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Mathematics self-efficacy is defined as one’s beliefs of their ability to complete mathematics tasks (Pajares 2006). Previous research demonstrates that mathematics self-efficacy influences educational choices and attainment. Specifically, people with higher mathematics self-efficacy are more likely to aspire to participate in STEM majors and careers (Lent et al. 1996; Trusty and Niles 2003). STEM occupations tend to have high levels of income (Stratte et al. 2020), and thus mathematics self-efficacy also predicts occupational outcomes and chances for social mobility. This dissertation uses data from the National Education Longitudinal Study (NELS 1998-2000) to shed light on the factors that affect students' mathematics-efficacy, which in turn, impact educational and occupational outcomes. It also extends existing literature on gender differences in STEM education, suggesting that interventions supporting students’ mathematics-efficacy should be aimed towards women and disadvantaged students, for whom higher levels of math-efficacy could increase chances for social mobility.
The dissertation takes the form of three separate, but related, empirical research papers. Chapter 2 examines whether students' perceptions of their teachers' emphasis on mathematics, and type of school, are associated with students' mathematics-efficacy. I find that math teachers matter more for low SES students than for students from more privileged backgrounds. Chapter 3 explores how in-class teaching practices impact students' mathematics-efficacy. I find a positive relationship between teachers' emphasis on conceptual mathematics knowledge and students' mathematics-efficacy, suggesting that teachers' in-class practices are critical for engaging students in mathematics related fields. Finally, Chapter 4 investigates the relationship between math-efficacy and the likelihood of enrolling and completing a STEM degree and how this relationship differs by gender. I find that higher levels of mathematics-efficacy are associated with higher probabilities of enrollment in and completion of physical STEM degrees, especially for males. 
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[bookmark: _Toc120699136][bookmark: _Toc182321493]Summary for Lay Audience
Using survey data representative of the population of US students, this study examines the factors that associated with mathematics self-efficacy— i.e., students' beliefs in their ability to complete a mathematics task, such as solving a mathematic problem, and succeeding in mathematics-related courses (Betz and Hackett 1983; Pajares 2006). Chapter 2, examines whether students' perceptions of their teachers' emphasis on mathematics, and type of school, are associated with different levels of students' mathematics self-efficacy, and whether these effects vary across students from different socioeconomic backgrounds. My results demonstrate that math teachers matter more for low SES students and illuminate the important role of teachers in the process of shaping mathematics self-efficacy among them.
Chapter 3 examines the in-class teaching practices that enhance positive impact on students' mathematics-efficacy. The findings demonstrate that teachers' in-class emphasis on conceptual mathematics knowledge is associated with higher levels of students' mathematics self-efficacy. I further show that math teachers' in-class practices occupy an important role in engaging students in mathematics related fields.
[bookmark: _Toc351037975]Finally, Chapter 4 investigates the effect of mathematics-efficacy on the likelihood to enroll and complete a STEM/ non-STEM degree, and whether this likelihood varies by young men and women. The results show that higher levels of math-efficacy are associated with higher chances to enroll and complete physical STEM degrees, and that this effect is higher among young men. 
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[bookmark: _Toc172096251][bookmark: _Toc179622565]The concept of self-efficacy was first presented as part of Albert Bandura's social cognitive theory (1986). Self-efficacy refers to “people’s judgments of their capabilities to organize and execute courses of action required to attain designated types of performances” (Bandura, 1986, p. 391). In other words, self-efficacy refers to individuals' self-assessments regarding their ability to complete tasks in a specific domain.  It is defined as an agentic power of the individual which differs with regard to different domains. 
Self-efficacy plays a central role in processes of decision making, choice formation, and goal setting (Bandura 1986, 1997; Bandura et al. 2001). It also serves as an important career development mechanism, in that it influences both educational and career choices. Self-efficacy has received significant attention in educational research, as a predictor of students’ academic achievement across academic areas as well as college major and career choice (Betz and Hacket 1983; Hackett 1985). Students who are confident in their academic capabilities tend to closely monitor their work. They are more efficient in solving problems and more persistent than their peers with low self-efficacy (Usher and Pajares 2008). 
