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STUDENTS' COGNITIVE PROCESSES IN SOLVING PROBLEM
RELATED TO THE CONCEFT OF AREA CONSERVATION
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Fiangga
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a Abarerer

This sl y aimad o determing the cogeming proecss eyl in proble - sedving relsl s ihe conceg iof arca
conszrvation for sovenih praders. Two stdenis with differeni mathemanical shilisy weme chosen o be ghe
sinjects af ihis rescanch, Each of e was (e repecsestative of TEgh schicvers and ov schiever s hised om a =3
ol wren Codscsvitiom tee, Bosulns jidicste thn ol saimgdes porlossed sore cwchic prosessss o onanilisting
solution planning, regolating solation pan ad deteoing sed coarecting error dering e pooblemsolvisg .
Hevwztegr, i was Fouind arihs high achicver sindem poerforied some proessses o thoss of o achievan, Alsa,
while the high achiever siudent did non peedict any cuscomes of his fomalaed stasepies. the bow achiever did
o cay o e ihought process afier deteciisg emmors of (e mitial solotion gabeed. Abow) the concept of anca
cunes rvation, Uhe findisg abso meveaks that witlnm the sumples” cognitive procssses, the use of nrea Sl come
fima befiore stwdents decided o look for annther singegy soch as daing ‘currogeee: pasie” for the peved plnes,
which do pod have ooy dirgl kel The possible couses ol the sl wems discussd 10 derive some
recommenidiicn oo ifure stedics.

Keywerds: Sudeats’ cognitive processes, Area conservagion, Problemesolving

Al rak

Penclitian in bertwjiss uik mencmukin proses kognitil yang digunaken sizwa clalam memecahbom mesaksh
vang borkaimn dengan konsep bosservasi loss. Dus sswa keles VI desgan emespuon maemtika. yang
berbody, yarg mosmg-masing meropokan persukilan den kelompok berkemampsan misematika Singgi dan
rendoh besdnseskan seperssgha ws konservasi lues digildh unsmk menjodi sibyek penslition ini. Hasil
menunjukkon Bahvwn Redun sannped meelekukan lebils bonyel prosed siklk dalum mememuskan perencenaun
solus, melok=anakas remcima solusi. sy mendetcksi dan memgereks kesalaban sclama menyolesuban
imesalabe Mamon, direnvelon bohwa, siswe berkemampuen dage melebolos lebib banyak proses siklik daripodo
yang: beckemompuin ressahe Tuga, sermemtar sissa borkersarmpsen tinggs lidak memprediks hasil dan strategi
vang diformalasian vicea bedcemampoan rencal tidak melatudon proses pemikinan lsjol Rhopgie procese)
setelaly meaderekal kesalohas den solusi awnl yaag dipencdel, Dalam katannya dengen konsep konservasa his,
femmian ini jugs mengungkapkan bahwa dalam proses koen#tif =subjek yimg ditelin, pengguniss nemos leas
chatang terlefil dahnby sebelum siown memuiusian eeok mencar sirsegi Lain sepem melakukon ' posong-poiar-
tesrpel’ uniuk Bangus detsr melergkung. vang tidak mensiliks mmus vang deap. Bemongkisan penyehah hisil
chalamy peaelitien ini ddiscesikm ook mermpemleh beberipn recome b srtuk penelilog selasoinys

Boata kunek: Proves bognind siewa, Konservast less, Peimecalian mosslab
Mow o Cite: Ehaaai. R, Kesar, AW, Imah, B0 Anun, 0., & Flangga, 5. (2019, Soedenis” Cagnitive

Progerare in Bolving Problom Relaicd to e Comeopt ol A Comeerostion, Soweaol ow Motbemetics Ediomding,
LY 2 -06

Arcn measurement is one of fumdamental topics in mathemistics . The measorement of the me of plare figume
inwie to the sudy of furher matbematics and i applicsiion,  The messurement bocomes e essential
comapeteisoe that build wpon scientific koowbedpe for all fields ond caroers (Jobn et al. 2001 Therefor, te
adea of wnen newsurement should be taeht carsfully such dhi the saxlenls could gin o mﬁﬁlu.‘qiua]
nmierstancing of it, Kandaki (008 asserts that in wncerstimding the concept of aren, shademts nesd 0 infeprae
ihiee intermetsad aspects conoepl of anea meaarement. aea firmalae, and aren conservaton. However, he
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lwter concept s often wolued from the ficd two concepes when studenis. sodve un me-relater]. problem
dkordaki. AN} o additeon, m the saching of aces measureiment tope, thi seacter W 1o foens only on e
e of barmaula. Unforimnmety , mast of the wrea mezsmement teaching gives the aneu Forels oo @y for the

