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1. INTRODUCTION

Mathematics learning in secondary schools plays an important role in shaping students' cognitive abilities
to solve problems and think critically. Along with the development of technology and the demands of
globalization, mathematics education must be able to face new challenges by introducing innovative approaches
that can stimulate students' thinking power [1]-[3]. Basically, mathematics is one of the subjects that makes a major
contribution to the development of logical and analytical skills, which are very necessary in various fields of life
[4]-[6]. Therefore, it is important for mathematics teaching to facilitate students in understanding mathematical
concepts in depth, and to be able to connect theory with applications in everyday life [7]-[9]. Thus, effective
mathematics learning must emphasize the development of higher mathematical thinking skills [9]-[11].
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Students' mathematical ability is the main indicator in determining the extent to which students can
understand and apply the mathematical concepts that have been learned. This ability covers various aspects,
including problem solving, conceptual understanding, and mathematical communication skills [12]-[14]. Good
mathematical ability is not only important for students' academic success, but also for their ability to face life's
challenges that require critical and analytical thinking [15]-[17]. In the context of education, mathematical ability
can be divided into basic abilities and advanced abilities, all of which function to support the development of
students' competencies in dealing with more complex problems in the real world [18]-[20]. Therefore, the
development of continuous mathematical abilities becomes the main focus in mathematics learning at the
secondary school level.

Mathematical problem-solving ability is one of the most important aspects in mathematics education,
because through problem-solving students can practice critical, creative, and logical thinking skills. Problem-
solving not only requires students to find the correct solution, but also involves complex thinking processes,
including analysis, evaluation, and synthesis of information [21], [22]. This ability is key in helping students
understand and master more abstract mathematical concepts [23]-[25]. Furthermore, problem-solving ability
provides students with the opportunity to learn how to face various challenges and find efficient solutions in
various contexts [26], [27]. Therefore, it is important to cultivate and improve problem-solving abilities in every
mathematics learning activity [28]-[30].

Mathematical thinking is the ability to think logically and systematically in solving mathematical
problems. This includes the ability to understand and construct arguments based on mathematical principles, as
well as formulate and solve problems in a structured way [31]-[33]. Good mathematical thinking requires a deep
understanding of mathematical concepts, as well as the ability to apply these concepts in different contexts [34],
[35]. In addition, mathematical thinking is also closely related to students' ability to generalize, analyze, and
synthesize in the context of mathematical problems [36], [37]. This thinking is very important in mathematics
learning, because it will help students to develop the skills needed to face more complex challenges.

Previous research conducted by Jailani et al., [38] obtained the main findings indicating that most students
had difficulties in various aspects of mathematical connections, such as different representations, part-whole
relationships, connections between mathematical concepts, and relationships between mathematical procedures.
Then the research conducted by Malangtupthong et al., [39] found that teacher teaching and attitudes toward
mathematics have a positive influence on mathematical problem solving competence. Previous research conducted
by Inweregbuh et al., [40] found that students' achievement in creative thinking is still below average, one way to
encourage students' creativity is by giving students the opportunity to solve open and less structured mathematical
problems. The gaps in the three studies indicate that there has been no comprehensive study linking students'
problem-solving abilities with mathematical thinking, especially in the context of mathematics education at the
secondary school level. To fill this gap by exploring the relationship between the two core abilities.

Although research has shown the importance of these two abilities, there is still a significant gap in the
mastery of problem solving and mathematical thinking among students in secondary schools. Several studies have
shown that many students still have difficulty in applying mathematical concepts in solving more complex
problems [37], [41]. In addition, although the importance of these two abilities has been recognized, existing
teaching methods often do not effectively integrate the development of problem solving and mathematical thinking
in every aspect of learning.

