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Abstract

Mathematical literacy encompasses students' abilities to formulate mathematical problems encountered in real-life contexts, use
mathematics in the problem-solving process, and interpret the results obtained. Furthermore, it is considered a multifaceted skill
area involving higher-order cognitive processes that support an individual's ability to apply mathematics in various situations. The
aim of this study is to examine the effect of inquiry-based mathematics teaching on the development of mathematics literacy
performance in gifted Year 7 students. The research was derived from a doctoral thesis conducted by the first author under the
supervision of the second author. The research was conducted using a teaching experiment design within the scope of qualitative
methods. The study group consisted of eight gifted students selected through criterion sampling. The teaching process was
structured based on the guided inquiry approach and used PISA-style open-ended problems that supported active student
participation. Data were collected through pre-, mid-, and post-clinical interviews and audio recordings. The clinical interviews
were analysed using content analysis, while the teaching experiment session data were analysed using descriptive analysis. The
findings revealed that inquiry-based teaching improved students' mathematical literacy performance and led to significant
developments in their ability to understand problems and relate data and concepts within the formulation process.
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INTRODUCTION

Mathematical literacy (ML) refers to individuals’ capacity to employ mathematical reasoning and
thinking skills to produce solutions to problems encountered in everyday life across diverse contexts, as
well as their competence to formulate, apply, and interpret mathematics through a critical lens (OECD,
2022). In parallel with rapid technological developments, the role of mathematical literacy has gained
increasing importance as individuals are required to make sense of complex quantitative information in
daily and professional settings. From this perspective, mathematical literacy may also be understood as
the ability to comprehend mathematical knowledge, transfer it to real-life situations, and communicate
effectively using the mathematical language (Uysal, 2009). Mathematics literacy is also a multifaceted
skill area that includes higher-level cognitive processes that support an individual's ability to understand
and use mathematics effectively (Pugalee, 1999). In assessments conducted within the framework of
PISA 2022, students' performance is evaluated based on their ability to formulate, apply, and interpret
mathematics in the problem-solving process (Ministry of National Education [MoNE],2024).
Furthermore, within the PISA 2022 mathematics framework, mathematical literacy is defined as the
ability of individuals to identify, solve, and interpret mathematical problems in real-life contexts in a
rapidly changing world shaped by technology and digitalization, using mathematical reasoning skills

(OECD, 2022).

The formulation process requires students to define or clarify mathematical problems, identify
essential variables within a given model, determine the mathematical relationships embedded in a
situation, and represent these problems using appropriate mathematical expressions, representations or
algorithms. The application process involves employing mathematical knowledge and procedures to
develop solution strategies and generate solutions to real-world problems. Finally, during the
interpretation process, students are expected to critically examine both the solution processes and the

results obtained, verify their accuracy, and draw well reasoned conclusions (OECD, 2018).

Recent assessments show that Turkey has made significant progress in mathematical literacy
compared to previous years; however, its average score is below the OECD average. While the average
mathematics literacy score for OECD countries is 472 points, Turkey's average score is 453. This
indicates that Turkey lags 19 points behind the OECD average. However, according to the PISA 2022
results, students in Turkey with high-level mathematics performance demonstrated lower achievements
than their international peers. Furthermore, an analysis of the PISA 2022 results shows that the success
rate of students who performed at the highest level and ranked at the 5th or 6th achievement level is
approximately 5% in Turkey, compared to 9% in OECD countries. (MoNE, 2024). The percentages of
students achieving minimum and high performance levels in mathematics in the PISA assessments are

presented in Figure 1.
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Figure 1. Percentage of students achieving minimum and maximum performance levels in mathematics
in PISA assessments

Students with low and high performance levels in mathematical literacy skills are presented in

Figure 2 (MoNE, 2024).

Low-performing students W High-performing students
(below Level 2) (Level 5 or above)

Tiirkiye

OECD average n

%0 %25 %50 %75 0100

Percentage (%)

Figure 2. Percentages of students at lower and higher performance levels
The highest performance level represents the highest achievement level, where students
demonstrate the ability to model complex mathematical situations, understand abstract concepts, select
appropriate problem-solving strategies, and exhibit comparison and evaluation skills (OECD, 2023;
Altun et al., 2022). The data in the graph highlight the need for studies aimed at developing the

mathematical literacy competencies of students who demonstrate high-level performance.

Gifted students possess characteristics such as learning faster than their peers in certain areas,
creative thinking, leadership, and high academic achievements. Therefore, they are generally considered
high-achieving students (Bildiren, 2018). They also demonstrate distinct superiority, particularly in
abstract thinking, problem-solving, and creative thinking skills (Renzulli, 2005). Furthermore, they play
a critical role in the development of countries by generating innovative ideas, contributing to economic
growth, and increasing social welfare. In this context, the development of mathematical literacy is
particularly important for gifted students (Gagné, 2004). However, these students often fail to receive

the support necessary to fully realize their potential and continue to be one of the groups overlooked in
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education systems (Cross, 2011). Therefore, to enable gifted individuals to realize their potential, it is
important to implement effective and targeted interventions in educational settings, particularly in

mathematical literacy.

Polat and Turhan (2022), in their meta-analytic study on mathematical literacy, determined that
students experienced significant difficulties in sub-skills such as problem formulation, mathematical
modeling, and argumentation. Giiler (2013), on the other hand, examined the difficulties experienced
by students within the framework of PISA mathematics questions and emphasized that reading
deficiencies, communication and reasoning difficulties, low self-confidence, insufficient knowledge,
and difficulties in understanding the problem text were the main factors. In addition, Yildiz and Ezentas

(2020) categorized the difficulties encountered by seventh-grade students while solving mathematical
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literacy questions as “deficiencies in previous topics,” “exam duration,” “attention deficit,” “reading

comprehension difficulties,” and “inability to relate to daily life.”

Similarly, Wijaya et al. (2014) revealed that students mostly focused on procedural calculations
in mathematical literacy tasks but experienced significant difficulties in the formulation phase, which
involves understanding the problem holistically, representing the situation mathematically, and
identifying appropriate variables. Furthermore, Stillman et al. (2013), in their study examining
mathematical modeling and problem-solving processes, reported that students tended to focus on the
mathematical steps in real-life contextual problems; however, they struggled in the formulation process,
which requires transforming the problem into a mathematical structure and creating appropriate

representations.