fie.g. Kokl & Baloors: nou, 3006, Brspertaris eral_, 201 1 Papadopoulos, 2000), In G301, the e off
aren comserytion is desper than finding the relation of aren formuls. The wse of the formula i mesuring the
ava of plane figune iz comidersd @ procodiral slgumrlmay dFuien, 0020, In Eact, relaring to the aien
comservaiion skills, st of the pupils hove di:Twim iy cevommposing protdems {Kondaks & Bakomeno,
H0aE, Tleey e ursalée 10 see il decoinposivg sbpe T aoother nn would meike e are of te lgue
invarium . Thensfome. the suderes devide tothe shorteut by only intenested in the foeomik from achich a non-
iamingiul keaming is esuled. This et resulis tet the students snderstand ing o0 anea mesiremssit B limied
it procedurall amly, I Foct, rememnbenng the formalo ks becoming the main probdenm on sudenis h:%g N
amby in rathermatics. sohiect bud dso other scicnee subjects. The nefone. the lopic of anea cosereation plays an
irmﬂEn:l.' i the development of shadems resesaning 00 e merremend,

Adnga gonsorvation cam be defined @ quantitstive value of o cemun seen of fguee rensns unehanged
after th: fipee B mamm e fd. 2001y, Feager, Inbedder & Seerninska (19005 saed that the 1orm
“coservator”™ moaem the myvarmnce uflhzquuth}'mh:nfl&lmrbupkﬂ whille the plae may be
trarsformedd inin g cpalsatively Efferems one. Por example, sacdents nesd o onderssanid thint ahen o shape is
alivided into .-méhlpnmddumm e ye-arranged, thie s nemsiics the sane, To st o ek The anca
aof the figare: is, o unkt b5 selecied and imcprabed unil shape of the figure (5 fully Gowversd. When amanging wiis
aininy o i eodumns, sudents can imderstand the anea depeml g on e romber of oes amd (be mosber ol
enlurmns that @1‘ isn mmlipliciiverelatinonship bepween these mimbers. The shaces of sadenis” perfommmes:
megading the poneept of anes covservation have been mepmed by provious resesech with rogard o samss point
af intereet, such a5 studentes” ermor and miscooeeption (Sismae & Akaa, 20160 nu:i:al' salufian sirleEis
(Kospentzarzs, 011 L linds between students” perfisomanes on the problans rdabed o noo-mesunement ol
ctleudation tesks in ares messurement (Tumoai & Yondrosi, M7 The findines of is considersd by
many scholars i the preliminary siop in understanding shudents” adeguate mestering 97 arcs mesmrement
(Clesnents & Stephons, 2004; Kospenans et al, 3001} Howgver, lomibed sudics foand 1o concerm on how
1T b £ pﬁirln their cownstive processes, when salving anea conservat km-relabedd probdern. Therefone, o Lhis
ﬂmh'.wuatﬁtr:mudﬁrﬂrhvmimm mia the notre of smdents" ahilitkes by explonng therr cognitive
Fuu-sﬁr:qutmd far the improsement of stodents” perfrmanee on the fopie of area canservation.

Caopritive procssse may be deserbed a8 onliess memal sctivities hrﬂcp‘nmﬂ i natire {the oo do™
ﬂrﬂ:ﬁu{l (hduntagee, Knmvec, Enders, & Dicle. 2014}, In a smular vein, n:glﬂitp:rum are delined as
the mental processes of an individaal, with particular relidon b o view that argoes tha the momd haes insernal
menk] stk (such as belief, desmes imd menteons | and can be andersiood inoterms of indoometi on processing,
capriclly when o kel of absbrociion oe conereization & involved , o processes such & involving knestedps,
experting of learning.

Sarmee scholirs hove derived some stges of cognitive provesses, Foresample, Maonimgee, Warger pnil
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Morpan (200K shrough the I:l.'lgﬂw srrategy instruction: Solwe 0F Beleves that cognitive prmoesses
incoporate thi aetivitks nt'm&ng {ckenifyin o mebe vand’ serehevant informson), pamphrasmg { esonkng the
informiztion of the problem without chunging the problem mesning), visualzng {ransforming. problem
Ak Do a tepresentaon el shows e refiouships anong b s poibesizing (semng upa
plan o salve the profilzm by deciding on the type md order of operatioss), estimmting {predicting the uteome
eresind oy the hesstioi goed ), computing deonducting the basic operathons nesded for soluion), and checking
dreviewing the accurmey of the process, procsdues el cmwuticﬁ. Adpaher cogrative process was effened
by Moniages (2021 The processes inoorporaliss soawe slages, comprebending lnguiste and numenical
infarmation in the problem. frarslating imd temsinming thid informotion: mo: mathematicn] netions,
dporithens, and equations . observing relatonsleps among the elemseive of the problem, formutsting & plan o
sofve e prodilem, prediciing the cmcems, repuating the soluion path as it & execined, and desecting and
aamting nm-:ﬁ.n'lg prasaben salubion.

