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ABSTRACT
This alndy piims o develop e Tve-tier mulliple-chicice dogmesic e o cesiily prospactive clementiny schonl
Rearhers” misconeepaiod: ahin phase mermsinon Usng deseripive gpd verdlcalion merods, The subjects mchigk: 149
{114 female und 33 male stasleni<s pmlnrli.;r: elementary school feachers in one of the Elemeniary School Teacher
Education Sty Programs (ESTESF in Wiest Iaviu The stapges of the stindy s s follows: H}dmimi.ng i five-ber st
instrusment e analyee shwudenis’ sisconceptions: (2 vabidaton by expens (35 insorument sesting that was done oo
prospective leackers who have reoeised  phise tmmsition materigks: and @d) imstroment estiag that was diose on
prospective elemessary schanl teachers who have not received phise transivion ieachang masenals, The sdiamed dain
ware analy zed desenptively usng the percentage sechnigee. In gemural, the resulls show shal the doveloped tes (FTMC-
Plifive-icr muiltiple choke-phase sanstivnsi is ideal for identilfrme sledenis” wmmceplions ol phase transilis,
Hawewer, Turther study fo develop e fest tiems and in analy#e e accondingly as per ihe Sem response ooy &

ey mised

1

Keywends: Five-fier est, .H'uhp.l'e-dlm:'.p Miscoaception, Prespective ol emeatary sehonl foachers, Science
Literacy

1. INTROINUCTION off Cadeon and Sobrmaniam s Brec-tier tost [ [O] that was

manlilEd ingn @ Baodicr stroches [11] e Jeaming

I the lit docndies, cisgnostic leets hive grown mechuical woves conce: The foar-ter test 5 2 mli

mereasingly popslar as a method for collecting data
reliked b @ miscomcepliom shekil seicnce leamwing amonge
students and  geachers. As  dhe  initioeoer, Treagust
developed 2 e tier Gegmostic methid thm explicily
idemifies mesconceptinns and  recomurents adding a
cinse  liem o deernine e SskaME  peiubine
miscaiesions [ 1], A Ueo-De bt Gl e shape of &
sysiea (responee chioicne fies T-‘|'B|t| [ 2], T pChieve &
three-tier, an addisional layer of Conaimy of Respons:
[mdex (O wir propesedl b supplersent the limstations
of the twoslier method. The three-tier test-is formed as
anewer cdhoice plis rationale plus CRE [3-%]. Evesaually,
ihi@fwee-tier el evalved iman o fonr-tier tea, Aceonling
o Enlmkei-Crerel ead. [9], the foss-tber fea ds & varision

tiered diagnoste st Developed & fourdier dingoostc
lest | Answer Tier. Coafidence Bating for Answer Tier,
Eemson Tid , el Conlklesee Riing for Beison Ty 121

Condiderive Raling wis added wo e tees-tier st and
EvcHvd ani @ kiur-ter B2 ar inenesses che confldenoe
level o6 am answeer and the explanation for fhe s wer will
b e acovmabe, The four-tier lesl consiss of feor-level:
maltiple-chaice guaestan: o ket Eowledpe, answer
vonfidesoe level 42 the Eirst bevel, answer rationele al g
firsi level, srd kevel al confidence [ sure oo ens el of dhe
e s rationeks ab the thind lewel [2], [9], 13- 14]

The uhiliy o recognize umd mompulate coscepis in
warkms  epressnblions s e indicassr of  comegpl
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nlersmndimg [17] because ondersiandmp the concepl
will be closely relatedso comsistency im salving a problem
fquestion), Therclore, ssdenis thal bave grasped the
coimcegn will Be ablke inanlve e probdeyn ssing the aane
principle, despaie the differences in e oonoest omd
representaton [18].

