z) 1 #n r r l d ? u rfi a' o fn G u u n : dr rij u do,r uir un : n 1u : y t,r i I r n.l :
o u d <rr '- 4 4 .l .l q , e < v a,- <

YIr I rU 10 {U nr: UlJ rlJUfi: iftr t? ry{ 0tr[0 rfi I d{ nr oo oltJryx rrio dt du [y{-on: y giu hifn G uu
d.i

llfl ntfl ?'r!fl nlHu fl 9qu [[asly{0d0lJytnuynlt[5uu

( 1 2. 3 ) d o u m-n ! s n r : j al n' o rnoo l #fi o ar : niu kio tjr.r fi rJ : y ?mG n r n

( t :) aq:hvrGuu lauu-nrSourrnsn;

(ta) rinGtrurl: crfiunr: rirl ruto.re rurinlunriruuayu ruu.lmrlutl'hflruu r

nr:rirlrunllriolil

(15) nt:il:srfiu

(t s. t ) rJ:s riu Ha I rur o.:u-nrl uu or rrirldr a roi6 rriu 1#al rinq n
,- anulun{lldnvrruurvirriu firrijunr:ra3ru:lhirinGuujaln'oniu niol#rr:.rrd;!uuu

jun'o}hio,niunr:1#*:'rrai,:rurlnnn lnuh?n:rruur{lu:rulnnanrnr.ra{rurJorueine
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nuunsh?: rr?'anrjuornRvuuu: ruro.:arLrinlundl ni ou-nG ou'lrinyrruut ororuro r: arnir

nsrruu rsu (Bonus points) fi'[dornrirurualrf,nlun{1fildnrrruuriturnil"}idrirfiun

(15.2) rJ:srfi unr:rirlrurorntilornnr:f,rro:r;r{:v .jr{6uu uns

n r : o n'rJ: ruluriu n: v uru nr: n tjl

z.r aaurdflori.rlluufi

2.3.r n?rrl 1r,io.rnluu6d'r}J

l I u u n n l r o 6.r n e rrL 6 q n r r u r{r 1 o fi a p rJ 16 o : niu ri o r 1 n 6 o.r ri ut.r ri o ?.r 1 o

?.:nu*.: ororfinornnr:drrnn nrruf rl:varnr:oir6rLr6ueriurio,#rnu.,o1 *rr*d'rld
A "- t 99 o <h equ nnuos: ?!rolGo,rut-uur :gurnuirdroriuriludoa; d'nuarv rnnrvrol frlrju 16:u::or

4y
liU€Ulqdui,2554 I d1.:d{ntn Fietdman, 1987 : ?:'tn50i 4ilrvrr, ZS+S : rAiuu drlrniuu,

2sa1 ; ogrfuf, z-rfr , zsq ; iara-ati a1n1iu6o.:, 2s43)

2.3.2 fi?l fi tutoluluuanrlinutfltdfl{

uluu6vrr'rirurarasrf nrLro6'r nrrrLnnorrrrrirloriornlurio,rlnrio.rnujr

lu i r r ivr u rsr en i l n u o r f,o rr q n o rio rrl r oi .r fi n n'n n r : r r dr ri r ru r : r l e a rrir da o niu ril u

rioagrJ rfioldor-ururJ:rngnr:oieirrl firfindulrY16:rlrrru qiururUdrf. zssq r d*6lorn
r'ruur dn:n:rr, d,zsqo;yrirJ r::orr:J6uu,2540 ; rfliu, dr,rrniuu, 25at ;\td dor,,,ao,

lq
2542 r 0:u{n !Uq, 2542 ; Klopfer, l97l)

z.s3 nr: oouryr4ol#r6ouluu6

rm R fi n n r : d o u r r o c r?o r a u o,,u v rd o 1 #r n^ n r I u l sr fi ms.: il ! n 9 riu it^ : r n : : ru

r1ryrg,t1ouf. zssq : drl6rorn De Cecco, reos ; inrinri nrnqtyGo,r. zs+:l 6.:a1rJ1d'oid

( I ) : ; qnq 6n : : llfi doI n r : n rs m :-.r b?fn rn u.j r r o-l n r nri uu l I u lfi r?,u udr

u-nfi uu o crir oy'l: 1ddr.:

( z ) irn : r c #! l u l n^ fi o s tfl 6 u u.j r rJ : c n o u d: u a'n u iu ; ui u o ;'l : rfi .r ud'r n g

nr:16onulurnnudnuorvfidriirgrroviirriiulunr:eflrruIulerr?u1 rurodaul#uhrSuuuirlo
s .l',. !

lJ tu!n tfiitlulu

(:) nr:ldnrsrlunr:dou ngna:1#nrurdrirl#u-nGuuuirh.iruuasuTrlo

nrrururuotirlqndo.r
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(4) n: n?: udo,rer-'rotirr#rrnr luanuasm rrarto,:ru Iu rusr fidornr:aoul#
urw a < { y o o j .oqrunr:uu tfrd{tflnu ns flnu'l tnufl?0u'ltliiyntu.tnunsmt{ouoslio.tlutnrfru.tytofrocdr]}i

rinGouf,ri'nuorvd?!no{ulu!nfu rrorii'uruflo-nu0ryfihjriuario.rniululdr?uoon'[rJ

(5) nt:udn.:n-'t o dr.rr?uyn,r lrn,,a; m'l{ a! n a:udfiln-: o tjrlt r qntriufi

rdrornuanrn'rodrwxuenrrde niouaouSorl riuns.:ylt tu?nuasrrrou

(o) n g ra u o n"a o d x 1 y ri t o s u I u r 6 fi rio r n r : a o u 1 #u-n fi u u fi o r : or r ruio 1 #
roJnr'j,aun[tuufl'llt'l:0fll]Jfl?ltJRByl? [ uncat0uduoIn0dr[511fi !

1zy n g uan r n-r o tj r,: y r r r r n r ra E r i,: n u H a r ucl sr-r o d r r 1 #u-n G u u fi n r : il r
o qY-- s -i v i a,rfromsraol}ifni5 uuuonulu!e1-fiqnriol fi lriiun r:il: yur'u rinu lul6ro{u"nGuu

qrs d qe j ! s -J j(E) ng IHu n[: uu tr4 n?'] 11 u10un gfi'l itIfl In.:.1LJ lnuenlI tuI gtuu rfr o
,o

n 5 2 Sd0un ?"llJ[lJ',] t01 0 {U nr: u

(e) n;tilonrarinGuuno{ldrllurcr-fi 6uu!ru#? rrasrd;!riro-{101unrt
i- - -,munltult tn tn! lurJnuu6'l

n0lsoun: 5 un1:lrioluifl 'r:aou IrnJ HAfl ?idnqilninin t: nouirutareorfiror
yrlr?.ru reflura-u (zszs) ldrauorn'nnr:1unr:aournjol#rfinuluuqr^uriuhGuulinid

... q, I 4q, ." !(I) tloun:ol tltnmlyd!nuuytli uurlas?Blr o irlnaiuu [ :10Jdtlfru-0fl.l
A -, t !,i dtfrurnna'l'iruiu r4''liln: osrilufinotr0lln'l'l:.trfiu'lr d!,u0{urG uuuaifnGuu

tzl nt:AarJ:raunr:nisr:,:l#uriu-nGtrulrYri'rniaro.ro3r1#lrnfi aounsrir

rl : s a r n r : ai: o r rr r l #1 u n r : ao u fi a r u r : o ri r 1#u-n rS o u rfi n n a r u ii'r niu dvr r r n r r ru fi a d: u

nuror rirL?rfi nrluln^dulrdaunuro,r

(:) rinG uufi rieu jau1ufi on: : leir,r1 nnon oudrra3I}i'f f'nfi notirIfi
-_ l,r, 9 ,v. e A ,rrnrun Sfndrrnn uacirh0"rrrunahsusrq rvro.:i'reirrl oonurl#.i'orou rirb?rrrfio:rru3

n:ruuirlrru4o.rsiuduovrir}J{nr:air.rrrlulsr^eiolil
q9 0 i 6 d(4) [a0n ti?rn]5doulf rHU'lsdufiuum[:uu ]untr fl ouAllnfr nr1ln:

. I <t ,awn0 fl1juHlt i't: ollln ofl'l! flt: d0u uncnon::ua r lt }iuhGuu Tiaouurtii rdu iiaou
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-l- i q 1) . " I v.i !.r jr/A o j
u0urlsruflu t0[[a? tn]iu"trduolu0lt'l fii]u5ytstu[0i'[fidnu]ut luti[ymrlrBnnulo
rir,fluorudorr alrinfiruf,or{iuddr Inodarurf;nnrulunrir16riHn-nrJ6uuriurirrauo

--- -.- --- -y- -gt 4 ar . .i e eo]lJ0"tolrfi?t o[:o{ lra3n0udulyny']onuyl'tlrllur'tflfin[:oi n?1![i!iulo{dl:6so'lg
rin6ouua:ngielriuelrJrravofirJ:runnnr:rirfion::luriayrirr?o uo vrirnr: r oaor

post - test

+1 tiu vr n aou ti o o fl ! if, n r nou li1 [ ur um n a o u tj o o G o r o rr u uTrLdu

ircr. n r<i ,

1 0.: rYl : ny a'lu n s r luu Yt ta u ] trl nl ufi s r ru u1 0.: n a!

