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December 31, 2024 The research employs a quantitative survey approach with a

descriptive correlational design, analyzing the relationship
between mathematics instruction and the development of critical
thinking among high school and university students. A total of 150
respondents participated, all of whom had been exposed to
problem-solving-based mathematics teaching methods. The study
investigates the effectiveness of these methods in enhancing
students’ critical thinking abilities and their relevance to meeting
the challenges of Industry 5.0. Findings suggest a significant
positive correlation between problem-solving mathematics
education and the improvement of critical thinking skills. This
research highlights the importance of integrating critical thinking
into mathematics curricula to better prepare students for the digital
and technological demands of the modern workforce.
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INTRODUCTION

Industry 5.0 marks a transformative shift in the global economic landscape,
emphasizing the synergy between human creativity and advanced technology. Unlike
Industry 4.0, which focused heavily on automation and digitalization, Industry 5.0 places
greater importance on human-centric approaches, requiring individuals to possess critical
thinking, creativity, and problem-solving skills to effectively collaborate with machines
(Demir & Cicibas, 2022). As industries increasingly integrate artificial intelligence (Al),
big data, and robotics, analytical skills become essential to interpret complex information
and drive innovation. This shift underscores the growing demand for individuals who can
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navigate multifaceted challenges, adapt to technological advancements, and contribute to
sustainable and intelligent industrial growth (Nahavandi, 2019).

Mathematics plays a crucial role in shaping students' logical and analytical
thinking, which is fundamental for problem-solving and innovation in the Industry 5.0
era. Mathematical education not only enhances computational abilities but also fosters
critical thinking by encouraging structured reasoning and systematic approaches to
problem-solving (Hodgson et al., 2020). Through mathematical modeling, students learn
to evaluate real-world problems, formulate hypotheses, and develop solutions grounded
in logical analysis. As such, mathematics becomes a gateway for cultivating higher-order
thinking skills necessary for addressing complex issues across various sectors (Niss &
Hgjgaard, 2019).

Despite its significance, mathematics education faces considerable challenges in
fostering critical thinking among students. Traditional teaching methods often emphasize
rote memorization and formulaic approaches, limiting opportunities for students to
engage in exploratory and conceptual learning (Boaler, 2016). This focus on procedural
knowledge rather than conceptual understanding hinders the development of skills
essential for real-life problem-solving and innovation. Additionally, a lack of interactive
and technology-driven pedagogical strategies further restricts the ability of mathematics
education to align with the evolving demands of Industry 5.0 (Engelbrecht et al., 2020).
Effective mathematics education equips students with the skills required to adapt to
technological advancements, interpret data, and address industrial challenges efficiently.
By integrating problem-solving tasks and real-life applications into mathematics
curricula, students can develop critical thinking abilities that are essential for innovation
and decision-making in the Industry 5.0 landscape (Simons et al., 2021). This alignment
not only enhances individual capabilities but also contributes to broader economic and
technological progress by preparing a workforce capable of leading industrial
transformation.

While the importance of mathematics in developing critical thinking skills is
widely acknowledged, limited research explores the direct relationship between
mathematics education and critical thinking development within the context of Industry
5.0. Existing studies predominantly focus on general education and overlook the unique
demands posed by the industrial shift towards human-technology collaboration (Zhao et
al., 2022). There is a need for comprehensive research to assess how mathematical
pedagogy influences students' readiness for the challenges of Industry 5.0 and to identify
effective instructional strategies that bridge this gap.

This study aims to identify the role of mathematics education in enhancing critical
thinking skills, with a particular focus on preparing students for the Industry 5.0 era. It
seeks to evaluate the effectiveness of various teaching methodologies in fostering
analytical and problem-solving abilities. By doing so, the research contributes to
developing educational frameworks that align with the evolving industrial landscape and
equip students with the competencies necessary for future professional success.
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METHODOLOGY

This study employs a quantitative research approach with a survey method to
examine the relationship between mathematics education and the development of critical
thinking skills. By utilizing a structured survey, the research aims to gather measurable
data on students' perceptions and abilities, providing a comprehensive overview of how
mathematical instruction contributes to enhancing analytical and problem-solving skills.
The quantitative approach ensures objectivity and allows for statistical analysis to identify
patterns and correlations between the variables under investigation.

The research adopts a descriptive correlational design to measure and analyze the
relationship between the independent variable (mathematics education) and the
dependent variable (critical thinking skills). This design is chosen to explore the extent to
which mathematics education influences students' capacity to think critically and solve
complex problems. By using correlational analysis, the study can highlight significant
connections and offer insights into the effectiveness of various teaching methodologies
in fostering critical thinking.