[y thies nepand, the: pognitive provesses can be imced aloeg the wa how a lenmer process hisher drinking
hsed on the vvpes of pasoreng mainly dermded byt tasks. e, non-mCRsERTCT FEROMIRE OF
measiremen renseren e, Since i this sudy , we focus oo Eﬁummmmmg.dt CORMITIVG PIOOSSsEs e
mezasureel follorecing the stegpes of Hattisia (2007 fnsm the uma'nl.nirn whioch mol conmected 1o unil Beration,
the emplnyment of unit ferion ad enumerntiom which inchides s mwlrd:-n:md by akmz the
sidesioddpes, the operation of numencal memsuremeot. sod e adegEten of messuenent anl o
megsurenent easoning, such o understeding fomnulas for won-reciongulor oF composie shpes o
rhim'nlﬂ'tgﬂu: value ol parioular shapes based on s yuantitive condest inherent inthe probdem being solved |
In fac1, necomding 0 Monmgue (200670 mlﬁnmhrmm knaw “what™ ta daor even e I:ﬂﬂ‘l'il*
sl beginming the problesn. In addition. if shadents see sot saked how they welve & partioula problhe %ﬂ
the: work o explarntioes that scoompaiy e answers are ol obeeved praperly, o nescarcher ks a links
i students’ urclensuncding and uﬁmﬁ:mam,dr mushematical idems (Stvlians cal, 20001,

Thiz, this shkly took 5 part of carryimg out pncin-ceyh imestigation of what scents aere shinking
wehille they perfoamed their cognibrve processes on the problem refated to anen conservation. The copnitive
processes model puiding this mvestpetion i based on modification of Monoigoe's model of cogniliv prodces,
inwhich thoupeht process zand extencin g problem ol bason™s (200 3 modet are added 10 the imodel.

METHCHY
Sawiple aff Revearch

Priar i selecting the sudent inferviewces participating in the mberview sexsion, as mamy as 25
sevenith grders with wrious backproond - tenmes of pender, mathematical abiliy, and verhal
cammunication from a privike pmior high school i Surnbaya city panticipated a tesl congsting of five
itgirs emmining thesr matbematical uhilicy parteulaly aroand the concept of aneh eorserailion on wis
immssonal fgure. They were wsked © do the est 45 minutes, They were also nfonmed i their

wisrk woalel mon be prodiedd 50 1hat they conld use theiv own methids oo sslve the rasks
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The ressule of the rest mfarmsd thi spprosimate by hal £ af them were in the growp of high achisvers
dacone Al out of WEF ard half in the groap of lew achiovers {seene = 6O it of 1Y based an thiir
written best perfarmunce. As many as twio samples were recruited from each of those veo groups e the
represlatives by considering sanse gender s the conral varialsle, sase of vecbal coinmunication Besasl
an infrmation frosm their muthemtics eacher orgd williogness o paticipate. Beside, 10 2nsure the
subpect. wer also eonfirm with dats of efudemts’ matheneties pofornance. This, we bad one mabs
stpident hoving goosd scoreHigh Achiever Stuident {code as HAS ) qnd the other one male stadent having
low scote/Low Acliewer Sudent (oode as LAS), The Jdata were analyeed gualitatively.

Tnstrmemi ard Frooedmrey

Diaka were vollectad from the sanaples” work onowridien test which s different from she et given
in e msEl dage of sebecting samples and follow-ap inserviews. First, shidenis worked on s ans
carservation-refnted tasks in Mpominates. The fird task was amanged by the mithars in quantitative
spproach m which the real-sworld anintion was erbedoad o the 1eks, while the second sk was
develeped by the anhors melying on stodents” quantitsive approoch withous any reab-world situation
Furthermore, those twa tasks wens developed amumd the vew of El.u.'lpa clemenis, in which the
pructice of measuring area is the use ol “additivity axiom”, ie dividing ore fipune imo some s
which rearranged would fonm snother figane, i eder o prove the aea squivalense of the figuncs
{Frendenthal, 1486}, Thus, instéad of only Focusing siark f-¢|'..1:n¢ﬂ'-u of nren mensurements, the msks
alza focus @ divmuic perspective where the gualitative appaoach: emphasizing the comenation of ansa
withoan the ase of mumbers (Hieben. 19811 Those tnsks were then vufidated hy expens in temms of
oo, construct. and lappenee s well gs by learners, e, sbadents” aside the sanygles 1o exatmine the

practicality such o8 the case of and prescnfation of pictuse smd whle, See those vwo task at Figurs |

sk |
Eko gets un mssignment from his father io give the sustable price tog an the piece of wond he will

sl His father pave a svandand price for aneciangulor piees of wood measuring 12 em x 10¢m, which
= [OR 24 JXH

B IS O I O I I
_In each of the tollowing peeves of wood, pive the suitsbhe peice in the avalable price colanm. |
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Figure 1. The dynamic ures conservotion @sks used m this stuchy

al=pve porallebegran Explain your reasan,

n the fllowing day, we imerviewed aml videndoped the twn samples, Table 1 describes the
irerview protocnl thar puided 1k mervieser o eolkect dats, However, this promesd does nor mean to

gudide the imerviewsss used all b guestion ivems oo rigdly, Ratber, it ploys mole as b oo 1o eonfirm
s parttcelar subject’s wesponses. This e ko keep the subjoct peveal their thinking prsccsses w
miturally as possible, Thus, when the responses of the subject did ool midficabe particular copnitive

