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Math education aims to develop thinking skills and promote
problem-solving using math. Unfortunately, students often find it
dull, leading them to rely on memorization instead of grasping
concepts. Mathematical literacy involves using math in everyday
situations, requiring reasoning and concept application. This study
used a descriptive qualitative method to explore how eighth-grade
students approach math literacy problems from a cognitive
perspective. The instruments used in this research include tests,
interviews, observations, and documentation. Subjects were chosen
by giving numeracy problems to 25 AKM program participants, and
then three subjects were selected for in-depth interviews based on
cognitive level. Data analysis involved data reduction, examining
results and semi-structured interview responses for verbal
expressions of thinking processes related to math literacy at
different cognitive levels. Based on the results of this research,
subjects with high abilities demonstrated a deep understanding of
the problems, organized information very well, used prior knowledge
and experience to make attempts, and engaged in reflection and
evaluation of the answers obtained. In summary, students with
varying cognitive levels showed good math literacy skills, as
evidenced by all three subjects successfully meeting the descriptors
of the thinking process when solving math literacy problems."
Keywords:

Mathematical thinking process; matematics literacy problems;
Cognitive levels.
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INTRODUCTION

The aim of mathematics education is to cultivate mathematical thinking processes and
utilize them in problem-solving, supporting advancements in science, technology, and
economic life (Maslihah et al., 2020). Developing mathematical thinking and reasoning
skills in students is essential for their success in life. This not only enhances their
mathematical abilities but also fosters a connection between theory and practice,
improving their problem-solving skills (Hasanah et al., 2019). These skills have positive
impacts on daily life and future career choices.

Experts believe that learning mathematics should go beyond memorizing formulas and
concepts without real-world application (Owusu, 2023). However, the math education
system in the research setting tends to be dull for students, leading them to rely on
memorization methods rather than truly understanding and solving problems using
related concepts. Yet, efforts to apply mathematical thinking processes are evident in the
research setting by equipping students with practical math skills and providing
intellectual adventures achievable through mathematics. While only a small percentage
of students may reach the highest levels in mathematics, it's crucial to offer many students
the chance to experience the joy of discovering mathematics.

Mathematical thinking involves using math to solve real-world problems, and it's a crucial
skill in today's era. Mathematical and logical thinking are closely related, teaching
students to practice a mathematical approach enhances their logical thinking abilities,
aiding them across various subjects and making them better problem solvers (Oljayevna
& Shavkatovna, 2020). Mathematical thinking requires using math to solve real-world
problems, encouraging unconventional thinking—a valuable skill in today's world.
Mathematics is not just about formulas; it's a perspective on the world around us.
Mathematics, as a subject, not only offers elegant solutions but also opens endless
opportunities for posing new questions. Mathematical thinking involves mapping
everyday situations and problems into relevant mathematical models, requiring diverse
perspectives to understand nuances in problem spaces (Candrama et al., 2023).
Mathematical thinking goes beyond finding example solutions; it involves extracting the
essence of the problem and deep understanding.

The mathematical thinking process is a challenging and gradual endeavor for many,
demanding hard work and sometimes collaboration (Fouze & Amit, 2017). Its goal is to
comprehend problems, view them from various perspectives, and find creative and
persistent solutions, even if errors occur. In mathematics, exploration, questioning,
systematic work, visualization, conjecture, explanation, generalization, justification, and
proof are at the core of mathematical thinking (Lerman, 2020). Learning is greatly
enhanced when there is a strong sense of curiosity, resilience, and collaborative
intelligence. Mathematical thinking is a dynamic process allowing individuals to expand
understanding and increase the complexity of ideas when solving problems through the
phases of entry, attack, and review (Stacey et al.,, 1982). The entry phase involves
discovering meaning and purpose in a problem. The attack phase is about logically and
comprehensibly finding solutions, and the review phase involves solving problems using
ideas gained from experience. Cognitive styles, according to (Liu & Ginther, 1999), refer
to individual characteristics and consistencies in sensing, remembering, organizing,
processing, thinking, and problem-solving.

