


Mathematical Self-Efficacy in Mathematics Education: A Review of Current Research


ABSTRACT: Mathematical self-efficacy plays a key role in shaping students' academic performance in mathematics, and it has been extensively studied in recent years. This study searched the Web of Science database using relevant keywords, selected highly relevant publications from the past 20 years, and ultimately identified 37 eligible articles. The following conclusions are thus reached. First, scholars' current research mainly includes four aspects: measurement tools, influencing factors, correlations, and differences. Second, correlational research mainly focuses on the relationships between mathematical self-efficacy and academic achievement, mathematical ability, as well as creativity. Research on influencing factors has explored certain aspects such as teaching models and individual psychology, yet no comprehensive framework has been established, nor has the causal relationship between these factors and mathematics self-efficacy been explained. Research on differences reveals disparities in gender, school type, and mathematics content. Research on measurement tools has largely focused on adapting existing questionnaires. Therefore, further investigation is needed to develop a complete framework of influencing factors and to capture variations across different dimensions, thus promoting progress in this area and motivating researchers to undertake further exploratory investigations.
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1.INTRODUCTION
Mathematical self-efficacy refers to an individual's level of confidence in their ability to successfully complete or solve mathematical tasks or problems. It is an important factor influencing students' mathematical academic performance (Usher & Pajares, 2009; Wang et al., 2023). It not only affects how well students apply learning strategies during the learning process, but also impacts their effort in studying, their persistence when facing learning difficulties, and their cognition of learning success and failure outcomes (Castro et al., 2020; Ding et al., 2024). These aspects all influence students' learning activities and effects, and are related to their mathematical academic progress. Although numerous studies have explored it, a systematic synthesis of the literature remains lacking (Özyürek, 2010; Park & Jang, 2023). Therefore, this paper intends to review and sort out these current studies. It will systematically analyze the current research status of mathematical self-efficacy, which aims to provide theoretical support and application strategies for university researchers and front-line teachers. This will promote university researchers' research on mathematical self-efficacy, help front-line teachers improve their teaching activities, and further enhance middle school students' mathematical self-efficacy as well as educational quality. More importantly, identifying the deficiencies and gaps in existing research will encourage scholars to conduct further in-depth studies.
Specifically, the research questions of this paper mainly include these two aspects:
(1) What aspects scholars have studied regarding mathematical self-efficacy and what are the main findings of the research in each aspect?
(2) Which aspects have been extensively researched and which have received less attention currently and whether there are gaps or deficiencies?
2.METHODS 
2.1 Data Sources
This paper adopts the literature research method with literature from the Web of Science database as the data source. Web of Science is a multidisciplinary literature database with significant influence and authority worldwide. Choosing this database ensures the persuasiveness and reliability of the research.
2.2 Data Collection 
To avoid missing relevant literature, three keywords were used for searching respectively in the Web of Science database: "mathematical self-efficacy", "self-efficacy" and "factors influencing mathematical self-efficiency". The search was limited to the past 20 years. After deduplication, we screened titles and abstracts to select studies with high relevance to mathematical self-efficacy. It should be noted that we retained some studies involving general academic self-efficacy, creative self-efficacy, and programming self-efficacy, as these studies were conducted in the context of mathematics education and were therefore considered to have some relevance. Subsequently, we performed full-text evaluations of the remaining articles, and finally included 37 eligible studies.
2.3 Data Organization 
The literatures were read intensively, and the research questions, research findings and other aspects of previous studies were summarized and organized through note-taking.
3.RESULTS
Synthesizing existing international research findings on mathematical self-efficacy, it can be found that the main research content focuses on four aspects, which are research on measurement tools of mathematical self-efficacy, research on influencing factors, research on correlations and research on differences in mathematical self-efficacy. The current research status of mathematical self-efficacy is introduced below based on these four aspects.
3.1 Research on Measurement Tools in Mathematical Self-Efficacy 
Mathematical Self-Efficacy Scales is an important tool for assessing students' mathematical self-efficacy. Different scholars have developed and revised a series of scales.
