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ABSTRACT 

Pre-service elementary teachers (PSETs) must understand in-depth mathematical concepts and procedures. Still, they 

must also improve their mathematical ability and skills in solving mathematical problems and applying them in all 

aspects of life. Such mathematical capacity is known as mathematical literacy. This study aimed to describe the 

mathematical ability of PSETs in solving mathematical literacy problems. The mathematisation process carried out by 

PSETs is the main focus that will be observed and explored. Some Errors and obstacles PSETs face in struggling to 

solve mathematical literacy problems are also described.  This study is expected to make a valuable contribution to 

designing learning or other professional development programs for PSETs related to mathematical literacy. The 

qualitative method with a case study design was used in this research. Data were collected using tests (the sequences 

of PISA and PISA-like problems in moderate and most difficult levels) and interviews from 77 PESTs of the primary 

teacher education program at a private university in Banda Aceh. The results showed that the ability of PSETs in 

solving mathematical literacy problems was still low. Most of them are still very constrained in formulating real-life 

problems into mathematics. However, the lack of knowledge of related mathematics topics also needs to be 

considered.  
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1. INTRODUCTION 

Pre-Service Elementary Teachers (PSETs), as future 

teachers, must have a deep understanding of 

mathematical concepts and procedures, the ability and 

skills to use both in solving mathematical problems and 

their application in all aspects of life also need to be 

improved [1]. Such mathematical abilities and skills are 

closely related to mathematical literacy [2]–[4]. The 

importance of mathematical literacy possessed by 

PSETs was to ensure and support mathematical literacy-

oriented learning at the elementary level [5], [6]. This is 

in line with the projected orientation of 21st-century 

education, where literacy (including mathematical 

literacy) must be developed and integrated into 

Indonesian education [7]–[9]. The importance of the 

teacher's role in building and developing mathematical 

literacy in the education of their students is a very 

strong reason that the mathematical literacy of PSETs 

must also continue to be developed and improved in 

teacher education programs or institutions [10]–[13]. 

This condition is further strengthened by the data from 

research conducted by PISA, which shows the literacy 

ability of Indonesian students is still low in each year of 

implementation. This forces us to make various efforts 

to improve student literacy, one of which is to prepare 

prospective teachers who have qualified literacy skills to 

help develop students' mathematical literacy. 

Literacy is generally defined as: “Literacy is the 

ability to identify, understand , interpret, create, 

communicate and compute, using printed and written 

(and visual) material associated with varying 

contexts.”[14]. This understanding defines literacy as 

the ability to identify, understand, interpret, create, 

communicate and calculate, using printed and written 

(even visual) materials related to various contexts. This 

is following the etymological definition of literacy 

which means (1) the ability to read and write; and (2) 

competence or knowledge in a particular field" [15]. 

Literacy in mathematics is often termed 

mathematical literacy. NCTM as the initiator of 

mathematical literacy within the framework of the 

vision of mathematics education to make students 

mathematically literate interprets mathematical literacy 
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as “an individual's ability to explore, to conjecture, and 

to reason logically as well as to use a variety of 

mathematical methods effectively to solve problems. By 

becoming literate, their mathematical power should 

develop” [16]. This definition tells us that at the 

beginning of the emergence of mathematical literacy, it 

only required logical reasoning in solving problems 

(mathematics). But over time, the meaning of 

mathematical literacy also develops and is often 

associated with a person's ability to identify and 

understand problems in which mathematics plays a role 

in all spheres of life [4], [10], [17]–[21].  

OECD, which stands for Organization for Economic 

Co-Operation and Development (OECD), also provides 

a clear definition of mathematical literacy and uses this 

definition as the basis for the assessment and analytical 

framework of the Program for International Student 

Assessment (PISA). Although the definition presented 

by the OECD underwent several changes in the period 

1999-2021, this definition remains the reference for the 

definition of mathematical literacy that is commonly 

used by some studies [22]. 