The ability to apply mathematics in various life situations, involving mathematical
reasoning, concept utilization, procedures, and facts to describe, explain, and estimate
phenomena or events, is known as mathematical literacy (Ferdianto et al., 2022). The
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cognitive levels of mathematical literacy are divided into three levels: (1) Understanding
(Knowing), assessing basic knowledge and understanding of students about processes,
facts, procedures, and concepts; (2) Applying, assessing the mathematical ability to apply
knowledge and understanding of relations, facts, procedures, concepts, and methods in
real-life or everyday contexts to solve problems or answer questions; (3) Reasoning,
assessing students' reasoning abilities in analyzing information and data, expanding their
understanding, and making conclusions involving more complex contextual situations
(Anggraini & Setianingsih, 2022).

Mastering mathematical literacy helps individuals understand the role and value of
mathematics in life, enabling them to make informed decisions as educated individuals.
With mathematical literacy, one can mathematically solve various context-related life
problems, aligning with mathematical principles. In the modern era, mathematics is not
just seen as calculations but also as mathematical literacy involving mathematical
reasoning and problem-solving (Wulandari et al., 2023). Mathematical literacy is a skill
that needs to be developed as many life activities involve mathematics and require literacy
skills to solve them, as stated by (Miftah et al., 2021) emphasizing that mathematical
literacy helps individuals understand the role and usefulness of mathematics in life.

However, based on observations at a junior high school in Cirebon Regency, students tend
to experience difficulties in solving word problems that require the application of
mathematical concepts in everyday situations. This indicates that their ability to connect
mathematics with real-life contexts is still low. Additionally, many students do not fully
master basic mathematical concepts such as fractions, percentages, and proportions,
which are crucial foundations for understanding more complex mathematical material.
This is suspected to be due to the inadequate absorption of material during elementary
school as a result of the COVID-19 pandemic.

The low level of mathematical literacy has often been the basis for several subsequent
studies. (Sukmawati et al., 2020; Tabun et al., 2020) applied a problem-based learning
model to improve mathematical literacy skills. The same treatment was also applied by
combining it with the scaffolding strategy (Fani et al., 2023). An analysis of mathematical
literacy for high school students has been conducted by (Hayati & Kamid, 2019; Sari &
Wijaya, 2017). From the various studies conducted, none have analyzed the mathematical
thinking process of junior high school students in solving mathematical literacy problems.

This research was conducted to illustrate the mathematical thinking process of eighth-
grade students in solving mathematical literacy problems from a cognitive level
perspective. The exploration of students' mathematical thinking processes followed the
stages introduced by (Stacey et al., 1982), consisting of three phases: (1) Entry, (2) Attack,
and (3) Review. This research is deemed necessary due to the need for students to develop
their abilities in solving mathematical literacy problems, given the low scores of Indonesia
in the PISA and TIMSS assessments. By understanding the stages of students' thinking
processes in solving math literacy problems, improvements in the learning process that
support students' thinking processes are anticipated.

METHODS

This study uses a descriptive qualitative method to describe the mathematical thinking
process of 8th-grade students in solving mathematical literacy problems from a cognitive
level perspective. The research was conducted at MTs. Husnul Khotimah 2 Pancalang.
The selection of research subjects was done by providing numeracy literacy problems to
25 students selected to participate in the AKM program. Subsequently, 3 subjects were
chosen based on cognitive levels for in-depth interviews.
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In the initial stage, 25 students were tasked with solving numeracy literacy problems that
had undergone several stages of validation and practicality, thereby eliciting thinking
processes. Later, the selection of 3 subjects was carried out to facilitate in-depth
interviews, ensuring the results align with the research objectives.

The selection of these 3 subjects was based on several factors, considering specific aspects
(Sugiyono, 2016), aligned with the research objectives (Ahyar et al., 2020), such as
cognitive level, data saturation, students' problem-solving abilities, fluency in oral
communication, considerations from the mathematics teacher (Arikunto, 2010), and the
initial mathematics proficiency level of subjects, categorized as low, medium, and high
(Azwar, 2012). However, in this study, subjects were selected based on their high
mathematical thinking abilities for comparability. The following are the criteria for the
levels of mathematical ability:

Table 1
Level of mathematical ability
Levels Scale
Low x < 54,46
Middle 54,46 < x < 90,21
High x > 90,21

After collecting data on mathematical literacy issues, further data collection was
conducted through the subjects' work results, as well as recommendations from the
mathematics teacher based on cognitive levels, including understanding, application, and
reasoning. This also considered the results of the AKM trial conducted by the research
institution. The third set of data was obtained through interviews with the subjects to
gather deeper information about the mathematical thinking process. Data collection took
place at different times from start to finish, and the data were compared.

