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Abstract. This study explores the implementation and impact of Critical Pedagogy in the
context of mathematics education in Indonesia, focusing on how this approach can enhance the
authenticity of learning, students' conceptual understanding, and active engagement in the
learning process. Through literature analysis and case studies, this research identifies the poten-
tial of Critical Pedagogy in transforming the paradigm of mathematics education from tradi-
tional and passive to interactive, critical, and oriented towards solving real problems. The study
highlights how the application of Critical Pedagogy principles, such as Problem-Based Learn-
ing (PBL) and the use of interactive multimedia, can enrich students' learning experiences and
improve their conceptual understanding and mathematical communication skills. However,
challenges in the implementation of Critical Pedagogy are also identified, including institution-
al and student resistance to changing paradigms in mathematics learning, as well as the need for
training and support for teachers in implementing this approach. Recommendations for educa-
tors, policymakers, and researchers are presented to address these challenges and advance the
practice of Critical Pedagogy in mathematics education in Indonesia. The research affirms that,
despite the challenges, the application of Critical Pedagogy in mathematics education has sig-
nificant potential to enhance student engagement, deepen conceptual understanding, and pre-
pare students with relevant skills for the future. Collaborative efforts among educators, policy-
makers, and researchers are needed to fully leverage the potential of this approach in improving
mathematics education in Indonesia.

Keywords: Critical Pedagogy, mathematics education, pedagogical approach.

1 Introduction

Mathematics education in Indonesia faces significant challenges in developing stu-
dents' critical thinking abilities and conceptual understanding. Although mathematics
is recognized as a fundamental academic discipline, traditional teaching approaches
often fail to stimulate critical thinking or make learning relevant to students' real-life
experiences. In this context, the Critical Pedagogy Approach offers a new perspective
that has the potential to address these issues. Principles of Critical Pedagogy, such as
student empowerment, the development of critical thinking, and the integration of
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social contexts into learning, can play a crucial role in reforming mathematics educa-
tion in Indonesia.

According to a study by [1], Indonesian students often struggle to apply critical
thinking skills when faced with mathematical problems. The ability to focus on prob-
lems, determine solution strategies, and choose appropriate arguments are critical
aspects that are not fully developed. The difficulties students face in mathematical
problems are influenced by many factors, one of which is their lack of conceptual
understanding of mathematics. This challenge highlights the need for more dynamic
and interactive learning approaches that encourage students to think critically and
independently.

The role of teachers in implementing Critical Pedagogy in mathematics education
is crucial. As explained by [2], teachers have a significant impact on shaping students'
learning experiences. Through the implementation of Critical Pedagogy strategies,
teachers can guide students to connect mathematics learning with social contexts and
real-life situations while developing their critical thinking skills. [3] emphasized the
responsibility of teachers in managing the complex diversity within the classroom,
highlighting their role as facilitators in creating a conducive learning environment.
This requires a commitment from teachers to continually develop their teaching prac-
tices and create a learning environment that supports students' intellectual growth.
Research by ([4]; [5]) emphasize how teachers can influence student engagement and
motivation through effective teaching strategies and cognitive style adaptation. Addi-
tionally, studies by ([6]; [7]; [8]; [9]) demonstrate various ways teachers can enhance
learning outcomes, classroom interactions, and student readiness for academic and
professional challenges, all underscoring the importance of teachers as facilitators and
motivators in an active and adaptive learning environment.

By introducing the Critical Pedagogy Approach into mathematics education, it is
expected that students will go beyond viewing mathematics as merely an academic
activity and start to appreciate its value in solving real-life problems and critical
thinking. This approach aims not only to enhance students' academic skills in mathe-
matics but also to strengthen their connection with the surrounding world, enabling
them to apply their learning in broader and more meaningful contexts. The implemen-
tation of Critical Pedagogy in Indonesian mathematics education promises a paradigm
shift from teacher-dominated learning to a more collaborative and student-centered
learning process. This requires a transformation in how teachers design and imple-
ment learning and how students engage in the process. With a focus on developing
critical thinking and empowering students, this approach offers a path toward more
inclusive, relevant, and impactful mathematics learning experiences. In conclusion,
the challenges in mathematics education in Indonesia require innovative solutions that
not only strengthen students' technical abilities but also develop their competencies in
critical thinking and problem-solving. The Critical Pedagogy Approach, with its em-
phasis on student empowerment and the integration of learning with social contexts,
offers a framework that has the potential to realize these goals. Through the applica-
tion of these principles, it is hoped that mathematics education in Indonesia will be-
come more dynamic, meaningful, and ultimately, more successful in preparing stu-
dents to face future challenges.
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This research has significant urgency in the context of mathematics education in
Indonesia. A strong conceptual understanding is a primary foundation for effective
mathematics learning (Boaler, 2016). A deep conceptual understanding in mathemat-
ics is essential for developing the potential of high-quality human resources [10]. The
Critical Pedagogical approach aims to develop a profound conceptual understanding,
not just at the level of mechanistic skills or formula mastery [11]. Although mathe-
matics education in Indonesia faces various challenges, such as a lack of interest in
learning mathematics, a deficiency in conceptual understanding, and a lack of innova-
tion in teaching methods, this research can provide insights on how a Critical Peda-
gogical approach can improve the situation. The low interest in learning mathematics
has been identified as a significant factor affecting mathematical problem-solving
abilities and learning outcomes [12]. By understanding the challenges and potential of
the Critical Pedagogical approach, this research can offer valuable strategies for en-
hancing conceptual understanding, problem-solving abilities, and encouraging inno-
vation in teaching methods in mathematics education.