Mathematics holds a central place in schools' curriculum; it is often used as a measure of achievement to determine entry level into special programs and college admissions (Pajares 2005).  It is not surprising, then, that much research on the association between self-efficacy and future educational and occupational outcomes has focused specifically on mathematics self-efficacy. Mathematics self-efficacy refers to individuals' beliefs regarding their ability to complete a specific mathematics task, such as solving a mathematic problem, and succeeding in mathematics activities, specifically in mathematics-related courses (Betz and Hackett 1983; Pajares 2006). There is evidence that mathematics self-efficacy is associated with individuals' educational and career choices, aspirations, and attainment, such that people with higher mathematics self-efficacy are more likely to aspire to participate in Science, Technology, Engineering, and Mathematics (STEM) fields (Lent et al. 1996; Trusty and Niles 2003; Wang 2013). Because STEM occupations tend to have high levels of income (Plasman, Gottfried and Klasik 2020), mathematics self-efficacy may also be considered as an indirect predictor of income, lifestyle, and chances for social mobility. 
While past studies have examined math-efficacy as a predictor of future outcomes (Sakellariou and Fang 2021; Schober et al. 2018), studies examining the factors that affect math-efficacy are at dearth. Given the importance of mathematics self-efficacy for future educational, occupational and lifestyle outcomes, it is important to understand the sources of self-efficacy. The general purpose of this dissertation is to shed light on the factors that affect differences in students' mathematics self-efficacy. Most studies focus on mathematics self-efficacy as a predictor or a mediator of future outcomes (Caprara et al. 2008; Fast et al. 2010; Loo and Choy 2013). However, I consider math-efficacy as the dependent variable to examine the factors that may lead to differences in students' mathematics self-efficacy. It is hoped that this approach sheds new light on some of the causes of educational and occupational inequalities. Specifically, I focus on the role of math teachers, and students' perceptions of their math teachers' emphasis on math, in shaping students' math-efficacy. Demonstrating the important role that teachers play in shaping students' math-efficacy will allow scholars and policy makers to encourage students to engage in mathematics related fields (e.g., STEM) by focusing on math teachers' instruction practices and their emphasis on mathematics. 
I also build on existing literature on the gender gap in STEM education by examining math-efficacy as a mediator and a moderator of gender gaps in both enrollment and completion of STEM degrees. In this regard, I utilize a three-category classification that extends the binary classification of STEM/non-STEM majors. This three-category classification accounts for male-dominated or female-dominated sub-fields and considers the vast array of STEM disciplines and the differences between male-dominated majors and female-dominated majors' profiles.  This approach also accounts for different gender profiles of STEM majors.
The dissertation is motivated by three lines of inquiry that are explored in three interrelated studies. The following section discusses the theoretical background underlying the purpose and the research questions of this work. I then provide an overview of the three interrelated chapters and discuss the data and methods used to examine the research questions and hypotheses.
[bookmark: _Toc120699144]Theoretical Background 
[bookmark: _Toc120699145]Student Perceptions of Teachers Emphasis and Mathematics Self-Efficacy
It has been shown that self-efficacy mediates the influence of perceived classroom environment on performance (Bong, 2008). The classroom environment contributes to students' self-efficacy through social comparison (Shunck and DiBenedetto 2016), the class level of mastery oriented, and the degree to which students perceived their classroom as a challenging (Meyer, Turner, and Spencer 1997) and a caring environment (Crosnoe, Johnson, and Elder 2004). Students who perceived their performance to be poorer than that of others tend to experience lower levels of self-efficacy if the classroom allows for much social comparison (Shunck and DiBenedetto 2016). Moreover, students who perceived their classroom and learning environment as challenging tend to have stronger beliefs in their academic abilities (Meyer, Turner, and Spencer 1997). 
Teachers also play an important role, independent of other attributes associated with the classroom environment, in shaping students' self-efficacy and academic performance. The potential importance of teachers rests on the fact that they both determine the quality of instruction and can be role models for students. Role modeling has a major influence on students' self-efficacy, particularly in terms of skill acquisition (Siegle and McCoach 2007). Teachers who place a strong emphasis on students’ efforts and the importance of learning tend to encourage students to have a positive attitude towards learning and believe that effort leads to success. On the other hand, a teacher who places more emphasis on performance can intentionally or unintentionally create competition among peers that undermine students' self-efficacy (Fast et al. 2010).
