
 

 

Education and Science 
Early Release 1-19 

Original Article 

 

1 

Predicting mathematics achievement through SEM: the role of 

mathematics familiarity, self-efficacy, and anxiety in mathematical 

achievement 

 
Fatmir Mehmeti 1, Vedat Bajrami 2 

 
Abstract  Keywords 

This study examines the structural relationships among subjective 

familiarity with mathematical concepts, mathematics self-efficacy, 
mathematics anxiety, and academic achievement among students 

in Kosovo. Using data from PISA 2022, which includes a nationally 

representative sample of 6,027 students from 229 schools, the study 

employs structural equation modeling (SEM) in Mplus to test both 

direct and indirect effects among latent variables. The proposed 

model assesses how subjective familiarity influences mathematics 

achievement (as measured by PISA scores) through mediating 

pathways involving self-efficacy and anxiety. The results indicate 
that subjective familiarity with mathematical concepts positively 

predicts mathematics self-efficacy, which in turn reduces 

mathematics anxiety and enhances academic performance. 

Although mathematics anxiety negatively affects achievement, its 

impact is partially mediated by students’ self-beliefs and prior 

familiarity with mathematical content. These findings underline 

the importance of fostering conceptual understanding and 

confidence in students as part of a comprehensive approach to 

improving mathematics achievement. 
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Introduction 

In an era of rapid scientific and technological advancement, mathematical knowledge is 
essential for both personal and societal development. Mathematics is no longer merely a school subject; 
it is a fundamental tool for understanding the world, interpreting complex processes, and making 
informed decisions in everyday life and across modern professions. Mathematics education plays a 
crucial role in developing analytical and critical thinking skills (Luczak & Erwin, 2023; Whitney-Smith 
et al., 2022). Mathematics serves as the foundation for many scientific disciplines, making it a key 
component of comprehensive education of individuals (Goos et al., 2023; Li & Schoenfeld, 2019). 
Furthermore, mathematical skills are vital not only for solving everyday problems but also for achieving 
success in a wide range of professional contexts (Santos-Trigo, 2024). Despite its importance, 
mathematics achievement remains a significant challenge for many students. Success in mathematics 
depends on a range of psychological and affective factors that interact closely with the learning process, 
including students’ intellectual understanding of mathematical concepts (Jin et al., 2022), their lack of 
confidence or self-efficacy in problem-solving (Larsen & Jang, 2021; Živković et al., 2023), and their 
experience of mathematics anxiety (Ashcraft & Moore, 2009; Ramirez et al., 2013). 
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The present study investigates the complex relationships among subjective familiarity with 

mathematical concepts, mathematics self-efficacy, mathematics anxiety, and academic achievement. 

Understanding these relationships is critical, as they jointly influence students’ performance in 

mathematics (Lessani et al., 2014; Reić-Ercegovac et al., 2019; Zeng, 2025). Subjective familiarity with 

mathematical concepts refers to students’ self-assessed knowledge and understanding of mathematical 

concepts that vary in complexity (OECD, 2024). Rather than measuring actual competence, this 

construct captures students’ perceptions of how well they understand mathematical concepts, 

providing insight into their confidence in their mathematical abilities. As a component of cognitive 

regulation, subjective familiarity is recognized as an important variable in research on self-regulated 

learning. This variable reflects students previously acquired mathematical knowledge, serves as a 

foundation for teaching mathematics, and supports students’ comprehension of mathematics (Jin et al., 

2022).  

Bandura (1994) defines self-efficacy as individuals’ beliefs in their capacity to produce desired 

outcomes and influence events that affect their lives, shaping cognition, motivation, emotion, and 

behavior. Pajares (1996a) further elaborates self-efficacy as beliefs about one’s capability to organize and 

execute the actions required to manage prospective situations. Mathematics self-efficacy represents a 

task-specific judgment of confidence in one’s ability to successfully perform mathematical tasks 

(Hackett & Betz, 1989). It reflects students’ perceptions of their competence to perform mathematical 

tasks efficiently and influences their motivation, level of engagement, and ultimately their academic 

achievement in mathematics (Street et al., 2024). This concept is foundational to understanding how 

individuals approach tasks, cope with challenges, and persevere in the face of adversity. In educational 

settings, self-efficacy significantly influences students’ motivation, learning strategies, and academic 

performance. Students with higher levels of self-efficacy are more likely to engage in challenging tasks 

and persist longer when confronted with difficulties (Hayat et al., 2020; Honicke & Broadbent, 2016; 

Zheng et al., 2021). Students with strong self-efficacy in mathematics are more likely to engage with 

challenging problems, invest sustained effort, and demonstrate resilience when encountering 

difficulties, whereas those with lower self-efficacy often avoid demanding tasks and experience 

heightened mathematics anxiety (Huang et al., 2019).  

Mathematics anxiety is a complex and multifaceted phenomenon affecting students across 

different educational levels. Richardson and Suinn (1972) define mathematics anxiety as feelings of 

tension and apprehension that interfere with the ability to manipulate numbers and solve mathematical 

problems in academic and everyday situations. Extensive research has shown that higher levels of 

mathematics anxiety are consistently associated with poorer mathematical performance (Barroso et al., 

2021; Chang & Beilock, 2016; Namkung et al., 2019; Zhang et al., 2019). This negative relationship 

between mathematics anxiety and performance is evident across diverse domains and educational 

contexts, with students experiencing significant declines in mathematics achievement as their anxiety 

levels increase (Zhang et al., 2019). In addition, studies have shown that students with higher levels of 

mathematics anxiety are more likely to avoid challenging mathematical problems, even when they 

possess the ability to solve them. This avoidance further exacerbates the issue by limiting their exposure 

to mathematical practice, ultimately reinforcing anxiety and negatively affecting their long-term 

academic success (Jenifer et al., 2023). Moreover, the cognitive effects of mathematics anxiety include 

impaired working memory, reduced problem-solving capacity, and an overall decline in cognitive 

functioning during mathematics-related tasks (Ashcraft & Krause, 2007). These cognitive deficits further 

perpetuate the negative cycle of anxiety and poor performance, making it increasingly difficult for 

students to overcome mathematics-related challenges. 
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This study places key variables - subjective familiarity with mathematical concepts, 

mathematics self-efficacy, mathematics anxiety, and academic achievement - within an integrated 

theoretical framework drawing on metacognitive theory and social cognitive theory. From a 

metacognitive perspective, subjective familiarity is conceptualized as a key metacognitive experience 

known as the “feeling of knowing,” which reflects learners’ perceptions of their understanding of 

concepts (Dorsch, 2023; Dunlosky & Metcalfe, 2008; Fernández Velasco & Loev, 2024). This feeling of 

familiarity serves as a key mechanism in self-regulated learning processes (Zimmerman, 2002), directly 

influencing strategy selection, monitoring of understanding, and decision-making in problem-solving 

tasks (Rach & Ufer, 2020). According to social cognitive theory (Bandura & National Inst of Mental 

Health, 1986), such metacognitive experiences contribute to the development of mathematics self-

efficacy, as efficacy beliefs are grounded in perceived competence (Schunk & DiBenedetto, 2020). The 

interaction between these two constructs indicates that students who feel more familiar with 

mathematical concepts develop stronger beliefs in their ability to successfully perform specific tasks 

(Pajares, 1996b). According to Pekrun’s (2006) Control-Value Theory, high self-efficacy, which reflects a 

strong perception of control, directly predicts lower levels of mathematics anxiety, a negative 

achievement-related emotion. This negative relationship is widely documented in the literature 

(Ashcraft & Moore, 2009; Barroso et al., 2021; Ramirez et al., 2016; Zhang et al., 2019), with strong self-

efficacy beliefs disrupting the negative cycle of fear and avoidance. Building on this theoretical 

framework, the proposed model suggests that these psychological interactions enhance academic 

achievement: students who combine clear metacognitive awareness of their knowledge with high 

confidence in their abilities and reduced anxiety are more likely to engage effectively and persistently 

with complex mathematical content (Hayat & Shateri, 2019; Shen et al., 2025; Syaiful et al., 2022; Usher, 

2012; Varveris et al., 2023; Zeng, 2025). 

