
'4a'4''in1ififl u1illuil6Tuu1f, lani Folnr:tttuuda:ltaun1:ttunto
<U

d 1 : t! : s n o uto o o fi n aita iu rin ti u u du u-o u u 6 n ultl fi 4

1os"l{Ltoil1,,t6tn{u 4D etements uasuuuqilao'.:d'trU:unautooofi n

finrriu nEatinrufio

iilurfiiluddrfludaurad.:c,alnr:6nrsrnriludn6sr:Gryryrivrurnram:rurrirufirr

alrris,riuurorarri6nur nruviilurfl rani

lrarimurduqua:rtsrfi

flnr:6nur 25oo

6ttvrdrfl uto.ruuriuarduqua:rtorfi

21D 259

?uffind,,

khanitha
Rectangle

khanitha
Rectangle



DEVELOPMENT OF SCIENTIFIC CONCEPTUAL UNDERSTANDING ON

FORMULA AND NAMING OF IONIC COMPOUNDS FOR GRADE TO

STUDENTS USING 4D ELEMENTS APPLICATION

AND IONIC COMPOUNDS MODEL

TIPANUN SRISUIQVATTANAKIT

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS

FOR THE DEGREE OF MASTER OF SCIENCE

MfuOR IN SCIENCE EDUCATION

FACULTY OF SCIENCE

UBON MTCHATHANI UNIVERSITY

ACADEMIC YEAR 2017

COPYRIGHT OF UBON RATCHATHANI UNIVERSITY

,ornil)u.l,tas.PJLlct
" 

" D)'DA53
n.R.

ru,n0u I1....-

o qtr5

khanitha
Rectangle



'[uiuro.rimurfinud

uurifiurdrJoua:rtsrfi

G ru ru r i m u r o r a ot : uur f rufi n

artritri urgraerifinr*r nrusivturnrani

A - tA "J ,

[5o{ n1:{orLtJ[urLFivurfiraoi t5o.i n]:tduu{n: tlaun1:t58 ntaal:!5sno! !0ooun
l-alvi!un[:uuturuurnnurflfr q loulduo!il6rot'u 4D elements

uav rnilJ iila o{a1 :rl :v n ollo o ofl n

0JIAU U1.iAllvtYtluL fliAl?rlJuflo

nfusntt n'l:aou

riri:ufiran:ror:ri o:.aoru: st-rnrit !:vorun::unt:

i.tt?u614n51n1:uOi.n1U9r9rv5911.J',lF![aA1 fli5!n1:

o:.4fl1v1 Fnt 0{ n55 n1l

a10'r:u u:nu1

05 nl1]aov5otu 'lfltaal)

A/^
Sl.lw
l/ ,t t

''''.... '..... ' '.... '. ' ' ' ' '..,:

(ciri':snrafl :ror:a pr:.t5prr tJnvn)

n ru!on 6us'lvlu'1fl 1A0l

I

e+-n"J ^'J
(:ornran:ror:ri o:.oEurn:ni ;;;;,

: o{ oBn r:u6r.lr uitrnr:

^ - !a.
atld drrlulo.irlfill ulauquat'l$0'lu

flnr:6nur 2560

(r.t%'tufltagt



nflnn::llu:un1fi

r - lo e \vv , l't11U',tU U5a!!UAILsiLOO?UFlLllt'tyLO5!n't1!n:fu10u.r{u{o1n {tirunran:ror:u
- aqv. ,a , -'oi.nruerflsfn 'l6raar filri'rl"rl:nul ui.Jvu'toul.JqotatunaaoooLJl#dorauo[Luctunr:

n1ruu.:'ru uavnll LIJUU:'t u.t1!n1t?01 n15rrn[1ro!n 50{rl1{ 5l o.]unl1!rolLaLa ag!auu

Lvnla{Lo uacnl,ll.]tl u tuao Lunlt't0u ttni.]iitu!'t Lou0a oo
id.

1'01J0Lilrisnfur.tt'tu61am:1s1:u o5.6fi1ylt,t.to'tl]t !!ay o:.anlfl n1LLlo{ ynsrulrilu
i --'- - ,,,, i_- '_- -

ni: n1taoliyrurfinui tririruuvrji uayni?oao! [filtrior nnio lrirl 1 olivro rinuiilaSo

6l.]lJt6U 1J01JO1..llt:vn Atu101:UA1t11t1?ytu1fi1afl5finu1 nfuyamulfi-1a05 t.Ju1iyu1a',u
dJ !q!a51t01f, fi n:rur'Lri'nrrlSL[asaavrial'1fi r,ir!5nur fi uruyhnrrfi nuloaoolvuur?a.r

!qpo ,on'l:finu1tul.Jv'r'r u1aL0!a:115'ru 1150!111h4FI1! 5nU1LUn1i?i1ar UIU1IU6flAOOr.]1 lil1f
.!d , .:, !'tvu't1.Jlru0u!nfufl 'l ttau6t]lJ5tuu.ttlJ

lJolJollyi:untu!1{lt1:n!1 fnfiarl n:riiurtrry I:lriaurir'lrar! o'runor-irluqj
ddus-

o{y?o!ni51ta!1 u1.ia1't0:fu nyiLnau n:r'tulrun1: [f119 L:.1rSuud a laytul dlrnodo.t

t'rviqua:: rtf, xi rayrr 1{dru ru l!!il ! ruiuyri nid'ru1rU n1:fi rau I:l ri uuln :fr o :
o t d j <, r! i a . J

01tu 0 tY{ofii4?ll ru 0.r14?o6i6urnu yn: 't rtjum rt L1t1rufl:? na0! [ni0.:!0 n5oil14{nouL14

rirl:'nur uasdora!oLruu uffltlunr:airrrnio.:ioii'orirl#ivrurfiyruriarl:niEil;flr"

iroljoi.rflivnrun v{lirar: ntuyn! I5.: ri u1114!o,rrirriy u1 tirrn o fi'uy:r:!tj o-lr.riooiavrnu
.heo Eqv" -q q oa 4yytLynlLruul.Jl yito}]yr.i LynTa{ [0 [!n15y1?fiu1u1ru5 na000urn15uufllranrrrii.lu o'hnr:r !

! . ) ou" -at?115'ttl l.]a a ovt1ul.ru 01.t01.tisa n0.:11:un 6u! o 1 ttas l5rl1 r.tylnaaLrfila-.itn rlasLrnli
u .r d oquq &i Ja!!aqutunl:6nu1uav111'tnu[1-Jo5.tLJ Iaut0u0].t:can0{ tun t0{at 0.10,1: uytnytlu,

olilr dlaou riruvroonruf ouffio-ertl:valzuarit5odru6 rl:vlutrjfitriiuornnliia-udriio''u,_ ,ri, __

qev) - y
101to1J ty0{yta! L0 L!nl5flnulyr{ 1a

frvrrriu flEarieur:fio

zu't0u



t:o't

,J',tou :

r0lJi[u6u1 :

a1fll?t1 :

01015U14u5nU1 :

nla'tnfu :

UTNOUO

n1:ylizuu1nx 1rL rtrloulul6ivr u rnrafl i riornr:rfiuuasr:Lravnr:Gun6o

all!isno!l,ooofi n eirr,rirrinGuut'uriour:fi nurfl fi q Ioulduorjvrilndu

4D ELements uac wl.lo'rao.rar:rJ:s nortooofin

yll,rluu 6:41?9!un0

ivurnrafl:uurli frgr

?ru1n1ao56nu1

ritiru6ran:ror:ri o:.nrusisrsio rsiraar

4D Etements, ar:rJ:cno!'[ooofin, nrur{r1ollul6, uorJnf,rndlfiofio

^- !.. ) '
lruio"ufirilunr:'Lciuolilfirod'ulLfiofiofio 4o Itements nruloir,niolyr:runr:6r DAeRI

uavurrriraolal:!isnolloooin lunr:i'onr:rEaui6ornr:r,fiuuafl:uavnr:riun6o
- -- i-- .. J - :a1:!:vn0! L000un{1u10 uu!1n0!tua{nn0 1) tylotl.l5u![y u!r,Ja6uqy0yt1.rn1:t5uunoutlas

raa'luiuu 2) rfio6nurerurir':radryrrnr: G0! uas 3) rfioEnurnrrr:u{rtorTur6iuurnrasri

uiornr:16auam:uag nr: Gu n6oar:!:ynol'[ooof,nlou'td uolilfirn{lr 4D ELements 6lrflu
- -J , ;

uuor..lnFun'b'ufiqvtirurfi!r.J:ca!nr:ruryfiouniltorrrmuayar:!:ynol rras uuliirao.l

ar:rJ:vnortoooin'tunr:oB!ruufiu1fi!nr:rfioar:looautororn ua y nr: rfiorar:rl:sn or
& - d d..j d i

t000un narn10ul{ao Ln r:uurLllo L!6nu1!11 4 01u11J 10 nL Lunlnrsuu' 1 !n1:6nu1
i 4.5

2560 rn5orilof,[{lunr:rffl:tl:'uriola!:yno!ei1u uxunr:ionr:Gaui drlru 6 urJu ttas

uLlrrvroaolion'r'rrrdrto 2 rirst-lriu riruru zo rio louluriorirnll 1 dooyl5unouriru?irufi t
q t i- , i ^ - r

0u tl]un1n1! 11.r[uoyly rsuu aluy] 2 0ytl11.rfl 1: Lt tyEzua 01nn15irol'tyfi t0!a aa-t]qytf,

yrrnr:riuulo u ujisu rfiu!av uur.r riouuayr,rd'lGuuo rnnrirsiro dr lfihir{lu6a:yorn riunr.lir
- --i _ ) auntiult!nvuuuya{ti0!4.:n't1noutiui.J0u1,:r.tuu61ntuyl''t{a0F]yt:yoti.05 u] 0ftnu't

< , J - +,b
n?11.rri'r?u{ryr1{nr:L5uu ynlir 15o lolqr:rdrudruruovnorLfllftr:ntltnoal:!:yno!'[oooin

-i,qu.;"i!n't't n1't141.J'tyt1{n1:t5erurlnyao 0u[u5vo1Jfi{ trayLl0inlstfluuan5uaynltt5Snto
^ t-

ar:l:cno!1ooofin firfin': u firrurirvrrr nr:6uuou1u:vn-lrlrunart [aydoi rn:rcfin']ru
uq A ,4ttlLa![uuFr']ru1fl1aoi 1t'llunrtuu!nit tt'tL0ra!!itutuitn5ouas 0.00 ttluSouau

.ic
53.50 rirururinriulfrlriuaolnrufrotrfiu aoa,:ornSouas 93.00 rflr:iouay 18.50 uayiauac

id .i , J u
20.50 ti0{unt5u1" !n111lrl1Llna 10rna 0L!1{a1u LLr0 tllnun[5u1"!1{F]!d{rjn't't}.ta-u al-J [u

"i - :i idu v ,
t5ont0{ ta10 0 nt t9ltull0.t 51a yt5'tu{JlJu tta vt 0lJ0.:5'tFlyllJ fi 6lJa nuru61n na18 n!,'



TITLE

ABSTRACT

DEVELOPMENT OF SCIENTIFIC CONCEPTUAL UNDERSTANDING IN

FORMULA AND NAMING OF IONIC COMPOUNDS FOR GRADE 10

STUDENTS USING 4D ELEMENTS APPLICATION AND IONIC

COMPOUNDS MODEL,

TIPANUN SRISUKWATTANAKIT

MASTER OF SCIENCE

SCIENCE EDUCATION

ASST. PROF. KARNTARAT WUTTISELA, Ph,D.

4D ELEMENTS, IONIC COMPOUNDS, CONCEPTUAL UNDERSTANDING,

MOBILE APPLICATION

AUTHOR

DEGREE

MfuOR

ADVISOR

KEYWORDS

A mobile application named 4D Etementsunder trademark of DAQRland lonic

Compounds Model was utilized in thls research for students' learning of formula and

naming of ionic compounds. The purposes of this study were 1) to compare the

pretest-posttest resutts of learning achievement, 2)to study [earning gain and 3)to

study scientific conceptual understanding of formula and naming of ionic compounds

using the 4D ELements application. The 4D E[ements application provides an

augmented reality experience of etements and ionic compounds and using the ionic

compounds model to exptain the etemental ions and the formation of ionic

compounds. The participants in the research were students studying in Grade 10

during the first semester of the 2017 academic year. The research tools were six

lesson ptans and 20 items of wvo-tier muttiple choice conceptual test, content-based

and reason-based questions. Co[Lected data were anatyzed by comparison of the

pretest and posttest learning achievement results using t test for dependent samptes.

