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Abstract 

The skills of reading, interpreting and constructing graphs are important for students. These 

skills are related to mathematical representation. The purpose of this study is to analyze Grade 8 

students’ representation errors in solving word problems related to graphs in one of junior high 

schools in Banda Aceh, Indonesia. The data were obtained based on a mathematics test administered 

to 36 students and a short interview conducted for five selected students. The test consisted of eight 

problems adapted from four contexts of PISA problems related to graph. Students’ representation 

errors were classified based on the errors of changing one representation to another representation, 

such as visual to verbal, visual to symbolic, visual to visual and verbal to visual. The results reveal that 

representation errors are not solely influenced by the types of representation. It is indicated by the 

questions with similar representation resulted in a different percentage of students committing 

representation errors. In general, the students’ representation errors are due to the fact that students not 

being familiar with the problems requiring representation; students not being used to solve PISA 

context problems and word problems; as well as the teachers’ time constraint in teaching non-routine 

problems. 
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__________________________________________________________________________________________ 
 

INTRODUCTION 

Mathematics is the foundation of science 

and technology that plays an important role in 

developing a nation’s socioeconomic and 

therefore it is taught at each level of education 

(Enu, Agyman, & Nkum, 2015; Gegbe & .J.M, 

2015; Mbugua, Kibet, Muthaa, & Nkonke, 

2012). One of the basic competences in learning 

mathematics is the mathematical representation 

ability. Representation involves transforming a 

problem or idea into a new form such as the 

graph or physical model to the symbols, words 

or sentences (National Council of Teacher 

Mathematics, 2000).  

Representation can be used by students to 

communicate ideas or solutions of the problems. 

The expression of mathematical representation 

in Indonesia has been listed in the purposes of 

mathematics learning at schools in the 

government regulation No.23, Year 2006 

(Departemen Pendidikan Nasional, 2007). 

Knuth & Jones (1991) mentioned some 

reasons of why the representation ability is 

required, namely: (1) it is the basic ability to 

build mathematical concepts and thinking, (2) it 

is needed for a good concept understanding and 

can be used in problem solving. Representation 

is one of the configurations or forms, characters, 

symbols or objects which can describe, represent 

or symbolize the other forms (Goldin, 2002). 

Based on several definitions mentioned before, 

it can be concluded that representation is the 

expressions of mathematical ideas shown by 

students as a model transformed from a problem 

situation to create solutions as the results of 

students’ thinking interpretations.  

Graciella & Suwangsih (2016) stated that 

there are three indicators of representation, 

namely: symbolic, visual and verbal representa-
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tion. Each representation can be called as repre-

sentation through action, graph, word and 

language. This is in line with Alhadad (2010) 

who argued that multiple mathematics 

representation ability is the ability to use various 

mathematical forms to explain mathematical 

ideas, translating among mathematical forms 

and interpreting mathematical phenomenon with 

various mathematical forms including visual 

(graphs, tables, diagrams and pictures); 

symbolic (mathematical statements or notations, 

numeric or algebraic symbols); verbal (words or 

written texts).  

Table, figure, graph, mathematical 

sentence, or combinations of all are some 

representations often used in communicating 

mathematics (Cai, Lane, & Jakabcsin, 1996, p. 

43). Cai et al. (1996) defined the visual, verbal 

and symbolic representation as follows: (1) 

Visual representation (imagistic) is the type of 

representation involving graph, visualized 

diagram; (2) Verbal representation (synthetics) 

is one’s ability to organize natural language at 

the level of words, phrases and sentences; (3) 

Symbolic representation is the ability to for-

mulate notations or symbols from the situation 

provided and to interpret the graph given. 

Representation plays an important role in 

developing and improving students’ mathe-

matics ability. One of the major signs of 

conceptual understanding is the ability to use 

several mathematical representations for the 

transition process between several types of 

descriptions, such as graph, table, as well as 

algebraic and verbal expression (Kar et al., 

2011). Therefore, the use of mathematical 

representation is crucial (Ahmad & Nawawi, 

2010). 

Most students are lacking of mathematical 

representation ability. Some studies were carried 

out to investigate students’ errors in conducting 

the representation. Legi (2009) found out that 

low achieving students are having difficulties in 

creating and using the representation of symbols 

and graphs. The lack of students’ mathematical 

representation ability can also be observed based 

on the survey conducted by the Trends in 

International Mathematics and Science Study 

(TIMSS) 2011, in which Indonesia was ranked 

at the 38th out of 42 countries (the score was 

386). While, there are around 9% of TIMSS 

2011 problems related to graph (8 out of 88). 

