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Preface 
  

This proceedings is the regular edition (non-Scopus-indexed) of the conference 
proceedings of the 7th International Conference on Research, Implementation, and Education of 
Mathematics and Sciences (ICRIEMS) held by the Faculty of Mathematics and Science, 
Yogyakarta State University, Indonesia on 25-26 September 2020 at Yogyakarta State Univesity 
. All papers in this proceeding were obtained from a selection process by a team of reviewers and 
had already been presented in the conference. Some selected papers from the conference were 
compiled under separate proceedings and published by Institute of Physics (IoP) which is Scopus-
indexed. This proceedings comprises 9 fields, they are mathematics, mathematics education, 
physics, physics education, chemistry, chemistry education, biology, biology education, and 
science education. 

The theme of this 7th ICRIEMS is ‘Science, Technology, and Education in The Global Era 
for Virtuous and Competitive Generation. This conference presented five keynote speakers, 
which were Martianus Frederic Ezerman, Ph. D (School of Physical and Mathematical, Sciences, 
NTU, Singapore), Prof. Dwikorita Karnawati, Ph.D (BMKG, Jakarta), Prof . Dr. Gultekin 
Cakmakci (Hacettepe University, Turkey), Prof. Wing Mui Winnie So (University of Hong 
Kong), and Dr. Insih Wilujeng (Universitas Negeri Yogyakarta). Besides the keynote speakers, 
there were also parallel articles that present the latest research results in the field of mathematics, 
sciences, and education. These parallel session speakers came from researchers from Indonesia 
and abroad. 

Hopefully, this proceeding may contribute in disseminating research results and studies in 
the field of mathematics, sciences and education such that they are accessible by many people 
and useful for the development of our civilization. 

 
 

Yogyakarta, October 2020 
 
 

Editorial Team 
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Forewords From The Head of Committee 2020 
 

Assalamu’alaikum warahmatullahi wabarakatuh 
May peace and God’s blessings be upon you all 
 
Dear our respected speakers and participants on behalf of the 7th ICRIEMS 2020 
Organizing Committee, we would like to extend our warmest welcome to the 
Yogyakarta. 
 
The 6th International Conference on Research, Implementation, and Education of 
Mathematics and Science (ICRIEMS) which is organized by Faculty of Mathematics 
and Science, Universitas Negeri Yogyakarta, Indonesia held today on September, 25-
26 2020. The theme of the 7th ICRIEMS is “Integrating Science, Technology, 
Engineering, & Mathematics (STEM) and Education for Disaster Risk Reduction and 
Mitigation”. We certainly hope that the theme will covers the field of mathematics, 
chemistry, physics, biology, mathematics education, chemistry education, physics 
education, biology education, and science education to enhance society knowledge on 
natural phenomena and geographical position of countries in the ring of fire pathway 
that have the potential for natural disasters. The knowledge could help people and 
government agencies to reduce and prevent the emergence of a larger disaster impact.  
 
The conference is an event where prominent practitioners, researchers, students and 
educators from all around the world are joining together to share their latest research 
and exchange their ideas. The conference will be a good place to promote or maintain 
not only national but also international collaboration and networking among 
academics, researchers and educators. The conference has accepted 210 papers from 
six countries, i.e. Turkey, Indonesia, Hongkong, Singapore, Malaysia, and Thailand. 
There are more or less 140 selected papers will be published by AIP Publisher under 
Scopus Index and Journal of Physics: Conference Series by IOP Publishing also under 
Scopus Index. The rest of the papers will be published on DOAJ Journals and Regular 
ICRIEMS Proceeding.  
 
 
Last but not least, We address very big appreciation and many thanks to all presenters 
and participants who have been actively involved in this conference. We also wish to 
thank to our reviewers for invaluable comments and suggestions. We wish you a 
productive conference and hope you enjoy your time in Yogyakarta and at 6th 
ICRIEMS 2019! 
 
Wassalamu’alaikum warahmatullahi wabarakatuh. 
 

Yogyakarta, November 2020 
 
 
 
Dr. Supardi, M.Si 
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Forewords From the Dean of Faculty of Mathematics and Sciences, 
Universitas Negeri Yogyakarta 

 
May peace and God’s blessings be upon you all. 
On behalf of the Committee, first of all allow me to extend my warmest greeting and 

welcome to the 7th International Conference on Research, Implementation, and Education of 
Mathematics and Sciences (ICRIEMS) 2020, organized by Faculty of Mathematics and Natural 
Sciences (FMNS) Universitas Negeri Yogyakarta. 

The readiness of human resources is required to face up the new era of industrial revolution 
which demands people to be actively involved in communication system, to think critically, and 
to have good skills including adaptability, social-emotional learning, growth mindset, and 
cultural awareness. The challenge for us is getting bigger with the Covid-19 pandemic around 
the world which changes the order of human life. Mastery and self-readiness are very important 
to face the world today. This condition could be achieved if it is supported by the empowerment 
of individuals and scientific and technological innovations in order to adapt to global change 
which encompasses technological, social, cultural, economic changes and natural events. 

With the theme of “Science, Technology, and Education in The Global Era for Virtuous 
and Competitive Generation”, this conference is aimed to pull together researchers, educators, 
policymakers, and practitioners to share their critical thinking and research outcomes. 
Therefore, we can understand and examine the development of fundamental principles, 
knowledge, and technology to adapt to global changes and to prepare the qualified generations. 
The scope of this conference covers all topics but is not limited to in the field of mathematics, 
chemistry, physics, biology, mathematics education, chemistry education, physics education, 
biology education, and science education. 

Distinguished guest, ladies, and gentlemen, 
This conference will be far from success and we could not accomplish what we do without 

the support from various parties. So let me extend my deepest gratitude and highest appreciation 
to all committee members. I would also like to thank each of participants for attending our 
virtual conference and bringing your expertise to our gathering. Should you find any 
inconveniences and shortcomings, please accept my sincere apologies. 

To conclude, let me wish you a fruitful discussion and an impressive virtual conference. 
 
 
 

Yogyakarta, September  2020 
 
 
 

Prof. Dr. Ariswan 
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Abstract. This paper describes the designs of guided discovery learning with a calculator-assisted 

for trigonometry, which may be considered a difficult topic for high school students. Trigonometry 

is one of the topics in mathematics in senior high school that must be studied and has an important 

effect in the development of students' creative thinking skills, but in reality there are some difficulties 

experienced by students. An activity "discovery or invention" means an activity or lesson is designed 

so that students can discover the concepts and principles through his own mental processes. Based 

on several studies that have been done before, the model of discovery learning is considered able to 

boost the ability of students' mathematical understanding in mathematics. Learning to use media can 

make students become more creative, responsible and have their own initiatives in understanding 

concepts and solving problems without direct teacher assistance. With the development of the times, 

education seems to shift to a more advanced era. One of them is to use a calculator in learning 

mathematics. The resulted design may be used in regular mathematics classroom with some 

adjustment on the difficulty level and the allocated lesson time. 

1.  Introduction 

Education is expected to equip students to have the abilities mentioned above in order to be able to support 

the life of a student. Pasific Policy Research [1] states that the ability to think creatively, flexibly, solve 

problems, collaborate and be innovative is a skill needed for success in life. Therefore education is expected 

to be able to develop these abilities. This shows that education is expected to be able to equip students to 

have the ability to apply the knowledge they have in order to solve problems in daily life, including 

mathematics education. 

Mathematics is the most important part of the development of world science and technology and is one 

of the subjects studied by students. Mathematics is important for the development of students' mathematical 

thinking. Based on mathematical material to be studied in school, trigonometry is one part of mathematics 

that must be studied in senior high school. Trigonometry is a very important subject in mathematics. It is a 

subject that is taught in schools and a basic concept that are also used in other subjects such as geometric, 

algebraic and graphical ways of thinking [2].  



Trigonometry helps students develop cognitive strategies, such as problem solving through students' 

reasoning and proving abilities [3]. Problem solving in trigonometry can be considered very difficult for 

high school students, also for prospective teachers to be mastered [4] and [5]. There are several studies 

related to analyzing problem solving in trigonometric problems. Teacher should give more opportunities 

for students to do regular problems, and concentrate to solve problems one step at the time [6]. 

The students must follow those steps so they can handle the math problems. It is very important to 

understand, how the students solve their math problems, so the teacher can give some suggestions. 

Hopefully, in the future they can solve more math problems or even in their daily problems using logic. 

Most teachers have observed that children have numerous misconceptions about trigonometry. This occurs 

when teachers discuss proof on trigonometry problem. Trigonometry objects are considered abstract by 

some student. As a result, students do not believe mathematics, although they acknowledge and understand. 

Students will also have difficulty in understanding the concepts of trigonometry and students to be passive 

in learning study results decreased. 

In overcoming student difficulties in learning trigonometric material, teachers need to choose innovative 

learning and be able to help students understand trigonometry based on their direct understanding. One 

learning model that can be used as an alternative to solve this problem is to use a guided discovery learning 

model. The guided discovery method departs from the discovery theory developed by Bruner [7] which 

says that the essence of learning is how people actively choose, maintain and transform. Takdir [8] said 

discovery is a method that allows students to be directly involved in learning activities so that they are able 

to use their mental processes to find a concept or theory that is being studied. 

In its development, a lot of research was carried out so that the guided discovery learning method 

emerged prioritizing student activities in finding knowledge through peer guidance and teachers. Eggen & 

Kauchak say guided discovery is a teaching approach where the teacher provides examples of specific 

topics and the teacher guides students to understand the topic [9]. An activity "discovery or invention" 

means an activity or lesson is designed so that students can discover the concepts and principles through 

his own mental processes. Based on several studies that have been done before, the model of discovery 

learning is considered able to boost the ability of students' mathematical understanding in mathematics.  

Learning to use media can make students become more creative, responsible and have their own 

initiatives in understanding concepts and solving problems without direct teacher assistance. With the 

development of the times, education seems to shift to a more advanced era. The development of science 

and technology has an impact on education, including learning mathematics. One of the results of the 

development of science and technology that has an impact on learning mathematics is a calculator. The use 

of technology in mathematics learning can improve the quality of learning [10]. Computers and calculators 

can potentially shift the paradigm of learning activities from concentrating on manipulative skills to 

developing concepts, relationships, and problem solving skills. 

Teachers have a range of learning strategies and resources available to them to help students develop, 

consolidate and broaden their understanding of mathematics. Calculators can be used to achieve various 

mathematics learning objectives. Calculators with appropriate usage strategies can improve student 

understanding, solve problems, explore concepts and connections through multiple representations, and 

even develop student understanding. The use of calculators in the upper middle class allows to concentrate 

more on thinking about problems that require understanding concepts and creative approaches, but this 

success depends largely on how to use calculators in the classroom and the instructions given by the teacher 

[11].  

The calculator is considered an interactive math dictionary. The main advantage of using a calculator in 

learning mathematics is that it can process data quickly and accurately. Therefore calculators must be 

involved in learning mathematics and condition students to explore, observe, study, and make conjectures 

without doubting their ability to calculate. It is expected that using a calculator in mathematics learning will 

sharpen thinking skills and analytical skills. 

The current article aims to propose designs guided discovery learning with a calculator-assisted for 

learning trigonometry. In mathematics, trigonometry is a topic that may not be easy to study. Trigonometric 



problem solving is the most difficult to understand because it requires a proper understanding of triangles 

and trigonometric ratios, besides that there is material on trigonometric charts and their shifts.  

 

2.  Methods 

 

2.1 The participants. 

The trial subjects were 36 X grade senior high school students in the MIPA group around 15 years old. A 

student with that age range usually tries to establish interaction and socialize with many people, mainly 

friends of the same age. A group of students studied trigonometric material through learning using a guided 

discovery model with a calculator-assisted. Learning is given to students through the implementation of the 

lesson plan and student worksheets that have been prepared according to guided discovery learning steps 

assisted by a calculator. 

 

2.2 The methodology. 

The lesson plan is a teacher's guide in teaching in the classroom. The learning implementation plan is a plan 

that describes the procedures and organization of learning to achieve a basic competency set out in Standard 

Content (SI) and described in the syllabus. The preparation of the lesson plan was carried out by studying 

the Core Competencies (KI) and Basic Competencies (KD) in the 2013 curriculum which was revised 

according to those used by the school where this research was carried out. Then selected the predetermined 

subjects, namely trigonometry, formulating indicators, determining learning objectives, compiling lesson 

plans, consulting with expert judgment and revising the lesson plans that have been consulted, then 

validated by expert judgment, then revising the lesson plans that have been validated. 

Student worksheets are learning aids in the form of a sheet of paper containing information and questions 

that must be done by students. These student worksheets can be done by students individually or in groups. 

Student worksheets are a learning aid in the form of sheets of paper containing information and questions 

that must be answered by students. The arrangement of these student worksheets is in accordance with the 

components of the guided discovery learning model assisted by a calculator. Student worksheets used in 

this study were student worksheets designed by the researcher and validated by expert judgment. After 

being consulted, then revising the worksheets. 

The lesson plans and worksheets used in this study are the lesson plans and worksheets designed by 

researchers and have been consulted with validators or expert judgments. The lesson plans and worksheets 

have also been shown to teachers in schools. The lesson plans and worksheets are learning tools compiled 

by the author for use in experimental research he is doing. The trigonometric material for mathematics 

learning devices for class X SMA Semester II with the help of this calculator can be said to be developed 

using the Plomp model. The Plomp model [12] has three stages in its development including: (1) 

preliminary research, (2) the development or prototyping stage, and (3) the assessment stage. The 

assessment of the quality of the lesson plans and worksheets refers to Nieveen's [13] criteria which include 

validity and effectiveness. 

The data analysis technique for learning tools in the form of lesson plans and worksheets is classified 

into two, namely qualitative data and quantitative data. The qualitative data that will be used are the results 

of the validation sheet and the learning observation sheet. As for the quantitative data obtained from the 

results of the final test of learning. In converting quantitative data into qualitative data using five 

classifications based on Widoyoko's formula [14], namely as in the table below: 

 

 

 

 

 



 

Table 1. Classification of Learning Tools 

Interval mean score Classification 

�̅� > �̅�𝑡 + 1.8𝑠𝑏𝑖  Very good 

�̅�𝑡 + 0.6𝑠𝑏𝑖 < �̅� ≤ �̅�𝑡 + 1.8𝑠𝑏𝑖  Good 

�̅�𝑡 − 0.6𝑠𝑏𝑖 < �̅� ≤ �̅�𝑡 + 0.6𝑠𝑏𝑖  Sufficiently 

�̅�𝑡 − 1.8𝑠𝑏𝑖 < �̅� ≤ �̅�𝑡 − 0.6𝑠𝑏𝑖  Deficient 

�̅� ≤ �̅�𝑡 − 1.8𝑠𝑏𝑖  Very deficient 

 

Note: �̅�𝑡 =
max 𝑠𝑐𝑜𝑟𝑒+min 𝑠𝑐𝑜𝑟𝑒

2
 ; 𝑠𝑏𝑖 =

max 𝑠𝑐𝑜𝑟𝑒−min 𝑠𝑐𝑜𝑟𝑒

6
; �̅� ∶  𝑒𝑚𝑝𝑖𝑟𝑖𝑐 𝑚𝑒𝑎𝑛 𝑠𝑐𝑜𝑟𝑒 

 

The analysis of the validity of the lesson plans and worksheets learning tools was carried out to 

determine the validity criteria that were met and previously assessed by the validator using a validation 

sheet. The learning device can be concluded as valid if the results of the validation by the validator of the 

enrichment learning device fall within the valid criteria. The learning devices and instruments that will be 

tested for validity consist of lesson plans, worksheets, and final learning tests. Furthermore, an analysis of 

the effectiveness of the learning tools is carried out. 

When carrying out the effectiveness analysis which aims to determine the extent to which the RPP and 

guided discovery worksheets assisted by calculators on this trigonometric material meet the effective 

criteria, it can be determined from the final test results of student learning. The value obtained from the 

final test is a value of 0-100. This value is compared with the minimum completeness criteria that have 

been previously set by the school for mathematics, namely 75. Which can be said to be effective if the 

learning device developed has a percentage of student learning completeness ≥ 75%. 

𝑡ℎ𝑒 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 (𝑡)  =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑠𝑠𝑒𝑑 𝑠𝑡𝑢𝑑𝑒𝑛𝑡

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑢𝑑𝑒𝑛𝑡
x 100% 

2.3 The design of guided discovery learning with a calculator-assisted for learning trigonometry. 

The following is an example of a trigonometric learning design using a guided discovery model with a 

calculator-assisted in student worksheets. 

 
Figure 1. Utilization of the calculator to calculate. 

 



 
Figure 2. Use of calculators to carry out investigations or checks. 

 

 
Figure 3. Make use of a special feature on the calculator to observe patterns. 

 

In Figure 1, it can be seen that the guided discovery learning provided is made use of a calculator as a 

calculation aid. The calculator function is used to calculate and verify that the three lengths of the triangle 



satisfy the Pythagorean theorem. Whereas in Figure 2, the guided discovery learning model provided uses 

a calculator to carry out investigations or checks. And for Figure 3, the use of special features on the 

calculator is used to observe the patterns and shifts of the trigonometric graph. 

 

3.  Result and Discussion  

 
3.1 Math Learning Tool Product Test Analysis. 

The data analysis process consists of two aspects, namely validity and effectiveness data analysis. The 

purpose of analyzing this data is to determine the quality of the product being developed and at the same 

time be in the evaluation phase of the product development process. The data obtained consisted of validity 

and effectiveness. 

The result of the validity of the lesson plan is that the average validation score of the two validators is 

119.5 with a good qualitative classification in the range of 98.58 < �̅�  ≤ 121.74. Therefore, the quality of 

lesson plans with the help of calculators for guided discovery learning on trigonometric material for class 

X SMA students is considered valid and feasible. Furthermore, for the student product activity sheet, the 

validation results obtained were validation scores by two 95 validators with good qualitative classification 

with a range of 81.6 <  �̅�  ≤ 100.8. Thus, the quality product of the student worksheet assisted by a calculator 

for class X semester II students is considered valid and feasible. 

The final product that is validated is the final test of learning trigonometric material. Based on the score 

of the validity assessment by the two validators was 48.5 with a good qualitative classification in the range 

of 44.22 < �̅�  ≤ 54.66. Therefore, the final test of trigonometry learning with the help of a calculator for 

class X SMA semester II is considered valid and feasible. The effectiveness of the product of trigonometric 

learning tools is determined based on the results of learning tests conducted by students. Based on the test 

results, the percentage of completeness of the final test after enrichment learning was 95.45% with a final 

test score of 83.72. This figure explains that around 21 of the total 22 students who took the test achieved 

a PKS score ≥ 75 and had reached a minimum of 75%. Thus based on these data it can be concluded that 

the previously developed lesson plan and student worksheets meet the effective classification. 

 

3.2 The implementation of guided discovery learning with a calculator-assisted for learning trigonometry. 

A number of features in the calculator can strengthen learning mathematics [15]. The use of calculators in 

upper middle class makes it possible to concentrate more on thinking about problems that require 

understanding concepts and creative approaches [11].  

The use of technology in mathematics learning can improve the quality of learning [10]. Computers and 

calculators can potentially shift the paradigm of learning activities from concentrating on manipulative 

skills to developing concepts, relationships, and problem solving skills. The calculator can be viewed as a 

learning aid. 

A calculator according to the electronics dictionary is a special tool for carrying out arithmetic 

preparations with data and instructions entered into it. Most of these tools require hand intervention, which 

can be used to carry out logical and digit calculations. The benefits that can be explored from using a 

calculator are: (1). Helps in understanding mathematical concepts; through experiments using a calculator 

students can see various relationships between numbers and observe the results on a calculator both 

numbers and graphs; (2). Help strengthen computational skills strengthening computing skills is usually 

done through individual or small group activities under teacher guidance; (3). Develop higher-order 

thinking skills; through the use of a calculator students can explore patterns and make conjectures, while to 

generalize students can observe and study from many of the many cases displayed calculator. In addition, 

through calculator learning then students are able to think exploratively through views on calculator; (4). 

