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PREFACE 

The South East Asia Design Research (SEA-DR) as a forum of design research in 

collaboration with Master Program of Mathematics Education, Syiah Kuala University, 

organized the 6th SEA-DR conference with the theme “Inspiring students to learn: 

Fostering innovative teaching and learning of science, mathematics and technology”. 

This conference was an excellent opportunity for academics, researchers, teachers and 

students to share knowledge, experiences and research findings as well as to inspire the 

best practice of development research in the field of teaching mathematics, science, and 

technology. 

The 6th SEA-DR conference successfully attracted delegates from many countries. There 

were seven countries participating in this conference, including: Singapore, the 

Netherlands, Denmark, Australia, Malaysia, Brunei Darussalam, and Indonesia. We had 

four keynote speakers that were Prof. Berinderjeet Kaur , Prof. Maarten Dolk, Prof. Lilia 

Halim, and Dr. John Willison. We also had ten invited speakers and four speakers in 

workshop sessions. Furthermore, there were 181 papers, including 148 oral presentation 

and 33 posters presentations. After peer review, we decided to publish 120 papers in 

Journal of Physics: Conference Series (Indexed by Scopus) published by IOP, and 35 

papers in this proceeding. 

Finally, we would like to extend our gratitude for everyone involved for their contribution 

in the conference. 
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CONFERENCE CHAIR’S WELCOMING SPEECH 

Assalamualaikum Warahmatullahi Wabarakatuh 

Good Morning everyone… 

Praises are only for Allah, for the wonderful opportunity for us 

today.  

I am really happy to see you all here, thank you for coming 

On behalf of the conference committee, I would like to welcome 

all the keynote speakers, Prof. Berinderjeet Kaur from Singapore, Prof. Maarten Dolk 

from the Netherlands, Prof Lilia Halim from Malaysia and Dr. John Willison from 

Australia as well as invited speakers, presenters, participants, steering committee, and 

respected colleagues, to the 6th South East Asia Design Research International Conference 

(SEA-DR IC) 2018. 

We are specially thankful for the rector of Syiah Kuala university, Prof Dr Ir Samsul 

Rizal, M.Eng, the dean of the teacher training and education faculty, Prof Dr Djufri, M.Si 

and the head of mathematics education department, Dr Muhammad Ikhsan, to support 

this conference and to be here today, despite their busy schedule.  

Last year on the 5th SEA-DR IC in Universitas Lambung Mangkurat, it was decided that 

the 6th SEA-DR IC to be held in Universitas Syiah Kuala. It is a great honor for us to be 

given this opportunity. We would like to thank the steering committee for putting your 

trust in our university to maintain or even improve the high standards of this conference 

as demonstrated over the last five years.  

We have conducted a thorough review for each paper submitted so that there are 148 

papers and 33 posters have been selected to be presented in the conference. We are also 

proud to announce that this year, the selected papers will be submitted to IOP publisher 

indexed by Scopus. This publication will greatly benefit the authors and the conference 

for reaching global audiences.  

There are seven countries participating in this conference, including: Singapore, the 

Netherlands, Denmark, Australia, Malaysia, Brunei Darussalam, and Indonesia. 

This conference will be an excellent opportunity for academics, researchers, teachers and 

students to share knowledge, experiences and research findings as well as to inspire the best 

practice of design research in the field of teaching mathematics, science, and technology. 

Finally, we would like to extend our gratitude for everyone involved for their 

contributions in the conference. 

Once again, welcome to the 6th SEA-DR IC, I wish you a great conference experience 

and  a pleasant stay in Banda Aceh.  

Wassalamualaikum Warahmatullahi Wabarakatuh 

Dr. Rahmah Johar, M. Pd 

x



Proceeding of the 6th South East Asia Design Research (SEA-DR) International Conference 

Universitas Syiah Kuala, Banda Aceh, 27-28 June 2018 

RECTOR WELCOMING SPEECH OF SEA-DR 

Assalamualaikum Warahmatullahi Wabarakatuh 

Good Morning…. 

Praises are only for Allah, the almighty, for the wonderful 

opportunity for us today.  On behalf of the Syiah Kuala 

University, it is an honor for us to welcome everyone to our 

university in the event of the 6th South East Asia Development 

Research International Conference (SEA-DR IC) 2018. 

We would also like to extend our welcome to the keynote speakers, Prof. Berinderjeet 

Kaur, Prof. Maarten Dolk, Prof Dr Lilia Halim and Dr. John Willison. We are also 

pleased to welcome the invited speakers, presenters and participants as well as respected 

colleagues. 

Our appreciation are for the dean of the teacher training and education faculty, Prof Dr 

Djufri, M.Si and the head of mathematics education department, Dr Muhammad 

Ikhsan for their supports also for the chair of SEA DR conference, Dr. Rahmah Johar, 

M. Pd and all committees. 

The conference theme of the 6th SEA-DR IC 2018 is “Inspiring students to learn: 

Fostering Innovative teaching and learning of science, mathematics and technology”. It 

is no doubt that the development of science, mathematics and technology lead to more 

challenges for our students, and therefore, we, as educators, specifically, those in the 

teacher training and education field must strive to inspire students to develop their skills 

to meet today’s challenges and demands. I believe that the keynote and invited speakers 

sessions and the parallel presentations will results in fruitful discussions and knowledge-

sharing which in turn can promote the best practice of development research for 

benefiting the teaching and learning of science, mathematics, and technology.  

We would also like to express our deepest gratitude to the organizing committee, whom 

we are extremely proud of, for their tremendous efforts in organizing this wonderful 

conference so that we got MoU between SEA DR and IOP for indexed by Scopus.  They 

have not only managed work collaboratively across departments in their faculty but also 

brought together supports from several universities and organizations, including Utrecht 

University, Sriwijaya University, Universitas Negeri Surabaya, Universitas Negeri 

Padang, Lambung Mangkurat University, and Mathematics Education Research Group 

of Australasia (MERGA). Such collaborative culture is greatly appreciated and 

acknowledged.  

Finally, allow me to once again welcome you to our university, we wish you a fruitful 

conference and wonderful stay in our city, the city of Banda Aceh. 

Wassalamualaikum Wr.Wb. 

Prof. Dr. Ir. Samsul Rizal, M. Eng 
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KEYNOTE SPEAKERS 

Prof. Berinderjeet Kaur from National Iinstitute of Education, Singapore 

Berinderjeet Kaur, PhD, is a Professor of Mathematics Education 

and Head of the Centre for International Comparative Studies 

(CICS) at the National Institute of Education in Singapore. She 

began her career as a secondary school mathematics teacher and 

taught in schools for 6 years before joining the National Institute 

of Education in 1988. She has been at NIE for the last twenty three 

years working with teachers, heads of departments, vice – 

principals and principals of schools. For two consecutive years, 

2005 and 2006 she was the recipient of the Excellence in Teaching 

Commendation award at the National Institute of Education. Professor Kaur has been 

involved in numerous international studies of Mathematics Education and is the 

Mathematics Consultant to TIMSS 2011. She has given numerous presentations at 

conferences held in the region as well as in various parts of the world. She has published 

more than 150 papers in journals, conference proceedings and books. Her publications 

appear in regional and international journals and also in both pedagogy and scholarly 

books.  

Professor Kaur has been involved in numerous international studies of Mathematics 

Education and is the Mathematics Consultant to TIMSS 2011. She has given numerous 

presentations at conferences held in the region as well as in various parts of the world. 

She has published more than 150 papers in journals, conference proceedings and books. 

Her publications appear in regional and international journals and also in both pedagogy 

and scholarly books.  

Prof. Maarten Dolk from Uthrecht University, The Netherlands 

Prof Marteen Dolk is a researcher and developer at the Freudenthal 

Institute for science and mathematics education in the Netherlands. 

He is involved in the development and research of in-service and 

multimedia in-service materials for teachers, staff developers, and 

teacher educators in several countries.  
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 Prof. Dr. Lilia Halim from University Kebangsaan Malaysia 

PhD (Science Education) (King’s College London, UK), Master 

of Education (Science Education) (Leeds University, UK), 

Diploma in Education (UKM), Bachelor of Science (Physics) 

(Carleton University, Canada).  

Lilia Halim is a professor in Science Education at the Faculty of 

Education in the National University of Malaysia. Her research 

interest and work revolves around promoting scientific literacy 

through three main research thrusts; a. Investigating and 

developing science teachers pedagogical content knowledge (PCK), b. propagating 

pedagogical model for promoting innovative thinking in science and now known as 

STEM education and c. exploring the role of nonformal science learning in the Malaysian 

context.  

Lilia was also involved in the roadmap planning for science and mathematics (2015-2020) 

for the Regional Science and Mathematics Centre (RECSAM) in Penang . In addition, 

she and the team from UKM was involved in the evaluation of the Malaysian education 

system that provided inputs to the Malaysian Education Blueprint 2013-2025. She worked 

with the Teacher Education Division, Ministry of Education, Malaysia to diagnose 

Science and Mathematics teachers’ perception, and mind set regarding STEM education. 

In addition, to suggest interventions to address the mind set of the teachers as part of their 

professional development. Lilia has also contributed to the resource pack on pedagogies 

for Girls in STEM as part of Malaysia/UNESCO –IBE Project, Strengthening STEM 

Curricula for Girls in Africa and Asia and the Pacific 

In terms of publications, Lilia has written research articles in the science and mathematics 

journals and book chapters in publishers such as Kluwer, Springer, Routledge dan Sense 

Publishers. 

 Dr. John Willison from the University of Adelaide, Australia 

Dr. John Willison has twenty-five years of experience in formal 

education, and throughout that time has been most enthralled in 

how to help students to engage in research-based learning, 

beginning with Year 8 classes, where he strived to make science 

laboratories hands-on and minds-on. Dr Willison found that this 

necessitated a raft of scaffolding and literacy strategies, and 

resulted in the development of resources called write Science 

(writing and reading integrated with talking about experiments). 

As Dr Willison completed his PhD in Science Education he 

coordinated an Early Childhood and Primary Science course in a Teacher Education 

program, then subsequently found himself at the University of Adelaide as the 

Coordinator of the Graduate Certificate in Higher Education. This shift to students who 

were academics from all disciplines caused Dr Willison to broaden his research agenda 
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to search for something in common across disciplines: a framework representing how all 

educators may facilitate their students’ research skills.  

In collaboration, Dr Willison developed early versions of the Research Skill Development 

(RSD) framework and colleagues in First Year Human Biology began to trial the RSD, 

followed by other courses in various contexts showing positive outcomes for students. 

This success inspired Dr Willison to lead two five-university ALTC Innovation and 

Development projects, one for course-level implementation of RSD (2007-2009) and the 

other for program-level implementation (2011-2013). These projects and new AQF 9 

research requirements led to demand for RSD to inform coursework Masters Programs 

and Dr Willison held a National Teaching Fellowship on this theme 2014-2015. As the 

use of the RSD escalates nationally and internationally, he is currently keen to bring the 

RSD ‘full-circle’ and begin to influence Faculties of Education through High Schools’ 

use of the RSD, as well as consolidate RSD use in undergraduate, Masters and PhD 

studies across all disciplines. This is the focus of the National Senior Teaching Fellowship 

he holds from the Australian Government's Department of Education and Training.  
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ISSN  

The Effect of Implementation Discovery Learning Model 

toward Students’ Mathematical Understanding Ability  

at Junior High School 

Casmi Fitri Yuni, Zuhri Daim, and Atma Murni 

Mathematics Education Study Program, University of Riau, Pekanbaru, Indonesia 

Corresponding author: murni_atma@yahoo.co.id 

Abstract. This research is a part of development research with a 4D model which have done 

starting form define stage, design stage, and developt stage. This paper put forward the result 

of the effectiveness test. The population is all students of class IX SMP Negeri 1 Kampar 

Timur, and the sample consists of two classes, where class IX1 as an experimental class and 

class IX2 as control class. The purpose of this research is to see the effect of implementation 

discovery learning model toward students' mathematical understanding ability of the topic 

of curved side space. The research instrument used is the mathematical early ability test and 

the mathematical understanding ability test (postest). The results showed that the 

implementation of discovery learning model gives a positive effect on the mathematical 

understanding ability. Implementation of the discovery learning model had an effect of 76% 

on the students' mathematical understanding ability at grade IX SMP Negeri 1 1 Kampar 

Timur and included in the medium category. 

Keywords: Discovery Learning, Model Toward, Mathematical Understanding Ability. 

Introduction 

The quality of education in the mathematics fields is low based on the average score of the 

National Examination (NE) that decreased in Indonesia in the last three years. In 2016, the average 

value of NE mathematics subjects of junior high school decreased by 6.04 points from the 

previous year that is 56.28 to 50.24 (Kemdikbud, 2016). The decline also occurred in 2015, the 

average score of NE mathematics subjects of junior high school decreased by 4.73 points from 

the previous year that is 61.00 to 56.27 (Kemdikbud, 2015). 

One of the causes of the low average score of the National Examination of mathematics is 

the lack of mathematical understanding so that students can not apply concepts accurately. 

Understanding of concepts is the primary foundation of mathematics learning. Mathematical 

understanding is an essential part in understanding mathematical problems and problems in daily 

life (Lambertus, 2016). In learning mathematics, the ability to understanding the mathematical 

concept is the main thinking that can lead students to have other mathematical ability (Lestari & 

Surya, 2017). According to Qohar (2009) said that the mathematical understanding ability is the 

ability to classify mathematical objects, interpret ideas or concepts, find examples from a concept, 

give examples and not the example of a concept, re-proclaim the mathematical concept with its 

word. In this research, the indicators to be measured are to restate the concepts that have been 

studied, to give examples and not the example of learned concepts, and to relate the various 

concepts that have been studied. 
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Some studies that show the low of the mathematical understanding ability of junior high 

school students, including Utami (2016); Mawaddah & Maryanti (2016). The results of a survey 

conducted by Indonesian Mathematics and Science Teacher Education Project (IMSTEP) in 

cooperation with the Japan International Cooperation Agency. Utami (2016) stated that the 

understanding of mathematical concepts held by junior high school students in Indonesia is still 

low comprehension ability of the concept. It is caused by the learning of mathematics in junior 

high school in Indonesia is still centered on the teacher, the concept of mathematics is delivered 

informatively, and the understanding of students' mathematical concepts is built by training 

students to solve many problems without deep understanding. In line with that, Mawaddawah and 

Maryanti (2016) said that the low of understanding mathematical ability concepts of students 

resulted in many students who do not understand about the material taught and the average score 

of learning result are low.   

Responding to that thing, researchers interviewed with several math teachers in several 

junior high schools in Riau. Obtained information that students' mathematical understanding is 

still low, many students who do not understand the concept given and many students who still 

can not link the various concepts on the given problem. Furthermore, researchers also interviewed 

several students in several junior high schools in Riau. The results obtained that students do not 

understand the material taught by the teacher, the students' difficulty in understanding the formula 

and various associate formulas in the solution of the problem, and students feel less motivated 

because they do not know the point of learning mathematics formula is in everyday life. 

Researchers also made observations on the implementation of learning in several classes in 

several junior high schools in Riau. From the observation, it can be seen that the teacher still 

dominates the learning process, the mathematical formula is given directly without explaining the 

procedure from which the formula it is obtained, the learning process only focuses on solving the 

problems in the textbook so that the students' mathematical understanding ability is not well 

trained. Based on observations made in SMP Negeri 1 Kampar Timur found the fact that students 

are less understanding with what is learned so that many students who only play around during 

the learning, at the completion of the questions given by teachers, many students who can not 

solve the problem correctly. This is also seen in the daily test, the students difficulty in answering 

the given problem, whereas the form of the problem is the same as the exercise questions, only 

the numbers are changed.  

The appropriate alternative learning model to be applied to improve the mathematical 

understanding ability is discovery learning. Discovery learning is a model for developing active 

student learning by discovering by themselves, self-investigation, the result obtained will be long-

lasting in memory and will not be quickly forgotten by students (Pappas, 2014). Learning by 
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discovery prioritize the act of reflecting, thinking, experimenting and exploring (Alex and 

Olubusuyi, 2013). Learning research with discovery learning has shown that the learners have a 

high ability to follow very well, while the less ability of the group may increase the ability of 

itself (Anyafulude, 2013). This is following the results of research of Mawadaah and Maryanti 

(2016) which shows that the ability to understand the mathematical concepts of students who get 

the implementation of the discovery learning model as a whole is in both categories and students' 

responses tend to agree on learning mathematics using discovery learning model. The application 

procedure of discovery learning model in learning according to Syah (Kemdikbud, 2014) is as 

follows. 

Table 1. The procedure of discovery learning model application 
Stages Teacher Activities 

Stimulation Ask a question, recommend reading a book and other learning activity that lead to 

the preparation of the problem. 

Problem 

Statement 

Give opportunity for students to identify and analyze problems that students face so 

can create a hypothesis. 

Data Collection Give opportunity for students to gather as much as possible relevant information to 

prove whether or not the hypothesis is correct.  

Data Processing Guide students in processing data and information that has been obtained either 

through interviews, observation and so on and interpreted. 

Verification Guide students to perform a careful examination to prove whether or not the 

hypothesis has been established and associated with the data processing result. 

Generalization With students draw the conclusion that can be the general principles and apply to 

all the same events or problems, pay attention to verification result. 

The researcher conducted research that is pre-experimented by applying discovery learning 

model on the curved side space topic. The study involved two sample classes, one experimental 

class, and one control class. The experimental class gets treatment in the form of implementation 

of the discovery learning model, and the control class takes place, as usual, that is conventional 

learning with a scientific approach. This research was conducted in the odd semester of academic 

year 2017/2018 in SMP Negeri 1 Kampar Timur. The research hypothesis is "The implementation 

of discovery learning model give the positive effect toward students’ mathematical understanding 

ability at grade IX SMP Negeri 1 Kampar Timur". 

Method 

This research is development research to produce mathematical learning instruments on the 

curve side space topic to improve students' mathematical understanding ability on grade IX. The 

research method used 4D development model (define, design, developt, dissemination). 

Validation process, small group tests, and big group tests have been conducted at developt 

phase to produce learning instruments that are feasible to be tested for effectiveness. This paper 
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is a developt phase related to the effectiveness test of mathematical learning instruments that have 

been developed through experimental research. 

Experiment design that used in this research is The Static Group Comparison Design 

(Cottrel, Randal & James, 2011). 

Table 2. The static group comparison design 

Group Treatment Posttest 

Experiment X1 O 

Control X2 O 

Description: 

X1: Discovery learning model 

X2: Conventional learning using a scientific approach 

O: Postest 

The population in this research is all students of class IX SMP Negeri 1 Kampar Timur in 

the odd semester of academic year 2017/2018 consist of seven classes, namely class IX1 until IX7. 

The sample in this research consists of two classes, where class IX1 as an experimental class and 

class IX2 as control class. 

The data in this research consists of mathematical early ability test data and mathematical 

understanding ability test (postest) data. Data processing is done manually and with the help of 

software SPSS Version 23 for windows. Data processing done through several stages are as 

follows: (1) test the statistical requirements required as a basis in hypothesis testing, ie normality 

test and homogeneity test of variance; (2) test whether or not there is an average difference 

between the experimental class and the control class using the Mann Withney test; and (3) 

calculate the magnitude of the effect of implementation discovery learning model toward students' 

mathematical understanding ability using Cohen's formula. 

Result and Discussion 

Data analysis before treatment included analysis of mathematical early ability test data 

(MEA) of students which used to take the research sample. The results with Kolmogorov Smirnov 

and Leneve test showed that the score of the students' MEA test of classes IX1, IX2 and IX3 were 

distributed normal and homogeneous. Furthermore, two equality tests were tested using One Way 

ANOVA test. The verbal hypothesis formula for One Way ANOVA test is as follows. 

H0:  The average score of KAM test data of students class IX1 is equaled to IX2 and also equals 

to class IX3

H1:  The average score of KAM test data of students class IX1 is equaled to IX2 but it is not 

equal to class IX3 or an average score of KAM test data  students class IX2 equals to IX3, 

but it does not equal to class IX1 
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Following the result of two equality test using One Way ANOVA test with helped software 

SPSS version 23 for windows. 

Table 3. One way ANOVA result of MEA test of class IX1 dan IX2 using SPSS 
Class (I) Class (II) Mean Different Std. Error Sig. H0 

IX1 
IX2 -1.974 5.786 .944 Received 

IX3 -.360 5.843 .998 Received 

IX2 
IX1 1.974 5.786 .944 Received 

IX3 1.614 5.786 .962 Received 

IX3 
IX1 .360 5.843 .998 Received 

IX2 -1.614 5.786 .962 Received 

Table 3 shows that the significance value (sig.) for all tests is more than α = 0.05, then H0 

is accepted and H1 is rejected which means the average MEA test score of grade IX1 students is 

equal to class IX2 and is equal to class IX3 or in other words the student at class IX1, IX2, and IX3 

have equivalent mathematical abilities. Next, a random sampling technique was used to select 

two sample classes from the three classes by drawing and obtained the result that the classes IX1 

and IX2 were selected into the sample class. 

Analysis of data after treatment is data analysis of posttest score. The result of the normality 

test with Kolmogorov Smirnov test showed that the postest score data of one class is not normally 

distributed. Furthermore, hypothesis testing using nonparametric statistical Mann Whitney test. 

The verbal hypothesis formula for the Mann Whitney test on postest score data of experimental 

class and control class is as follows. 

H0:  There is no difference average between experiment class and control 

H1:  There is difference average between experiment class and control 

Following the result of hypothesis testing using Mann Whitney test with helped software 

SPSS version 23 for windows. 

Table 4. Mann Whitney test result of postest score data using SPSS 

Class N Average Z Sig. (2-tailed) H0 

Experiment 25 86.16 
-2.424 0.015 Rejected 

Control 26 73.77 

Table 4 shows that the significance value (sig.) is less than α = 0.05, then H0 is rejected, 

and H1 is received, or in other words, there is an average difference from the posttest score data 

of the experimental class and control class. This shows that there is an influence of 

implementation discovery learning model toward students' mathematical understanding ability. 
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To determine the magnitude of the effect of implementation discovery learning model toward 

students' mathematical understanding ability, calculation of effect size with Cohen's formula 

which result is as follows. 

� =
�̅	
�̅�

���

= 0,7361 

The value of effect size obtained is 0.7361 and rounded to 0.7. Based on Interpretation of 

Cohen's Value (d), if the effect size value equals 0.7, then the percentage is 76%. It means, the 

effect of implementation discovery learning model toward students' mathematical understanding 

ability is 76% and included in the medium category. 

This research was conducted six times meeting, time allocation 2-3 lesson hours each 

session. The material studied in this research is curved side space consist of tubes, cones, and 

balls. Students in the experimental class were divided into six groups consist of 4-5 people which 

each given Student Activity Sheet (LAS). With the help of LAS that cover all stages of discovery 

learning consist of stimulus, problems statement, data collection, data processing, verification and 

generalization, students can find their surface formulas and the volume of curved side space and 

can train the ability to comprehend the concept of mathematical. While students in the control 

class follow conventional learning.  

At the time of correction of the mathematical understanding ability test, it was found that 

many students were less precise in performing the counting operation, so the answer was less 

precise, some students were also less precise in restating the concept so that many mistakes occur 

and there are some students who are wrong in linking the concept. Based on one of the student's 

answers in the control class, the student looks right already in restating the concept of tube and 

cone. However, the student has not been able to correctly relate the concept of the volume of the 

tube and cone, an error in the writing known and an error occurs in the count operation so that the 

problem is not resolved properly. This is different from the result of one student's answer in the 

experimental class on the same problem, the student looks correct in restating the concept of tube 

and cone, it is right in writing known, is appropriate in linking the concept, and there is no error 

in the count operation, so the problem is solved well.  

The mathematical understanding ability can be formed by allowing the students to construct 

their knowledge so that the mathematical problems can be fully understood to the point of 

problem-solving. In general, the experimental class students' ability to restate the concepts being 

studied, give examples and not the example of learned concepts and associated concepts is good 

already. Things that affect the good results of students' mathematical understanding ability is that 

students have adapted to the discovery learning model based on the discovery process. The 
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discovery learning model can facilitate the development of students' mathematical understanding 

ability. This is in line with Budiningsih's opinion in Kemdikbud (2014) which states that the 

discovery learning strategy is to understand concepts, meanings, and relationships, through an 

intuitive process to finally conclude. 

Based on the hypothesis test of the students' posttest score data using Mann Whitney test, 

there is an average difference from the postest score data of the students of the experimental class 

and the control class. This shows that there is an effect of implementation discovery learning 

model toward students' mathematical understanding ability. The amount of the effect of 

implementation discovery learning model toward students' mathematical understanding ability is 

calculated using Cohen's d formula and obtained the result that the implementation of discovery 

learning model had an effect of 76% to students' mathematical understanding ability and included 

in the medium category. The same thing is also obtained by Alex and Olubusuyi (2013) in their 

research found that there are significant differences in learning outcomes between students who 

used discovery learning and students who do not use discovery learning. 

Conclusion 

Based on the results of data analysis and hypothesis testing, it can be concluded that the 

implementation of discovery learning model gave the positive effect toward students’ 

mathematical understanding ability in grade IX SMP Negeri 1 Kampar Timur. The amount of 

effect of implementation discovery learning model toward students' mathematical understanding 

ability is 76% and included in the medium category. 
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Abstract. Learning geometry material is aimed for students to be able to visualize, imagine, 

and use the geometry model to solve the problem. Students find it challenging to solve a 

problem of the solid figure because student's skill in visualizing and reconstructing the solid 

figure material is still low. This situation caused teachers to be aware to hypothesize and pay 

attention to student's reaction in every step of learning trajectory to achieve the learning 

goal. The purpose of this research was to develop a Hypothetical Learning Trajectory which 

is considered helpful for students to find the formula of the surface area of side-n-pyramid. 

The participants in this research were 36 eighth grade students at MTsN Model Banda Aceh. 

The method used was design research which has two stages include planning and field 

testing. Two instruments were used to collect the data. The first main instrument was the 

researcher. Whereas a group of assignment sheet, observation sheet, field notes, and video 

recording were used as the secondary instrument. The research finding showed that the 

developed HLT could help students to find the formula of surface area of side-n-pyramid. It 

was also found that the RME approach could help students to find the surface area of the 

pyramid by themselves without teacher's interference. 

Keywords: Hypothetical Learning Trajectory (HLT), the surface area of the pyramid, RME 

approach 

Introduction 

The material of solid figure, a part of geometry learning, focuses on student’s ability to 

identify the character, aspects and determine the volume in solving the problem (Depdiknas, 

2016). Besides, to solve the problem, the NCTM expects that geometry material can impact 

students to be able to visualize, imagine, and use the geometry model. Concerning the requirement 

of solid figure mastery in second semester nine grade students to achieve the optimal math 

learning, it is expected the figure solid teaching process is supposed to be more optimal for 

students to develop their potentials and independently encourage themselves to gain knowledge 

or skill in solving a math problem. 

In such a case, students still fail to solve the problem of math because of their low ability 

to visualize and reconstruct the solid figure material. This also gets students difficult to 

comprehend the characteristics of solid figures and interpret three-dimensional figures (Friansah, 

Zulkardi, & Somakim, 2015).  The problem raised in this case is teachers used to teach students 

using memorizing method. Students only can count and memorize the concept but never be taught 

about where the formula is jotted down from. (Feriana & Putri, 2016) 
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 Besides, the result of observation and interview with math teachers in Junior High School 

indicated that teachers tend to present the lesson based on the books provided and are less in self-

designing the topic of how the solid figure needs to be taught. The further analysis of this problem 

proved that the learning steps based on lesson books provided are not necessarily supported and 

effective in teaching solid figure material. The material is contextually presented, but the concept 

is formally introduced in the further steps of learning with inexistence of mathematization 

horizontal and vertical activity. The activity of horizontal mathematization is intended to gain 

student's ability to find the math problem and put an attempt to identify the mathematics aspects 

in such problem. Whereas the vertical mathematization activity focuses on how students develop 

the math concept (Cobb & Gravemeijer, 2006). 

Learning a solid figure requires the proper approach based on student-oriented, where 

teachers create the chances for students to learn interactively, such as communicating and arguing 

what they store in their mind towards the material. In the process of math learning, it is likely 

needed to relate the material with the actual learning, or make a proper connection to the real 

world and student's point of view, and bring the relevancy between student's life experience and 

life of society. One of the related approaches lies on Realistic approach. This kind of mathematics 

approach is based on the reality and environment utilization to make learners understand the 

concept and help them to accelerate the math learning process to meet the better learning goal of 

mathematics. This corresponds to Freudenthal's opinion which argues that mathematics education 

for kids is related to the sense of reality in daily life (Gravemeijer & van Eerde, 2009). 

 In the class, teachers are ought to make a hypothesis and observe student's reaction in every 

step of learning trajectory refers to learning goal. The learning design based on learning trajectory 

is known as Hypothetical Learning Trajectory (HLT). It is the learning track which covers the 

learning goal, learning activity, and learning hypotheses process to predict how student's thoughts 

and comprehensions will develop in learning activity context (Simon & Tzur, 2004). Learning 

track or learning trajectory gives a hint for students to determine and formulate the learning goals 

which need to achieve. In the process of formulating HLT, the learning goals can be elaborated 

through subgoals while the learning process could be arranged concerning empirical data. 

 Some previous studies that explore the HLT development in teaching solid figure have 

been conducted. The research finding from Trisnawati, Putri, & Santoso (2015) concluded that 

HLT could help students in learning the surface area of the pyramid. In Yulianita's study (2016), 

it was demonstrated that student's ability could be triggered in solving a problem of daily life 

related to problems of corners on the solid figure by using the HLT method.  
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Regarding explanation above, the research problem was proposed; how is the student's 

activity during the HLT implementation in teaching surface area of a side-n pyramid with RME 

approach?   

Method 

This research used Design Research that relates to a qualitative approach. Design Research 

is a systematic study of designing, developing, and evaluating education intervention such as 

program, strategy, learning materials, product and system as the solution to solve a complex 

problem in education practice (Plomp & Nieveen, 2007). Design Research aims to develop Local 

Instruction Theory based on theory-driven and empiric based through cooperation between 

researcher and teacher to increase the research relevancy with education practice and policy 

(Gravemeijer & van Eerde, 2009).  

Design research with Gravemeijer model consists of three phases to run the activity of 

designing, namely Preliminary Design, The Design Experiment, and The Retrospective analysis 

(Cobb & Gravemeijer, 2006). However, this research was limited only into The Design 

Experiment since the result of HLT testing was already designed for one meeting.  

The research subjects were 36 eight grade-11 students in at MTsN Model Banda Aceh 

where the researcher was considered as the teacher to model the HLT technique directly. Eight 

grade students were chosen by reasons of the material of pyramid surface area is first taught to 

eighth grade Junior high school students. The field testing activity was conducted on April 30, 

2018. The instrument needed to collect the data was a group of assignment sheets, observation 

sheet, field notes, and video recording. 

To answer the research problem, the data were analyzed by using retrospective analysis 

employing comparing the HLT with student's activity through video recording. Other sources of 

data such as field notes and observation sheets were used to coordinate the class activity in the 

analysis of research findings. 

 Referring to the experts, Cobb & Gravemeijer (2006) explain that there are three 

components stated in HLT, they are learning goals, learning activity, and designed student’s 

conjecture. Student’s learning trajectory with conjecture in finding the formula of surface area in 

side-n-pyramid could be seen as follows;  
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Table 1. Learning Trajectory in Finding The Surface Area of Side-n-Pyramid Formula 

Material: Surface Area of a side-n pyramid 

Learning indicator: 3.9.1 Determining the surface area of a side-n pyramid 

Learning Activity Student’s Conjecture 

 The teacher showed the

figures around the class or

outside the classroom which

resembles the model of

figures and asked students to

decide which figures

resemble the pyramid one.

 Some of the students answered correctly. The rest of

students answered incorrectly.

Anticipation: Telling the students that pyramid resembles

the rooftop, or pyramid in Egypt. Also, it is illustrated that

the pyramid also resembles the prism, pudding, or beam

which resembles the gift.

 Students were given a real

problem about a rooftop

which resembles the

pyramid and asked them

about the sides of the

rooftop and its amounts.

 Some of the students directly answered by counting the

sides of the roof.

 Some of them are confused to solve the problem.

Anticipation: To know how many tin roofs are needed, it

is required to know the surface area of pyramid first.

 The teacher asked about the

formula to count the surface

area of the triangular

pyramid, rectangular

pyramid, pentagon pyramid,

and so on.

 Students answered the formula from the surface area of the

pyramid by totalizing all sides.

 Some of them answered the formula by mentioning the

base side is added with the upright side of the pyramid.

 Some of them also answered that:

 The area of triangular pyramid=

La+Ls1+Ls2+Ls3

 The area of rectangular pyramid=

La+Ls1+Ls2+Ls3 

Anticipation: Correcting student’s answer by confirming the 

group which correctly answered. 

 The teacher asked the

students to be able to find

the surface area of the side-n

pyramid.

 The students could find the surface area of a pyramid

according to the form of its base and upright side, namely:

L= the area of pyramid base + n the area of a triangle 

Result and Discussion 

Hypothetical Learning Trajectory (HLT) activity is in the following: 

The teacher started this learning by illustrating the pyramid models in daily life and asked the 

students to mention the form of the pyramid's upright side. In overall, they answered that the 

upright side of the pyramid formed as a triangle, but some of them think that it is not a triangle. 

The teacher then further showed students the models of the pyramid with its nets and asked them 

to mention the differences in the number of pyramid's edges, side, and vertex from every kind of 

pyramids. Afterward, the teacher inquired them to conclude the features of a side-n pyramid. 

Some of the students correctly answered the elements of pyramids with its distinctive features, 

but the rest of the answered it incorrectly. Furthermore, teachers asked students to find the formula 

of surface area of side-n-pyramid and get them to do LKPD in a group after introduction activity. 
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Activity 1. Students were given a common problem in life-related to the form rooftop which 

resembles the pyramid. They were also required to mention the figure of rooftop 

sides with the amount of each side. 

The interaction between teacher and students in this first activity could be seen as follow: 

Teacher :  What is the figure that forms the rooftop of Mr. Andi's house? 

Student  :  It looks like pyramid, Miss. 

Teacher : Let's think again about the question. Now I am asking about the sides of the 

rooftop in Mr. Andi's house. 

Student :  The sides of the rooftop? It forms the triangle, Miss. 

Teacher :  How many sides are they? 

Student :  They have four sides, Miss. 

Teacher :  Correct. 

 Here was the answer from one of the students: 

Figure 1. Student’s answer about determining the number of tin roofs in Mr. Andi’s house by 

counting the number of triangle sides. 

According to the discussion above, after doing the first activity, it was found that all of the 

students had known about the form of pyramid sides.   

Activity 2. Students paid attention to the forms of pyramids and being asked about its upright 

and base sides to conclude the kind of side-n pyramid based on the form of its 

base. 

The teacher continued the process of learning in this second activity by concluding the kind 

of side-n pyramid based on the form of its base. 

Teacher :  Pay attention to the first animation. What is the form of pyramid base? 

Student :  (a little bit confused), is it located under the pyramid? But the pyramid base 

looks a little bit unclear. 

Teacher :  Let's take a look in the next figure. It is the pyramid nets. Pay attention to the 

black side which is the base of the pyramid. Could you identify what the form 

of the first pyramid base is?   

Student :  (Take a look and do the LKPD), it’s triangle. 

Teacher :  Correct. Now please finish the assignment for the pyramid below. 
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Here was one of student’s answer in activity 2: 

Figure 2. Student's answer after watching the animation to know the features of a side-n

pyramid. 

Based on the above discussion in this second activity, it was found that students were 

difficult to answer the exercises in LKPD which was caused by their inability to identify the form 

of pyramid base. Therefore, they were likely needed to be guided to finish the LKPD.   

Activity 3. Students found the formula for the surface area of the n-sided pyramid base on the 

shape of its base. 

The third activity was to find the equation of the surface area of the n-sided pyramid with 

the approach of its base area and face area, which has been known in fourth activity. Teacher-

guided students and discussed with the group that had difficulty in obtaining the formula of the 

surface area of a triangular pyramid and square pyramid.   

Here a part of the teacher-student conversation. 

Teacher :  Look at the triangular pyramid! How many upright sides does it   have? 

Student  :  It’s three, Miss. 

Teacher : Now take a look at the rectangular pyramid. How many upright sides of it? 

Student : It’s four. 

Teacher : Now, what is the surface area? 

Students : (Quiet and confuse) 

Teacher : The area of the surface is we count up all of the areas from its sides. How many 

sides in the triangular pyramid and rectangular pyramid?   

Student : Triangular pyramid has four sides. It includes one base and three upright sides. 

Whereas there are five sides in the rectangular pyramid, they consist of one 

base and four upright sides.  

Teacher :  So what is the area of the triangular pyramid? 

Student :  It’s one base area + three upright sides area.  

Teacher :  Exactly. What about the area of the surface of the rectangular pyramid? 

Student : One base area + four upright sides area  
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One of student’s answer could be viewed as follows; 

Figure 3. Student's answer on the third question to know the formula of the surface area of the 

side-n pyramid by identifying the formula of triangular and rectangular pyramid area.   

Activity 4. Students determined the formula of the surface area of the side-n pyramid by linking 

it with the activity 3. 

Teacher-guided students and discussed with those group who had a difficulty to find the surface 

area of the pyramid. 

Teacher :  Let's try to relate the formula of the surface is between the triangular pyramid 

and rectangular pyramid. What can you conclude if it is the side-n pyramid? 

Students :  (quite for a moment) One base area + n upright sides area. 

Teacher :  That’s correct. What about the side-n pyramid? 

Here was one of the students' works on Activity 4. 

Figure 4. Student's conclusion about the formula of surface area in the side-n pyramid. 

Students presented their result of discussion after accomplishing the assignment in LKPD. 

Referring to student's discussion from all of the activities, it can be concluded that the formula of 

surface area in the side-n pyramid is: The base area + n-upright sides area, where the upright sides 

have the form of the triangle. These activities demonstrate that learning carried out with a realistic 

mathematical approach can provide an opportunity for students to solve problems. This is in line 

with the opinion of Johar et al., (2016). 

Conclusion and Suggestion 

Regarding research finding, it was indicated that there were four activities to run the HLT 

method in finding the formula of surface area in the side-n pyramid. First activity refers to asking 

students to relate the pyramid material to the problem in daily life. In the second activity, students 

were asked to relate the model of the pyramid with the problem in real life to know the form that 

resembles the side of the pyramid, namely its base and upright sides. In this second activity, 
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students were difficult to identify the base form of a pyramid. This caused that students need more 

guides to finish the LKPD. It was also highly suggested for the teacher to design another approach 

of teaching solid figure material by not only constructing the RME approach but also applying 

the 3D multimedia in the teaching-learning process. The 3D multimedia can be referred to the 

reality and environment utilization which is considered beneficial for students in learning math in 

order to provide them the effective learning goal and ease them to abstract the ideas of math by 

presenting the lesson in a structured way, complete with pictures, symbols, and icons to grow 

student's representation toward solid figure. The third activity was finding the formula of surface 

area in pyramid based on its kinds and forms. While the fourth activity was intended to encourage 

students to find the formula of surface area in the pyramid. All of those four activities were done 

in sequence since one activity could impact to another. To sum up, learning with the RME 

approach can provide a chance for students to develop their paradigm. Students can independently 

find the formula of finding the surface area of the pyramid without teacher's interference to tell 

them the formula. 
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Abstract. Problem-solving is part of the mathematics curriculum and essential in the learning 

process. However, students’ problem-solving skill is still lacking. This skill can be supported 

by students' thinking skills, one of which is reflective thinking. Reflective thinking refers to 

the students' ability to connect the formerly acquired knowledge to the newly acquired one 

to solve any problem actively, cautiously and thoughtfully and, therefore, come to a definite 

conclusion. This study aimed to describe the students’ reflective thinking process in solving 

mathematical problems on the direct proportion material. The design research with 

formative evaluation type was used. Twenty-Five Year 7 students in one of the islamic junior 

high schools in Aceh Barat Daya were involved. The results showed that the reflective 

thinking process in solving problems varies among the students, according to their own 

formerly acquired skills. 

Keywords: Reflective Thinking, Problem Solving 

Introduction 

Mathematical learning is closely related to problem-solving (Wahyuni, Sujadi, & Subanti, 

2016). Problem-solving is part of the mathematics curriculum and essential in mathematics 

learning processes. According to Ministerial Regulation of National Education (Permendiknas) 

No. 22, students are required to develop their problem-solving skills, create mathematical models, 

solve problems, and interpret the solutions. Also, the importance of problem-solving is affirmed 

in NCTM (2000) that problem solving is so integral to mathematics learning that it should not be 

separated from mathematics learning at all. 

Still, the fact shows the students’ lack of ability in problem-solving since they are not used 

to practicing this type of skill. Instead, the students are merely familiar with memorizing 

mathematical definitions, theories, and formula. This is indicated by PISA test results in 2015, 

showing that Indonesia is ranked 62nd out of 70 participating countries, with a score of 386, far 

below the average score, i.e., 490 (OECD, 2016). 

Sangpom, Suthisung, Kongthip, and Inprasitha (2016) state that when teachers pay 

attention only to such cognitive activities as providing formula and having students do exercises 

(to practice the application of the taught formula), this is insufficient. A majority of students tend 

to focus on formula memorization to problem-solving. This is supported by the research results 

by Özcan, İmamoğlu, and Bayraklı (2017), showing that students face difficulties in expressing 

their thoughts during the problem-solving process. Therefore, it is necessary to teach students to 

solve mathematical problems so that their thinking skills might be improved. 
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Thinking skill is something that is exceptionally required by students in learning a lot of 

things, especially mathematics. With excellent thinking skill, students can understand the 

mathematical problems that they face and, furthermore, to apply the concepts to solve problems 

in different circumstances. 

One of the thinking skills that may help students solve problems is reflective thinking. 

Reflective thinking has always been mentioned in the field of education over the last few years 

(Sağır et al., 2016). It is part of the higher order thinking skills (Ariestyan, Sunardi, & Kurniati, 

2016). Reflective thinking refers to an active, cautious process of thinking and is addressed to a 

definite conclusion (Dewey, 1993). Reflective thinking means the student’s thinking ability in 

connecting the newly acquired knowledge to the former one to solve new problems (Ariestyan, 

Sunardi, & Kurniati, 2016). Reflective thinking is a way of students relating between their existing 

knowledge and the new one in investigating problems, assessing, summarising and establishing 

appropriate solutions to a given issue (Fuady, 2017).  

In this study, the direct proportion material was selected because it is one of the 

mathematical topics that is often applied in everyday life. The most common things to do with 

the implementation of direct proportion include comparing the amount of savings to the storage 

time, comparing the number of goods to the total price, comparing the number of workers to the 

number of wages, etc. By learning the direct proportion, the students are expected to be able to 

implement it in their daily basis. 

To find out the process of student reflective thinking in solving problems, it is essential to 

design typical questions which can stimulate students' reflective thinking process. There are 

several previous research findings on the question item development. Firstly, Maharani's research 

(2017) results in the development of evaluation/test items of Geometry based on the creative 

thinking skill which can be used to measure the creative thinking skill, especially for vocational 

students. Furthermore, Syutharidho and Rakhmawati (2015) research generate the PISA-modeled 

test items, designed with contents that can improve student skills and, therefore, can be used to 

optimize the process of students' mathematical critical thinking. 

Based on the results of previous researches, a difference exists in the present study, i.e., to 

develop a problem that can help the process of student reflective thinking in problem-solving of 

direct proportion material. Thus, the formulated research problem of this study is: "How is the 

process of students' reflective thinking in solving mathematical problems on direct proportion 

material?". 
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Method 

This study only describes the results of a reflective thinking examination employing the 

previously designed question items for one field test. The design research method with Borg and 

Gall model (Sugiyono, 2015) was used in this test. It was carried out through 10 stages, i.e., 

research and information collection, planning, developing a preliminary form of product, 

preliminary field testing, main product revision, main field testing, operational product revision, 

operational field testing, final product revision, and dissemination and implementation. 

The study was conducted on Monday, April 30th, 2018, in one of the islamic junior high 

school in Aceh Barat Daya, Aceh, Indonesia. The Year 7 students were selected as the subjects. 

The research procedure was based on Borg and Gall’s stages (Sugiyono, 2015). However, this 

study is only limited to the fourth stage (preliminary field testing). The stage of research and 

information collection includes the curriculum, student and material analysis. At the planning 

stage, the definition of skills that would be used as the basis in designing test items was 

established. At the stage of developing the preliminary form of product, the question items to 

examine the reflective thinking were designed. At the preliminary field testing stage, a small-

scale test of reflective thinking was conducted, consisting of 25 students. 

The test items of reflective thinking were utilized as the research instrument. Data were 

analyzed by describing the reflective thinking process following the preliminarily prepared 

indicators of reflective thinking in solving problems. The indicators of reflective thinking process 

in mathematical problem-solving consist of identifying problems, limiting and formulating 

problems, proposing the alternative solution(s) for problem-solving, developing ideas from 

chosen alternatives, and testing the problem-solving solution(s) and the use as a consideration for 

making conclusions. 

Results and Discussion 

The idea students used for solving a given problem vary amongst the students. The test 

results of reflective thinking process in solving the problem on the direct proportion of four 

subjects are described in Figure 1. 
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Figure 1. The answer of reflective thinking test of S1 

Figure 1 shows an overview of how S1 conducts the reflective thinking process in providing 

solutions to the problems related to the concept of direct proportion. S1 has carried out the first 

phase of the reflective thinking process, i.e., identifying the problem, it is seen that S1 provides 

information in the table. S1 seems to have comprehended the problem. From this it can be 

considered that S1 has reached the second stage of reflective thinking, i.e., limiting and 

formulating the problem. S1 knows what solution is used in solving this kind of problem. This 

means that S1 has conducted the third stage of the reflective thinking process, i.e., proposing some 

alternative solutions for problem-solving.  

Figure 2. The answer of reflective thinking test of S2 

Figure 2 illustrates the process of reflective thinking of S2 in providing solutions to 

problems related to the concept of direct proportion. S2 has appropriately identified the problem 

as well as limiting and formulating the problem. This is seen from the completion of the answer 
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of S2. S2 can propose problem-solving solutions very well. S2 is also able to develop ideas for 

problem-solving by summarising it, as seen in part (b).  

Figure 3. The answer of reflective thinking test of S3 

Figure 3 shows the reflective thinking processes of S3 in providing solutions to problems 

related to the concept of direct proportion. S3 has appropriately identified the problem, limiting, 

and formulating the problem, as seen in the completion of answer although in part (a) S3 did not 

provide the operational process. S3 can propose problem-solving solutions appropriately. 

Figure 4. The answer of reflective thinking test of S4 

Figure 4 gives an overview of how S4 carried out the reflective thinking process in 

providing solutions to problems related to the concept of direct proportion. S4 has appropriately 

identified the problem, then limited and formulated the problem, as seen in the completion of the 

answer. S4 can propose problem-solving solutions, but the solution is unfortunately incorrect. It 
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seems that S4 can develop ideas to solve the problem although the answer is incorrect as S4 was 

mistaken while performing the operation. Besides, S4 only did part (a) of the whole test. 

In general, based on the test results in a single meeting, it is known that the thinking process 

of several students is reasonably good because they can reach the third stage of the indicators of 

the reflective thinking process, which is identifying problems, limiting and formulating problems, 

and proposing alternative solutions to problem-solving. 

Conclusion 

The students have only reached the third stage of the whole reflective thinking indicators. 

These results indicate that the student reflective thinking process in problem-solving varies 

according to the ability or skill of each student. However, weaknesses are found in this study, i.e., 

there are only two question items tested, and only one that can be solved by the students because 

the test was held by the end of the class as the time allocation remained 10 minutes left. 
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Abstract. Assisting teacher to develop students’ mathematical comprehension became a 

problem for teachers, particularly on linear equations in two variables. The purpose of this 

study was to describe the result upon the implementation of Student Teams Achievement 

Division (STAD) to assist students in developing mathematical comprehension as well as to 

motivate them to learn in the daily lesson. The subjects were 24 students from the class of 

VIII/A in one of the public junior high school in the sub-district of Aceh Barat. The study was 

done using research and development method. The data were collected using observation 

sheet, test, and questionnaire of students' motivation. The techniques of data analysis 

included normality test, homogeneity test, and t-test. The results indicated that three students 

were unable to design the linear equation in two variables model while five students were 

still unable to solve the equations. These were because they learned mathematics using a 

conventional model in the classroom.  

Keywords:  Cooperative STAD, Mathematical Comprehension, Students Motivation. 

Introduction 

Mathematics is a compulsory subject in many fields including economy, social, medical, 

and many others. However, in daily learning, students occasionally face difficulties as they admit 

that there are too many formulas in mathematics. This problem becomes an obstacle in learning 

mathematics; students must relearn certain materials since they have academic difficulties 

including in learning linear equations in two variables (Capriora, 2015). 

It is commonly found in the classroom that teachers explain the concept informatively, 

provide the example and the assignments. It is the traditional characteristic of teaching and 

learning in Indonesia (Armanto, 2002). The conventional mathematics learning has several 

characteristics including teacher-centered, lecturing style, passively involved students, one-

solution-oriented method, and the activities of students are listening and taking notes. Such 

learning activity does not accommodate the development of students' ability to solve problems, 

to reason, to connect, to build mathematical communication. As a result, students' cognitive 

ability is poor since the learning activity is done only to promote lower level thinking skills. 

Relating to this fact, it is demanded a teacher to be creative in designing learning to 

encourage students to be actively and creatively involved in the learning, which may improve 

students' comprehension toward the learning materials (Malekian, 2000). A good learning activity 

should involve students to select, to arrange, and to participate in the activities. By engaging 
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students, it will make them responsible for what they have planned. Thus, one way to improve 

mathematical comprehension is by implementing appropriate learning models. 

Mathematical comprehension must be possessed and be developed upon students. 

Comprehension refers to students' ability to relate the previous knowledge to the new one. (van 

de Walle, 2008) explained that students had to develop their comprehension actively. Thus, by 

having mathematical comprehension, students will be able to master the mathematical concept 

taught by the teacher at the school. 

Also, the National Council of Teachers of Mathematics (NCTM) mentioned the purpose of 

learning mathematics. NCTM (2000) explained the five standards of mathematical ability, which 

must be acquired by students: problem-solving, communicating, connecting, reasoning, and 

representing. 

Students’ mathematical comprehension closely relates to the ability to solve problems. 

