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The present study endeavors to uncover the intricate nexus among pertinent variables, including self-efficacy, perceived usefulness, parental education levels, and gender, and their relationship with mathematics performance. To achieve this objective, several hypotheses were tested, and a path model was estimated. The study cohort comprised 117 8th-grade students (64 females, 53 males) enrolled in a secondary school in Turkey. Results, in general, supported research hypotheses and the path model. Males' mathematics self-efficacy was found to be higher than females. No significant gender difference was found in the mathematics performance score in the initial analysis. Nevertheless, gender made a significant contribution to the prediction of mathematics performance beyond the effects of other variables in the hierarchical regression analysis. Consistent with theoretical predictions, females' mathematics self-efficacy expectations were unrealistically low compared to males. However, the effect of self-efficacy on performance was found to be invariant across gender. Perceived usefulness was found to be moderately correlated with performance but made little contribution to the prediction of performance above and beyond the effects of other variables.
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1 Introduction

Understanding the factors that influence students' mathematics performance is of paramount importance in educational research (Pajares and Kranzler, 1995; Ursini and Sanchez, 2008; Guven and Cabakcor, 2013). Mathematics is not only a fundamental subject but also provides a basis for developing problem-solving skills, logical reasoning, and mental discipline (Park et al., 2021). Moreover, mathematical knowledge plays a crucial role in understanding the contents of other school subjects, making it an essential component of overall curriculum (Cheema and Kitsantas, 2014; Uysal, 2015). By delving into the interplay of various factors such as gender, self-efficacy, perceived usefulness, and parental education, this study aims to unravel the complex relationships that underpin students' mathematics performance. The findings of this research can have far- reaching implications for educational policies and practices in Turkey, ultimately contributing to the enhancement of mathematics education and students' academic achievement.


1.1 Self-efficacy

Self-efficacy, defined as “beliefs in one's capabilities to organize and execute the courses of action required to produce given attainments” (Bandura, 1997, p. 3), serves as a robust predictor of mathematics performance (Chen, 2003; Pietsch et al., 2003; Stevens et al., 2004, 2007; Ferla et al., 2009; Fast et al., 2010). Pajares and Miller (1994) found that mathematics self-efficacy surpassed math self-concept, perceived usefulness of mathematics, prior experience with mathematics, and gender in predicting problem-solving ability. In a study involving 416 high school students, Pietsch et al. (2003) highlighted a stronger correlation between mathematics self-efficacy and performance compared to mathematics self-concept. Wang et al. (2012) emphasized the centrality of students' self-concept of ability in mathematics-to-mathematics achievement among 8th graders in various countries. This trend was also observed in Hong Kong and Singapore (Chen, 2014), where mathematics achievement correlated significantly with contextual factors. In Shanghai, a top-performing region in mathematics according to the Program for International Student Assessment, Yao et al. (2018) found a moderate correlation between students' sense of wellbeing and mathematics performance.

Several path-analytic studies investigated the nuanced relationship between mathematics self-efficacy and performance alongside other variables. In one study, mathematics self-efficacy mediated between mathematics attitude and performance (Randhawa et al., 1993). Pajares and Kranzler (1995) identified strong direct effects of ability and self-efficacy on mathematics performance, with ability also exerting a significant direct effect on self-efficacy, which, in turn, mediated the indirect influence of ability on performance.

Pajares (1996) explored the predictive and mediational role of self-efficacy beliefs in mathematical problem-solving among middle school gifted students, highlighting self-efficacy's unique contribution even after accounting for various factors. Pajares and Graham (1999) identified self-efficacy as the sole motivational variable predicting performance.

Furthermore, Schukajlow et al. (2018) study observed that prompting students to generate multiple mathematical solutions for real-world problems did not directly enhance self-efficacy. However, they noted an indirect positive impact on perceived competence and self-efficacy, particularly among students with initially low self-efficacy.