Improve problem solving skills; calculators can be used to overcome general computational harm, so that 

in solving problem solving problems it allows students to fully concentrate on understanding the contextual 



problems and solving procedures freely without feeling hopeless caused by computational difficulties; (5). 

Make problem solving more realistic; teachers' issues or textbooks usually less realistic. Teacher or book 

writer usually display the calculation questions as simply as possible not follow natural problems. In 

everyday life it is often encountered numbers that are not simple, but with the help of a calculator the teacher 

can provide problems from a more real situation and do not need to hesitate with computational weaknesses. 

 

4. Conclusion 
Learning trigonometry, especially the rules of sines and cosines as well as trigonometric charts with their 

changes for students can be facilitated through a guided discovery model with the help of a calculator. 

Discovery learning can be divided into two, namely free discovery (free discovery) and guided discovery 

[16]. In practice, guided discovery is more common because with teacher guidance, students will work 

more directed in an effort to achieve predetermined goals. This teacher-guided discovery model was 

developed in a lesson which is often called the guided discovery model [17]. This learning can be held 

individually or in groups. The teacher guides students if necessary and supports students to think for 

themselves so that they can find general principles based on the material provided by the teacher and to the 

extent that students depend on the performances and the material being studied. 

The use of technology in mathematics learning can improve the quality of learning [10]. The calculator 

can potentially shift the paradigm of learning activities from concentrating on manipulative skills to 

developing concepts, relationships, and problem-solving skills. Calculators can be used to achieve various 

mathematics learning objectives. Calculators with appropriate usage strategies can improve student 

understanding, solve problems, explore concepts and connections through multiple representations, and 

even develop student understanding.  

The use of calculators in the upper middle class allows to concentrate more on thinking about problems 

that require understanding concepts and creative approaches, but this success depends largely on how to 

use calculators in the classroom and the instructions given by the teacher [11]. The calculator is considered 

an interactive math dictionary. The main advantage of using a calculator in learning mathematics is that it 

can process data quickly and accurately. Therefore calculators must be involved in learning mathematics 

and condition students to explore, observe, study, and make conjectures without doubting their ability to 

calculate. 

Therefore, designing learning using a guided discovery model and combining it with the use of a 

calculator can be used as an alternative for teachers to carry out learning in class, one of which is to learn 

trigonometry. During the classroom implementation, the teacher may improve the effectiveness by 

motivating students to study meaningfully. To obtain empirical evidence for the effectiveness of the design, 

the future investigation is needed such as by comparing this design with the others. 
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Abstract. Some media can be used to help deliver material in class. One of the media that can 

be used is comics. This study aims to determine the effectiveness of the use of comic learning 

media to improve the learning outcomes of 7th grade junior high school students on set operation 

material. Researchers took 3 junior high schools in Lamongan sub-district as samples. This study 

uses quantitative research with the main objective to determine the effectiveness of the use of 

comic learning media. This research was conducted by giving a pre-test first, then given 

treatment that is learning using comic media and post-test. Data analysis was performed by 

comparing the results of students' pre-test and post-test. The result is an average in student post-

test is increase. And calculated by using statistics method, so that it can be concluded that the 

use of comic learning media is effective in improving student learning outcomes on set operation. 

1.  Introduction 

One of the materials taught at the beginning of learning for junior high school students is the set. The 

set is very important to be taught to students because the set is the basis of all Mathematical sciences. 

By studying the set, it is hoped that the ability of logic will be more honed and will spur someone to be 

able to think logically. Logic has an important role because it is related to reason. Meanwhile, at this 

time training in reasoning, problem solving, communication, and connection skills in mathematics still 

did not fill the standards[1][2].  

Most students are accustomed to doing learning activities by paying attention to the teacher's 

explanation, duplicating it, and then memorizing it. To overcome this problem, researchers are 

convinced that efforts should be made to develop joyful learning media in accordance with the 

development of junior high school students. Learning media are defined as physical means, in addition 

to teachers, blackboards and textbooks, through learning that is presented to students [3]. The most 

productive role for the media is as a computational and memory device to eliminate unproductive 

cognitive tasks that can interfere with the construction of knowledge by students [4]. The purpose of 

multimedia teaching messages is to encourage meaningful learning [5]. Other instructional media such 

as audio visuals do not replace teachers but must be carefully integrated with lessons and continuously 

evaluated to strengthen the learning process [6]. Content in the media must be designed by experts who 

are competent in certain subjects, and it is not a requirement for them to become experts in the 

technology field. After the content has been designed, the electronic version will be developed by the 

content developer [7].  

An educator especially a mathematics teacher must have a way of presenting material that makes it 

easy and makes students eager to follow learning. One of them is to familiarize mathematics with 



 

 

 

 

 

 

students' daily lives[8]. One of the teaching aids that can be used to support students' interest in slow 

learning in learning is comics [9]. Based on this introduction, the purpose of this study is to determine 

the effectiveness of the use of comic learning media on set operation materials. Comic help students 

improve their reading skills and discuss science issues. In addition, comics can also motivate students 

to think about science and research [10]. In the process of teaching and learning activity,  comic helps 

teacher or educator to teach and present the material, especially in mathematics learning [8][11]. For 

example, comics used in teaching algebra and geometry. Based on studies conducted by Toh (2008), 

students find it helpful to have comics [12]. This was also conveyed by the teachers who stated that the 

images contained in the comics helped students understand algebraic symbols. Studies conducted by 

Liu (2004), show that students who are at a low level have increased grades when receiving material 

using comics [13]. In this research, comics are used as a medium to see whether a student can go beyond 

the level to move up a grade or not. Whereas in this study, comic learning media was used to see student 

learning outcomes at the same level. 

In this study, researchers wanted to find out whether the use of comic learning media was effective 

to improve junior high school student learning outcomes on set operation material. 

 

2.  Method 

2.1.  Research Objective 

The research question for this research is whether the comic learning media is effective in improving 

student learning outcomes in the set operation material. This research uses quantitative research in the 

form of a one-group  pre-test and post-test. Based on these research questions the following research 

hypotheses can be taken. 

𝐻0 = Comic learning media is not effective in improving student learning outcomes in the set operation 

material. 

𝐻1 = Comic learning media is effective in improving student learning outcomes in the set operation 

material. 

2.2.  Sample 

The sample of this study was taken from 3 junior high schools in Lamongan District of grade 7th, with 

details of 90 students. All of students from 3 schools are recomended from mathematics teacher in their 

schools. The mathematics teacher gives reasearcher the learning outcome. The student’s ability based 

on learning outcome data are same. 

 

2.3.  Research Tools and Procedure 

2.3.1 Research Instrument 

The instrument used is in the form of comic learning media. Comic learning media contains an 

explanation of the concept of set operation material presented with a display resembling a comic strip. 

The characters in the comics explain in detail the concept of set operations. There are two characters (as 

sibling) who play a role in this comic. In this content, we just take two character because we want to 

make deeper in character soul. The background of this comic learning media is the zoo because the 

subject of this research are junior high school students that have adventure soul, so the reader will be 

invited to learn the material of the set operation using the examples of animals.  

On the next strip, the two characters' conversations will be displayed about the example set, not the 

set, the universal set, the set operation (complement, difference, union, intersection). In this comic, there 

are two girls who visit the zoo. In discussing the set operation material, the two figures illustrate the set 

operation material with the animals in the zoo. Here are a few examples of comics. 

 



 

 

 

 

 

 

   

Figure 1. Ilustration of set concept in comic 

 

2.3.2 Research Procedure 

The research procedure was carried out in two stages (there is one meeting during the research), 

namely the first meeting with the provision of a pre-test (previously students received the set operation 

with conventional learning) and the second meeting using comic learning media, then given a post-test 

in the same day. Before the comic learning media is carried out, students are first given a pre-test 

regarding set operations. It aims to determine the ability of students about the set operation material. 

Students are asked to do a pre-test for 30 minutes. 

After that proceed with learning to use comics. This learning is carried out during a mathematics 

learning meeting. When learning with comic media, students access comics on their mobile phones for 

one hour. Students are expected to understand the concept of set operations. After students learn the 

concept of set operations through comics. Students are given a post-test for 30 minutes to check the 

extent of students' understanding of set operations in the same day. The pre-test and post-test are 

equivalent because the two tests aim to find out the extent of students' abilities in the material of set 

operations.  

 

2.4 Data Analysis 

The data analysis technique was carried out to analyze the collected data so as to get conclusions from 

the research results. The data analysis conducted to test the effect of the use of comic learning media to 

the students in set operation by using paired sample t-test in SPSS 17.0 ,in this case the sample used 

only one group. This analysis aims to determine the difference between the pre-test and post-test given 

to the research sample.  

3.  Result and Discussion 

3.1.  Result Discussion 

The main objective of this study is to determine the effectiveness of using comic learning media to 

improve the learning outcomes of 7th grade high school students on set operation material. In this 

research an analysis conducted using quantitative statistics SPSS 17.0 by comparing the average 

obtained at pre-test and post-test, obtained the following data. 

 



 

 

 

 

 

 

Table 1. The Average of Pre-test and Post-test 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 pretest 40.4444 90 17.76318 1.87240 

posttest 68.3333 90 19.47340 2.05268 

 

In Table 1, it appears that there is an increase in the average from pre-test to post-test. This 

means students have increased learning outcomes. Based on calculations using SPSS 17.0, we get Table 

1, the results of the pre-test and post-test on 90 students, it can be seen that the average pre-test result is 

40.4444 and the average post-test result is 68.3333. So that there was an increase in the average student 

learning outcomes after being given comic learning media, namely 27.88889. To answer the research 

hypotheses that have been submitted, quantitative statistical calculations are performed, which are as 

follows. 

 

Statistically it can be written as follows 

𝐻0 = Comic learning media is not effective in improving student learning outcomes in the set operation 

material. 

𝐻1 = Comic learning media is effective in improving student learning outcomes in the set operation 

material. 

 

Statistically it can be written as follows 

H0 = 𝜇𝑃𝑅𝐸 = 𝜇𝑃𝑂𝑆𝑇 

H1 = 𝜇𝑃𝑅𝐸 < 𝜇𝑃𝑂𝑆𝑇  (*)  

 

Table 2. Paired Samples T-Test Statistics calculation 

  Paired Differences 

t df 

Sig. (2-

tailed) 

  

Mean 

Std. 

Deviatio

n 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

  Lower Upper 

Pair 1 

pretest - 

posttest -27.888 10.6786 1.1256 -30.125 -25.652 -24.77 89 .000 

 
Based on Table 2, the t-count is −24.776 and 𝑠𝑖𝑔(2 − 𝑡𝑎𝑖𝑙𝑒𝑑)  0.000 with 𝛼 = 0.05, it can be 

seen that the value t-count <  0 and the value of  
1

2
𝑠𝑖𝑔(2 − 𝑡𝑎𝑖𝑙𝑒𝑑)  <  𝛼, so it uses the left side test and 

𝐻0 is rejected. So 𝐻1 is accepted. So it is proven that the comic learning media is effective in improving 

student learning outcomes in the set operation. So that the use of instructional media in mathematics can 

provide significant results and is effective enough to improve students' arithmetic skills on set operation. 
The use of learning media provided by the teacher will give a different learning impression for 

students in participating in learning activities[6]. So that the existence of comic media learning 

media will be able to increase student interest in learning. With the use of comic learning media, 

students can construct their own knowledge by reading comics about set operations given by 

the teacher. In addition, with the use of these comics students will not be bored in taking 

mathematics lessons. This study assessed the effectiveness of comic learning media as a 

learning aid to improve student learning outcomes. Data shows that the use of comic media is 



 

 

 

 

 

 

successful and in line with the proposition that the cartoon material available in comics is a 

valuable tool that encourages student learning outcomes [14]. Learning by using comics as a 

medium can improve student performance, improve student learning outcomes, and get positive 

responses from students. This is also in line with other studies that show that there are positive 

cognitive effects of cartoons.That statement was also reinforced by Setiyani's opinion that 

comic media is in accordance with student learning because it can improve students' 

understanding ability and student interest in learning[15]. 
Based on the results of this study, student learning outcomes when not treated with learning media 

were still low, but when treated with comic learning media, student learning outcomes increased. So,we 

found evidence that using comics as a learning aid can support indicators that can improve student 

learning outcomes that are still low, students are eager to learn, tendencies of attention in learning, 

willingness to be involved in the learning process, and active participation in learning. The use of comics 

as teaching and learning tools is very useful in the classroom. Comics as a way to encourage students 

who are reluctant to be interested and follow what is usually given to them in traditional text-based 

packages, then comics can also increase the active participation of students in the learning process [14]. 

Combining text with visual representation when teaching students contributes to increasing student 

attention, participation, and student interest in learning. Students enjoy learning with comics because 

this is a new experience for them. To enhance critical thinking skills and accomodate the junior high 

school students’ character was needed the learning media, like comic, which well-design and properly 

fit the character of junior high school students. It should integrate in the teaching materials such that 

enabling students to learn actively, collaborative, and fun and also appropriate to the stages of their 

mental do the mathematics[16]. Based on these reviews, it appears that the use of comics is effective in 

improving student learning outcomes in the set operation material[8].  
 

4.  Conclusion 

Based on the discussion above, the conclusion of this study is the use of comics as an effective learning 

medium to improve the learning outcomes of junior high school students in the Lamongan sub-district 

on the subject of set operations. This is indicated by an increase in student learning outcomes after using 

comic learning media. Comics can be used as a medium to encourage increased student learning 

outcomes. It also aims to make students not only learn from the usual textbooks. 
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Abstract. This research is motivated by the importance of cultivating cultural values that began 

to disappear in the era of the industrial revolution 4.0. One alternative solution to this problem 

is to create mathematics teaching materials in the form of student worksheets that can instill 

cultural values but still train students' knowledge, skills, and understanding to solve problems in 

daily life. Thus, it is necessary to develop ethnomathematics-based student worksheets with the 

STEM (Science, Technology, Engineering, & Mathematics) approach. Therefore, this research 

aims to determine the validity of ethnomathematics-based student worksheets using the STEM 

approach for junior high school students on a material two-dimensional and three-dimensional 

geometric figures. This development research uses a 4-D development model that consists of the 

stages of define, design, develop, and disseminate. The results of the validity test show that the 

average aspects of display, content, and language are 4.75 with very valid criteria, 3.9 with valid 

criteria, and 3.92 with valid criteria, respectively. Meanwhile, the overall validation results 

showed an average of 4.19 with valid criteria. In addition to meeting the validity criteria, the 

ethnomathematics-based student worksheet with the STEM approach met the eligibility criteria 

reaching 81.85% with excellent quality. 

1.  Introduction 

Mathematics is a science that is widely applied to every aspect of life. It is a challenge for teachers to 

make updates in mathematics education through the development of mathematics learning systems that 

are relevant to daily life. Students are more pleased with learning mathematics visually, contextually, 

and doing direct practice rather than learning mathematics theoretically and abstractly [1]. Therefore, 

teachers need to provide opportunities for students to master the knowledge, skills, and understanding 

that can equip them to have the ability to solve problems in daily life. This ability can be obtained 

through mathematics learning integrated into the STEM (Science, Technology, Engineering, & 

Mathematics) approach. 

Currently, STEM is an important issue in the world of education in Indonesia. STEM is a learning 

approach that integrates two or more disciplines of science between science, technology, engineering, 

and mathematics with one or more subjects [2]. So, STEM can be used as an approach to learning. The 

STEM approach invites students to think comprehensively with problem-solving patterns that aim to 

teach students to think critically and have the creativity and innovative solutions to solve problems in 

daily life. STEM can train students' abilities, including 1) be able to design, develop, and utilize 

technology; 2) able to hone cognitive, manipulative, and affective abilities; and 3) able to apply 

knowledge [3]. The results of previous researches show that the application of STEM can create 



 

 

 

 

 

 

meaningful and concrete learning [4], effectively used in the learning process and the achievement of 

learning objectives [5], prepares students to develop the skills needed in 21st-century education [2], and 

improve creative thinking skills [6]. So, this approach is suitable to be applied in mathematics learning. 

In mathematics, there is the term ethnomathematics. Ethnomathematics is a science that integrates 

mathematics with cultural values in learning mathematics [7]. Besides, ethnomathematics is defined as 

mathematical concepts and techniques developed in different cultures to solve problems in daily life [1]. 

Ethnomathematics is a process to find out how different cultural groups understand, articulate, apply 

concepts, and practice in mathematics [8]. So, it can be concluded that ethnomathematics is a science 

that represents mathematical concepts that are relevant to the socio-cultural context for solving problems 

in daily life. In Indonesia, it is known to have a variety of cultures so that each culture has a different 

way to solve the problem at hand. Therefore, mathematics and culture are two interrelated things. 

Mathematics can be extracted from culture, while culture provides a significant influence on the learning 

process, especially mathematics learning. It is because culture can affect the mindset, language, 

behavior, and manners that are applied in the learning process. Different cultures develop different or 

unique ways to count, discover, measure, draw, represent, play, and explain students' needs and interests 

[9]. It causes a culture to determine the way students look at responding to a condition, especially in 

understanding the material and mathematical problems. Ethnomathematics can help students to be able 

to recognize and understand mathematics concretely in the context of culture, especially Indonesian 

culture. Therefore, ethnomathematics is a science that helps teachers and students understand the 

influence of culture on mathematics and how this influence results in various ways of using and 

communicating mathematics [10]. Ethnomathematics objects can be in the form of historical heritage 

objects (artifacts) or crafts, games, or traditional food from culture. Thus, ethnomathematics can be an 

alternative planting of noble cultural values that began to disappear in the era of the industrial revolution 

4.0. 

In the era of the industrial revolution 4.0 in the 21st-century, with the rapid development of 

technology, students must have thinking skills that include logical thinking skills, analysts, critical, and 

creative. It means that students are the main players in facing the challenges of the industrial revolution 

4.0. Therefore, students are expected to develop thinking skills so that learning outcomes increase 

optimally. However, the use of technology has created an imbalance between education and life. The 

use of technology makes all information easily accessible. Thus, students become less friendly with the 

surrounding environment. Therefore, it is necessary to have a forum that can bridge the cultivation of 

cultural values in students but does not leave students' creativity and critical thinking skills. It means it 

requires a relationship between various forms of science, including communication, language, culture, 

religion, art, science, technology, engineering, and mathematics, that can facilitate education in the 21st-

century [9]. One of them is developing teaching materials in the form of ethnomathematics-based 

student worksheets with the STEM approach. 

In this research, the development of ethnomathematics-based student worksheets with the STEM 

approach is a worksheet that contains simple project-based student learning activities using cultural 

concepts. The simple project contained in the worksheets developed in this research is an instructional 

method that includes questions, challenging phenomena that involve problem-solving skills using 

simple equipment, internet, and computer technology. The material used is junior high school 

mathematics, which includes two-dimensional and three-dimensional geometric figures. Through 

ethnomathematics, students learn to see cultural elements that exist around them and in Indonesia that 

are related to two-dimensional and three-dimensional geometric figures. Whereas through STEM, 

students learn how to work with project-based methods. In previous researches, there has been no 

research on the development of ethnomathematics-based student worksheets using the STEM approach. 