Jonassed (2010) also emphasized that the main purpose of learning was to develop the ability to 

solve problems. The ability to solve problems is one of indicator for a country to assess the 

students' concepts and ideas. It will be well developed when students obtain new experiences 

through learning activities. Thus, problem-solving is an important element to develop 

mathematical comprehension (Novotná, 2014). However, it is difficult to identify the types of 

problems and the lack of students' effort on problem-solving (Caprioara, 2015). 

Mathematical comprehension encompasses essential elements as translating, interpreting, 

and extrapolating. Translational comprehension is used to deliver information and to understand 

the meaning of various information. Furthermore, interpretative comprehension is used to infer 

the meaning of certain materials and ideas. The extrapolative comprehension encompasses the 

ability to estimate and to predict, which are based on critical thinking, understanding situation of 

certain information, as well as drawing conclusion with definite consequences inappropriate to 

the third level of cognitive ability: to apply the concepts learned toward new situations including 

ideas, theories, and technical instructions, (Ruseffendi, 2010). Bloom (2006) classified the 

comprehension as the second level within the hierarchy of cognitive ability. Thus, it is expected 

that students have an understanding of mathematical ideas should the teachers use appropriate 

teaching principles. At this level, they are also expected to communicate and to induce their ideas 

within communication. Comprehension is not merely to understand information but also to 

include the principle of objectiveness, attitude, and values within information. In such a process, 

students must be able to transform the information in their minds to the more meaningful forms. 

Learning cannot be separated from personal motivation. Motivation acts as a personal 

trigger in learning to gain new skills and experiences. Motivation can bring students passion, joy, 

and enthusiasm toward learning (Yamin, 2007). The indicators of motivation in learning include 
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(a) passion for being successful, (b) encouragement to learn, (c) expectation and ambition for the 

future, (d) rewards in learning, (f) interesting learning activities, and (f) conducive learning 

environment (Uno B, 2009). 

Cooperative learning model refers to a learning model in which students learn in groups 

that emphasizing on teamwork. The purposes of this model are to improve academic result as well 

as to increase students’ respect for diversities among them and to develop social skills (Anita, 

2007). 

One of the cooperative learning models is the Student Teams Achievement Division (STAD) 

model. In this model, students will learn in small groups consisting of four or five mixed-ability 

students. The learning activities consist of delivering the learning objectives, lecturing, giving 

group activities, giving a quiz, and giving rewards (Trianto, 2010). 

The stages of implementing STAD model, as mentioned by Trianto (2010) including 

preparing the learning instruments, dividing cooperative groups, determining initial scores, and 

arranging the sitting position. Then, the learning stages include explaining the learning objectives, 

grouping students, presenting materials, learning in a group, evaluating, and rewarding the 

achievements (Slavin, 2008). 

There are several benefits of STAD model. Firstly, it enables the student to work together 

as well as maintaining social norms. Secondly, students will actively motivate each other to 

achieve the best result. Thirdly, high achieving student will act as peer tutor helping the team in 

learning. Finally, the model promotes students to interact and improves their ability in delivering 

ideas. 

Regarding problems on building mathematical comprehension, STAD model is considered 

proper to be applied as a solution. Based on the explanation before, there are two objectives of 

this study. The first is to examine whether students learning by STAD model achieve higher 

mathematical comprehension than those learning by a conventional method. The second is to 

reveal whether students are learning by STAD model experiencing better improvement than those 

learning by a conventional method. 

Method 

This research was done as an initial study to examine learning achievement on which the 

students learned with STAD model for the material of linear equations in two variables. It was 

conducted as design research which was considered as a qualitative approach. Design research 

referred to systematic study to create a plan, to develop, and to evaluate the educational 

intervention (including program, learning strategy and learning materials, product, and system), 

which aimed to solve educational problems (Plomp and Nieveen, 2007). Furthermore, design 
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research had purposed to develop local instruction theory based on existing theory and empirical 

experiment, which was done by researchers and teachers together to improve the relevance of 

research toward educational policy and practices (Gravemaijer and Eerde, 2009). Furthermore, as 

any other research method, design research also had distinctive characteristics. 

The research, teaching using STAD model, was done on April 18, 2008. The model was 

implemented toward the teaching of linear equations in two variables for student Year 7 students 

in one of the junior high school in Aceh. The learning activities were arranged following the 

framework of learning in STAD model. 

In the initial stages of learning, the teacher allowed students to pray under the lead of 

classroom leader. The teacher then checked the attendance list; there were 24 students in that 

class. Before starting the new materials, the teacher reviewed the material about Algebra and 

made the equation models. This activity linked the previous material to the linear equations in 

two variables. 

The teacher started the learning by delivering the learning objectives and motivating 

students. Then, the teacher explained some information about linear equations in two variables 

including the way to solve tasks on it which would be done by the group. In the next stage, 

students would be divided into mixed-ability groups. They would discuss, gather information, 

learn, and solve tasks in the student worksheet. 

When students learned independently in the group, the teacher assisted them in defining 

and in organizing related information. In the evaluation stage, the teacher gave an individual test 

for students. After the assessment, the teacher would provide rewards for students' results. 

The subjects in this study were 24 Year 7 students in one of the junior high school in Aceh, 

Indonesia. In this research, the researcher became a teacher. This class was chosen since it met 

the desirable characteristic.  

Plomp (2013) mentioned three phases in design research: a preliminary investigation, 

prototyping, and assessing phase. The following is a diagram showing phases of design research. 

Figure 1.Plomp’s Research Design (2013) 

Preliminary Investigation 

Prototyping 

Assessment 

Implementation 
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This research restricted only to prototyping stages due to several considerations and 

limitations. In the preliminary investigation stage, the researcher formulated a series of learning 

activities, which might be implemented during teaching as well as predicted possible learning 

situations. Then, in the prototyping stage, the researcher designed lesson plans, student worksheet, 

and test, which were validated by the expert. The instruments used were students’ worksheet, 

field notes, video recording, and test. 

The analysis was done toward the data gathered by using instruments. During analysis, 

video recording was re-observed as well as re-checked the students’ worksheet to evaluate 

students’ mathematical comprehension.  

The Implementation of STAD on Linear Equations in Two Variables 

1.1 The Learning Material Compatibility toward the Model 

The learning material taken in this study was the Linear Equations in Two Variables, which 

was undoubtedly able to be adapted in STAD learning model. During the implementation of 

STAD, several activities occurred, such as conveying the learning objectives and motivating the 

students, presenting the information, organizing the students into work and study groups, 

evaluating the learning material, and giving rewards. The results obtained from those activities 

could increase the motivation of the students. The followings are the components and phase of 

STAD learning model. 

1.1.1 Conveying the Learning Objectives and Motivating the Students.  

The first activities undertaken in this phase was to explain the learning objectives needed 

to be achieved. Besides, the teacher clarified the necessary logistics and motivated the students 

during the motivating activities. 

1.1.2 Presenting the Information. 

The second activity applied in this phase was to present the information or problems 

briefly. It mostly dealt with the Linear Equations in Two Variables, which would be executed in 

the group work. 

1.1.3 Organizing the Work and Study Group of the Students. 

In this phase, the teacher divided the students into several groups. They, then, were asked 

to discuss with their group members to collect and learn the information. Afterward, they were 

demanded to finish the questions on prepared student worksheets. 
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1.1.4 Instructing the Work and Study Group of the Students. 

The teacher, in this phase, aided the students to define and organize their learning tasks, 

which were related to the given questions. 

1.1.5 Evaluating the Learning Material. 

The students accomplished their group activities. Next, the teacher distributed individual 

tests to each pupil. The teacher requested them to gather their work at the end of this phase. 

1.1.6 Giving the Rewards. 

The teacher announced the best group, which made a satisfactory outcome. The result 

was presented in front of the class. The teacher then gave the reward, which had been prepared 

by the selected group. 

Figure 2. The teacher was giving 

apperception  

Figure 3. The teacher was motivating the 

students  

Figure 4. The teacher was organizing the 

students into group work  
Figure 5. The teacher was instructing the 

group work of students  

Figure 6. A student was demonstrating the 

outcome of her group  

Figure 7. The students were doing their work
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Result and Discussion 

This study, which implemented the STAD learning model, was conducted on Wednesday, 

18 April 2018. Focusing on the Linear Equations in Two Variables, the model was employed to 

the students of VIII/a in SMPN 2Samatiga, Reusak. The learning activity, which was directed in 

the classroom, was following the framework of learning model against the material as mentioned 

earlier, the Linear Equations in Two Variables. At the beginning of the lesson, the teacher pleased 

the class leader to lead his peers to pray. The teacher found that 24 students were sitting in the 

classroom after checking their attendance. Next, to associate the learning material of Linear 

Equations in Two Variables, he reviewed the learning materials related to algebraic forms and 

constructing equation models. 

Furthermore, the teacher conveyed the learning objectives and motivated the students. The 

first activity carried out in this phase was explaining the aimed learning objectives, including 

describing the required logistics and motivating the students. For the second activity, the teacher 

presented information or problems in brief, specifically related to the problem solving of the 

Linear Equations in Two Variables executed in the group work. The next activity was organizing 

the students into the work and study groups. Besides, the teacher also divided the students into 

several groups. They were asked to discuss with their group members, principally in collecting 

information, learning and solving the questions on prepared worksheets. 

Moreover, the teacher directed the work and study groups in the fourth activity. In this 

stage, he helped the students defining and organizing their learning tasks, which were correlated 

to the questions given. After the students finished their group work, the teacher continued the fifth 

activity, giving each student the individual test. He asked them to bring their work as soon as they 

finalized it. Last activity, the teacher gave the reward to the successful group in finishing their 

group work. One of the student group works can be viewed in Figure 9 and 10, while the 

explanation is in Figure 8. 
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Figure 9.One of the students works Figure 10. One of the student work 

From the applied tests, it could be concluded the following summaries. There were three 

students (12,5%) who were not able to design Linear Equations in Two Variables. Besides, There 

were five students (20,83%) who could not determine the elimination method toward Linear 

Equations in Two Variables. 

Moreover, the learning applied for students of VIII class of SMPN 2 Reusak has reached 

the desired goal of the researcher, mainly for the learning material of Linear Equations in Two 

Variables. The initial result of the study could improve the mathematical comprehension of the 

students through the tests given. Besides, the researcher noticed that they were enthusiastic about 

working on the test, which positively affected their motivation to learn mathematics. Then, 

Regarding the learning objective, the STAD learning model carried out for the students of VIII 

class of SMPN 2 Reusak was presumably said successful, predominantly in the selected material, 

the Linear Equations in Two Variables. However, at the beginning of the study, many students 

confused since questions contained in their worksheet were rarely found by them. Therefore, the 

researcher had to work hard and needed more times to explain the material. As a result, they could 

finish their work without problems. 

Conclusions 

The learning carried out in SMPN 2 Reusakfor the students of VIII class has reached the 

aimed objective of the researcher, chiefly in the learning material of Linear Equations in Two 
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Variables. The initial study result could improve the mathematical comprehension of the pupils 

through the tests distributed. Besides, the researcher discovered that they were enthusiastic about 

working on the test, which positively affected their motivation to learn mathematics. 

Furthermore, concerning learning objective, the STAD learning model implemented for the 

students of VIII class of SMPN 2 Reusak was presumably said successful, primarily in the 

designated material, the Linear Equations in Two Variables. At the first time, most students 

confused because of questions listed in their worksheet, which were unfamiliar with them. The 

researcher, therefore, worked hard to explain the material. As a result, the students finished their 

work with no trouble although the activity needed more times. 

Moreover, the students’ attitude during the STAD learning model could be categorized into 

a good one. Similarly, their ability to solve the questions of Linear Equations in Two Variables 

was also good. In average, they could finish these, either collectively or individually. 
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Abstract. Creativity is an ability to think where students use a new way of solving unique 

problems to generate new ideas. Eliciting Activities (MEAs) is a learning model that 

understands, explains and communicates the concepts in the problems that have been 

presented through mathematical modeling. Using the application of Eliciting Activities 

(MEAs) model required creativity of learners in modeling a problem related to daily life 

especially on linear equations system of two variables. This study is part of design research 

using Plomp model which is limited only two stages: preliminary and design. This study 

aims to develop learning materials through Eliciting Activities (MEAs) model to develop 

student creativity. The subjects in this study are Year 8 students of one of Junior High 

Schools in Banda Aceh. Learning materials are revised in the first stage by validators and 

then revised from the test results. The data was obtained based on the results of student 

group work. The results of the data categorized into five levels (highest level 4 and lowest 

level 0) are analyzed descriptively. The results showed one group at level 4 (very creative), 

three groups are at level 3 (creative), and one group is at level 1 (less creative). Based on 

the results obtained that the Eliciting Activities model can influence student creativity in 

solving problems related to the system of linear equations two variables. 

Keywords: Mathematical Creativity, Design Research, Eliciting Activities Learning Model 

(MEAs), Linear Equation System of Two Variables 

Introduction 

Mathematics is a science that must be studied by every student in every level of 

education. This is because the science of mathematics is closely related to the experience and 

daily life of students. Students solve math problems related to everyday life through the 

process of learning mathematics so that students are expected to be able to think creatively. 

This is in line with the demands of the 2013 curriculum, where each student is required to 

have one of the four a creativity skill that is one of the 21st-century skills. Creativity is the 

product of creative thinking. The ability to think creatively is an important process and must 

be applied in learning mathematics. Creative thinking is a cognitive process of learners to 

generate a variety of ideas. These ideas are a form of creativity that students use to solve 

problems. Creativity is a thinking skill in which the student uses a new way or never done by 

others in solving a unique problem (Santrock, 2004). The indicator of creative thinking is 

fluency, flexibility, thinking in detail (elaboration), and originality. Without the ability to 

think creatively the learners are difficult to compete and difficult in solving problems related 

to everyday life. 
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Based on the description mentioned before, it can be concluded that very important 

students have created in the learning process, but in reality, students still have difficulty in 

using ideas in solving problems, especially on the material system of two linear equations. 

This is due to the ability of students to use the idea in representing the problem into the form 

of a mathematical model is still low on the material system of two linear equations. Students 

still use routine procedures in solving the problem. Based on the 2015 Trend in International 

Mathematics and Science Studies (TIMSS) results, Indonesia is ranked 45th out of 50 

countries with a score of 397 points. This shows that students' creative thinking ability for the 

non-routine problem is still low (Napitupulu, 2012). 

The results of previous research that support the weak creativity of students, one of 

them said that the creative thinking ability of learners has not been maximal, learners find it 

difficult in solving problems in various ways or in his/her way (Risnanosanti, 2010). 

Furthermore, the ability of learners in creative thinking is still low because teachers do not 

train students in solving non-routine problems in their way (Kartini, 2011). Based on the 

description of the problem above, it is necessary to design learning materials applying 

Eliciting Activities (MEAs) as the existing learning material has not optimally accommodated 

or measure the level of creativity that students have so difficult to develop their creative 

thinking skills in generating a unique idea in solving a problem. 

Eliciting Activities Model (MEAs) is a learning that understands, explains and 

communicates the concepts contained in the problems that have been presented through 

mathematical modeling so that in the application of Eliciting Activities (MEAs) model 

required a creativity of learners in modeling a problem related to daily life (Chamberlin & 

Moon, 2005). 

Eliciting Activities Model has several advantages that learners are accustomed to 

solving non-routine questions, learners become more active in expressing their ideas in the 

learning process, and learners have more opportunities in utilizing knowledge and math skills. 

Based on the previous background description, the problem formulation in this trial is 

"How to design learning materials through Eliciting Activities (MEAs) model to develop 

students' creative thinking skills?". 

Literature Review 

Learning Eliciting Activities (MEAs) is based on students' real-life situations, working 

in small groups, and presenting a mathematical model as a solution. MEAs are structured to 

help students build their real-world problem-solving toward improved mathematical 
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constructs and are formed due to the need to make students apply mathematical procedures 

learned to form mathematical models.   

The eliciting activities learning model (MEAs) guides students to represent problems in 

the form of mathematical models and uses the ideas that students have to solve the model in 

various ways (unusual/unique) on non-routine questions in the material system of two linear 

equations. The application of the Eliciting Activities (MEAs) model is particularly applicable 

to the Two-Variable Linear Equation System since this model teaches students to be able to 

perform problem representations through mathematical models and material systems of two-

linear equations are materials that have the form of two or more linear equations two variables 

thus forming a system. This system establishes the mathematical model as a form of 

representation of the problem to be solved. This is a bridge for students to develop their 

creativity through mathematical models and can complete the model in various ways. 

Therefore the Eliciting Activities (MEAs) model is highly relevant to this material. 

The Eliciting Activities (MEAs) model has 5 phases/steps: the teacher presents an 

article that contains problems related to the context of the lesson, the students respond to the 

problem presented by asking, the teacher re-reads the problem with the students so that each 

group understands the question, students create a mathematical model of the problem 

presented in groups, and students to complete the model and show their group work (Ahn & 

Leavitt, 2007). 

Method 

This research is part of Design Research by using the Plomp model which aims to 

develop learning materials using Eliciting Activities (MEAs) model and do a limited trial to 

improve students' creativity level on linear equation system of two variables. Plomp 

development model has three stages/phases: preliminary phase, design phase (prototyping 

phase), and the assessment phase (Plomp, 1997). This study limits the phase of Plomp to the 

second stage of the design stage. Learning materials to be developed consist of lesson plan and 

worksheet. 

This study was conducted for 2x40 minutes. The subjects of this study were 25 Year 8 

students of one of junior high schools in Banda Aceh consisting (10 male and 15 female). The 

data obtained about the creativity of students in solving materials system of linear equation two 

variables that are through the student worksheet. 

The 2 phases of the Plomp phase will be described as follows: 

1. The preliminary phase, the problem to be studied is to develop a learning material that aims

to develop students' mathematical creative thinking skills. This stage will be the
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identification and study of the curriculum of learning mathematics and condition of the 

student. 

2. Phase design, designing the right learning materials device to see the level of creativity of

students. This research designs Lessons Plan (attached) and Worksheet using Eliciting

Activities (MEAs) model. The form of problem that has been designed in the worksheet on

linear equations system of two variables is as follows:

"A convection company wants to produce 100 pieces of clothing which are a batik shirt and

Islamic dress. The company bought several rolls of Aceh batik fabric, brocade fabric, along

with the lining fabric. Aceh batik fabric has a length of 100 meters/roll, and brocade fabric

has a length of 120 meters/roll. While the length of the size for lining fabric 80 meters/roll.

If the fee for the tailored batik shirt is two multiplied by the price/meter of the brocade

fabric and for the Islamic dress is three multiplied by price/meter of batik fabric. Determine

the maximum profit that the convection company earns."

 Aceh Batik fabric Brokat fabric Lining fabric 

Learning materials based on Eliciting Activities (MEAs) model that has been designed 

is called prototype 1 or first version design. This prototype is further validated by a supervisor 

who is an expert in assessing this prototype. Furthermore, learning devices using Eliciting 

Activities (MEAs) model were tested in limited to grade VIII-3 Junior High School 17 Banda 

Aceh to develop students' creativity. 

The data obtained in this study through the activity sheet of learners who were assessed 

using the rubric of the assessment of creative thinking ability. The assessment rubric described 

in the description that following steps: 

1. Fluency: Able to solve problems precisely, clearly, correctly, and different from other

groups and able to explain the settlement of what has been resolved.

2. Elaboration: Able to enrich an idea or be able to detail the mathematical model and solution

to a problem.

3. Originality: Create different mathematical models with other groups and uniquely complete

the model.
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Student creativity in solving problems has various levels. The level of creativity is divided into 

five level 4 (very creative), level 3 (creative), level 2 (creative enough), and level 1 (less 

creative), and level 0 (not creative) (Yuli & Siswono, 2011). The following criteria can 

determine characteristics of student creativity level: 

1. Level 4 (highly creative): Students who can show fluency, elaboration, and originality or

fluency and originality in making mathematical models and solving problems related to

linear equations system of two variables.

2. Level 3 (creative): Students who can show two indicators that fulfill fluency and elaboration

or elaboration and originality solve problems related to the two-variable linear equation

system.

3. Level 2 (creative enough): Students are only able to show fluency or originality in solving

problems related to the two-variable linear equation system.

4. Level 1 (less creative): Students are only able to show elaboration in solving the problem of

two linear equations.

5. Level 0 (not creative): Students are unable to meet the three aspects of indicators of fluency,

elaboration, and originality in solving problems related to the two-variable linear equation

system.

The results obtained are then analyzed to see the extent to which the students' level of 

creativity is developed using the learning materials based on the designed Eliciting Activities 

model (prototype 1) to revise the shortcomings of learning materials from both Lessons Plan 

and Worksheet. 

Results and Discussion 

The development results of each stage can be described as follows: 

1. Preliminary Phase

The result of this initial phase is the identification and study of the curriculum of 

mathematics learning (curriculum analysis) at the sample school in Banda Aceh. The curriculum 

is applicable in the junior high school curriculum 2013. Therefore, the device to be developed 

refers to the 2013 curriculum by integrating a scientific approach to learning materials. The 

result of characteristic analysis of the Year 8 students of one of junior high school in Banda 

Aceh following the design of learning materials, where according to the teacher of the field of 

mathematics study the Year 8 students have the cognitive ability in the medium category 

compared to other classes. 
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2. Design Phase

This phase has designed the learning device product using Model Eliciting Activities 

(MEAs) in the form of Lessons Plan and Worksheets. The results of the designs that have been 

subsequently validated by the expert. The validator provides input to learning materials that 

have been designed before being tested on the test subject. Some input from the expert is as 

follows: 

a. Lessons Plan: experts provide input that the integration of the scientific approach step

should be evident in using the Eliciting Activities model. Besides, the closing activities

steps should be systematic.

b. Worksheets: experts provide input that worksheets instructions should be clear by adding

the amount of time available in working on worksheets and the problem question that has

been designed should be clear the context discussed in the non-routine matter.

Learning devices that have been revised by the validator then tested on the subject of 

research trials that is on Year 8 students of one of junior high schools in Banda Aceh. The 

results of the activities can be described as follows: 

a. Lessons Plan trials: the learning implementation of the preliminary activities goes well, the

students can respond well to the steps given by the teacher both in the students doing

apperception, motivating students, etc. But this preliminary activity takes more time than

expected. The time listed on the device is about 10 minutes, but in practice, this activity

takes 15 minutes. Therefore, this is also a constraint faced by researchers in experimental

learning devices. In the core activities of students do learning following the syntax in the

model Eliciting Activities well and work on Worksheets with 55 minutes of time and

students represent the results of group work, but because of time limitations of students

cannot make withdrawal conclusions and work out the exercises. This is an illustration for

researchers to revise products that have been tested.

b. Worksheets: all student groups do not fully resolve the question of a two-variable linear

system of equations designed by researchers. There is one difficult group to complete the

worksheets. This may be because the demands of the problem are too much and the time

provided is not sufficient to solve the problem given. This is due to the different students'

thinking ability (high, medium, and low) in developing their creativity. Only one group has

complete answers and meets very creative criteria. This description is the key for

researchers to revise the existing problems in worksheets.

40



Proceeding of the 6th South East Asia Design Research (SEA-DR) International Conference 

Universitas Syiah Kuala, Banda Aceh, 27-28 June 2018
ISSN  

Data that have been obtained by the researchers then analyzed descriptively to determine 

the level of creativity possessed by each group of students through worksheets. Each group 

makes different mathematical models, so the results also vary. This can be seen in the picture 

below: 

Picture 1. Students worksheets (Level 4) 

Picture 2. Students worksheets (Level 4) 

Figure 1 shows the work of the group of students in solving the problems in the 

worksheets given. The picture shows that students make a mathematical model based on the 

information obtained on the questions listed on the worksheets, the students also provide an 

explanation of the representation of the model on the material of two-linear equation system. In 

Picture 2 the group worksheet above describes the maximum benefits the company obtains 

through its mathematical modeling based on the information gathered previously. Based on the 

picture above seen the group of students can form a mathematical model in the form of a linear 
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equation of two variables in a unique way. The group of students directly determines the price 

by directly let each fabric price and substituting the cost of the fabric into a mathematical model 

that has been formed one of the established models is "5x + 3y = 160,000" so that the benefits 

obtained by each of batik fabric and Islamic dress is Rp 20,000. Based on the analysis, it is clear 

that the group can show the three creative indicators of elaboration, eloquence, and originality.  

In Picture 3 below, students can create a mathematical model based on the information 

given in the question, and the student can solve the problem correctly, but the student does not 

use a unique way of completing the model. It is mean, this group can show elaboration and 

eloquence but has no originality. 

Picture 3. Students worksheets (Level 3) 

Not all students have good creativity in solving a problem related to the two-variable 

linear equation system. Figure 4 below shows that there are groups of students who are only 

able to create a mathematical model of the information provided but the group is unable to 

complete the model. It is mean, and the group is only able to show elaboration indicators. 
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Picture 4. Students worksheets (level 1) 

Based on the results of data analysis above, it can be stated in general that the ability of 

students to creativity in solving math problems that are at level 1 is 1 group, level 3 as much as 

three groups and level 4 is 1 group. These results indicate that the development of creativity 

level in this research subject in solving problems related to two-variable linear equation system 

is already good (creative) because some groups have good eloquence and elaboration ability 

even there is a group that has new idea different with, but there is still a group that still has 

difficulty in solving the problem. This can be enhanced through problem exercises related to the 

non-routine linear two-linear system of linear equations and revising the learning devices that 

have been tested for the learning materials to be effective in the learning process. 

Based on the description above can be concluded in general that the learning model 

Eliciting Activities (MEAs) have a positive impact (influence) on student creativity. This is in 

line with the results of research conducted by Istianah (2013) which states that through the 

model of Eliciting Activities (MEAs) have increased creative thinking better than teacher 

center. 

Revision of Prototype 1 

Based on the results of experimental learning materials using Eliciting Activities 

(MEAs) model to develop students' creativity, the researchers revised the prototype 1 (lessons 

plan and worksheets). Implementing the learning by using eliciting activities model takes more 

time 3x40 minutes for the learning process to be effective. 

The demand for questions about worksheets on linear equation systems of two variables 

topic should not be too much. This makes it difficult for students to develop their ideas in 

problems solving. It should be revised to "Make a mathematical model of the information you 

get from the problem and solve the model in your way as much as possible." 
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Conclusion 

Based on the experimental results conducted in grade VIII-3 of Junior High School 17 

Banda Aceh by applying the Eliciting Activites (MEAs) model, it was found that 1 group was in 

level 4 that met the criteria very well, 3 groups were in level 3 that matched the creative criteria, 

and 1 group are at level 1 that meet less creative criteria. 
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Abstract. The object of geometry study is abstract that requires students to imagine things 

that do not have real physical form. In studying relation and geometry properties, students 

must develop spatial sensing. The ability of visualization is one of the spatial elements 

becoming the initial stage of spatial thinking in supporting the understanding geometry 

concept. The students’ visualization skills are low. This is because in learning of flat surface 

three-dimensional figure usually begins with giving formulas and sample questions; students 

are rarely invited to find a new form of the three-dimensional geometry that is rotated, 

opened, or seen from a different point of view. Therefore, it is necessary to design an activity 

which emphasizes more on how information is obtained and processed in visualizing three-

dimensional geometry so the students can build themselves what must be considered. The 

purpose of this research was to design learning activities through Discovery Learning model 

in developing student visualization skills. The method used was Design Research, at a trial 

stage involving 34 students Year 7 students in one of the junior high school in Banda Aceh. 

Data were collected through a visualization test. The results showed that the students' 

visualization skills at level I was 11.76%, 67.64% at level II, and only reached 20.59% at 

level III. Most students have difficulty in visualizing the regular three-dimensional figure into 

the nets. 

Keywords: Visualization skills, Three-dimensional geometry, Discovery Learning Model 

Introduction 

Geometry is one of the mathematics subject taught in every level of education. The 

geometry learning aims to ensure students capable to analyse the geometric shapes and properties 

of two and three-dimensional geometry; to construct mathematical arguments about the 

relationship of geometry; to determine the position of a specific point and the representation of 

spatial relationships with other systems; to use symmetric transformations to analyse 

mathematical situations as well as using visualization, spatial reasoning, and geometry models to 

solve problems (National Council of Teacher of Mathematics, 2000). In understanding the 

relationships and geometric properties for solving mathematical problems, each student must 

develop spatial abilities. (Council & Committee, 2005) 

Spatial ability is the ability to determine and manipulate object in space. Spatial capability 

consists of five elements namely; Spatial Perception is the ability to determine the location of 

objects being observed horizontally or vertically; Visualization is the ability to show the rules of 

change or transfer of the compilers of three-dimensional to two-dimensional geometry or vice 

versa; Mental Rotation is the ability to rotate two and three-dimensional objects appropriately; 

Spatial Relation is the ability to understand the composition of an object and its parts and their 

relationships with one another; and Spatial Orientation is the ability to observe an object from 

45



Proceeding of the 6th South East Asia Design Research (SEA-DR) International Conference 

Universitas Syiah Kuala, Banda Aceh, 27-28 June 2018
ISSN  

different circumstances (Maier, 1996). 

Spatial visualization skills play an essential role in many disciplines such as science, 

technology, engineering and mathematics (Uttal & Cohen, 2012). Spatial visualization capability 

is also required in geometry learning because the object of study is abstract that need for visual 

interpretation (Giaquinto, 2007; Kösa, 2016; Yenilmez & Kakmaci, 2015). Also, visualization is 

also an early stage in spatial thinking that supports the understanding of mathematical concepts 

especially geometry (Dwirahayu, 2013 in Sumarni & Prayitno, 2016). 

Teachers usually pay less attention to spatial visualization skills. In learning about a flat 

surface three-dimensional figure, usually begins with the information about the elements of the 

three-dimensional geometry, the formula of surface area and the volume of the three-dimensional 

geometry, followed by how to calculate the area and the volume continued by sample questions. 

Students are rarely invited to discover a new form of a three-dimensional geometry that is rotated, 

opened, or viewed from a different point of view (Syahputra, 2013). This causes the students' 

imagination in visualizing the components of the three-dimensional geometry is still inadequate; 

consequently, the students are having difficulty in constructing three-dimensional geometry and 

solve problems (Siswanto & Kusumah, 2017). Therefore, classroom learning activities should be 

designed to enable students to develop spatial visualization skills. 

Teachers should apply lessons that emphasize how information is acquired and processed 

to achieve the solution, not the provision of ready-made information (material). Thus, students 

can form themselves things that must be considered in visualizing objects of three-dimensional 

geometry. One of the learning models that has these characteristics is Discovery Learning. 

Through the discovery learning model, especially in the data processing stage that is taught in the 

lesson of cubes and blocks, students can develop their visualization skills through the activity of 

finding the pattern of cube nets (Fajri, Johar, & Ikhsan, 2016). 

Based on the background that has been explained, the research problem is how the students’ 

skills to visualize through the Discovery Learning model? 

Method 

This research is part of the 4D design research model. 4D development model consists of 

four stages of Define, Design, Develop, and Disseminate (Thiagarajan, 1974). However, this 

study is limited to the design stage. This research was conducted in the framework of activity 

testing through the learning model of Discovery Learning to identify the students' visualization 

ability on the cube nets. In the design stage, researchers design lesson plan, worksheet, and a quiz 

to be evaluated by two experts. Student worksheet and quiz that have been revised, given to 

students of class VII involved in this study have never studied the topic before. Indicators of 
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visualization skills in this research are presented as follows: 

1. Determining the shape of the nets from an illustrated three-dimensional geometry.

2. Describing the nets shape of a three-dimensional geometry whose sides are patterned.

3. Determining the shape of the nets by observing the relationships of two similar three-

dimensional figures with patterned sides

Data on visualization skills were obtained through the tests given at the end of the study 

and assessed by rubric in table 1, with the quiz can be seen in figure 1. Data are analyzed through 

descriptive statistics. 

Table 1. Rating visualization assessment rubric 

Indicator 
Number 

Question 
0 1 2 3 

Determining 

the shape of 

the net of a 

figure 

Illustrated 

1 
No 

answer 

Not able to 

determine the 

shape of the cube 

nets or not and 

determine the 

sides facing each 

other 

Able to define a 

form that is a set of 

cubes or not but 

does not specify the 

opposing sides 

Able to determine 

the shape of the 

cube nets and the 

opposite sides 

Describes the 

shape of a net 

of s figure that 

sides are 

patterned 

2 
No 

answer 

Not able to 

describe the form 

of cube nets that 

sides are 

patterned 

Capable of 

describing the 

shape of cube nets 

that sides are 

patterned but not 

perfect yet 

Capable of 

describing the 

shape of the cube 

nets that sides are 

patterned 

perfectly 

Determine the 

shape of the 

net by 

observing the 

two similar 

figures 

relationships 

that sides are 

patterned 

3 
No 

answer 

Not able to 

determine the 

shape of the cube 

nets respected to 

the relation of two 

cubes that sides 

are patterned 

Able to determine 

the shape of the 

cube nets by paying 

attention to the 

relationship of the 

two cubes that sides 

are given a pattern, 

but the reason is not 

quite correct 

Able to determine 

the shape of the 

cube nets by 

noticing the 

relation of two 

cubes that sides 

are patterned, for 

the correct 

reasons 
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Figure 1. Quiz Questions of Visualization skills 

Result and Discussion 

The first activity of learning began by asking students to distinguish which three-

dimensional figure is a cube and which one is not, then the students explained the definition of a 

cube. In the next stage, students were divided into small groups and given student worksheet to 

be completed. The activities were students asked to determine two different cube nets from the 

cube manipulative. All groups were only able to visualize the shape of the cube into nets that are 

patterned 1-4-1. The cube nets from the students of the activity can be seen in Figure 2. Therefore, 

activity 1 needs to be revised, that is, by asking students to define cube nets with two different 

patterns, either 1-4-1, 1- 3-2, 2-2-2 or 3-3. Thus, it is expected that students’ visualization skills 

to be more developed.  
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2. Pay attention the picture below 

  and  

  Which nets that can be formed into the cube above from the 

following nets pattern?   

 Reason: The answer is picture II because if it is formed into a 

cube, the pattern will be similar to the cube above  

Figure 2. Nets of cubes patterned 1-4-1 

In subsequent activities, students are asked to determine the correct nets about the relation 

of the two cubes and the reasons, as shown in the following figure. 

Figure 3. Cubes with patterned sides 

Only two out of eight groups could answer correctly, but the reason given was not quite 

correct. Students have difficulty in determining the correct nets because the visualizing activity 

to match the patterned three-dimensional figures into the appropriate nets was given in the abstract 

form. Therefore, it is necessary to revise by firstly ask students to draw a pattern from the picture 

of the cube manipulative, then determine the nets. Thus, it will be easier for the students to draw 

nets regarding the relation of the two figures. The allocated time for completing the first and 

second activities was also limited (only 30 minutes). Ideally, the second activity should be done 

in the next meeting. 

At the end of the learning, the students were given a quiz to measure their visualization 

skills for 10 minutes. While working on the quiz, some students asked about the explanation of 

question 1 (see figure 1), they did not understand the task. This was due to the unclear language 

used, so in the next research, researchers need to revise question 1. Results of students' answers 
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about the cube nets were analyzed descriptively. There were 79.41% students able to answer 

question 1 perfectly. The rest of the students were only able to determine which image was the 

cube nets or not but they cannot determine which sides facing each other. This was because 

students only remembered the pattern of cube nets without understanding the characteristics of 

the nets that can be formed into a cube. 

In question 2, the nets drawn by the students are varied, according to their visual skills. 

Most students could describe the pattern of cube nets, but they were not fully able to describe the 

pattern of nets if the sides of the cube are patterned. Only 26.47% of students who could draw 

nets that fit the cube model. The students’ answers can be seen in Figure 4. 

Figure 4. Level 3 student answer 

While 35.29% of students could draw cube nets which sides are patterned; however, the 

pattern was not perfectly illustrated, and 38.23% of the students can only draw cube nets, but they 

cannot determine the location of the pattern on the correct side of the nets that have been drawn 

(see figure 5). 

Figure 5. level 2 (left), level 1 (right) student answer 

In the left figure, it appears that the triangular peak on the second row faces sideways, while 

it should be face-down. In the right picture, students describe the triangle pattern on all sides, 

which should be on three sides only. 

An indicator for determining the shape of nets regarding the relation of two similar three-

dimensional figures which sides are patterned has not achieved satisfactory results. Most students 
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were not able to analyze the relationship between the two cubes, as in question 3, so they cannot 

determine the appropriate nets. Only 14.71% of students could determine the nets matching the 

two cube models with the correct reasons. While the rest of the student could not identify the nets 

matching with the cube model. If they can find the correct nets, the reason is not correct (see 

figure 6). There were also a small number of students who did not provide answers. 

3. The answer is picture (ii)

picture (ii) shows the correct nets if the cube is opened and disconnected. Both pictures can

be formed into nets (ii) dan the numbers in the nets (ii) similar with the numbers in both cubes

Figure 6. Students’ answer of Level 2 

Students had difficulties to draw the cube nets which sides were patterned because the 

students are not yet accustomed to solving this type of problem. The students usually face the 

question of determining nets with un-patterned sides; the textbook also does not have the 

questions about the nets of figures which sides are patterned causing the lack of students' skills to 

visualize the shape of the figure. For that reason, in the next study, the students should be given 

a problem requiring them to develop their visual skills. Besides, the time allocated to work on the 

problem is also limited (10 minutes). It needs to be revised to allow more time to solve the 

problem, about 15 minutes.  

Based on the earlier explanation, the students' visualization skills in level I was 11.76%. 

This indicates that there is a small percentage of students who have not been able to determine 

the nets matching the three-dimensional figure provided. Students cannot imagine how to draw 

the nets which sides are patterned and how to define the nets regarding the relation of the two 

figures. 67.64% of students were at a moderate level, meaning that most students have been able 

to determine the nets of the three-dimensional figure model but they have not been able to 

determine the pattern on the correct sides of the three-dimensional figured with the sides 

patterned. 20.59% of students reached level III of visualization skills, indicating that they can 

visualize the shape of the three-dimensional figures to match the nets. They can also to determine 

the nets by observing the relation of two-congruent three-dimensional figures which patterned 

side. 

These results indicate that learning activities through the Discovery Learning model can 

help students visualize three-dimensional figure into correct nets. These results are in line with 

findings from (Arıcı & Aslan-Tutak, 2015; Salimin, 2017; Wardhani, Irawan, & Sa’dijah, 2016). 
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Conclusion and Suggestion 

Most students have been able to visualize the shape of three-dimensional figures to the 

correct nets. However, students having difficulties in visualizing the three-dimensional figure if 

the sides are patterned. Therefore, it needs to be revised in the next stage to provide the activity 

of visualizing the shape of the patterned three-dimensional figures to the correct nets in the 

concrete form both using origami and technology before proceeding to the activity in the abstract 

form.  
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Abstract. Many students in Aceh were not used to non-routine problems in mathematics and 

generally had low ability in mathematical problem-solving. This study aimed at investigating 

the improvement of students' problem-solving ability after applying Realistic Mathematics 

Education (RME) teaching approach based on Acehnese culture. It is a quasi-experimental 

study involving two groups of fifth-grade students as the research samples. Tests of 

mathematical problem solving were developed as the research instrument to measure the 

improvement of students' problem-solving ability. The reliability value of 0.93 was obtained 

which showed the tests were reliable to measure the students' problem-solving ability. Since 

the assumptions of normal distribution and homogeneity of variances of the data were met, 

the t-test was used to test the mean difference between the two groups. Based on the analysis 

results, it was concluded that at the level of significance α = 0.05, students who received the 

Acehnese culture based RME approach had a better improvement in problem-solving ability 

compared to those who received a conventional approach. 

Keywords: Realistic Mathematics Education, Achenese Culture, Problem Solving. 

Introduction 

 Mathematics is a knowledge that evolved rapidly along with the advancement of human 

needs and technology. The growth and evolvement of mathematics occurred as the results of life 

challenges faced by the human in various regions and countries. Each country has developed 

mathematics based on the needs of their people and cultures. Hence, mathematics has been 

considered as a knowledge resulted from thoughts and ideas in solving daily life problems. 

The ability of problem-solving is among the essential abilities that need to be developed 

since elementary schools. Through the activity of problem-solving, students are guided to develop 

the abilities to identify a problem, analyse a problem, and to use mathematics in their daily life. 

Despite the importance of problem-solving ability, many students, as well as teachers, often skip 

the problem-solving test in mathematics learning. The activity of problem-solving in the 

mathematics teaching and learning process has not yet been a primary activity in mathematics 

teaching and learning. A study by Suherman (2003), showed that while teachers, as well as 

students in all educational levels, acknowledged the ability of mathematical problem solving was, 

they considered the activity of mathematical problem solving as the most challenging part in 

mathematics teaching and learning. 

 Mathematics has been one of the compulsory subjects taught for students since their 

elementary level to high school level. The mathematics thought in elementary schools serves as 

an initial basis in developing mathematics knowledge of students. When mathematics is thought 
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with proper methods during this level, the subject will leave good impressions for these students 

in the future. There are still a lot of difficulties and obstacles to accomplish the goal. For example, 

most students still consider mathematics as a difficult thus terrifying subject compared to other 

subjects, which leads to their less affection in learning mathematics. Besides, the teaching and 

learning of mathematics in elementary school have been usually presented in conventional ways, 

in which the teaching and learning processes are dominantly teacher-centered. As the results, 

students become less active, bored and find it is hard to comprehend the subject.  

 The negative attitudes towards mathematics, in which mathematics was considered a 

difficult and terrifying subject, has also been found among students in early ages. The averages 

of students' performance in mathematics are usually lower than that in other subjects. Besides, 

students' activities in mathematics classes are usually unvaried, mostly listening, following 

teachers' examples, worked examples and exercises, etc., which may restrict students' activity and 

creativity. Therefore, there is a need to develop an interesting teaching method, particularly for 

early age students as an initial stage to make mathematics fun and attractive to learn.   

 One of the possible efforts to optimize the problem-solving ability is by developing an 

interesting learning program that closes to their life and environment, using the materials that are 

available in their neighborhood, particularly related to the real problems in their daily life within 

the Acehnese culture. This is in line with the suggestion of Antara and Aryaprastya (2013) that 

"learning program for the early age children should be close to their daily life and not merely 

being able to complete the tasks on paper, books, and magazines." The real learning program for 

cognitive aspect is essential because it serves as a basis to develop children's intelligent and 

thinking power, including recognizing number concepts, by considering their concrete thinking 

pattern. 

 There have been various teaching approaches growing with different advantages and 

uniqueness, aiming at establishing mathematics learning meaningful and interesting. One of the 

teaching approaches emphasizing on the usefulness of mathematics in daily life is Realistic 

Mathematics Education (RME). In RME, students will be acquainted with problems, because the 

teaching starts with real problems in their daily life. In this way, students are involved in the 

learning and teaching processes in a meaningful way. The role of teachers is as advisers and 

facilitators to support students' knowledge construction. In a study conducted by Widjaja (2010), 

it was found that the application of RME could increase students' thinking power and discussion 

processes, and the use of real problems could stimulate students' ideas in constructing their 

knowledge. Such learning processes are also expected to increase students' interest and motivation 

in learning mathematics and, thus, their ability to solving mathematical problems. 
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Method 

The population of this study was all fifth-grade students in Elementary Schools located in 

the urban area of the sub-district of Paya Bakong, North Aceh, which involved two schools: SDN 

1 and SDN 4. There were three fifth grade classes in SDN 1 and two fifth grade classes in SDN 

4. The cluster random sampling technique was used to select samples from the grade five of the

two schools, which resulted in two classes from SDN 1 and two classes from SDN 4. 

Subsequently, Class V(2) from SDN 1 and Class V(A) from SDN 4 were assigned as the 

experimental groups, while and Class V(1) from SDN 1 and Class V(B) from SDN 4 were 

assigned as the control groups. The total students for experimental groups were 71, and those for 

control groups was 75. 

The procedures applied for data collection in this study included preparing the test of 

problem-solving ability based on the indicators of mathematics problem solving suggested by 

Polya (1973). Afterward, the research started by administrating pretest followed by the applying 

RME teaching approach in the experimental groups and the conventional approach in the control 

groups for six class meetings. Posttest was then administered in the seventh meeting. 

Two instruments used in this quasi-experiment study involved learning instruments and 

tests of problem-solving ability. Learning instruments included lesson plans and student activity 

sheets for experimental and control groups.  Test of problem-solving ability consisted of five test 

items. Expert validation involving two researchers in mathematics education and a mathematics 

teacher was conducted before the two instruments were used in the experiment. Table 1 and 2 

present the results of the validation process. 

Table 1. The summary of Expert Validation for Learning Instruments. 

No 
The evaluated instruments Mean of validator Validation level 

1 

2 

Lesson Plan 

Student Activity Sheets 

4.05 

4.20 

Good 

Good 

Table 2. The Summary of Expert Validation for the Tests of Problem Solving Ability. 

No Validator 

Validators’ evaluator for each test ítem 

1 2 3 4 5 

1 Validator 1 SR SR SR SR SR 

2 Validator 2 SR SR WR WR WR 

3 Validator 3 SR SR WR WR WR 

Note: WR: Appropriate without revision; SR: Appropriate with a small revision 

Table 1 showed that all the learning instruments were good. During the validation process, 

several additional aspects were included in the validation sheets based on the suggestion of the 
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validators. The validation results for each test item (Table 2) showed that all the items were 

appropriate to assess mathematics problem-solving ability, some were with small revisions. The 

test was subsequently piloted with students who were not involved as research participants to 

measure its reliability coefficient. 

Based on the analysis it was found that t statistics = 15.21 while t table = 2.048. This showed 

that the reliability coefficient of the test was significant at the confidence level of 95%. Besides, 

the value of r11 = 0.95 indicated that the reliability test was high.  

Table 3. Reliability Analysis for Test Items. 

Item 1 Item 2 Item 3 Item 4 Item 5 

The variance of test items 8.04 6.05 8.78 12.49 3.80 

The total variance of test items 39.45 

Total variance  132.66 

Reliability coefficient  0.93 

Interpretation Very high 

Results and Discussion 

The following table presents the summary of analysis results. 

Table 4. The Mean Values for Each Aspect of Mathematical Problem Solving in The Experiment 

and Control groups. 

Aspect 
Experimental 

Group 
Control Group 

x x

Understanding the problem 0.51 0.28 

Devising the solution 0.54 0.33 

Carrying out the plan 0.47 0.28 

Looking back 0.57 0.28 

Total aspect 0.5 0.28 

 Generally, the improvement in each aspect of problem-solving and total aspects of 

problem-solving was higher in the experimental group compared to those in the control group. 

This may indicate that the characteristics of RME have provided significant contributions to the 

improvement of the four indicators of problem-solving ability. The contextual test items based on 

culture and students' experiences presented as an initial step in learning has encouraged students 

to involve themselves in the learning activity. Besides, the contexts used could be a means for 

concept constructions. Since the learning started with something contextual and close to students' 

life, the students could develop the mathematical model by themselves. Through constructing 

their model, the students could increase their understanding of mathematics. The students were 
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involved in the various activities during the teaching and learning processes, which were expected 

to provide a learning opportunity and facilitate them to construct and explain their informal 

mathematics abilities symbolically. The concepts emerged from the ability to solve realistic 

problems were directed to the interrelation of different parts of mathematics contents. The 

integration between these different parts of contents would accumulate the application, that all 

those contents are interrelated and could be used to solve daily life problems.  

From this study, it was also found that when applying the RME approach based on 

Acehnese culture, students were actively involved and motivated in the learning activity. Through 

their direct involvement, these students felt more appreciated, not bored or sleepy, the situations 

that were often found in the conventional approach. 

Conclusion and Suggestion 

 This study showed that there was a difference in the improvement of problem-solving 

ability between students who received the RME teaching approach based on Acehnese culture 

and those who received conventional teaching approach. Specifically, the students' performance 

in the RME teaching approach based on Acehnese culture were better compared to those of 

students in the conventional teaching approach. In addition, it was found that the RME teaching 

approach based on the Acehnese culture could increase students' learning activity and develop a 

positive attitude towards mathematics learning. Thus, RME teaching approach based on Acehnese 

culture can be an alternative way for mathematics teachers in presenting mathematics learning 

materials as well as an attempt to improve the quality of mathematics education. 

Referring to TIM MKPBM (2001), the framework of realistic mathematics education 

approach with its five characteristics can be an alternative way to improve learning processes 

which have usually been a teacher-centered. In addition, Marpaung (2004) suggested that teachers 

should change their teaching paradigm to learning paradigm. It is also in line with the suggestions 

from Susento (2004) that the five characteristics of RME could be the answer for the 

characteristics of conventional approach, in which learning is a production process, learning 

process does not take formalization stages, students’ reflections are usually ignored, the learning 

materials are individualistic, the interrelationships among mathematics materials and reality are 

usually ignored.  
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Abstract. Mathematical understanding is the skill every student should master. 

Mathematical understanding can improve the reciprocal teaching. The author has 

developed a learning instrument using Reciprocal Teaching model on statistical materials. 

This article aims to explain the results of the experiment using the reciprocal teaching 

model. The subjects were 31 Year 7 students of MTsS Darul Ihsan Aceh Besar. Observation 

sheets of teaching-learning implementation and teacher reflection sheets were used for the 

instruments in the study. The data were analyzed descriptively by relating the teaching and 

learning in the class with the instrument developed. The results of the experiment show that 

the idea of learning with reciprocal teaching model can be implemented in a class, the idea 

needs to be revised regarding time allocation and learning steps because one lesson is not 

sufficient. 

Keywords: Mathematical Understanding Skill, Reciprocal Teaching Model. 

Introduction 

Mathematics can only be useful if ones understand its concept, yet instructional 

improvement made by the teacher in developing learning activities may promote active 

learning among students. Learning mathematics emphasizes student opportunities to partake 

meaningful and efficient learning experiences. Thus, students should have critical knowledge 

and the mathematical capacity required in everyday life and at work. Ones’ understanding of 

mathematics influence the way they learn and teach mathematics. Many people argue that 

mathematics is a critical subject, but only a few understand what it is (Van de Walle, Karp, 

Bay-Williams, Wray, & Brown, 2007). 

Teaching and learning is a form of interaction between a teacher and students. Teachers 

should do their best in teaching so that students can understand the topic well. Conceptual 

understanding is the foundation of the other two aspects. Conceptual understanding may help 

students in solving two problems since they will be able to relate and solve the problems by 

referring to the concept they already understand (Argikas, Khuzaini, Argikas, & Khuzaini, 

2016). If students are lack of conceptual understanding, they tend to have difficulties in 

solving problems, reasoning, and communicating concepts.  Mathematical understanding is an 

essential aspect of learning mathematics (NCTM, 2000). In regards to those arguments, 

primary objects of the mathematics such as fact, concept, relation/operation, and principals 

are abstract concepts. To master these concept students cannot rely on memorization but 
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requires a thinking process (Argikas et al., 2016). Thus, learning mathematics should 

emphasize the thinking process and students’ understanding. 