Although previous research has examined the effects of familiarity with mathematical concepts 

(Almuna Salgado, 2017; Jin et al., 2022; Rach & Ufer, 2020; Voica et al., 2020), mathematics self-efficacy 

(Hera et al., 2023; Larsen & Jang, 2021; Nicolaidou & Philippou, 2003), and mathematics anxiety (Al 

Mutawah, 2015; Ashcraft & Moore, 2009; Sad et al., 2016; Živanović et al., 2024) on academic 

achievement, integrated models that consider these variables simultaneously remain limited. This gap 

in literature highlights the need for in-depth research that examines the complex relationships among 

these factors and their combined impact on mathematical achievement. Such research is essential not 

only for addressing theoretical gaps but also for informing educational practice by enabling teachers 

and policymakers to develop evidence-based strategies to enhance students’ mathematical 

performance. Furthermore, this study contributes to the fields of educational psychology and 

mathematics education by providing a comprehensive analysis of the factors influencing mathematical 

achievement. Specifically, it seeks to deepen understanding of these relationships and explore their 

implications for mathematics education. 

Literature review 

Familiarity with mathematics concepts, mathematics self-efficacy, and academic success 

Familiarity with mathematical concepts is a key determinant of academic success, particularly 

in mathematics. Students who are well acquainted with both foundational and advanced mathematical 

ideas are more likely to develop strong mathematics self-efficacy, the belief in their ability to 

successfully engage in and solve mathematical problems, which, in turn, contributes to improved 

academic achievement (Yang et al., 2024). Mathematics self-efficacy plays a critical motivational role, as 

it encourages students to confront challenging tasks, persist in the face of obstacles, and ultimately 

achieve higher academic outcomes (Verešová & Foglová, 2018). Empirical research consistently 

demonstrates that students with greater familiarity with mathematical concepts tend to perform better 

academically. A solid conceptual foundation enables learners to connect prior knowledge with new 

material, thereby promoting deeper understanding and more effective problem-solving skills (Al-Hilal, 

2024). In contrast, students who lack such familiarity often struggle to develop adequate self-efficacy, 
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which can lead to heightened anxiety and avoidance behaviours that further impede academic progress 

(Huang et al., 2019). Moreover, studies suggest that instructional approaches integrating cognitive skill 

development with affective components, such as strengthening self-efficacy, can significantly enhance 

students’ mathematical reasoning and overall achievement by reducing anxiety and increasing 

confidence (Mukuka et al., 2021). These findings highlight the importance of targeted instructional 

strategies designed to reinforce students’ understanding of key mathematical concepts.  

The role of mathematics anxiety in shaping students’ performance. 

Familiarity with mathematical concepts and mathematics anxiety are critical factors influencing 

academic success, particularly in mathematics-related fields. When students discuss and justify their 

problem-solving processes with peers, they develop a deeper familiarity with mathematical concepts. 

Such interactions enhance students’ confidence and reduce mathematics anxiety, ultimately leading to 

improved academic performance (Pizzie & Kraemer, 2023). Conversely, insufficient familiarity with 

mathematical concepts often exacerbates mathematics anxiety, which can hinder academic performance 

by creating mental barriers that prevent students from fully engaging with the material (Huang et al., 

2019). The interplay between these factors is particularly significant, as high levels of mathematics 

anxiety have been shown to negatively affect test performance, classroom participation, and overall 

academic achievement (Barroso et al., 2021; Gonzalez-DeHass et al., 2024). Furthermore, Li et al. (2021) 

emphasize that interventions aimed at enhancing students’ understanding of mathematical concepts 

not only strengthen their confidence but also reduce anxiety levels, which is essential for improving 

academic performance and overall achievement in mathematics. 

Interactions among familiarity with mathematical concepts, self-efficacy, and anxiety in predicting 

academic success  

Close relationships exist among familiarity with mathematical concepts, mathematics self-

efficacy, mathematics anxiety, and academic success, all of which significantly influence students’ 

educational outcomes. Research indicates that students with a strong understanding of mathematical 

concepts are more likely to develop high levels of mathematics self-efficacy, defined as confidence in 

one’s ability to perform mathematical tasks successfully (Yıldız et al., 2019; Zakariya, 2022). 

Mathematics self-efficacy is critical because it directly affects students’ willingness to engage in and 

persist with challenging mathematical activities, ultimately leading to improved academic performance 

(Skaalvik & Skaalvik, 2006). Moreover, higher levels of self-efficacy are often associated with lower 

levels of mathematics anxiety, which refers to the emotional distress or fear experienced by some 

students when engaging with mathematics (Rozgonjuk et al., 2020). Reduced mathematics anxiety has 

consistently been linked to improved academic outcomes, as less anxious students are more likely to 

approach learning with a positive attitude and engage more fully with the material. Furthermore, 

positive emotions toward mathematics are associated with greater academic engagement and stronger 

self-regulation, both of which contribute to enhanced academic achievement (Villavicencio & Bernardo, 

2016).  

In this study, we propose a serial mediation model grounded in the existing literature to 

examine how subjective familiarity with mathematical concepts relates to mathematics self-efficacy and, 

in turn, influences students’ mathematics anxiety and mathematics achievement. Specifically, this study 

contributes to literature by investigating the mediating roles of mathematics self-efficacy and 

mathematics anxiety in the relationship between subjective familiarity with mathematical concepts and 

mathematics achievement (see Figure 1). The following research hypotheses are proposed for testing. 

H1a: Subjective familiarity with mathematical concepts has a direct positive effect on 

mathematics achievement. 

H1b: Mathematics self-efficacy has a direct positive effect on mathematics achievement. 

H1c: Mathematics anxiety has a direct negative effect on mathematics achievement. 
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H2a: Subjective familiarity with mathematical concepts has a positive effect on 

mathematics self-efficacy. 

H2b: Subjective familiarity with mathematical concepts has a negative effect on 

mathematics anxiety. 

H3: Mathematics self-efficacy has a negative effect on mathematics anxiety. 

H4a: Mathematics self-efficacy mediates the relationship between subjective familiarity 

with mathematical concepts and mathematics achievement. 

H4b: Mathematics anxiety mediates the relationship between subjective familiarity 

with mathematical concepts and mathematics achievement. 

H5: Subjective familiarity with mathematical concepts has an indirect effect on 

mathematics achievement through the sequential mediation of mathematics self-

efficacy and mathematics anxiety. 

 
Figure 1. Structural Equation Model Depicting the Serial Mediation Effects of SE (Self-Efficacy) and 

ANX (Anxiety) on the Relationship Between SFMC (Subjective Familiarity with Mathematical 

Concepts) and MA (Mathematics Achievement) 

Method 

This study employed a quantitative, correlational research design to test a predictive model 

examining the relationships among subjective familiarity with mathematical concepts, mathematics 

self-efficacy, mathematics anxiety, and mathematics achievement. 

Sample 

The representative sample comprised 6,027 students (2,928 girls and 3,099 boys) from 229 

schools across Kosovo. The sample was designed to represent approximately 21,000 15-year-old 

students nationwide. Participants ranged from grade 8 to grade 12, reflecting diverse educational 

experiences and levels of academic development. Data for the analysis was obtained from the PISA 2022 

assessment database. 

Measures 

The dependent variable in this study is students’ mathematics achievement in PISA 2022, 

measured through the PVMATH plausible values provided by the OECD. All statistical analyses were 

conducted using the ten plausible values for mathematics. The independent variables included in the 

analysis consist of groups of questionnaire items from PISA 2022 measuring students’ “subjective 

familiarity with mathematical concepts”, “mathematics self-efficacy (formal and applied 

mathematics)”, and “mathematics anxiety”. Detailed descriptions and explanations of these scales are 

provided in the following sections. 

 

 

SFMC 
 

 

MA 

 

 
SE 

 

 

ANX 
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Subjective familiarity with mathematical concepts 

This scale measures the extent to which students perceive themselves as familiar with a range 

of mathematical concepts spanning basic, intermediate, and advanced levels of mathematical 

knowledge. Students rate their familiarity with 10 mathematical concepts that represent different levels 

of mathematical ability and understanding. Example items include “divisor,” “area of a circle,” 

“congruent figures,”, “linear equation,” etc. Each item is rated on a five-point response scale (“Never 

heard of it,” “Heard of it once or twice,” “Heard of it a few times,” “Heard of it often,” and “Know it 

well, understand the concept”) (OECD, 2021, 2024). The composite reliability (ω) of the subjective 

familiarity with mathematical concepts scale is approximately .88, indicating good internal consistency 

and that the instrument reliably measures the intended construct. 

