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Abstract

This research explores the analysis of the National Curriculum for Mathematics (2006) in Pakistan
to promote critical thinking among students from grades | to XII. The qualitative content analysis
was used to systematically scrutinize the curriculum document to determine significant aspects
that contribute to developing critical thinking skills. The analysis focused on developing
conceptual understanding and skill development while addressing real-life problem-solving and
logical reasoning. It is based on a spiral approach where concepts are revisited and deepened
across grades, promoting interactive, student-centered teaching methods. Finally, it highly
underscores the use of technology, especially at higher levels, that can enhance mathematical
exploration. The curriculum also demonstrates its commitment to reasoning and logical thinking
by dedicating a separate standard and incorporating activities encouraging pattern recognition,
argumentation, and justification. However, how successful this can be in classrooms will depend
primarily on how well it is executed. This study provides valuable insights into the potential of the
mathematics curriculum in Pakistan to develop student's critical thinking abilities and offers
recommendations for further improvement. The findings imply that designing curricular materials
is essential in realizing 21st-century skills; remarkably, the National Curriculum for Mathematics
(2006), Pakistan, is well-grounded in assisting students' development regarding critical thinking.

Keywords: Critical Thinking, Mathematics Curriculum, Qualitative Content Analysis,
Curriculum Design.

Introduction

In education, fostering critical thinking skill development is essential as it equips learners with
knowledge assessment techniques (Paul & Elder, 2019). This is even more important in
Mathematics, as problem-solving and logical reasoning form the basis of this field (NCTM 2000).
One area that has recently sparked interest in educational discourse is integrating math curricula
across all classes between one and twelve, focusing on nurturing students' critical thinking abilities.
The current study explores how Pakistan's National Curriculum for Mathematics (2006) can help
students at different grade levels develop critical thinking skills.

Critical thinking is a vital skill that helps individuals solve complex problems, make sound
decisions, and engage meaningfully with their environment (Ennis, 2018). This study focuses on
critical thinking in students within the context of Mathematics education as it will help them
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understand mathematical concepts fully, apply them in different situations, and thus build a solid
foundation for further learning (Tall, 2013). Mathematical curriculum may be enriched by
incorporating components related to critical thinking into it. Teachers can improve their students'
cognitive capacities, analytical abilities, and general academic performance by including critical
thinking components in the Mathematics curriculum (Facione et al., 2020).

The National Curriculum for Mathematics (2006) outlines the topics to be learned, objectives to
be met, and how instruction should be carried out from grade | up to grade XII. It is a Mathematics
curriculum for grades | through X11 entitled "The National Curriculum for Mathematical Education
(2006)", which specifies what should be taught in Pakistan's classrooms and how teachers should
teach it. The curriculum focuses heavily on helping students learn to think critically, reason
logically, and problem-solve, apart from gaining math knowledge (Ministry of Education, 2006).
A qualitative content analysis was used to examine the curriculum document and identify key
features supporting critical thinking development in teaching Mathematics.

One notable thing about the National Curriculum for Mathematics (2006) is that it emphasizes
conceptual knowledge-building among learners. The curriculum requires numerous visitations and
deeper understanding across levels to establish an interactive student-centered approach. Finally,
technology integration, especially in advanced stages such as at the higher school level, can also
promote a more thorough exploration of mathematical aspects. There are other explanations for
logical reasoning since another standard is dedicated to reasoning and logical thoughts
incorporated with pattern recognition, argumentation, and justification. However, the curriculum
can only develop critical thinking skills if it is successfully implemented in classrooms. The
curriculum emphasizes real-world problem-solving scenarios and logical reasoning exercises to
establish a solid understanding of mathematical ideas while enhancing students' critical thinking
skills (Ministry of Education, 2006). Using the spiral method in the curriculum ensures repeated
reviews and reinforcement of core ideas at different grades, which contributes to the growth of
students' critical thinking ability (Tirol, 2022).