Themo are threg levels of maoral nepresestation:
mesroscoprs,  swhmricrescopic, sl sypmdaliv (18]
Deilforenees in knowlslpe of the sabmcroscopic kel
{verhal ok visual) were identified in one siudy [20]. The
chisticzinn benween verbal amd visual aspeis suggesis
that the submicrnscopic kevel should e separzted inin
pac grcanrs, 11 womil] be nevessany given e Fact that ey
Tevel of pepresenialios (s eomplimertey s connscted.,
aind ench evel of fe et b oritieal for soscdenrs
e lemskanl | 21-23),

(B tke phise mmsition lopec, Johnssone | 15] sugpesis
@ submicrcoqic divishon of verbal end visunl, esd de
g af answer raiborale ver, which s n Tive-ther test
{dingmcestic wat). The five-tier disgnostic test consiis of
mesrussop e kvel, verbal submicroscopic Jevel, visal
anbmscrosopic level symbalic bevel s wer confidenes
Jevel M shemild be nofcd thad bocauss o diapmeslis fosf s
hased on @ conceprual approach [12], e pesposse
checes mclucke some digrocwrs wesulting fnom stadenis’
praconcoptions. These peecomcepiives are ohiaized frmn
he Jiweraae sl png vioas inervicw resailis (e pchers aind
Atdens] [ 24

The developrens of 8 frve-ier mahigle-chaios
dizgnostic e o asess prospective clementary. school
teavhers" miscanceplions dbout phase transition (FTRC
PThis mequised ta be ssadied. This sudy is mecesany o
solve kearning lssoes and difficeltics, impreve siudent
cosviprehension, and find o solution g0 elimisste sident
misconeeptinme.

Huweover, FTMO-PT Bas oot been fourd | and the sse
al represomisions i dogroosic sk on e propoclive
prioary  scheol  feacher  stedens”  undessonding
regurding phase wransaioe has ot been invesigated.
This. this stwchy altermpts s desonibe o dizgnostic e for
e MEise Wanstion Wpic, This WA is [d ploopelive
clementary  schood weschens I their thivd  semesier
desnirming whey  hal snadist sclence  thooaghoui
clementary anl Bigh schonl amcl had meltiple scienoe
clazars in the firsl semester. The poal of this stody s o
@vlop a valid and wowabe five-ter melliphe-chaice
dimpnashic tesd 10 gssess prospective elementary s:hool
teachers’ misconcegainons abowr phase transitios. This
atudy i expected s improve the siudent s brondedpe of
cductional malerials & & lesmaing reflection thar may
mohivale tham lofake comective mevsros and conhime
their studics,
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I METHODS

Cinez o the cinses of pour stsdends! comprehez=ion 1
miscnpcepiion. Accooling o soenfific comsemsos (1
26], mizcorceplion is adeviatiom from the concepl of an
apiEion. In this cose, 4 dapnodic ed s required s
CEAIne Mscoacepibogs | 12), [27]. The development ol
i multgle -choice 1o 0 masess sudents”’ misconcepdions
ran prowicke n sgmificant omiribubion G the wcience
lomchor 8 issompomie resoanch Fisling= min their
classsom [1] These resoliz can be wsed 1o defermme
whither o studem hos & cosplete understonding and 1o
dedoranine the cormect ond eoormect soooes (2R

Experts continge - develop she maliple-choice e
maslel By creating fhe Coaonty of Beaponse Inde s (CREN,
which b= an bdimmnent el usssnes e confibeme
ainliny of & fesporeleiil’s giede . CRI b3 b incisdag o
determning horoe defimioe 2 shoder s MespONae oF dnswer i
tguestion {2, [ 3091, 129). 0 & soderd comectly answers
# guestion ol the ORI sconz i< preater ihan 15, e
sheckenn mcnas idered 10 hive a greod grosp ol e concept.
Hnwever, if they answes the question iscoermectly and she
CREds greaver than 23, the sracke hies 2 miscosoeping.
Adss, ghose who make a correct or intorred araver with
n €RI al k= than 15 are wivporized as co not
umlerstimed the coneept [30-38]. As shown im Tabde |,

Tabde 1. Dingnosne iz scomisg eriteria ¢ dalviple Chaosce)

B the pomes and the rsforda e |

1 | 2
| et iF appropr A= |
3 | I Mo angasr iy corecl, the rglicnae & |
- B PUovciloa™ B St |
3| 0| He awer and ationes s warg
Kol Manal, aml Bima [20]  developed

diagnessic rest omazaia with twa altermatives,

Fasecl on the previnue critens, respondents with CR1
< n"l'lrl EURCT COMED OF WGP pnswer (s calegnniscd
i sinachenes wite de not onderstaed she concept. B faoee
wibsn “fn w0t imderonand the cancega” ans given o sooee of
10,7 those who haw “misconceptions” should be givena
ware below e, mch e 917 Fer concepiml
resAnienimg and minimmizing misconceptione, ‘mom
effort’ i needed than the previous izechiag [33]. Based
iy Table § and the (R omtesia above, the existing