This study aims to explore the relationship between students' problem solving and mathematical thinking
abilities in secondary schools, and to identify how both can support each other in the development of overall
mathematical skills. The novelty of this study lies in the approach that examines both aspects comprehensively in
the context of mathematics learning in Indonesia. The urgency of this research is very high, considering the
importance of mastering these two abilities to prepare students to face global challenges in the future. With this
research, it is hoped that it can provide new insights into how these two skills can be developed optimally in
mathematics learning, so that it can improve the quality of mathematics education in high schools.

2. RESEARCH METHOD

This study uses a quantitative approach with a survey method. The quantitative approach was chosen
because this study aims to measure the relationship between problem-solving abilities and mathematical thinking
of high school students objectively, using numerical data that is analyzed statistically.

2.1 Research Design

This study uses a quantitative method with a correlational design to test the relationship between students'
problem-solving abilities and mathematical thinking in mathematics learning in high school. This study focuses
on number material. The correlational design was chosen because this study aims to identify the level of
relationship between two variables without giving special treatment to the research subjects. This study was
conducted cross-sectionally, where data was collected at a certain time to provide an overview of the relationship
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between students' problem-solving abilities and mathematical thinking. Mathematical problem-solving abilities
(independent variable). Students' mathematical thinking (dependent variable).

2.2 Population and Sample

The population in this study was all students of State Senior High School 1 Betung who were actively
participating in mathematics learning during the academic year of the study. The research sample consisted of
students in phase F, namely classes 11.F1 and 11.F3, at State Senior High School 1 Betung. The sampling
technique used simple random sampling, where classes F1 and F3 were selected because they were representations
of phase F that were relevant to the research objectives. The number of samples will be adjusted based on the
number of students in both classes to ensure adequate representation.

2.3 Data Collection Techniques

Research data were collected through written tests specifically designed to measure students' problem-
solving and mathematical thinking abilities. This test was conducted in the form of:
Problem-solving ability questions: Using essay-style story questions to evaluate students' abilities in analyzing,
evaluating, and solving complex problems.
Mathematical thinking questions: Using a combination of multiple-choice and short essay questions to measure
students' abilities in generalization, pattern recognition, and logical argumentation

During the test, structured observations were conducted to ensure that students completed the test
independently and according to instructions. These observations were also used to record non-technical factors
that could affect test results, such as students' concentration levels and environmental conditions. Documentation
in the form of student attendance lists, answer sheets, and observation notes were used to complete the research
data. All of these documents were archived for further analysis. The instruments in this study were valid and
reliable with a Cronbach alpha value of 0.70. The outline of this research instrument is as follows:

Table 1. Grid of problem-solving ability research instruments
Type of Question  Number of Cognitive Level

No Indicators Question Form Items (Bloom's Taxonomy)
1 Analyze problems from story About the
problems (identify data, information, Essay 2 C4 (Analysis)
; story
and solution needs).
2 Dete_rmme appropriate problem- Essay About the 2 C5 (Evaluation)
solving strategies. story
3 Carry out solution steps until a About the L
solution is found. Essay story 3 C3 (Application)
4 Evaluat_e the solution obtained to Essay About the 2 C5 (Evaluation)
ensure its correctness. story

The grid for the student's mathematical thinking instrument is presented in Table 2..

Table 2. Grid of mathematical thinking research instruments

Number Cognitive Level
No Indicators Question Type Question Type Itgr]:]s (Bloom’s Taxonomy)
1 Genergllze patterns from Mult!ple Numerical/picture 3 C4 (Analysis)
numerical data or images. Choice pattern
2 Make logical arguments Short
based on specific data or o Logical explanation 2 C5 (Evaluation)
. L Description
mathematical principles.
3 Connect mathematical Multiple Contextual
concepts to real-life Choice and . 3 C3 (Application)
A guestions
applications. Essay
4 Generallzg more _ abstract Shprt_ Abstract concepts 2 C6 (Creation)
mathematical concepts. Description

The maximum score of this research test instrument is 100. The categories for problem solving and
mathematical thinking skills in the research are presented in Table 3 below:
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Table 3. Research instrument categories
Score Interval Category
85 - 100 Excellent

