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Mathematical abstraction is the basic idea of mathematics, which is
an important foundation for the formation of rational thinking,
reflects the essential characteristics of mathematics, and
permeates its generation, development, and application. The latest
version of the general high school mathematics curriculum
standard lists mathematical abstraction as the primary core
literacy of the discipline, and mathematical abstraction literacy has
become the focus of educational research. A number of scholars
have researched mathematical abstraction literacy in senior high
schools in China in recent years, but there is no literature that
summarizes and compiles this aspect. This paper employs the
literature analysis method to review and sort out the relevant
literature on mathematical abstraction literacy and draws the
following conclusions: (1) Previous research on mathematical
abstraction literacy mainly contains five aspects, which are the
connotation of mathematical abstraction, the current status quo of
the level, the evaluation method, the influencing factors, and the
strategies for the cultivation. (2) There are generally more studies
on the connotation of mathematical abstraction, the current status
of the level, and the cultivation strategy. However, in terms of
influencing factors, the views in the existing literature are
scattered, and no major influencing factors have been found. (3)
The research methods are relatively single, with literature analysis
or discursive methods predominating, especially the analysis of the
influencing factors is not systematic and objective enough, lacks
quantitative research for empirical evidence, and lacks targeted
and practical cultivation strategies.

How to Cite:

Tang, S & Pereira, J. (2025). Research on mathematical abstraction literacy in China. Pi-Radian Journal,

3(1), 1-16.

Copyright © 2024, Pi-Radian: Journal of Mathematics Education

Print ISSN: 3031-9552, Online ISSN: 3031-9544


mailto:mathtan@foxmail.com
mailto:jeritopereira@gmail.com
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/

2 | Pi-Radian Journal, Volume 3, No 1, March 2025, pp. 1-16

INTRODUCTION

Mathematical abstraction is the basic idea of mathematics, which is an important
foundation for the formation of rational thinking, reflects the essential characteristics of
mathematics, and permeates its generation, development, and application (Ministry of
Education of the People's Republic of China, 2020). Among the six core literacies of
mathematics, mathematical abstraction holds a fundamental position, and the research
on mathematical abstraction is an inevitable requirement for improving the quality of
teaching and developing students' core literacy, which has become the focus of
educational research (Zhang &Wang & Song, 2017). Up to now, there have been many
relevant studies on mathematical abstraction literacy, but there is no complete overview
and organized literature in this area. Therefore, this paper intends to review and sort out
the existing studies and systematically analyze the current research status of
mathematical abstraction literacy, so as to provide a reference for the cultivation strategy
to enhance the mathematical abstraction literacy of high school students. More
importantly, by identifying the deficiencies and gaps, it will guide future research.

The research questions in this paper are: (1) What are the aspects included in previous
research on mathematical abstraction literacy? Which aspects have been received more
scholarly attention? (2) What are the predominant research methodologies to study
mathematical abstraction literacy? (3) What are the limitations of the current research on
mathematical abstraction literacy?.

METHOD

This paper adopts the method of literature analysis and chooses the literature in the
database of China Knowledge Network (CNKI) as the source of information. China
Knowledge Network (CNKI) is the most authoritative national academic journal literature
search tool in China, which basically includes all journals and dissertations in China.
Therefore, choosing this database can ensure the persuasiveness and reliability of this
study.

During the literature search, 222 documents were retrieved with the theme of
"mathematical abstraction literacy" and 58 documents were retrieved with the theme of
"mathematical abstraction literacy” and "high school”. The focus of this study is the
mathematical abstraction literacy of high school students, so considering the research
question and the number of citations, 48 documents were selected for in-depth study after
eliminating irrelevant documents. Reading the literature carefully and taking notes, we
summarized and sorted out the research results, research methods, and information on
the samples.

RESULTS AND DISCUSSION

The Comprehensive research results on "high school mathematics abstraction core
literacy" in China can be found that its main research content focuses on five levels:
connotation research, current level research, evaluation method research, influencing
factors research, and countermeasures research.
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Connotation of Mathematical Abstraction Literacy

