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Abstract  

Quantitative literacy is an important skill needed by individuals in solving 

problems with quantitative situations in daily life. Thus, this paper aimed to 

identify quantitative literacy in solving the PISA problem based on gender 

differences. This study used descriptive research with a qualitative approach. 

Research subjects in this study were two tenth-grade students in middle school. 

They were one male student and one female student who have the similar 

mathematical ability. Data were collected by giving the Program for 

International Student Assessment (PISA) problem, especially mathematical 

literacy, and using the interview method. The research results showed that the 

quantitative literacy of male student in solving PISA problems is by using 

fewless symbols to represent time and incomplete algorithms and procedures. In 

comparison, the quantitative literacy of female student in solving PISA problems 

is by using a more detailed description, more mathematical operations, and 

solving the problem according to algorithms and procedures. Furthermore, both 

students have quantitative literacy aspects, including interpretation, calculation, 

representation, assumption, analysis, and communication skills. Therefore, the 

quantitative literacy ability of students can be used as a reference for teachers to 

determine the modeling activities conducted by students in solving the PISA 

problem.  
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Introduction  

The rapid development of information and technology requires people to use quantitative 

literacy in their daily lives. Quantitative literacy is increasingly essential for informed 

citizenship or a variety of careers (Lindner, 2012). According to Steen (2001), the challenges 

of the 21st century are more quantitative, and all information is related to mathematical 

numbers. The importance of quantitative literacy was that quantitative literacy continues to 

develop in a world that is increasingly quantitative and data-intensive (Frith & Prince, 2018; 

Hains, Intindola, Lepisto, & Wagner, 2019; Nye & Hillyard, 2013). Therefore, the education 

sector must prepare students to have quantitative literacy skills through the learning process in 

schools. Students are expected to interpret mathematical information relevant to existing 
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problems, represent data from tables or graphs, calculate data, analyze, and communicate 

mathematical ideas. 

Quantitative literacy is one of the dimensions of mathematical literacy, apart from spatial 

literacy and numerical literacy (Anggara, Kadir, & Haribowo, 2021). In addition, Lange (2006) 

states that mathematical literacy consists of numerical, spatial, and quantitative literacy. 

Quantitative literacy is a person's ability to reason and think mathematically in quantitative 

content (Steen, 2001). On the other hand, mathematical literacy is an individual’s capacity to 

formulate, employ and interpret mathematics in various contexts (OECD, 2019a).  

 The Organization for Economic Cooperation Development (OECD) conducted a study 

related to mathematical literacy skills, namely the Program for International Student 

Assessments (PISA) (Annizar, Maulyda, Khairunnisa, & Hijriani, 2020; Frith & Prince, 2018). 

This assessment used the PISA problem, which is designed based on aspects of mathematical 

content and context. The context indicates the places or locations that exist in the problem, and 

mathematical content is a mathematical topic used in problems (Lestariningsih, Amin, Lukito, 

& Lutfianto, 2018). Indonesia participates in every survey conducted by PISA. Based on the 

results of PISA research in 2018 issued by the OECD (OECD, 2019a), the math score of 

Indonesian students is ranked 72 out of 78 countries with an average score of 379. In the 2018 

PISA assessment, it was found that around 28% of students in Indonesia reached level 2 

(OECD, 2019b). It implies that Indonesia has low mathematical literacy. Based on this 

assessment, because quantitative literacy is one of the dimensions of mathematical literacy, it 

means that the quantitative literacy of Indonesian students is still relatively low. 

Boersma and Klyve (2013) suggested that quantitative literacy is a habit of thinking 

characterized by understanding everyday problems about mathematics, beliefs, and dispositions 

towards mathematics. Furthermore, quantitative literacy is used much more broadly to include 

logic, linguistics, and other subjects that have at least a relatively formal character even if they 

are seldom or ever taught in mathematics departments (Frith & Prince, 2018; Karaali, Villafane-

Hernandez, & Taylor, 2016; Klug, Carey, Richardson, & Gougis, 2017). Quantitative literacy 

relates to quantities (Srimuliati, 2018; Vacher, 2014; Wallace, 2019). Quantitative literacy is a 

skill, knowledge, belief, disposition, habit of thinking, communication capability, and problem-

solving skills that require people to engage effectively in quantitative situations that arise in life 

and work. The application of his knowledge is in the context of everyday life to complete 

quantitative problems in work and life. Roohr, Graf, & Liu (2014) stated six aspects in assessing 

quantitative literacy, namely interpretation, representation, calculation, analysis, assumptions, 
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and communication. These six aspects will be indicators of quantitative literacy in this study.