2 Methodology

The research method employed is the Systematic Literature Review (SLR) methodol-
ogy. The SLR method is used to identify, assess, evaluate, and interpret all available
research within the topic field of interest, with specific research questions that are
relevant. The SLR plays a crucial role in conducting a comprehensive literature re-
view on the effectiveness of Critical Pedagogy in mathematics education in Indonesia.
It aids in identifying key findings from existing research, enabling the synthesis of
current knowledge and pointing out research gaps that require further exploration
[13]. This method is invaluable in forming a strong theoretical foundation for further
research on Critical Pedagogy.

Implementation of SLR Tools

To facilitate effective SLR, tools such as Publish or Perish and VoSviewer are used.
Publish or Perish is employed to retrieve academic papers and articles that cite signif-
icant works on Critical Pedagogy, providing a quantitative analysis of their impact
and relevance. Meanwhile, VoSviewer is used to build and visualize networks of
citations and keywords. This visualization assists in understanding the relationships
among various studies and highlights the dominant themes and methodologies in the
field.

Data Collection and Analysis Process

The data collection process involves setting search parameters to include key terms
such as "Critical Pedagogy" and "mathematics education," with a specific focus on
the Indonesian context. Literature retrieval includes several databases to ensure a
comprehensive collection of relevant studies. Following collection, the analysis phase
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begins, categorizing the literature into empirical studies, theoretical papers, and meth-
odological discussions. Each category is then scrutinized to assess the contributions of
the studies to understanding the impact of Critical Pedagogy in mathematics educa-
tion.

Synthesis of Findings

The synthesis of findings from the SLR involves integrating insights from various
studies to formulate a coherent understanding of how Critical Pedagogy has been
applied and evaluated in the context of mathematics education in Indonesia. This
synthesis not only reflects the effectiveness of Critical Pedagogy but also examines
effective pedagogical strategies in enhancing critical thinking and conceptual under-
standing among students. Additionally, this review identifies common challenges and
successful interventions, offering a comprehensive overview of the current state of the
field.

Identification of Research Gaps and Future Directions

The final stage of the SLR involves identifying gaps in the current research landscape.
These gaps may relate to areas such as the long-term effects of Critical Pedagogy on
student outcomes, the scalability of successful pedagogical strategies, or comparative
studies among different educational contexts within Indonesia. Highlighting these
gaps helps in setting an agenda for future research, proposing new studies that could
answer unresolved questions and expand the knowledge base. Recommendations for
future research might include longitudinal studies to track impacts over time, experi-
mental designs to establish causal relationships, and qualitative studies to gain deeper
insights into the experiences of students and teachers with Critical Pedagogy in math-
ematics education.

3 Research and Discussion

3.1 Integration of Critical Pedagogy Principles into the Mathematics
Curriculum

In the effort to refine the mathematics curriculum in Indonesia, integrating the princi-
ples of Critical Pedagogy is crucial to support the development of learning that is
more relevant to students' real-life experiences. This approach enables students not
only to assimilate mathematical knowledge but also to utilize it within the context of
daily life. Principles such as student empowerment, the development of critical think-
ing, and the incorporation of social contexts into learning are key elements that can
enrich the mathematics curriculum, making it more dynamic, interactive, and authen-
tic.



Strengthening Conceptual Understanding Through Critical Pedagogical Approaches 61

The current curriculum in Indonesia is the Merdeka Curriculum, which has become
a hot topic of discussion among many groups. The Merdeka Curriculum aspires to
provide schools with the opportunity to conduct learning activities based on their
potential and strengths. It allows students to learn more actively and engagingly by
incorporating various media technologies and skills for the 21st century [14]. The
Merdeka Curriculum offers students the opportunity to optimize their existing poten-
tial, thus requiring supportive facilities. This is intended to sharpen students' creativity
and critical thinking skills [15].