The definition of mathematical literacy in the PISA 

2021 framework presented by the OECD emphasizes 

problem-solving and reasoning abilities in its 

assessment [19]. The mathematical literacy constructs 

used in this new 2021 framework demonstrate an 

individual's capacity to reason mathematically and solve 

problems in a variety of 21st-century contexts. 

Mathematical literacy is not considered synonymous 

with minimal or low-level knowledge or skills [19], 

[23]. Instead, it is intended to describe an individual's 

capacity to reason mathematically and solve problems 

using mathematical concepts, procedures, facts, and 

tools to describe, explain and predict phenomena. 

To become mathematically literate, the students 

must be able to use mathematical content knowledge to 

recognize the mathematical nature of a situation 

(problem), especially situations encountered in the real 

world, and then formulate it in mathematical terms. This 

transformation of real-world situations requires 

mathematical reasoning. After the transformation is 

successful, the resulting mathematical problems need to 

be solved using mathematical concepts, algorithms, and 

procedures taught in schools. Therefore, it is true that 

mathematical reasoning can be observed in the process 

of formulating, using mathematical concepts, 

procedures, facts, and tools, and interpreting everyday 

life problems [19]. 

Reasoning in solving problems through formulating, 

employing, and interpreting real-world problems into 

mathematics was known as mathematization [24]. This 

process (see Figure 1) is essential in mathematical 

literacy. Its implementation of the choice of method or 

representation depends on the situation or context of the 

problem to be solved. Therefore, students need to 

experience problem-solving processes in different 

situations and contexts to use their skills effectively 

[20], [25]–[28]. Therefore, prospective teacher students 

at the basic education level, especially in elementary 

schools, must have knowledge and skills in creating 

mathematical literacy-based learning where the 

mathematization process is the primary process in 

learning. 

 

 

 

 

.  

 

 

 

There are some studies and surveys which state that 

the mathematical literacy of teachers in primary 

education still experiences obstacles and limitations 

[10], [11], [13], [29]–[31]. This circumstance motivated 

us to explore further the current state of PSETs' 

mathematical literacy. We believe that this description 

may serve as a foundation for building support 

programs or planning appropriate learning for them.   

Therefore, this research is considered important to be 

carried out to enrich the literature related to the 

obstacles and difficulties faced by PSETs related to 

mathematical literacy. The results of this study can 

contribute to efforts to improve the mathematical 

literacy of PSETs and design courses that are oriented 

towards mathematical literacy. We need to say that this 

research is preliminary research of our primary research 

to develop mathematical literacy-oriented learning for 

students. 

2. METHODS 

This study uses a qualitative method with a case 

study design. The selection of a case study design with a 

holistic type [32], [33] is used to examine and describe 

various field findings related to the research question, 

namely how the mathematical ability of PSETs in 

solving problems related to mathematical literacy, as 

well as what obstacles they face in doing so. The 

mathematisation process carried out by PSETs is the 

main focus that will be observed and described in this 

paper. The approach taken in this research emphasizes 

more on interpretive studies for data analysis. 

 

 

  

 

 

 

Mathematical 

Solution 
Real Solution 

Real-World 

Problem 

Mathematical 

Problem 

Figure 1.   mathematisation cycle (OECD, 2009) 
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The subjects of this study were 77 pre-service 

elementary teachers in the second year of the primary 

teacher education program at a private university in 

Banda Aceh, Indonesia. Therefore, we expected that 

they would be interested in mathematics and want to 

learn more about it. The data were collected through test 

and structural interviews about mathematical literacy. 

The test contained four items of mathematical literacy 

problems, which was adopted from PISA questions [34]  

and Pisa-like questions developed by several researchers 

[35], [36]. The four problems consist of two questions at 

the moderate level (levels 3&4), and the other two 

include questions at the most difficult level (levels 5 and 

6). All questions from each of the four content 

categories tested by PISA are change and relationships, 

space and shape, quantity, uncertainty & data. We 

translate the PISA questions in Bahasa first before being 

tested on PSETs.  