PrCeCEss I GO Aurimg e anscryview, thi Inieeyviewers did nnd ask such processes Turther
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Tuhle 1. Priviocal for interviewing the subjects

1. Comprehending linguisic Please read the question oome. I you don’t know oorlam wird, say
and pumerienl informeden &, Tefl wee what the question & asking vou i do,

in the prodbem Haow din vou undersrend the meaning af the ks informarion

af this question? Which woeds | sentences ¢ parts of graphics i

mitkes vou defficult o understand have you o yet sdentdied fom

this protbem’!

2. Trunslating wxl Have you ever encounlered this comtext before? In what ways?
@ fomaing thai What kind of mathematics de sou asoilly find in selation w this
information it canmilesl T
mdhematical nitations,
algomthmes. and egquations

¥, Oheerving relationships Which mfoamaotion from ihe senicnes i the question tar vou think
ammng the clemenis of the & impoctant s use in e process of Anding amseers? s tere any
problem miszing informed or?. Con you recognize the patiern | nelaionship

ol the inforisdion provided By e pebilein ?
4. Formulating a plon 1o salve Tell me hosw yoo ane going o find the answer
the prablem, predicting the

G T Ty
5. Predicting outoame What might kappen if you camry out your plan?
f. [@pulating the solation Shiow e what 0o toget the answer
Ll s i Qs execuned
7. Detecting and cormechng Tl e b i yasi cotvinee vivarsf abaln yoir arswes
arroes during problem Acking about the relationship betacen the mathemotical resalbs
salutiom obgained by the questions on the queston, such s the qoestion:

"Hre you sure your answer makes sensc o anwwer the guestion of
the profilem?, k= there an image ar the like that vou made
srengihen your answer!

. Thimght process 0 wou think these are pther possible wavs o find your solufion?,
Azk bt the possihilicy of allernative solitions that staiderns think
absout, sueh ax throeo gh questicne: do yvou think there ane atbar wavs
o solve this probiem® What is sour idea? IF thore are, by showing
by o ase

9. Extending problem 15 wour methad of selumibeo applcablic for any coes ol preblem
similar i this probklem?

Frres A madysiy

Dt of interyiew wenz analvsed by firsty paducing data, desplaymeg dats, and Tinally dravdng conchisions
s verificatuon (iles & Hubermsm, 19540, The conchision wees sought to uncemstnd the most dominim patiem
af coggnitive processes porformsed by samples with o der proble m-sobving activies oo bhe pake. To analyze doan
interview, we erployed o modifcarion of cogrative processes from Moomigue (X023, The: modife ation segads
it the: ackelifsom o ooe move staee as the bt stape followmg e recommendition of basaon o which o the Bat
stuge, o soiver shoukl not onfy acvermmie an anzlysis of aswens, i alse camy oot ke thoaght' pocess anid
probde s ex e niason {Adason, M0E). Figure T shiows the gages which posshly occor during wbving o rothematio
ok, The arnosy dlivsction indicoted i figuns 2 points o that o solver may fiolbow a erelic process wher the
sirlver mwoves bk and forh, perbaps. getting stuck aod havires o ke steps ek aloog the way (luson, X0 5),
For instanee, them is o posshility thm a sodver mives hack o the dage af observing: medatiorships amooe
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infermaticm when he'dhe gets suck in formuoatmg o salution. In aidifizion, the cycling proces oo ooour for mon
than two times dependivg on the degree of histher eonbdence and plausibly of sohgion stalegies obtains,
Tunthermone, the amrws presented i the stazes i figone 2 indicabe the bogical progressson fmm one process o
arniier althergh i is possisie for @ stk v skp any of Tese processs, o Dy cn just | g o o prcess
i orcwher process when they change their sofation process. Fy eximaple, when mveng o epguhie the sohition
ursiing & plan the stackerit hie derived, sl may be derectly sreive i the staee of nepulbsting the: sobation path ac i
isenerubed. Thiss, betshe skipany activities indabed inthe stngs of prodicting aey outcoms: . The mogkel of usiog
o i aabyaing the stapes de oolgl eooar o staderd's cogitive prooess ae prosen s a helpiul ool B ke
track stakdent’s behaviors (Yeo & YVep, 30100 While the moded of snahusing students’ cognitive processes
sinphoning Moivugas’s (2002 el kas boen used by Rancs { 200606) & track te existence of the Moouzue's
stnpes of copnitive proocsses . tene ane still lck fudings reponting the Momegue's stages which consider both
the extsrnoe and the oder of process of the stages. Th, in tes study, the modificd] Movsuees moded m oo
af the dynamic pmeesses which mightocour donng sdentsoluton process mdicatedt by the amoaes of the stapes
wige s i 4 0ol of analvas shown in Figue 2.