Zheng pointed out that in mathematics education and mathematics research, people
usually used mathematical abstraction and abstract thinking, which represented a
generalization of mathematical abstraction from the perspective of thinking form or
cognitive mental activity (Zheng & Huang, 2024). The Practical Encyclopedia defined
"abstract thinking" as abstract thinking as opposed to figurative thinking, which was the
thinking activity of using concepts to make judgments and reasoning (Wang & Qiao,
1991). According to Wang, mathematical abstraction referred to the thinking process of
extracting mathematical attributes such as general basic concepts, essential features, and
arithmetic laws in mathematical activities (Wang, 2012). Shi pointed out that
mathematical abstraction was the thinking process of excluding all physical properties of
things to get the object of mathematical study. It included the abstraction of mathematical
concepts and interrelationships between concepts from the relationship between
numbers and diagrams, the abstraction of general laws and structures from the specific
background of things, and the use of mathematical symbols or mathematical terminology
to give a representation (Shi, 2017). Tang believed that mathematical abstraction literacy
was the level of cultivation formed in routine learning and practice to abstract
mathematical research objects in quantitative relations, spatial forms, and concrete
things, mainly the level of abstract generalization ability (Tang, 2021). According to Liu,
mathematical abstraction was the process of perceiving, internalizing, and practicing the
application of mathematical objects, and this process promoted students to clarify the
nature of mathematical objects, dig deeper into the connotation of related mathematical
concepts, logically correlate with related knowledge, and understand the origin of
mathematical knowledge (Liu & Wu, 2024).

In the latest version of the general high school mathematics curriculum standard (2017
Edition Revised in 2020), it is clearly stated that mathematical abstraction refers to the
literacy of obtaining mathematical research objects through the abstraction of
quantitative relationships and spatial forms. Mathematical abstraction is manifested in
obtaining mathematical concepts and rules, formulating mathematical propositions and
models, forming mathematical methods and ideas, and recognizing mathematical
structures and systems (Ministry of Education of the People's Republic of China, 2020).

Levels of Mathematical Abstraction Literacy in High School Students

Following the promulgation of the 2017 Curriculum Standards, scholars have developed
assessment instruments aligned with the new standards to evaluate the mathematical
abstraction literacy of high school students. Zheng et al. administered a self-designed test
and reported that students’ mathematical abstraction literacy was generally moderate,
with significant disparities observed between sophomores and juniors, as well as
between male and female students. Additionally, regional imbalances in abstraction
proficiency levels were observed (Zheng & Chen & Wang, 2017). Liu revealed through
standardized testing that students exhibited weaknesses in higher-order thinking and
abstraction abilities, particularly in symbolic representation (Liu, 2017). In contrast, Qin
and Yan employed an assessment questionnaire and found that students’ mathematical
abstraction literacy was at an intermediate-to-high level. Their study demonstrated a
strong correlation between mathematical performance and abstraction literacy, with
high-achieving students outperforming their peers. However, no significant associations
were detected with ethnicity or gender (Qin & Yan, 2019). Wang et al. designed original
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test items based on the core literacy framework outlined in the Curriculum Standards.
Their results indicated that the overall level of mathematical core literacy among high
school students remained relatively low. While knowledge base and problem-solving
experience positively correlated with core literacy performance, no gender-based
differences reached statistical significance (Wang & Wang & Liu & Zhou, 2021).

Assessment Methods of High School Students' Mathematical Abstraction Literacy
Internationally, the evaluation of mathematical literacy has been predominantly
represented by two major assessment programs: the Programme for International
Student Assessment (PISA) and the Trends in International Mathematics and Science
Study (TIMSS) (Wang & Li, 2017). Building upon established evaluation frameworks, Yu
integrated Bloom's Taxonomy, the PISA assessment model, and the SOLO taxonomy to
develop a theoretical construct for assessing mathematical literacy through three
progressive dimensions: knowledge comprehension, knowledge transfer, and knowledge
innovation (Yu, 2017). Shi emphasized that effective assessment of core mathematical
literacy should specifically examine students' cognitive processes and quality of
mathematical thinking (Shi, 2016).

For the core literacy of mathematical abstraction, scholars have proposed different ways
and aspects of examination. Hu maintained that assessing mathematical abstraction
literacy should focus on students' ability to derive mathematical concepts, propositions,
and systems from various contexts, while also evaluating their capacity for generalized
thinking in practical situations and their proficiency in applying mathematical reasoning
to solve problems (Hu & Bao & Ren & Chen, 2017). In a case study examining the function
concept, Chen investigated students' abstraction competence through multiple aspects
including concept formation, interpretation of abstract mathematical principles using
concrete examples, application of mathematical language, and methodological
generalization (Chen, 2018). Jiang conceptualized the assessment of mathematical
abstraction literacy as a hierarchical three-level framework progressing from
fundamental knowledge comprehension through abstraction, to knowledge transfer, and
ultimately to knowledge innovation (Jiang, 2021).