The National Curriculum for Mathematics (2006) is based on an interactive teaching methodology,
which aims to foster active student engagement through activities that promote critical thinking.
On top of this line, the curriculum seeks to engage students actively in the learning process by
supporting them with critical thinking abilities through active participation by learners in
collaborative learning groups and hands-on inquiry experiences (Makonye, 2019). Also, using
technological tools and resources can enhance one's math experiences and strengthen one's critical
reasoning abilities or problem-solving capabilities, according to Safitri and Aziz (2022). This is
especially true for higher-grade students. In addition, The National Curriculum for Mathematics
(2006) introduces technological instruments that can be used to support young people's discovery
of Mathematics and foster their logical thinking skills. By incorporating digital developments into
classroom practices, teachers could create dynamic learning environments that facilitate interactive
problem-solving tasks, data-analyzing methods, and innovative techniques (Kwangmuang et al.,
2021). Furthermore, some parts of the syllabus explicitly guide students' thinking so that they
become able to pattern recognition. This encourages them to make an argument, justify their
decisions, and develop many cognitive processes that help them think critically (Ministry of
Education, 2006).

Scholars and educators worldwide have focused on developing critical thinking skills in
Mathematics education. Many studies have tried to discover why it is crucial to develop critical
thinking skills among students and techniques for embedding them in Mathematics syllabuses.
Aizikovitsh-Udi and Cheng (2015) argue that critical thinking is essential beyond school walls in
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the real world. They also state that learners must apply what they learn and be able to use it in their
lives. Furthermore, Math lessons should include teaching strategies for high-order thinking skills
within the math curriculum (Basri & As' ari, 2019).

New studies about technology's role in fostering critical thinking in Mathematics education are
emerging. Kiru et al. (2018) have researched how technology enhances learning environments and
promotes secondary school students' critical reasoning capacity when solving math problems.
They found that students solve math problems more logically with interactive digital tools.
Similarly, Mao et al. (2022) investigated the impact of game-based learning on students' critical
thinking skills. A meta-analysis study found a positive effect of game-based learning on students'
critical thinking skills. The importance of teacher professional development in promoting critical
thinking skills in Mathematics education is highlighted by (Firdaus & Darari, 2024). The purpose
of the study was to explore the effectiveness of case-based interactive videos with online
discussion forums for the improvement of CT skills of prospective teachers at the university level.
The findings showed a significant increase in scores in CT skills in a post-test. On the other hand,
the qualitative results highlighted the significance of collaboration and engagement in the learning
process.

Several studies have explicitly focused on integrating critical thinking skills within curricula in the
Pakistani context. A study conducted by Jamil (2024) regarding the analysis of the Chemistry
curriculum for grades IX-X, the analysis of the Biology curriculum fostering CT skills for the
twenty-first century (Jamil, Bookhari, et al., 2024), the Physics curriculum concerning the
incorporation of CT skills development (Jamil & Muhammad, 2024), Single National Curriculum
(SNC), 2020 for Social Studies Grades V-V for the development of CT (Jamil et al., 2024),
teaching of CT in Pakistan studies textbook for grade 9 (Naseer et al., 2022), overall analysis of
physics, chemistry, and biology curriculum for the development of CT skills among secondary
school students (Jamil et al., 2021). All these studies analyze the different curriculum documents
regarding CT skills development as incorporated in the documents with a strong emphasis on CT,
its importance, suggested pedagogical practices, and assessment systems for the development of
CT skills development.

Objective of the Study
To explore the critical thinking skills development incorporated in the Mathematics curriculum
(2006) Grades I-XII.

Research Methodology

This study employed a qualitative content analysis approach to investigate the potential of a widely
used Mathematics curriculum in fostering critical thinking skills among Grades 1-XII
students. Qualitative content analysis is a research method used to identify patterns, themes, and
other ideas through text data analysis (Kyngds, 2020). This method best analyzes educational
material like textbooks to see if their content affects learning outcomes (Mayring, 2014). The
Mathematics curriculum for grades I-XII was reviewed using a purposive sampling technique.
This non-probability method finds participants based on specific commonalities or characteristics
between them (Etikan & Bala, 2017). The entire curriculum document was analyzed word-to-
word. The document was obtained digitally, which made it easier to collect and organize data.
NVivo 12 software was used for the qualitative content analysis of this study (Bazeley & Jackson,
2019).
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Findings of the Study

Based on a thorough analysis of the National Curriculum for Mathematics document from grades
I-XI1 in Pakistan, here is a detailed review of different critical aspects with relevant examples and
page number references:

1. Emphasis on Conceptual Understanding and Skill Development

The curriculum strongly emphasizes building a conceptual understanding of mathematical ideas
and developing essential skills. The curriculum is designed to help students "build the solid
conceptual foundation in Mathematics that will enable them to apply their knowledge
skillfully"” (p. 2). The "curriculum emphasizes the geometrical concepts that enable the students to
think logically, reason systematically, and conjecture astutely”" (p. 2). The standards include
"conceptual understanding — comprehension of mathematical concepts, operations and
relations” and “procedural fluency — skill in carrying out procedures flexibly, accurately,
efficiently and appropriately"” as critical components of mathematical proficiency™ (p. 132).