The view of the Merdeka Curriculum aligns with the principles of critical peda-
gogy that learners should be central to the educational process. Learning is conducted
according to the needs of the learners. However, its implementation faces various
challenges, including: (1) Implementation of the Merdeka Curriculum requires ade-
quate human resources, financial support, and infrastructure, which may not be avail-
able in all areas. (2) Teachers need to receive sufficient training and support to design
and implement a curriculum that aligns with the Merdeka Curriculum. Currently, the
provision of training and support for teachers is very limited. Furthermore, research
by [16] identified several challenges in implementing the Merdeka Curriculum. Chal-
lenges for the education department include accommodating numerous activities,
limited accessibility, and communication barriers. Challenges for school principals
involve demands for dual roles and leadership styles. Challenges for teachers are that
they must prepare themselves psychologically and physically. Teachers are also re-
quired to have competencies in actively involving students in learning and adapting to
the educational needs of the students, as well as meeting administrative requirements;
and Challenges for students include diversity among the students, family environ-
ments.

3.2 Utilization of Multimedia

Critical pedagogy emphasizes the use of multimedia in learning. The utilization of
multimedia in learning is expected to contribute to students' understanding of mathe-
matical concepts. The development of interactive multimedia oriented towards a con-
textual approach, as demonstrated by [17], can enhance the quality of mathematics
education. Interactive multimedia provides an engaging platform for students to ex-
plore mathematical concepts through simulations, games, and visualizations that can
clarify complex material. The use of this interactive learning media supports student
empowerment, allowing them to control the pace and path of their own learning, ex-
ploring concepts from various angles, and receiving immediate feedback.

Challenges in using multimedia in education include issues such as limited access
to technology, teacher readiness, and the appropriateness of multimedia content to the
curriculum [18]; [19]; [20]. To overcome these challenges, strategies such as provid-
ing adequate training for teachers, developing locally relevant multimedia content,
and encouraging collaboration among stakeholders have been proposed [18]; [19];
[20]. These strategies aim to enhance teachers' skills in effectively integrating multi-
media into mathematics education.
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On the other hand, the opportunities arising from the use of multimedia in teaching
mathematics are significant. Multimedia can enhance student engagement, explain
complex mathematical concepts, and offer flexibility in presenting material to ac-
commodate diverse learning styles [18]; [20]; [21]. Additionally, with the rapid ad-
vancement of technology and the increasing accessibility of the internet in Indonesia,
the use of multimedia can improve access to quality mathematical resources [21].

Despite the challenges, the proposed strategies can help overcome obstacles and
take advantage of the opportunities offered by multimedia in mathematics education.
By providing the necessary skills to teachers, promoting the development of relevant
content, and encouraging collaboration, the integration of multimedia can enhance the
learning and teaching experience in mathematics classrooms in Indonesia.

3.3 Utilization of Learning Models

Critical pedagogy highlights the use of learner-oriented learning models. The appro-
priate use of these learning models is expected to contribute to students' understand-
ing of mathematical concepts. Utilizing learning models focused on students' concep-
tual understanding of mathematics provides various benefits. Models such as Guided
Discovery, Realistic Mathematics, Problem-Based Learning, and Cooperative Learn-
ing Type STAD have proven effective in enhancing students' understanding of math-
ematical concepts [22]; [23]; [24]; [25]; [26]). Mathematics teachers in Indonesia can
leverage these approaches to help students deeply understand mathematical concepts.

The Indonesian Realistic Mathematics Approach (PMRI) reflects the application of
Critical Pedagogy principles in mathematics education by emphasizing the use of
contextual problems, models, appreciating diverse student responses, interactivity,
and integration with other learning topics. Research by [27] aimed to analyze the
achievements and improvements in students' mathematical reasoning abilities through
the implementation of PMRI, showing its positive impact on students' reasoning
skills. Further, research by [28] reveals that Realistic Mathematics Education in Indo-
nesia (PMRI) has successfully improved students' understanding and acceptance of
mathematics. This approach, which integrates mathematical concepts with real-life
situations and daily activities, offers valuable insights into how social contexts and
students' realities can be used as effective learning tools. Through PMRI, students
learn mathematics not just as a set of rules or formulas but as a problem-solving tool
relevant to their lives.

However, there are challenges to be faced in implementing these learning models.
Some challenges that Indonesian mathematics teachers may encounter include a para-
digm shift in teaching, time and curriculum constraints, appropriate evaluation, as
well as enhancing digital literacy and online learning facilities [22]; [24]; [25]; [26] ).
Overcoming these challenges requires commitment and sustained efforts from math-
ematics teachers.