Influencing Factors of Mathematical Abstraction Literacy

Mathematical abstraction ability, as a crucial component of mathematical core literacy,
plays a pivotal role in high school students' mathematics learning. Given its significance,
enhancing students' mathematical abstraction level has become an important research
topic in mathematics education, and investigating its influencing factors holds substantial
theoretical value and practical significance. Domestic scholars have primarily focused on
the following aspects regarding the factors influencing mathematical abstraction.

On the part of students themselves, scholars suggest that the development of students'
mathematical abstraction literacy is influenced by multiple dimensions, encompassing
both intrinsic cognitive and psychological characteristics, as well as external learning
factors such as behavioral habits. Foremost among these influences are learning
motivation and self-belief, which serve as crucial internal drivers. Zhu and Hu developed
a questionnaire based on PISA surveys to investigate the current state and influencing
factors of high school students' core mathematical literacy. Their findings revealed that
mathematics learning opportunities showed the strongest correlation with core
mathematical literacy, followed sequentially by mathematical self-belief, learning drive
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and motivation, school factors, and school engagement (Zhu & Hu, 2020). Complementing
these findings, Zheng et al. demonstrated a significant correlation between mathematical
self-efficacy and abstraction ability (Zheng & Chen & Wang, 2017). Yu further emphasized
student initiative as one of the key factors in developing mathematical abstraction literacy
among high school students (Yu, 2020).

Learning engagement and habit as influences at the behavioral level, Hu and Huang found
that students' engagement in mathematics learning and their study habits positively
predict core mathematical literacy (Hu & Huang, 2024). According to Liu, students' ability
to generalize and summarize a certain type of problem and their habit of questioning
problems and phenomena are the conditions required for the creation of abstract thinking
development (Liu, 2019). According to Xing, in terms of students' active learning, poor
mathematical learning awareness leads to the face of the exercise not having the ability
to actively match the corresponding knowledge points learned, in the learning of high
school mathematical knowledge is very susceptible to the interference of some of the
mathematical concepts and conclusions learned in junior high school, and thus fall into
the stereotypes of the thinking of the misconceptions will be prone to inhibit students
from optimizing the thinking of the formation of more scientific and rational thinking,
resulting in the students to enhance the mathematical abstract thinking The improvement
of students' abstract thinking in mathematics will be hindered by (Xing, 2023).

Regarding knowledge mastery and cognitive structure, Lin highlighted that students'
understanding of mathematical abstract symbols and proficiency in mathematical
language directly influence abstract thinking development (Lin, 2019). Zhu confirmed a
significant correlation between mathematical cognitive structure and abstraction ability,
with students at higher cognitive levels demonstrating superior performance (Zhu, 2021).
Jiang et al. proposed that the degree of mathematical knowledge mastery, development of
mathematical thinking, mathematical competence, and effectiveness of peer-assisted
learning are all critical factors affecting abstraction ability (Jiang & Chen & Xie & Gong,
2022). Ge's research further indicated a significant positive correlation between
metacognitive ability and mathematical abstraction ability, with metacognitive
monitoring showing particularly prominent predictive effects (Ge, 2020).

In addition to teacher- and student-related factors, some scholars suggest that
characteristics of high school mathematics knowledge, textbook features, school
environment, and teaching resources may also influence students’ mathematical
abstraction literacy. Among them, Xing argues that the increased density, independence,
and abstractness of mathematical knowledge in high school significantly impacts the
development and enhancement of students' abstraction abilities (Zhu, 2021). Chen et al.
contend that disorganized conceptual presentation and lack of rigorous terminology in
textbook compilation constrain teachers' material analysis and instructional design
quality, thereby affecting students' abstraction development during conceptual learning
(Chen & Yi & Meng, 2020). Chen noted that the overall academic atmosphere of a school
substantially influences the cultivation of core mathematical literacy (Chen, 2018). Zhu
and Hu identified school-related factors including students' sense of belonging and
mathematics learning time as contributors to abstraction literacy development (Zhu &
Hu, 2020). Furthermore, Sun demonstrated that disparities in mathematics laboratory
resources and equipment lead to differences in students' abstraction ability development
(Sun, 2019). Yin and Zhao's comparative study reveals that urban school students
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outperform their rural counterparts in mathematical abstraction ability development
(Yin & Zhao, 2017).