Takle I, Aassinenl orierka for cech liein

1 Cewrect = 25 4

z Correat <25 1|
3 Wrang <25 | o |
4 wirong | =25 1|
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‘Table 3, Criterin lewel of undersissding

: Al arowers are 2 E Uil et i
comait
L | Ve answer i caE Partal
" | Feand 7T Imaundirdtarding
Wiong answer is Fartad
L w35
Iimandd Tra s e
i Al ol fhe Fdmay ans ag W ior Bplion
witrg E
Al arawars ard Do reat
5 <25
COATRIT undersang
" Al ol the srewerns ans cas Eroe
WD

Taklde 4. Five-ties @51 answer combiikiion

i CRI W
N (3 5 3 I E I
[ClC|E (W) =25 g i
clelwle 24 5 P
[chw]c|e] =28 5 mC
wic|clc| »ds 5 AiC
I-:_.JI:_ Clw| =25 3 AL
clclwlic| =25 3 AL |
Wl <25 i AL
wic|e|c] =15 3 miC
ol [w|w] =24 2 mic
, lelwiwle] 25 F Al
whelc|e]| =24 2 M
lw|c fw 25 z PLC
ciclww| =25 2 Mic
ciwlw|T] =25 ] AUC
Clwlclw] =25 | 2 i
wiwlo o] «i4 2 B
Chwlwlw] <24 1 mr
wiwlw|c| «23 | ML
WL [ww] =25 1 M
'.-.I'!-:-r'-: w| =25 | PUC
Cowlwlwl =24 ] Pl
wiwlwlc] a2 -1 Pl
’ wWiClw|w| =i -1 Pid
wiw|cjw| =is -1 i
s [wiwlwlw =25 | -a] wm
| s [elclc|c] <25 4 T
h wiww|w| £25 i :

imaesement crilens weee madiled, widc® s presemed in
Tutile 1.

There are several levels of understmding that wan be
categrwized:  categorizing e thees  proups of
undersumling: uaderatanding ke Coiepls,
insconcepions, and dis oot endergand [26], |33]. and
eponizing: of  foer proups ol ondendamching:
viglerstimd, partially understond ol sare with e
s prven ], missoneopiions, aid do et inlonsdand
| 0], [ 52 ], encherstand the oomcepis, do novundersiaad de
e s, mistomeepiams . andermrs {121 [26). There ane
ulse twn sections af the five-bier degneesic test in this
whpdly. The Nirs section s o coneepi-gclaoad cpicsiom
[SiHges 141, and W sooomd Stion s e veepames
veriniy level mming ORI for the  oomespi-relasd
question,  Tahle 5 shows the categoricstion of she
respondests” kevels of undersiand ing aboot the question
iberes,

Based om Tables 3, 3, and the rrmummlh@a:
have beee described previcasly, o combinetion of fves
tier multiple-choige dingnoste =t paswens noluled o
prhisss pramsition can be doveloped s iTlusnizd in Tablk:
4

20 Developmed of o Tve-tier test for phose
!rnaﬂ'rim (FTMC-PT)

A fivestier multiphe-chince gest aboul phase ransttion
(FTAC-PT) was developed im this sludy. This imsirumaent
Tl s e e Cusstbogy | sws reimod o melikng, quession
2 v nedated i freezmg, queston 3 was relasd o
wapnnization, gustion 4 owae related o condeneiboe,
fuestion 5 was selided o0 suhlimation_and goesion G was
related to depositiom, The steps inchide@esizning a five-
tier fest s trwment, valichtion process, inssmemesd Seting
that wos conducted 8o prospeczive teachers who had
moeived phase transibon molenals, asd instrument
testmg thal wis concuceed to peegective clementary
shoul wachers who hixl mot meewived phass transition
malcrisl,. The indnomend valklily est enplosal &
A vadiliny Desl oo espesals using 4 validson
sheen. Afer she e pen valilation sep was carried waa, the
instmnment text was comfucied. Ax per the oriena. am ilem
im walhd if = 0.3 [37) and coold be consldered reliable if
the Crosrach s alpba resell showed o coellicient of o =
117 [34]

u..'.'wrmumu_rmsm
1
The sabjecss weme |49 40 06 Temale snd 33 make

stclenixh prospective clementary school l2achers i one
nfthe ESTESF m Wit iva

23, Dotar Anaelysis

Al 14 euhgeois”  mespemses  wers  mpumed i
Microsnfi Foeel, then woned end grodsd as chown in

18
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Tuhle d, The dita were descnptvely evaliolad exing she
perormrage lechnigus.