Unfortunately, The current teaching and learning approach that predominate the schools 

do not give students the opportunity to construct and find their knowledge. The teaching and 

learning process often goes one direction and focuses on the teacher as the source of 

knowledge. This is what the author calls as a conventional teaching-learning. In addition to 

the prevalent condition, students also assume that mathematics is a challenging and 

unpleasant subject, which explains their poor mathematical performance when working on 

problems related to conceptual understandings. This indicates that the approach used in 

teaching mathematics needs to be reworked and the right solution should be introduced to 

improve their mathematical understanding. Many ways can be used to improve student 

conceptual understanding one of which is by applying an appropriate learning model that 

promotes learning. It would be easier for students to understand the target concept if during 

the learning process they discuss, explains and collaborate the concept  (Duha, 2012).  

Reciprocal Teaching Model can be introduced in teaching the mathematical concept. 

The model promotes the process of constructing knowledge in the students’ mind. Students 

act as teachers and disseminate the topic to other students while teachers act as facilitators 

while gradually guide the students. The Reciprocal Teaching Model has four specific 

independent strategies. Students autonomously study the topic, summarize it, and formulate 

some questions regarding their summary. The questions are expected to unveil their mastery 

of the topic. Students can reiterate the topic to other students and predict the possible 

development of the topic. Previous studies have shown that the Reciprocal Teaching Model 

helps improve students’ understanding of mathematical concepts (Purwaningsih, 2016).  

Based the arguments mentioned before, the research question in this experimental study 

is "How to cultivate students' mathematical understanding through Reciprocal Teaching 

Model?” 

Method 

This article is an experimental report of the more extensive study. The more extensive 

study is about the development of learning instruments through the Reciprocal Teaching Model 

to promote students' mathematical understanding. This paper focuses on the experimental 

results aimed to determine the implemented extent of the learning instruments developed. The 

results are required to improve the learning instruments based on the actual reality in the 

classroom. The results are expected to produce learning instruments that will be validated by the 

validators. 
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Overall, these learning instruments are developed through the model; This model consists 

of four phases better known as 4-D (four D Model). The four phases are defining, designing, 

developing and disseminating  (Thiagarajan, 1974).  This study only employed up to the design 

phase. It aims to produce a lesson plan and student worksheet, which were later tested before 

validated by the validators. The subjects were 31 Class VII-E students of MTsS Darul Ihsan 

Aceh Besar. The class was selected because the researcher wanted to observe the students' 

statistical understanding after one meeting (2x40 minutes). The data were analyzed descriptively 

by relating the teaching and learning in the class with the instrument developed. The indicators 

of mathematical understanding skills tested in this study are reiterating a concept, classifying 

objects based on certain features of their concepts, and using, utilizing and selecting certain 

procedures. The followings are the rubric of students' mathematical understanding skills. There 

are four levels of mathematical understanding, if not understanding if the student is just 

repeating the question, misconception if the answer indicates a fundamental misconception 

about the concept learned, misconception Some if the answer gives some correct information 

but means a misconception in the explanation, and partially understand if the answer is correct 

and contains at least one scientific concept and does not contain a misconception, and 

understands the whole if the answer is true and includes the whole scientific concept 

(Hendriana, Sumarmo, & Rohaeti, 2016). 

Results and Discussion 

The topic at this experimental stage is about the presentation of data. The researcher 

opened the class using apperception by relating it to the coordinate axis topic, as shown in 

Figure 1. 

Figure 1. The teacher opened the lesson 
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After the teacher opened the lesson, students were given problems related to data 

collection and data presentation. The teacher encouraged students to read and study the student 

handbook on page 283. At this phase, the teacher asked students to summarize the page they 

read and studied.  

Figure 2. The teacher gave the opportunity to students to ask questions 

In Figure 2, it is apparent that some students can summarize data collection and data 

presentation. After the students summarized the topic, the teacher gave the opportunity to 

students to ask questions before distributing the problems from the worksheet. Since data 

presentation topic only covers three graphs, teachers divided the students into three groups. The 

topic was in line with the reciprocal teaching model because it was not a prerequisite topic. 

Students sat in their respective groups to complete worksheet given by the teacher. At this stage, 

the students tried to make sense of the solution given by the teacher while the teacher acted as a 

facilitator. 

Students also predicted the correct answer. After they completed this stage, they tried to 

present their answer in front of the class representing each group of the three groups by re-

explaining the problems found in the worksheet. 

Students solved the problem on cartons to make it easier to explain to other students. 

Here are pictures of problem-solving presented by the three groups. This can be observed in the 

student tests results below. 

Figure 3. Students’ work Figure 4. Students’ work 
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Figures 4 and 5 are the students' work in solving problems from the worksheet. The 

picture shows that the students were able to collectively address the problems given by the 

teacher in the group. The followings are the description of the answer in Figure 1 and 2. 

a. The students can reiterate the concept they understand

Figure 5. Students’ work 

b. The students can classify objects based on specific features of their concepts. Students know

which variables on the x-axis and variables on the y-axis.

Figure 6. Students’ work 

c. The students can use, utilize and choose specific procedures,

Figure 7. Students’ work 

d. The students partly misunderstand the data presentation.

Figure 8. Students’ work 
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The analysis results of the answers made by each study group show that the steps they 

took to complete the task were relatively the same regardless of problems. In the second 

activity, the three groups were given different diagrams for the data presentation, i.e., diagrams, 

bar charts, and pie charts. In the first activity, each group participant found it easy in collecting 

the data. Problems arose in the second activities when they tried to determine the variables on 

the graphs. Some students argued that the frequency lies on the x-axis while others argue that it 

lies on the y-axis. One group solved the pie charts by using the degree formula instead of the 

percentage. They explained that it was easier for them to use the degree formula instead of the 

percentage one. The researcher gave each group different materials since the Reciprocal 

Teaching Model does not require prerequisites topic.    

Based on the analysis results of each criteria of students' mathematical understanding on 

the group task for the Activity 1, Question 1 from the worksheet it can observed that for the first 

indicator, restatement of the concept, the three groups scored 3 points, for the second indicator, 

classifying the objects based on the characteristics of their concept, two groups scored 4 point 

and one group scored 1 point while for the last indicator, the ability to use, utilize and select 

specific procedure, all groups scored 4 points. 

Based on the analysis results of each criteria of students’ mathematical understanding on 

the group task for the Activity 1, Question 1 from the worksheet, it can be observed that for the 

first indicator, restatement of the concept, the three groups scored 4 points while for the second 

indicator, classifying the objects based on the characteristics of their concept and the third 

indicator, the ability to use, utilize and select certain procedure, two groups scored 2 points and 

one group scored 1 point. The results indicate that the Reciprocal Teaching model can stimulate 

students’ mathematical understanding skills. Students were able to understand data presented in 

graphs. This finding is in line with the previous study (Purwaningsih, 2016). 

Conclusion 

Based on the discussion, it can be concluded that in general, the mathematical 

understanding of some students is at the medium level. It means that some students can place 

data and their corresponding frequency on the graph of the coordinate axis.  This indicates that 

the Reciprocal Teaching model can stimulate students’ mathematical understanding skills. Due 

to time limitation, the researcher did not assign individual tasks. Therefore, the researcher 

assigned the task to be completed in the dormitory and urged to continue reading the materials 

given in the student book. 
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Abstract. This study aims to determine the validity, practicality, and effectiveness of 

trigonometry textbook. The type of research used is development research using 4-D (define, 

design, develop and disseminate) development, model. The phases of this research are 

defining, designing, developing and disseminating. Tests conducted on students of SMA 

Negeri 1 Padangsidimpuan. The results of this study indicate: 1) Validity of trigonometry 

textbook is valid. This is obtained from validator expert; 2) Practicality of trigonometry 

textbook is practically to be used. This is derived from the analysis of student response data 

on trigonometry textbook that students provide a positive response; 3) The effectiveness of a 

trigonometry textbook is effectively to be used. 

Keywords: Development, Trigonometry Textbook, Problem Solving Skills. 

Introduction 

The learning process in the 2013 curriculum is different from the learning process in the 

previous curriculum. The learning process that occurs, in general, is that more students are 

required to listen than to be active or creative. Students are only used as objects in learning. This 

happens from the level of primary to upper secondary education. The process of education is 

continuous meaning that the previous education process will affect the process of further 

education. Therefore the concept of "student-centered" is a subject in the learning should be 

applied by educators at all levels of education because it will affect the way of learning in the next 

level. 

A textbook is a necessary reference book for use in elementary and secondary education 

units or colleges that contain learning materials to improve faith, devotion, noble character, and 

personality, mastery of science and technology, enhanced sensitivity and aesthetic ability, 

enhancement of kinesthetic abilities. A teaching program using scientific literacy textbook was 

more effective to increase a student's learning result than other learning strategies (Shwartz and 

Hofstein, 2006). 

Mathematics learning cannot be separated from problem-solving. Thus, all mathematics 

educators must constantly ask themselves, whether the math that is taught leads to problem-

solving? Problem-solving is an integral part of mathematics learning. Problem-solving is also one 

of the objectives of mathematics learning. One of the central goals of mathematics education is 

the development of the problem-solving skills of the students. One of the main goals of 

mathematics education is the development of student problem-solving skills (Pinter, 2012). 
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Polya classified the mathematical problem into two groups, namely: "... problems 'to find' 

and problems 'to prove.' The aim of a problem to find, is a certain object, the unknown of the 

problem. A problem to prove aims to show conclusively that a certain sound stated assertion is 

true, or else to show that it is false ". Problem 'to find': Aims to find an unknown specified object 

of the problem. While the problem of 'to prove' aims to decide the truth of a statement, prove it 

and deny it. In general, Polya stipulates four steps that can be done so that students are more 

focused on solving math problems, that is understanding the problem, devising plan, carrying out 

the plan, and looking back that is understood as understanding the problem, planning, and look 

back at the results obtained (Polya, 1973). 

The importance of teaching materials in the form of textbook trigonometry that will be 

developed based on the development of science. The effectiveness of textbook looked at a content 

of science literacy, interested, colorful, and familiar format with the student (Schroeder and 

Bisanz, 2009). 

Given the importance of problem-solving in the era of globalization as it is today, it is 

necessary to make a textbook of problem-solving. It aims to broaden the horizons in solving 

mathematical problems. The current curriculum is demanding the publication of books that 

present math problems. Based on the fact of the importance of textbooks in learning mathematics, 

the development of problem-solving skills of students can increase student participation in 

learning; the authors are interested in research with the title: Development of trigonometry 

textbook to improve students mathematics problem-solving skills.  

Method 

The research method used is development research. Textbook trigonometry that will be 

generated will support teaching and learning activities. The development model used in this 

research is the 4-D development model proposed by Thiagarajan and  Sivasailam consisting of 

four phases: define, design, develop and disseminate (Thiagarajan and Sivasailam, 1974).  

Analyzing the needs of textbooks is an activity to analyze the syllabus to obtain the 

textbook information required by learners in learning the competence that has been programmed. 

The name or title of the textbook should be tailored to the competencies contained in the syllabus. 

Writing textbooks of learning begins with preparing the opaque textbooks. The textbook 

produced is expressed as blurred up to the completion of the validation and testing process. If the 

test results have been declared feasible, then a textbook can be implemented in the field. Textbook 

writing is done following the Lesson Plan. The material/substance contained in the textbook in 

the form of concepts/principles, important facts that are directly related and support for the 

achievement of competence and must be mastered by learners. Tasks, questions, and 

68



Proceeding of the 6th South East Asia Design Research (SEA-DR) International Conference 

Universitas Syiah Kuala, Banda Aceh, 27-28 June 2018
ISSN  

practices/exercises that must be done or completed by the learner. Evaluation or assessment that 

serves to measure the ability of learners in mastering textbooks, and key answers to questions, 

exercises and or tasks. Before the textbook is implemented, it needs to be validated first. 

Validation is a process to test the suitability of textbooks with competencies that are the 

target of learning. If the content of textbooks is appropriate, it means effective to learn 

competencies that become targets of learning; then the textbook declared valid. Validation can be 

done by requesting the help of experts who master the competencies learne Validator that 

validates learning devices made by researchers consists of 2 lecturers IPTS, and three high school 

math teachers. In validating, the validators at the same time provide suggestions and comments 

on the learning device by writing directly on the validation sheet. The validation is to assess the 

aspect of the format, content aspects and aspects of the language that includes all learning tools 

that have been developed at the design stage (draft-I). 

Depending on the results obtained from the expert can be classified into three possibilities: 

 If the result of validation data analysis indicates that draft-I (textbook) is valid and feasible

without revision, related textbooks are ready to be tested in the field (implementation of

learning in class).

 If the validation data analysis results show that draft-I (textbook) is valid and feasible to be

used with small revisions and small revisions are made to the model and simultaneously revise

the related tools and instruments in the revised textbook. Draft-I (textbooks and instruments)

that have been revised in Draft-II and ready to be tested in the field.

 If the result of validation data analysis indicates that draft-I I (textbook and instrument) is

invalid or not feasible, then a major revision is made. The revised draft-I experts and

practitioners must validate I (textbooks and instruments). This validation activity is possible

to cycle (validation activity repeatedly) until obtained draft (textbook) that meet the criteria

of validity.

A draft I that meets the criteria of the validity hereafter called Draft II and is ready for trial. 

Quality of textbook trigonometry can refer to the quality criteria according to Nieven. A 

material is said to be good if it meets aspects of quality, among others: (1) Validity (Validity), (2) 

Practicality, and (3) Effectiveness[6].  

Textbook trigonometry is based on predetermined indicators and tailored to student tasks. 

Development of trigonometry textbooks in learning mathematics is said to be qualified if it meets 

the indicators: validity by experts, practicality, and effectiveness. 
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Validity by Experts 

Experts are the competent validators to assess the trigonometry Textbook and provide input 

or suggestions for refining the prepared trigonometry textbooks. Expert assessment includes three 

aspects. They are Formatting (clarity of work instructions, Conformity of format as a textbook, 

Fill in the textbook text with the desired material, Visually, the teaching material is interesting to 

read. An aspect of content (Preparation of material on textbooks, material compatibility, the 

harmony of colors, text, and drawings in textbooks, the suitability of the display image and writing 

on the exercise questions and textbook trigonometry that allows students to learn). Language 

aspect (Sense of language used, using the correct grammar, Ease students in understanding the 

language used). 

Assessment of 5 validators consisting of two mathematics lecturers from IPTS, and three 

high school mathematics teachers on validity and trigonometry textbooks covering aspects of 

format, content, language, form, and colors. Then, finding the average score given by the 

validator. 

The trigonometry textbook is said to be valid if at least 3 of the validators conclude validly. 

The results of this analysis can already be used to determine validity. Revision of the trigonometry 

textbook is done until a valid trigonometry textbook is obtained. 

Practicality 

Trigonometry textbook is said to be practical if it meets the indicators of student response 

analysis results that trigonometry textbooks are used with little or no revision. Textbooks can be 

slightly revised or revised if at least students respond positively to developed textbooks. 

Analysis of responses questionnaire student responses to textbooks used as a reference that 

students can use the textbook. Determining the average score of the student's positive response, 

then determining the response categories or responses that students give to a criterion by matching 

the percentage results with the positive criteria. 

Trigonometry textbook that developed is to be practical. It showed that students respond 

well to the textbook and they can use the textbook. 

Effectiveness 

Trigonometry textbook is said to be effective if it meets the indicators: 

 The average score of the students' troubleshooting ability test work obtained by the trial

subjects is thorough. The trigonometry textbook can be said to be effective if it is greater than

or equal to 80% of all test subjects. The developed mathematics trigonometry textbook is said

to be effective if ≥ 80% of all test subjects meet the learning completeness (Yamasari, 2010).
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 Positive student activity showed from the observation sheet.

To know the improvement of the problem-solving ability of student math after using 

textbook can be calculated by using gain (Hake, 1999). 

Results and Discussion 

The result of the research on the development of textbook trigonometry mathematics can 

be described through the development stage which includes defining, design, development and 

disseminates. 

Defining 

The trigonometry textbook is designed by early-on analyzes beginning with interviews with 

peers, analyzing mathematical syllabi, analyzing and reviewing reference books that can be used 

to teach math subjects, as well as studying the characteristics of students. 

Designing 

At this stage, the textbooks are designed for the material presented in mathematics learning 

and designing students' math problem-solving skills assessment. Based on the results of the final 

analysis conducted, designed a textbook trigonometry mathematics students following the 

characteristics of students. The developed textbook contains contextual issues that students must 

complete and self-training. 

The textbook of trigonometry focuses on improving students' mathematical problem-

solving skills based on Polya's methods of understanding the problem, devising a plan, carrying 

out the plan and look back then check the answer.  

Preparation of problem-solving skills tests based on indicators. The test is arranged in the 

form of a description. This test uses a benchmark reference assessment because it is used to 

measure how far the achievement of indicators has been formulated. The tests used in this study 

were limited to cognitive tests. Problem-solving capability test in the form of a description. 

Developing 

This stage aims to produce a valid, effective and effective mathematics trigonometry 

textbook that is suitable for use in mathematics learning. This development stage, consisting of 3 

stages namely the validation test stage, the practicality test stage, effectiveness test stage. The 

results obtained at this stage of development are as follows: 
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Validity. Trigonometry textbook serves as a consideration for the revision of textbooks. 

The revised textbook is ready to be tested on the subject of the field test. By fixing some of the 

problems conveyed by the validator, the learning tool of the mathematics trigonometry instruction 

can fulfill what it wants to measure. 

The result of the validation sheet analysis used to know the validity of trigonometry 

textbook concluded that the developed textbook could be used with revision. The textbook 

validation results for the formulated material are said to be valid. That is, the material presented 

in the textbook contains indicators of mathematical problem-solving skills, the material contains 

the concept, contains explanations, contains sample questions, loading exercises, and materials 

can also improve the quality that supports the implementation of the curriculum 2013. Problems 

can encourage students to improve skills solving student math problems.  Valid means the 

instrument can be used to measure what should be measured (Sugiyono, 2008). 

Practicality. The textbooks piloted during this trial phase II are revised textbooks based on 

the comments given by the students during the testing phase I. The revised lessons are expected 

to be practical and effective for use in learning. In this trial II, the analysis of practicality and 

effectiveness of trigonometry textbooks on field test subjects as well as improvement of students' 

mathematical problem-solving abilities. 

Trigonometry textbook is said to be practical if students can use developed textbooks. 

Analysis of responses questionnaire student responses to textbooks used as a reference that 

students can use the textbook. Based on the results of student responses to textbook trigonometry 

has a value of 81.58%. That is, students, respond well to textbooks. Thus developed textbooks are 

practically used. Questionnaire responses of students to textbooks given to students aims to 

correct errors and shortcomings that exist in textbooks to get textbooks that can be understood by 

students. Errors that students found in the form of typing that is less fit, so the problem given 

cannot be completed. Students also suggest reproducing the drawings, especially on the sample 

questions given so that the students are interested in solving the problem.  

Effectiveness. Trigonometry textbook is effective to be used regarding: 

 Mastery learning. Student learning completeness can be obtained from the results of data

analysis of students' problem-solving skills after obtaining learning by using textbook

trigonometry mathematics. Textbooks of mathematical trigonometry are effective if  ≥ 80%

of all test subjects meet learning completeness. Based on the results of the analysis, it is found

that the average problem-solving ability of students has an average value of 78.94 and is in

the category of 'Good.' When viewed from the number of research subjects, then there are as

many as 81.82% of students who achieve mastery. Thus, the ability to solve mathematical

problems meets the criteria of effectiveness.
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 Student activity. In learning with textbook trigonometry, mathematics students appear to

follow the learning actively.

Thus obtained information that student activity during learning shows that textbook 

trigonometry mathematics students can generate positive activities and reduce the emergence of 

negative activities of students. Activities that often appear and successfully implemented in the 

classroom is reading textbooks and doing exercises in textbooks. This is more common at every 

meeting. Textbook trigonometry, in general, can make students active in learning. 

Improved student math problem-solving skills. Data mathematical problem-solving ability 

obtained, analyzed to know the ability of problem-solving of student mathematics by using 

textbook trigonometry mathematics. From this data, obtained pretest and posttest the ability to 

solve mathematical problems and n-gain. The average gain which is an overview of the 

improvement of the problem-solving ability of mathematics is used as a measure to know the 

improvement of students' mathematical problem-solving ability. 

To analyze whether or not the improvement of math problem-solving ability is seen from 

the average gain of the whole student that is equal to 0.697. That is, there is an improvement in 

students' mathematical problem-solving skills that are in the "medium" criterion.  

Based on the calculation, the highest problem-solving abilities are on the understanding 

aspects of the problem that is equal to 0.95 with the criteria increase "High." 

A learning device has a good quality if it meets the quality aspects of its validity, 

practicality, and effectiveness. To find out the improvement of the problem-solving ability of 

mathematics of student which is given by using instructional text, it can be analyzed that the mean 

of improvement of problem-solving of student math problem is 0,697 which is in medium 

improvement criterion.   

There are still many students who are unable to plan the solution to the problem and answer 

the problem. Students do not prove the answers that have been obtained, whether it has fulfilled 

what is asked. The result of student's answer analysis on postest shows that many students have 

been able to solve the problem. When viewed from the four aspects of problem-solving, the 

highest problem-solving abilities are in the understand the problem (understanding problem) that 

is 0.95 with the criteria of "High" improvement. 

Conclusion and Suggestion 

This research is a research development of textbook trigonometry mathematics. Based on 

the development and experiments that have been done, the following conclusions are obtained: 

 The validity of the trigonometry textbook is valid.

73



Proceeding of the 6th South East Asia Design Research (SEA-DR) International Conference 

Universitas Syiah Kuala, Banda Aceh, 27-28 June 2018
ISSN  

 The practicality of the trigonometry textbook is practical to be used. This is obtained from

the analysis of student response data on the textbook that students provide a positive response.

 The trigonometry textbook is effective to be used. This can be seen from the results of

students' math problem-solving test after the learning using this textbook is complete because

≥ 80% of the test subjects meet the learning completeness and the positive activity of the

students.

Based on the results of research textbook development, the researchers recommend the 

results of research to: 

 Based on the result of the development of trigonometry textbook, students are expected to be

able to solve math problems.

 Mathematics learning should be directed to student-centered learning. For the learning

process to run well, then a teacher should be able to create instructional textbooks following

the characteristics of his students, and teachers should play a facilitator and motivator in

learning, so students are required to be active in learning and able to find their mathematical

concepts.

 Trigonometry textbook is expected to be material guidance in mathematics so that the

learning process can run following the expected goals.

With this research, it is hoped that the next research will be developed to create complementary 

research. 
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Abstract. Mathematical learning is organized in a hierarchical, structured, logical, and 

systematic way from the most straightforward concept to the most complex concept. If 

students are not able to master a particular concept, it will have a chance of experiencing 

difficulties marked by students' mistakes in solving math problems. One of the materials that 

students studied in the second semester of class XI is the derivative application which is 

advanced material. This material is often considered difficult by students as evidenced by the 

research of Helena that the most challenging thing experienced by students in solving the 

problem was the difficulty in making mathematical modeling, 26.03% problem was in the 

form of problem-solving in daily life. The purpose of this study was to determine what 

difficulties experienced by students in solving the problem. The method used was Design 

Research at the Pre-Prototyping Stage testing stage involving 25 students of grade XI at 

Senior High School. Data were collected through student answer analysis. The results 

obtained that the difficulties experienced by students in solving the problem of Derived 

Application were the difficulty of concept and principle. 

Keywords: Difficulties, Solving Problem, Derivatives Application 

Introduction 

The Derivative application is one of the materials in mathematics studied in class XI 

semester 2. This material is often considered difficult by students. It can be proved by the 

results of research that the most challenging problem experienced by students was the 

difficulty in making mathematical modeling which equaled to 26.03% of the problem in the 

form of problem-solving in daily life (Yoghurt, Jagung, & Manis, 2018).  

In general, the difficulty is a specific condition characterized by the obstacles in the 

process of achieving the goal. Related to this, Supriyono and Ahmadi (2004) states that 

"Difficulty is a condition where students can not learn properly." Besides, Soedjadi, (2000) 

also argued that "Difficulties are the cause of the error which is a deviation from the correct 

answer of a problem and the students' inability to solve the problem." 

Mathematics learning conducted by students has various difficulties marked by 

students' mistakes in solving math problems. In addition to this, Soedjadi (2000) suggested 

it consists of the difficulty of concepts, principles, and operations. However, Cooney, Davis, 

and Henderson (1983) also suggested indicators of students' difficulties in understanding 

mathematics is the difficulty of concept and the difficulty of principle. 

Based on some opinions above, the indicator of learning difficulties based on Cooney 

was used, the difficulty of concept and principle as Thomas (1975) asserted that students' 

difficulties in learning mathematics should focus on 2 types of knowledge, namely concept, 
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and principle, basic knowledge of mathematics that must be mastered by students to be able 

to solve math problems appropriately. 

Based on the background that has been proposed above, then the formulation of the 

problem is what difficulties experienced by students in solving the problem of Application 

Derivative? 

Method 

This research is a development research trial (Development Research) that is part of  Design 

Research. This study followed the model (Plomp, 2013) which consists of 3 stages, namely 

Preliminary Research, Prototyping Phase, and Assessment Phase. However, this research is at the 

stage of Pre Prototyping Stage, which is testing the legibility of the Derivatives Application issues 

in everyday life (determining the maximum/minimum value) of a function that has not been 

validated by the validator. Activities conducted by the researcher was a learning activity with 

group work and followed by giving test questions that are done individually to see what 

difficulties experienced by students in solving the problem of  Derivative Application in everyday 

life (determine the maximum/minimum value) of a function. At this stage, the researchers 

designed the lesson plan, worksheet, and test questions. This researcher shared about four items 

of questions, each of which consists of 1 question, except in No.3 consists of three forms of 

questions. The questions given are in the form of essays and given to 25 students. 

Results and Discussion 

The question given in this experiment was in the form of essays on the Derivatives 

Application material in everyday life (determining the maximum/minimum value) of a function. 

The results of the answers obtained are as follows: 

Question 1 is required to complete the maximum area of a chicken farmer’s cage 

with known length around it 

Figure 1. The student's mistake in representing of symbol and difficulty of principle in solving 

the problem 
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Based on the results of the student's answer in figure 1, it is evident that students did not 

understand the problem. This is indicated by the student's mistake in representing the length of its 

surroundings with a long symbol, which is a circumference. Besides, students also committed an 

error in choosing procedures due to lack of mastery of other concepts needed in solving the 

problem. The difficulties experienced by this student were the difficulty of concept and the 

difficulty of principle.  

Question No. 2 is asked to determine the value of the box size with no lid to be minimum, 

which the box would be made of a piece of cardboard. 

Figure 2. The student’s difficulty in using the principle 

Based on the student’s answer on Figure 2, it indicated that the student had difficulty 

in using the principle, where the student used the procedure/step of settlement 

inappropriately. However, in the first step, the student was able to give the right initial idea, 

that is, to the stage of finding the equation t, while the step/procedure in determining the 

minimum material width was wrong due to lack of mastery of other concepts needed in 

solving this problem.  

Question 3 is required to prove the Area, the value of x and y in the Maximum Area, 

and to determine the Maximum Area of a garden. 

Figure 3. The student’s difficulty of concept and principle in solve the problem 
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Based on the student's answer in figure 3, it showed that the student was unable to 

prove the Area that has been given. Besides, the student was also unable to use other 

concepts, that is the concept of the isosceles trapezoid used to solve this problem. 

Consequently, the student used the wrong procedure in solving the problem. Besides, 

students also did not complete it. So, it can be said that students have the difficulty of 

concept and difficulty of principle. 

Question 4 is asked to determine the maximum area that can be planted by a farmer 

if he wants to make a rectangular paddy field around the rice field, but there are three sides 

bounded by river embankment. 

Figure 4. The student’s difficulty of concept and principle in solve the problem 

Based on the results of the students' answers in picture 4, it showed that students used 

improper procedures because he/she was unable to represent the questions into the 

mathematical model and unable to link other concepts required to solve this problem. It also 

showed that students have difficulty with concepts and principles. 

Table 1. Analysis of questions was able to be solved by students 

Question 

Number 

Number of 

Students 

Correct 

answers 
Percentage 

1 25 20 80% 

2 25 5 20% 

3.a 25 2 8% 

3.b 25 2 8% 

3.c 25 2 8% 

4 25 - - 

Based on the table it can be seen that there is no single problem that 100% can be 

solved by all students appropriately. In item 4 no one can answer correctly. Problem number 

3, which was to prove the given area equation, the value of x and y to the maximum, and 

determine the maximum area. In this case, was also mentioned in the form of isosceles 

trapezoid and students did not know the relationship between the concepts. It showed the 
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lack of mastery of other concepts that students have to solve the problem. However, for 

question number 1 students tend to be able to solve the problem correctly. Next on question 

number 2 students chose the procedure that is not appropriate in determining the size of the 

box for the minimum material. This required the concept of a box without a lid with a square 

base for the equation of extent and continued by determining the material area to be 

minimum. Errors committed by the students indicated that students had difficulty in solving 

the problem because of the lack of mastery of other concepts needed in solving the problem. 

Next to question number 4, students were unable to interpret the problem into the form of a 

mathematical model that is first sketched out. It showed the lack of skill of students in 

solving the problem because students were not accustomed to solving kind of daily life 

problems that varies and involves some other mastery of the concepts used to solve these 

problems. Based on the analysis of student answers results can be said that students had 

difficulty in concept and difficulty in solving the problem of derivatives applications in 

daily life (determines the maximum/minimum value) of a function. 

Conclusion and Suggestion 

Based on the results that have been presented, it can be concluded that: The 

difficulties experienced by students in solving the problem of Derivative Application in 

daily life (Determining the maximum/minimum value) of a function include: 1) Concept 

difficulties; students were not able to use other concepts needed to solve these problems. 

For example, the concept of the isosceles trapezoid and concepts of determining the 

optimum value of a function, the students used procedures/steps of settlement that are not 

appropriate in solving the problem; 2) Difficulties of principle; students were unable to 

choose the procedure correctly because of the inability of students in developing existing 

concepts such as geometry and algebraic concepts needed in solving these problems. 

Besides, this difficulty occurs because students were not accustomed to solving problems 

about daily life variously that require the skill of interpretation into the mathematical model, 

as well as lack of mastery of other concepts needed in solving the problem so that students 

tend not to succeed in solving the problem given. 

The suggestion of this research is the need for further research to design the learning 

device to overcome the difficulties experienced by students in solving the problem of 

Derivative Application. 
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Abstract. Students have difficulty learning mathematics because they do not understand the 

basic concepts of mathematics. One of the causes is because mathematics is taught as 

something abstract, monotonous and less interesting. Innovations and alternatives in 

improving students' mathematical understanding are needed, one of them is technology-

based learning. This is in line with the 2013 curriculum requirements to integrate technology 

into the learning process. The integration can be done with TPACK-based learning that is 

merging of Technology, Pedagogy, and Content Knowledge. Learning will also be more 

meaningful for students if teachers can present contextual and realistic problems, i.e., with 

a realistic mathematical approach. One of the materials studied by the students is the 

equation and quadratic function related to the function graph in the Cartesian coordinate 

system. Although drawing coordinate points in the Cartesian field has already been studied 

by students at the junior level, students' understanding of the material is still low, as it 

requires reasoning and skill. The purpose of this research is to know how the students' 

mathematical understanding through TPACK realistic mathematics approach. The method 

used was Design Research at the Pre-Prototyping Research phase. The results obtained that 

the learning through a realistic mathematical approach based on TPACK can help students 

understand the material graph of quadratic functions well, but not yet perfect. This is seen in 

each indicator of understanding that can be achieved well. However, the indicator of ability 

to apply the concept algorithm and the ability to present the concept in various forms of 

representation is still low. 

Keywords: Mathematical Understanding, Realistic Mathematics Education, Technological 

Pedagogical and Content Knowledge. 

Introduction 

The ability of mathematical understanding indicates that the material taught to the students 

not only as memorization but the students can understand the concept of the subject matter. 

Mathematical understanding is meaningful if it is built by the individual. Therefore, the 

understanding cannot be given by coercion (NCTM, 2000). To achieve a meaningful 

understanding of mathematics learning, it should be directed to the development of the ability of 

mathematical connections among various ideas that are interconnected one another, to develop a 

complete understanding. Increased understanding of mathematics should be sought for the 

success of students in learning (Sholihah, 2018). 

Many students find it difficult to understand the concept of mathematics, asWahyudin 

(2008) argued that many students do not understand the basic concepts of mathematics, so they 

have difficulty learning mathematics. One of the causes of students less understanding of 

mathematics because it is taught as something abstract, monotonous and less interesting so that 
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in learning mathematics, students often have difficulty in capturing and expressing mathematical 

ideas. The other cause factor is the student learning has not been meaningful, so the existing 

concept in mathematics becomes difficult to understand. Thus, innovations and alternatives in 

improving students' math understanding skills are needed, one of which is technology-based 

learning. 

Currently, the 2013 curriculum requires teachers to integrate technology into learning. The 

integration can be done with TPACK-based learning that is merging of Technology, Pedagogy, 

and Content Knowledge pioneered by (Koehler & Mishra, 2009). TPACK serves as a framework 

a teacher must have to integrate technology into their teaching and how they improve that 

knowledge (Schmidt et al., 2009). One of TPACK's components is Technology Knowledge which 

is the most significant component of TPACK, which the ability to use technology becomes the 

primary indicator (Puspitarini, Sunaryo, &Suryani, 2013). 

Besides the alternatives to integrate technology into mathematics learning, teachers must 

also be able to present mathematical problems that can attract students to learn math. Mathematics 

learning will be more meaningful and appealing to students if teachers can present contextual and 

realistic problems, those are issues that are close to everyday life. One of them with a realistic 

mathematical approach developed in the Netherlands by Hans Freudenthal. Realistic mathematics 

education uses real phenomena and application to students, started with contextual questions and 

guided by teachers constructively until students understand the mathematical concepts learned so 

that students are expected to gain a good understanding.  

One of the mathematics material that students studied is the equations and quadratic 

functions associated with the function graph on the Cartesian coordinate system. Although 

drawing coordinate points in the Cartesian field has already been learned by students in Junior 

High School, students' understanding of the material is still low, as it requires reasoning and skill. 

This is because students are required to master multiplication, addition, substitution, or drawing 

function graphics well. The mistakes that students do in solving the problem of equations and 

quadratic functions include 1) mastery of concepts, 2) using concepts, terms, formulas, or 

theorems, 3) mastery of principles and 4) mastery of calculation skills (Nuriah, 2015).  

Based on the above description, it is necessary to assist students in understanding the 

concepts of equations and quadratic functions that is by applying TPACK-based learning through 

realistic mathematical approach. Thus, students are expected to reinforce mathematical 

understanding of mathematical concepts through such learning. 

Based on the background that has been explained before, then the formulation of the 

problem is “how is the students' mathematical understanding of learning through the realistic 

mathematical approach based on TPACK?". 
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Method 

This research was a development research trial that is part of Design Research. This study 

follows the model of Plomp (2013) which consists of three stages, namely Preliminary Research, 

Prototyping Phase, and Assessment Phase. However, this research was at the stage of Pre-

Prototyping Research, which is in the framework of activity testing through TPACK realistic 

mathematical approach to find out students' understanding on the material of quadratic function 

graph which was taught inone lesson for 2 x 45 minutes. At this stage, the researchers designed 

thelesson plan, worksheet, and test questions, then evaluated by two experts. The indicators of 

mathematical understanding in this study are:  

1. The ability to reiterate the concept has been studied, i.e., the students can determine the

coefficients of the equation, discriminant value and the coordinates of the point of intersection

on the quadratic function equation.

2. The ability to present concepts in various forms of representation, i.e., students can describe

the graph of quadratic functions through the given equation

3. The Ability to apply the concept algorithm, i.e., students, can determine the equation of

quadratic functions through analysis of coefficient and discriminant values.

Results and Discussion 

Initial learning activities began by asking students to mention examples in everyday life 

that resemble parabolic shapes, and then students were asked to mention the points through which 

the parabola was depicted in Cartesian coordinates. In the next stage, students were divided into 

small groups and given worksheets to be completed via autograph software. It was expected that 

with the help of the software, students might know the changes that occur on the graph if the 

coefficient value of the quadratic function equation changed either positive, zero, or negative. 

Thus, students might understand the concept well on the material graph of quadratic functions 

with that lesson. 

At the end of the lesson, the students were given a quiz to measure their comprehension 

skills. The questions given were the essay on equation material and graph of quadratic function. 

The results of the resulting answers are as follows: 

Question 1. Students were asked to determine the coefficients of the equation, the 

discriminant value and the coordinates of the intersection on the quadratic function equation. 
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Figure 1. The students’ can solve the problem well 

Based on the results of the student answer in Figure 1, it appears that student can solve 

the problem well. This means that students understood the concept well. 

Figure 2. The students’ mistake in determin the coefficient 

Based on the results of the student answer in Figure 2, the student mistakenly answered the 

question. Students who were able to answer correctly were by 84%. There was only a small 

percentage of students who could not answer the problem correctly, ie to 16%. This was due to 

the lack of understanding of the concept that students considered only the numbers that were the 

value of the coefficient, while students did not pay attention to the value positive or negative of 

the coefficient. 

Question 2. Students were asked to describe the graph of the quadratic function of the given 

equation. 

Figure 3. The students’ mistake in determine the determinant 
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Based on the answer, it indicates that the student was able to solve the question according 

to the procedure, but there was an error when determining the coordinates of the peak point. The 

student was also mistaken in identifying discrimination. It shows that student was not able to 

understand the concept well. The results show that only 16% of students can determine the 

equations of the squared function graph correctly, while 84% of students cannot determine the 

equation of the given graph because students have not been able to apply the concept well. While 

the problem solving was done in groups through the worksheet, students can illustrate the graph 

of quadratic functions correctly. Thus the assignment of this group cannot guarantee that each 

student can understand the concept well.  

Question 3. Students were asked to determine the equation of the quadratic function graph 

and analysis based on coefficient value and discriminant value. 

Figure 4. The Students’ don’t understand the characteristics of a graph 

Based on these answer, it indicates that the studentwas able to determine the equations of 

the given graph, but the students were not able to understand the characteristics of the graph that 

are analyzed through the value of coefficients and discriminant values. The results show that only 

16% of students could determine the equations of the squared function graph correctly, while 84% 

of students could not identify the equation of the given graph. This is due to the lack of mastery 

of the concept of quadratic function graph analysis.  

At the end of the learning, the researchers also conducted the question and answered with 

the students about the students' responses to the learning. Students said that they have never had 

mathematics learning that integrates technology, so they were very enthusiastic in the teaching-

learning process. Students expected that later on mathematics learning can be applied by 

integrating technology, making it easier for students to understand the material well and more 

practical. However, some students argued that learning by integrating technology was less 

effective because it could make students unable to understand the essence of mathematical 

concepts. 
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Conclusions and Suggestions 

Based on the results presented, it can be concluded that learning through TPACK based 

realistic mathematical approach can help students understand the graph of quadratic function well, 

but not yet perfect. This is seen in each indicator of understanding that can be achieved well. 

However, the ability to apply the concept algorithm and the ability to present the concept in 

various forms of representation is still low. Therefore, it is expected that future research can 

improve all the deficiencies in this learning either in the utilization of other technologies such as 

using animation, Geogebra software and so forth so that the indicator of students' mathematical 

comprehension ability can be achieved maximally. 
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Abstract. Creativity represents one of efficacy key and also absolute base skill needed in the 

21st century. In Mathematics learning, creativity and creative thinking are a vital part to be 

developed because creativity represents the part of mathematics study. However, the 

application of creativity in the classroom is limited resulting in mathematics being a subject 

of memorizing or remembering formulas. This practice reduces students’ enthusiasm to know 

mathematics as their age increase. On the other hand, this circumstance also creates a big 

problem for mathematics teacher who always try to teach the mathematical concept well. 

Therefore, it is required to be developed by learning instruments in the form of lesson plans 

and worksheet based on a project to assist the teacher in improving the creativity in 

mathematics study. This research involved 30 Year 8 students of Inshafuddin Junior High 

School, Banda Aceh. The method used is design research, according to Plomp consisted of 

three phases, this research is limited to the prototyping phase. Data collected was using the 

instruments of student worksheet and written test. The result of this research indicated the 

student creativity in finishing project task are improved but there was no improvement of 

students’ creativity in the test of the surface area of cuboids.  

Keyword: Creativity, Project Duty, Design Research. 

Introduction 

Life in the 21st century demands a variety of skills that must be mastered a person, so it is 

expected that teacher can prepare students to learn these skills to become a successful person in 

life. The teaching and learning system in the 21st century needs to provide and supply learners 

not only with the science of the lessons but also with various skills such as the digital age literacy 

aspect, critical thinking, creative and innovative, memorable communication as well as not 

forgotten the spiritual aspect as suggested by (Salehudin, Hassan, & Hamid, 2015). The 

government through the 2013 curriculum also expects to implement 21st-century learning. This 

is to address the demands of an increasingly competitive era. (Bell, 2010), identifies the 

competencies needed in the 21st century "The 4Cs" - communication, collaboration, critical 

thinking, and creativity. These competencies are important to be taught to students in the context 

of the field of study. 

Potential or talent that there is indeed not far from the creativity of students, especially in 

studying mathematics. Every student has a variety of creativity following their potential. 

Creativity is a divergent way of thinking, productive thinking, creative, heuristic thinking, and 

lateral thinking. Every creativity, of course, requires hard work and also mature thinking. 

Creativity will not happen if there is encouragement or called motivation in learning. 
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Creativity is a modification of something that already exists into a new concept. In other 

words, there are two old concepts combined into a new concept (Munandar, 2004). Creativity 

does not need to create new things but is a combination of things that already existed, of course 

similarly proposed by (Munandar, 2004) that creativity is the ability to create new combinations, 

based on data, information or elements - existing elements. 

There are several indicators to know the creativity of students in solving mathematical 

problems. Silver, 1997 argued that the creativity of problem-solving is indicated by fluency, 

flexibility, and novelty. Meanwhile, according to Krisnawati (2012), the aspect of fluency refers 

to the truth and diversity of answers given by the students, the flexibility aspect refers to the 

different ways that students provide in solving problems, while the novelty aspect refers to the 

unusual answer given to the level of student knowledge in general or can also refer to the new 

way that students show. 

The ability to solve problems and think creatively has a significant role in the present, but 

that ability has not yet developed in students as (Husna & Fatimah, 2013) has said that the 

mathematics learning done in most junior high school in Banda Aceh has not fully developed 

high-level mathematical skills. It can not be separated from the learning of mathematics which is 

generally still focused on the teacher, so it is not fun for the students themselves.  

The problem faced by researcher today is the lack of creativity of students in Inshafuddin 

junior high school can be seen from the experience of researchers who have been a teacher for six 

years in the junior high school. Lack of creativity may be caused by several factors, one of which 

is Inshafuddin junior high school is one of the junior high school in Banda Aceh city with an 

integrated background of religion, where the students are santri from Inshafuddin dayah integrated 

with a daily study of religion. Therefore studying math subjects for them is a boring subject 

because it always wrestles with numbers. Lack of motivation to mathematics subject positively 

affect the creativity of mathematics while creativity is one of the abilities that must be possessed 

by every student in solving various mathematical problems. 

Based on these experiences, researcher want to develop learning instruments that are 

student-centered to improve student's creativity. The instruments that the researcher wants to 

develop are the lesson plans and also the worksheets. Learning instruments are developed with a 

project-based learning model. Project Based Learning Model is one of a learning model that 

involves students in problem-solving activities and gives students the opportunity to work 

autonomously constructing their learning and peak producing realistic student work. The project-

based learning model also consists of a project in a learning process as proposed by (Al-Tabany, 

2014). In this learning model students are directly involved in the learning process through 

research activities to work and complete a specific task. Also (Blumenfeld et al., 1991) stated that 
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project-based learning as a comprehensive perspective focuses on teaching by involving students 

in the investigation. 

Project-based learning is an ideal learning model in this century especially in educational 

objectives, as it involves the 4C principles of critical thinking, communication, collaboration and 

creativity (critical thinking, communication, collaboration, and creativity). (Saavedra & Opfer, 

2012)  stated that the complex competencies and skills must be developed integrated with learning 

and not by individual learning. 

Implementation of project-based learning as developed by The George Lucas Educational 

Foundation, (Aqib & Murtadlo, 2016) that students will be given initial problems, then create 

project design, arrange the schedule, monitor project progress, assessment results, and 

implementation of experience evaluation. Students not only learn theory but also learn practice in 

real life. Until students can find the information, they need and get an experience that will always 

be memorized. The subject of the crossbar is one of the very close subjects related to real life. We 

found many objects in the form of cuboids in everyday life.  This subject is indeed appropriate to 

apply the project-based learning model. Application of the model is always expected to make 

meaningful learning for students. 

Some previous research results on creative thinking through project-based learning are the 

results of (Fitrina, Ikhsan, & Munzir, 2016) study stated that project-based learning is better than 

conventional learning regarding enhancing creative thinking skills in high school. Furthermore, 

(Ambarwati, Dwijanto, & Hendikawati, 2015) concludes that effective project-based learning to 

improve students' mathematical communication. Based on the results of previous research, there 

are differences in this research is to examine the creativity of students with project tasks in schools 

with an integrated background of Dayah. As for the formulation of the problem in this study is 

"How the results of student creativity in completing project tasks on the subject of crossbar surface 

area? 

Method 

This research is conducted in the framework of an initial study of student creativity in 

completing project tasks. This trial used the method of design research which is one of the 

qualitative approaches. Design research is a systematical study of designing, developing and 

evaluating educational interventions (such as programs, strategies, and learning, products and 

systems) as a solution to solving complex problems in educational practice (van den Akker, 

Bannan, Kelly, Nieveen, & Plomp, 2013). 

Plomp, 2013 mentioned there are three phases in this research design and preliminary 

investigation phase or preliminary research, prototype phase/learning device, assessment phase 
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of activities in which is the summative evaluation of the device learning or final product. 

However, in this study only limited to the second phase of phase prototyping phase. The first 

Preliminary investigation, the researcher formulates a series of activities that can be implemented 

in the test class and make allegations about the situation learning that may occur when the activity 

is implemented. The second phase is Prototyping, At this stage, the learning instruments and 

worksheet are designed then validated by an educational expert.  

Subjects in this research were students of 8th grade in Inshafuddin junior high school which 

involved 30 people and researchers acted directly as model teachers. The researcher chooses the 

8th grade as the subject because the class has accomplished all of the criteria of this research. The 

research instruments needed to obtain data from this research are the worksheets and also from a 

series of test. To answer the problem formulation in this research, the researcher analyzed the data 

by looking at the results of the worksheets were doing in groups. The result of the group's task is 

in the form of real work made by the students. Besides, the researchers saw the results of the 

written tests of students who were given individually, from the results of the written test the 

researchers see how the creativity of students in answering the problem. The indicators of 

creativity are based on fluency, flexibility, and originality. 

Results and Discussion 

Activity begins by asking students readiness to follow the learning. Furthermore, students 

are given motivation about the relevance and benefits of studying the material in everyday life, 

one of them about the usefulness of objects in the form of cuboids such as tissue boxes, pencil, 

and other storage boxes. 

Students are divided into five groups, which consisting of 4-5 people. The teacher 

distributed worksheets to the students to make the project work completion plan. Data on student 

creativity is derived from the project tasks judged by the rubric on the chart above and also the 

results of the presentation of the given project task. 

Figures 1, 2 and three below illustrate how students work on project tasks concerning the 

surface area of a cuboid. In the project task, the students are asked to make the creation of 

cardboard-shaped box, before doing the work, of course, students must understand how to 

determine the surface area of the cuboid. Because with the concept of surface area students can 

measure the cardboard needed to create cuboid creations. Then the students look creative with 

various ideas for the project work. In the project learning, the students' motivation is high; all 

students are involved in contributing their creative ideas to produce good works. 
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Figure  1. Students’ activities in a group 

The image below shows students with group members presenting their work in the form 

of cuboids. Each member of the group also explained the benefits of his work. The students look 

so enthusiastic in presenting the results of their work. 

Figure 2. Students presenting their work in groups 

Figure 3 shows the students have high creativity in doing project tasks. It is seen from the 

various creations that students do to the results of his work so that the results look unique. There 

are making a box of tissue, vase, pencil storage, and piggy banks are cuboids. 

Figure 3. The results from students 
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At the end of the study, the researcher gave a test question about the surface area of the 

cuboid; the test was given to know how the students' creativity in doing the problem, but due to 

the limited time, the written test incompleted in school. For that, researchers give it a task done 

as homework.   

Figure 4 shows an example of student answers from the results of the written tests that 

researchers provide for each student.

Figure  4. The answer to the written test from students 

The result of student's answer that has been analytical researcher, only 20% of students 

who have shown creativity in answering test questions, it can be seen from the answer of students 

have given more than one way to a problem (drawing first), but 80% of students still have not 

shown creativity in answering test questions, it can be seen from the answers of students who 

provide only one answer (Figure 4). The problem may be caused by the students have not been 

accustomed to creativity in the form of abstraction as in answering test written questions. Besides, 

students’ lack of creativity is due to the limited encounter to a question involving creativity.  

Based on the result of the test, the initial study about students’ creativity in completing the 

project task on the surface area of the cuboid; the results show that when students do real tasks, 

students’ creativity is very high however when they are less creative when facing the abstract 

problem. Based on the discussion, we can conclude that project-based learning can improve 

students’ creativity in doing project tasks, however, the creativity of students in solving the 

problem has not been developed. 
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Abstract: The general objective of mathematics learning at school has an essential role in 

developing and optimizing efforts to build the students’ mathematics ability. One of the abilities 

required by the students is the representation ability. However, the representation ability is still 

lacking. It is because the probability topic is often initiated by delivering the equation so that the 

students have the understanding to connect initial knowledge and the topic learned. It is required 

to design a learning method bringing changes to the student in carrying the mathematics’ 

activities to solve this problem, one of the methods is ELPSA framework. ELPSA framework 

consists of some components including Experience, Language, Pictorial, Symbol, and 

Application. This research aimed to design mathematics learning activity on the probability topic 

using ELPSA framework to develop the students’ mathematical representation ability. 

