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Abstract: In high school mathematics problem-solving teaching, students often face
challenges in systematizing their understanding of knowledge points and constructing clear
problem-solving strategies. Traditional teacher-centered methods tend to focus on passive
knowledge reception, limiting opportunities for active exploration and divergent thinking.
Addressing these issues, this study examines the application strategies of mind maps in
mathematics teaching through the lens of educational psychology and learning theory.
Research findings indicate that mind maps, by visually presenting mathematical knowledge
points and problem-solving steps, effectively assist students in organizing complex
knowledge systems, constructing clear solution paths, and improving logical reasoning and
self-learning capabilities. Additionally, practical teaching cases in key mathematical
modules, such as functions and geometry, are analyzed to demonstrate the efficacy of mind
maps and explore pathways for their broader application. This study aims to provide
innovative approaches to enhance high school mathematics teaching quality.

1. Introduction

High school mathematics, as a critical subject for cultivating students’ logical thinking and
scientific literacy, plays a vital role in the mastery of knowledge and the development of capabilities.
However, current teaching methods often result in fragmented knowledge, insufficient logical
reasoning, and diminished learning interest among students. Traditional approaches, dominated by
teacher lectures, fail to guide students in independent exploration and systematic knowledge
summarization, hindering the formation of efficient problem-solving frameworks and networks.
This negatively impacts academic performance and restricts the comprehensive development of
mathematical thinking. Mind maps, as tools that transform complex information into graphical
forms, help students clarify the logical relationships between knowledge points, facilitating visual
and systematic thinking. Widely applied in knowledge review and strategy optimization, mind maps
have proven effective in enhancing learning efficiency and interest. Introducing mind maps into
high school mathematics problem-solving instruction can overcome the limitations of traditional
teaching methods. By enabling students to visualize mathematical concepts and methods more
intuitively, they support the construction of clear problem-solving strategies, ultimately improving
learning quality and efficiency. This paper focuses on the application of mind maps in high school
mathematics problem-solving teaching. By integrating theories from educational psychology and

107



teaching practices, it explores how mind maps assist in knowledge organization, solution path
construction, and self-learning capability enhancement. Combining literature analysis with case
studies, it discusses application strategies in specific mathematical modules, such as functions,
geometry, and statistics, validating their effectiveness through teaching experiments and student
feedback. This research aims to provide theoretical guidance and practical reference for high school
mathematics teaching and inspire broader applications of mind maps in other disciplines[1].

2. Theoretical basis and functional analysis of mind mapping
2.1. Fundamental Principles and Characteristics of Mind Maps

Mind maps, introduced by British psychologist Tony Buzan, are innovative learning tools rooted
in information processing theory and neuroscience. These theories suggest that the human brain
prefers associative and graphical information over linear text. By utilizing keywords, graphics,
colors, and branching structures, mind maps present complex information in an intuitive and
concise format, mimicking natural memory and associative processes to enhance encoding, storage,
and retrieval. Structurally, a mind map centers around a core theme and expands radially through
hierarchical branches[2]. This design helps students focus on the core issues while clearly
illustrating logical relationships between ideas. Mind maps emphasize visual elements such as
images, symbols, and colors, attracting attention and enhancing memory through multisensory
stimulation. Studies show that colors and images activate the brain's right hemisphere, fostering
holistic thinking and improving creativity and problem-solving skills. Practically, mind maps offer
several distinct advantages. They are non-linear tools that effectively integrate and organize
scattered knowledge points, aiding students in building systematic knowledge networks.
Additionally, their flexibility and personalization allow students to design and adjust map structures
according to their learning preferences, enhancing engagement and motivation. Finally, their
intuitive representation of complex logic facilitates comprehension of abstract concepts and
reasoning processes in mathematics. In summary, mind maps, with their simple yet powerful
knowledge organization capabilities, provide students with an innovative learning model. Their
principles and characteristics uniquely support knowledge integration, thought construction, and
learning efficiency, making them valuable tools for addressing gaps in traditional high school
mathematics problem-solving teaching[3].