3.4.3.6 n15 i'nnrr 6 ou irrrui elu'o rior nr:rr,3ular:asaru lnul#rilnfin

rrilund! jT ru'o (LT)
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r I riurirnirt'uvrGuu fl:1ru1r?un?urf6ornr:rnSular:ayaru fi '[d
a-.----.q 4 !, , I r a ,-*i oev 4 ; -t:uulJ1tualuyluo? uni!n)Jtydtfint:rtuu tlu?tJ0ugt xrln{lf gnls uun: rlrn urriuq n:oi
t 4- ^ e ee A e e,q , A ., - ^11U$ luflUnr5 UU9|O{: nfl[?{ D ti tUn',]:ylflno{ lyu lfti0,:t.t 1.]9roUi 19t: tlrtjflgin:run:ol
artrSJ
)Jnlno: t[1] {fifl']flu unsl?nutnau

z) riu rirlrun{ u rjnG uu d.:rrnunr:ytn n 0 { (plan tau) fi 1#rirrilu
,! e4 A - q g

n1:u'lu u fl[t uull'luljU119lflolt pretesr fl:oiu'lu[111]rgtlt Iu 1ufl 0u fl1: mnao.: unt:0uuslac

nriurirnr:moo orri or nr:rni ouerras a ru lun1:1rna o{dlrinr-r dr:lunr:[nSuudr: nsalu

NaCt CuSon uas KMnq lnubiuein;n{lr6onn{lnv r ru'n tfi z n{ufi#rniu rn'oncld

n:?ndouriu) Inurirrunumlrylro I du tf,nlurrriavn{lrilu {ritun'roruri ofion::lnr:
9.4rc

mano.: fl oouumnonutlufl nfl lrylnao.:,{9toufil0lrJHioallJ-o!0ua rrnv{et:roaou arurBn

rusiaynufinr:r douuyruryrrrirfirirlunr:rirnr:reao{[rnynoxn'101 filunr:mono{
" cZ o

ErJn?[rmunarJ 3 nall ulrflu0HanltYlano{fiUlyuriuu lfignGuu:?!nu0n= :'luflan]t

roa0{xo.rueiayn{liruru'ounSoeirlriuotir l'[: fnG uuunsn: j e!niu d! Hanl:ylooo{ uas

lfueinr n{rri uu 5 ru{ ru H nfl r:ylern o{ d,!ng ni{lay t ?n lnuu-n[':uu drul: of,n! 1[30{nr:
a A a q , q4 a ! 

"rn:ulJfl1:nin1u []1lJlflun1n [un?1lJ5 n30tnfiu.td0riuu 0lflgurittllluylo dou post - test

uavhfludavn{lriru!unndoutilu?u l0 rlo

3 ) riu dl il u-n 6 u u u n ; n : i r l riu a q rJ G o,: n r : rfl1 urr d I r a i o 1 u n 1 n

drtuSqrri uaynr:rcliuudr: ayoru16o!r{ 01nar: os oruuiudu lqrul#rrirlo.jrnr:rn3ur
. it y4 e e 9 I J - ro ,l ey' ,flt:6ga'lutfl!n?t![tutuQngtotnyn0ti{uns2a:!tflt10try'l:out{ae[0unly{0lffltgn60.t

fiqo lluurln9.rdrriludo,rldrnio.r#rlralddrvrafiorr + eirrrnrir udy.r-nrl;rnerrroi
I o !r'q9 - i

fl 1: nualuFl?uEJ?91nU:1110:0fl ?'l[11:1so1 [tn:v!0nn?{0c!n?tundlnlnai0u)

+) riun:cilu-nn'rn?rilri1rloro{ndr n: hl: r ra-a rrns undo txurxu
, .ih, tA.

n0!T tnn&uuunllJlnorfl n'1fi unH:0ft3uuu dtd9

3.s nrrernrrv#{oUauoydAAfl-lfflunlrerortyd{oUo

& ica- . a de < ors ' a talunl: fl nu1fl : {u9i?nuYiln'l: ?rnt lsltu01la tnu t1 tlltun:!no! ?r9ro: lufl "t:

a o I ^ ?' . - .l
n1[uufl1: non: JYl1101l nun g ?lfl t lcl4lJounq1!a1nIn{u

a t t a I I - 4 d,
3.5.1 ?rR:1811lJ:Et!Un ?1!n t'tfiU 110 i H A d! qYl !Yl l nn t: [t uulo{ufll: uu tn0 ttr

ii Normalzed gain, <g> iqn:n-.:fi (Hake, l99s)
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<g>= %o posftest - o/o pretest

100 - % pretest

llJO <g> flOfll Normalized gain

%o posnest 6ori rrndoto.:n s uu u ao:.rr n-l G uuril u uJ oir4u ri
o/o prettest 6orirrndulo{ncrruuaorriouGuurilurrJoirduei

, .in,,rir.g, fi1drvo(ilurie,r o.o - 1.0 dtr:orr {:eqiuro{di normatized gain

oonr{lun{ruld::snir 6o

High gain rflu#uGoufi1d'ri'l <s> > 0.7

Medium gain ,itu#u6uui,i1dri1 0.3 < <g> < 0.7

Low gain rilu#uGuufi}i'ri.r 0.0 s <s> < 0.3
a J 9q o s, -i- 1 9)3.5.2 ?[nr tEHn? tuli'l I 0[rt! [u!etrlna n ln nt:ri uuf t o,:fnG uu nrnnr: rir

uuumn ryou lrlrl16onn orxSo!1#nrn Had: s n ou]n0ra'onrn rc u-n[3 uu u riru dnorq n!r
o dF / ^- --. 4t - - .i
?rfir1y11 (0:1T1::0r qiuqludu!. 2554) UUliJUrCOUftEUUUdiql: 1{fr 3.6

errtr{d3.6 rnsrqinr:l#ncuuunrrlrrirlnri,rllul6rirnfrrin6oudnourrutmnaor

ruru16onn oun Solhirr sr aa il : y n or

tvou

nsul{1{
arurdr'lorirulul6

fl? lltfitt1u

n1:t,t t lt0fiulu

n4EflA

2.0 n rrl rdrl o otir'r al r; : ol

(Complete understanding: CU)

onno{

!1nn?1 80%

1.5 narluirlnrfiu{urdru

(Partial understanding: PU)

Qnno{

79% - 50%

1.0 natlnirlrrfi tr.:ur{tieurrn gfi uu'lnarufi nfi fi nnarn

(Partial understanding with a specific misconception: PU/ SM)

Qnfl0.t

4904 - 20%

0.5 llu?n ?1unnm Hnlt nl n

(Specifi c misconception: SM)

Qno0{

rioun'ir zox

0 n?1! tlrm] t0

(No understanding: NU)

tIJlJfl'I:OtUlU

tt4fl a
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,i-
[rt=on:2nuuryrodouuoyi'orn dn?ruuirl0[i{!Iu!610{u-nfi uuusiacnu

udr{io"uirn:u#Halnulddriouac rrior Buurfiuruac :yriu,.raro{nr:ir'nfirn::r
4qd9

3.5.3 ?lfl:'ts14Ritrvt.r 0lnr o{unG uucion r: oh nr: [i uufulud alfio Trn:rsri
)_,-i

lnunr:rrrirrnhu (X) uns drurfitxrxu!tn:ntu (SD) (qrui! giasoro, zs+s)

14.igl'lt1{n 3.7 [nucyln'ltu an?1!fi !1ua'lraau

nltqau naru rlrgro{rirrods

4.51 - 5.00 lnTdn

3.51 - 4.50 u1n

2.51 - 3.50 runar.l

l.5l - 2.50 11 0u

0.00 - l.s0 1-l0uYldo



;
unfl 4

fl ant: ?ou uac0fl tJ:tur.to

__-3-e , jro-rry d ! nr,, - fn1:?nuflr{u ?nu t6u trdu 0Han tr?d0lu 3 ti[6urdn'[drrri ruad' qlt-mNnr:
aor[ruu ft?1tJ[11liry{lJ Iuun:s ?t.t[:uu uasn?t!frlyro]oeiont:ldfrnn5:rJn1:GUUiUUU

-:-- e .i J -_a__- =- +A F q - t--!:'uJllo[1r01rfl u-lr{nd!qTtr1{n1:Guu?rtlnfr [5o{ 5!liudl: d'ufuri io",rfr

l.r nafiuqmdntlnr:6uu

nlnnIrern:tsffl nf,,qtfrr,rnr:6uun1nu!iJylqryou{o^aduqmdvrxn t:Guu

30 rlo 30 fliuuu d?unr:ero:rc#n rr!#refirhvn':nr:6 uu loul#ii Normalized gain 4 uull
totrfl

(l) lruufi I n?]!dl2fi#lill.:nr:riouuulrrsinrvJuG uu (class normalized gain)
:(2) [[uxfi z ne rlrirrnriryrl{nrt60uuu!lrrin; : -tuqnna (single student

normalized gain)

Attea,l(3) lflUyl 3 fl ?tufit?fi {'lylNnt:GU ltuuugingtfr o?rI (Conceprual dimensional

normalized gain)

;ey(4) !ufr 4 R?turit?14lityti,tflt:GuullU!usidv: turlo (Single rest irem normalized

gain)

;-
4.1.1 uuufi I n ?tl ft ?fi1i1m1s01:#uulruuusiac ffuriuu (Ctass normalized

gain)

i-our{ii 4.l r,lnntr[ 3uulfi uun?rtlrii?rlityn,tnr:riauuluurias#uGou

nlrnog0u nguuutfltt x Ren) SD Gain

fl0ut:uu 30 2.30 7 .6't 1.20
0.71 high

n{t:uu 30 2t.90 73.00 2.s6
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n y u u u H a du q r f m r.r n r : r3 u u ri o u r r a s u a-r n r : d'n n r : G u u f uu I i uL n' o
4' i ' - i j
rJnrrndorvirdu 2.30 flsr[uu [[as 21.90 nr!iirn-1J (nr:rrfi +.t) uocrfioTrn:rsri:so-U

Y e ^ !' '-n?1!n1?fl{1 t.rnl:GU mr-{tui-tuuilu i to(ilu 5 yniufli (Normalized gain = 0.71) [rd6{.j1nt:
y49t&-a-,-lrhnr:Goufutuialfiotitrflunr:uuxu!nur,flflurrlvr s riolrJ3!101d1:duil-u# dr1#

u-n G o u i n r r r tYr ? r #r m r.r n r : G u u o qj 1 u : ; oiu 6.r d r a o n r : i o-a r il u 1 il 1 u fi am r { 16 u r du nlu

{'lu?nufl[U:uulytuuHaduqylrytrlnr:riounouGuuuncxa-lGuuirql{uotirlfrriudrdry

d:sii'r .ot rornr:f,nnr:GuufulrLirun'o1u: roirrrnfisrrl#arioeir.:1 rdu n:o - rua

lnrnrSu o'uqaarqr,25s3) b{flrrnfi ryr:fir,rd rn'oruria,2s53) IuaunrilSrrorsioha (Enrn
rrr d d , ' 4 oct, s I - A Jrruuo, 2553) lrx?tn'l:0sn t:ri uu5[[uxr ?!!=olit1f Hadruqtr-mr,:ii uu q,rfru rfio I rrnuhGuufi