1.2 Perceived usefulness

Similar to self-efficacy, attitude, often referred to as “perceived usefulness,” exhibits a significant association with mathematics performance (Hackett and Betz, 1989; Pajares and Miller, 1994; Peters, 2013). However, its predictive efficacy and impact on mathematics performance appear to be somewhat overshadowed by self-efficacy. For instance, in a study by Hackett and Betz (1989), attitude demonstrated a moderate correlation with both self-efficacy (r = 0.47) and mathematics performance (r = 0.40). Crucially, in stepwise regression analysis, perceived usefulness failed to make a significant contribution to predicting mathematics performance, while self-efficacy emerged as a significant predictor. Further corroborating this, a path analytic study by Pajares and Miller (1994) revealed that self-efficacy exerted a direct influence on mathematics performance, whereas perceived usefulness did not.

Hemmings et al. (2011) findings based on Australian secondary school students indicated that female students tended to harbor more positive attitudes toward mathematics. Notably, the primary predictors of scores on a nationally recognized mathematics examination were prior achievement in mathematics and attitudes toward mathematics. Even after controlling for these predictors, gender differences did not prove to be statistically significant.



1.3 Gender dynamics in mathematics: self-efficacy, attitude, and performance

The role of gender in the realm of mathematics encompasses intricate dynamics, as underscored by Gallagher and Kaufman (2005), who asserted that the relationship between gender and mathematics is more nuanced than conventional beliefs suggest. In the United States, female students tend to score lower than male counterparts on standardized tests (e.g., Willingham and Cole, 1997) but demonstrate equal or superior performance in mathematics classes (e.g., Bridgeman and Wendler, 1991; Kessel and Linn, 1996). However, this pattern does not universally apply, as studies in South Africa (Cherian and Siweya, 1996) and the Netherlands (Taal, 1994) reveal no consistent male advantage in mathematics performance or attitudes.

Numerous investigations have delved into gender differences in mathematics self-efficacy, with a recurring theme indicating that boys often exhibit higher self-efficacy than girls (Lent et al., 1993; Randhawa, 1994; Junge and Dretzke, 1995; Lussier, 1996; Gwilliam and Betz, 2001; Di Martino and Zan, 2011). Nonetheless, some studies report no significant disparity between boys and girls in mathematics self-efficacy (Fouad and Smith, 1996; Middleton and Midgley, 1997). Pajares (2005) challenged the notion that gender differences in mathematics self-efficacy favor girls, emphasizing the absence of such bias across various educational domains. Hackett and Betz's (1981) hypothesis that girls tend to underestimate their mathematics self-efficacy relative to boys was not substantiated in a subsequent study (Hackett and Betz, 1989).

Previous research has indeed highlighted these conflicting trends. For instance, Hembree (1990) identified a stronger correlation between mathematics anxiety and mathematical performance in males compared to females. This finding suggests that anxiety might more significantly impede males' mathematical performance, a notable contrast to other studies. Conversely, Devine et al. (2012) reported an opposite trend, where females exhibited a stronger relationship between mathematics anxiety and performance. Such discrepancies underscore the complex interplay between gender and attitudes toward mathematics.

Moreover, the findings by Miller and Bichsel (2004) contribute additional layers to this complexity. They discovered that mathematics anxiety correlates differently with various types of mathematical skills across genders: it is more related to basic mathematics scores in males, whereas in females, it is more pertinent to applied mathematics scores. This differentiation suggests that the impact of mathematics anxiety may not only vary between genders but also across different mathematical domains.

These studies collectively highlight that gender can influence the relationship between mathematics-related attitudes, such as anxiety, and performance in nuanced ways. Given these precedents, our current focus on self-efficacy must be contextualized within this broader framework. It remains essential to consider these varied influences as we further explore how self-efficacy specifically interacts with mathematical performance across genders. Understanding these dynamics can help tailor educational strategies that address the specific needs and challenges of both male and female students in mathematics education.

Attitudinal variations also emerge, with Fennema and Sherman (1977) finding that boys generally hold more positive attitudes toward mathematics. Beal (1999) observed that while girls tend to excel in receiving high grades in mathematics classes, boys may outperform them in formal testing situations. Halpern et al. (2005) proposed a psychobiological model, challenging nature vs. nurture dichotomies and emphasizing the interplay between biological and psychosocial factors. An alternative model by Byrnes (2005) posited that optimal academic achievement is facilitated when students encounter learning opportunities aligned with their motivation and abilities. Australian results (Forgasz and Hill, 2013) from the Program for International Student Assessment indicated a widening gender gap in mathematics achievement, favoring males, students from higher socioeconomic backgrounds, and those attending metropolitan schools, particularly in more challenging mathematical content.

