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A Proposed Process of Algebra Problem-Solvingin Learners

Abstract

The aim of this study is to describe the
formal thinking process of students in solving
ORIGINAL ARTICLE algebraic problems. This study is descriptive
qualitative, with two 8th grade subjects taken
using a purposive sampling technique. The main
instrument in this study is the researchers own
judgment, Test of Logical Operationsinstruments,
and algebraic problem-solving tests. The data were
collected from various sources using the think-
aloud approach. Data were analysed, classified
based on students’ cognitive development types
Author (concrete, transitional, and formal) and
transcribed into data presentation. The study found
that, at the stages of understanding the problem
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Introduction

Mathematicsisimportant to learnin school becauseit isneeded not only for natural science, but also
other sciencesin undergraduate programs, such as engineering, psychology, politics, and social sciences.
According to Government Regulation No. 19 of 2005 concerning national education standardsin the second
part, showsthat at every leve of education, starting from primary, secondary and higher education arerequired
to contain mathematics asone of the subjects so that every student cannot avoid learning mathematics. Many
peoplethink that mathemati csisacollection of numbers, cal culations, statistics, opportunities, formsof objects
that require abstraction. Thismakes many studentsthink mathematicsisdifficult. Thedifficultiesinlearning
mathemeati csare essentialy aphenomenon that appearsin varioustypes of behavior manifestations. Although
avoidinglearningdifficulties, indudinglearning mathematics, isonly for pragmetic purposes, seeking convenience,
sothatit canfdl intoignoranceand will facegreeter difficultiesinthefuture. Mathematicsisauniversd science
that underliesthe development of modern technology. That is, mathematicshasavery important rolein
variousscientific disciplinesaswell asadvancing human thinking power. Therapid development inthefield of
technol ogy today is based on the devel opment of mathematicsin thefieldsof numbers, algebra, analysis,
opportunity theory. To be able to master and create technol ogy in the future requires astrong mastery of
mathematics. Thisfact isthereason why mathematicsisstill givenuptotheleve of higher education.
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Basic objectsin mathematicsintheform of facts, concepts, relations, or operationsand principlesthat
areal intheform of abstract so that to understand this not only memorize the material but a so thethought
processisneeded. Teachers, by guessing the thought processes carried out by students can be used asa
meaterid for consderationin determiningva uesin cognitiveabilities. Cognitiveability isthe processof processng
information that reaches cognitive activities, such asthe ability to remember, symbolize, categorize, solve
problems, create and fantasize.

Factsinthefield show that mathematicslearning isonly seen asamonotonousand procedura activity.
In other words, theteacher doesthe mechanistic learning process, that is, theteacher explainsthe material,
gives examples, assigns students to do exercises, checks students’ answers, at a glance discuss problem-
solving whichisthenimitated by students. Many waysare done by teachers of Mathematicslearningsuch as
using unusual learning strategies such as problem-based | earning, ethnic-based |earning. The purposeof this
unusud learningisto use so that sudentsdo not have negative perceptionsof Mahematics, learning motivation
inMathematicsincreases, and cognitive abilities possessed by students can increase. Theemphasisof students
in solving problems must be correct inthefinal resultswithout seeing the process of solving problemsalso
become another problem that must beresolved immediately. The use of multiple-choiceinstruments|eaves
thequestionsin theform of storiesor descriptionsthat make studentsthink that thefind resultsin completing
Mathematics are important compared to the problem-solving process, the ability to connect between
mathematical information, and communication skills. Themost important aspect of Mathematicslearningis
thethinking processof students, asif neglected, even though one of the main tasksin mathematicslearning
includes explaining students’ thinking processes in learning mathematics to improve mathematics teaching in
schools. Thiscondition resultsin many studentsnot being ableto understand mathematical conceptsproperly
so that thetendency of |earning outcomes or mathematical problem-solving abilitiesbecomesunsatisfactory.

By knowing thethinking process of studentsin solving mathematical problemscan helpteachersto
know mathematics learning can be better, make it easier for teachers to understand students’ mindsets in
dealing with problems. Also, by knowing the thinking process of students, teachers can preparelearning
methods, learning modedl s, and learning tool s so that Mathematicslearning becomes more effective. Inthis
regard, the purpose of thisstudy isto find out theformal thinking processes of studentsin solving agebraic
problems.

