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Abstract. The purpose of this paper is to explore and describe the representations of mathematics education 

students in solving algebra problems. The data were collected through written answers of all subjects, 44 first 

year students of mathematics education in University of Muhammadiyah Malang, East Java, Indonesia to the 

assigned three tasks, before being descriptively and qualitatively analyzed.  The results of the analysis showed 

that the students’ representations in solving algebra problems are visual (figure/graph), verbal, and symbolic 

representations. Furthermore, the students have done more than one representation in solving algebra problems, 

three types of representation. 
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INTRODUCTION 
 

Representation constitutes a pivotal part in mathematics, in a way that it facilitates students’ better 

comprehension. In addition, it is more effective to learn mathematics by means of representation, as 

students can express their other mathematical competences through representation [13]. Connecting and 

stating mathematical ideas are requiring various representations, to name: symbolic, graph, table, or chart. 

In an effort to communicate those heaps of abstract ideas, it is crucial to comprehend what are to present. 

Representation is one of constructions that can be expressed in various forms and ways. For instance, one 

word can represent single entity; number can represent measurement units of an object namely length, 

weight, etc [7, 24]. 

Mathematical representation constitutes a mathematical ability to express mathematical ideas in the 

forms of problems, statements, definitions, etc. in a number of varying ways. It is than necessary that 

students’ mathematical representation be continuously developed. Representation falls within two 

categories: internal and external representations. Internal representation, by its nature, can only be stated to 

one particular individual, as it is abstract. Behaving differently, external representation covers up written, 

spoken, symbolic, figure, as well as graph [7, 8, 20]. Friedlander and Tabach [2] assert that there are four 

typologies of representation, namely: verbal, numerical, graphic, and algebra representations.  

Departing from previous studies, students’ representation remains in low level. Most of students fail to 

write or do verbal representation. Accordingly, it is of urgency that students’ representation ability be 

improved. It will enable students to solve mathematical problems [19]. The ability to solve mathematical 

problems plays an important role, as problem solving is inseparable from mathematics. It is the heart of 

mathematics [5, 12]. Problem solving ability will be beneficial for every individual, including any 

individuals studying other fields/disciplines, to solve mathematical problems systemically [16]. 

Students are required to have proper ways to solve any mathematical problems. Provided that students 

are used to solving mathematical problems, they can then find it easy to solve any problems from any other 

fields of studies as well as in daily lives. Therefore, the importance of mathematical problem solving is to 

be emphasized. In learning mathematics, students are to be equipped with representation and problem 

solving competences. However, the fact shows contradictory concern. It is far from the expectation. By that 

it means, teachers have crucial role in sharpening students’ representation and problem solving skill [6, 19]. 

Students’ mathematical competences will be more optimum if they are capable of presenting 

mathematical concepts by means of various representations. According to NCTM [13] representation is a 
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sort of idea expressed by students to solve problems. Students differ in their ways of thinking, and thus 

there comes up a number of representations with different reasons. Giving students freedom to solve any 

problem can stimulate their way of thinking to represent their own ideas. In other words, representation 

facilitates students to solve problems. 

Santulli [17] and Syafri [20] further elaborate that solving mathematical problem requires an ability to 

design a model and interpret solution by means of representation indicators. Representation is also enabling 

students to communicate their ideas to their teachers or peers. The success of students in solving 

mathematical problems depends on students’ ability to express various representations to solve similar 

problems. 

Algebra is one of topics in mathematics offered from elementary school to university/higher education 

institution. It is common to use algebra in daily bases, especially for things related to input, process, and 

output. It is not surprising that teachers and policy makers declare that algebra is the entrance gate to success 

in academic and professional lives. 

It is necessary to master algebra. Mathematics requires representation. Due to an abstract nature of 

mathematics, users can only be accessing mathematical ideas merely by means of the representations of 

those ideas [25]. It is then crucial to investigate students’ representation in solving mathematical problems, 

particularly for algebra materials. 

 

METHOD 
 

Subjects 

The subjects of this current study were 44 students of first semester majoring in mathematics education, 

University of Muhammadiyah Malang, East Java, Indonesia academic year 2017/2018, especially those 

taking elementary algebra. There were 6 male and 38 female students under investigation. 

Instrument 

The instrument used in this current study was test item. There are 3 items/problems, two items for 

proving and one item for finding [15] adopted from Alders [1]. The solutions to those items enable the 

students to utilize various representations  

Problem I (P1). Investigate whether the line 𝑦 = 2𝑥 − 1 ;  𝑦 = 𝑥 − 1 ; 𝑦 = 4𝑥 − 5 are moving through 

one point? 

Problem II (P2). Investigate whether point (−2,0), (1,2), and (3,6) are located in one line?  

Problem III (P3). Calculate the side lengths of right triangle that are consecutive integers. 

Data Collection 

The data were focused on the subjects’ written responses and answers towards the given problem 

items. The data were collected after discussing linear function topic in class. To solve the three given 

problems, the allocated time was of maximum 45 minutes. 

Data Analysis 

The analysis of the data was conducted by means of coding every student’s answer, as done by [3,4]. 

To achieve data credibility, the coding was done by two personnel. The second coder codified 80% of the 

data. The agreement between two coders was that 95% of each problem has the same coding result. The 

coding was focusing on the correctness of answer and representations used by the students. The data were 

further analyzed by means of descriptive statistic. 