Still, how teachers instruct is also constrained by the school in which they teach. School characteristics such as average achievement, socioeconomic composition, and curriculum all impact students' mathematics self-efficacy (Recber, Isiksal and Koç 2018). Especially relevant to the current study, significant achievement disparities among public, and private schools have been found (Alt and Peter 2002; Chandler 1999; Lubienski, Lubienski and Crane 2008). 
In sum, existing literature showed that self-efficacy mediates the effect of students' perceptions of their teachers' goals on students' coping strategies in mathematics (Friedel et al. 2007), and that higher levels in perceived teacher’s goal emphasis at the class level, resulted in higher self-efficacy beliefs (Friedel et al. 2010). Nevertheless, no previous research has explored the effect of students' perceptions of teachers' emphasis on students' mathematics self-efficacy at the student level. Moreover, given findings indicating that students from different socioeconomic backgrounds disproportionately benefit from their parents’ human, financial, social, and cultural capital (Stock 2007; Zhu and Chiu 2019; Bandura et al. 2001), it is important to examine whether the relationship between students' perceptions of teachers' emphasis, on students' mathematics self-efficacy is moderated by parental education, which can be seen as a proxy for socioeconomic status. 
[bookmark: _Toc120699146]Teachers' in-class Emphasis and Students' Mathematic Self-Efficacy
The existing literature links two types of teachers' in-class strategies to students’ motivation to learn and succeed in mathematics. The first strategy concerns the application of mathematics tasks to life outside the classroom. Applying mathematics to real-life problems can increase students’ perceptions that mathematics is an important subject and raise their utility value of mathematics (Csikszentmihalyi 1997). Findings from prior research on the association between emphasis on the applicability of math and its impact on students' math achievements reveal that students with higher utility value of mathematics demonstrated higher mathematics scores and tasks (O’Dwyer, Wang, and Shields 2015; Schweinle et al. 2006). 
The second practice deals with increasing students' focus on learning and understanding mathematical concepts and can be understood within the framework of conceptual mathematics knowledge (Hattie 2009; Hiebert 2003), which refers to the understanding of core principles and the relationships among them (O’Dwyer, Wang, and Shields 2015). Research on the relationship between instructional practices of conceptual knowledge and math achievements reveals that teachers' emphasis on math conceptual knowledge is associated with higher mathematics scores (O’Dwyer, Wang, and Shields 2015). 
In short, the existing literature reveals different sub-components of teachers' in-class practices and their relation to students' motivation (Schweinle et al. 2006; Wigfield and Eccles 2002), understanding, and achievements in math (O’Dwyer, Wang, and Shields 2015). Still, while past research demonstrated the relationship between in-class practices and students' math achievements (Friedel et al. 2010; Hill et al. 2005), little is known on the effect of teachers' in-class emphasis on students' mathematics self-efficacy. Therefore, studying the behavioral and psychological mechanisms linking teachers' practices with students' math beliefs is necessary for understanding how to enhance positive impact on students' math attitudes and beliefs (Gunderson et al. 2012). 
The following section discusses factors that affect differences in mathematics self-efficacy. I then discuss the importance of mathematics self-efficacy to the gender gap in STEM education.  
[bookmark: _Toc120699147]Additional Factors Affecting Mathematics Self-Efficacy
Bandura (1997) describes four major sources of self-efficacy, the most influential of them is the “enactive mastery experience” which refers to the significant influence of performance success or failure and the way that these experiences are formed in memory. Such experiences affect students' perceived self-efficacy in turn (Bandura 1997; Usher and Pajares 2008).
Most studies have examined mathematics self-efficacy as a predictor of future academic achievements despite that there is research to suggest that self-efficacy and academic performance affect each other reciprocally (e.g., Bandura 1986). In other words, performance reflects perceptions of one’s abilities, and self-efficacy is in turn influenced by their performance. Evidence on the positive relationship between mathematics performance and mathematics efficacy are also shown in Valentine's et al. (2004) meta-analysis on the link between self-efficacy and academic achievements, which indicates that achievement in a given subject area has relatively more pronounced effects on self-efficacy of that area compared to others. Other studies demonstrate that the relationship between socioeconomic status and mathematics self-efficacy is even stronger than its relationship with self-concept and anxiety (Schulz 2005). 