 According to Bench, Lench, Liew, Miner, and Flores (2015), men have better 

mathematical skills in accuracy, thoroughness, accuracy, and thinking than do women. The 

results of Azizi’s research Azizi (2017) stated that female mathematical literacy skills were 

better than male students in context, content, and process. Gender differences can lead to 

differences in quantitative literacy skills between men and women in solving PISA problems. 

However, there has been no research on students' quantitative literacy in solving PISA problems 

so far. The existing research is about students' quantitative literacy based on gender. 

 Regarding the previous explanations, i.e., Azizi (2017); Frith & Prince (2018); Hains et 

al. (2019); Karaali et al. (2016); Nye & Hillyard (2013); Roohr et al. (2014); and Vacher (2014) 

researchers are interested in research on students’ quantitative literacy in solving PISA 

problems based on gender. Thus, this paper aimed at identifying male and female quantitative 

literacy in solving PISA problems. 

 

Method  

This study was designed using descriptive research with a qualitative approach. 

Qualitative research is not to generalize the findings but to analyze the subject's condition in 

depth. Furthermore, qualitative research does not require a certain number of research subjects 

to take. Research subjects in this study were two tenth-grade students middle-aged 15 years. 

They were one male student and one female student who have the similar mathematical ability. 

Subjects in this study were taken based on gender differences. Gender difference is identified 

from a person's physical condition brought from birth and psychological conditions influenced 

by habits or the environment. Their selection was based on the recommendations from a 

mathematics teacher by considering their scores in mathematics. 

 Data collection to identify students’ quantitative literacy was conducted by asking 

research subjects to complete the PISA problem. Table 1 showed the PISA problem with 

quantity content and personal context. Before the PISA problem was used, the validity was 

performed through expert reviews to maintain the quality of the problem. After completing the 

PISA problem, we interviewed them to get more information about students’ quantitative 

literacy. In this study, to check the validity of the data, we used triangulation by comparing the 

students’ answers and the script of an interview. Data analysis from the results of interviews in 

this study were using qualitative analysis that consists of three stages, namely condensation 

data, presentation data, and concludes by referring to the opinions (Miles, M. B., Huberman, A. 

M., & Saldaña, 2019).   
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Problem: 

Helen gets a new bicycle. The bike has a speedometer on the handlebars. The speedometer 

can tell Helen about the distance covered and the average speed for the trip. Helen rides 

a bicycle to her house for 6 km. The speedometer showed that the average speed was 18 

km per hour for the entire trip. Helen left the house at 10.00, how many minutes Helen 

arrived at her house? 

 The data analysis technique used was the analysis of the data from students’ answers to 

the quantitative literacy problem and the analysis of the interview, based on six aspects of 

quantitative literacy consisting of interpretation, representation, calculation, analysis, 

assumption, and communication. The aspects and indicators of quantitative literacy used in this 

study refer to Table 1.  

Table 1. The aspects and indicators of quantitative literacy 

Aspects Indicators 

Interpretation Student can collect relevant mathematical information in a 

mathematical problem 

Representation Student can transform the relevant information into various 

forms of mathematics (mathematical models) 

Calculation Student can operate any relevant information in mathematics 

Analysis Student can draw conclusions based on the analysis of the data 

that has been collected 

Assumption Student can make important assumptions in estimating, 

modelling, and analyzing data 

Communication Student can explain mathematical ideas through written, oral, 

and demonstrate and describe visually 

Through data analysis of students’ answers in solving PISA problems and interview 

analysis, it can be seen how students' quantitative literacy through all or several aspects of the 

six aspects of quantitative literacy. 

 

Results  

Male student quantitative literacy in solving PISA problem 

Quantitative literacy analysis of male subject on the abilities of interpretation, 

representation, calculation, assumptions, analysis, and communication in solving PISA 

problem could be known from the following explanation. 

 

 

 

 

Figure 1. Male answer (1) 

Translation: 

Given: 

S = 6 km 

V = 18 km/jam 

t = 10.08 

Asked: How long it takes for Helen to reach aunt’s house? 
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1. Quantitative literacy in interpretation ability 

Figure 1 shows that male student could write down aspects that are known and asked 

in the problem. Male student could explain relevant mathematical information from the 

existing problem. The following was the conversation between the researcher (R) and male 

student (M) when an interview was conducted. 

R: What do you know from the problem? 

M: What I know is the distance is 6, the mean speed is 18 kilometers per hour and 

  departure time at 10:00. 

R: What was asked from the question? 

M: Minutes Helen to get to her house. 

 

Based on the results of male student's answers in solving PISA problem and 

interviews, it can be said that male student can determine relevant mathematical 

information in a problem but not detail when he was in the interpretation aspect.  

2. Quantitative literacy in representation ability 

In Figure 1, it can be seen that male student wrote symbols to estimate the distance 

with s, the velocity with v, and the length of time it takes with t. However, the male student 

wrote that 10:00 is t. The male student could transform and explain relevant information 

into various forms of mathematics. Based on the results of male student’s answers in 

solving PISA problems and interviews, it showed that male student could make 

mathematical models according to relevant information in the representation aspect.  