 

RESULTS AND DISCUSSION 
 

Based on the written responses of the students on each problem, the coding was mainly focused on 

representations used by the subjects in solving algebra problems. Correct answer was codified as R (Right) 

and wrong answer was codified as W (Wrong). The students’ representations in solving algebra problems 

were classified into one of these categories: verbal representation (VBR), symbolic representation (SR), 

and visual representation (VSR). The use of those three representations is in line with the research done by 
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[23] following the steps proposed by [9]. The students’ responses were categorized as VBR when the 

students did the representations by means of wordings or phrases to explain and describe mathematical 

ideas, both formally and informally. The responses were categorized as SR when the students focused more 

on the use of numbers, variables, tables, and other mathematical symbols. The students’ responses were 

categorized as VSR when there were graphs, number lines, diagrams, or any other mathematical figures.  

 

The Students’ Mathematical Solution to Problem I (P1) 

The students’ representations to solve P1 are shown in Table 1. Based on the analysis of the students’ 

representations for P1, in Table 1, it has been shown that the subjects made use of verbal representation in 

the stage of understanding the problem [15] and drew a conclusion based on the solution. This is 

underpinning [14] in a way that very few students are making use of symbolic representation upon 

understanding a problem. Mostly symbolic representations are used when planning to solve a problem; 

however, most of students fail to execute this sort of representation [15, 21]. Visual representation has been 

mostly done when it comes to students to recheck their problem solution [15].  

 

Table 1. The Students’ Representation Types to Solve Problem I (P1) 

Student’s 

Representations 

 

Answer Frequency Right 

(R) 

Wrong 

(W) 

VBR  

 

57% 57% 

 

0% 

 

SR 

 

100% 80% 

 

20% 

 

VSR 

 

73% 63% 10% 

 

There have been some subjects who have done three representations at once in solving the algebra 

problems. There has been 45% of the subjects who have made use of the three representations to solve P1. 

Out of 45%, 37% of the subjects did the representations correctly and 8% of whom did it wrongly.  The 

following illustrates the ways how the subjects did the three representations to solve P1. 
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The Students’ Mathematical Solution to Problem II (P2) 

The students’ representations to solve P2 are shown in Table 2. Based on the analysis of the students’ 

representations for P2, in Table 2, it has been shown that the subjects made use verbal representation in the 

stage of understanding the problem [15] and drew a conclusion based on the solution. This is underpinning 

[14] in a way that very few students are making use of symbolic representation upon understanding a 

problem. Mostly symbolic representations are used when planning to solve a problem; however, most of 

students fail to execute this sort of representation [15, 21]. Visual representation has been mostly done 

when it comes to students to recheck their problem solution [15]. It is necessary that students’ visual 

representation be trained continuously, as its use requires specific skill [18]. This has shown that each 

representation owns its regularity [11].  

Table 2. The Students’ Representation Types to Solve Problem 1I (P2) 

Student’s 

Representations 

 

Answer Frequency Right 

(R) 

Wrong 

(W) 

VBR 
 

 

57% 57% 

 

0% 

 

SR 

 

 

100% 90% 10% 

Verbal 

Representation 

Visual 

Representation 

Symbolic 

Representation 
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VSR 

 

11% 8% 3% 

 

There have been some subjects who have done three representations at once in solving the algebra 

problems. There has been only 11% of the subjects who have made use of the three representations to solve 

P2. Out of 11%, 7% of the subjects did the representations correctly and 4% of whom did it wrongly.  The 

following illustrates the ways how the subjects did the three representations to solve P2. 

 

 
 

 

 

 

 

The Students’ Mathematical Solution to Problem III (P3) 
The students’ representations to solve P3 are shown in Table 3. Based on the analysis of the students’ 

representations for P3, in Table 3, it has been shown that the subjects made use verbal and visual 

representations in understanding the problem [15]. Some subjects still found it difficult to utilize variables 

and very few of them used symbolic representation in solving algebra problems [10,14]. Most of the 

subjects made use of symbolic representation when planning to solve a problem [15, 21] The data have 

shown that visual representation was mostly used by the students [22].  

Table 3. The Students’ Representation Types to Solve Problem 1II (P3) 

Student’s 

Representations 

 

Answer Frequency Right 

(R) 

Wrong 

(W) 

VBR 

 

68% 60% 

 

8% 

 

Verbal 

Representation 

Visual 

Representation 

Symbolic 

Representation 
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SR 

 

77% 65% 

 

12% 

 

VSR 

 

77% 70% 7% 

 

There have been some subjects who have done three representations at once in solving the algebra 

problems. The following illustrates the ways how the subjects did the three representations to solve P3. 

 

 

 
 

There has been 55% of the subjects who have made use of the three representations to solve P3. Out of 

55%, 50% of the subjects did the representations correctly and 5% of whom did it wrongly when 

representing their answers.   

CONCLUDING REMARK 
 

Problem solving constitutes one of mathematical abilities that determines students’ competence in 

mathematics. Algebra is a branch of mathematics with the most and broad coverages. One of the ways to 

detect students’ ability in making representation is through assigning them to solve algebra problems. There 

have been three ways to solve algebra problems, namely: verbal, symbolic, and visual representations. 

Verbal representation is done when students want to understand a problem and draw a conclusion especially 

for making proof. Symbolic representation is generally to solve problem on finding out. Visual 

representation is done when students want to understand and recheck a problem on finding. Students are 

mostly using symbolic representation compared to those of verbal and visual representations.  

Symbolic 

Representation 

Verbal 

Representation 

Visual 

Representation 
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The types of problems used in this current research were finding and proving [15] that are not 

contextual (words/stories). This research suggests that students’ mathematical representations in solving 

algebra problems that are more contextual be further investigated.   
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