Based on this, and there is a theory that reveals that ethnomathematics has a close relationship with the 

STEM approach [9], researchers are interested in developing student worksheets by combining two 

learning approaches. There is an important role in the application of ethnomathematics and STEM in 

learning are: 1) mathematics learning is more relevant to the culture around students; 2) students can 

practice the ability to accept and adapt to new technology; 3) train to work in groups; 4) train how to 



 

 

 

 

 

 

communicate complex ideas to group members; and 5) train to find creative and critical solutions to 

solve the problems at hand [9]. This approach allows students to view culture not only from a 

mathematical side but also from the science, technology, or engineering side [11]. Therefore, the purpose 

of this research was to determine the feasibility of validity for the preparation of ethnomathematics-

based student worksheet components using the STEM approach. 

2.  Method 

This research is a type of Research & Development. The product developed in this research was in the 

form of ethnomathematics-based Student Worksheets with the STEM approach for junior high school 

students. The development model used in this research refers to the 4-D development model. The 4-D 

development model consists of four stages is to define, design, develop, and disseminate. The instrument 

used in this research was a validation sheet. Data collection techniques used in this research used the 

interview method and the validation sheet research. The interview is used to conduct a needs analysis 

related to the concept of student worksheets that will be developed. Meanwhile, review the validation 

sheet used by the validator to assess the appropriateness of the results of the student's initial worksheet 

design. 

In this research, the researcher focused on the validation process in three aspects: display, content, 

and language. These three aspects are important components in developing student worksheets. In the 

display aspect, it aims to assess whether the appearance of the student worksheet looks attractive and is 

by the ethnomathematics concept. Meanwhile, in the content aspect, it aims to evaluate whether the 

material used on student worksheets is by the ethnomathematics concept with the STEM approach. In 

the language aspect, it aims to assess whether the content of the student worksheets uses language that 

is communicative and easily understood by students. The validators in this research were two 

mathematics education lecturers with a minimum of postgraduate education and one practitioner who 

was a mathematics teacher in junior high school with a minimum of undergraduate education. After 

validation, the researcher makes revisions according to the suggestions and criticisms were given by 

experts and practitioners until a final student worksheet is obtained. Then, the final draft of the student 

worksheet was tested on a small group are six students in the 9th-grade of MTs Hasyim Asy'ari 

Lamongan as a readability test. The readability test aims to see whether the student worksheet can be 

read clearly and easily understood by students. The trial was carried out on 9th-grade students because 

they had received the material being tested. After that, the data from the results of the validator's 

assessment were analyzed descriptively quantitatively. 

Analysis of data on the validity of ethnomathematics-based student worksheets using the STEM 

approach aims to assess whether the student worksheets prepared to meet the validity criteria. The 

qualitative data obtained were then converted into quantitative data by recapitulating the validity score 

based on the Likert scale, as shown in Table 1. 

 

Table 1. Likert scale interpretation 

Score Criteria 

5 Excellent 

4 good 

3 Moderately good 

2 Slightly good 

1 Not good 

 

Furthermore, calculate the average validation results from all validators in each aspect and calculate 

the total average. Based on the total average, it refers to the interval of determining the validity criteria 

of student worksheets, as in Table 2. 

 

 

 



 

 

 

 

 

 

Table 2. The formula for student worksheets validity criteria 

Interval Criteria 

�̅�a > �̅�𝑖
b+1.8 𝑆𝑏𝑖

c Very Valid 

�̅�𝑖 + 0.6 𝑆𝑏𝑖 < �̅� ≤ �̅�𝑖 + 1.8 𝑆𝑏𝑖 Valid 

�̅�𝑖 − 0.6 𝑆𝑏𝑖 < �̅� ≤ �̅�𝑖 + 0.6 𝑆𝑏𝑖 Quite Valid 

�̅�𝑖 − 1.8 𝑆𝑏𝑖 < �̅� ≤ �̅�𝑖 − 0.6 𝑆𝑏𝑖 Less Valid 

�̅� ≤ �̅�𝑖 − 1.8 𝑆𝑏𝑖 Invalid 
a Total Average 
b Ideal Score Average = 

1

2
(𝐼𝑑𝑒𝑎𝑙 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑆𝑐𝑜𝑟𝑒𝑑 + 𝐼𝑑𝑒𝑎𝑙 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑆𝑐𝑜𝑟𝑒𝑒) 

c Ideal Standard Deviation = 
1

6
(𝐼𝑑𝑒𝑎𝑙 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑆𝑐𝑜𝑟𝑒 − 𝐼𝑑𝑒𝑎𝑙 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑆𝑐𝑜𝑟𝑒) 

d Highest score on the Likert scale 
e Lowest score on the Likert scale 

 

Then, researchers make conclusions about the validity of the student worksheets. Student worksheets 

are said to be valid if they are at valid or very valid criteria. In addition to obtaining the total average as 

validity data, the percentage of student worksheet quality criteria will also be obtained as eligibility data, 

as shown in Table 3. 

 

Table 3. Percentage of student worksheet quality criteria 

Interval (P%) Criteria  

𝟎 ≤ 𝑷% < 𝟐0 Not Good 

20 ≤ 𝑷% < 40 Slightly Good 

40 ≤ 𝑷% <60 Moderately Good 

60 ≤ 𝑷% <80 Good 

80 ≤ 𝑷% ≤100 Excellent 

 

3.  Results and Discussion 

The following are the results and discussion of research regarding the validity of the ethnomathematics-

based student worksheet with the STEM approach for junior high school students based on the validity 

test. 

3.1.  Results 

In this research, the feasibility of validating student worksheets in terms of three aspects consists of 

aspects of display, content, and language. After the ethnomathematics-based student worksheet with the 

STEM approach goes through a validation process by three validators consisting of two lecturers and 

one math teacher, then the validation results are recapitulated and analyzed. The recapitulation of the 

results of the student worksheet validation, as shown in Table 4. 

 

Table 4. Recapitulation of the ethnomathematics-based student worksheet with the STEM approach 

results 

No Indicator 
Validator 

Average Criteria 
A B C 

Display Aspect  

1 The cover design is appropriate for the 

concept and material of the student 

worksheet. 

5 5 5 5 

 



 

 

 

 

 

 

No Indicator 
Validator 

Average Criteria 
A B C 

2 Display attractive student worksheet 

layouts. 
5 5 5 5 

 

3 The type and size of the font are 

appropriate for the writing layout. 
5 5 5 5 

 

4 The format of the student worksheets 

is arranged coherently. 
4 4 5 4 

 

Display Aspect Total Score 19 19 19 19  

Display Aspect Average 4.75 4.75 4.75 4.75 Very Valid 

Content Aspect  

5 The title of the student worksheet is 

appropriate for the concept and 

material. 

5 5 5 5 

 

6 The learning objectives are clearly 

written. 
4 4 5 4.33 

 

7 The writing for instructions on doing 

practice questions is clear. 
4 5 5 4.67 

 

8 The delivery of the concept of two-

dimensional and three-dimensional 

shapes is precise. 

3 4 4 3.67 

 

9 The content of the material is 

appropriate for the learning objectives. 
4 3 3 3.33 

 

10 Practice questions have various levels 

of difficulty. 
3 3 3 3 

 

11 The suitability of the difficulty level 

of the question exercises on the 

student worksheets with the level of 

student cognitive development. 

4 4 4 4 

 

12 Student worksheets help to improve 

students' critical thinking skills. 
3 4 4 3.67 

 

13 The content of the material is 

appropriate for the ethnomathematics 

concept. 

4 4 4 4 

 

14 The ethnomathematics concept is 

appropriate for the STEM approach. 
3 3 4 3.33 

 

Content Aspect Total Score 37 39 41 39  

Content Aspect Average 3.7 3.9 4.1 3.9 Valid 

Language Aspect  

15 The use of writing rules is appropriate 

for the enhanced spelling system. 
4 4 5 4,33 

 

16 The use of language is 

communicative, interactive, and 

straightforward by students. 

4 3 4 3,67 

 

17 Use language that is easy to 

understand. 
4 4 4 4 

 

18 Use of unambiguous sentences.  3 4 4 4,67  

Language Aspect Total Score 15 15 17 15,67  

Language Aspect Average 3.75 3.75 4.25 3.92 Valid 

 



 

 

 

 

 

 

Based on Table 4, it is obtained the average validity of student worksheets based on 

ethnomathematics with the STEM approach for each aspect, which then refers to the validity criteria of 

student worksheets in Table 5. The criteria for the validity of the student worksheets were derived based 

on the formula in Table 2. The results showed that the display aspect obtained an average of 4.75 with 

very valid criteria. Meanwhile, in the content aspect, an average of 3.9 with valid criteria was obtained. 

And, in the language aspect, an average of 3.92 was obtained with valid criteria. 

 

Table 5. Student worksheet validity criteria. 

Interval Criteria 

�̅� > 4.2 Very Valid 

3,4 < �̅� ≤ 4.2 Valid 

2.6 < �̅� ≤ 3.4 Quite Valid 

1.8 ≤ 2.6 Less Valid 

�̅� ≤ 1.8 Invalid 

 

After obtaining the average validity of student worksheets for each aspect, it is necessary to look at 

the validity of student worksheets as a whole. The average score of the total validity results was 4.19 

with valid criteria, as shown in Table 6 

 

Table 6. The average score of the validation results in all aspects 

No Indicator 
Validator 

Average Criteria 
A B C 

1 Display Aspect 4.75 4.75 4.75 4.75 Very Valid 

2 Content Aspect 3.7 3.9 4.1 3.9 Valid 

3 Language Aspect 3.75 3.75 4.25 3.92 Valid 

Total Score 12.2 12.4 13.1 12.57  

Total Average (�̅�) 4.07 4.13 4.37 4.19 Valid 

 

In addition to meeting the validity criteria, ethnomathematics-based worksheets with the STEM 

approach also meet the eligibility criteria. The eligibility criteria for student worksheets with excellent 

quality reached a percentage of 81.85%, as shown in Table 7. 

 

Table 7. Student worksheet quality criteria 

No Indicator 
Validator 

Average Criteria 
A B C 

1 Display Aspect 19 19 19 19  

2 Content Aspect 37 39 41 39  

3 Language Aspect 15 15 17 15.67  

Total Score 71 73 77 73.67  

Percentage of Validation Results (P%) 78.89 81.11 85.56 81.85 Excellent 

 

So, it can be concluded that the ethnomathematics-based student worksheet with the STEM approach 

is declared valid for every aspect and as a whole and is suitable for use as student teaching materials 

with excellent quality. The results of the validation of the student worksheets were used as the basis for 

revision to produce the final draft of the student worksheets before testing in large groups. 

3.2.  Discussion 

The results of the validation analysis show that the ethnomathematics-based student worksheet with the 

STEM approach for junior high school students is declared valid in every aspect and as a whole with 

excellent quality criteria. In the display aspect, the use of colors, the selection of images, and the type 



 

 

 

 

 

 

of font are the supporting factors for the cover design and the layout of the student worksheets to be 

exciting and appropriate for the predetermined concept. The display of an attractive student worksheet 

design has a motivation function [12], so that it can make students have high motivation to learn. The 

average acquisition of 4.75 makes the content display included in the very valid criteria. The 

ethnomathematics-based student worksheet cover display with the STEM approach is shown in Figure 

1. 

In addition to the display aspect, the validators pay special attention to the content aspect because it 

is the most important part and is prone to errors in developing student worksheets. In the content aspect, 

the average score is 3.9, which is included in the valid criteria. Valid in the content aspect shows that 

the material selection is by the ethnomathematics concept with the STEM approach. The purpose of 

combining the two approaches is to train students' critical thinking skills and skills in solving problems 

in everyday life. Based on the theory in previous research, STEM-based ethnomathematics can foster 

creative, critical, and reflective thinking through project-based learning with an understanding of the 

context, perceptions, ideas, and ideas developed by members of different student cultural groups [9]. 

Students can build their knowledge to find concepts and the teacher is only a facilitator. An example of 

the contents of an ethnomathematics-based student worksheet with the STEM approach is shown in 

Figure 2. 

In the language aspect, the language criteria are the eligibility requirements for student worksheets 

that must be considered in terms of writing and language selection. The choice of language and 

vocabulary in the preparation of student worksheets must be adjusted to the habits and level of thinking 

of students. The use of language that is adapted to the habits and level of thinking of students will make 

it easier for students to understand the contents of the messages conveyed on the material developed on 

student worksheets [12]. The average acquisition of 3.92 makes language aspects included in the valid 

criteria. 

Overall, ethnomathematics-based student worksheets with the STEM approach obtained an average 

of 4.19 included in the valid criteria with the eligibility percentage reaching 81.85% with excellent 

quality criteria. Therefore, ethnomathematics-based student worksheets with the STEM approach are 

declared valid and fit for use. 

 

 

 

 

 

Figure 2. Student activities on 

ethnomathematics-based student 

worksheets with the STEM approach 

Figure 1. Ethnomathematics-based 

student worksheet cover with the 

STEM approach 



 

 

 

 

 

 

4.  Conclusion 

The validity of the development of ethnomathematics-based student worksheets with STEM approach 

in terms of display, content, and language aspects respectively obtained an average of 4.75 with very 

valid criteria, 3.9 with valid criteria, and 3.92 with valid criteria. Also, the total average reaches 4.19 

with valid criteria, and the percentage of eligibility reaches 81.85% with excellent quality criteria. Thus, 

ethnomathematics-based student worksheets with the STEM approach are declared valid and fit for use. 

This student worksheet can be used for 9th-grade students who have received material about two-

dimensional and three-dimensional geometric figures. 
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Abstract. This research aims to develop and produce a valid student worksheet circle material 

based on a realistic mathematics approach for junior high school students. This research was a 

research development that adapts the Plomp development model which consists of three stages, 

the initial research stage, the prototype making stage, and the assessment stage. The subject of 

this research was the student worksheet circle material based on a realistic mathematics 

approach. The instruments of collecting data in this research was validity questionnaires from 

material experts, media experts, and linguists. This study concludes that the results of the validity 

of the worksheet circle material based on realistic mathematics approach was valid according to 

the material experts (81.25%), media experts (86.25%), and linguists (70%). The average 

validity of material, media and language aspects were 79.16% which means good and then 

student worksheet could be used for limited trial. 

 

1. Introduction 

The curriculum in Indonesia emphasized the importance of problem solving, reasoning, communication, 

and appreciating the usefulness of mathematics as a goal of learning mathematics in elementary, junior 

high school, senior high school, and vocational schools [1]. The purpose of learning mathematics in 

Indonesian curriculum was in line with the purpose of learning mathematics according to National 

Council of Teacher of Mathematics (NCTM) [2]. NCTM recommended five standards process in 

teaching and learning, 1) problem solving, 2) reasoning and proof, 3) connections, 4) communication, 

and 5) representation [3]. From these competencies, problem solving was considered as the heart of 

mathematics learning[4]. Because it was hoped by mastering problem solving ability, students could 

apply it to solve problems not only in mathematics but also in daily life. The importance of problem 

solving ability was also expressed by Surya (2017) who said that mathematical problem solving ability 

could equip students to think logical, analytical, systematic, critical, and creative [5]. 

Because of the importance of problem-solving abilities that had been described, researchers were 

interested in developing and producing student worksheet that could practice students' mathematical 

problem solving abilities. Student worksheet is a printed teaching material that contains material, 
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summary, and instructions for implementing learning tasks that must be done by students so that they 

can learn independently [6]. According to Suyitno, student worksheet was one of the learning 

alternatives appropriate for students because student worksheet helped students to add information about 

concepts learned through systematic learning activities [7]. This student worksheet developed was 

expected to be able to facilitate students with a variety of non-routine questions, especially high order 

thinking questions to train the students' mathematical problem solving ability.  

There were several approaches that could be used in learning mathematics. One of them was a 

realistic mathematical approach. Realistic mathematical approach was first developed in the 

Netherlands, precisely at the Freudenthal Institute, Utrecht University, since the 1970s [8]. Realistic 

mathematical approach was first introduced by Hans Freudenthal, a mathematician from the 

Netherlands, who stated that mathematics was human activity [9]. Researchers chose a realistic 

mathematical approach as the basis for preparing student worksheet that would be developed because 

realistic mathematical approach had several characteristics, 1) Learning process begins with contextual 

problems, 2) Using vertical instruments in the form of models, schemes, diagrams or symbols as a bridge 

between informal procedures in a formal form, 3) Students actively construct their mathematical 

material problem solving strategies with teacher guidance, 4) Students were allowed to convey ideas, 

negotiate explicitly, collaborate, and evaluate among students, learning tools, and constructive 

interaction between students and teachers, 5) Different topics could be integrated to bring out an 

understanding of a concept simultaneously[10]. In line with the statement of Gravemeijer (1995), Van 

den Heuvel-Panhuizen and Drijvers (2020) said that the characteristic of realistic mathematical approach 

was that rich, “realistic” situations were given a prominent position in the learning process. Such 

situations serve as a basis for initiating the learning of mathematical principles, methods and procedures 

and as a background in which students could apply their mathematical knowledge at a later level [11]. 

Student worksheet as a learning development product must meet validity, practicality, and 

effectiveness criteria [12]. Valid or not learning devices were based on two things, content validity and 

construct validity. Content validity referred to suitability development of learning tools with models 

development used. In this research content validity was known from the suitability of development 

learning tools with a development model Plomp. Meanwhile, construct validity referred to suitability of 

the relationship between components, meaning each learning devices related to one another. In this study 

the construction validity was determined from the results of the assessment of learning tools through 

validation sheet filling done by the validator. The validity of the construction could be fulfilled when 

the assessment results from the validator to the learning device developed categorized as valid or very 

valid. Learning media including student worksheet said to be practical if it could be used easily. This 

level of convenience depended on the assessment of the validator. The validators stated that the learning 

device can be used with revision or without revision. Learning device developed was said to be effective 

if in accordance with that expected, namely increasing the students' mathematical problem solving 

abilities 

Based on the description above, it was necessary to develop student worksheet circle material based 

on realistic mathematics approach to practice mathematical problem solving ability of junior high 

school. The purpose of this study was to describe validity of student worksheet based on validation of 

experts. 

 

2. Methods 

This research is development research. Development research aims to produce learning tools, such as 

syllabus, teaching materials, media, practicum modules, student worksheets, measuring tools learning 

progress, tools to measure learning outcomes [13]. This research aims to develop and produce a valid 

student worksheet circle material based on a realistic mathematics approach for junior high school 

students. This research question is whether the student worksheet developed and produced meets the 

valid criteria and suitable for use limited trials. The subject of this research was the student worksheet 

circle material based on a realistic mathematics approach. 



The developed student worksheet contains six sub topics, (1) elements of a circle, (2) value of phi 

(π) and the circumference of the circle, (3) the area of the circle, (4) the relationship between the center 

angle and the perimeter angle facing the same arc, (5) the perimeter angle facing the same diameter and 

arc, (6) the relationship of the center angle to the arc length and area of the radius. The developed student 

worksheet follows the learning steps according to the realistic mathematics approach. The developed 

student begin with (1) presenting a problem, (2) asking students to understand the problem, (3) 

explaining the problem faced, (4) solving contextual problems, (5) comparing or discussing answers, 

then (6) concluding. Display of student worksheets can be seen in Figure 1. 

 

  
 

   
Figure 1. Display of Student Worksheet 

 

The student worksheet developed also contain practice questions to practice mathematical problem 

solving abilities of students. There are two types question in the student worksheet developed, essay 

questions and multiple choice questions as shown in Figure 2. 



 

 
Figure 2. The Display of Practice Questions in The Student Worksheet Developed 

 

The research and development model used in this study adapted the Tjeered Plomp development 

model which consisted of three stages: the initial research stage, the prototype making stage, and the 

assessment stage [14]. In the initial research phase, two activities were carried out, field surveys and 

literature reviews. A field survey was conducted to conduct a needs analysis. In the prototype making 

stage, students drafted worksheets and realize the draft. In the assessment stage, validation of student 

worksheet was carried out by validators, revision of student worksheet, and limited trials. 