,ievdruriurrio.:ri'rnr:innr:riora inr:alrJrirrL::uroh?alrinlunrilr;l.r drovdo.:1#nr:

irn:ryf frrrn:ryrinrrlf riorya hi'oqjlugilfirvrirh?u-nrlounirlolrnfiqnrfiorjrlilrirumoo

l#ri'rrjbu (n:find ru'o.:urir, zss:r nr:rflu{alrjL?nirnu6uosdo.rrniolnr:odx:J:sfinrrns
_--.__-.{.. , qr91 ,4 rra; < |1r,4, ,:o!nou ry{ nyxzu tr,ttl[: uu rn9n 1:r: uut t6n ytqn :2ud.:n.l:-[ri, d.]ui.tulu n 1: ix H=Flyoueio

n u ro r u n v ei o n { r i n r r u n'rj : r o uan r n rr u n^ n r# u fi r{l r n r r o 
j r u riu i n r : ri: unr 6o niu l n o fi

narruryirrfiulriuro.rflyuuuuosr".ra.:run{riruarioalrBnlun{rL 1arrfi qanaqn, zs+z;
i-,-ed---id,aia

u0nn'rnu0{u,nrfl utH[:uumn:snufl 2'lufl 'lu'l:o unr:oufr 15uuuul jrufr ofr ilnruat!trofl,l
o c d'r u o n' u r ti :r yr G u u b?rn' o u r{r rir l#q u r o { fi n 2 r l r{r l o l r n du fi n r r l n : v 6 ot o Yu lu n r :

a- - ;^rirrruntjl rtusfiu-nGuufiG0u ru nar{rlovGuu eiouldrl:v lurrfornnr:aouuayor^lroto.r

u-nGuufi6uuui.: rirl#uluuurvrr.rlunr:Gourfinnrrlxororllunr:6uulrnduuas :;ar
66q

ruarirrSolunr:Guu u"nGuurvrfrnnarlnrnnl-lofinrrrrarlunr:6uu rflunr:air.:u:,rg.:1ol#
- ai;a
rnnfl?rurfloLtlJtunu[0.: (r?rufiylu drn:R .254I)
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4.1.2 rn ufi 2 n?1ufil?firltntrnlrEuuuuuusias'tu{nna (singte student

normrlized gsin)

c
oE
Ito.!
6
E
oz

1.00

0.80

0.60

0.40

0.20

0.00

!nnoulot'l

t :i ai * liii rr

-: a:i-lt -.: !-lrr IL:]i

_{ t-
]T -i! ii:_f lril r,1

,:,] ,lal i:
l_rl ;il ft

o 2 4 6 810 12 14 76 78 20 22 24 26 28 30 32 34 36 38 40

nrfld 4.1 Hant:rGuurfi uun?t!d'l?fi #1r1.:nt:G0u[[uu:1uqnfl d

i - rt , jd e et!oyrn15 1n11!n1?HUl51UUnnn 1IX?1unt5UU11 :COUn?,lUfi1?fi rilO(ilU
- i a - a ! ,tr, j

:ynuq{mflofiou nltuulalyl 23 lr{fll Normalized gain lytlfiu 0.89 !iilu.]u I nu (nly{fr 4.1)
4..... ,! at A . a , t y !, ory!un[ruunuuluunumluu[:uu !nt:[9t:u:.t9t?o1u u{doa?i f rnourdr.i'uBouotir,r

:iddrld!o rfiolirlruuylndou n srirnlt yru1l'rurirn oruac ldrrn'rn: u[[n r!-no r!fl: rn'orfinr?o

a.rdufi ovnrlrdounSon;niufi rinGtruvorrirrrrufl nrin4nriokiocirrqndol unv0lnfl nnr:
.a-..."i.:^^.^.-q^.^^-."-.-".-a ^ ", 

dd -r:uuYt,.l'lultl tun'lnt:uuyt 2 unt:flnu1 2556 :1u?x1[nltl urgtu tlqrraSd u?1o{t.ln

tnln:e 4.0

1 e a i- s 9 ,, 'q - : .i fd?u u n 15 Bu yt u : r n ua 1 1 u n I ?fi 1i 1 0 q lu : y n u cilyt En n=o fnB uu larfr 30

. a_o - dt -a Aya n, Ilnnl Normalized gain [m]nu 0.46 !tirulu I nu rfluuhlruufruirGuuhjorirrauo t{'lrio{Guu

'flr hi#.:hGuu nouylurirjounulu#orGou uionn'ulu#o.rGuu rracrirrruxflnr-ndlri}J

hin:u hif,nurri?Qrfr ilfoum'{riounlunr:dr.:ru oshiri.r utocirdr rrnn.r ;ufinrou
unsflslruufl0uyrns tn:rn r: n6n1r [i uuSuuu: ?!!o 15 o rrl5lJrorar: ii'!vr-uf rir lnurn:sirr
rrrlrrncd d6ro.rrtq ntflGuufi r iJnr:flnur zsso 'ldln:o z.o d.roirfioolu#o.rfiuu

, h d i--:-- , eoutt l: nnt! r!0fl 01:01.1fl ?1uf rrurir: ruqnnaloluhGoutirulnqjudr
erd,.tv-j-v{1J?tunltuu 55% un11!nr'rfi{1mr{nlrrruuoglu:3eiuq{ [[osfr 45% fifiortutframrir

m r{nr : G uu 1u : yniu n nr,r
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fl r:1'rii 4.2 n?1!rirzlrflro.rrinGou:ruqnna

l.r.s urrd r nrrufiranrhmrlnr:risulluuueiosrdur, 1con."p,rrl dimensionar

normalized gain)

---..-..-.-. a . 1 e I - ,t
H O n 1 : ?lfl :',rC fi 9,i A dlJ[] yt f yt 1{ n 1: [: uu n 0 u ua s r n.: n 1 : do fl 't 

5 [: uu5 ttu u
i4ree^li
t1!uouncfl2un11 ulyt'1.:ntt[:uu : turuo] fla :1nfl ntn1:],tyl 4.3

fll:l.rd4.3 Hon'l:irflity#Hndlqvrfvrrlnr:6uurio.rrJilrorer:dlniuf,:rurdonr

tr - -- 1) , d I - - Zr!oy{n1: 1ft.l1ufl1.tfi 1r1inlt,tuu:1ulfr ofi 101fl[rxxylnflouxhr{aduqyl;
yr1{nr:6uu drivr''rnun o rio.r riruru lo r7o vru'irrujou rfiu-nG uufin yuuufi a-rli uurrav

Gain iirururinriau 1nu; druaufinriuu 13oua;y

High 22 55

Medium l8 45

Low

:1lJ 40 100

t:o{

NOdBU

no ltull

7too0u

fia.it:uu

x o/o SD x oh SD

l. !'laoynou 0.35 I1.67 0.53 1.90 63.33 0.81 0.5 8

2. u?oI!rana 0.20 6.67 0.41 2.65 88.33 0.43 0.88

r. Ila (riruruluaniuo1nlnlo{

ar: dru :u l! a nilx'la1 o.r fl t:
il?lrn:eioIuat o,:uflay

0.28 4.58 0.51 4.70 78.33 0.82 0.77

n. fu a lnerl#ln-uf,:su'jr.r

riruau]la oqflln !xa Irny

:JBurer:to.rufra;

0.60 10.00 0.59 4.53 7 5.42 l.0l 0.73

s. nrrlr{urJuto.:d'r:osaru 0.3 5 5.00 0.66 4.58 65.36 1.t7 0.64

6. nt:[n3 uuf,]: 03 a]u 0.53 8.75 0.60 3.63 60.42 0.98 0.57
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:cariunarurilarar?rrrlnr:Guuardqor,rdrldirnr:o-nnr:6oufrruuderLl^o luru{onrrto.:

lrnllraqa (Normatized gain = 0.88) ru'olrrnfinn::rufifiatnfiatu rinGuuldrriurnru -n'ufi

rr nlurnnarvir't:" uasflnnr: rrrrn )rraqaorne r:1u*isr:l:vririurorh fion:: u ,.A student

a compound" firinfiuu16onru lo l lnudrrilunr: fru aonndolriu Dougherry (1995) findrlir
--.e-- 4 e , a A -_--'-_- I ai, d,nr: nnnl: [: uuiuuur ?tJrJ 0cr,: nnnqun nsn ?t! dt! t:o rng rBoyrsr= riaon r:]fnyuuuotnnr:

mnaou nr:rhu uasnr:ei.:6rrddrdeolunr:doar::vr.jr.r{Gouunvn; rilufi.:n:rrlu1#

Hr: u u rn ofl ?1 ! n I ylu r[ n, : s riyl ti n rn l u n r : uti I o yr riirg u r a r u ru* on r fr rin ri uu fi : s ril
e e d ;i " Z i ^fl?1Un1?HU11l'l {n1: r:BustlT dq [UlUOt4tliOtnt:r$tiU!fl'l:AsntU (Normalized gain - 0.57)

4 ' u rC o h' e, dlYt{ulYl tlcu nt:0uu {roon qfl:?t r ouylu fi tgt'turj: lun 1:filu lru-[lJongio lrilul r I n{rJ niaodr I
-rl--.-- ,l i- u , l, . .il0fr0lJuuuylod0u [:o,t fl1:rgtr u! dlr ny d'luyt:.tt y9[un ?1lJ6'l ?filitgiludo.wi'in.ly{fr 4.2

nrnii 4.2 n'eodrrrloaor6o.:nr:rnluuar:agarudfi:sn'rnrrlfirrnrirvrxnr:ritrueirfian

rirour uunirfiuudau,lolvgso.; iqorau:i6r{lltrr:;lroriruqror:y rirufirralrvuac Iafin rlar
-iritl lf,insrd!frirauunfiriur: nrn al:oralo Mgso,ildur?u roz Inoural ir,rcr: iolr!flurrl u t.2

glcm\rdedol nr:rniuuf,r: nra lu ugso.fifior l:rr?udu 0.2 mot/dm'iitu?! rooo cmrlvriolld rtgso.

rriu{ri tox InulranJiurn: r'rurufiqnlrarir.ru6urn:rimufl!?aorerolr Mg = 24, s = 32, o = 16

rqosiinr:riruror

t. rrnlruirril ugso, lmolam')

10%
21111 C =-

M
10r10=ln

:0.83mo|/dm'

z. xrfirur ugso. cm'

finr c,vL= c.v:

o.8lmovdrnr x v,=0.2 moydmr x loo0cmr

Inorralrfi r:tn: Cruru 2lo.x cm'

: l.l5 mol/dmr

n-.riu wCo.rld ru gso.rril

Iir cLv, = c,v.