On the other hand, there are opportunities that Indonesian mathematics teachers
can seize through the application of learner-oriented learning models. These opportu-
nities include improving student understanding, increasing interest and motivation to
learn, and fostering continuous learning [23]; [25]; [26]). By capitalizing on these



Strengthening Conceptual Understanding Through Critical Pedagogical Approaches 63

opportunities, mathematics teachers can create a learning environment that enables
students to develop a better understanding of mathematics. Through the appropriate
use of learning models, addressing existing challenges, and exploiting available op-
portunities, mathematics teachers in Indonesia can play a significant role in enhancing
students' understanding of mathematical concepts and creating meaningful learning
experiences.

3.4 Assessment Transformation and Teacher's Role

The implementation of Critical Pedagogy principles within the mathematics curricu-
lum requires strategic changes in planning and delivering educational materials.
Teachers need to be trained and equipped with a strong understanding of these princi-
ples and practical ways to integrate them into mathematics education. This involves
developing teaching materials that are not only rich in mathematical content but also
support inquiry-based, critical, and creative learning.

Furthermore, assessments within a curriculum based on Critical Pedagogy should
reflect broader learning objectives, including problem-solving skills, critical thinking,
and the application of knowledge in real-life situations. Authentic assessments, such
as projects, portfolio-based assessments, and presentations, can serve as effective
tools to evaluate students' achievements in these areas, encouraging the application of
mathematics in real contexts and strengthening their understanding of mathematical
concepts.

3.5 Enhancing the Authenticity of Mathematics Learning

Research findings by [29] highlight the effectiveness of the Problem Based Learning
(PBL) approach, derived from a constructivist framework, in enhancing students'
mathematical communication skills. As an application of Critical Pedagogy, PBL
allows students to engage deeply in the learning process, where they are encouraged
to explore real problems, develop solving strategies, and communicate solutions ef-
fectively. These findings indicate that authentic and problem-oriented learning can
enrich students' educational experiences and reinforce their conceptual understanding
of mathematics.

3.6  Challenges in Implementation

Despite its proven effectiveness in enhancing the authenticity of mathematics educa-
tion, the implementation of Critical Pedagogy faces barriers. A study by [30] revealed
that physics teachers experience difficulties in implementing scientific learning based
on the 2013 Curriculum, which aligns with Critical Pedagogy principles. These chal-
lenges include limitations in teachers' conceptual understanding of this approach,
resource constraints, and a lack of adequate training. This indicates that the challenges
of implementing new approaches in mathematics education remain a primary concern
requiring strategic solutions.
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3.7  Problem-Solving and Enhancing Conceptual Understanding

Moreover, the application of Critical Pedagogy in mathematics education not only
enhances problem-solving skills but also facilitates a deeper conceptual understanding
of mathematics. Students learn to appreciate mathematics not just as a set of rules and
procedures to follow but as a powerful tool for understanding the world around them.
This creates more meaningful and relevant learning experiences, which in turn can
boost students' motivation and engagement in mathematics education.

3.8 Support and Training for Teachers

To address the challenges in implementing Critical Pedagogy, systematic efforts are
needed to provide support and training for teachers. Ongoing professional training,
adequate learning resources, and support from educational institutions and stakehold-
ers are key to ensuring that teachers can effectively implement this approach. Addi-
tionally, it is crucial to encourage collaboration among teachers to share best practices
and experiences in implementing Critical Pedagogy in mathematics education.

4 Conclusion

The conclusion from various studies on the implementation of Critical Pedagogy in
mathematics education in Indonesia indicates that this approach has significant poten-
tial to enhance the authenticity of learning and students' conceptual understanding.
Despite the significant challenges in teacher training and resources, the success of this
approach in making mathematics learning more relevant and engaging for students
cannot be overlooked. To maximize the effectiveness of Critical Pedagogy, a joint
commitment among teachers, policymakers, and the educational community is re-
quired to support the transformation of mathematics education into a more authentic,
interactive, and meaningful experience.

Enhancing mathematics education through Critical Pedagogy requires a holistic
and collaborative approach. Ongoing professional training and development for
teachers are key to ensuring that they are equipped with the skills and knowledge to
implement this approach effectively. Additionally, revisions to the curriculum and
assessments that support problem-solving-based learning and critical thinking are
essential to facilitate the transition to more dynamic and contextual mathematics edu-
cation.

Institutional and policy support that recognizes and promotes the importance of
conceptually and application-oriented mathematics education will strengthen the im-
plementation of Critical Pedagogy. This includes providing adequate resources, de-
veloping innovative learning materials, and creating a supportive learning environ-
ment. With focused and collaborative efforts, mathematics education in Indonesia can
transform into a learning experience that not only prepares students for exams but also
for using mathematics as a problem-solving tool in real life, preparing them to be
critical and innovative thinkers in the future.
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