Karaduman et al. (2023), in their study on the mathematical literacy of gifted students, analyzed
the problem-solving processes of gifted students in the fields of art, music, and numerical ability,
identifying similarities and differences. The findings showed that students in the numerical ability field
experienced difficulties in making mathematical inferences, whereas students in the art and music fields
encountered difficulties in the problem-understanding stage. However, research on the mathematical
literacy performance of gifted students is limited, and no studies have been conducted on improving the
mathematical literacy performance of students in the general ability field. Today, educational programs
prioritize learning through research, inquiry, and experience rather than simply providing information
while considering individual differences. Mathematical literacy includes individuals' ability to analyze,
solve, interpret, and understand mathematical problems in different situations (MoNE, 2024). When
curricula are examined, the general aims of both mathematics courses and gifted education programs
include developing students' mathematical literacy skills and enabling them to use higher-order thinking
skills in problem-solving by relating mathematical concepts to daily life (Ministry of National Education
[MoNE], 2024a, 2024b). Therefore, it is important that instruction aimed at developing mathematical
literacy be structured using methods that consider students' mathematical processes and competencies,

encourage inquiry, and establish connections between daily life and mathematics. Sheftield (2003)
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emphasizes that inquiry-based and problem-centered teaching approaches, in particular, increase the
depth of gifted students’ mathematical thinking and strengthen their interpretation, generalization, and

reasoning skills, which are directly related to mathematical literacy.

When learning approaches are examined, inquiry-based instruction is defined as a teaching
approach that enables students to construct knowledge actively through questioning, investigation, and
problem-solving processes. Rather than encouraging rote memorization, this approach aims to promote
deep understanding and the development of higher-order thinking skills (Martin, 2009). Inquiry-based
learning is a model in which students engage in research to solve a problem or to understand content in
depth by employing logical reasoning processes. It is characterized as a method in which students are
positioned at the center of the learning process and instruction is conducted through inquiry and critical

evaluation (Friesen & Scott, 2013).

This process supports students' active learning while significantly contributing to the development
of critical thinking and problem-solving skills (Llewellyn, 2002). The activities carried out in this study
were structured based on Llewellyn's (2002) inquiry cycle. In this cycle, students generally begin the
learning process by observing an event or starting with a research question. The inquiry phase, the first
stage of the process, involves generating questions based on an interesting event or problem. In the stage
of uncovering existing knowledge, students relate their existing knowledge and experiences to new
learning experiences. In the prediction phase, predictions of possible outcomes are developed based on

observations and prior knowledge.

During the planning and implementation phases of the solution, students design and implement
experiments, research, or problem-solving methods. In the evaluation phase, the data obtained are
analyzed and the results are discussed; in the final phase, the presentation of findings, the results are
shared through reports, presentations, or other means. In addition, the study adopted a guided inquiry
approach, in which students actively shaped the teaching process and learning environment under the
teacher's guidance and took responsibility for problem solving. This approach provides a structure in
which the teacher guides the process, but the responsibility for learning lies with the students, which is
consistent with the guided research inquiry model defined by Banchi and Bell (2008). Therefore, this
study aims to examine the effect of inquiry-based mathematics teaching on the development of gifted
students' mathematical literacy performance within the scope of the mathematical literacy process of

formulation. To this end, answers were sought to the following sub-questions:

e What are the mathematics literacy scores of gifted students before, during, and after the

application?

e What are the gifted students’ mathematics literacy performances before, during, and after the

inquiry-based teaching experiments within the scope of the formulation process?
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e What is the mathematical literacy performance of students in the teaching experiment during

the first session (Session 1) within the scope of the formulation process?

e What is the mathematical literacy performance of students in the teaching experiment during

the final session (Session 10) within the scope of the formulation process?
MATERIALS and METHODS
Research Model

This research was derived from the doctoral thesis conducted by the first author under the
supervision of the second author. This is an expanded version of a paper presented at the 2025 UBEST
conference. The teaching experiment design, a qualitative research method, was used in this study. A
teaching experiment is a research design that allows for the systematic examination of the effects of a
specific teaching strategy or intervention on students' learning processes (Steffe & Thompson, 2000). In
this context, the teaching experiments applied in this study were designed to evaluate the effect of
strategies aimed at developing students' mathematical literacy skills. The study included both the initial

and final teaching experiments.
Study Group

The study group consisted of eight gifted students in the 7th grade. Participants were selected
using criterion sampling, a type of purposive sampling. Purposive sampling refers to a qualitative
research approach in which individuals or situations with the most relevant information for the research
objective are consciously selected. In this study, since the focus was on gifted students at the 7th grade
level, the selection of participants was carried out using criterion sampling, which allows for the

examination of individuals meeting specific criteria (Yildirim & Simsek, 2021).
Data Collection Tools

Activities were prepared for students to reveal their mathematical literacy processes and
contribute to the development of their skills. Each teaching experiment was examined using audio
recordings and worksheets distributed during the activities. To determine students' mathematical literacy
performance, pre-, mid-, and post-clinical interview questions consisting of open-ended questions
prepared by the researcher were used. The questions were asked to the students via Zoom and were
recorded. Ethical committee approval was obtained from the Dokuz Eylu University Rectorate Ethics
Committee for the use of data collection tools. Participants were informed prior to the application, and
consent was obtained from the participants and students. No demographic or personal information was
collected from the participants in this study. To ensure participant confidentiality, student names were
coded as S1, S2, S3... and analyses were performed using these codes. In clinical interviews, an example
of an interim clinical question prepared in accordance with the PISA 2022 mathematics literacy

framework is presented in Figure 3.



Alyesil-Kabakg¢i & Yilmaz / Uluslararast Egitimde Yenilik¢i Yaklasimlar Dergisi /
International Journal of Innovative Approaches in Education, Vol. 10 (2026), e9790

PracTice Exam EVALUATION
Answer questions 3, 4, and 5 according to the explanations below.

Mine took practice exams consisting of 20 math questions each. Based on
her repeated practice exams, she calculated the percentages of her mistakes
in the math questions and created a bargraph. She then categorized her
mistakes by error causes, as shown in the table below.