It is obvious that not all children from poor families hold low self-efficacy beliefs. In this regard, parents can be an important source of academic advice, encouragement, and assistance for their children, though this also has a socio-economic gradient. Research demonstrates that parental involvement is an important factor in shaping academic-efficacy and promoting their children’s achievement (Friedel et al. 2010). Parents from higher socioeconomic backgrounds tend to be more engaged in the types of involvement valued by schools because of their particular kinds of human, financial, and cultural capital (Holloway et al. 2016). In addition, children from higher SES backgrounds are more likely to attend schools with higher funding and more qualified teachers (Holloway et al. 2016), which brings forward the importance of type of school.
Schools can differ significantly in terms of levels of average achievements, students’ socioeconomic backgrounds, and general resources. In the US, these differences are particularly acute when comparing private and public schools. Recber, Isiksal and Koç (2018) found that private schools tend to be more effective than public schools in motivating students for higher achievements, even after controlling for socioeconomic backgrounds. 
[bookmark: _Toc120699148]Mathematics Self-Efficacy and the Gender Gap in STEM Education 
In the U.S., women are more likely than men to attend and complete college, but they are less likely to earn degrees in STEM fields (Weeden, Gelbgiser, and Morgan 2020). Research on the gender gap in enrollment and completion rates of STEM degrees shows significant differences between men and women. Mau (2016), for example, indicated that out of a sample of 71,405 students enrolled in 2008, 30.7% (21,901 students) declared a STEM major. Among them, 36.1% were young men, in comparison to only 25.7% young women. One of the most predominant theories on women’s educational and occupational choices which concerns self-efficacy as a focal predictor, is the Social Cognitive Career Theory (SCCT) (Lent, Brown, and Hackett 1993; Lin et al. 2018).
SCCT suggests that individuals are more likely to make educational and occupational choices that are consistent with their self-efficacy (Lent, Brown, and Hackett 1993; Lin et al. 2018). The level of efficacy that a person feels toward his or her academic performance and chosen career path influences the individual’s actual achievements. Lent, Brown, and Hackett (1993) showed that career-relevant self-efficacy, along with outcome beliefs, are positively correlated to vocational interest, with self-efficacy expectations accounting for a large part of the variance in vocational interests. The SCCT theory thus provides a solid ground for the role of self-efficacy, in selecting a STEM major (Luo et al. 2021).
Still, the relationship between gender and enrollment in, or completion of, STEM degrees may be confounded by a number of factors. Students' academic performance (Ayalon 2003; Hyde et al. 2008), students' SES (Xie, Fang and Shauman 2015), school type (Ketenci et al. 2020), and race/ethnicity (Mau et al. 2016) are all illustrated in the existing literature as key predictors of STEM outcomes. To provide a more reliable estimate of the gender effect on enrollment and completion of a STEM degree, this dissertation examines whether these variables confound this relationship. In addition, while the literature on gender differences in STEM outcomes is generally well-established, research on how predictors of STEM enrollment and completion may confound this relationship is needed (Vooren et al. 2022). This work aims to address this gap.
[bookmark: _Toc120699149]Dissertation Overview and Objectives
This dissertation uses an integrated article approach to assess the impact of students' perceptions and teachers’ in-class emphasis, on mathematics-efficacy. In addition, the study examines whether mathematics-efficacy affects students' likelihood of enrolling and completing a physical STEM, BIO STEM and non-STEM degrees.
Chapter 2 addresses the question of whether students' perceptions of teachers' emphasis affect mathematics self-efficacy, and whether this effect varies by socioeconomic status. As previously stated, there is evidence that mathematics self-efficacy is affected by teachers' emphasis on mathematics (Friedel et al. 2007; Ames 1992), previous academic performance (Meece, Wigfield, and Eccles 1990), and socioeconomic background (Bandura et al. 2001). However, little is known about how these factors are translated into the classroom, and how they might interact with other factors to affect math self-efficacy. The present study attempts to address this void.