3. Quantitative literacy in calculation ability 

In Figure 2, it can be seen that male student used the division and multiplication count 

operations and carried out the calculation process correctly. The male student also 

explained the calculation process used in solving the problem appropriately. Student could 

also complete the problem given by researchers. 

 

 

 

 

Figure 2. Male answer (2) 

  

Translation: 

 
So, Helen takes 20 minutes 
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4. Quantitative literacy in analytical ability 

In Figure 2, it can be seen that male student made conclusions from the process of 

solving the problem based on existing information. The male student explained the process 

of solving the problem from the relevant information collected to conclude the existing 

problem. Student could determine the related information needed to complete a problem. 

5. Quantitative literacy in assumption ability 

In Figure 2, it can be seen that male student wrote down the assumptions used to 

complete the problem, namely the time formula is proportional to distance and inversely 

proportional to speed. Male student could also describe the ideas of existing problems using 

a mathematical form. The following was the conversation between the researcher (R) and 

male student (M) when we conducted the interviewed. 

R: What was the first time you thought about solving this problem? 

M: Find the time using the formula  

R: Did you find a different way to complete the problem? Explain! 

M: No. 

Based on the results of male student's answers in solving PISA problem and 

interviews, it showed that he can describe the explanation of their thought patterns well. 

6. Quantitative literacy in communication ability 

Figure 2 shows that male student wrote down problems by completing steps based 

on the information that had been collected. Male subject also explains mathematical ideas 

through verbal by demonstrating, and visualizing them. The following was the 

conversation between the researcher (R) and male student (M) when we conducted the 

interviewed. 

R: What are the steps you took in solving the problems? Explain! 

M: First, write down what you know in advance, such as distance, speed, andwhat time 

she leaves. After that, enter the formula  immediately. If you are looking for time 

using , then immediately enter s it as 6 kilometers, then v is 16 kilometers per 

hour. Divided by   immediately, then   minutes 

R: Why is it multiplied by 60 minutes? 

M: Because   in an hour, when asked for minutes means  minutes = 20 minutes. 

 

Based on the results of male student's answers in solving PISA problem and 

interviews, it shows that student can explain the steps used in solving problem-based on 

relevant information. 
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Female student’s quantitative literacy in solving PISA problem 

Quantitative literacy analysis of female student on their ability to interpret, to represent, 

to calculate, to assume, to analyze, and to communicate on PISA problem could be known from 

the following explanation. 

 

 

 

 

 

Figure 3. Female answer (1) 

1. Quantitative literacy in interpretation ability 

In Figure 3, it can be seen that the female student wrote what they knew and was asked 

in the questions correctly. The female student also expressed what was known and asked the 

questions correctly. The following was the conversation between the researcher (R) and 

female student (F) when interviewed. 

R: What do you know from the questions? 

F: So, we know the distance (d) is 6 kilometers, then the mean of speed is 18 

  kilometres per hour, it is known that the initial time is ten. 

R: What was asked from the question? 

F: You were asked how many minutes Helen arrived at her house. 

Based on the results of female student's answers in solving PISA problem and 

interviews, it showed that the interpretation of female subject is carried out by determining 

relevant mathematical information on a problem in detail and accurately.  

2. Quantitative literacy in representation ability 

In Figure 3, it can be seen that female student used symbols to assume the distance 

with s, the average velocity with v, the time taken with t, the time to depart with t1, and the 

time up to t2. The female student revealed that she transformed the relevant information into 

various forms of mathematics. The following was the conversation between the researcher 

(R) and female student (F) when we conducted the interview. 

R: Did you write down what you know, what you ask using mathematics sentences? 

F: Yes 

R: Could you explain! 

F: If the distance is s, if the speed is v, if the initial time is t1 

 

Translation: 

Given : s = 6 km 

v = 18 km/jam 

 
Asked :  
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Based on the results of female student's answers in solving PISA problem and 

interviews, it showed that female student makes mathematical models according to relevant 

information (Figure 3). 

3. Quantitative literacy in calculation ability 

In Figure 4, it can be seen that the female student correctly used the multiplication, 

addition, and division arithmetic operations. Female student also revealed the calculation 

process in solving PISA problem based on existing information. It shows that the female 

student could answer questions given by researchers. 

4. Quantitative literacy in analytical ability 

 In Figure 4, it can be seen that female student made conclusions from the process of 

solving the problem based on existing information. Female student also revealed the process 

of solving the problem based on existing information, and drawing conclusions from the 

problem. Based on the results of female student's answers in solving PISA problem and 

interviews, it showed that female student can determine the related information needed to 

complete a problem. 