Mathematics self-efficacy: Formal and applied mathematics 

This scale assesses students’ perceived capability to manage both abstract and real-world 

mathematical tasks, providing a comprehensive indicator of their confidence across different domains 

of mathematical literacy. Students rated their confidence in performing a range of formal and applied 

mathematics tasks using nine items. Example items include “working out how long it would take to get 

from one place to another,” “calculating how much more expensive a computer would be after adding 

tax,” “calculating how many square meters of tiles are needed to cover a floor,” etc. Each item was rated 

on a four-point response scale: (“Not at all confident,” “Not very confident,” “Confident,” and “Very 

confident”) (OECD, 2021, 2024). The composite reliability (ω) of the mathematics self-efficacy scale, 

encompassing both formal and applied mathematics, is approximately .90, indicating strong internal 

consistency and that the instrument reliably measures the intended construct. 

Mathematics anxiety  

This scale measures students’ emotional reactions, levels of discomfort, and perceived stress 

when engaging with mathematics in academic and problem-solving contexts. Questions about 

mathematics anxiety consist of six items, including statements such as “I often worry that it will be 

difficult for me in mathematics classes,” “I get very tense when I must do mathematics homework,” “I 

get very nervous doing mathematics problems.” Etc. Each of the six items included in this scale had 

four response options (“strongly agree”, “agree”, “disagree”, and “strongly disagree”) (OECD, 2021, 

2024). The composite reliability (ω) of the mathematics anxiety scale was approximately .86, indicating 

good internal consistency and that the instrument reliably measures the construct. 

Data analysis 

The study analyzed PISA 2022 data using structural equation modeling (SEM) in Mplus version 

8.13, with missing values coded as -999 and handled using robust maximum likelihood estimation 

(MLR). The structural model assessed both direct and mediated pathways. Descriptive statistics and 

bivariate correlations were examined, and confirmatory factor analysis was conducted to validate the 

measurement model of the latent constructs (subjective familiarity, mathematics self-efficacy, 

mathematics anxiety, and mathematics achievement). The model tested three mediation pathways: 

through mathematics self-efficacy, through mathematics anxiety, and a sequential pathway through 

both self-efficacy and anxiety. In addition, the direct effects of subjective familiarity, self-efficacy, and 

anxiety on mathematics achievement were evaluated. All analyses incorporated PISA sampling 

weights, and indirect effects were tested using bias-corrected bootstrapping (10,000 resamples). Model 

fit was assessed using standard fit indices (CFI > .90, TLI > .90, RMSEA < .05, SRMR < .08). 
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Results 

Primary analysis 

Items that did not conform to the expected factor structure were removed during the initial 

factor analysis, as not all items were deemed suitable for inclusion in the model. Several items associated 

with the latent variable subjective familiarity with mathematical concepts were eliminated due to low 

factor loadings. Specifically, the excluded items were Item 3 (.498): How familiar are you with the following 

mathematical terms? Congruent numbers (.415); Item 9 (.566): How familiar are you with the following 

mathematical terms? exponential function; and Item 11 (.386): How familiar are you with the following 

mathematical terms? 3-dimensional geometry.  

With respect to the latent variable “mathematics self-efficacy”, Item 1 (.588) was removed because 

it did not adequately fit the model. How confident are you in math tasks? Use a [train schedule] to determine 

how long it would take to get from one place to another. For the latent variable “mathematics anxiety”, only 

one item was excluded due to poor model fit: Item 1 (.582): I often worry that it will be difficult for me in 

math class.  

Table 1 presents the results of the confirmatory factor analysis. The initial analysis yielded a χ² 

of 4332.702 with 296 degrees of freedom, a χ²/df ratio of 14.637, a CFI of .866, a TLI of .853, an SRMR of 

.068, and an RMSEA of .054. After removing poorly fitting items, the revised conformity factor analysis 

demonstrated substantial improvement in fit indices: χ²(186) = 2006.083, χ²/df = 10.785, CFI = .925, TLI = 

.916, SRMR = .049, and RMSEA = .045. The CFI and TLI values exceeded the recommended threshold of 

.95, indicating a strong model fit. Given that the analysis is based on PISA 2022 data, which includes a 

very large sample size, the χ² statistic—and consequently the χ²/df ratio—tends to become inflated. 

Therefore, the elevated χ²/df ratio observed in the first CFA should not be interpreted as strong evidence 

of poor model fit. Consequently, alternative fit indices that adjust for sample size, such as RMSEA and 

SRMR, provide a more appropriate evaluation of model fit in large-scale assessments. In this study, 

both CFAs produced RMSEA and SRMR values within acceptable ranges, supporting the adequacy of 

the measurement model despite the inflated χ² statistics. 

Table 1. Confirmatory factor analysis fit indices for the measurement model 

 χ2 df χ²/df CFI TLI SRMR RMSEA p 

First CFA 4332.702 296 14.637 .866 .853 .068 .054 .000* 

Second CFA 2006.083 186 10.785 .925 .916 .049 .045 .000* 

*p<.05 

Following the confirmatory factor analysis (CFA) to assess the adequacy of the measurement 

model, a Pearson correlation analysis was conducted to examine the relationships among the study 

variables. The results of this analysis are presented in Table 2, showing the correlations among the 

constructs and their indicators, providing a clearer understanding of the interdependence within the 

data. 

Table 2. Means, standard deviations, and correlation coefficients for key variables 

 Mean Sd FMC SE ANX 

1. SFMC 3.32 1.14 1   

2. SE 2.52 .77 .456** 1  

3. ANX 2.52 .78 -.308** -.413** 1 

4. MA 352.41  .347** .317** -.251** 

**p < .01; Sd = Standard Deviation; SFMC = Subjective familiarity with mathematical concepts; SE = Mathematics 

self-efficacy; ANX = Mathematics anxiety; MA = Mathematics achievement 
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The correlation table includes four primary variables: mathematics achievement, mathematics 

anxiety, mathematics self-efficacy in formal and applied mathematics, and subjective familiarity with 

mathematical concepts. The results revealed a positive correlation (r = .456) between subjective 

familiarity with mathematical concepts and mathematics self-efficacy in formal and applied 

mathematics, indicating that higher levels of familiarity with mathematical concepts are associated with 

greater self-efficacy in mathematics. Subjective familiarity with mathematical concepts was also 

positively correlated with mathematics achievement (r = .347). In contrast, subjective familiarity with 

mathematical concepts was negatively correlated with mathematics anxiety (r = −.308), indicating that 

greater familiarity with mathematics is associated with lower levels of anxiety. Mathematics self-

efficacy in formal and applied mathematics showed a positive relationship (r = .317) with mathematics 

achievement, implying that students with higher self-efficacy tend to perform better academically. At 

the same time, mathematics self-efficacy was negatively correlated with mathematics anxiety (r = −.413). 

suggesting that higher confidence in mathematical ability is associated with reduced anxiety. 

Furthermore, mathematics anxiety was negatively correlated with mathematics achievement (r = −.251), 

indicating that students experiencing higher levels of anxiety tend to demonstrate lower academic 

performance. 

Hypothesis testing further clarified the relationships among subjective familiarity with 

mathematical concepts, mathematics self-efficacy in formal and applied mathematics, mathematics 

anxiety, and mathematics achievement within the PISA. Table 3 presents the standardized estimates, 

confidence intervals (lower and upper bounds), and p-values for each hypothesis.   