These facts point out the lack of Indonesian 

students’ mathematics performance at the level 

of junior high school. The lack of students’ 

mathematical representation ability is also found 

in the survey results conducted by OECD 

(2003), in which Indonesia achieved poorly in 

the PISA results. In PISA 2012, Indonesian 

students’ score was 375 for mathematics ability 

lower than the average OECD score of 494. 

Indonesia ranked at the 64th out of 65 countries 

participating in PISA 2012. There are also some 

graphs related problems in each PISA period, 

approximately 27% in 2006 (3 out of 11 

problems) and 20% in 2009 (18 out of 89 

problem). Therefore, it is required to analysis 

the types of errors committed by students in 

solving problems related to graphs. 

Wardhani & Rumiati (2011) argued that 

PISA problems demand problem solving ability. 

Representation and problem solving are closely 

related as suggested by Knuth & Jones (1991), 

“empirical studies suggest that mathematics 

problem solving competency depends on one’s 

ability to think in term of different repre-

sentational system during problem solving 

process”. Therefore, one’s ability to consider the 

form of representation involved is required in 

problem solving. This shows that one’s ability in 

modifying one representation to another 

representation will influence his/her ability in 

finding solution for the problem. A sophisticated 

problem can be simple when an accurate 

representation is used. 

Based on the types of problems, word 

problems demand more representation ability. 

Rosyidi (2011) stated that mathematics word 

problems usually use verbal language and are 

related to daily life. Furthermore, Dewi, 

Suarjana, & Sumantri (2014) mentioned that the 

purposes of word problems given to students are 

to enable students to get use to think 

deductively, to find the relationships and the use 

of mathematics in daily life and to support 

students in mastering mathematics ability as 

well as strengthening students’ mathematical 

concepts. A mathematical word problem is 

defined as mathematical problems presented in a 

context of a story or a real-life situation (Adams, 

2003). It can also be defined as mathematical 

task that is ‘dressed up’ in a real-world situation 

requiring students to ‘undress’ and solve them 

(Palm, 2009).  

The mathematics problems used in this 

study are word problems related to graph 

adopted from PISA problems. In PISA, the 

process required to solve the problems related to 

real-life is called 'mathematization' (OECD, 

2009). This process involves: understanding the 
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problem in the real-life; organizing the real-life 

problem based on the mathematics concepts and 

identifying relevant mathematics; transforming 

the real-life problem to mathematics problem 

representing the situation; solving mathematics 

problems; and interpreting the mathematical 

solution in the real situation (OECD, 2009).  

In general, the mathematization process in 

PISA is similar to the process of mathematics 

modeling. Students are required to have 

mathematics competence related to cognitive 

demand of context based test in order to be 

successful in conducting mathematization 

(OECD, 2009). Recognizing the cognitive 

demand of context based test, PISA has defined 

three types of tasks: First, Reproduction tasks: 

these tasks require re-withdrawing of mathe-

matics object and properties, conducting routine 

procedures, applying standard algorithms, and 

implementing technical skills. Second, Connect-

ion tasks: these tasks require integration and 

connection of various mathematics curriculums 

or interconnected of various representation 

problems. These tasks are non-routine and 

demand transformation between context and 

mathematical world. Third, Reflection tasks: 

these tasks include complex situation problems 

in which the mathematics procedures needed are 

not obvious.  

Teaching students to read, interpret and 

construct graphs is one of the important mate-

rials in junior high school curriculum, including 

in the topics of comparison, linear equation, 

linear equation with two variables, quadratic 

equation and statistics. Firstly, graphs can repre-

sent or shorten data. Secondly, graphs make data 

communication easier to be interpreted. Graphs 

can present a content to be real, improve the 

understanding of concepts and its relations to 

another concept, build a conceptual framework 

and shorten the learning materials (Kilic, Sezen, 

& Sari, 2012). However, the results of study 

conducted by Shah & Hoeffner (2002), Kali 

(2005), and Kilic et al. (2012) concluded that 

students are lacking of abilities involving 

reading, interpreting, understanding and solving 

problems in the form of graphs.   