70 -84 Good
55-69 Fair
<55 Poor

2.4 Data Analysis Techniques

Data analysis in this study used descriptive statistics and inferential statistics. Descriptive statistics are
used to describe the profile of students' problem-solving and mathematical thinking abilities, such as average,
median, and standard deviation. The inferential statistics used are the Pearson correlation test used to determine
the level and direction of the relationship between students' problem-solving and mathematical thinking abilities.
And a simple linear regression test to determine the magnitude of the influence of variable X on variable Y [42].
This test was chosen because both variables have an interval or ratio data scale. Before the correlation analysis
was carried out, prerequisite tests were carried out in the form of normality tests and linearity tests to ensure that
the data met the assumptions of parametric statistics.

3. RESULTS AND DISCUSSION

This study aims to analyze the relationship between problem-solving ability and mathematical thinking
of high school students in the context of mathematics learning. A quantitative approach with a correlational design
is used to describe the relationship between the two variables objectively, based on empirical data collected through
standardized test instruments. This study focuses on number material, as one of the basic topics that has high
relevance in mathematics learning at the secondary school level.

The results of the study presented in this section aim to answer the research questions related to the level
of relationship between problem-solving ability and mathematical thinking. Data analysis was carried out through
inferential statistical tests, including Pearson's correlation test and simple linear regression, to identify the strength
and direction of the relationship between the two variables. In addition, descriptive data on student ability profiles
are also presented to provide a more detailed picture of student achievement in the aspects measured.

This section will also discuss the implications of the research findings for mathematics learning theory
and classroom teaching practices. A comprehensive discussion is designed to explain the significance of the
findings in the context of mathematics education, as well as provide recommendations for the development of
more effective learning models in improving both abilities. The findings of this study are expected to make a real
contribution to improving the quality of mathematics learning at the secondary school level. The results of
descriptive statistics on students' problem-solving and mathematical thinking abilities in learning mathematics on
number material are presented in Table 6.

Table 6. Description of students' problem solving abilities
Class Category Interval F % Mean Med Min Max
Poor <55 0 0
Fair 55-69 14 46.7%
11.F1 Good 70-84 14 46.7% 712 72 58 90
Excellent 85-100 2 6.6%
Poor <55 1 33%
Fair 55-69 15 50%
11.F3 Good 70-84 14 46.7% 701 71 52 83

Excellent 85-100 O 0

The results of the descriptive analysis show the profile of students' problem-solving abilities in two
research classes, namely classes 11.F1 and 11.F3. In class 11.F1, there are no students in the Poor category (<55),
as many as 46.7% of students are in the Fair category (55 — 69), 46.7% of students are in the Good category (70 —
84), and only 6.6% of students reach the Excellent category (85 — 100), with an average score (Mean) of 71.2, a
middle score (Median) of 72, a minimum score (Min) of 58, and a maximum score (Max) of 90. Meanwhile, in
class 11.F3, there are 3.3% of students in the Poor category (<55), 50% of students are in the Fair category (55 —
69), 46.7% of students are in the Good category (70 — 84), and no students reach the Excellent category (85 — 100),
with an average score (Mean) of 70.1, a middle score (Median) of 71, a minimum score (Min) of 52, and a
maximum score (Max) of 90. (Max) 83. This finding shows that there is variation in problem-solving ability
between classes 11.F1 and 11.F3. Factors such as teaching strategies, learning motivation, and classroom
conditions can be determinants of the differences in these results. This result provides insight for mathematics
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teachers to focus more on learning approaches that support the improvement of students' problem-solving abilities,
especially in the Fair and Poor categories.