Table 3. Direct and indirect effects from the structural equation model 

H Hypothesis Test Std. Estimate Lower (5%) Upper (5%) P-value 

H1a SFMC → MA .239 .209 .269 .000* 

H1b SE → MA .162 .128 .196 .000* 

H1c ANX → MA -.111 -.141 -.081 .000* 

H2a SFMC → SE .456 .432 .480 .000* 

H2b SFMC → ANX -.151 -.182 -.119 .000* 

H3 SE → ANX -.344 -.375 -.314 .000* 

H4a SFMC → SE → MA .074 .058 .022 .000* 

H4b SFMC → ANX → MA .017 .011 .022 .000* 

H5 SFMC → SE → ANX → MA .017 .012 .022 .000* 

*p<.05; SFMC= Subjective familiarity with mathematical concepts; SE= Mathematics self-efficacy; ANX= 

Mathematics anxiety; MA= Mathematics achievement 

The results of the hypothesis testing on subjective familiarity with mathematical concepts (see 

Figure 2) reveal significant relationships among familiarity with mathematical concepts, mathematics 

self-efficacy, mathematics anxiety, and mathematics achievement. Familiarity with mathematical 

concepts has a direct positive effect on mathematics achievement (β = .239, p < .05), indicating that 

students who perceive themselves as more familiar with mathematical concepts tend to achieve higher 

scores, thereby supporting H1a. Mathematics self-efficacy also has a positive and significant effect on 

student achievement (β = .162, p < .05), supporting the theoretical assumption that confidence in one’s 

mathematical abilities enhances performance; thus, H1b is confirmed. Conversely, mathematics anxiety 

has a significant negative effect on mathematics achievement (β = −.111, p < .05), suggesting that students 

with higher levels of anxiety are associated with lower performance in mathematics. This finding 

validates H1c. Furthermore, familiarity with mathematical concepts has a strong positive effect on 

mathematics self-efficacy (β = .456, p < .05), indicating that greater knowledge of mathematical concepts 

enhances students’ confidence in their mathematical abilities. This result also supports H2a. In addition, 

familiarity with mathematical concepts has a negative effect on mathematics anxiety (β = −.151, p < .05), 

suggesting that increased familiarity with mathematical concepts reduces students’ anxiety toward 

mathematics, thereby confirming H2b. Mathematics self-efficacy also has a negative effect on 
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mathematics anxiety (β = −.344, p < .05), indicating that students with higher self-confidence experience 

lower levels of mathematics anxiety. This result corroborates H3. On the other hand, familiarity with 

mathematical concepts influences mathematics achievement through the mediation of mathematics self-

efficacy (β = .074, p < .05), demonstrating that self-efficacy serves as an important mechanism through 

which familiarity with mathematical concepts enhances performance. This finding supports H4a. 

Moreover, familiarity with mathematical concepts also affects mathematics achievement through the 

mediation of mathematics anxiety (β = −.017, p < .05), indicating that anxiety represents an additional, 

albeit weaker, pathway in this relationship. This result supports H4b. Furthermore, familiarity with 

mathematical concepts influences mathematics achievement through the sequential mediation of 

mathematics self-efficacy and mathematics anxiety (β = .017, p < .05), suggesting that greater familiarity 

increases self-efficacy, which in turn reduces anxiety and ultimately improves mathematics 

achievement. This finding confirms H5. All hypotheses are supported with p-value = .000, indicating 

that the observed effects are statistically significant. 

 
latent_fa = Subjective familiarity with mathematical concepts; latent_se = Mathematics self-efficacy; latent_an = 

Mathematics anxiety; PVMATH = Mathematics achievement 

Figure 2. Structural Equation Model Depicting the Serial Mediation 

Discussion 

Researchers frequently examine multiple factors that influence students’ academic success 

when analyzing their performance in mathematics. In this context, subjective familiarity with 

mathematics, formal and applied, mathematics self-efficacy (both formal and applied), and 

mathematics anxiety have been identified as key psychological variables that play an important role in 

shaping student performance.  

The results of the present study indicate that subjective familiarity with mathematical concepts 

has a positive and significant effect on mathematics achievement. When students perceive themselves 

as familiar with mathematical concepts, they are more likely to understand the subject matter and 

demonstrate a greater willingness to engage in learning activities (Breetzke et al., 2024). This perceived 

familiarity is associated with reduced stress and increased engagement (Yuan et al., 2023), as well as 

heightened motivation to explore and solve new problems (Voica et al., 2020). Moreover, familiarity 

with mathematical concepts enables students to employ more effective learning strategies, such as 

problem-solving and seeking assistance when difficulties arise (Tambunan, 2019). Strong prior 

knowledge, often reflected in high levels of subjective familiarity, facilitates the comprehension of new 

concepts and supports the solution of complex problems (Rach & Ufer, 2020). These mechanisms, 

including enhanced confidence, reduced cognitive load, increased motivation, and activation of prior 

knowledge, help explain why students with higher subjective familiarity achieve better outcomes in 
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mathematics. Noble (1963), addressing the relationship between meaningful learning and familiarity, 

emphasized the influence of prior learning experiences on academic achievement. Subsequent research 

has similarly demonstrated a relationship between perceived familiarity and learning outcomes, 

showing that familiarity supports clearer self-expression and more sophisticated explanations of subject 

matter (Clifton, 1997; Schönwetter et al., 2002). This suggests that the similarity between the findings of 

the current study and those reported in the literature is not surprising. Students who are familiar with 

mathematical concepts tend to experience lower cognitive load (Mapson & Major, 2021) and 

demonstrate greater self-control (e.g., the use of effective learning strategies and reduced dependence 

on teacher support) during the learning process compared to less familiar students (Murray, 1991; Scott 

& Dienes, 2010). Familiarity also appears to attract and sustain students’ attention, thereby enhancing 

achievement. Studies by Soppe et al. (2005) and Sockalingam and Schmidt (2013) found that students 

show greater interest in familiar contexts, which is positively associated with academic success. These 

findings suggest that the influence of familiarity on student achievement may stem from reduced 

learning time, stronger integration of new and prior knowledge, facilitated learning and transfer, and 

increased interest in content and context.  

On the other hand, research consistently demonstrates that self-efficacy plays a central role in 

students’ mathematics achievement, often exerting a stronger influence than many other affective 

variables (Yang et al., 2024). High levels of self-efficacy enhance students’ motivation and persistence, 

enabling them to persevere in the face of challenging tasks and to manage difficulties more effectively 

(Koh et al., 2022; Schunk & Mullen, 2012). In addition, self-efficacy supports metacognitive and self-

regulatory processes. Students with greater confidence tend to set clearer goals, monitor their progress 

more effectively, and employ more effective learning strategies, such as engaging in challenging tasks 

that require critical thinking and the application of new ideas (Usher, 2012; Syaiful et al., 2022; Varveris 

et al., 2023). Through these interconnected mechanisms, including increased motivation and improved 

self-regulation, self-efficacy makes a substantial contribution to enhanced mathematical performance, 

explaining its strong and sustained effect on student achievement (Doménech-Betoret et al., 2017). In 

contrast, mathematics anxiety has a well-documented negative impact on mathematics performance, 

consistent with extensive evidence showing that anxiety impairs academic achievement (Devine et al., 

2012; Foley et al., 2017; Süren & Kandemir, 2020; Zhang et al., 2019). High levels of mathematics anxiety 

reduce students’ ability to concentrate and to retain key information during problem solving (Ramirez 

et al., 2013). Anxiety also undermines students’ confidence in their abilities, leading to increased 

insecurity and diminished self-belief (Xie et al., 2019). This loss of confidence, in turn, reduces 

motivation to engage in mathematical tasks and hinders learning progress. Furthermore, fear of making 

mistakes, which is a common component of mathematics anxiety (Demedts et al., 2022), causes students 

to adopt overly cautious or avoidant approaches, limiting their opportunities for learning through 

exploration and experience.  

The study findings reveal a strong positive relationship between subjective familiarity with 

mathematical concepts and mathematics self-efficacy, indicating that students who perceive themselves 

as more familiar with mathematical concepts also feel more capable of handling mathematical tasks. 

This result is consistent with existing literature, which highlights the important role of familiarity with 

mathematical concepts in building self-confidence and fostering greater academic engagement (Jin et 

al., 2022; Street et al., 2022). Familiarity facilitates learning by allowing students to process related 

concepts more efficiently, thereby enhancing their sense of confidence. This sense of confidence, in turn, 

strengthens perceptions of self-efficacy (De Vries et al., 2010). Furthermore, subjective familiarity with 

mathematical concepts is found to have a small but statistically significant negative effect on 

mathematics anxiety. Prior research indicates that familiarity can reduce anxiety levels to some extent 

(Calvo & Eysenck, 2008). Although the effect is modest, this finding suggests that higher perceived 

knowledge may alleviate feelings of fear and uncertainty related to mathematics, making students more 

willing to engage with learning tasks. By increasing students’ sense of competence, familiarity with 

mathematical concepts not only enhances self-confidence but also contributes to a reduction in learning-

related anxiety, which is known to impede motivation and slow the learning process. 
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Another key finding of this study is the strong negative effect of mathematics self-efficacy on 

mathematics anxiety. The results indicate that higher perceptions of mathematics self-efficacy are 

effective in reducing levels of mathematics anxiety. This finding is consistent with a substantial body of 

research demonstrating a similar relationship (Hoffman, 2010; Jain & Dowson, 2009; Lee, 2009; Ma & 

Xu, 2004; Taheri-Kharameh, 2017; Živković et al., 2023). High self-efficacy enables students to better 

manage stress and academic pressure by encouraging the use of effective coping strategies, such as 

planning, consistent preparation, and proactive engagement with learning tasks (Freire et al., 2020; 

Kristensen et al., 2023). Belief in one’s own competence allows students to remain calm and focused 

even in challenging academic situations, thereby mitigating the disruptive effects of anxiety (Muharani 

& Sucipto, 2023). Moreover, high levels of self-efficacy are associated with more positive attitudes 

toward learning and a greater willingness to engage actively in academic activities, which ultimately 

contributes to improved academic performance (Klassen & Usher, 2010). In contrast, students with 

lower self-efficacy tend to experience higher levels of anxiety, particularly in evaluative contexts, which 

can hinder their academic performance (Barrows et al., 2013).  