Keywords: Representation Capability, ELPSA Framework, Probability. 

Introduction 

Mathematics is a sub division of the science learned in each level of education. The goal of 

mathematics learning in every education level is to develop the students’ mathematical thinking skills. 

This ability development is required so that the student can have a better understanding of the concept 

learned, and apply in various situations. One of the mathematics abilities needed by the students is 

mathematical representation ability. Based on the objective of the mathematics learning, it supports 

the student in understanding the concepts, solving the problem systematically, connecting the 

mathematics in the daily activities and expressing the mathematical ideas both in oral and in writing. 

Representation is one of the mathematical abilities which is also the general objective of 

mathematics learning at school and has a vital role in the developing and optimizing efforts for the 

students’ mathematics ability. This ability has a close relationship to problem solving and 

communication abilities. (National Council of Teacher of Mathematics, 2000) mentioned that there 

are five general objective competencies from mathematics learning; they are problem-solving, 

reasoning, communication, connection, and representation.  

Mathematical representation is the method used to communicate mathematics answers or ideas. 

According to (National Council of Teacher of Mathematics, 2000), representation raised by the 

student is the expression of the mathematics concepts or ideas as the efforts in finding the solutions 
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of the problems faced. The type of student’s representation can be verbal, written, picture, table, 

graph, concrete object, mathematics symbol, and others. According to (Surya, 2013) “representation 

is the capability that must be owned to interpret and apply the various concepts in solving the problem 

appropriately." The problem can be interpreted as an object, picture, words, or mathematics symbol. 

On the other hand, (National Council of Teacher of Mathematics, 2000) mentioned that representation 

is a configuration which corresponds, represents or symbolize or serve something in a procedure.  

Based on the various definitions mentioned earlier, mathematical representation generally can 

be defined as the description, expression, symbol or model of the mathematics ideas, notion and 

concept and the relationship among them performed by the student in the various formats as the efforts 

to find out the meaning explication, show the comprehension or solve the problem faced.  

The topic tested in this study is probability. The probability topic is taught in Grade VIII on 

Semester 2. The probability topic is important to be learned in mathematics as many students are 

having difficulty learning this topic. This is because the probability topic learned is only based on the 

textbook which is abstract. The application of the probability topic can be found in daily activities, 

so it requires excellent representation ability. National Council of Teacher of Mathematics (2000) 

stated that in achieving a high quality of the mathematics, the teacher must encourage the passive 

student to be active so that the mathematics learning practice move from the teacher to student 

centred. 

Several previous research explains the mistakes done by the students in their representation 

ability. Suryowati (2015) mentioned that the students have not yet understood how to represent the 

real problem become representative mathematics problem. Meanwhile, the research of Sulastri, 

Marwan, and Duskri (2017) revealed that the students are having difficulty in representing the 

questions into the mathematical models so that they find it hard to solve the problems. From two 

research mentioned earlier, teacher can support the students to have the mathematical representation 

ability is by selecting and using the appropriate learning approach, so the learning process can run 

optimally, and the students’ representation ability can be developed. 

One of the alternatives in improving student’s mathematical representation ability is ELPSA 

framework. ELPSA framework has several components; they are Experience, Language, Pictorial, 

Symbol, and Application (Lowrie & Patahuddin, 2015). ELPSA framework considers that learning 

is an active process in which the students construct their methods in understanding the concept 

through individual ideas and social interactions with others. ELPSA framework support individual to 

develop the mathematics concept meaningfully (Lowrie & Patahuddin, 2015). 
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ELPSA framework is a cyclical learning design approach. This design presents mathematics 

ideas through life experience, mathematics conversation, visual stimulation, symbol notation, and 

knowledge application. In this learning design, the teacher is expected to introduce the concept 

starting from what the student has known and learned. The first component of this design is the 

experience. The second component is the language used appropriately to support the students’ 

understanding. The third component of this learning design framework is pictorial (based on the 

picture) which is related to the visual representation use in presenting the ideas (Johar & Hajar, 2016). 

This component can be a concrete object or model and picture or table. The next component of this 

learning design which is the most general aspect and often used in the learning is the use of the symbol 

in presenting the mathematics ideas. The application component of this learning design explains how 

the symbol understanding can be applied in the new situation (Lowrie & Patahuddin, 2015). Several 

components of ELPSA can be used to observe the students’ representation ability in solving the 

problems related to the daily activities. 

The students’ mathematical representation ability is still lacking, and ELPSA framework is 

expected to support the students in developing their representation ability. The research problem of 

this study is how the students’ mathematical representation ability on the probability topic using 

ELPSA framework. 

Method 

This research was carried out to test the ELPSA framework in examining students’ 

mathematical representation ability on the probability topic in one lesson (2 x 40 minutes). This 

research was part of the 4D Model of design research. The 4D development model of Thiagarajan, 

1974 consisted of four phases involving define, design, develop, and disseminate. However, this 

research was only limited to the design phase. In this phase, a product designed was tested against the 

individual or group users. The products designed were the lesson plan and the student worksheet 

which were evaluated by two experts. 

The research subjects were Year 8 students from one of junior high school in Banda Aceh. The 

indicators of representation ability in this research are presented as follows: 

1. Presenting the data or information from the problem to picture, diagram, graph or table.

2. Solving the problem involving mathematical expression.

3. Describing the mathematics problem-solving steps into the sentences.
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The instrument used in this test were group worksheet designed and revised to be administered 

to each group. The students’ representation ability in solving mathematics problem assessed based on 

the rubric presented in Table 1.  

Table 1. Assessment rubric of representation ability 

 Indicator Score 1 Score 2  Score 3 

Presenting the data or 

information from the 

problem to the 

representation of the 

picture, diagram, graph, 

or table 

The data or 

information 

submitted to the 

representation of the 

picture, diagram, 

graph, or table is 

incorrect. 

The data or 

information 

presented to the 

representation of 

the picture, 

diagram, graph, or 

table is almost 

correct 

The data or 

information presented 

to the representation of 

the picture, diagram, 

graph, or table is 

correct 

Solving the problem 

involving the mathematics 

expression 

Solving the problem 

involving the 

mathematics 

expression but the 

solution is incorrect  

Solving the problem 

involving the 

mathematics 

expression but the 

solution is almost 

correct. 

Solving the problem 

involving the 

mathematics 

expression and the 

solution is correct. 

Describing the 

mathematics problem-

solving steps into the 

sentences  

A little explanation 

(only known and 

asked) 

Mathematically 

explained but not 

logically arranged 

Mathematically 

explained in details 

and logically arranged. 

Results and Discussion 

This section will present the research results based on group discussion activities. The research 

results will then be discussed and compared to the literature review and the previous relevant research 

results. 

The Learning Design of ELPSA in the Probability topic: 

1. Experience

Experience includes how the students connect the mathematics in the daily activities, what concept

they found, and how they get the information from outside and inside the classroom. The

experience component can be explored by asking the question “do you know what the meaning of

probability?”. From the question, the students connect the probability topic to the activities of a

football game, Ludo game and throwing a coin.
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2. Language

Language is used to support the students’ understanding. In both general and specific mathematics

language is required to present the ideas. In the language component, the student uses the term of

possibility by chance, for instance, how many chances of the number 1 will appear when two dices

are rolling. The teacher must ensure the students that language used can present their abilities in

understanding mathematics learning.

3. Pictorial

The pictorial representation can be used to stimulate the student’s thinking process. According to

Wijaya (2014), the pictorial is the learning activity giving the experience in recognizing the

mathematics concepts. The students’ ability in this phase will be presented in the pictorial of dice

or coin. From the pictorial, the student can determine the sample space and determine the chance

of an event.

4. Symbol

Symbol component can be found in mathematics concept in both equation and abstract statement.

The symbol in ELPSA is a more general experience and generalization (Lowrie & Patahuddin,

2015). One of the symbol series in mathematics can be as mathematics model. The symbols in the

probability are A (number), G (picture), K (chance) and P (Probability).

5. Application

The application component is the last component in ELPSA framework. This phase describes how

the knowledge obtained and applied in various situations (Lowrie & Patahuddin, 2015). The

students’ activity in this component is to solve the problem in student worksheet conducted by the

students together in their group.

The following results of the group members to observe the ability of their representations using 

ELPSA framework. 

The group activity in solving question 1 to examine the ability of students’ representation in 

presenting the data or information from one problem to the picture, diagram, graph, or table is shown 

in Figure 1. 
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Figure 1. The students’ worksheet of question 1 

Based on the worksheet in Figure 1, it can be concluded that the student worksheet output 

produces the idea of sample space by representing the question into diagram representation correctly 

(score 3). Based on the group works in this question, it can be concluded that all groups can present 

their answer correctly. 

The students’ activity in solving question 2 was carried out to examine the students’ 

mathematical representation ability in solving the problem involving mathematical expression, and it 

can be summarized in Figure 2 and 3.  

Figure 2. Students’ answer  Figure 3. Students’ answer 

Based on Figure 2, it can be concluded that the student can answer the question correctly. 

However, the student is still lacking in presenting and explaining the results using the appropriate 

words (Score 2). In this activity, three groups were completing the problem involving the 

mathematical expression correctly. However, the explanation is not logically arranged. Meanwhile, 

in Figure 3, two groups are solving the problem incorrectly (Score 1). 
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The group activity for question 3 is carried out to observe students’ mathematical 

representation ability in describing the steps of mathematics problem solving using the words, and it 

can be seen in Figure 4 and 5. 

Figure 4. Student Worksheet of question 3  Figure 5. Student Worksheet of question 3 

Based on the student work presented in Figure 4, it is shown that the answers produced by the 

students’ group discussion presenting the table data/information are almost correct (score 2). 

However, the students’ answers are not complete. Based on Figure 5, there are two indicators used in 

solving the question; the indicators are the students can present data/information to the table 

representation correctly, and the students can explain mathematically and explicitly as well as 

logically arranged. However, the students are not able to solve the problem involving mathematical 

expression.  

Based on the result of descriptive data analysis presented before, it can be concluded that the 

students’ representation ability in solving mathematics problems are scored 1 for 1 group, scored 2 

for two groups and scored 3 for two groups. The results show that the students’ representation ability 

in solving mathematics problems are classified as high. However, several students are not able to 

represent the problems and satisfy the three indicators of the students’ mathematical representation 

ability. Mathematics learning in the probability topic using ELPSA framework can improve the 

students’ representation ability. It is in line with the research conducted by (Nurhalimah, 2016) 

mentioning that the creative thinking and creative disposition using ELPSA framework learning are 

positively improved both individual and group. It is in line with a study conducted by (Marlina, 2015) 

reporting that the students’ mathematics performance using ELPSA learning modified in picture story 

is higher compared to the student using Think Pair Share (TPS) learning model.  
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Conclusion and Suggestion 

Based on results of the implementation of ELPSA framework for Year 8 students, it is found 

that one group categorized as high level, two groups classified as medium level and the other two 

groups categorized as low level. The low-level groups have less understanding of both the questions 

provided in the students’ worksheet and learning process using ELPSA framework. Therefore, it is 

required to revise the lesson plan of ELPSA framework and students’ worksheet for further research 

to improve the students’ activities in achieving the effective students’ mathematical representation 

ability. 
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Abstract.  Mathematics and culture are interconnected. Mathematics is one of the knowledge 

used to solve the problems in everyday life. In teaching mathematics at school, teachers 

should start by digging information of pure mathematics that has been obtained by students 

in from the neighborhood. Mathematics in culture is 

calledethnomathematics.  Ethnomathematics is a complex representation that describes 

cultural influences in the use of mathematics. Creative thinking can stimulate students' 

creativity either in developing their thinking skills or in performing behaviors or actions. 

Problem-based learning is one of the innovations in learning that can optimize the students’ 

thinking through a systematic group work process. This research is part of design research 

by using Plomp model, limited to only two stages of preliminary and design.  The purpose of 

this research is to produce a learning media (Student Work Sheet) based 

on ethnomathematics through problem-based learning model to develop student’s creativity 

level. The subjects of the study are Year 7 students in one of Junior High Schools in Banda 

Aceh. Data were obtained based on the results of student group work, categorized into five 

levels. The result shows that 1 group is in level 4, 1 group is in level 3, 2 group is in level 2, 

and 1 group is at level 0, there is no creativity. Based on the results obtained, the model of 

problem-based problem-solving ethnomathematics is considered reasonable to foster student 

creativity.  

Keywords: Creative Thinking Ability, Problem-solving Learning Model, Ethnomathematics 

Introduction 

Mathematics is a science that is closely related to the problems that exist in everyday life. 

In solving the problems of mathematics, people must have the ability and deep understanding and 

has a variety of strategies that can be used to solve various puzzles (Zevenbergen, 2004). 

Sometimes mathematics is complicated to be understood by learners because of the learning that 

tends to be rigid and seems less fun. Mathematics and culture are two interrelated things because 

culture is a unified whole and prevails in the life of society, while mathematics is one of the 

knowledge used by humans to solve problems in everyday life. Nevertheless, sometimes math 

and culture are perceived as separate and have no connection between them. 

Mathematics is a form of culture and has been integrated into all aspects of people’s lives, 

(Bishop, 1994). Besides, essentially, mathematics is a symbolic technology that is born to a 

cultural skill or activity that is cultural, (Pinxten, 1994). Therefore, one’s math is influenced by 

the existence of cultural background. What they do is what they see and what they feel. In 

general, Ethnomathematics can be interpreted as math in culture. D’Ambrosio first introduced the 

term Ethnomathematics in 1977. 
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D’Ambrosio is a cultured Brazilian. " Ethno " is a language that is interpreted as something 

comprehensive, referring to the social-cultural context, including language, jargon, codes of 

behavior, myths and symbols. While the basic word " mathema " tends to have a sense of 

explaining, knowing or understanding through activities such as coding, measuring, clarifying, 

concluding, and modeling. Ethnomathematics is a complex representation to describe cultural 

influences in mathematics. Various mathematical concepts can be explored and found in the 

culture, so it proved that math and culture are interrelated. Mathematics can be born out of culture 

and mathematics is also studied in the culture so that it can be used as one of concrete learning 

sources and it is around students (D’Ambrosio, 1985). 

One effort that can be done is to make innovations in learning. During the learning and 

teaching process, the teacher should use approaches that use problem-solving methods, inquiry 

and learning methods that can improve the ability. One of the capabilities that can enhance 

creativity is the ability to think creatively in learners. Problem Based Learning is a learning 

innovation that is completely optimized through group or teamwork processes systematically. 

With the improvement of methods and ways of presenting the subject matter, the expected 

outcome is the creative thinking ability of learners have increased, and learners become more 

creative in solving problems, especially math problems. 

The learning process during teaching mathematics is expected can make the students more 

active and creative in overcoming or solving problems given. Learning here means as the activity 

that occurs when the students are directly involved in solving the problem. But it turns out, and 

most students tend to memorize the concept or definition given by the teacher while the contents 

of the ideas and definitions are not understood. In general, students are accustomed to learning 

steps that only teach about theories or explanations, giving examples, and finally giving the 

question. Such a learning process makes the students' creativity less developed. 

Problems raised by teachers to students should be problems that can arouse students' 

understanding of a given problem, an awareness of the gaps and knowledge, as well as the desire 

of the students to solve the problem, (Rusman, 2012). Besides, there should be a perception that 

students can solve the given problem. Problem Based Learning has several advantages, such as 

learning becomes more meaningful. Students are directed to integrate their knowledge and skills 

simultaneously and apply them into the relevant scope. Problem-Based Learning can also 

improve students' creativity and critical thinking skills(Kokasih, 2014). 

One tool used to process seeds into flour is Jeungki. Traditional objects used by the 

Acehnese to make pulp derived from grains. In today’s sophisticated era, it is complicated to find 

an object called jeungki. Rare artifacts are only in some houses in rural that still use Jeungkias a 
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tool to produce flour traditionally. Jeungkicannot be used only by one person, to use it required 

at least two people. Jeungkimade of sturdy wood and durable. 

Based on the description of the background, the formulation of the problem in this study is 

"How is the process of students’ creative thinking in solving the problem of mathematics based 

on Ethnomathematics through Problem-Based learning model? ".  

Literature Review 

Ethnomathematics was introduced by D'Ambrosio, a Brazilian mathematician in 1977. The 

study of Ethnomathematics in math covers all of the learning fields. In 

terminology, Ethnomathematics is defined as "the mathematics which is practiced among 

identifiable cultural groups such as national tried societies, labor groups, children of certain age 

brackets and professional classes. " Based on the definition, Ethnomathematics can be interpreted 

as math that done by a group of cultures from various circles and regions. The use 

of  Ethnomathematics in learning can enrich the existing of mathematical knowledge, 

(D’Ambrosio, 1985) Mathematicsis a form of culture. Many people are not aware of it. Their 

culture can influence a person's math. Culture also affects individual behavior and have a 

significant role in the development of personal understanding, including mathematics learning 

(Tandililing, 2013). One of the objects that said as a culture is Jeungki. A tool used to produce 

flour by Acehnese people. Jeungki can be used to see the relationship between line and corner. 

Using the Problem Solving Learning Model is one of the learning models that can help 

improve the skills that can be required by the students. This learning was first developed by 

Prof. Howard Barrowsaroundthe 1970s in medical science studies at McMaster Canada 

University. The Problem-Based Learning Model has been started since 1950. This learning begins 

with problems, learning facts and skills in relevant contexts. Based on the things above, it can be 

said that the Problem Solving learning model is a learning model that has existed for a long time 

ago. This model can be expanded in cluding linking it with Ethnomathematics. 

Research Methods 

This research was conducted to try out the implementation of Problem Based Learning 

model and to know the ability of students' creative thinking in solving math problems for 2x40 

minutes. The subject of this research is the seventh-grade students in one of the State Junior High 

School in Banda Aceh. The assessment of students' creative thinking can be seen in several 

aspects. Some aspects that must be considered in assessing the first level of creative thinking of 

students is Fluency, which is one indicator of creative thinking in problem-solving that refers to 

the diversity and correctness of answers that have been given by learners. The next one is 
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Flexibility, and this indicator refers to techniques that students do to solve problems and 

correctness following the problems provided or presented. The third is Novelty, and this indicator 

focuses on the answer or how the students do not usually do a given technique at the level of 

knowledge or also by combining the technique performed by the students so that they appear a 

technique (Yuli & Siswono 2011) 

The data about the students' thinking ability in solving mathematical problems is obtained 

based on the results of student group work. The ability to think creatively in solving math 

problems is assessed based on the rubric in Table 1 which is analyzed descriptively. Problems 

students do in groups as follows: 

"Pay attention to your surroundings. There are many events related to lines and 

angles. One of them is the object as shown below: 

Do you know what the name of this thing is? This object is Jeungki, one of the traditional 

tools of Acehnese society that is used to process the grain into flour. 

a. Can you show the positions of two parallel lines, intersect, connecting and

crisscrossing found on Jeungki A and Jeungki B?

b. Which sections indicate the position of the two horizontal and vertical lines on both

Jeungki?

c. Can you show me the angular, corner and corners of the Jeungki? ".

There are three rubrics of students' creative thinking mathematically. First, the student is 

said to fulfill the aspect of Fluency if it can solve the problem correctly, precisely, clearly and 

different from other group and have many solutions to a problem, then able to explain about the 

settlement that has been done accurately and correctly. Secondly, students are said to fulfill 

aspects of Flexibility if the student can provide interpretation and able to finish the calculation of 

the value to the problems given in various ways or more than one solution. Assessment ability to 
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think creatively latter is said to satisfy the student aspect Novelty if the idea of solving the problem 

is different from other groups, and can make the image transparent, neat and unique. 

Besides, a person's creativity in solving math problems has several levels. There are five 

levels of creative thinking creativity, level 4 (very creative), level 3 (creative), level 2 (creative 

enough), level 1 (less creative) and level 0 (not creative). It is said level 4 (very creative) if the 

student can show eloquence, flexibility, and novelty in solving mathematical problems. It is 

categorized as level 3 (creative) if the student can show fluency and originality or expressiveness 

and flexibility in solving mathematical problems. Furthermore, students are classified level 2 

(creative enough) if students can show novelty or flexibility in solving math problems. The fourth 

is level 1 (less creative), the student is said to be less creative if the student is only able to show 

eloquence in solving math problems. If students are unable to explain the three aspects of the 

indicator in solving the problem, then the student is categorized in the level of not creative (level 

0) (Yuli & Siswono, 2011).

Results and Discussion 

Ethnomathematics is done by using mathematical concepts related  to various 

mathematical activities. Undertaken activities include activities of grouping, counting, 

measuring, etc. The scientific activities usually considered abstract by the students become more 

real or concrete with the associated cultural elements. The purpose of Ethnomathematics is to 

recognize that there are various ways of doing mathematics by considering the mathematical 

knowledge that can be expanded by finding multiple ways in such activities grouping, counting, 

measuring, etc (D’Ambrosio, 1985). 

In this study, students were divided into five groups, and each group consists of 5-6 

people. After that, students have distributed Student Worksheet, the material of lines and corners 

that related to ethnomathematics; students do the problems that mention in Student Worksheet 

with their groups. Problem-Based Learning Model demand students to solve the issues in the 

questions by using their idea. This thing demanded students dig up the information in items to 

solve problems. In thissection, students are required to think creatively and share their idea in 

solving the problem. The idea that used by students explains differ issues between groups of 

students. 

Creativity in mathematics is more focusing on creative thinking ability. Because generally, 

most of the activities that students do in learning mathematics is thinking. Therefore, the results 

of the completion of each group are varied. The following is the result of solving the problems in 

Student Worksheet from three different groups. So from the process of problem-solving also 

different. This can be shown in the figure: 
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Figure 1. Group results with level 4 

Figure 2. Group results with level 3 

Figure 3. Group results with level 2 

The figure is the students' result in solving problems on Student Worksheet in Figure 1 

shows that students redraw Jeungki's sketch and then solve the problem. The goal is to facilitate 

and clarify whichever are said by two parallel lines, which ever one includes the vertex, the 
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angular and the corner. The results of group figure 1 show that the ability to think creatively in 

solving problems has been seen and solve the problem by taking the initiative to redraw 

Jeungki sketches to facilitate them in understanding the answers. 

Figure 2 shows that this group directly answers the problem by drawing the arrow line and 

straight to giving the name in thearrow. Figure 2 solves the problem in oneway, so the criteria for 

creative thinking are not fulfilled. While in Figure 3, looks there is a limitation in answering 

questions. It shows that the answer was not completed in a complete and accurate. It is evident 

that the ability to think creatively still problematic and must be improved for the future. Then the 

other two groups solve the problem quite creatively, as evidenced by answering the questions that 

given despite however not fully achieve the characteristics of creativethinking. 

Based on the result, it can generally be said that students' creative thinking ability in solving 

mathematics problems based on ethnomathematics 1 group is at level 4, 1 group is in level 3, two 

groups are in level 2, and 1 group is at level 0, that is not created yet. These results indicate that 

the students’ level of creative thinking ability in solving math problems based 

on ethnomathematics has been classified as good, learning by linking the Problem Solving model 

with a traditional object in the form of Jeungki gives good impact in student creativity. However, 

there are some students less familiar with Student Worksheetwith Jeungki objects.Therefore, the 

student needs to be given a real Jeungki, not just the figure so that they can see directly that the 

line is parallel, vertex, verticaland horizontal lines, etc. Besides, the classroom condition is less 

disciplined that make the students' creativity hampered. When the learning process takes place, 

some students do not pay attention or do not respond to the material being taught, so when the 

problem was presented to them, the student has difficulty to solve it. 

Conclusion 

Based on the results of the tests conducted in Year 7 junior high school in Banda Aceh by 

applying the learning model Based on ethnomathematics problems obtained that one group is at 

level 4, one group is at level 3, two groups are at level 2 and one group is at level 0,  means that 

they are  not created yet.  
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Abstract. The literacy of junior high school students in Indonesia is still low especially in 

Padangsidimpuan. This is indicated by the implementation of Literacy Based Mathematics 

Olympiad (OM-BL) 2017 on March 16th, 2017. Therefore, it is essential to develop 

mathematics question to measure the ability, and the most appropriate technique is the PISA 

type question that is contextualized to the local culture, the development of this PISA Type's 

Question is essential because it can make students more productive. Departing from the 

phenomenon, the specific target that wants to be achieved is to contribute thoughts on how 

to create a valid and practical PISA type question to measure the ability of mathematical 

communication. Thus, with the PISA type question that is contextualized to the local culture, 

the student will be helped in sharpening their ability of communication and used to answer 

the questions of PISA type that is included to the category of higher order thinking. The 

method that is used is the research of 4-D model development that consists of 4 development 

phase, that is defined, design, develop, and disseminate. And the final phase is to make a 

report about the question that has been developed and how the measurement results of 

students' mathematical communication. 

Keywords: Research and Development, PISA-like Questions, Local Culture 

Introduction 

Various studies related to students' mathematical abilities have been done, such as PISA 

(Program for International Student Assessment) study. PISA is an international study focusing on 

reading, math, and science of 15 years old school-aged students. The study is coordinated by the 

OECD (Organization for Economic Cooperation and Development) in Paris, France (OECD, 

2010). OECD explains that the questions that are used in PISA study in mathematics are non-

routine questions that need high analytical, reasoning, and mathematical communication skills. 

PISA question is developed based on content, context, and competence (OECD, 2010). The four 

content includes Shape and Space, Change and Relationship, Quantity, and Uncertainty. The 

question for PISA involves four contexts, which are related to personal situations/contexts, 

occupational, societal, and scientific. Competencies in PISA are classified into three clusters, 

namely reproduction, reflection, and connection.  

The result of PISA study in 2012, Indonesia is on 64th rank from 65 countries that 

participate in the test. Indonesia is only slightly better than Peru that is on the lowest rank. The 

average of Indonesian students’ mathematics score is 375, from the average score of 494 (OECD, 

2013). A closer fact about the low mathematical communication of students is seen in 

Padangsidimpuan. 

Data from Literacy Mathematics Olympiad (OM-BL) 2017 that is held by STKIP Tapanuli 
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Selatan especially Mathematics Education Department, the ability average is only about 14,5% 

student from all participant that pass the test. As explained in OM-BL 2017 event on March 16th, 

2017 that literacy is part of the PISA model questions which need high-level thinking. This is a 

strong reason why the 2017 OM-BL event become the standard of measurement. The literacy 

result of junior high school students in Padangsidimpuan is still very low. Below is the data from 

OM-BL: 

Figure 1. The implementation of OM-BL (literacy based mathematics Olympiad) 2017 

Table 1. Data of students result in OM-BL (literacy based mathematics Olympiad) 2017 

No 
Number of 

Participants 

Number of Pass 

students  (>70) 

Number of fail 

students (<70) 

Highest 

score 

Lowest 

score 

Average 

score 

1 254 37 217 95 0 49 

Source: LPJ of committee OM-BL 2017 about the score of OM-BL 

Table 1 shows that pass student is only about 14.5%. This fact shows that it is essential to 

develop PISA-type question for students in the Padangsidimpuan. From the results of interviews 

with the participants, there are two principal findings obtained. First, the students are still very 

rarely faced with the type of PISA question. Second, the background and the things that are in the 

question are still unfamiliar to the students, for example, in the question is asked the high of 

Monas whereas most of them have never seen Monas yet. So, the possible solution is to give a 

touch of local culture to the developed questions of PISA type. The PISA type question is the 

question that is made according to the rules of PISA that demand high-level thinking skills in its 

completion and of course linking the appropriate context and competencies. 

Culture is the configuration of behavior that is learned from behavioral outcomes, whose 

elements of formation are supported and transmitted by certain members of society (Linton in 

Sukidin, 2005). Roucek and Warren said that culture is not only art in life, but also the objects 

around a human that are made by a human (Ranjabar, 2006). Based on the cultural definition 

above, the relation with local concerns a smaller range or a particular group. Local culture is a 
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way of life that is developed and shared by a local group. Local culture is made up from many 

intricate elements including religious and political systems, customs, languages, tools, buildings, 

and artwork in local scope. Thus, the development of PISA types question that is contextualized 

with local culture will be more appropriate and easy, because the context of it is the daily life of 

the students. The explanation explains that the development of PISA type questions that are 

contextualized to the local culture for the students in Padangsidimpuan. Therefore, the output of 

this research is expected to be utilized by junior high school students in Padangsidimpuan in 

sharpening communication skill, considering this ability is one of the critical ability. 

Based on the background that has been explained, this research aimed to provide valid and 

practical of PISA type question Book Based Local Culture in the junior high school of 

Padangsidimpuan. 

Method 

This research is belonging to the development of Borg and Gall (1983). Educational 

Research and development (R & D) is a process used to develop and validate educational products 

(Setyosari, 2016). R & D is a process that is used to develop and validate educational products. 

The development model used in this research is the 4-D, which consists of 4 development stages, 

namely define, design, develop, and disseminate (Thiagarajan, 1974). The development of 

question can be seen in the picture below: 

Information: 

: The sequence of the activity implementation 

Figure 2. The modification scheme of 4-D development 

The define or initial design stage is the design of all activities that must be conducted before 

the implementation trials. The result of this stage is a book of questions that have been adapted to 

the curriculum, student analysis, material analysis, task analysis, and validation sheet questions. 

This stage produces draft –A. 
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After analyzing the needs continued to the design. In this stage that will be done is to design 

the format of PISA type question that is contextualized to the local culture to measure students' 

mathematical communication. Activities in this stage are the selection of questions context that 

is of course linked to the local culture, format selection and follow-up of initial planning. 

The last stage of this research model is developed. The purpose of the development stage 

is to produce a revised draft learning tool based on expert suggestion and obtained data  that is 

acquired from field trials 

Result and Discussion 

The assessment of expert includes content validity that includes all learning tools that have 

been developed at the design stage (draft-A). Expert validation results are used as a basis for 

revising and improving the PISA type question for mathematical communication capability so 

that the proper draft - B is obtained.  

a. Stage of Validation

Table 2. Validation results 

No Validation Aspect 
Validator Mean 

1 2 3 4 5 

1 

Formatting 

a. clarity of material distribution 4 4 4 4 4 4 

b. The numbering system is right 4 4 4 5 4 4.2 

c. Kind of the font 5 5 5 5 4 4.8 

2 

Language 

a. The truth of grammar 4 4 5 4 4 4.2 

b. sentence structure 4 4 4 5 4 4.2 

c. Guidance clarity or direction 4 4 5 5 3 4.2 

d. The communicative is clearly 4 4 4 5 5 4.4 

3 

Content 

a. Material truth / content 5 5 5 4 4 4.6 

b. Grouped in sections 5 5 5 4 4 4.6 

c. Compatibility with Syllabus 5 5 5 5 4 4.8 

d. Compatibility with the learning model 5 5 5 5 5 5 

e. Method of presenting the question 5 5 5 4 4 4.6 

f. Feasibility study completeness 5 5 5 4 4 4.6 

g. Suitability of time allocation used 4 4 4 5 4 4.2 

Total 58.4 

Average total 4.17 

Conversion 89.14 

Information: 

1: means "not good." 

2: means "less good." 

3: means "good enough." 

4: means "good." 

5: means "very good." 
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The scoring averages are: 

85,01 ≤ � < 100 Very Valid, can be used without revision 

70,01 ≤ � < 85,00 Valid, or it may be used but needs a small revision 

50,01 ≤ � < 70,00 Less Valid, it is recommended not to be used because it needs major 

revision 

01,00 ≤ � < 50,00 Not Valid, or should not be used 

Based on the validation calculation of 5 experts on Learning Event units in the table above, 

the components in the PISA type Question book get good and very good judgment. So, from the 

calculation results obtained the average value for all validator 89.14. PISA type Question book 

validation results in the "Very Valid" category. 

b. Stages of Practicality

After validated, this lesson material is revised and then tested to determine the level of the 

question practical. The question is said to have practicality when it is practical or easy to use. In 

the sense of easy to use, easy to check and complete with clear instructions. The results of the 

student responses to the book of PISA type question 81.58% with good sense or has been practical 

in used. 

Conclusion and Suggestion 

a. The validity of PISA type question based on local culture

Research Questions about How the validity of PISA type question Book Based Local Culture

in the junior high school of Padangsidimpuan has been answered that is very valid. A valid

instrument is a measuring instrument that is used to obtain the data (measure) is valid

(Sugiyono, 2008).

b. The practicality of PISA type question based on local culture.

Research questions about How practical is the book of PISA type question based on Local

Culture in the Junior High School of Padangsidimpuan has been answered, that is good. PISA

type question based on Local Culture is said to be practical if students give a good response to

the question. It is seen from the student response which the value is 81,58% or good category.

The practicality is obtained after several revisions that are obtained from responses or

responses validator and students who build a book improvement about the PISA type question

based on Local Culture.
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Abstract. The background of this research is the limited availability of mathematics learning 

device as supporting learning referring to Curriculum 2013.  The purpose of this research is 

to produce mathematics learning device (Lesson Plan and Student Worksheets) which refer 

to discovery learning model in circle topic for senior high school students with valid 

minimum criteria and practical. The research method used is 4D development model by 

Thiagarajan, which consists of define, design, development, and dissemination. This paper 

will discuss define, design, and development. Based on the result of data analysis, it can be 

concluded that the mathematics learning instrument is very valid with the average assessment 

for the Lesson Plan and Student Worksheet respectively is 4.62 and 4.63. The practicality 

can be showed by legibility of the learning device and the results on the percentage of student 

responses 94,61%, which mean the learning device has been feasible to be used in the 

learning for senior high school for grade XI. 

Keywords: Mathematics Learning Devices, Development, Discovery Learning, Model 

Implementation on Circle. 

Introduction 

One of the branches in mathematics that directly related a lot to everyday life is geometry. 

Learning topics of geometry that are taught in grade XI students include Circle topic. The 

discovery learning model is one of the suitable learning models to teach the circle topic because 

on the circle topic students are required to find the concept of the equation of the circle and solve 

various problems about the circle independently. Also, the application of several forms of the 

circle is often found in everyday life, making it easier for students to understand geometry in real. 

The curriculum is a term refers to the lessons and academic content taught in a school or a 

specific course or program includes the learning standards or learning objectives they are 

expected to meet; the units and lessons that teachers taught; the assessment and projects given to 

students (The Glossary of Education, 2015). Recently, the curriculum programs have been 

changed in Indonesia, as part of a comprehensive reform initiative. The mathematics curriculum 

for senior high schools was subjected to this transformation as well. 

The Education Unit Level Curriculum (KTSP) implemented since 2006 has also been 

developed so that by 2013 the curriculum of 2013 (K-13) is performed in Indonesia to improve 

KTSP. During the implementation of the K-13, the government continues evaluating to finalize 

K-13. The government assessed by the Ministry of Education and Culture (the Regulation of 

Education and Culture Ministry) as a reference for the development of this device. 
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As known that the Regulation of Education and Culture Ministry underlying 

implementation of the K-13 was revised in 2016, many changes occur after revision. One of them 

which is the change Basic competence in mathematics specialization of student high school class 

XI. The changing in essential skill would result in changes in resources and teaching materials

required by teachers and students. 

Hudson (2014) stated preparation for teaching includes plans but also extends to the 

advanced preparation of teaching and learning resources. The teacher needs to prepare for and 

demonstrate appropriate content knowledge for teaching (Hudson, 2014). This subject knowledge 

must relate to students’ needs and their levels of development (Harris and Sass, 2011). Akbar 

(2015) stated the curriculum implementation is determined by the teachers' ability to develop 

learning device because the learning device is implemented in daily learning practices in the 

education unit. According to Harijanto (2007), the learning device is some materials, tools, media, 

instructions, and guidelines to be used in the learning process. Thus, learning device is some 

materials, tools, and guideline used by teachers to do the learning process in the classroom and is 

expected to help teachers and students create effective learning to achieve the expected goals. 

Discovery learning is a model for developing active student learning by discovering by 

themselves, self-investigating, the results obtained will be long-lasting in memory and will not be 

quickly forgotten by students (Papas, 2014). Learning by discovery prioritize the act of reflecting, 

thinking, experimenting and exploring ( Alex and Olubusuyi, 2013). Learning research with 

discovery learning has shown that the learners have a high ability to follow very well, while the 

less ability of the group may increase the ability of itself (Anyafulude, 2013).The application 

procedure of discovery learning model in learning according to Syah (in Kemendikbud (2014) is 

as follows. 

Table 1. The procedure of discovery learning model application. 
Stages Teachers Activity 
Stimulation Ask a question, recommend reading a book and other learning activity that lead to the 

preparation of problem 
Problem Statement Ask a question, recommend reading a book and other learning activity that lead to the 

preparation of problem 
Data Collection Give opportunity for students to gather as much as possible relevant information to 

prove whether or not the hypothesis is correct.  
Data Processing Guide students in processing data and information that has been obtained either through 

interviews, observation and so on and interpreted. 
Verification Guide students to perform a careful examination to prove whether or not the hypothesis 

has been established and associated with the data processing result. 
Generalization 
(concluding) 

With students draw the conclusion that can be the general principles and apply to all the 
same events or problems, pay attention to verification result so students can restate the 
concept with their word. 
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Based on observation obtained relating learning device, teachers stated that mostly learning 

devices take from the internet. The reason of teachers are the difficulty in designing it; they don't 

have enough literature as developing it. It is supported by Öztürk’s (2011) show that lack of 

material support and training opportunities for the teachers, scarce sources and materials, poor 

technological, infrastructure and physical facilities are the major obstacles before the attainment 

of the goals spelled out in the reform curriculum. Additionally, teachers still use textbooks and 

student worksheet purchased from publishers in learning activities. The using of textbooks from 

publishers making students less active because students do not find their mathematical concepts 

to be learned. The learning doesn't motivate students in the learning process; it causes teacher 

center. 

Based on the description above, the research aims to facilitate the process of mathematics 

learning by developing instrument mathematics learning through the application of Discovery 

Learning model on Circle topic for students of class XI which used to improve students' activity 

and independence in finding mathematics concepts. The instrument mathematics learning will be 

developed in this research is Lesson Plan and student worksheet. The developed instrument is 

flexible, which means teachers in schools can re-develop learning instrument by considering the 

characteristics and the students’ social environment. 

Method 

The form of research conducted is research and development with the term Research and 

Development (R & D). According to Hall (2006) researched and development is the term 

commonly used to describe the activities undertaken by firms and other entities such as individual 

entrepreneurs to create new or improved products and processes. The development model used is 

the 4D development model by Thiagarajan. The 4D model includes Define, Design, Development 

and Disseminate activities. This research is done until the development stage because the distance 

between the development stage and the dissemination stage is too close while the researcher needs 

time to revise. At the same time, school lesson must be continued. 

The instrument of data collecting in this research is the validation sheet and student 

response questionnaire. The validation sheet uses a Likert scale consist of five alternative answers 

that are 1, 2, 3, 4 and five which states are very unsuitable, inappropriate, less appropriate, 

appropriate and very appropriate. The average score of each aspect obtained on the validation 

sheet then described being qualitative data, as in Table 2 below. 
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Table 2. Qualitative Score Convention 
Score Range Criteria 

Very Valid 

Valid 

Less Valid  

Invalid 

Very invalid 

(Widoyoko, 2011) 

Description : 

 =  Validation Result Score 

 = Ideal Average 

Sbi = ideal standard deviation 

Ideal maximum score = ∑ item criterion indicator highest score. 

Ideal minimum score = ∑ item criterion indicator lowest score. 

Meanwhile, the students' response questionnaire using a Guttman scale that consists of two 

alternative answers, that is: yes or no. Questionnaire data analysis was done using this following 

formula :  

Description:   = respondent score 

 = empirical total score from respondent 

 =  maximum total score expected  

 (Akbar, 2015) 

The criteria of the questionnaire of students' response to LAS practicality can be seen in 

this following Table 3. 

Table 3. LAS Practicality Criteria Percentage 
No. Level of Achievement Readability Criteria 

1. 85,01% - 100,00% Very practical 
2. 70,01% - 85,00% Practical 
3. 50,01% - 70,00% Less practical 
4. 01,00% - 50,00% Not practical 
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Result and Discussion 

Based on 4D development model, this part is divided into: 

Define stage 

In the define stage, the activities undertaken by the researcher at this stage is to analyze the 

curriculum, the topic and the characteristics of the students as the requirements of the 

development of a learning instrument. The curriculum analysis is useful for assessing the 

curriculum applicable in schools, how it is implemented and looking at the suitability of teacher-

made devices using K-13. Based on observations, most high schools in Pekanbaru have used K-

13. However, not all schools that use K-13 have a good implementation.

Based on the study of learning instrument, lesson plan made by teachers is the result of 

modification of learning devices from the internet. The teacher also still use books and student 

worksheet from publishers in learning activities. The use of student worksheet and student books 

is only limited to the need for student training to do the exercises after the topic delivered by the 

teacher. In this case, learning tends to focus on the teacher. 

At the topic analysis, researchers analyzed the core competence and basic competence 

which were useful for determining on which competence learning topics were developed to limit 

the learning topics in this study. Based on the background of the problem, the study of the syllabus 

and the scope of the topic for the achievement of basic competence, the researchers chose the 

discovery learning model and circle topic. The discovery learning model is one of the suitable 

learning models to teach the circle topic because on the circle topic students are required to find 

the concept of the equation of the circle and solve various problems about the circle 

independently. Also, the application of several forms of the circle is often found in everyday life, 

making it easier for students to understand geometry in real. 

At the analysis of the students’ characteristic, researchers review the level of cognitive 

development of students and look at the skills of students. The findings of researchers are as 

follows: (1) the students of grade XI have the characteristics of the mathematics learning ability 

are classified as medium, (2) the learning tends to take place in a classical so that students more 

often hear the material explanation from the teacher that makes students less active in the learning 

process; (3) students tend to memorize the formula without understanding the concept of using 

the formula so that it is difficult to solve various problems. These data indicate that the students 

of grade XI qualified as research subjects. 

Based on the analysis result at the define stage, it is necessary to develop a learning device 

that implements a learning model that can encourage students to be active and independent in the 

learning process but still in the guideline of teachers. Therefore, a learning model is chosen which 
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can make the students active and independent through group discussion process. One of the 

learning models that can be used is the discovery learning model. 

Design stage 

In the design stage, the researcher collects materials that used as a reference for the 

development of a learning instrument. References that used in developing a lesson plan are as 

follows: (1) the Regulation of Education and Culture Ministry (Kemendikbud, 2016); (2) 

mathematics book by various publishers. References that used in the development of student 

worksheet are as follows: (1) mathematics book by various publishers; (2) journals; (3) other 

supporting images sourced from the internet. After collection of materials that used as a reference 

for the development of learning instrument, research compiled the design of instrument 

mathematics learning in the form lesson plan and student worksheet. Then, the researcher designs 

the learning instrument validation sheet for the validator and the student response questionnaire.  

Development stage 

In the development stage, the researcher undertakes three activities are as follows: 

- Developing product

At this activities, the researcher designed a lesson plan and student worksheet into five RPPs 

to be delivered in five meetings. 

- Product validation 

Lesson plan and student worksheet that has been designed and then validated by the validator. 

This validation aims to assess and know the product quality is whether the learning device 

developed is based on adequate theory (content validation) and all components related 

consistently (construct validation), making it feasible to produce and use at school. Here is 

the briefest of validation results. 

Table 4. Lesson plan and Students’ Worksheet Validation Result. 

No Learning Device 
Meetings 

Average 
Validation 
Category 1 2 3 4 5 

1. Lesson Plan 4,64 4,66 4,61 4,59 4,62 4,62 Very Valid 

2 Student Worksheet 4,60 4,64 4,60 4,64 4,66 4,63 Very Valid 

Based on the validation results of Table 4, lesson plan and student worksheet very valid 

criteria with the average assessment of the validity is 4.62 and 4.63. This means that lesson 

plan and student worksheet based on discovery learning model on circle topic has been 

feasible to be used in the learning and can be used in the test of practicality. 
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- Practicality of product

Practicality test is done after lesson plan, and student worksheet validation process has been 

completed with minimum categorized as valid. The practicality test is conducted to find out 

whether student worksheet is practical or easy to use by students as users. Practicality test 

performed on a small group with 13 students. Here are the results of the practicality test during 

small group testing. 

Table 5. Practicality test results in a small group. 

No Learning Device 
Meeting Average 

(%) 
Practicality 

Criteria 1 2 3 4 5 

1. 
Student 
Worksheet 

92,31 94,61 94,36 96,92 94,87 94,61 
Very 
practical 

Based on Table 5, it can be seen that the overall percentage of student ratings in small group 

practicality test is very practical, with the total practical score is 94,61%. This means student 

worksheet based on discovery learning model on circle topic has been feasible to be used in 

the learning for senior high school for grade XI. 

Conclusion and Suggestion 

This development research resulted in a mathematics learning device in the 

form of the lesson plan and student worksheet on Circle topic that implemented discovery learning 

model. From the results of validation and practicality, it was found that the development of 

mathematics learning device in the form of the lesson plan and student worksheet through the 

discovery learning model implementation on circle topic has fulfilled the valid aspects and 

practical requirements for use in senior high school. 

Some suggestions that the researcher can give to this research to develop a learning 

instrument are as follows: 

 The development of student worksheet in this study may proceed. The developed student

worksheet can be performed until a large group test of students who have not studied Circle

topic to obtain more accurate results.

 This study aims to examine the quality of the validity and practicality of mathematics learning

device through the discovery learning model implementation on Circle topic. The researcher

suggests that research can be done that measures the quality of product effectiveness.
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Abstract. Mathematical thinking ability is immensely needed by a student to solve the 

problem faced in daily life. The mathematical reflective thinking is one of the thinking 

process required in the process of solving mathematical problem because it gives the 

chance to use the knowledge and experience related to the problem faced and to think the 

good strategy to achieve the goal. This pilot study aimed to examine the design of learning 

material of Problem Based Learning (PBL) to develop students’ reflective thinking ability. 

The subject in this study was 15 Year 8 students of Luqmanul Hakim Integrated Islamic 

Junior High School. The present study was a part of development research that used 

Plomp’s model to develop the learning media of Problem Based Learning (PBL). The 

instrument used in this study was the lesson plan, student’s worksheet and test of students’ 

reflective thinking ability in solving the topic of inverse proportion. The data collected from 

students’ individual and group work was analyzed descriptively. The result suggested that 

four students fulfills all indicators on question 1, meanwhile on question 2, none of the 

students fulfills all of the indicators for reflective thinking. Furthermore, there were several 

students had not yet well achieve all indicators of reflective thinking ability. Therefore, the 

learning material developed need to be improved and the trial should be conducted in more 

than one meeting. Moreover, the question items of the reflective thinking ability test that 

had been developed need to be revised to get the maximal result.  

Keywords: Mathematical reflective thinking ability, Problem based Learning 

Introduction 

Mathematics is one of the lessons taught from elementary school to university level. 

Children have been introduced to mathematics by their parents through recognizing numbers 

and counting. The role of mathematics is extremely important in education. Mathematics can be 

used as a tool to solve the problem experienced in daily life. 

In each level of school, every student is expected to have the ability to think 

mathematically. The mathematical thinking ability, especially high-level ability in mathematical 

thinking (higher-order thinking), immensely required by students to solve the problem they face 

in daily life. The mathematical reflective thinking is one of the mathematical thinking skills 

required in the process of solving the mathematical problem (Nindiasari & Anriani, 2014).   

Regarding with reflective thinking, Buchanan (2010) argues that reflective thinking can 

be described as a thought process that responds to problems by using the information or data 

that comes from internal, can explain what has been done, correct the mistake discovered in 

solving the problem, and communicate ideas with symbol and not with images or direct objects. 

Furthermore, Rudd  (Choy, 2012) argues that the important role of reflective thinking is to act as 

a mean to encourage thinking during problem solving situations, because it gives an opportunity 
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to use knowledge and experience related to the problem faced, and to think of the best strategies 

to achieve the goals. It points out the importance of reflective thinking in mathematics learning, 

especially in a problem-solving situation, because the problem solving is the core of the 

mathematics curriculum. 

Therefore, new innovations are needed to develop the ability of reflective thinking in 

mathematics learning. One of the alternative alleged capable of solving the problem is by 

increasing the learning quality through the problem based learning. Noer (2008) states that the 

learning environment supporting reflective thinking can be created if we use problems as the 

basis of the learning activities in the classroom. It can be facilitated by learning based on 

problem or Problem Based Learning (PBL). 

Many research about Problem-Based Learning (PBL) has been conducted. Setyorini, 

Sukiswo, dan Subali (2011) studied about PBL and students’ critical thinking ability. Noer 

(2008) examined the correlation between PBL and reflective thinking. However, less research 

that focus on the development of learning material based on PBL to develop students’ reflective 

thinking ability. Therefore, the formulation of the problem in this study is: "How is the design 

of Problem-Based Learning (PBL) model to develop students’ reflective thinking ability?” 

Method 

This research is part of the developmental study to develop the learning material with 

Problem Based Learning (PBL) model. The materials were designed to assess students’ 

reflective thinking ability in solving mathematical problems. Learning materials developed were 

lesson plan and student worksheet. The developmental model used in this study refers to the 

Plomp’s model consisting of 3 stages, namely: preliminary research, prototype phase, and 

assessment research. However, this study was limited to the preliminary research, to analyze the 

students’ reflective thinking ability in solving problems related to inverse proportions. The 

subject of this study was 15 Year 8 students of Luqmanul Hakim Integrated Islamic Junior 

High School. This research was conducted in one meeting of 3 x 40 minutes. 

The data related to the reflective thinking ability of students in completing the topic of 

inverse proportion were obtained from the reflective thinking ability test result, which was 

assessed based on the indicators achievement and then analyzed descriptively. The assessment 

of students’ reflective thinking can be seen from several aspects. Surbeck (1991) identify three 

the reflective levels as shown in Table 1.    
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Table 1 Indicator of reflective thinking ability 
No  Reflective Thinking Operational forms 

1 Reacting (reflective 

thinking to act) 

a. Mention what it is known and asked in question

b. Make and define the symbol or mathematical model.

2 Comparing (reflective 

thinking to evaluate)   

a. Identify method/ concept considered effective to complete the

question

b. Correlation the problem is asked with the problem is faced

3 Contemplating (reflective 

thinking to critical 

inquiries) 

a. Fulfills the problem in question

b. Detect the mistake determination of the answer

c. Make the true conclusion

The indicator of the reflective thinking ability (Surbeck, 1991) 

Result and Discussion 

Learning Process by Problem Based Learning (PBL) 

During the learning process, the steps conducted by the researcher in the opening activity 

were to greet and then discipline the students, hold a discussion with the students by showing a 

figure that became the basis for the material to be taught. Next, the researcher delivered the 

learning objective, gave motivation, and explained the steps of the learning process. In the 

beginning, the teacher gave a daily life problem related to proportions. After that, the students 

were formed into 3 groups of 5 students. The students solved the problems given in the student 

worksheet by cooperating with their respecting groups.  