A recent study conducted by Bunawan, 

Setiawan, Rusli, & Nahadi (2015) revealed that 

the graph reading and interpreting skills of 

prospective teachers are inadequate. In addition, 

the skills of analyzing graph based on the types 

of graph and the level or question type 

developed are not sufficient. Students’ error may 

be the consequences of the inappropriate 

knowledge and understanding during the process 

of receiving and organizing information from 

the teacher.  

Detecting students’ mistakes in reading, 

interpreting and communicating the relation-

ships among variables in the form of graphs and 

constructing the graphs are required to improve 

the learning effectiveness. Examining students’ 

work in mathematics test is one way to 

investigate the students’ errors.  

A study carried out by Wijaya, van den 

Heuvel-Panhuizen, Doorman, & Robitzsch 

(2014) analyzed students’ errors in solving PISA 

problems by classifying the errors into several 

types, namely: (1) understanding the problem, 

(2) transforming a problem to a mathematics 

model, and (3) conducting mathematical pro-

cedures and interpreting the obtained solution. 

They concluded that the percentage of students’ 

who provide incorrect answers are higher 

(especially for the type 1 and 2 errors) for the 

problem requiring a higher cognitive demand, 

i.e. connection and reflection task.  

Some of the problems used in this study 

are related to graph. Student treated a graph as a 

literal picture of a situation, their interpretation 

focused on the shape of the graph, instead of the 

properties of the graph (Wijaya et al., 2014). 

The mathematical literacy of Senior High 

School students in Yogyakarta is at the lowest 

category, in particular some students are having 

difficulty in understanding contextual problems 

(Sari & Wijaya, 2017). Therefore, a more 

through investigation on students’ representation 

error related to PISA problems consisting graph 

is required to examine when the representation 

transformation students’ errors occur, whether it 

is in the process of transforming the verbal to 

visual representation or verbal to symbolic 

representation and vice versa.  

Based on the finding of previous studies 

mentioned before, it is clear that the efforts 

should be made to describe the ability of 

students’ mathematical representation in solving 

word problems related to graphs. This research 

is important to examine to what extent students 

make mistakes in graph representation. Errors in 

solving the word problem related to graph can 

be used to detect students’ difficulties which in 

turn can be utilized to improve students’ 

mathematics outcomes. The research problems 

of this study are: first, How are students’ errors 

of mathematical representation in solving word 

problem related to graph? Second, what are the 
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factors influencing students’ mathematical 

representation? 

METHOD 

This research employs a qualitative 

approach with descriptive type that aims to build 

meaning about a phenomenon based on the 

views of participants (Cresswell, 2016, p. 259). 

In this study, the researcher aims to investigate 

and describe the errors of students’ mathe-

matical representation in solving word problems 

related to charts and describing the factors 

contributing to the errors.  

This research was conducted in 2017 in 

one of the junior high school in Banda Aceh, 

Indonesia, with 36 students participated in the 

test. Students are selected from the special class, 

the best class in the school based on the test 

result and the students’ mathematics test.  Some 

students from this class are usually chosen to 

represent the school in each mathematics 

competition. Therefore, the researchers want to 

describe the students’ mathematical representa-

tion ability in this class. The description of 

students’ representation ability found in this 

study can be useful feedbacks for the school as 

guidance in selecting students for mathematics 

competition in the future.   

The instrument of this study was a test of 

word problems related to graph that were 

adopted from the PISA 2006 and 2009 

problems. This is happen due to the number of 

questions related to graph available in those 

years. In addition, there was only one graph 

problem found in PISA 2012 and it is similar to 

the problem available in PISA 2009. None of the 

problem from PISA 2015 is used as the 

problems in this study. The test consisted of 

eight problems from four PISA contexts related 

to graph. The problems were multiple choice, 

short answer and essay. The PISA problems 

were translated into Bahasa Indonesia and 

validated by expert before the actual test was 

conducted. The indicators of the test item are 

shown on Table 1. 

In addition to mathematics test, interview 

guide was also used. Short interviews were 

conducted for five students and one teacher 

three days after the test administered. The 

interview was conducted for students who 

committed most errors in representations to 

clarify the written test results. While the 

interview was aimed to obtain information of the 

factors influencing students’ representation 

errors in solving word problem related to graph. 

This interview guide contains the questions that 

the researcher asks to reinforce the results of the 

data collection conducted by the test method. 