The study showed that students' posttest results were statisticatty hlSher than the

pretest at siqnificance leveL of .05. Norma[ized learning gain was investigated. lt was

found that 'ratio of atoms used for the formation of ionic compound' topic showed

the highest normatized gain; at the high tevel, and the formuta and naming of ionic

compounds' toplc showed medtum [eve[ of normatlzed gain. Therefore, average



{

normallzed gain was at the medium [eve[. Students' scientific conceptuaL understanding

was also investigated. The research findings revealed that number of students with

complete conceptual understanding increased from 0.00% to 53.500/6 ,students wlth

no response decreased from 93.0006to 18.50% and 20.50o/o of students had partia[

understanding with specific alternative conception. This might attributed to some

students were confused about the oxidation number of transition elements and

elements name of simiLarty chemicaI symbots.
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un[iuu0u tllUlyatufl ?1r]AtH0 LLntir:uuo'tta0Ury'tro1i

(s) 6'r1dnr:aouuulfl'oeiraro orrrirl#nrrraulotorrinriuulunr:fi nurdun{r

afla.t
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z. / {''tu?0ufl[nu?na{

z.z. t rruio'udrdsedo{niunrrurrirtouluufi ivrurqraoi
d -u i, i v so1fln1tfl nu1.l1u?0uytr,J.tL}l.rlflu.] d!r: [urL6iyurarani L!i1uir.]Lol-n!.ir rLIurLsr

iv urfirao flu:r uitr rnfidr ur rn o v rfi or rir r:r ng n r:nj1u:v oyufilriarlr:or or uiuldsir u

nrujdr rriu la:rairlovnor yr'rrsvrnfi uasu-,: uflurdoyrfiurnrionr:rirerrrrrtrlo a'lara'lrinr:

air,:l,Iur,,6inuroraniriluriorfiorn uavrjnriuldrulraqjfiuurljriiunr:fir:Iur6d
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arrrnfl o:uAat uacq-ndni anlu: (2554) na'rljtLL"rFiv urcramflu:ruitr
j J ,- j,d e, Iror.ric!a'r'lrJInu? tLJo inu no! L!!et']ytu1fl1ao5ro!yrJ 15uuLSu!nouoy Lilufrunlwot!1.]lu!fr

- ri &-q -J Jirurnrasrifroy15 uLlun:"ld'ot! ulnfn 15 uuillur: frfrna 1o raeo! rin 6uuoykiaur:nairl
)trlur frlmurrr am i'Lyuloio dr lfr!: v filrBn rr 6laoond'oln-r u.lrgor::ni oaordu rLauortfi

mr.Jrnd (2558) ndrlirnrtLrdrlorLLuFrolriGolfinarorn6ouororfioduriolriau y6o
v/ a

:uv?'r':nuu5 t.rl.r afl1Lr4hnLLaolhii.iru rai oaour.irr,uritdrryLruuhia i lirl#ral o rir #l1o d''''''ii '

q.iLaLr ,d , - -idQsliuul tlav yrfll-Jnoy L}]oa0']r'tytr:uu uayL!uo!a::no0nli15 uu5 y501i1n.l11]r"['t1o [u}J6

yta{tu

2.7.2{1ueo'ufi rfi urtaIrYunr:o'nnr:rEtruf rirudotofi

f oll-ufi nr:rJrurnlula 6 rdrrLrlflun1:'nr!1Aoni:6uun1iao! rfi aarruall:ni
llJ[U0fi1 14t00{n nl1l.]5 IUA nU cy Lna to u rf]!n.l11lt!Ln t,:r.tl nyldn tyrorfl!!SyAylsnly{fl0,!

JJ j-
{r5au uo nornfrdovr-niou lrd': o ry nIula 0rjl,tj'l uairr u:.i o {'Lo ua sn11u urJan'tr,lflunr:riau

al ! .J 6 -;Lfiunr.r[:uuo?u [ou[a 1v Lut'tLitl rnr.] r{[toyldlL LuqJrRu?to.lritJ!lnrnttrulL:vd'!frrlo{
,a44

tl.r[yl]o?ufl"rt! a'] 0nr!uL50.1u1n9.0n'T 5?i1n11!ttlla u :ry n u5uu [!a'l :0i1"nu1n1i19i i.t
d s s ai .r{io uuaruyrruldn'suurdoryalulaE rfrodur LfLunl: i'o n1l L5LLn1: aoL rril.r Maie. patnc(

Marcus Tonnis and Gudron Kl.lnker (2009) oonrr!lJIasa51{ Augmented Chemical

Reactions rfluh]:ulnuafilnl hra naro.t6'trrrri Iflu ttffo{d'nuruyl![a naro{a1: uavdodl

uriasllranarrln6'rYl arr r:n uao rrJfr fii ur:vr,r'jr rI! La n aTo u rriun1i 16otl riori!os:cy.jrr

rtluh]:ulnuafrrnl l ranaro.r6'trrrri Ifl uttff o,tii'nuruyl![anaro{a1: uav$10u1

Iumqalfr d'rarvrnlula6oonuui6oriuafrfi (nugmented Reatity)
q ,^_-_\rr ev i a .J stu!6 outottu Uascruu (2557) LoylsuUlA0 nlsttulJl ti0 i LFts{651.i0un 0}.t ttAs

-j .i a,rluivrn1.l oturynLuLau00nr !rmo15uaast (Augmented Reality) 6.:liJunr:ii1ao.i1lrroa

d'nuruvln:rairlto{osero}r uasrfluoyrnfrtu:!uL!uoir!,E'u g frfi fiaur:nldlrttlsi#lrniol
a e !5e

no!fr? rn o5 uas ttfiu ui mfrtd:vwrJfrtF n r:uouo:o a pi zua nr:firulr rrasyrflao!:y1J!d.] u n1i
p!

i rn:rvunrrl fl oo nd'o.tro iLf, ou.t (Fi1 toc) ua sfi nurnrrlfi iyialod't u rt1..1! ao! fl 1!Q 1 n

{riurtrryiirlrl 5 nu uasflnEnuldr!?! 60 nur o.itu.tiytula-uotla:rrolfi fl!.jrnti
e&),

6oondo{rro{[frourfrrir laa o rvirril 0.81 uracpir lodunrufilvro'lofirir rvi$r 4.36 (ornnsuuu

16l s) a1rJld'jrq nl loui?u1ro.:do nr: 6uufoejtr.:vri'u6 tjru rfi lnrrl ujrlolurdorar
:ruirrrnfilfrodr.:nndoruas:.torirn.irnr:uiu!urlr6ldrflunrn z i6 6raoondorri,u

wojciechowski and Cettary (2016) !:criuroornarla.reir;uurionr:rieluilno AR|ES

augmented reatity environments ai1i4:-! n'r:vnaor r€rtl:so-ndkYfinr:r(s!!ritrrnfi iirrair
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rinriuutsuriour:finurilfi z c.ra nr:i6'ufl!'jr rinrEuuiuonn6fi6rionr: Guulootd augmented

reality environments tfi orornrintiuul6:-lvtelnruiruavnlrrLtuf, olndu

ltur n:rla, r.J:suol ud6l urasnrusincf6 leitaal (2558) finurnrrurillrarir

vrlnr:riuuto.rtintEuuu,avrTuuFrior:rJirl1rLrana ua, an '',*rYr1r,r,a naln rr raud Ioa'[d

'! -- -o- - --i-rrvrnlulaE oontr:rtfrotiua6fr (Augmented Reality, AR) ,J a n15- n u l'llJx1lllu?uun 5 uuvl1l

n'r1r.Jfi11vd1v1{nr: Guuoglu:vo'trJrr"narlduhJfir:so'la.l rvirffuiauav 90.90:su'jrltiuu
t .\, e

tn!tuuaMtnttu1.ll1l:'l{ [!lana0lntoo'l: Lo0n00 i

rlti:r uoriufi, a!6 fla{uul Ltaunlleiov;nd ?frLaal (2559) finurnrrrlrimrarir

- - -: J c
vrrnr:uiuu ua vd'rrJ:v duSavdln=u6to.:rln t5 uu t5 0.lel1:'']{n1q Lo u Lt n1:1o n 1l llu5[tljlJ

irr:fi oi'rdorj:sar (ur^Jatnriounfi vril6oatLfi F lunrrlf tn! uac uo fl fi to{unr:rlorq'[u

nrfia uratjalniruivulr uouotoudlufi o6o) zuanr:io'uvrl'jrnrtrrirrvrjrvrln'',:tiuuvt'lvlo

oqlu:voirqr 6orfluiouas 9o a-rrJ:vfrvrdava-rrYuii6o 0.55 rtaovirnvuuuzuaa'rLqvrdvrrl

nr:rEuuururl:fiu4r nvuuuruai'rqvrdvrlnr: liuuorn rrulo'nriaFql6':o

-u 'r i iGuuiuuuf,urarc s du2.7.3 {1U2AUvrnU?t'0.inun'r:aonllr:uuio?g?00n:fl1:

tr6ff v urX (2558) dr:':oarurdrto rfi lr:luu6 6oln':rutrilduta{ar:avaru dru

ig6'n:nr:16uufurrf,utarv 5 rYu r.rareiarufiluvrnian{rLrrrildulurYurluranlrr:f nu'jr

acuuurlluufiivrurfiraniudrGuua{n'irrioutiuuodrrfiriurir6'19vrrrafififi:sd'l .05 rrav

nsr[ui.JrluilfivdrriuuhiusrneirrrY!nsrruun']1 n{vtuodxfiriurirn-ruvll{4fififirs6'!.05

uao fl fr uiu'irrin rE uufi n'e!ur nr:lL nr: G r,u

aioi n r r.r r u rfi o I o t (2558) fl' n ur n r r ).J fi r r u fi rv r I n r : ti u u tta s r:Iu l fr m r I
- .J s
ivurnrani 15o.:ha torrinrSuufuriouudnurflfr + ri':uoiruino-nrnlrGtuitt!!e!ralv 5 du

e.rarzuarunnrunf,onrirurir{utudur]:vtfruzua ru'ir rinrEuufiart:rirru{rvrlnr:riuuoulu

:so'rar 6or{Juiouav 73.33 fiacuuullu fiudrrEuu (rirrodu = 64.421arn'irriouriuu
, i ^-d u ; i ^ c,(nltaau = 23.78) ou't.tlJuualnflJvr1{aflnv:uolJ .05 [oul]}lLu aua{L5uufino0{11{1J1Ju Frotlju

lA Aa I q.qz

z.z.q rruidufi rfi urta.rriunrro-onr:rBuuirBorfiusclooafi n

fi er-r vr : lm rir 6 (2553) fi n ur n r r r in r u rdrlo ri o I fi u o s rn i,u o.rrin ri u u t'u
a,i J- w A a ba

U0u!e1flu'r 1Jy 4 y nuui Lou nty!'tunlid! ta1su1nt1r.l5 rn5o{toy Lt [un1:rfrr_L:rl:ru{ala_ _ ii,

kiuri urryro a olnr uinr rr: rdrlo uul rdonnolt iolhiurasrzuarl:s nol o'ruru 30 do loro
l.in:o!na 15 r orardouh"15oln-uovrqfi i rn: ryr.idorL alo u n:ro rir s. olfn riuuluus, aydo

^.^^^^. ,,r-..-,--"-.., .. !' t e eq.t *n 
- 

u n- ,nrnr! Lta'Mlto arr0ona}]nir 5n?1 rr1LoL!rLJoy.r 4 tvdL'Lrirun uur6oiyrurnrani
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dJnlir5un{oa1i!:u nolloooin ldud t) dsr:reirunr:rfioar:!:ynoulooofin 2) nr:r{uuaq:
ar:rj:cnotlloooin uac 3) nr:GErn6oar:!:ynol1ooof,n:.udoouuuiurr, 20 d,

6. uyruryto.rm6auilnuvra16au'lu:luwro.r0{fiuvrat6ou aaol:d'(potassium .r,tor. d"; r:-nar'l{

riunr:tnnarn6ou:Inuna16oul#nildrnra ui alin\ rhl: a;m'rfion n c rn6 o ui1rruvra 16 o,lui.N n r0

6^ (Hyoolc,te.r,a)alUt14c0'l.l:Fp\.1 rtulnO:Fuu-An]n.':O".iOUl.:riau.rc:yl]:reita:

Inuya16ar: naol:d' (potassium chtonde)

n. PCt3

I. PCI

6. KCL

.i. FCl.

t1t5'ly Potass,Jm {<) oglq A irr:1ttlu *1 e-:uYu Pora:sru-n ron ir.{ou1frrflu r - uav Cltor.re
a -l -, -.i.tct) aJ'w! V Lq uutyn.ttu - l pruu Cl onr e io. l:.t ou l6lUL C, u.-au u rriouaq:lrldriu r -C .

ttiiiru:urJ:;1 ovlfrliu rct

nlwtfi 3.2 sY':otjrruuumoaouiontrur{r1o z rir6'urfu riolnr:r6uuqer:uayn,trGundo

dlrrJrvnoulooafin

4.a.3 donr:aoutuusiasuerunr:donr:riuu$ fi :ruay16uori{d

3.3.3.1 rLolna[ndu do qO ELements aorerl.]'uulnio.tyilru ni:d1tuu1r:ro,tlJidyl

DAQRT Ioa down[oad ndo.i 4D E[ements rravLroflflerodtlli'fi15lksi http://elements4d.

daqri.com raio gg.gglchem4o udrl#rin uEuutjls n or ndo{o1n [!rfiomilvaor:r (nrnfi ta)

uacdo.i na'o.r raa'rornnor]r: start 1u appr.ication tiraior t na'ol oslirlri'rjnuiaulidora
anrusuavf,to.:rrq (nrnfi 1b) rireior 2 ndo,:vriorrYuviorir z neiouLrfioriuovlirlouaa'uav

anruvtorar:u:vnor (nrvrfi 1c) nd ola nrrnrifi omrjlraaorrlftdv,lEfifoauo 6 na'or 1a;
v!