However, this article only reviews the assessment stage, which was the validation stage of the student 

worksheet that had been compiled at the prototype making stage. The validation process was carried out 

by two material experts, two media experts, and two linguists. Each validator was an expert in their 

field. Research instruments at the evaluation stage were the student worksheet validation sheet by the 

material experts, student worksheet validation sheet by the media experts, and the student worksheet 

validation sheet by the linguist. Data collection method used was the validation method. The assessment 

used a Likert scale of 1-5 as shown in Table 1.  

 

Table 1. Likert Scale Interpretation. 

Likert Description Likert Scale 
Not good 1 

Slightly good 2 
Moderately good 3 

Mostly good 4 
Completely good 5 

Source: [15] 

 

Data from the results of the validator's assessment were analyzed in a quantitative descriptive way, 

which was to illustrate and describe the assessment following the assessment indicators by percentage. 

Furthermore, the data will be converted in the form of a percentage with formula (1). 

 



𝑃(%) =
𝑆𝑐𝑜𝑟𝑒 𝑒𝑎𝑐ℎ 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛
× 100% (1) 

From the calculation using formula (1), the results were obtained in the form of a percentage which was 

then interpreted into categories in Table 2. Student worksheet was said to be valid if the results of the 

assessment were in mostly good or completely good criteria. 

 

Tabel 2. Likert Scale Distribution of Values. 

Percentage (%) Category 

0 – 20 Not good 

21 – 40 Slightly good 

41 – 60 Moderately good 

61 -80 Mostly good 

81 - 100 Completely good 

Source: [15] 

 

3. Research Results and Discussion 

The results of the validation of student worksheet are used as a basis for revision so that a good student 

worksheet is obtained before a limited trial is conducted. Table3, Table 4, and Table 5 show the results 

of validation from material experts, media experts, and linguists. 

 

Table 3. Student Worksheet Validation Value by Material Expert. 

No. Assessment Aspects Rating Score 
P(%) Criteria 

V-1 V-2 

Format 

1. Clarity of instructions for doing the 

exercises 
5 5 100 Completely good 

2. Variety of examples and practice questions 

in student worksheet 
4 4 80 Mostly good 

3.  The suitability of the material, examples, 

and practice questions in the worksheet 
4 5 90 Completely good 

4.  Appropriate appearance of images and 

writing on the worksheet 
5 4 60 Moderately good 

Content 

1. Suitability of circle material with material in 

student worksheet 
4 5 90 Completely good 

2.  Clarity of the concept of the circle presented 

at the student worksheet 
3 4 70 Mostly good 

3.  The material contained in the worksheet is in 

accordance with the learning objectives to 

be achieved 

4 4 80 Mostly good 

4. Suitability of the level of difficulty in the 

practice of worksheet with the level of 

cognitive development of students. 

4 4 80 Mostly good 

Total 31 34 81,25 Completely good 

 

 

 



Tabel 4. Student Worksheet Validation Value by Media Expert. 

No. Assessment Aspects Rating Score 
P(%) Criteria 

V-1 V-2 

Format 

1. Clarity of instructions for using student 

worksheet 
3 5 80 Mostly good 

2. Appropriate type, size and layout of letters 4 4 80 Mostly good 

3. Suitability of the image with the material 4 5 90 Completely good 

4. Color matching of each page 5 4 90 Completely good 

Content 

1. Integration of sequences between pages 4 5 90 Completely good 

2. The image used is interesting 4 5 90 Completely good 

3. The beauty of the student worksheet layout 

design 
3 5 80 Mostly good 

4. The suitability of the material, examples, 

and practice questions with indicators 
4 5 90 

Completely good 

Total 31 38 86,25 Completely good 

 

Tabel 5. Student Worksheet Validation Value by Linguists. 

No. Assessment Aspects Rating Score 
P(%) Criteria 

V-1 V-2 

Language 

1. Use good and correct Indonesian grammar 5 5 100 Completely good 

2. The effectiveness of the sentences used 4 5 90 Completely good 

3. The language used is easily understood by 

students 
5 4 90 Completely good 

4. Spelling accuracy 5 5 100 Completely good 

Total 14 14 70 Mostly good 

 

Table 3 showed that the student worksheet include valid criteria with a validity value of 81.25%. 

Table 4 showed that the student worksheet include valid criteria with a validity value of 86.25%. Table 

5 showed that the student worksheet include valid criteria with a validity value of 70%. Table 3, Table 

4, and Table 5 showed that the student worksheet developed had qualified the requirements for preparing 

student worksheet according to the Ministry of National Education, namely didactic requirements, 

construction requirements, and technical requirements [16].  

Didactic requirements in compiling student worksheet paid attention to the principles of effective 

learning. The use of worksheet in learning activities was more emphasized on the process of finding a 

concept, so that the worksheet function as instructions for students to seek knowledge, and could be 

used by all students, whether high-ability, moderate, or low [16]. Based on Table 3, it was known that 

there were two assessment criteria which was reviewed from the didactic requirements, namely the 

material in the student worksheet in accordance with the learning objectives to be achieved and the 

suitability of the difficulty level of the question exercises on the student worksheet with the level of 

student cognitive development. Validity value of each assessment item was 80% with the mostly good 

category. This matter showed that the student worksheet developed in accordance with didactic 

requirements and it could be used by all ranges high, medium, and low level of student thinking.  

Technical requirements in developing student worksheet were related with the appearance of student 

worksheet [16]. Based on Table 4, it was known that 1) the beauty of the student worksheet layout design 

with a validity value of 80% with the mostly good category, 2) the suitability of the images with the 

material with a validity value of 90% with the completely good category, 3) the color match of each 



page with a validity value of 90% with the completely good category, and 4) the images used interesting 

with a validity value of 90% with the completely good category. 

Construction requirements in the preparation of student worksheet relate to language use, sentence 

structure, simplicity, and the use of words that could understood by students [16]. Based on Table 5, it 

was known that there were four assessment criteria in terms of construction requirements, 1) the use of 

good and correct Indonesian grammar with a validity value of 100% in the completely good category, 

2) the effectiveness of the sentences used with a validity value of 90% with the completely category 

good, 3) the language used was easy to understand by the students with a validity value of 90% with the 

completely good category, and 4) spelling accuracy with a validity value of 100% with the completely 

good category. 

 

4. Conclusion 

The validity of the material aspect is 81.25%, it means very good. The validity of the media aspect is 

86.25%, it means very good. The validity of the language aspect is 70%, it means good. The average 

validity of material, media and language aspects are (81.25% + 86.25% + 70%): 3 = 79.16% it means 

student worksheet developed is in the good category. Student worksheets have met the requirements for 

developing student worksheets, namely didactic requirements, construction requirements, and technical 

requirements. Based on the assessment, student worksheet circle material based on realistic mathematics 

approach is said to be valid and can be used for limited trials. 

 

5. Suggestion 

This research was only tested on a limited basis, so that further research is needed to know the 

effectiveness of learning with use student developed worksheets. We recommend on subsequent 

research, paying more attention to allocations the time provided for working on student worksheets as 

well pay attention to the clarity of the material needed for activities in student worksheets so that a series 

of learning activities can done well and maximally. 

 

6. References 

[1] N. Fahradina and B. I. Ansari, “Peningkatan Kemampuan Komunikasi Matematis dan 

Kemandirian Belajar Siswa SMP dengan Menggunakan Model Investigasi Kelompok,” no. 1, 

pp. 54–64. 

[2] R. A. Prafianti, D. Dasari, and A. Jupri, “Error analysis in solving mathematical communication 

problem of junior high school students,” Int. Conf. Math. Sci. Educ. Univ. Pendidik. Indones., 

vol. 3, pp. 583–588, 2018. 

[3] NCTM, “Principles and Standards for School Mathematics,” Natl. Counc. Teach. Math. Inc, 

2000. 

[4] N. Nurfatanah, R. Rusmono, and N. Nurjannah, “Kemampuan pemecahan masalah matematika 

siswa sekolah dasar,” Pros. Semin. Dan Disk. Pendidik. Dasar, pp. 546–551, 2018. 

[5] E. Surya and F. A. Putri, “Improving Mathematical Problem-Solving Ability And Self-

Confidence Of High School Students Through Contextual Learning Model,” vol. 8, no. 1, pp. 

85–94, 2017. 

[6] A. F. PUTRI, Pengembangan Lembar Kerja Siswa (Lks) Sebagai Bahan Ajar Siswa Kelas X 

Jasa Boga Smk Muhammadiyah 1 Moyudan Proposal Skripsi. 2016. 

[7] F. Aryani and C. Hiltrimartin, “Pengembangan Lks Untuk Metode Penemuan Terbimbing Pada 

Pembelajaran Matematika Kelas Viii Di Smp Negeri 18 Palembang,” J. Pendidik. Mat., vol. 5, 

no. 2, pp. 129–144, 2014. 

[8] A. Jupri, “Pendidikan Matematika Realistik: Sejarah, Teori, Dan Implementasinya,” pp. 85–95, 

2017. 

[9] F. Ratu et al., “The Use Of Realistic Mathematics Education In Teaching,” vol. 1, no. 2, pp. 104–

113, 2018. 

 



[10] K. P. E. Gravemeijer, Development realistic Mathematics Education. Utrecht: Proefschrift 

Freudenthal Institut, Universiteit Utrecht, 1995. 

[11] M. Van Den Heuvel-panhuizen, P. Drijvers, M. Education, B. Sciences, and F. Goffree, 

“Encyclopedia of Mathematics Education,” Encycl. Math. Educ., 2014. 

[12] N. Nieveen, “Prototyping to Reach Product Quality,” Des. Approaches Tools Educ. Train., pp. 

125–135, 1999. 

[13] M. A. Latief, “Penelitian Pengembangan,” Univ. Stuttgart, pp. 1–29, 2009. 

[14] J. van den Akker, B. Bannan, An. E. Kelly, N. Nieveen, and T. Plomp, Educational Design 

Research, no. January 2013. Netherlands, 2013. 

[15] Riduwan, Skala Pengukuran Variabel-variabel Penelitian. Bandung: Alfabet, 2012. 

[16] D. P. Nasional, “Pedoman Penyusunan Lembar Kegiatan Siswa dan Skenario Pembelajaran 

Sekolah Menengah Atas ‘Seri Pengembangan Bahan Ajar Buku 3,’” Jakarta: Direktorat 

Pendidikan Menengah Umum, 2004. 

 

 



The Outcomes of Mathematical Proficiency Study 
 

 
Puspitarani1, E Retnowati2, Habibullah3, and C Amri4 

1,2,3,4 Graduate School, Universitas Negeri Yogyakarta, Indonesia 

 

 

* Corresponding author e-mail: author puspitarani.2019@student.uny.ac.id 

 
Abstract. There are five components of mathematical proficiency which needed to be 

possessed by students so it can be said as a success in learning mathematics. These 

components divided into conceptual understanding, procedural fluency, strategic 

competence, adaptive reasoning and productive disposition. The data collecting method that 

used in this study is descriptive method through content analysis research type. The analysis 

result in this study will be discussed about what the conceptual understanding, procedural, 

fluency, strategic competence, adaptive reasoning and productive disposition are intended to, 

also some of the result concerned on the fifth components in student’s mathematical 

proficiency in Indonesia. This study then obtained that students in Indonesia generally still 

have not achieved their mathematical ability yet. 

 

1. Introduction 

Student needs some matters to be successful in learning mathematics [1]. One of the efficacy-

maker in learning mathematics is through mathematical proficiency. The mathematical 

proficiency by [2] is consisted of (1) conceptual understanding; (2) procedural fluency; (3) 

strategic competence; (4) adaptive reasoning and (5) productive disposition. It is also in line with 

[3] about the standards of mathematical subjects stating that the mathematics as a subject is aimed 

for students to: (1) possess mathematical knowledge (included concept, the inter-link of concept 

and algorithm); (2) use reasoning/logical; (3) solve the problem; (4) communicate ideas with 

symbols, tables, diagrams or other media to clarify circumstances or problems and (5) have an 

attitude to appreciate the usefulness of mathematics. [2] argued that mathematical proficiency is 

not something which apart, which means that it cannot be accomplished with merely focusing on 

one component itself. Similar to [4] that mathematical proficiency is not a separated domain, 

those five are interacted to reinforce one's knowledge, skills, abilities and beliefs. The education 

in mathematics should prepare students to deal with the changing circumstances and mindsets in 

life and also preparing them to use mathematical mindsets in everyday life [5]. Therefore, it is 

important to direct the mathematical learning so that the thinking skill can be trained 

mathematically. One way that can be done is through the development of the five components 

mentioned before. 

Stated that all students can possess mathematical proficiency [6], the changes in mathematics 

learning, teaching materials, assessment, the teacher’s education and also the education system 

must be made, specifically: (1) the learning must be able to develop all components of 

mathematical proficiency; (2) the teaching material used must be integrated with those 

components; (3) the assessments conducted on students must contribute to the goal of 

mathematical proficiency; (4) the teacher must possess skill that enable them in teaching so that 

they have the mathematical proficiency; and (5) the efforts to achieve mathematical proficiency 

for all students, must be done in a coordinated, comprehensive, and scientifically informed. In 

connection with the achievement of mathematical proficiency by students, NRC mentioned that 

this cannot be achieved individually by themselves which means that the parties which has 

interest (parents, teachers and policymakers) must cooperate to improve the students’ 

mathematical proficiency.  

This study is in order to describe about those five mathematical proficiency, such as 

conceptual understanding, procedural fluency, strategic competence, adaptive reasoning, and 
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productive disposition, also describe how the result toward the students in Indonesia are, 

regarding those components of the mathematical proficiency This article will focus on what is 

meant by each of five components and how the result work toward students in Indonesia 

regarding those five components of mathematical proficiency. 

2. Research Methods 

In this study, the data collecting method used is a descriptive one with the type of content analysis 

research. The results of this article will discuss about what is meant by conceptual understanding, 

procedural fluency, strategic competence, adaptive reasoning, and productive disposition, as well 

as some of the results regarding to those five components. 

Systematic literature review is used by referring to the following steps : (1) identifying 

research question, (2) developing research protocols, (3) determining the database location of 

research result, (4) selecting appropriate research results, (5) choosing good quality research, (6) 

extracting the selected research results, (7) synthesizing results, and (8) presenting results.   

2.1 Research question 

The aim of this study is to describe mathematical proficiency in general also each of five aspects 

included in the proficiency. 

2.2 Data collection 

2.2.1. Database searched. Searching for research papers by online database journals : 

http://garuda.ristekdikti.go.id/, Google Scholar, Mendeley, focusing on the subject of 

mathematical proficiency.  

2.2.2. Search keyword. The keyword used in the search for research papers on the online database 

are “mathematical proficiency” and “the results towards Indonesian’s students by putting those 

proficiency  

2.2.3. Selection of papers. Selected papers for further review must meet the following criteria : 

(1) learning outcomes, (2) paper published in the 2000-2018 range, and (3) research subjects are 

mathematical proficiency, how the result toward students in Indonesia regarding those five 

components of mathematical proficiency, conceptual understanding, procedural, fluency, 

strategic competence, adaptive reasoning and productive disposition. 

2.3 Data analysis 

2.3.1. Extraction of selected papers. There are 15 selected papers that meet the criteria in 2.2.3. 

It is extracted by observing the following data: author, year of publication, research subject, 

variable, and geographic origin of data. 

2.3.2. Synthesis of results. The synthesis of the results was carried out by looking at the extraction 

results at 2.3.1. the data we grouped based on mathematical proficiency and its five aspects, also 

a mathematical proficiency used in senior high schools. 

3. Result and Discussion 

Table 1 below shows the results of searching for papers related to keywords as specified in 2.2.2. 

and meet the criteria for selecting papers set out in 2.2.3., the totals are 15 paper. 
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Table 1. Appropriate search results papers. 

No Author (years 

of publication) 

Subject Variable Geographic 

origin of data 

1 Widjajanti, D. 

B. (2011) 

Mengembangkan Kecakapan 

Matematis Mahasiswa Calon 

Guru Matematika Melalui 

Strategi Perkuliahan 

Kolaboratif Berbasis 

Masalah 

Mathematical 

Proficiency 

Indonesia 

2 Soebagyo, J. 

(2012) 

Profil Pembelajaran dalam 

Mengakomodasi 

Mathematical Proficiency 

Mathematical 

Proficiency 

Indonesia 

3 Damayanti, 

W.N., 

Mayangsari, 

N.S., & 

Mahardhika, 

T.L. (2017) 

Analisis Kesalahan Siswa 

dalam Pemahaman Konsep 

Operasi Hitung pada 

Pecahan. 

Conceptual 

Understanding 

Indonesia 

4 Sarlina. (2015) Miskonsepsi Siswa Terhadap 

Pemahaman Konsep 

Matematika pada Pokok 

Bahasan Persamaan Kuadrat 

Siswa Kelas X5 SMA Negeri 

11 Makassar 

Conceptual 

Understanding 

Indonesia 

5 Badjeber, R. & 

Mailili, W. H. 

(2018) 

Analisis Pengetahuan 

Prosedural Siswa SMP pada     

Materi Sistem Persamaan 

Linear Dua Variabel Ditinjau 

dari Gaya Kognitif 

Procedural 

Knowledge 

Indonesia 

6 Kurnadi & 

Safitri, P. T. 

(2018) 

Peningkatan Kemampuan 

Kompetensi Strategis 

Matematis Siswa Melalui 

Model Pembelajaran 

Kuantum 

The ability of 

Strategical and 

Mathematical 

Competence  

Indonesia 

7 Ozdemir, I. E. 

Y. & Pape, S. J. 

(2012) 

Supporting Students’ 

Startegic Competence : A 

Case od a Sixth-Grade 

Mathematics Classroom 

Students’ 

Strategic 

Competence 

Turkey 

8 Turner, R. 

(2010) 

Identifying Cognitive 

Processes Important to 

Mathematics Learning but 

Often Overlooked. In 

Teaching Mathematics Make 

it Count : What Research 

Tells Us About Effective 

Teaching and Learning of 

Mathematics 

Cognitive 

Processes 

Australia 

9 Suhendra, D., 

Sugiatno & 

Suratman, D. 

(2016) 

Potensi Penalaran Adaptif 

Matematis Siswa Dalam 

Materi Persamaan Garis 

Lurus di Sekolah Menengah 

Pertama 

Mathematical 

Adaptive 

Reasoning 

Indonesia 



10 Putra, Y, W, 

Rizki dan Sari 

Linda. (2016) 

Pembelajaran matematika 

dengan Metode      

Accelerated Learning untuk 

Meningkatkan Kemampuan 

Penalaran Adaptif 

Adaptive 

Reasoning 

Competence 

Indonesia 

11 Hidayati, F. & 

Susanah. (2017) 

Profil Penalaran Adaptif 

Siswa dalam Memecahkan 

Masalah Open Ended ditinjau 

dari Kemampuan Matematika 

Adaptive 

Reasoning 

Competence 

Indonesia 

12 Randolph, A., 

Philipp & John, 

M. (2015) 

Studying Productive 

Disposition : The Early 

Development of A Construct. 

Productive 

Disposition 

California 

13 Kurniasari, I. 

(2013) 

Identifikasi Kesalahan  

Siswa dalam Menyelesaikan 

Soal Geometri Materi 

Dimensi Tiga Kelas XI IPA 

SMA 

Conceptual 

Understanding 

Indonesia 

14 Syukriani, 

Andi. (2016) 

Kompetensi Strategis Siswa 

SMA Berkemampuan 

Matematika Tinggi dalam 

Menyelesaikan Masalah 

Matematika 

Students’ 

Strategic 

Competence 

Indonesia 

15 Zakaria, E., 

Nordin, N.M. 