In exploring the impact of task context, Zohar and Gershikov (2008) discerned gender-specific responses across three contexts of mathematical tasks (stereotypically boys', girls', and gender-neutral). Girls' performance was notably affected by task context, with boys demonstrating higher scores in stereotypically boys' contexts, while a significant interaction between age and gender suggested age-dependent effects on girls in stereotypically girls' contexts. In neutral contexts, gender differences were not discernible. These findings emphasize the nuanced interplay between gender, task context, and mathematical performance.



1.4 Parental and cultural influences on mathematics achievement

In addition to gender dynamics, self-efficacy, and attitudes, parental involvement and education levels emerge as crucial factors intertwined with mathematics performance. Illustratively, a study conducted in Slovenia by Levpušček et al. (2013) revealed the positive and direct impact of student intelligence, self-rated openness, and parental education on mathematics performance. Similarly, research in Turkey by Gun and Erdem (2014) identified the influence of fathers' academic backgrounds, alongside attitudes toward the course and teachers, on students' mathematics performance. Ismail and Awang (2008) study in Malaysia underscored the significance of various factors, including gender, language spoken at home, expected educational level, family background, and home educational resources, in shaping eighth-grade students' mathematics achievement.

Moreover, McConney and Perry (2010) found that student socioeconomic status, emanating from parental and family factors, accounted for a substantial portion of explained variance in students' mathematics literacy performance in Australia. Ing (2014), utilizing latent growth curve analysis, explored the relationship between perceived early parental support, mathematics and science achievement trajectories, and persistence in STEM careers by gender. The results indicated a positive link between mathematics and science trajectories and STEM career persistence for both genders yet perceived early parental support specifically enhanced mathematics achievement for males.

Investigating cross-national cultural differences, Hu et al. (2018) revealed that national culture played a pivotal role, accounting for a significant portion of variations in mathematics performance across 51 countries. Particularly, the cultural trait of “long-term orientation” demonstrated a robust positive association with mathematics achievement. These findings suggest a substantial role for parents in shaping students' mathematics achievement, given that cultural norms are often established and reinforced within the family structure.

A study conducted in India by Soni and Kumari (2017) employed path analysis to elucidate that parental anxiety and attitude toward mathematics serve as precursors to their children's mathematics anxiety, attitude, and ultimately, achievement. This comprehensive exploration underscores the intricate interplay of various factors, extending beyond individual attributes and encompassing the pivotal role of parental involvement and cultural context in shaping mathematics performance.



1.5 Mathematics performance model

These studies collectively underscore the unmistakable significance of self-efficacy, attitude, gender, and parental education in shaping the landscape of mathematics performance. Notably, the intricacies surrounding gender roles in mathematics performance and mathematics self-efficacy add a layer of complexity to our understanding. The present research aims to elucidate the nuanced relationship between gender and other mathematics-related constructs. In pursuit of this goal, we constructed and tested the model depicted in Figure 1, drawing insights from the literature to inform its foundation.
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FIGURE 1
 Proposed model.


The model postulates a multifaceted and intricate relationship among key factors influencing mathematics performance (PER). Attitude (AT) is conceptualized as a dynamic outcome influenced by self-efficacy (SE), parents' level of education (PLE), and gender. Drawing from the literature, we hypothesize that self-efficacy exerts both direct and indirect influences on performance—its impact on attitude serving as a crucial mediating factor. This research framework is constructed upon a synthesis of findings from the provided literature, aiming to unravel the interplay of these factors and their collective influence on mathematics performance.



1.6 Purpose and research questions

The main thrust of the current study lies in evaluating the effectiveness of the proposed model and exploring potential gender-based variations in the impact of self-efficacy on performance. To achieve this overarching goal, the study systematically investigates nine key aspects. Firstly, it conducts a detailed exploration of the student profile concerning math-related constructs, encompassing factors such as self-efficacy, attitude, gender, and parents' level of education. Subsequently, the study delves into potential gender differences within these math-related constructs. The third aspect focuses on unraveling the intricate relationships among the factors influencing mathematics performance.