6 yu1 yt{14}]o}t 36 0',]91
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n1r^rd 3.3 4D ELements uavuuuiilao.l6l:rj:Enoulaoofin (a) neiol (b) dacio.rsiru
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11 I -- tA , .Jo - j c.rlr't t0u Lu!o?vtu1fi1 9)t Lnu't n! n1tn15u1irni1fr?l.JtJO lOrmvrlt [unr:afr lfiuovlooofrn tlt[]u

:__o---. d9v ,^ 4 u J o ;iw1J0Fn01trvrtt01'rLr!roilrnu?n!n1:00t5t ioranrliou rfr ov:rl iiruturr taud 6 15 nn:oufrld
lunr:airrvrTuovt ororq rir'lr.Irn:rr o"n:rdrrliru:uossro ffiflunr:aircrTuov $asa1 r:n
rfi uuam:ar: :vnounolloooinld u-nriuuiwirrioaol z dodtdlrn
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6. lryrlJlvrro{rn6ou:lnruyardul'tu:l ulltolurh *yra 16ul naottri (potassium

f,-
chtoride) t.]n0s Lt[!un1:tott6 tnaouS Lll rrylat{u! Lun!:1.!n1u ui0 Lrn!r.l!xuylrn0n1?3

.;
tn6ou:"lnurnar,6ur: hir rnrusr'r (Hypokatemia) 6'10 rynornl:neirl l rdu i'0.:rf,uraioorn

nr:orriu! o{rduuao:yr{rnfi tol Inuvrardal aaoliri (potassium Ch(oride)

0?taon

J4
:o u a s0',]l.J'll.Ju n tiuLJvlta0nF]l !a0n

nout:ul.J uantSuu

n, PCL3 50 70

fl. PCI 30 0

N. KCL 20 30

.i. FCt 0 0

rvr:'rv Potassium (0 oqjuqj rn irJ:v1rflu +t 6'rrfu Potassium ion 6.:rfiuuldrti! r- u,ac

ChLorine (Ct) o{yqj vttA fi!:elrth -t ril#u Crrtorine ion l'lrfiuuJ"rir{.u C[ rfiorjurrfiuu

aor:ovkirflu r*Ct tr{o'ruturj:so osldrflu rct

A t Aa " t 4nTlrft 4.4 fauassirueufnrEuufrrdond?[60n$o{ri']nMiofr 6 olnrluuvln6ou?-an,]1rJ

r{rto z rird'utYu douriuuuacuf,i fi au

i .i Ja . ,0rnn1 t1 4.4 r!0 r!iu! rytu!iiluxLUn15rL, rdo ndx LA onro{?loritn1 fr 6 yurx.t

,c ,

rlnriuurieulrar!ri'.rriouriur. (iouav s0) Lravua-lriurr (iouay zo) 16onfrrra'on n. 6luflu
. + , e 4 i. . t

Fr10 0!yrt!0nq0.i 010ru0.lr.llQ1n 10n10'tlJugl0.tn1:aoa?lr.trdl Lo [l.Jr:frlrurfiram5 r5o{nr:
{ - i e v " v !-ttuuafl:41:!:sn0u L000un t,:anutuulJ0{t0e^fn'.llJ0un0r\0inliyoao!l1fnt5uut{l'!o

6ornr:rfiuuaq:ar:r.l:ynolloooin uavst'r6o a'rya-nrsnltororqldyiotj Iouairrd'rar,:1fifi

orol Phosphorus (P) uas Fluorine (f) dooonrf,ulndlu potassium (K) ornnr:16onrirnol
,.4- - :t :' "1O{Un[:ULr Un r: UUA']U LUtuo'rt0 [au AQa nufuto r51q L! Ld rrFl aMt0oio r5 tr.:6 rfi n n:outro r

-^-1 2^^!^- ..^..-v-dr - ?-01a Loonn0{ L[as rtl Ln r:0.i n1: rd u! a o: fl'r:!: v n ollo o o i n rtir. o eir r 6dr rn n o r n n r: 16o n

m'rra-'onua''lrEul (iouau 70) 6,:rjnriuurdrlo.jr potassium 6a p (phosphorus) arur:n
u d qC
or-or5urdlfinsr:ouuavrfiuu6r:ar:tisnoLloooinrol phosphorus ldqnfior duflrujufioro
tfiourrorndototorn potalsium uav phosphorus oonlf,urndruriurin6u!6rd!au [aolt#

)t-", ---_.!., - ;-_& _ rJ,,LlrU?',r0?a'r'rvrrJ?0ual1.r Ll.J rr1llJ110a Otrr riludrar.rfr6 d'rriu nrr do fio n::r:nr: r:-uuiqirriohj
nr:firn::ufrair.in?1!6urnulf'rY!u-nGau 16urriua-rydnunrtorororfififiondrul riu rdu



Phosphorus (P) uav Ftuorine (r) 6roonrf,u rndlu Potassium (K) Sodium (Na) oonrf,u.i

ndru Sulfur (S) yia Chromium (Cr) Carbon (C) Ceasium (Cs) Catcium (Ca) rras Francium

(Fr) Ferrous (Fe) Fermium (Fm) r{lufiu riauGulrsor6u 1lu:ruitrunfi rn:rynr:firin Gur.l
*3 a. ! " - q Z ; !

5Qn51Fl t[Av61]lJFrllj0{nU1JO.rD'rFrtUFn5',',} 1fi10]nvLUUYrUt1l.Jfl1ArU L! LLJ O 14't yI6.11Jl_J

7. Zinc Chtoride'tdrfl uar:rlolriu16o:{uooaryn::lrn:yoru uaelfloh afl :ro.t

alrlivno! Zinc Chloride ufluourrl:

n?[a0n

i4t0uato'tu?uunliuu [aona?ta0n

n0u[:uu ua.tt:uu

n. ZnC[ 20 20

fl. ZnCL, 60 60

A. zn2cl 20 20

1. Znzcl2 0 0

!1,!i1v Zinc (Zn) o{r,r{ ttB firl:cou{Ju +2 n-lriu Zinc ion iruiuu'[dtlu Zn2- ray Chtorine

(ct) o{ra{ vttA filrsor{lu -1 fliriu Chlorine ion 6:r,{uulfrliu cL rfioritnrfiuu4n:ovtd

rll1J

znz* ct
\,/\,/Y

afl:alilrvnorllooofrn zKcl,

.i __ y ia " o a
n1lrfr 4.5 5auagiiruru{nrEsufi r6anela16onro.tei,ln,tildofi 7 o,tnuuuvtodouion?,]u

rrirlo z drrYudu douriuuuacy#.rGuu

ornnr fr 4.5 o rn nr: r!5u! rfi uudrururin riuufi 16onrirn ol riouriou uav ya-.r

[:ul.tt0':t0nl0'rtJt1 / yi1j1'10'tu']Lln[5uuyta0 nsr? taonfl0L15uuttauya-lt5uu Iiirururyirriu

vnsr-rLa*on ororf,orrrrrn torirnrlf ioer.:rrrdr"torhl6ivrurorasri tiornr:rfiouan:
- ;q, e.:- !- e 9 ac

6111l:3 n0! [000L n r.r Ltn?1l.J: ro)] 15o rnr:oo15u lo 15nfi5 ou n1: Ll4rravildrd nn:outolorn
q q ltut
t!n1:001J1u ttgr1.lnt:uun0!1Jont0t !LoL0u t :.tyt.t n t5uu! 1.i aru t",Ir'Loiro r n rn:rufr{t

da.
tatooniuorr-uuarurir nr:15untoar:!:vnol1ooofrn6o.:uf,uuratI:riuttan{r.]:voro.:orsr u0i

d. -- ;d
zn riluyr:ru8{ufrfiratoonfrrod'uri16u'l 6o +2 lrrnirocyr!.irriun znCl, it Zinc
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Chtoride uavfnGuuolo rnoaxt!#!aufi! 4D Etement (nryrfi q.O) fiuaql aq:ar:r.J:vno!

iro.i Zinc Chtoride r{lu lnct uaollri'uiu'iru"n uiar"flihirdr'to rfi arnit alriGrolorovr:rufidu
. i,4, v a J * 3nri0onlit: uu:n:.rrlo L!n?: tuuri0 $,{uniu a:.]!fl10 io'tfly:1uci{u L !1ndu

nT v,lfi 4.6 llu afinarornf, auro.r 4D Etements rfiurrYuan:ar:U:snou$on Zinc

Ch[oride

t2. Fes rtll:lululo.rurdl:'iTafiordrurairornrv6n firr ua0{n1:
a a-

0unJulJtro't aru:lll,noa nav lot!n1$!uu1Lt451J !:Ey'1u510]tyiin[fi5r.]0'1141: Lottn

s A ; c -l anii nl?u Laun0l.i tuo.in1nn1tt10019[ua n an:0'{a::n tta3zu!501n[a F Fes t0y1,l

rofi'iroeirrt:

o?[aon

J<
50gaca1u?uunrtuu taanB'1[a0fl

n0urtuu 114{r:uu

n. Francium Sutflde 10 30

tt. Ferrous Sulfide 60 40

n. Fluorine Sulfate 10 0

{. Fermium Sulfate 20 30

rn:rv Ga nfiolooor.Jlxn do! Fe 6o Ferrous nrridrolooaual uas u.J6uurira.:fr'ru

rtlu -ide 6'lriu s 6o suLnoe

n1r(d 4.7 Sotrasdrururinriuufi r6ansl'l16onn'ln1ildofi 12 olnuuuyreGrouionmurrirlo
^"- v
z a'toutu nou[iuultasua.:[Suu
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o 1 n n 1n fi +.2 {o rir o rufi tz u{l r rio n"r o rr fi fr'o r n r :iq a rr rr rrir.lo r:Iu u fi
Jdd,q-j

?vru'rfi1aer H0{ n15L:U nr0al:!:vnor'Loo oin {lahuruvto.rslon'roudofi6osiorn.r;yoao!
vo ) d )':tinriauulr'Lo 15o.lnr:riu n6aar:r.J:sn or'[oooi n uaciirdo irgd'nuajto.:oroloiyio].j Iou
a,))!--

a5risr'ralrrtlu6oornfrf,ud'r-.6'ru F vr-lulro rfior,rJiaurfruuil'rururinrielufi16onsyr16on,tio.:

dorirnufi tz viujrriouriaud.rrinriauuilrifin{r.rroufriorq yr:ru€{ulrnrin rirt#rinriEju

iouav 6o rdr'lo'ir re 6o Ferrous Soaac 20 rdrloir re 6o Fermium iouay 10 rcirlo.ir re 6o

Fluorine uav Souav 10 rdrloir re 6o Francium drunr: 16 onsr-.:rf, ontorr]oriroudraa'rGuu

nuir fn15uuiouav 3o rrlrto'ir Fe 6o Francium ioe]as 30 rdr'[o.ir re 6o Fermium firfiex

iouav 40 fir'ilrl0'ir Fe 60 Ferrous os uiu'ir ufiar:t1:v norosfilu 4D Etements uririnGuu
4-e-- ir'e -l d -!,,"nvrlavu!u[ou0u o.iuunlsdono n:5lnr:15ur"fnftsiohj n:nr:o-ofion::r:nr:rEuu56'rurqu6-
JsJ-rtor[u.rn':rlf airufroa"rnuooulari rfiori'ouurririouhiri]ufrarur:n16orluln.:ui nru6on'- '' .-- -ri-.

uavuanu.i6eru!:varnr:nj:vu'jrr{filSuuiiuriurudoa-rnroorlarj ouniriuu ufionr:riuuf
,) ;

oudtLr:ndr nr: 15uuifrrfrorLlur:vv'irrrYurva'rriurrnh!rvr-nuvnr: ri'uui nr:rirrrurflundr
nt:fi r 16rvuar.:urnlui uavnr:airlnrrr.,idr uourotkioeir lfi r.J:vivr6nrrurndu (fi ofi rrd
{r:vrrl, ZSSA)

nrr,{fi q.8 6r:U:cnou Ferrous Sutfide lu 4D El.ements

(

FeS

' --l

/A

'1
l
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4.1.2 rior:rurraurcr nr.Ja :ynau

nr:irn:ryrirfilafiG piauiEnr:iloaourir t-test dependent Iounr:l:cdu aorn

ruru oaouienrrludrlo z rironriu udrrirriorarr rrjEul rfi ulio uavtolfn riuufioBlru

rvfl zua!runoudouriuuruavy#rGal :ruavr6uoriohJd

q1:1{d 4.2 aranr:rGuurfiuuiouav{ritrudoBu,lun4E,.rarJ:snou (n=10)

nvuuu60u
'OUAE

ntttuu[oau

10{unHUu

n1tUU {ruu

',tfl:6'tu

(SD)

SD t Sig.(1-tail.ed)

flouHUu 0.00 0.00

77.90 17.92* 0.0000
ua{[tuu 67.50 17.90

r 1 02

i.rafl1i'r rn5rsy1ro ao1flulllJyrqao!innrTLrdrloulurLFilrurarani6ornr:rfiuu
A J . J.

