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Abstract

This research is based on problems that occur i $Mgeri 3 Gunungsitoli, that is mathematical pesbl
solving ability of student is still low. Based ohet results of observations by researchers, it caulme the
teaching materials used by students less attetgi@tudents, not equipped with tests of mathemiapiazblem
solving ability or still contains routine questiorihis encourages researchers to develop teachaterials in
the form of mathematics modules based on metadegnitrategies equipped with tests to measure
mathematical problem solving ability of studentheTdevelopment of this math module uses the DidRagey
development model. The criteria of validity andeetfveness are used by the researcher to deteangued
mathematics module. Module validation by threeegtgpand two practitioners earned an average vatality
score of 4.58 with valid criteria. Mathematics miedbased on metacognitive strategy in improvingistts’
mathematical problem solving ability of SMA Neg&riGunungsitoli developed is effective. In trial btained
the results of the test of mathematical problenvisgl ability with an average value of 2.99 and daltll
obtained the test results of mathematical probleivirgy ability with an average value of 3.18. Basedthe
result of mathematical problem solving test inlttiand trial Il it was found that there was an nmpement of
students' mathematical problem solving ability.
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1. Introduction

In formal education, mathematics is one of the sarsdied by students. Mathematics is a language th
represents a series of meaningful statements thavant to convey. Basically mathematics is requbrgdll
scientific disciplines to increase the predictapiland control of the science. Besides being a ulagg,
mathematics also serves as a tool of thought iwidgaa conclusion by using a particular mindseterghare
several responses to mathematics according to ssumm@ntri (2012) that is, mathematics according to
Wittgenstein is "nothing but a method of logicahtting”, and according to Bertrand Russell, "mathéos is a
period of logic maturity, whereas logic is a chitdll of mathematics". From these descriptions, déar that
mathematics is very important to learn, cultivatel anastered in the field of education as in sch8ol.the
mathematics lessons in school are expected todoede correctly and appropriately in the learningcpss so
that the benefits of mathematics can really be asedapplied in the student's life.

In the process of learning mathematics there areraecomponents of learning that affect the acdiesnt of
learning objectives. One component of learning&iing materials. According to Suparman (2014) there
are six basic components in the learning activaies learners, graduates as competent as expacedctional
process or learning, teachers, curriculum and legrmaterials. Learning materials are componends &ne
closely related to the content of each subject angst be relevant to the learning objectives, studen
characteristics, and learning strategies. Furthezm®uparman said that the form of learning matewaries,
one of them is learning materials used in indepentimarning approach or often referred to as madulée
module helps students learn independently becdngsenbdule contains the complete learning contedttha
module has its own self-explanatory power and tlheute is also developed according to the charatiesiof
the students. It can attract students 'attenticth ianrease students' interest in learning math. WNesd are
learning materials arranged systematically accaordina particular curriculum, packed in the smallearning
unit and enables students to study independenthima certain time (Purwang al. 2007).

Meyer said in Lasmiyati (2014) that “a module imtiwely short self-contained independent unitredftiuctional
designed to achieve a limited set of specific amdl-defined educational objectives. It usually latangible
format as a set or kit of coordinated and highlyduced materials involving a variety of media . Adule may
or may not be designed for individual self pacedierg and may employ a variety of teaching techesj. The
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meaning of the module is a learning material ofrirtional that is relatively short and specifimtent that is
arranged to achieve the learning objectives. Thauteousually has a well-coordinated series of & related
to material , media and evaluation.

From the above statements, it is concluded thattihematics module is a self-learning materiadtatlents in
mathematics learning systematically designed based particular curriculum, compiled relatively dfty and
specifically in the form of the smallest learningjtuand is designed with an interesting that cmsta series of
coordinated activities with good relating to thetenml, media and evaluation so that students ame rfiocused,
systematic and can easily learn it to achieve tipeeted competencies according to the learningctitags.