2.2. Functions of Mind Maps in Mathematics Teaching

Mind maps, as innovative teaching tools, excel in organizing knowledge, constructing thought
processes, and improving learning efficiency, aiding students in mastering mathematical knowledge
and problem-solving skills. Mathematics, characterized by its abstraction and logic, often presents
challenges in fragmented knowledge, complex concepts, and unclear problem-solving steps. Mind
maps, with their intuitive structure and diverse representations, address these teaching difficulties
and play crucial roles in multiple aspects. First, mind maps help students clarify the logical
relationships between knowledge points, building systematic knowledge networks. Mathematical
knowledge typically exhibits hierarchical and progressive characteristics, and students often
struggle to grasp interconnections. By centering around a core topic and expanding through
branches, mind maps organize related content logically, enabling students to quickly identify core
concepts and auxiliary knowledge. Second, mind maps promote the visualization and
systematization of problem-solving strategies. Mathematics problem-solving, a complex cognitive
activity, involves multiple stages, from analysis to validation. Mind maps decompose these stages
into key nodes, presenting their logical relationships visually. For example, when solving geometry
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problems, mind maps enable students to analyze given conditions, goals, and auxiliary lines visually,
clarifying their thought processes. Additionally, mind maps enhance students' self-directed learning
abilities and interest in mathematics. Traditional methods often render students passive recipients,
lacking deep engagement. The flexibility of mind maps allows students to design and extend
knowledge frameworks independently, fostering active exploration and creativity. This shift from
passive learning to active inquiry improves overall learning outcomes. Finally, mind maps are
instrumental in teaching evaluation and review. Teachers can assess students’ knowledge mastery
and logical clarity through their mind maps, providing insights for instructional improvements.
During revision, mind maps enable students to efficiently recall and summarize content,
streamlining the review process. In conclusion, mind maps contribute to knowledge structuring,
strategy visualization, self-directed learning enhancement, and review optimization in mathematics
teaching. Thoughtfully designed and applied, they address critical challenges in mathematics
education, helping students comprehensively develop their mathematical abilities[4].

3. Current Status and Challenges of High School Mathematics Problem-Solving Teaching
3.1. Issues in the Current Problem-Solving Teaching Model

High school mathematics problem-solving is a critical component for fostering students' logical
thinking and mathematical abilities. However, traditional teaching methods often face several
challenges, which negatively impact both teaching effectiveness and students' motivation and
learning outcomes. These challenges primarily include a reliance on a single teaching method,
fragmented knowledge structures, and insufficient student initiative, all of which hinder the
development of problem-solving skills. Firstly, the monotony of teaching methods is one of the
most prominent issues in current problem-solving instruction. In traditional classrooms, teachers
typically follow a “lecture-demonstration-practice” model, focusing heavily on delivering
knowledge points and applying formulas. While this approach efficiently conveys information in
the short term, it lacks guidance on the thought processes behind problem-solving, failing to
cultivate students' logical reasoning and innovative thinking abilities. Furthermore, teachers often
provide standard answers directly, neglecting to explore diverse approaches to solving problems.
This leads students to develop fixed patterns of thinking, limiting their flexibility when
encountering complex or non-standard problems. Secondly, fragmented knowledge structures pose
another major challenge. Mathematical knowledge points are highly interconnected and logically
structured, but students often perceive them as isolated concepts during instruction. This lack of
systemic understanding makes it difficult for students to retrieve and apply knowledge effectively,
especially in solving comprehensive problems. Additionally, the inability to grasp the underlying
connections between knowledge points leaves students confused when attempting to transfer
knowledge across chapters or topics, further reducing their problem-solving efficiency and accuracy.
Lastly, the lack of student initiative exacerbates the inefficacy of problem-solving instruction. In
traditional classrooms, students are often passive recipients of knowledge, with limited engagement
in the problem-solving process. This passive learning environment not only diminishes students’
interest in mathematics but also prevents them from developing independent problem-solving skills.
Consequently, students frequently rely on teachers to provide solutions rather than actively
exploring and constructing their own methods. This dependency undermines their creativity and
logical reasoning abilities. In summary, the current high school mathematics problem-solving
teaching model suffers from issues such as limited teaching methods, fragmented knowledge
structures, and low student initiative. These problems not only restrict the comprehensive
development of students’ mathematical abilities but also hinder the achievement of teaching
objectives. Therefore, it is crucial to improve the teaching model by introducing more scientific and

