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ABSTRACT 

Mathematical literacy assumes a significant role in helping students resolve everyday problems. The 

research is descriptive qualitative, which aims to assess students' literacy skills by categorizing them as 

high, moderate, or low based on various mathematical literacy indicators on the spatial facets of geometry. 

Research results were analyzed and sorted into categories denoting high, moderate, and low mathematical 

abilities, with one research subject chosen from each category from 32 students. It reveals that students with 

high mathematical test abilities were able to formulate and apply appropriate formulas, interpret, and 

effectively communicate results, as well as draw accurate conclusions. Students with moderate abilities 

were only able to formulate and interpret while requiring more ability to effectively communicate, provide 

suitable conclusions, or evaluate the problems. Lastly, the low ones needed help to solve the given problems 

and indicators.    
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INTRODUCTION 

Education is vital in facing various challenges (Islam et al., 2015) that require 

implementing knowledge in everyday life, including mathematical literacy skills (Umbara & 

Suryadi, 2019). Mathematical literacy is simply a person's ability to formulate, use, and interpret 

mathematics in various contexts (Colwell & Enderson, 2016). Since 2000, the Programme for 

International Student Assessment (PISA) of the Organisation for Economic Co-operation and 

Development (OECD) has regularly assessed students' reading comprehension and mathematics 

literacy every three years (Brindley, 2012). The PISA assessment of students' mathematical 

literacy skills reveals that students have yet to attain the highest level, commonly called level 6ts 

(Stacey, 2011). In the assessment of PISA, Indonesia ranked 71st, standing considerably behind 

neighbouring Southeast Asian nations such as Thailand, Singapore, and Malaysia, showing that 

its students remain below grade level (Figure 1). 

A diversity of inquiries and content selections are among the factors that contribute to this 

sphere of issues. Students must have solid mathematical literacy skills to compete with other 

countries in globalized world (Firdaus & Herman, 2017). Since mathematics is closely connected 

to daily life, having mathematical literacy abilities is also essential. Furthermore, students' 

capacity to critically evaluate, rationally explain, and effectively express their ideas in 

mathematical contexts is crucial to mathematical literacy. This notion aligns with Niemi et al.'s 

(2018) statements that the focus of mathematical literacy is on how students construct and apply 

mathematics in a variety of situations to solve problems in daily life rather than simply using 

concepts, methods, and facts as mathematical instruments to express and explain the phenomena 

at hand. 
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Figure 1. The assessment of PISA (2018) 

Source: OECD, 2018-2019 

 

Apart from the PISA assessment system, Indonesia's assessment system has yet to 

specifically develop students' mathematical literacy skills. Our assessment system is the National 

Exam, whereby the level of questions administered has a relatively low cognitive impact on the 

students (Dunlosky et al., 2013). Those questions cannot identify students’ mathematical literacy 

skills in high-level cognitive aspects; thus, a different method is urgently required to examine 

students' mathematical literacy skills. Several recent studies on mathematical literacy address the 

relationship between process data and contextual variables among Scandinavian students working 

on the PISA 2012 mathematics questions (Costa & Chen, 2023). Another study explored the life 

experiences of gifted and high-achieving students with mathematics enrichment programs based 

on PISA (Almarashdi et al., 2023). The most current study investigated junior high school 

students' experiences with mathematical literacy (Bolstad, 2021). 

Meanwhile, the study conducted by the researcher replicates the survey by Sikko (2023), 

which explores various things from multiple understandings of students' mathematical literacy. 

However, this study focuses more on analyzing mathematical literacy skills in terms of students' 

spatial geometry skills. Those studies indicate a research gap in terms of analysing mathematical 

literacy skills from the viewpoint of students' ability in spatial geometry. 

After analyzing 177 articles on mathematical literacy using Program R and Scopus 

metadata, mathematical literacy has been extensively studied in various contexts. However, prior 

studies have not explicitly focused on the connection between mathematical literacy and spatial 

geometry. Existing studies have explored mathematical literacy concerning topics such as 

geometry, geometrical reasoning, and geometric manipulation (as depicted in Fig. 2). The study 

has also been conducted on mathematical literacy in the field of algebra and algebraic operations, 

indicated by the presence of green dots in the visual representation. 
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Figure 2. Thematic Map of Mathematics Literacy Research 

 

This study aims to propose new indicators and examine their effectiveness in enhancing 

mathematical literacy. By analysing the results obtained from these new indicators, their 

appropriateness as methods for improving students' mathematical literacy skills can be 

established. Additionally, this study assesses students' literacy skills by categorizing them as high, 

medium, or low based on each mathematical literacy indicator. The findings of this study will 

provide valuable insights for selecting appropriate strategies to enhance students' mathematical 

literacy skills, thereby making a significant contribution to the field. 