Analysis of the data used in this study is a 

descriptive qualitative analysis using the Miles et al. 

model [37], which consists of data reduction, data 

display, conclusion drawing, and verifying. To analyze 

the process carried out by PSETs in solving PISA 

problems, we use a mathematisation process framework 

proposed by the OECD 2012 as shown in Table1.While 

Table 2 attempts to depict the categories of the 

mathematising process based on student responses to 

mathematical literacy problems. 

Table 1. Framework for Analyzing PSETs Answer 

related to Mathematising Process 

Mathematical Literacy 

Indicators for mathematising 

Formulating 

situations 

mathematically 

Identify the underlying 

mathematical variables and 

structures in the real-world problem, 

and make assumptions so that they 

can be used 

Employing 

mathematical 

concepts, facts, 

procedures, and 

reasoning 

Conceptualize the problem 

mathematically or interpret the 

solution within the context of the 

original problem (may be needed in 

problems whose major emphasis is 

on employing) 

Interpreting, 

applying, and 

evaluating 

mathematical 

outcomes 

Understand the extent and limits of a 

mathematical solution that is a 

consequence of the mathematical 

model employed 

   Source [38] 

 

At the data reduction stage, we try to classify 

students' answers and their reasons, respectively. The 

coding process is carried out using the Nvivo 12 Plus 

software systematically.  

At the data display stage, we try to present data or 

information that has been arranged to draw conclusions 

and take action. Various representations such as graphs 

or screenshots of PSETs' answers regarding the 

mathematization process are presented to give a clear 

picture of the results obtained. 

Table 2. Framework For Classifying PSETs Answer 

Related to Mathematising Process.  

Le

vel 

Student Responses to Problems 

Hig

h 

 Students identify variables and mathematical 

structures that underlie real problems or make 

appropriate and correct assumptions to use. 

 Students use the correct concept or interpretation 

of the context correctly from the given problem 

and succeed in applying it. 

 Solutions built by students are correct and able to 

connect the solutions found with the problem 

correctly.  

Mi

ddle 

 Students identify variables and mathematical 

structures that underlie real problems or make 

assumptions but are incomplete or still limited. 

 Students use the correct concept or interpretation 

of the context correctly from the given problem 

but fail to apply it (e.g., wrongly doing 

calculations) 

 Solutions built by students are correct but are 

unable to connect the solutions found with the 

problem. 

Lo

w 

 Students identify mathematical variables and 

structures that do not make sense or do not 

answer at all.  

 Students use concepts or misinterpret concepts 

from the context to solve problems or do not 

answer.  

 The solution developed by students is incorrect 

or does not provide a solution at all based on the 

model developed. 

 

In the last step, namely drawing conclusions, we try 

to formulate research results that will answer the 

research focus based on a series of data analysis results 

carried out. 

3. RESULT AND DISCUSSION 

The results of the analysis conducted on the score 

for tests (quantitative data) were analyzed first using 

descriptive statistics, and qualitative data (students' 

solutions) were used to follow up on the quantitative 

results 

Figure 2 presents the analysis results using 

descriptive statistics regarding the classification of 

mathematical literacy in terms of the mathematization 

process carried out by PSETs. The data shows that the 
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percentage of PSETs mathematical literacy at the low 

level still dominates at each level of the PISA problem. 

For the moderate level (PISA level 3 and 4), an average 

of 48.70% of PSETs are at the Low level for their 

mathematical literacy. Different from the moderate level 

(levels 5 and 6 of PISA), where an average of 71.43% of 

PESTs have not solved the given mathematical literacy 

problem. 

 

 

 

 

 

 

 

 

Figure 2. The results of the descriptive analysis of 

PSETs mathematical literacy based on each task. 

Furthermore, Figure 3 shows that more than half of 

the total participants (59.74%) in this study were in the 

low category in solving their mathematical literacy 

problems. This condition means that PSETs' 

mathematical literacy skills are still constrained. 

