



The Correlation Mechanism Between High School Mathematics Knowledge Representation and Math Anxiety: An Empirical Study Based on Mathematical Multiple Representations

Abstract

Math anxiety is a negative emotional response arising in mathematical contexts that hinders mathematical performance. It not only impacts students' math achievements but also exerts a profound influence on their mental health and life choices. To clarify the correlation characteristics between different representation forms of high school mathematics knowledge and math anxiety, and to provide empirical evidence for alleviating students' math anxiety through optimizing knowledge representation strategies in teaching, this study selected 300 high school students from an ordinary high school in a city in China, covering three grades (Grade 10 to Grade 12), including 116 male students and 174 female students. Based on the theory of mathematical multiple representations, this study classified the representation forms of high school mathematics knowledge into four types: symbolic representation, verbal representation, graphical representation, and situational representation. Data were collected through a questionnaire survey, and empirical research was conducted using methods such as descriptive statistical analysis, partial correlation analysis, and multiple regression analysis. The results show that all different knowledge representation forms are positively correlated with math anxiety, among which graphical representation and verbal representation have a strongly positive correlation with math anxiety, indicating that these two forms are more likely to induce students' math anxiety. Meanwhile, the overall level of math anxiety can be effectively predicted based on students' anxiety levels under different knowledge representation forms, with a good prediction effect. This study can provide precise intervention strategies for high school mathematics teaching.
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1 Introduction

Math anxiety is a key emotional disorder restricting students' mathematics learning worldwide. How does math anxiety arise? Existing studies have confirmed that factors such as working memory capacity, math self-efficacy, teachers' anxiety transmission, and parents' high expectations are prone to causing students' math anxiety (Atoyebi et al., 2023; Atoyebi & Atoyebi, 2022). However, mathematics knowledge itself undoubtedly contributes to anxiety. What types of mathematical knowledge induce what kinds of anxiety? The high school mathematics knowledge system is extensive and complex, making it impossible to generalize. Therefore, based on the theory of mathematical multiple representations, this study classifies mathematical knowledge into symbolically represented, verbally represented, graphically represented, and experientially represented (i.e., situationally represented) mathematical knowledge, aiming to explore the correlation mechanism between these forms and math anxiety.

2 Literature Review
2.1 Connotation of the Theory of Mathematical Multiple Representations
In the field of cognitive psychology, representation refers to the way information is presented in the mind, serving as symbols or signals that denote less obvious characteristics. In the field of mathematics education, mathematical representation is a symbol or signal that can replace a specific mathematical object. Since the same learning object can be expressed in multiple forms , mathematical multiple representations emerge. From the perspective of mathematics teaching, mathematical multiple representations can be divided into four categories: symbolic, verbal, graphical, and experiential. As experience arises in different contexts, mathematical knowledge can be presented in the following four forms: Symbolic Representation: Uses abstract symbols as carriers to express mathematical meanings through specific symbols or formulas (e.g., operational symbols:+,−,×,÷,
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). It is characterized by conciseness and abstraction—for example, the general form of a quadratic function. Verbal Representation: Describes mathematical concepts, principles, and methods using standardized natural language. For example, a prime number is defined as “a natural number greater than 1 that has no other factors besides 1 and itself.”. Graphical Representation: Presents abstract mathematical concepts through intuitive images or diagrams. Situational Representation: Combines mathematical knowledge with specific life scenarios and practical problems, allowing students to experience mathematical problems through real or simulated situations.

2.2 Concept and Measurement of Math Anxiety
In 1950, Mary Fides Gough first proposed “mathematophobia” to describe individuals’ extreme fear when facing mathematical tasks. In 1957, Dreger and Aiken confirmed through empirical research that math anxiety is a specific emotion independent of general anxiety—manifested as restlessness, tension, fear, and irritability when confronting mathematics or numbers—and is significantly negatively correlated with math achievement. Domestic research on math anxiety started relatively late, with the first studies emerging in 2001. Chen Yinghe and Geng Liuna defined math anxiety as an anxious state of unease, tension, and fear experienced by individuals when processing numbers, learning mathematical knowledge, or taking math exams. Si Jiwei’s team, based on a four-year follow-up study of 1,025 primary school students, proposed that math anxiety is a product of the interaction between teacher evaluation, learning processes, and students' emotions in the Chinese educational context.