1.5 mol/dm' x V, = 0.2 moydmr x 1000 cmr

O.Z mol t iknl xLOOOr7nlv=
' 1.15mol/dm1

tezo'laol:anlir:tn: ri.ru?u I 7 t.9 I cmr

rumuriurn llraqa lrjl ndor

(Normalized gain : 0.57)
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4.r.4 uuufi 4 a?rufir?flfirnr{nrrriuuuuurrsioc:ru{o (singte test item

normalized gain)

- 9 tr, _ I
[1ro 11 01t Bl'llt mJ u I n 1: yt1.: n 1: [: u u: 'l u.[ 0 ?15 ou aelo {H adilqTiTl{n1:BUU

inrrudrenrhriiuodr.r'l:'ldrran.rr.rad,rnryrfi +.0

1.00

0.90

c 0.80
'6 0.70

j 0.60
g 050
E o.qo

o 030z
0.20

0.10

0.00

nrlrfi l.t r.ranr:rGuurfi uun11!r11.llthr1{nr:Guuurr:rorlo

4-vr1?,)
llJ 0 tI 0 t : 01'1 fl 'n u n'l ? l.t u t yl'1.: fl 't : [ 5 u u : t u d o fit 0 t u t o,r u u m n do u in fl a

r. _ 4 d I d! -^.t'. , , ;- d e eaxqylrml{n1:[:uu cr{ryl.:t4lto 30 d0 u.]lriDd0uytuhi5 r,uI:gn-un?.1!fil?fi1i.1 1{n1:Guu

q':fiqn nnili'iunr:fnn'l:6uufrrlldrln'o li'*ririofi 20 (Normalized gain:0.95)
A;-,)
drmnaolrfruanirnr:ril6uunilrunrrurdlr?urrniouavlnurLrnr{Junri:uluori6 (mol/dmr.y

rdo'rornrirorrdrilurirorldrunarli (rnowtedge) fl'r1!dr!r501unr:oniir qru:sn-l,

fl ?ru6r'un:o1o{rql d.:rilurirorlfi u-nG uurnorirudrlurruufl ntin uasu-n13uu'ldfl nfr
firn::unr:rrn':r,rd,r?u'o':ar:avaruornar:luiinrJ:vrirryu n-rodr.:oinryrfi +.+ ovr#u.ir

rn'ou-n6uu'ldaru'orJfrlG uovafrrolrioerrLidronuroroyrirl#u-n6uuarlr:nrirrloaor

luri'ruiil,i' d.raonndo.:niumqufinr:fiuufrirunr: a.:l'orJfrlG (Leaming by doing) un;vrqufi
nr:aitoarlfldrunuro,l (constructivism) (fiqur rurlud, 2ss r ) nrrlffirfin orn{Gtru 1daflrr
1
fi u!rro':uac nrnnr: n,rn'orJfr r?rilunrruffi rilu;rJr : : runv ovoqinrmu

Hish
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6or f auo;Iauurorior:o 1v"*,,t";

ilr;;Hill'EBEI
rilorr : l#u'nG uurlralrlui!riulunriisioon: Inorrn

io!1n (%w/w) tr0!rt:1trynuD6 (pa.acetamot) lrr0ilii
(Tylenol) I tii

..

-;

tiir. , d"

- ,.--. , Jr .." -. :,.i .l
,r.: .rr) r,,, 1el.6. r-.- - . j I..,1 ,LrZ.

. .t. 1=r '{r^ !': i,r.1fi\rhr

lr-r-q _. 
'!i^ r[ ] :c aj r. tr^

4.. - e s
Rt?tyr 4.4 sr?0uxnnn:: rtuasHnn t: H'1fl?utltiudul o {dt: nratulunriau5ooay loul:n

rrnar:luf,icril:s driu

,. yi-o o o , , a ;.! nq! qr 
"iaf'tut o unt:uu!5snun?t!nt?fi tm N n'lt[t rJugityl qo 'l6rln {0T 23

(Normatized gain:0.24) dlr{Ju nt: n"tu:ot16o':niuu rj eunarrLr{lr?ut o.: a r: nv o rurilu lrLa ri
(movdm3) d.:rilu r?o rordrunr:rjrorrlf hJ il:vond n ru: sniln?1u d'rrJr:0uo{ r ql In urio
.d,q2

fl 'lo llJlu un { n'lltYl 4.5

- 9 ia q , A d, ,;nlnr 0uau10{u fir:uuT [n 0na?[a0n tu{o 23 nylaonn?[n-on n frlrilufofr
a 4 u , - i__:: il - s 4 .i

Qnnnl u:0uny 27.50 d?un?[o onytnayllunc uuro-onru rnfr qn n=o ci'arn-on t fouas +5.00
."1^-----"--_-.i_.-. . ty-i- 4 v Gr4 I t itAluo.:01nflt0 tuufl"nJ t: nntu']lu ttiT {uuulytu!ljrunrei'[sr: uNri ur',lnrnoir duuuri:u uToasr:

riroudoii 23lnrrmarfiuruuu.:ntlufl ( IqMnq) dtu']u 59.1 nirL acaruluar:ayatu 100

r i- y g j
cm'drtaynru inatltuiljriufr mol/dmr (K = 39, Mn: 54.9, O: l6)

d ,"
n rn ii l. s do n'r o r u r r n y f o u n y t o.: rin G u u fi r o' o n n-rr a' o n ei r.r 1 1 u {o fi z r

3 (Qndo{)



- a qa
nio frrrinGuuu"rduaulunr:*murirnio16onl{qn:hiqnrilor 6rrir1#u-nGoufiorrrr{r1o
i :l t!
mnarqlnnou tu10d0l_tiou

l.z nerrrdrlorilduu6

tae 4 y c 6 s 6 ;- j FrJ?tufl nu 1n? I!11'l ti[t Il] tu!nIo Iunr5 0uyrG uu15 o r 3r r ar: duniuri Iou
a/
?rn irJ ?i nlnuu:lytn aou: vrjr.:G uurruurfionnolniolhirnelHnrJ: v nou lunr:1#nsuuu
nro ,i r ? - a16riruunrlou'[unorqinr:n'niu Inouri.rrilunaruuTrloau:J:oi (cuy nrrlmirlorfiullr.:ciau
(pu) nrr!r{r1rrfi u{:ir.:tiauuaciuuan:rr6nfi ru'nfl a1n (pu/sM) lrurner!6ofi r.r-nnnrn

(Stvt) rroynarl'hjnirln G''ru) ri'luanllunr:r.:fi +.+

4-- e ia Lnrrr{ 4.4 5ouasrotlina5uufrInrruuirhrL luldluru orreill rrnnr: :criu
rur.rurndou:c'ir.rGuu

F-.o 9 ily ; tt r A etlt 0 u 11, o! a m tn n'ln n I 5 1 { yl 4.4 ! I d5 1 I n : ]fl rfl O rtj- uu rfr uuo 3 lru u i0 u a s I o r

rin6oufifinrrlrrirlnulul6lurulourrir.rl lno:J:vrfiuornnr:riuu,an{iinr:riruau
luurrmnaor16onnounioll#nrqHa :snou'ldHori.:nrxfi +.0

ut{ult tuotll
nrrurirloulur6

CU PU PU/SM SM

I ulnosfr0u 84.',19 8.69 3.43 3.08

2 rralrrana 95.51 3.85 0.64 0.00

3 I l o ( il"r u r u I l n nlr.r o q n r n I o,r d r : r' r u.: u I u a fi ':r

u2alo'rdr: 3urn:ioIloto.:ufla)

80.76 t0.90 4.t7 4.1'7

4 tra (flIUdu uttsHtt.:0'lulI l!a oqntR !ta
ruay iurn:rolufla)

82.58 6.45 8.39 2.s8

5 fl't'uJ[1u1u10,l d]: a 3 a1u 78.86 9.7'l 5.'7 5 5.6t

6 n'l:r9rt u! dl t as a 1u '78.'t2 3.42 8.21 9.66



55

Younc

100.00

80.00

60.00

40.00

20.00

0.00

EIPU

El PU/SM

rlHuYt 3 rlHuYl 4 rlHuyt 5 ufluyt 6

- d-- r{ < e - cri .i- ,q r -,(Rr n 4.6 n'l:rlj:ulllylu1J50uaExo{gnGuufrInrrurrjrlouIuun-ruonreir,rl

0rnn'l:r.!d 4.4 rrns nltrd 4.6 rrdorh?r#ui1 rinGuufi6ouGolrJGlruar:druniuf,
S-. I ' 9alnunl:onfl 15a5uufurll j tlt-o inarlr{rlouIut6odr.ralq:ni (cut lurlolruaooyaorl !?a
Ilrnqa lln tdru au Iu nd'rorl Rrnr o{ d'r: rirurullarirrearo.:dr::JirLrsr:riorruaro,:

*6'a) Iln (nrrldln'uf:vn'jr'rrirueulla ouRln ,,?d rrnv irrn:to.rufrai nauuTl{uto,r
d"rr oca luua3 n1: rnlUrat: nvaroq.rn'jrfounv zo d,rrilu }JnrrLaluer^g ruruio.r orn: vn.jr,:

rS o u rin rl u u l df, n ri r uu rfl n n"n i n r : : c n ! n r r ! n' n n r o l u n {, rir l #i n a r r rr?r l t u a v d r u r r 0

rurihvrdrftyrrldodr.rqndol rirur*0.:nr:rniorerroru.,u,ilu,r{onrfifinruuhlofifinunro
.. A a tt j -q{ylqnao:0uns 9.66 ru o{ 0lngnr: uuu1[don an: lu n r: n'rurru 15 0rrnurirsr"au:J: nnn n ro

rirl#inauuirlonarnrndoulunr:ruia,nr:ngor.,#rnr:rilEounriau draoondo.rriur^ranr:
?._-. .4 ", d - .,!_ --r+ o! - 4 & A^ e e v l,?[R: tsflHndtJ6lytrflt{fl1:rrul.llio{ 5!101d]:dxylui :rurfrorrfr :yrilnrrt6rrurirol"r

1nr:r.rfi +.:y

llHUY| I IIHUYI 2

CU
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Ionti l. r':ururaI,,uqu.,,u,n',roiulrl-
(!2noYn0! Il'lg=14,S= 12,O=16, H = l,C= l2)

:. t 6rna'o qn: Mgso{.7H,o

[aaliinr:riutor (2.0 nuul]u)

roauiGnr:ri.ruaor

ualr:raqa = I (lraocno! x riruruovnor;

= (24 x l)+(32 x l)+ (16 x 4)+ 7(18)

= 246

ncu urdirl 2.0 nvu u

n:rr:rfilollul6odr.rarq: oi 1cu; , qndo{urnn.jr soo/o

3. r.:rurahmnato,r6Tr'0lUd (!?aocqo! Mg = 24, s = 32, o = 16, H = 1. c =

drnolpneio.r

1d z ncuuu

3.1 6rna'o trr: MgSOo.7Hp

. . atLcqn 
', | 1aeo, rvr r,4ma.r,rr",)'" - " -"t "" "'7',.