aoi Lrav n1:r: u nt0a1:!:u n0! L000un r oyrn 1:rul rQvrr v uyn zua! iv nol rtj5uurfrutSouav
j -- , j 41,u j,

ny[!LJutQauto.!un L5uu llltllneLLLuraauua{tSuLno[!ut0uau 67.50 a{nllnsuulrtoaufiol.J

tiu!6oriluiouav 0.00 uaynr:yl06o!Fi'r t-test dependent tolndr:si.lo drlfirfluda:vrion'u

irir 1 1.92 6u rn n'jr ts os = 1.83 rYufurin riuudlciil nr:o-o nr: Guunr:aourior nr:rfi uu
.;

6n: uavnr:15unfi oar:!:ynolloaoin Ioul.il 4D etement [Layu!1]ii1ao{arirj:snortoooin
4 ) --i!nv[!uroauS0uav14a.irsuua{n?1n0ur:uLJ0u1.tllLJUei1htuyll{anar5y9t!.05 rlao.i [f [14u41

4q v- u;
uhrSuufrldiunrroonr:riuufr5olnr:rf,uuan: uav nr: Gun6oar:rJ:ynollooofin Iould qo

etement uasululiraolar:!:vnol'[aaoin izuairLqvrd4lf,urfl ulr.]srruall6u.rrdrf,li
ovulunlruuonor{:1uiloldt'ornulrnf,u rior:rurujiulrfr alld'ornn:rr,{ 6'lntrfi q.g
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I nourr0u

I 1,4.!(t01J

l9

n1fld 4.9 rGsurfitrutouavnvuuuriourEuu uasnsuuurafrsGuutorfinGuudoBuru

t etata :cnou

d-.i,
t!0Y'{Q1ifu101fln1 vl 4.9 t!iulJ[v]u1l:0uavnuu!un0u[5uutlasua{tiul.t1]0.1

rinrEuufioBuruuanzuarJ:vn ol orndorayrlir rlnriauri':ulranihioEriru rvflHatuu!!roao!
, i - vq A ! ,

n0uLSuu uaytl!nL5ul.Jlt1{a?!yr05lJ1uttgrudo{ L14r14u?lun[5uu UIJ n']'rlJtlj'r L0Ltoiuulnou vl1[v
vJ vi w; vd 4

rndanln,l1]r]nliouaunvLrull 0.00 a'runu tLulJl4d.i $ Luflov] 1lrovt 4 ltautovl 10 1jnt:uut]
-- :i 1, e o Jv - J

nsuuunl:ouav 100 rua.:n1nluulJon101l]T0a.1fl15']oo1''lt.l t1J1L0l.t Lul]r] t50{o9t:14?unlu?u
jo, 

" - ior tJ
ocfl oufrId'tunr:rfioar:!:vnoulooofrn uavnr:r{au6F:ar:livno!1ooofin6r'tdnruiGar

q 4 J s )q@ |'
nlSQOt5UdorAnn:01-J Lvr011t'tlj tru't Ll.J nltLv rLas5!0Lannt0u1J0.t0'ro ttav01r]11LtLu1,0
o I c, ;- - Y " &.- , v ) v ) -Al01tl1-tl.rt1JU01Flvl!ntiUUnUtn U n tA11J'15O11'l1l0dAUY {4ll,Jt0U [OO AXUtOyl 1 I L[aUlOyl l2

) a, v _^ ^^ 4 1, e o ;v
ufl t:uu!n3 ttuua 0!uouyaot]alS 0ua u 50.00 ru0.t01n[!utan1fl']1r o0 { n15?ofi11u[?]1!0

s -J - i
r:IurF rSo.rnr:riu nfioa1:l:unolloooin lour.,onolnayx-on'111rr{1'loluya'nnr:rEuu6o ud'l

- A - .J
Er?o uu{fit0.:n1:xo tnu?n!n1501t0 uayatuanu to.lilrlo?u Q1nn15061J'tu tyniJal0{un[:uu

-o.i.;va1r!11 UntiUl.JU,:1rO11!aLa! L!t0t[AuAeAnU[!10{0'tFt}1Oa']UftU ttU Catcium (Ca)

Caesium (Cs) Carbon (C) uav Francium (Fr) Fenous (Fe) Fluorine (F) Fermium (Fm)

4t y ., Y - - ;.t ev - wi Jt!ufiu 9l{uuLn[:uLJytLoi!n1tt5ul_J5r:0.:n1ltflu!a0]:uavn1ttiufldoal5!:yno!Loootn

lou1d qO Etement uayu!1rii1ao{ar:rJ:ynol'[oooin iruafrrLnyBrnr.:nliLiuud.:duaB{
.i

l1uavr0u00{a1:''t{yl 4.3
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7

n'r:1{d 4.3 frratirrnr:oBururunNara.:fnriuuluuuuunaauioarrur{rto z drdutfu
Jdddlto{ n']:[?uu69t5uasn'l:t:unt061tulcn0u[oooun n0u[[au 6{t5uu

sl?ou1{[[uu oaou 9r'l 0 u1 { t14n fl a ta.lun r:uu

1. n.i!ono-gt51a"tuiit!llovnolrol

al:l5vno! Atuminium Oxide (AL : O)

fl.1:1
"u.2:7

A.2:3

tvr5'tv

n0Lmul.J lrisrourirnr!

At oro6'ornr:6n 3 riru o

oiornr:6n2 6r16sro!'ir 3 : 2

n[ siornr:s o siolnr:6n2

Al rovo'rutuovglol rtil,] 1 O
a. -!u']0u0'tu'tuosfrolrLllu 1 fr.iull

A[:O=1:1
ua{L:uLJ 1yA[:2831#e-3

sO:2 6 Xu e 2

Af ,... o:
)<

/\
)?

4. o':lo n dn:rdrudruruo v oroltor

a1i!:una! Lithium Oxide (Li :O)

n.1:1
1.7:2
A.2:7
lZL

tyt:'1u.......

n0!t:uu lilnolrirnrl

vtvl{nu

va{ t:gu 3Li :21lvIe 1

BO:2 61r e 2

o,,\9

"/\

1 1. !uvr? yiotari (Lime) fiaor:lir.r
d< --dJtn}rFr0 Lao }lt0y'1.:LFlll?1a u1.i Lt

n . Carbon Oxide

t . Chromium Oxide

a. Caesium Oxide

i . Calcium Oxide

! 51u . .. ... . . ... ... . .

n0!t:eru hiorolrirnrr

ua.it:ul-J Ca 6o Cal.cium

!1{a'?ugro!'ir Ca 6o Carbon

Chromium Ltas Caesium
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)U
n1r1{fi 4.3 drotirrnr:oEu'rurvqNata.rrinriuutuuuuunaou{onatrr{r1o z dr6'udu

#or nr:ritru6or:uacnr:Gun6ogr:U:cnoulaoafi n riourrasr.rfilriuu (cia)

gr?ot 1{[uu naau or?0u'l.tr qtJat0{unltuu

t2. Fes rflu:rJuuuuorarr.ir:flafin
^a;c.at1u[a5t]51n11{A n t.] LlJ L A 15 0',]14 ',',]I v)

irlnruoiornr:odrfl url:vll'r rirvil
i-

!naav!nns Lo51r n 1uuvLJ1 114:1_.1

cq
llSUvtlunlrltvanta: 0114't: toun zu!

ic
n1?v [avr]a1.itu0 i01nn'lltJ'rfl 0larvan

-vaorEsi'ra::i uav{r5ornlafrn reS fi60

vrr'rrnfi'jrodrtt:

n. Francium Su[f]de

tt. Ferrous Sulfide

o. Ftuorine Su[fate

.:. Fermium Sulfate

t!!5't!i

n0ut5ul.r tri n or rir n rr
va{ t: Er 1l FeS no Ferrous SuLtide

!rrdruflo!'ir FeS 6o

Francium sutflde uav

Fermium Sutfate

Aa
4.1.3 fi or:rurdrufi rilurJ:ritr ua;fi or:mtr.tqruad:vnou

nr:i rn:rvrittrafifi dr0i6nr:vloaolrir t-test dependent Ina nr:!:s lfiur aor n

y e, .i- o -:-.1
uUrlnnrUrrjiLO 2 rironnn rra?il1doHa}J'ttLJ5L1l tYlUlJ:oUaut0.iunt:Uuylta0nnln0!41U11

rfl urJ:riugn uavfi or:rurtuqr.:alicno! riouGetuuavua-lGuu :ruas16cloriohd

er.:.od 4.4 nanr:rGuurfiuuiouau{rioud16onrirqouEirudrflurJ:tiugn uavfior:rur

lilqHarjrsnou (n= 10)

nruuu60u

touas

nvuuu[aa0

$0{un$uu

a1[uu.l[uu

19l5',lU

(SD)

SD t sig.(1-tail.ed)

fl0uffiuu 9.33 3.06

75.87
17.39* 0.0000

14a{HUU 66.50 77.95

+ 102
19. 05 - ].(JJ
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a n1i? rn5lyyroraa rn [r!! 11o a or ionrtr r{r'[o z riron;fu r{o{nr:rfiuuao:!!

a A - J - , ;a.u,asnr:15un{oar:!tyno!1ooofrn rfrofr o r:rurdrufr rtlurJ:riu uavfior:m rvrn era!:ynol

ua? t!:urJ lvru!r au aunu Lruu[oaut0{un [iuLJ yt!1ta& ttuu raa-Lua-l15uunoutlu5auac 66.50

a.r n'jrnv uur raa uriouGuu6o rflui oaay 9.33 uaun1:yto60uriT t test dependent rolna'r]
i c, - - U - - dr v-d'rotjrrfrruu6aiyFon"u fiFi1 11.39 6rlrnn'jr te 05 - 1.83 o.r!uunr:uuyrLot!n1ton

danliriuunl:aour:o{nrirruLran: uavnr:rian6oar:!:snouloooin Iould qo element

uavu!!qiraorar:tJ:znortooafin finc[u!rof;uiouavya-{uiuuarn'irriourEauoeirrfi
--i d ;aev u4

uua1ary 1{a0fl vlteo! .u5 ttaoi Lytyu']lunL:uull Lo:Lfl 1500n1:tluuit:0{n1511uu60t: tlay
aJnr:15un6aar:!tyno!1ooof,n Iouki qO Etement rrayu1]lJii'tao{a1:rj:vnoulooofin fi

- 1 i c, r, ^ ){4v a ! -zuaa q Ea{ruLlJLJ tuerl!a a5luyt0r.1L10y r14!a'1'tlluFno 1.1:1uto Lotorau ln{u fio'l5tu.t
.)

tllsulJrvtUlJ LOo1nn:1y{ O{nl 11 4.10

t4l3T

ilrl
1o 11 12

todrnrrd

t6 17

100

90

80

TO

60

50--:-

40.
30

20

1o

0

123456 89 18 19 20

nrr,rd q. r o rGuurfi uufauasnc[uuriouGuu uacnsuuu a'{GuugorrinrEaufi rdon
Jd.

rirqoudrufi rilud:riu 1oufi or:rurr$str{a :cnau

i-
rIofro r: ruror nn trfi q.to ujial rfior io aa c ay ttuuriou Guuu,avua-l riuut o.l

""7_.:-. =4 
c , ;a, s -un[:uufl raonoln 0!a?!1111]ulj:tUnn Lo0na'r:turrumzua!tvno! ornrloraririouayto.:

i{ ;e
un15uufr rdonrirmoudrufr rtlurj:riuon Toufi or:ruruuazua!isno! nsuuuriouriuu ilofi tz-M

w)
uav{0fr 18 rinr5uufirrv*uuririouas rnn'ir 50 uavnvuuuva'rGuudod r {od q dod ro
'ilofi' r+'ilod ro uasdofi 20 rinriurfinvuuurir*oerav roo rirudofi rt uasdofi tz rinris!
finv*uuaol oufiaoiririouav so oo o-lrir.,fn G e ufi'[d:-t nr: r:- o uirio r n r: rfiuuam: ua v

t nou$u1J
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nr:uiunfioar:!:vnollooofin Ieuld qO Etement uavultlrl'raatar:rl:cnoulooafin
J . JJ.

tlruaar.rqv0vr1.in15[:uutvltJtuo:.i

nr:6'onr:uiriuilou'ld 4D ELements dru'[vl{Guufizuad'lqnd6ornr:rfiuuqn:rrat
d ; - i v !. 1,., 9, n ; e a 

' \e
nritibnfio6l5tjiunolloooinrJln{u o?utvntJa o{u (1) tlJua0n15douytllnw0 aLo

)v
:?o151 d?utfiiln tSuu[no nts!xLn1l6oy.rfi1n o! rvl0a51n0{ao1'tLtI Lfinuta{ (Ltu'l vll!ta,

!:vuar ud6l uaunlu0{ouieri ?a;taa1, 2558) (2) rflunrsll.run'lro-onl5riuufri1un1:a{fi0li1

rJir-16ri'lunurorpi':unrrrn:vo'o5oiu rirhitfiotl:sa!n15n:Inuo:l rinriuuldr5uuforn

nli€jru n1:aor1lfr nr:irn:rv#flruu1 (3) afi! alu n1lli1{'ru rirfion::ujrufiurflun{rL
,i a v- wA \vt l 'l- duJ

ufiolonrarra nrrja uutsuuidu{6u uau (4) unts u! Lo0'ruyooanvlnu !t14LYl0uY1{ 1410onll1u

iuryutiraiilzuahirinr:'uufinrrufnxlr]rd1lou.rxulu0l6u lrran;rflu{druronrrravorn

uuvdltunri6uurrirn ouTou nr:o-ofio n::r:nr: G uunl:aou (utai1 ufl{i!e, auB il46'uu1

ttavnludFYiod ?oltaal. 2559)