(2007) 

The effects of mathematics 

anxiety on matriculation 

students as related to 

motivation and achievement 

Students’ 

Strategic 

Competence 

Indonesia 

From the variables above, it can be seen that lots of studies talked about mathematical 

proficiency, so that by possessing this ability really is important for students also teachers. There 

are five components which mark the student’s success in learning mathematics. And this five are 

in one thread that ‘connected’ with one another, such as conceptual understanding, procedural, 

procedural fluency, strategic competence, adaptive reasoning, and productive disposition. 

3.1 Mathematical Proficiency  

Mathematical proficiency includes five components, there are (1) conceptual understanding; (2) 

procedural fluency); (3) strategic competence; (4) adaptive reasoning; and (5) productive 

disposition. There are explanation in each component from mathematical proficiency as below. 

Conceptual understanding can be interpreted as students’ understanding toward the mathematical 

concepts, operations, knowing symbols and diagrams also mathematical procedures [2]. It is the 

students’ ability to explain the inter-linkage of learning concepts and the ability to apply these 

concepts flexibly, efficiently, and precisely in problem solving [7].  

Regarding the achievement of conceptual understanding the concept, [8] informed the 

indicators to state it, such as: (1) the ability to interpret mathematical states in different ways and 

(2) the ability to know how different interpretations can be used for different purposes. The 

achievement of conceptual understanding in [9] can be seen from the students’ ability in: (1) 

restating the learned concept; (2) classifying objects based on whether the conditions form the 

concept or not; (3) identifying the nature of operation or concept; (4) applying the concept 

logically; (5) giving some in form of both examples and non-examples; (6) presenting concepts 

in various forms of mathematical representation (tables, graphs, diagrams, sketches, 

mathematical models, etc.); (7) linking various concepts whether in mathematics or out of it and 

(8) developing the necessary and/or sufficient conditions of a concept.  



Provides examples in understanding the concept which students have [2]. Students who 

understand the concept of fractions are not only able to determine the completion of 9
3

2
6 

, but they also are able to represent these operations in other forms, for examples, diagrams. 

Furthermore, it is explained that students who learned through understanding concepts will need 

faster duration to understand, because they see the general patterns used in different situations. 

Students have organized their knowledge into one coherent unit, which allows them to learn new 

ideas with what they already possessed [2]. 

Stated that understanding concepts is needed by students in solving mathematical problems 

[10]. However, the understanding concept possessed by students will be vary, due to students’ 

errors in it. In the results from [11], it mentioned that the causes of misconceptions in general 

concepts came from the students, teachers, textbooks, contexts, and ways of teaching. 

Furthermore, it is said that the number of mistakes made by students in solving problems can be 

a clue to the extent of students’ mastery of the material. 

The next mathematical proficiency is procedural fluency. [2] stated that procedural fluency is 

a students’ skill which includes knowledge of procedures where students are able to develop 

flexibility, accuracy and efficiency in solving a problem. It is also in line with what [1] wrote 

that procedural fluency refers to knowledge of procedures, namely when and how to use there 

procedures appropriately and the ability to carry out procedures flexibly, accurately and 

efficiently. Stated that procedural fluency consisted of three aspects [12], namely efficiency, 

accuracy, and flexibility. Efficiency means that students do not stop at many steps. Accuracy 

refers to careful workmanship, the knowledge of numbers combination also focus to the result 

by repeated checking. Last but not least, flexibility means that when the students try to solve a 

problem, it is not only focus on one method, but more other methods or strategy, which then it 

can adjust its use. 

One of the characteristics of students who possessing procedural knowledge is that there are 

steps sequence to be taken in problem-solving [13]. It is mentioned that procedural knowledge 

was reflected through students’ computational or manipulative abilities and their knowledge in 

identifying mathematical objects, algorithms and definitions. A procedure is a process arranged 

as logical and systematic steps that can be developed through problem-solving. Therefore, 

procedural knowledge will vary depending on the given problem. This makes students to gain 

the knowledge that mathematics is a structured, organized and patterned science. They could gain 

it by studying algorithms as a general procedure, so that if the development of procedures is 

carried out maximally, it will become a way to solve the problem [2]. From the description 

before, it acquires indicators that a student who possessed a procedural fluency is an individual 

who can : (1) using procedures; (2) utilizing it; (3) choosing it; (4) estimating the result of it; (5) 

changing the form of a procedure and (6) developing a procedure [1]. 

Other components from mathematical proficiency is strategic competence. [2] formulated it 

as a students’ ability in formulating, presenting, and solving mathematical problems. This 

statement is similar to [14], yet an addition from them that it is also the core of other components. 

It is because that when a student have well-strategic competence, he or she will also have other 

competences such as the understanding the concept, procedural fluency, adaptive understanding, 

and productive disposition. 

Furthermore, strategic competence is the skill to know and use the strategic to analyze and 

solve the problems with an aim to the learning of mathematics content [15]. Designing strategies 

to solve the problems mathematically has involved controls that direct students to recognize, 

formulate, and solve the problems effectively [16]. This term is contained in one of the objectives 

of learning mathematics, which is problem-solving that include the ability to understand the 

problems, the ability to design mathematical models, solve it and the ability to interpret the result 

obtained [3]. However, the result of [17] showed that the problem-solving ability is still lacking. 

There, the indicators used in measuring students’ mathematical strategic competence based on 

[2], such as: (1) understand the problem, (2) select the appropriate information, (3) present the 



problem in mathematical representation, (4) determining its solving strategy, (5) using and 

develop it, and (6) interpreting the solution. 

Hereafter, there is adaptive reasoning which leads to the capacity to think logically about the 

linkage between concepts and situations, reflective thinking skills, the skill of explain and 

provide justification [1]. [2] suggested that this component includes deductive reasoning, 

intuition and formal proof in a deductive manner. It then can be interpreted that adaptive 

reasoning has a broader scope that other reasoning [18]. Adaptive reasoning does not only 

emphasize so students can solve the problems, but also requires students to think logically and 

use their reasoning correctly [19]. Furthermore, this component is important to be trained and 

developed, so that the students will not assume that mathematics is the only lesson which uses 

formula without knowing its meaning [20]. [1] mentioned that this component also has its 

indicator, such as (1) give reasons for the given answers; (2) determine the pattern of a 

mathematical phenomenon; (3) set a presumption; (4) draw a conclusion and the validity of the 

argument. These five indicators were chosen based on [2] as the component emphasized the 

ability on inductive and deductive reasoning. 

Productive disposition is known as the last mathematical proficiency competence. [2] argued 

that this it is as a view towards mathematics as a reasonable and useful matter. It is known as an 

input from teacher’s motivation, beliefs also attitudes towards mathematics from the subject, 

teaching and learning of mathematics [21]. In line with it, [1] stated that productive disposition 

has related to the student’s tendency to have productive activities and to see that mathematics as 

a logical, useful and meaningful matter which possessed self-confidence in learning mathematics. 

3.2 Results in Students’ Mathematical Proficiency 

The first component, conceptual understanding, it becomes very important as it is one of the 

school learning goals in mathematics by [22]. It is written down that students have the ability to 

understand the concepts, explain the inter-linkage of concept and apply it flexibly, accurately, 

efficiently and appropriately in problem-solving [22]. Therefore, it needs special attention from 

teacher, considering that the ability as a basic for students in mathematics [23]. In fact, there still 

less of conceptual understanding ability possessed by students in the field. The results of a 

research by [24], regarding errors and causes from tenth grade of SMAN 1 Kendal, it solved the 

lesson problems of distance on solid figure where 66,67% of the six research subjects made 

mistakes in understanding the problem. In addition, another results by [25] that of 70 students, 

regarding the identification of their errors in solving geometry material which refers to the 

problem of three-dimensional. The concept errors obtained by students, including 40 students got 

wrong answer on the distance concept and 25 students on the concept of angles. 

A research by [23] on tenth grade of SMA Harapan in Landak Regency 2016/2017 with a 

sample of 30 students, found that the delivery of concepts in mathematics learning was given by 

memorization so that students tended to expository [23]. Thus, the learning tends to be teacher-

centered and emphasize procedural process, also lacks in giving opportunity to students to 

develop own conceptual understanding and explore the knowledge toward the concept 

understanding itself. Furthermore, the learning process uses problem-solving can improve the 

conceptual understanding in solid figure material. 

A similar result by [26] that is the conceptual understanding skill by sixth grade students of 

SMAN 6 Semarang is still low. In this research, the implementation of trajectory learning 

strategy improved the conceptual understanding of sixth grade students. In line with it, [10] 

claimed that the thing which become as the students’ error in solving the fraction operation 

problems is the concept understanding of the fraction operation concept itself and scaffolding 

given by teacher is very necessary [10]. A result by [27] mentioned that there is one which 

become the cause of student’s lack in procedural fluency. It is because of the practices to train 

given procedural fluency during the learning are lacking. The less of this components, the more 

students experienced difficulties to deepen the understanding of mathematical concept or to 

mathematical problem-solving [2] 



Concluded that students deal with the problem by reading while listening to the audio which 

strategy used to get information easier [28]. Thus, the students will draw a sketch based on the 

given information. It is showed that student directly forms a mental image from the content of a 

problem during reading the question. It is consistent to [2] that to present a problem correctly and 

appropriately, students need to understand it and form a mental image. Open-ended issue is one 

of the issues that used as a tool to improve adaptive reasoning. According to a research by [29], 

to develop the students’ reasoning ability, the teacher should familiarize the students with 

problems which possessing various solutions. 

Students’ attitude towards mathematics is included in productive disposition, [30] believed 

that there is less of positive attitude by students in learning mathematics. It can be seen from the 

student’s lack-attention towards teacher. Then became less-enthusiastic because the method used 

is still by lecturing. A similar matter is said that students’ disposition have not been achieved 

overall yet, as the learning typically a teacher-centered and has not developed a mathematical 

thinking ability [31]. For further, this ‘yet-to-be achieved’ of productive disposition issue became 

indicated when students with non-routine problems given, they felt reluctant to work on it [23]. 

It indicates as ‘yet-to-be realized’ of students’ positive attitudes towards mathematics and their 

self-confidence also curiosity toward the ‘concepts understanding’ which have been learned. So, 

to connect between those concepts will be difficult and it will effect to the lack of achievement 

of learning goals [22]. 

 

4. Conclusion and Suggestion 

There are five components of mathematical proficiency which indicated the students’ success in 

learning mathematics. These components are one strand which connected to one another, such 

as conceptual understanding, procedural fluency, strategic competence, adaptive reasoning and 

productive disposition. From some research reviews, there is lack of students’ mathematical 

proficiency in Indonesia. It means that there is effort needed to improve it. Indeed, these matters 

involve all related components such as a competent mathematics teacher, the mathematical 

curriculum which ensure the students’ opportunity to learn the mathematics meaningful concepts 

and procedures, text books that supported the development of mathematics proficiency, also 

learning strategy used by teachers to improve this skill. Thus, it is proven that mathematical 

proficiency is not something which apart, which means that it cannot be accomplished with 

merely focusing on one component itself [2]. There, mathematical proficiency is not a separated 

domain, those five are interacted to reinforce one's knowledge, skills, abilities and beliefs [4]. 

The education in mathematics should prepare students to deal with the changing circumstances 

and mindsets in life and also preparing them to use mathematical mindsets in everyday life [5]. 

Therefore, it is important to direct the mathematical learning so that the thinking skill can be 

trained mathematically. One way that can be done is through the development of the five 

components mentioned before. 
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Abstract. The development of information technology and industry revolution 4.0 produce 

increasingly effective learning processes. Digitalization and delivery of messages through social 

media is becoming a trend nowadays for young people, as well as information technology for 

students whose daily activities are related to digital and internet. It is important to make students 

whose major is informatics engineering interesting to learn theory algebra. They more interest 

in computer related things (hardware) or its application (software) than the basic theory of 

computer like algebra. Algebra material has its own challenges in informatics engineering 

students. Active learning is highly recommended in this learning and using social media is the 

way to learn algebra. The research method used a case study. The purpose of the case study is to 

identify the use of social media, especially online video such as YouTube in the learning process 

of Algebra and find out the students' responses to the use of the internet in the Algebra learning 

process. In this case is making students open the mind for study algebra. Video creations from 

students can be seen on social media so that other students can learn. From making videos, 

students learn not only interesting video making techniques but also algebra material. They also 

learn the use of programs that support for making and editing video. This research discuss about 

how effective the use of social media in learning on-line video systems on algebra material.  

1. Introduction 

The globalization has entered Indonesia, it accompanied by increasingly sophisticated technological 

developments. The world is now entering the era of the industrial revolution 4.0, which emphasizes the 

patterns of digital economy, artificial intelligence, big data, robotic, etc. or known as the phenomenon 

of disruptive innovation as well as at Indonesian country. [1] The computer and electronic network are 

likely to have significant effects on education, and it is important to consider that impact. The new 

technology is better than presentation through textbooks. Furthermore, the new technology was more 

effective than presentation through lectures. The role of the teacher for conducting learning is still 

needed. This is called humane process, and it is not quite right that technology always gives birth to a 

process of dehumanization. Technology support practitioners classroom teachers who need to be trained 

in developing constructivist learning environments. Building bridges between research on learning and 

teaching and classroom teachers can provide the practitioner community and students with the benefits 

of the research efforts [2]. Learning with technology allows teachers to interact together with students 

in where ever they are. Facing these challenges, teaching in higher education is also demanded to 

change, including in producing quality lecturers for future generations. The higher education policy 

must also be adjusted to the conditions of the 4.0 revolution. There are changes in policies and programs 

related to the science and technology resources of the Higher Education, institutions, learning and 

student affairs, as well as research and development as well as innovation. Changes in the field of 

resources are very important, including developing the capacity of lecturers and tutors in online learning. 

So this lecturer also acts as a tutor. Then the development of MOOC (Massive Open Online Course) 

infrastructure, teaching industry, and e-library is actually already running. 

Active learning involves providing opportunities for students to meaningfully talk and listen, write, 

read, and reflect on the content, ideas, issues, and concerns of an academic subject [8]. Active learning 

is generally defined as any instructional method that engages students in the learning process. In short, 
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active learning ordered students to do meaningful learning activities and think about what they are doing. 

While this definition could include traditional activities such as homework. Active learning is often 

contrasted to the traditional lecture where students passively receive information from the teacher. In 

traditional lecture, students just sit and listen the teacher or just drill the problem solving by themselves. 

But active learning, the activities are discuss range from listening practices, require students to absorb 

what they hear from dicussing, to short writing exercises in which students react to lecture material, to 

complex group exercises. Through active learning and technologyenabled flipped classroom strategies, 

students may develop higher order thinking skills and creativity 

Messaging through social media is becoming a trend nowadays for young people, as well as 

informatics engineering students who are daily related to the internet. Social media provides the 

opportunity to interact more closely with friends or relations, it can be a medium for forming online 

communities. Social networking provide various benefits to the students and teachers. It is very easy to 

educate from others who are experts and professionals from the social media. One can follow anyone to 

learn from him/her and enhance his knowledge about any field. Regardless of our location and education 

background we can educate ourself, without paying for it [3]. Social media provides opportunities to 

enter pre-existing communities and provides opportunities to get direct feedback. Various practices can 

be done by every student, for example using YouTube media in learning [4]. It is evident that YouTube 

videos brought about positive effects on teaching and learning in various disciplines. Morison, Ross, & 

Kemp state that learning can improve when students are actively involved in the learning process [5]. 

Students said actively involved in learning when students can access and manage their own presentation 

material.  They will be more interested in what is learned.  They can understand the material by 

themselves, although it need discuss between groups or with lecture. Thus, it is important to develop a 

lesson plan that involves students actively in the learning process. For addition, the learning process 

must be organized clearly and systematically. So, this paper is discuss about learning within social media 

such as making Youtube video. It is new idea for informatics engineering student of Muammadiyah 

Sorong University in Sorong Papua for learning algebra especially dicrete mathematics by making video 

on youtube. They usually learn algebra with drilling method and listen to the lecture. So it was interested 

to be discussed and given an idea to lecture for teaching exact material like mathematics in engineering 

student especially informatics engineering. Furthermore, informatics engineering students need active 

learning using their computer for learn Algebra. This paper give an idea for learning algebra in discrete 

mathematics using social media by making video online on youtube. 

 

2. Theoretical background 

2.2  Active Learning. 

Active and cooperative learning methods recognize that the passive model of the typical college lecture 

does not work for many students. The active and cooperative learning focuses that students can learn 

best by doing and working with each other [7]. In traditional learning of class periods, students listen to 

lecture for about an hour. Cooperative learning can replace some of that lecture time with methods 

designed to get students actively involved during the class period. This paper presents the use of active 

and cooperative learning techniques applied on Algebra in Informatics Engineering at Muhammadiyah 

Sorong University. 

In the middle of Mathematics Diskret schedule, student of informatics engineering without their 

computer have to listen theory of Algebra. At least a third of the students are texting or sleeping or 

chatting with other. Many of them clearly don't understand much of what lecture saying and the semester 

exam score prove it, but they never ask questions about the difficulties. It's been like this since the 

beginning of the semester and the lecture getting desperate. its  brings up idea to try something different. 

The lecture make students get into groups some waking their neighbors in the process and go to work 

make a script for their assessment.  This ‘active learning’ to describe a classroom approach which 

acknowledges that students are active in the learning process by building knowledge and understanding 

in response to learning opportunities provided by their lecture. For this, active learning means that 

students take responsibility for their learning, and lecture are the fasilitator and observator of learning, 



 

 

 

 

 

 

rather than lecturers or deliverers of ideas. Its contrasts with a model of instruction which knowledge is 

imparted or transmitted from the lecture to students.  

. In practice, active learning refers to activities that students and lecture have to collaborate in learning, 

such as the students manage the material and lecture lead the discuss. The core elements of active 

learning are student activity and engagement in the learning process.. The effective application of vital 

competencies are  critical thinking, creativity, communication, and collaboration. . In addition, it is 

crucial for graduating students for succeed in the workplace. So that it using active learning to making 

script for Youtube video related to the material of discrete mathematics  

 

2.3  Online learning: More effective and challenge. 

Terms commonly used for online learning include e-learning, internet learning, distributed learning, 

networked learning, tele-learning, virtual learning, computer-assisted learning, web-based learning, and 

distance learning. All of these terms used for  the learner because they have a distance from the tutor or 

lecture, that the learner uses some form of technology such as a computer to access the learning 

materials. So that the learner uses that technology to interact with the tutor or lecture and with other 

students. It is form of support provided to students [9]. 

For students, online learning knows no time zones, and location and distance are not in problem. In 

online learning, students can access the online materials anytime, while synchronous online learning 

allows for real-time interaction between students and lectures. Students can use the Internet to access up 

to date and relevant learning materials, and can communicate with experts in the field which they are 

studying. The goal of any instructional system is to promote learning. Therefore, before any learning 

materials are developed, educators must tacitly or explicitly know the principles of learning and how 

students learn. This is especially true for online learning, where lectures and students are separated. The 

development of effective online learning materials should be based on proven and sound learning 

theories [10] 

 Students should get the explicit outcomes of the learning so they can set expectations and judge 

for themselves so they can rate what they have achieved the outcome in the online lesson.  

 Students must be tested or get examination to determine what they have achieved in the learning 

outcome. Online testing or some exams and assessment should be integrated into the learning 

sequence to check individual student’s achievement level and provide appropriate feedback.  

 The learning materials must be sequenced appropriately to promote learning. The sequencing 

could take the form of simple to complex, known to unknown, and knowledge to application.  

 Students must be provided with feedback so that they can monitor and rate what they are done 

and take corrective action if required. 

