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Abstract—The paper discusses the role mathematics
education can play in developing critical thinking, so
important for learners to survive in the complexities of
the 21st century. Society is looking increasingly for
people who are able to think analytically and to solve
complex problems, who are able to adapt to
environments characterized by rapid change.
Traditional approaches to the teaching of mathematics
are being reappraised. It portrays current educational
practice and calls for a shift in focus toward inquiry-
based and problem-solving approaches to make students
critically engage themselves with mathematical concepts.
The paper analyzes curriculum frameworks and
pedagogical strategies with a view to identifying effective
methods to integrate critical thinking into mathematics
education. The findings present an impression of the
situation where, while mathematics is being taught
relevantly and engagingly, rather than purely
mechanically, students are much more in a position to
apply knowledge gained from the subject in various
situations. It is this realization that brings this paper to a
close, urging mathematics educators and policymakers
to reform the curriculum and refocus on developing
skills in critical thinking, which can better prepare
students for the many modern challenges.

Index Terms—Critical ~ Thinking, = Mathematics
Education, 21st Century Skills, Inquiry-Based Learning
etc.

[. INTRODUCTION

Critical thinking and problem-solving have emerged
as the precondition for success in both personal and
professional lives of human beings facing an
increasingly complex, fast-moving world. Challenges
in the 21st century abound, requiring not just
specialized knowledge but adaptability, innovation,
and the ability to look at problems from a number of
different perspectives. It is thus the place of the
education system to ensure that students are
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empowered with these capacities for critical thinking
in solving issues and making decisions in the modern
world. Mathematics, in itself as a course, is one of the
platforms that can be used in developing such
important skills. Being inherently logical and
systematic, it demands serious analysis, pattern
recognition, and abstract reasoning from the learner.
Traditional models of mathematics education
overemphasize mere rote learning and procedural
tasks at the expense of mathematical contexts where
creativity and application are relevant. That is why
there is increasing agreement among educators and
policymakers that a sea change is needed in the
approach to mathematics education if critical thinking
and problem-solving abilities are to be effectively
embraced.

The paper discusses the role of mathematics education
in light of developing those thinking skills that are
essentially required to be possessed by students in
order to meet the challenges of the 21st century. The
study reviews current educational practice and
analyzes several curriculum frameworks in an attempt
to answer the question of how one can effectively
teach critical thinking via mathematics. These findings
will provide insight into ways in which mathematics
teaching can better promote mathematical capability
among learners and further equip them with the
capacity to engage with complex problems within
varying contexts.

II. LITERATURE REVIEW

It is an imperative perturbing issue in mathematics
education literature that the enhancement of students'
critical thinking skills is a precondition to survive all
challenges in the 21st century. The traditionalist
approach emphasizes rote and procedural knowledge,
whereas research over the past few decades has
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dramatized the limitations of such approaches to deep
understanding and in developing problem-solving
abilities. In contrast, technology integration, through
inquiry-based  learning and  problem-solving
approaches, provides much more effective ways of
engaging students in critical thinking. Even though
some curriculum frameworks, such as the Common
Core State Standards, start to place attention on these
skills, there are still a lot of challenges lying ahead,
which include resistance to change, pressure from
standardized testing, and the need for teacher
professional development. If this is the case, the
barriers must be surmounted; mathematics education
is to vest a student with the skills of critical thinking
and arm them to survive in such a world.

III. OBJECTIVE OF THE STUDY

The present research seeks to determine how
mathematics education can best be improved in order
to develop critical thinking skills in students to face
challenges of the 21st century. Precisely, it aims to
assess the effectiveness of traditional and
contemporary teaching methods of mathematics with
regard to the formation of abilities related to critical
thinking and solving problems.
e Identify and analyze such innovative pedagogical
approaches in mathematics education which

create conditions for developing critical thinking,
including inquiry-based learning and integration
of technologies in the learning process.

e Look through and analyze current curriculum
frameworks and standards for their content and
their relevance to the development of critical
thinking skills.

e FElucidate the challenges and barriers to
implementing critical thinking-focused
approaches in mathematics education by
educators, from simple resistance to change to
systemic issues.

e Make practical recommendations to educators,
policymakers, and curriculum developers about
how to enhance mathematics instruction so that it
will more adequately support critical thinking
skill development in the future.

IV. METHODOLOGY

This is a quantitative research design to assess the
different teaching methods in mathematics to attain
effectiveness in terms of critical thinking skills. The
paper focuses on collecting data by surveys from
mathematics teachers and analyzes it for determining
current practices in teaching mathematics and their
effects on critical thinking.