.. . : .1?.tl r }.1l_rr) r.1ril.tl:.:d r)
:_ ?4fl21-{1-tut 1 21! .

I ld t.s ncuuu

Itlluft't:J'ta0&n01ltrat

druruornorLiqn

ruavhlrirnnqor

1:.lurnnil

16 t.o o;uuu

nrurfilorfrulllr ri:uunsfiuu':al rr6ofifinnato (pui su), qnr?ol ar - zou"

, r;;;il"r:io1ud(rraavno: r,rs = 2a, s = 32, o = 16, H = r, c = t2)

i.nr ii 4.7 si"rodrlnr:riru:oruxurndo!:iH'ir.:6uu6o{rrralurnna

nrrur{rlnrfio'rlrrri2u (pu) : Qnriar!rn ait'tg - sooto

:. rrraralnraqaiSiilgriilffi t*uurru, n 9 - 2a, 5 - 12, o = i6, H = 1, c =

,\2)!(\lri\l
3 3 ;m6o (r, rtso..

. [.qrr]-)1.( zr.r: ] r rr

3.t irn6o p: Mgso..7Hp
: rlv'r,\+ fgtrr)./'irl}). 1lr y r
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Iontin'rnrr'rurufu otorar:siohJdriruunrra

0yn01l Fe=56,O= 16, C: 12, H = t,S=32

l.l Feror 125 niu (l fli[uu)

loau?nnlro'lu?01

2f trydnt

7.1moL =k= #= o.7}mot

l.2mol
N 1.40 r 1020

6.02 x 7023 6.02 x 1023
= 0.00023 mol

iGrfiorrioJESln:uxri

l. r Fe,or r60 niu 6ar{lu r llJa

Fe,or 125 niu 6ar{h o.78ha

I.2 Hrs6.02x ro"Iuraqa aarijut IIa
H,s l.4ox t0'nltrnqa antiluo.ooozl l:.la

flru uldi 2.0 nyu u

1.2 Hrs t.4 x to'?nlunrla Rerrlru)

1.1 Fe?Or 125 nl:J (l nluuu)
!-. , lr

.,',I
,.'..' .-.,',','','',1.,,-- t ..:.... .

nrrluirhrIul6otjxalrJ:oi (cu),

Qno0!utnn?1 80%

r: H,s r-q , ro.'f""'a" ( i-^r*"J
o

,_a,ryl,-:*, I

,"-(' rI
l

fl ?1!r1r [nt?lulut{d,)1r (PU):

Qnoo r!]nn?t 79 - 50o/o
nrril:aa luraqabinnld r.s nzuvu

I1",:11"1t'',"'-"
,20 .

t.2 HzS | 4 x 10 bltaqa (

- i-
fl 21lrtlt lnrYl u tlJ I l aY?ulras uttu ?fl't1lJflo14tro?i a10

(PU/ SM) : qneio': +S - zO"z"

ruu:arru6nfi fianatn (sU) : Qnsio.:faun.jt 20% ffi
aejsolfln4.8 n?0u'r.rflltfitu?0lulJUYln dou:sfi?t 5 uu[5 o { [un ( dlu ?u ltan]-!or{n.lnuo.! d1:

riru'luIlnniuleoro.ldt: Bura:eiolrlatolrrfra)
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Iovrd ufrndordrfidiurn: ala "r'd srp
o t,ri!?a 0.60 n5! uridfr tosriluufi la (0.5 aruu!)

n. NH3 1. CH4 @rr" .t. Co,

rrdo{iinr:firll?01 t.5 ncuur.....................

loau?fnl:R'l:fu
g 

=vuw 22.4
3.60 0.448

Mw 22.4
0.60 x 22.4

"'* - o.q+a
M*=30

u'ra lurarlo

n. NHr = l7

1l CHa= 16

n. CJI.=jO

l. CO, = 44

nruu rdi 2.0 nyulll{

rirnorgnrio.r

16 z ncuuu

ra0n lY(nruac

ttnunln uJS tetQn

Itnnln0!fln

ldi t.s nsuuu

orruuirhrfr ul!r{ri?u ( pu ) : Qnsio turnn'jr zs - soo,"

a. ufiadmrd.riiliuTr 448 c.' ; 5TP ima o 6o ni! uiafircriuufrlr (o s rruur)

n. NHr

umri6nl:dru1 (1.5

n. cH. i. C2l-16

n':l:r{rlorfrururl riruuasfiuu rn:l:n'nfrfirrata (pu/ sM), gnriol +s - zo"z

c. urla.uirnriulGll: qa8 qn' i srp frrm 0.60 oil s,iafiirqcr0lu,5alr (o.s n!uu!)

taafl t$tlgt:lla:ll14u

rirer"':urJ:1dqnuei

Irfldunl:Hn

ld t.o ovuuu

ruu:nrrl6afifinnara (su) : Qndo{doun'jr 20%

r,fiarriffi":rli,rri'qls .,n' i # ftr,u or0 ,f;;cfi;.;;"6;;;5
n. NH, '' l CH, a Czlis t. Co,

llnfii6nTd, 2oJ (1.5 n!sw)..... ,......_ . . .-_ .

ra'onldgn:ldqnud

uYrufiln-xrr rrla&

r 6ouuriroorru

tllmu HFI

lfi o.s ncrruu

orild 4.9 eiaodr.rnr:rirurilurrrndou:sfi 'ixfi uuriorlun (n?r!d'ufliudrE14'irro'ru:u

SArl
[rJa oqntn !?a Irav :rl lgr:lJo lnfl)

nrrlrdrlnr:Iuun^otjralrtr:oi 1cu;, qndo,rurnn.ir 8ox

. a uiatirrigirlirLrr clS cm' # srp irrra o.6() niu uliadlr1rrrihuial, (O.s nswlJt
n. NHr n. cH4 \ c.n" !. cq

lt'arn_6lr1ri1l!i(l. I1.5 GruuL)..r........ . .....1 t1 -. . --.. -.: - -
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Iomti r. rdoHalrjlna'o (N"crt niuriu o.+lr:ar6n:

" .- : -,o"tr.rru :o cm' fluriIn6o (r.uct) r{rrrlu o.lIlal6n:
druru 3o cm' dr: ac a ruHaufin rr!riluriufiIr: al6n:

rirnlorraornor: Na:23, ct= 35.5) (0.5 nsuuu)

@0.:s t. o.u z n. z r {. 48

roauiintrriruaol 1 t.5 nurru)

CrVr + Crv, = C,,,V,.,

(0.4 x 30) + (0.3 x 30) : (C,,,x60)

c,., = 0.35

.'. afi: ararofin'rlurd!r?l 0.35 mouI-

fr rllutgtu 2,0 nvttuu

orrurdrlnlluu6odr.rall:oi lcuy, qndo'rllrnn.jr sox

rirn o rq nrio.:

n':rrr{r1orfiu.rur'rri?! (pu) : gndo.:rr'rn nil ts - so.t,

run u rir lrr qo: ldq n

ueiuflar: nr: ua* a1rl

rirnorlrlqndo'r

ld t.s o;uuu

n?rrriirlnrfrur!r.rdruuaafiul:orrl6nfifin a1n (pU/ SM) : !neio{ 49 - 20%

ruvrurirluger: hinn

ld t.o o;uuu

ruurnrrliafi finrarn (su) : Qneiorioun'ir 2ool,

A.
R-l?tYt 4.10 a?00tnn1:frlu't0lu!urndout cl.t'n{[:uu[5 0{ntt[n: u! d1: oua'lu
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4 ,q o :- i ^0lnn1:flflulft?11trt 1titn.:u tuuglu0,:ufl[t uuyl[tuu[t o t :!lgudlrtiuy{ui fluil
.ls
rTo{ u?a-[ rana uhG uufinrrr.rnirlnl]ur.r6odr.: e !U:oi:.,rnfi dnrfl: rcfnG uu1ffintir

4r o ' i, aruuullnrh iar on::ln{llufltr Idulnrl unsrir"lt.t.r rufr,iauflnn r:fl"ru r ru.]olurnnnntn

ar:luiinrl:vririu rirl#u-nGuudM:ouyrurir{ouoirnlirdn{luqa:uasuddrnrr'lei
- - r, i --. ' i- o
Sneio{ (n1ilfr 4.7) .i?u d trflqfi fni5 uu uT'rln rrlr{rl nl lul6rfio,:ur{ri.tu (pU) uacifl?l

yo d - J-
rrj,r tnlru{lJ lurjgrlflu,tu t {d?u[[asLluu ?n ?11lnayt,.tolr a1n (pu/ sM) lru.jluhGuuu.lrd?utit
a{ 4 9. a q, ;- n,^Iilryrrriuaniunr:rAonlf,qn:fi,io llrn=lr autolat: riru?0lH rrr?nluron notnqflr lurnq o