109



effective instructional tools to help students build systematic knowledge structures and flexible
problem-solving strategies[5].

3.2. The Necessity of Introducing Mind Maps

Introducing mind maps into high school mathematics problem-solving teaching provides an
innovative solution to overcome the limitations of traditional methods. The fragmented knowledge
points, unclear problem-solving strategies, and lack of student initiative prevalent in current
teaching models can be addressed by the unique features of mind maps, including their visualization,
systematic organization, and flexibility. Firstly, mind maps effectively resolve the issue of
fragmented knowledge by helping students construct a systematic knowledge framework. High
school mathematics concepts are inherently logical and hierarchical, but students often struggle to
comprehend their interconnections. Mind maps center around a core theme and expand through
hierarchical branches, visually presenting the relationships between knowledge points. For example,
when studying functions, a mind map can organize key concepts such as domain, range,
monotonicity, extrema, and inverse functions, highlighting their interrelations through color and
symbols. This systematic presentation allows students to quickly grasp the overall structure of
knowledge and retrieve relevant content more efficiently during problem-solving[6].Secondly, mind
maps optimize problem-solving strategies by enhancing students’ logical reasoning abilities.
Problem-solving in mathematics involves multiple cognitive stages, including problem analysis,
method selection, step execution, and result verification. Traditional methods often rely on textual
descriptions, which can confuse students when tackling complex problems. Mind maps break down
each problem-solving step into visual nodes, clarifying the logical pathways and frameworks. For
instance, when solving a geometry problem, a mind map can visually analyze given conditions,
objectives, and auxiliary lines, enabling students to organize their thoughts more effectively and
avoid confusion. Additionally, mind maps inspire students’ interest and initiative in learning.
Traditional models often render students passive participants with limited engagement in
constructing knowledge. The flexibility of mind maps allows students to design and extend
frameworks according to their understanding and needs, fostering active participation. This
engagement not only enhances their interest in mathematics but also cultivates independent
problem-solving skills. For example, guiding students to create mind maps for summarizing lesson
content or designing solution paths can transform passive learning into active exploration,
promoting deeper learning outcomes. Lastly, mind maps support personalized learning. Students’
cognitive abilities and learning preferences vary, and the customizable nature of mind maps enables
tailored instruction. Teachers can design specific templates or guide students to create their own
maps that align with their learning styles. This adaptability enhances instructional effectiveness and
helps students address individual learning challenges. In conclusion, introducing mind maps into
high school mathematics problem-solving teaching is highly necessary. They aid in constructing
systematic knowledge frameworks, optimizing solution strategies, fostering student initiative, and
enabling personalized instruction. This innovative tool addresses the limitations of traditional
methods and provides a solid foundation for the comprehensive development of students’
mathematical abilities[7].

4. Strategies for Applying Mind Maps in High School Mathematics Problem-Solving
4.1. Knowledge Organization and Summarization in Problem-Solving