2. Focus on Real-life Problem Solving

The curriculum stresses the importance of connecting Mathematics to real-life situations and
developing problem-solving abilities in students. For instance, the curriculum notes, "an
information- and technology-based society requires individuals, who are able to think critically
about complex issues, analyze and adapt to new situations, solve problems of various kinds and
communicate their thinking effectively” (p. 1). The teaching strategies section states, “"problem
solving is a widespread opinion that should be the central focus of the curriculum for
Mathematics" and "working on this problem offers a good practice in addition, multiplication and
division skills. But the important goal of this problem is to help students think systematically about
possibilities and record thinking™ (p. 133). Across the grades, many word problems and problem-
solving exercises are included in the content. For example, in Grade Ill, students are expected
to "solve real life problems related to time and work using proportion™ (p. 53).

3. Integration of Technology

Recognizing the importance of technology in Mathematics education, the curriculum includes
using technology at appropriate places. For example, the curriculum "recognizes the benefits that
current technologies can bring to the learning and doing Mathematics. It, therefore, integrates the
use of appropriate technologies to enhance learning in an ever increasingly information-rich
world" (p. 2). Specific software like MAPLE is introduced in higher grades to "integrate
technology to aid the process of mathematical exploration” (p. 4-6). The use of technology like
calculators, graphing tools, dynamic geometry software, etc., is suggested at relevant places.

4. Spiral Approach to Concepts

The curriculum is structured in a spiral manner, with concepts introduced in earlier grades and
then revisited in higher grades with increasing depth and complexity. For example, the concept of
whole numbers is introduced in grade | (p. 8), extended to 6-digits in grade 1V (p. 24), and further
to 100 million in grade V (p. 32). Similarly, the topic of fractions is introduced in grade | (p. 11),
extended to all four operations by grade IV (p. 25-26) and further developed in grade V with
concepts like a fraction to decimal conversion (p. 33).
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5. Emphasis on Reasoning and Logical Thinking

The curriculum substantially emphasizes developing students' students' reasoning and logical
thinking abilities. One of the five primary standards is dedicated to "reasoning and logical
thinking," with the objective that students should be able to "use patterns, known facts, properties,
and relationships to analyze mathematical situations™ and “"examine real-life situations by
identifying, mathematically valid arguments and drawing conclusion to enhance their
mathematical thinking" (p. 7). Across grades, reasoning skills are developed through exercises
involving pattern recognition, analyzing mathematical situations, evaluating arguments, justifying
solutions, etc. For instance, in grade VIII, students are expected to "find different ways of
approaching a problem to develop logical thinking and explain their reasoning™ (p. 7).

6. Interactive Teaching Approach

The curriculum advocates an interactive, student-centered teaching approach that moves away
from simple lecture-based methods. It specifies, "The teachers' role shifts from dispensing
information to planning investigative tasks, managing a cooperative learning environment and
supporting students' creativity in developing a rational understanding of the concepts™ (p. 132). It
is also described as "Students particularly of the primary level can learn by presentation and
explanation by the teacher, consolidation and practice, games, practical work, problems, and
puzzles, and investigating Mathematics" (p. 133). Problem-solving is also discussed.

Discussion

To nurture critical thinking skills among students from grades | to XII, this study's findings
highlight the potential of the National Curriculum for Mathematics (2006) in Pakistan. Also, the
spiraling progression of concepts, reasoning and logical thinking, real-life problem solving,
interactive teaching methods, technology integration, conceptual understanding focus, and skill
development, just like many other literatures, aligns with this emphasis of curriculum. Like Tall
(2013), the curriculum mainly stresses building a solid mathematical foundation that helps
understand concepts. Firstly, the curriculum is geared towards helping students understand
Mathematics concepts, including operations and relations, necessary to develop their CT skills.
This further confirms Rittle (2017), who found that conceptual understanding is vital when solving
problems and transferring learning.