35%
25%
25%
20% 20%
10% 15%
15%
o I I A
. -

Istexam 2nd exam 3rd exam 4th exam 4thexam 5th exam

Percentage (%)

Practice Exams

Figure 1. Distribution of Mistakes by Error Causes in Practice
Exams

Error Causes Number

Misreading the question 4

Failing to understand the question

Calculation errors

Wl ol wn

Lack of knowledge about the topic

Table 1. Distribution of Mistakes by Error Causes
3. Accordingly, what approximate percentage of Mine’s total mistakes

were due to distractibility? What should Mine primarily focus on to
reduce her mistakes in the next practice exam? Explain.

Figure 3. Example of an intermediate clinical question

Data Analysis

Content and descriptive analyses were used to analyze the data. During the analysis, the
formulation process defined within the framework of PISA 2022 mathematical literacy was considered.
In this process, how gifted students structured and expressed problems mathematically was examined.
Each student's response was analyzed and interpreted in the context of the formulation process, and the
mathematical thinking structures possessed by the students were revealed. When examining the data
related to the formulation process, a complete and accurate understanding of the information,
interpretation of the problem situation, and identification of appropriate variables were considered. In
addition, the correct expression of mathematical statements with appropriate symbols, the creation of
variables or statements appropriate to the problem context, and the accurate definition and application
of concepts and operations were evaluated. Within the scope of the study's validity and reliability, the
data were independently evaluated by both the researcher and an external expert, and consensus was
reached with a field expert in determining the codes. To support internal reliability, the agreement
between coders was calculated according to Miles and Huberman's model, and the reliability coefficient
was determined to be 91.5%. The data obtained were analysed through prospective and retrospective

examinations. The internal validity of the research was ensured through long-term interactions and in-
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depth data collection. Codes and themes were created based on the data obtained from the clinical
interviews, and the students' responses were classified according to these codes and themes. The themes
and codes presented in the table below were obtained from the clinical interview coding. The coding
work revealed that the errors that emerged during the formulation stage were in the dimensions of
‘understanding the problem’ and ‘relating data and concepts.” The codes and themes identified during

the formulation process are presented in the visual maps in Figure 4.

Formulation

J — |

Understanding ‘ Relating Data
the Problem and Concepts
I
FOR1: Explain what's given and FOR3: Identify variables
what'’s asked in the problem
FOR2: Interpret, analyze, and FOR2: Select suitable symbols
understand the problem for defining relationships
statements

Figure 4. Codes and themes derived from student responses during the formulation process

In evaluating the answer sheets, answer keys were created based on the scoring criteria used in
the PISA exams. Accordingly, completely correct solutions were scored as 2 points, partially correct
solutions as 1 point, and incorrect or blank answers as 0 points. The answers given by the students to
the questions asked during the pre-clinical interviews were converted into text and scored according to
the answer key. The maximum score that can be obtained by answering all pre-clinical interview
questions correctly was 28. In line with this scoring system, students' achievement levels were classified
as ‘low’ for the 0-9 point range, “medium” for the 10—19 point range, and ‘high’ for the 20-28 point
range. The maximum score that can be obtained if all the mid-clinical interview questions are answered
correctly, is 16. Accordingly, students' achievement levels are determined as ‘low’ for the 0—5 point
range, “medium” for the 6—10 point range, and ‘high’ for the 11-16 point range. The maximum score
that can be obtained if all the final clinical interview questions are answered correctly is 18. Based on
this scoring, students' achievement levels are classified as ‘low’ for the 0—6 point range, “medium” for

the 7—12 point range, and ‘high’ for the 13—18 point range.

In this study, teaching experiments and activities were designed to reveal students' mathematical
literacy processes and contribute to the development of their skills in these processes. The audio
recordings of the initial and final teaching experiments and activities were transcribed and analyzed
descriptively. In Teaching Experiment—1, students were asked to express the areas in which they use
mathematics in their daily lives; subsequently, evaluation activities were conducted based on graphs
showing Tiirkiye’s mathematics literacy scores in PISA across different years. Students examined

Tirkiye’s performance between 2003 and 2015 in terms of achievement rankings and, supported by
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videos related to the OECD-PISA 2022 Education Report, engaged in discussions involving year-by-

year comparisons, percentage calculations, and comparisons with the OECD average.

The final teaching experiment, Session 10, began with the question, ‘Where do we encounter
tables and graphs in real life?” and students' opinions were gathered. Students were also given problems
aimed at understanding data, making comparisons, establishing ratios and proportions, and interpreting
distributions through tables and graphs. Students discussed these problems among themselves and drew
their own conclusions. Graphs containing information about the tour schedules and earnings of four
different theatre groups were presented to the students via the smart board; questions based on the graphs
were asked to create a discussion environment. Later in the activity, students were asked questions about
their weekly study hours and the distribution of these hours across subjects. Furthermore, as part of the
sample application, students were given the opportunity to individually experience the process of

creating and analysing graphs using an online tool (https://tr.mathigon.org/polypad).
RESULTS and DISCUSSION
Findings
Findings related to the first sub-problem

Within the scope of the sub-problem, ‘What are the mathematics literacy scores of gifted students
before, during, and after the application?” The changes in the gifted students’ mathematics literacy
performance before, during the application process, and after inquiry-based mathematics teaching were
examined based on the scores obtained from clinical interviews. The findings are presented in a
comparative manner, showing the score distributions obtained from pre-, mid-, and post-clinical
interviews.Pre-clinical interviews were conducted to determine students' mathematics literacy
performance prior to the application. Based on the responses to the pre-clinical interview questions,
where a student who answered all questions correctly could score a maximum of 28 points, the

distribution of scores ranging from 0 to 10 is presented in Table 1.

Table 1. Distribution of Scores Obtained from Pre-Clinical Interview Questions

Students S1 S2 S3 S4 S5 S6 S7 S8

Score 13 14 18 16 18 9 12 10

When examining the student scores, it was observed that the students generally achieved mid-
level scores (S1, S2, S3, S5, S6, S7, and S8). Only one student S6 was at a low level, and no students
were at a high level. However, students with codes S3 and S5 achieved the highest success with 18
points. Interim clinical interviews were conducted during the application process to monitor changes in
students' mathematical literacy performance. The distribution of scores obtained based on the answers
given to the interim clinical interview questions, where a student who answered all questions correctly

could score a maximum of 16 points, is shown in Table 2.
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Table 2. Distribution of Scores Obtained from Interim Clinical Interview Questions

Students S1 S2 S3 S4 S5 S6 S7 S8
Score 8 11 12 12 16 14 11 10

When the findings in Table 2 are examined, it is seen that students generally had medium-level
and above-average scores during the intervention process. While no student was found to be at a low
level, student coded O5 was determined to have shown the highest achievement with 16 points. In order
to monitor the change in students' mathematical literacy performance after the intervention, final clinical

interviews were conducted.