In the group activities, at first, the interactions between students and students or students 

and teacher were ineffective. It is indicated by the attitude of two groups that less active in the 

group discussions, where only 2 of 5 students worked on the worksheet while the other 

members only talked. During the group discussion, there was one group that conducted 

discussion by defending each other’s ideas because they had done their thinking process 

individually with the experiences or knowledge they had (reflective thinking). At that time, the 

teacher immediately guided and directed the students through interactive discussion.  

In the subsequent learning activities, each student played an active role during the 

learning, each group member participated in working on and completing the worksheet. In 

addition, the intensity of teacher involvement while working on the student's worksheet could 

be reduced, the teacher only acted as a motivator and facilitator and sometimes gave 

motivations to groups that worked on the worksheet. Therefore, the students’ understanding 

increases, the students become more active in participating in learning, and have the ability to 

pose questions and answer questions. 

By the above problems, it seems that the answers of the student worksheet of each group 

showed that each group had its own way of completing the above problem. The following figure 

shows the different solutions given by group 1 and 2.  
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Figure 1. Answer Group 1  Figure 2. Answer Group 2 

Figure 1 shows that group 1 determined the proportion in stages, meanwhile group 2 

gave direct answers. Furthermore, the conclusions given by each group seems different, even 

though they had a similar purpose. Therefore, it seems that each group has different thinking 

process because of the knowledge had been acquired. After learning by using the PBL model 

supported by group work, the students had the same understanding. This happened because 

students and their groups exchanged ideas in finding solutions to each problem given. By 

exchanging ideas, students who had different understanding or those who lack understanding 

will finally understand it.     

From the result of the research it is clear that by using the PBL method, the students’ 

understanding on the subject of inverse proportions turned out to be better and the student 

worksheet given might ease the students in understanding the concept of inverse proportions. 

Generally, it was seen that the PBL method makes students more active in conducting the 

process of reflective thinking in completing each problem as well as providing opportunities for 

students to understand a topic themselves, through the process of thinking, asking, and 

discussing. Based on the above description, it seems that the method of PBL applied in the 

learning process influences the students’ reflective thinking abilities. 

The Ability of Student’s Reflective Thinking 

The ability of reflective thinking is part of the ability that requires students to use their 

prior knowledge and experience related to the problem faced and think the best strategies to 

achieve the goals in solving the problems. Therefore, it shows the importance of reflective 
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thinking in mathematics learning, especially in solving mathematical problem. Table 2 describes 

the students’ reflective thinking ability obtained from the result of the preliminary study 

conducted on 15 students of class VII-C SMPIT Luqmanul Hakim Aceh Besar class VII-C, after 

conducting the PBL learning  model. 

Table 2.  The result of the ability of student reflective thinking 

Question Indicator 
Achievement of student 

Indicator 

1. On this below table, is shown a

correlation of time to pace.

Specification:

a. Equation

b. Pace if his time of 3 ½ hours.

a. Reacting

Mention what is known and asked in 

question as well as makes and defines 

the symbol or mathematical model. 

b. Comparing

Identify method/ concept considered 

effective to complete the question and 

correlate the problem is asked with a 

problem faced 

c. Contemplating

The complete problem in the question 

and conclude correctly as well as 

detects the mistake of answer 

stipulation. 

- Do not fulfill all 

indicators:1 student 

- Fulfils1 indicator: 

2 students 

- Fulfills 2 

indicators: 

8 students 

fulfills 3 indicator: 

4 students 

2. On Rally activity, a car will be in

finish line in the time of 4,5 hours

with the average pace of 63

km/hours. After 2 hours running, the

blue car tire splits until forced to stop

and change a new tire for 15 minutes.

How much is the speed of the blue

car being raised to stay on the finish

line on time?

a. Reacting

Mention what is known and asked in 

question as well as makes and defines 

the symbol or mathematical model. 

b. Comparing

Identify method/ concept considered 

effective to complete the question and 

correlate the problem is asked with the 

problem faced 

c. Contemplating

The complete problem in the question 

and conclude correctly as well as 

detects the mistake of answer 

stipulation. 

- Do not fulfill all 

indicator: 7 

students 

- Fulfills 1 indicator: 

6 students 

- Fulfills 2 indicator: 

2 students 

- Fulfills 3 indicator: 

0 student 

The following is an explanation of students’ reflective thinking process in solving 

problems given with the learning process of Problem-Based Learning (PBL) model. 
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Figure 3. Answer S1 number 1   Figure 4: Answer S1 number 2 

Figure 3 and 4 show the results of student S1’s work in solving the problems given. 

Figure 3 shows that S1 had a reacting stage of the students’ reflective thinking ability, because 

it seems in the Figure 3 that S1 has been able to determine what is known and asked in the 

question. Furthermore, S1 was able to make and define the problems into the mathematical 

models or equations. Besides, S1 has also met the comparing stage, where S1 has been able to 

identify methods/concepts that are considered effective for solving problems. At this stage, S1 

has been able to connect the problem asked with the problems s/he had been faced or with the 

experience had been existed. 

Based on Figure 4, it seems that student S1 were in contemplating stage in solving the 

problem number 2. Even though S1 had not well fulfilled the stage, s/he was able to complete 

the first step of answering the given problem, however, the answer did not fully meet the criteria 

of the contemplating stage. In addition, student S1 did not write conclusion about the problem 

that had been done.  

Figure 5: Answer S2 number 1 Figure 6: Answer S2 number 2 
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Based on the result of the analysis of the student S2’s answers, it was found that S2 did 

not have good reflective thinking ability, whereas Figure 5 shows that S2 has has been able to 

make the equation of graph given. In solving the question number 1b, student S2 made errors in 

counting. However, S2 is considered to be in the comparing stage because S2 could utilize the 

problem s/he has worked on to solve the problem given.  

Figure 6 shows that the students did not write what is known or asked in the question and 

still did not correctly define the mathematical symbols. Thus, S2 is considered does not meet the 

reacting stage criteria. In completing the problem number 2, the student S2 did not reach the 

perfect stage. The first step taken by S2 was still inaccurate, s/he made mistake in using the time 

to determine the initial distance, and s/he did not write down the conclusion expected in the 

answer. Therefore, student S2 cannot be categorized as good in contemplating stage.  

It can be said that there are several students that have a good reflective thinking ability in 

solving a problem, whereas some other student do not understand the topic taught and 

experience hardship in doing tasks given, and there are several stages in reflective thinking that 

heve not be achieved by the students.  

Learning Mathematics with the Problem Based Learning (PBL) model gives a positive 

impact in developing the students’  reflective thinking ability. This is in accordance with the 

result of research conducted by  Nuriana, Pujiastuti, dan Soedjoko (2018) which states that 

Problem-Based Learning model is effective to support the students’ mathematical reflective 

thinking ability. However, the questions in the reflective thinking ability test should be revised 

again. 

Some things that make it difficult for students to work on the problems given are because 

this preliminary study was only conducted in one meeting, and also because the students were 

less accustomed to solving non-routine questions so that their thinking process was not 

reflective. Furthermore, the students were still not utilizing the experiences and problems that 

the faced, so that they experiences several obstacles in solving the problems given. Therefore, it 

is necessary to revise the reflective thinking ability test being tested, so that at the next stage of 

research, the results might be maximized. Things that should be revise in the reflective thinking 

ability test is the languange that should be easier to be understood by students, and using words 

that are more often used by students. Furthermore, the problems given should be shorter.     

Conclusion 

Based on the results of the study that have been conducted on 15 Year 8 students of 

Luqmanul Hakim Integrated Islamic Junior High School, by implementing the Problem-

Based Learning (PBL) model it was noticed that there were 4 students who met all indicators on 
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problem 1, meanwhile in problem 2 there was no student fulfilled all indicators of reflective 

thinking. There are several students that still do not achieved all indicators of the good 

reflective thinking.  Therefore, it is needed to improve the research, the research should be 

conducted in more than one meeting. Furthermore, the reflective thinking ability test should be 

revised to aquired a more maximal result.  
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Abstract. Excellent mastery of mathematics will lead people to develop logical, critical, and 

creative mindsets. The Treffinger learning model is one model handling creative problems 

directly and providing practical advice on how to achieve the integration. This paper aimed 

to examine students’ mathematical creative thinking abilities using Treffinger model based 

on Acehnese culture. The research is part of the Research and Development model of Dick 

and Carey, which is at the fifth and sixth stages of developing test items and developing 

learning strategies. The test items are designed in the form of students’ worksheet using the 

context of different Acehnese culture using the Treffinger learning model. The test items 

were tested on 22 Year 10 students before validated by experts to produce pre-prototype I. 

The results showed that students' creativity for the context of problem A was at level 3 

which is in the creative category. As for the context of the problem B, the students’ creative 

thinking skill were at level 1 which is less creative category. Therefore, the context that will 

be used for further development is the context of Problem A, although some revision is 

required by paying attention to the partitioning of the questions on the problem and the 

effective use of time. 

Keywords: creativity, Treffinger learning model, Acehnese culture 

Introduction 

The Indonesian current curriculum is the curriculum of 2013 in which the importance of 

mathematical creative thinking skill is expressed in the core competence of mathematics, stating 

that students are expected to be able to understand and apply knowledge (factual, conceptual 

and procedural) based on their curiosity about science, technology, art, cultural related 

phenomena and visible events (Permendikbud, 2013). Creativity are used by students to 

understand the knowledge and solve problems. 

The lack of mathematical skills can lead to students disliking mathematics. The students’ 

poor performance in mathematics is indicated from the results of mathematics national 

examinations in primary to secondary education. Trends of International Mathematics and 

Science Study (TIMSS) stated that the mathematics average score of Indonesian students is 

below the average of international score. Indonesia only obtained a score of 397 from the 

international average score of 500 (Mullis, Martin, Foy, & Hooper, 2016).  One of the main 

problems influencing the poor mathematics achievement is that mathematics being presented as 

a ready-made, abstract and mechanically-taught product (Sembiring, Hadi, & Dolk, 2008). 

 Excellent mastery of mathematics will allow people to develop logical, critical, and 

creative thinking. Creative thinking is basically the curiosity and sense of imagination in every 

child since birth (Anwar, Johar, & Juandi, 2015). Therefore, it is the teachers’ responsibility to 
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develop them by frequently providing tasks or asking open-ended questions enabling students to 

think about the reasons and conduct creative analysis.  

Creative thinking is required especially in facing the today’s challenge and globalization 

era as well as technological advances that develops rapidly.  In addition, everyone deals with 

various problems requiring creative thinking in solving the problem in everyday life. The 

Indicators of creativityinclude: fluency, flexibility, originality and elaboration (Munandar, 

2009). 

An appropriate learning model is required to achieve creative thinking, the Treffinger 

learning model is one model handling creative problems directly and providing practical advice 

on how to achieve the integration by involving cognitive and affective skills at each stage of the 

learning that shows the interconnectedness and interdependence between these two skills to 

encouraging creative learning. According to Ngalimun (2016), Treffinger learning model is a 

creative learning based on the maturity and ready knowledge. 

Treffinger learning model consists of three stages: Phase I (Basic Tools) where creativity 

techniques include divergent thinking skills and creative techniques. 2. Phase II (Practice with 

Process) is to provide opportunities for students to apply skills learned in phase I in practical 

situations. 3. Stage III (Working With Real Problems) is to apply the skills learned in the first 

two stages to real-world challenges (Treffinger & Isaksen, 2005). The Treffinger learning model 

encourages creative learning describing the three level of arrangement started with the basic 

elements and rising to the more diverse functions of thinking. Students engage in the activities 

to build the skills at the first two levels to deal with real-life problems at the third level. This is 

in accordance with the results of study reporting that the improvement of students’ creativity 

who learn by using Treffinger model is higher than those who are taught in conventional 

learning setting  (Rohaeti, Priatna, 2013). It is also agreed to the results of study conducted by 

Nisa (2011) and Isnaini, Duskri, & Munzir (2016) reporting that the Treffinger learning model 

can foster students' creative thinking. 

Based on the results of previous study, it can be concluded that the Treffinger learning 

model is one of the solutions to improve students' creativityin mathematics. This model 

provides an opportunity for students to discover solutions to mathematical problems by paying 

attention to the important facts in the environment by generating ideas and selecting the right 

solution to be implemented in their own way resulting in students experiencing more 

meaningful learning.  

The meaningfulness of learning for students is associated with the habit and culture in 

life. Culture is a complex matter that includes knowledge, beliefs, morals, laws, art, customs and 

habits gained by human beings as members of society (Maran, 2000). Learning related to the 
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circumstances surrounding the students is helpful for students in understanding the problem 

(UNESCO, 2008). The use of local context can assist students to understand mathematical 

phenomena from their own perspective of life experiences, resulting in mathematics being more 

appealing and valued to all students. Therefore, it is required to develop of learning instruments 

consisting of the contextual problems obtained from students’ environment, in this case the 

Acehnese culture. One of the topics related to Acehnese culture is Geometry.  

Based on the review mentioned earlier, the research question of this study is ‘how is 

students’ mathematics creativityusing the learning Treffinger model based on Acehnese 

culture?’  

Method 

This research was conducted to examine the context of problems taught with the 

Treffinger model based on Acehnese culture to find out the students' creativity in the subtopic of 

‘the distance between points in three-dimensional geometry” based on Acehnese culture. This 

research was part of the Research and Development model of Dick, W and Carey (1990) 

consisting of nine stages, namely: identifying learning objectives, analyzing learning objectives, 

identifying initial behavior or characteristics of students, formulating learning objectives, 

developing test items, developing learning strategies, developing learning materials, conducting 

evaluations, and revising learning instruments. However, this study focused only at the fifth and 

sixth stage of developing test items and learning strategies. 

Problems with Acehnese culture context will be used as a context of the problem for 

further development through discussions with the lecturers Mathematics Education department 

of Syiah Kuala University (UNSYIAH). The designed problems were tested to 22 Year 10 

students before being validated by the experts to produce pre-prototype I. The Year 10 students 

were selected as as the subject in this research because they had not studied the topic used in the 

instrument developed; this allowed the researchers to examine students’ learning outcomes 

when using the developed instruments.  

Munandar (2009) revealed that the aspect of creative thinking skill consists of fluency, 

flexibility, originality and elaboration. However, this study only looks at the following three 

aspects: 

1. Elaboration in which learners can describe in detail a situation related to Geometry

2. Fluency in which the students’ ability in asking a lot of questions

3. Flexibility, refers to the number of ways students use to solve problems and their accuracy

according to the given problem
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The data on the students' mathematical thinking skills were obtained from the result of 

group work. The problems provided to the students are as follows (Figure 1 and 2). 

Figure 1. The context of problem A  Figure 2. The context of problem B 

The students’ creativity in solving mathematics problems was assessed based on the 

rubric of Table 1 and the data was analyzed descriptively.  

Table 1. The assessment rubric of students' creative thinking skills 

The aspects 

being assessed 
Description 

Information 

Satisfy the 

requirements 

Does not satisfy 

the requirements 

 Elaboration Students can describe in detail a situation 

related to Geometry 

 Fluency Students can propose many questions 

 Flexibility Students can use several ways to solve the 

problem  

There are several levels of one’s creativity in solving mathematics problems.  Yuli & 

Siswono (2010) stated that creativity is divided into 5 levels, namely: level 4 (highly creative), 

level 3 (creative), level 2 (quite creative), level 1 (less creative), and level 0 (not creative). The 

criteria for determining the level of students’ creativity are presented in Table 2. 

Table 2. The assessment rubric of students' creative thinking skills 

Level Characteristic 
Level 4 (Highly creative) Students can show elaboration, fluency and flexibility in solving 

mathematics problems  

Level 3 (creative) Students show elaboration and fluency or fluency and flexibility in 

solving problems  

Level 2 (quite creative) Students show elaboration and fluency and flexibility in solving 

problems  

Level 1 (less creative) Students show elaboration or fluency or flexibility in solving problems  

Level 0 (not creative) Students show none of the three aspects of the indicators of problem 

solving.  

Results and Discussion 

The syntax of Treffinger learning model consists of three stages: Basic Tools, Practice 

with Process and Working with Real Problems. The third stage of Working with Real Problems 
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refers to the application of the skills learned in the first two stages for the challenge in the real 

world. This requires students to dig information and think of ways to solve the problems; 

students must use their creative ideas. The idea used by the students to solve problems differs 

from one group to another. Therefore, the results are different because of the different 

contextual questions in each group; this is implemented to discover the contextual problems that 

students can easily understand. 

The students worked in groups to solve problems related to the distance between points in 

three-dimensional geometry, the problems are in Figure 1 and Figure 2. Students’ answers can 

be seen in Figure 3 and 4. 

Figure. 3 Student’s answer of context A  Figure. 4 Student’s answer of context B 

The solution given by the students for context A presented in Figure 3. It is indicated that 

students could illustrate a complete and clear picture of the three-dimensional geometry. 

Students could propose questions related to the context given, and the answers submitted were 

varied (more than one). This indicates that the students achieved well in the aspect of fluency. 

The students could solve the problems in two ways, however no student provided more than two 

strategies. Not all questions proposed were solved because of the time constraint. Therefore, 

revision is required concerning the completion of the question given.  

The students' solutions for context B presented in Figure 4. Students could correctly 

illustrate the three-dimensional geometry from the problems given. In this context, students 

could ask more than one questions related to the context given, however, some questions they 

submitted did not meet the expectations. The students provided two strategies to solve the 

problem, however, one of the proposed stategies was incorrect; this shows that the flexibility 

aspect has not been achieved well.  
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Based on the results previously discussed, it is indicated that the students’ creativity for 

context A had reached level 3, meaning that the students can correctly and clearly illustrate the 

picture, submit more than one questions and ask questions as expected and complete them with 

two correct ways, however, not all the questions are solved. This was due to the limited time, 

therefore the problem needs to be revised to adjust the relevant time. As for the context of 

problem B, the students’ creativity were at level 1 indicating that the learners can achieve the 

elaboration aspect to illustrate the picture correctly. However, the other aspects had not been 

achieved properly. 

Based on the results of each context, the context A will be used for further development 

as this context was well understood by the students as indicated by the students’ creative 

thinking skills; that was at level 3. However, it is needed some revision related to requesting the 

participants to propose questions by considering the time constraint. 

Conclusion and Suggestion 

Based on the results of the study, it can be concluded that the students creativity using 

context A is better than the context B since context of A is highly contextual to the area where 

students are, i.e., Acehnese traditional house and therefore it is easier to illustrate. Thus, 

Treffinger learning model using context A can develop students' creative thinking skills. It is 

hoped that the future researcher should put more emphasis on the local culture in designing the 

questions to provide a more meaningful learning. 
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Abstract. Excellent mathematical understanding will enable humans to develop logical, 

critical, and creative mindsets. Discovery Learning Model is one of the models for 

enumerating creativity problems directly and providing practical advice on how to achieve 

well. Creativity is an ability to think, where students use new ways to solve unique 

problems to generate new ideas. The paper aimed to determine the creativity of students in 

solving mathematics problems. The research was undertaken as part of study seeking to 

develop the discovery learning model needed for students' creativity in modeling a problem 

in daily life based on existing theory, and empirically limited testing had been done to 

determine the level of Year 7 students' creativity in one of the junior high school in Sigli, 

Aceh. The results a can be categorized into five, (0 to 4) and was analyzed by using the 

descriptive method. The results showed that one group was at level 4 (highly creative), 

three groups were creative, and one other group was at level 1 (less creative). Based on the 

results, the discovery learning model can foster the creativity of the learners in solving 

problems related to the triangle and rectangle to find the area of the triangle. 

Keywords: Students’ creativity, discovery learning model. 

Introduction 

Mathematics is a science that requires various competencies to be studied. The 

competencies are described in the form of NCTM which contains five mathematical process 

standards namely mathematical understanding, communication, representation, connection and 

problem-solving (NCTM, 2000).  

The number of symbols and formulas used in mathematics subject causes students to 

assume that mathematics is a tedious and challenging lesson. This happens because students are 

not given the opportunity to know the process of occurrence of symbols and values that usually 

accompany the symbol. Students only use symbols in the finished form, so they do not 

understand the meaning of the symbol itself. Learning is a complicated thing that leads to 

change (Winkel, 1996). 

Creative thinking is needed, especially in facing the global challenge of technological 

advancement. In life, everyone always encounters various problems so that she/he can think 

creatively in solving every problem. Indicators of creative thinking according to Munandar 

(2009) include fluency, flexibility, originality, and elaboration. 

Achievement in creative thinking skills requires an appropriate learning model. Discovery 

learning is one model of handling creative problems directly by finding it in problem-solving. 
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Skills of knowledge and affectivity are present at every stage of learning which are 

interconnected and highly dependent between the two in encouraging creative learning. 

Concerning the indicators for students’ creativity to solve mathematical problems, Silver 

(1997) mentioned that the creativity of problem-solving is indicated by fluency, flexibility, and 

novelty. Fluency refers to the correctness and diversity of answers provided by the students, the 

flexibility aspect refers to the different ways that the students give in solving the problem, while 

the novelty aspect refers to an unusual answer given to the student's level of knowledge in 

general or can also refer to the new ways performed by the students. 

Teachers should apply lessons that emphasize the information they gain and the process 

of achieving a good outcome, not just providing the complete information. Therefore, students 

can integrate what must be completed in solving the problem in finding the area of a triangle 

from the rectangle. 

The learning model that has characters is the discovery learning. Through this learning 

model, on the data processing stage, students were taught about triangle and rectangle to find 

the area of the triangle. 

Some previous research results on creative thinking through project-based learning, 

including the result of research by Tien Fitrina (2016) found that project-based learning is better 

than conventional learning regarding improving the ability of creative thinking in high school. 

Furthermore, a study by Ambarwati, Dwijanto, & Hendikawati (2015) concluded that project-

based learning is effective to improve students' mathematical communication. 

Based on the background previously elaborated, then the research problem would be: how 

is the ability of student creativity through discovery learning model? 

Method 

This research was conducted to test the context of the questions taught with the discovery 

learning model to examine the creative ability of the students in the topic of finding the area of a 

triangle. The lesson was held during a one-time meeting of 2 x 40 minutes. The research was 

undertaken as part of the research that is a systematic review of designing, developing and 

evaluating educational interventions such as programs, strategies, and product, and system 

learning materials as one of the solutions to complex problem-solving in educational practice 

(Plomp, 2013). The questions were tested before being validated by the expert, and given to the 

25 Year 7 students of one of the junior high school in Sigli, Aceh, resulting in a pre-prototype I. 

Twenty-Five Year 7 students were chosen because they need to be taught the study material 

related to finding the area of the triangle. Aspects of creative thinking consist of fluency, 

flexibility, originality, and elaboration, however, this study only looked at three aspects: 
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1. Elaboration is when the students can describe and put into details a situation related to

geometry.

2. Fluency is one indicator of creative thinking refers to the learners in asking a lot of

questions.

3. Flexibility is an indicator of creative thinking refers to the various ways used by students in

solving problems and how they solve the problems correctly by the problems given.

Students' creativity in solving mathematical problems was assessed based on rubric in 

Table 1 which was analyzed descriptively. 

Aspects to be 

measured 

Description 

Remarks 

Meet the 

criteria 

Do not meet 

the criteria 

Elaboration Students can describe and put into details a 

situation related to Geometry 

 Fluency Students can ask a lot of questions 

Flexibility Students can apply some ways in solving the 

problems. 

One’s creativity in solving problems in mathematics is categorized into some levels. 

Siswono  (2011) states that there are five levels: level 4 (very creative), level 3 (creative), level 

2 (creative enough), level 1 (less creative), and level 0 (not creative). The criteria for 

determining the level of students' creativity as follows:  

Table 2. Students’ creative thinking ability assessment rubric 
Level Characteristics 

Level 4 (very creative) Students can demonstrate elaboration, fluency, and flexibility in 

solving math problems 

Level 3 (creative) Students can demonstrate elaboration and fluency or fluency and 

flexibility in solving problems 

Level 2 (creative enough) Students can show elaboration and flexibility in solving problems 

Level 1 (less creative) Students can show elaboration or fluency or flexibility in solving 

problems 

Level 0 (not creative ) Students are unable to show the three aspects of the indicators in 

solving the problem 

Results and Discussion 

The discovery learning model guides students to respond to problems in the form of 

models in various ways or unique ways on routine and non-routine problems on the topic related 

to finding the area of the triangle. Each student used a different group of ideas. This can be seen 

from the following figures: 
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Figure 1. Students' Answer for A Figure  2. Students’ answer for B 

Problem-solving done for A can be seen in figure 1 where the students had been able to 

illustrate the picture so that it becomes the geometry picture which is complete and clear. The 

students were able to ask questions related to the given discourse. The answer has been 

composed of several questions. This shows that the students had gained fluency aspect well. The 

students solved the problem in two ways, but no one had completed more than two ways, and 

not all questions could be solved due to the insufficient time. Revision is needed on the problem 

solution where problems can be solved by those who can provide the answers. 

For problem-solving for B, it can be seen in figure 2. The students could already illustrate 

in the form of the geometry of the problems given correctly. In this case, the students had been 

able to ask questions related to the discourse given, the answer had been composed of several 

questions, but there were still questions asked which were not by the desired expectations. The 

solution had been provided in two ways, but one of the ways proposed was not correct which 

means that the aspect of flexibility has not been good enough. 

Based on the results obtained for each problem, the context of the problem that will be 

used by the researcher for further development is question A. This is because the context is 

already well understood by the students because of the creative thinking ability of students 

already at level 3. However, revision is needed when asking the students to give questions 

considering irrelevant timing. 

Conclusion and Suggestions 

Based on the results presented, it can be concluded that students' creativity in solving the 

problem related to the area of the triangle is better by using discovery learning model in solving 

the problems since using this model can help to illustrate better. Thus, the learning model of 

finding the area of the triangle using discovery learning model can develop students' creativity 
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skills.Therefore, it is expected that the next researchers can design the problems better so that 

the learning will be more meaningful. 
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Abstract. Trigonometry is one of the mathematics topics taught in Senior High School and 

university. Generally, students learn it after completing the prerequisite task, namely the 

Pythagoras. In the learning process by using a module, students are required to study and 

to solve problems independently by generating new ideas; the teacher only distributes the 

module and directs the learners. The problem-solving module is a process in which 

students can learn to use knowledge based on their skills such as critical thinking, 

creativity in observing, designing, decision making, teamwork, expressing an opinion, and 

applying the concept of process to obtain solutions. This research employed design 

research. This paper was in the pre-development stage involving 24 Year 11 students in one 

of the senior high school in East Aceh. Data collection included a mathematics test 

administered at the end of the lesson concerning trigonometric identities. The result 

showed the percentage of students in level 1,2 and 3 were 37.5%, 33.3% and 25% 

indicating that most students could prove the trigonometric identities. 

Keywords: trigonometry, problem solving. 

Introduction 

Interest in Mathematics is the lowest compared to another subject due to mathematics 

being a challenging subject. Trigonometry is one of the hardest mathematics topics for most 

students. It is given in both high school and university; it is usually taught after the 

prerequisite task, Pythagoras.   

In mathematics learning, the student tends to memorize the formula, imitate the 

example provided by the teacher. Consequently, students’ comprehension of the materials is 

lacking and they are unable to solve the different problems given by the teacher, indicating 

that students’ ability is relatively poor even though the handbook is provided. 

The module is the development of mathematics learning that enables students to be 

flexible in learning to think actively and solve problems. The learning using a module is more 

effective, efficient and relevant compared to the classical and face to face learning using a 

lecturing method. In the learning process by using a module, students are required to study 

and to solve problems independently by generating new ideas; the teacher only distributes the 

module and directs the learners. The module allows teachers to assess how well students 

demonstrate creative thinking in problem-solving. The learning will assist students to 

understand the materials and achieved the desired goals. 

The learning using module is an independent learning process of a certain topic using 

the learning materials arranged systematically, operationally and directed to use by students 

145



Proceeding of the 6th South East Asia Design Research (SEA-DR) International Conference 

Universitas Syiah Kuala, Banda Aceh, 27-28 June 2018
ISSN  

accompanied by teacher guideline. The module used a problem-solving approach found by 

George Polya. Problem-solving is a process where students can learn to apply knowledge 

based on their skills. The skills are critical, creative in observing, designing, and decision 

making, as well as teamwork, expression opinion and applying the concept of process to find 

the solution. According to Schoenfeld (1994), problem-solving involves the following steps: 

1) understanding the problem 2) planning a solution 3) solve the problem based on the step in

the second step, and 4) re-examine the results. 

Many research has been conducted related to module yet there is a lack of emphasis on 

students’ problem-solving skills. Therefore, it is necessary to design the learning activities to 

support students’ problem-solving skills using a problem-solving approach. Based on the 

description mentioned earlier, the research question of this study is how students' problem-

solving skills concerning trigonometry using the problem-solving approach? 

Method 

This research conducted a pilot test concerning students’ problem-solving ability on 

trigonometry based on problem-solving. This research used a research and development 

method. Sugiyono, (2012) argued that research and development is the research method 

employed to create and examine the effectiveness of a product. It emphasizes product 

development, the process is described as accurate as possible, and the final product was 

evaluated. It is assessed for its quality based on the pre-defined criteria, namely: validity, 

practicality, and effectiveness (Nieveen, 1999).   

The development model used in this study referred to the model of education 

development (Plomp, 2013), involving two stages of development: the pre-development and 

development stage. The pre-development stage consists of three phases, including the initial 

investigating, designing, Implementation phase, while the development phase consists of the 

test, evaluation, and revision phase. The product of this research is the trigonometry module 

based on problem-solving (the pre-development stage).    

The subject of this research is 24 Year 11 students in one of the senior high school in East 

Aceh. The selected school has an excellent academic achievement as indicated by the average 

score of the students’ national examination. The instrument used in this research was a 

mathematics problem provided in the student worksheet to examine students understanding of 

the materials. Students solved the problem in the group. The mathematics problem is presented 

in Figure 1, and the problem-solving assessment rubric is given in Table 1. 
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Figure 1. The mathematics problem on the student worksheet 

Table 1. Problem-solving assessment rubric 

Indicator Level 0 Level 1 Level 2 Level 3 

The student knows 

what the problem asks 

and the provided facts 

Students do not 

solve the 

problem or only 

write down the 

problem. 

The student 

can give some 

steps for 

solving the 

problem even 

though their 

answers are 

various but the 

proof is 

incorrect 

The student 

can 

determine 

the value 

each of six 

trigonometri

c ratios, but 

the proof is 

incorrect 

The student can 

determine value 

each of six 

trigonometric 

ratios correctly. 
The student plans the 

appropriate way to 

solve the problem. 

The student proves 

using the method 

determined. 

The analysis data was performed by reviewing the student worksheet and the result of the 

mathematics test and other sources such as field notes, the assessment rubric, and students' 

answers.  

Results and Discussion 

The learning activities started with introduction, appreciation, and motivation. To 

motivate students, the teachers showed pictures concerning trigonometry related to their daily 

life. Next, students were divided into small groups and the student worksheet was given. 

Students were required to solve the word problem to determine the height of a building when 

nthe angle and distance were given. 
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 In the next activity, students were asked to determine the ratio of trigonometric values 

from the given angle and side. Then, students are asked to identify the trigonometric ratios to 

discover the formula of trigonometry identities, the core of the lesson. Once the task in the 

worksheet was completed, every group had to present the results, and other groups may respond 

to the presentation.  

Before the end of the lesson, the researcher administered a test consisting one problem 

concerning proving the trigonometry identities to be independently solved by the students. The 

test aimed to examine whether it was implemented following the assessment rubric designed. 

The test was conducted for five minutes. 

  The results showed that eight students (33,3%) provided the correct answer and can 

prove the trigonometry identities in the two expected methods in level three category.  

Figure 2. Students’ answer (1)  Figure 3. Students’ answer (2) 

Figure 2 shows that the students can prove the trigonometry identities by changing the 

cosine to sin forming a trigonometric equation to be solved. Figure 3 shows that students change 

sin to cosine forming a trigonometry equation to be simplified. 

The answer provided by six students (25%) was nearly perfect, categorized as level 2 on 

the proof of trigonometry identities; students changed sin to cosine and vice versa. However, 

students made some errors of number operations resulting they were not successful in proving 

the trigonometry identities correctly. Five students (20,8%) were at level 1 of solving the 

trigonometry identities, and four students could not solve the task at all. 

Some difficulties encountered by students of level 1 and 0 in solving the trigonometry 

identities task were identified. These are: (1) students could not find the other form having 

similar value asked in the problem, (2) students could not adjust the change of  angle as 

requested in the problem, (3) students could not operate the problem because they have not 

mastered multiplication, (4) students could not simplify the problem, (5) students could not 

prove the trigonometry identities, (6) In the next lesson, students should be grouped in fewer 

number of students, so they are accustomed to solving the problem in worksheet independently. 
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In the beginning, students are divided into a group of four or five, next they are divided a group 

of three.  

Conclusion and Suggestion 

Based on the results, most students are in level 3, and two students have been 

successful in proving the trigonometry identities by two different sides of proof. 

Based on the results of the test, the following should be considered; 

1) More time should be added for the closing of the lesson so that the student can do the

test.

2) The lesson should be well-planned and relates to students’ daily life to increase

students’ enthusiastic to learn.

3) The problems should be arranged based on the difficulty level (easy, medium and

hard) to help students understand the concepts.
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Abstract. This research aimed to examine the effectiveness of Cooperative Learning Model 

of Reciprocal Teaching concerning Year 9 students’ mathematical communication skills in 

Takengon and as to be the basis of research development. This was a qualitative descriptive 

study. The population in this research was all Year 9 students on SMP 4 Takengon, by 

random sampling, one class of 28 students was selected as a development class. The 

performance of students in a class on the class management of Reciprocal Teaching was 

80,6% with good category, based on the results of the experiment class, 25 out of 28 students 

(89,2%) have achieved the minimum mastery learning in SMP 4 Takengon, and three 

students have not because their score was below 75. The response of the students towards 

learning with Reciprocal Teaching met the criteria of the effectiveness when 80% or more of 

the total response of students achieved the category of positive or very positive. So, there is 

the effectiveness of mathematical communication skills of students who are taught using 

cooperative learning model of reciprocal teaching in Year 9 in SMP 4 Takengon. 

Keywords: Reciprocal Teaching, Mathematical Communication 

Introduction 

Efforts to improve the quality of education continue to be conducted both in conventional 

or innovative. However, the quality of education has not shown the results as expected this reality 

can be seen from the results obtained studying students is still very low, especially in the subjects 

of mathematics. The low value of math students must study five aspects of everyday math 

formulated by the National Council of Teacher of Mathematics, namely (1) learn to communicate 

(mathematical communication), (2) learning to reason (mathematical reasoning), (3) learn to 

solve problems (mathematical problem solving), (4) learn to associate the idea of (mathematical 

connections), (5) the establishment of a positive attitude forwards mathematics (attitude forwards 

mathematics) (NCTM, 2000). 

By not ignoring the other ability, the author examines the mathematical communication 

ability is about two significant parts of the activity, and the use of mathematics learned students. 

Students are required to be able to communicate ideas with symbols, schemas, tables, charts, or 

diagrams to clarify the circumstances or problems, demonstrate the ability to create, interpret, and 

complete mathematical model in problem-solving (Qohar & Sumarno, 2013). 

Communication process also helps build meaning and of ideas and communication process 

can also publish ideas. When students challenged their minds and the ability to think about 

mathematics and communicate the results of their thoughts orally or in writing, they are learning 
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to explain and convince. To listen to an explanation of the other students, giving students the 

opportunity to develop their understanding (Meyer, 2014). 

While according to Barody, mathematical communication skills need to be growing among 

students because, first, the mathematics of as language, meaning that math is not just a tool, a tool 

to find patterns, solve problems or take the conclusions but also mathematics as a valuable tool 

for communicating ideas clearly, precisely and meticulously. Second, the mathematics learning 

of as social activity, meaning as a social activity in the learning of mathematics, mathematics as 

well as vehicle interactions between students, and the communication between teachers and 

students (Ansari, 2016). From the explanation above it can be concluded that the ability of 

mathematical communication students hold a vital role and need to be improved in learning. 

One alternative to address the low level of mathematical communication ability of students 

is by applying a model of Reciprocal Teaching or learning the upside is learning strategies based 

on principles of inquiry where student's metacognition skills taught through modeling and direct 

instruction by teachers (Istarani & Ridwan, 2014). With the teaching counterpoint teacher teaches 

students essential cognitive skills by creating a learning experience, through specific behavior 

modeling and then help students develop such skills over their effort with the giving spirit, support 

and a system of scaffolding (Trianto, 2007). 

In learning the type of Reciprocal Teaching, there are activities teachers serving learning 

material is done by someone who is a student leader of the discussion in the group as well as 

replacing the role of the teacher. So that learning is more effective then mathematical 

communication skills required of students (Reilly, Parsons, & Bortolot, 2009). The presence of 

communication ability in learning students’ needs to be conditioned to give arguments over each 

answer and provide comments on the answer given by other people so that what is being studied 

becomes more meaningful to her. Based on the background that has been explained, the aims to 

look at the effectiveness of cooperative learning model type of Reciprocal Teaching mathematical 

communication skills. 

Method 

This research is a descriptive aim to describe the data the results of the observation 

activities of teachers and students, completion study and student response over the learning model 

with Reciprocal Teaching and as to be the basis of research development. The population in this 

research is the entire class IX students on SMP 4 Takengon, by random sampling, IX-1 was 

selected as a development class of 28 students. The instruments used in this research is the 

observation sheet the teacher's ability in managing to learn, student activity observation sheet, 

completion study sheet of validation tests, tests sheets and now the response sheet students. The 
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method of observation is done to obtain data on the ability of teachers in managing learning and 

activity of students attend the learning process with Reciprocal Teaching. Data analysis 

techniques used in this research are as follows: 

1. Analysis of The Results of The Observation Ability of Teacher

Data observation against the ability of teachers during the learning process of learning with

Reciprocal Teaching is analyzed with how to calculate the average score obtained teachers

from every aspect is observed at the time of learning. Furthermore, the average value of the

converted with the following criteria.

Table 1. The teacher’s ability to manage learning category 

Teacher’s Ability (G) Category 

3.50 ≤ G ≤ 4.00 Excellent 

2.50 ≤ G < 3.50 Good 

1.50 ≤ G < 2.50 Satisfactory 

1.00 ≤ G < 1.50 Poor 

The ability of teachers in managing learning meets the criteria of effectiveness in achieving 

good or excellent categories. 

2. Analysis of The Results of Observation of The Students Activities

Data observation results against activities of students during the learning process with

Reciprocal Teaching are analyzed by calculating the percentage frequency of student activity

at the time of observation. Furthermore, the percentage with converted the following criteria.

Student activity observation sheet there are nice categories of student activities relevant to

teaching and learning activities and one activity is not related to teaching and learning

activities. Student activity meets the criteria of effectiveness if the total average percentage of

student activity during the two sessions that are relevant to teaching and learning activities

reach the category of active or very active.

Table 2. Student Activity Category 

Percentage Student Activity (A) Category 

95% ≤ A ≤ 100% Very active 

80% ≤ A < 95% Active 

65% ≤ A < 80% Less Active 

0 % ≤ A < 65% Not Active 
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3. Analysis of the results Of the Validation Test

Data validation test result was studied by analyzing the scale of table 3.

Table 3. Category Validity 

Score Category 
90 % - 100 % Very High 
80 % - 89 % High 
65 % - 79 % Medium 
55 % - 64 % Low 
0 %   -  54 % Very low 

4. Analysis of The Results of The Student Response

Student response data were analyzed by calculating the percentage of student response against

each statement. A percentage of each student's response is analyzed further the percentage will

convert categories as follows.

Table 4. Student Response Categories 

Percentage Response Student Category 

85% ≤ R ≤ 100% Very positive 

70% ≤ R < 85% Positive 

50% ≤ R < 70% Less positive 

0% ≤ R < 50% Not positive 

The response of the students towards learning with reciprocal teaching meets the criteria of 

effectiveness when 80% or more of the total response of students achieving category a 

positive or very positive. 

Result and Discussion 

1. The Activity of The Students

Based on the results of observation of the activity of the students, most students’ activities 

expected by researchers have concluded. Nevertheless, there is still some activity that is only done 

by a few students like ask and presented the results of the discussion. The following observations 

on the student class activity of Reciprocal Teaching are presented in Table 5. 

Table 5. The results of observation of The Performance of Pupils 

Class Day Percentage Criteria 

Reciprocal 

Teaching 

1 62.5% Satisfactory 

2 75% Good 

3 90% Excellent 

4 95% Excellent 

Average 80.6% Good 
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The table shown that obtained the average performance of students in the management of 

class on the class of Reciprocal Teaching amounted to 80.6%. Thus, it can be concluded that the 

performance of students in learning good class Reciprocal Teaching with categories either.  

2. The Results of The Study

Based on the attachment on a class of 28 students experiment as many as 25 students 

(89,2%) has been completed in accordance with standard learning in SMP 4 Takengon, and as 

many as three students are not completely in the study because of its value below 75.   

 From the results of mathematical communication ability tests students using cooperative model 

type of Reciprocal Teaching is said to be completely due to meet standard of classical learning.  

3. The Activity of The Teacher

Based on the results of observation of the performance of the teacher in the class of 

Reciprocal Teaching, all contained activities have been conducted by the researcher. However, 

by the presence of the observation sheet researchers can find out shortcomings and immediately 

fix and encounters. The following observations on the class teacher performance Reciprocal 

Teaching.   

Table 6. The Observations Of Teacher Performance’ 

Class Day Percentage Criteria 

Reciprocal 

Teaching 

1 70% Satisfactory 

2 73.7% Good 

3 80% Excellent 

4 87.5% Excellent 

Average 77.8% Good 

Based on the above table, obtained the average performance of students in the management 

of the class of Reciprocal Teaching amounted to 80.6%. Thus, it can be concluded that the 

performance of students in learning good class Reciprocal Teaching with categories either. 

4. Student Response

In response to a student question form filled out by 28 students after learning by using a 

model cooperative type of Reciprocal Teaching then the retrieved value results now average 

students, i.e. 3.47 positive criteria, because each student has increased its always in the lessons 

and students are always active in the study group. 
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Conclusion and Suggestion 

Based on the results of the research have been obtained, there is an increase in the 

effectiveness of mathematical communication skills of students who are taught using a model 

cooperative type of Reciprocal Teaching at class IX SMP 4 Takengon. 

The author may provide the following suggestions socialization about the wide range of 

models of learning that can activate the students and also for open insight into the teachers on a 

wide range of learning needs to be more often research involving teachers and these results will 

be developed by research development. Teachers should learn a wide variety of models of 

learning that is fun as well as cooperative learning model of educating the type of Reciprocal 

Teaching. To convince these research results, research needs to be a broader sample and the 

deeper problems of the topic, as well further research is required to learn to be later if similar 

research does not make a mistake.  
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Abstract. The use of instructional media becomes a very important thing because it makes 

the lesson seem more real and correspondent to student's daily lives. The use of Comic 

Media in learning is one of the examples. Problem-Based Learning approach is an 

approach which takes problems in real life or student's daily lives, so it trains students to 

be ingenious in problem-solving as well as get an essential knowledge and concept from 

learning. This study is aimed to find out student's understanding and responses toward the 

use of Problem-Based Comic Media in Social Arithmetic Lesson. This study involved 30 

Year 7 students in one of MTsN in Bireuen. Design research method was used in this study , 

limited to the preparation and trials stages only. This study used two instruments: primary 

and secondary ones. The researcher served as the primary instrument, and the secondary 

instrument consisted of comic media pages, lesson plan, field notes, interview sheet and 

questionnaires. This study suggested that comic media should help students in 

understanding the social arithmetic lesson and gained good responses from them. 

According to the analysis result, 4 out of 6 student groups have already understood the 

lesson well, and student's responses toward the lesson were scored 1338, in scale of 1200 

and 1300 with the interval category of good/high/often/complete/agree and well/very 

high/always/very complete/strongly agree. 

Keywords: Student's understanding, student's responses, and comic media. 

Introduction 

Social Arithmetic is one of the studied lessons in Junior High School. Social Arithmetic 

lessons take an important role in student's daily live. Students are accustomed to this topic 

because it related to students’ daily life and they often experience it. However, there are still 

many students who encounter issues in solving story-type questions. 

The use of learning media is essential because it can ease students up in understanding 

learning material which seems more real and based on their daily lives. The approach of 

Problem Based Learning (PBL) may help students in the learning process because the students 

are focused to problems that can trigger student's experiences and are encouraged to find out 

information independently until they get used to solving problems provided. 

As the requirement of curriculum 2013, teachers are supposed to be creative in preparing 

learning activities, choosing and determining strategies, so that learning activities become more 

fun yet still effective. Teachers are suggested to use the variety of models and combine with 

various approaches and learning media so as the learning turns out to be more attractive and 

encourages students to be more interested and to response learning activities that teachers 
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provide. For example, using comic media in learning activities makes the learning more 

attractive and rivet student's attention in learning. Teachers can use aids or media to decrease 

student's difficulties in solving class task requirements (Jan L. Plass, Rosaxna Moreno, 2010). 

As a result, it is essential to develop comic media in learning to make students understand the 

social arithmetic lesson. 

Based on the previous study, comic media could stimulate student's motivations in 

learning, so they succeed in their further education (Lazarusli, Ginting, & Buchori, 2014). 

Furthermore, the study of Shamini Krishnan & Kamisah Othman (2013) about developing 

comic media showed that comic is an effective teaching tool to raise student’s achievements and 

abilities in recalling scientific facts. However, the developed comic did not yet engage students 

in solving their daily life problems independently while students are required to be able to solve 

problems independently in curriculum 2013. 

Based on previous studies, there was a gap between this study and the previous studies 

namely the development of problem-based comic media that can help students solve their daily 

life problems independently. As for the formulation of this study were: 

1. How is the design of comic media that can help students understand the social arithmetic

lesson?

2. How are student responses toward the use of comic media in the social arithmetic lesson?

Method 

This study is part of the development of design research. This study was aimed to develop 

problem-based comic media. The developed comic media is related to the topic of sales, 

purchases, discount, and profit with the theme of buying and selling. Those media were 

designed to discover student's understanding and responses toward math learning. This study 

was executed in 3stages; preparing for the experiment, the teaching experiment and the 

retrospective analysis (Koeno Gravemeijer, 2006). This study was limited only to the trials 

stage, and the discussed learning activity was also limited to only one meeting. Table 1 attached 

Hypothetical Learning Trajectory (HLT) relating to social arithmetic materials specifically to 

sales, purchases, discount, and profit that contain purposes, activities, and conjectures. 
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Table 1. HLT for sales, purchase, discounts, and profits. 
Learning Purposes Activities Conjectures 

 Students can

identify and

determine the

relationship

between sales,

purchases,

discounts, profit and

loss percentages.

 Students can understand

sample problem lied in

profit and loss which are

provided in comic media.

 Some of the students can understand the sample

problem related to profit and loss.

 There is a student that encounter difficulties in

understanding sample problem related to profit

and loss.

 Students can solve the

sample problem related to

profit and loss.

 Students solve the sample problem related to

profit and loss.

 Students do not solve the sample problem related

to profit and loss.

 Students can tell the

formula of profit and loss.

 Students can tell the formula of profit and loss.

 There is a student who encounters difficulties in

telling the formula of profit and loss.

The instruments used for gaining data in this study were comic media, lesson plans, 

questionnaires, field notes and video recording of the learning process. The data of student's 

understanding were analysed descriptively based on student's group work, field notes and video 

recording during the learning process. Meanwhile, the data of student's responses were collected 

from questionnaires using the Likert Scale, and were scored based on the value criterion in the 

following table: 

Table 2. Value Criterion of Response Questionnaires. 

Criterion Value 

Not very good/very low/strongly dissagree/None 1 

Not good/Low/dissagree 2 

Normal/enough/sometimes/less/doubt 3 

Good/high/often/complete/agree 4 

Very good/very high/always/very complete/strongly agree 5 

Result and Discussion 

Student's understanding of the use of comic media 

For analysing the data, this study used the analysis of the written answer of students in the 

group that was collected from student's understanding test of social arithmetic materials. The 

test is in the following: 
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After the peanut is taken out of the sack, the sack weighs 0,1 kg. While the basket after the 

peanut is taken out weighs 0,25 kg. Pak Ali packs the peanut in weight of 1 kg to resell. If the 

transport fee is Rp250.000,00, how much will the peanut selling price be, so Pak Ali gets as 

much profit as possible? (not allowed to take profit ≥ purchase price) 

a. What we can conclude from the information:

1. If 20 peanuts are mixed, what will the net weight of the peanuts be? Elaborate your

answer!

2. If 20 peanut baskets are mixed, what will the overall weight of the peanut be? Elaborate

your answer!

b. What will the net weight of the peanut in the sack and the basket be if they are mixed?

Elaborate your strategy used to calculate the peanut’s weight!

c. From the issue above, what are the conclusion that can we learn?

Figure 1. Problem-based Comic Media with buying and sell the theme 

Teachers start the learning activities by asking the students what activities are happening 

in the market, that is "the existence transaction of buy and sell". Then, the teachers motivate the 

students by showing pictures/images of buy and sell in a shopping centre related to sales, 

purchases, and discounts. Furthermore, the students are directed to be able to solve the provided 

problems in comic media as what is shown in figure 2. The following is the students' responses 

result in group work: 
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Figure 2. Student’s Responses of Group 1 

Based on figure 2, students responses of group 1 showed that the students do not 

understand the concept yet. This was proven in figure 2, and the students do not solve the 

provided problem correctly, understand the test questions, are not yet able to identify the 

data/concept contained in the information provided. The students were also doing incorrect 

computing on math process which was conducted. The students of group 1 could not provide a 

final solution, and the reason of the problem teachers gave. Students did not also answer the 

important point from the problem provided in the comic media, namely "How much will the 

peanut selling price be so Pak Ali gets as much profit as possible?". After review, it happened 

because teachers did not provide spaces for students to answer such questions, while to answer 

the others, the teachers did provide the spaces. As a result, students assumed that the questions 

are not necessarily be answered. Related to conjecture in the HLT table 1, it turned out that the 

students of group 1 had difficulties in understanding and solving the problems provided in the 

comic media. 