Moving forward, the study probes the specific relationship between self-efficacy and attitude, seeking to elucidate the dynamics between these pivotal constructs. The correspondence between self-efficacy and performance is then examined for potential gender-based variations. Following this, the study investigates which variable emerges as the most robust predictor of mathematics performance, contributing to a deeper understanding of the determinants of academic success in this context.

The role of attitude is explored by examining whether it accounts for a statistically significant amount of variance beyond the effects of self-efficacy. Additionally, the study assesses the predictive utility of parents' level of education on mathematics performance. Lastly, the study evaluates the overall utility of the proposed model, aiming to determine whether it provides a meaningful and insightful framework for comprehending the complexities of mathematics performance. Through the systematic investigation of these aspects, the study aims to contribute valuable insights to the existing body of literature in the field.




2 Method


2.1 Participants

The participants consisted of 117 8th graders (64 females, 53 males) in a secondary school in the city of Balikesir, Turkey. The frequency and percentage of the participants' parents' level of education are presented in Table 1. Mean scores were 3.37 (SD = 0.86) for the father's level of education and 2.96 (SD = 1.01) for the mother's level of education. The parents' combined level of education scores was calculated by averaging these two values, resulting in a score of 3.16.


TABLE 1 Parents' level of education.
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2.2 Research instruments

The first part of the survey included demographic information of the participants, including gender and the highest education that their mother and father earned. Corresponding to the Turkish educational system, they indicated their response on a 5-point scale: (1) primary school (5 years), (2) secondary school (8 years), (3) high school (12 years), (4) university, and (5) graduate degree. Their responses to these two items were averaged to find parents' level of education score (PLE). Thus PLE scores ranged from 1 to 5, with higher scores indicating a higher level of education attained.

The second part of the survey consisted of two scales: Mathematics Self-efficacy and Attitude toward Mathematics. The participants indicated their response on a 5-point range from 1 (Strongly Disagree) to 5 (Strongly Agree). Negatively-worded items were reverse- scored before calculating the total score. The participants' scores were calculated by averaging all of their responses to the self-efficacy and attitude scale items separately. Thus, their overall self-efficacy and attitude scores ranged from 1 to 5, with higher scores indicating stronger self-efficacy and more positive attitude toward mathematics.

The 14-item Self-efficacy scale employed in the current study was developed by Umay (2001). Some of the items included: “I feel confident that I can solve mathematical problems,” “If I spend enough time and put necessary efforts, I can solve different types of mathematical problems,” and “I can help my friends if they have difficulty solving problems.”

Attitude scale items used in the current study were adapted from Fennema and Sherman (1976) mathematics attitude scale's 10-item perceived usefulness sub-scale. These 10 items were translated into Turkish with the researcher and were shown to three experts in mathematics education to establish face validity. All of the experts agreed that the scale measures attitude toward mathematics. The items included “Math will not be important to me in my life's work” and “I will use mathematics in many ways in the future.” Like the self- efficacy scale, the participants indicated their response on a 5-point range from 1 (Strongly Disagree) to 5 (Strongly Agree). Negatively-worded items were reverse-scored before calculating the total score by averaging all of their responses to the scale items. Thus, their overall attitude scores ranged from 1 to 5, with higher scores indicating more positive attitudes.

To establish the validity of the attitude and self-efficacy scales, two-factor confirmatory factor analysis was conducted with another group of 300 students. All of the index values were met or exceed established threshold values: RMSEA (0.045) was <0.05, and CFI (0.92) and NFI (0.93) were higher than the usual 0.90 cutoff value (Cheung and Rensvold, 2002). Item loadings ranged from 0.50 to 0.75 in the attitude scale and 0.45 to 0.80 for the self-efficacy scale, which verified the construct validity of these components of the model. Average Variance Extracted (AVE) values were 0.51 for the attitude scale and 0.54 for the self-efficacy scale. Since these values exceeded the threshold value of 0.50, convergent validity was established. To assess discriminant validity, the square root of AVE was calculated and compared with the correlation between these two constructs. The square root of AVE was 0.71 for attitude and 0.73 for self-efficacy. Discriminant validity was established since both values were greater than the correlation between these two constructs (r = 0.68).

