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Abstract: Against the backdrop of contemporary educational reform, the cultivation of students' core
competencies has become a critical topic in the field of education. This study, focusing on high school
mathematics classrooms, explores the importance of cultivating core competencies in high school
mathematics instruction. Through an analysis of the connotations of core competencies in mathematics
and an examination of the current state of high school mathematics teaching, a series of targeted and
practical strategies are proposed. Additionally, specific teaching cases are analyzed to further validate
the effectiveness of these strategies. Finally, the study concludes with a summary, identifies limitations,
and provides suggestions for future research directions.
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Introduction

In today's educational context, fostering students' core competencies has become a primary goal of
mathematics education. The core competencies in mathematics encompass six dimensions:
mathematical abstraction, logical reasoning, mathematical modeling, intuitive imagination,
mathematical operations, and data analysis. Developing these competencies in students is of great
significance.

1. Purpose and Significance

Firstly, cultivating students' core competencies enhances their comprehensive abilities. In learning
mathematics, students deepen their understanding of abstract mathematical concepts, apply logical
reasoning, and practice mathematical modeling. These skills not only improve students' mathematical
knowledge but also strengthen their overall competencies, such as thinking skills, creativity, and
problem-solving abilities, which have a positive impact on learning across disciplines as well as on
future work and life.

Secondly, developing core competencies prepares students to meet the demands of a future society.
In the information age, strong mathematical competencies enable students to better understand and
handle various complex problems. For example, data analysis skills allow students to extract valuable
information in a big data environment to support decision-making; mathematical modeling skills equip
them to solve real-world problems, aligning with societal needs for innovative talents.

Furthermore, cultivating core competencies promotes interdisciplinary integration. Developing
mathematical competencies provides methods and cognitive support for other subjects. For instance,
logical reasoning is equally essential in the study of physics and chemistry, and intuitive imagination
aids students in understanding spatial concepts in geography. Achieving organic integration between
disciplines helps students build a comprehensive knowledge system.[!-?]

2. Strategies for Effectively Cultivating Core Competencies in Students through Mathematics
Classroom Teaching

Developing strategies to effectively cultivate students’ core competencies in mathematics
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classrooms is a key challenge for many educators.
2.1 Creating Problem Situations to Stimulate Student Interest

Creating problem situations is an effective means of fostering core competencies in students.
Teachers can stimulate students' interest and curiosity by designing scenarios that relate to their real
lives, guiding them to think and explore proactively. For example, when teaching the concept of
functions, teachers could introduce real-life examples such as temperature changes over time or the
relationship between phone bills and call duration, allowing students to experience the relevance of
functions in everyday life. Problem situations should be both inspiring and challenging, enabling
students to find answers through thought and exploration while experiencing some degree of difficulty,
thus motivating them and enhancing creativity.

2.2 Adopting Diverse Teaching Methods to Develop Students’ Comprehensive Abilities

2.2.1 Inquiry-Based Learning

Inquiry-based learning places students at the center, encouraging them to gain knowledge and skills
through independent exploration and collaborative discussions. In mathematics, inquiry-based learning
can help students explore the formation of mathematical concepts and theorems, enhancing core
competencies such as mathematical abstraction, logical reasoning, and intuitive imagination. For
example, when teaching the triangle sum theorem, students can use paper-cutting or assembly activities
to discover the sum of the interior angles independently, followed by logical reasoning to prove it.[*!

2.2.2 Cooperative Learning

Cooperative learning is a method that allows students to complete tasks in small groups. In
mathematics classrooms, students can work together to solve problems, fostering teamwork,
communication, and responsibility, while also enhancing skills like mathematical modeling and data
analysis. For example, during a math modeling activity, students can work in groups to collect data,
establish models, solve problems, and analyze and evaluate results.

2.2.3 Project-Based Learning

Project-based learning uses projects as the medium, where students complete tasks through
independent inquiry and collaborative work. In mathematics classrooms, project-based learning can be
used to design real-world projects that require students to apply mathematical knowledge and skills.
For instance, when studying statistics and probability, students could complete a project investigating
the eyesight of students at their school, collecting, organizing, analyzing, and reporting data to improve
their data analysis and problem-solving abilities.

2.3 Enhancing Mathematical Thinking to Improve the Quality of Student Thinking

Mathematical thinking is a crucial component of core mathematical competencies. Mathematics
classrooms should strengthen mathematical thinking to improve the quality of students' thought
processes.

2.3.1 Guiding Students in Mathematical Thinking

Teachers should encourage students to think mathematically, observing problems with a
mathematical perspective, analyzing with mathematical logic, and solving with mathematical methods.
For example, when teaching geometric figures, teachers can guide students to observe the features,
properties, and relationships of shapes, describe them in geometric terms, and use geometric methods
to prove properties.