Method

Thestudy was conducted at SM P2 Yogyakarta. The research subjectsweretaken from 2 studentsin
class VII-E with apurposive sampling technique. Thistechniqueisasampling techniquethat iscarefully
sel ected according to certain considerations of theresearcher sothat it isrelevant to theresearch design used.
The main considerations used in the sampling of this study are (1) the subject must have Piaget’s cognitive
development intheformal phase, (2) the subject can communi cate mathematically well, and (3) the subject
hasgood problem-solving abilities, in termsof ability to solvemathematical problems.

Following the problemsto be studied, thistype of researchisincluded in quaitative research which
intendsto expressin-depth theformal thinking processes of studentsin solving agebraic problems. Solving
mathematica problemsrefer to the stepsto understanding the problem, making aplan, implementing theplan,
and checkingtheanswers. Becausethisresearchisqudlitative, theresearcher actsasthemaininstrument in
collecting data, assisted by supporting instruments, namely Test of Logica Operations(TLO) and agebra
problem-solvingtest instrument. The Test of Logica Operationsisstructuredto classify studentsat thesublevel
of concreteand formal cognitive development. The Test of Logical Operationsconsistsof 21 itemsthat refer
toindicatorsof classification, sequence patterns, doubling logic, compensation, proportional thinking,
opportunities, and rel ationships. The description of each indicator can be seenin Table 1, whileagebraic
problem-solving tests that have been previoudly validated by expertsin the field of mathematical and
mathematical |anguage content.
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Table1: Indicator Test of Logical Operations

S. No. | Indicator’s Description
01 Classfication The systematic arrangement in groups or categories according to
established criteria Itisoneof thefirgt logica operationsthat anindividud
isexpectedto devel op.
02 Seriation Arrangement in seriesor succession.
03 Logicd Multiplication | Multiplication operationsreated to, involving, or followingthelogic.
04 Compensation It is about counter-balancing, making an appropriate or supplying

equivalence. This may refer to the additive compensation or the
compensating effectsof variablesthat describeaphysical systemlike
the balance beam.

05 Proportiond Thinking | Itistheestablishment of relationsof onepart to another or of awhole
concerning magnitude, quantity or degree.

06 Probability Itistheestablishment of alogica relation statement suchthat evidence
conforming to one conformsto the other to some degree.

07 Co-rdaiond Thinking | Itistheestablishment of acorrelation or causal relationship. It may dso
refer to the presentation or setting forth to show relationships.

Students are asked to convey what they think when solving problems and areinterviewed (if needed)
to obtain data. Dataobtained during theinterview wasrecorded using acamcorder. In thiscase, themethod
used to collect datais Think Out Louds (TOL). TOL isamethod of retrieving data, wherethe subject is
asked to voicehismind during resolving the problem and askshim to repest it if thereissomethingto besaid
during the problem-sol ving process, in this caseal owing the subject to say something or what heisthinking.

The analysis was carried out to find out the students’ formal thinking process. Stages of analysis are:
Checking al datathat hasbeen collected from various sources,

Categorizing thetypes of cognitive development of students, namely concrete, transition, and formal,
Determining formal studentsto be used asresearch subjects,

Review theresultsof forma student work in solving mathematical problem-solving questions,

Verifying dataand data sourcesthat have been classified and transcribed in the presentation of data.
Thedataverification techniqueisbased on thelevel of trust using observer diligenceinthiscase,
researchers, and triangul ation techniques.

Result and Discussion

Before subjectsare given an algebraic problem-solving test, studentsaregivenaTLO first to confirm
their cognitivedevelopment. Theresultsof TLO show that classVI1I-E SMP 2 Yogyakartaconsists of 28
studentsin thetransition phasefrom concreteto abstract and three studentsin theformal phase. By usingthe
consideration that students can communi cate mathematically and solve good problems, two studentsare
taken asresearch subjects. Furthermore, both subjectsare called F1 and F2. By knowingtheformal thinking
process, it canmakeit easer for teachersto devel op mathematicslearning tools, at least to compilemathematics
learning media so that students’ thinking processes in solving mathematical problems become more clear and
systematic. So, theability of mathematical problem solvingisbetter.