Based on the observations made on mathematicsingaohaterials in the form of mathematics books and
supporting books used by teachers at SMA NegeruBuBgsitoli is known that there are still shortcngs.
Books used by teachers and students also lacknti@dvement and training of students' thinking pssms.
Students are less interested in reading and stgdiim math book used. The book used also doesomtdin
elements that are characteristic of an area wihersttident is located. In the process of learriiegeacher also
does not provide modules to students as learningriabs that can be used and studied easily byestsd
independently. Books used by teachers only prethenimaterial and provide non-routine questions kasd
stimulate the thinking process of students in sg\problems.

The objectives of mathematics subjects according/iémdiknas (2006) are: to understand the concepts o
mathematics, to explain the interconnectednessooteapts and apply the concept or algorithms, flgxib
accurately, efficiently, and appropriately in prefl solving and problem solving including the apilib
understand problems, design mathematical modetsplete the model and interpret the solutions olkethin
NCTM (2000) to declare that there are 5 procestmsdard that are important in the study of mathasat
namely: problem solving, reasoning, communicaticgonnections and representation. According to NCTM
(2000) problem solving means involved in tasks tiat solution is not known in advance. In ordeffital
solutions, students must use the knowledge theg,havd through this process, they will often depatew
understandings in mathematics.

According to Das, R. & Das, G. (2013Problem solving significantly plays a importantaah mathematics
teaching and learning. Trough problem solving stislecan enhance reviews their thinking skills, gppl
procedures, deepen reviews their conceptual ursdhelisty ". Meaning problem solving plays an importare

in learning mathematics. With problem solving, stot$ can improve their thinking skills, apply prdaees,
deepen their conceptual understanding. Liljedatd).g2016) says mathematical problem solvinglbag been
viewed as an important aspect of mathematics, maties teaching, and mathematics learning. The more
people who want to help solve the problems of athére more the person's chance to use high-lairtimg
when thinking in solving scientific problems (Galeret al. 2012).

The most common problem solving is defined as @@Bment to achieve some results, in the absenkeafn

methods to achieve them (Schoenfeld 2013). Accgrdin Ahghar (2012) that one of the characteristits
independent learners is having the ability to usdblem solving skills. According to Szabo & Andre{2)17)

that the problem-solving task is expected to unctive mathematical competence needed to solvéhiérshan
recall the previously solved problem. Because nmadtiEgal problem solving is very important in mattegits

learning, then the ability to solve mathematicalgpems must be owned by a student.

Problems in mathematics are challenging and naslvalle issues in a routine way. According to Mgitsi
(2012) problem solving can encourage students itk tlogically, consistently, systematically and d&®p
documentation systems/records, and can develofs skild skills to solve problemsThe problem-solving
process begins after the problem solver generatesgh information about the problem space to gain a
understanding of the problem (Dixon & Brown 2018uccessful problem solving is not possible withfinst
doing the problem representation appropriatelyg@at al. 2013).

According to Polya (1973) there are four staggsrablem solving:First, we hawe understand the problem; we
have to see clearly what is required. Second, we @ see how the various items are connected, thew
unknown is linked to the data, in order to obt&ia idea of the solution, to make a plan. Third,cagy out our
plan. Fourth, we look back at the completed sofytiee review and discuss it.

Based on the tests given to the students on thienprary observation tested to 33 (thirty threa)dsints of class
X (ten) in SMA Negeri 3 Gunungsitoli, about the herhatical problem solving test, the result of mathagcal
problem solving still low. This is because the m®g of learning mathematics is less interestingtislents so
that the motivation of students in learning mathtiesass still lacking and also due to students rawe familiar
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with the problems that involve mathematical problsoiving ability. This has an impact on studentriézy
outcomes in lower mathematics lessons, especialipathematical problem solving ability.