The distribution of the scores obtained according to the answers given to the final clinical
interview questions, where a student who answered all questions correctly could receive a maximum of

18 points, is presented in Table 3.

Table 3. Distribution of Scores Obtained From The Last Clinical Interview Questions.

Students S1 S2 S3 S4 S5 S6 S7 S8
Score 16 17 18 15 18 15 18 16

Table 3 shows that all students achieved scores of 15 points or above. Accordingly, it was
determined that there were no students at the intermediate or low levels; students with codes S3, S5, and

S7 achieved full marks and demonstrated the highest level of success.
Findings related to the second sub-problem.

The findings regarding the sub-problem, "How does the mathematical literacy performance of
gifted students differ before, during, and after inquiry-based teaching experiments within the context of
the formulation process?", were examined using data obtained from pre-, mid- and post-clinical

interviews within the context of the formulation process.

When the data obtained in the pre-clinical interviews were examined within the framework of the
theme of understanding the problem, it was found that the majority of students (S1, S2, S4, S5, S6, S7,
and S8) could comprehend what was given and required in the problems (FOR1). However, most
students (S1, S2, S4, S5, S6, S7, and S8) experienced difficulties reading, analyzing, and interpreting
the statements (FOR2), failing to understand some of the questions or misreading them. For example,
in question 1, student S4 missed the phrase ‘as a percentage’ in the first reading. Student S8 misread the
question, stating, ‘Teacher, I thought it was city B. But it's city A, I misread it’ (FOR2). In question 2,
student S8 struggled to distinguish between “result” and ‘last digit,” and was therefore uncertain about

what the question was asking (FOR2).

In question 3, specifically in option e, which asked whether a plant sown as a seed could be at

least half as long as its length 10 years later, it was determined that some students (S1, S4, and S5)

10
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misinterpreted the given situation and failed to understand the context of the question. In question 4,
concerning the mosaic tiling problem created using patterns and designs, the vast majority of students
understood the problem correctly and proceeded directly to the solution. In Question 5, which asked
about the rule of the given pattern, it was found that some students (S2, S6, and S8) did not grasp what
the question was asking on first reading, but were able to understand the problem after an explanation
and used expressions of uncertainty in response. In question 6, which asked about finding the missing
pattern, it was determined that some students in particular (S1, S4, and S6) had difficulty distinguishing
what the question was asking and were uncertain about how to express the solution. Below are the
responses to the first question from Student S3 and to the fourth question from Student S5, both of whom

were able to correctly express what was given and what was required (FOR1).

1. Question

83: It says to write the approximate values of the percentage of social media users in each city
to two decimal places in the last column (FORI).

4. Question

S85: The top row is entirely covered with A tiles, the row below that is entirely covered with B
tiles (FORI). The bottom row will have one A tile, one B tile, one A tile, and one B tile.

Therefore, the last tile is a B tile.

In addition, dialogue excerpts from student S8, who misread the question, and students S2, S4,
and S6, who had difficulty understanding the question, as well as students S1, S4, and S6, who were

uncertain about what the question required, are presented below.

1. Question
88: Teacher, I thought it was city B. But it's city A, I misread it (FOR2).
S84: Is there an answer in the question, or am I just understanding it that way? That's why I got
so stuck on it (FOR2).
2. Question
S84: Is it the last digits of these numbers' results? Or is it the results? Oh, so do we need numbers?
(FOR2)
3. Question
Option e
S1: So, if it grows healthily, are we to assume it grows at the same rate every year? (FOR2)
84: Does it have to be an odd number? Oh, so does it have to be a number? (FORI)
5. Question
S82: So how? (FOR2)
86: 1 didn't quite understand what exactly was being asked. (FOR2).
88: Teacher, I didn't understand (FOR2).

11
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88: So you'll fill in the rows and columns with spaces again.

S8: I understand.

6. Question

86: I don't quite understand, they've given two, should I do one? (FOR2)

S1: First, I want to find these, should I write the thing for the tiles that will go in these rows

below?

6. Question

S86: I didn't quite understand. They gave two, should I do one? (FOR2)

S1: First, I want to find these places. Should I write the letters of the tiles that will come in the

following lines? (FOR2)

When the data obtained from the pre-clinical interviews were examined within the framework of
the theme of relating data and concepts, it was determined that some of the students who answered the
first question correctly (S1, S3, S5, and S7) used the percentage symbols correctly, while some students
(S2, S4, and S8) did not use the symbols (FOR4). Figure 5 and Figure 6 show the response of student
S5, who used the symbols correctly, and the visual representation of the operations of student S4, who

did not use the symbols.

1. Question 1

a) Write the approximate values of the proportion of people using
social media in each city in the last column, expressed as
percentages with two digits.

36% 33%

%
- 16%

20%
35%

Figure 5. Indicator of student S5 selecting the correct symbols (FOR4)

= & Normal Ak Yok Baslk 1 Konu E - :.q - ‘Of'

| city Population | Social Media Users | % Approximate
| Percentage

City A 2,270,000 620,000 27%

City B 1,150,000 280,000 24%

City C 750,000 1.875 25%

CityD | 300,000 90,000 30%
[ ciyE | 915000 137,250 15%

City F 650,000 81,250 13%

CityF | 650,000 81,250 13%

1. Question 1

a) Write the approximate values of the proportion of people using social media in each city
in the last column, expressed as percentages with two digits.