The analysis of students’ errors is then 

based on the ability of students to use several 

mathematical representations for the transition 

process among several types of descriptions, 

such as graph, table, as well as algebraic and 

verbal expression (Kar et al., 2011). Students’ 

answers were classified based on visual, 

symbolic and verbal representation and 

therefore, the percentage of students committed 

errors in conducting representation of word 

problem related to chart was obtained.  

Table 1. Problem description 

Context Indicator 
Source 

Question 

Item 

Question 

Concentrations of 

Drugs 

Representing data or information from a 

representation of graphs 

PISA 2006 Multiple 

Choices 

Concentrations of 

Drugs 

Solving problems involving mathematical expression PISA 2006 Multiple 

Choices 

Driving a car Representing data or information from a 

representation of graphs 

PISA 2006 Short answer 

Driving a car Using visual representation to solve problems  PISA 2006 Short answer 

Driving a car Solving problems using word or written text  PISA 2006 Essay 

Water Tank Representing data or information from a 

representation of graphs 

PISA 2009 Multiple 

Choices 

Wind-mill Creating problem situation based on the data 

representation provided  

PISA 2009 Multiple 

Choices 

Wind-mill Creating problem situation based on the data 

representation provided 

PISA 2009 Multiple 

Choices 
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RESULTS AND DISCUSSION 

Type of Students’ Mathematical 

Representation Errors 

Based on the students’ answers of the test, 

the following results are obtained as presented in 

Table 2. 

Table 2. The percentage of students’ 

representation errors in solving word problem 

related to graph 

Item 

Test 

Error of 

Representation 

Number of Students 

Who Answered 

Incorrectly  

1. Visual-Verbal 4 (11.11%) 

2. Visual-Symbolic 18 (50%) 

3. Visual-Verbal 1 (02.78%) 

4. Visual-Verbal 3 (08.33%) 

5. Visual-Verbal 15 (41.67%) 

6. Visual-Visual 28 (77.78%) 

7. Verbal-Visual 2 (5.55%) 

8. Verbal-Visual 25 (69.44%) 

Note:  

 Visual-Verbal: the problem given in a visual 

representation, students were asked to provide 

answer in verbal representation as the 

interpretation of the graph.  

 Visual-Symbolic: the problem given in a 

visual representation, students were asked to 

provide answer in symbolic representation as 

the interpretation of the graph. 

 Visual-Visual: the problem given in a visual 

representation, students were asked to provide 

answer in other visual representation. 

 Verbal-Visual: the problem given in a verbal 

representation, students were asked to provide 

answer in visual representation as the 

interpretation of the graph. 

Table 2 indicates the percentage of stu-

dents’ representation errors in solving word 

problem related to graphs. The analysis of the 

students’ errors in solving the word problem 

related to the graph is then presented in the 

following section. 

Error in Changing Visual Representation to 

Verbal Representation  

The question is seen at Figure 1 below. 

Students make mistakes in representing data or 

information from a graph which results in 

incorrect answers. There are four students who 

answered this problem incorrectly.  

 

Figure 1. Item Test about Changing Visual 

Representation to Verbal Representation 

Students’ representation errors in this 

section occur because students have not been 

able to understand the information from the 

representation related to graph of the given 

problem. This agrees with the interview results 

of the student (SMA) who said that: “because 

from the graph the number of grids missing in 

the first day is more than 20, so 20 is in the 

multiple choice, so the answer is 26, so I choose 

C”. SMA made mistakes in calculating the 

coordinate points at the vertical axis, the number 

of active drug at the end of the first day based on 

the graph is supposed to be 32 mg. Based on 

interview the results, it can be concluded that 

there are students who have not been able to 

read the graph well. 

Error in Changing Visual to Symbolic 

Representation 

The question at Figure 2 refers to the 

graph at Figure 1. 

DRUG CONCENTRATIONS 

From the graph for the previous question it can be 

seen that each day, about the same proportion of 

the previous day’s drug remains active in Peter’s 

blood. 

At the end of each day which of the following is 

the approximate percentage of the previous day’s 

drug that remains active? 