Theprocessthat occursinlearning activitiesinvolvesmentd processesthat occur inthebrain of students,
solearningisan activity that isalwaysrel ated to the thought process. Thinking isan information process.
When childrenfedl, encode, represent, and storeinformation from theworld around them, thenthey aredoing
the processof thinking. The processof thinking isan activity that occursinthe human brain. Becauseit occurs
in the human brain, it is difficult to observe how a person’s thinking processes directly. The thinking process
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requirestwo main components, namely theincoming information and the schemethat hasbeen formed and
goredinthemind of each. Ingenerd, thethought processcons stsof assimilation, equilibration, accommodetion,
and abgtraction. To beableto stimulateand train thesethinking skills, mathemeaticslearning requiresappropriate
methods or techniques so that stimuli aimed at students can useall their potential. Mathematical problem
solvingisoneof theright waysof learning to train studentsto think. Solving mathematical problems, inthis
case, dgebraicmaterid refersto the stepsto understanding the problem, making aplan, implementing aplan,
and rechecking theanswers.

The stage of understanding the problem refersto understanding what isknown, what is asked, or
whether the conditions are sufficient, insufficient, excessive, or contradictory to find thequestion. Tobelieve
or understand aproblem can bedonein severa ways, including repeatedly reading, asking your-self what
knew, what isunknown, and asking the purpose of the mathematical problem. In understanding algebra
problems, F1 and F2 can write down what isknown and what is asked. Both subjects can integrate old
knowledge or schemeswith new knowledge or schemes. Between old knowledge and new knowledge, and
subjects do not experience cognitive conflict, so they do not experience any obstaclesin identifying the
problem at hand. In thisregard, the two subjectsdid the assimilation process of thinking in understanding
agebraic problems. Assimilation isthe processby which new stimuli from the environment areintegrated into
existing schemes. Assmilationisanindividua processin adapting and organizingitse f withanew environment
or chalenge so that the understanding of students devel ops. A ssimilation does not produce devel opment or
schema, but only supportsthe growth of the schema.

Furthermore, F1 in understanding thefirst algebrai ¢ problem usesthe JS symbol asasubstitutefor
actual distance and JP asthe distance on the map, in thethird problem, TB isused asachangein height.
Likewiseinthe F2 subject on the problem JS symbolsare used for actua distance, JD for distanceon the
map or floor plan, Sfor scale; and thethird problemisused thefront | etter symbol instead of nameslikeH for
Hanifaand A for Arifa. In thisregard, F1 can construct a symbol as a substitute for distance so that the
problem-solving processisnot too long. The subject can describeacertain situati on into athinkabl e concept
through construction, so the student performsthe process of thinking abstraction. Likeusing JSasthe actua
distance, JPor JD asthe distance on the map, TB as changing height, H for Hanifa, and A for Arifa. The
processof congtructing the useof symbolsisoneindicator of studentsdoing the processof thinking abstraction.

Based onthis, theforma subjectscarry out the assimilation process of thinking becausethey can adapt
and organize old schemes with new schemes so that students’” knowledge develops. Also, the subject performs
the process of thinking abstractionin understanding the problem becausethe subject constructstheinformation
that existsintheagebraic probleminto the symbol. The stage of making aplanrefersto how related resol ution
srategiesarere aed. A problem cannot be sol ved properly without good planning. Planning to solve problems
isvery dependent on the experience of studentswho are creativein arranging aproblem solving, themore
varied their experiencesare, thereisatendency for studentsto be more creativein preparing aproblem-
solving plan.

At thisstage students can do this by searching for the rel ationshi p between known and unknown data,
itispossibleat thisstageto cal culatethe unknown variable, so that it will get the question of how information
that isaready known will beinterconnected to get thingsthat arenot known, or studentsdo self-question like
hasthere been aproblem before?Alternativey, hasthere been aquestion that isthe sameor smilar in another
form? Do you know aquestionsimilar to this? Which theory can be used in this problem? Pay attentionto the
question! Think about aproblem that wasonce known by asmilar question! If thereisaproblemsmilartoa
problem that has been solved, can that experience be used in the current problem? Can the results and
methods use herebe used? Do you haveto look for other e ementsto beableto take advantage of theorigina
guestion? Can you repeat the question? Can it be stated in other forms? Return to definition! If the new
problem cannot beresolved, try to think of the same problemandfinishit.
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Inplanning to solvethe problem, F1 and F2 subjectsdid not write anything in the answersheet. However,
students in planning to solve problems immediately pour or write what is on their minds on the student’s
answer sheet at thestage of implementing the plan. Thisisby theresultsof interviews conducted in F1 and F2.