The data analysis technique in this study includes: Data reduction, involving the results
of work and semi-structured interview expressions representing verbal processes of
mathematical thinking in solving mathematical literacy problems from a cognitive level
perspective. The results of the mathematical thinking process in solving mathematical
literacy problems were then categorized based on the stages of students' thinking
processes and their cognitive levels, considering the results of students' written responses.
Secondly, Data presentation, where data were analyzed and described as a reference for
drawing conclusions about the conducted research. Then the thrid one, Drawing
verification/conclusions. The data analysis process can be seen in Figure 1 below.
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Figure 1.
Data Analysis Process
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In this study, the mathematical thinking process was adapted from the opinions of (Stacey
et al., 1982), with some descriptors taken from (Burton, 1984; Stacey, 2006). The following
are the stages of the mathematical thinking process with the descriptors possessed.

Table 2
Mathematical thinking process

Mathematical

Thinking Process Stages  Rubric Descriptor

Understand the problem well.
Finds what is known and what is asked.
Want to categorize and sort information.

I know

Entry | want e Want to solve the problem in the problem.
e Create a symbolic math mode of the
T Introduce problem.
Specializing ¢ Organize what is known from the problem.
e Submit a conjectured solution for
Try troubleshooting.
e Modify wrong guesses to be correct.
M e Try the guesses that have been made
aybe
Attack whether they can solve the problem or not.
e Have logical reasons for accepting or
rejecting allegations.

Why e Convince others that each step of the
solution was done correctly orally or in
writing through a systematic solution.

e Check the accuracy of calculations.
e Check the accuracy of the reasoning for the

Check complaint step.

e Check the appropriateness of the settlement
Generalizing step to the question.

e Reflecting on the idea of solving, which
parts were difficult, and what can be learned
from the solving that has been done.

o Reflecting on provisional conjectures.

e Create a generalized form of the result so
that it can be used in a broader context.

Extend e Find another way to solve it.

o Attempt to solve similar problems with
changes to the facts and things asked.

Review Reflect

RESULT AND DISCUSSION
RESULT

The research was conducted in October 2023 at MTs. Husnul Khotimah 2 Kuningan. This
presentation and analysis of the data present the results of the high-category subjects'
work (P-1, P-2, and P-3), and interviews were conducted to observe the mathematical
thinking process based on its stages in solving mathematical literacy problems with
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questions that have undergone validation and practicality testing, thus revealing the
potential effects of this research if viewed from the cognitive level determined. The results
of P1's work in solving mathematical literacy problems at the comprehension level can be
seen in Figure 2
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Figure 2.
Student Answers at the Comprehension Level

Based on Figure 2, P-1 completed all stages of the mathematical thinking process
comprehensively. In the Entry stage, P-1 provided a representation of the route described
in the problem by drawing its model. Although P-1 did not explicitly state what was known
and what was asked in the problem, they demonstrated an understanding of the problem
by creating a drawing. In the attack stage, P-1 wrote down the definitions of speed and
velocity and the formula for average speed to ensure the correctness of their problem-
solving process. P-1 experienced some hesitation in the calculations, but during the review
stage, they checked the accuracy of their steps, resulting in a correct answer. To support
the student's work, the researcher also conducted an interview with P-1. Here is an excerpt
from the interview with P-1 aimed at exploring their mathematical thinking process while
solving the mathematical literacy problem.

Researcher : Do you think there is a difference between speed and velocity?

P-1 : Of course, sir. Speed compares the displacement and time.
Researcher : So, what is the difference with velocity?
P-1 : Velocity compares the distance with time.

Researcher : Then, to solve this problem, did you use speed or velocity?

P-1 : Velocity, sir.

Researcher : How did you do it?

P-1 : By finding the average velocity, which is done by summing the
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displacement and then dividing it by the total time taken.

: Did you convert from km/h to m/s? How did you do it?
: Yes, sir. First, we convert km to m and hours to seconds, so we get 1700

multiplied by 3600/1000.

: Are you sure the answer you got is correct?

: Yes, sir.

: Try checking again, converting from km to m and hours to seconds.
: Oh, it should be 1000/3600, right?