A. 20%       B. 30%       C. 40%       D. 80% 

Figure 2. Item Test about Changing Visual to 

Symbolic Representation 

In this section, students made mistakes in 

creating the mathematical equation causing the 
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error in calculating the percentage. There were 

18 students provided incorrect answers for this 

question. Even though the problem was multiple 

choices, students were required to use their 

symbolic representation in the process of solv-

ing the problems before choosing the available 

option. This means that students need to change 

the visual to percentage. The student error in this 

section occurs because the student made 

mistakes in changing a value into percent. This 

is consistent with the results of interview with 

students (LA) who said that: “I choose D (80%), 

at that time the solution was obtained by adding 

the number of active drugs and then divided by 

100”. The active drug concentration at the end 

of the second day should be divided by the 

amount of the active drug at the end of the first 

day and multiplied by 100% and therefore the 

correct answer is 40%.  

Error in Representing Data or Information of a 

Graph Representation 

See the question as seen at Figure 3 

below. In this section one student makes a 

mistake in representing data or information from 

a graph representation that lead to incorrect 

maximum point.  

 

Figure 3. Item test about changing visual to 

verbal representation 

Student error in this section occurs 

because student misunderstood the graph. This 

is in line with interview result of the student 

(LA) who said that: "The maximum speed can 

be seen when the line is going up. In the 

question, it is mentioned about hitting the brake, 

so I choose 60 km/hr because the speed must be 

reduced to about 48 km/hr". The student was 

having difficulties in reasoning her/his answer. 

However, during the interview, the student 

realized his/her answer without intervention and 

the student answered that the maximum speed of 

Kelly’ car is 60 km/h.  

Error in Changing Visual to Verbal 

Representation 

The question at Figure 4 refers to the 

graph at Figure 3. In this section, three students 

made mistakes in understanding the graphs 

resulting in incorrect minimum point. 

 

Figure 4. Item Test about Changing Visual  

to Verbal Representation 

Students’ error in this section occurred 

because students also misunderstood the graph. 

This agrees with the results of interview with 

student (RF) who said that: “because of looking 

at her/his hitting the brake, so the speed is 

decreasing, when I count the grids in the graph, 

it hit the brake at 9 o’clock past 11”. Based on 

the results of the interview, it can be concluded 

that the students read the graph incorrectly. 

When Kelly pushes the brake, the speed is 

supposed to be minimum, so that the minimum 

point in the graph is showing at 09.06 o’clock. 

Error in Changing Visual to Verbal 

Representation 

 

 

 

Figure 5. Error in Changing Visual to Verbal 

Representation 

The question at Figure 5 refers to the 

graph at Figure 3. In this section, students made 

a mistake in determining the distance on a graph 

Translation: No, the distance to return home is 

equal to the distance she travelled to the event 

place because the distance in the graph shows 

equal numbers of grids 
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leading to incorrect answer. There were 15 stu-

dents provided incorrect answer in this section. 

Figure 5 presents one of errors in this section.  

Students’ errors in this section are due to 

the fact that students assumed that the distance 

was not affected by the time and speed. This is 

consistent with the interview results with student 

(HR) who said that: “because when I count the 

grid in the graph, it is equal number of the grids, 

so the distance is equal”. Based on the interview 

result, it can be summarized that students cannot 

calculate the distance on the graph. The distance 

is not supposed to be equal as it depends on the 

time and speed. This means that the distance of 

Kelly travelling to the house is shorter than the 

distance of Kelly travelling to the event because 

of the average speed when travelling back to the 

house is lower than travelling from the house. 

Therefore, (approximately) the time spent on 

travelling to and from is equal.   

Error in Changing Visual to Visual 

Representation  

See the question as seen at Figure 6. In 

this section, the students made a mistake in 

choosing the appropriate picture in the question. 

There were 28 students answered incorrectly in 

this section. 

 

Figure 6. Item Test about Changing Visual to 

Visual Representation 

Students’ errors in this section occurred 

because students were not able to understand the 

problem well so they cannot choose which 

image corresponds to the instructions matter. 

This is consistent with the interview results with 

students (FAM) who said that: “because every 

one second the water is increasing, so it remains 

the same, 1 liter”. It can be concluded that 

students assume that the form of the container 

does not affect the form of the graph. Students 

are having difficulty in interpreting a visual 

representation to another visual representation. 

Students assumed that the unison of the form of 

cone and cylinder do not influence the graph. 

The water is supposed to increase fast (full) 

when it is filled into the cone, while in the 

cylinder, the water increases slowly. Therefore, 

the correct answer based on the graph illustrated 

is B.  

Error in Changing Verbal Representation to 

Visual Representation  

See the question as seen at Figure 7. In 

this section, the students made a mistake in 

choosing the appropriate picture in the question. 