R :  Whyistherenowriting onyour answer sheet at the stage of making aplan?

F1: Ididnotwriteat thestage of writing the plan because | did not know what to writeat thisstage, but |
can solvethe problem that | am facing.

R : whatdoesit mean?

F1: Imeanthisonesr(Sambal refersto the stagesof implementing the plan on the student answer sheet)
R: |IfyouareF2?

F2: lamnotusedtothisstepinsolving problems.

R : What doesit mean?

F2: | amusedto solving problemsusng known steps, being asked, answered, and finally concluded.

Based ontheresults of theinterviewswith thetwo subjects, it can beconcluded that in general the sub-
projectsarenot used to using the second step of thispolicy. So they do not write anything out of theinformation
ondgebraic problems. Inthisregard, formal subjects carry out aprocess of thinking assmilationin planning
to solveproblems. Thisisbecausethe new stimulusfrom theenvironment hasbeenintegrated by the subject
intheexisting scheme (old scheme) so that the subj ects adapt and organi ze themselveswith anew scheme.
Theimpact of thisthinking processwill only strengthen the old schemeon the subject.

Theimplementation phase of theplanisthat the subject isready to do cd culationswith dl kindsof data
needed including conceptsand formul as or equati onsthat are gppropriate. At thisstage studentswill examine
each step contained in the plan and writeit in detail to ensurethat each stepiscorrect, studentsmust beable
to form amore systematic systematics question, in the sense that theformul asto be used have a ready been
prepared to be used foll owing what isused in the problem, then students begin to enter the datauntil they
reach thesol ution plan after that sudentsimplement the plan steps so that the questionswill beexpected to be
proven or resolved [66,68] . Bes des, students can question themsel ves about how to carry out the completion
plan, and examine each step, check that each step is correct? Moreover, how to provethat the stepsare
chosen are correct?.

At thisstage, subjectsF1 and F2 can sol ve problemsin the compari son questions correctly and smoothly.
Thesubject did not find difficulty in solving the problem. Thismeansthat the subject canintegrate old knowledge
and new knowledge to solve this problem. The process of integration between old knowledge and new
knowl edge does not experience cognitive conflict or differencesin understanding so that subjectsexperience
strengthening cognitive schemes. In connection with thismatter, the subject performsthe assmilation process
of thinkingin carrying out the planto solvethed gebrai ¢ problem. Related to the process of thinking abstraction
carried out at the stage of understanding the problem, the subject still uses symbolsthat havebeenraisedin
the previous stages such asusing JSas actud distance, JP or JD asthedistance on themap, TB aschanging
height, H for Hanif and A for Arif. The processof congtructing the useof symbolsisoneindicator of students
doingtheprocessof thinking abstraction. In connection with thismaiter, the subject besidesdoing theassmilation
processof thinking a so performsthe process of thinking abstraction.

At the stage of re-examining theanswers, studentswill look back at the answersto make surethat the
answersto the problemsare correct. Thisstepisimportant to do to check whether theresults obtained are by
the provisions and thereisno contradi ction with the questioned person. Stepsthat can be used by studentsto
carry out there-examination phaseind udematching theresultsobtained with thethingsbeing asked, interpreting
the answersobtained, identifying arethere other waysto get the problem resol ved, and identifying arethere
other answersor resultsthat meet.
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F1 and F2 subjectsinlooking back at the answers made did not write anything down. Asexpressed at
the stage of planning to solveaproblem, the subject isnot used to correcting the answersthat have been
written. However, subjectscaninterpret theanswersthat have been obtained in theform of inferencefroman
answer. Inconnectionwiththis, theforma subject conductstheass milation processof thinkinginre-examining
the answersthat have been made. Thisis because the new scheme faced by studentsreinforcesthe old
schemethat isinthebrain of forma subjects.

Conclusion

From theresultsof theresearch and discussion that has been described, it can be concluded that the
subjectsof dassVII-E Yogyakarta2 forma cognitive deve opment carry out the processof thinking assmilation
and abstraction for the stages of understanding the problem and implementing the plan to sol ve the problem.
At thestageof planning and re-examining answers, the subject performsthe assimilation processof thinking.
Inthisregard, learning devices such aslearning mediaand worksheets are needed to bridge the thinking
processes of other students.
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