Figure 6. Indicator of selecting appropriate symbols for student with code S4 (FOR4)

However, it was observed that all students were able to identify the variables given in the

questions. In particular, it was determined that variables such as odd numbers, even numbers, and prime

12



Alyesil-Kabakg¢i & Yilmaz / Uluslararast Egitimde Yenilik¢i Yaklasimlar Dergisi /

International Journal of Innovative Approaches in Education, Vol. 10 (2026), e9790
numbers in the third question were correctly defined by the students and that the result was calculated
according to the values given to these variables (FOR3). An example dialogue excerpt from student S6,

who was successful in identifying the variables in Question 3, is presented below.
Question 3

86: One even, one odd, 1 and 2 add up to 3. This is an odd natural number. But when we add 2
and 3, we get 5. This is 2 and 7, 9, actually, if we try 24 and 35, we get 39. (FOR3)

When the data obtained from the interim clinical interviews was examined within the framework
of understanding the problem, it was observed that the students were generally able to explain the
information given and requested in the problems (FOR1). Indeed, in questions 1 and 2, it was determined
that all students were able to correctly express the information given regarding operations with
exponential numbers. Similarly, in questions 3, 4, and 5, it was determined that they could read and
understand the data presented in the table, and in questions 6, 7, and 8, they could place the data related
to body mass index in the appropriate sections (FOR1). However, it was observed that some students
(S1, 82,54, S5, S6, and S8) struggled with reading, analysing, and comprehending the question (FOR2).
Specifically, they initially misinterpreted the data in Questions 3 and 4, but some of these students (S1,

S2, S4, and S5) recognised their errors during the process and corrected them.

For example, in question 1, it was determined that the student coded as S8 did not fully
comprehend the question; in question 3, it was determined that the students coded as S1, S4 and S6
interpreted the total number of incorrect answers in the entire test as the number of questions in a single
attempt and evaluated it based on 20 questions. However, it was observed that these students later
realised their misunderstanding through subsequent checks and made corrections (FOR2). Similarly, in
question 4, it was found that the student with code S2 misread the phrase ‘in five attempts’ as ‘in the
fifth attempt’ and therefore reached an incorrect conclusion (FOR1). It was determined that students
with codes S4 and S5, who made the same mistake, realised their misunderstanding after a while and
made corrections (FOR2). In question 5, it was found that all students understood that the question
required a comparison of the errors in the first two and last three attempts; however, it was determined
that the student with code S1 overlooked the information that the average should be taken in this
comparison (FORI). In questions 6.7.8, all students were able to comprehend and interpret the given
values such as height, mass, and body mass index, and explain what was required. Below is a dialogue
excerpt from question 3 involving student S8, one of the students who correctly understood the concepts

given and required in the problem (FOR1).

Question 3
S88: He categorised the reasons for his mistakes as percentages (FORI)....
Teacher: So what does this table show?

88: The number of mistakes, for example, misreading the question 4 (FORI).
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Teacher: Good, what does it ask us to do?
S§8: Approximately what percentage were due to carelessness? Also, how can they correct their
mistakes? What measures can they take? (FOR2), (FORI).
Teacher: What do you think?

S88: First, the teacher says here what percentage was due to carelessness (FORI).

Below are sample dialogues reflecting the process of students who made mistakes or struggled in
reading, understanding, and solving the problem (FOR?2).

Question 1

88: Teacher, now, are they multiples of 7? Like 7 to the power of 17, for example (FOR2).

Teacher: What does 7 to the power of 17 mean according to the example above?

S88: Ah, I see. Not multiples. Because there is no relationship between them. So. (FOR2)

Teacher: What does 7 to the power of 17 mean? What is its expanded form?...

88: Teacher, I don't quite understand, the question (FOR2)

Question 3

84: There are 20 questions in total. There are 21 wrong answers. These are wrong (FORI).

Teacher: How did you get 21 wrong out of 20 questions?

S4: Aren't these wrong, or is everything here wrong? (FOR2)

Question 4

Teacher: So how many questions are there in total?

S84: There are 20 questions in total, so... (FORI), (FOR2)

Teacher: The questions in the 5th attempt. What percentage of all questions are incorrect?

(FORI)

S84: There are 20 questions in total. There are 21 incorrect answers in total. These are incorrect.

100 in total.

Teacher: Well, why did you think it was 20 at first?

S4: I thought it was the 5th attempt.

Teacher: Then what shall we do?

S84: There are 21 incorrect answers out of 100. In 5 attempts in total. (FOR2).

Question 5

S1: Teacher, he made 15% errors in the first attempt. He made 35% errors in the second attempt.

Adding these together makes 50%. Adding the other three makes 65%. Therefore, he was more

successful in the first two attempts. (FOR1), (FOR2).

When examining the findings obtained within the framework of the theme of relating data and
concepts, it was determined that all students were able to correctly identify the variables (FOR3) and
select the appropriate symbols corresponding to these variables (FOR3). For example, student S1

expressed the unknown in question 7 with an appropriate symbol (x) and used this symbol effectively
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in the solution process. Similarly, in question 3, it was determined that all students correctly used
fraction and percentage symbols when calculating error rates. Furthermore, in questions 6, 7, and 8, it
was observed that students correctly defined variables such as weight, mass index, and height (FOR3),
used appropriate symbols for unknowns, and correctly placed the obtained data in the table (FOR4).
Regarding correct applications, a dialogue excerpt related to student S8's identification of variables
(FOR3) in question 8 and a visual and process related to student S7's use of appropriate symbols (FOR4)

in question 3 are presented in Figure 7.

Question 8

Teacher: So what are the variables in this question?

88: The variables are weight (75), body mass index (24), and the intention to be at an ideal weight
(FORI).

Teacher: Which ones are the variables?

88: Body mass index can vary according to height. It can also vary according to weight.

According to height and weight (FOR3).

Distribution of Mistakes Made by Mine

Mistake Reasons Number
Misreading the question R
Not understanding the question S
Calculation error 9
Lack of knowledge on the topic 3

3. QUESTION Based on this, approximately what percentage of Mine's mistakes are due to
carelessness? Explain which mistake Mine should most focus on preventing for her next practi-
ce test.
Among the mistakes due to carelessness total mistake rate: 13/21
%=105

4. QUESTION What percentage of all the questions did Mine get wrong in her 5 practice tests?
%21

Figure 7. Data processing indicator (FOR4) for student with code S7

The data obtained from the final clinical interviews, when examined within the framework of
understanding the problem, showed that all students generally understood the question and were able to
explain what was given and what was required (FOR1). They were also able to read and understand the
problems correctly. For example, in question 1, all students were able to explain that the graph showed
the relationship between family income and school violence rates and the relationship between education
levels and school violence; they correctly expressed the values of these rates from the graph. They were
also able to understand that the question asked how school violence rates changed according to school
enrolment and family income (FOR2). In option (a) of question 2, students correctly interpreted the
information provided (FOR2) and stated that the question asked what the new percentage would be if
the number of violent incidents remained unchanged despite an increase in school enrolment at School

D (FOR1). In option (b) of question 2, students correctly understood the question by stating that it asked
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what change in school enrolment would be required for the percentage to be 20% while the number of
violent incidents remained constant (FOR2). Excerpts from student dialogues demonstrating successful

performance on questions 1 and 2 under the theme of understanding the problem are provided below.