Two students answered incorrectly in this 

section.  

 

Figure 7. Item Test about Changing Verbal to 

Visual Representation 

Students’ errors in this section happened 

because students were not able to understand the 

problem well resulting in not being able to 

choose which image corresponds to the instruct-
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ions matter. This is in line with the interview 

results with students (LA) who said: “because 

the wind speed is higher in the low land, so I 

choose D. It is suitable to build in that place, 

because there is much wind”. Students assumed 

that lower place is windier compared to the 

higher place. It can be concluded that the 

students’ interviewed interpreted the graph 

incorrectly. The most suitable place to build 

windmills should be the graph on the option C.  

Error in Changing Verbal to Visual 

Representation 

The question at Figure 8 refers to the 

question at Figure 7. In this section, the students 

made a mistake in choosing the appropriate 

picture with the help of the question. There were 

25 students presented incorrect answer in this 

section.  

 

Figure 8. Item Test about Changing Verbal to 

Visual Representation 

Students’ errors in this section are due to 

the fact that students were not been able to 

understand the concept of the story given. This 

condition lead students make a mistake in 

choosing graph. This problem is classified as the 

hard problem as it is related to the contexts of 

other discipline, namely physics. Students are 

having difficulty in understanding the working 

principles of windmills in real-life as they have 

not directly encountered resulting in students 

misunderstood the word problem. This is 

consistent with the interview result with students 

(SMA) who said: “I answered based on the 

guidance provided in the question”. Thus, it can 

be concluded that students cannot understand 

the matter related to the story graph well. The 

correct answer based in the explanation of the 

problem should be option B.  

The Factors Influencing Students’ 

Mathematical Representation 

There are few factors influencing stu-

dents’ mathematical representation errors in 

solving word problem related to graph. Based on 

the interview results of the students and teacher, 

it can be concluded that:  

First, Students are rarely getting exposed 

to the problems demanding representation 

(including visual, symbolic, and verbal repre-

sentation). It is evidenced from the interview 

results of one of the students (HR) who said 

that: “teachers should provide more various 

problems; not being in a hurry in completing the 

materials which results in many students do not 

understand the materials explained”.  

Second, The current text books include 

non-routine problems demanding problem 

solving skills. However, teachers do not discuss 

the solution in the class and therefore students 

are not able to solve the problems given in the 

test. This is in line with the interview results 

with the one of the students (LA) who 

mentioned that: “the problems given in the test 

is harder as we are not get used to solving them, 

teachers do not discuss the hard problems in the 

textbook in the teaching and learning process, it 

is usually given as home works”. Furthermore, 

students are not used to solve problems similar 

to PISA context problems. The graph problems 

they often solve are the problems requiring 

understanding only which are available in the 

textbook. This is mentioned by one of the 

students (FR), “I am having difficulty in 

understanding problems related to graph as I 

have not encountered the test problems in the 

classroom”.  

Third, Students are not used to solve 

word-problems. Students are having difficulty in 

reading the problems leading to misinter-

pretation, understanding unfamiliar language, 

identifying the meaning of the problem and re-

telling using their own language; students 

lacking ability in interpreting sentences into 

mathematical models, and lack understanding of 

concepts results in students having difficulty in 

determining the formula/strategy to be used. 

This is in line with the interview results of one 

of the students (FAM) who mentioned that: “I 

misunderstood some problems related to graph, 
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this may be happen as I am not used to solve 

mathematics word problem”. 

Fouth, Teachers have time constraint in 

teaching. This is mentioned by one of the 

teachers (AD), “the materials to be covered are 

too broad yet the teaching time is limited. 

Therefore, I do not have enough time to provide 

problems outside the text books; I hope students 

can learn about it outside the classroom”. 

Teachers agreed that the problems tested by the 

researchers have never been given to the 

students in the classroom.  

Based on the results of students’ answers 

and interviews with students and teachers, it can 

be concluded that there are many students 

committed representation errors including 

visual, symbolic and verbal representation. This 

is in line with results of the study conducted by 

Suryowati (2015) reported that many students 

have not understood how to represent the real-

life problem into mathematics problem. Students 

have difficulty in understanding the word 

problem because students are still confused and 

not able to interpret the sentences presented. The 

results of this study are in line with the research 

conducted by Sepeng & Sigola (2013) stated 

that the errors exhibited by learners in the 

solution of word problems appeared to be as the 

result of lack of understanding of mathematical 

vocabulary used in a problem statement. In 

addition, the results of (Huda & Angel, 2013) 

also concluded that student' difficulties in 

understanding the story is to understand the 

meaning of the words in the question provided. 