Chapter 3 advances existing research by examining the impact of teachers' instructional practices on students' math achievements, which was rarely examined in relation to students' mathematics-efficacy and has a critical role in shaping students' future goals (McKeller et al. 2019). To better understand this issue, I examine whether teachers’ in-class emphasis on math—i.e., emphasizing the importance of math for life outside the classroom, and emphasizing conceptual mathematic knowledge—is associated with students' math efficacy and math performance. I examine the unique effect of both types of emphasis with the goal of providing a holistic approach that demonstrates findings on both students' external (importance to life outside the classroom) and internal (focus on learning and understanding mathematical concepts) motivation, and contribute to the understanding of the impact of teachers' instructional practices on students' math-efficacy.
Chapter 4 elaborates on existing literature on the gender gap in STEM degrees in several ways. First, while earlier studies examined the link between students' math-beliefs and their enrollment in STEM programs, longitudinal studies examining STEM degree completion as the outcome are scarce (Larson et al. 2015).  Second, the chapter broadens the scope of prior research by examining math-efficacy as a mediator and a moderator of gender gaps in both enrollment and completion of STEM degrees. Earlier studies which examined the relationship between math-efficacy and STEM degrees were limited in their ability to examine both outcomes (Riegle-Crumb and Peng 2021; Sakellariou and Fang 2021; Lin et al. 2018; Weeden et al. 2020; Bettencourt et al. 2020). Finally, it goes beyond the binary classification of STEM/non-STEM majors, that does not account for male-dominated or female-dominated sub-fields. I distinguish among three categories: physical STEM fields, BIO STEM fields and non-STEM fields. This strategy recognizes different gender profiles of STEM majors which are also considered gateways into different occupational paths and demonstrates the little agreement in the literature regarding STEM and non-STEM fields (Xie et al. 2015).
[bookmark: _Toc120699150]Data and Methods
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All three chapters of the dissertation employ data from the National Education Longitudinal Study (NELS). The NELS data were collected from middle school cohorts, by the NCES (National Center for Education Statistics) (USDE 1988 a,b). It was initiated in 1988, when responders were 14 years old in the 8th grade, and includes four follow-ups: 1989–1990, when responders enrolled their second year of high school, 1991–1992 when responders enrolled their senior year, 1994, two years after high-school graduation, and 2000, when they turned 26. The base year data of 1988 were collected by questionnaires filled by the responding students themselves, one of their parents, two of their teachers, and their school's principal.
The NELS data serve the dissertation well for several reasons. First, the main purpose of the dissertation is to provide a clear and current understanding of differences in students' mathematic self-efficacy and their sources that will contribute to the puzzle of differences in educational choices, aspirations, and achievements. Previous research demonstrated that the formation of self-efficacy beliefs, specifically academic self-efficacy, is shaped during adolescence, in particular when individuals face the transition to high-school (Pajares 2006). Because the NELS data trace students in their 8th, 10th, and 12th grades, the data allow a precise measurement of self-efficacy at the most accurate timing.  
Second, the NELS data provide a wide array of information in three levels of analysis linked to each other (students, teachers, and schools). Both the first and second studies in this dissertation draw on these levels of analysis. In addition, the study focuses on teachers as occupying a major role in shaping students' mathematic self-efficacy, and the NELS data provide a wide scope of teachers' background information and characteristics as well as math teachers’ reports on their students.
Third, the third study is tracking students over three critical points in time: (1) when they graduated from high-school (1992), (2) when they entered post-secondary education (1994), and (3) when they graduate from a university or college (2000). Representative of the US student population, the NELS provides longitudinal data on both desired outcomes— major type in first post-secondary education institution, and major type of bachelor’s degree earned by the student.
[bookmark: _Toc120699152]Method
The first and second studies utilize data from the NELS longitudinal data file, which includes 17,424 students who participated in both waves – the base year (1988) and first follow-up survey (1990). The original teachers' file includes teachers in four basic subjects: history, English, science, and mathematics. Because the first and second studies focus on differences in students' mathematics self-efficacy as the outcome variable, the sample is limited to mathematics teachers only. 