1. Question

Teacher: Take a look at both the first and second ones. What is being asked in the question?
Can you explain?

83: Teacher, this is what it wants. Families' income status and this according to school violence
rates (FOR2).

Teacher: What based on these?

83: He wants us to compare. Here is the income status and the violence rate (FOR2).
Teacher: What is the question asking for?

Question 2

Part a

Teacher: So what won't change?

82: The number of violence rates (FOR2).

Teacher: What is it?

82: 30% (FORI).

Section b

87: 120 people are committing acts of violence.

Teacher: What does he want from us?

S87: He says, if the number of violent incidents remains unchanged, what will the school's current
situation be? Like this, teacher. The number of violent incidents, okay. One moment. He doesn't
even mention the number of violent incidents (FOR2).

When questions 3, 4, and 5 are evaluated together, it is seen that all students generally understood
the questions correctly and were able to express what was given and what was asked (FOR1), (FOR2).
However, it was determined that some students (S1, S3, S4, and S8) initially hesitated about the number
of lines to be drawn regarding the shortest routes and understood the question by rereading it (FOR2).
For example, student S4 stated that when they first read the question, they thought the routes could also

pass over railways, but later understood it correctly.

Furthermore, it was observed that the students correctly explained that the stops were to be placed
at equal distances in question 4 (FOR1) and were able to justify this situation by interpreting it in their
own words (FOR2). Nearly all students easily understood Question 5 (S1, S2, S3, S5, S7, and S8) and
stated what the stops would be (FOR1), (FOR2). However, students coded S4, S5, and S6 were able to
understand what was required by questioning the problem. Regarding questions 3, 4, and 5, excerpts
from the dialogues of students who demonstrated successful performance in understanding the problem

are provided below. Furthermore, dialogue excerpts from student coded S1 who correctly understood
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the question when they re-evaluated it in determining the shortest route to be drawn in Question 3, are

also presented in relation to their explanations of what was given and what was required.

Question 3

85: The shortest route. It says to draw different paths in the two lower and upper regions where

it can go. (FOR2)

Teacher: Okay, continue. Can you explain the question? What does it want?

S1: It wants us to draw one more path (FORI).

Arch: What are the given conditions? Can you explain that?

S1: The white squares are buildings. That blue area is a railroad. Bus routes will be organized

from the locations on the right and upper regions of this railroad line (FOR2).

Teacher: So what do A and B represent?

S1: A and B are subway stations (FOR2).

... returned to the question

Teacher: Where does it want you to draw the route from and to?

S1: It says from station A and station B, from the upper and lower areas (FORI).

Question 4

88: Bus stops at equal distances are to be built. It asks where they can be built. (FOR2).

Question 5

Teacher: Did you understand the question? Can you explain it?

83: These gray lines connect the corner points, and the distance between each pair of corners is

1 unit. The length of the diagonal roads is approximately 1.4 units. (FORI).

Teacher: So what does it want from us here, for example?

83: The shortest route they can take. Like this, when it stops at stop C (FORI)(FOR2).

Teacher: Yes, now when we look here, how many units does it take when stopping at C? Can you

draw it and write it in units?

All students modeled how the small squares cut from the corners and sides of the squares were
formed in parts (a), (b), and (c) of question 6; they were able to verbally express what was given and
what was asked in the question correctly. The dialogue of student coded O8, who successfully completed
question 6, is given below as an example. Additionally, the drawing of student coded O8, who correctly

placed the given information in the visual, is shown in Figure 8 as an example.
Question 6

Option a

Teacher: How many units is one side of the square?

S88: 10 units (FORI).

Teacher: What are we removing from the square? It says when removed. So what are we cutting

out of the square?
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S88: Square (FORI)

Teacher: How many squares?

8§8: 2 (FORI)

Teacher: How many units are the sides?

S88: I unit (FORI)...

Paagyaph o

Biv e - Normal Aralik K

EXAMINING POSSIBE CASES (Change and Relationships)

6. QUESTION There is a square with side length of 10 units next to
this. How would the perimeter change if a small square with a side
length of 1 unit is cut from any comerof the square? Explain all
situations with sample drawings.
a) Draw a model of the shape created by cutting a 1-unit small square of equal side length
from two corners. Calculate the change in perimeter.
a) QUESTION Draw a model of the shape created by cutting a 1-unit small square of equal
side length from two corners. Calculate the change in perimeter.

Figure 8. Visual representation of the drawing made by student S8 regarding the information given in
the problem (FOR1)

All students were able to correctly identify the variables of school enrollment, violence rates, and
family income in the graphs in question 1 within the theme of relating data and concepts (FOR3). In
question 2, students stated that the number of violence incidents had not changed; they expressed the
variables by indicating in item (a) the change in school enrollment and in item (b) what change in school
enrollment would be necessary for violence incidents to decrease (FOR3). Furthermore, in questions 1
and 2, all students were able to use mathematical symbols such as the percent (%) symbol and fraction
line appropriately (FOR4). Below are sample dialogue excerpts from students who correctly identified
the variables and used mathematical symbols appropriately in questions 1 and 2. In addition, Figure 9
shows the correct and appropriate use of symbols by student S1 (FOR4).

Question 1

S1: As income increases, violence decreases (FOR3).

Teacher: Is there a relationship between them?

S1: So, if family income increases, the percentage of violence decreases (FOR3).

Teacher: If we only evaluate this graph, can we say that there is a relationship between income
and the rate of violence as income increases? For example, what happened to the rates of
violence as income increased?

S86: As income increases, for example, School B was 50,000, while School C was 10,000, but
School B was 25, and School C was between 30 and 35. So it varies according to income

(FOR3).
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Percentage of violent incidents in

0 10,000 20,000 30,000 40,000 50,000 0,000

Average family income (in Mab currency)

QUESTION 2. Based on the table above

In the following year, School D’s population increased by 100, but the number of
violent incidents at the school remained the same. According to this, what is the

percentage of violent incidents at School D in that year?