Teachers should be able to design a mathematiaahifey process that can mathematical problem splvin
ability. As a solution to the problem, the researclkdevelops a mathematics module based on effective
metacognitive strategies to improve students’ nratiecal problem solving ability, modules involvisgudents’
'thinking processes, modules that draw studerisitidn to learn, and modules containing elemdrasliecome
characteristic of the students’ area is locatedcaBse one of the learning process that is beliéwdthprove
students’ mathematical problem solving ability iearning based on metacognitive strategy. Thisaooginitive
strategy-based learning is still not implementedSMA Negeri 3 Gunungsitoli. Metacognitive is to giv
consideration to what is thought, whether it israppiate or not.

According to Aljaberi & Gheith (2015) metacognitiie "Thinking about thingking". Metacognitive alseals
with the competence of learning and thinking asl aelproblem solving. According to Angg@011) that the
Polya problem solving based on tkeowledge of cognition and regulation of cognition. Both elements are a
component of metacognitive. According to CohorssErdorg & Kaune in Angg@2011) that metacognitive
activity consists of: (1) planning, (2) monitorimgnd (3) reflection. Thus metacognitive gives coasation in
using the knowledge possessed in regulating cagnitiocesses.

Metacognitive is an important feature of problenvisry (Chimuma & Johnson 2016; Wismath & Orr 2015).
Metacognition is the knowledge of one's abilityctmtrol his thought processes in solving probleBadr-Sales

et al. 2015; Mamona-Downs & Downs 2013). Metacognitiocludes the skills of learners to understand
cognitive processes (Ahghar 2012). Thus metacagngives consideration in using the knowledge passstin
regulating cognitive processes.

Based on research conducted by Hassan & Ahmed J20%5Said that metacognitive strategies havegh h
influence in improving students' academic achievrikhis is also supported by another study whafsghat
with metacognitive strategies students can sucitepbblem solving (Sengul & Katranci 2015; Suriyeiral.
2013).

Based on these problems then the formulation ofptieblem in this research are: 1) How is the ledfethe
validity of mathematics module based on metacogmistrategy in improving students’ mathematicalbybem
solving ability at SMA Negeri 3 Gunungsitoli? 2) Was the effectiveness of mathematics module based
metacognitive strategy in improving students’ math&cal problem solving ability at SMA Negeri 3
Gunungsitoli? 3) How to improve students' mathecahtiproblem solving ability in the application of
mathematics module based on metacognitive strategy?

Some research questions are asked related to féwtivefness of learning related to the use of nmatiies
module based on metacognitive strategy that is:

a. How is the level of students ' learning mastergtafients' mathematical problem solving ability?
b. How is the level of students' active activity dgyithe learning process using mathematics modulesdba
on metacognitive strategy?

How is the level of teacher ability to manage |éagf

How does the student's response to the procesdamarponents of the use of mathematics modulesibase
on metacognitive strategy?

2. Research Methods

The development of the module used in this study isse the Dick & Carey model development procedar
several reasons: the Dick & Carey model has bedplwiused to develop effective tools, every stethefDick

& Carey model is feedback or revised, Dick & Caseyiodel is very concise, compact and clear and
interconnected with each other and in accordandk thie applicable curriculum. The module developmen
procedure with Dick & Carey's development model kbardescribed as follows Diekal. (2005):
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Figure 1.Dick and Carey Learning Design Model

The development of a mathematics module basedetacmgnitive strategies was developed in accordaitbe

the Dick & Carey development model procedure caimgjsof ten stepsEach step is always connected to the
revision. After the module has been developed, it is valididte the experts and applied in the learning proces
in the first class, then the module effectivenesalysis is based on the indicator that becomesntbdule
effectiveness criteria called trial I. Based onéfperiment result I, analyzed the part of the nethat needs to

be revised or repaired agaihhe revised module is applied in the learning psec@ the second class, after
which a module effectiveness analysis is perforneded on the indicator that becomes the module
effectiveness criteria called trial 1A good module to use in mathematics learning isoadgquality math
module.The high quality module criteria used in this stislyalid and effective.