2.3 Measurement Scales of Math Anxiety

In 1972, American psychologists Richardson and Suinn developed the Mathematics Anxiety Rating Scale (MARS), which includes 98 items covering various mathematical contexts such as classroom learning, exams, and daily life, using a 5-point scoring system to measure anxiety levels. Due to the excessive number of items in MARS, Plake and Parker launched the revised MARS (MARS-R) in 1982, streamlining it to 12 items to improve administration efficiency. In 1989, Alexander and Martray further developed the shortened MARS (sMARS) with 25 items, retaining core dimensions and optimizing construct validity. Fennema and Sherman also developed the Mathematics Attitude Scale (MAS) for female groups, consisting of 12 items focusing on the relationship between math learning attitudes and anxiety. To measure children’s math anxiety, Chiu et al. compiled an anxiety scale with 22 items across four dimensions: math learning anxiety, math assessment anxiety, math problem-solving anxiety, and math teacher anxiety. Considering cultural differences across regions, Hopko et al. developed the Abbreviated Math Anxiety Scale (AMAS) in 2003, which includes 9 items covering math assessment, classroom interaction, and other scenarios. It is suitable for adult groups from different cultural backgrounds with good reliability and validity. Chinese scholars have also developed numerous math anxiety scales by combining international authoritative tools with national conditions: Li Hongxia developed a math anxiety scale for primary school students based on AMAS, including two dimensions: math assessment anxiety (exams, being questioned) and math learning anxiety (attending lectures, doing exercises). Liu Xiaozhen revised a math anxiety scale for college students based on MARS, with 21 items covering math learning anxiety and math assessment anxiety. Other domestic scholars independently compiled a math anxiety scale through interviews, open-ended questionnaires, and factor analysis, including five dimensions: math problem-solving anxiety, observation anxiety, exam anxiety, pre-exam anxiety, and life anxiety.
3 Research Design
3.1 Participants
Using stratified sampling, 300 students were randomly selected from Grade 10, 11, and 12 of an ordinary high school in the ratio of [Note: Original ratio not specified; retained as is]. Questionnaires were distributed and collected on-site. Samples with more than 20% missing data were excluded, and those with careless responses (identified through lie detection items) were eliminated. Finally, 290 valid samples were obtained, including 100 Grade 10 students, 96 Grade 11 students, and 94 Grade 12 students—116 males and 174 females.

3.2 Research Tools
3.2.1 Questionnaire on High School Mathematics Knowledge Representation and Math Anxiety Level
A questionnaire was used to investigate the impact of different knowledge representation forms on math anxiety. The questionnaire included 26 items (1 lie detection item) divided into 4 dimensions: symbolic representation, verbal representation, graphical representation, and situational representation of mathematical knowledge, with 5 items per dimension. A Likert 5-point scoring system was adopted (1 = completely inconsistent to 5 = completely consistent), where higher scores indicate higher levels of math anxiety.

3.2.2 Control Variables
Given that participants were from different grades, math anxiety levels may be influenced by age and academic experience—thus, age was included as a control variable in the statistical model. Additionally, gender differences may affect math anxiety, so gender was also treated as a control variable.

3.2.3 Data Analysis

SPSS 27.0.1 was used for reliability analysis, correlation analysis, and regression analysis.

4 Research Results

4.1 Reliability Analysis of the Questionnaire

Reliability analysis of the Questionnaire on High School Mathematics Knowledge Representation and Math Anxiety Level using SPSS 27.0.1 yielded a Cronbach's Alpha coefficient of 0.838, and a standardized Cronbach's Alpha coefficient of 0.938—indicating good reliability.
4.2 Descriptive Statistical Analysis

The means, standard deviations, skewness, and kurtosis of variables such as math anxiety levels under symbolic, verbal, graphical, and situational representations are presented in Table 1. The data show that symbolic representation had the strongest impact on math anxiety, while verbal representation had the weakest. Graphical representation and situational representation had similar effects on math anxiety.

Table 1 Descriptive Statistics of Math Anxiety Levels Under Different Knowledge Representations

	Dimension
	Mean
	Standard Deviation
	Skewness
	Kurtosis

	Math Anxiety
	49.8696
	12.39980
	0.356
	0.140

	Symbolic Representation
	13.2609
	2.66658
	0.465
	0.760

	Verbal Representation
	11.4783
	3.55310
	0.233
	0.511

	Graphical Representation
	12.4348
	4.37790
	0.451
	0.501

	Situational Representation
	12.5652
	3.77583
	0.473
	0.347


Partial correlation analysis was conducted between the dimensions, and the correlation coefficients are shown in Table 2.

