
Learning Mathematical Modelling: How to Design 

Visual Formed Students’ Worksheets Problem 

Dwi Oktalidiasari1, Darmawijoyo2,*, Somakim3 

1Mathematics Education Department, Sriwijaya University, Palembang, South Sumatera, Indonesia 
2Mathematics Education Department, Sriwijaya University, Palembang, South Sumatera, Indonesia 
3Mathematics Education Department, Sriwijaya University, Palembang, South Sumatera, Indonesia 
*Corresponding author. Email: darmawijoyo@unsri.ac.id

ABSTRACT 

This article discusses the development of mathematical modeling student’s worksheets with the context of fuel purchase. 

Design research methods with a development study type was used in the research. The student's worksheet's prototype 

which fulfills the six principles of designing mathematical modeling questions was obtained. 
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1. INTRODUCTION

The 2013 curriculum has undergone several

improvements to content standards as students must think 

critically and analytically based on international 

standards by expanding relevant materials and reducing 

irrelevant material [1]. The development of curriculum 

2013, one of which concerns is about external challenges 

that related to transformation in the education sector that 

is the participation of Indonesian students in TIMSS 

which shows low achievement because most of the 

materials tested in TIMSS are not found in the Indonesian 

curriculum [2]. 

TIMSS has two dimensions in performing 

assessments; those are the content dimensions and 

cognitive dimensions. The content dimension specifies 

the mathematical material to be accessed, and the 

cognitive dimension determines the level of thinking 

ability. Each of these dimensions is called a domain, 

namely, the content domain that accommodate numbers, 

geometric shapes and measures, data displays, and three 

cognitive domains, namely knowing, applying, and 

reasoning. 

Indonesia has been one of TIMSS participants in the 

last four periods. The results of TIMSS Indonesia's 2003-

2015 study [3, 4, 5] are seen in the following table: 

Table 1. TIMSS Indonesia Results 

Years Scor 
Indonesia 

Rankings 

Total Countries of 

Participants 

2007 397 36 49 

2011 386 38 42 

2015 397 44 49 

Based on the TIMSS criteria survey, participants’ 

achievement is divided into four levels: advance x≥625, 

(high 550≤x˂625, intermediate 400≤x˂475, and low 

x≤400. If we see from the scores of TIMSS Indonesia 

study results in 2007, 2011, and 2015, it is still low. One 

of the low results is that Indonesian students are less 

accustomed to working on problem-solving questions 

[6]. 

In TIMSS 2015, the highest proportion of domain 

content was 50%, while the highest proportion in 

cognitive domains was the application that is 40% [7]. 

While the score obtained by Indonesia in TIMSS 2015 is 

397 with a low category. It means that Indonesian 

students only have necessary math knowledge level skills 

such as integer operations, solving simple story 

problems, simple fractions knowledge, geometric shapes 
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and measurements, and reading and completing simple 

bar and table charts. 

Some research on the analysis of the ability of 

Indonesian students in carrying out type questions of 

TIMSS from the results of his research with 134 

elementary school students obtained 6.72% of students 

who obtained advance category, 11.94% of students in 

the high category, 22.39% intermediate category and 

58.95% students who are low category [8]. It is evident 

from the study results that Indonesian students in solving 

questions with the level of ability in TIMSS are still low. 

Meanwhile, [8] stated that elementary students' ability to 

carry out TIMSS mathematics questions with an average 

score of 445. It could be said that there are still many 

students at the elementary school level who still have 

difficulty in solving the TIMSS type of mathematics 

problems. One of the weaknesses of Indonesian students 

in working on the problem of TIMSS is not applying 

basic knowledge in solving problems. [9] 

Today's purpose is to train students individually in 

solving problems by defining information and how to use 

information [10]. One way to achieve that goal is to use 

teaching materials to create an effective learning 

environment [11]. One of the Teaching materials that 

teachers can develop in the learning process is the 

Students’ Worksheet.  There are six principles of 

teaching materials design in developing students' 

worksheets, namely: 1) Some genuine links with the real 

world of the students 2) Opportunity to identify and 

specify mathematically tractable from a general problem 

statement; 3) Formulation of a solutions process is 

feasible, involving the use of mathematics accessible to 

students, the making of necessary assumption and the 

assembly of necessary data;  4) solutions of the 

mathematics for the fundamental problems is possible, 

together with interpretation; 5) An evaluation procedures 

that enables checking for mathematical accuracy and the 

appropriateness of solution with respect to the contextual 

setting; 6)  The problem may be structured into sequential 

questions that retain the integrity of the real situations 

[12]. 

Innovation is needed to get used to students to change 

real-world problems into forms of mathematics. The 

situation faced differs between developing and developed 

countries [13]. One example of the context often 

encountered by students living in oil-producing countries 

is the purchase of vehicle fuel Fuel is a necessity that 

everyone needs for their vehicles to carry out their daily 

activities. Therefore, the researchers want to use the 

refueling context in determining where to refuel with the 

minimum amount of expenditure. 