The validity instrument module uses the module daiion sheetThe module validation sheet is used to
measure the validity of the modulEhe validity of the module is useful to know wheathige module is adequate
to achieve the learning objectivddodule validity can be measured through expertyamigl The criteria states
that a metacognitive strategy-based module ha®d degree of validity, if at least the validity &hachieved is

a valid level.If the level of validity achievement below is valithen it needs to be revised based on input
(correction) of the expertdzurthermore, validation activities are performediagAnd so on until the ideal
module obtained from the size of validity.

The effectiveness of the module is used to findwlutther the developed module can be used as expeart
improve the students’ mathematical problem sohabgity. The module effectiveness instrument casse:
test to know the level of student's mathematicabf@m solving ability, observation sheet of actstedent
activity level, teacher's ability observation shigemanage the learning and questionnaire of studgsponse to
process and component of module usabiee criteria for determining the effectiveness loé tmathematics
module based on metacognitive strategy is operatiorthe field (in the implementation of classrotearning)
the four indicators of effectiveness aspects aré festudents' learning mastery of students' nmttieal
problem solving ability, ie at least 85% of studewho follow learning can achieve more value thaequal to
2.67 or at least B2) Achievement percentage of ideal time of assiigatudent activity, 4) Achievement of
teachers' ability to manage learning at least vi#gliAt least 80% of the subjects studied (for efiet) provide
positive response to the activities and learningmonents.

3. Research Results

This research resulted some conclusions from reeamducted based on problem formulation, thatadule
validity, module effectiveness, improvement of dents’ mathematical problem solving ability.
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3.1. Module validity

Module validity can be measured through expertymisl Based on the results of expert analysis dhemaatics
module based on metacognitive strategy obtainedvtbeage value of total validity is as shown in fibliéowing
table.

Table 1. Results Validity Module

Object / Aspect Assessed Average Every Average Value of Validation

Aspect Total Validity Level
Mathematics Module Based on Metacognitive
Strategy
a. Quality of Presentation Method 4.6
b. Language Usage 4.6 458 valid
c. Presentation / lllustrations
d. Quality of Content 4.6

4.5

The following validity criteria:

l1<Va<?2 : invalid
2<Va<3 : less valid
3<Va<4 . is quite valid
4<Va<5 : valid

Va=5 : very valid

Based on table-1, obtained the average value aif vatidity of the mathematics module based on nwgaitive
strategies are at intervals<4va <5. Based on the criteria of validity it candsd that the mathematics module
based on metacognitive strategies developed valid.

3.2. Effectiveness Module

The criteria for determining the effectiveness aithematics modules based on metacognitive strategye
field operation (in the implementation of classrot@arning) consist of four indicators of effectiess aspect.
Based on the results of research on trial I, teelt® obtained from the four indicators are asofud:

1. Learning mastery to students’ mathematical proldeting ability is classically, ie 87.5% of studgntho
take the learning reaches a value of 2.67 or B

2. Achievement percentage ideal time student actigityot in accordance with established

3. Achievement of the ability of teachers to manageriang is good

4. 75% of the many subjects studied gave positivearesp to the activities and learning components.

Based on the results of research on trial Il, #wilts obtained from the four indicators are aevd:

1. Learning mastery to students’ mathematical probdeaing ability is classically, ie 95% of studentko
take the learning reaches a value of 2.67 or B

2. Achievement ideal percentage of time the studeitigcwas in accordance with established

3. Achievement of the ability of teachers to manageriang is very good

4. 85% of the many subjects studied gave positivearespto the activities and learning components.