According to Enu and Ngcobo (2022), this curriculum's use of real-life problem-solving scenarios
is observed in teachers' knowledge and practices on feedback, which were based on corrective
measures given a thorough analysis of student weakness. Relating mathematical ideas to real-life
situations can encourage the application of knowledge by pupils analyzing complex problems and
devising alternative solutions (Schoenfeld, 2022). The need for authentic problem-solving
experiences in Mathematics education has also been highlighted by Schoenfeld (2022).

With the growing recognition that technology might improve critical thinking abilities, technology
incorporation into the National Curriculum for Mathematics (2006) conforms to such recognition.
Since it demonstrates positivity regarding mathematically reasoned ideas and problem-solving
capabilities amongst learners, research conducted by Bray and Tangney (2017) reveals how its
usage aligns with MAPLE software. Drijvers (2020) also asserts that digital tools can promote
conceptual understanding through exploration and visualization. The emphasis placed on
reasoning and logical thinking within the framework finds support from Ciccolini and Stylianides
(2020); they stated that it was important for teachers to develop pupils' reasoning skills. Therefore,
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the curriculum aims to improve their critical thinking through participation in activities like
looking for patterns, analyzing mathematical situations, and justifying answers.

The curriculum's advocacy for interactive and student-centered teaching strategy is congruent with
the principles of constructivism and the findings of several studies that underline the benefits of
active learning in Mathematics education (Asunka et al., 2018). By allowing scientific
investigations and group projects and encouraging creativity in students' work, a better learning
environment for nurturing critical thinking skills is aimed. However, some obstacles can occur
while implementing the curriculum. According to Amirali and Halai (2010), teachers' training,
adequate resources, and resistance to change have hindered the implementation of curriculum
reforms in Pakistan. These obstacles need attention to achieve the goals set by the curriculum.
Besides, this study has shown that continuously evaluating and taking the curriculum is necessary.
According to Confrey et al. (2018), curriculum development should be an iterative process
incorporating feedback from educators, students, or other stakeholders. Thus, constant assessment
and adaptation of a syllabus according to new research and shifting educational demands can keep
its relevance and efficiency in enhancing critical thinking skills.

Conclusion

The current study analyzed the Mathematics curriculum in terms of fostering CT skills among
students. Qualitative content analysis was used to analyze the curriculum to focus on conceptual
understanding of skill development, real-life problem solving, technological integration, spiral
approach for concepts, and logical and reasoning thinking with an interactive teaching approach.
The study results emphasize the sound foundation of mathematical concepts and improving critical
thinking skills. Through conceptual understanding, the curriculum enables the students to use
mathematical knowledge effectively. Furthermore, in real-life situations, Mathematics is discussed
in the curriculum to solve problems among students. Throughout all grades, problem-solving
exercises are included to encourage the students to think critically regarding complex issues. To
improve their mathematical thinking capacities by involving them in activities like pattern
recognition evaluation of arguments used in analyzing mathematical situations or justifying
solutions made by them during a particular lesson, etc., the authors claim that such activities would
help learners recognize numbers and think mathematically better than before. Also worth
mentioning is that an interactive teaching method where students' interests are taken into
consideration was proposed by The National Curriculum for Mathematics (2006). A more
interactive and efficient learning environment is created with investigative tasks replacing teacher-
centered instruction and cooperative learning supportive of students' creativity. The recommended
teaching strategies, such as investigations, explorations, discussions, projects, and manipulatives,
encourage students to actively participate in their learning processes and gain a deeper
understanding of mathematical concepts.

Recommendations

The following are the study's recommendations, keeping the findings and conclusions in view.

e Comprehensive teacher training programs should be conducted focusing on pedagogical
practices for the development of CT skills.

e Educational resources, including textbooks, technological tools, and teaching material, should
be provided to implement the curriculum across all grades.

e Technology integration in Mathematics classrooms should be encouraged to foster CT skills
among students.
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Connecting mathematical concepts with real life should be encouraged to make learning more
relevant.

Assessment strategies should be developed and implemented in a way that is aligned with the
curriculum.,
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