Table 2 Correlations of Math Anxiety Under Different Knowledge Representations

Note. Data were analyzed using SPSS Statistics 27.0.1 (IBM Corp., Armonk, NY, USA). Data are from the author’s own research.
	Correlation

	Control Variable
	Variable
	Math Anxiety
	Symbolic Representation
	Verbal Representation
	Graphical Representation
	Situational Representation

	Gender
	Math Anxiety
	Correlation
	1.000
	0.709
	0.932
	0.959
	0.875

	
	
	Significance (Two-tailed)
	.
	0.000
	0.000
	0.000
	0.000

	
	
	Degrees of Freedom
	0
	20
	20
	20
	20

	
	Symbolic Representation
	Correlation
	0.709
	1.000
	0.570
	0.690
	0.365

	
	
	Significance (Two-tailed)
	0.000
	.
	0.006
	0.000
	0.095

	
	
	Degrees of Freedom
	20
	0
	20
	20
	20

	
	Verbal Representation
	Correlation
	0.932
	0.570
	1.000
	0.840
	0.819

	
	
	Significance (Two-tailed)
	0.000
	0.006
	.
	0.000
	0.000

	
	
	Degrees of Freedom
	20
	20
	0
	20
	20

	
	Graphical Representation
	Correlation
	0.959
	0.690
	0.840
	1.000
	0.793

	
	
	Significance (Two-tailed)
	0.000
	0.000
	0.000
	.
	0.000

	
	
	Degrees of Freedom
	20
	20
	20
	0
	20

	
	Situational Representation
	Correlation
	0.875
	0.365
	0.819
	0.793
	1.000

	
	
	Significance (Two-tailed)
	0.000
	0.095
	0.000
	0.000
	.

	
	
	Degrees of Freedom
	20
	20
	20
	20
	0


Figure 1 Heatmap of Correlations Between Variables (Controlling for Gender)
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Figure 2 Scatter Plot of the Correlation of Mathematical Anxiety Under Various Knowledge Representations
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Controlling for gender, the data indicate that symbolic, verbal, graphical, and situational representations were all significantly positively correlated with math anxiety. Among these, graphical representation and verbal representation had an extremely strong positive correlation with math anxiety, while situational representation also had a strong positive correlation with both verbal and graphical representations.

4.3 Multiple Regression Analysis

Multiple regression analysis was conducted with math anxiety as the dependent variable and the four representation forms as independent variables. The regression coefficients are shown in Table 4.

Table 3 Multiple Regression Coefficients of Variables
	Variable
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	Significance 

	
	0.00
	0.189
	0.288
	0.374
	0.275
	＜0.001


To evaluate the model’s goodness of fit, residual analysis was performed (see Table 4).

Table 4 Residual Analysis of Multiple Regression
	
	Minimum
	Maximum
	Mean
	Standard Deviation

	Predicted Value
	24.0332
	74.6844
	49.8696
	12.38898

	Residual
	-.62370
	1.96676
	0.00000
	0.51788

	Standardized Predicted Value
	-2.085
	2.003
	0.000
	1.000

	Standardized Residual
	-1.089
	3.435
	0.000
	0.905


The standard deviation of the residuals was only 0.51788, indicating a low overall deviation between the model's predictions and actual observations—reflecting good model fit. Additionally, regression analysis requires residuals to approximately follow a normal distribution for reliability. Thus, the normality assumption of the model residuals was tested.

Figure 3 Residual Histogram
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As shown in the figure, residuals are mainly concentrated between -1 and 1, with the highest frequency near 0 and gradual decrease on both sides. The overall shape is consistent with the trend of a normal curve, with no obvious extreme outliers—satisfying the normality assumption of residuals for regression analysis and supporting the model’s validity.

5 Discussion and Conclusions 
5.1 Discussion

5.1.1 Theoretical Significance: Enriching the Research System on the Correlation Between Math Anxiety and Multiple Representations

(1) Improving the Multi-Factor Correlation Framework of Math Anxiety

By treating gender and age as control variables, this study initially excluded the interference of demographic factors and clarified the independent impact of mathematical knowledge's own representation forms on anxiety. This research design supplements the limitations of previous studies that focused more on external factors (e.g., teachers’ anxiety transmission, parents’ expectations) or individual factors (e.g., self-efficacy, working memory), enriches the theoretical system of math anxiety’s causes, and lays the foundation for constructing an integrated model of “knowledge characteristics - individual cognition - emotional response.”
(2) Expanding the Application Boundary of the Theory of Mathematical Multiple Representations

Traditional research on the theory of mathematical multiple representations has focused on the cognitive level, mainly exploring the impact of different representation forms on knowledge understanding, acquisition, and transfer, with little systematic attention to the correlation between representation forms and learners’ emotional responses. This study introduces the theory of multiple representations into the field of math anxiety research, and empirical data confirm that symbolic, verbal, graphical, and situational representations have differentiated correlation patterns with math anxiety—with graphical and verbal forms being more likely to induce anxiety. This breakthrough not only enriches the research topics of the multiple representation theory but also extends its application scenarios from optimizing cognitive learning effects to regulating emotional responses, providing key empirical support for the expansion of the multiple representation theory in cognitive-emotional interaction research, and building a theoretical bridge for subsequent math anxiety intervention from the perspective of representation optimization.