Based on these findings, it is essential to examine how mathematics self-efficacy and 

mathematics anxiety interact to shape the relationship between subjective knowledge and academic 

achievement. Mathematics self-efficacy plays a crucial mediating role in the relationship between 

subjective familiarity with mathematics and academic achievement. When students feel comfortable 

with mathematical concepts and believe in their abilities, they are more likely to understand the material 

effectively and to develop a positive attitude toward mathematics, viewing it as an opportunity for 

learning and academic growth (Blotnicky et al., 2018; Živković et al., 2023). This combination of 

knowledge and self-confidence promotes the development of self-regulatory skills, such as planning, 

goal setting, and progress monitoring, which enable students to manage their learning more effectively 

and enhance their mathematical performance (Tian et al., 2018). In this way, subjective familiarity and 

self-efficacy work together to establish a stable foundation that supports motivation, self-regulation, 

and academic success. Thus, self-efficacy is not merely an affective belief but a catalyst that empowers 

students to transform passive knowledge into active and successful performance. In addition, 

mathematics anxiety serves as a mediating factor in the relationship between subjective familiarity with 

mathematics and mathematics achievement. Although subjective familiarity with mathematics exerts a 

strong direct positive effect on performance, it also contributes indirectly by reducing levels of 

mathematics anxiety. This pattern suggests that while subjective knowledge can alleviate some of the 

negative effects of anxiety, it may not fully eliminate them. Despite the significant detrimental influence 

of anxiety, the positive effect of subjective familiarity may function as a protective factor, enabling 

students to sustain a certain level of performance despite emotional challenges. A strong sense of 

familiarity with mathematical content enhances self-confidence and reduces the uncertainty often 

associated with anxiety. Moreover, higher levels of subjective familiarity are linked to improved self-

regulation skills, which help students manage stress and anxiety related to mathematics more 

effectively (Furner & Duffy, 2022). This capacity for self-regulation allows students to cope with 

challenging situations and maintain strong academic performance even in the presence of anxiety. 

Finally, a multiple mediation process is observed in which subjective knowledge of 

mathematics influences students’ mathematics achievement through the sequential effects of 

mathematics self-efficacy and mathematics anxiety. This finding underlines the importance of an 

integrated approach that simultaneously strengthens subjective knowledge and self-efficacy while 

addressing mathematics anxiety in order to achieve optimal academic performance. The combined 

influence of subjective knowledge and mathematics self-efficacy provides a strong foundation for 

mathematical success. When students are confident in their understanding of mathematical concepts 

and believe in their ability to solve mathematical problems, they exhibit higher levels of motivation and 

engagement in learning mathematics (Durksen et al., 2017). This dual confidence enhances performance 

and helps mitigate the negative effects of mathematics anxiety. The effects of both subjective knowledge 

of mathematics and mathematics self-efficacy are evident in shaping students’ academic outcomes. 

Supporting students in developing effective strategies to manage anxiety can further enhance their 
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performance. Students who feel confident in their abilities are better equipped to apply anxiety-

management techniques and to confront mathematical challenges more effectively (Zhu et al., 2024). 

Moreover, when students perceive themselves as knowledgeable and competent, they are more likely 

to engage actively in their studies and remain motivated to tackle challenging tasks (Acosta-Gonzaga, 

2023). This increased engagement and motivation, in turn, contribute to improved performance and 

help students overcome the obstacles associated with mathematics anxiety.  

Conclusion 

In conclusion, this study elucidates the dynamic psychological mechanisms underlying 

mathematics achievement, demonstrating that subjective familiarity and mathematics self-efficacy form 

a synergistic relationship that operates through both motivational and self-regulatory pathways to 

directly enhance performance and indirectly mitigate the detrimental effects of mathematics anxiety. 

From a theoretical perspective, these findings contribute a robust multiple mediation model to the 

existing literature by clarifying the distinct yet sequential roles of these constructs and extending 

beyond simple direct-effect explanations. From a practical standpoint, the results underline the need for 

multifaceted educational interventions that integrate pedagogical strategies aimed at strengthening 

conceptual familiarity with psychological approaches designed to cultivate resilient self-beliefs and 

effective anxiety-management skills. Future research should employ longitudinal studies to examine 

how these relationships evolve over time, as well as experimental approaches to evaluate the 

effectiveness of integrated intervention programs that simultaneously target these key psychological 

determinants of academic success. 

 



Education and Science 2026, Early Release, 1-19 F. Mehmeti & V. Bajrami 

 

13 

References 

Acosta-Gonzaga, E. (2023). The effects of self-esteem and academic engagement on university students’ 

performance. Behavioral Sciences, 13(4), 348. https://doi.org/10.3390/bs13040348 

Al-Hilal, A. J. (2024). The relationship between performance on the test of linking mathematical concepts 

and academic achievement in mathematics among female students in the College of Education. 

Faculty of Education Journal Alexandria University, 33(4), 45-67. 

https://doi.org/10.21608/jealex.2024.353933 

Almuna Salgado, F. J. (2017). The role of context and context familiarity on mathematics problems. 

Revista Latinoamericana de Investigación en Matemática Educativa, 20(3), 265-292. 

https://doi.org/10.12802/relime.17.2031  

Al Mutawah, M. A. (2015). The influence of mathematics anxiety in middle and high school students' 

math achievement. International Education Studies, 8(11), 239-252. 

https://doi.org/10.5539/ies.v8n11p239 

Ashcraft, M. H., & Krause, J. A. (2007). Working memory, math performance, and math anxiety. 

Psychonomic Bulletin & Review, 14(2), 243-248. https://doi.org/10.3758/BF03194059 

Ashcraft, M. H., & Moore, A. M. (2009). Mathematics Anxiety and the Affective Drop in Performance. 

Journal of Psychoeducational Assessment, 27(3), 197-205. https://doi.org/10.1177/0734282908330580  

Bandura, A. (1994). Self-efficacy. In V. S. Ramachaudran (Ed.), Encyclopedia of human behavior (Vol. 4, pp. 

71-81). Academic Press. 

Bandura, A., & National Inst of Mental Health. (1986). Social foundations of thought and action: A social 

cognitive theory. Prentice-Hall, Inc. 

Barroso, C., Ganley, C. M., McGraw, A. L., Geer, E. A., Hart, S. A., & Daucourt, M. C. (2021). A meta-

analysis of the relation between math anxiety and math achievement. Psychological Bulletin, 147(2), 

134-168. https://doi.org/10.1037/bul0000307 

Barrows, J., Dunn, S., & Lloyd, C. A. (2013). Anxiety, self-efficacy, and college exam grades. Universal 

Journal of Educational Research, 1(3), 204-208. https://doi.org/10.13189/ujer.2013.010310 

Blotnicky, K. A., Franz-Odendaal, T., French, F., & Joy, P. (2018). A study of the correlation between 

STEM career knowledge, mathematics self-efficacy, career interests, and career activities on the 

likelihood of pursuing a STEM career among middle school students. International Journal of STEM 

Education, 5(1), 22. https://doi.org/10.1186/s40594-018-0118-3 

Breetzke, J., Özbagci, D., & Bohndick, C. (2024). “Why are we learning this?!” — Investigating students’ 

subjective study values across different disciplines. Higher Education, (87), 1489-1507. 

https://doi.org/10.1007/s10734-023-01075-z 

Calvo, M. G., & Eysenck, M. W. (2008). Affective significance enhances covert attention: Roles of anxiety 

and word familiarity. Quarterly Journal of Experimental Psychology, 61(11), 1669-1686. 

https://doi.org/10.1080/17470210701743700 

Chang, H., & Beilock, S. L. (2016). The math anxiety-math performance link and its relation to individual 

and environmental factors: A review of current behavioral and psychophysiological research. 