Based on P1's work on the first mathematical literacy problem, P1 was able to solve the
problem well by understanding the question's intent and effectively utilizing the provided

information. By indicating the available information and then simplifying the problem by

linking it to their existing knowledge, P1 demonstrated a form of specializing thinking,
leading to a correct answer. The correct result indicates that P1 engaged in an attacking

process, with several instances of checking and reflecting as a form of review of the

obtained answer. This led to a conclusion as part of the extend phase of the review process.
The fulfillment of all stages of the thinking process from entry, attack, to review
demonstrates P1l's good mathematical ability. Next, the results of P2's work on

mathematical literacy problems at the application level can be seen in the following image.
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Figure 3.
Student Answers at the Application Level
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Based on Figure 3, in the Entry stage, P-2 understood the problem by writing down what
was known and asked. In the attack stage, P-2 calculated the costs required to purchase
carrots, water spinach, and special food. P-2 also critiqued the problem for using the term

"weight" instead of "mass," noting that these terms have different meanings. In the review

stage, P-2 checked their work and wrote a conclusion. To support the student's work, the

researcher also conducted an interview with P-2. Here is an excerpt from the interview
aimed at exploring P-2's mathematical thinking process while solving the mathematical
literacy problem.

Researcher : Based on the problem you faced, do you understand it?

P-2 : Yes, sir.

Researcher : What is the first thing you do before starting to solve the problem?

P-2 : I wrote down the information from the problem and then tried to calculate
the cost for each type of food.

Researcher : Explain from the beginning.

P-2 : First, I calculated the price of carrots per kg, which is 10,000, and it will
be used up in 2 days. So for 3 kg, the price is 30,000. Therefore, in 30 days,
carrots can be bought 15 times.

Researcher : How did you get that?

P-2 : It's simple, sir. Just divide 30 days by 2
days, which gives 15. Then, 15 purchases of carrots multiplied by the price
for 3 kg results in 450,000.

Researcher : What about the water spinach?

P-2 : It's the same, sir. The price of 1 kg of water spinach is 20,000, so for 2 kg,
it costs 40,000. Since 2 kg of water spinach is used up in 3 days, it can be
bought 10 times in 30 days.

Researcher : How much is the total cost for 30 days then?

Pp-2 : Just multiply 30,000 by 10 purchases, resulting in 300,000.

Researcher : Check again if there is any mistake.

P-2 : There is none, sir.

Researcher : Okay, if you think so. How about the special food?

P-2 : It's similar, sir. Special food is used up in 5 days, 1 kg each time. So in 30
days, it can be bought 6 times. Since the price per kg is 30,000, multiplying
it by 6 results in 90,000.

Researcher : Isthat correct?
P-2 : Yes, sir. The calculation is correct.
Researcher : Check again just in case there is an error in the calculation.
P-2 : Okay, sir. It's correct.
Based on the work and the interview, P2 completed all stages of the mathematical
thinking process thoroughly. However, there was a mistake in entering the numbers when
determining the total cost of water spinach and special food. P2 demonstrated a review
process by checking and reflecting on their calculations, then made a general conclusion
by showing the obtained results. Next, the results of P3's work on the mathematical
literacy problem at the reasoning level can be seen in the following image.
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Figure 4.
Student Answers at the Reasoning Level

Based on Figure 3, at the Entry stage, P-3 can understand the problem by writing down
what 1s known and what is being asked. At the attack stage, P-3 calculates the total
volume of the tank, half the tank, and calculates the water flow rate. At the review stage,
P-3 rechecks his work and makes several changes because he realizes he made mistakes,
such as replacing the comparison strategy with a subtraction operation. To support the
student's work results, the researcher also conducted an interview with P-3. Here is an
excerpt from the interview with subject P-3, which aims to explore his mathematical
thinking process while solving mathematical literacy problems.

Researcher : What is asked in the problem?

P-3 : To find the water level in the tank, right?

Researcher : What did you do first?

P-3 : I wrote down the information given in the problem, then started the
calculations, like finding the volume of one tank, which gave the volume of
half a tank.

Researcher : What did you do next?

P-3 : I calculated the additional water volume using the flow rate formula.

Researcher : And then?

P-3 : After getting the volume of half a tank, I added the additional water

volume, resulting in 1170.
Researcher : What happened next?
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P-3 : Since 1470 is greater than the tank's volume, the water inside will
overflow.