Figure 3. Student’s Responses of Group 2 
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Based on figure 2, it showed that students of group 2 have already identified the 

data/concept contained in the information given, however in the point 2, students mistakenly 

solved the problems given by the teachers. The students responded to the problem based on the 

information given, not based on what questioned. From the provided information, Pak Ali 

would buy 30 baskets of peanuts, but in point 2, the teachers asked the net weight of 20 baskets 

of peanuts. The students of group 2 responded to the question based on what is known without 

reviewing what questioned. It can be concluded that the students are not thorough in solving the 

provided problems. Students of group 2 could relate one concept to another, provide it in math 

symbols and do computing on the math process conducted. Still, students of group 2 did not 

state the final solution, and the reasons for each problem solved and did not respond to the 

important point from the problem provided in comic media. If associated with HLT in table 1, 

group 2 not fully understand and solve the problems yet that were provided in the comic media. 

After implementing the learning design, the researcher did reflection. The teaching and 

learning process run well, students were involved in the learning process, and overall, students 

understood the lessons they learnt. It corresponds to the study result of Novianti dan Syaichudin 

that comic media could increase student’s understanding. It is also supported by study result of 

(Suardi, 2014) that comic media could contribute largely to student’s understanding. 

The implementation of HLT to determine the relationship between sales, purchases, 

discounts and the percentage of profit and loss faced obstacles for several students. Some 

students encounter difficulties in understanding and solving the samples related to profit and 

loss provided in comic media. This happened because students did not get used to reading the 

information provided when solving the problem. The students directly read the questions in the 

problems. Consequently, the students could not understand and solve the problems provided in 

the comic media. To tackle the issue, the teachers helped the students understand the 

information given in the comic media first so it would ease the students up in solving the 

problems provided later. 

Student’s responses toward the use of comic media 

The questionnaires of student’s responses contained statements to find out student’s 

responses after following social arithmetic lesson that uses problem-based comic media. Based 

on the analysis result, student’s responses then described as follows. 
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Table 3. Student’s Response Result 

Statement Number 

Scoring Scale 

SA A N D SD 

5 4 3 2 1 

1 115 16 3 2 1 

2 130 8 3 2 0 

3 110 12 6 4 1 

4 70 56 3 2 0 

5 120 8 6 2 1 

6 80 40 9 2 0 

7 90 36 6 2 0 

8 120 8 3 0 1 

9 90 24 15 0 1 

10 80 40 6 4 0 

Total 1005 248 60 20 5 

Maximum number of criteria scores is (each statement gets the highest score) = 5 x 10 x 

30 = 1500. For that, the highest score in each state is 5, the total number of statements is 10, and 

the total number of respondents is 30. The total score of data measurement results is 1338. It can 

be described continually as follows. 

 300  600 900  1200  1338  1500 

Strongly 

Disagree  Disagree  Doubt  Agree  Strongly Agree 

The score of 1338 was included into interval category of 

good/high/often/complete/agree, and very good/very high/always/very complete/strongly agree. 

The questionnaire assessment of student responses showed that implementing the learning by 

using problem-based comic media had a very positive impact toward the learning with the score 

of 1338 from student's responses included into interval category of good/high/often/complete 

and very good/very high/always/very complete. The learning media of problem-based comic 

allowed the similar experiences among students on the event happening around them. The 

students were able to discuss the problems given by the teachers by using and reflecting 

knowledge and skills that they have. 

It was also supported by the interview result with Student 1 as follows. 

Teacher :  How was learning today? Was it fun?  

Student 1  :  It was interesting, even less there was a comic. I love reading comic. 

Teacher :  Did you understand the lesson? 

Student 1  :  I did. I could understand the lesson easily today. Probably because I love reading 

comics, so I was excited to learn.  

Teacher :  Could you solve all the problems just now? 

Student 1 :  I could, but the last one. I was run out of time. 
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Based on the interview result with Student 1, it can be concluded that the students 

preferred studying by using comic media because comic media was more interesting and 

students were easier to understand the lesson as it was coherent and systematic. It was as 

supported by study result of Erni Maidiyah (2013) that teachers could use illustrations in the 

form of pictures so as delivering the lesson was easy to understand. 

Interview result with Student 2 as follows. 

Teacher :  How was the learning today? Was it fun? 

Student 2  :  It was a fun mom.  

Teacher :  Did you like studying using comic media like what we did just now? 

Student 2  :  I did, I like reading comics.  

Teacher :  Did you understand the lesson today? 

Student 2 :  I did, because reading comic is very fun for me. Comic contains a lot of pictures. 

Teacher :  Could you solve all the problems just now? 

Student 2 :  Yes miss, I did solve all the problem, but the time was quite fast. 

Based on the interview result with student 2, it proved that delivering lesson by using 

comic media was easy to understand, and the student felt happy learning the social arithmetic 

lesson by using comic learning media. It was also presented in the previous study that a fun 

learning could have a positive impact from students so it would also affect the interest in 

learning and student's learning outcomes (Widyawati & Prodjosantoso, 2015). 

Conclusion 

The use of comic media in learning mathematics could help students to understand the 

social arithmetic lesson. This present study suggested that among six groups which were 

analysed, 4 of them have understood the lesson well, while the other two still did not understand 

the problems provided by teachers. Student's responses toward comic learning media in the 

social arithmetic lesson in Year 7 attained positive responses from the students. It was proved 

by the data result of student's response scores that were at the interval category of 

good/high/often/complete/agree and very good/very high/always/very complete/strongly agree.  
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Abstract. Mathematics learning not only can lead the students to the success of learning 

embodied in the form of achievement, but also a change in attitude and good behavior and 

religious awareness. In other words, through mathematics learning can be integrated into 

Islamic values in each learning and help students understand the Islamic value and able to put 

it integrally in life. The purpose of this study is to develop learning tools that integrate Islamic 

values through a realistic approach. Some devices developed in the form of a Lesson Plan and 

Worksheet. The method designed in the form of design research by using the Plomp model is at 

The Prototype Phase stage. The data focused on this pilot study is student activities during the 

learning process. Based on student activity observation sheet, the highest category is found in 

statement number 7 and number 8 with the acquisition of category always. This is because 

students are very interested in the interaction of active discussion between students and other 

students and between students and teachers. The lower category of the observed aspect is 

found in the statement numbers 4 and 5. In aspect number 4 with the statement of students who 

dare to submit an opinion get a rare category, while in aspect number 5 with the statement of 

the students dare to defend the opinion of obtaining the category never, meaning there are no 

students who dare or defend their opinions.  

Keywords: Student Activity, Integration of Islamic Values, Realistic Mathematical Approach. 

Introduction 

National education aims to make the students become human beings who believe and piety to 

God Almighty, noble, healthy, knowledgeable, capable, creative, independent and become citizens 

of a democratic and responsible (Depdiknas, 2006: 8). 

To achieve educational goals in every level of education, mathematics is one of the subjects 

that the learners need. Mathematics learning must be changed in the context of improving the 

quality of education so that they can enhance optimal learning outcomes. Therefore efforts are 

continuously made for the realization of innovative learning following the development of the times 

and technology. In addition to education harmonized with technological advances, education can 

also be expected to build the value of the character of each learner through religious values. 

Mathematics learning can not only bring students to the success of learning mathematics 

which is realized in the form of achievement only but also a change of attitude and good behavior 

and religious awareness. In other words, through the learning of mathematics can be integrated 

religious values in each learning. 
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Sauri in Kohar(2012)  interpret integration as a process of combining certain values against 

another concept so as to become a coherent and inseparable unity or renewal process until it 

becomes a unified whole and round, thus in the context of learning mathematics means integrating 

value -the value of Islam in mathematics learning so that it becomes a unified whole. Its 

relationship with the context of values education, the integration of Islamic values in learning 

mathematics is expected to help the realization of the goal of value education is to help students 

understand the Islamic values and able to put it integrally in life. 

Preliminary observations in Islamic Primary school Indonesia indicated that this school is one 

of the schools that implement integrated learning process. The vision of Islamic Primary school is to 

create a generation ofqur'ani, and one of its missions is also to establish an Islamic learning process. 

From the academic atmosphere that seems to show many attitudes and behaviors such as developing 

Islamic attitudes of charity, respect for parents, smile, and always keep busy with memorizing Al-

Qur'an (Profile Islamic Primary School Indonesia, 2017: 5). 

Learning at SDIT NurulIshlah which applying Islamic Primary school plus-plus curriculum is 

a combination of the curriculum of Integrated Islamic School Network, K13, and KTSP (Islamic 

Primary School Curriculum NurulIshlah, 2017: 10). Thematic learning is integrated learning that is 

implemented, namely the integration between various sciences. These subjects are integrated 

integrally in a package of curriculum based on Al-Quran. But from the handbook of students, 

teachers, learning tools as well as in general lessons have not fully integrated religious values in the 

learning process especially in learning mathematics. This has resulted in the Quality Standards 

established by an integrated Islamic school network which fully realized yet. So the need for the 

integration of Islamic values is in every learning process. 

The Islamic values  are the learning that is done by giving Islamic values on each learning 

either in the form of material or the example problem. Besides, Islamic nuance will be seen in the 

learning method implemented. Generally, mathematics learning is done partially, that is separate 

subject with another lesson. Partial learning of mathematics does not integrate religious values in 

the learning content. The focus of partial learning is only on the achievement of the objectives of 

the subject matter which tends to touch only the cognitive aspect. 

Mathematical learning is filled with Islamic values in addition to achieving the quality 

standard of Integrated Islamic School Network can also instill Islamic values in students as well as 

foster student activities in each learning. The integration of Islamic values in the learning of 

mathematics relates the problems in daily life close to the students so that it can facilitate students 
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to understand abstract mathematical concepts, one of which can be applied by realistic 

mathematical approach strategy.  

A realistic approach is an approach that uses a real-world situation problem or a concept as a 

starting point in learning math. In this approach, learning must start from something real so that 

students can engage in a meaningful learning process. Therefore, the realistic approach is one of the 

efforts to improve students' ability to understand mathematics employing `reality` learning, to the 

students given the tasks that are close to reality. Thus students are motivated in learning 

mathematics. 

Fraction is one of the mathematics materials taught in grade IV of elementary school. In this 

material can be integrated Islamic values through examples of applications in everyday life, for 

instance, associated with the division of inheritance following the guidelines of the Qur'an, or by 

inserting relevant traditions and can grow students' spiritual attitudes during the process where 

learning takes place. 

The result of PMRI workshop, Johar (2009) shows that students solved meaningful problems, 

because it is close to the students' daily life (easy to imagine by the students), the learning also takes 

place interactively, the freedom of thinking and opinion, and finding a concept about the height of 

the object, learning mathematics takes place in a humanistic and realistic. Related to the problem 

above, then the formulation of the problem is how the activities of students through learning that 

integrates Islamic values with a realistic approach to fractional material in Islamic Primary School 

Nurul Ishlah? 

Method 

This research is part of Plom's research consisting of preliminary Phase, Prototype Phase, and 

Assessment Phase (Plom, 2007). This study only described the results of experimental learning 

devices that have been designed before a single meeting that is using Phase Prototype phase to find 

out how the activities of students during the learning process. The researchers designed the Lesson 

Plan and worksheet, then evaluated by two experts. Lesson Plan and revised worksheet, given to 

fourth grade Islamic Primary School studentsNurulIshlah Banda Aceh, Indonesia. 

Student activity during the learning process was observed through activity observation sheet 

that covering 10 aspects of which (1) Student responded and explored all activity in learning; (2) 

Students were actively listening in learning activities; (3) Students strived to work on the given 

problem; (4) Students dare to put forward opinions; (5) Students dare to defend opinions; (6) 

Students dare to answer questions; (7) Students exchange information in groups to solve problems; 
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(8) Students worked together in groups; (9) Students listened to  teacher explanation, (10) Student 

record the lesson (Yusnita,2013). However, in this study, only aspects of 4,5,6,7 and eight were 

observed. Assessment of this activity is categorized by five categories of assessment which is (1) 

never, (2) rare, (3) hesitant, (4) often, (5) always. 

Results and Discussion 

Initial learning activity began by asking students to read the verse 11 of Surah Annisa, then the 

researcher asked representatives from students to express what they understand based on the verses 

they had read and then the teachers together with the students associated the verse with the material 

to be learned today that is fractional material, then asked the students to mention what things are 

related to fractions in daily life close to their environment. In the next stage, students were divided 

into small groups consisting of 1-5 students and given worksheets to be completed. The worksheet 

contained issues that related to everyday life which each group must accomplish. In this activity a 

lot of time spent as students start rewriting the requested verses/hadiths on the worksheet, therefore 

need to be revised on the worksheet activity without asking the students to rewrite but asking 

students to mention the verses/traditions they have learned related with worksheet issues. 

Student activity during the learning process viewed through the observation sheet of student 

activities, in the implementation of this observation activities assisted by the observer. This 

observation sheet is expected to get information about student activities in the classroom on 

mathematics learning that integrates Islamic values using a realistic mathematical approach. 

Based on student activity observation sheet, the highest category was found in statement 

number 7 and number 8 with the acquisition of category always. This is because students were very 

interested in the interaction of active discussion between students and other students and between 

students and teachers. The lowest category of the observed aspect was found in the numbers 4 and 

5. In aspect number 4 with the statement of students who dare to submit an opinion get a rare

category, while in aspect number 5 with the statement of the students dare to defend the opinion of 

obtaining the category never, meaning there were no students who dare or defend their opinions. 

This was caused by students not yet familiar with mathematics learning that integrates Islamic 

values through realistic mathematical approach. 

Based on the description of student activity above it can be concluded that the learning that 

integrates Islamic values with realistic mathematical approach has a good response to student 

activities. This was shown in the observed aspect in student activity observation sheet that is the 
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process of learning activity where the students were very enthusiastic and collectively work 

together to gather various information in the group to solve the problem. 

Conclusions and suggestions 

The integration of Islamic values by using a realistic approach to fractional materials during 

the learning process proves a good activity. This was shown in the aspect observed in student 

activity observation sheets. Although there were still some aspects categorized as low, there were 

still few students who dare to express their opinions and defend their opinions. Therefore, it is 

expected that the next researcher will add the first activity that can provoke the students to present 

their opinions and dare to defend their opinions so that their expectation in the next activity step is 

that students are confident in submitting their opinions and maintaining their opinions. Also, there is 

a need for further research for different materials and classes and if possible for other relevant 

subjects. 
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Abstract. Spatial ability is one of the must-have capabilities in learning mathematics. The 

low spatial skills will result in students’ difficulty in studying geometric lessons, such as on 

the topic of volume of cubes and cuboids. This situation happens because the learning does 

not involve student activity, so students tend only to accept and memorize the formula of the 

volume of cube and cuboid. The purpose of this study was to develop learning instruments 

with the Discovery Learning model that supports the development of students' spatial 

abilities. This study used the Research Design method which consists of only one 

preliminary stage of iinvestigation. The subjects were 27 Year 8 students of SMPN 17 

Banda Aceh. Data collected used two types of instruments, namely the main instruments 

and supporting instruments. The results showed that the developed instruments has not 

fully assisted the students in developing spatial abilities and needs to be revised.  

Keywords: Discovery Learning, Design Research, students’ spatial ability, Volume of cube 

and cuboid. 

Introduction

Mathematics is a universal science that is used in all fields and plays a role in developing 

the human mind power. Therefore, learning mathematics aims to improve the ability of learners 

in several ways, the mastery of mathematical concepts in problem-solving, the use of reasoning 

inaccurate statements, solving mathematical problems, communicating mathematical 

statements, and appreciating the relevance of mathematics in life. Mathematical ability 

according to McGee (1979) is a combination of general intelligence, visual imagery, the ability 

to observe numbers, spatial configuration and save the shape as a mental pattern. In spatial 

abilities required the existence of right-left understanding, perspective understanding, geometric 

forms, connecting spatial concepts with numbers, the ability to transform mental from visual 

images. These factors are also required in learning mathematics. 

Spatial ability is one of the ability to see, examine and reflect spatial objects, images, 

relationships and transformations (Battista, 2010). It involves some elements such as 

remembering visual patterns in memory, comparing visual models and image transformations. 

Spatial ability refers to the spatial representation of the relationship between the object portion 

and the location of the object in space or the movement of the object (Hegarty & Waller, 2005). 

The role of spatial abilities toward mathematics is supported by several studies of validity. 

McGee (1979) examined the relationship between spatial ability tests involving visualization 

and orientation of Guilford and Zimmerman with mathematical values. There was found a high 

correlation between spatial abilities and numerical scores when compared with verbal and 
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reasoning tests. Similarly, a study by Bishop (1980) found an association between mathematical 

problem solving and visuospatial ability. 

According to Sas & Mohd Noor (2009) said that with good spatial skills can help in 

understanding the concepts of mathematics. The use of spatial examples such as charts and 

charts can help the child master mathematical concepts. Similarly to the notion of the idea of 

division, the proportion depends on the spatial experience that preceded it (Mary Hegarty & 

Waller, 2004) 

One of the materials that involve spatial ability is to wake up on a flat field at the junior 

high school stage. One of the flat waking materials studied in junior high school is the volume 

of cubes and blocks. The concept of the volume of wake up space can be taught to students by 

using the approach of daily activities; consequently, the students will more easily understand the 

meaning of the capacity of cube beams. Appropriate delivered by Bates, Moran, & Phalen 

(2017), i.e. students must learn mathematics with understanding. This condition is in line with 

M Hegarty & Waller (2005) assertion that students are actively building new knowledge from 

prior experience and expertise. Gravemeijer & van Eerde (2009) explains that students are given 

the opportunity to grow and develop their ideas and thoughts when constructing mathematics. 

Teachers can choose appropriate learning activities as a basis to stimulate students to think and 

act when building mathematical concepts. 

Field facts show that the spatial ability of Indonesian students is still low. This situation 

can be seen from a survey by The Third International Mathematics and Science Study and PISA 

test results conducted by OECD Indonesia stands in 64th out of 65 countries that follow 

(OECD, 2015; TIMSS, 2015) 

The 2013th curriculum recommends the use of the Discovery Learning model. Discovery 

learning is a learning model that can develop students' mathematical communication skills 

(Tommasi, Chiandetti, Pecchia, Sovrano, & Vallortigara, 2012). The model provides an 

opportunity for students to participate actively (Huk, 2006). As for some advantages of 

discovery learning according to Maarif (2016) is to help students strengthen their self-concept, 

because gain trust cooperates with others, and make the student more active in issuing ideas. 

Even the teacher can act like a student, and as a researcher during the discussion. 

Based on previous research which explains that essential spatial skills in mathematics 

learning, Yenilmez & Kakmaci (2015) found that the higher the spatial ability, the higher the 

success rate in students' mathematical understanding. Likewise, Mary Hegarty & Kozhevnikov 

(1999) found that there was a positive relationship between spatial ability and mathematical 

achievement. Reinforced by research results Nes, De Lange, & Van Nes (2007) found that 
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spatial ability has a significant correlation with mathematical performance and logical thinking 

ability. 

Based on the above background can be formulated that spatial skills are necessary for 

learning mathematics and have a close relationship with mathematics learning achievement. 

Therefore it is essential to design learning tools that support the spatial thinking process of 

students at the junior high school level. Based on previous research there is a difference in this 

research that is the spatial ability in visualizing three-dimensional objects in the field of two-

dimensional at the junior high school level. The formulation of this research problem is how the 

students' spatial ability in imagining three-dimensional objects in the area of two-dimensional 

and spatial knowledge of students in answering spatial tests? The purpose of this research is to 

develop and test the learning instruments of geometry material that is on the content of cube and 

beam volume that support the spatial thinking process of students at junior high school level.  

Method 

This study only describes the test results for one meeting. The trial used the technique of 

design research which is one form of qualitative approach. Design research is a systematic 

scientific study of designing, developing and evaluating educational interventions (such as 

programs, strategies and learning materials, products and systems) as solutions to solve complex 

problems in educational practice (Akker, Bannan, Kelly, Nieveen, & Plomp, 2010) 

Each research model has different characteristics, including Design Research. The 

attributes of a research design according to Bakker (2004) is interventionist; research aims to 

design an intervention in the real world. Furthermore, the plan is flexible, meaning that the 

design of learning activities can change as needed during the study took place. Then, 

Interactive: research is a process of repetitive designing, evaluation, and revision which is also 

called a cyclic process. Furthermore, Process Oriented: an investigation based on the learning 

process that includes lesson plans and learning tools. The next section is Utility Oriented: the 

benefits of a design are measured regarding practicality by the user. And the last one is Theory 

Oriented: research is based on the theory and field trials of instructional designs that contribute 

to the development of theory. 

This research was part of the preliminary investigation which is part of the study of the 

development of Plomp’s model which consists of 3 parts, preliminary investigation where the 

requirement and context analysis, literature review, developing a conceptual and theoretical 

framework for research. The second part is the Prototyping stage where the design process is 

cyclical and sequential in the form of a more micro-process analysis and using formative 

evaluation to improve and improve the intervention model. Finally, the Assessment phase in 
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which the summative assessment is conducted to conclude whether the solution or intervention 

is appropriate and proposes the development of the intervention model. 

This research was conducted in the framework of testing the implementation of learning 

model of Discovery Learning to measure students' spatial ability in finding the concept of 

visualising 3-D object on flat surface. The subject of this research was 27 Yeas 8 students of 

SMPN 17 Banda Aceh. 

Activities undertaken at the initial investigative stage were collecting information on 

previous mathematical learning problems and formulating the rationale of the importance of 

developing the model, identifying and reviewing theories underlying the development of models 

such as theories that underlie the learning model relevant to the learning of mathematics, 

opinions about the model of education and its development. 

Table 1. Indicator of spatial ability by Maier (1998) 

No. Components Indicators 

1 Spatial 

Visualization 

- Determine the composition of an object after the position and 

shape manipulated. 

- Transform an object into another different shape. 

2 Spatial 

Orientation 

- Determine the appearance of an object from a different 

perspective. 

3 Spatial Relation - Determine the relation between two objects. 

- Rotated an object’s position. 

The research instruments used to obtain data from this pilot study were group task sheets, 

observation sheets, field notes, and video recordings. 

The data of student's answer sheets that have been collected during the test was analysed 

by comparing the Discovery Learning model with what happens to student activities through 

student answers. In addition to the data from student worksheet, other data sources such as field 

notes and observation sheets also be used to match classroom activities in the analysis of the 

data validity of research results.  

Results and Discussion 

Based on the results of data analysis, the result has been divided into three categories 

(high, medium, low). It can be argued that the spatial abilities in the visualization component of 

20 students meet all the criteria of visualization ability, five students in the medium category 

and only two on the low grade. These results show the picture that the spatial visualization 

ability of junior high school students meets the criteria of visualization ability. 
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Figure 1. The visualisation from students drawing 

Figure 2. Spatial orientation test 

On spatial orientation, the results showed that only 15 students achieved high category. In 

the medium category only two students and ten students in the low grade. This result in spatial 

orientation showed that most of the students accomplished all of the spatial orientation 

indicators.  

Figure 3. Spatial Relation Test 

On the last component, spatial relation showed that ten students achieved high category 

scores. Meanwhile five students in the medium category, and 12 students in the low grade. The 

results obtained on individual test showed that the visualisation ability of students in visualising 

three-dimensional object on the flat surface. The results obtained are a variety of visualisation 

capabilities. Based on the data of test results that have been done in Year 8 students of SMPN 

17 Banda Aceh on building materials with the use of learning tools with the model of Discovery 

Learning obtained that the spatial ability of students is still not right.  
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Conclusions and suggestions 

Based on the result of the experiment, it can be concluded that spatial ability of the 

students of SMPN 17 Banda Aceh was in the high category of visualization indicator and low 

category in spatial orientation and relation indicator. This situation indicates that there is a lack 

of learning tools that have been designed so far. Improvements in the instruments that have been 

tested in this study are indispensable both regarding materials and test questions. The revision of 

the product is necessary to improve the quality of the learning instruments created. 
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Abstract. Students possess various intelligences that could be used to solve problems. The 

intelligences, referred to as multiple intelligences (MI), could raise the variety of strategies 

used by the students in solving a mathematical problem. The mathematical strategy is one's 

ability to represent, formulate, and solve mathematical problems. Generally, education 

systems emphasise on mathematical-logical intelligence and verbal intelligence, making 

education systems face various educational problems such as the lack of students' strategy 

in solving mathematical problems. Therefore, it is required an educational approach 

focusing on students' other intelligences. The aim of this study was to identify students’ 

various strategies in solving mathematical problems based on their multiple intelligences. 

This paper is a part of developmental research using Borg & Gall model. The subjects in 

this study were 27 Year 8 students of a Junior High School in Banda Aceh. A lesson (3×40 

minutes) using multiple intelegences approach was conducted on April 19th, 2018. 

Furthermore, the students' strategies in solving mathematical problems were analysed 

based on the individual working result at the end of the lesson. The findings revealed that 

eighteen students accomplished mathematics problems by using logical thinking strategy: 

six of them had verbal intelligence, four (spatial intelligence), four (logical intelligence), 

and four (verbal and spatial intelligence). The other nine students used the strategy of 

drawing or illustration: two had logical intelligence, three had spatial intelligence, two 

(spatial, logical, verbal intelligence) and two (verbal and spatial). 

Keywords: Strategy, problem-solving, Multiple Intelligences (MI) 

Introduction 

Intelligence is a number of problem-solving skills which make an individual able to solve 

problems and obstacles s/he faces, to create an effective product and include the potency to 

figure out or solve problems. On the other words, intelligence is one's ability to face problems, 

and every single person, of course, has different problems in their life (Gardner, 1993). 

Students possess various intelligences which can be used as instruments to solve 

problems. There are eight types of intelligence, i.e., verbal-linguistic intelligence, logical-

mathematical intelligence, visual-spatial intelligence, bodily-kinesthetic intelligence, musical 

intelligence, interpersonal intelligence, intrapersonal intelligence, naturalist intelligence. Those 

intelligences are called Multiple Intelligences (Gardner, 1993). One’s ability to solve problems 

will be better if it is described based on the skills, aptitude, or mental skills which were called as 

one's intelligence. It is because each individual has different level of proficiency and its 

combination (Gardner, 1993). 

The difference and variety of the proficiency level could raise the variety of students' 

strategies in problem-solving. There are some strategies which could be used in solving the 
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mathematical problem, i.e., (1) drawing or illustrating, (2) moving from backward, (3) guessing 

or rechecking, (4) figuring out the pattern, (5) organizing data, (6) thinking logically, (7) solving 

simpler problem which resemble solved problem, (8) looking at the problem from different 

perspective, (9) calculating every possibility, and (10) paying attention to extreme case (Reys, 

Lindquist, Lambdin, & Smith, 2014). 

Education system generally emphasizes logical-mathematical intelligence and verbal 

intelligence, as well as creates a test to measure both types of intelligence, so that it makes the 

education system face various educational problems (Gardner, 1993). The majority of students 

may not develop their unique intelligence, therefore, they suffer from failure and loss in school. 

On the other words, it is because most aptitude and students' unique ability on other fields are 

ignored (Kornhaber and Krechersky, 1990; Walter and Gardner, 1989, cited in (Plucker, 2001). 

By that method, only students who possess high mathematical intelligence are able to study 

well. Meanwhile, more than 75 percent of students do not have high logical-mathematical 

intelligence (Martin, 1998). Therefore, the students will lose their interest in studying. We can 

help improve students’ mathematical ability by designing an instrument which contains the 

other students’ intelligences (Martin, 1998). The effective learning needs mathematical learning 

strategy from teacher and test design which do not only focus on verbal and logical-

mathematical intelligence.  

Based on the explanation above, problem statements in this paper was: how is students' 

strategy to solve a mathematical problem in term of their multiple intelligence? 

Method 

This study was a part of developmental study using research and development model 

(Gall, Borg, & Gall, 1996) that originally consisting of ten steps. However, in this study, the 

steps were limited into: (1) collecting preliminary information: in this step, the information was 

collected through literature review or literature supporting the development of multiple 

intelligences-based learning instruments. (2) Planning: in this step, the materials in the form of 

lesson plan, student worksheet, and test items were designed, and then continued with a small-

scale test. The aim was to give proper information for developing the further product.   

This study was conducted to identify various strategies used by students to solve 

mathematical problems. In this paper, the researchers identified three types of intelligence 

which have a strong relationship with mathematical intelligence (student’s strategies in solving 

the mathematical problem), i.e., verbal-linguistic intelligence, logical-mathematical intelligence, 

and spatial intelligence. 
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There were three different activities for each intelligence of the subjects of this study. 

Those learning activities were the activity for students who were dominant at verbal 

intelligence, the activity for the students who were dominant at spatial intelligence and the 

activity for the students who were dominant at logical-mathematical intelligence. However, in 

the implementation of learning, the students are free to choose the activity that they want from 

the three activities. 

The data of the students’ intelligence which were emerged in the class were gained 

through the questionnaire of multiple intelligences for students from (Armstrong, 2009). The 

data of students’ strategies in solving the mathematical problem were obtained through the 

result of students' individual work consisting 3 questions, each student was given the freedom to 

choose at least 1 question to be solved. 

The three questions as follow: 

1. David wants to buy a birthday cake for her mother. At the cake shop, David orders a cake

with a side of 30 cm. If David wants to put a cake in a box with a side size of 5 cm longer

than the cake, what is the surface area of David’s box?

2. Ani wants to make a container to put a cake which has been cut. The container is made of a

paper which is 12500 cm2. If the surface area of a cake box is 616 cm2 and the length and the

width is 10 cm and 7 cm respectively, how tall will that cake box be? How many cake boxes

can Ani make from the paper?

3. Andi has a toy like the figure below. Please help Andi to decide the surface area of his toy.

Figure 1. Andi's Toy 

Result and Discussion 

Each students have different learning style and level of multiple intelligences. It 

influences their learning process and learning result. The questionnaire results showed that 

students’ intelligence appears as in the Figure 2.  
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Figure 2.The data of the students' intelligence 

As showed in Figure 2 above, from 27 students, six students only had verbal intelligence; 

6 had spatial intelligence; five had logical-mathematical intelligence; five students had spatial 

and verbal intelligence; one student had spatial and logical-mathematical intelligence; and four 

students had spatial, verbal, and logical-mathematical intelligence. The three types of 

intelligence emerged from the subjects of this study. 

The table below showed students’ intelligence type and the question which was chosen on 

individual exercise at the end of learning. 

Tabel 1. Data on students' intelligence and the chosen question to answer 

Question 
Intelligence 

TotalV L S V∩S V∩L L∩S V∩ L∩S 

No 1 6 5 5 3 0 1 4 24 

No 2 0 

No 3 1 2 1 4 

6 5 6 5 0 1 4 

Description: 

V (students who dominantly had verbal intelligence), S (Students who dominantly had spatial 

intelligence), L (students who dominantly had logical-mathematical intelligence), V∩S 

(students who dominantly had verbal and spatial intelligence), V∩L (students who dominantly 

had verbal and logical-mathematical intelligence), L∩S (students who dominantly had logical-

mathematical and spatial intelligence) and V∩L∩S (students who dominantly had those three 

intelligences, verbal, logical-mathematical and spatial intelligences). 

It can be seen in Table 1, most of the students chose the question number 1 (there were 24 

students chose to answer question number 1). After reviewing, it was as caused by several 

factors, such as students felt that the question number 1 was easier to answer than the other 

questions. Most of the students just knew the strategy to answer question number 1 because it 

could be solved simply by entering the value of the length of cube edge into the concept of the 

surface area of cube, as the students' answer in Figure 3. 
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Figure 3. The answer of the student who had spatial intelligence 

Figure 3 is the answers of the students who had spatial intelligence, they solved the 

problem and completed their answers by using the image to visualise the problem on the 

question. The spatial intelligence can be seen from their interest in visualising the problems 

(drawing a cube as the abstraction of the cake and drawing a cube for abstraction of the cake 

box) on the question, to make it easy to solve. The students who had high spatial intelligence 

tend to use colour, picture, diagram, graphic to solve a problem during learning mathematics 

and other sciences. 

It is different from the students who had the verbal intelligence or logical-mathematical 

intelligence. They did not use strategy to draw a picture or illustration. However, they solved a 

mathematical problem by using logical thinking strategy, the students’ answer are shown in 

Figure 4. 

Figure 4. The answer of the students who had verbal and logical-mathematical intelligence 

The students were more interested in stating the problem on the question by expressing it 

through words and explanations. It showed that the students had high verbal/linguistic and 

logical-mathematical intelligence. It can be seen from the way the students communicate the 
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answer through words that are clearly and easily understood. It can be seen from the students’ 

answer as: 

 “The side of the cake was 30 cm. The side of larger box was 5 cm, 30�� 	 5�� � 35��”. 

The students who had logical-mathematical intelligence resembled the students who had 

verbal intelligence in presenting the answers of above question. They preferred presenting the 

answers along with the reasons by explaining them using words to visualising the problem using 

the picture. The students who had verbal and logical-mathematical abilities tended to use note 

and mind map to solve the problem in learning mathematics and other sciences. 

There were 24 students who answer question number 1. Nine of those students used 

strategy of drawing a picture or illustrating,  two of them had logical-mathematical intelligence, 

three students (spatial), two students (spatial, logical, verbal) and two students (verbal and 

spatial). 15 students used logical thinking strategy. There were three students who had verbal 

intelligence, four students (spatial intelligence), four students (logical intelligence), four 

students (verbal and spatial intelligence). Nine students who used strategy by drawing, two of 

them had logical intelligence, three students (spatial), two students (spatial, logical, and verbal) 

and two students (verbal and spatial). 

There were three students who tried to answer question number 3 and got some 

difficulties. The students’ difficulties can be seen in Figure 4; the students were able to decide 

the surface area of the cube and surface area of a prism; however, the students got the 

difficulties in determining the surface area of the combination of several geometry objects. 

The students had tried to decide the surface area of the cube without closing it. As can be 

seen on their answer sheet, the students, later on, added the description in the form of slash as 

the divider to mention: if there is no cover, the surface area of the cube is: 5 × side2. However, 

when deciding the combination of all surface areas from several geometries, the student still got 

difficulties. The students considered the combination sides between triangular prism and the 

cube as the surface side. Those three students answered question number 3 using logical 

thinking strategy. 

Figure 5.The students' answer to question number 3 
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In this learning session, no students chose to answer question number 2. After analysing 

it, we found that the question number 2 was the most difficult question of the three questions. 

Since the numbers used in question number 2 was greater than the other questions, the students 

chose to answer questions number 1 and 3. Furthermore, the students get used to question that 

asked them to determine the surface area of the prism which length, width, and height are 

known. Meanwhile, in question number 2, the students were asked to determine the height of 

prism which was known its height, width, and surface area. The students were not familiar with 

this kind of question. Besides those two problems, there were two problems/questions in the 

question number 2, while in question number 1 and number 3 there was only one 

problem/question.  

From the explanation above, there are some revisions which are needed to future learning, 

including: the questions given should have the same level of difficulty. Because, the students 

tend to choose an easy question and leave the question they considered difficult. When the 

questions have similar difficulty level, there will be a possibility that the students will choose all 

questions. It is a requirement to design the problem/question which makes the students possible 

to use various strategies in solving the mathematical problem. The strategies include predicting 

or finding the patterns, guessing and rechecking, working backwards and the strategy of solving 

a similar problem.  

Teaching approach which will be chosen by the teachers should consider all intelligences 

(multiple intelligences) of their students to achieve happy learning and help students achieve the 

result of learning maximally. The teacher should design and implement the learning by 

considering students’ multiple intelligences. Furthermore, the teacher should provide 

opportunities for students to study according to their learning style so that the students can study 

with their intelligence. The students can achieve the learning goals well if students have the 

chance to use all their intelligences in the learning process. 

Conclusion 

Students' multiple intelligences influenced their strategies to solve mathematical 

problems.  The students who have spatial intelligence will visualize the problem from the 

question. However, there is a similarity between students who have verbal intelligence and the 

students who have logical-mathematical intelligence: they are more interested in explaining the 

problem from the question by using words than visualizing it. 

There were eighteen students accomplished the mathematical problems by using logical 

thinking strategy, six students who had verbal intelligence, four students (spatial intelligence), 

four students (logical intelligence),  four students (verbal and spatial intelligence), nine students 
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used strategy of drawing picture or illustrating, two students who had logical intelligence, three 

students (spatial), 2 students (spatial, logical and verbal intelligence) and two students (verbal 

and spatial).  
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Abstract. This study aimed to determine the validity, practicality, and effectiveness of 

calculus II textbook. The type of research used was the development research using 4-D 

development model. The stages of this research are define, design, develop and disseminate. 

Tests was conducted for Istitut Pendidikan Tapanuli Selatan students. The results of this study 

indicate that 1) Validity of calculus II textbook was valid; 2) the practicality of calculus II 

textbook was practically used. This was obtained from the analysis of student response data 

on the textbook that students provide a positive response; 3) the effectiveness of calculus II 

textbook is effectively used. This is seen from the results of students' mathematics problem-

solving skills test after the learning using this textbook is mastered because ≥ 80% of the test 

subjects meet the learning competencies and the positive activity of the students. 

Keywords: Research and Development, Calculus II Textbook, Mathematical Problem 

Solving Ability 

Introduction 

 Education is one form of manifestation of dynamic human culture and full of 

development. Therefore, the change or the development of education is the thing that should 

happen in line with the change of life culture. Changes in the sense of educational improvement 

at all levels are continuously conducted in anticipation of future interests.  

Mathematics as a basic science plays a vital role in the development of science and 

technology. Therefore, if a nation wants to master science and technology, it is necessary to 

prepare human resources which have sufficient mathematical knowledge. 

One of the goals of mathematics learning is students solve problems that include the ability 

to understand problems, mathematical design models, complete models, and interpret the 

solutions obtained (Shadiq, 2008).  

An undergraduate student in Institut Pendidikan Tapanuli Selatan especially for 

mathematics education department needs to master problem-solving ability. After graduating 

from this college, they will teach problem-solving to students. 

The ability to solve the problem seems to be an important one that must be developed 

through mathematics learning. By learning to problem-solve in mathematics, students will acquire 

ways of thinking, habits of persistence and curiosity, and confidence in unfamiliar situations that 

will serve them better outside of the mathematics classroom (NCTM, 2000). 
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Problem-solving is a process of accepting the problem as a challenge to solve them 

(Hudojo, 2001). Problem-solving steps which are applied in this research including four steps: 

understanding the problem, devising a plan, carrying out the plan, and looking back (Polya, 1973). 

Teaching mathematics to students need a textbook. A lecture in the university needs to 

develop text for teaching. The textbook is a compulsory reference book for elementary and 

secondary education units or colleges that contain learning materials to improve faith, devotion, 

noble character, and personality, mastery of science and technology, enhanced sensitivity and 

aesthetic ability, enhancement of kinesthetic abilities. An integration of reading and scientific 

literacy textbook using was more effective to increase the student's learning result than other 

learning strategies (Taslidere & Eryilmaz, 2012). 

To improve the quality of the education process, one of the aspects that need to be held is 

the utilization of good textbooks employing procurement of quality textbooks in the amount that 

suits the needs. From the description, the research of the development of textbook of calculus II 

on students is very important to be implemented. 

The importance of teaching materials in the form of textbooks of calculus II that will be 

developed is based on the development of science. Given the importance of problem-solving in 

the era of globalization as it is today, it is necessary to make a textbook of problem-solving. It 

aims to broaden the horizons in solving mathematical problems. The current curriculum is 

demanding the publication of books that present math problems. 

Based on the facts and some opinions suggesting the importance of textbooks in learning 

mathematics, the development of student problem-solving skills can increase student participation 

in learning, the authors are interested in conducting research with the title: “Development of 

Calculus II Textbook to Improve the Ability of Mathematical Problem Solving." 

Method 

This research was conducted in Institut Pendidikan Tapanuli Selatan undergraduate 

students in Padangsidimpuan city, Indonesia. This research employed the research and 

development (R&D). The development model used in this research is the 4-D development model 

consisting of four phases: define, design, development and disseminate (Thiagarajan, 1974). 

Calculus II textbook that will be produced will support teaching and learning activities. 

a. Defining

The term ‘definition' in four phases of 4-D development model is the phase for defining and

defining learning needs by analyzing the objectives and limitations of the material. The

activities in this phase are curriculum analysis, student analysis, material analysis, task

analysis, and learning objectives specification
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b. Designing

The phase continued to the design. The purpose of this phase is to design the learning device,

namely the prototype of a learning device. The writer will design the format of textbook

calculus II.

c. Development

The purpose of the development stage is to produce a revised draft of a learning tool based on

the input from the experts and data obtained from the field trials. The subjects in this study are

undergraduate students in the second semester. The object in this study is the draft of calculus

II textbook. The phases of development are:

(i) Analyzing the need of  textbook

The analysis of textbook requirement is an activity to analyze syllabus to get the textbook 

information needed by students in studying the programmed competence. The name or 

title of the textbook should be tailored to the competencies contained in the syllabus. 

(ii) Development of textbook design 

The textbook produced is expressed as blurred up to the completion of the validation and 

testing process. If the test results have been declared eligible, then a textbook can be 

implemented in the classroom. Textbook writing is done in accordance with the lesson 

plan. The material/substance contained in the textbook in the form of concepts/principles, 

essential facts that are directly related and support for the achievement of competence 

and must be mastered by learners. Tasks, questions, and practices/exercises that must be 

done or completed by the learner. Evaluation or assessment that serves to measure the 

ability of students in mastering textbooks, and the key answers from problems, exercises 

and or tasks. Before the textbook is implemented, first need to be validated. 

(iii) Validation (Expert Rating) 

Validation is a process to test the suitability of textbooks with competencies that are the 

target of learning. If the content of textbooks is appropriate, it means effective to learn 

competencies that become targets of learning; then the textbook declared valid (valid). 

Validation can be done by requesting the help of experts who master the competencies 

learned. The validator that validates learning tools made by researchers consists of 2 

lecturers from IPTS, and one lecturer from IAIN Padangsidimpuan. 

In validating, the validators at the same time provide suggestions and comments on the 

learning device by writing directly on the validation sheet. The validation is to assess the 

aspect of the format, content aspects and aspects of the language that includes all learning 

tools that have been developed at the design stage (draft-I). 
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(iv) Analyzing validation results. 

Follow-up of the activities in the section above, depending on the results obtained from 

the experts but can be classified into three possibilities, namely: 

1) If the result of validation data analysis indicates that Draft -I (textbook) is valid and

feasible without revision, related textbooks are ready to be tested in the field

(implementation of learning in class).

2) If the validation data analysis results show that Draft-I (textbook) is valid and feasible to

be used with small revisions and small revisions are made to the model and

simultaneously revise the related tools and instruments in the revised textbook. Draft-I

(textbooks and instruments) that have been revised in Draft -II and ready to be tested in

the field.

3) If the result of validation data analysis indicates that Draft -II (textbook and instrument)

is invalid or not feasible, then a major revision is made. The revised Draft -II (textbooks

and instruments) must be validated by experts and practitioners. This validation activity

is possible to cycle (validation activity repeatedly) until obtained Draft (textbook) that

meet the criteria of validity.

A Calculus textbook draft that meets the criteria of the validity hereafter called Draft -II 

and is ready for trial in the field 

Result and Discussion 

a. Defining

The phase of definition or initial design phase is the design of all activities before the test. The

results of this stage are curriculum analysis, student analysis, material analysis, task analysis

and specification of the purpose of learning.

b. Designing

Following the needs analysis, the book will be designed for the material in the learning

mathematics and design assessment of students' mathematical problem-solving skills. The

Calculus II teaching books focused on improving the ability to solve mathematical problems.

Preparation of problem-solving skills tests is based on the indicators. The test is arranged in

the form of description and this study, and it will be limited to cognitive tests.

c. Development

This stage aims to produce a valid, practice and effective  calculus II textbook so that it is

suitable to be used in teaching mathematics. This development stage consists of 3 phases

namely the validation test, the practicality test, and an effectiveness test.
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i) Validity

Revisions to the textbooks conducted based on the consideration of the results of the student

response analysis of the textbook of calculus II. The textbooks that have been revised are

tested on the subject of the test. The teaching instructions for calculus II mathematics can

meet to require after correcting some of the problems conveyed by the validator.

The result of the validation sheet analysis used to know the validity of the calculus II

textbook concluded that the development textbook could be used with revisions. The

textbook validation results can be said valid. Its mean that the material presented in the

textbook contains some indicators of problem-solving of mathematics problem, the

material contains the concept, explanation, sample questions, loading exercises, and

materials can also improve the quality of learning.

ii) Test of Practically

After being validated, this material is revised and then tested to determine the level of

practicality (exposure) of teaching materials. Calculus II textbooks are said to be practical

if students can use the developed textbooks. Analysis of responses questionnaire student

responses to textbooks used as a reference that students can use the textbook. Good

readability was easy to read. It means the good quality of the textbook (Devetak & Vogrinc,

2013). 

The result of student responses to the 80.28% Calculus II Textbook means students respond 

well to the textbook. Thus developed textbooks are practically used 

iii) Effectiveness Test

Student learning completeness can be obtained from the results of data analysis of students'

problem-solving abilities after obtaining learning using the textbook calculus II. The

textbook of calculus II is said to be effective if ≥ 80% of all test subjects meet the learning

competencies (Nieveen, 1997).

Based on the results of the analysis, it is found that the average student problem-solving 

ability has an average value of 78.54 and is in the 'Good' category. When viewed from the number 

of research subjects, then there are as many as 81.52% of students who achieve mastery. Thus, 

the ability to solve mathematical problems meets the criteria of effectiveness. 

Student Activities 

The indicators that become benchmarks to measure student activities include: VA (Visual 

Activities), OA (Oral Activities) students ask the lecturer or other students, WA (Writing 

Activities) students doing textbook exercises, DA (Drawing Activities) students create drawings 

or textbook table has, MA 1 (Mental Activities) that students respond, solve problems, analyze, 
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see the relationship and make a conclusion, MA 2 (Motor Activities) is disturbing friends, 

daydreaming or playing. In the learning with the textbook calculus II students are seen actively 

following the learning. Obtained information that the student activity during the learning showed 

that the Student II calculus textbook could generate positive activities and reduce the emergence 

of negative student activities. Activities that often appear and successfully implemented in the 

classroom is reading textbooks and doing exercises in textbooks. 

Improved student problem-solving abilities. To analyze whether or not the improvement of 

mathematical problem-solving ability is seen from the mean of total student gain of 0.697. That 

is, there is an increase in problem-solving skills of mathematics students who are on the criterion 

"medium". The increase each aspect of problem-solving ability can be seen in the following table: 

Table 2. Mean Aspects of Gain 

No Aspect Pretest Postes Gain 

1 Understanding the problem 154 249 0,85 

2 Plot a solution 90 343 0,755 

3 Implement the plan 76 258 0,487 

4 Reprint answers 52 152 0,395 

Based on the above table obtained information that the highest problem-solving abilities 

are in understanding aspects of the problem that is equal to 0.85 with the criteria increase Highly. 

Conclusion and Suggestion 

This research is research of the development of calculus II textbook. Based on the 

development and experiments that have been done, the following conclusions are obtained: 

1. The validity of the calculus II textbook is valid.

2. The practicality of calculus II textbook is practically used. This is obtained from the analysis

of student response data on the textbook that students give a positive response.

3. The effectiveness of calculus II textbook is effectively used. This is seen from the results of

students' math problem-solving skills test after the learning using this textbook is completed

because ≥ 80% of the test subjects meet the learning competencies and the positive activity of

the students.
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Abstract. Critical thinking can be defined as the skill to analyze his/her ideas based on 

logical reasoning, critical thinking is not to think harder but better. Situation-Based 

Learning (SBL) is a learning model developing students’ skills in problem posing, 

understanding and problem-solving in addressing mathematics problems. The purpose of 

this research was to develop lesson plans, students’ worksheet and tests to train students’ 

critical thinking skills in solving mathematics problems using situation-Based Learning 

(SBL) model. The study involved 25 Year 8 students in one of junior high schools in Banda 

Aceh. The method used was design research of the Borg and Gall model comprising four 

steps, namely research and information collecting, planning, developing a preliminary 

product, and preliminary field testing. Data was obtained from students’ work in groups. 

The data obtained was categorized into three levels and analyzed descriptively. The results 

showed that one group was at the level of 1, one group was at level 2 and the two groups 

were at level 3. The results showed that the SBL models can foster students’ critical thinking 

in solving mathematical problems. 

Keywords: Critical Thinking Mathematically, learning model Situation-Based-Learning 

(SBL) 

Introduction 

Mathematics is a subject that requires termination of mind to remember and recall the 

existing rules to master the materials studied (Hamzah, 2000). Mathematics is a way to find 

answers to the problems faced by human, a method of using the information, knowledge about 

the shape and size, using the knowledge of the counting and the most important is to think in 

human beings itself seeing and using the relationships (Abdurrahman, 2003). Thus the study of 

mathematics is beneficial for students to be able to think logically, analytically, critically, 

systematic, and creative, and ready to cooperate. Studying mathematics requires perseverance, 

confidence, and willingness and a high concentration and good. In carrying out the study of 

mathematics teachers and students should help each other because of the learning process will not 

be performing well if the relationship between students and teachers are not well maintained and 

of course, it is expected students who are active and eager to learn. To generate ideas that are 

more critical either in mathematics and everyday life.  

Critical thinking is not thinking harder. However, critical thinking requires a person to be 

able to think better by considering various possibilities that might occur. In the critical thinking, 

students are required to use logic (common sense) to determine causation, analyze, draw 

conclusions and even create laws and predictions and are also needed to use cognitive strategies 

particularly appropriate to test the reliability of the idea troubleshooting and resolve errors or 

omissions (Syah, 2005). 

192



Proceeding of the 6th South East Asia Design Research (SEA-DR) International Conference 

Universitas Syiah Kuala, Banda Aceh, 27-28 June 2018
ISSN  

Facts on the ground indicate that the thinking skills of students in Indonesia is still low can 

be seen from the results of the study Trends in International Mathematics and Science Study 

(TIMSS), which was organized by the International Association for Evaluation of Educational 

Achievement (IEA). Data show that the cognitive dimension, Indonesia was ranked 38 out of 42 

participating countries, the percentage for the cognitive achievement of 35% for knowing, 40% 

and 25% applying for reasoning (TIMSS, 2013). 