 

 

 

 

 

 

 

Figure 3. The results of the descriptive analysis of 

PSETs mathematical literacy for all given tasks 

Qualitative data analysis by coding all the answers 

given by PSETs provides an overview of the strategies 

and difficulties they face in carrying out the 

mathematization process. In the coding process, several 

themes were obtained from the forms of difficulties 

PSETs' faced, including difficulties in formulating 

situations mathematically, difficulties in applying 

concepts correctly, and difficulties in interpreting the 

results obtained in the context of the given problem. 

We will try to present these three forms of difficulty 

for further discussion. As an example, the strategies and 

various difficulties listed by PESTs in Task 1. Figure 4 

shows the Task Q1 given in the test, which takes a 

personal context with Quantity content [35]. This task 

asks PSETs to share a pizza based on the amount of 

money each child is given. Of course, knowledge of the 

concept of rational numbers (fractions) in comparisons 

will greatly assist PSETs in solving this problem. 

 

 

 

 

 

 

 

 

 

Figure 4. Task Q1 

PSETs propose various strategies in solving this 

problem, including using comparisons and knowledge 

of decimal numbers (Figure 5) and the concept of 

fractions (Figure 6). And some other strategies that are 

not shown in this paper. 

 

 

 

 

 

 

 

Figure 5. PSET' strategy in solving Task Q1 (by R1) 
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Figure 6. PSET' strategy in solving Task Q1 (by R2) 

Figure 5 shows the strategy carried out by R1 by 

utilizing his knowledge of rational numbers, namely 

decimal numbers and the concept of comparison. 

Through these two pieces of knowledge, R1 tries to 

estimate if the pizza can be cut into ten equal parts and 

finally can determine the number of pizzas as a solution 

to the problem. 

Next, in a slightly different way, Figure 6 shows R2, 

which assumes that the pizza can be divided into 20 

parts with an estimated price of Rp. 6000 for each part. 

Using this information, R2 finally determined the 

amount of each pizza that Febi and Ros received. 

From the two strategies shown, it can be seen that 

R1 and R2 can formulate problems mathematically well, 

apply their knowledge related to rational numbers 

(fractions and decimals), and interpret solutions from 

the application of these concepts to the real word 

problem. 

On the other hand, we will also analyze the various 

difficulties and obstacles PSETs in their struggle to 

solve this Task Q1 problem. Some of the difficulties 

include: 

a. Unable to formulate the problem correctly and 

adequately. This condition can be seen from the 

responses of the participants' answers, namely 

incorrectly formulating the problem (Figure 7) and 

not giving an answer at all or just drawing a circle 

(Figure 8). 

 

 

 

 

 

Figure 7. PSET’ obstacle in solving Task Q1 (by R3) 

 

 

 

 

 

 

Figure 8. PSET’ obstacle in solving Task Q1 (by R4) 

b. Have no ideas about applicable mathematical 

concepts. In this case, the PSETs were able to 

formulate the problem but did not have the 

appropriate mathematical knowledge ideas that 

could be applied to find the right solution (Figure 

9).  

PSETs do meaningless mathematical operations 

such as division, addition, and subtraction. They 

immediately apply the results of computations that do 

not make sense as a suitable solution (according to 

them). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. PSET’ obstacle in solving Task Q1 (by R5) 

In Figure 9, the meaning of 48 parts of pizza given 

for Febi seems confusing to express in daily life. This 

condition is by what was conveyed in the research of 

Putra et al. [38] regarding formal and informal 

knowledge of mathematics. Putra et al.[39] said that 

force In tackling daily life problems, formal 

mathematics does not ensure that it will make sense of 

the problem, implying that formal mathematics cannot 

solve the problem. So, learners need to have a sense of 

using formal mathematics, especially in interpreting the 

results of the calculations they get. 

 

 

 

 

 

 

 

 

 

 

 

 

Divide the pizza into 2 

parts: 120/2=60 
Then 120-72=48 part of 

pizza for Febi 

For example, 1 box of pizza contains 6 pieces 

………..Febi gets 4 parts of pizza, 

while Ros gets 6 parts of pizza. 