2.3.2 Developing Students’ Logical Reasoning Skills

Logical reasoning is central to mathematical thinking. Mathematics classrooms should focus on
developing students' logical reasoning abilities, teaching them to derive conclusions from known
conditions. Activities like mathematical proofs and logic games can effectively cultivate logical
reasoning.[+-¢]

2.3.3 Encouraging Students’ Creative Thinking

Creative thinking is an essential aspect of core mathematical competencies. Teachers should
encourage students to think creatively, considering problems from multiple perspectives and finding



different solutions. This can be achieved through open-ended questions and creative math projects to
stimulate students’ innovative thinking.

2.4 Utilizing Modern Educational Technology to Enrich Teaching Resources

Modern educational technology offers diverse resources and teaching methods for mathematics
classrooms. Multimedia tools, animations, and videos can visually present mathematical concepts,
helping students understand and grasp knowledge. For instance, when teaching three-dimensional
geometry, teachers could use 3D animations to demonstrate the shapes and structures of spatial objects,
aiding students' spatial visualization. Additionally, tools like math software and online learning
platforms can facilitate experiments, inquiry, and self-directed learning, increasing students'
engagement and learning effectiveness.

2.5 Improving the Evaluation System to Promote Holistic Student Development

Evaluation is a critical component of teaching. Mathematics classrooms should implement a
comprehensive evaluation system, using diversified assessment methods to assess students’ learning
processes and outcomes. Evaluation should cover not only students' knowledge acquisition but also
their thinking skills, creativity, and teamwork. A combination of teacher evaluations, self-assessments,
and peer assessments encourages students’ self-awareness and reflection. An improved evaluation
system promotes holistic student development and enhances core competencies.

In conclusion, implementing strategies to cultivate core competencies in mathematics classrooms
requires continuous innovation in teaching methods, with a focus on creating problem situations,
adopting diverse teaching approaches, enhancing mathematical thinking, integrating modern
technology, and improving the evaluation system. This comprehensive approach will effectively
strengthen students’ core competencies, laying a solid foundation for their future development.!”’

3. Teaching Cases for Cultivating Core Competencies in High School Mathematics Classrooms
3.1 Developing Mathematical Abstraction Competency: Teaching the Concept of Functions

In teaching the concept of functions in high school mathematics, the teacher first presents real-life
examples, such as the relationship between the distance traveled by a car and time, or temperature
changes over time. The teacher then guides students to observe the relationships between variables in
these examples, asking, "What common characteristics do these examples share?" Through thinking
and discussion, students discover that in each example, there are two variables, with one changing in
response to the other. Next, the teacher guides students to abstract the concept of a function: if for two
non-empty sets, a correspondence exists where each element in one set has a unique counterpart in the
other, this relationship is called a function from one set to the other. In this process, students enhance
their mathematical abstraction competency by analyzing and abstracting from specific examples.

3.2 Developing Logical Reasoning Competency: Geometric Proofs

While learning the congruence theorems for triangles, the teacher first asks students to observe two
congruent triangles and poses the question, "How can we prove these triangles are congruent?"
Students suggest hypotheses, such as "Two triangles with three equal sides are congruent," or "Two
triangles with two equal angles and one equal side are congruent." The teacher then guides students to
use prior knowledge and logical reasoning to prove these hypotheses. For instance, for the hypothesis
"two triangles with three equal sides are congruent,” the teacher leads students to draw two triangles
with corresponding equal sides, then use transformations like translation or rotation to align the
triangles and prove their congruence. Through proposing hypotheses and reasoning to prove them,
students develop their logical reasoning competency.

3.3 Developing Mathematical Modeling Competency: Linear Programming Problem

When introducing linear programming, the teacher presents a practical problem, such as: A factory
produces two products, A and B. Each ton of Product A requires x tons of Material 1 and y tons of
Material 2; each ton of Product B requires m tons of Material 1 and n tons of Material 2. Given a
limited supply of Material 1 and Material 2, and knowing the profit per ton for each product, how



should production be arranged to maximize profit? The teacher then guides students to translate this
real-world problem into a mathematical model. Students define the quantities produced for each
product as variables and use the conditions provided to create constraints and a target function.
Students then solve the model using linear programming, obtaining the optimal solution. By translating
real-world problems into mathematical models and solving them, students develop their mathematical
modeling competency.