One of the approaches that help students to connect 

real-world problems to abstract mathematical concepts is 

Mathematical Modeling. Mathematical modeling is a 

process of representation to get a solution to a real-world 

problem in the form of mathematics [14, 15]. The process 

of doing the mathematics of real situations in the 

mathematical modeling process using multiple cycles or 

stages of problem-solving to understand problems and 

identify solutions [16]. The process of mathematical 

modeling is in line with solving one of the topics in the 

cognitive domain of application in TIMSS, which is a 

determining topic that includes selecting operations, 

methods, and strategies in solving a problem. At the same 

time, the procedures and algorithms are already known 

[7]. 

Some researchers, [17, 18, 19, 20] stated that the 

application of students' worksheet mathematical 

modeling could also improve students' math problem-

solving skills, train students' mathematical connection 

skills, argumentation and communication in 

mathematics. However, all of these studies do not 

provide information about the role of visual-formed 

problems contributing to improving students’ ability to 

solve problems. One of the studies using image-shaped 

mathematics problems is [21] on looking at the effects of 

students' ability in the verbal representation of contextual 

problems in the form of images to decrease word use. So 

the researchers are interested in design students’ 

worksheet mathematical modeling using mathematical 

problems using visuals or posters with the title "Learning 

Mathematical Modelling: How to Design Visual-formed 

Student’s Worksheets Problem" 

2. RESEARCH METHODS 

This article discusses about students’ worksheets 

problem with design research methods using a 

development study type [22]. Stages of design research 

are as follows: 

 
Figure 1 Formative evaluation design [23] 

Based on these stages of design research, this article 

will discuss about the Preliminary step. At the 

Preliminary step, the researchers conducted the 

curriculum analysis, the student analysis, designing 

products using six principles [12]. Those are 1) some 

genuine links with the real world of the students; 2) 

Opportunity to identify and specify mathematically 

tractable from a general problem statement; 3) 

Formulation of a solutions process is feasible, involving 

the use of mathematics accessible to students, making a 
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necessary assumption and the assembly of necessary 

data;  4) solutions of the mathematics for the fundamental 

problems is possible, together with interpretation; 5) An 

evaluation procedures that enables checking for 

mathematical accuracy and the appropriateness of 

solution with respect to the contextual setting; 6)  The 

problem may be structured into sequential questions that 

retain the integrity of the real situations. 

Furthermore, the development of mathematical 

modeling problems subsequently developed into a 

prototype of students' worksheets. In the third stage, 

researchers do the design with a formative evaluation. 

In compiling mathematical modeling students’ 

worksheet that makes students easier to solve a problem 

and facilitate them in critical thinking, researchers used 

six stages of mathematical modeling according to [24] 

(Figure 2) namely: 1) identifying and determining the 

problem to solve, 2) make an assumption and 

determining variables, 3) doing mathematics in order to 

obtain a solution, 4) analyzing and assessing the model 

and its solutions, 5) iterate as needed to improve and 

extend the model, 6) apply the model and report the 

results. 

 
Figure 2 Mathematical Modeling Process [24] 

3. RESULTS AND DISCUSSIONS 

3.1. Results 

3.1.1. Analysis 

At the preliminary step or preparation, researchers 

conducted several stages of analysis. There are 1)TIMSS 

and Curriculum analysis, 2)Material analysis, 3)Student 

analysis. 

For the first stage, researchers analyzed the revised 

national curriculum. As the results: It is needed to teach 

students from concrete problems to semi-concrete and 

finally abstraction of problems. Formulas handed down 

by students and problems submitted should be able to be 

worked on by students only with basic formulas and 

understandings. Students are asked to think critically to 

solve math problems. It is also needed to familiarize 

students to think algorithmically. 

In the second stage, researchers looked at Indonesian 

elementary students' TIMSS scores achieved in 2007, 

2011, and 2015. They are 397, 386, and 397, respectively. 

Based on TIMSS achievement criteria, Indonesian 

students always get grades below 400 or be categorized 

as low. It means that Indonesians students only have 

basic math knowledge level skills such as integer 

operations, solving simple story problems, knowledge of 

simple fractions, geometric shapes, and measurements, 

and can read and complete simple bar charts and tables.  

Whereas, when viewed from the highest proportion of 

TIMSS math achievement targets in 2015, the number of 

content domain is 50%, and the cognitive domain 

application is 40% [7] 

Based on Indonesia's achievement problems in 

TIMSS, in analyzing the material, researchers used 

mixed counting operation materials in elementary school 

with the ability to apply TIMSS type in the form of 

choosing the correct operation, method, and strategy in 

solving problems where the procedures, methods or 

algorithms to solve the problem is already known. So 

there is a need for habituation for Indonesian students in 

solving TIMSS type questions to improve students' 

abilities in TIMSS. 