A RESULTS AND MSCUSSIONS

The reailis af the =t msiruzent valldmins bR
validsiors the overnpe & E730% {very walid) sl ghe
reliabiliny af the tesi i isdicated by the Cronbach Alpha
value = BT7E{meliable). Some of the ressirch recshs ame
shiven im the follvwing table

Talde 5, Decoripiive sean=iics ol S eer reengs

frian dfe | B | R0 200 | Lag | ke | 2EA0| B3NS
fackon | soo| wm | tm | zoo| 2 | oo ;o | davmm
hicide y 1 B 2 2 d ol | s
thm 2O ETIR LRSS | a3 | R0 | A 0RT) T EDS| 23 D
flierum | 1 & o 4 £ K -iDEs
htaomrn| @ 1 I B 1] ] (]
Eum az | peb |ua | s | ovw | 0T | o | e

Table F Fhwive Wi il e Rigliecsl il sonid s
AAE with w srandard desiatom of 272 o6 Cuesion 7
(Freerngs, whilke the bowed sversge sooee is 2% with a
stimclend dewiatiom of 3403 oo Qmesiin & (Deposcition)
The highest posable woore for all of the questions i< 8
All cuemions hsve & nemimien seere of (=20 excepi
Creestinn X {Frecring), which has @ sinlsmom aooee of (-
1h.

‘Tuble &, Corred answer percentape {Tiee §- [V and the
confidence  level o onswess of the peoepective
clementary school deachers using o five ticr et

i WG | WE | 033 | @3 | =2 | &od
i M5 | Gld | G4 | 483 | skr | 40
111 L ER A1 i Fiete] WA E L]
1y TS | KA® | 79 | 6aE | T | ka3
0| 13¢ | o | zo | 134 | omv | zsa
1| ner [ owe | n | 138 | o | zea
3| 1ze | 128 | 154 | 174 | %1 | 3z1
Y3 mn | w2e | 4 | 36 | 4 | w3
4| MAa 139 285 5 M2 | X4
5 ThB El,l 1 1Ld 12|;| |_{-‘| T4

Table @ showa 1hal, o all yusslican, She peeomoge
ol tier I {visual submicroecopr: kevel mowladge) is
Tower thein the other e (1, 1, amd 1%). In pererzl, de
contfidene level of dthe answers with @ value of mors than
2.5 1CK] > L3 is dominani in all uestions.

Ficoim Tuhle 7, il Tislhoawing infiemagion is abtaingd
(b Umesmion Nomber | (Melting) hae 20H% panial
misconesption  anid | 34% Al mildcancemion,  [I)
(Jeection Number 2 (Frecangd his 2 36% of paial

meeneceplion; (3] Cluestion Momber 5 (Y aporoolion)
has  336% partial  misoncgpiion saed 200%
miscorceplion; () Cuestion Mamber 4 (Condensiion)
has  B3A2%  pantial  misconception  aad  O8TH
mnmeorcephion; (¥ Cusstion Mumber 5 (Subbmination)
hos  BT7M:  partial  misconcoption  esd 268
mascorcephion; and (&) Questian Mursber & [ Deposition)
b 2000 3%  partial  mis@uoption aad 1365
mewupccplion, The fimlmgs of the five-lier multiple-
dholee diagnostic st demonuiraie thas the stocenss bod
pantial misconceptions  (PMY oon Question 3 and
micozoepion (M) on Questom 6. Snudemts whis were
electid wend nonensd £ oaied B, e esgloEeoas
Foallas,

Tahle 7. The percentapge of underganding of prospeaive
el menaary chonl feacness asing live-ller tes

wpotng | 1154 [sae| 2os | 130 |40 ] oer | oo
Frutersy |37.58|5570) 335 | 000 | 2 | 134 | 0D
Waporizason | 100 | 1| aas | 2o [ oer [ 2o [ oo
Condensation] 1007 |T183) B4g| 067 | OE | 134 | 00
Subbraronor] 1875 [an] vz | e ] oer | oer | wo
Depesidan | 1208 [sa0ef 20z | 3% | 2o | 3z | oo