Learning model Situation-Based-Learning (SBL) is an adaptation/modification of the 

learning SCPBL were first developed in the State of China, and this model aims to develop 

students' skills in problem posing, problem understanding, and problem-solving perspective. The 

objective of the SBL is to develop students' skills in problem posing, problem understanding and 

problem-solving. SBL is a learning model that consists of four stages of the learning process, 

namely 1) creating mathematical situations; 2) posing mathematical problems; 3) solving 

mathematical problems; and 4) applying mathematics (Isrok’atun, 2016). Model  Situation-

Based Learning-Learning is also able to train the students' critical thinking skills because at the 

stage of creating mathematical situations, posing mathematical problems, solving mathematical 

problems, applying mathematics is instrumental in fostering reason. Later inaccurate problem-

solving phase and the last step of applying mathematics contribute to solving a problem, making 

decisions, analyzing assumptions, argued in an organized manner and evaluate systematically and 

aims to make sensible decisions about what to believe and what to do. This is consistent with the 

understanding of critical thinking itself that requires students to use logic (common sense) to 

determine causation, analyze, draw conclusions as well as  create laws and predictions; and it is 

also expected to use specific cognitive strategies appropriate for testing the reliability of 

troubleshooting ideas and resolve errors or lack of it in accordance with the opinion of the (Syah, 

2005). 

Based on research conducted by Isrok’aton & Tiurlina (2014), on the research shows that 

the ability of CPS students has the strongest mathematical namely on aspects of fact-finding, 

while the weakest mathematical CPS ability of the students on the aspects of finding acceptance. 

Therefore, to overcome the problems in the aspect of finding acceptance can be done by training 

students to think critically. Similarly, research conducted by Latifah, Cahya, & Suhendra (2017) 

focusing on the problems of literacy quantitatively also mentioned that the basic error of the 

student is to understand the concept and the relationship between the quantity by exercising 

critical thinking skills; students are expected students may choose an alternative solution to the 

problem, ideas, and situations that ultimately the students can make a sequential relationship 

between one problem with another problem. Therefore, it needs to be designed lesson plan, 

students’ worksheet and tests to develop students' critical thinking skills. 
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Based on the background that has been raised, then that becomes the problem in this pilot 

study is: "What is the process of students' critical thinking in solving mathematical problems after 

applied learning models Situation-Based-Learning (SBL)?" 

Method 

This study only discusses the trial results of the critical thinking test after implementing the 

Situation-Based-Learning (SBL) model which was designed for one lesson (2x20 minutes) aimed 

to determine students’ critical thinking process of solving mathematics problems. Design research 

is a systematic study to design, develop and evaluate related products on educational interventions 

include: program, strategy and learning materials (Plomp, 2007). Selected models include the 

development of a simple procedure suggested by Borg and Gall (Sugiyono, 2015), which consists 

of 10 steps: (1) Research and Collecting information (research and information gathering); needs 

analysis, literature reviews, research on a small scale, and the preparation of reports to date. 

The research was conducted at SMPN 6 Banda Aceh on April 30, 2018. Subject trials in 

this research are class VIII SMPN 6 Banda Aceh, amounting to 25 people, Guided research 

procedures of steps Borg and Gall (Sugiyono, 2015). However, in this study is limited to the 

fourth step, namely the Preliminary Field Testing. (1) at the stage of research and collecting 

information (research and information gathering) to analyze the curriculum, SK, KD, indicators, 

material analysis, analysis of the situation of school conditions. (2) the stage of planning 

(planning); conduct defining the skills to be learned, to formulate a goal, determine the sequence 

and testing the feasibility study. (3) the stage of preliminary form developing a product (developed 

the initial product) consists of different steps of the lesson plan, students’ worksheet and about 

implementation. (4) the preliminary stages of field testing (initial field testing) implementing the 

learning in the classroom trials. 

The research instrument used to obtain data from this pilot study is testing question applied. 

The test applied is used to get student learning outcomes after using the product of learning. The 

data analysis technique used is descriptive analysis techniques. Data on students' critical thinking 

process of solving mathematical problems given derived from the work of a group discussion. 

Critical thinking skills of students in solving mathematical problems rated under the rubric in the 

table below were analyzed descriptively. The problem to solve in groups is presented in Figure 1. 
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Figure 1. Problems to solve in group 

Assessment of students' critical thinking process can be seen in several aspects. The aspects 

that must be considered to assess students' critical thinking by Maulana (2017) presented in Table 

1.  

Table 1. Aspect in assessing students’ critical thinking 

Aspect measured Description 

Information 

Meet the 

criteria 

Does not meet 

the criteria 

Provide a fundamental 

explanation 

(Elementary 

Clarification) 

Focus on the question, analyze 

arguments to ask and answer questions 

about a statement or challenge. 

Provide further 

explanation (Advance 

Clarification) 

Define the term and consider the 

definitions, identifying assumptions. 

Conclude 

(Inference) 

Make the deduction and the deduction 

into account, making induction and 

consider induction, making decisions. 

Adjusting the strategy 

and tactics (Strategy 

and Tactics) 

Decide a course of action, the selection 

criteria to create a solution, which 

allows the formulation of alternatives. 

Critical thinking in solving mathematical problems a person has a different level. Critical 

thinking skills can be grouped into five groups, namely; Provide necessary explanations 

(Elementary Clarification), Build basic skills (Basic Support), provide a further reason (Advance 

Clarification), Summing (Inference), Set up a strategy and tactics (Strategy and Tactics). 

However, the researchers only make four groups with three levels of thinking, presented in the 

Table 2. 
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Table 2. Three levels of thinking 

Level Characteristics 

3 Students can provide fundamental explanations, further explanation, to 

summarize and organize strategies and tactics accordingly. 

2 Students can give the necessary reports, further comment and were able to 

conclude, but has not been able to set the strategy and tactics accordingly. 

1 Students are only able to provide the necessary reports and concluded 

Results and Discussion 

Learning model Situation-Based-Learning (SBL) requires students to be able to solve the 

problem mathematically using the knowledge that has been owned by the students. It needs 

students to be able to explore and connect a variety of information that has been obtained and 

think critically to resolve a given problem. Following the results of the discussion groups of 

students: 

Figure 1: The effects of group work 3  Figure 2: The impact of group work 1 

Figures 1 and 2 of the student's work on the exercises applied (1) indicates that the student 

can provide a fundamental explanation, and in Figure 1 has also been able to give more reason 

that can define the term and consider it. Whereas in Figure 2 the students are not able to provide 

further comment. Then in a matter of practice applied (2) in Figure 1 shows that the students have 

been able to deduce the core of the problem which will be seeking a solution that is to think of 
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the alternative (the first step towards an answer), and has been able in the selection criteria to 

create a solution and also be able to formulate an option which allows. Likewise with Figure 2 

students have also been able to conclude the core of the problem with alternative thinking (the 

first step towards a solution), 

Figure 3: The results of group work 2 Figure 4: The effects of group work 4 

Numbers 3 and four below in solving applied exercises (1), indicating that most students 

only able to provide the necessary explanation, but unlike the three images that are unable to 

provide further proof, Figure 4 would be able to give more explanation. Then in a matter of 

practice applied (2) student group 2 may only generalize a given problem but were unable to find 

an alternative to making solutions. In Figure 4 which is the work of a group of 4 indicates that 

they can only generalize a given problem, but they have been able to think of a possible alternative 

to create a solution but were unable to define it. 

Based on the analysis, it can generally be stated that the critical thinking skills of students 

in solving mathematical problems that are at level 1, which is a group that is group 2, level 2 is 

one group that is a group of 4 and level 3 as much as two groups: group 1 and 3 . The results show 

that students' critical thinking in solving mathematical problems were the subject of research is 

quite good.   
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Conclusion 

 The problems of critical thinking developed by the researchers are categorized as good 

because all level of students can solve the problem. Students' ability in solving the critical thinking 

problems is positive. Yet, based on the students' answers, some weaknesses of the study are 

identified, included the problem-posing stage is time-consuming whereas it is relatively less time 

available in only one session resulting the students not being able to do all activities. Therefore, 

the lesson plan and student worksheet need to be revised to create a effective and efficient 

learning. 

 The second weakness was students’ inaccuracy in solving the problems because students 

are less scrupulous in understanding what is asked in the problem. So, when students try to 

provide argument, they fail to express further explanation of the argument. Further weakness is 

students being unfamiliar with the model applied and critical thinking problems. Teachers only 

provide mathematics problems like the examples given. Therefore, students look awkward and 

less confidence to express their arguments. Researchers also ask the mathematics teachers at the 

school the reason of not giving critical thinking problems, they admit that it is hard to assess 

students’ work as it is complicated and not practical. These results were only based on four steps 

on the model of development of Borg and Gall (Sugiyono, 2015) and therefore further research 

is needed related to the revision of the students’ worksheet and problems of critical thinking to 

optimally develop the critical thinking.  
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Abstract. Students find it difficult to learn the topic of the cuboid surface because students 

are not able to find out the formula. This is caused by students’ metacognition ability that 

has no role in the learning process which students cannot relate their old information with 

the new one, and awareness of their learning on what they have learned. The purpose of this 

study is to determine the ability of students’ metacognition in solving the problem of the 

surface area of the cuboid with HLT (Hypothetical Learning Trajectory) design. Subjects of 

this study involved 18 students of eight grade in Islamic junior high school of Babul 

Maghfirah. The method used was a research design consisted of two phases: preparation 

and teaching experiment phase. This pilot study data collection used two kinds of 

instruments, the main instrument that is researcher herself and the supporting instruments 

such as students’ worksheets, metacognition ability test, and field notes. The results showed 

that HLT developed can help students in term of metacognition to find a formula for the area 

of the cuboid surface employing rectangle formula approach. 

Keywords: Metacognition, Problem Solving 

Introduction 

Mathematics as part of instruction in schools has a direct and indirect object. Learning 

theorist Gagne (1983) had divided the objects of mathematics, the material students learned that 

become into the direct and indirect object. The direct objects are facts, concepts, principles, and 

skills. 

While the indirect object is the indirect ability that students will learn when they study the 

direct object of mathematics such as logical thinking, problem-solving skill, diligence, 

thoroughness, and others.  Hudojo (1988) concluded that one of the learning objects in 

mathematics is a concept. As one of the goals of learning mathematics in schools as stipulated in 

the National Council of Teachers of Mathematics NCTM (2000) is learners can select, apply, and 

translate among mathematical representations to solve problems. The orientation of mathematical 

concepts can be done through instruction. Someone who has concepts can create a concept so that 

it can form a mental representation and can call consciousness or metacognition. 

During understanding the concept, someone needs skill and a strategy or a particular way. 

The importance of the students’ metacognition ability also has been described by some experts, 

that metacognition is a domain that complete constructivist theory learning that enables learners 

to update their old information with new information, and is aware of their learning on what 

internalization they learn. Students who have metacognition skills are aware of how to achieve 

the matters raised in the learning process. According to Purnomo, Nusantara, Subanji, & Rahardjo 
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(2017), metacognition is the ability of the soul in a group of cognition, the ability to recognize 

and to know, the process of cognition that occurs in a person, 

Students’ mathematical metacognition ability in Indonesia is still low. It can be seen from 

the results of a survey carried out by OECD (2014) that Indonesia likely rank is very low on the 

PISA results. In the-2015 PISA test results, Indonesia obtained score about 386 on math skills. 

While the average score set by the OECD is 494. The OECD declares that the overall math 

questions of PISA are arranged on six levels where the 6th level is the highest and the 1st is the 

lowest. The high-level question asks students to apply the concepts and mathematical operations 

about how they can find a solution. A low level requires students to solve problems in a sequential 

process. 

One of the results of previous research about metacognition is the research outcome. 

Purnomo et al., (2017) stated that the ability of students’ metacognition process with high ability 

in solving calculus problems is complete and chronologically, students’ metacognition process of 

the middle ability students is complete yet disorganized, and low ability students' is incomplete. 

Further research Baltaci, Yildiz, & Özcakir (2016) showed that there is a significant relationship 

between students' metacognition awareness and math scores. 

To design learning activities in the classroom on a particular topic, a teacher must have a 

conjecture or hypothesis and can consider the students' reactions to each stage of learning path 

toward learning goals implemented. Gravemeijer (2004) explained that students are given the 

opportunity to build and develop their ideas and thoughts when constructing mathematics. The 

teacher can choose the appropriate learning activities, and on the activities, the teacher has to 

anticipate any mental activity that appears from students about learning objectives. The 

anticipation done is called Hypothetical Learning Trajectory (HLT) (Simon, 2004). HLT is a 

hypothesis about how students' understanding and thought developed in the learning activity.  

Based on previous research, there is a difference in this research is that to see students’ 

metacognition capability in solving surface area problem of the cuboid with HLT design that can 

help students understand the surface area of the cuboid. As for the research question in this pilot 

study is: "How can students’ metacognition capability in solving cuboid surface area problem?” 

Method 

This pilot study used the research design method, which is one form of a qualitative 

approach. The aim of design research is to develop a Local Instruction Theory, which is based on 

the existing theory (theory-driven) and empirically experiment (empiric based) through 

cooperation between researcher and teacher to improve the relevance of research with a policy 

and a practice of education (Gravemeijir, Koeno, & Cobb, 2006). There are three stages according 
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to the design research Gravemeijir et al., (2006), namely: preparing for the experiment, design of 

the test, and retrospective analysis. Based on the above stages, the cycle of research design 

repeatedly occurs in which each cycle through the three steps described above. However, this trial 

study is carried out only at the stage of preparation (preparing for the experiment) and the pilot 

phase (the design of research). 

This pilot study conducted in the second semester of the academic year 2017/2018. Subjects 

of the test in this study were students of eight grade in Islamic junior high school of Babul 

Maghfirah Aceh Besar, amounting to 18 students, with eight females and ten males. Then, three 

students were chosen by the level of ability students' metacognition; they were students with high 

ability, middle ability, and low ability. 

Then the researcher collected the data by using a test. The technique of the test in this study 

was a problem-solving test. Furthermore, the data acquired was analyzed with descriptive analysis 

technique. Students’ metacognition assessment can be seen in several aspects.  According to 

Magiera & Zawojewski (2011), aspects that must be considered to assess the students' 

metacognition is such planning, which consists of what students know, what students need to 

solve problems, what students should do, where students solve problems. Monitoring, which 

comprises of monitoring the problem is given either being known or being asked. The last is the 

evaluation, which includes of deciding the data obtained and decided to present the problems 

whether by the original intent. 

Table 1. Indicators and Characteristics of Students’ Mathematical Metacognition 
Indicator Characteristics 

Planning 

1. Determining what is known of the problem

2. Specifying what is asked of the problem

3. Presenting the problems with its language by the original intent

Monitoring 

1. Monitoring which has been known in a problem

2. Monitoring which has been asked in a problem

3. Monitoring the language used in a problem by the original intent

Evaluation 

1. Deciding on the data obtained, which are known to have true

2. Deciding that the data obtained in question are by the original intent

3. Deciding to present the problems with the language of the original intention of the

question.

Results and Discussions 

During the preparation stage, the researcher designed the learning process as many as one 

meeting, at which the meeting consisted of two activities those were activity1 aims to find a 

formula for the area surface of cuboid through block models distributed to students and activity 2 

students can solve the problem about the surface area of the cuboid. Things those were done at 

the preparation stage were to conduct a study of literature on students’ metacognition ability and 
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making learning device by metacognition that had been designed in the form of the lesson plan, 

students’ worksheet and about a test to measure the ability of students’ metacognition. 

Referring to experts’ explanations, Gravemeijir et al. (2006) mentioned that there are three 

components contained in the HLT those are learning goals, learning activities, and students' 

thinking conjecture that had been designed. Here are HLT students in finding a formula that 

contains the cuboid surface area of conjecture. 

Table 2. Learning Tracks Finding Formulas Cuboid Surface Area 

Matter 
Learning 

objectives 
Activity Conjecture 

The formula 

of Cuboid 

Surface 

Area 

1. Finding the

formula for

the cuboid 

surface area

1. Creating cuboid web

image by cuboid

models given (in the

form of boxes of junk)

and drawn on

cardboard and named

as well as determined

the cuboid surface with

a rectangular approach.

1. Students named angle cuboid webs and

determined the surface area of the cuboid

properly.

2. Students named angle cuboid webs and

determined the surface area with the wrong

cuboid.

3. If students cannot use a broad rectangular

approach in determining the surface area of

the cuboid, then the teacher should lead the

students to pay attention to the nets cuboid

then students mentioned any elements of the

block owned.

2. Applying the

formula of the

cuboid

surface area

on problem-

solving

2. Resolving

mathematical problems

concerning the surface

area of the cuboid

1. Students think that "if the number of milk

cartons is specified with an odd number,

whether the carton surface area can be

calculated?"

2. Students think that "if the number of milk

cartons is specified with an odd number and

arranged into two stacks, whether the surface

area could be determined?

The first activity consisted of group activities where students discussed how to find the 

formula of the surface area of  the cuboid. Each group was given the media cuboid in the form of 

boxes from junks. Students conducted their activities by copying the box nets from recycled 

materials to cartons, and then the students give names at every existing corner. Here is the 

discussion excerpt when students found the surface area of the cuboid. 

Teacher : After you draw the nets of the cuboid, what steps can we do next? 

Student :  Finding the surface area of the cuboid, Ms. 

Teacher :  Good, How did you find the surface area of the cuboid by the cuboid nets? 

Student :  First of all is giving the name at every corner, Ms. 

Teacher :  Yeah, you try to call every corner there. 

Student  :  (Students can make the right corner with a name by folding the nets of cuboid 

into intact cuboid). Look Ms? 

Teacher :  Correct. Then try to find a formula of the cuboid surface area! 

Student :  (Silence) 
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Because there is no student answer yet, the teacher calls the students and asks to stand in front of 

the group. 

Teacher :  What can you see on the nets of the cuboid? 

Student :  (Silence) 

Teacher :  Try observed slowly in the nets, there are any? 

SD :  Two-dimensional figure! There are six sides Flat Ms. 

Teacher :  Yeah right, then we do with the flat wake? 

SD :  Calculated breadth of each, isn’t it, Ms? 

Teacher :  Correct. Will you define each extent. 

ME :  This p × l, isn't it, mom? (Pointing Flat in nets of cuboid). 

AM :  This p × l isn’t it also, Ms? 

ME :  Everything p × l isn't it, Ms? 

Teacher :  Here we talk about the cuboid, so we see each side is also in the cuboid. 

SD :  (Folded web cuboid into cuboid) there width and height also here not only Ms 

length and width. 

AM :  Yes Ms. 

Teacher : Yes, right 

At first, the students did not know that the formula cuboid surface area can be calculated 

with the help of wide-area of each flat wake of remaining rectangles. But after the teacher asked 

a few questions that lead students to find the surface area of the cuboid, eventually the student 

can find the formula surface area of the cuboid. Once students find the formula of the cuboid 

surface area, the activities continued with the activity 2 that is completing mathematical problems 

concerning the surface area of the cuboid. 

Teacher : Now consider the following issues 

Student : We take one box of milk, Ms. 

Teacher : Yes permissible, but let you add more milk boxes. 

Student : What if the number of the box of milk we determine with the odd number, 

whether the box of surface area can be calculated? 

Teacher : If the milk box with the odd number, then arrange the box of milk to become a 

single arrangement. Then calculate the surface area of the box. 

Student : If the number of milk box we specify an odd number and we arrange into two 

stacks, whether we can determine the surface area? 

Teacher : If the milk boxes in the odd number and arranged into two, then the box of 

surface area that can store the milk box cannot be determined because in 

preparing the milk box must be tidy so no fall or spill. 

Based on the observation and the result of the worksheet, students have understood the 

surface area of the cuboid and can apply it into a story question form. Figure 1 shows the students' 

working results in groups. 
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Figure 1. The Result of Students in Their Groups 

Based on the results of the test on both activities above, the activities of students that occur 

during the trial process were in accordance with the HLT that had been designed, and in 

accordance with the conjecture of students' thinking, but there are some student’ responses that 

did not contain the conjecture determined, e.g.,. Student response on a box of milk being 

determined to calculate the surface area of the cuboid, the students only use only one box of milk. 

HLT designed assists students in finding the formula of the surface area of the cuboid. This was 

consistent with the previous study conducted by Harini (2016) that HLT generated can help 

students understand a particular concept. 

After all the group members know and understand how to solve the problem, then the 

students solve the problem of the surface area of cuboid individually. The results of data analysis 

based on individual test questions were given, there were three students as the subjects of research 

they were high group students, intermediate group students, and bottom group students. Students 

who were in the high group (S1) were available with all aspects of metacognition, either in the 

planning, or monitoring or evaluation. 

Figure 2. Answer Results of S1 

Based on Figure 2. S1, on the planning aspect, looks to determine which is known, asked 

of the problem and to present problems with their language following the original intent. On 

monitoring aspects, S1 can also monitor what was already known and asked to monitor the 

language being used in a problem following the original plan. The aspect of evaluation, S1 also 

looks to decide and present problems with the language itself following the original plan of the 

question.   
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Meanwhile, the ability of intermediate group students (S2) was not better than those above, 

except that S2 was not relevance with the monitoring and evaluation indicators. 

Figure 3. Answer Results of S2 

Based on Figure 3, S2 on the planning aspect looks able to determine which was known, 

asked of the problem and presenting problems with their language following the original intent. 

But on monitoring aspects, S2 did not conduct monitoring on what already known; it appeared 

that when using the formula of the cuboid surface area, S2 was not paying attention to what was 

previously known. In the aspect of the evaluation, it was also seen that S2 did not decide on these 

data and presented no problems with the language itself is already in line with the original intent 

of the question. 

As for the lowest group (S3), it cannot fulfill all three indicators, namely planning, 

monitoring, and evaluation.  

Figure 4. Answer Results of S3 

Figure 4, S3 based on the planning aspect, S3 looked can determine what was known but 

could not determine what was being asked and were not able to present problems with its language 

following the intent of first monitoring aspect. For S3, it did not conduct monitoring of what was 

already known; it appeared that when using the surface area of the cuboid, S3 formula was not 

appropriate in writing the formula of the cuboid surface area. In the aspect of evaluation, it was 
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also visible that S3 did not decide on these data and presenting no problems with the language 

itself that was already in line with the original intent of the question. 

Conclusion 

Based on the results obtained in this pilot study, we can conclude that the HLT designed 

load two activities, namely: activity 1 aimed at finding a formula of the cuboid surface area and 

activity 2, students can solve the problem on the surface area of the cuboid. It can be concluded 

that in this trial study occurred following the conjecture formulated, but some students did not 

respond to load the conjecture determined. 

On the students 'metacognition ability in solving questions showed that students’ 

metacognition ability is various, this can be seen in the high group in solving problems, all aspects 

are met in each of planning process, monitoring, and evaluation. Meanwhile, the students’ 

metacognition ability in the middle group, only the aspects of planning are met. For students’ 

metacognition ability in the low group are not met under all indicators at each planning process, 

monitoring, and evaluation. This occurs because the time spent answering questions is limited so 

that the process is also less than the maximum. Based on these conclusions, revision of the HLT 

or both worksheet learning activities and about the tests used are needed. 
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Abstract. Probing-Prompting Learning (PPL) techniques is a learning process presenting 

questions that are guiding and exploring students' ideas. The ability of mathematical 

reasoning is a process of thinking to draw a logical conclusion that can also produce new 

knowledge. This article aims to develop a device to determine the students' mathematical 

reasoning abilities in solving mathematical problems on direct proportion material through 

Probing-Prompting Learning (PPL) techniques. This research was conducted on 30 Year 7 

of MTsN 1 Bireuen. The method used was design research that was limited to two stages 

consisting of preparation and experiment phase. Data collected from students’ worksheet, 

measuring students' mathematical reasoning abilities. The results revealed that Probing-

Prompting Learning (PPL) techniques could identify the students' mathematical reasoning 

abilities in the topic of direct proportion. 

Keywords:  Probing Prompting Learning (PPL) technique, Design Research, Students' 

reasoning abilities. 

Introduction 

Mathematical reasoning ability is one of the important mathematical skills possessed by 

students in learning mathematics in accordance with the standards presented by the National 

Council Teacher Of Mathematics (NCTM). NCTM explained that "The standard mathematical 

skills that students must possess in learning mathematics are problem-solving, reasoning and 

proof, communication, connection and representation (Akker, Bannan, Kelly, Plomp, & 

Nieveen, 2013). 

Based on the above statement can be expressed the importance of reasoning skills that 

must be possessed by students in the learning process. However, the reality of students' 

reasoning ability is still not optimal. So many of them are still difficult to understand and 

convey ideas in learning mathematics. This is in line with the results of the mathematics literacy 

review by TIMSS in 2011 showing that the ability of Indonesian students on the score of the 

international grade mathematics grade VII is on the 36th rank out of 48 countries. The 

competencies observed were knowledge, application, and reasoning. According to the TIMSS 

2011 analysis, Indonesian students 'math score is below the average of international students' 

math score. For reasoning competencies was on the 36th rank of 48 countries with only 17% of 

Indonesian students meet the reasoning competence (Rosnawati, 2013). 

This is in accordance with the results of previous research on the weakness of students' 

reasoning abilities, various of which are done by the students, ranging from not understanding 
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the questions, misunderstandings, mistakes in operation, to mistakes in using the formula (Ario, 

2016). Furthermore, the level of students' reasoning ability to solve the problem of Lowest 

Common Multiple and Highest Common Factor materials is low. For the aspect of reasoning 

ability that rarely appears in this research is on the aspect of the ability to check the validity of 

an argument that the highest frequency in the very low category is 30.56% (Musthafa, Sunardi, 

& Fatahillah, 2004). 

Based on the description of the problem above, it is necessary to find a learning technique 

that provides an opportunity for students to express their ideas in learning mathematics. One of 

the learning techniques that can be used is Probing-Prompting Learning (PPL). Probing-

Prompting Learning (PPL) is a learning technique by presenting questions that are guiding and 

exploring students' ideas  to improve the thinking process that can link students' knowledge and 

experiences with new knowledge learned (Suherman, 2001). 

The learning technique of probing prompting learning (PPL) has several advantages such 

as: encouraging students to actively think, giving the opportunity to students to ask less 

understood things so that teachers can explain again, providing the opportunity for the 

difference of opinion among students to be compromised or directed to a discussion. Questions 

can attract and focus the attention of students even when they are noisy, or sleepy. PPL can also 

be a way of reviewing past learning materials and developing the courage and skills of students 

in answering and expressing opinions. 

Based on the background explained above, then the formulation of the problem in this 

research is: "How to design learning tools through probing prompting learning (PPL) 

techniques to determine the mathematical reasoning ability of junior high school students in 

solving mathematical problems in the subject matter of direct proportion?" 

Method 

This research was part of research design with Gravemeijer & Cobb model. This study 

aims to develop learning tools using Probing Prompting learning (PPL) technique and perform a 

limited trial to see the students' reasoning abilities on the direct material proportion. The model 

(“Gravemeijer 2004 Local Instruction Theory.pdf,” n.d.) has three stages used, namely the 

preparation stage, experiment stage, and retrospective stage. However, this study only limited to 

the experiment phase. The tools developed in this research were lesson plan and student 

worksheet. This research was conducted in MTsN 1 for 2x40 minutes. The subjects of this study 

were 30 Year 7 students of MTsN 1 Bireuen, consisting of 18 female and 12 male students.  

The two stages of Gravemeijer & Cobb described as follows. 
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1. The first stage is the preparation stage. At this stage, the researcher makes a conjecture.

There are three components contained in the Hypothetical Learning Trajectory (HLT)

namely learning objectives, learning activities, and conjectures of students' thought that

have been designed. Here is the student learning path.

Table 1. Learning path  to determines the process/concept of direct proportion 
Material Learning objective Activity Conjecture 

Direct 

Proportion 

Determining the 

process/concept 

of direct 

proportion 

Solving the 

direct 

proportion 

problems by 

using table 

- Students thought logically to determine a 

concept to use 

- Students compare two variables or more in a 

table to find out the variable asked. 

- If there were no student able to make a direct 

proportion in a table, the teacher would ask 

questions to stimulate their previous 

knowledge. 

Solving direct 

proportion 

problem by a 

graphic 

- Students illustrated the table into a graphic 

- Students named the graphic as a straight line. 

- There were some students unable to name the 

graphic they made. 

Solving the 

direct 

proportion 

problem by a 

table, a 

graphic or 

equation 

- Students determined the equation of the 

problem in the question 

- Students assumed making the equation of the 

problem in the question, they first made the 

known variable and questioned variable. 

- There were some students found difficulties 

to determine the equation required. 

The next step was preparing all series of activities such as lesson plan and students' 

worksheet suitable to examine students' reasoning ability. The lesson plan was designed 

based on probing prompting learning (PPL) techniques and the designed questions in the 

student worksheet was as follows: 

“In 2015 Adinda Resta, a junior high school student, has put her name on the national 

level. She was able to break the record of a running race with a distance of 60 meters in 

7.71 seconds. For that, if she wants to compete at the National level, Meli requires hard 

training. Meli has been able to run with a distance of 24 meters in 3 seconds. For a 

distance of 60 meters can Meli win in this year's National level race by looking at the 

achievement of last year's record?” 

2. The second stage is the test phase, at this stage RPP and LKPD that had been made in the

early stages will be tested in the trial class then revised. During the testing process carried

out an analysis of each activity. The results obtained from LKPD would be analysed based

on the rubric of reasoning ability and find out the extent of students' reasoning ability to

improve the deficiencies of the designed devices that are RPP and LKPD. The rubric

capabilities that match the material to be studied are as follows:
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Table 2. The rubric of Mathematical Reasoning Ability 
Mathematical reasoning indicator Answers Score 

Inductive reasoning: 

Mathematical analogy (drawing 

conclusions based on similarity of 

mathematical processes/ concepts 

involved) 

No answer 0 

Identifying the process/concept in the given case and 

determine the name of the process/concept in question 

0-3 

Identify the correlation between process and concept 

in the question asked 

0-2 

Selecting/establishing the relationship between 

similar processes/concepts in both cases accompanied 

by the reason and name of the concept 

0-3 

Sub-total (one test) 0-8 

Inductive reasoning: 

Generalisation (drawing general 

conclusions based on the process 

/mathematical concepts involved) 

No answer 0 

Identify the process/concept involved in the given 

case and determine its name 

0-3 

Identifying the correlation between the mathematical 

formula/ rule/concept contained in the case 

0-2 

Arranging patterns based on the process / based on 

the relationship between the formula/rule / 

mathematical concepts that had been obtained 

0-2 

Arranging the general form of the process/concept 

concerned with the reason/explanation  

0-3 

Sub-total (one test) 0-10 

Inductive reasoning: 

Making an estimation 

No answer 0 

Identifying the process / mathematical concepts and 

trends of the given situation 

0-2 

Identifying the process/math concepts in question  0-2 

Arranging relevant estimation to the question 0-2 

Sub-total (one test) 0-6 

Indicator of reasoning abilities (Sumarmo, 2016) 

Results and Discussion 

a. Students’ worksheet

Figure 1. The answer of group 1 
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The picture above shows the work of students in solving the problem given. The picture 

shows that the student was able to determine the concept/process to make the mathematical 

equation for solving the problem related to the direct proportion that had been studied. In the 

picture, students tried to explain the distance that can be taken within a predetermined time by 

comparing the distance that can be taken and the time knew before so that obtained time 

required by Meli for a distance of 60 meters was 7.50 seconds. The group 1 students' answer 

above shows that the student meets the three indicators studied by the researcher namely making 

analogies, generalisations (drawing general conclusions based on the mathematical 

process/concept involved), making an estimation. So the students got a high score.  

Figure 2. The answer of group 2 

While in group 2 students, generally, they met the three indicators. Unfortunately, they 

were not able to finish their answer on the last part. 
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Figure 3. The answer of group 3 

The work of the students in Picture 3 shows the results of the work of the 3rd group 

students had been able to identify the concepts/processes in solving the problems related to 

direct proportion. It seems that students could present the problem in the form of a direct 

proportion equation of the given problem. Besides, they were also able to make a generalisation 

and to make an approximate answer to the problem given. However, the students were unable to 

identify the concept/process asked; the students could not solve the last question given that is 

determining the equation of the given problem. 

Based on the results of the test on the students' worksheet above, students' activities were 

in accordance with the HLT that had been designed, and in accordance with the conjecture of 

students' thinking. However, there were students who have difficulty in determining the 

equation of the given problem. 

b. Discussion of Lesson Plan and Worksheet Design

This learning began with a discussion by asking questions to remind the comparison 

between two magnitudes. The researcher asked how to write a comparison. Overall students 

responded by saying in the form of or a:b. The researcher asked again, if you already know 

how to form a comparison, how to determine the direct proportion? Only some students who 

answered. Then the students were given two cases as follows. 
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Teacher : Are those case included as the direct proportion? 

Students : Yes Miss. 

Teacher : Why? 

Students : In the case of A the more chicken, the more eggs are produced, whereas in 

the case of B the older Budi grows, the older will his sister be as well. 

Teacher : What are the differences between the two cases ? 

Students : Nothing, because both of them are direct proportion. 

From the discussion above, the students had a little idea about the concept of direct 

proportion, but only a few students who answered. Then the students were distributed into small 

groups, researchers distributed student's worksheet and showed the problems that exist in the 

students worksheet. Then students were given the opportunity to discuss and solve the problem. 

When the time has given ran out, whether they were ready or not, the researcher asked one of 

the group representatives randomly to present their group work. Then one of the students from a 

different group was asked one last question by the researcher. 

Based on the results of data analysis, in general, it can be concluded that the device 

developed by the technique of probing prompting learning (PPL) can reveal the students' 

reasoning ability in solving math problems and as a whole has fulfilled the three indicators to be 

achieved, though not all students have reasoning ability . However, there were some weaknesses 

in this study such as the time for the learning process that only 2x40 minutes duration make the 

learning process less maximum so that when the students worked on their worksheet, they asked 

a lot. Besides, the demands of questions from the worksheet are too much that require the 

students more time to finish it. 

Conclusion 

The results of the study using the technique probing-prompting learning applied to the 

direct proportion material showed that the students of groups 1,2 and 3 were able to meet the 

three indicators of reasoning to be achieved, but not all students have good reasoning ability. It 

can be seen in the results of students' worksheet group 3, where students were still less able to 

identify the problems asked. So as a whole it can be concluded that learning tools by using 

learning techniques probing-prompting learning (PPL) can reveal the students' reasoning ability. 

Case A Case B 

Five chicken of Pak Didi can lay 

three eggs a week. So how many eggs 

can be produced by 20 chicken of Pak 

Didi in a week? 

When Budi was four years old, his sister was 

two years of age. Now the age of Budi is 

eight years old. How old is his sister? 
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Abstract. The students’ mathematical communication skills are still lacking. When the 

students are involved in the communication to solve mathematics problems, it means that 

they are asked to share their ideas or communicate with others and listen to other students 

sharing ideas, strategies, and solutions. Therefore, students must be equipped with 

mathematical communication skills. The objective of this research was to design the 

learning activities. The research aimed to investigate the influence of cooperative learning 

model of TTW on Year 7 students’ mathematical communication skills in the social 

arithmetic topic. The advantages of TTW model is that it involves fewer steps, making it 

easier to apply and the media required to support the optimal outcome is a self-made 

worksheet. The disadvantages of TTW is that the group is smaller so the researcher must 

guide many groups and repeat the same information. In addition, the questions in the 

worksheet must be solved by employing the TTW steps. 

Keywords: Mathematical Communication Skills, Cooperative Learning of Think Talk Write 

(TTW) 

Introduction 

Mathematics is a communication tool which means that the teacher should try to make 

mathematics learning activity to facilitate the student to recognize and explain the mathematics 

characteristics. The teacher also expected to be able to stimulate the students to create 

mathematics as the communication tools in the daily activities. The teacher's role in learning is 

critical. One of the roles is in regulating and developing communication occurred in the 

classroom.  The activity of asking questions performing by the teacher and the students in the 

classroom must be conducted in the learning process emphasizing the process in which the 

students are actively involved in the knowledge formation process (Shaughnessy, 2010). 

Mathematical representation skills become not only part of mathematical communication skills 

but also the tool used to understand mathematics. It means that mathematics representation 

process is as important as the process and mathematics itself. The questions asked must 

contribute to achieving the learning objectives. If the students are expected to think critically 

and creatively in mathematics learning, the challenging questions are required to lead to 

cognitive conflict. The teacher's skills in proposing the challenge questions to the students and 

the students’ skill in communicating their ideas in the framework to provide a solution are one 

of the aspects of mathematical communication skills.  
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The mathematical communication skill is one of the skills demanded in the Mathematics 

Learning for Junior High School (2017 Curriculum). This skill is essential and required by the 

students in mathematics, other subjects, or for their provision in the future life. The 

mathematical communication should be the focus in the learning.  Umar (2012) argued that: 

"there are at least two important points in mathematical communication skill in the 

learning, such as (1) mathematics as language : mathematics is not only as a tool to assist 

thinking and to find the pattern in solving the problems but as an invaluable tool for 

communicating a variety of ideas clearly, precisely and succinctly; (2) mathematics 

learning as social activity: in mathematics learning, interaction among the students such 

as communication between the students and the teacher is the pivotal part of nurturing 

children's mathematics potential" 

It is also mentioned by Karlimah (2010) that writing the mathematics problem solving 

can encourage the students to reflect on their tasks. When the students involved to communicate 

in the mathematics problem solving, it means that they are asked to give their ideas and 

communicate with others and listen to other students in sharing the ideas, strategies, and 

solutions. Therefore, mathematical communication skill is required by the student. The 

indicators of mathematical communication skills are the activities that are interconnected or the 

dialogue occurring in the class involving the transfer of messages; the messages transferred 

consisting of the mathematics topic learned in the class both in the evaluation and verbally 

(Asikin & Junaedi, 2013). Ontario Ministry of Education (2005) emphasized that mathematical 

communication is the process in expressing the ideas and mathematics understanding orally, 

visually and written by using number, symbol, picture, graph, diagram, and words. 

Mathematical communication indicators proposed by Sumarmo (2003) are: (1)  connecting real 

object, picture and diagram to the mathematics ideas; (2) explaining idea, situation, and 

mathematics relation both orally and written using real object, picture, graph, and algebra; (3) 

describing the daily activities in mathematics language/symbol; (4) listening, discussing and 

writing about mathematics; (5) reading mathematics presentation, evaluating, and compiling the 

relevant questions; (6) formulating the argument and definition as well as generalizing. 

One of the objectives of the mathematics learning stated by National Education 

Department is communication. Communication in mathematics will support teachers in 

understanding students' skill in interpreting and expressing their understanding of mathematics 

concepts and the process they have learned. It means that students' mathematical 

communication skills cannot be achieved without good comprehension skill. The selection of 

the learning model is fundamental to achieve the learning objectives. The appropriate model is 

expected to encourage student liking mathematics as most students think mathematics is 

confusing and frightening being full of equations, symbols, and calculations. Many methods can 

be developed to make mathematics learning process to be more enjoyable, and therefore the 
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students are interested in learning mathematics. One of them is by selecting the appropriate 

learning model that is suitable for the topic. 

It is in accordance with Artut (2009) mentioning that “the use of cooperative learning 

social skills (activate listening, happy talk and everyone participating) should be checked 

throughout the intervention." The cooperative learning using a social skill is by listening 

actively, feeling happy to communicate; these will improve the students' performances. 

According to Ellis Fouts in Cheng (2011) "Cooperative learning is considered the "most 

important and most successful teaching method reform in the last decade," indicating that it is 

the most important and successful learning model. The cooperative learning model consists of 

several types, one of them is TTW.  The use of the right learning model can encourage students 

to engage in the lessons, grow and improve their motivation in doing the tasks, enable students 

to understand the lesson quickly and to achieve better learning outcome. The learning model 

selected in this study is the one providing the opportunity to the students to construct their 

knowledge resulting in better understanding of the concepts learned and communication of their 

ideas both orally and written. As the alternative, cooperative learning of TTW can be applied. 

The learning model of Think Talk Write (TTW) provides the opportunity to the students 

to explore their knowledge through the discussion so that they can master the broader topic 

(Yazid, 2012). The mathematical communication skill is not only a part of mathematical 

communication skills but also the tool used to understand mathematics. It means that 

mathematics communication process is as important as the process and mathematics itself. From 

the above explanation, it can be concluded that mathematical communication skills of junior 

high school students using cooperative learning model of TTW are the crucial skill in the 

learning process. These two skills are two sides of a coin according to National Council of 

Teacher of Mathematics (Shaughnessy, 2010). The teacher roles in TTW learning model based 

on Silver and Mith  (Yamin & Ansari, 2008) are: (1)  asking the question and giving the task 

involving and challenging the students to think; (2) listening carefully to students' ideas; (3) 

asking the students to express their opinions both orally and written; (4) deciding what 

discovered and prepared by the students in the discussion; (5) deciding when to give the 

information, clarifying the problems, using the model, guiding and providing students time to 

struggle themselves; (6) monitoring and assessing the students in the discussion and deciding 

when and how to encourage the students to participate. 

The steps of TTW Learning Model according to Yamin and Ansari (2008) are: (1) the 

teacher distributes the student activity worksheet containing the situation to be discussed 

(think); (2) the students interact and collaborate with others to address about the note (talk); (3) 

the teacher has the role as mediator of the learning; (4) the students construct their own 
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knowledge as the collaboration outcome (write).; (5) the teacher monitors and evaluates the 

students' comprehension level. Argued that the advantageous of TTW include the fact that: 

TTW model can support the students in constructing their knowledge to improve their 

understanding of concepts, the students can communicate or discuss their ideas with others 

leading peer support and ideas exchange. TTW learning model can train the students to 

systematically write the discussion outcome so they will better understand the topic and 

communicate their ideas in writing. 

Method 

This research was conducted to examine students' mathematical communication skills on 

the topic if social arithmetic concerning the simple interest. The test was employed design 

research to investigate mathematical communication skills of 24 Year 7 students for one lesson 

of 2x40 minutes. It is part of design research in the developing phase. Kurnia, Noer, and 

Coesamin (2016) mentioned that through the thinking phase; the students are responsible for 

completing individual worksheet using their ideas and language. Then the teacher distributes the 

group worksheet done by the students in the discussion (talk). Based on the individual 

worksheet completed, the students put their answer to their worksheet to discuss in completing 

the group worksheet. In the talking phase, the students complete the group worksheet together 

by discussing, combining answer 11 based on individual worksheet completed in the previous 

phase, and sharing about the understanding of the solution in the group worksheet. According to 

Kurnia et al., (2016), in this phase, the students can discuss the new knowledge and ideas. In the 

talk phase, the students, can contribute their ideas by communicating with others, develop 

collective theories, share strategies, and create a definition. 

The discussion results are constructed in the conclusion column on the group worksheet. 

In the writing phase, the students write the conclusion from their discussion. According to 

Yamin and Ansari, (2008), The advantages of writing are supporting the students to connect the 

relationship and enable the teacher to monitor the students’ concept development skills, lesson 

plan, worksheet on the group discussion and individual task outside of the learning hours. Then 

worksheet and the test revised were administered to the student to test three out of six indicators 

of mathematical communication skills. The indicators of mathematics communications 

proposed by Sumarmo (2003) are: (1) connect the real object, picture, and diagram to 

mathematics ideas; 2) explain orally or written the ideas, situation, and relation of mathematics 

and the real object, picture, graph, and algebra; (3) describe the daily activities in mathematics 

language /symbol: (4) listening, discussing and writing about mathematics; (5) reading 

mathematics presentation, evaluating, and compiling the relevant questions; (6) formulating the 
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argument, formulating the definition and generalizing. However, as there was only one learning 

session, there are only three indicators used. They were an indicator (1), (4) and (5). The 

subjects of this research were 24 Year 7 students. There are three phases in design research 

consisting of preliminary investigation phase or previous research, prototype phase or learning 

instrument, assessment phase including a summative evaluation of the learning instrument or 

final product. 

Figure 6. Plomp Reseach Design (2013) 

However, this research is limited to the second phase, the prototyping phase. The 

descriptions of these two phases of design research are explained as follows: 

1. Preliminary investigation, in which the researches formulate the activities series to be

implemented in the pilot class and create the assumption of the learning situation occurred

when the activity is performed.

2. Prototyping in which worksheet and test questions are designed by an expert (lecturer).

The assessment phase was not conducted because one learning session was not adequate 

for discussing this phase. The students' mathematical communication test was carried out by 

administering the problems to the student in the group and individual worksheet available in 

Year 7 textbook of semester 2. The students gave their ideas and arguments in the students' 

activities to think, talk, and write. The assessments were three out of six indicators in 

mathematical communication. The instruments of this test were revised group worksheet. The 

instruments used were the worksheet, the field note, the test, and the assessment rubric. The 

rubric used to assess the student’s mathematical communication skills is presented in Table 1.  

Table 1. The rubric of Mathematical Communication Skill (MCS) Test 

Indicator Response to the question Score 

The skill of connecting 

the daily activities to 

mathematics 

language/symbol 

No answer. 0 

The table or illustration produced is incorrect 1 

The table or illustration produced is correct but incomplete 2 

The table or illustration produced is correct, clear and 

complete 

3 
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The skill of listening, 

discussing, and writing 

about mathematics 

No answer. 0 

The mathematical model produced is incorrect 1 

The mathematical model produced leads to the correct 

answer but there are some mistakes, and it is incomplete 

2 

The mathematical model produced leads to the correct 

answer, and there is a wrong calculation 

3 

The mathematical model produced leads to the correct 

answer, clear and completed 

4 

The skill in reading 

mathematics presentation, 

evaluating and compiling 

No answer. 0 

The mathematical idea provided is not appropriate to the 

mathematics picture or model given  

1 

The mathematical idea provided is appropriate to the 

mathematics picture or model given, but it is incomplete 

2 

The mathematical idea provided is appropriate to the 

mathematics picture or model given, clear, and completed 

3 

The data analysis was carried out based on the data collected. The analysis was carried 

out by observing the students' mathematical communication skills using group worksheet, field 

note, photo, test and assessment rubric obtained via the group discussion and the test 

administered at the end of a learning session and assessed based on the rubric in Table 1. The 

data was then analyzed using descriptive statistics. 

Results and Discussion 

The preliminary phase was started by applying three indicators to see the mathematical 

communication skills such as: connecting daily activities in mathematics language/symbol 

(Figure 1); Listening, discussing and writing about mathematics (Figure 1); reading the 

mathematics presentation, evaluating and compiling the relevant questions (Figure 1). One of 

the questions from three questions given was describing mathematics situation or idea for 

Question 1. Four sellers have different capital and interest sales. Seller A has 1,200,000 IDR 

capital and 20% interest. Seller B has 2,000,000 IDR capital and 15% interest. Seller C has 

4,000,000 IDR capital and 10% interest. Seller D has 6,000,000 IDR capital and 5% interest. 

Which seller has the highest profit? 
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The students read the problems in the worksheet and took a 

note individually of information they knew or not in the 

problem. When they take the individual note, the thinking 

process occurs. This activity aimed to enable students to 

connect the daily activity to mathematics language/symbol. 

The students in all group provided a good answer for 

indicator 1. 

The students discussed in the group the note made 

individually and solved the problem in the group (talk). In 

this activity, they used their own words to distribute their 

ideas in the discussion session. Based on each group 

discussion, it is concluded that a small number of students in 

the group have fewer communication skills and others 

cannot understand them well (1 out of 5 groups). 

From the discussion results, the students formulated the 

answers individually by reading mathematics presentation, 

evaluating and compiling the relevant question in writing 

(write) using their language. The result showed that some 

students were only able to illustrate the problems given and 

there were groups not being able to explain the problem 

solved. Some group members try to explain the illustration 

however the explanation provided was incorrect. 

Figure 1. The description of students work 

Figure 2. The students’ activities in the classroom 

Based on the results, it can be concluded that the students' mathematical communication 

skills in solving mathematics' problems are at the indicator 1 and 3 (4 groups), at the indicator 2 

(3 groups). These indicate that the students' mathematical communication skills in solving social 

arithmetic problems are classified as good. The mathematics learning using Cooperative 

learning model of TTW Type positively contribute to the development of the students' 

mathematical communication skills. 
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Conclusion 

Based on the test carried out for 24 Year 7 students in Indonesia by applying 

cooperative learning model of TTW, it can be concluded that three groups meet the indicator 

1, and three groups meet the indicator of ‘very good’ concerning the mathematics 

communication skills. One group satisfy the indicator 1 and three groups meet the indicator of 

‘good,' and one group meets the indicator of ‘quite good.' The results indicate that the 

cooperative learning model of TTW can develop mathematical communication skills in 

solving social arithmetic problems. 
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Abstract. The low achievement of students' higher-order thinking skill on non-routine 

problems has been because the students are hardly accustomed to solving problems 

requiring them to undertake higher order thinking, which generating many ideas in their 

mind. This resulted in students' low learning outcomes. The low achievement of 

mathematics learning outcome is not merely because mathematics is considered as a 

difficult subject, but it is also affected by the chosen model to be applied in the learning 

process. One of the alternative models aiming to support students' creative thinking skill is 

Problem Based Learning, as this type of learning model prioritizes students to think 

creatively and openly. The purpose of the present study is to investigate whether the 

Problem Based Learning model can support the students' creative thinking skill. 28 Year 7 

students in Islamic Junior High School 4 Banda Aceh were involved in this study. The 

Design Research method was used. The students’ answers from solving the question of 

creative thinking were collected as the data. The results show that based on each of the 

creative thinking indicators, the students' ability is categorized as good in some indicators 

while they still lack in the other points of creative thinking skill. 

Keywords: Problem Based Learning (PBL), Design Research, creative thinking, the topic 

of Square 

Introduction 

Square is one of the two-dimensional figures learned in junior high school. This topic has 

always been considered easy. However, when it comes to answering certain questions, students 

are often constrained in solving problems demanding them to perform higher order thinking 

(Budiman & Jailani, 2014).This problem occurs because the learning media that is recently used 

have not been able to help students recall the mathematical concepts yet (Mertayasa, 2012).  

Mathematics is still taught traditionally, in which the instruction usually begins with the 

explanation of the ideas listed on the manual pages, followed by showing students how to do the 

exercises (Van de Walle, 2008). Consequently, in the learning process students are only fixated 

on a routine question that needs only one concept, but less able to solve problems which need 

several. 

To optimize the learning process, it is essential that teachers be creative in designing 

question items as one of the learning media that fit the student needs and development. 

Formulating question items that may enhance the student creative thinking skill is highly needed 

to enable the students to solve issues in their way and, above all, to increase their learning 

achievement (Töman, Akdeniz, Odabasi Çimer, & Gürbüz, 2013).  
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To make the learning feels easy, interesting and useful to students, teachers should start 

by introducing a topic from the students’ environment or contextual issues (Yuwono, 2014). 

This can be carried out through Problem Based Learning (PBL).  