5. Quantitative literacy in assumption ability 

In Figure 4, it can be seen that female student wrote down the assumptions used to 

complete the existing problem. Female student also expressed the assumptions made in 

solving the problem. The following was the conversation between the researcher (R) and 

female student (F) when we conducted the interviewed. 

R: What was the first time you thought about solving this problem? 

F: Using the formula  because you find the time and you know that distance equals 

velocity 

R: Did you find a different way to complete the problem? Explain! 

F: Nothing. 

Based on the results of female student's answers in solving PISA problem and 

interviews, it shows that female student can describe the explanation of their thought patterns 

well. 
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Figure 4. Female answer (2) 

6. Quantitative literacy in ability 

Figure 4 showed that female student wrote down the problem solving the process of 

problem. Female student also explained mathematical ideas through oral, demonstrate, and 

describe visually. She said, “First, we look for it from a distance of 6 kilometres, then an 

average speed of 18 kilometres per hour, secondly t1, the initial time is ten. Then asked t2, 

the final time is the distance divided by the speed, the distance is 6 kilometres, then the 

average speed is 18 kilometres per hour, divided if 6 divided by 6 is 1, 18 divided by 6 is 3, 

so the result is then    multiplied by 60 to become minutes, right? 1 hour = 60 minutes, make 

  so the result is 20 minutes. “ 

According to the student’s answer in solving quantitative literacy problems and 

interviews, it showed that female student can explain the steps used in solving the problem 

based on relevant information. 

 

Discussion  

Based on the data obtained from student's answers in solving quantitative literacy 

problems and interviews, it was found that female and male students had the same aspects of 

Translation: 

Solution:  

                         

                       

                  
                       = 10.00 + 20 minutes = 10.20 WIB 

So Helen took 20 minutes to arrive at aunt's house  
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quantitative literacy. Its aspects included interpretation ability, representation ability, 

calculation ability, assumption ability, analytical ability, and communication ability. 

For male student, the interpretation aspect was carried out by using incomplete verbal 

descriptions, giving rise to ambiguous meanings, the representation aspect was carried out by 

using one symbol to express time (Karaali et al., 2016), the calculation aspect was carried out 

by operating and explaining each calculation used in solving problem appropriately. Then the 

analytical aspect was carried out by making and explaining conclusions based on the analysis 

of the data that had been collected. The assumption aspect was carried out by making important 

assumptions in estimating, modeling, and analyzing data. Last, the communication aspect of 

male student was carried out by explaining mathematical ideas through writing, speaking, and 

demonstrating and describing them visually.  

However, the female student was carried out the interpretation aspect by stating what is 

known and what is asked in the problem appropriately. It is in line with the research results by 

(Lestariningsih, Nurhayati, & Lutfianto, 2020). The representation aspect of a female student 

was carried out by using variations to express the symbols of the beginning and the end answer. 

Then the calculation aspect was carried out by operating and by explaining each calculation 

that completes the problem appropriately (Fatmawati, 2019). In addition, the analytical aspect 

of a female student was carried out by making and explaining conclusions based on the analysis 

of the data collected, and the assumption aspect was carried out by making important 

assumptions in estimating, modeling, and analyzing data. Last, the communication aspect of a 

female student was carried out by explaining mathematical ideas through writing, oral, 

demonstrating, and describing them visually. 

So, it can be concluded that the quantitative literacy of male and female students is not 

different significantly. This analysis follows the results of research by Karmila (2018) and 

Reilly (2012), which showed that male quantitative literacy abilities are equivalent to female 

mathematical literacy abilities. 

 Furthermore, based on the answers, it is known that a female student used a more varied 

and more detailed representation than a male student in solving the problem. Both male and 

female students use representations in the form of symbols to express time, distance, and speed. 

It is in line with the research results conducted by Lestariningsih, Nurhayati, Susilo, Cicinidia, 

& Lutfianto (2020) that students complete mathematics problems using representations in the 

form of symbols. 
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Conclusions  

Both male and female students have all aspects of quantitative literacy. In solving the 

PISA problem, they could collect relevant mathematical information in a mathematical 

problem. They could transform the relevant information into various mathematical models and 

operated any relevant information in mathematics. They could draw conclusions based on the 

analysis of data collected, and they made important essential assumptions in data estimation, 

modeling, and analysis. They could also explain mathematical ideas through writing and 

speaking, demonstrating and describing them visually. 

 The contribution of this research for teachers is that the differences in steps taken by 

male and female students in the aspect of interpretation need to be a concern for them in 

choosing an approach in teaching male student in class when they experience interpretation 

problems in mathematics lessons. Finally, we suggest further research to use PISA problems 

with different mathematical content or context in tracing students' quantitative literacy.  
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