In high school mathematics, the organization and summarization of knowledge play a crucial
role in helping students develop systematic thinking and effectively solve problems. However, the
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complexity and hierarchical nature of mathematical knowledge often make it difficult for students
to establish logical connections between concepts, leading to confusion or stagnation in their
problem-solving processes. Mind maps, with their visual and structured characteristics, offer an
intuitive and efficient tool for organizing and summarizing knowledge in the problem-solving
process. First, mind maps help students systematically integrate dispersed knowledge points,
building a cohesive network of concepts. In mathematics learning, knowledge is often presented by
chapters or topics, with implicit connections and logical chains. For example, in the topic of
functions, students need to understand domains, ranges, monotonicity, extrema, and inverse
functions, as well as how these concepts interact during problem-solving. Using a mind map,
students can take "functions” as the central theme, progressively expanding related concepts and
representing their relationships through branches and graphics[8]. This structured presentation
deepens students' understanding of concepts and helps them efficiently retrieve and apply relevant
knowledge during problem-solving. Second, mind maps encourage students to summarize and
classify the knowledge points required for solving problems, clarifying the necessary framework
before problem-solving begins. One common challenge in teaching is that students struggle to
identify which knowledge points are relevant to a given problem. By guiding students to create
mind maps before solving problems, they can break down and categorize known conditions,
mathematical formulas, and objectives. For example, when tackling problems related to
trigonometric functions, students can use a mind map to classify known conditions into angle
ranges, function properties, and common formulas, further annotating potential trigonometric
identities needed for transformations. This knowledge organization process not only improves
problem-solving efficiency but also encourages students to focus on logical consistency and
systematic thinking. Additionally, mind maps prove effective during mathematics review sessions.
By revisiting and reorganizing previously learned content, students can use mind maps to integrate
fragmented knowledge into a coherent whole. For example, while reviewing probability and
statistics, students can create mind maps to summarize probability formulas, event classifications,
and key points in statistical chart analysis. This process not only familiarizes students with practical
applications but also highlights weak areas in their understanding, enabling targeted reinforcement.
Finally, the diverse visual formats of mind maps enhance students' learning interest and engagement.
While designing and drawing mind maps, students can choose different colors, symbols, and
layouts to organize content according to their understanding and preferences. This highly
personalized learning approach boosts participation and inspires students to explore knowledge
more actively, making problem-solving instruction more engaging and dynamic. In conclusion,
mind maps play a pivotal role in organizing and summarizing knowledge during problem-solving
by providing an intuitive and structured approach. They help students integrate and classify
knowledge points, build systematic frameworks, and enhance problem-solving efficiency and
initiative, offering robust support for high school mathematics teaching[9].

4.2. Visualizing Problem-Solving Strategies

Visualizing problem-solving strategies involves presenting complex logical reasoning processes
in an intuitive and concise manner, helping students understand and grasp the steps and inherent
logic of problem-solving more effectively. High school mathematics problems often feature high
levels of logic and complexity, and students frequently struggle with unclear thinking or missed
steps, which prevent them from completing solutions successfully. Introducing mind maps provides
an effective tool for designing visualized problem-solving strategies, enabling students to plan their
processes more systematically and improve the efficiency and accuracy of their solutions. First,
mind maps help students visually analyze the known conditions and goals of a problem. Identifying
the given conditions and the target solution is the critical first step in problem-solving. However, the
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abstract language of mathematics problems often makes it challenging for students to pinpoint key
information. Using a mind map, students can classify and summarize the known conditions of a
problem into branches, such as variables, equations, or geometric properties, while marking the
ultimate goal at the center of the map. This visualized analysis focuses students’ attention on the
core information, reducing the risk of missing critical conditions. Second, mind maps present
problem-solving steps in a hierarchical manner, helping students construct clear logical reasoning
frameworks. Each step in mathematics problem-solving typically builds upon the previous one,
requiring strong logical coherence. By creating mind maps, students can break the process into a
series of key steps, using arrows or lines to indicate relationships between them. For instance, in
solving a function's maximum value, a mind map can begin with "determine the function
expression,” then expand into steps like "find the derivative," "determine critical points where the
derivative equals zero," "verify whether these points are maximum values,” and "analyze with the
domain." This visualized design allows students to grasp the overall structure while maintaining
logical clarity during execution. Additionally, mind maps enable students to explore multiple
approaches and methods for solving problems. In mathematics, a single problem often has various
solutions, and the flexibility of mind maps allows students to compare and analyze different paths
within the same diagram. For example, when solving a geometry proof, students can create separate
branches for strategies based on triangle congruence, angle bisector theorem, or area analysis,
annotating each method's key steps and advantages. This visualized exploration not only broadens
students' thinking but also strengthens their ability to select the most efficient solution in real
scenarios. Finally, mind maps support students in reflecting on and summarizing problem-solving
strategies after completing a solution. By revisiting each step of the process, students can annotate
key successes and identify areas for improvement within the mind map, summarizing ways to refine
their strategies. For example, they might add notes pointing out where a condition was overlooked
or comparing the advantages of different solution methods. This reflective process deepens students'
understanding of problem-solving strategies and provides valuable experience for future learning
and problem-solving challenges. In summary, mind maps play a significant role in visualizing
problem-solving strategies by enabling intuitive problem analysis, logical step-by-step reasoning,
diversified solution exploration, and reflective summary. This tool helps students comprehensively
understand the problem-solving process, improving learning efficiency and effectiveness. Its
flexibility and practicality make it an indispensable tool for high school mathematics teaching[10].