(3) Deepening the Refined Cognition of the Correlation Mechanism Between Math Anxiety and Knowledge Representation

Although previous studies have mentioned that mathematical knowledge characteristics may induce anxiety, they did not clarify which representation forms affect math anxiety, and through what intensity and priority. This study clarifies the gradient of correlation strength between the four representations and math anxiety through partial correlation analysis (graphical representation r=0.959>verbal representation r=0.932 > situational representation r=0.875 > symbolic representation r=0.709), and determines the ranking of predictive power of each representation through multiple regression analysis (graphical representation β=0.374 > verbal representation β=0.288 > situational representation β=0.275 > symbolic representation β=0.189)—advancing from qualitative judgment of whether there is a correlation to quantitative refinement of correlation strength and predictive priority. Additionally, the study found that the degree of abstraction and anxiety induction is not simply linearly correlated (e.g., symbolic representation has the highest degree of abstraction, but its correlation strength and predictive power are lower than those of graphical and verbal representations), correcting the previous simplistic cognition that “more abstract knowledge is more likely to induce anxiety,” deepening the understanding of the internal logic between knowledge representation characteristics and math anxiety, and providing a theoretical reference for the subsequent accurate identification of knowledge-level inducements of math anxiety.

5.1.2 Practical Implications: Providing Targeted Intervention Strategies for High School Mathematics Teaching

(1) Optimizing Graphical Representation Teaching and Precisely Controlling the Difficulty Range

Although graphical representation cannot independently undertake the core role of transmitting abstract high school knowledge, it is highly correlated with students' math anxiety. Therefore, it is necessary to optimize graphical representation teaching in high school mathematics to avoid overly simplified (e.g., only drawing isolated points without explanation) or overly complex (e.g., placing multiple graphs in one figure) images. Each image should focus on only 1-2 core knowledge points, ensuring that graphical representation not only reduces anxiety but also does not replace the core position of symbolic representation. Specific strategies are as follows:

1. Low-Difficulty Graphical Representation: Focus on Knowledge Introduction and Reduce Abstract Fear

In the initial learning stage of new knowledge, a design of “minimalist images+core features” should be adopted. Present students with simple and vivid explanatory images accompanied by descriptive text, which can present mathematical knowledge and facilitate understanding. For example, when learning “line-plane parallelism” in solid geometry, screenshots of a cuboid model should be displayed, but only the positional relationship between the line and the plane should be highlighted. If there are multiple lines and planes, they should be shown in different cuboid figures to make the image presentation clearer. Physical demonstrations with a pencil and textbook can also be used to anchor the abstract definition of “no common points” through both images and physical objects, reducing initial cognitive load.

2. Medium-Difficulty Graphical Representation: Focus on Knowledge Connection and Establish Symbol-Graph Mapping

In the knowledge deepening stage, a design of “dynamic images+symbolic annotations” can be adopted to strengthen the correspondence between abstract symbols and intuitive images. For example, when explaining the graph transformation of trigonometric functions, use GeoGebra software to generate dynamic demonstration graphs: first fix A=1 and ω=1, change the value of φ to show “left-right translation” and annotate the relationship between the translation distance and the sign of φ (left translation when φ>0, right translation when φ<0); then fix φ and ω=1, change the value of A to show “up-down stretching” and annotate the correlation between the amplitude and the absolute value of A—converting the abstract changes of symbolic parameters into visible dynamic images, helping students understand the geometric meaning behind the symbols.

3. High-Difficulty Graphical Representation: Focus on “Knowledge Integration” and Assist in Decomposing Complex Problems

In the comprehensive application stage, adopt hierarchical image design to help students decompose the symbolic logic in complex problems. For example, when solving complex problems involving the positional relationship between a straight line and an ellipse, first draw a sketch of their positions, then draw an accurate positional image after calculating the discriminant, establishing a direct correlation between the results of symbolic operations and the positional relationship in the image, and helping students clarify the problem-solving logic chain.