,<da
Hnflnla uoctlYluflll0!nn tfl tnfluai turyn:fln

i^
lu.r*o 

=n'r: rn'n [rir]rrilu Iu161o.:ns lruurs]J'j1{Guu (elt:rrfi 4.4) njiuulfiuu
-e-!)eal-tnr-tn'lrrri,)1rfrt0{Hnd'uqm;ylt.:n1ti5 uuuux[leiaclfrourlJ olu-nGuu 1on:rlfi +.:) wnl.jr

,, - q A t a - o d eo s r ;un'lrxf,oefln0inulur:8i!1nt![anaryIunrtuunn?tuldl]0!lulnourlall:airJ1nfrq6

(cu :95.51) ryinaruriranr?txo{Hditqrdylt{nr:riuuurndao 1<g>: o.ts) r*o.rnr:refiol
- - .i-dt:nyarufni:uuin:r1lFirlr!Iu!a-llu?n' lJft-nfia'nvrnrnrJrnfiqa (SM:9.66) isfi

9e.4n?r!ri"t?flri1ro{Hnd qyl;r'1.:nr:Gourirfiqn (<g>:0.57) lursusfi6ortL.taoraorlfi

n'llunr?Hu'rlj0.rHaflrJqTrytl.lfll:[:uunouit.r9i'l(n111yt 4.10) 1n6ln0{nu150{n]:tn3u!

fll:acar0 (<g> : 0.58) usifinarlrrhllr:Iuuei'odr.rerrl:oigln'.riouav s+.sz d{o-l
rr.'.. ,) v ". I A - ^ ""1,"tu donn no inu yl.tuotntuo,uJlilnofluiuyl0tfl0n::u11lilunltnnnl:Guunl:dou'[ri
v e Jy dA qv- e edlJlru!lodouuuu'tnr.rodlJ6l Ecr{ l"irnn?1uti1?Hr:t11t{n1:[:uu

cY4rirorrioii 3 !lq x i Isotope 2 ria fio ttn x-tz fi sa.ssz firlraosslou 12.00 !tE x-13 fi

l.l?a0snotJ 13.003 n{fi1!?00cq 0!tqau10{n1q x

fl?raon nlflou v v e 4lal
touasto{unHUumr00n

n. 9.89 (e.r'n) 18.50

1. 12.01 (qneio'r) 29.00

fl. r4.38 (fin) 35.00

{. z4.oz (Aq) t7 .50

a I o I a ,1
o]YtYt 4.ll 1oft'lo1![ay:09 n&1o.:un[: uu laonn?raonnlidl [:0{!2nov9tolJ tu.rJoll 3
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4.3 n ?rufi{?rotosionr:o'onr rr?auYuuui .lrlfi o

o rnnr: irn: rc #rru u dori ortLfl.r uJ u'.:n olosion r:1{fi nn:: ln r:13 uufurriarul'o
-ri--s y 4 - i F q s /r , )[ 011flU1Hdd f]yl[fl1{n'l:[5uu']sl[n! [5ot :lJ'lfufll:dxy{ui Inourritrnhuuns[[ aHn

n21! ltlUflltQAU q{A1:',1.:Yt 4.5

a qea 4 e ' a .l - - /9r:t{11 4.5 Hnfl?1u11,r110 t001nHnn1: linnn::!n1:rttj 5uuu j ?l-or1r-oniotu taod!qvri
.A

1{n1:r:uu'tYlrnur:0 rI: !'l0td15 flr un

?t ,runrflJrErfiu nltoaa SD fiilano

1. olun:fldatr
e,^ 2 )

l. I ngr yr'rufl 'r'l1Jfr6lrfior6o!lulriufi on: : unr:

Gouflnri

4.27 0.75 u'ln

l.2 n:o-nfi 0n::!rir1#}i'rJ6lGn3IInu1#ar:rnfi fi fi

oq tul?nu:;n1?

4.27 0.69 utn

1.3 ninoul#rituucf l[{lufi il;nu rlunr:,0"'onr:6uuf, 4.34 0.65 rln
2. druiloflgrildr

2. t fi on::rluununr: fonr: fi uufin:rur rrcarln-lr

un[:uu

4.29 0.51 uln

z.z raarfi 1*1unr:,il'nnr:13uuirfi 0.:rrouasrfi rJrsdrr 3.90 0.72 uln
4u

2.3 ltuur.lnHn/ u1llJ ndou uft?'l1lu]n {'lu[l.tlJ]ydlt

n un[:uu

4.12 0.55 !1n

3. firun:vreunr:
. y *i

L l fll : uuft?u?f u dllr'l:olt'l lfi ufl r:uursuu ta0fl r i

dqn

3.95 0.87 !1n

^,'*!3.2 n t:[: 0un']u'lruytl trunr: uu[11110 lridl auriiu

; rJt:: U

3.95 0.7 | uln

a s *J A d-
3.3 flt5t:uun'lu'lf u dl!'l:01111rddu r${n.:na [0

,59tufl1:rtu : ts

4.07 0.'74 lJ1n
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.r < o cra I e ' 4 j Iottr{ 4.5 ,.rdn?1r .: o tnnrnflnnlt [.rfl0n::!nltr: uu5rruut ?uuo[ -oltolulHnduqmn

-i
Yl l ifl 1: r:uu?Yllflu[: o.!lJ:1110rdl5 fl! un (n0)

l a o n t yr r r l rin G u u fi n a r l ir' r n o h ri o n r : f,n n r : G o u f r u u i l.l u' o rd o r rJi rL r or a r :
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Abstrsct

The aim of this research was to study of normalized gain of student' leaming

achievement through cooperative leaming in the topic of stoichiometry. A one-group pre-test/post-

test design was used. 40 students in ll'n in first semester of the 2014 academic year were

participated. The research instruments were a multiple-choice achievement test containing 30

questions, and questionnaire. Analysis of the data using class normalized gain showed that

cooperative leaming resulted in an overall gain was high as <g> equal 0.?1. Some individual

students' normalized gain resulted in high gain and medium gain were 55%o and 45o/o,

respectively. There were no low gains. The highest and lowest normalized gains of concept

knowledge in students' achievement were molecular weight and preparation solution, respectively.

They were fairly satisfied with this instructional model.

Keywords: Cooperative learning / learning achievement / normalized gain
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lriui.: rir}i#d13uu'hiuirrl:cauHodr# o1unr:Geruld' rirurifi G ouuiroyfi nrrruuhlolu
t ). a4 hra L{de,A "oe,teY e)tu0fituu.'l 0ncr{n'llrn lY{:1s tnaru ruruol1lr nruu tl-runl 0u ytl lfi tom{n']1u5tt0y

rJ:saunr:ai riluarab{rinfiuufi ruoii'r,qnfqrdu rfieur rrrrufi , zsszi

nr:o-nnrrfi 0uf,ulrLjalfiourj.rr{iufi atug rruu'lslrri nr:aitHnti'lqrdtolfi ru

(Student Teams Achievement Division: STAD) uUundilttdlnh (teams - Game - Toumament:

TGT) uuundlj?ul'o (Leaming Togerher: LT) uayrruudotrfiuu lJigsaw) fi,ruoiavgrJull
-lq'-A,[11U',rs6lUfl]rrU01{r tU[[qnynflu y 6i111:!n]:d5t{Hdri qTrx0,tr (Studenr Teams

Achievement Division: STAD) l]Jritsn-tLruiom rfiriourirlotnua sliiuy{8ug tur o inl: G uulu

n-ariodol }l drhiuirhrudorirdudr rinGourv'hiarlr:osiouonn?rilrr1r10luy'?riooiolilld'

^ c., - I -idauuulnrjrttrjrtYu (Teams - Game - Toumament: TGT) rfi tvri! nt: fln nt: G uuf,nluru on rfi
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t 9 .{ o | , q9e a q I
noutl1{u]n cr{n! nsu::uluulnou [rn? tfiuflr:uu tuun 0vnnur[1{ nufl 01Jft'lollJ uot[[uxnqu

darl'o (Leaming Together: Lt) u-nGauuriavn{trrrirn ol rrnuv rilG uuffiog roi ul}flrnio

srorrirnrrlulu{-rurracuuueiour,lou (r,rru)) rr!rcniuruioHrfi,,rjo,ilurirriu,juor
,zldtur,,(dulr:.: dyrr, 2551) lnu rr0{ [u0 ry'lu 1: ouu flijuH?liouou ]6un dru:u lrj oriuorln rntol

ar: druru]rrariu!?a,uo.rcn: il3l rn: riolu otolufra riludu
a -. ; - 9 t

i 1flfi t5flnu'rHanl: ?0ulnu'tnunl:0nn1: [:uui uuus ?!ro Iu:'lu2y1[nunluf ?"[0

eir.r1 rriu nto - rud lnroriu oilqaolq.r,2s53)'lylfl1rnfi (n:fivrti rn'olude, 2553) hnuau

rJBuroreiolla tqnrx u{lu6. zss:) nu'irnr:fonr:fi uu{uuuialsorirl#HadlqvrfvrrrGuu
I .^ - q a d

61.11U UOsUnr:UUUn't1Ul{.t1IO L0nOnt:nnnt:t:tiu5rruu:'lutlo0q tu:gFlu!'ln ( :}]flu
a e - i -J- -ruorud?, 2ss3) unc:sniurnnfrqq (riruiu r Irnaaiadnqiq. 2553) flqan:: nr:dr{runrjil

3 4 -!, A .
1O.:Unr:UUg.:1U (d?td r.rarnn,2550) n.:uu [1J0n]: inn t:[: uu5 uuu:2 r01 t1t,?11[n!lit
q, - 4 q ' e t a i d ! oo,t Hnd!qflrT1{n1:[5uuudsn?tll.:yl0[0a0fl1:nofltr[ruu;[[uu:']rJrJotl^l!liuuncu.rlillf

:, J e s t ,r1u I ,,,ea e eun[:uulJmn!gnr:ylt.:tundlJllllJtiu 6?u[ltflfln0tnnt?H200ni t6flflutn?1unt?flu1111.t
/ 4 