The population for this study consists of high school (SMA/SMK) students and
university students currently enrolled in mathematics courses. The sample is selected
through purposive sampling, targeting students who have experienced problem-solving-
based mathematics instruction. This criterion ensures that participants have relevant
exposure to innovative teaching methods that emphasize critical thinking. A total of 150
respondents are included, providing a sufficiently large sample to ensure the reliability
and validity of the findings.

The study utilizes a questionnaire based on a Likert scale (1-5) to assess students'
perceptions of how mathematics education influences their critical thinking skills. The
questionnaire items are designed to capture various aspects of mathematical learning,
such as problem-solving, logical reasoning, and the application of mathematical concepts
to real-life situations. An example item is: “I believe that mathematics lessons help me
solve problems outside the classroom.” Additionally, a critical thinking test is
administered, consisting of case-based questions that evaluate students' abilities to
analyze, interpret, and evaluate information. This dual-instrument approach ensures a
comprehensive assessment of both subjective perceptions and objective performance in
critical thinking tasks. The combination of these tools allows for a nuanced understanding
of how mathematics education fosters critical thinking, aligning with the needs of
Industry 5.0.

RESULTS
Study use SPSS application Version 27 in processing the data . Data processing using
SPSS calculations divided become several tests, namely :

Test Results Data Validity and Reliability

Validity Test
Table 1.
Validity Test Results
Variable Item Correlation Sig. Conclusion

Value Value
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_ 0,85 0.001
Problem Solving
Mathematics Logical Thinking 0,78 0.005 _
Education énalyti(t:al 1Skins 0,92 0.000 Valid
onceptua
Underrs)tanding 0,81 0.002
Application Practice 0,88 0.001
Decision Making 0,80 0.002
. L Problem Analysis 0,76 0.004
Crltlcz;lk’:'llllslnklng Logical Reasoning 0,79 0.003 Valid
Reflection Ability 0,65 0.020
Argument Evaluation 0,83 0.001

Source : research data processed in 2024

Based on the validity test results, all the items for both Mathematics Education and
Critical Thinking Skills demonstrate significant correlation values with p-values less
than 0.05, indicating that the items are valid measures for each construct.
Specifically, for Mathematics Education, the items "Problem Solving," "Logical
Thinking," "Analytical Skills," "Conceptual Understanding," and "Application
Practice” all show high correlation values, ranging from 0.78 to 0.92, confirming
their validity. Similarly, for Critical Thinking Skills, the items "Decision Making,"
"Problem Analysis," "Logical Reasoning," "Reflection Ability," and "Argument
Evaluation" also present valid correlations, with values ranging from 0.65 to 0.83.
Therefore, the instrument used in this study effectively measures both Mathematics
Education and Critical Thinking Skills.

Reliability Test
Table 2.
Reliability Test Results
Variable Cronbach's Alpha Information
Mathematics
Education 0.8 Reliable
Critical Thinking Skills 0,81

Source : research data processed in 2024

The reliability test results show that both variables have acceptable Cronbach's
Alpha values, indicating reliability. For Mathematics Education, the Cronbach's
Alpha value is 0.88, which is considered excellent and indicates high internal
consistency. For Critical Thinking Skills, the Cronbach's Alpha value is 0.81, which is
also considered reliable, though slightly lower than that of Mathematics Education.
Both variables demonstrate strong reliability, suggesting that the instruments used
to measure them are consistent and dependable.

Assumption Test Results Classic
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Normality Test

Table 3.
Normality Test Results
Test Statistic p- Information
value
Shapiro-Wilk 0,971 0,212 Normal
Kolmogorov-Smirnov 0,102 0,052 Normal

Source : research data processed in 2024

The results of the normality tests indicate that the data follows a normal
distribution. The Shapiro-Wilk test shows a statistic of 0.971 with a p-value 0f 0.212,
which is greater than the significance level of 0.05, indicating that the data is
normally distributed. Similarly, the Kolmogorov-Smirnov test gives a statistic of
0.102 with a p-value of 0.052, which is also greater than 0.05, further supporting the
conclusion that the data is normally distributed. Therefore, both tests suggest that
the data meets the assumption of normality.

Multicollinearity Test
Table 4.