In Chapter 2, I examine whether type of school and students' perceptions of their teachers' emphasis on mathematics are associated with higher levels of mathematics-efficacy, and whether these effects are moderated by parental education as a proxy of socioeconomic status. I estimate Hierarchical Linear Models (HLM) which assess variance in outcome variables when the predictors are measured at different hierarchical levels (Woltman et al. 2012). The NELS data allow me to assess variance at the student, teacher, and school levels. HLM can estimate lower-level slopes (e.g., at the student level) and their implementation in estimating higher-level outcomes (classroom level), and simultaneously investigates relationships within and between hierarchical levels of grouped data (Woltman et al. 2012).
In Chapter 3, I also estimate HLM models to account for the multilevel nature of the data (Woltman et al. 2012). All models specify a random intercept to account for the clustering of students within schools. To establish the importance of math-efficacy for math achievement, I first reproduce previous findings showing that mathematic-efficacy affects students' math scores. I then turn to examine the research hypotheses by estimating a series of HLM models, specifying a random intercept, to examine whether teachers' emphasis on the importance of mathematics to life outside the classroom, and teachers’ emphasis on conceptual mathematical knowledge, affects math-efficacy. 
Given the binary nature of the dependent variables (enrollment and completion) in Chapter 4, I estimate a series of random effect logistic regression models to examine the research hypotheses. I then follow the KHB (Karlson, Holm and Breen 2012) method, which allows an unbiased comparison of same-sample nested models, between a model excluding confounders and a model including them (Karlson, Holm and Breen 2012). I estimate four random effect logistic regression models, each predicting enrollment in each one of the three sub-fields: Physical STEM, BIOs, and non-STEM (twelve models in total). To examine whether the effect of gender on enrollment and completion of physical STEM, BIO STEM, and non-STEM degrees is mediated by math-efficacy, I estimate four nested models to predict enrollment and completion. I also estimate logistic regression models to predict enrollment and completion in each sub-field, comparing the marginal effects by gender across the models for enrollment and completion. 
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1. [bookmark: _Toc120699155]Student Perceptions of Teachers Emphasis and Mathematics Self-Efficacy: The Moderating Role of Socio-economic Background and School Type.
Using data from the National Education Longitudinal Study (NELS 1988, NELS 1990), I examine the relationship between US students’ perceptions of their teacher’s emphasis on mathematics and their assessments of their own mathematics abilities. Results from hierarchical linear models indicate that self-efficacy is generally positively influenced by perceptions of teachers. Students tend to have stronger feelings of mathematics self-efficacy if they think their teachers put significant emphasis on mathematics. However, the results indicate that the strength of this relationship is affected by an interaction between parental education and type of school. Overall, students whose parents do not have a degree are the most positively influenced by their perceptions of teachers. Students from those groups who attend private schools are less likely than students whose parents have a degree to be influenced by their perceptions of teachers. The relationship is strongest among students whose parents have no degree and attend public schools. These findings illuminate the importance of teachers for shaping mathematics self-efficacy, and hence performance, among low SES students. 
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Introduction
Academic self-efficacy is defined as a one’s belief about their capabilities to accomplish specific learning tasks and solve problems in a specific academic subject (Schulz 2005; Joet, Usher and Bressoux 2011). It plays an important role in career development because it influences educational and career choices. Relative to those with low self-efficacy, students with high self-efficacy tend to be more determined to achieve their goals (Schunk and Pajares 2009), report lower levels of educational anxiety (Bandura 1997; Joet, Usher and Bressoux 2011; Zimmerman et al. 1992), and have higher educational achievement (Pajares and Schunk 2005).
Self-efficacy is important for success in most subjects (Joet, Usher and Bressoux 2011), but the literature in the area largely emphasizes the importance of mathematics self-efficacy on educational and occupational outcomes (Hall and Ponton 2005; Trusty and Niles 2003). In fact, it has been demonstrated that mathematics self-efficacy is an even better predictor of educational and career paths than past performance (Hackett 1995; Hackett and Betz 1989). In short, mathematics self-efficacy is a key predictor of educational choices and achievements (Lin, Lee and Snyder 2018). 