METHOD 

The research design utilized in this study is a descriptive qualitative method, which aims 

to provide a detailed description and analysis of students' mathematical literacy skills. This 

research design allows for a comprehensive exploration of the subject matter by examining the 

phenomena in its natural setting and gathering rich, non-numerical data. Through observations, 

interviews, and analysis of test results, the study seeks to determine students' mathematical 

literacy skills level, classifying them into high, medium, or low categories based on the specific 

mathematical literacy indicators: formulate, apply, interpret, communicate, and evaluate. Each 

indicator of mathematical literacy ability is presented in Table 1. 

 

Table 1. Indicators of mathematical literacy ability 
Indicators Descriptions 

Formulate Formulate the problem in a mathematical form or model 

Apply Using mathematical concepts, facts, and procedures to solve problems 

Interpret Provide reasoning and arguments based on mathematical information or 

mathematical problem solutions. 

Communications Communicate results or solutions 

Evaluate Evaluate results or solutions and draw conclusions 

 

This research design offers a nuanced understanding of students' abilities and contributes 

to developing strategies for enhancing mathematical literacy skills in the targeted population. The 

research design in this study employed a purposive sampling technique to select a specific group 

of participants. The students were chosen as the sample based on predetermined criteria into high, 
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medium, and low categories based on the math test results. The criteria for grouping students’ 

basic mathematical abilities are shown in Table 2. 

 

Table 2. The criteria for grouping students’ basic mathematical abilities 
Score Mathematical Literacy Criteria 

test scores ≥ 𝑚𝑒𝑎𝑛 + SD High 

𝑚𝑒𝑎𝑛 – SD ≤ test score < 𝑚𝑒𝑎𝑛 + SD Medium 

test score < 𝑚𝑒𝑎𝑛 – SD Low 

Note: 

SD: Standard deviation 

 

The purposive sampling approach allowed for selecting participants deemed most relevant 

to the research objectives. Data collection was conducted through an administered mathematics 

test. The test consisted of a series of mathematics problems to assess their mathematical literacy 

skills. The students' responses and performance on the test were recorded and used as primary 

data for the study. Additionally, the researchers employed qualitative data collection methods, 

such as interviews or observations, to gather supplementary information about the students' 

mathematical literacy. These methods allowed a deeper understanding of the students' problem-

solving approaches, thought processes, and reasoning abilities.  

The combination of quantitative data from the mathematics test and qualitative data from 

interviews or observations provided a comprehensive dataset for analysis. After defining the 

categorization criteria, students falling within the high, medium, and low groups were identified. 

Six students were carefully chosen using a purposive selection strategy, with the research aim of 

conducting an in-depth analysis of students' mathematical literacy abilities in mind.  

Moreover, a meticulous qualitative analysis was performed on the test outcomes, focus on 

the discernible indicators of mathematical literacy, such as formulating, applying, interpreting, 

communicating, and evaluating. To reinforce the interpretation of the gathered data, the researcher 

judiciously employed data triangulation techniques, meticulously amalgamating the results 

obtained from interviews with the substantial corpus of data derived from the mathematics tests.  

FINDINGS AND DISCUSSION 

Findings 

The subjects were first grouped based on their mathematical ability before being analyzed 

the students' mathematical literacy ability in terms of their spatial ability. 

 

Group of Students’ Basic Mathematical Abilities 

The student grouping data obtained based on the student mathematical ability category is 

shown in Figure 3.  

 
Figure 3. Grouping of Students’ Basic Mathematical Abilities 

 

15%

49%

36%

MATHEMATICAL ABILITIES

High Medium Low
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The findings suggest that many students fall within the moderate mathematical ability 

category. In contrast, a comparatively smaller proportion of students are classified within the high 

mathematical ability category.  

 

Results of Mathematical Test 

The results of the mathematical test of students with high, medium, and low essential 

mathematical abilities are presented in Figure 4, Figure 5, and Figure 6. 

 

 
Figure 4. Answers of Students with High Basic Mathematical Ability  

 

High-level students demonstrate advanced mathematical abilities across the literacy ability 

indicators (Fig. 4). 

 

 
Figure 5. Answers of Students with Medium Basic Mathematical Ability 

 

Medium-level students demonstrate moderate mathematical abilities across literacy 

indicators (Fig. 5). 