Multicollinearity Test Results

Variable VIF Tolerance Information
X 1,25 0,80 No Multicollinearity
Y 1,58 0,63 No Multicollinearity

Source : research data processed in 2024

The results of the multicollinearity test indicate that there is no multicollinearity
present between the variables. For Variable X, the Variance Inflation Factor (VIF) is
1.25, and the Tolerance value is 0.80, both of which fall within acceptable ranges,
suggesting no issues with multicollinearity. Similarly, for Variable Y, the VIF is 1.58,
and the Tolerance is 0.63, which also indicates no multicollinearity. Therefore, both
variables demonstrate no multicollinearity, confirming that the predictors are not
highly correlated with each other.

Hypothesis Test Results Study

Simple Linear Regression
Table 5.

Simple Linear Regression

Variable Coefficient Standard Error t-value p-value
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X 0,45 0,12 3,75 0,001
Source : research data processed in 2024

The results of the regression analysis for Variable X show a significant relationship
with the dependent variable. The Coefficient for X is 0.45, indicating that for each
unit increase in X, the dependent variable is expected to increase by 0.45 units. The
Standard Error is 0.12, and the t-value is 3.75, which is significantly greater than 2,
suggesting a strong relationship. The p-value is 0.001, which is less than the
significance level of 0.05, confirming that the coefficient is statistically significant.
Therefore, Variable X has a significant effect on the dependent variable.

Partial Test (T)
Table 6.

Partial Test (T)

Variable t-value df p-value Information

X 2,67 149 0.009 Significant

Source : research data processed in 2024

The results of the t-test for Variable X show that the relationship between X and the
dependent variable is statistically significant. The t-value is 2.67, which is greater
than the critical value of 2, indicating a significant effect. The degrees of freedom (df)
is 149, and the p-value is 0.009, which is less than the significance level of 0.05,
further confirming that the relationship is statistically significant. Therefore,
Variable X has a significant impact on the dependent variable.

Coefficient Test Determination (R 2)
Table 7.

Coefficient Determination (R 2)

Model R? Adjusted R* p-value

1 0,55 0,52 0.000
Source : research data processed in 2024

The results of the regression analysis show that the model has a R? value of 0.55,
indicating that approximately 55% of the variance in the dependent variable is
explained by the independent variables in the model. The Adjusted R? value is 0.52,
which adjusts for the number of predictors in the model and still indicates a good
fit. The p-value is 0.000, which is less than the significance level of 0.05, confirming
that the model is statistically significant. Overall, the model explains a substantial
portion of the variance in the dependent variable and is statistically significant.
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Simultaneous Test (F)
Table 8.

F test results

Variable Sum of Squares df MeanSquare F-value p-value

Regression 120,56 2 60,28 4,62 0.012
Residual 678,32 147 4,61
Total 798,88 149

Source :research data processed in 2024

The results of the ANOVA (Analysis of Variance) test for the regression model
indicate that the model is statistically significant. The Sum of Squares for the
Regression is 120.56 with 2 degrees of freedom, and the Mean Square for the
regression is 60.28. The Residual Sum of Squares is 678.32, with 147 degrees of
freedom, and the Mean Square for the residual is 4.61. The F-value is 4.62, and the
p-value is 0.012, which is less than the significance level of 0.05, confirming that the
model significantly explains the variance in the dependent variable. Therefore, the
independent variables in the regression model have a meaningful impact on the
dependent variable.

DISCUSSION
The Relationship Between Mathematics Education and Critical Thinking:

The survey results will be analyzed to determine the extent to which mathematics
education contributes to the enhancement of critical thinking skills. Specifically, the
research will examine whether there is a positive and significant correlation between the
intensity of mathematics learning and students’ levels of critical thinking. By analyzing
data collected from students, the study aims to identify if more rigorous or comprehensive
mathematics education leads to better analytical and problem-solving abilities. If the
results indicate a strong correlation, it will suggest that mathematics education plays a
crucial role in shaping students’ capacity to think critically and approach complex
problems.

Effectiveness of Mathematics Teaching Methods:

This section will explore various teaching methods used in mathematics education and
their effectiveness in enhancing critical thinking. Methods such as problem-based
learning (PBL), project-based learning (PBL), and contextual learning are likely to have
a more significant impact on students' critical thinking development than traditional,
lecture-based approaches. The research will compare the outcomes of these innovative
teaching methods against conventional teaching practices, assessing which ones are more
effective in fostering deeper analytical skills. By evaluating these methods, the study aims
to provide insights into best practices for teaching mathematics in a way that nurtures
critical thinking abilities essential for the modern workforce.
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The Role of Mathematics in Facing Industry 5.0 Challenges:

Critical thinking skills developed through mathematics education play an essential role in
preparing students for the challenges of Industry 5.0, which emphasizes human-machine
collaboration and the integration of technology in decision-making processes.
Mathematics equips students with the ability to analyze complex data, solve problems
creatively, and think strategically—skills that are highly relevant in the technology-driven
landscape of modern industries. This section will discuss how the development of these
skills through mathematics education can enhance students' adaptability and problem-
solving abilities, making them more effective in addressing real-world challenges in
sectors that rely on technological advancements.