Most studies have examined mathematics self-efficacy as a predictor of future outcomes. The majority of the studies which examined the sources of mathematics self-efficacy, focused on Bandura's four informational sources of self-efficacy: mastery experience, vicarious experience, social persuasion, and emotional arousal (Bandura 1997; Gao 2020; Lent, Lopez, and Gore 1996). 
Given its importance for academic success, research on social stratification can benefit from understanding the causes of self-efficacy. There is evidence that mathematics efficacy is affected by teachers' emphasis on mathematics (Friedel et al. 2007; Ames 1992), previous academic performance (Meece, Wigfield, and Eccles 1990), and socioeconomic background (Bandura, Barbaranelli, Caprara, and Pastorelli 2001). However, little is known about how these factors are translated into the classroom, and how they might interact with other factors to affect math self-efficacy. The present study attempts to fill this void.
Using National Education Longitudinal Study (NELS) data, I shall demonstrate that US high school students’ perceptions of their teachers’ emphasis on mathematics is strongly related to mathematic self-efficacy, especially for those whose parents do not have a university degree. I also find that socioeconomic background and type of school interact to affect self-efficacy. Specifically, students whose parents do not have a degree but attend private schools demonstrated lower levels of self-efficacy in comparison to their public-school counterparts. 

[bookmark: _Toc120699157]Self-Efficacy and the Learning Environment
Self-efficacy is defined as an individual’s belief in their capacity to master an academic subject, such as mathematics (Schultz 2005). Mathematics self-efficacy pertains to the ability to study mathematics and complete mathematics-oriented tasks, such as solving a mathematic problem or succeeding in math-related courses (Betz and Hackett 1983; Kvedere 2014; Pajares 2006).  Students’ beliefs regarding their academic capabilities affect their academic performances and learning process if only because it constrains what they believe they can accomplish (Pajares 2005). In this matter, Bandura (1986) contends that motivation and behavior affect each other reciprocally, where performance reflects perceptions of one’s abilities and self-efficacy is in turn influenced by their performance. There is convincing evidence that mathematics self-efficacy predicts mathematics outcomes, behavior, and choices (Hall and Ponton 2005). It is also highly correlated with students’ academic choices, especially with respect to science-based academic majors (Hall and Ponton 2005). In particular, people with a strong sense of mathematics efficacy are more likely to aspire to participate in STEM fields (Trusty and Niles 2003; Lent, Lopez, Brown, and Gore 1996). Because STEM occupations are in high demand in the labor market and tend to be characterized by relatively high income, mathematics self-efficacy is also an indirect predictor of income, lifestyle, and chances for social mobility. 
Given the importance of mathematics self-efficacy for future occupational and lifestyle outcomes, it is important to understand the sources of self-efficacy. Self-efficacy has been shown to mediate the influence of perceived classroom environment on performance (Bong 2008).  In particular, classroom environment contributes to students' self-efficacy on the basis of social comparison (Shunck and DiBenedetto 2016), the class level of mastery oriented, whether the classroom environment is perceived as challenging (Meyer, Turner, and Spencer 1997), and the degree to which students perceived their classroom as a caring environment (Crosnoe, Johnson, and Elder 2004). Overall, classrooms that allow for much social comparison tend to decrease self-efficacy among students who perceived their performance as lower than others (Shunck and DiBenedetto 2016). On the other hand, perceiving one's classroom learning as challenging leads to stronger beliefs in one's academic abilities (Meyer, Turner, and Spencer 1997), mainly because participating in challenging activities allows students to see their improvement in a subject (Shunck and DiBenedetto 2016). 
Finally, studies indicate that students who perceive their teachers as caring and have positive relationships with their teachers have higher academic efficacy. Students in a caring environment are more likely to seek help when they need and are more likely to feel supported by their teachers which increase their levels of efficacy (Crosnoe, Johnson, and Elder 2004; Pianta, Hamre, and Stuhlman 2003). Prior research has indicated the importance of students' perceptions of their teachers' performance goals to children’s personal goals, which mediated its effect on children's' efficacy beliefs (Friedel et al. 2007). Given that students experience the learning environment in different ways, subjective interpretations might influence how they respond to it, and shape self-efficacy as a result (Ames 1992; Bandura 1993, Fast et al. 2010). 
