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ABSTRACT 

Translation of representation is one representation process which takes an essential role in mathematics 

learning. Translation capability shown level of students’ conceptual understanding. Some processes of 

translation involve transitional representation. This study aims to describe the occurrence of the process of 

translating verbal representations to graphs involving transitional representations. This research is a 

qualitative research. The subject of this research was of the 4th and 6th semester of Mathematics Education 

department and it was determined by using purposive sampling. The data collection was done by think-aloud 

tests and interviews. The results shown that there are two types of transitional representation in the process of 

translation of verbal to the graph representation, i.e. symbolic and numerical representation. The student 

translates the verbal representation to the graph through two translational processes. The student translates the 

verbal representation to a symbolic or numerical representation of the representation transition and then 

translates the symbolic and numerical representation of the representation transition to a graphic 

representation. The results of this study are expected to increase the findings of previous research and as a 

consideration in designing learning model. 
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1. INTRODUCTION 

Translations between forms of representation is one of the 

multiple representation capabilities. Translation is a process 

of change from one form of representation to another form 

of representation [1]. While translation as a cognitive 

process in transforming information contained in a form of 

representation to another form of representation [2]. 

Through translation between representations, students can 

enhance their understanding and express ideas through 

various means [3]. The ability of translation between 

representations can also be an indicator of students' 

mathematical understanding. A deep understanding of 

mathematics is a compulsion for every student since 

mathematics plays an important role in the development of 

the recent technology [4]. Therefore, the teacher should 

offer the opportunity to the students to develop the 

translation skills between representations within the 

learning process. 

Some translation between representations require more than 

one process of translation or in other words, the process of 

translation occurs indirectly. While there is a translation that 

requires only one translation process, i.e. the direct process 

of translation. Indirect translations, for instance, in 

translating from symbol representations to graphic 

representations, students use a table transition 

representation. While the direct translation occurs if it is not 

through another transition representation. The use of 

transitional representation is one of the difficulty factors of 

the translation process [5]. Where students have to do the 

translation process more than one. The student translates 

from the source representation to the transition 

representation, then translates from the transition 

representation to the target representation. 

Students as prospective teachers are expected to be able to 

do translation between forms of representation for the 

provision of facilitating students in doing the translation on 

learning in the class later. As stated by National Council of 

Teachers of Mathematics [6], in mathematics learning, 

teachers are expected to be able to facilitate students in 1) 

generating and applying representation to organize, note, 

and communicate mathematical ideas; 2) determining, 

applying, and conducting process of translation between 

representations to solve problem; 3) applying representation 

to generate a model and interpretation physical, social, or 

mathematical occurrence.  

However, there are still numerous studies that confirm 

student difficulties related to translation between 

representations in function representation. Some studies 

have revealed that translating verbal representations to 

graphs is the most difficult translation [5], [7], [8]. Identical 

findings were also revealed by Celik & Arsal [9], stating 

that students are more successful at determining the correct 

graph among others than constructing a graph. Likewise, in 

research conducted by Adu-Gyamfi, Bosse, & Chandler 

[10] related to the sources of error in translation of verbal 

representation to algebra is one of the low understanding of 

verbal information. Verbal information can be done through 
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texts interpretation by drawing situations based on obtained 
experience [11]. The ability to interpret text with images is 
indispensable in the translation of verbal representation. It 
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needs further research related to the translation process 
from verbal representation to tables or graphs [10]. 
Representation translation is essential in mathematical 
understanding and problem solving, hence it is necessary to 
understand how the process of representational translation 
takes place. Existing research is still very limited in 
providing a detailed description of the process of 
representational translation. According to the results of 
preliminary research on mathematics education students, it 
shows that there are still many students who have not been 
able to do the translation from verbal to graph. The 
capability of translation from verbal to graph representation 
is still very limited. Students have not been able to construct 
a graph corresponding to a given verbal representation. 
Such circumstances should be overcome since students of 
Mathematics Education is a prospective teacher of 
mathematics who should be able to develop the ability of 
translation on their students. Therefore, it is important to 
understand how mathematics education students translate 
representation from verbal to graph in detail.  
This study describes the process of translating verbal 
representations to graphs involving transitional 
representations. So, it can know the types of transitional 
representation used in representation translation from 
verbal to graphs. The results of this study are expected to be 
used to reflect and evaluate the process of translating verbal 
representations to graphs, to identify students’ difficulties 
in the process of translating verbal representations to graphs 
and suitable scaffolding, to be used as consideration 
materials in designing appropriate learning design, thus it 
optimizes students’ capability in translation process. In 
addition, the findings of this research are expected to be able 
to complete the previous research.  