Current Opinion in Behavioral Sciences, (10), 33-38. https://doi.org/10.1016/j.cobeha.2016.04.011 

Clifton, R. A. (1997). The effects of social psychological variables and gender on the grade point averages 

and educational expectations of university students: A case study. The Canadian Journal of Higher 

Education, 27(2/3), 67-90. https://doi.org/10.47678/cjhe.v27i2/3.183304 

Demedts, F., Reynvoet, B., Sasanguie, D., & Depaepe, F. (2022). Unraveling the role of math anxiety in 

students' math performance. Frontiers in Psychology, (13), 979113. 

https://doi.org/10.3389/fpsyg.2022.979113 



Education and Science 2026, Early Release, 1-19 F. Mehmeti & V. Bajrami 

 

14 

Devine, A., Fawcett, K., Szűcs, D., & Dowker, A. (2012). Gender differences in mathematics anxiety and 

the relation to mathematics performance while controlling for test anxiety. Behavioral and Brain 

Functions, (8), 33. https://doi.org/10.1186/1744-9081-8-33 

De Vries, M., Holland, R. W., Chenier, T., Starr, M. J., & Winkielman, P. (2010). Happiness cools the 

warm glow of familiarity: Psychophysiological evidence that mood modulates the familiarity-

affect link. Psychological Science, 21(3), 321-328. https://doi.org/10.1177/0956797609359878 

Doménech-Betoret, F., Abellán-Roselló, L., & Gómez-Artiga, A. (2017). Self-efficacy, satisfaction, and 

academic achievement: The mediator role of students' expectancy-value beliefs. Frontiers in 

Psychology, (8), 1193. https://doi.org/10.3389/fpsyg.2017.01193 

Dorsch, J. (2023). Are noetic feelings embodied? The case for embodied metacognition. Philosophical 

Psychology, 38(2), 625-647. https://doi.org/10.1080/09515089.2023.2197937 

Dunlosky, J., & Metcalfe, J. (2008). Metacognition. Sage Publications. 

Durksen, T. L., Way, J., Bobis, J., Anderson, J., Skilling, K., & Martin, A. J. (2017). Motivation and 

engagement in mathematics: A qualitative framework for teacher-student interactions. Mathematics 

Education Research Journal, (29), 163-181. https://doi.org/10.1007/s13394-017-0199-1 

Fernández Velasco, P., & Loev, S. (2024). Metacognitive feelings: A predictive-processing perspective. 

Perspectives on Psychological Science, 20(4), 691-713. https://doi.org/10.1177/17456916231221976 

Foley, A. E., Herts, J. B., Borgonovi, F., Guerriero, S., Levine, S. C., & Beilock, S. L. (2017). The math 

anxiety-performance link: A global phenomenon. Current Directions in Psychological Science, 26(1), 

52–58. https://doi.org/10.1177/0963721416672463 

Freire, C., Ferradás, M. D., Regueiro, B., Rodríguez, S., Valle, A., & Núñez, J. C. (2020). Coping strategies 

and self-efficacy in university students: A person-centered approach. Frontiers in Psychology, (41), 

841. https://doi.org/10.3389/fpsyg.2020.00841 

Furner, J. M., & Duffy, M. L. (2022). Addressing math anxiety in a STEM world: Preventative, 

supportive, and corrective strategies for the inclusive classroom. European Journal of STEM 

Education, 7(1), 11. https://doi.org/10.20897/ejsteme/12645 

Gonzalez-DeHass, A. R., Furner, J. M., & Vásquez-Colina, M. D. (2024). Undergraduate students’ math 

anxiety: The role of mindset, achievement goals, and parents. International Journal of Science and 

Mathematics Education, (22), 1037-1056. https://doi.org/10.1007/s10763-023-10416-4 

Goos, M., Carreira, S., & Namukasa, I. K. (2023). Mathematics and interdisciplinary STEM education: 

Recent developments and future directions. ZDM Mathematics Education, 55(7), 1199-1217. 

https://doi.org/10.1007/s11858-023-01533-z 

Hackett, G., & Betz, N. E. (1989). An exploration of the mathematics self-efficacy/mathematics 

performance. Journal for Research in Mathematics Education, 20(3), 261-273. 

https://doi.org/10.2307/749515 

Hayat, A. A., & Shateri, K. (2019). The role of academic self-efficacy in improving students’ 

metacognitive learning strategies. Journal of Advances in Medical Education & Professionalism, 7(4), 

205-212.  

Hayat, A. A., Shateri, K., Amini, M., & Shokrpour, N. (2020). Relationships between academic self-

efficacy, learning-related emotions, and metacognitive learning strategies with academic 

performance in medical students: A structural equation model. BMC Medical Education, 20(1), 76. 

https://doi.org/10.1186/s12909-020-01995-9 

Hera, J. M., Morales-Rodríguez, F. M., Rodríguez-Gobiet, J. P., & Martínez-Ramón, J. P. (2023). Attitudes 

toward mathematics/statistics, anxiety, self-efficacy, and academic performance: An artificial 

neural network. Frontiers in Psychology, (14), 1214892. https://doi.org/10.3389/fpsyg.2023.1214892 

Hoffman, B. (2010). “I think I can, but I'm afraid to try”: The role of self-efficacy beliefs and mathematics 

anxiety in mathematics problem-solving efficiency. Learning and Individual Differences, 20(3), 276-

283. https://doi.org/10.1016/j.lindif.2010.02.001 



Education and Science 2026, Early Release, 1-19 F. Mehmeti & V. Bajrami 

 

15 

Honicke, T., & Broadbent, J. (2016). The influence of academic self-efficacy on academic performance: A 

systematic review. Educational Research Review, (17), 63-84. 

https://doi.org/10.1016/j.edurev.2015.11.002 

Huang, X., Zhang, J., & Hudson, L. (2019). Impact of math self-efficacy, math anxiety, and growth 

mindset on math and science career interest for middle school students: The gender moderating 

effect. European Journal of Psychology of Education, (34), 621-640. https://doi.org/10.1007/s10212-018-

0403-z 

Jain, S., & Dowson, M. (2009). Mathematics anxiety as a function of multidimensional self-regulation 

and self-efficacy. Contemporary Educational Psychology, 34(3), 240-249. 

https://doi.org/10.1016/j.cedpsych.2009.05.004 

Jenifer, J. B., Levine, S. C., & Beilock, S. L. (2023). Studying while anxious: Mathematics anxiety and the 

avoidance of solving practice problems during exam preparation in college calculus. ZDM 

Mathematics Education, (55), 359-369. https://doi.org/10.1007/s11858-022-01456-1 

Jin, S. L., Cheung, K., & Sit, P. (2022). Important factors discriminating between problem-solving experts 

and novices: A data mining approach. Chinese/English Journal of Educational Measurement and 

Evaluation, 3(2), 3. https://doi.org/10.59863/BPEA3210 

Klassen, R. M., & Usher, E. L. (2010). Self-efficacy in educational settings: Recent research and emerging 

directions. In T. C. Urdan & S. A. Karabenick (Eds.), The decade ahead: Theoretical perspectives on 

motivation and achievement (Advances in Motivation and Achievement) (Vol. 16 Part A, pp. 1-33). 

Emerald Group Publishing Limited. https://doi.org/10.1108/S0749-7423(2010)000016A004 

Koh, J., Farruggia, P., Back, L. T., & Han, C. (2022). Self-efficacy and academic success among diverse 

first-generation college students: The mediating role of self-regulation. Social Psychology of 

Education, (25), 1071-1092. https://doi.org/10.1007/s11218-022-09713-7 

Kristensen, S. M., Larsen, T. M., Urke, H. B., & Danielsen, A. G. (2023). Academic stress, academic self-

efficacy, and psychological distress: A moderated mediation of within-person effects. Journal of 

Youth and Adolescence, 52(7), 1512-1529. https://doi.org/10.1007/s10964-023-01770-1 

Larsen, N. E., & Jang, E. E. (2021). Instructional practices, students’ self-efficacy, and math achievement: 

A multi-level factor score path analysis. Canadian Journal of Science, Mathematics and Technology 

Education, (21), 803-823. https://doi.org/10.1007/s42330-021-00181-3 

Lee, J. (2009). Universals and specifics of math self-concept, math self-efficacy, and math anxiety across 

41 PISA 2003 participating countries. Learning and Individual Differences, 19(3), 355-365. 

https://doi.org/10.1016/j.lindif.2008.10.009 

Lessani, A., Yunus, A. S. M., Tarmiz, R. A., & Mahmud, R. (2014). Effects of Malaysian secondary schools 

mathematics teachers familiarity with TIMSS on students achievement in 

mathematics. International Journal of Education and Research, 2(8), 99-110. 