3.4 Developing Visual Imagination Competency: Solid Geometry

In teaching the formulas for the surface area and volume of a sphere, the teacher first presents a
physical sphere, guiding students to observe its shape and characteristics. Next, the teacher uses
multimedia to show an unfolding representation of a sphere, allowing students to see how its surface
can be approximated by many small triangles. The teacher then guides students to calculate the total
area of these triangles, deriving the formula for the sphere’s surface area. In this process, students use
visual imagination to mentally transform the sphere’s surface into a flat representation for analysis.
Finally, the teacher conducts an experiment where water in a spherical container is poured into a
known-volume container, helping students see the equivalency in volume, thus confirming the sphere’s
volume formula. Through observing objects, multimedia demonstrations, and hands-on experiments,
students develop their visual imagination competency.

3.5 Developing Mathematical Operations Competency: Polynomial Operations

In teaching polynomial operations, the teacher begins by presenting simple polynomials, asking
students to perform basic addition, subtraction, multiplication, and division. Then, the teacher gradually
increases the difficulty, introducing more complex polynomials for students to work with. Throughout
the process, the teacher guides students to use operational rules and properties for simplification. For
instance, when dealing with certain expressions, the teacher encourages students to first rewrite the
expression in a simpler form and then apply specific formulas to complete the calculation. Through this
approach, students enhance their understanding and competency in mathematical operations by
practicing with polynomial expressions.[®

3.6 Developing Data Analysis Competency: Statistical Analysis

While teaching statistics, the teacher organizes an activity where students collect data on their
classmates' heights and weights. Students gather data, organize it into tables and graphs, and use
statistical methods to analyze the data, calculating measures like the mean, median, and mode to assess
data distribution. Finally, based on their analyses, students draw conclusions about the distribution of
height and weight in their class and identify any outliers. Through collecting, organizing, and analyzing
data, students develop their data analysis competency.

4. Conclusion and Outlook
4.1 Conclusion

Cultivating students’ core competencies in high school mathematics classrooms has become a
central goal in contemporary education reform. By focusing on the development of competencies such
as mathematical abstraction, logical reasoning, mathematical modeling, visual imagination,
mathematical operations, and data analysis, students not only enhance their knowledge and skills in
mathematics but also make significant progress in critical thinking, creativity, and problem-solving
skills. This prepares students for their future growth and enables them to better meet societal demands.

Through diversified teaching methods, such as problem-driven and inquiry-based learning, students’
core competencies in areas like mathematical abstraction, logical reasoning, and mathematical
modeling have been effectively developed. For example, in teaching the properties of functions,
teachers can employ problem-driven methods, posing a series of questions to lead students in exploring
concepts like monotonicity and parity. By engaging in self-directed exploration and group discussions,
students achieve a deeper understanding of function properties and develop logical reasoning and
mathematical abstraction skills. Similarly, in teaching solid geometry, teachers can encourage students
to engage in inquiry-based learning, where they explore the properties of three-dimensional figures
through observation, experimentation, and reasoning, fostering visual imagination and logical



reasoning skills.

A multifaceted evaluation system assesses students’ learning processes and outcomes
comprehensively, not only focusing on their knowledge acquisition but also on their critical thinking,
creativity, teamwork, and more. This improved evaluation system promotes students’ well-rounded
development and strengthens their core competencies.

4.2 Outlook

While progress has been made in fostering core competencies in high school mathematics
classrooms, several challenges remain. In the future, further efforts and exploration can be made in the
following areas.

4.2.1 Deepening Teaching Reform

Efforts should be made to strengthen connections between different fields of mathematical
knowledge and integrate core competencies throughout the entire curriculum. This includes continually
exploring and innovating teaching methods, such as project-based learning and flipped classrooms, to
better meet students’ learning needs and promote core competency development.[>-!2]

4.2.2 Enhancing Teacher Competencies

Teachers should continuously update their subject knowledge, keeping abreast of the latest trends in
mathematics education. They should adopt a student-centered teaching philosophy, emphasizing the
cultivation of students’ independent learning abilities, creativity, and practical skills to ensure the
integration of core competencies in all aspects of instruction. Teachers should also enhance their skills
in lesson planning, classroom management, and assessment.

4.2.3 Strengthening Home-School Collaboration

Effective communication channels between home and school should be established to strengthen
the connection between teachers and parents. By working together to monitor students’ learning
progress and competency development, students can be encouraged to engage in independent and
inquiry-based learning. Additionally, supporting students’ interests and talents provides further
opportunities for fostering core competencies.

4.2.4 Improving the Evaluation System

Standards for evaluating mathematical core competencies should be refined to ensure assessments
are scientific and accurate. Emphasis should be placed on formative assessment, paying close attention
to students’ progress and performance throughout the learning process. Multiple evaluators, including
teachers and students themselves, can provide diverse perspectives that enhance students’
self-awareness and reflective capabilities, thus promoting their overall development.
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