Usher and Pajares developed and validated the Middle School Mathematical Self-Efficacy Scale in three stages (Usher & Pajares, 2009). Yurt and Sünbül adapted the Middle School Mathematical Self-Efficacy Scale developed by Usher and Pajares into a Turkish version. Exploratory and confirmatory factor analyses confirmed satisfactory psychometric properties of this adapted version (Yurt & Sünbül, 2014). Castro, Sotelo Castillo, Acosta Quiroz and other scholars adjusted the Mathematical Self-Efficacy Scale proposed by Usher and Pajares to fit the Mexican university student population (Castro et al., 2020). Morán-Soto, Valdivia and Peña adapted the Mathematical Self-Efficacy Scale developed by Betz and Hackett into a Mexican Spanish version, and it was verified to have good reliability and validity (Moran-Soto, Valdivia & 2022). Özyürek conducted reliability and validity tests on the Mathematical Self-Efficacy Scale and performed exploratory and confirmatory factor analysis on a sample of Turkish high school students (Özyürek, 2010). León, Mejía, Bazán and other scholars analyzed the revised version of the Multiple Intelligence Self-Efficacy Scale using a sample of Peruvian middle school students aged 15-17, and found that the scale demonstrated robust psychometric performance (León et al., 2024). Kampmane and Ozola adapted and validated the Academic Self-Efficacy Scale using a sample of Latvian adolescents, and found that the scale had good reliability and validity (Kampmane & Ozola, 2025). 
3.2 Research on Influencing Factors in Mathematical Self-Efficacy
Mathematical self-efficacy exerts a critical regulatory effect on students' mathematics learning, making an exploration of its influencing factors theoretically and practically valuable. Studying these factors can effectively regulate students' mathematical self-efficacy, thereby improving teaching quality.
In terms of teaching models and methods, López-Vargas, Garavito-Martínez and Valencia-Vallejo found that scaffolding can effectively enhance students' mathematical self-efficacy, and that field-dependent students showed a more significant increase in self-efficacy under the scaffolding intervention (López-Vargas, Garavito-Martínez & Valencia-Vallejo, 2025). ŞENGÜL found that concept cartoons can significantly improve students' mathematical self-efficacy (ŞENGÜL, 2011). Isiksal and Askar found that spreadsheets and dynamic geometry software can effectively enhance students' mathematical self-efficacy (Isiksal & Askar, 2005). Psycharis and Kallia found that computer programming can significantly improve mathematical self-efficacy (Psycharis & Kallia, 2017). Hangün and Türel found that robot programming can significantly enhance programming self-efficacy (Hangün & Türel, 2025). Garduño, using a sample of gifted seventh- and eighth-grade students in the United States, investigated the effect of cooperative problem-solving on mathematical self-efficacy and found that it did not improve self-efficacy (Garduño, 2001).
In terms of individual psychology, Marakshina, Pavlova, Lobaskova and other scholars reviewed research on the psychophysiological mechanisms of mathematics anxiety and found that mathematics anxiety is negatively correlated with mathematical self-efficacy (Marakshina et al., 2025). 
3.3 Research on the Relationship Between Mathematical Self-Efficacy and Other Factors
Mathematical self-efficacy plays an important regulatory role in students' mathematical learning, and researching factors related to it is of great significance. Correlational research on mathematical self-efficacy mainly focuses on its relationships with mathematical achievement, mathematical ability and creativity, in which mathematical self-efficacy often plays a mediating or moderating role among these variables.