Cultivation Strategies for High School Students' Mathematical Abstraction Literacy
Regarding the cultivation strategies of mathematical abstraction literacy for high school
students, at the macro level, scholars have elaborated on multiple dimensions such as
teaching context design, teaching mode innovation, teachers' professional development,
optimization of teaching materials and curricula, and students' cognitive guidance. In
terms of instructional context design, multiple researchers emphasize the importance of
creating diverse situational contexts to develop abstraction skills. Liu and Wu developed
a three-dimensional instructional framework incorporating Geogebra-based problem
scenarios, inquiry-based teaching, and worked-example demonstrations to enhance
abstract thinking (Liu & Wu, 2024). Ren advocated using real-life contexts to activate
students' prior knowledge and experiences, arguing that this approach helps students
master mathematical concepts while systematically training their abstraction abilities
through relatable situations (Ren, 2019). Jiang proposed a dual approach involving
providing rich abstract conceptual backgrounds along with implementing scaffolded
"step-by-step” progression combined with hands-on learning-by-doing methodologies to
guide students in gradually abstracting mathematical knowledge (Jiang & Li, 2019). Li et
al. and Dong further demonstrated that structured problem context analysis and
mathematical modeling activities enable students to accumulate valuable abstraction-
related cognitive experiences (Li & Zhang, 2022; Dong & Zhu & Jin, 2020).

In the innovation of teaching models, Chang proposed that technology integration and
experimental inquiry emerged as significant directions, and he advocated guiding
students to actively abstract mathematical patterns through mathematical experiments
(Chang, 2017). Kang proposed deep learning approaches including flipped classrooms,
project-based learning, and mathematical experiments (Kang & Liu, 2017). Cheng further
clarified that mathematical experiment activities served as crucial carriers for developing
abstraction competency (Cheng, 2021). Luo maintained that teachers could effectively
utilize modern teaching equipment and methodologies to incorporate mathematical
thinking and modeling beyond textbook content, thereby facilitating the formation of
robust mathematical abstraction literacy (Luo, 2020).

In addition, several scholars emphasized that teacher professional development
constituted a vital guarantee for fostering students' mathematical abstraction literacy. Li
and Li identified the necessity for teachers to cultivate students' abstract thinking through
targeted professional learning and instructional reflection (Li & Li, 2020). Jiang
underscored the importance of teachers thoroughly comprehending the characteristics
and educational values of mathematical abstraction while implementing cultivation
objectives through personalized instructional design (Jiang, 2021). Kong's research
revealed that teachers' linguistic guidance significantly catalyzed students' abstract
thinking processes (Kong & Guan, 2021).

At the level of cognitive guidance for students, scholars focused on the construction of
thinking habits and knowledge systems. Lin proposed employing "number-shape
combination" and symbolic language instruction to help students concretize abstract
problems (Lin, 2019). Liu emphasized the importance of allowing students to experience
complete mathematical abstraction processes while strengthening practical applications

Copyright © 2024, Pi-Radian: Journal of Mathematics Education
Print ISSN: 3031-9552, Online ISSN: 3031-9544



Tang & Pereira, Research on Mathematical Abstraction Literacy ... | 7

(Liu, 2019). Teng advocated emphasizing conceptual teaching, paying attention to
intrinsic knowledge connections, and cultivating students' mathematical abstract
generalization abilities (Teng, 2019). From a deep learning perspective, Wang designed
strategies to enhance high school students' abstraction literacy by incorporating visual
graphics, practical situations, daily teaching introductions, and group collaboration
(Wang, 2023). Jiang suggested guiding students to summarize knowledge and methods
systematically, using multiple solutions and variations of problems to help students
abstract the same problem into different mathematical models or different problems into
the same mathematical model, thereby continuously reinforcing the development of
mathematical abstract thinking (Jiang, 2021).

At the micro level, several scholars proposed strategies for cultivating high school
students' core mathematical abstraction literacy through specific teaching cases. Ma,
using logarithmic function concept teaching as an example, emphasized creating problem
situations that help students accumulate concrete-to-abstract experiences, designing
guiding questions for difficult points and comparative questions for error-prone areas,
while skillfully constructing problem contexts with focused process guidance (Ma, 2020).
Li, through the case study of "Several Extremum Problems Related to Lines and Circles,"
discussed how to guide students in abstracting mathematical knowledge from the
perspective of overall classroom teaching design (Li, 2019). Deng et al., taking "Basic
Properties of Functions”" as an example, specifically explained how to -cultivate
mathematical abstraction literacy in teaching function monotonicity, proposing to focus
on the essence of mathematical content in textbooks, design mathematical exploration
activities, comprehend mathematical methods and ideas, and demonstrate the beauty of
mathematical abstraction in teaching materials (Deng & Wu & Shen, 2019). Zhou and Xie,
using "Area of Triangles" as a case, demonstrated cultivating students' abstraction literacy
through abstracting and researching real-life situational problems, noting that multiple
solution approaches not only develop divergent and creative thinking but also
significantly enhance core abstraction competencies including weak abstraction of
forward thinking and strong abstraction of reverse thinking (Zhou & Xie, 2019). Caij,
through mathematical concept lessons, deeply analyzed how the exploration process of
eccentricity significantly contributes to cultivating core mathematical competencies,
including abstraction, visual imagination, and logical reasoning (Xie & Lin, 2019).