5. Considerations for Promoting the Use of Mind Maps in Problem-Solving Teaching

As an innovative teaching tool, mind maps have demonstrated significant effectiveness in high
school mathematics problem-solving instruction. However, their widespread adoption requires
optimization in several areas, including teacher training, resource development, and cultivating
students' habits of use. Firstly, the professional capacity of teachers is central to the effective
promotion of mind maps. Many teachers lack sufficient understanding of the theoretical foundation
and practical application of mind maps. Therefore, specialized training programs are necessary to
equip teachers with the skills to integrate mind maps into lesson preparation, teaching delivery, and
assessment. Teachers must also learn to design tailored templates for different mathematical
modules, such as conditional analysis maps for geometry proofs or step-by-step solution maps for
function problems, to address diverse instructional needs. Secondly, schools should establish
resource platforms to support the application of mind maps. Developing a case library of mind maps
aligned with textbook content can provide teachers with ready-to-use instructional materials. Such a
library could cover core topics like functions, geometry, and probability, offering templates of
varying difficulty levels to allow teachers to adjust flexibly based on students' proficiency.
Additionally, technology can be leveraged to create online tools that enable students to design and
modify mind maps independently, both in class and at home, further enhancing their engagement
and active participation in learning. Finally, fostering students’ habits and cognitive abilities is a
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crucial foundation for promoting the use of mind maps. Teachers need to guide students in starting
with basic content and gradually becoming familiar with the design and application of mind maps.
For instance, students can begin by creating simple maps that outline known conditions, objectives,
and steps for straightforward math problems. As their proficiency improves, they can progress to
analyzing more complex, integrative problems. This step-by-step cultivation process helps students
incorporate mind maps into their daily learning and problem-solving routines, thereby enhancing
their efficiency and mathematical literacy. In conclusion, promoting the use of mind maps in
problem-solving instruction requires a comprehensive approach that includes strengthening teacher
training, developing resource platforms, and cultivating students' usage habits. Through thoughtful
design and effective implementation, mind maps can play a broader and more enduring role in high
school mathematics teaching, contributing to improved instructional quality and student skill
development.

6. Conclusion

As an innovative tool, mind maps have demonstrated remarkable value in high school
mathematics problem-solving instruction. By facilitating knowledge organization, summarization,
and visualized problem-solving strategies, mind maps effectively address challenges such as
fragmented knowledge, unclear solution paths, and low student engagement in traditional teaching
methods. They help students construct systematic knowledge networks, improve problem-solving
efficiency, and enhance logical reasoning skills. Practical applications show that mind maps also
boost students’ interest and autonomy, offering new possibilities for optimizing teaching models.
Moving forward, efforts should focus on teacher training and resource development to encourage
the broader application of mind maps in mathematics teaching, ultimately advancing instructional
quality and students’ overall competencies.
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