Regarding the relationship between mathematical self-efficacy and mathematics achievement, Zou adopted a quantitative approach with a sample of 5,464 15-year-old secondary school students in Hong Kong to examine the mediating role of mathematical self-efficacy in the linkages between motivation, anxiety, and academic performance in mathematics. Their results indicated that mathematical self-efficacy negatively mediated the impact of anxiety on mathematics achievement while fully and positively mediated the effect of motivation on achievement (Zou, 2025). Using PISA 2003 and 2012 data from Sweden, Ding, Klapp and Hansen investigated the relationships among mathematical self-concept, self-efficacy, and mathematics achievement, concluding that both self-concept and self-efficacy exerted positive effects on achievement (Ding, Klapp & Hansen, 2024). Based on PISA 2012 data and two-level latent variable multilevel analysis, Wang, Houang, Schmidt and other scholars revealed that learning opportunities positively predicted mathematics achievement at both student and school levels; at the student level, learning opportunities further mediated the relationship between self-efficacy and achievement (Wang et al., 2024). Siefer, Leuders and Obersteiner recruited 120 German eighth- and ninth-grade students and measured their mathematical self-efficacy and achievement via self-designed scales. Their findings demonstrated a moderate positive correlation between the two constructs, with boys reporting higher self-efficawojcy and better mathematics performance than girls (Siefer, Leuders & Obersteiner, 2020). Park, Kim and Jang conducted linear regression analysis on a sample of 1,880 Korean students to identify psychological predictors of mathematics achievement, verifying that self-efficacy significantly and positively contributed to academic outcomes in mathematics (Park, Kim & Jang, 2023). Yurt and Sünbül applied structural equation modeling to data from 470 Turkish eighth-grade students, exploring how antecedents of mathematical self-efficacy and other factors shaped mathematics achievement. They found that sources of mathematical self-efficacy, spatial ability, and problem-solving and reasoning skills jointly predicted students' mathematics performance (Yurt & Sünbül, 2014).
In the aspect of mathematical self-efficacy and mathematical ability, Liu, Cai, Zhang and other scholars investigated the relationships between domain-specific and task-specific self-efficacy and mathematical problem-posing ability using linear regression and other statistical methods among a sample of 1,634 Chinese eighth-grade students, and found that task-specific self-efficacy had a stronger effect on problem-posing performance (Liu et al., 2020). In another study, Liu, Cai, Cui and other scholars recruited 1,815 Chinese fourth-grade students and 1,767 eighth-grade students to explore the association between task-specific self-efficacy and mathematical problem-posing ability via linear regression, revealing that the two variables were mostly non-linearly correlated (Liu et al., 2025). Muhtadi, Assagaf and Hukom conducted a meta-analysis of 40 relevant studies in Indonesia and identified a strong positive correlation between mathematical self-efficacy and mathematical learning ability (Muhtadi, Assagaf & Hukom, 2022). Using a sample of 437 German secondary school students, Schukajlow, Blomberg, Rellensmann and other scholars investigated how strategic motivation influenced drawing quality and academic performance in solving geometric word problems. They concluded that self-efficacy positively predicted both drawing quality and achievement (Schukajlow et al., 2022). Xu and Qi studied 42,644 ninth-grade students from Province Z in eastern China to explore mathematical problem-solving competence and its influencing factors, verifying that self-efficacy had a positive effect on mathematical problem-solving ability (Xu & Qi, 2022). Alghadari, Herman and Prabawanto selected 101 Indonesian senior high school students to examine the effects of basic geometric competence, mathematical self-efficacy and other factors on three-dimensional geometric problem-solving. Their results indicated that basic geometric competence, mathematical self-efficacy, learning styles, as well as their interaction with gender significantly predicted problem-solving performance (Alghadari, Herman & Prabawanto, 2020). Tee, Leong and Rahim sampled 212 Malaysian Grade-11 students to investigate the impacts of motivational factors including self-efficacy and critical thinking on mathematical reasoning ability, and found that self-efficacy showed no significant effect (Tee, Leong & Rahim, 2018). Cheung used PISA 2012 data of 15-year-old students from Shanghai and four other regions to explore how academic resilience affected mathematical literacy, identifying mathematical self-efficacy as a critical predictor of such effect (Cheung, 2017). Özcan and Gümuş Gümüs employed structural equation modeling with a sample of 517 Turkish seventh-grade students to examine how metacognition, self-efficacy and other factors affected mathematical problem-solving performance, and discovered that self-efficacy had no significant impact on students' problem-solving outcomes (Özcan & Gümuş, 2019) (Özcan & Gümüs, 2019).