For this paper, online learning is a tool for collect the material of discret mathematics when the 

students making script before making the videos. The student should worked  with computer to learn in 

e-learning or internet learning, network learning etc. In online learning environment, a social community 

of students who share knowledge, values, and goals. A sense of community in online learning is 

comprised of two components 

 Connectedness, which refers to student’s feelings of cohesion, spirit, trust and interdependence, 

and  

 Learning, which refers to the students’ feelings of the extent to which their learning goals and 

expectations are satisfied. 

In case, students will upload their video on Youtube. It can be said that the online videos are online 

learning too. 

However, extrinsic motivation should also be used since some students are motivated by externally 

driven methods. Keller proposes the ARCS model (Attention, Relevance, Confidence, Satisfaction) for 

motivating students:  

 Attention: Capture the students’ attention at the start of the lesson and maintain it throughout the 

lesson. The online learning materials must include an activity at the start of the learning session to 

connect with the students.  



 

 

 

 

 

 

 Relevance: Inform students of the importance of the lesson and how taking the lesson could benefit 

them. Strategies could include describing how students will benefit from taking the lesson, and how 

they can use what they learn in real-life situations. This strategy helps to contextualize the learning 

and make it more meaningful, thereby maintaining students’ interest throughout the learning session.  

 Confidence: Use strategies such as designing for success and informing students of the lesson 

expectations. Design for success Foundations of Educational Theory for Online Learning 29 by 

sequencing from simple to complex, or from known to unknown, and use a competency-based 

approach where students are given the opportunity to use different strategies to complete the lesson. 

Inform students of the lesson outcome and provide ongoing encouragement to complete the lesson.  

 Satisfaction: Provide feedback on students’ performance and allow them to apply what they learn in 

real-life situations. Students like to know how they are doing, and they like to contextualize what 

they are learning by applying the information in real life 

 

It is availability of the internet so that teachers are having greater opportunity to access into various 

educational tools which can be used to enhance the practice of student-centered learning in the classroom 

and to engage in a lot of interactions with students. It is beneficial for student too so that student can 

learn online material from videos, slides, games, interactive software.  Its found to assist teachers in 

carrying out their teaching and learning. Teachers would have to accept that with the development of 

social media and educational technologies, content knowledge can be generated and disseminated more 

quickly and widely than before. 

 

2.4  Social Media. 

Social media enable students to easily contact with each other with regard to their projects and 

assignments. Students also can work on group assignments from their home. It is used by student which 

is college in informatics engineering of Muhammadiyah Sorong University. Almost of them open and 

use social media everyday.  Somehow social  media is used in pedagogy students who have difficulty 

in expressing their thoughts in the classroom. This social media can get involved in the learning process, 

it helps to build their confidence level as well. Any doubts can be clarified by posting a message through 

the social media. A site like Instagram, Facebook, Youtube help teachers to stay in touch with their 

students or  to know the activity of their student. Students are learning the skill sets required for 

successful social networking  [11]. Social media also brings with the freedom for students to connect 

and collaborate outside of institutional boundaries as well as to gain practical experience for the 

workforce . Students are also being taught new concepts like online privacy. Video can be a powerful 

educational and motivational tool. Video is a means toward achieving learning goals and objectives. 

Effective instructional video is not television to student instruction but rather teacher-tostudent 

instruction, with video as a vehicle for discovery. Other researchers have found that YouTube is 

effective for increasing skills both in a lab setting and in the general public as well as long-term retention 

of material. Thus, YouTube is being continually validated as an effective tool for teaching in a formal 

setting or in the home for common skills and tasks. 

The role of the social media for learner is to allow the group to be emergent in their learning. To 

allow the participants to seek their own rhythms and ways of working together. To keep a close watch 

on the group without interfering but being ready to assist. To use advanced organisers to build a 

pedagogical framework for participants to use when they are ready. To create specific scaffolding 

contexts SNSs can become an incredible tool in collaborative work; the didactic possibilities afforded 

by these tools are almost endless when they are intended to promote interaction between the group, 

between the group and the teacher, and among teachers, all of which takes place outside the time and 

spatial constraints of a school environment. 

Social networks are applications that support enthusiasm in a common space around sharing interests, 

collaborations, resource sharing, communications and interactions. The teachers can communicate 

instantly and directly with the students and compare notes on education techniques, curriculum and 

teaching methodology and so on. Teachers, professors and academics routinely used blogs to write about 



 

 

 

 

 

 

the world of education and invite comments from all over the world. The impact of social media is 

radically changing the way education has been traditionally delivered. Students should develop the 

cognitive and intuitive ability to analyse how much time they spent with social media. It is up to the 

students to decide what really matters in their life and how much of this virtual life translates to real life. 

In spite of those concerns, however, the faculty believes a social media sites offer value in teaching. An 

overwhelming majority report that they believe that video, podcast, and wikis re valuable tools for 

teaching, and a majority report that social media sites can be valuable tools for collaborative learning. 

2.5 Youtube  

YouTube is the biggest and most well known video-based online networking site. It was established on 

February 14, 2005 by three previous PayPal workers. It was later purchased by Google in November 

2006 for $1.65 billion. YouTube has more than 1 billion site guests for every month and is the second 

most well known internet searcher behind Google. YouTube is an excellent option of flipping classroom 

so that students can watch lectures and resources before entering the classroom [12]. It is like blogging, 

since the material will be seen by a wider audience, students will be more  to do their very best in 

creating a video, and they will enjoy being able to express their creativity as they connect more deeply 

with the course material. Some results showed that the You Tube tutorial methodology had a significant 

positive effect on perceived student learning. YouTube videos create a novel way of conveying 

educational content through real-life situations and observations, as well as connecting students with 

external experts. Using social media platforms associated with popular culture can also become a tool 

in which students can actively pursue learning on their own accord.  

Media content is now accessed via the Internet and through 4.0 technologies where users interact and 

collaborate to create content . Such social media sites allow people to share and generate information 

with the rest of the world. The website “YouTube” is one source of social media that has grown in 

popularity over the past five years, including its use in the classroom as an educational tool. YouTube 

was launched in 2005 as a place where individuals could record and share their own videos without cost. 

The website is now owned by Google and is viewed daily by millions of individuals across the world. 

Although much of the content on YouTube is for entertainment purposes, there exists an enormity of 

educational content. For example, YouTube EDU was created in 2009 as an educational hub for lectures, 

courses, and examples and is used by professionals and nonprofessionals in a variety of fields. While 

the use of YouTube in higher education is not new, its prevalence as an educational tool in regards to 

best practices and student outcomes. The current study provides a literature review that focuses on the 

usefulness of YouTube media as a form of lecture support and conversation starter in the classroom. In 

this paper, student use YouTube as media which means place of online learning so that students can 

learn and discuss about discrete mathematics. The student of informatics engineering share video about 

the topic of discrete mathematics on YouTube then they can freely discuss it on comment or in class. 

 

3. Method 

The research method used a case study. The purpose of the case study is to identify the use of social 

media, especially online video such as YouTube in the learning process of Algebra and find out the 

students' responses to the use of the internet in the Algebra learning process. The goal is to understand 

the activities of lecturers and students in the Algebra learning process. Therefore, the case study 

approach is a qualitative approach. Through a qualitative approach it is expected to gain a deep 

understanding and interpretation of the meaning of relevant facts [6]. The research subjects were 

informatics engineering students in the learning process of Algebra. This study involves some very 

detailed, in-depth, and detailed examination of the case. It needs to understand the responses and 

behaviors associated with the process of learning mathematics that are the focus of research. The 

involvement of researchers in the learning process is a demand in order to understand the facts of occur. 

The research was conducted in the Department of Informatics, University of Muhammadiyah 

Sorong, West Papua. While the research was conducted from March until June 2020. To get an in-depth 

overview of the use of social media in the Algebra learning process which is the use of Youtube, students 



 

 

 

 

 

 

had been introduced online video. Online video provided through YouTube social media about Algebra 

material, then lecture gave assessment for informatics engineering students to the opportunity of creating 

online videos. Student were formed into groups. For each group had make video according to the 

material provided. Each group consists of 2 students. Data collection through several stages as follows 

observation as a data collection technique relying on the senses of the eyes and ears carried out with the 

involvement of researchers in research settings. Complete participatory observation aims to determine 

the process of utilizing social media in a comprehensive manner. Observations were made covering all 

activities of lecturer and students in algebra learning. Data reduction is used to summarize, focus on 

important things, and delete data that are not patterned from the results of observations and interviews 

and data from the study documents. Triangulation is used to check the accuracy of data obtained by 

comparing data from observations, interviews and document studies. 

 

 

4. Result 

In this research using a descriptive approach, the lecture as writer must describe, explain and illustrate 

the data obtained through observations on learning, videos and interviews conducted with students. The 

results of this study can be translated into three parts. The part is the Online-learning process, the process 

of making videos for students of informatics engineering, and students' responses to learning. 

5.2 Online-Learning Process 

In this study, the lecturer conveys an Online-learning strategy at the beginning of the lecture. By 

discussing the basic of theory, students are then assigned to access Algebra material with the theme of 

Discrete Mathematics, each group of students has an assignment according to the title given. These titles 

are integers, mathematical logic, and functions. The material can be accessed via google,  then students 

can study it before submitting according to their understanding. After that, students make videos in 

groups according to the material assigned. Videos can be interactive learning videos (digital video or 

analog video), gaming videos, or presentations. Making a video can use several programs such as video 

maker, film maker, powerpoint, camtasia, or others. Need 1 month to work on that video. Furthermore, 

the results of the video uploaded to social media, YouTube. From YouTube students can see each other's 

video results with different material. Students can also exchange comments and discuss on YouTube. 

Not only informatics engineering students at the University of Muhammadiyah Sorong can see it but 

also other social media users. On the Online-learning strategy [13]give in this paper can be described as 

follows: 

 Attention: doing interesting learning, in fact Algebra lessons are less attractive to Informatics 

Engineering students. In this learning, students being aware. Student learn Algebra by using their 

abilities according to their majors or hobbies, namely making videos 

 Relevance: Provides an understanding of Algebra in particular Discrete Mathematics and solving 

algebra problems through interesting methods. 

 Confidence: forming the confidence of informatics engineering students in understanding Algebra 

material by making the presentation of Algebra material on Youtube. 

•  Satisfaction: a matter of pride when making videos and showing them on social media, YouTube. 

5.3 Making Video-Process 

Making the YouTube video was a straight forward process - develop an idea into an organized script, 

and then shoot the clip. Three different video designs are tested. Design 1 differs significantly from 

designs 2 and 3. Design 1 was developed and tested first. Following analysis of its survey results and 

consideration of anecdotal comments from students for design improvement, design 2 was developed. 

Design 2 was tested in a following course-term. Then, following analysis of the design 2 survey results, 

design 3 was developed and tested [14]. In making YouTube videos and uploads, there are a number of 

things that need attention for lecture as follows: 

 



 

 

 

 

 

 

5.3.1 Planning 

The participants become more engaged in their learning and develop critical thinking. This can be seen 

from the discussion in lectures and the YouTube link comments after seeing the YouTube video. In the 

first round of the research, lecture deliver plan to use making video and share via YouTube so videos 

relevant to the topic of discussion and make an activity such as see video others and comment or discuss 

the material. The lecture give an example of video on Youtube such as a presentation, game, learning 

video,etc. 

 

5.3.2 Acting 

Student should carry out the activity in making video such as make script, learn the theory. First, students 

were briefed about the activities and the plan of assesment. 

 

6.2.3 Observing 

The lecture watch the video on YouTube and assess things conveyed through video in accordance with 

the theory. Is the video interesting, easy to understanding or whether the video in accordance with the 

reference material. Is the video interesting to watch and is the video have comment related to the discrete 

mathematics or something else. 

 

6.2.4 Reflecting 

Have lecture overlooked the needs of the participants to ask question on YouTube and share experiences 

for making video on YouTube. The lecture should discuss the video in class. 

 

The intention of the study are about ability to make video and accordance with the theory. In the 

making process, the video that will be displayed on YouTube has the following characters: 

 Displays images with motion, as well as sound simultaneously. 

 Able to explain Discrete Mathematical material (logic, integers, functions) along with examples 

and problem solving 

 Using engineering (animation). 

 Does not require special expertise in making and editing video 

 The idea of making comes from books and the internet 

From making videos, students learn to cooperate with each other in the making. This shows that 

active learning is going well. Students form a group with 4 members, then discuss with each other. Each 

member has their own duties, divided into draftsman, player, picture taker, editor. However, here 

students can also work in 2 tasks such as drafting scripts as well as players. Students here are required 

to complete the project according to group decisions and set the time for making videos. Figure 1 is one 

example of making video from a group student. 

 

Figure 1. YouTube Video with Function Theory 



 

 

 

 

 

 

5.4 Student Responses 

The main objectives of this study was to examine the extent in which The Use of Social Media in On-

line Video Learning System on Algebraic. Our findings indicated that generally the students had a 

positive view of The Use of Social Media in On-line Video Learning System on Algebraic by making 

video for YouTube. They mentioned that making YouTube videos made the lesson fun and interesting, 

were relevant and managed to attract their attention. Making YouTube video makes the lesson fun and 

interesting, beneficial–active learning-concept understanding-Remember Better-Effective 

Students A and B mentioned that making YouTube videos were interesting not like the traditional lecture 

using textbook or just listen the theory and it was more memorable and they learned better. 

“…I felt that it is a good way learn Algebra more interesting. Instead of conducting a lecture by using 

a textbook,or just listen teacher said. This way by making video, I can manage what I learn about dicrete 

mathematics and look for the theory bymyself then we share on video. As a student, I honestly think 

that this way of learning is more beneficial since I can remember what I learn better than listening to the 

lecturer talk all the time…” 

(Reflection Student A) 

 

Student C liked the idea of upload videos on YouTube, interesting and “new”. 

“…In my opinion, I feel proud to be YouTuber and share knowledge about Graf Theory as discret 

mathematics. it is new for me for making video on YouTube” 

(Reflection Student C) 

 

Similarly, Student D explained that he learned better because he could understand the concept of 

Function by arrange the video, not only answer the question or problem solving. He discuss Function 

for preproduction on making video with his group. On this part the active learning did well. 

“…I am in the opinion that video as a means of delivering lecture is very effective because I am such a 

person who learns quickly through what I do. It also makes me understand the concept of Function by 

arrange the video, discuss about my friend when determined the script of video  not only answer the 

question or problem solving” 

(Reflection Student D) 

 

Student E explained that not only videos attracted their attention, but they were found to be beneficial 

to their learning as they learned with a purpose to focus on specific information. Eventually, they learned 

leave notes or comment while viewing the other videos on YouTube. And also subscribe the YouTube 

channel. 

“I can use some application for editing video, it make us learn about editing video. Showing video 

can attract the other students’ attention and if our video seen many student and subcribed, its so excited 

that means our video have been watched. Its happier when somebody leave the notes or comment in our 

link YouTube. it make us challenged” 

(Reflection Student E and F) 

 

6. Conclusion 
Making a video through the stages is quite long. The stages must be done sequentially, they cannot jump 

from stage one directly to stage three. The stages are preproduction, production and post-production. 

The truth in carrying out each stage guarantees the truth at the next stage. The making of this video is 

teamwork. The cohesiveness of the elements involved at each stage will determine the quality of the 

product produced. The preproduction stage involves the lecturer, namely the determination of the 

material to be presented in the video, while the script writer, and the media expert (image maker and 

editor) involve the students themselves. Making videos uploaded on YouTube at this writing to face the 

education era 4.0 which refers to cyber physical systems using 3D printing. Furthermore, learning is 

carried out using active learning that is competent in critical thinking, creativity, communication, and 

collaboration in video making. In making videos, students of informatics engineering are also honed in 



 

 

 

 

 

 

their ability to make videos as interesting as possible by using several animations, video making 

programs, or editing processes.  

This makes students feel challenged by using ideas, hobbies, and abilities in accordance with the 

vocational field of informatics engineering in studying Algebra especially discrete mathematics. This 

form the character of persistence and leadership in group discussions. Its need somethings to consider 

when using social media for education, in this case is making YouTube video. The first is sharing 

knowledge, it provides an easy and an effective way for students so they can share knowledge. Students 

can simply access the information, study, transform and share. Second, learning from various sources 

so the students can search the material from many sources. The long range interpersonal communication 

advances are worked in such a way, to the point that understudies will have the capacity to pick the 

gathering and movement The ways of learning is plenty. Third, being prepared is to prepare material for 

conveyed via YouTube, in this case is discrete mathematics. The social networking technologies are all 

about showcasing the theory. Students should setup a plan of what might be expected out of them by 

observed, shared, discussed or spoken.  The last is for sharing what they feel or think. Through social 

media they are given an option to sound their thoughts. So in Youtube as informatics engineering 

student, they can enjoy making video but learn algebra too. On YouTube they can sharing about discrete 

mathematics in comment column. They can ask freely about the topics because each group make 

different video. If students were permitted to share what they think and feel, it becomes simple for them 

to decide what they understand. 

From this study, we found that social media in on-line video learning system on algebraic which is 

in case You Tube project design and development process experience connected with increased student 

perceptions of learning. The shared comments of participants produced an increased awareness of how 

students described their relationship with the project, how they gained learning strategies, and how they 

perceived derived benefits of tutorial learning through both the MovieMaker and You Tube processes. 

Specifically, they learn Algebra by presented on YouTube and they were able to see more potential 

benefits of incorporating YouTube into their experiences. It would better if there is test of result the 

effectiveness by some discrete mathematics test, it can be planed on next research. It is important to 

make students whose major is informatics engineering interesting to learn theory algebra. They more 

interest in computer related things (hardware) or its application (software) than the basic theory of 

computer like algebra. In this case is make students open the mind for study algebra. For conceptual 

understanding when they learn math discrete or algebra through video, has not been studied further. 
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Abstract. This study aimed to analysis of transposition process from knowledge to be taught to 

knowledge actually taught, concerning the concept of set, and its impact to students' concept 

image. We analysed set concepts presented by school mathematics textbook and presented by 

teacher in teaching and learning process, and the impact of this didactic transposition on 

students' concept image. This study was a qualitative study with interpretive phenomenology 

analysis approach. We found that in knowledge to be taught and knowledge actually taught, a 

set is defined as well-defined collection of objects. However, there is difference in the meaning 

of the term "well-defined" in both. This difference in meaning showed the inaccuracy of the 

presentation of knowledge actually taught. This transposition of knowledge caused zone of 

concept image differences between students' concept images and formal concept definitions in 

scholarly knowledge.  

1.  Introduction 

Teachers faces two main problems in teaching practice, namely curriculum management and 

classroom management [1]. The curriculum management concerns the construction of academic 

knowledge which later becomes the object of teaching. Class management concerns didactic situations 

that are presented to help students construct their knowledge. The construction of academic knowledge 

into the object of teaching through a series of transposition processes, starting from scholarly 

knowledge to knowledge learned by students. This process is known as didactic transposition [2,3].  

The process of transforming scholarly knowledge into objects of teaching is called external didactic 

transposition. In this process, scholarly knowledge was re-contextualized according to the context of 

learning, so that scholarly knowledge becomes knowledge to be taught. Furthermore, scholarly 

knowledge that had become the object of teaching was transformed back into an object of knowledge 

that is actually taught by the teacher in the classroom. This transformation process is called an internal 

didactic transposition [1].  

In the didactic transposition process, the important thing that must be considered by the teacher is 

not only didactic action but also anticipating the interactive and symbolic activities that occur in the 



 

 

 

 

 

 

classroom. Thus, even though teachers have a curriculum as a guide in teaching, often the knowledge 

actually taught in the classroom is different from the knowledge to be taught. It was due to every 

teacher having different interpretation of a concept and experiences related to their professional 

experiences.  