400 . (30/100) = 120

%100 500 _ n
X 20 =

Figure 9. Student S1's indicator of selecting appropriate symbols in the problem (FOR4)
Question 2
83: Teacher, the school enrollment is 400, it increases by 100 people, it becomes 500. But he
still wants the number of violent incidents to remain at 120 (KUL2) (FOR2).53: Teacher, the
school enrollment is 400, it increases by 100 people, it becomes 500. But he still wants the
number of violent incidents to remain at 120 (KUL2) (FOR2).

Findings related to the third sub-problem

How do students' mathematics literacy performances in the first teaching experiment (1st
teaching experiment) relate to the sub-problem of how their mathematics literacy performances are
within the scope of the formulation process? The findings obtained regarding the levels of students'
mathematics literacy performances within the scope of the formulation process in the first teaching

experiment (1st teaching experiment) are presented below.

An examination of the students' responses revealed that they mostly perceived mathematical
literacy as a structure focused on lessons, operations, and exams; they limited examples from daily life
mainly to basic applications such as calculation, measurement, geometric shapes, and time. It was
determined that a large proportion of students could not relate mathematical literacy to professions (S1,
S2, S6, S7, and S8), and only students coded as S3, S4, and S5 stated that mathematical literacy could
be used in fields such as health, software, engineering, and architecture, beyond classic examples such
as market calculations. These findings show that at the beginning of the teaching process, students
approached the concept of mathematical literacy in a narrower, more operation-based framework; their
awareness of real-life contexts and professional applications was limited. When examining the findings
related to the formulation process, it was observed that some students (S4, S5, S6, S7) experienced
difficulties in the stage of formulating problem situations mathematically. For example, when student

S5 was asked how Turkey's mathematics literacy performance changed over the years, instead of
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focusing solely on mathematics literacy data, they evaluated science, mathematics, and reading
comprehension scores together and asked, “Is it the average?” This situation showed that the student did
not fully understand the problem context. Similarly, when asked, “Let's say you ranked 10th out of 25
people on an exam. What percentage would that be?”, student S7 stated that they did not understand the
question and requested further clarification. When the teacher asked, “Did our performance increase or
decrease in 2022?” to compare the 2018 and 2022 PISA data, it was determined that some students did
not understand the meaning of the given scores. Student S6 interpreted success in terms of the number

of people rather than the average score and gave the reason, “because the number of people is greater.”

Additionally, in the question regarding the calculation of the score increase required to reach the
average of OECD countries in the last seven exams, the responses of students coded as S6 and S7, who
stated “I did not understand,” revealed that they struggled with the formulation process. In contrast, it
was observed that some students (S4, S5, S7) were relatively successful in establishing relationships
between data and making comparisons. For example, in their answers to the question “In which year
was our ranking better?”, students evaluated the number of countries and the ranking together. Similarly,
students coded S5 and S4 also made contextual assessments by considering the ranking and the number
of countries together according to the years. The student coded S7 made a comparative assessment by
taking the number of countries into account. In contrast, the student coded S6 perceived the ranking as
a ranking rather than a percentage, stating that “Turkey's ranking is lower.” Students with codes S1, S2,
S3, and S8 refrained from commenting because they had difficulty fully understanding the problem.
Below are selected excerpts from the student-teacher dialogues obtained in the first session regarding

the formulation process.

Teacher: Do you think our success increased or decreased in 2022? Why?
S6: [ think it increased. It's lower than 454, 489, but...
Teacher: Why do you think that?
86: Because there are more people.
Teacher: It's not the number of people, it's the average of these countries.
S86: Oh, okay then.
Teacher: In order to catch up with the average of OECD countries in the last seven PISA exams,
by how many points does our country's score need to increase?
S6: I don't understand, teacher.
S87: I don't understand either.
The dialogue example below shows that students coded as S6 had difficulty relating the concepts

of ranking, percentile, and number of countries:

Teacher: Which year did we rank better? Let's compare the percentiles.
S§6: 2003.
Teacher: Why do you think so?
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S86: Turkey's rank is higher. Oh, it's lower.
Teacher: Why do you think so?

S6: [ mean, now we're better than 65 countries.

Findings related to the fourth sub-problem

How do students' mathematics literacy performances within the formulation process relate to the
fourth sub-problem in the final session (10th session) of the teaching experiment? The findings obtained
regarding the levels of students' mathematics literacy performances within the formulation process are
presented below. It was observed that students were generally aware of the areas of use and functions
of graphs in daily life when asked about the areas of use of graphs in daily life. In the final teaching
experiment, it was observed that students had a general awareness of the areas of use and functions of
graphs in daily life when asked about the graphs presented to them. In addition, students stated that
graphs facilitate comparing data and examining multiple data sets together. Students mentioned that
they also encountered graphs in television broadcasts and mock exams, emphasizing that success graphs
are frequently used in this context. Furthermore, it was stated that graphs are more practical and
understandable from a visual perspective. Within the scope of the problem-understanding theme of the
formulation process, it was determined that all students generally understood the data in the problem
situations, which included graphs belonging to theater groups and the number of questions solved
weekly, correctly. It was observed that students could explain the values in the given tables and graphs
and correctly express the information presented in the problem. For example, upon the teacher's request
to summarize the given information, student S2 correctly stated the theater groups in the graphs and the
number of questions solved by Seyma. Similarly, student S6 stated the earnings of the theater group in
the first graph by reading it from the graph and indicated that the data in the table showed the number
of questions solved weekly. Student S5 stated that the total of the percentages should be checked to
ensure the accuracy of the given information. While student S1 stated that the numerical data in the
problem represented 30 questions, student S8 explained that the table showed the distribution of the
math questions solved by Seyma according to themes. Excerpts from student-teacher dialogues based
on the data obtained regarding the theme of understanding the problem are provided below. An example
of a dialogue showing that the student with code S8 correctly expressed what the table presented in the

problem represented within the scope of the theme of understanding the problem is given below:

Teacher: What is the table about?

88: The table is a distribution table according to math themes, teacher.

Teacher: Okay, the distribution of what? Can you summarize the sentence?

S88: The distribution of the math questions Seyma solved according to topics.