Table 2 indicated that the highest percen-

tage of representation errors is in solving 

problem 6 (77.78%), in which the problem is 

presented in visual representation and students 

are asked to determine the other visual 

representation. This kind of representation 

change is rarely found in real-life and even 

never found in Indonesian textbooks. This is in 

line with Leinhardt, Zaslavsky, & Stein (1990) 

who argued that there are small number of pages 

in the mathematics textbook provided graph 

task, and those available in the textbook are 

usually related to the introduction of coordinate 

system and early algebra, so that there is lack of 

discussion of graph tasks. In addition, Bunawan 

et al. (2015) and Mustain (2015) found that 

students cannot read the graph well.  

The second highest percentage of repre-

sentation error is in solving problem 8 (69.44%). 

This problem involves graph connection to 

science phenomenon, namely the wind speed. If 

students do not understand that the wind speed 

is never 0, students will end up choose option D 

instead of the correct answer (C). In PISA, this 

type of problem is classified as connection task 

demanding integration of mathematics and other 

subjects. This agrees with Sugiman (2008) who 

argued that the connection ability of Indonesia 

students is lacking. In addition, Linto, Elniati, & 

Rizal (2012) also found that when students are 

asked to solve connection problem, they usually 

have difficulty in connecting the material 

learned and the prerequisite materials they have 

mastered.  

The third highest percentage of students’ 

representation errors is for the problem involv-

ing changing visual to symbolic representation 

in problem 2 (50%). This means that students 

still made mistakes in interpreting the graph 

description in the word problem resulting in 

incorrect numeric calculation.  

The fourth highest percentage of students’ 

representation errors is hard to determine as the 

percentage from four problems related to 

changing visual to verbal representation (the 

first, third, fourth and fifth problem) are all 

around 10%, except for problem 5 (41.67%). 

This indicated that creating visual representation 

from contextual problem is not hard for students 

if the problem does not involve connection. 

Problem 5 is related to connection requiring 

students to think about distance and speed. Most 

students determine the distance solely based on 

the number of the grids on the x axis, whereas it 

should be influenced by time and speed.   

Similar trend occurs for two problems 

involving changing verbal to visual representa-

tion (problem 7 and 8). Despite these problems 

having similar demands, the percentage of errors 

is different. The percentage of representation 

errors for problem 7 is 5.55% while it is 69.44% 

for problem 8. This means that their representa-

tion ability is different due to the different 

complexity of the problems. Problem 7 only 

requires students to represent the situation of 

ideal place to build the windmill, while problem 

8 demands connection between mathematics and 

physics in the context of windmills working 

principles (more complex). This indicated that 

students are not accustomed to solve the 

problems with higher complexity. The findings 

of research conducted by Iryanti (2010) showed 

that approximately 57% of the duration of 

mathematics lesson in Indonesia is spent to 

discuss the problems with low complexity and 

only about 3% of the allocated time spent to 
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solve higher complexity problems. It is not 

surprising that the ability of Indonesian students 

at international level is low. These results are in 

accordance with the results of Shah & Hoeffner 

(2002), Kali (2005), and Kilic et al. (2012) who 

revealed that students’ abilities to read, interpret, 

understand and solve problems in the form of 

graphs are lacking. 

CONCLUSION 

Representation errors are not only 

influenced by the types of representation but 

also the complexity of the problems. This means 

that the problems with similar representation 

may result in different percentage of errors as a 

result of the different complexity of the prob-

lems. The data analysis of the test and interview 

results reveal that the highest representation 

errors occurred for the problem involving 

changing visual to another visual representation; 

followed by the problem involving changing 

verbal to another visual representation with 

different complexity; next is for the problem 

related to changing visual to symbolic repre-

sentation; followed by the problem related to 

changing visual to verbal representation with 

different complexity. In general, the high 

percentage of students’ representation errors is 

due to the fact that students are not accustomed 

to the problems requiring representation, 

students are not accustomed to solve problems 

with PISA contexts, students are not used to 

solve word problems and time constraints for 

teachers to teach non-routine problems.   
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