Researcher : Are you confident in the process you followed?

P-3 : Yes, sir.

Researcher : Let me ask, where did you get 1470 from?

P-3 : Oh, I made a mistake, sir.

Researcher : Right, so now what?

p-3 : Just subtract the volume of one tank, which is 1440 - 1170, resulting in
300 dm = 30m.

Researcher : Double-check to make sure there are no mistakes.

P-3 : It's correct, sir.

Based on the work and interview results, P-3 completed all stages of the mathematical
thinking process but made several mistakes, indicating thinking processes at the attack
stage, particularly the "why" part. As a form of checking and reflecting, P-3 realized the
mistakes made and then corrected them with another strategy. The error occurred when
P-3 wrote the wrong number in the final answer, which should have been 1440 — 1170.

DISCUSSION

Based on the results of the work and in-depth interviews with the 3 subjects, it shows the
mathematical thinking process that occurs when subjects are faced with mathematical
literacy problems. The completion results demonstrate a good outcome regarding the
occurring mathematical thinking process; it is evident that all three subjects fulfill every
stage of the mathematical thinking process. The following is an explanation of the
mathematical thinking process that occurs in each subject.

Subject P1

Subject P1 engages in an interesting thought process by collecting information and
simplifying the problem through redrawing it in a simpler form. P1 then approaches the
problem by connecting it with their prior knowledge. After the process of attacking the
problem by demonstrating the operations with simple integers, P1 arrives at the answer.
Despite not avoiding calculation errors as part of the checking and reflecting on the
answer, in the final stage, P1 concludes the obtained answer. This indicates that P1 is
capable of fulfilling the mathematical thinking process in solving mathematical literacy
problems. This research result aligns with the findings that state high-ability students
are accustomed to checking their work (Muhtadin, 2020).

Subject P2

Subject P2 also engages in good thinking processes. It is evident that P2 goes through all
stages of the thinking process, starting from entry, which involves gathering information,
organizing it, performing operations, and experimenting as a form of attacking in
thinking. Then, finally, P2 undergoes a good review process by trying and convincing
themselves about the obtained answers. P2 exhibits good mathematical thinking
processes, as seen in systematic and organized work, but there are errors in entering
numbers. As a result, the final outcome obtained is incorrect. Errors in copying numbers
from the problem to the worksheet or from one calculation step to the next can also lead
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to inaccurate results. Incomplete problem-solving steps, such as errors in calculation,
prevent students from reaching the algorithmic thinking stage (Supiarmo et al., 2021).
This is in line with (Azzahra & Pujiastuti, 2020; Booth et al., 2013) which state that in
solving problems, calculations are often not performed correctly, thus the correct solution
1s not found. In this study, these errors occur because students are not careful and rush in
their work.

Subject P3

Furthermore, subject P3 also fulfills all stages of the thinking process starting from the
entry of understanding the problem, demonstrating a good process. Then, calculations are
performed which are not easy, resulting in several errors being made. P3 also fulfills all
stages of the thinking process from understanding the problem to showing good ability in
exploring solutions. Students with high abilities systematically analyze the problems they
face, identify various possible solution options (Ayuningtyas, 2013), and have good
resilience (Rahmatiya & Miatun, 2020). However, in the calculation process, there are
several unexpected challenges, leading the subject to make mistakes due to carelessness.
This study is limited to providing an overview of the mathematical thinking process in
students with high categories in solving mathematical problems. Further research can
combine with scaffolding strategies when students make mistakes and design learning
tools to accommodate the improvement of students' mathematical literacy skills.

CONCLUSION AND IMPLICATION

Conclusion

Based on the results and discussions presented, it can be concluded that the mathematical
literacy skills of students with different cognitive levels are proficient. This is evidenced
by the fact that all three subjects were able to fulfill all descriptors of the mathematical
thinking process when solving mathematical literacy problems. At the cognitive
understanding level, the subjects could determine and explain information or material
related to numeracy literacy questions clearly and accurately. Similarly, at the applied
cognitive level, the subjects could provide correct solutions to mathematical literacy
problems. Furthermore, at the reasoning level, they could analyze and solve problems with
appropriate reasoning. Therefore, the researcher suggests continuous development of
students' thinking abilities in solving mathematical problems, both in mathematical
literacy and other mathematical problem-solving contexts.
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