' 44nlt r: uul0nHa duflYl t Yl1.:n1: [:uu1o.:u flr:uuHlufln nr: unl:t: uuit[1JU 5 ?lJ!or:0 t:J:lJ1ol

ar:dlniud lnorfion:rlrruul#aonndorrirrdorrGo rrJ?lrE ar:dlyr-uf,1uusiocfi-rrlo

ierqrJr;olri

- .i a e 7, - :. o ir y.l. r11ofln! tn'tlun r?fiu11o i9induqflryn.:n Ir r: uu10.:uflr:uu1l lfr5unl:0nn]t
4 , , <.i a v sa
It uuSttuut ?lJlJo[t0 illtu l0lfitt duyluf

zl< a ) a q q ?2. [110dfl!1n?.l 1.: 0 [nn0n1: dnnl:[: uuSuuut?u!=0 [50r i11101d1:duy{u1i

2tnlt?0u
d, -- Jl. SUltUUuHUnt:fl nHl20U I u{tuT0gn{TAd0.l (euasi-experimental research)

lurun.i116u? mnfl oxriou6uuuoyHa-{6uunr:rnao{uuu'h;dil d.:fi uurLununr:i,t"'uriiu

UUIJ one group pretest post-test design

2. :snn:uosn{lfrrodrr :;srn: Li'uri rinGuu#urirulf,nurflfi s rrruun.l:
4 a t 1 -l 4, 4 vd oltuu?yru lfl]dn:-fl nf,]dgtr ntftr:uuyt I ijnl:dnul 2557 unGuuti.lu?u 5 rio{Guu:1u

zoq nu diiHonr:Guurndulu:roiyrrnfilunrnGuufiriruurrvirri'r z.z: ndlsr-rotix'kfur
sr9a^)
tnun 1: EtJuuurn 1v n l0lnu: sttns dlu'lu I 11o.rr:Uu titu.lu 40 nu lnuHnnltGuura60
.l a a i'
tut 1u ?n lrn!10 { na!n ?0u l t Iun 1fl[: uuytHlu! tlTlnu 2.71
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r. rnio{6oiljlfflu.rrui6's rl:snordau

t ) rr ruu n r : frn n r : G u u f d: un r : G ou f ur u i r l l' o ri o r rJ3 l rru ar : dl n-u f
.J i
ur4.:111JA 6 [[HU e.:Unni tunltltyl I

s , a .iq 
'/o 

! , zi ^ a a t9r]'r{m I lmnufln1:0an'l:[:uu! [rxu:1!!0yt tf tuluofilnl{"1 ri0,r i!tiudl:drjyIui

2) uuulrodou?-nHaf,iqvrfvn.:nt:6uu riouGuu (pretest) uayudlfi cru (posnest)

-!-..- -E- i. e 4 o -- t & ar[to't ]J J tolet'l: dlJltun 0tuzu 30 1.'0 si[1]ultljUytodounuutFlu?nu

3) uuuf, ouot!narrLu'.rno1oornnnnr:1#fi on::unr:GouYrrlu j a!iou{or(orur
- I -iHaduq ;m1{ntr G ouisrrofi ri o,rrJBru rorar: druvflud

^ Jn a t I 9 d4. ?tntt?tn:tsfito a n'l:?[n:tE n?t!flt?t-lUtyt]{nt:[:uuto,rHad!qmt

mr.:nr:riou + uur lduri rrurusinv#uGuu urrLrrrias: rurnna rruurrsiacru3ofir rrasurruei
Toposttes t- o/op retes t

As: lU10 (Hake. 1998) tnutidn: <s> =-" IO0-o/opretest

ffi,ru

ll
I.

[u0fi1?t1
011{-Ju

nlu
rrofinfili Sfl lrtrflu:

I !1a0gn 0! 2 TGT tn!Ilao;nOl]fi::U t/ do power
j

pornt l:0 {!140&9l0lJ

2 lrafuraqa 2 TGT rn u n'u fi u r a h ra q a rri r'[:1fi o n: : l
A student a compound

3 lua (rirrru Iua ri':r ol R r n i o,r dit
rirurufu a 6'rrra torar: :JBr: rn:

cioluorslufra)

4 STAD frrn::urlialrrrfuar
.ii.
d0 power point t:01lUn

4 Itlo (n r r l drn-u f,: s rj r,: r'lr r u

Iua oqnrn !':a rracG!rn: io,l

rufra)

3 STAD fi on::u'tonn:.u:cir': dgl{n2lu

r{r10"

5 R',l'llr ti,lJ 11110 {dt5 a! a 1u 3 JIGSAW
A srl

nltmnn0t t:0t n1tlJlulJ1u,t 0{

f,t5rR! tnan 2

6 n1:lfltulJdl: ngat0 3 LT nltmna0t t:0t nl:rgltuu

dr: d&a1u

tltl t't
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zi4'c';dl
UJo <g> nonl Normalized gain, 70 posnest flOfl ][q AU10 inytluudoU nl[:UU[llU

r:lofrduoi unv % pretest 6orirrnduto.:fl srruud0uriouGuuriiuulofr4uei

rir .gr fildlvo(ilurix o.o - 1.0 drur: orrli.:: urilto.rrir normalized gain ooflril

n{ruld': :ufliu 60 High gain ,flu#uGuudl,A'ri1 <g> > 0.7. Medium gain rflu#uGuufildrir

0.3 < <g> < 0.7 unv Low gain rilu#uG oufild'rir 0.0 s <g> < 0.3

,{a/ 6r?rjHanl:e6'u

gr0u?t I fl afluqmtnr{nr:1:ur{
i , !^

1.1 llUllYl I tlUU[[ndYtU[:UU (Class normalized gain)

.r y y d ' {^ - L
9t111{n 2 fl 21Un1',tt4U',t?l1tn1:[tuuttuuunasyu[:uu1o,:Had!qmtT1{n]:[:uu

-/aejflJlruur.laduqYl!Yll'!fl"tt[tuunoultoyfid.:n15snn'l:[:uu:uuu:?lJ 0 n1[aa0

lyirtirl 2.30 nsrluu [[ns 21.90 orrtiirniil (nr:rrfi z) ,,urfio a',ru,i, rn ri]mt{ ntr G uuodlu

tEniUq'! (High gain) (Normalized gain : 0.71)

i,
1.2 tlUUYl 2 rluUltn dVllUlflfln (Single student normalized gain)

1.00

.E
ro

E 0.50
tu
.N
lE

E 0.00
oz

:-l r+4t --. d}l )q ta, t d f:, r a
Hioh

Medrum

Low

o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 aA qO rinFuuratd

fl0drqnf

ltl.tRtItrgu

nttflodou fl:[r ut9lu x x,%) SD Gain

nou[tuu 30 2.30 7 .67 t.20

0.71 High
?14 { [: UU 30 21.90 73.00 2.56

nr ii t Hanr:r 3surfiuunarudrrflfirmr.:nr:13ouuuurruqnfla dlu?u 40 nu
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4 I 9 a , ,o I
ufl [:UuUfl ?'lllfl 1?11u'l:1t,qnfl 0 !fl 'l0g tu:EnU(,r (High gain) 1o lHad!qTi

d A df 9 dt to -. I
r r.:nr: [iuun-olilu Souay 55.00 rracfirito(i1u:;nilr] runa N (Medium gain) ro,!Hadr,qylf

d a dr rl I i '4e 4 A- e , - :
?11.:n tt [: uuflaluu: ou ns 45.00 [9u [!uun[: uuytxfi'] tltfi'l?lJt: tm I tn t:Guuo(ilu:ydu9i1

i,l
1.3 ttllUll 3 UlJUUnAylUollt (Conceptual dimensional Normalized gain)

.i- a / - 4 - :i F u @ r J9lrrr{n 3 flnnl: ?rn:]sfiflndrJqTrT'l{nlt [5 uuri ot :!16udl:d uli :lulfroH1

n?1urir?firirrr.:nr:Gou:ruruJonr fifinarlrYrtnirq.rfiqo6oriorlaallraqoinir

oqjlu:rnilq.r (High gain) finarlrirlrriroirfiqn 6o,donrrio{n1:rfl;u disnrnrtr firiroqjlu

tyni lunal{ (Medium gain)

1.4 uutld 4 uuuuddsstu{o (Single rest item Normalized gain)

HiCh

Medium

Low

12 6os166oi 18

d-!ae-a
R1?llt 2 Hnnltf,n!'ln?1lJn1??t{tr t{n]taSuuuuu:'luriol o i,{nd!qmt*mrrn r: GUu

ruion'ot:orrnarlriranfryrr.rnr:6uu:rurTofilolurotlruurndou.r-nHndrtqvrf
------ t1 AeU e -.-.:--r1- -. .i-4 e e a j
mr{n15[:uu cI{!1lt rn 30.[o lru?l1i0floxylunrt uu!:Jnnn.]]uril?fi1i1111{fl]:G UUq.:fiflO

a Ii, 'e i Ah0.: tn:Un1:nnfl15[:uUiuuUr?!xo 16[[nfoyt l9 (Normalized gain = 0.95) filmnCOl

.s 388
s 8?8

I H.iflq 0.30
E 0.20

! 868

Itflult
flodounoullUu llod0ufla{tltJt{

x o/" SD x Yo SD

I 0.35 t 1.6'7 0.53 r.90 63.33 0.8l 0.58

2 0.20 6.67 0.41 2.65 88.33 o.43 0.88

3 0.28 4.58 0.5 t 4.70 78.33 0.82 0.'1'1

4 0.60 10.00 0.59 4.53 '7 5.42 l.0l 0.13

5 0.35 5.00 0.66 4.5 8 65.36 t. t't 0.64

6 0.53 8.75 0.60 3.63 60.42 0.98 0.57
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i.ti'esesd,'riurdunr:r duufi u'run?r!uiilriu01n50uns leu!xarilur,rrjrollnr36 (moudmr) rirur?0fi
e e, - : i nv ' r, j i d,

Unll UUIJ:snUfl?1Ufl1211111Yt1{n1l [: UU9l]mqA tOttfl lJOyl 23 (Normalized gain - 0.24) cIiI U

".i9ydr<an'ltfiruafuliuxriunrjet'rnar!ui!iiuro I dt: nc a tutiJu lru n ri (moUdmr)

aoud z narrf; lnolosionr:'li6on:: orrGuuiuuuirufiorrdorflorurruafirond
di a u u Jn1{n1l$tu?nltn tto.tutulotolldu un