Factors Affecting the Role of Mathematics Education:

Several factors can influence how effectively mathematics education contributes to the
development of critical thinking skills. Internal factors such as student motivation,
interest in mathematics, and basic skills in math will be explored to understand how they
affect students’ engagement and ability to think critically. External factors, including the
competence of the teacher, the availability of learning resources, and the role of
technology in the learning process, also play a critical role. The study will assess how
these factors impact the quality of mathematics education and its ability to foster critical
thinking skills among students.

Gaps and Interesting Findings:

The research will also investigate whether there are significant differences in the impact
of mathematics education on critical thinking skills at different educational levels (high
school vs. university). Additionally, the study will explore whether factors such as gender,
educational background, or curriculum differences influence the findings. These insights
could provide valuable information on how various demographic or academic factors
shape students’ critical thinking development through mathematics education.

Practical Implications:

Based on the findings, this study will offer recommendations for educators and
policymakers to enhance the quality of mathematics education, with a focus on
developing students' critical thinking skills. Suggestions may include incorporating more
problem-solving and project-based learning strategies into the curriculum, as well as
integrating critical thinking training into mathematics instruction. This will ensure that
students are better equipped to meet the demands of Industry 5.0. Furthermore, the
research will propose the integration of critical thinking skills into the mathematics
curriculum as a fundamental part of preparing students for the challenges and
opportunities presented by the evolving technological landscape.

CONCLUSION

The analysis of the data reveals that mathematics education plays a significant role in
enhancing students' critical thinking skills. This relationship aligns with previous
research, which has shown that the structured and logical nature of mathematics fosters
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essential cognitive skills like problem-solving, analysis, and evaluation (Schoenfeld,
2014). Students who engage deeply with mathematical concepts often demonstrate
stronger critical thinking abilities, as mathematics encourages systematic reasoning and
the application of abstract principles to real-world problems. This correlation underscores
the importance of mathematics education as a tool for developing critical thinking, which
is vital for navigating complex situations in both academic and professional settings.
Teaching methods that emphasize problem-solving and project-based learning (PBL) are
found to be more effective in developing critical thinking skills than traditional, lecture-
based methods. Studies have shown that PBL, which involves real-world applications and
collaborative work, promotes deeper engagement and allows students to develop higher-
order thinking skills (Johnson et al., 2014). By applying mathematical concepts to solve
practical problems, students gain a deeper understanding and develop the ability to think
critically about complex issues. This approach contrasts with conventional methods,
which often focus on rote memorization and formula application, limiting the
opportunities for students to engage critically with the material. The critical thinking
skills cultivated through mathematics education are highly relevant to the challenges and
demands of Industry 5.0, where human creativity and technological innovation intersect.
As the industrial landscape increasingly relies on data-driven decision-making, the ability
to analyze, interpret, and solve complex problems becomes essential (Bauer et al., 2018).
Mathematics education equips students with the tools needed to address such challenges,
fostering a mindset that can approach problems with a critical and analytical perspective.
This aligns with the growing need for professionals who can navigate the complexities of
data, technology, and innovation in the modern workforce. Several factors influence the
effectiveness of mathematics education in fostering critical thinking. Student motivation,
teacher competence, and the availability of learning technology are key elements that can
either enhance or impede the development of critical thinking skills (Hattie, 2009).
Motivated students who see the relevance of mathematics in solving real-world problems
are more likely to engage with the material and develop critical thinking abilities.
Likewise, teachers who incorporate innovative teaching methods and utilize technology
can create a more stimulating learning environment. On the other hand, a lack of
resources, insufficient teacher training, or low student motivation can hinder the impact
of mathematics education on critical thinking development. The findings emphasize the
importance of integrating critical thinking skills into the mathematics curriculum to better
prepare students for the challenges of the digital age and modern industry. By prioritizing
problem-solving, analytical reasoning, and decision-making, educators can help students
develop the cognitive skills required for success in the Industry 5.0 era. This integration
will ensure that students are not only proficient in mathematical calculations but also
equipped to approach complex, technology-driven problems with a critical mindset
(Schoenfeld, 2014). As such, it is crucial for educational policymakers to design curricula
that foster both mathematical competency and critical thinking, aligning with the needs
of the evolving workforce.
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