4.2 nr:itn:rsvia?1 fi'tx d1vl{n1l[iuu

n15i rn51s#n?1l d,],]u{rvrrlnr: riuu {iiul{nvrruuolnr[!!yloaolionrrrLrdr'lo
)

z rir6'ut'u riol nrt tfruuan: uae n1i tiu n{ oal:!:s no! [000tn !1'] tn:1u14[tna no nlu']5

NormaLized gain <g> rdom:roaoryrTnrulnlinll1rL{lto1LlurLFiyrurqrani 16ornr:rfiuuqm:

uavnr:uiun6oal:l:vno!1ooofin raa-lldfr,nr:t'onr:riuuioiru 4D Elements uas

rr!1-rlirao{41:livfl olloooin rJ:rnnr.rad'li

4.2.1 nmufirrufirmr{n'r:Guu:1uto

olrrldri li'rfl r{n1r[iuuta6u:1u{oto{{Guu vloao!d?I[1J1.lvl06ounx1 td1'la

"-!'il'ra"i_z cird'lrTu uiol nr:tfiuuarr: tlac n1ltsu ntoall!:vnol Loooun d1!'lu 20 t0 tv{0fl01:ru111

nvuuufiilnriuulirl6'ufildurilutvirloto{doaou dofirirfilfior:rurlun1:aoudour;uuttau
-)ua{r5uu o.in1 11 4.1 i
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0.00

+
s 0.96
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O &0081

+ 0.89

t1 0.80

4 0.71

s 0.s9

High

.g

E

o 0.75
t 0.70

e 0.64

0.46

t. 0.38--- i' 03o4 038+ tilJ4olj
.. 426

* 0.48

. Low

2345678910 1t 12 13 14 15 t6 t7 18 19 20

torirorr#

n'rlrd 4.1 1 n?'uri'txr4d,r,l.rn1tfi uut,rudora$intiuuduriouufl nr*rf,fr o

n1nn1rfi 4.11 rtaoia?i]lti'1iu 1yn i n1:6uu rae uiludoro.trin 16uuys.:6'u rdo

fior:rurart:ri'r':yfiryrrnr:6uu:1udoo1n u!!yroaolisrnrrr,rtrlo z rirdu;fu irn:rvrirfi.r

afrfirirui6 Normatized gain <g> (firirfriuqj o- t ) 
'ldrirrauo:voilnxrr:ril1fii1y1.inr:riuuui]u

3:so'r6o High gain:soilavuul > 0.7-1.0 Medium gain:voilnvuuu > 0.3-0.7 uas Low
^ ^- .i

gatn:youasuut_J 0-0.J ru0{n1nrJ?0u111n1:yoa0!n.11r]rtlLor.tL! F]iytu1n16osua'{o.tn

nr:drfion::lnr:riuunr:aou yrl'jrdoaoudrllyqjfiuutlflulrJtuyrrr16urriu 6o iouac
,"- a v

nv tluuflot.Jt5uLtl.Jo u n']1i0uavne utul{a{ tiuu uav $l0yto,t:6u1nruflmy{rtadu:tu{o !i,t
u-nrsoufinvulunrtLrirtarirurnfiao6oto c firirnru rir.lr.rfirro6arvirri'l 0.96 fi:ruayr6uo

' _r-a- y e e .; a , j -do.rr lyrvr 4.2 aluuuuytoaa!fr !as ttu!n?urir.:yririoufr aoaotofr 12 nrrudTlr,tir
vrl.rnr:[iuuraa'ulvirril 0.20 :ruayuduod'rnrn 4.7

4.2.2 aylluualludrrr,trirur.lnr:Guu:rurdour
-.1-, 1 !

n?1tln1?r4U1v1.1n ISHUUtAA UtlU t[OUrtiOrri t5 ol 11040!ri']u rtlJlJvro 6o1JFr?,1t1

-"- Y, J -r'[r-Lo 2 rir d'uriu ri-o!ni5rf,uuaolruavnr:riunfioar:r]:snol'looofrn siru.]u 20 {o rfio
;; !fror:rurfisrurnr:frrfirf,utorr"-nGuufifisiorfiovru!'rrryid'alfrur.irflu3udorardoud'rmr:rr

d+s
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a111{d 4.5 n1ilrufldori'l01un'lilrdou1
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tuo111 t,oyt

rrruiirao.:ar:!:snar

Laaaun

do:rdrunr:rfi oar:!:vnol'[aoain 1-5, 16

4D Elements
nr:ufi uuaor:ar:!:c norlloooin 6-10,17 20

nr:Gon6oar:rl:vnorlooofr n 11-15

0.20

0.10

0,00

ar:ad", flll r!uuen: n1:r5unt0

nrvrfi 4.t2 nrufirt,lrirmrrnr:ririu:ruldoilrr,rd'rldiunr:risufriru qo Etements uay

uuuqiraosd'l: :ynoulooofin

i--t
Qlnn1flyr 4.12 uao{ n1:1[n:1s14F]x'uR't'tl4u'tyt't{n1515uti1u[t0 't tJo.tl.tnt5uu

!l: - itt'r{u loufror:ruruunflr!rSoluou irn:ryrariladfr 6ruiE Normalized gain <g> nl'jr
nlsnonQnsr nlrr:uu50'tu 4D Etements uasru-tldraolar:!:vnollooofrn tfiofirulr

s aa . :i a ' Ir.rLu!fl'tvtu'tfltao5 Llr0tr 0't ifu tn't'u.tfl1iytJi11t{n t: t:uun!1't ttqay tuo141 Unt5uuliyd!
. 3,." j j

nvuuun?1tln1?uu't > 0.3 0(JttJ:vo! Medium qain tuLl [ou15olyr 1 o-n:rdrunr:rfrn
!-al:liun0!L000un al l:nytzult1n't,lljn1?fiu1t0.t t5uLJtJ1nr6o oyuuunrrr]fllfiul 0.96

tr u ..., V i A < ! )qu en
0uLl.J:vo1J High gain yiuo1aru0{i1nr!Lrroy.tytLto?rl5r5olnr:o-or5u{dtAno:ou [t]u
.J.. dr a d s, j - -1\U6'lULUn1t00lJ'tufi.tu1.J1Lu n1ittjr?[aus0tdnfl50L[un15tRoal:!:vnor {lfn15E]ufr
y{u51ua?1lJlr:0.tur]1ua? unrS uu0.trJo1.t!au Ln [unlt?i1Ri n:t rthoul{!1n rin15uu onla
llv4,.rAA
tria.:il0t1fl ifr 6ouacnr:ud'hituy1a01!ni:ajfr nirirr4uo Iosfin:rflu{airu?un?1 auo?nlu
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t;
nr5i'on1:rEuui drurBorfi 2 nr:rfiauan:ar:!:ynoulooofln rinGuufinrrtri'my trxnr:
Guu o.sq og'[u:vn'l Medium gain ufiororn:v us rrarfidrfi'olunr:i'e fion::rdlirl#rinriuu

o i .! a. - ,)- -eirutuqju"rfir)rgrar'LuGortarnr:ir'r6oorn 6rrfludvnifirinriuu hikTlflufiin!:cdriurirhi
rinriuulrjq'urnu uaydal't{ntrlnururllunr:o'r nr:i'nfion::lrfil Iourjrfilfifioqjlu

i e .i- Jt?91lJ:v01lu Lnasr'tun t:uuu't Lt [un1:004n n:5u Ll.Jr0.l t5 uu Lyr]lntu uayL5o.:fr 3 r5a{n15
a.ieALluntoalS!tvnou 100 0un uflt:8ulln11!n1?yLJ't111.tfl1itiuLJu0urao:yo!nvuuu

exrr.rfir?ufil 0.3t oulu:yd'r,l Medium gain rin G uul r.:drurira'l au rfi ue fii nr: riu ndotal

a 1 r ! : v n o lto o o fi n rillo rr ra r. si lor u u-lfi n r : : s l dr u r u o v m o l ri u n r ur n:' n ua ytritd: s l
iiruruto oour o.: ororu:ru€r1u

nr:ri'nrlrululfiiyrurfl laoi Golnr:riuuan:uaynr:[iun6oa'r5 :ynorlaooin

lnuld qo Elements ttacu!!l;rao{ar:rJ:ynorlooofin i.:rirtriruanr:iiuaoon#orrir

mui{oto.r'[tar n:ula, r-]:suor urrj6r uaynrusinv:hrj xfi[aar (2558) finurnrrurimyrjr
-i ,, I

vl1{nlStSuuLLas tu!n[i0{:lJ:'t{ Ltasanly,{lj']ta{ Lr.t ta na [F]L't Laugt Fllu[yF]LuLauoonr urfro
- -i !, I
[5sadd fl!i1 Fl?1r.J ri'r']u{1y1.:nr: ri uutolfn Guuri'rd'uouJu:voit!ru narl rir<g> rvirril

)-
0.64 iirur u rin 15 uufifin r rr ri'r r ydry rt nr: ri uu o u1u:v rYl tlru na rl6l:yril arfirir rvirfil

i0uau 9u.9 tlasuirn']'rraoona 0{n!.t1u?n uutn51 uo{?ua, au5 flatLU't uavnl1]anrSai

roiraar (2559) zuanr:o'onr:riuuiuu jufio nn f,orj: c a!fifi rioFrx1 fi1?y1ilyn.: nr: riuu
- , - d u ! .; & -uavaiil!iyayEafialr{ud 15o.:mr:rlorqrirrailrln Grr,rlul-o ulfinurflfr a ywir ntrlfrrryrir

-zvrlnr:riuuyr"rr,tlooriLu:solaI 6orfl uiosav 96.00

4.3 nmurdr"louTul6ivrursraeliriouuasud.rriuuloutd ao Etements ua!uuudlaa{
.J

a1:rhcnoulooofr n rEa.rnr:rfi uuan:uaynr:Gunia6,t:rJ:ynoulaoofi n

uiorirzuanr:ionrrrLrdrlouur6oiyruraraniriourlauua-{n.]lo'oni:uiuulloatd +o

Elements uav utuiirao,:ar:r]:vnoltoooin oinu!1l oaoun.ltr rtrlo 2 riro'urYu 6olnr:
-lu{uu6n:uav nr:riunfroa1:rJ:s noL'[ooofrn rLri rn:rvlivr:srilnruutrlorLlurL6ilrurnrasri

IoarJiltJ:lrnruvirrol Mungsing W. (1993; drl6lorn Westbrook and Marek, 1991) 6.1

{onr:l#nclruu r{]u o neir sru riro'r nr rl rdr'to (s,r:rrfi 3.3)
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nT :1{d 4.6 rGtrurfiuuSooaEamlr{r'toulur6iilureranisorrinrEuu rdo.rnr:riou6n:

uavnr:rEundoar:rJ:cnoutaoafi n riou uasradsrfi oldiunr:oonr:Gauieieu

4D E(ements uas[uuqiraosdr:rJ:snoulaoo0nurnu',rrdora (n = 10)

{
tuauT

o'rururin riau (5aaa:)

cu* PS...

fiau

I'UU

l/t6{

r:t u

nou

rtuu

ra{
r:gu

n0u

t:uu

ua{

ttuu

nau

t:uu

$a.t

r:au

nar

t:uu

1,!Er.r

r:uu

flou

rtuu

tlB{

rtuu

0q:'ta1ufl'Drno

ar:rl:vnoulaaa

!n

80.00 t3 33 20.00 6.67 80.00

nr:riauafl:

ar:!:cno! looo

in

38.89 2.22 3.33 2.22 15.56 97.78 6.67

n'Dr:0nto

ar:!:cnau loaa

in

48.00 4.00 600 400 38.00 100.00

14 1uI a: *CU urrafir nT 1rrr{{afiar]!r0i
**PU ul'rufi{ nrrurdr'lonnuo"triarr:ni

**PS i4!rufi{ nrurdr'tofi narnro6ou!rid?u
.**AC filr1ufi{ orrludrlofi narornaJou

***NU y!1ufi .i tliLtl'la

u 1ufi.i t rlao{n']'tr.l60

.j <;a
01nn1irifr 4.6 rfr oiun:rvran'tr rrj't rtr.t rul]e'roiunL:uLJotnu!!yro6oLioxluxA

4-aJt,? u1fi1AA: t:O { n15IIJUUAAl Ua3 n15t:U nt 0a1t! 5yn0! L000uft Loutt!.1LiJual ruoy']uou
i.