FErRITv
[ £ o
| mewesal el wamass
-fll j—
=
bt
: s
T i
S =
T
S sl
|
L
- s
T iy e g
ki g Gadd wrn T
P i B e oy e
¥ i ~
....._..:‘_‘:---.—. Fi™ s Hﬂl‘-
i
"
boams i
‘:,_r'”,. stz g mccns
l .: Badaidi Vi ol il
b o
[P
s Ry T
= i e d

T s T

Pl
R

Flgure 2. Framawork of nnalvsing siugdenis’ cognitive prxesses
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RESULT AND DISCUSSION
The Cognitive Processes af FIAS

Un ane birst sk, HAS begun his cognitive processes by claming 10 have encourdered simalar
ot rsimely abail e are of el in varous Tiems of veo demensional lgapes, He then mentioned
informatien that i kroam: rectinguior pieces of womd whnese siee is lingted ond called pnkneswn bt
necessary nfoemation! wo price per e’ These all sctivitbes e incladed i the peocsss of
comprchending lingoistic , nwmetical, a spatinl informaricn. In the stape of randatng and transforming
thad inlormuatien i malveneaiical notatons, algorithems, and eguations, HAS redrew the ligue: bnabe
probiem t show the intended pur per ‘em®, which reders o the area of the recinrple, He then observed
relationships among the doments ol e preblens by mertioning that e find the price of the piece of
wood i the problem, he needs w fiod the price per en® or the price per square om first, He contipued
his processes by starting 1o formulate 3 plan o sdyve the pmblem He sid, “To find prices per om®, it
s necessary ta divide the tatal price by the wren af the rectongle, Then, [ need to determire the price of
cnch piece of wood by multiplying the price per ‘ens™ weith the area of each of planies thar has been
caleulaad using the formula of plane arca [ ever snadiad”. When asked which planes he worked ot figs,
he imtended o determmine the arder of ;:||u.11|: dre. 40D sypuare, (21 bapeeoid. amed (39 thombus) based oo
itz faremula of nren. However, he bad no jdea for the ourved plames smd skippedd the proce ssof predicting
atenise aitsl comanued wille regubating the solutien path as &t s executed, Within this process, lw
caleuluted ihe price per em®, obtaining 24000 (125 10) = 2HEHE | 20 = 2060 rupiahs, then cakulaed
the prce of square pieces o wood, namel v dxdx 200 = 32 (K ruprals.

Furthermore, detecting and comecting emars werne execuied by being iwane of his incaorrect
caleulation, namels the paee per om= should be 200 apeahs, inatend of 300 rupiahs . That i why he
mepeatal the process of sepulating the solutkon poth &3 it is sxeeed by mecalculating the price of the
suquare—shaped wood. finding dadx2i0= 330 rupiahs. Likewise, o the bapezid-shaped wood. be
fondd the price is {743 x 207 5 20 = HW0 nopeahs, However, he was nat sure of the fomula be weed
for finding the price of parallelogram-shuped woed because he Forgot whether te use the base x high
formula fo determine the wnen of the pasallelogram althoupgh he finally used she fperalae, Thenefon,
he reformuolated his plan wo solve the problem by reviewing the methed be used. Acconding 1o him., he
meeds in find other wiys thad do mot mly on memprization of the plane area formla, In this regard, he
sawd, “l start thinking of looking back st the pumll=lopram-chaped wond. then drawing line {albiude)
fram the apper loft comer of the praltohogrmen, Thuos, | found & ceangular shape il if moved and
pusied 4o the nght side will fonm a neclangle.™ In thes case, be wied ‘cut-pasie’ jechnigue Since be
thewagha this rechmigue was snceessful , he then vsed it io solve niber qoadrifateral-shapad womds, He gat
stack on wsing this techoigque for rhambas-shaped wood. He ohserved, 1 need to get what | call as ‘o
targed plane”, that b= o plane that basomes final object after cut-paste method & emplwed, g0 il was
necessary bk find st bow e cul the existing plane  and change W e ihe 2o plane.” Such an

sibservation led him reformmlaied his plan by roeating the cut pums of inital plane, then uniging all sach
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puarts became the tangst plaps (out-rotste-posse). This method wos then psed for the rhambus.shaped
wisond el pod suceess, When e applisd this method for thee kst corved plane, however, hie got suck.
He =i, “11"s dafficult 1o apply this method for this plane, when the cut parts ane rotaied, they do not
nwich each ater.”

Before completing his processes, HAS he evaluaied his sieps by executing thowght pmcess by
cotnparing Foamila be remembennd and the methods he nsed. In suominary, oo the Bisisoof the framesork
af analyzing studsnts’ cogmitive process in figure 1, the pegnitive procss i selving arcn conservation
preotdenn of HAS can be derived Bogically i figure 3a.