Li, Q., Cho, H., Cosso, J., & Maeda, Y. (2021). Relations between students’ mathematics anxiety and 

motivation to learn mathematics: A meta-analysis. Educational Psychology Review, 33(3), 1017-1049. 

https://doi.org/10.1007/s10648-020-09589-z 

Li, Y., & Schoenfeld, A. H. (2019). Problematizing teaching and learning mathematics as “given” in 

STEM education. International Journal of STEM Education, (6), 44. https://doi.org/10.1186/s40594-019-

0197-9 

Luczak, R., & Erwin, R. (2023). Mathematical modeling: a study of multidisciplinary benefits in the math 

classroom. Teaching Mathematics and its Applications: An International Journal of the IMA, 42(4), 325-

342. https://doi.org/10.1093/teamat/hrac021 

Ma, X., & Xu, J. (2004). The causal ordering of mathematics anxiety and mathematics achievement: A 

longitudinal panel analysis. Journal of Adolescence, 27(2), 165-179. 

https://doi.org/10.1016/j.adolescence.2003.11.003 



Education and Science 2026, Early Release, 1-19 F. Mehmeti & V. Bajrami 

 

16 

Mapson, R., & Major, G. (2021). Interpreters, rapport, and the role of familiarity. Journal of 

Pragmatics, (176), 63-75. https://doi.org/10.1016/j.pragma.2021.01.020 

Muharani, D. R., & Sucipto, L. (2023). The effect of self-efficacy and math anxiety on students' non-

routine mathematics problem solving ability. International Journal of Education and Curriculum 

Application, 6(3), 284-296. https://doi.org/10.31764/ijeca.v6i3.20124 

Mukuka, A., Mutarutinya, V., & Balimuttajjo, S. (2021). Mediating effect of self-efficacy on the 

relationship between instruction and students’ mathematical reasoning. Journal on Mathematics 

Education, 12(1), 73-92. http://doi.org/10.22342/jme.12.1.12508.73-92 

Murray, H. G. (1991). Effective teaching behaviors in the college classroom. In J. C. Smart (Ed.), Higher 

education: Handbook of theory and research (pp. 135-172). Agathon Press.  

Namkung, J. M., Peng, P., & Lin, X. (2019). The relation between mathematics anxiety and mathematics 

performance among school-aged students: A meta-analysis. Review of Educational Research, 89(3), 

459-496. https://doi.org/10.3102/0034654319843494 

Nicolaidou, M., & Philippou, G. (2003). Attitudes towards mathematics, self-efficacy and achievement 

in problem solving. In M. A. Mariotti (Ed.), European research in mathematics education III (pp. 1-11). 

University of Pisa.  

Noble, C. E. (1963). Meaningfulness and familiarity. In C. N. Cofer & B. S. Musgrave (Eds.), Verbal 

behavior and learning: Problems and processes (pp. 76-157). McGraw-Hill Book Company. 

https://doi.org/10.1037/11178-004  

OECD. (2021). Computer-Based Students Questionnaire for PISA 2022 - Main Survey Version. 

https://www.oecd-ilibrary.org/content/dam/oecd/en/data/datasets/pisa/pisa-2022-

datasets/questionnaires/ICT%20QUESTIONNAIRE%20PISA%202022.pdf  

OECD. (2024). PISA 2022 technical report. https://doi.org/10.1787/01820d6d-en 

Pajares, F. (1996a). Self-efficacy beliefs in academic settings. Review of Educational Research, 66(4), 543-

578. https://doi.org/10.3102/00346543066004543 

Pajares, F. (1996b). Self-efficacy beliefs and mathematical problem-solving of gifted students. 

Contemporary Educational Psychology, 21(4), 325-344. https://doi.org/10.1006/ceps.1996.0025 

Pekrun, R. (2006). The control-value theory of achievement emotions: Assumptions, corollaries, and 

implications for educational research and practice. Educational Psychology Review, 18(4), 315-341. 

https://doi.org/10.1007/s10648-006-9029-9 

Pizzie, R. G., & Kraemer, D. J. (2023). Strategies for remediating the impact of math anxiety on high 

school math performance. NPJ Science of Learning, 8(1), 44. https://doi.org/10.1038/s41539-023-

00188-5 

Rach, S., & Ufer, S. (2020). which prior mathematical knowledge is necessary for study success in the 

university study entrance phase? Results on a new model of knowledge levels based on a reanalysis 

of data from existing studies. International Journal of Research in Undergraduate Mathematics 

Education, 6(3), 375-403. https://doi.org/10.1007/s40753-020-00112-x 

Ramirez, G., Gunderson, E. A., Levine, S. C., & Beilock, S. L. (2013). Math anxiety, working memory, 

and math achievement in early elementary school. Journal of Cognition and Development, 14(2), 187-

202. https://doi.org/10.1080/15248372.2012.664593 

Ramirez, G., Chang, H., Maloney, E. A., Levine, S. C., & Beilock, S. L. (2016). On the relationship between 

math anxiety and math achievement in early elementary school: The role of problem solving 

strategies. Journal of Experimental Child Psychology, (141), 83-100. 

https://doi.org/10.1016/j.jecp.2015.07.014 

Reić-Ercegovac, I., Koludrović, M., & Mišurac, I. (2019). The contribution of the mathematics self-

concept and subjective value of mathematics to mathematical achievement. Zbornik Instituta za 

Pedagoska Istrazivanja, 51(1), 162-197. https://doi.org/10.2298/ZIPI1901162R 



Education and Science 2026, Early Release, 1-19 F. Mehmeti & V. Bajrami 

 

17 

Richardson, F. C., & Suinn, R. M. (1972). The mathematics anxiety rating scale: Psychometric data. 

Journal of Counseling Psychology, 19(6), 551-554. https://doi.org/10.1037/h0033456 

Rozgonjuk, D., Kraav, T., Mikkor, K., Orav-Puurand, K., & Täht, K. (2020). Mathematics anxiety among 

STEM and social sciences students: the roles of mathematics self-efficacy and deep and surface 

approaches to learning. International Journal of STEM Education, (7), 46. 

https://doi.org/10.1186/s40594-020-00246-z 

Sad, S. N., Kis, A., Demir, M., & Özer, N. (2016). Meta-analysis of the relationship between mathematics 

anxiety and mathematics achievement. Pegem Journal of Education and Instruction, 6(3), 371-392. 

https://doi.org/10.14527/pegegog.2016.019 

Santos-Trigo, M. (2024). Problem solving in mathematics education: Tracing its foundations and current 

research-practice trends. ZDM Mathematics Education, (56), 211-222. https://doi.org/10.1007/s11858-

024-01578-8 

Schönwetter, D. J., Clifton, R. A., & Perry, R. P. (2002). Content familiarity: Differential impact of 

effective teaching on student achievement outcomes. Research in Higher Education, 43(6), 625-655. 

https://doi.org/10.1023/A:1020999014875 

Scott, R. B., & Dienes, Z. (2010). Prior familiarity with components enhances unconscious learning of 

relations. Consciousness and Cognition, 19(1), 413-418. https://doi.org/10.1016/j.concog.2009.12.012 

Schunk, D. H., & DiBenedetto, M. K. (2020). Motivation and social cognitive theory. Contemporary 

Educational Psychology, (60), 101832. https://doi.org/10.1016/j.cedpsych.2019.101832 

Schunk, D. H., & Mullen, C. A. (2012). Self-efficacy as an engaged learner. In S. L. Christenson, A. L. 