6o t) dn:rri':uil"ruxuos rl orlffLfl!n1:rnoa r:! iy no!10 o ofin 2) nr:ri uuaor:a1i!is no!
d;

1ooofi n uav 3) nr:Gun€oar:rl:vnarlaooin nl'ir rior.riuuu-nGuuhifinrtLrdrloluGorfi

lrriau rfi oldil nr:6Bunr5aodfl u'[{ 4D ELements yruirrdorartiaufi t rinGeiufi nrrrl rdr'lo
i . ; ae ^ . ! , ; efraru:rurrnfrao 6oSouay 80.00 ao {a i!16arioyruoufr 3 Sorae 48.00 uavrinGuufinrrl
vq , i - g , i, dv d ja

tlj1L0u0uyraoa0ru014'1u0u11 2 }lunr:uur!Fl111.lrt1Loar.l!tfu5otav 3g.ggi n''''--
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1oo E

I60--- r

JEE,iEf,'I
CU PU P5 AC NU NR

I nourrulr

I rna.ltlu1J

nt d q.ra iouasasuuunmunirlollul6iilurarasri6o.rn.r:riuu4n:uarn'r:riundo

ar:rJ:cnoulooofin

ornnrnfi 4.13 yi!i1 rinrioueirulra4jfiarrlrdr'trr:lurGiyurflraoi 6ornr:rduu6n:

ruav nr:r,Eun6oar:rJ:vn orlaooin raa'rGuudru 4D E(emenrs 6fiu Ioufirinriuufi ou'[unril

liloBururvflzua (NR) aoalorniouay 93.00 ua6ootj iooay 3.OO uravfnrEuufio{1unq'rLfi
-_- !.t . .; ! .atd 4 tu _-_- Jnrur,"[r Lonnn o.l all:rurfrtf,u ornu] r!urouay ll.lt.t uuorornhfion::unr:Guunr:aou
\ra.te i o - .l
Lo ttaattourlarnru [una[nar auaLot: rtu:vr,lrlglstnr: uouo:ouo !ulvr:Ft-ilyrfrodo y5o

a c ; d s \ .u
L[vlLi Laqt{aMl n tt 0lt Lu{00u Laun!5BL ! ta i0t'tu 01.r tyloS tta ur]15uuo.ia1u.t:na5,t.to{a

nruirirErsr"rLo.rornnr:arfiorJfrrl6ion::r 6raoondolri!,:ruio-trra{ rlti:r uo,:i1f,, alB
i po )flaruu1 ttasnllFrstu:flu ']ruraal (2559) uay !nr50u'L rtltn (NU) iouay 19.50 rio{n1n

,j , ot y) ! - - . ,tr In1:[!au!u!a.:r[1]?nooo.:01rlun?1r.l5r:.l1nr! ua vUn 15u!6olrilo nr:riulii,:tyarrir_l
^) e

1o o!:rqornonfr 6rrir"qrJa::a odr{lr nlunr:firuur uur6ol#n nfrornrrL uur6oiyararani
tx^^ax-^1 := -,--.-.^-. ..-r=- . e, . - ^, -1 ^- .- 

- 
" 

'
(0aattnu fl:, tJtvu0! ufl0.i rrau ntuotetsir.u lsrtlfla1, 2559) {io'urodl tauo:ruac u6uo

vq s -.i ) cp - o j
10':a't1lJ[t't Lot.lLtJufl aalotnao! L'] o{uao{ Luo.t:1.ry 4 7
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n111{d 4.7 6'ratirsnerlr{rtolTuu6irurorafl{finarora6ourasfinriuu raa'rriuuldos

nr:rEauqn:uavnr:riundoar:il:cnoulooofi noiru 4D Etements

aliu uu?6avu:srxu
. -J 2 - -u turnrFa'tttaaaul|a{unt:uu

:OUAJ

n1rl?!

unt:gu

nlfitl

1 00514'tui'tuluasnau
i.D
Yl Lt Lunl:d:1.:YiuSu

loaain

n r: o'Fr ri u.i 6 i5 n n: aut oio r nl:.in n eio.: 3.33 n.1

n'tr'tutltaufl 0tanfi :0u lll0nn0i 5.00 n.2

uu':Idl nr :'Lfi'ura ciu6rd nsr :ou4oooufr

tnot1l

10.00 n.3

nr:tllan:ar:rJ:cnortooofi n 10.00 n.4

2 n'1:11'UUAfl:

ar::vnautaaafin

uurlir: nr:hiuaviu6rd nfl : oulloooufi

rnolu l!0no0.r

18.89 a.5

n.6

a'q a"nunjor qlriq n rior 22.22 n.7

3 fl't5Ltufltaal5u5snau

looain

tafirsrL:.rnnoai 18.00 n.8

bl:vutaoourororsrv:ruit'u 10.00 nO

:vtldrurro;orouriluntur nin 10.00 0.10
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a:U aranr:i{g uav{o rduo uuv

ie..r1ui oiuluFrr"if,[t]! ni:io"u rfr.iy oa or na'rlfi'rosir,lrFu? finiiyoao!riotr uasyn-.iGu!

(one group pretest posttest design) ufiofrnrlrllurLfiivro rora ori riolnr: 16au4niua vn1:
-Jri u nfio ar:!rvnollo o ofin looid qo E[ements [a v *!! qilao lar:rj:vnalloooin ;iryiu

v - - -.)fnriuurnr"oulfr nu1ilfr 4 nr:id'ea:!zuanurird'ldlf,

5.1 a:Urunnr:io'tr
e .t I -- . ; Ii.rafl1:i0uuzuu1ai1 Lll'tL0t.ltu!oiytL1fl1ast: ti0lnltltjULaaitLaunltt5unto

a1:!rynor.lloooin lould 4D Etements uac u!1-liira o.:ar:!:vnolloooi n dry:-r.,lu-nriuu
Y - a a,j _ q- -!tul]ou flnullyr 4 rJlouroatli.tao iu

5. 1.r rGuurfi uuasuuuriouriuu uavr,la'l6uu

t1J:U1l tytu!av r[1]un0uLt uLJ ![aur]y ttul.Jya { t: uu untSuu ns L!LJuyci.l t:uua{ n,l.1

- ---i - J -nvtuuunou15r]uodrrlfurirn,ryurIafrFfr:sril .05 rfiofiar:rurranrsrirnolya-n t = L05

fio r:ruloyrrv rran zu arJ: yn ol t = 1.1.92 ulasfio r:rur rirn otu#n rrayfior:rur rra4 zuarJ:v n ol
t = 11.93

5.1.2 nxlud'l?r4drmr.rnr:Guu
di

n?1!n'r?14u'ryr1,:nrt[5uuroau:']udoornruuuyoaorion?1lrd{o 2 aird'un"u Go.:

n1:tfiuuaqtrrau nr:6undoar:rl:s noulooafinnl'irns uuuol'ulil?yriryrlnr:Guluodu:ru

rio > o.z - i.00 oq1u:vd'l High gain fivi.:ylo a rio tri*rjdod 1., 2, 3, 4, 5, 16, 11, 19,ilodfi

:vonnvurlun?llrrimyrir < 0 3-0.7 oglu:vo'l Medium gain fivllylo tt do Liiud,ilod o, z,

8, g, 70, tl, 73, 74, 15, t8, 20 uasriofifi: vd'uny ulunr rl rirtarir O -0.3 oulu:yo'! Low

gain n0g0y 12

-aJ-n11! n11111.J'ty',t.:n1: t: Ul.J5',tU tLJOy'r r,1Ll't',r t5o.to9n'ta?uQ'tLJluoyn o!fr"lrillnr:

riorar:rl:vnolloooflnfinyrlunrrldrty{ryrlnr:riuuro6o 0.86 o{lu:vfrl High gain
Ja

15o r nr: rtuua q:ar:rj:s nolloooln!ny rruun't'rl.rn1':yuryr.:nr:uiuurof,u 0.54 oulu:s6'l!o

Medium gain ruavGornr:G u n6oar:!:vnolloooinfi nv ruuunirrllil'ty{ryn.i nr:G u! ro5I

0.3 t oq'lu:vd'r Medium gain
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5.1.3 irn:rcdntrur{rlouluu6iyuraranS
d,

n?',)1lLrlLa LurJa2yu'tfltaoi [:o.:n1l rlju!ar.:rraunlt[5untoai:!tyno! Loooin

r,ruir riouriuudru 4D Etements rinGuuairulur!finrrrrdrlo ulFirnuroraqi riouGuuou

lun{r L"io6rrarurrrJa (NR) ;ouau 93.00 neil trirdrlo (NU) iauay 7.00 riouuayr.r#rriou
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1. owondor:rdrldruruosmolto,lar:!:vnol atuminium oxlde (AL : O)

n.1:1
1J.2:1.

rI . Z: J

.l .3:2
Lfli1s atuminium (At) oqju:J tttn firJ:vqrflu r3 n-lrir" atuminium ion 6lrfieuldr{lu

A[3- uavoxygen (o) oqjr,l{ vrA fil:y1rfl! z eY.:rfu oxygen ion 6rrfiauloiri.u o2 rfio
_& -l-J',ru'rr1JUU49'5Qy LO rlu At',-O', LtalilLlu!TUO OvLOrilU ALrO, ol{fu O',Ft51AXU5s14i1.t

Rf : o ovrvirriu z:a

2. o.rlono-sr:rd'ludtuluosoorLto.ral:!iyno! BeryLlium nitride (Be : N)

fr .1:1
"tt .2:7
A .2:3
!_-_2-__4

tvurv BeryLlium (ae) aqjra:,j ttn fir]:sorflu +z d'.:riu Beryltium ion o'lifiuulfrrflu Be2

'uauNitrogen (ru) o{lr4 vn fir-:vnrflr. f d'lrir" Nitrogen ;on irrfisuld'ril ru3 rfi0
c. _!, _

uTlr1ruuu4fl:nu tot!11 Be''N', LtxqjlLlu!tv0 rvLoruu BerN, dlliu o'ot1a?!

5vu'iii Be : N ou[yi1rY! 3 : 2

3. owondn:ra'rusiru'luosrlol]to.i61ll:s no! Llthium Nitride (Li : N)

0.1:3
1r.3:1

A .2:3
1.3:2

Lv{ilvLithium(Li) oq'ui tefirJ:v1lflu+1 n-lrYlLithiumionirrfiould'rflrLi -uay

Nitrogen (N) oqjy:J VA fi!:vouflr" a olliu Nitrogen ion 6rrfiuulfrrflr. N, ufiodur

rfiuuam:0s16'rflu Li -l,t} lt{druurJ:yo oyloiuflu u,ru oi'lrfu dsr:rdrl:vy.jrl Li : tri

octvirn-! 3 : 1
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4. o.:rondn:rdrudruuosoolto.:ar:!:v nor Lithium oxide (Ll :O)

fl.1:1
lt.7:2
?). t: I

1.2:2
ra:lvLithium(Li) oqju:.i tnfirJ:v1rflr]+t d'rriuLithiumioni{ufiuutd'ifluri -rav

oxygen (o) oqjv,J vtA firJ:vlrtru z 6'rriu oxygen ion o'r,fier"16rflu 02 rfrorit:r

lfioriqn:ovldrfll ri .o2 hiiirlrurJ:v1 ov16'rflu Liro o-lriu dn:rei1u:sy'i1s At : o

osrvirfi'u 2: 1

5.0{Liono'a:id?lriruruovfi1olto.:a1t!:uno! Potassium FLuoride (K : F)

fl.1:1
1t.1:2

a.2:7
'I .2:2

ryii'rv Potassium (K) oqjvrJ tA fit:vou{Jr. +1 o-rfi Potassium ion 6lr{ar"1oir{.u r -

bLas Fluorine (r) oqjra{ vttn fir-:yoriJu r flnir" Ftuoride ton 6ll6uutpir{ir" t ufro

-{duru{eruarr:ovlorfll ( r ltiqirurur-:vo oclortu rr d'lrju o'rr:rdrr":yyi'r{ K : F

ostylln! 1:1

6. uvurvuorun6ou:In uvrarfiarlu:rJuw,uorurlyrurvrardu! naol:ri (potassium

chtoride) rinocldr{lunr:rorturn6ou:1viu,vra16ullf'fr'litnrci uiol#fl'!rirhufirfro

arrvtn6o u:lnuna16ur:'tu jrrnruqir (HypokaLemia) drurynornl:nrir ll utiu i'o rra'u

yi0ernn1i01r0ul-J a{rr8u6Fli}1't { rorto i L uyarEu}.l naoLio (Potassium chtoride)

n. PCt3

T]. PCL

n. KCt

.i. FCL

Lv{:1s Potassium (r) oqjr,r{ tn irJ:rqrflu +t 6'niu Potassium ion 6.:r{ulldrflu r-
rauchtorine (Cf ) oqjulj vt,A irJ:yoriiu -t rilrlu C^torine ion 6lr{uukirflu Ct rfio

dt:rrfi ouan:ovlpiuitu x-c t ltidrururj:vo ovlir{lu t<c t
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7. zinc chLoride l{rfl uar:r]oln'ur6o:r'[uonaryn:: n:u0119 uavhio-o am:to.l

a1:livno! zinc chloride rfl uoeirll:

n. zncl

't. ZnCl2

n. Zn2Cl

n. zn2cl2

!vr:1v zinc (zn) oq]rad ttB firl:yor{lu *z d'rril zinc ion 6rrfiuuldr{lu zn2* uav