Within the theme of relating data and concepts, it was observed that all students were able to
establish relationships between the variables of earnings and number of performances by identifying

these variables. For example, student S2 drew attention to the relationship between earnings and number
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of performances with the statement, “They performed fewer shows but were still the second highest
earners.” Similarly, student S5 correctly interpreted the relationship between the variables by stating
that Mahser-i Giirbiiz Theater earned the least despite performing many shows. Below are excerpts from
student-teacher dialogues obtained from the data collected on the theme of linking data and concepts.
Within the scope of the theme of linking data and concepts, an example of a dialogue by student S2
linking data and variables to the relationship between earnings and number of performances is presented

below:

Teacher: Why did you make that comment?

82: They performed fewer shows but were still the second highest earning group.

RESULTS and DISCUSSION

When the findings were examined within the theme of relating data and concepts, it was observed
that prior to the application, students could generally identify variables (FOR3), but experienced
limitations in using mathematical symbols consistently and functionally. In the mid-term and final
clinical interviews, it was determined that students expressed unknowns with letters in ratio and
proportion problems, established equations, and used mathematical symbols such as the percentage
symbol and fraction line more consciously and correctly. These findings show that students achieved
meaningful development in their data-linking skills. In particular in questions involving graphs and
ratios, it was observed that variables were correctly identified (FOR3) and that students used
mathematical symbols such as percentage ratios, fraction lines, and letter expressions appropriately and
functionally (FOR4). During the interim clinical sessions, it was observed that students read the
problems more carefully, some recognized and corrected their previous mistakes, and they approached
the problem context more consciously. In the final clinical sessions, all students were able to correctly
explain what was given and what was required in the problem within the scope of understanding the
problem (FOR1) and showed significant improvement in the processes of reading and comprehending
the problem. The fact that some students tried to make sense of the problem by rereading the question
(FOR2) when they were unsure of the problem context indicates that they developed a more conscious
and controlled approach to the problem-solving process. This situation reveals that the students made

progress in their problem comprehension skills.

When the findings were examined within the theme of relating data and concepts, it was observed
that prior to the application, students could generally identify variables (FOR3), but experienced
limitations in using mathematical symbols consistently and functionally. In the mid-term and final
clinical interviews, it was determined that students expressed unknowns with letters in ratio and
proportion problems, established equations, and used mathematical symbols such as the percentage
symbol and fraction line more consciously and correctly. These findings show that students achieved

meaningful development in their data-linking skills. Particularly in questions involving graphs and

22



Alyesil-Kabakgi & Yilmaz / Uluslararas: Egitimde Yenilik¢i Yaklasimlar Dergisi /
International Journal of Innovative Approaches in Education, Vol. 10 (2026), ¢9790
ratios, it was observed that variables were correctly identified (FOR3) and that students used
mathematical symbols such as percentage ratios, fraction lines, and letter expressions appropriately and
functionally (FOR4). The findings of the study revealed that students' mathematical literacy showed
significant improvements, particularly in understanding problems and relating given and requested
information. These results are consistent with previous studies showing that different teaching
approaches strengthen students' abilities to understand real-life problems and establish relationships
between mathematical representations. Indeed, Demirci (2018) stated that the mathematical modeling
method significantly improves students' abilities to analyze problem situations, identify variables, and
structure mathematical relationships. Similarly, Erol (2015) emphasized that modeling activities led to
meaningful increases in students' mathematical literacy levels and beliefs about mathematics,
particularly in their ability to correctly understand the problem context and justify the solution process.
When the scores obtained from the pre-, mid-, and post-clinical interviews are evaluated together,
inquiry-based mathematics instruction has a positive and increasing effect on the mathematics literacy
performance of gifted students. Before the application, most students performed at an intermediate level,
one student at a low level, and none at a high level. In the mid-term clinical interviews conducted during
the implementation process, it was observed that all students achieved mid-level and above scores, and
there were no students at the low level. In the final clinical interviews conducted after the
implementation, it was determined that all students performed at a high level, there were no students at
the mid-level or low level, and more than one student achieved a perfect score. This situation reveals
that inquiry-based mathematics teaching gradually develops students' mathematical literacy skills during
the process. Similarly, Akilli (2020) revealed that mathematics literacy-based teaching positively
affected the academic achievements of 7th grade students. The dual-focus teaching model and
mathematics literacy framework developed by Altun (2022) and Altun, Kozakli Ulger, and Bozkurt
(2022) emphasize that supporting students' understanding of mathematics in everyday contexts is
effective in developing these skills. When the findings from the 1st and 10th teaching experiments on
inquiry-based mathematics education are evaluated together, it can be said that students showed
significant progress, particularly in understanding the problem and relating data within the context of
the formulation process. At the beginning of the process, it was observed that students perceived
mathematical literacy as being more focused on lessons and exams, related real-life contexts with limited
examples, and struggled to analyze the information provided in PISA-style graph questions. In contrast,
at the end of the process, students could explain the functional uses of tables and graphs in daily life
more effectively, correctly identify and relate the data presented in problem situations, and interpret the
relationships between variables in a reasoned manner. Furthermore, students' use of monitoring
strategies while making sense of problems indicates that they have reached a more systematic and
relational level of thinking in the formulation process. The findings indicate that inquiry-based
mathematics instruction positively contributes to students' formulation performance. This is thought to

be related to the inclusion of PISA-style questions in the teaching process and the creation of learning
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environments that allow students to question and correct their mistakes in their writing. Indeed, the
literature emphasizes that inquiry-, problem-, and modeling-based teaching approaches develop
students' mathematical thinking and reasoning skills (Artigue & Blomhgj, 2013; Hmelo-Silver et al.,
2007; Stillman et al., 2013).

The findings of this study are consistent with research showing that inquiry-based teaching is
effective in developing mathematical-literacy skills. Indeed, an experimental study conducted by Doz
(2025) at the 9th grade level indicated that students taught using an inquiry-based learning approach
showed significantly greater development in conceptual understanding and problem-solving in
mathematics compared to traditional teaching practices. Studies conducted in the context of gifted
students also show that these students develop their mathematical reasoning and higher-order thinking
skills more effectively in open-ended and cognitively challenging learning environments (Sheffield
2003). In conclusion, this study found that inquiry-based mathematics instruction significantly improved
the mathematics literacy performance of gifted students, particularly demonstrating significant progress
in their ability to understand problems and relate data within the context of the formulation process.
Accordingly, the use of inquiry-based teaching approaches that deepen mathematical thinking in
mathematics instruction for gifted students will make important contributions to developing their

mathematical literacy.
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