Meanwhile, the implementation of knowledge actually taught had an effect on the knowledge that 

will be learned by students. Concept images are used to describe the total cognitive structure 

associated with the concept, characteristics and the process of mental pictures in a person's mind can 

explain the construction of knowledge that students learn [4,5]. Therefore, in the process of 

transposition from knowledge to be taught to knowledge actually taught, the teacher must pay 

attention to the accuracy of the presentation of concepts and didactic situations. 

The transposition of knowledge in this study refers to the transposition of the concept of set. The 

concept of a set is one of fundamental object in mathematics [6]. The concept of set has undergone a 

process of transposition to become an object of teaching and it is included in the school mathematics 

curriculum for 7th grade. In this study, we analysed the transposition process from knowledge to be 

taught to knowledge actually taught, concerning the concept of set and the impact of this transposition 

to students' concept image.  

2.  Methods 

This study is a qualitative with interpretive phenomenology analysis (IPA) approach, which aimed to 

interpret a phenomenon based on human experiences [7]. Human experience which is a phenomenon 

observed in this study is how the process carried out by the teacher in transmitting knowledge from 

knowledge to be taught to knowledge actually taught, concerning concept of set (Fig. 1). This study 

focuses on the analysis of the concept of set as knowledge to be taught, the analysis of the didactic 

transposition from knowledge to be taught to knowledge actually taught, and the analysis of the 

concept image of students formed from the learning process received. 

A teacher and 28 students of 7th grade became participants in this study. Data for our analysis was 

taken from literature review on school mathematics textbook, video of observation of teaching and 

learning process, diagnostic test, and interview with 5 students. All data were processed and analyzed 

using procedures in qualitative research which includes three stages, namely managing data, inductive 

analysis, and interpretation [8,9]. 

 

.  

 

 

 

 

 

3.  Result and discussion 

3.1.  Result 

The results will be presented in three parts. First, analysis of the concept of set as knowledge to be 

taught presented by the school mathematics textbook. Second, analysis of the didactic transposition 

from knowledge to be taught to knowledge actually taught on the concept of set. Third, analysis of the 

impact of the didactic transposition on the students’ concept image. 

3.1.1.  The concept of set as a knowledge to be taught.  

The representation of the concept of set as knowledge to be taught can be seen from the presentation 

of the concept in school mathematics textbooks. In school mathematics textbooks, the set is defined as 

Knowledge to be Taught 

(set concepts in school math 

textbooks) 

Knowledge Actually Taught 

(set concept taught in class) 

Didactic Transposition 

The teacher performed didactic 

transposition process 

Figure 1. Didactic Transposition Analysis 

Chart [3] 



 

 

 

 

 

 

a well-defined collection of objects. A collection of objects is called well defined if the object is 

defined according to properties that have clear measure and do not generate multiple interpretations 

(Fig. 2). Besides that, presentation of set concepts in school mathematics textbooks had undergone a 

re-contextualization process from scholarly mathematics, in which the concept of a set is brought from 

the context of scholarly mathematics to school mathematics with regard to conditions of the student's 

learning environment and students' cognitive development. This concept presentation is arranged 

sequentially from a concrete learning context to a more abstract learning context. 

 

 

 

 

 

 

 

Furthermore, the concept of this set is presented in a didactic situation that establish the students 

learning trajectory in the process of constructing the concept of the set. The description of this didactic 

situation is obtained from the flow of material presentation contained in student books and teacher 

books. The didactic situation is presented in the school mathematics textbook also contains steps for 

the concept construction process that begins with the presentation of contextual problems. Then from 

this problem, students are required to construct the concept of a set through a series of learning 

activities, including observing, asking, reasoning, and sharing. (Fig. 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A series of didactic situations are presented to help students more easily understand the concept of sets 

and the end, the students can be able to construct concept of set more abstractly.  

3.1.2.  Transposition of the set concept from knowledge to be taught to knowledge actually taught 

The results of observation of teaching and learning process on the set concept provide data about 

how the teacher presents the concept of a set as knowledge actually taught. Before discussing about 

how the form of a set concept presentation is as knowledge actually taught, it will first explain about 

how the didactic situation presented by the teacher in class to help students construct the concept of 

the set. This didactic situation also describes the student learning trajectory. 

Students are required to observe and identify the 

characteristics of the example and non-example of sets 

based on contextual problem 

Students are required to discuss the results of these 

answers with their peers and teachers 

Students are required to ask some questions related to 

examples and non-examples of the sets that has been 

observed 

Students are required to think about answers (reasons) 

to the questions raised in the previous section. 

observing 

sharing 

reasoning 

asking 

The teacher can provide sufficient assistance to 

students in identifying the characteristics of 

example and non-example of sets 

The teacher guides the students to ask some 

questions and directs the questions according 

to the material being discussed.  

The teacher guides the students to think about 

answers and provides sufficient assistance to 

help students who are in trouble 

The teacher guides students to make 

conclusions about the set definition 

a b 

Figure 3. Didactic Situation in Student Book (a) and Teacher's Book (b) [10,11] 

Figure 2. Examples and Non-Examples of Set [9] 

A group of students whose height is above 155 cm is an example of set because there is a clear measure between 

students who have a height above 155 cm and students whose height is less than 155 cm.  

Students who height is a non-example of set because the word "height" does not imply a measure clear, how many cm 

in height, and its generate different interpretations, for example: there are people who said that height 160 is high, but 

there are people who said that it’s not. 



 

 

 

 

 

 

The didactic situation was presented by the teacher during the teaching and learning process was 

different from the didactic situation was presented by the school mathematics textbook. In this 

teaching and learning process, the didactic situation presented establish a different student learning 

trajectory. The teacher starts learning process with reasoning activities, which the teacher offered 

several problems in the form of questions as follows: 

Problem 1.  

T: For example, there is a statement "Group of 7th graders in ‘X” junior high school. How many 

students are there? 

S: 30 

T: Who is included in the group? 

S: (Students mention the names of student in 7th grade) 

T: Are the 7th grade teachers included in that group? 

S: No. 

T: it means the 7th grade teachers is not a member of group of 7th graders in junior high school “X". 

 

Problem 2. 

T: Okay next, "a group of 7th grade male students who have long hair". Anyone? 

S: (Students name several students) 

T: is there a clearly stated meaning of having long hair? 

S: No. 

 

Problem 3 

T: Another example, "How many 7th grade student wear glasses?” 

S: a student. 

T: is it clear who the members are? 

S: Yes, it is.  

 

Problem 4 

T: a group of beautiful students in 7th grade. Is there or not? 

S: Yes. There is. 

 

Problems 1-4 aimed to show an example of objects collection which is a set and an example of 

objects collection of objects which is not a set. The teacher intended to show these differences based 

on the clarity of the nature of the members of the group. Unfortunately, the teacher's question is 

referred to determining existence or did not existence of member of group had being discussed, so that 

a collection of objects can be said to be a set if this collection had members.  

In problem 4, the teacher wants to reaffirm that the statement “the beautiful students in 7th grade” 

was not well defined. 

T: in your opinion, who is a beautiful student?  

S: (The student mentions the name of the student who is considered beautiful). 

T: So, how can you define beauty? 

S: the beautiful is white.  

T: there are those who judge that beauty with white skin, there are those who judge that beauty with a 

sharp nose or with large eyes. It means that each person had different perception. So, is this statement 

clear? 

S: No.   

T: Yes, you are right. This statement is not clear.  

 

But unfortunately, after this question, the teacher did not provide an explanation of the conclusions 

of the problems given. Furthermore, the teacher required the students to identify which of the four 



 

 

 

 

 

 

problems, which are examples of sets and non-examples of sets. Of course, the students were confused 

to determine the answer of teachers’ question. 

T: can you determine which are example of set and non-example of set? 

S: (Students were silent)  

 

In this conversation, the students are still confused to determine which are examples of sets and 

non-examples of sets. Students’ confusion was predicted because students did not know the 

characteristics of a group can be called a set. The problems and questions were given by the teacher 

also have not been able to help the process of students' thinking to understand the characteristics of a 

collection of objects that can be called as a set. 

Seeing that there is a didactic contract that occurs in students, then the teacher explained the 

concept of the set. 

T: set is a group of objects that can be grouped according to certain properties or the set is a group of 

objects that are well defined according to their properties or characters.  

T: so, do you know which are examples of set and non-examples of set? 

S: yes, we know (the students answered simultaneously).  

 

In this section, the teacher did not explain clearly the meaning of a group of objects that are 'well 

defined' according to their properties. In particular, the teacher did not explain what well defined 

means and when an object was called ‘well defined’. The teacher also did not reaffirm which 

collection of objects representing examples of sets and non-examples of sets, so there was no 

validation process to ensure students' understanding of this concept.   

Based on the results of observations on this teaching and learning process, it was found that; (1) the 

teacher understood the set as a well-defined collection of objects. The meaning of well-defined is to 

have clear measurement and not cause multiple interpretations. However, in the presentation of the 

material, the concept of set as a knowledge actually taught was not presented completely and it was 

defined unclearly; (2) the didactic situation presented showed that there is a jump in the process of 

students' thinking. This can be seen when the teacher formed process of student thinking to determine 

examples and not examples of sets of several objects collection, while the process of students' thinking 

has not yet reached the meaning of what a set is and how the characteristics of a set.  

The transposition of the set concept from knowledge to be taught to knowledge actually taught 

shows that there is a concept gap between the concepts presented as knowledge actually taught with 

the concept of a set presented as knowledge to be taught. This condition is predicted to cause learning 

obstacle to students, especially didactic obstacle. The existence of this didactic obstacle causes 

students to be constrained from constructing their knowledge of the set concept as a whole and 

accurately. 

3.1.3.  The impact of the transposition on students' concept image 

In an effort to check students' understanding on the concept of set and the concepts of examples and 

non-examples of set, a diagnostic test was carried out on 28 students in 7th grade. (Fig. 4). 

 

 

 

 

 

 

Problem number (a) showed non-example of set and problem number (b) and (c) shows example of 

set. Based on the test results, it was found that 79% of students answered that question number (a) was 

an example of a set, 57% of students answered that question number (b) was a non-set example, and 

all students answered question number (c) was an example of a set. These results indicated that most 

Define examples and non-example sets of the following statements! 

a. A collection of high students in 7th grade.   

b. A collection of 7th grader who weigh more than 50 kg. 

c. A collection of stationery 

Figure 4. Diagnostic Test  



 

 

 

 

 

 

of students had not been able to determine examples and non-examples of set correctly, especially in 

questions (a) and (b).  

The ability of students in determining examples and non-examples of set was certainly influenced 

by students' conception to the concept of the set itself. The mistake of most students in determining 

examples and non-examples of sets was an indication that there was an incomplete understanding of 

set concept. To obtain more detailed information about students’ conception of set concept, 5 students 

were chosen to be interviewed with the aim of exploring students' conception through student concept 

image analysis. 

Based on the results of the interview, it was found that S1, S4, and S5 had a concept image which 

showed that a group of objects is called a set if it had members.   

R: Number (a), your answer showed that “a collection of high students in 7th grade” is an example of a 

set. Why? 

S1: because there are high students. 

S4: because there are high students in 7th grade. 

S5: because there is high student 

R: Number (b), there is a statement “a collection of 7th grader who weigh more than 50 kg”. is it 

example of set or non-example of set? And why?  

S4: it is a set. Because there are students who weigh more than 50 kg. 

S5: it is a set. Because there are students who weigh more than 50 kg.  

 

Meanwhile, S2 and S3 had a concept image which showed that a collection of objects can be called 

a set if it had many members.  

R: Number (a), is it an example of set or non-example of set? 

S2: No, it is not. Because not all students in 7th grade are high. 

S3: No. because in that class there are no many of high students. 

 

The results of these tests and interviews provided an overview of the student's concept image which 

showed that a collection of objects can be called a set based on the existence of members of the object 

group and not based on the clarity of the inherent properties of the object being discussed. 

The students’ concept image also showed that there was a zone of concept image differences 

between the students' concept image dan the concept definition pada knowledge to be taught dan 

formal concept definition pada scholarly knowledge. The zone of concept image differences was 

caused by the inaccuracy of students' conception of set concept. When referring to the teaching and 

learning process experienced by students, it was found that the inaccuracy of students' conceptions is 

also caused by the incomplete concept construction process, irregular student learning trajectory, and 

inaccurate material presentation. In other words, there has been a didactic obstacle to students which 

has an impact on the zone of concept image difference of students.  

3.2.  Discussion 

Set is one of the fundamental objects in mathematics [6]. Therefore, the concept of set from scholarly 

mathematics was brought into school mathematics. This shows that the concept of set as knowledge to 

be taught is the result of the transfer of knowledge from scholarly knowledge. This transfer of 

knowledge occurs under an external didactic transposition and was carried out by the noosphere 

(curriculum designers and textbook authors) [1,3]. Furthermore, the representation of knowledge to be 

taught can be seen from the presentation of material in school mathematics textbooks [12]. 

In school mathematics textbook, a set is defined as well-defined collection of objects. In contrast to 

scholarly knowledge, in which the definition of a set is still intuitive [13], as knowledge to be taught, 

the definition of a set is clarified by giving the meaning of the term "well-defined". A collection of 

objects is called well defined if the object is defined according to properties that have clear measure 

and do not generate multiple interpretations. In school mathematics textbooks, the form and structure 

of the set concept was presented with a more concrete formula. It was different from the form and 



 

 

 

 

 

 

structure of the concepts presented in scholarly knowledge, which concepts was presented in a more 

abstract manner [14]. Although the material presentation on the two types of knowledge is different, 

the transposition of knowledge from scholarly knowledge to knowledge to be taught does not change 

the meaning of the set conceptually. This shows that there is no concept differences between the set 

concept in knowledge to be taught and the concept in scholarly knowledge.   

The concept of set as knowledge to be taught is then presented in a didactic situation design which 

includes a series of learning activities, namely observing, questioning, reasoning, and sharing. Then, 

proceed with practice questions. This learning activity allows for the formation of regular didactic 

situations as suggested by Brousseau [15], namely didactic situations that allow action situations to 

occur through observing and questioning activities, formulation situations through reasoning activities, 

validation situations through sharing activities, and institutionalization situations through activities. 

work on practice questions. This didactic situation also allows for the formation of a regular learning 

trajectory for students, so there is no jump in the students' thinking process in the knowledge 

construction process. 

Furthermore, the presentation of the concept set in the school mathematics textbook as a 

representation of school mathematics curriculum was actually a guide for teachers to teach these 

concepts in the class. Even so, teachers were still given the opportunity to be able to develop material 

presentations to become knowledge actually taught based on the conditions of the learning 

environment of students. However, in the process, the concepts taught in class may differ from the 

concepts presented in school mathematics textbooks, because each teacher allows them to have a 

different conception of the concept of set. 

As knowledge actually taught, set is a collection of objects that can be grouped according to certain 

properties or the set is a group of objects that are well defined according to their properties or 

characters. In general, there is no concept difference between knowledge actually taught and 

knowledge to be taught. However, in the presentation of the material, the term well-defined has not 

been clearly defined. On the one hand, well-defined is defined as clarity of size and does not lead to 

multiple interpretations, but on the other hand, well-defined is defined as the existence of members of 

a collection of objects. This transfer of knowledge showed a concept differences between the concept 

of a set as knowledge actually taught and knowledge to be taught due to the inaccuracy of the material 

presentation. 

The transposition on concept of set from knowledge to be taught to knowledge actually taught had 

an impact to students’ concept image. Based on the concept image analysis, students interpreted a 

collection of objects can be called a set based on the existence of members of the object group and not 

based on the clarity of the inherent properties of the object being discussed.  The students’ concept 

image showed that there was a zone of concept image differences (ZCID) between the students' 

concept image dan the concept definition pada knowledge to be taught dan formal concept definition 

pada scholarly knowledge. One of the causes of this ZCID was because the didactic situation that was 

presented has not accommodated the occurrence of a regular learning trajectory, so that the students' 

conception of the concept of a set as a result of the student's thinking process was not accurate [16]. 

This condition results in a didactic barrier to students [17]. Thus, it can be said, ZCID occurs because 

of didactic obstacle, and this didactic obstacle occurs due to the inaccuracy of the presentation of 

material during the teaching and learning process. 

4.  Conclusion 

Based on the results and discussion, it can be concluded that in school mathematics textbooks, the 

concept of a set as knowledge to be taught was clearly presented as a well-defined collection of 

objects, it means that the inherent properties of the object in question can be measured clearly and did 

not give multiple interpretations. Whereas in the teaching and learning process, the concept of set as 

knowledge actually taught was presented incompletely. In addition, the didactic situation was 

presented by teacher in the classroom to emphasize the understanding construction process in 

determining examples and non-examples of sets and not on the construction of understanding of set 



 

 

 

 

 

 

concepts. In contrast to the didactic presentation in textbooks which emphasized the construction 

process of students' understanding of the set concept itself. 

Incomplete set concept presentations and didactic situations that had not accommodated students' 

thinking process causing students' conception of the set concept is also incomplete, resulting in zone of 

differences between students' concept images and concept concepts in knowledge to be taught.   
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Abstract. This study aims to describe the errors made by students in solving open-ended 

mathematical problems in Program for International Student Assessment type. This study is a 

descriptive-qualitative. The research subjects were 32 students of grade IX MTs 1 Trenggalek 

tested with an instrument of open-ended problem that have been validated by validators. The 

study employed 32 students meanwhile the authors described only 6 students since the data 

from 6 students have already represented all subjects. The data collected by employing some 

methods; the open-ended problems test and interview. The analytical framework was 

developed based on Polya's completion steps. The results of the study are students who have 

high ability level had type of errors in looking back the solutions obtained. Students who have 

middle ability level had type of errors in carrying out a plan that has been prepared and errors 

in looking back the solutions that have been obtained. Students who have low ability level have 

type errors in understanding the questions, making plans according to the questions, 

implementing the plan, and looking back the solutions that have been obtained. Finally, 

researchers concluded that it is good for teachers to employ open-ended Mathematical 

problems based on real-life in the teaching learning process. 

1.  Introduction 

Competition among various countries in facing the developments in the globalization era cannot be 

denied, especially in the field of education [1], [2]. Education in Indonesia needs an international 

assessment test that can be used as a benchmark to improve education in this country [3]. Based on the 

developments in the field of international education there are two international assessment programs; 

TIMSS (Trend in International Mathematics and Science Study) and PISA (Program for International 

Student Assessment) [4]. TIMSS is an assessment test focusing on students’ cognitive abilities, while 

PISA is a test that assesses students' cognitive and affective abilities such as self-efficacy; students’ 

confidence in his/her own ability to do something [5]. 

The advantage for Indonesia to take part in PISA is to find out the position of Indonesian students' 

literacy achievements compared with other countries. On the other hand, it can also find out the factors 

that affect these achievements [3]. The results of the PISA can be used as a consideration for 

determining policies as an effort to improve the education sector in facing globalization era [6]. 

The objects of study on the PISA and TIMSS assessment tests are different. The results of the PISA 

test are usually used to improve the education quality and policies [7]. The results of PISA test can be 

used as a psychomotor parameter, and an important knowledge. It is intended to improve the benefits 

of the knowledge that has been obtained directly by students [8]. Generally, PISA’s ability is called 

literacy ability, which means the ability to solve non-routine problems becomes routine [4]. In the 
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concept and implementation of the 2013 curriculum, students are required to have critical thinking in 

solving problems related to the problems given by the teacher or their friends when the learning takes 

place. 