The frvestier muBiple-choine dagnoadic et abool
phase transition (FTRIC-FTh com didinguish beteien
prospective elementary  school  teachers who may
underatmd e concepis, Bose whe dis notnderoeed de
oonge s, those whe kave msoonceplions, cmors, do s
undersmnnd and hove misconceptions abaul some of g
compepls, According o Teble 7. the fimt guestion
(meltingy has o highor porcostage of *{maybe) do not
wiglerstioe]l U6 coneopl.” O the viber baesld, the a0k
Juostion depostions bas e higher perceamge of
Uy | ermor.” The founh geestion joonde nsion) and
the sixk question idepositiony hive the percentage of
‘O] hove misconcegdion” of 13.42% aml 20003%
especively, | shesld e noted thal imisooncepiom and
portind misconeeption ane e e sme: Howeves, (f e
percentige is geeater than 108 af the pirticipimts. it can
b considered imermoe (9110

The msneeptiong thot  soms I8 prespecine
elementury sohwnl feacher stodems melude: nthe event
of a cheege in the chape of the pamicle. it dees mot
pxperignee mavement: te motim of paticlks in she
rvend of freczing. evaporsting, und seblimiing is skvwer,
while in the evem of mesltme. comleasing, dopmesitiag the
mation of pamicle is faster; The shope and propertics of
the parthcbes that mikee up mater ane e some i e of
the substances they e commposedd ol These resalis ane in
line with previoes siefics Wt solid  pamichs: ane
exuaiil el g0 hie anehle e poee Al all el ghe progeertics
of e panicles the make op the suhstanes e the =ame
i the suhdances they are composed of sned changex in
form. produce new  aibwtasces (9] The cnses ol

1M
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miscineeptinme iy e only come framecosiier, bl can
come from stedenis whe beee o inappropriste
preconce picns, using wrong examples [40] n xldilion,
the stamis of miscanocsgtions cun ooour becauss sidenls
have @ kigh level of condidence in the wiong, onswen
{41].

1 o
e
—

S R . S S R B
ot
i

el b it - - v bl

Figume § Cheeston 5 (Steckent Nummher 4}

e B e 1 S P S N T O ——

= =
T8

e T
Flgwre 2 Cueesticn & rSvedent Mushes 8104,

These findings can be geed w0 mahyze iadivideal amd
groap issues in leamming and also cim be wdilized 0 2
henchrsark for leaming improvement. This & in lise with
the provious stichy [I7] stating that individoel-level
diggnosia  will  refleat  individuol  sireaghs - and
weaknesses, Meanwhile. the group degrosis will reflect
the serengihes amd weakneses of specific sub=romcepis
Bueed o U 463178 seowe seade asesmenl This fsding is
capetad 0 deaid alcabas D neviewligy  essential
coipetd in Ahe iedming plibse Dnmnsitios ooieepl J0wil] be
casier &0 amrampe 2 remedial teaching program by
stulying the neaded mitenials and 1heir achiovemems
Lechirers cam sepeal the guestions |FTMECPT) doring she
chass tir eoornee sinbeni’s errors 4 |

According 1o the fiadmgs, poospective. eleme ey
sl feachers may experiescs misconcegions, This
misconception shouhl be addmessed properdy o make the
learning: process un smaocthly imd will not affect she

undenfandimg  provess of ghe noxl copeept. This
miscnneeption amang sadents motivases lechiress 1o

conedect reflective leireing. Cetegorizing the ermar types
will e Benelicial for Rciurers to improve the Jearing

Aremers m Sovwd’ Soimce. Eduonimoe awd ffaoaniner Keseserk, volwmr 054

prowvess [42] Sindenis” miseoncepsinns most be recbd
sty ] mod fake the misconception as the tush, This
is v of the challenges in leaming [26]. Misconceptions
that sre ol rechifisd early  will leed 0 new
InmeoRceptices. As o resnll. students will bave a problem
leemng & concept [2T] It is said thar misconcepinms are
o oresalt of the lock of undersionding of prercemisite
nmslerial JHIL [43]