2. METHOD 

This study aims to revealing the process of translating 
verbal representations to graphs involving transitional 
representations. This research was a qualitative research. 
This research involved students from Mathematics 
Education. The subject of this research was of the 4th and 
6th semester of Mathematics Education department. 
Purposive sampling was used to determine the research 
subject. 
This research employed two types of instrument, namely 
primary instrument, andauxiliary instrument. The primary 
instrument was the researchers and the auxiliary instrument 
was test items and interviews guideline. Auxiliary 
instruments in the form of test items and interview 
guidelines have been validated by two mathematics 
education experts before use. Both instruments have been 
declared eligible to use.  
The data collection in this research was done through think-
aloud test and interview. In this study, students were asked 
to express verbally what was thought during the completion 
of test items (think aloud). After the student completed the 
given test, the researcher conducted an interview to reveal 
the student's reason when taking a certain step. Researchers 
recorded all verbal expressions with recorders and note 
down students’ behaviour. 

Then, the researchers analysed written and verbal data 
which were obtained during data collection to obtain a 
depiction of the process of representational translation 
which involves transitional representation. The data 
analysis of this research consisted of transcribing data of the 
entire verbal data to written form data, examining the 
obtained data, reducing primary data, coding data, 
describing data, and generating a conclusion. 

3. RESULTS AND DISCUSSION 

The process of translating verbal representation to the graph 
by the students occurred indirectly involving two processes 
of translation. This translation process of the students is a 
transitional representation. There are two types of 
translations made by students that involve symbolic and 
numerical representation of transitions. The process of 
translation that involves a symbolic representation of the 
students is translating the verbal representation (source) to 
the symbolic then translating the symbolic representation to 
the graph (target). While the process of translation that 
involves the numerical representation is translating verbal 
representation (source) to the numerical representation and 
then translating the numerical representation to the graph 
(target). 
First, the translation process involving symbolic transitional 
representation, in translating verbal representation to the 
graph, students involve two translation process. In this, 
students understand that to construct or draw a graph 
representing a given verbal problem requires the equation 
of the verbal problem. Prior to constructing the graph, the 
student transforms the identified information into the 
symbolic form of the equation. Students determine the 
equation as a function that states the relationship between 
the distance of both cars and the time of the given event. 
Where the distance between both cars is a dependent 
variable and time as an independent variable. Students 
connect the verbal components that have been exemplified 
by the concept which they understand to form the equation. 
Accessing and combining initial knowledge will help to 
find a solution [12]. 
Students perform a series of algebraic operations to 
determine the relationship between the distance between the 
two cars and time. Success in determining equations in 
algebraic form depends on the ability to align verbal 
structures with symbolic structures [10]. Students determine 
the equations that represent the verbal representation that is 
the basis of forming a graphical representation (target). 
Janvier in Bosse, Gyamfi, & Chandler [5], refers to 
modelling, i.e., adjusting verbal information to formulas 
(equations). The equation is shown by the results of 
students’ written answers in Figure 1. 
 

  
Figure 1 Written answer in determining equation 
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The student translates from the verbal representation to the 
graph by translating from verbal to symbolic (equation) 
first. Textual (verbal) translation involves the activity of 
converting text (verbal) information into a comprehensible 
form [13]. In line with Abdullah, Zakaria, & Halim [14], 
they reveal that generating comprehensible representation 
could help students in generating concept and strategy 
required for solving the verbal problem. The process of 
translating verbal representations to graphs involves 
transition representation. Transitional representation can 
help students clarify information in constructing target 
representations. The transitional representation of the 
(symbolic) equations used by the students in translation 
from verbal to graph can complement the findings table of 
Bosse, Gyamfi, & Chandler [5] who found that translation 
from verbal to graph requires transitional representation in 
the form of tables.  
Students translate symbolic (equation) representation to 
graph. To construct the graph, students determine the 
graphic-forming component previously. Based on the 
obtained equation, the student determines the component of 
graphic-forming in the coordinate of point (ordered pair) 
and the coordinate axis. Students select the strategy of 
constructing the graph by determining the coordinates of the 
point on the horizontal and vertical axis. Students obtain the 
point coordinates in the form of point of intersection with 
the horizontal axis and the intersection of the vertical axis. 
Next, the student draw Cartesian coordinates field. Janvier 
in Bosse, Gyamfi, & Chandler [5], in his table, it is 
mentioned as a sketching activity. The student determines 
the horizontal axis t as time and vertical axis q as the 
distance between the two cars. After sketching the field of 
Cartesian coordinates, the students placed the point 

coordinates obtained in the field of Cartesian coordinates. 
Then the students draw a line that connects the coordinates 
of the point. Students draw a line based on the acquired 
equation. Figure 2 shows the results of student’s written 
answers related to the graph obtained. 
 