Figure 10. PSET’ obstacle in solving Task Q1 (by 

R6 & R7) 
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Then, difficulties caused by errors in interpreting 

the mathematical concepts used are also often found, 

especially on the concept of fractions. Some participants 

had difficulty in determining the appropriate size of the 

pizza. For example, in Figure 10, it can be seen that the 

partition of the geometric shape that shows the size of 

the fraction required (in problem) is not appropriate. By 

dividing the 1/4 pizza into two parts, R6's desired 1/6th 

shape appears less accurate. Similarly, the R7 was 

created by discarding the concept of "half." 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. PSET’ obstacle in solving Task Q1 (by R8) 

The conditions shown in Figures 10 and 11 
illustrate that PSETs still have difficulty understanding 
the concept of fractions, especially related to the 
interpretation of meaning and representation of 
fractions. As a result, strengthening the concept of 
fractions or mathematical objects known as rational 
numbers must be strengthened for PSETs.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Task Q3 

The condition of the limited mastery of the PSETs 

concept is also evident from the completion of Task Q3 

(Figure 12). The problem presented in Task Q3 is at 

level 6 PISA with space and shape content. Analysis of 

all participants' answers to this question showed that 

67.53% of PESTs could not solve this question. One 

reason they fail to find the right solution is the lack of 

understanding of PSETs on the concept of the perimeter 

of geometric shapes.  

Many of the PSETs answered that a design that 

could not be formed from a wood supply was a D or B 

design. Of course, this condition will affect their success 

in using the concept. So that improving the ability of 

PSETs on mathematical concepts needs to be a 

significant concern before developing other 

mathematical competencies. 

c. Unable to interpret the solutions obtained to the 

given real context problems. This condition is 

shown from several PSETs answers that try to 

complete Task Q1 but seem meaningless. They 

perform a series of procedures but have not 

connected the obtained solution to the problem 

(Figure 13). 

 

 

 

 

 

 

 

Figure 13. PSET’ obstacle in solving Task Q1 (by R9) 

Based on the analysis of the three constraints 

presented above, the first stage of the mathematization 

process, namely formulating the problem 

mathematically, is still the main obstacle to PSETs in 

doing PISA or like PISA problems. The ability to 

understand and model a given problem in mathematics 

seems to be a challenging thing to do. So that the 

mathematics learning process that provides 

opportunities for PSETs to carry out the 

mathematisation process needs to be familiarized and 

continue to be developed. In addition, the strengthening 

of basic mathematical concepts in each mathematics 

course in the elementary teacher program also needs to 

be emphasized by the lecturers. 

In addition, another finding obtained in this research 

is that the use of PISA and PISA-like questions is likely 

to build a further discussion on mathematical social or 

 
 

According to my estimation, suppose the pizza consists of 8 

pieces, then the price per piece is Rp. 120,000 : 8 = Rp. 15,000. 

So, the pizzas that Febi and Ros got were 

Febi …………………………………………….3/2 part 

Ros…………………………………………..…4/8 part 
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how social aspects affect mathematics education or 

mathematical solution. This statement is based on 

various alternatives presented by PSETs in solving the 

PISA problem. 

4. CONCLUSION 

The discussion of the research results quantitatively 

and qualitatively described above leads us to numerous 

conclusions: (1) PSETs mathematical literacy is still low 

(low category), especially in solving the most difficult 

level of Pisa mathematical literacy questions (5 and 6); 

(2) Most PSETs are still having difficulties formulating 

situations mathematically, such as representing the 

situation mathematically and recognizing the 

mathematical structure contained in the problem.  In 

addition to having limited knowledge of mathematical 

concepts is also something that must be considered. 

Mastery of the concept of mathematical content makes 

PSETs often misinterpret and determine the completion 

of mathematical literacy problems. As a contribution for 

this research to the literature are: (1) increasing PSETs’ 

mathematical literacy must continue to be developed 

and improved as a long-term effort to support 

mathematical literacy for students; (2) the development 

of mathematical literacy in PSETs allows  researchers to 

see how social aspects affect mathematics education; (3) 

it is proposed that the process of mathematics learning 

in primary school teacher education programs can 

prioritize and strengthen the basic concepts of 

mathematics for PSETs. 
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