Reschly, & C. Wylie (Eds.), Handbook of research on student engagement (pp. 219-235). Springer. 

https://doi.org/10.1007/978-1-4614-2018-7_10 

Shen, L.-T., Lan, J.-Z., Li, W., Attiq-Ur-Rehman, Ge, M.-W., Hu, F.-H., Jia, Y.-J., Feng, R., Zhong, K., Gao, 

S.-Q., & Chen, H.-L. (2025). Self‐efficacy as a mediator of the relation between motivation and 

academic performance: A meta‐analysis and meta‐analytic structural equation model. Psychology 

in the Schools, 63(2), 485-500. https://doi.org/10.1002/pits.70103 

Skaalvik, E. M., & Skaalvik, S. (2006). Self-concept and self-efficacy in mathematics: Relation with 

mathematics motivation and achievement. In A. P. Prescott (Ed.), The concept of self in education, 

family and sports (pp. 51–74). Nova Science Publishers. https://psycnet.apa.org/record/2006-09685-

002  

Sockalingam, N., & Schmidt, H. G. (2013). Does the extent of problem familiarity influence students’ 

learning in problem-based learning?. Instructional Science, 41(5), 921-932. 

https://doi.org/10.1007/s11251-012-9260-3 

Soppe, M., Schmidt, H. G., & Bruysten, R. (2005). Influence of problem familiarity on learning in a 

problem-based course. Instructional Science, (33), 271-281. https://doi.org/10.1007/s11251-004-7688-

9 

Street, K. E. S., Malmberg, L. E., & Schukajlow, S. (2024). Students’ mathematics self-efficacy: A scoping 

review. ZDM Mathematics Education, (56), 265-280. https://doi.org/10.1007/s11858-024-01548-0 

Street, K. E. S., Malmberg, L. E. & Stylianides, G. J. (2022). Changes in students’ self-efficacy when 

learning a new topic in mathematics: A micro-longitudinal study. Educational Studies in 

Mathematics, (111), 515-541. https://doi.org/10.1007/s10649-022-10165-1 

Süren, N., & Kandemir, M. A. (2020). The effects of mathematics anxiety and motivation on students’ 

mathematics achievement. International Journal of Education in Mathematics, Science and Technology, 

8(3), 190-218. https://doi.org/10.46328/IJEMST.V8I3.926 

Syaiful, Huda, N., Mukminin, A., & Kamid. (2022). Using a metacognitive learning approach to enhance 

students’ critical thinking skills through mathematics education. SN Social Sciences, 2(4), 31. 

https://doi.org/10.1007/s43545-022-00325-8 



Education and Science 2026, Early Release, 1-19 F. Mehmeti & V. Bajrami 

 

18 

Taheri-Kharameh, Z. (2017). Aacademic self-efficacy and test anxiety among students of medical 

sciences. BMJ Open, (7), A1-A78. https://doi.org/10.1136/bmjopen-2016-015415.8 

Tambunan, H. (2019). The effectiveness of the problem solving strategy and the scientific approach to 

students’ mathematical capabilities in high order thinking skills. International Electronic Journal of 

Mathematics Education, 14(2), 293-302. https://doi.org/10.29333/iejme/5715 

Tian, Y., Fang, Y., & Li, J. (2018). The effect of metacognitive knowledge on mathematics performance 

in self-regulated learning framework—multiple mediation of self-efficacy and motivation. Frontiers 

in Psychology, (9), 2518. https://doi.org/10.3389/fpsyg.2018.02518 

Usher, E. L. (2012). Self-efficacy for self-regulated learning. In N. M. Seel (Ed.), Encyclopedia of the sciences 

of learning (pp. 3001-3003). Springer. https://doi.org/10.1007/978-1-4419-1428-6_835 

Varveris, D., Saltas, V., & Tsiantos, V. (2023). Exploring the role of metacognition in measuring students’ 

critical thinking and knowledge in mathematics: A comparative study of regression and neural 

networks. Knowledge, 3(3), 333-248. https://doi.org/10.3390/knowledge3030023 

Verešová, M., & Foglová, L. (2018). Academic self-efficacy, approach to learning and academic achievement. 

InTech. https://doi.org/10.5772/intechopen.70948 

Villavicencio, F. T., & Bernardo, A. B. (2016). Beyond math anxiety: Positive emotions predict 

mathematics achievement, self-regulation, and self-efficacy. The Asia-Pacific Education Researcher, 

(25), 415-422. https://doi.org/10.1007/s40299-015-0251-4 

Voica, C., Singer, F. M., & Stan, E. (2020). How are motivation and self-efficacy interacting in problem-

solving and problem-posing?. Educational Studies in Mathematics, (105), 487-517. 

https://doi.org/10.1007/s10649-020-10005-0 

Whitney-Smith, R., Hurrell, D., & Day, L. (2022). The role of mathematics education in developing 

students' 21st century skills, competencies, and STEM capabilities. In N. Fitzallen, C. Murphy, V. 

Hatisaru, & N. Maher (Eds.), Mathematical confluences and journeys (Proceedings of the 44th Annual 

Conference of the Mathematics Education Research Group of Australasia (pp. 554-561). MERGA. 

Xie, F., Xin, Z., Chen, X., & Zhang, L. (2019). Gender difference of chinese high school students’ math 

anxiety: The effects of self-esteem, test anxiety and general anxiety. Sex Roles, (81), 235-244. 

https://doi.org/10.1007/s11199-018-0982-9 

Yang, Y., Maeda, Y., & Gentry, M. (2024). The relationship between mathematics self-efficacy and 

mathematics achievement: multilevel analysis with NAEP 2019. Large-scale Assessments in 

Education, (12), 16. https://doi.org/10.1186/s40536-024-00204-z 

Yıldız, P., Çiftçi, S. K., & Özdemir, İ. E. (2019). Mathematics self-efficacy beliefs and sources of self-

efficacy: A descriptive study with two elementary school students. International Journal of 

Progressive Education, 15(3), 194-206. ttps://doi.org/10.29329/ijpe.2019.193.14  

Yuan, Z., Tan, J., & Ye, R. A. (2023). Cross-national study of mathematics anxiety. The Asia-Pacific 

Education Researcher, (32), 295-306. https://doi.org/10.1007/s40299-022-00652-7 

Zakariya, Y. F. (2022). Improving students' mathematics self-efficacy: A systematic review of 

intervention studies. Frontiers in Psychology, (13), 986622. https://doi.org/10.3389/fpsyg.2022.986622 

Zeng, C. (2025). The effects of students’ backgrounds, attitudes, and ICT familiarity on mathematical 

literacy: Latent profile analysis and lasso regression. Education and Information Technologies, 30(5), 

5451-5475. https://doi.org/10.1007/s10639-024-13028-9 

Zhang, J., Zhao, N., & Kong, Q. P. (2019). The relationship between math anxiety and math performance: 

A meta-analytic investigation. Frontiers in Psychology, (10), 1613. 

https://doi.org/10.3389/fpsyg.2019.01613  

Zheng, B., Chang, C., Lin, C., & Zhang, Y. (2021). Self-efficacy, academic motivation, and self-regulation: 

How do they predict academic achievement for medical students?. Medical Science Educator, (31), 

125-130. https://doi.org/10.1007/s40670-020-01143-4 



Education and Science 2026, Early Release, 1-19 F. Mehmeti & V. Bajrami 

 

19 

Zhu, Y., Liu, X., Xiao, Y., & Sindakis, S. (2024). Mathematics anxiety and problem-solving proficiency 

among high school students: Unraveling the complex interplay in the knowledge economy. Journal 

of the Knowledge Economy, (15), 20516-20546. https://doi.org/10.1007/s13132-023-01688-w 

Zimmerman, B. J. (2002). Becoming a self-regulated learner: An overview. Theory Into Practice, 41(2), 64-

70. https://doi.org/10.1207/s15430421tip4102_2 

Živanović, D., Javorac, J., Bošnjaković, J., Mikić, A., Jovin, V. M., Medić, S. P., & Glomazić, H. (2024). 

The impact of test anxiety on academic achievement of students: Measurement, risk factors, and 

interventions. Croatian Journal of Education, 26(4). https://doi.org/10.15516/cje.v26i4.5964 

Živković, M., Pellizzoni, S., Doz, E., Cuder, A., Mammarella, I., & Passolunghi, M. C. (2023). Math self-

efficacy or anxiety? The role of emotional and motivational contribution in math performance. 

Social Psychology of Education, (26), 579-601. https://doi.org/10.1007/s11218-023-09760-8 