The following table illustrates the key survey variables and their expected measurements:

Variable

Measurement Type

Description

Teaching Methods Categorical

Types of teaching methods used (e.g.,
traditional, inquiry-based)

Perceived Effectiveness Likert Scale (1-5)

Educators’ perceptions of how
effectively their methods develop
critical thinking skills (1 = Not
Effective, 5 = Very Effective)

Frequency of Critical Thinking | Continuous
Activities

Frequency of activities designed to
promote critical thinking (e.g., weekly,
monthly)

Challenges Faced Categorical

Types of challenges encountered in
implementing critical thinking
strategies (e.g., lack of resources,
resistance to change)

Professional Development Likert Scale (1-5)

Rating of adequacy of professional
development for implementing critical
thinking (1 = Poor, 5 = Excellent)
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Participants will be provided with informed consent
forms outlining the study’s purpose and their rights.
All responses will be kept confidential and
anonymized.

V. RESULTS

1. Survey Findings

The survey was completed by 150 mathematics
educators from various educational levels. The data
collected provide insights into the effectiveness of
different  teaching methods, the perceived
development of critical thinking skills, and the
challenges faced in implementing these approaches.

a. Teaching Methods

Survey responses indicated the following distribution
of teaching methods used:

Teaching Method Percentage
Traditional Methods 45%
Inquiry-Based Learning 35%
Technology-Enhanced 20%

b. Challenges Faced
The main challenges in implementing critical thinking
strategies were identified as follows:

Challenge Percentage
Lack of Resources 40%
Resistance to Change 30%
Inadequate Professional 20%
Development
Other 10%

2. Professional Development

Educators rated the adequacy of professional
development for implementing critical thinking
strategies:

Rating Percentage
Poor 25%
Fair 35%
Good 30%

Excellent 10%
Poor 25%

e Pearson Correlation: Analysis regarding Pearson
correlation yielded a significant moderate
relationship emerging between inquiry-based
learning and perceived effectiveness by educators
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in the development of the students' critical
thinking skills r (133) = 0.56, p < 0.01.

e ANOVA Results: There was a significant
difference among the various teaching methods
for perceived effectiveness ratings, F (2, 147) =
12.34, p <0.001. Inquiry-based learning methods
were rated significantly higher.

VI. FINDINGS

1. Method of Teaching:
e 45% use conventional methods.
e 35% use inquiry-based learning.
e 20% use technology-enhanced methods.
Regarding the in-service teachers, inquiry-based
methods are seen to be more effective in instilling the
development of critical thinking with mean rating at
4.1, following respectively: technology-enhanced
methods (3.8) and the traditional methods (3.2).
2. Critical Thinking Activities Conducted in School:
e 50% conduct critical thinking activities weekly.
e 30% conduct monthly.
e 15% rarely do the activities.
5% never carry out
Challenges Faced:
e 40% of the problems are under resourcing.
e 30% have issues with change resistance.
e 20% are related to wunder professional
development problems.
e 10% are other forms of problems, but not
specified.
4. Inadequate professional development
e 25% of the educators have ranked it as poor.
e 35% of the educators have ranked as fair.
e 30% of the educators have ranked as good.
o 10% of the educators have ranked excellent.

VII. RECOMMENDATIONS

1. Deepen Inquiry-Based Learning:

e Expand use of inquiry-based learning practices.

e Develop professional development to align
teachers' orientation toward inquiry-based
practices.

2. Increase Use of Critical Thinking Activities:

Systematically build in critical thinking activities
in all curricula.
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Provide resources and help to support the regular

use of these activities.

3. Addressing Resource and Resistance Issues:

e Invest in resources necessary to support
innovative practices in teaching.

e Foster a culture to help minimize the resistance to
new practices.

4. Professional Development:

e Improve professional development according to
the needs of educators.

e Provide relevant training about strategies of
critical thinking; ensure the training is relevant to
education providers.

5. Monitoring and Evaluation of Implementation:

e Regularly monitor the pedagogies and
professional development with regard to their
effectiveness.

e Learn best practices and areas of improvement to

have relevance in strategies kept effective.

VIII. CONCLUSION

This paper proves that mathematics education, along
with providing activities on critical thinking, will help
students in their quest to engage and grapple with the
problems characteristic of the 21st century. The results
have further confirmed the effectiveness of inquiry-
based learning on enhancing students' critical
thinking, despite traditional teaching practices still
being dominant. Those practitioners who used the
activities on critical thinking quite often got positive
results, though a lot of them were met with huge
challenges such as a lack of resources, adversity to
change, or weak professional development. In
summary, fostering critical thinking through
innovative teaching methods and supportive practices
is vital for preparing students for the future. This study
provides a foundation for ongoing improvements in
mathematics education, aiming to better equip
students with the skills they need to succeed in a
rapidly changing world.
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