Chtorine (CL) oqjur,j vttR firl:sorfll-t 6'rlYu ChLorine ron ilrfiauldrfll CL ffiorjur

rfi uu4or:0v16'rfl u zn'7-ct h{q"rurr.rJ:vo ov16'r{Jr. zncg

8. chromium (ttl) chtoride rit turll-nldriufr'rrir!friSuruavu{Juar:mol6'r"1unr:eiouf,

tu or rfiuuan:to'!611!iy no! chromium (lll) chloride

n. CuCt3

u. coc[3

n. CrCLr

.i. cc[3

n'{i'rs chromium (Cr) oq]ra:,j vtB fil:sarfl! +r fr,rriu chromium ion 6lrfioltd'ufll

Cri* urav Chtorine (C.) dqjfi4 v'tA i!:enr{.L-t rYrrYl Ch.orine ion o'lufiuuloirflu CL

'ur1rfi uudaiouldriu cl.cl' tt{dru'lurl:v1 ovlfi u{.u CrC[,tl.J01.J

9. n r : uor 5u I I a ra s y o.r uo r a t: r : n rrl iurtrile i5n r : n 4 r n r r n a r y o r ruo slirtri
lncrnr:r,.rrnraInlvrt:sr'llornro ovlri'copper (l) ,rll,d" ir.on ( ) oxide uay

sutfurdioxlde o{rfiuuaa:ro{at:l:snol copper (l) sul.fide

n. Cuz5

r. Co2S

n. Cr2S

.t. ca2s

nl:1v copper (Cu) oqvqj tB fit:sorih * t dlfr" cooper ion filrfiuutdrflu cu. uas

Sulfur (S) oq]r,r{ vra firJ:v1uflu -2 d'lriu Sutfur ton iqrfiultrirflu S, rfiorirllrrfiuu4n:

ovldrflu cr-s' hirirurur.J:yo ovtdrflu curs
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10. sodium sutflde lt'rir{o varuouiludirf, u rirnrnliruo.nxo:'[r,ifl r

rracl:r{r!ffLd1avulloi!!o.r Qr uduuao:to rdr:l:c no! sodium suLfide

N, NAS

1J. NaS2

n. Na25

l. Na2S2

ryii'ru sodium (rua) oqjra{ tn ir.J:v1r{h +t r,l"'njl sodium ion 6.:rfiult6'r{lu trra- uay

Sulfur (S) oqjra{ vrn fir-:v1r{Jr" -2 d'lriu Sutsur :on 6rufir-ulpir{lu 52 6odurrfiuu4r':

ovldrflu t'ta's' hiiiru:ur.J:co ovkiriu trars

11. lur12 v6olari (time) fiasr:rrrrnfi6o cao fifiovrrrr,nfi'irotirrl:

n . carbon oxide

1l. chromium oxide

fl . caesium oxide

L calcium oxide

- ; ^; ; _ - a
Lyi:'ru Ca froorsr6o ca[cium O fioorqno Oxygen fil CaO uf.uar:r.J:vnauloooin lou

fi calcium ion rcu'-) rfluloooul':n uavfi Oxygen ion (o'z) riuloooua! er-lfu
a n uv'

6'D!5sn0! CaO 0{$un{0 Lo't'r ca[cium oxide

t2. FeS rflu:rjuuurLo.rrldli{Iafirur u railsrn uy6 n 6.rrfluar:orrar:fiirl nrudolnr:

0t,tlll.l.liu01 alu:LL nnav!niy L0iL nlLuyu't Ly5!!5vytll.o'tgtrua ntd51t01141: LftLLn rl
d s - J a -Y aJ
l]n'r'1s Lauoo'r.:rlJ0.ii1nnr:r1o51struan aniF.io::n rrauirlJ501n Layn FeS r]toyl.ttrr}]

'irodr{:

n. francium su [f]de

t. ferrous sulfide

n. fluorine sulfate

t. fermium sulfate

- 4 _J I - a.
tY151U Fe t001En0 ferrous 51J001On0 Sultur t{ FeS t!ua1t!:s n0! 1000u.] [ouLl

Ierrous ron (Fe--) 1L11.r too ol-Jir'r n uasfi Sutfur ion (S2 ) rflltooolal d'rrju
) qv'

d't5ljisn0! FeS oi15undoLo?r ferrous su[fide
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13. Kt qndMdoufin uasldYnurnrrvtolodullirrnrugir (nr'tctro'lolodl) rt fitovrl

rofi'irourrl:

n. monopotassium iodide

t. potassium monoiodide

n. Potassium iodlde

.t. monopotassium monoiodide
a ' ' - " ro.,160 Sulfur 6: FeS uiiuar:l:cnouloooin loufitvl:'tu Fe t001Ea0 terrous 5 ti

ferrous ion (Fe2.) tfldoootltrrn uavfi Sulfur ion (S2 ) rfluloooual d'lrlu
J r.,

ar:rj:vnor FeS itt5untoloir ferrous suLide

14. a1:!:uno! PuBr, fi6orr.:rafi'jroeirlt:

n. plutonium tribromide

t. p[utonium (lll) tribromide

n. p[utonium bromlde

l. plutonium (lll) bromide

rvr:'rv Pu 6oorq6o plutonium ar fioor46o bro'n,.,e 6l PuBq tfluar:rJ:vnodoooin

Ioufi p[utonium ion (Pu3*) lflutoooulrn uavfi bromide ion (Br) li]utooouau

6'rriu ar:rJ:cno! euer3 6tGonfioki'jr plutonium (lll) bromide

15. a1:rhvno!ofiuv:'dtolvorn'r antvtl{tnfito{ri1r6o AuCt, vro.:rirfrfioonBtodu

arflo (oxidation state) +3 rfllv,loilfifira fiu:nrnrlrndaoto triu ar:rl:v nor:nao'[:ri

tolvo{Wl u!rJ6u 6o Gotd(l)Chtoride (AuCt) *riiuaiu:nrvrriou n'jlAucl.3

arr!isna! Auct, fi6 ovrrl tnfi'jr o tr l1:

n. GoLd monoChloride t. Go[d triChloride

n. Gotd (l) Chloride l. Gol.d (lll) Chloride

rfl:1e Au fio:rq6o Gotd cr fioorq6o Chtorine 6t nrct, rilua^:rJ:vnolloooin lou

fi Go[d ion (Au3-) tflltoooulrn ttasi Ch[orine ion (cl. ) lflutoooual n\r.Yu

) t!

flr:!:vnot RuC.. 6rGr-nfiold'jr Gotd (lll) Chto,ide

i
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, c ,i'['il'[arario Ltjuoot,nln'r]lto 16 -17

n1E n15no0 La nfl:oulj0.l0'l E

B

C

D

2,8,2

2,8,8, 1

2,8,7

2,8, 1.8,8

t 6. orsrnlofi nr:tiotfl uar:rJ:vnollooafi rld

n nn'l D 1l Cfi'lD
n Bfiic { Bfi'l]D

un:rs nr:rfi on'urvlooofi n r6o:vv'irllavvn'rolavs 6larnnr:o'ouiou6rHnn:ou

orq e fiuaraud6r,6nn:outvirriu 1 ltfler{i101qBr]a!!rrna1ufi!51o14l 1 F]0t!1J01fl Lavv

"1 - "r,vri7 Eorfluorqrolauva'ruorslc !trtauodtdnr':ourvlln!7 ttao i'l1 a!!Fnalun!51q t

;lrYu anu c 6raur:nrfi oufl lar:rl:anortlooofi n'[oi

17. ar:!:vnoufitfioornorq B rir c nr:fiafl:odrtl:

n BC2 llBC
a B7C I BrC

a -&
tll:'rs 51qB ir,rraur,6t6nn:outwlliLl 1 Ialfslnarrsrnv! lA !!lsatlu I I 9lLu
r' d -arfra:rnB riudtdnr:ouau Loool"tilu B. uauc t.J tl ta1.aotann:outv'l fll- / !a}JL6

ud.t.u.rqrqj vttA firJ:v1rflr" -t 6'lriu rfioorqc il6r6nm:olovfltooourtlu c uiorjrur

rduuan:osldrtlu a 
-c lt{o'rururl:vo ovloian:ar:!:snoiloooinrfl u BC_--"'1i ''

ra u.t, *,"4 arlr:otfioar:rj:sno!o'trt 35,18 at5!lvno!firiodr.rnr:fi4m:rnfi rflud'r

dolo

n. AB t. AB2

n. A2B .1. A3B2

rfli1s o'rsrA iurrauc{d15nn:ourvirfi'u z fiall-Fadruorqu{ ttn irJ:v1rflu +2 o-lriu

J d -cLfronlFA rde d rd nfl: ol"ovI Looot"t[]t A" ttaYB l]tl tauno ta noloLLrln! / a Lsl

od.ruu.qr4 vttA filislr{lu r d'ujr" rfioorqB il6r6nm:ouovilooot tiu B rfiorirrrr

riurqn:ovldrfl u e2.e'h{ir'rulu!:v1 ovkiqn:ar:rJ:vnor.lloooin riJu AB,
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t9. rirrauoorq 3x 7Y ltav ,rz an:torar:!:vnororsrrifrrioorno rqr"raril{o"to r{]ut!"[6'

1. XIY .Y7).XZ 1J.X,Y .YZ..XZl

a. XY3 , YZ3 , XZ L X3Y , YZ5 , X2Z

tv'{:1u

X I rrrat"grd rdnm:olmr n-l t irl:vt r 1

v irrrauddr6nor:ourvr^riL s firl:ri a

1Iriraundrd.mrou.vrrfu 7 il!:vl- 1

ra'orfi o rfl uar:l:snorlooofl novfi 4ol:ar:l: vn oliilu x3y, y 23, xz

20. firorq X , Y utav Z a'asr:ar:t]:vnoroon'lrrilflu X2o3 , Yo *av Z2o

x, y ltas z nr:ri]uorqlarasyilnmrrrirnn

a. l,ll ,lll r. lll .ll . I

n ll ,lll , | {. lll ,l,ll
rrlrv X2O3 YA Z2O orn#raruirrJfrfiSurn'l Oxygen oqilU VtA fi!:uq -2 rfio{orn

ar::.1:vnodol,ra:?r1ro{raroon8lo.lilov6'orri]u4lrJlaro6'rriuormxvzo'rfirJ:vn

6of y*ig-z Y2+o2 z*to' ovld'iro'rn x oduil 3 o't Fl y odurl 2 orm z auuu t
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n1nilu?n {
.td

niln111t0{rn:0.uJo
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el111.ifi {.1 rirnruaoondol (toC) :r}r.i1{ruuuoaauiolluriiilararani,iu

oorj:sard

taYt

ee
nu[[uun?1 ff otfi u$a{9.1[tu?g1fu

roc 65dHanu1 aufr z aufi :
1. 1 1 1 1 Lr [o

2 L 1 1 I [r Lo

3 1 1 1 7 Lt tn

4 1 1 1 1 [lJ LO

5 1 1 1 1 LlJ LO

6 1. 1 1 1 LT LO

7 1 0 1 0.67 tr Lo

8 1 1 1 1 LT LO

9 1 1. 1 1 Lr [o

10 1 1 1 1 tr Lo

1.1 1 0 1 0.67 L{ LO

t2 1 1 1 7 Lr to

13 1 0 1 0.67 Lt Lfr

t4 1. 0 1 0.67 Lr to

15 1 1. 1 1 LT LO

t6 1 0 1 0.67 Lr [o

77 1 0 1 0.67 LT LO

i8 1 1. 1 1 LtLO

1.9 1. 0 1 0.67 tr Lo

20 1 1 1 1 Lfl LO

2L 1 1 1 1 Lt LO

22 1 1 1 1 LI LO

z5 1 1 1 1 ttLo

24 1 1 7 7 Lt tfi

25 1 1 t 1 LT LO

26 1 1 1 7 L1J LO
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0r1:1{d.r.1 rirnmlaooadol (toc) rsu.j,t.ir[uuvroaouiouluufiivru'lnranin'u

lorJ:;arri (do)

t ovt

oJ
6VBUUA21UAnI UgOrtH[tU?t1n

roc alilela
nufi 1 aufi 2 6ud 3

27 1 1 1 1 LlJ LO

28 1 1 1 1 Lr [o

29 1 1 1 1 [r Lo

30 1 1 1 t LI LO
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n1ailu'1fl o

uTuufi finare rnHaut o'rfin riou
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n?rrt[d1'[oilIuil6iilursraoifi oaro rn6ouuorrinrBuu r.rd',rr3uuGo{nr:rfi uudor:uaynr:
dir:unrodr: :cnoulooofinriru 4D Etements

.J1. urrr6orSol 6'n:rdrudruruosnorfllfhnr:airw,riuovlooofi n

A - a ^aniyifi o. 1 nr:{oriu{6rFno:outo,lorqkiqnsio.r (iooay 3.aa)

ntrfi 0.2 drururr rausl6 r5nfl :ou1li0n01o{ (iouas 5.oo)
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n1v{fi o.3 uurLiunr:lfi uaviu6r6nor:ou4oooufi rfi qdu (iouay 1 o.oo)

nrud 0.4 nr:l{ean:ar:d:ynouloaofin (iouac 1o.oo)
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Jaz. [tulno$0.1 n1: r1uLdfl:al5!:vno! 1000!n

) fnanrqtrnl:arir,rluiu {b*ilur6ou nnfl o1rlhru

,.:.