In the final stage, the researchers gave six-grade 

students a visual-formed problem in the form of a poster 

as the pretest in Pusri Primary school Palembang. It 

turned out that there were still students who had difficulty 

in understanding mathematical problems coming from 

pictures and graphics. They were, however, interested in 

doing such problems. Accordingly, it is needed 

innovation to help students solving visual-formed 

problems. One of them is the use of mathematical 

modeling stages. 

3.1.2. Design 

The design process of students’ worksheet modeling 

researchers using design principles according to [12]  

namely: some genuine links with the real world of the 

students,  opportunity to identify and specify 

mathematically tractable from a general problem 

statement, formulation of a solutions process is feasible, 

involving the use of mathematics accessible to students, 

the making of necessary assumption and the assembly of 

necessary data, solutions of the mathematics for the basic 

problems is possible, together with interpretation, and 

evaluation procedures that enables checking for 

mathematical accuracy and the appropriateness of 

solution with respect to the contextual setting,  the 

problem may be structured into sequential questions that 

retain the integrity of the real situations. 
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3.2. Discussions 

3.2.1. Design Process 

In the designing process, there are several principles 

of designing: 

3.2.1.1. First Principle 

In the first principle of dealing with students' real 

world, researchers chose the problem to be used in 

students’ worksheets, which is derived from the problem 

in Gaimme book 2nd edition in the form of problems 

concerning fuel purchase. 

 
Figure 3 Fuel Purchase Problems [24] 

Based on these problems, researchers do the initial 

design by using a problem close to students, namely the 

cost of purchasing fuel with a route from home to school 

with three refueling places with different purchase prices 

per liter. 

 
Figure 4 The initial design of prototype 1  

In the initial design issue of prototype 1, students need 

to consider the distance, fuel consumption, and the 

number of gasoline to be filled. So the results obtained by 

students depend on the assumption of the amount of 

gasoline-filled, and in the end, the student will compare 

the total cost incurred and determine the filling place with 

the minimum expense cost. 

After the researchers designed the initial prototype 1, 

the researchers conducted a discussion panel phase in the 

form of Focus Group Discussion (FGD) with four master 

students of mathematics education using a zoom 

application to discuss students’ worksheets being 

designed by researchers. At the time of the discussion, it 

ended up revising the initial prototype. The problem with 

the initial design of prototype 1 was a less real problem 

with the students' daily lives because usually, the distance 

that students take up from home to school is not up to 

more than 20 km and the map used is also not real. For 

the solution, it appears that the minimum cost was 

obtained only one conclusion, so there is an input to 

change the problem on students' worksheets. 

From the feedback of the FGD, it is obtained the 

conclusion that the given problem should be relevant to 

the problems of daily life or problems close to students, 

for instance: students’ trip from city A to city B with the 

consideration of the total minimum expenditure based on 

the cost of gasoline filling, distance and toll price. From 

the FGD's day, the researchers conducted the next design. 

 

 
Figure 5 Prototype final design 1 

Prototype 1 is from students’ close problem in the 

form of a trip route to Lampung's tourist attractions, Kedu 

Kalianda Beach. Students are required to determine the 

minimum outlying cost of refueling, distance, and tolls 

expense on this problem. The data in the form of the 

distance used is the original data that the researcher got 

from the road sketch data across Sumatra so that the 

problems given include problems that exist in the 

students' real world. 

3.2.1.2. Second Principle 

On the second principle, there is an opportunity to 

identify and determine questions that can be 

mathematically resolved from common problems. 

Researchers visualized mathematics problems given to 

reduce the words' use to make it easier for students to 

identify the already known elements and determine the 

questions about the given problem. 

 

Figure 6 Problems in the form of posters 

3.2.1.3. Third Principle 

The third principle is formulating solutions easily and 

involving the use of mathematics accessible to students, 
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making assumptions, and collecting given data. In the 

process of formulating solutions, researchers use deep 

modeling stages [15] that consist of: identifying the 

problems, making assumptions and identifying variables, 

do the Math, analyzing and assessing solutions, 

evaluating,  and applying the model. 

3.2.1.4. Fourth  Principle 

The fourth principle is the mathematical solution of 

the basic problem along with the achievement. In solving 

the problem using the modeling step, the students are 

expected to solve the problem by producing different 

answers according to their assumptions. 

3.2.1.5. Fifth  Principle 

The fifth principle is an evaluation procedure 

that allows examining the mathematical accuracy 

and suitability of contextual solutions. In 

completing the study, students use the modeling 

stage to make learning more meaningful and fit for 

learning purposes. 

3.2.1.6. Sixth  Principle 

In the sixth principle, the problem could be structured 

into sequential questions that show the integrated-real 

situation. In LKPD, researchers have designed using 

sequential questions and showing integrated-real 

situations in solving problems given to make learning 

more targeted and facilitate students in solving problems 

4. CONCLUSION 

Based on the design principle criteria [12] and the 

preliminary process that has been done by researchers, it 

was concluded that the designed student's worksheet had 

met the standard criteria of teaching materials. It means 

that the designed students’ worksheet can continue into 

the evaluation step. 
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