The participants' mathematics performance scores were assessed using the TEOG nationwide standardized test selection exam for entering high school, which had been used since 2013 in Turkey. It consists of 100 multiple-choice questions, 20 of which were related to mathematics. Students receive this exam twice a year. The mathematics section of the exam measures the basic skills for success in high school. Each question is worth 5 points. Thus, students' scores range from 0 to 100. Their scores on two exams were averaged to calculate students' mean mathematics performance.



2.3 Data analysis

Data analysis started with examining Cronbach's alpha values to establish the reliability of the scales. Then, descriptive statistics were used to explore the participants' scores on math- related constructs. T-tests were used to examine whether there is a difference between male and female students in self-efficacy, attitude, and performance mean scores. Cohen's d was employed to measure effect size. According to Cohen (1988), effect sizes <0.2 are considered small, values <0.3 are medium, and values 0.5 or higher are considered large. To explore the correspondence between self-efficacy and performance by gender at the individual level, D scores proposed by Dowling (1978) were calculated for each participant.

Pearson correlations were estimated to explore interrelationships among variables of interest. Then, the same analysis was done for males and females separately. Fisher's z-test was conducted to determine if correlations between self-efficacy and performance differ significantly by gender. Hierarchical regression analysis was employed to explore relative contributions of variables in predicting performance. Based on previous research studies and theoretical framework, variables were entered into the prediction equation in the following order: gender, PLE, SE, and AT. To explore the unique contributions of gender and PLE to performance, another hierarchical regression analysis was conducted, with PLE entered into the equation in the third step and gender entered in the last step.

Finally, a path analysis model was estimated to test the effects of gender, PLE, SE, and AT on mathematics performance. Multi-group invariance analysis was conducted to examine the role of self-efficacy and other variables on performance by gender. In this analysis, the constrained model was compared with the unconstrained model utilizing a χ2 difference test.




3 Results

Cronbach's alpha values were 0.85 for attitude and 0.88 for self-efficacy scales. These results indicate high reliability. Table 2 presents descriptive statistics for each variable. The self-efficacy scores ranged from 1 to 5 and the mean score was found to be more than the mid- point of 3, which indicated overall positive responses to the items by the participants. On the other hand, the attitude scores ranged from 1 to 5 with mean of 2.71, which suggested that the participants, in general, did not possess positive attitudes toward mathematics. The standard deviations of self-efficacy and attitude scores were relatively low, meaning that data are clustered closely around the mean in these two variables. The participants' performance scores ranged from 26.5 to 100 with mean of 72.50. This indicated that the participants' performance was high; however, the standard deviation of performance was relatively high, indicating that the data are widely spread. All of the skewness and kurtosis values fell in the desirable range of between −2 and +2 recommended by George and Mallery (2010), which indicated multivariate normality.


TABLE 2 Descriptive statistics for math-related constructs.

[image: Table 2]

Table 3 shows the difference between male and female students in their self-efficacy, attitude, and performance scores. Male students' mean self-efficacy score was statistically higher than the mean for female students (t = −2.33 p < 0.01). Cohen's d was 0.44, which indicated a moderate effect size. No significant difference between male and female students existed in mean performance scores. In addition, no significant difference between male and female students was found in the attitude scores.


TABLE 3 Gender differences in math-related constructs.

[image: Table 3]

To explore self-efficacy/performance correspondence by gender, self-efficacy and performance scores were transformed into z scores separately and the standardized performance scores were subtracted from the standardized self-efficacy to calculate D scores, which measured congruence between self-efficacy and performance scores. D values of 0 indicate perfect congruence. Dowling (1978) noted that D scores fell into five categories: overconfident (D > 0.8), somewhat overconfident (0.4 < D < 0.8), congruent (0.4 2 D > −0.4), somewhat under confident (−0.4 > D > −0.8), and under confident (D < −0.8).

The percentages and number of male and female students in each category are shown in Table 4, with 10.9% of female and 20.8% of male students falling into the overconfident category. Similarly, 20.3% of female students and 9.4% of male students fell into the under confident category. These results suggest that while female students tend to underestimate their mathematics skills, male students tend to overestimate and exaggerate their skills. A chi-square test was conducted to examine if there is a statistically significant different between male and female students in D scores. Results revealed a significant difference between the two groups [χ2 (4, N = 117) = 5.84, p < 0.05].