From the result of trial Il, it is known that thexkloped mathematics module has fulfilled the fadicators of

effectiveness. With the application of mathematitxiule based on metacognitive strategy, studeatmastery

is classical to problem solving ability, the idéiahe percentage of student activity has been immance with

established, the ability of teachers to managedehaming is very good and the number of studente giie

positive response to the activities and learninggmonents have in accordance with the requireméatshave

been established from the indicators of effectigsnén addition, the application of mathematics ulesl based

on metacognitive strategies in the learning proamss improve problem solving skills and mathemética

connections of students. This is in line with resbalone by Devesh and Nasseri, through their resBesaying

that many students are easier, more useful and imer@sting learning math because they use modudshe

use of mathematical modules is very effective ariéng (Devesh & Nasseri 2014).
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Furthermore, the results of this study are alsopstpd by research conducted by Sengul and Katranci
According to Sengul & Yasemin (2015) based on lisearch saying that there is a correlation between
metacognitive with problem solving and students \darn to use their metacognitive skills are marecessful

in problem solving.

3.3. Mathematical Problem Solving Ability

The level of mathematical problem solving abilitasvmeasured based on test results tested on thentgin
trial 1 and trial 1l. In the test | obtained thestdts of the test of mathematical problem solvilbgity with
average value of 2.99. While in the trial Il obtdnthe test results of mathematical problem solaibigity with
average value of 3.18. Based on the results dfltaad trial 11, it is known that there is an irase in students’
mathematical problem solving ability by using maia¢ics module based on metacognitive strategy.

4. Conclusion
Based on the results of the research that hasdi#amed, it is concluded that:

e The mathematics module based on the metacogrstiategy developed is valid in improving students’
mathematical problem solving ability with the vétyjdevel at the interval: &£ Va <5 with valid criteria

« The mathematics module based on metacognitiveegiyatieveloped is effective in improving students’
mathematical problem solving ability with the filHient of the five effectiveness indicators in kiiathat is:

a. Students’ learning mastery is classically thataetinimum value of B- to the mathematical problem
solving ability reach 95%,

b. Achievement of the percentage of ideal time of studctivity has been in accordance with the set,
c. Achieving the ability of teachers to manage leagrisvery good,

85% of the many subjects studied gave a positiapaese to the the activities and learning
components.

e The improvement of students' mathematical problevirsg ability in the application of mathematics
module based on metacognitive strategy is 0.19 thighaverage score of mathematical problem soltésy
results in test | obtained is 2.99. While in ttlabbtained the average value of the test resiltaathematical
problem solving ability is 3.18.

5. Suggestion

From the research conducted, there are some rbskadings both that support the learning and aainsts
faced during the research. The things that supperiearning process are: (1) students are inttdst using
and reading the module, (2) in the presence ofastudent modules in the learning process suckaakng and
understanding modules, ask and discuss with groepds and solve problems that exist in module}, (3
students’ problem solving ability increased by gsmathematics modules based on metacognitive gteate
While the obstacles encountered during the stuey(&) learning with metacognitive strategies g/ riellowed

by students so that there are still students whaatofollow the stages of metacognitive strategi{@3,the
problem solving tests are rarely tested to theesitgdso that there are students who find difficudtgloing the
guestions given by the teacher, (3) in the learmiragess there are still students who do not ppétie in the
discussion in the group.

Based on the findings of the research, the reseagities some suggestions, either to the readéhetteacher
or to the next researcher, that is:

1. The resulting modules need to be developed and usedher materials and other similar fields using
metacognitive strategies

2. Teachers should always remind students of metategrstrategy stages through metacognitive question
so that students follow the metacognitive stratggges during problem solving in the learning pssce

3. The test of mathematical problem solving abilityosld be frequently tested to the students so that t
students become accustomed to solve the problemsitbiematical problem solving and students areyawa
reminded to solve the existing problems accordingiridicators of problem solving consisting of
understanding, planning, resolving and checkingbac
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4. Teachers should continue to motivate students tackiee in learning and group discussions, expfgjrihe
importance of the material is learned and its iatato daily life by loading elements that are @uwderistic of
the student's area or environment in the learniadute.
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