 

 
 

Figure 6. Answers of Students with Low Basic Mathematical Ability 

Amir's box is not enough because the 

flute is longer than Amir's box 



 

Copyright © 2024, author, e-ISSN 2442-8620, p-ISSN 0216-1370 
751 

 

Cakrawala Pendidikan: Jurnal Ilmiah Pendidikan, Vol. 43 No. 3, October 2024, pp.746-755 

 

Low-level students demonstrate limited mathematical abilities across the literacy ability 

indicators of formulating, applying, interpreting, communicating, and evaluating (Fig. 6). 

 

Discussion 

The analysis of mathematical ability of students based on high, medium, and low categories 

based on mathematical literacy indicators: formulating, applying, interpreting, communicating, 

and evaluating. 

 

High Basic Mathematical Abilities 
High-level students excel at accurately and precisely translating real-world spatial 

situations into mathematical representations (Sanwidi, 2018). They can construct sophisticated 

geometric models, diagrams, or equations that effectively capture the essence of the given 

problems. Their formulations demonstrate a high level of precision, coherence, and completeness. 

Students exhibit a deep understanding of geometric principles and formulas. They can 

effortlessly identify relevant geometric concepts applicable to a given situation and apply them 

with precision and accuracy. They employ advanced strategies and techniques to solve complex 

problems, demonstrating high proficiency in formulas and procedures. High-level students 

showcase exceptional skills in interpreting spatial geometry information. They possess a profound 

understanding of geometric figures, diagrams, or visual representations, allowing them to analyze 

and discern intricate geometric properties, angles, or relationships. Their interpretations are 

insightful and comprehensive and consider multiple relevant aspects. They exhibit a high level of 

proficiency in understanding spatial relationships and geometric concepts. 

They also articulate their mathematical ideas and reasoning with clarity and precision. They 

fully employ mathematical language, vocabulary, and notation to describe complex geometric 

concepts and processes. Their coherent, logical, and comprehensible explanations facilitate 

effective communication and understanding. Students demonstrate exceptional abilities in 

critically assessing geometric arguments and solutions. They exhibit strong analytical skills, 

identifying subtle errors or weaknesses in geometric reasoning or proofs. They are keen to judge 

the validity, reliability, and appropriateness of geometric solutions or strategies. Their evaluations 

and justifications are thorough and rigorous and demonstrate high proficiency. 

Overall, high-level students showcase advanced mathematical abilities in the context of 

spatial geometry (Ramírez-Uclés & Ruiz-Hidalgo, 2022). Their exceptional skills in formulating 

accurate geometric representations, applying complex geometric concepts, interpreting intricate 

geometric information, communicating mathematical ideas effectively, and evaluating geometric 

arguments and solutions set them apart. Their exemplary proficiency in these literacy ability 

indicators highlights their mastery of spatial geometry and their ability to handle complex 

mathematical challenges. 

 

Medium Basic Mathematical Abilities 

Medium-level students can generate geometric representations and models that partially 

capture the essence of the given problems (Puig et al., 2022). While they may successfully 

translate real-world spatial situations into mathematical expressions or diagrams, their 

formulations may need more precision and completeness. They exhibit a moderate level of 

proficiency in constructing accurate geometric representations. 

Students display a satisfactory understanding of geometric principles and formulas. They 

can identify relevant geometric concepts applicable to a given situation and apply them 

appropriately. However, they may occasionally encounter challenges in selecting the most 

efficient or effective geometric strategies or techniques to solve complex problems. Their 

application of formulas and procedures demonstrates a moderate level of proficiency. They 

exhibit a satisfactory ability to interpret spatial geometry information. They can analyze geometric 

figures, diagrams, or visual representations to a certain extent. They can identify basic geometric 

properties, angles, or relationships. However, their interpretations may need more depth or 
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consider only some relevant aspects. Their understanding of spatial relationships and geometric 

concepts is moderately developed. 

Medium-level students can effectively express mathematical ideas and reasoning 

(Suryaningrum et al., 2020). They demonstrate a reasonable command of mathematical language, 

vocabulary, and notation to describe geometric concepts and processes. Their explanations are 

generally coherent and understandable, allowing others to grasp their reasoning. Students possess 

a moderate ability to assess geometric arguments and solutions critically. They can identify some 

errors or weaknesses in geometric reasoning or proofs. They show an emerging ability to judge 

the validity, reliability, or appropriateness of geometric solutions or strategies. Their evaluations 

and justifications demonstrate a moderate level of proficiency. 

Overall, medium-level students exhibit a satisfactory level of mathematical abilities in the 

context of spatial geometry. They demonstrate competence in formulating geometric 

representations, applying relevant geometric concepts, interpreting geometric information, 

communicating mathematical ideas effectively, and evaluating geometric arguments and 

solutions. While they still have room for further improvement, their moderate proficiency 

indicates a solid foundation for continued growth and development in spatial geometry skills. 