On the secomlt sk, FIAS starfed his cognitive prcess by ohserving the shape of the two-
dimsenzienal plass at the figure given ag the information of the sk, He sasd, | nover foand this kind
of iask hefore, the task tha sk me to compare the area without any numserical information given, Bai,
[ ko that I need b fimd the anca of (ke parallekegram in this figuee and Find which figunes anmsong thess
choices [the twoe-dimensianal fipures presenied in the @sk]” having the same area with the
parallebogram b ahis regard . HAS sderified the crucial thing of the task thnr noed 1o be found for the
subsequent sieps of sedving the msk, To thar, be trapslated the missig information obour the area of the
purallelogrmm by mimducing the I-:rrnia of finding area of a porallebogram, which is base x heighi . and
abtained the aren is 2 % 7 5 4. When ohserving the relatinnship smeng the elsments of the problem, he
st the senm: figues have stnuilar shapes, moshich the shapes consist of at lest theee goups: figoes
withoen by potenuse, Ggues with are by potenose, and Hgares with more than ene hypotenuses, He sawd,
“I fwand simskar shapes like a groop of 1, 14, and 17, then a grooap of 3, 6. and 11, amd maybe 4 grop
af 7, % und 14, the very likely difficalt ones since the shape looks heve more fypoternases,” This
abservation led him 1o fermilane 5 plan to colve the task by working ot the group of Hgures he thoughi
wie the easical finst, ey proop of figeres without hypotenuse, The plan, we cbserved, wis anoumnd
bz use oof Tormula for the wowp of Fegures withoul any hvpetenuse. while keeping no idea for the odbor
&0 FRnaps

Withoant preclicting any outoomes of the plan be formukited. ke directly executed his idea of using
quiadrilaeral formuba to find the arca of figunes ne 1, 4, 17 snd gimply Foand that the sees of fizure no
| ol o i manee with the anca of the parallclegram, while the anca ol figuns no 17 is mol same with the
smea of the parnllzlogrum since he said, “the aren of this is 51 1 = 5, not same with the paralkelogrm,
which = 4. Heing aware of the weakmness of the method of wsing plame orea farmuela ke expenenced in
b first vk, b ther ored 1o nse s 'cu-rosate-paste” methosd te solvg the second amd the thind groap
af igures. Thus, be refonmalated his phne. Inferesingly. be did noi put the pardlebagram Digure i the
infiormation as the wrpet plane. Batber, he put the square Cfigone no 1) as the farget one, He argued, “1
think | nzed o hring okl the remaining figures inwe the shape ol this square mstead of the parallebsgram
hecavee this ia lkely cosier”, In this regard, he predicied the more fikely cager method, instend of any
s resulied from soch a method . He regulsted the plan by frstly choosang figune noe 3 for ithe fos

irial. Imihis cose, he said, T imagine this pare is ool ofF and pet the g pan inio this pare, 1 gena sgquare”,
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Widh the saome woy, he get 2 squaee foc figure no 10 and |1 Far tke third groop of fipores, when he
e examining fAgise no T axd 9, ke found it wee easy and decidad than these fwo figums also have the
sume aren with. He argued, “Same with figure na 6, 1 cut aff these two purts and pasie them so that the
Tigure beconws o square. “Hoswever . when e esamioed fguse oo 2, which i a kfe-shaped plane, e
gt stuck, Itowas abserved that he found difficulties in determining the place where he sheald cut the
figure in his mind. Afwer For mcde than | monte he finally revealed et be need 1o cut the plass twice,
wtadal the cal ploes, and poste i e that i forms a square. The only fgure that he disd ned any idea to
aolve i lguee oo B He sald, “I0ds very difliculn o Ged whene oo e odf tiis plane, i0mighn have
amother mzihod. and T dem’t knooe”

To complote s sebution process, he was gsked 1o compare which metbod he should vee when
finding a similar problem in the future, He argued, 1 found =ome difficubiies when using o fenmula
since | sometimes [orgel with the Tormula. Thenelore, | have fo ose anofler method sock as by cutting
particular parts of the figone and move the cat pasts to the other purt of the fizare so that B becomes o
acuare.” In brsel, bis cognifivee processes are. il ustraned in Figure 3b,