(2) Promoting the Integration of Multiple Representations and Constructing a Collaborative Teaching Model

The study shows that there are high correlations between various representation forms: the correlation coefficient between verbal and graphical representations is 0.840, between situational and verbal representations is 0.819, and between graphical and situational representations is 0.793. Moreover, a single representation is difficult to adapt to the abstraction of high school mathematics. Therefore, high school mathematics teaching should adopt an integrated form of multiple representation methods—taking symbolic representation as the logical main line, using verbal representation to explain the meaning of symbols, using graphical representation to enhance the intuitiveness of symbols, and expanding and applying knowledge under situational representation.

(3) Implementing Personalized Anxiety Intervention and Precisely Matching Students’ Representation Adaptability

Based on the regression model of this study, students can be classified by evaluating their acceptance level of different representations, and then targeted intervention strategies can be designed. For students with weak adaptability to symbolic representation, stepped representation training can be carried out, starting from low-abstraction symbols and gradually increasing the difficulty. For students sensitive to graphical or verbal representation, the proportion of teaching corresponding representations should be strengthened. At the same time, strategies such as expressive writing (asking students to record their anxiety feelings in math learning) and mindfulness meditation can be combined to relieve emotional pressure, and differentiated teaching plans can be formulated according to gender differences in anxiety.

5.2 Research Conclusions

Based on survey data from 290 high school students, this study clarified the correlation characteristics and influence mechanisms between mathematical multiple representations and math anxiety through descriptive statistical analysis, partial correlation analysis, and multiple regression analysis. The core conclusions are as follows:

5.2.1 Significant Differences in the Impact of Different Mathematical Multiple Representation Forms on Math Anxiety

Different types of mathematical knowledge representation forms have varying degrees of impact on students’ math anxiety. Symbolic representation had the strongest impact (mean=13.2609), significantly higher than other representation types; verbal representation had the weakest impact (mean=11.4783); graphical and situational representations had moderate and similar effects. This result suggests that more abstract representation forms are more likely to induce students’ math anxiety.

5.2.2 All Mathematical Multiple Representation Forms Are Positively Correlated with Math Anxiety, but Correlation Strength Varies

Controlling for gender, symbolic, verbal, graphical, and situational representations were all significantly positively correlated with math anxiety. Graphical representation had the highest correlation coefficient with math anxiety (r=0.959), followed by verbal representation (r=0.932)—both indicating an extremely strong positive correlation. Situational representation had a strong positive correlation with math anxiety (r=0.875), while symbolic representation had a moderately strong positive correlation (r=0.709). Thus, graphical and verbal representations of mathematical knowledge are most likely to induce students’ math anxiety. Additionally, there were varying degrees of positive correlations between the representations: the correlation coefficient between verbal and graphical representations was 0.840, between situational and verbal representations was 0.819, and between symbolic and situational representations was relatively low (r=0.365).

5.2.3 Different Mathematical Multiple Representation Forms Have Significant Predictive Effects on Math Anxiety

The multiple regression model constructed with math anxiety as the dependent variable and the four representation forms as independent variables showed excellent overall fit. The standard deviation of residuals was only 0.51788, and residuals approximately followed a normal distribution with no obvious extreme outliers. All four independent variables had significant predictive effects on math anxiety (significance<0.001), with graphical representation having the highest predictive coefficient (β=0.374), followed by verbal representation (β=0.288), situational representation (β=0.275), and symbolic representation (β=0.189). This indicates that graphical representation of mathematical knowledge has the greatest impact on students’ math anxiety, followed by verbal representation.

In summary, different analytical models consistently show that graphical and verbal knowledge representation forms are more likely to induce students’ math anxiety, while students are more familiar with situational and symbolic representations, which have a lower impact on math anxiety. Future teaching should present mathematical knowledge more through symbolic and situational representations, and less through graphical and verbal forms.

6 Limitations and Prospects

This study has several limitations: the sample was only taken from one high school, with a small size and single source, which affects the external generalizability of the results; only gender and age were used as control variables, and potential confounding variables such as math academic performance and self-efficacy were not included, making it difficult to exclude the interaction of these factors. To address these limitations, future research can advance from multiple dimensions: expand the sample size, adopt multi-stage stratified sampling to include high school students from different regions and school running levels, and consider differences in math foundations to improve the generalizability of the results; introduce mediating and moderating variables to explore the action paths of self-efficacy, learning motivation, etc., between representations and anxiety, and clarify the complexity of the correlation mechanism; refine the classification of representations, design a “knowledge point-representation difficulty” correspondence scale for core knowledge points, and accurately divide the low-anxiety and high-efficiency range; test the teaching effect of integrated representations through experimental design, form promotable anxiety intervention strategies, and promote the application of research results in teaching practice.
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