 

Low Basic Mathematical Abilities 

Low-level students need help translating real-world spatial situations into mathematical 

representations effectively. They find it challenging to construct accurate and coherent geometric 

models, diagrams, or equations corresponding to the given problems (Scheid et al., 2019). Their 

formulations may need more precision and clarity or may even be absent. In terms of applying 

mathematical concepts in spatial geometry, low-level students encounter difficulties utilizing 

geometric principles and formulas to solve problems. They need help to identify the relevant 

geometric concepts applicable to a given situation and apply them correctly. Their application of 

formulas and procedures may need to be more accurate or complete, leading to incorrect solutions 

or incomplete responses.  

Low-level students also need help with interpreting spatial geometry information. They 

find it challenging to analyse geometric figures, diagrams, or visual representations. They may 

struggle to identify geometric properties, angles, or relationships, leading to incorrect 

interpretations or misjudgments. Their understanding of spatial relationships and geometric 

concepts needs to be improved, hindering their ability to make meaningful interpretations. 

Regarding communication in the context of spatial geometry, low-level students struggle to 

express their mathematical ideas clearly and effectively. They struggle to use appropriate 

mathematical language, vocabulary, and notation to describe geometric concepts and processes. 

Their explanations may need coherence, clarity, and precision, making it challenging for others 

to understand their reasoning. The students have limited skills in critically assessing geometric 

arguments and solutions. They struggle to identify errors or weaknesses in geometric reasoning 

or proofs. Their ability to judge the validity, reliability, or appropriateness of geometric solutions 

or strategies is limited, resulting in difficulties providing meaningful evaluations or justifications. 

Overall, low-level students face significant challenges in spatial geometry, exhibiting 

limitations in formulating accurate geometric representations, applying appropriate geometric 

concepts, interpreting geometric information, communicating mathematical ideas effectively, and 

evaluating geometric arguments and solutions. These limitations highlight the importance of 

targeted interventions and instructional support to enhance their mathematical abilities in spatial 

geometry.  

Building on existing findings, future studies in this field can focus on several promising 

avenues. Longitudinal studies will track the development of students' spatial geometry aptitude 

and mathematical literacy over an extended period. By following a cohort of students from early 

education to later stages, researchers can understand how spatial geometry aptitude influences the 

progression of mathematical literacy and its long-term impact. Additionally, intervention studies 

can be designed to improve students' spatial geometry aptitude and assess their impact on 

mathematical literacy through targeted instructional programs or activities. By comparing 

intervention and control groups, researchers can establish a causal relationship between spatial 
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geometry aptitude improvements and enhancements in mathematical literacy. Exploring the 

relationship between spatial geometry aptitude and mathematical literacy across different cultures 

and educational systems through cross-cultural studies can provide insights into the factors 

influencing this relationship. Comparative studies can highlight similarities and differences, 

leading to a comprehensive understanding. Moreover, the potential of technology-based 

approaches, such as computer-based simulations or virtual reality, can be explored to enhance 

spatial geometry aptitude and mathematical literacy by providing engaging experiences that 

promote spatial reasoning skills. Lastly, investigating the role of teacher professional 

development in fostering students' spatial geometry aptitude and mathematical literacy can inform 

effective pedagogical practices and contribute to integrating spatial geometry aptitude in 

mathematics instruction. 

CONCLUSION 

The research findings provide valuable insights into the level of students' mathematical 

literacy skills and highlight the need for targeted strategies to enhance these abilities. The analysis 

of 177 articles on mathematical literacy indicates that while previous studies have extensively 

explored mathematical literacy, there is a significant gap in the literature regarding mathematical 

literacy associated with spatial geometry. The study introduces new indicators to measure 

mathematical literacy and demonstrates their potential to provide meaningful findings. The 

positive results obtained from these new indicators suggest that they can be further explored and 

utilized as effective methods to improve students' mathematical literacy skills. This opens up 

opportunities for future studies to develop and refine these indicators, contributing to the 

advancement of mathematical literacy education. Based on each mathematical literacy indicator, 

the research categorizes students' literacy skills into high, medium, and low levels. This 

categorization assists in identifying areas of strength and areas that require improvement among 

students. The findings are a foundation for selecting appropriate strategies and interventions to 

enhance students' mathematical literacy abilities. In conclusion, this research contributes 

significantly to the field of mathematical literacy by identifying the gaps in previous studies and 

introducing new indicators for assessment. The findings emphasize the importance of developing 

students' mathematical literacy skills, particularly in spatial geometry. The research outcomes 

provide a basis for future studies to explore and implement practical approaches to improve 

students' mathematical literacy, ultimately empowering them to tackle real-life problems and 

succeed in various academic and professional domains. 
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