Figuse J compores the cognitive processes of HAS when solbving two aen conservatzon wsks,
inclecaics that thers are some repeating provesses done for the beo ks, poimarily from the process of
determining relatinnship amon g efement of problems 1o detecting and comecting emoes of the selntian
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Filgure Y. The cognitive prooess of HAS
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Interestingly. HAS carmied curt the theaught process om hodh the fwn tasks, which are proven @
impsrrtant processes e convmes the comectness and the most effectve methg fo derive the seution
Also_far HAS, the process of predicting any patcome does not seem likely bocomes o onucial process
I thi midial cognitive process=es, Ay evidenoe. s slape was i careed oot in the Tirst pask, wrile this
was camied ma in the sscond tesk, but afer the thoaght process, instend of betacen the procsss of

diaternuning rebatioaship amon g information and Termulabing salution planning,

The Cogninive Processes af LAX

On the first task, LAS begsm hes cognitive prcesses by claiming that he ever faced similar
probiem smd mentioned the information either Enown o niknown. He dben re-drew the Information
from il probdern to show the meaning of magninde notation as creumference of rectangle 45 por of
the priscess of lrmdomming mfeneston oee mathomticos notatione algorithm and  equation.
Afterwards. he observedd the relmtionship amang element of (he prablem by finding the unit price as
hagis 1o find toral prece. He continoed with Formnbanng solutien planning. He detenmined thes plans
stach as 1) divided the given price of pieces of wood o explore the price for the aiit magnimuds, 2)
calvulating the circunderence of suwch plune by coanting the oumber ol squans that were covered by the
explored plane, 31 determiming the price of each piece af wond by multipdying the piice of ani
magnitmde with the cicumbers nee of cuch plane. He skipped dosng prodisting coteame and continoed
with reguluring the solution path g s it cecuted by caleulating the price of each ‘'cm’. However, LAS
corald mod sane al=io the resuli of his caloulation bat be did pot prove has prern:n- This process wis
cowded as predicting saicome process, Affer he did prediction, be fonmmlsted o plan ngain o eplve the
[pecbsenm by doing pevision on the plan of deterenining anit poce fod delete his iitial wes of caleubaing
b rectanphs clrevanfeence, He tand o doing malitipleation 2 (1200140 = 240 cm. Panheamoese, ansiber
sulutson path was regulaicd such as by calewlating the unit price of evary *em’, tboueh he did a lile
ermar in cakewkstion. In determining the price of unit pece of woards, a3 urigee onfer of work on plane
was s folkwes sguare - rhombas - pamallelegrum - tmpexeid -reclungle with are moditicution
trapeoid witl are modification, For all planes, he courded the number of *bow/sguare” that cover the
plames.

The cognitive process comtinazd with comparimg the prce of wood in the foom of parnBelogram
znd rectanghbe. By this, ke shared his uncertainty and did checking since be found for bigger form of
wosnl iz chiaper thon thoes amalber ene, This precess was n:u:-dn:ﬁi deteeting and correctng oo daring
probéom solution. Alberwards. soother getivity of formulating a plan o salve the problem wus cvecuicd
by revising the unit price, As a result, regulating the spdution path as i s execoed process appeared
agiin by repeating the caboulation for the prce of each. However, LAS found diffaulies in determinimg
e price for rectangle with are modifeaten and tmpezeid with ore medification. He felr uncenain with
his strategy to sol ve the probdem. Thenefons, the folkeing provess wene nol poloomed. By considermg

the fmmewark of analyang wudemis” copniive process, ihe eogniiive prodsss o solving are
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corservation probdem of LAS com be dedved lonpbeally o fipare 4o

O the socond sk, LAS @aned his cognitive processes by wlmiting that he niver expersence
with the task. He claimed that the types of mathematicnd questsoos elated 1o orea be ever wark cul is
finding the ares of a paticwlas plane with some namerc) nlfemation glven. Nevenbeles, e wmed w
understand what the task aciually ask him 1o do. He said, =1 recd 10 find the aren of the parallebgram
firet, then Fied which of the figures | figaes in the options] having the cme ane with the parallelogram.
Thus, I fousd there are thrce dots for the base and thres other dots for the height” Sabsequently, he
argued thet the anca of the parallelogsum can be Round by using the place area Foomuka for parallzlognun.
He continoed his expénnation. “hecnuse the nrea of parallelogrmm is bose s height, then 1 faunil the aren
i 3x3 =0 |n this stage, LAS transformed ibe mfomation by recopnizing selovins formala of dnea of
parallelogram, altheagh be selocied frelevant nfornsation, which is the nuraber of dows, instend of the
length af the height and the hase of the parllelszram. Thes irrelevant inloemation then beoome one of
the ciwses af LAST fuilure in the suhpegquent stages of his prohlem solution process, Ax the evidence,
when he formukated bis plan o solve the problem of the 1k, he vaed the avea of the parsllelogram be
fouind, which = 9, 45 the crtenion for finding the plams which alse bave the arca of 9 sgaare units,

Such the above mistakes conimoes antl the stage of regulating sobution path. For example. when
he examngd whether figume ne 4, he explaimed. “this rectangle hos the aren of 10, becmse it cames
fram 522 [five dots for the Senggth and 2 daors for the wadth] ™, even though the setml area of figune po 4
is e wiih the area of the parallelopram, which & 4 square units, Anather exaomple wos indicaied by
higure oo | . inwhich this Tigume was wssumed 1o have the same area with the paraflebsgam, 12,9 sguane
upitz, Imieresimgly, LAS emember ol the relevani formuoln o fimgl the aren of each of quodrifaieral-
ahped figures geven i1 the 1ask. However, e fourd no formula it with the aoa-goadnlsters - baped
figure such 42 figare no 14, 15, and 6. Thus, be god stuck on these figures and did nod continue his
wirk. Fenally, he al=e did oo camry oul the crucial skges of cognitive procesees, 2. detecling emors
and thought procees within his problem sodution process, Insumomary. LAS eopritive processes in sk
2 is given in Frgure 4h.