Furthermore, the description of students' mathematical thinking in mathematics learning on number
material is presented in the following table 7:

Table 7. Descriptive statistical results of students' mathematical thinking
Class Category Interval F % Mean Med Min Max

Poor <55 1 3.3%
Fair 55-69 14 46.7%
11.F1 Good 70-84 13 433% 70.2 71 54 90
Excellent 85-100 2 6.7%
Poor <55 2 6.7%
Fair 55-69 15 50%
11.F3 Good 70-84 12 40% 70.1 71 52 86

Excellent 85-100 1 3.3%

The results of the descriptive analysis show the profile of students' mathematical thinking abilities in two
research classes, namely classes 11.F1 and 11.F3. In class 11.F1, 3.3% of students are in the Poor category (<55),
46.7% of students are in the Fair category (55 — 69), 43.3% of students are in the Good category (70 — 84), and
6.7% of students reach the Excellent category (85 — 100), with an average score (Mean) of 70.2, a middle score
(Median) of 71, a minimum score (Min) of 54, and a maximum score (Max) of 90. Meanwhile, in class 11.F3,
there are 6.7% of students in the Poor category (<55), 50% of students are in the Fair category (55 — 69), 40% of
students are in the Good category (70 — 84), and 3.3% of students reach the Excellent category (85 — 100), with an
average score (Mean) of 70.1, a middle score (Median) of 71, a minimum score (Min) of 52, and a maximum score
(Max) of 90. maximum (Max) 86.

Before the inferential analysis was carried out, the data were tested with prerequisite tests including
normality tests and linearity tests. The normality test was carried out using the Kolmogorov-Smirnov test to ensure
that the data were normally distributed. The results of the normality test showed that the significance value of the
problem-solving ability data in class 11.F1 was 0.123 and in class 11.F3 was 0.089. Meanwhile, the significance
value of the mathematical thinking data in class 11.F1 was 0.076 and in class 11.F3 was 0.054. Since all
significance values were greater than 0.05, it can be concluded that the data were normally distributed. The
linearity test was carried out to ensure that the relationship between problem-solving ability and mathematical
thinking was linear. The results of the linearity test showed that the significance value of the relationship between
the two variables in class 11.F1 was 0.001 and in class 11.F3 was 0.003. Since the significance value was less than
0.05, it can be concluded that there is a linear relationship between the two variables. The results of this prerequisite
test show that the data meets the parametric statistical assumptions so that it can be continued with inferential
analysis..

Table 8. Results of the Pearson correlation test of problem solving ability and mathematical thinking
Class  Pearson Correlation Value (r)  Significance Value (p) Interpretation

11.F1 0.74 0.001 Strong and significant relationship
11.F3 0.68 0.003 Strong and significant relationship

The positive and significant correlation values in both classes indicate a strong relationship between
students' problem-solving abilities and mathematical thinking. The higher the students' problem-solving abilities,
the higher their mathematical thinking abilities. With a significance value of less than 0.05, it can be concluded
that the relationship between the two variables in both classes is significant. Furthermore, a simple linear regression
test was used to determine whether problem-solving abilities can predict students' mathematical thinking. The
regression model used is as follows:

Table 9. Results of simple linear regression test of problem solving and mathematical thinking abilities

Regression R? Significance Value (p) Significance Value (p) Interpretation
Equation Interpretation
Y=0.45X+29.6Y  0.55 0.001 Problem solving ability significantly predicts

mathematical thinking

The results of the simple linear regression test show that problem-solving ability has a significant effect
on students' mathematical thinking. The regression equation obtained is Y = 0.45X + 29.6Y, where Y represents
mathematical thinking and X represents problem-solving ability. The regression coefficient of 0.45 indicates that
every 1 point increase in problem-solving ability will increase mathematical thinking by 0.45 points. The R2 value
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of 0.55 indicates that 55% of the variance in mathematical thinking can be explained by the problem-solving ability
variable. This shows a fairly large influence of problem-solving ability on mathematical thinking, although there
are other factors that also influence it. In addition, the significance value (p = 0.001) which is smaller than 0.05
indicates that the relationship between the two variables is significant, meaning that problem-solving ability can
predict students' mathematical thinking with a high level of confidence. These findings provide strong evidence
that the development of problem-solving skills can be an important factor in improving students' mathematical
thinking abilities. These results lead to the conclusion that improving problem-solving skills not only affects
students' ability to solve mathematical problems, but also in developing deeper mathematical thinking. Therefore,
mathematics learning that integrates more complex and contextual problem-solving exercises is needed to help
students achieve higher mathematical thinking, as well as prepare them for further academic challenges.