Discussion

From the literature review above, it is evident that scholars have conducted diverse and
multi-level research on mathematical abstraction literacy. Current studies primarily focus
on five key aspects: the conceptual definition of mathematical abstraction, current
competency levels, assessment methods, influencing factors, and cultivation strategies.
These research dimensions are not strictly separated, as most scholars integrate multiple
aspects in their investigations. Among these areas, studies on the conceptual definition of
mathematical abstraction, current competency levels, and cultivation strategies have
received considerable attention and represent current research hotspots. However,
relatively few studies have been dedicated to examining the influencing factors and
assessment methods of mathematical abstraction literacy.

In the study of the current situation of the level of mathematical abstraction literacy and
influencing factors of high school students, the current scholars' research results are
relatively consistent. Scholars generally agree that students demonstrate relatively low
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levels of mathematical abstraction literacy overall. Regarding influencing factors, studies
have primarily examined teacher-related and student-related aspects, yielding diverse
but fragmented perspectives without identifying core determinants of abstraction
competency. In addition, the results obtained from the level status quo study are generally
the status quo of the mathematical abstraction literacy level of high school students as a
whole, and no scholars have yet conducted a comprehensive analysis of the influencing
factors and the results of the status quo survey of each sample, and have not found the
relationship between the influencing factors and the level of mathematical abstraction
literacy of each sample.

In the research of mathematical abstraction cultivation strategies, scholars mainly
elaborate on the dimensions of teaching context design, teaching mode innovation,
teachers' professional development, optimization of teaching materials and curricula, and
students' cognitive guidance. However, the shortcomings are that most scholars put
forward their views through empirical summaries or discursive studies, which are not
targeted enough for the enhancement of high school students' mathematical abstraction
literacy, and the implementation and effectiveness of the strategies need to be further
considered.

Research on the assessment methods of high school students' mathematical abstraction
literacy demonstrates relatively homogeneous approaches, with most scholars relying on
questionnaires or tests. However, these methods present notable limitations. Some
researchers employ self-designed questionnaires whose reliability and validity in content
analysis remain unverified, while others propose various assessment frameworks
without practical implementation, resulting in a disconnect between theory and practice.
Regarding studies on influencing factors, the predominant reliance on literature analysis
and speculative methods to directly identify factors has yielded highly subjective
conclusions, with a marked scarcity of empirical research analyzing these factors.

Therefore, a single qualitative study can no longer meet the realistic demands of
mathematical abstraction research, and the shortage of quantitative research needs to be
filled. This is consistent with the conclusion obtained from the study of literature related
to mathematical abstraction by Zhang et al. (Zhang & Wang & Song, 2017).

CONCLUSION

By organizing and analyzing the literature related to mathematical abstraction literacy in
high school, it can be concluded that existing studies generally focus on five main aspects:
the connotation of mathematical abstraction, the current status of its level, evaluation
methods, influencing factors, and strategies for -cultivation. Most research has
concentrated on exploring the connotation, the current status, and cultivation strategies,
while studies on influencing factors remain fragmented, with no consensus on the most
significant factors. Furthermore, the research methods employed are relatively limited,
dominated by literature reviews and discursive approaches. In particular, analyses of
influencing factors tend to lack systematic and objective frameworks, empirical evidence
through quantitative research, and the development of targeted, practical strategies for
enhancing mathematical abstraction literacy.

Therefore, it is necessary to conduct further research on high school mathematical
abstraction literacy, analyze the current level of high school students’ mathematical
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abstraction literacy, and find out the main influencing factors behind it, so as to encourage
experts and scholars to put forward more targeted countermeasures and suggestions.
Ultimately, this will effectively improve high school students' mathematical abstraction
literacy level.
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