In terms of mathematical self-efficacy and creativity, Suherman and Vidákovich adopted structural equation modeling with a sample of 896 Indonesian secondary school students to examine the predictive effects of creative self-efficacy and perceived creativity on mathematical creative thinking, and found that creative self-efficacy was negatively correlated with mathematical creative thinking (Suherman & Vidákovich, 2024). In another study with 869 Indonesian secondary school students, Suherman and Vidákovich used structural equation modeling to explore the impacts of creative self-efficacy and mathematical attitudes on mathematical creative thinking, as well as the mediating roles of creative styles and environmental literacy. Their results indicated that creative self-efficacy and creative styles were negatively associated with mathematical creative thinking (Suherman & Vidákovich, 2025). Herianto, Sofroniou, Fitrah and other scholars conducted a meta-analysis of 21 studies to explore the relationship between self-efficacy and mathematical creativity, finding a significant low-level positive correlation between the two (Herianto et al., 2024).
In addition, scholars have also conducted research on mathematical self-efficacy in relation to learning opportunities, career choice, and mathematics anxiety, among other aspects. Wang, Liu, Leung and other scholars, using relevant data from PISA 2012, explored the relationship among learning opportunities, mathematical self-efficacy, and mathematics performance, finding that in most regions, learning opportunities strengthened the positive correlation between self-efficacy and mathematics performance (Wang et al., 2023). With a sample of 140 second-year undergraduate diploma students from a state university in Nigeria, Odiri conducted questionnaire-based research to examine the influence of mathematical self-efficacy on career choices in science-related disciplines, and found a moderate positive correlation between mathematical self-efficacy and science-oriented career preferences (Odiri, 2023). Bergqvist, Tossavainen and Johansson, using a sample of 79 Swedish high school students, analyzed the correlations among mathematical self-efficacy, anxiety, and achievement variables, and after in-depth analysis constructed a four-factor model (Bergqvist, Tossavainen & Johansson, 2020). Chamberlin and Parks recruited 160 gifted seventh- and eighth-grade students in the United States and measured their affective changes after participating in mathematical modeling activities via the CAIMPS scale, discovering significant differences in self-efficacy before and after participation (Chamberlin & Parks, 2020).
3.4 Research on Differences in Mathematical Self-Efficacy
Significant differences in mathematical self-efficacy exist across different groups, primarily manifested in dimensions such as gender, school type, and mathematical content domains.
In terms of gender differences, Ding, Klapp and Hansen found that female students reported lower levels of mathematical self-efficacy, while Siefer, Leuders and Obersteiner observed higher mathematical self-efficacy among male students than among female students (Ding, Klapp & Hansen, 2024; Siefer, Leuders & Obersteiner, 2020).
Regarding disparities by school type, Ding, Klapp and Hansen indicated that self-efficacy exerted a stronger influence on academic achievement in public schools, whereas self-concept played a more prominent role in private schools (Ding, Klapp & Hansen, 2024).
Furthermore, Krawitz and Schukajlow found that mathematical content had no significant effect on mathematical self-efficacy (Krawitz & Schukajlow, 2018).
4.DISCUSSION
In summary, scholars have conducted research on mathematical self-efficacy from various aspects and to varying degrees. Current research primarily focuses on the following four areas: measurement tools, influencing factors, correlations and differences.
Regarding research on measurement tools, different scholars have developed or revised a series of scales. The approaches scholars use to develop mathematical self-efficacy scales mainly include two methods: revision and adaptation, which involve modifying existing mature scales to enhance their reliability and validity; and independent development, which entails creating new questionnaires based on specific theories or mathematical content. 