TABLE 4 Percentage of overconfidence and under confidence by gender.
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Table 5 shows the results of Pearson correlation analysis. All of the variables were found to be significantly correlated with each other. Self-efficacy yielded the highest correlation with performance (r = 0.67, p < 0.01), followed by attitude (r = 0.60, p < 0.01). The correlation between self-efficacy and attitude (r = 0.68, p < 0.01) was higher than expected.


TABLE 5 Correlations among the variables.
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Correlations among key variables are presented by gender (females above the diagonal, males below) in Table 6. Self-efficacy seemed to be more strongly associated with performance in females (0.73) than males (0.52). Nevertheless, Fisher's z-test revealed that none of the differences between males and females was significant, which means that the intercorrelations among key variables were invariant across gender in the current study.


TABLE 6 Correlations among variables by gender.

[image: Table 6]

Table 7 shows the relative contribution of predictor variables on performance. The regression results reveal that attitude accounted for 2% of variation in performance above and beyond the effects of other variables. The effect sizes for attitude and parents' level of education were 0.02 and 0.17, respectively. While attitude had a very small effect size, parents' level of education had a more substantial effect size on performance. Even after gender was entered into the equation predicting performance in the last step after the effects of self-efficacy, attitude, and parents' education were partial led out, attitude still accounted for a significant amount of variance in performance.


TABLE 7 Results of hierarchical regression analysis.
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Figure 2 shows the resulting path coefficients of the proposed research model. The results showed that self-efficacy had the strongest effect on performance (β = 0.54, p < 0.01).


[image: Figure 2]
FIGURE 2
 Path coefficients for the proposed model.


Parents' education influenced performance directly (β = 0.17, p < 0.01) and indirectly through its influence on self-efficacy (β = 0.34, p < 0.01). Attitude had a significant direct influence on performance (β = 0.21 p < 0.01). While gender had a direct significant influence on performance (β = 0.24, p < 0.01) and attitude (β = 0.22 p < 0.01), in both instances favoring females, it had a direct significant influence on self-efficacy (β = −0.36, p < 0.01) in favor of males. The path coefficient from parents' level of education to attitude was not significant (β = 0.05, p > 0.01).

As Table 8 indicates, the most dominant determinant of performance was self-efficacy, with a total effect of 0.71, which is regarded as a relatively large effect. Like self-efficacy, parents' level of education had a medium total effect (0.42) on performance. Gender, parents' level of education, and self-efficacy accounted for 47% of variation in attitude. The predictor variables collectively accounted for 53% of variation in performance.


TABLE 8 Direct, indirect, and total effects of the proposed model.
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To explore whether the effects of self-efficacy, parents' education, and attitude on performance differ by gender, another model was estimated with gender removed first, and then path analysis was conducted for the pooled sample of all groups and for females and males separately. Table 9 shows the path coefficients for this unconstrained base model in which all path coefficients were freely estimated.


TABLE 9 Path coefficients across gender.
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The path coefficient between self-efficacy and performance was stronger for females than for males (0.41 vs. 26). To examine if this difference is significant, multi-group invariance analysis was conducted with the path from self-efficacy to performance constrained to be equal across gender. The resulting model fit was then compared to the unconstrained model. A χ2 difference test then was conducted to see if the difference is statistically significant. If no significant difference was detected between the two models, then they are considered invariant. The χ2 difference value (χ2 change = 1.88, p > 0.05) was not significant. In addition to this analysis, two more multi group analyses were conducted by constraining two paths separately. Results presented in Table 10 revealed that the effects of self-efficacy, attitude, and parents' education on performance are invariant across gender.