^ ? q ' qra 4 9!lnn1:?rn:lcfiuu flouo'lun?'llt tll0 t0non1: tfln nn::!n1:[: uu;uuu:']1[J o
:la e e I ^ .llY{0flfl!tn?1!n1?flu't1l'l{n1:[:uu10{r{nduqTtyn{n1t[:uu10{un[:uu lou]t'lfllraaultnE

ru a run n'r 1 x fi ! r uri r rq 6 u In u n r fl : r ! fn G ou fi n r r l n' l u o l o o qjlu : v 6'l l r n ri r rq 6 u ryi r niil
4 s : -, j f, 6 d,

4.13 t9Uunrruu[14u6?u!lnyrqn!flrrQnuu]nytEelu4tflu 4.34 'l1n: n oultlfi'tlru3 glrilu
As
Yr u : nu l tu n l t i n n r s [: uu I : o i d.: rJ r 6 o fi o n : : u lu uHu n ] ri'n n'l: G uu fl fi n r t l ni l t y au rirj

t,t q I 94uflr:uu !nltndu[Yl1nu 4.29 d?ul?n]m [i tu n ]t 0an1: [t uu5 [11u{110[[aylHtJ'tgdu lJnltnou

rirfiqnrvirrYu :.lo

ofiil:rsflanr:id'a

l. nyrtuuHndlJqmimrlnr:Gouttuuusiosfrur?gu (Class normalized gain) nl'jl
y e) ^ !, '|-U:g9un? lUfl'l21lUlm1tn1: t:UU1l{YUr:UUflU lloq IU:EnUfl{ (Normalized gain - 0.71) ltdo{

!, - < ari ,l a @ v r.oe)
?'ln1:onfl1t r:uuSttuut ?1J!o 611fi: uufll: uuluuttjlJf,nu t yt 5 [: o{lJ:lJ10ldlt dtJfiu! ?iI tli

rinGuuinrutiren#rmr.:nr:rSuuoqjlu::n'rqr d.rnnnr:i'i'e,riiulillufiarrr16uariuri'r
^-i ra i - c

{ 1U?nUTlU: UUrYrU11910fllJqmn T 1{ n'lt [:uun0u[: uurlnyfla ili r]u?'tq irju0u'l.tuuudlfliu
A - a , , 4q ert tT:vnu .01 10rfl1:nnnlt[tuu5uuu5']uu0 [u:1u?y1[nu9]1ltH?{0nlt"l lcu n:n - ufl
lnraGu o'rqaarq{,2553) }.lfllni (n:fivrd rfio,:ruYa,2ss:) llauo;il3rnoleioluo (dnryl

[[uua. 2553 ) y{x ?1n1:0ofl1:[: uu5[ruu:?urJofi 1 [f fln riuqmnm l t[: uu ( {xu [u o{ n tnun[: uu
i.l a , I I q9 a.t , c 

- 

ceud?u[nu?10tfllJfl1:nnnt:it0!n un1:dllJfllu:rulutfidri1ynlun0uflt ry{os$ioil.in]t

irn:rv# duo:ryrinerr:f rioXn 1#oqjlugrJfiwr{r1#u-nGouuirlorrnfiqnuliorirlilrironon

Ii'nh{iiu tvr:finti ur'orruir.25s3) nrsriiu{dlrJb{rirnu6uovdorroSurnr:odrril:vfifl
* , q'.lra ynyo.i

ttns:oljnou crt0g!?u tl1fll:uulnfffl m r:uu5 t6nyldo :?uo tnl:'16u d?ut ?!lun 15 iuft9To

sionurourasrion4, fin'.r*fi,Jr.,, rran.rnr]l6nr#u l,lt''rnu',r0;rr;, finr:d:urun'od'u lnu

!nrrrryirrfrulriuro.:flcuuuuasHn{tunduiHneiodurinlun {l (d18fi flfladrla,2547)
-42. nyuu ur.ln dll flll f m1{nt: It Uutul lJ[[n as: tUtnfla (Single student normalized

. , -..--.-'--!a-q ia v I 9 tc - i hr,garn) ?]Un[:UUYllJtsntln ?'ltJfl-t?fi ]0q t lJnUq{,qfllfinI Normalized gain lyltn]U 0.g9
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i A - - i a1 j w a <lJ01u2u I flu (nly{m l) cr.:u n[: uunuuu]unuytxtjuBuu rn'l:[fE u!e]-?o.lufiri{ do ai?.rr4fl
-,- e !' 4 ' :, n on0u[114u[: uu ou l idlJ'ltduo uJollluuuyln d0uns?i tn1: TlJ1l,]ufi'tgtourtas lf,l?a1fl5 uuny

zi -, ".d i 4!no1!n! r!olnntod{duflnEo'lltr11ou14:0nt muyl u fll: uul0u?i'lrluuAnfi nunrio'[60u1.:
- - t, - ;, q 4 i ar a j -
Qnno{ uae01nHdfl15[:uuytHluul lun1flr:uuyt 2 nl:fin!1 2556 :luaxlrnu[1rurn! flfluay

fl!!5ro.:nrq'ldrn:n a.o riIurinGuufii:sn'rnarlrir.:nriroqilu:vn'lrirfiqnldrir

Normalized gain rrirril 0.46 idru?u r nu rilurin6oufiuirfiuuhjalirauo r{r#orGoudr
r '!c o .l ohjn''.:loGuu youn?uly{-ounuluriolriou nEordulur{olGuu [rnyli'luuufln#ofi1#}J
vf-!-..-..-. q-!4-..- -. ..,,- n ,' ,, o r 14,'tlJfl:u tllflnu1a?{fiu1 115ouylirlolJn lun1:d{ttu 0c l dt fi5odt"i] 1lnn?1!tuFloyou

uasnJrluun0uYl iy t6t unl:0fin1:[: uus uuu: ?uuo [t0.] :lJl0ldt5d ytu1ig1-1 [ouln:0-ry1

rreluocdru6loirtel nlnGuufi r flnr:f,nur zsso ldrn:o z.o d.:eirfiqnlur?olfiou odrl'l:

finrru rdon-rr:ru1axr!rYr?fi#rrru nnaxo{fnGuuriau1nqjud'r nil.irrinGuu ss"/"
ILaiqud.id
!n?1rJfl1?1.rU1Yr1{n1:l:UU0qtu:y9uqr [rncu 45% ytrn?1xfi1?fif 'lflt{n1:[5uu]u

:yaiunal,l

3. as uult Ha duq mf vnl nt: G 0u,,U U,,ri n c rdort (Conceptuat dimensional

Normalized gain) luruJorr o rior lduri (l) u?noJno! (2) !inlurana (r) lla (riruauha

riuoqnrntorer: rirurull n rillaano.:dt: ;!tet:eio llot o.:rrfle ) (c) 1rra (nrrrrd'uiliuf,
sad99

53112',r.ri]u?u trJ0 0unlfl u?n ua&u:!ta:roirlnd) (5) n'tl![.[!iux0{ry'l:a3alu uau

(6) n r:[n3 urd'l: aso tu lrx'jtrlo doufi u-nG uufi:s er"'un']lxrit?fi#ryn,ra1: G uuq,:fiqoil a-,r

itvo 1, t & A'[dirnr: oionr:G uu iuuu j 2!fio luruonrGo rlta)rrrnrln lNormatized gain - 0.88) lfio.r0.ln
.91-.."{^--^^qs----"--"-- -, -n ld , e od re,luuru0 'rfi!n'l:fl'lu? flatunu[:0{u?n0snolJcrl[:t uutn0ulld? rnGuu-[6rnurnu..n=uI

u'lallroqarvit'l:" layflnnl:fir!?olruranaornar:luBierrJ:sdriuro{1tlfi0nr:u
a- 4 4 s o dt"A student a compound" ylun[:ouldon:Jt[0{ lnuliltiJuf]t:rjru aOnndOltiu Dougherty

(tsqs) fin6ira'irnr:fonr:6trufuuri.rrLfiod,rir'nn{una&n?rud.rulroruardoryrsr'rlaunr:
.rt a aA , o zil{Rsrruu rrnnr:modou nt:ftu rrasnt:iy{dr dd{sru"[u nr: fioar::yfi.ir r ri6 uu*nsn: fir

1#{rsuurnerJ:rfiyrinrnlunr:rrrihvrdrltynr rirurdonrfirinGouirror"'ror.,r,i'.,riri.,
a :.i q I .i - r,l

fl'l{n1:[:UUnlYlqn luru=ofitGOlnti[st5U!dt:dentU (Normalized gain - 0.57) m-lfirU:ry

rin6ouu-.:16onqn: ni ouyrurirei-ruil:1unr:rirurar'hjqndo.:rilurr.:n{l
-/4. n s rluu Had!qmi I rl nr:GUurrurusiac: rUrlo (Single test item Normalized

t 9 ;- d e , - ; qnes
gam ) fl u'r'r l 0 d 0 u m u n I r u u lJ t i o u fi ? l u ti l ? 14 li 1 yn r n t : G 0 u d { fr q6 fl n-{'[d:-u n t 5 f,n n l t
Gtrufluuldarn'o li'rui,r?oii 19 (Normalized gain = 0.95) d,rvroaouduenirnlrrilAuufiil?u
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n?1![r1!{uilnfounv]nu!?oriluuriaolrrar36 (movdmr) ,dolrrnrirnudrflurirorrdru
. A <, . .i- a

R?1U! (Knowledge) fl?1lJdl!lln tUnl:0O01 c[:lUUfllO lUmUn[:0UlfiUYllUA ? [UttUUr.,lnHn
u 9€r . a I

lrnyunt:0u tnflnTln0nt:!n1: lfr?'llr[1111u10.tdl: ns a 1u01fld'l: nlY?9111:ynl']u n?8u1{

- ; d ' ri -d h, al 166 , d et) ooeu<
o{n]Y{vr 3 rElfiu?'ItJ0u n[: uu taa{!0lJflun [rnJf,5 r.:0':fln ?1!i fi ?uou[o i0sli1 l unr:uu

.9 q 1t laitA
dr!rt0lirriofloLrlurirufr'[d 6'raonndorrirvrqufrnr:Goufdronr: a.:fiorJfrffi (Leaming by
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