Critical thinking is an important part to improve students' self-literacy skills so that these abilities 

are needed to create meaningful learning by applying daily problems [9]. However, the result of  PISA 

2018 test for Indonesian students showed that the ability is still low [10]. Mathematics test scores at 

PISA 2018 showed that Indonesia was ranked sixty-three out of sixty-nine participants’ countries 

[11][12]. The score obtained by Indonesia in 2018 had decreased including in Mathematics compared 

to the results of PISA in 2015 [13]. A factor underlying Indonesia's low PISA score is the lack of 

students' ability to read so that students experienced misunderstanding to the questions. A math 

problem is called a problem for students if students do not have enough ability to solve the problems 

in the test given [14].  

Mathematical problems can be solved by mathematical problem-solving. Mathematical problem 

solving is a students’ way of thinking, students’ analysis, and students’ reasoning using initial 

experience and knowledge related to the problem [15]. Therefore, reasoning and understanding of 

mathematics are needed to improve the ability in facing problems in daily life. Reasoning and 

understanding of mathematics are considered very helpful for students in describing, explaining, and 

predicting events and understanding the rules in daily life [16]. It also becomes the reason why 

understanding and knowledge about mathematical literacy is considered very important in the 

students’ daily life [17]. An analysis of the students’ error needs to be conducted since there are a 

great number of errors in solving mathematical problems. It can help teachers to improve each 

student’s mathematical understanding concept [18]. 

Open-ended mathematical problem solving is one of the problems in PISA. Open-ended problems 

are problems that have more than one solving steps and the correct way of solving [19][20]. Open-

ended mathematical problems are problems that have more than one correct answer and more than one 

set of strategies in getting the solutions [6]. In solving an open-ended problem, students need to set 

their main goal to emphasize how the steps are, until obtaining the answers [21][22]. 

The research was conducted in MTsN 1 Trenggalek because the school implemented open-ended 

problem in Mathematics subject. Beside that, the Mathematics teachers also explained that students’ 

ability levels are varies from the low, middle, and high level. The researchers feel that the required 

subject can be obtained from this school. Based on interviews with the mathematics teachers in the 

school, it showed that some students were often easily forgetting some of the materials that have been 

studied before and still have difficulty in solving open-ended mathematical problems. Open-ended 

mathematical problem is one aspect of mathematics that can develop useful logical thinking to solve 

problems [23][24]. The students who made mistakes in solving open-ended problems need to use error 

analysis in preventing more mistakes in solving identical problems [25][26]. Based on the description 

above, the purpose of the study is to analyze the types of errors that have been made by students in 

solving PISA-type open-ended mathematical problems in terms of Polya's solving steps. 

2.  Method 

The type of research is descriptive qualitative approach. The researchers try to analyze the results of 

students’ work in analyzing the students’ errors in solving PISA-type open-ended mathematical 

problems based on the students’ ability level. The research was conducted at MTs Negeri 1 

Trenggalek. The number of subjects was 32 students who had been tested with open-ended 

mathematical problem. The instruments were developed based on the characteristics of PISA’s 

questions and reviewed by the validators. 



 

 

 

 

 

 

 
Figure 1. Sample of instruments developed based on the characteristics of PISA’s questions 

 

From 32 students, 6 students were taken based on their ability level (two students in high ability 

level, two students in middle ability level and two students in low ability level). The subjects have 

covered each category of ability levels and been able to be compared. The results of students’ 

interview data were analyzed according to qualitative analysis models. There were three stages 

including reducing data, presenting data, and verifying data. Researchers used two data collection 

techniques; tests and interviews with the subjects. 

3.  Finding 

The subjects in this study are 6 students. Each subject was coded based on their ability level. The 

codes of ST1 and ST2 were for high-ability students, SS1 and SS2 codes were for middle-ability 

students, and codes of SR1 and SR2 were for low-ability students. The test sheets were relating to 

open-ended mathematical problems. 



 

 

 

 

 

 

 
Figure 2. The analysis of student’s answer and interview of ST1 

 

Figure 2 describes the answer sheet and interview result of ST1. Based on the results of the answers 

and the results of interviews, ST1 made a few errors. It was written that ST1 can properly write down 

what was asked and known according to the open-ended mathematical problem that had been given. 

Students correctly wrote the example variables used in making mathematical models from the data that 

was known and asked. ST1 wrote a mathematical model in accordance with data that had been 

determined by the subject. Students wrote the method of solving in accordance with the directions of 

the open-ended mathematics questions and students wrote the stages that will be used in solving open-

ended mathematical problems according to the determined method. The steps of implementing the 

student's plan also carried out well. However the results of interview found that students made an error 

when looking back the solution obtained, the reason was based on the results of the interview in which 

ST1 said that there was no time to look back the solution that had been obtained. 



 

 

 

 

 

 

 
Figure 3. The analysis of ST2’s answer and interview 

 

Figure 3 reports the answer sheet of ST2. Based on the analysis of the answers and interviews’ 

result of ST2 in Figure 3, errors were found in implementing the plan. Indicator of errors made by the 

students was making mistakes in calculating the completion of a mathematical model that has been 

made. Based on the interview results, it can be explained that student also made errors in looking back 

the solutions that have been obtained. Student’s indicators conducted by ST2 was student did not look 

back the answers obtained and was not re-calculating, so the student found the final answer that was 

not appropriate because the data used was not appropriate with the problems given. 

Based on the analysis of the students’ work results and from the results of interviews, for high-

ability students, the errors are found in wrongly looking back the solutions that have been obtained. 

High ability students in solving open-ended mathematical problems are very good by detailing each 

step of completion so that no step is missed. 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Student wrote what is known 

in the problem correctlydalam 

soal 

Student wrote what is asked in 

the problem wrongly 

Student wrote mathematical 

model but it’s not suitable with 

the data known in the problem 
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have been made 
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the solution made 

Saya : ”Jelaskan langkah-langkah penyelesaian yang kamu kerjakan!” 

 
Figure 4. The Analysis of SS1’s Answer and Interview Result 

 



 

 

 

 

 

 

Figure 4 describes the answer sheet and interview of SS1. It can be described that the type of error 

was in preparing a plan in which student can write sample variables based on the problem. It meant, 

students can make mathematical models in accordance with the data that is known and asked on the 

problem given. Students wrote mathematical models but did not match the data that was known and 

asked on the open-ended mathematical problems. Students did not write down the stages of 

completion that will be used in solving the open-ended mathematics problems. The results of student 

work were also found to be wrong in carrying out the plan. SS1 completed mathematical models that 

have been made but were not in accordance with the plan drawn up (not based on the method and 

completion steps used). Student was not doing calculations to complete mathematical models that have 

been made and student did not write conclusions, the results of the interview showed the type of error 

that was an error in looking back at the solution obtained. The error indicator is that student did not get 

the final answer because she did not complete the stages properly. 

 

 
Figure 5. The Analysis of SS2’s Answer and Interview Result 

 

Figure 5 represents the answer sheet and interview result of SS2. SS2 wrote an example variable 

that will be used in making mathematical models correctly so that it matched the data that was known 

and asked. SS2 wrote a mathematical model but did not match the data that was known and asked for 

an open-ended mathematical problem. The results of SS2 also found errors in carrying out the plan. 

SS2 completed the mathematical model that had been made but did not fit into the plan drawn up (was 

not based on the steps and the method of completion used). The SS2’s error indicator was that the 

student got the final answer but did not match the initial data given. Middle ability students, in 

understanding open-ended mathematical problems, are quite good even though the planning is 

incorrect. The type found in students' middle ability is errors in making plans and errors in looking 

back at the solutions that have been obtained. 

 

 
Figure 6. The Analysis of SR1’s Answer and Interview Result 



 

 

 

 

 

 

 

Figure 6 reports the answer sheet and interview results of SR1. It was found several types of errors. 

The first error was understanding the open-ended problems that had been given by researchers. Based 

on the error indicators, students did not write what was known and asked in the open-ended 

mathematical problem. Then the second error was in compiling a plan that matched the given problem. 

According to the indicators, students did not write the example variables used in making mathematical 

models, students did not write mathematical models of open-ended mathematical problems that were 

given, students wrote solving methods but were not in accordance with the problem’s order, and 

students did not write the appropriate stages to solve open-ended mathematical problems. The third 

type of error found was an error in carrying out the plan. Students did not complete the mathematical 

models that had been made and did not write conclusions. The fourth error was the error of looking 

back at the final answer because students did not understand the problem given, so students did not 

check the work that has been done. 

 
Figure 7. The Analysis of SR2’s Answer and Interview Result 

 

Figure 7 shows the answer sheet and interview result of SR2. It was found errors just like what SR1 

had done. It was found four types of errors; errors in understanding open-ended mathematical 

problems, error in compiling a plan, error in implementing plans, and errors in looking back the 

solutions that have been obtained. It can be concluded that students who have low ability cannot 

understand open-ended mathematical problems so they cannot do the problem-solving stages 

 

4.  Discussion 

The subjects used are two students with low ability, two students with middle ability, and two students 

with high ability based on the results of the student's initial ability test and are chosen based on the 

advice of a mathematics teacher in grade IX MTs 1 Trenggalek. Students’ errors are seen based on the 

results of students' open-ended mathematics tests that have been developed according to PISA 

questions and also from the results of interviews. The process of students' errors in this study is based 

on the problem-solving steps found by Polya. Polya's problem-solving steps include understanding the 

problem, compiling the plan, implementing the plan, and looking back at the results of the work. 

Students with high-ability ST1 and ST2, based on the analysis of students’ work results, are wrong 

when looking back the solutions that have been obtained. Students with high ability are very good in 

solving open-ended mathematical problems by detailing each step of completion so that there is no 

step passed. It is relevant with a statement in which students with good mathematical problem solving 

means that the students are used to implement the Polya’s learning theory [12][27]. 



 

 

 

 

 

 

Middle ability students who are good enough in comprehending the open-ended mathematical 

problems even though the planning is not quite right. The error type found in students' ability is the 

error in compiling plans and error in looking back the solutions that have been obtained. Students who 

have low ability had four types of errors ,in understanding open-ended mathematical problems, error 

in compiling plans, error in implementing the plans, and errors in looking back the solutions that have 

been obtained. Low ability students cannot understand the open-ended mathematical problem so that 

they cannot conduct the solving problem steps [25]. 

Finally the study concluded that misunderstanding and errors in compiling plans, changing in the 

form of mathematical variables (transformation) are more dominant than understanding errors, 

notation errors, and process errors. The results obtained by many students who have difficulty because 

PISAs’ questions have characteristics in accordance with the real context and require reasoning 

abilities. [28][29]. 

5.  Conclusion 

The conclusion based on the data that has been analyzed by the authors; that is the types of errors 

made by students in solving PISA type open-ended mathematical problems based on the ability level 

are high ability students are not looking back the results obtained. High ability students in solving 

open-ended mathematical problems are detailed in each step of the process. Middle ability students are 

found to have errors in carrying out plans, and errors in looking back the solutions that have been 

obtained. Students who have low ability make the most errors; those are making wrong plans, carrying 

out the plan wrongly and looking back the solutions that have been obtained wrongly.  

Researchers have some suggestions for teachers; they should often give problems when learning, 

which sharpened the students' creativity, such as solving open-ended mathematical problems based on 

real life. Thus, students are expected to be creative and it helps students understand the application of 

mathematical concepts that have been learned based on real life so that mathematics learning becomes 

more meaningful because students are expected to be able to understand rather than memorizing 

formulas. 

Acknowledgement 

The researchers would like to thank the Directorate of Research and Community Service DRPM BRIN 

2020 and Universitas Negeri Malang No. contract 10.3.7/UN32.14.1/LT/2020 for funding this 

research, thanks to MTs N 1 Trenggalek for allowing the authors to retrieve data. The author also 

thanks the State Universitas Negeri Malang for all the facilities that have been provided and thanks to 

all those who have helped in carrying out this research. 

References 

[1] S. Aini, “Analisis Pemahaman Siswa SMP dalam Menyelesaikan Masalah Aljabar pada PISA,” 

MATHEdunesa, vol. 3, no. 2, pp. 158–164, 2014. 

[2] K. Kristayulita, T. Nusantara, A. R. As’Ari, and C. Sa’Dijah, “Identification of Students Errors 

in Solving Indirect Analogical Problems Based on Analogical Reasoning Components,” J. 

Phys. Conf. Ser., vol. 1028, no. 1, 2018, doi: 10.1088/1742-6596/1028/1/012154. 

[3] P. Kemendikbud, “Kementerian Pendidikan dan Kebudayaan » Republik Indonesia.” 2017, 

[Online]. Available: https://www.kemdikbud.go.id/main/blog/2017/09/mendikbud--siswa-

jangan-diberikan-pr-matematika. 

[4] OECD, “PISA 2018 Results. Combined Executive Summaries,” J. Chem. Inf. Model., vol. 53, 

no. 9, pp. 1689–1699, 2019, doi: 10.1017/CBO9781107415324.004. 

[5] C. Khotimah, Khusnul; Akbar, Sa’dun; Sa’dijah, “Pelaksanaan Gerakan Literasi Sekolah,” J. 

Pendidik. Teor. Penelitian, dan Pengemb., vol. 3, no. 11, pp. 1488–1498, 2018, [Online]. 

Available: http://journal.um.ac.id/index.php/jptpp/EISSN: 2502-471X DOAJ-

SHERPA/RoMEO-Google Scholar-IPI%0AJurnal. 

 



 

 

 

 

 

 

[6] D. Afriyani, C. Sa’Dijah, S. Subanji, and M. Muksar, “Students’ construction error in 

translation among mathematical representations,” J. Phys. Conf. Ser., vol. 1157, no. 3, pp. 0–6, 

2019, doi: 10.1088/1742-6596/1157/3/032098. 

[7] E. Rahmawati, “Analisis Kemampuan Matematis Siswa SMP dalam Menyelesaikan Soal 

Matematika Bertipe PISA,” J. Ilm. Mhs. Mat., vol. 2, no. 2, pp. 1–5, 2016. 

[8] R. Vithal and A. J. Bishop, “Mathematical Literacy: A new literacy or a new mathematics?,” 

Pythagoras, vol. 0, no. 64, pp. 2–5, 2006, doi: 10.4102/pythagoras.v0i64.93. 

[9] Kemendikbud, “Permendikbud Nomor 21 Tahun 2016 Tentang Standar Isi Pendidikan Dasar 

Dan Menengah (Lampiran),” pp. 1–234, 2016. 

[10] E. Sulistyaningsih, “Analisis Kemampuan Pemecahan Masalah Matematika Geometri PISA 

pada Siswa Kelas VIII Semester Genap SMP Negri 1 Mojosongo Tahun 2015/2016,” 2016. 

[11] M. Ozkan, S. Balci, S. Kayan, and E. Is, “Quality of Educational Resources: A Comparative 

Evaluation of Schools That Joined PISA 2015 from Turkey and Singapore,” Int. Educ. Stud., 

vol. 11, no. 4, p. 132, 2018, doi: 10.5539/ies.v11n4p132. 

[12] K. R. Daulay and I. Ruhaimah, “Polya theory to improve problem-solving skills,” J. Phys. 

Conf. Ser., vol. 1188, no. 1, 2019, doi: 10.1088/1742-6596/1188/1/012070. 

[13] M. Tohir, “Hasil PISA Indonesia Tahun 2018,” Pap. Mat., vol. 2, no. 1, pp. 1–2, 2019, doi: 

10.31219/osf.io/pcjvx. 

[14] S. Hadi and R. Radiyatul, “Metode pemecahan masalah menurut polya untuk mengembangkan 

kemampuan siswa dalam pemecahan masalah matematis di sekolah menengah pertama,” Edu-

Mat, vol. 2, no. 1, pp. 53–61, 2014, [Online]. Available: 

http://ppjp.unlam.ac.id/journal/index.php/edumat/article/view/603. 

[15] Tarhadi, “Perbandingan kemampuan penyelesaian masalah matematika mahasiswa pendidikan 

jarak jauh dengan mahasiswa pendidikan tatap muka,” no. 1993, 2011. 

[16] P. Wiedarti et al., “Desain induk gerakan literasi sekolah,” p. 64, 2006, [Online]. Available: 

pendidikan.jogjakota.go.id/download/get_download/169. 

[17] P. Sari, “Pemahaman Konsep Matematika Siswa Pada Materi Besar Sudut Melalui Pendekatan 

Pmri,” J. Gantang, vol. II, no. 1, pp. 41–51, 2017, doi: ISSN 2503-0671. 

[18] Y. Romadiastri, “Analisis Kesalahan Mahasiswa Matematika dalam Menyelesaikan Soal- Soal 

Logika,” Phenomenon, vol. 2, no. 1, pp. 75–93, 2012. 

[19] M. M. Capraro, S. A. An, T. Ma, A. F. Rangel-Chavez, and A. Harbaugh, “An investigation of 

preservice teachers’ use of guess and check in solving a semi open-ended mathematics 

problem,” J. Math. Behav., vol. 31, no. 1, pp. 105–116, 2012, doi: 

10.1016/j.jmathb.2011.10.002. 

[20] R. Ramandani and H. Susanto, “Kemampuan Siswa dalam Menyelesaikan Masalah Open-

Ended Berdasarkan Aspek Fluency , Flexibility , dan Novelty,” JPTPP UM, pp. 1016–1023, 

2019. 

[21] M. Jones and I. N. W. Satiawan, “A simple multi-level space vector modulation algorithm for 

five-phase open-end winding drives,” Math. Comput. Simul., vol. 90, pp. 74–85, 2013, doi: 

10.1016/j.matcom.2012.05.007. 

[22] A. Adnan and A. Bahri, “Beyond effective teaching: Enhancing students’ metacognitive skill 

through guided inquiry,” in Journal of Physics: Conference Series, Jan. 2018, vol. 954, p. 

012022, doi: 10.1088/1742-6596/954/1/012022. 

[23] B. Gittenberger, E. Y. Jin, and M. Wallner, “On the shape of random Pólya structures,” 

Discrete Math., vol. 341, no. 4, pp. 896–911, 2018, doi: 10.1016/j.disc.2017.12.016. 

[24] M. M. Huda, H. Susilo, and C. Sa’dijah, “Penerapan Pembelajaran Reciprocal Teaching 

Dipadu Think Pair Share Untuk Meningkatkan Keterampilan Berpikir Kritis Dan Hasil Belajar 

Siswa Kelas V,” J. Pendidik., vol. 2, no. 10, pp. 1356–1368, 2017. 

[25] W. Mahmudah, “Analisis Kesalahan Siswa dalam Menyelesaikan Soal Matematika Bertipe 

Hots Berdasar Teori Newman,” Unisda J. Math. Comput. Sci., vol. 4, no. 1, pp. 49–56, 2017. 

 



 

 

 

 

 

 

[26] P. Singh, A. A. Rahman, and T. S. Hoon, “The Newman procedure for analyzing Primary Four 

pupils errors on written mathematical tasks: A Malaysian perspective,” Procedia - Soc. Behav. 

Sci., vol. 8, no. 5, pp. 264–271, 2010, doi: 10.1016/j.sbspro.2010.12.036. 

[27] S. Maharani, M. N. Kholid, L. NicoPradana, and T. Nusantara, “Problem Solving in the 

Context of,” vol. 8, no. 2, pp. 109–116, 2019. 

[28] M. Elly, C. Sa’dijah, Q. Abd, and A. Lathiful, “Practicality and effectiveness of realistic 

mathematical learning materials to support mathematical literacy skill of junior high school 

students,” AIP Conf. Proc., vol. 2215, no. 1, 2020, [Online]. Available: 

https://doi.org/10.1063/5.0000844. 

[29] J. Arlinwibowo, H. C. A. Kistoro, H. Retnawati, G. K. Kassymova, and B. K. Kenzhaliyev, 

“Differences between Indonesia and Singapore based on PISA 2015: Five-factor students’ 

perception in science education,” J. Inov. Pendidik. IPA, vol. 6, no. 1, pp. 79–87, 2020, doi: 

10.21831/jipi.v6i1.32637. 

 