Regarding research on influencing factors, current researchers have conducted certain studies from two perspectives: teaching models and methods, and individual psychology. They have found that scaffolding, concept cartoons, spreadsheets and dynamic geometry software, computer programming, cooperative problem-solving, and mathematics anxiety all affect mathematical self-efficacy. Although researchers have identified many factors influencing mathematical self-efficacy, no scholar has yet investigated the complete set of influencing factors, nor has any provided guidance on how to modify these factors to improve students' mathematical self-efficacy and thereby enhance their mathematics achievement. Moreover, most existing studies employ short-term interventions or correlational designs, lacking longitudinal research that could reveal the causal directions between various influencing factors and mathematical self-efficacy. Therefore, future research can be conducted based on this gap those gaps. 
Regarding research on correlations, studies have primarily focused on the relationships between mathematical self-efficacy and mathematical achievement, mathematical ability and creativity. Mathematical self-efficacy often plays mediating or moderating roles among these variables. Research in this area is relatively comprehensive, as many scholars have explored factors related to mathematical self-efficacy and their interrelationships. 
Regarding research on differences, it is mainly reflected in three dimensions: gender, school type, and mathematical content. Only a small number of scholars have conducted difference studies, finding that mathematical self-efficacy exhibits gender differences and school type differences, but no differences related to mathematical content. Critically, existing difference studies have limitations in sample representativeness. Moreover, "school type differences" currently only distinguish between public and private schools, without addressing more nuanced classifications such as rural vs. urban, key vs. non-key, or single-sex vs. coeducational schools. In addition, few studies have examined the interaction between demographic variables such as age, socioeconomic status, or ethnicity and mathematical self-efficacy, which limits the theoretical depth and practical value of difference research. Therefore, research on differences in mathematical self-efficacy remains limited, and further investigation is necessary.
5.CONCLUSION
Through the collation and analysis of literature related to mathematical self-efficacy, the following conclusions are drawn:
(1) At present, scholars' research on mathematical self-efficacy mainly includes four aspects: measurement tools, influencing factors, correlations and differences.
(2) Research on correlations related to mathematical self-efficacy is generally abundant, mainly focusing on the relationships between mathematical self-efficacy and mathematics achievement, mathematical ability, and creativity. In addition, studies have also examined the relationships between mathematical self-efficacy and learning opportunities, career choice, and mathematics anxiety. This area of research is relatively comprehensive and mature. Research on influencing factors of mathematical self-efficacy is also relatively extensive. Researchers have conducted certain studies from two perspectives: teaching models and methods, and individual psychology. However, the scope of these studies is relatively limited. Moreover, no scholar has yet investigated the complete set of influencing factors of mathematical self-efficacy, nor has any provided guidance on how to modify these factors to improve students' mathematical self-efficacy and thereby enhance their mathematics achievement. Furthermore, most studies employ short-term intervention or correlational designs, which cannot reveal the causal relationships between various influencing factors and mathematical self-efficacy. Research on differences in mathematical self-efficacy is relatively scarce, only involving three dimensions: gender, school type, and mathematical content. Many other aspects of differences remain unexplored. Research on measurement tools for mathematical self-efficacy indicates that most current studies focus on the revision of existing questionnaires, and this area is relatively well-developed.
Therefore, further exploration is necessary regarding the influencing factors of mathematical self-efficacy, in order to identify the complete set of factors affecting mathematical self-efficacy and to determine how to modify these factors to improve students' mathematical self-efficacy. At the same time, further research on differences in mathematical self-efficacy should also be conducted, so as to capture variations across different dimensions.
However, it is important to acknowledge the limitations inherent in this review. The exclusive reliance on a single database may have resulted in the omission of significant non-English language studies, potentially narrowing the international perspective of the findings. Furthermore, the absence of a formal quality assessment means that it is possible the conclusions are influenced by the varying methodological rigor of the included literature. Future reviews would benefit from a multi-database, multi-lingual search strategy and the application of systematic review protocols to ensure a more comprehensive and critical synthesis of the evidence.
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