The results of the current study are in line with previous studies in terms of focusing on developing
problem-solving skills as a primary skill in mathematics learning. Previous studies have shown that approaches
such as Problem-Based Learning (PBL) can effectively improve students' problem-solving skills, which also have
implications for critical thinking skills [43]. The results of the current study show alignment with previous studies
in terms of focusing on the development of students' mathematical thinking skills as a key component in
mathematics learning. The results show that the higher the level of students' mathematical abilities, the more
diverse the thinking patterns they use in solving problems, especially related to algebraic functions [44], [45]. This
confirms the importance of mathematical thinking skills in influencing how students understand and solve
problems. Thus, both previous and current research support the view that students' mathematical thinking skills
are influenced not only by the learning approach but also by their ability to solve complex mathematical problems.
The current study extends previous findings by quantitatively exploring the relationship between problem-solving
skills and mathematical thinking, providing new insights for developing more integrated and effective learning
strategies.

The novelty of this research lies in a deeper understanding of the relationship between problem-solving
skills and students' mathematical thinking in the context of mathematics learning at the secondary school level,
especially in number material. The findings of this study reveal that problem-solving skills are not only related to
the ability to solve mathematical problems, but also act as a significant predictor of the development of students'
mathematical thinking [46], [47]. This study also shows that although other factors also influence, 55% of the
variance in mathematical thinking can be explained by problem-solving skills, which provides strong empirical
evidence of the importance of developing problem-solving skills in improving students' mathematical thinking.
These findings are expected to be the basis for developing more effective learning models in improving both skills
simultaneously in the classroom.

The implications of this study for the field of mathematics education are the importance of integrating
problem-solving skills into mathematics learning to improve students' mathematical thinking. The findings of the
study indicate that problem-solving skills have a significant influence on students' mathematical thinking skills,
which means that mathematics teaching that emphasizes the development of these skills can have a positive impact
on students' critical and analytical thinking skills in solving mathematical problems. Therefore, teachers need to
design and implement learning strategies that focus on developing problem-solving skills, such as through a
problem-based learning approach or contextual learning that challenges students to think creatively and logically
[48]-[50].

The impact of the results of this study is its contribution to improving the quality of mathematics learning
in secondary schools by providing insight into how problem-solving skills can be a key factor in developing
students' mathematical thinking. The results of this study also provide valuable information for the development
of a more effective mathematics curriculum, by considering the importance of balancing the mastery of basic
mathematical concepts and the development of problem-solving skills. Thus, this study contributes to the
development of better learning models and can improve students' achievement of mathematical competence, both
in the context of exams and in everyday life applications. The limitations of this study lie in the sample being
limited to two classes in one school, which may not represent the entire population of students at the secondary
school level, as well as the focus only on number material.

4. CONCLUSION

This study concludes that there is a significant relationship between problem-solving ability and
mathematical thinking of students at the secondary school level, especially in number material. The results of the
analysis show that problem-solving ability has a significant positive effect on the development of students'
mathematical thinking. This finding indicates that improving problem-solving skills can improve students'
mathematical thinking, which is important in improving students' ability to solve more complex and contextual
mathematical problems. Thus, the integration of challenging problem-solving exercises in mathematics learning
is needed to support the development of students’ mathematical thinking, as well as prepare them for higher
academic challenges. This study provides an important contribution to the development of a more effective
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mathematics learning model, which can improve students' problem-solving skills and mathematical thinking
simultaneously. Recommendations for further research can expand the sample and learning materials to explore
the relationship between students' problem-solving ability and mathematical thinking in various contexts and levels
of education.
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