TABLE 10 Multi-sample analysis of paths for males and females.
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4 Discussion

The primary aim of this paper was to investigate the interrelationships among various variables influencing mathematics performance, specifically exploring whether the impact of self-efficacy on performance differs by gender. A comprehensive model was postulated, outlining a complex relationship involving parents' level of education, gender, self-efficacy, attitude, and mathematics performance, and its predictive utility was rigorously tested. Notably, the analysis employed national exam scores as an indicator of students' mathematics performance, distinguishing it from studies utilizing local assessment tools like classroom grades. The results robustly supported the utility of the proposed model, affirmatively addressing the research questions. Consequently, this study contributes to the literature on mathematics performance and its predictors.

Unsurprisingly, self-efficacy emerged as the variable with the highest correlation and the strongest direct effect on mathematics performance. In line with prior research, including Lent et al. (1993), Randhawa et al. (1993), Junge and Dretzke (1995), Lussier (1996), and Gainor and Lent (1998), males exhibited statistically higher self-efficacy than females. Additionally, females demonstrated unrealistically low mathematics self-efficacy expectations compared to males. However, contrary to Hackett and Betz (1989) and in contrast to their earlier results (Hackett and Betz, 1981), this study did not support the notion that the effect of self-efficacy on performance is stronger for males than for females.

Consistent with Neale (1969), Ma (1997), Ma and Kishor (1997), and Choi and Chang (2011), attitude was moderately correlated with mathematics performance but made only a minimal contribution to predicting it. Although path analysis revealed a direct and significant influence of attitude on performance, its effect appeared markedly lower than that of self-efficacy.

While our findings suggest a relationship between self-efficacy and mathematical performance, it is important to consider that this does not definitively establish the direction of causality. Self-efficacy might not only influence mathematical performance, but could also reflect an individual's actual performance in mathematics. Furthermore, the relationship could indeed be bidirectional, suggesting a complex interplay where performance influences self-efficacy just as self-efficacy impacts performance.

Parents' level of education emerged as a noteworthy variable, moderately related to performance, and exerting a direct and significant effect. One plausible explanation is that parents with higher educational attainment may be more actively involved in their children's learning, supporting their intellectual and academic growth, as suggested by Levpušček et al. (2013). In addition to parents' level of education, future researchers might consider measuring parents' involvement and utilizing it to predict mathematics performance.

Crucially, the proposed model accounted for 53% of the variation in performance, affirming its predictive utility and shedding light on the intricate relationships among gender, parents' level of education, self-efficacy, attitude, and mathematics performance. Beyond providing insights into performance disparities, the model offers a valuable perspective for understanding why some students excel in mathematics while others do not. As such, it can be instrumental for future researchers and mathematics teachers in explaining and predicting students' mathematics performance.

It is imperative to acknowledge the study's limitations, notably the collection of data from a single school with a relatively small sample size. Consequently, the generalizability of findings to other settings and student populations may be challenging. Future researchers are encouraged to test the proposed model in diverse settings, and if consistent with this study's findings, the model may gain broader applicability.



5 Implications

This article makes a distinctive contribution to the realm of mathematics education research by underscoring the paramount importance of self-efficacy and emphasizing that its effect remains consistent across genders. A key implication of this pivotal finding for the enhancement of STEM expertise and achieving gender parity in students is that policymakers and education planners should prioritize the maintenance of high levels of self- efficacy among all students. This insight serves as a valuable guide for shaping teaching and learning strategies in mathematics education.

Moreover, our findings highlight the noteworthy conclusion that attitudes toward mathematics, while significant, pale in comparison to the predictive power of self-efficacy regarding student mathematics achievement. The considerable variability in attitudes, shaped by diverse experiences with instructors, curricular innovations, and parental background in mathematics, suggests that policymaking efforts and administrative focus should be judiciously directed toward addressing the more foundational factor of self-efficacy. This recognition helps to streamline resources and efforts, steering them away from potentially elusive attempts to address students' fluctuating attitudes toward mathematics.

Understanding the role of parental education attainment emerges as a crucial insight from our research. Given the active involvement of parents in homework assistance, school system interactions, and influencing curriculum sentiments, the consequential impact of parental education on students' mathematics performance is evident. While better-educated parents are more likely to actively engage in their children's education, fostering societal equity requires efforts to stimulate greater interest and involvement among less well-educated parents. This approach aims to increase the likelihood of mathematics success for students from less advantaged backgrounds, contributing to the diversification and expansion of the future STEM workforce with enhanced numeracy skills.
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