n1fld 0.5 uuaftilnr:triuavYu6rsne:ou,4oooudrfio.urulrionoia,r (iounc ta.89)
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eov.
n1lrfi 0.6 a'ryf,nuniorqtilgndat Gauat 22.22)

_-JdtrJ. t,ulnoHo': n1: L:uflt0a1:!:3 n0! 10001Jn

a _4
,r1llvl 0.7 t05'tot[tJnngto,t (50uau 18.00)
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n1fl d a.8 lri:vuJooouuo.rorqvr:ru8{u (iauac to.oo)

nrnfi o.g :vuqiruluasnoilutunrr*rnin (iouar 1o.oo)
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n1nflu?n a
I

9t10u1{n11rn0n5:iln1:[:uu:
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n1r,rfi onrrunlllBuuf riru 4D etements

nrr,{fi a.t dr:roornorn 4D etements 6nr*rrduariunr:riuuan: ua;nr:6undo

ar:rJ:ynouloaofin
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n'rvifi onttunlrrEouf, riru uuudrao,rbiu

I ar'.

ntrfi a.2 6nurrfi aerYunr:rfi oloooutiotorn uasnr:rfi oar:rJ:snoulooafi n

., .il" .t

." ..* ,n,
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nlar{u2n t
i{a{1ud1r6ua[[uuu::u1u lunr:il:vtuvr{itrnr::vdusrfi u.ou.i{u uYud rr



97

d :vu r auu a r r utu n r :il : vtu u r ti tl n 1 ::s srulJl st

T
uau.5o-u nsofi 1t

atRtsrnruSnud 5 Unr unr5nura-u;? uasrusrti
13-14 nsn!1nu 2560

aasrurirt6uouuuui:u1u

PROCEEDINGS
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llrnau'm1u!n111)|,Wr1!iannziwti nu)l,t a*i t1 | 13 14 ntn}la! 2560

rJ:vurauva?tulunr:U:vqumr.ritlr nr::s6'utrfi
&4

uau.'rou R:'l?l 11

n'r!varf l.ra1uv'r.r1aiiu, lrvirn"uuavnr:!:vqno{
MicrobiaL diversity : Literacy and apptications

tJ a{r uu1 tau 0 Jl'r n! : 5 u'r u

iud ta-tq nrnglnu n.6.2560

[u al61tr fltgru6?un'] !111??r u'rau0ua51tE1u

o'.rraioqua:rtorfi
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'' nnr:rilulgl: uarnr:riondonr:tl::nouloooinn1trfl !'li11!r{1 L!! lu!o2t!rr'ri16it !lt
dT niurin6uufuriour.rlnurii q hu1{ oo etements

Devetopment of Scientific ConceptuaI Understandlng of Formula and Naming of lonic

Compounds for Grade 10 Student5 using 4D Etements

irrn! .iExl@!i\ii (ai n1!rii:l,i tiirddrrn
' nai.rioiinu1.1.nilni,1 : fr.itmi uav ! llrji in ra:rlm:1! r xi, ur.r..in.tr

.tu:iv!riri,i !vli,urnuo'r.,t5rn
't-,na, tJrnlJrat wOr.or & r.

!na_itio

nlr'iirahii. Lnrridur;lnnan.!fri,I'ntlrun!i,ia. iru.liLUaam'r,'[-lnrll.!Fh'linr^TlaoJrioL,1
riL!-acrdll50Lliorn'rriLLdFr-nrnrr,;!nion,rrJrrnor"'.,rooirio,it e ali-ornA,"i'LlLi a6o i o aD

t lerer ts r 
" 
Lldr.;o rrrr L n rri_ DAoRt n.r i' ron hi,e,6uir '1,i t:ri-lr.ii n.it r, dlndur - t.iLr..r iiLrilil ua:

liirJ:cau nr'r oilrelula!_ rai our)!w o.! 6T elsac aT t Urr norlo a ai n nd! cl'r o ri1 r I o in.iu r.r'! io r:Lintrifi a

d.rrrrl3.Ln.r)LLh:un')/ru,2559ic1d!!'rnlnll..r'1.1ulrulr,.id!a.06-ql.nlion'irtLLllrar
L!w.,!DUlr" )'!,.i 1\t1uiv:ivr, s.ari-uu rilritir.HL,,2;dtir",i,rr':.irr.arruavn':,irrio
n-iUryn,jLldduiD d.l,lL 2c.i, ,.uunra.L 2 ii *u.u!r.f alr.i rr.or.i n r-',u,iar.f.i, r.'erl.fi 2 tylulrn-t
1i,un!a i,.r'crio)-a1cLfii 1tu i 7,run n-tlrtn,rtttr, ,..r1 :.lll.\airt e'ari -5lil::'{enare I r-

L.iioiorrinriuuriu 6 nd! or_u: cu id6) )rlrirlnfial:yro, PU 6 0n11! Li"h nnuolrj art :nj Ps Foarrrr{rlrfr
nara,F6ouu^rdL A( 6Jc11!..i{nfi'n 

"rpAoL 
N- FaU.,i-li ..,ty NR;dLi,.arrer,r,Fq n ,idrljti,lrrli"ur',r

" " - rilrulnll!r,ilhiallroi{uarniouav : aq riu16.92 fn!i!rJLn,ttL|l LLalu-ohlta..llL 4D f lc-ents 11' Ivur

ihiqaora r'rl]io (NR) ao a.in rniouay 64 6 1 rir.r 40 0o rlav !!_n!5 uufl!-'rirln (NU ) iolas 1 3 46 ria.lnlninli! u

tnt6r./!'.!!F)r!iua]Jlu!5orr0r!d!ooniroduno.!n191 n.rri!uanlall tunoulooin (a!n'1l,l'ttrirJf]lurnin

i-ddry : oo ttere.r, d-lUlrnarloooi.r arrr.Li hr.h.r.i ..urrv'5.,t"uio6o

The p!rpose otihls eipe.,ren tal .es€arch vr'ere to compare rhe pr€t€st'posttest resutts ofscieniific

conceptua( understand ng of formuLa and naming of lonrc .omp.,unds usng a mob le app(rc.t,on i.flred

4D Elementsunder trademaft of DAQBI The appkatron E a fu. way tc learn real chemistry and eixpefience

augment€d r€atrb/ of elements and ionic compounds tre parrrpantr l1 the res€ar.h were 13 grad€ 10

nud€nE n the first semerier of the 20 16 acadern c year :tie research tooG we(e sx tess.. pla.s and a

tv/o-tEred rnulnpt€ chore conc€ptLal te5t of 20 rtems related to forr uLi and namlng of ronrc comp)unds

The hvo-hered muttipte chore qLelioni conrned ol the first :i€r of conte.t'based ouestlo.s, and the

second tler of reasonnfbased oLesrc.s Data were analyzed t', pe(tenLases of denrific conceptual

understandioB was cate8onzed into nx levels, complete Lnchrsrandrng (CU),pa(ra( t,ndersiandng (PU),

padiat understanding !!rth specifu aLternative concepton {PS). al:erra:Ne concepio. (AC),no L,nderstandrnq

(Nu),and no response {liF) The resea(ch fnd,.gs r..icareci rhdr the malori.y oi nude.B had

prqressve.omplete und€Etandrng v\hen stLdyng wrth 4D Eleo'ents Curnc(eased from 3 84% to

16.g2%,NRdecreased fror. 84 61% to 4000%, andl3 46% of (ud€nc had AC after learnng b€cause some

were confus€d about the oxdaton number of the elernents, formulanon o[ ronrc compounds, and Geek

Kerlords r4DEtements, onrc compounds, concept!al!nderstancl,ng mchLe apptrcano.

1

!^ntl16u.hnrri!.,
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.UYi1

nlr(onlrriu!n'rlaoLi$tr1.rarfluiolJuriltiultilinritur:_nrrr:L'irh1rlvdnnTr ua"rqu!itf,r'ir''1tu

r1.!in! l nra n i r1!rit1d611,r i$a u nicul! nllll1iitluT f'ra ,1fllrnT lti1l !fi i n l la o!i1lu 1616F flf1;'uai1' rlllr

ur i fidr i qa tlr r {rrlr. 1o I ror,-rYit" Lai i.uIur 6ir l"ar an {druru!rn !'nrfi!riorduJr r n 4 n'r':ni1u:t dur-lr

arr,T rnr,olri-rrdrrrr,rJd'"d rir 'ial 1rrIai"rovror, iuD:i6n_ .!atnto{\ra eaoin,rdor'vioov{ar'u5dru1,nj

!tur!0.ifi!rlneionlr lnllrrrirh ritralrinT :air':rlu!Ai ul'rn05 6lriJurioliorn [a:!"nriu!'lirtrl qili!!

gu1lil1lJnrri!1u!6iaar0t.aaun:o!1u!6rrtr6on (alrer..tve concepnon) vioao (misconcePhon) n'rn

arT r r0uli urtivurara ni (sclenti6c con se nsus) 6 nrilrLliino'n'an flr:r 
" "itr 

rn invinllu i0'l !ia iriulni

dl In urluriinor ar a oit6! i {ri uu!l duriouic !i uduS ruto ulul6i ror a r an iioc ri uuluri o!dhli (nrlrrni

orciail u,acindri an rt:, :s sq) v rnlinri!!i)rluliina^n la 6oL linii! rnllJia1! r: oairulu:'iinorara ollvri

f}rl ,lut" arir," *rn aun r rio nrr ri u uflu urla;rhn-o a 1{aor'60'r !r1ur6 m rrinri ouluria rriul ria u uir ir
rladtfilUoonlrulrnlldo innr:r nT rrio lilirurlT :ar durln rior ri olfirin ri u uarrr:nairulu! 6irur ara rfldo rirl

lrlrcinin1x (fitr d".tuir rayhtu3. 2559)

r-urcLa! riilryiiL!iiiofid.l.'rxt o.ritr re! idn un : ria ra r LiJr.u rr or :r ri"liu.r n r o nr rri, arrr:Ldrhtor

u-nrilu ti..*ldrfior:lur,iioarorn6oddlrn nr:riro'ur.6'^Xlr6orrlunr:rio{rrgrairilirrfluiugrrfidrdl'qiqo

!nrnrrintra!fA!0.:alruaztJiiiuT ,ar-rlntio i ac16n'r_u'i{tMarr f io!fitrllna0urlltl!6[aYlrlrlt]ifi

.a.roln6ou!fi0lniuhr_uoylaMv rir,Jovloooin uatniuoylnrrrari'uorrinriuu nuir rinriuulilulvi! (60%)!mr!i

ar',rOltofr,iurrr,iru,S^firlltrn u:stluumFnir uraran i ln u rujo rririnrla uia rT li alrtll{llr nfl8a 6o

6ornr:rhanjlJocla t ueEaldilolhvc (27 nu) lolalrr6oriolaa'u{rtolLra4alanrauri (2q au) atiNLfinT r
nr.:-j'rir,irr.irliialr!r1-!,'[flnh;oi1?1rai1!!old_rutt'raulo'oi'l"ct'ioralrJitarar:tr:nouino'rin
(fifthr Ird'r;,2553) r'liaoedolrlu6'toi{ni iiuauetuc (2558)aiU rur6fi6alorneodu;olr"uo!1naain1{d!

ortrrfr l
rlrl{d t llu!fifiaa, orn6o uriouirovlooain

frto ,10u14

n1t!nom53l000un rin rirluandT url6t6n n:or,rfrl.i

LLan,U6eu:cu'illavcllavolau:Li

onior

nltiioarl t:no! Naro

Na 2 acoo!1i6!6nrtou 2 6rino:ou dru o

I ocoo!lu6r6nrrou z 5!6nnrou fitnrrli
un:fuBrfnnrou z {

rlniru,i'i,r:'irar:Urvnouloaoin
riorrnnr:ld6rAnarouil,tirtol

Ca(:12 Lao! nn"riolan9raul)!n!.Jio! ca

riu fL

- o iolnirir] 2 ir6nnto! dll, K da!nll6n

z 6rino.ror 6ii6,6nr':ar.iu,fiuriotia ru

rinriruo6urun.:6orfu tclooain

l!nn']0rual!lnMl!nl1!r!1!
i0.$llauralantr0ull,

- t< a{n{ t iunur{6r6nnrouriln"u +l ii1!

o oJuri 6 inrarri6rinnrorLvhrlu -2 i+Gt,

K 1 ovroll(;oi o !!bi6:! 8

- o irrrardiranr:ourri, dt 2 &u x itr
rausi6r6no:aurri, rlv I itrionr:lrirratlu

nalriu!nrr
61rU'rrno1]loaoin

rin 
'i 

oui;'rdrp;lnuoito.r rrlt rrlif,r.
1rni l'lirliLdcr4o:ror
arrrl:vnau'ioooinLiini'0.:

lron( llh,vate riuu{trni!
(NO3)3 t{NO3)l . F(NO3)3
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gn fi !ruLifi_ni:tuth!!hv1tror!1fl

rltunnu! tni0dTlIfl T$1]o lv

kon(ltlhit ate riulriinolr
FeNo3 lou fnrtuudltafllrvnlo! nitrateloi

xarLlvrmr.l nrulull5ronfl! F. Lmfil +l

rrrr!!rrhtia1njrrnoui!fl arm.r'hli1
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