A oa sl wndirdamling frereganils comsopis s
cssermial for & soockest o learn oomew concepd becinse dae
presequisie conmept bs cnecial W wedersand the pea
voncept |44 ). Smicdemds whn have misconceptions abotd a
O I g g TRE Y g0 T ivdscosGopioss abot e
fesn enncepd [29], [43]. Sveceins mast st comprebend
the ifisconiisecds mameee of & AEr ond the dynames
nafure of padicles as o prerecuigle. o nnde rdane] she
phase ransition coneept. Acconling o the previeussiudy
[46], =udents” onderdasding of paticles has o be
presenied prindy hefore they learn the sub-niorascopic
level Dsructure, compositiog, ond penick: movemen) in
the phase mansitioa clee Smdents with o thorough
unclerstimeding of e chscontinuous naseny of o masor will
hove Tinke pouble masiering plase ransilica st de
obmicrosoogie level. Stedonis wath 4 pod
urlerstancing of this sabjeo are expected w0 apply =hal
they bve leamed w0 cther conceges, Acconding o
Treagust et il . shadents st be able to chstme uish many
farms Ol regoesemigion i schons al e el prior
knowsledge i Jears pnoaher sepreseniinon |22 For
cxsmple, lemmuing - suhmicrnecopic before  l=aming
mawmectyns or  |eameing  symbalic befooe learning
subaicroecoprc. [ would be difficult fordudems o grasp
the new' comeept withoul anderstanding the prerecuisine
comcept |27 ], |44). To suppoen this, e discontinunus
noiwre of poticles and their dynamic gualities as e
[reseqoisite concept msl Be given and presemied in an
emlorsiming wiry a0 thot ssckeats can underslimed themy
bglore the keamieg phase mansision

I lise with Eolinkci-Gusel et al., the resehs indicase
thal prospeciive eachers need o undersiand the phese
trmsitEm comce (9], 1o adiition, the resall of this shady
B’i i implication sl Clissnen periog. inchaliing
the developmeni of o dagnoaic msmomenr & idenify
LIRSS MisCONCepEinns st piose eransaien i can
help ecturers in designing aad improving their lecteres.
For eximple. creale o compuler program besed oo
diagnossic wete Feciee it can help provide feedback o
shwchenits immadfiately [19]

The Nive-teer test developed in s seady is baced vy
the seprescsaton of ghe malenel, =0 i may fdde 2
differeni form frem that proposed by other authors, For
cxpple, five fiers are more Jocossd on answer belicfs,
e sy for pnivwers, e the relatemship between repsuns
] answer chiices [ #1523, The mos impunan thing is
hiwe o diogacetic wst cen show cenaie pans of dhe
malerial that have mat been understomd by stndeess, and

18




#705

ey provide imformalion an how <iodentss thisk in
anEnering a qeeshinn

4. COMCLUSION

After  eomclicning  amestipatlon o the mse of
representatoms in diageeddie fesk on e prospectne
primary schosd  peocher  siedents”  undersinding
repinfing phase iramsition, i i feamd Hial the developed
Fve-tier multiply-choice diagnostic fes s valid aml
reliable in asessing tho siwdenls’ misgoneoplives aboul
phace wansition in science class, The result of the test
coiikd illustrane that the stodems heve misconceptions ln
the fellowing cancepis: 1) b the event of a change in
fimm, the panticle does ol experinee nanement; 20 the
ot of pamicles iiv the eve il of lesisg, evapoiaing.
aind suhlising is slower, whiles s e event of melsing.
craufensing, degesiiing e modion of panicles st
31 The shape and propersies of the panicles that make op
mafier are the same as these of the substances they ane
cormpaseed of, In sdditem, a high level af bebel inothe
winilg anatwer alig alfscis the staus of misconceplions
The resshs of this suly have seversl isplicasions for
clagsronm  practice,  includisg  muking  comganer
prograns basul on dismostic Wl o fcil#se e
provisioa of feedhack. omed the newd For traming or
ebsriching For prospedtive lealersiicchers mlaied 1
unclersmanding phase uansition. From this seseaech, it i
sugpesied that funther research is nesded o develop
conmgrienbasel st v and anelyee them sconding o
in (ceponss fary, Al lmaining o0 prospoglive
clearenlaiy s hind ded e =nsachens
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