Figure 4 illustrates the comparizon of the copnitive processes of LAS on tosk | and sk 2.

While thew: figunes points out bt LAS cariad ot the fird Bve oognitive provesses of Monkzoe
(20020, LAS did net perfoam the process of detecting ind correcting errors, Aldsa, he did oot perform
zmy thought process witlin hic splotion process. o thic cie, it s clear that the difference betwesn the
cognitive proscas of HAS and LAS g the exisencs of thought prosdss during their sodution proasses
The same charscteristes af HAS and LAS. however, i3 mdicated [zom the dyname provess proven by
the mepeated processes primarily within the process of formmlating solution: planning o regulaging
snlution path dome by them.
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vcwrson

The present sty investigaied the fwo stuclents Zadih different natherniics nhility copnitive processes
i sodving probslem of area conservaton, With regand a modificaion of copaitiee processss feom MMoraga:
{300, the two studeris managed 10 okt sathematica” soluticn and describing thir process . The compnna
Tzabure finding wis those studenis follow the lerachecal stepof cogotive process exoepl the thorephd - wes
not elubormed by Low Achiever :i‘m:L-mHLAaTh: inifinl sty vesed do find the préce was by elaborting
unitprice’. Cramer etal { 195939 p aoggesad du'rmi:wqipn'ﬂd'l wea the mnet popalar siraegy and nesponsille
T thee lirgest murnber of comeet amwers ., However, LAS pod stuck ofter detectod oo and repoating the cvelic
al formulating solotion planming and rl:'gﬁl‘.ing salution path. He still foll uncerinin with his wsed strmezy. (On
ihe ooy, High Achiever Swidents (HAS) performesd mioe cyele cognitive prcess on the sk with
quantiative sppmach. The cycke staned after he desected crrors and e (el te revise his emors. He nmed
gk the process until b re-geagrmingd sl elengents of the probles, re-fopmulming sodmion planning ond
merepulating sohition path. In additkan, the thought ;:lu:c'ﬁ.vm clabevrated by HAS b smve 8o his final
sution; These findings in fine with previoas ressimch that saggesied tha high cwdemic achievers aml Jow
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andlerms achisvers haove significant differences h&e'i&-ﬂ'ﬂlmdmhﬁmmh usage of
infiarstin MMW&.[BMM[&MM. N0, 200N Wsead, 19098, D90 Trdnd & Huang, 2000 ),
As has been illustrated. the difficulty of LAS in determining the salution was camsed by the inability of shadents
N espabslish U cncial relatioaship Betweon te m[ﬁm:n ki thee prablern ad the data le foumd, To e
mewe specific, Stllman (19499} hypothesized the contmbutng facies 10 lutions weere:
uneatkstacton comgaiebosion skills, ok of wleranding of mathematical concept sl whibe epalsive
mespamaes o the problem

COMCLUSION

In performing anabwis of shadents’ copnitive proccss in salving aca eoeservabion  probecm
suantitativeby, tres crucinl Gndings mist be foken o occount, The first fwe cognitive process namely
cpprehepding linpuistic, rmmerical and spatial mformation; Tousfioming infornmiion ke mathermatics
martatsomn alpewithm & ecuation: und determinmg reltionship amoeng clement of prshlems weme tao cnaial
AlAng process o solvmg malbermatics problien pelaed o anea conservation in this siedy, Mo gecifically,
ithe: primaiily process which encoumened by ssudents a5 acontinues cyehic wens Bmmil mting selutin planining .
megalating salutico part and detecting and correcting coor during probbem sahton. Futhermore the predicting
aiberme process wits elpharated by e nchiever stuckent but i for bigh sacheever sthudent. On the comtrany, e
hosaght process wis claborated by bagl achiever siudent Bt nos for kow achiiver student,

Thiss. the: ey aind poal setfing phise of problem solvimg nodel by Mason etall (1985 ) play cnacial rule
i i ving problem. The fellowing comitve proces phise sae mfhencad by shudenis’ shiliy m activating
their mathematics” thinking. The fins inmpliemicn of this shudy findmps & that the chamcterizion and he
sclivition of cognitivg precee may inform Eachers on the weaching sarategy that can be applisd . The secomd
ikplication & o ifonn resgarch that the seven coprive process ane chiborated by saudents with coninsess
cvedic for several processes. The process oy be welul fo b teachers develop process lor their sucdenis. This
=ity fixars on the sofving problem quimtitatively, thus, B & =il presible o exphee more on the cognitive
proces in the eves of viaally.
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