 
Figure 2 Student’s written answer during graph 
sketching 

Second, a process of translation involving the 
representation of numerical transitions that is in translating 
verbal representations to graph, student involves two 
processes of translation. Students understand that in order 
to construct a graphic of verbal problems given, it requires 
case examples of such verbal problems. Initially, students 
generated case example as the distance of X city to Y city 
is 20, after passing, the speed of car A is 2 and the speed of 
car B is 1. Hereinafter, students connect the case example 
with the concept which they obtained to determine the 
distance between the two cars for the case. This is reflected 
in the results of students’ written answers in the following 
Figure 3. 

 

  
Figure 3 Students’ written answer in determining the distance of both cars from case example

Students determine the basic idea to construct a graph by 
creating a case example. Students make case examples to 
check for the simpler occurrence of given verbal 
occurrence. Using certain case example, students will be 
easier to understand so that a general graph of component 
components can be obtained. Students make case examples 
and then look at the pattern of distance change relationship 
of the two cars on the time change and proceed with 
generating conclusion through symbol. The student 
determines the case example and then identify numerically 
the pattern of distance change of the two cars to time change 
representing the verbal representation as the basis for 
forming the target representation (graph). By looking at 
patterns, students can look for regularities that make it easy 
to define graphics components. The student determines the 

case example numerically as a transitional representation to 
construct a target (verbal) representation. 
Numerical representation could be used to obtain a strong 
understanding regarding the certain issue and as a means of 
investigating the certain case [15]. This shows that the 
process of translation from verbal representation to graph 
occurs indirectly or through a numerical transition 
representation. The transitional representation of numerical 
in the translation process from verbal to the graph used by 
the students is in line with the results found by Bosse, 
Gyamfi, & Chandler [5] explaining that the translation from 
verbal to graph through an intermediate representation of 
tables is also a numerical representation. Transitional 
representation can assist the student in transferring 
information to the target representation. Through a 
numerical transition representation, it makes students easier 
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to prepare the graph-forming components required for 
constructing graphics targets. 
According to the case example generated, to determine 
graph-forming components, students generate a conclusion 
of a case, in general, using the symbol. Students construct 
graphic representation by determining graph-forming 
components in the form of the horizontal axis, vertical axis, 
the coordinate of the point (ordered pair), members of the 
domain and members of range, and slope. Students 
associate the pairing relationship between the time and 
distance of the two cars that have been obtained as the 
ordered pair which is the point coordinates on the graph. 
The results of students’ written answers are presented in the 
following Figure 4. 

 

 
Figure 4 Students’ written answer during graph 
sketching 

According to the aforementioned description, the process of 
translating verbal representation to the graph by students 
takes place through two processes of translation. The 
students translate the verbal representation (source) to the 
transition representation, then translate the transition 
representation to the graph representation (target). The 
translation process involves symbolic and numerical 
representation. Figure 5 is an overview of the process of 
translating verbal representations to the graph.  

 
Figure 5 Translation process of verbal representation to 
graph 

4. CONCLUSION 

According to the findings of the research explained above, 
it can be concluded that there are two types of transitional 
representation used by students in the process of translation 
of verbal representation to the graphic representation, i.e. 
symbolic and numerical representation. First, students 
perform the process of translating verbal representations to 
graphs by means of a symbolic transition representation in 
which students translate verbal representations to symbolic 
transition representations and then translating 
representations of symbolic transitions to graphic 
representations. Second, students perform the process of 
translating verbal representations to graphs by means of a 

numerical transition representation in which the student 
translates the verbal representation to a numerical transition 
representation and then translates a numerical transition 
representation to a graphic representation. The results of 
this study are expected to increase the findings of previous 
research and consideration in designing learning model. 
Further research related to the type of transitional 
representation used by students in the translation process is 
still highly possible to be conducted. 
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