Problem Based Learning is a learning model that prioritizes students to think creatively 

and openly. PBL is an innovation in learning since the student thinking ability is fully optimized 

through the process of group or teamwork, systematically, so that the students could empower, 

sharpen, examine, and develop their thinking skills on an ongoing (Rusman, 2011). 

Several previous research findings explain the development of learning media. Ahyan, 

Zulkardi, & Darmawijoyo (2014) have researched the development of teaching materials in the 

form of students’ worksheet and the lesson plan on the topic of Enumeration at high school level 

with valid and practical categories. Moreover, (Sumarno & Wustqa (2014) have generated 

learning media on calculus material for high school level with highly valid, practical and 

effective criteria. 

Based on the description above, some differences exist in the present study, which is that 

in general, this study constitutes the development of learning media in the form of question item 

that can support the student creative thinking skill. Thus, the formulated research question is 

"How the Problem Based Learning model can support students' creative thinking skill?" 

Method 

The present research only describes the examination results of a question item that 

support the creative thinking skill by using the Problem Based Learning model which had 

previously been designed in such a way that one-time teaching was sufficient to be carried out. 

This study used design research method, employing the formative evaluation stages. The stages 

can be seen in Figure 1. 

Figure 1. The stages of Formative Evaluation (Tessmer, 2013) 
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The research subjects were 28 Year 7 students in Islamic Junior High School 4 Banda 

Aceh. This research was held on April 18, 2018. 

Tessmer  (2013) suggested that there are two stages of development research: preliminary 

stage (preparation and designing); and formative evaluation stage (self-evaluation, expert 

review, one-to-one, small group, field test). However, the present study was limited only to the 

test stage. At the end of the lesson, the students were given an essay question. The question was 

developed based on the creative thinking indicators and aimed at assessing students' creative 

thinking ability in the topic of Square. At the initial stage, the question designed was validated 

by an expert (lecturer) by considering the content and language; then it was revised, and the 

question then was tested to the students. The already tested question then was analyzed based on 

the creative thinking indicators, then described based on the criteria.   

This research developed a learning media in the form of question item. The provided 

question item aimed to assess the students' creative thinking skill. The item has met the 

characteristics of Problem Based Learning and Curriculum 2013 which is valid and practical 

(Johar, 2003). 

Table 1. Creative thinking indicators 

Criterion 
Observed 

Aspect 

Very Good 

(4) 

Good 

(3) 

Fair 

(2) 

Poor 

(1) 

Fluency 

The given ideas 

are arranged in 

sequence 

The given ideas 

are all correctly 

sequenced with 

validity between 

76% -100% 

The ideas to solve 

the problem are 

given sequentially 

but with validity 

between 51% - 

75% 

The ideas to solve 

the problem are 

provided 

sequentially but 

with validity 25% 

- 50% 

The given 

ideas are 

inappropriatel

y arranged 

with validity 

less than 25% 

Flexibility 

A variety of 

ways are 

employed to 

solve the 

problem 

More than 2 ways 

are given in 

solving the 

problem with 

validity between 

76% -100% 

2 ways are given 

in solving the 

problem, one is 

correct, and the 

other is in the 

range 51% - 75% 

of validity 

1 way is given in 

solving the 

problem with 

more than 50% of 

validity 

1 way is given 

in solving 

problems with 

more than 

50% or error 

Elaboration 

The answers can 

be elaborated in 

detail 

The answers are 

elaborated in 

detail at each step 

with validity 

between 76% -

100% 

The answers are 

elaborated in 

detail at each step 

with validity 

between 51% - 

75% 

The answers are 

elaborated in 

detail at each step 

with validity 

between 25% - 

50% 

The answers 

are not 

elaborated in 

detail at each 

step with 

validity less 

than 25% 

Results and Discussion 

Activities during the preliminary stage cover preparation and designing, consisting of: 

analyzing the curriculum used in the school in which the study would be conducted; analyzing 
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the materials being learned in the school based on the basic competencies that would meet the 

research objectives and determining the research subject chosen based on the heterogeneity of 

cognitive level. Afterwards, the question item designing was based on the characteristics of 

Problem Based Learning and the Curriculum 2013. 

At the formative evaluation stage, the already designed learning media was then 

evaluated by the researcher herself, namely, prototype one. The expert review was then 

conducted (by a lecturer of MPMAT Unsyiah) based on the content and language. The media 

was revised according to the expert's comments and suggestions and, therefore, namely 

prototype two.  

A test/examination stage was performed to see the potential effect of the question item. 

The result of data analysis was gained from the learning process in the form of student creative 

thinking test. The test was carried out after the learning had finished, using one essay question. 

In the following are the question and student answer which demonstrate the ability to solve the 

problem regarding creative thinking skill. 

Annisa has a square-shaped garden with a side length of 8 m. Then at each corner of the 

garden, a square-shaped rose garden is made with a side length of 2 m, while on the rest of the 

main garden a frangipani garden is created. Please determine (by various ways): the total area of 

frangipani garden; the total area of the rose garden; and if Annisa wants to install some lights 

around the frangipani garden, with 2 m distance between each lamp, and 1 lamp costs 

Rp37.000, how much does it totally cost for Annisa to set the lamps around the frangipani 

garden? 

Figure 2. The answer of Student 1 
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From the student’s answer above, it can be seen that the fluency criteria is very good 

because the ideas given by this student were all arranged correctly and the validity is between 

76% -100%; for the flexibility criteria, it is also good as the student provided one way to solve 

the problem and it is correct; and for the elaboration criteria it is considered very good due to 

the ability to decipher the answers in detail and each step has validity between 76% -100%. It is 

shown that from the answer, the typical student visually solved the problem, meaning that the 

student can solve problems without having to first model anymore, resulting in a shorter yet 

clearer answer.  

Figure 3. The Answer of Student 2 

Student’s answer above indicates that his fluency is considered fair because the ideas 

were provided and arranged sequentially in solving the problem but the validity ranges between 

25% - 50%; for the flexibility, the answer is categorized poorly since the student utilized one 

way in solving the problem with more than 50% of error; while the elaboration criteria is fair 

because his answer was outlined in detail and each step has validity ranging between 25% - 

50%. It can be seen from the answer that the student can solve the problem by modeling in the 

form of the image that comes with a number of attributes obtained from the information in the 

question, and then resolves the issue in his way.  
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Figure 4. The answer of Student 3 

Student’s answer above shows that her fluency is fair as the ideas were provided 

sequentially in solving the problem but the validity ranges between 25% - 50%; meanwhile, the 

flexibility is poor because the student provided 1 way of problem-solving problems with more 

than 50% of error; similarly, the elaboration is also poor for the answer is not elaborated in 

detail and each step has less than 25% of validity. From the student's answer, it could be seen 

that she conducts the problem solving through verbal way, meaning that the student uses her 

own words in solving the problems given. 

Figure 5. The answer of Student 4 

230



Proceeding of the 6th South East Asia Design Research (SEA-DR) International Conference 

Universitas Syiah Kuala, Banda Aceh, 27-28 June 2018
ISSN  

From the student’s answer above, it is said that the fluency is very good because the ideas 

provided by the students is all arranged correctly and the validity ranges between 76% -100%; 

for the flexibility it is considered good since the student gave one way to solve the problem and 

it is valid; similarly, the elaboration is also good because the answer can be deciphered in detail 

and each step is correct with validity ranging between 51% - 75%. It can be seen from the 

student’s answer that the problem is solved by modeling the question item along with the 

caption as obtained from the question. Nevertheless, the answer is found too short and less clear. 

Figure 6. The answer of Student 5 

From the student’s answer above, it is known that the fluency is very good because the 

ideas provided by the students is all arranged correctly and the validity ranges between 76% -

100%; for the flexibility it is considered good since the student gave one way to solve the 

problem and it is valid; similarly, the elaboration is also good because the answer can be 

deciphered in detail and each step is correct with validity ranging between 51% - 75%. It can be 

seen from the student’s answer that the problem is solved by modeling the question item along 

with the caption as obtained from the question. Nevertheless, the answer is found too short and 

less clear. 
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Figure 7. The answer of Student 6 

The answer of the student above indicates that his fluency is considered fair because the 

ideas were provided and arranged sequentially in solving the problem but the validity ranges 

between 25% - 50%; for the flexibility, the answered is categorized fair too since the student 

utilized 1 way in solving the problem with more than 50% of error; also the elaboration criteria 

is considered fair because his answer was outlined in detail and each step has validity ranging 

between 25% - 50%. It can be seen from the answer that the student can solve the problem by 

modeling in the form of the image that comes with a number of attributes obtained from the 

information in the question, and then resolves the issue in his way. 

Conclusion and Suggestion 

Based on the above explanation, it can be concluded that regarding the creative thinking 

skill on the square topic, it is found that for students-1 the fluency criteria is very good, 

flexibility is good, and elaboration is very good; for student-2 the fluency is fair, flexibility is 

poor, and elaboration is fair; for student-3 the fluency is fair, flexibility is poor, and elaboration 

is poor, for student-4 the fluency is very good, flexibility is good and elaboration is good, for 

student-5 the fluency is very good, flexibility is good and elaboration is good; and for students-6 

the fluency is fair, flexibility is fair and elaboration is fair. 

It was recommended that teachers pay more attention to the students' circumstances and 

guide them in applying a Problem Based Learning model on the square material as well as other 

topics that fit this learning model. Besides, teachers who plan to utilize this type of learning 

model are suggested to appropriately prepare the learning media as creative and attractive as it 
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can be in order to draw students' attention and interest so that the learning objectives can finally 

be achieved. 
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Abstract. The purpose of this study is to explain the results of experimental learning material 

using the problem-based learning model (PBL) based on blended learning approach to enhance 

students’ problem solving abilities. The subjects of this study were 20 Year 8 students in MTsS 

Ulumul Quran Langsa. The instruments used were learning observation sheets and self-reflection 

sheets. The data was analyzed descriptively, that is to describe the implementation of learning with 

PBL based blended learning using the learning material had been developed. The results indicated 

that, in general, the experimental learning materials were used in accordance with what had been 

designed, both from time allocation and learning steps. However, only 7 of 20 students who 

respond to the online class, therefore, there were some incomplete or unsolved problems, even 

though similar problems had been given before the lesson begins. 

Keywords: Learning material, topic of probability, Problem based Learning, Blended Learning. 

Introduction 

Mathematics needs to be taught for all students from elementary school to college, to equip 

students with logical, analytical, systematic, critical, creative thinking, and ability to solve 

problems. Therefore, we need to develop all of the abilities including problem solving 

ability. Someone should have enough problem-solving ability. The importance of possessing the 

mathematical problem solving abilities for the students is to encourage students to learn meaningful 

aside from helping students to solve math problems and daily problems in general. However, in the 

reality, the students are still lacking in  problem solving. Students are still less able to understand the 

problem given so that the solution is not appropriate (Zulkarnain, 2015). 

To realize the hope that students can develop problem-solving skills, the researchers should 

choose a learning model appropriate with the problem. Thus, the researcher used one of the applied 

learning model so that it can support the process of learning mathematics in solving a problem to be 

able to stimulate thinking skill. One of the learning model that can trigger the improvement of 

problem solving ability is the model of Problem Based Learning (PBL) based on blended learning . 

PBL is one of the learning models that guides students to learn the findings based on 

predetermined plans and principles and at the same time to has the ability of problem solving 

(Cahyono, 2017). PBL is a learning stimulus, a tool for problem-solving development and 

development of problem solving abilities (Sufi, 2016). Problem Based Learning is a learning strategy 

that involves students in solving problems by integrating various concepts and skills from various 

disciplines (Murtikusuma, 2015). Therefore,  PBL is an effective approach to teach high-level 
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thinking processes; such learning helps students to process ready-made information in their minds and 

develop their own knowledge in solving problems encountered in everyday life. Researchers have 

developed learning material with PBL models, but did not use technology. Therefore, the researchers 

are interested to try developing learning material using the Blended-Problem based Learning (B-

PBL), that is PBL that accomodates Blended Learning. 

To improve the effectiveness of learning, schools are expected to use information and 

communication technologies such as computers, props and other media. Computer information 

technology has penetrated the world of education. By penetrating the on-line world, teachers can 

obtain the various information needed to meet the needs of the learning materials. Online learning 

leads students to access to educational content, leads to more useful access, quickly and easily access 

material for all digital device content (Budi, 2012). 

One of the six elements of 21st century learning is discussed about blended learning as one of 

the alternatives that teachers can choose to prepare for life in the 21st century with 21st century 

skills .This means that learning-based blended learning can provide a positive impact in improving 

learning objectives. 

Blended learning is a collaborative learning that combines two different patterns into one 

unity. The omission of face-to-face learning and online learning is called blended learning (Sjukur, 

2012). Blended learning with constructive approach, that is blended learning (Budiharti, Ekawati, 

Wahyuningsih, & H, 2015). From the statements above, it can be concluded that blended learning is a 

combination of face-to-face learning and online learning with the help of information and 

communication technology. 

The results of previous study showed the potential advantages of blended learning, that is the 

ability to access and work for the needs of learning with the willingness of his steps and time; 

enhancing independence and a strong response to learning and developing appropriate skills and the 

ability to remain accessible to material while not present in conventional learning  (Chaney, 2017). 

The implementation of blended learning is complementary between face-to-face learning and e-

learning learning. 

Research Method 

This paper is a trial report of a larger study, namely the development of learning tools with PBL 

model based on blended learning to enhance students' mathematical problem solving abilities. The 

present study focuses on the results of trials that researchers do to show the implementation of 

learning devices that have been developed. The test results are needed to improve the learning that 

occurs in the classroom .The results of these tests produce learning tools that will be validated by 

validators. 
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This developmental research is based on Thiagarajan, Semmel & Semmel model. The 

Thiagarajan model consists of four stages known as the 4-D model (four D Model) consisiting of the 

stage of define, stage design, stage of development and disseminate stage. However, the data of this 

study was obtained from the second stage, that is the design stage. Design stage is is done to test the 

developed product to be accepted for either individuals, a group or system users. 

The subjects of this study were the students of class VII I of MTsS MUQ Langsa. Assessment 

of students’ problem solving skills can be seen from several aspects as follows: 

a. Understanding the problem, the first stage in solving problem is understanding the

problem. Students need to identify what is known, what is there, the number, relationships and

related values and what they are looking for.

b. Creating a plan, students need to identify the operations involved as well as the strategies

needed to resolve the given problem.

c. Implementing the plan, what had been applied is obviously dependent on what has been planned

beforehand.

d. Looking back, the following aspects need to be taken into consideration when checking back the

steps previously involved in solving the problem (Haigh, 2009).

The research instruments needed to obtain data from this pilot study were the student 

worksheet, test items, field notes, learning observation sheets and self-reflection sheet. The data of the 

students’ mathematical problem solving abilities was obtained from the results of students’ 

discussions. The results of these discussions were analyzed by comparing the implementation in the 

classroom and the planning made on the developed materials . 

Table 1. Mathematical problem solving rubric 

Aspects 

observed 

Score 

1 2 3 4 

Understand 

the problem 

Not writing is  

known asked 

aspects known in 

the matter 

Write down the 

known and not 

written aspects 

asked in the 

question 

Write down the known 

aspect in question and 

aspect that is asked 

correctly but not 

complete 

Write down the known, 

asked correctly and 

completely 

Planning a 

problem 

Write down 

irrelevant 

procedures 

Write down 

procedures but 

there are errors 

Write down the 

procedure correctly but 

not complete 

Write down the 

procedure that leads to 

the correct and complete 

answer 

Solve the 

problem 

Write down the 

settlement rules 

but the results 

obtained are 

irrelevant 

List the completion 

rules close to true 

and complete 

Write down the 

settlement rules with true 

but incomplete results 

Write down the 

settlement rules with 

correct and complete 

results 

Checking 

back 

Write down the 

wrong check 

Write down wrong 

but complete 

checks 

Write down the correct 

but incomplete 

examination 

Write down the 

examination correctly 

and completely 
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Results and Discussion 

The blended-problem based learning (B-PBL) is a learning model that uses real-world problems 

as a context for students to learn about problem-solving skills, as well as to acquire essential 

knowledge and concepts from the subject matter. 

The learning begins by preparing students' understanding of the topic that supports the topic to 

be learned, the teacher also has to provide topics that must be learned online so that students will 

understand what will be learned at the next meeting. This activity refers to preliminary activities on 

general learning activities that begin with the introduction, motivation, and then teachers should 

convey the importance of studying the topic of probability, provide daily problems related to the 

topic. In this activity, the teacher also inquires about the material that has been given online before the 

learning begins. Furthermore, teachers convey the purpose of learning/indicator achievement of 

competence and its benefits in everyday life related to the topic of theoretical probability. 

The core activities of the PBL learning model begin with students observing the given 

problem. Problems are observed in groups. The next step is asking, the teacher asks about the given 

problem, what is the information of the problem, the student asks if there is difficulty. At the stage of 

gathering information, students discuss the problems in student worksheet so that students get 

information on sample points, sample spaces, and theoretical probability. Next, the students write 

down the results of the discussion and begin to solve the problem given. At the communicating stage, 

students are directed to check the results discussed, one of the students representing the group 

presents the results of the discussion, and the other students analyze if there are differences from other 

groups. 

The concluding activity begins by summarizing the topic of theoretical probability, then the 

teacher asks some reflection questions such as students’ comments on today's lessons, what 

activities have been and have not been mastered. In this activity the teacher also informs students that 

the exercise questions about the theoretical probability will be sent online and students are required to 

send the answers at the appointed time. The learning ends with a moral message related to theoretical 

probability, for example the chances we live only once, so never wasted it. 

In general, the learning implementation were relevant to what had been planned. However, in 

the preliminary activities, the teacher expected that all students had studied the material that had been 

sent online; in fact, only some students who had studied the material given. In the core activities, 

students observed problems and solved problems that exist in students worksheet. Students were 

expected to be able to solve the problems in the students worksheet, but on the first problem student is 

able to solve it because they think the first problem is similar to the example given by the teacher 

The next problem required a little analysis. The students started confused to solve the given 

problem, eventhough the problem required only a little analysis on the word “without replacement”. 
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Because students could not understand the problem given, students’ answer of the final test was not 

appropriate. 

The closing activities run as expected, except about the online exercise. Only some students 

that sent the answers at the appointed time requested by the teacher. Furthermore, only 7 of 20 

students who responded to the online learning material and question given. In the following is the 

excerpt of the interview with student. 

A: Why didn’t you respond to the material given?  

B: Because I have already understood it, and there is nothing to ask. 

A: Alhamdulillah you have already understood, but why did you still give wrong answer? 

B: Because of the same difference in student worksheet example. 

A: Why didn’t you send your answers for the given problem? 

B: Because it was not collected and was not assessed. 

Based on the interview, the students did not respond to the learning material and the question  because 

they considered it was not very important, not collected and not marked. 

Conclusion 

Based on the results of the trials that had been conducted in the class of  VII MTsS MUQ 

Langsa, the learning using Blended-Problem based Learning (B-PBL) model was relevant with what 

was expected. It only required some revisions on the student worksheet, to add some questions that 

require a little more analysis so that students will be familiar with non-routine questions. Therefore, 

teachers should pay attention to several things in the application of learning materials in the 

classroom, such as: the teacher should tell the students about the assessment rubric, and the teacher 

should give more examples of non-routine questions, so that the students get used to it. 

Related to the responses of the blended learning, teachers should familiarize themselves with 

online media. Furthermore, the teacher should be more assertive to students about the materials had 

been given to them, such as by asking them to collect the summary of the topic learned, so that the 

students can learn independently and are accustomed to when they were asked to learn 

online. Students were expected to be more focused when accessing the internet, not only access things 

that are not important, but also can use the internet as a medium of learning. 
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Abstract. This study aims to discuss the design process of learning materials using DL 

models with GeoGebra to improve students’critical thinking skills on the transformation 

subject. This research involved 24 students of Darul Ihsan Islamic Junior High School, 

Aceh Besar regency. The method used in this research was design research by Plomp 

consisting of three stages: the preliminary, prototyping, and assessment. However, this 

research only focused on the first stage, and created the preliminary designs for the 

learning materials. The results showed that four groups satisfied the first and second 

indicators of critical thinking, and two groups did appropriately conclude and find patterns 

of the reflection material, so the third indicator was not fulfilled. This is because students 

were still having difficulties in using GeoGebra, so the teachers found it difficult when they 

tried to solve problems occurred in each group in operating GeoGebra. So, the researcher 

will revise the device by changing the activities of teachers and students in the lesson plan, 

previously students were using GeoGebra, however, in the next revision, this activity will 

be fully held by the teacher while students observe it through the projector and students 

will describe the information obtained into the grid paper and discussed it in their group. 

The student worksheet was also revised, the researcher will design the student worksheet 

consisting lines so that students can directly draw a polygon and its shadow on it, the lines 

make it easier to draw and reduce the working time.  

Keywords: GeoGebra, discovery learning, critical thinking 

Introduction 

One of the mathematical skills that must be possessed by students in learning 

mathematics is critical thinking; this is appropriate with the objectives of mathematics learning 

contained in the 2013 curriculum (Malaysia, 2013) that is to improve intellectual ability, 

especially the ability of high-level students critical thinking. However, to develop students' 

critical thinking skills required a creative learning design from the teacher, and the process of 

learning to teach mathematics should be integrated with the use of technology and promoted 

with the use of dynamic software (Malaysia, 2013). One technology that can be used in learning 

mathematics is Geogebra. 

Geogebra is a software of Al-gebra geometry that can be used in mathematics, Geogebra 

is also one of the recommended software in mathematics lessons that deal with geometry (Idris, 

2009). Geometry is one of the topics in mathematics with abstract learning (Hutkemri, 2014) 

and Learning which involves more difficult concepts of learning concrete concepts  (Tutkun & 

Ozturk, 2013) However, software is beneficial for students in learning geometric concepts that 

require skill of high-level thinking processes in students, embedded by (Erbas & Yenmez, 2011) 

Learning mathematics, especially those using geometry, using geometry software can help 
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students improve their understanding of concepts geometry. A case study also shows that 

Geogebra is effective in addressing geometric problems (Erlina & Zakaria, 2014) (Erlina & 

Zakaria, 2014)  

The further software allows students to explore elements of geometry equipped with 

various functions that match the dynamic environment (Saha, Ayub, & Tarmizi, 2010) 

Indirectly; this leads students to personalize their learning as they interact with the software 

itself in the learning process. This is because one of the personal characteristics of learning is 

the presence of the student's initiative (Manaf et al., 2015) 

The use of technology is a very positive impact on the learning process of mathematics, 

but the use of technology itself is still very minimal used by teachers in learning, this is in line 

with research conducted by (Akşan & Eryilmaz, 2011) which states that the use of technology is 

still very minimal used by teachers , there are two factors that cause it, among others due to lack 

of skills of teachers in using technology and lack of resources for teachers who can motivate 

teachers in using technology, this statement also agrees with (Saha et al., 2010) who revealed 

that material and technology-based resources are provided to enable teachers and teachers to be 

technologically motivated, so that this study aims to develop a Learning materials based on 

Geogebra technology to enhance students' critical skills.  

The previous research has also developed Geogebra-based learning materials conducted 

by (Fitriyani & Sugiman, 2014), the results show that learning materials including Lesson Plan 

and Student Worksheet are very valid practical and effective, so that in this study researchers 

want to design GeoGebra-based Learning materials to students' critical thinking skills. This 

study aims to see how the learning materials design using the DL model assisted Geogebra that 

can help students in critical thinking on the transformation subject. 

In this study also use the model of learning DL (discovery Learning) to facilitate the 

application of Geogebra in teaching and learning process, DL model is a model of learning to 

find itself a concept in learning that encourages students to think critically in taking conclusions 

and solving problems, DL is also one of the learning models that have been recommended by 

the government, so it becomes a guide for researchers to use DL learning model that assisted by 

Geogebra. 

This study aims to see how the application of Geogebra with DL model to students' 

critical thinking ability on the subject that related to geometry such as transformation. Based on 

the background that has been put forward, then the formulation of the problem in this pilot study 

is: How to Design learning using Geogebra With  Discovery Learning Medology (DL) model 

that can help students in critical thinking on the subject of Reflection Transformation ". 
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Methods 

Aceh Besar regency, the subject of this research is the students of class VIII F consisting 

of 24 people who will be taught by using Geogebra with DL model on transformation reflection 

subject. In this research is using the type of research namely design research which is one of the 

approaches of qualitative, Design research is a systematic study conducted to design, develop 

and evaluate education intervention such as program, strategy, subject learning, and product as 

the solution to solve a problem. The method used in this research is design research by using 

plomp development procedure which consists of three stages, namely preliminary research, 

prototype (prototyping) stage, and assessment phase, but in this study only limited to the initial 

research stage only (preliminary research) and make the initial design of learning materials. 

The early stages of activities undertaken during the development process are curriculum 

analysis, concept analysis, student characteristic analysis, literature analysis and learning 

resources, in the next stage that is making the design of learning materials that support the 

Geogebra to help students in critical thinking of students transformation subject that include 

Lesson Plan and Student Worksheet that are designed as well as possible so that later will be 

developed to help teachers in the learning process. 

The research instrument used to obtain data from this pilot study is the Student 

Worksheet, the Lesson Plan, the observation sheet and field notes to be used during the test of 

the Learning material. To answer the problem formulation in this pilot study, data analysis is 

done through analysis retrospectively based on data that has been collected during the test. The 

analysis is done by using field notes, all the activities undertaken by students in teaching and 

learning process recorded in the field notes and record the parts where students are active and 

not active and see whether the activities in the learning is following the conjecture that has been 

designed before. The non-conforming learning sections and the problems students get in the 

critical fiscal process of working on Student Worksheet will then be re-confirmed with the 

students through interviews. In addition to field notes, other data sources such as observation 

sheets will also be used to match activities in the classroom in the analysis of the validity of 

research data. 

Results and Discussion 

The indicator and sub-indicator according to the international agreement of experts on 

critical thinking in learning by Anderson (Fachrurazi, 2011) are: 
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Table 1. Indicator and sub-indicator 
Indicator Sub-indicator 

Interpretation - Categorization 

-Identify Argument 

- arguments analyze 

Analysis - Test and check ideas 

- Identify argument 

- arguments analyze  

Evaluation - Evaluate and consider statements 

- evaluate and consider the argument 

Learning materials that have been designed by researchers by involving indicators and 

questions of critical thinking, Learning materials to be developed include Lesson Plan and 

Student Worksheet supported by the use of Geogebra in order to help students in critical 

thinking, the learning tool itself has been tested on the school Darul Ihsan Islamic Junior High 

School, Aceh Besar Regency, in the process of teaching and learning also the researchers 

involved learning materials along with Geogebra that will be used by referring to the Learning 

materials one of the hallmarks contained in this device is with the guidance and stages to use 

GeoGebra on the material mirroring that will make it easier for teachers and students to use it, 

by following the guidelines of the tool then the students will be more independent to dig 

information and will add new insights to the software, the picture of the device can be seen from 

several steps that have been prepared below: 

Open the GeoGebra app on your computer so it will 

show up as in Figure 1  

 Figure 1. Geogebra screen stage 1 

Chose the Polygon menu bar to create a triangle 

image on the GeoGebra worksheet  

 Figure 2. Geogebra screen stage 2 

Create a polygon with the desired vertex, like the 

triangle on Figure 3 

 Figure 3. Geogebra screen stage 3 
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Choose the "new points" menu if you want to reflect 

on a titi or select "Line through two points" menu if 

you want to reflect online through 2 points 

 Figure 4. Geogebra screen stage 4 

Then find the line or point, like the example of the 

line in Figure 5 

 Figure 5. Geogebra screen stage 5 

The guidance on the use of the above Geogebra is part of the steps that researchers have 

designed and inserted into Student Worksheet, and Lesson Plan Design and many stages have 

been designed so that students can see for themselves the shadows from the point -point and 

also wake flat on the screen work of Geogebra.  

Figure 6: Students explain the difference in reflection to the X-axis and Y-axis. 

Figure 6 shows the student's work on the Student Worksheet that the teacher has assigned 

to the group of one of the four groups in this study, in Figure 6 the student describes in advance 

a flat wake on a grid paper that had previously been observed through the Geogebra and 

determined its image against X-axis and Y-axis, we can see that the students in Figure 6 can 

give a good explanation for the two differences between Reflection with X-axis and Y-axis. In 

fact it can be concluded from the two figure above the students can interpret well, categorize or 

group and can also analyze the reasons for their answers, therefore it can be cited as the first 

indicator of critical thinking is fulfilled the students can provide simple explanations such as 

analyzing the reasons and can classify the reflected imaginary axis of X and Y axis for groups 3 
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and 4 as well crashed will Student Worksheet well that can meet the first indicator of critical 

thinking, so overall the four groups meet the first indicator.  

Figure 7: Students are working on Student Worksheet from observing the GeoGebra 

 In Figure 7 it can also be seen that students do Student Worksheet well by re-

considering the results through information, discussion and observation using Geogebra, from 

the results of researcher observation field by using instrument field notes, the researcher sees 

that the student is trying again to use information that has been obtained to complete the Student 

Worksheet even the students also re-use the observations that have been done using Geogebra 

and discuss and try to review the information to solve the problem, with a little guidance from 

the researchers that the whole student do the same and can solve the problem so that the second 

indicator of critical thinking is satisfied that students build basic skills through observation 

again using the observation report  

Figure 8: The student concludes and finds a reflection pattern from the analysis using Geogebra 
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Furthermore, for the third indicator of critical thinking is the students recapture the results 

obtained from the learning and make patterns or determine the value judgments as the students 

do in Figure 8, from the observation of researchers almost all groups can make conclusions from 

the learning outcomes but there are two groups less complete in concluding and unable to make 

the pattern of the reflecting material, but both groups can give a good conclusion in the words 

and difficulty in determining the pattern in the form of a mathematical sentence. 

From the analysis of the data it can be said that the 4 groups that become the subject of 

research can meet the first and second indictors of critical thinking, while for the third indicator 

there are 2 groups that lack legkap in concluded and can not express its conclusions in 

mathematical sentences and find patterns from the transformation reflection material, according 

to the information the researcher obtained from interviews with one of the students, he revealed 

that "having difficulties in operating geogebra he had never used before" as well as the same 

thing expressed by one student from a different group "he finds it difficult to operate geogebra 

with too short guidance, he hopes that guidance on the use of geogebra can be made more 

complete ", students from groups who meet all three indicators also commented that" geogebra 

is very interesting and can see the pattern of abstracts in jel, but there are still some obstacles 

when using it, according to him it is because he is the first time to use it and only the problem is 

not used, but by working together and asking the teacher, finally it can be overcome. 

In general it can be said that the use of Geogebra with the model DL (discovery Learning) 

can provide a positive effect on students' critical thinking skills in learning mathematics and the 

use of software helps students in learning the concept of geometry that requires high-level 

thinking process and observation will clearly abstract concepts, this is in line with those 

expressed by (Erbas & Yenmez, 2011) 

From the analysis the researchers get some constraints from the use of these devices, such 

as students need a longer time when operating GeoGebra, due to knowledge of GeoGebra is still 

minimal and teachers difficulty when trying to solve the problems that occur in each group in 

the process of operating GeoGebra, can be taken to revise the tool that is by changing the 

teacher and student activities contained in the Lesson Plan, if the previous who play a role in 

using GeoGebra, but in the next revision activities will be held fully by the teacher, then 

students observe through the projector that will be prepared teachers and students will describe 

the information obtained into a grid paper which will then be observed again and discussed with 

a group of friends. In the Student Worksheet section also got some revisions can be seen in 

Figure 6 where students must first describe the grid paper, in the next revision researchers will 

design Student Worksheet that contains lines so that students can directly describe the polygon 

and shadow on Student Worksheet this will be more easily and save time in doing it.  
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Conclusion 

Four groups meet the first and second indicators of critical thinking skills, and there are 

two groups who provide incomplete conclusion and patterns of the reflection material, so that 

the third indicator is not fulfilled. This is because students have difficulties in using GeoGebra. 

They have never used the software, so the guidance of using GeoGebra should be provided 

using the simple language for the students to understand. However, overall it is revealed that the 

use of Geogebra using the model DL (Discovery Learning) provide positive impact on learning 

and can assist students in developing critical thinking skills in solving mathematics problems. 
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Abstract. Creative thinking is a thinking skill that every student should have. Creative 

Problem Solving model can help promote teachers’ creative thinking. The researcher has 

developed teaching instruments on prism volume using Creative Problem Solving model. 

This article aims to describe the experimental results of teaching-learning implementation 

using the Creative Problem Solving model. The subjects of the study were 24 students of 

Class VIII-A of SMPN I Meureudu. Observation and reflection sheets were used as the 

research instruments. The data in this study were analyzed descriptively by relating the 

teaching-learning implementation in the class with the instrument developed. The 

experimental results showed that Creative Problem Solving model was applicable in the 

classroom context but a revision in term of time allocation should be considered. 

Keywords: Creative Problem Solving, Creative Thinking. 

Introduction 

Learning mathematics requires thinking skill. The curriculum 2013 mandated that the 

goal of education is to develop student potentials to be knowledgeable, competent, critical, 

creative, and innovative (Permendikbud No 68, 2013). To obtain their graduate qualification, 

students should master both abstract and concrete creative thinking skills which they learn from 

school or other relevant places (Permendikbud No 54, 2013) 

Creative thinking helps students acquire new insight when learning mathematics. Those 

who are actively engaged in the learning process can develop new ideas that emphasis on 

fluency, flexibility, novelty, and detail (Grieshober, 2004). Creative thinking is a skill needed to 

find a flexible solution to a problem (Park, 2004). It is directly associated with problem-solving. 

For example, it is used as a process in determining the ways used in solving a problem (Nakin, 

2003). Implementation of creative thinking in problem-solving can generate diverse and 

intuitive philosophy and yield many ideas. This is very useful in finding the solution. This 

definition implies that creative thinking focuses on logical and intuitive thinking in generating 

ideas (Pehkonen, 1983). 

By learning mathematics, students are expected to be active and creative in solving 

mathematical problems. Unfortunately, many students are lack of creative thinking skills when 

solving mathematical problems. Students are often not creative when solving the problems. 

They cannot find an original solution and only follow the examples solved by the teachers 

(Indriana et al., 2015). Students are also lack of practices in solving problems while teachers do 
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not stimulate their creativity when answering questions (Amalia, Duskri, & Ahmad, 2014). 

Thus, students become too dependent on teachers and fail to master creative thinking skills.  

Since learning mathematics can develop students’ creative thinking skills, a learning 

model that promotes creative thinking is very crucial. Creative Problem Solving (CPS) is a 

learning model that can help students imaginatively and effectively solve problems. It helps 

students solve the problem creatively to achieve the learning target, overcome challenges, and 

improve the ability to think creatively. The main character of the CPS is that it has a structure 

consisting of three main components; understanding the problem, generating ideas, and 

planning an action, which follows six specific stages, mess finding, data finding, problem 

finding, idea finding, solution finding, and acceptance finding (Treffinger & Isaksen, 2005). 

CPS stimulates students to generate ideas and choose the best solution possible to the problems 

they are dealing with. 

Previous studies have developed learning instruments that stimulate creative thinking 

through mathematic textbook development based on treffinger learning model (Mursalin, 2016). 

The development of learning instrument based on a problem-based learning model that focuses 

on students’ creative and initiative thinking (Eko & Cahyono, 2017). The author is interested in 

developing learning instruments using Creative Problem Solving as no previous studies 

developed such instruments. Based on the problem mentioned above, the research question in 

this experimental study is "How are the results of a teaching-learning experiment using the CPS 

model in cultivating creative thinking skills?” 

Method 

This article is an experimental report of a more extensive study. The more extensive study 

is about the development of learning instruments through the CPS Model to stimulate students' 

creative thinking skills.This paper focuses on the experimental results to learn the implemented 

extent of the learning instruments developed. The results are required to improve the learning 

instruments based on the actual reality in the classroom. The results are expected to produce 

learning instruments that will be validated by the validators. 

Overall, the learning instruments were adopted through Plomp model. The Plomp model 

developmentinvolves some stages: (1) preliminary investigation, (2) design, (3) construction, 

(4) test, evaluation and revision, and (5) implementation. This developmental experiment only 

focuses on the Stage 1 Prototype. The prototypes produced at this stage are lesson plan (RPP) 

and worksheet (LKPD) which will be tested to students for feedback before validated by 

validators.The subjects of the study were 24 Class VIII-A students of SMPN I Meureudu.The 

class was selected because the topic of prism volume is taught in this class. The data were 
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analyzed descriptively by relating the teaching and learning in the class with the instrument 

developed. 

Data pertaining students' creative thinking in solving mathematical problems were 

obtained from group work and were later analyzed descriptively. The criteria used in the 

analysis were fluency, flexibility, and novelty. 

Result and Discussion 

The lesson used in this experimental study is prism volume. The researcher opens the 

lesson using apperception by relating it with triangle, as shown in Figure 1. 

Figure 1. The teacher used apperception and motivated the students 

Teacher : What picture is this? 

Student : prism 

Teacher : what kind of prism? 

Student : triangular prism 

Teacher : why is it named triangular prism? 

Student : because the base is triangular. 

Later the teacher motivated the students by informing them that they can apply the prism 

volume to their daily life after they finish the class. 

At the beginning of the primary activity, students were given problems on prism volume 

from the worksheet (LKPD) to each group.The students started to analyze and tried to 

understand the problems, which consisted of question like that in Figure 3. The question asked 

the students to find prism volume using at least two ways. Later, as shown in the Figure 

2students were asked to find the fact for the problem in the worksheet 
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Figure 2. Students found the fact  Figure 3.The problem in the worksheet 

As shown in the Figure 4, the students found that the length of the base sides of the aquarium is 

10 cm and the height of the aquarium is 40 cm.  

Figure 4. Facts found by students 

When students did not understand, they asked questions regarding the problembasedon 

their initial knowledge. Then, they were asked to find the problem in the activity from the 

worksheet, as shown in the Figure 5. 

Figure 5. Students found the problem 

From the Figure 5, it can be seen that the problem which students found in question was 

to determine the prism volume at least in two ways.  After they understood the problems in the 

worksheet, they planned the ways to solve the problem. Students had to find ideas to solve the 

problems based on the fact and the question in the previous step, as shown in the Figure 6. 
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Figure 6. Students found ideas to solve the problem. 

The students thought that in determining the volume of the aquarium, they needed to find 

the base area of the aquarium before multiplying it with the height of the aquarium. When 

calculating the base area, students could use two ways; (1) calculating the base area of the 

trapezium using the hexagonal formula and (2) calculating the volume of the triangular prism, 

which later multiplied by six. Some students tried to break down the hexagon. They thought that 

the hexagon could be broken down into three pieces, two triangles, and one square. However, 

the teacher did not support their ideas.Using those ideas, the students solved the problem in the 

worksheet as shown in Figure 7.  

Figure 7. Students found the solution to the problem 

The students also reassessed the solution to ensure its correctness before concluding their 

answer. Finally, they presented their group work in front of the class.  The teacher 

simultaneously guides the students throughout the lesson. During the closing activity, the 

teacher was unable to reflect and reinforce the lesson due to limited time allocation. 
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Some groups could not solve the problems correctly in the worksheet. Worksheet analysis 

showed that from the five groups studied; two groups met the fluency and flexibility indicator, 

two groups only met fluency indicator and one group only met the flexibility indicator. 

It was apparent that throughout the class, the Creative Problem Solving model could 

stimulate students’ creative thinking skills. This was observed from the ways they generated 

ideas, which later assisted them when solving the problem from the worksheet. Creative 

Problem Solving Model can alleviate students’ ability to look for ideas when solving problems 

(Surya, 2017). The ideas could help stimulate students to think creatively.  

Conclusion 

Based on the experiment of learning instrument conducted in SMPN I Meureudu using 

the Creative Problem Solving model generally went as expected. Some revisions need to be 

made such as adding questions that promote students’ creative thinking, starting from easier 

questions to difficult ones.  
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Abstract. In the process of learning Mathematics students tend to memorize the concept of 

Mathematics. This may happen because the teacher is too dominant in teaching, so the 

involvement of students in the learning process is very lack, which resulted students 

memorize a lot and cause less mastering of the subject matter. This research aims to 

describe the application of guided discovery learning that can improve the learning 

outcomes of mathematics at students grade VII SMP Negeri 9 Pematangsiantar. Research 

conducted two cycles, each cycle consist of - planning, doing, observation, reflection, 

revising, it is reconducted. Guided discovery learning improves learning mathematics 

outcomes. It can be seen at the points of learning planning such as formulate the problem 

analyzing data, prepare conjectures, and verbalize conjectures. Student learning outcomes 

increase, students are included in the "good" category and teacher activity results are 

included in the "excellent". 

Keywords: Guided Discovery, Pythagorean Theorem 

Introduction 

The level of mathematical understanding of a student is strongly influenced by the 

experience of students while learning is an attempt to help students to construct knowledge 

through the process. Knowing is a process, not a product (Bruner, 1977). The process begins 

with experience, so that students should be given the widest opportunity to construct their own 

knowledge to be possessed. The learning process can be followed well and attract the attention 

of students when using the method of learning in accordance with the level of student 

development and in accordance with the learning materials. Based on the researcher’s 

observation (Manurung, 2018), generally learning in form of conventional, that is lecturing. It 

has not based on students centered yet. Students receive materials given by teachers actively by 

noting and without discussion, opinion or verbal questioning related to the material. In general, 

students still act as learning object, not as subject of learning. Learning method used is still a 

lecture method so that students seem passive during the learning process takes place. Researcher 

applies guided discovery learning method. As a guide position, teachers are expected to provide 

an active, creative, effective, and fun learning process. Guided discovery learning method is a 

learning that prioritizes activity, and creative (Bruner, 1977). Discovery method is a way of 

reaching mathematical topics such learning process allows students to discover patterns or 

mathematical structures for themselves through previous learning experiences (Herman, 2005). 

In the process of learning with this method students are directed to solve problems with 

the help of teachers as facilitators. This means that this method gives students to investigate 

freely and draw conclusions from the issues given to them. In this case, the teacher acts as a 
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facilitator. Teacher helps students to use the ideas, concepts and skills they have learned to 

discover new knowledge (Mottershead, 1985). 

     There are several steps of in guided discovery method (Suryosubroto, 2009), they are as 

follows: 

1. Identify student needs.

2. Preliminary selection of principles, understanding of concepts and generations to be studied.

3. Selection of materials and problems / tasks.

4. Help to clarify.

5. Prepare classroom settings and necessary tools.

6. Checking students' understanding of the problem to be solved and student tasks.

7. Give students an opportunity to make discoveries.

8. Assist students in information / data, if required by students.

9. Lead your own analysis with questions that guide and identify the process.

10. Stimulate the interaction between students with students.

11. Praise and magnify students who are active in the discovery process.

12. Assist students to formulate the principles and generalizations of the findings.

Based steps of the author formulate  in the form of the learning process such as the 

following: 

1. Formulate the problem

Formulate problems that will be given to students with sufficient data, the formulation must

be clear, avoid statements that lead to misinterpretation so that the direction taken by

students is not wrong.

2. Analyzing data

From the data provided by the teacher, the students prepare, process, organize, and analyze

the data. In this case, teacher guidance can be provided as far as necessary. This guidance

should lead the students to move in the direction they want to go, through questions, or

worksheet.

3. Prepare conjectures (forecasts)

Students construct conjectures (forecasts) from the results of the analysis it does. When

deemed necessary, the conjecture that has been made by the student is examined by the

teacher. This is important to ensure the accuracy of the student's predictions, so that it will be

in the direction to be achieved.

4. Verbalize conjectures

If it has been obtained certainty about the truth of the conjecture, then verbalization

conjecture should be submitted also to students to arrange it. In addition, it should be
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remembered that induction does not guarantee 100% of the conjecture truth. After students 

find what they are looking for, the teacher should provide additional exercises or questions to 

check whether the findings are true. 

According to the oservations of researchers when guiding students practice field 

experience, many students have difficulty understanding the phytagorean theorem, but this 

material is very important. And the results of research using guided discovery on fractional 

material in elementary school is not complete (Manurung, 2018). Based on above description, 

the research aim is to know the implementation of guided discovery methods on Pythagorean 

theorem. 

Method 

This research was conducted at SMP Negeri 9 Pematangsiantar, because when 

researchers guide students practice field experience, many students have difficulty 

understanding the phytagorean theorem. This research is classroom action research intends to 

describe and identify the student’s learning process using a cycle which are planning, doing, 

observation, reflection, revising, which is continued planning, doing, observation, reflection 

(revised) and then continually reconducted. At the reflection step, researcher: 1) reflecting what 

has been done and the effect for the student’s learning process, 2) reflecting the reason to do the 

action which is related into its effect, and 3) identifying the strength an weakness of the action 

has been done. 

     The planning learning consist of opening, core, and closing (Kemp, 1977) through four 

activities that is: formulate the problem, analyzing data prepare conjectures, and verbalize 

conjectures. The design of learning activities is prepared based on suggestions and validation of 

two colleagues. Validation is based on completeness and sequence of activities. Good validation 

category. The learning design is: 

1. Formulate the problem.

Teacher gives information of teaching material/ problem, and guides the student. Finding

area of rectangle and area of right triangle. Draw any square PQRS, and pull the diagonal of

QS. So divide the PQRS rectangle into two right triangles, namely ΔPQS and ΔQSR. PQRS

rectangle is equal to the sum of ΔPQS and ΔQSR.

2. Analyzing data

Finding Theorem of Pythagoras. To find the Pythagorean Theorem do the following

activities. Take four pieces of triangle-shaped paper right, and arrange into a rectangular

shape.
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3. Prepare conjectures

Students analyze the data provided by the teacher and construct the conjecture from the data,

so that it is obtained:

Area of ∆���  = Area of  ∆���
= 

�
� × Area of rectangle of PQRS 

Because the rectangle area PQRS equals p multiplied by l, then obtained: 

Area ∆��� = �
� × … × …  or 

Area of right triangle= …
… × … × …

4. Verbalize conjectures.

By taking four pieces of triangle-shaped paper, and arrange into a rectangular shape,

obtained that the area of a small square can be obtained by calculating the large square area

and reducing it by the area of the four pieces of triangle-shaped area. The area of the four

pieces of triangle-shaped area is a right-angled triangle drawn earlier, so that it is obtained:

Small square area = Large square area – (4 × Right triangle area)

�� + 4 ���
2 � = (� + �)�

�� + 2�� = �� + �� + 2�� 
�� = �� + ��

Based on data analysis of the learning outcomes of 36 students from each cycle learning 

planning known to the level of completeness learning. Learn completed means planning 

learning has been successful and good. 

Result and Discussion 

Based on the results of reflection on the first cycle found shortcomings in the learning 

process and will be improved in cycle II. In action planning activities, the researcher improves 

the stages of learning in the previous cycle, giving researchers more time to argue and ask 

questions, the researcher emphasizes the students to make and write conclusions. Researchers in 

the implementation of learning to manage the time for students to get a portion of time is 

enough, researchers provide motivation to students. Based on the observation  of   student 

activity  in cycle I and II it was concluded that the students success level of action planning 

viewed at cycle I and II. 
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Table 1. Comparison of success level of action planning viewed from student aspect at cycle I 

and II 

Students 

Achievement 
Cycle I Cycle II 

Completed 17 students (47.22%) 33 students (91.66% ) 

Uncompleted 19 students (52.78%) 3 students (8.33%) 

Class Avarage 60.52 70.86 

The results of the implementation have improvement, such as examples of student work 

results below. The comparison of application of guided discovery learning based on the learning 

stages in cycle I and II is presented in the table.

Figure 1. Examples of student work results 

The results of the research show the learning process is complete, good category. Means 

the students through his experience with the guidance of the teacher able to use his ideas, 

concepts, and skills to discover new knowledge (Mottershead, 1985). While in the fractional 

material research in primary school, is not complete. Teacher assistance must be greater so that 

it can construct new knowledge by using prior experience. This is evident from the initial 

constraint in formulating the problem , relating to the integer to the fraction (Manurung, 2018). 

The other research, by applying the learning model guided discovery learning in class VII 
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SMPN 2 Gunung Talang, On IPA subject, showed that the competence of the knowledge of 

learners ranging from pre-cycle until the third cycle is 63.33%, 70%, 80% and 90%. The 

completeness of competence attitudes of learners ranging from pre-cycle until the third cycle is 

62.71%, 69.3%, 77.08% and 85.67%. Meanwhile, for completeness of competence skills of 

learners ranging from pre-cycle until the third cycle are 71.66%, 72.57%, 83.6% and 85.83% 

(Herlily, 2018). But the results research at Islamic Junior High School students at MTs with the 

first stage is the development of learning devices based guided discovery with the reference 

Four-D model, and the second stage is to try-out of learning package, from the results of trials I 

and trials II obtained: 1) learning devices based guided discovery model is able to improve the 

understanding concept and critical thinking mathematically ability of students; 2) the settlement 

process of the students’ answers to problems solving about the understanding concept and 

critical thinking mathematically ability of students with guided discovery model more varied 

and better. Furthermore, it was suggested that teachers can use guided discovery learning model 

by presenting problems related to daily life as an alternative student learning (Yuliani, 2015). 

By comparing the research application of guided discovery learning through four the method for 

the material Pythagorean for this research including complete and successful. 

In essence students are happy (based on observations) when learning while working or 

doing activities. They will feel pride when given the opportunity to do or do something. Work is 

a demands statement from the child. Therefore, they need to be given the opportunity to engage 

in real activities involving their muscles and minds so that learning activities of finding and 

finding themselves will be ingrained in the child will continue to be memorable and will not be 

forgotten. 

Conclusion and Ssuggestions 

Based on the implementation of learning that has been presented on the exposure of data 

and also on the discussion, it can be concluded. Mathematical learning using guided discovery 

method that can improve student learning achievement is as follows: 

1. Formulate the problem to be given to the students.

2. From the data provided by the teacher, the students prepare, process, organize, and analyze

the data.

3. Students construct conjectures (forecasts) from the results of the analysis done. When

deemed necessary, the conjecture that has been made by the students is examined by the

teacher.

4. Verbalization of conjectures conducted by students.
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It should be noted that if the teacher wishes to apply the method of discovery, the teacher 

should have designed a generalization or conclusion of what the learners will achieve or should 

find. In conducting activities or discoveries in small groups, students interact with one another. 

This condition will affect students 'mastery of mathematics material, it will also improve 

students' social skills. Guided discovery method can be used as an alternative method of 

learning because it can improve students' mathematics learning outcomes in the topic of 

Phythagoras. 
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