Teachers play an important role for self-efficacy and academic performance, both because they control the quality of instruction and because they are often role models for their students. Teachers who place a strong emphasis on effort and learning can encourage students to have a positive attitude towards learning and believe that effort leads to success. On the other hand, a teacher who places most emphasis on performance could create competition among peers that can undermine self-beliefs (Fast et al. 2010).
A teacher’s instruction is constrained by the schools in which they teach. Highly relevant to the current study, Schulz’s (2005) analyses of mathematic self-efficacy in OECD countries demonstrates that in some countries, between-school differences are significantly larger than within-school variation. Other research indicates that school characteristics such as average achievement, socioeconomic composition, and curriculum all impact mathematics self-efficacy (Recber, Isiksal and Koç 2018). Especially relevant to the current study, Lubienski, Lubienski and Crane (2008; see also Alt and Peter 2002; Chandler 1999) found significant achievement disparities among public, private religious, and private non-religious schools. They argue that private schools are more effective than public schools in motivating students, even after controlling for socioeconomic background. Concomitantly, Mahmood and Khatoon (2011) found that students in government schools had higher mathematics anxiety than those in private schools, arguing this difference could be explained by cultural and contextual factors.  
Differences in school effects at least partly reflect the socio-economic composition of the school (Crosnoe 2009; Agirdag, Van Houtte and Van Avermaet 2012; Benveniste et al. 2003). The schools that high socio-economic students attend tend to have better resources and more qualified teachers (Jennings et al. 2015; Owens 2018, Holloway et al. 2016). High socio-economic students also benefit disproportionately from their parents (Stock 2007; Tsai Smith and Hauser 2017; Carolan and Wasserman 2015). Parents influence the learning environment through their human, financial, social, and cultural capital (Zhu and Chiu 2019; Bandura et al. 2001; Holloway et al. 2016). They also influence their children’s beliefs, motivation, and field of study (Friedel et al. 2007; Bandura et al. 2001) which, in turn, helps shape academic efficacy (Friedel et al. 2010).  Highly educated parents are more likely to be involved in classroom activities, help their children with homework, and to read to their children (Holloway et al. 2016, Cheung and Andersen 2003). They also tend to have higher confidence in their own efficacy to promote their children’s academic development, which positively influences the academic efficacy and higher educational aspirations of their children (Bandura et al. 2001). 
To conclude, existing literature demonstrated the importance of teachers and the learning environment to students' academic-efficacy. Prior research showed that self-efficacy mediates the effect of students' perceptions of their teachers' goals on students' coping strategies in mathematics (Friedel et al. 2007), and that perceived increase in teacher’s goal emphasis at the class level, resulted in higher self-efficacy beliefs (Friedel et al. 2010). However, the effect of students' perceptions of teachers' emphasis, on students' mathematics self-efficacy have not been examined at the student level. 
Given findings indicating that students from different socioeconomic backgrounds disproportionately benefit from their parents (Carolan and Wasserman 2015; Stock 2007; Tsai Smith and Hauser 2017) through their human, financial, social, and cultural capital (Bandura et al. 2001; Holloway et al. 2016; Zhu and Chiu 2019) it is necessary to examine whether the relationship between students' perceptions of teachers' emphasis, on students mathematics self-efficacy is moderated by parental education (as a proxy of socioeconomic status). 
Finally, because students from different type of schools differ in their familial cultural capital and socioeconomic background (Agirdag, Van Houtte and Van Avermaet 2012; Benveniste et al. 2003; Crosnoe 2009), and because schools that high socio-economic students attend tend to have better resources and more qualified teachers, it is necessary to examine whether the effect of type of school on students' math-efficacy will be moderated by parental education.  
[bookmark: _Toc120699158]Research Questions
As mentioned above, the importance of mathematics efficacy derives from the fact that it is associated with future educational and occupational outcomes (Hafner 2008). While most studies focus on mathematics self-efficacy as a mediator or an explanatory variable of future outcomes, I examine the factors that affect students’ mathematics self-efficacy in order to allow a better understanding of disparities in educational choices and achievements. I investigate how students' perceptions of their teachers' emphasis on mathematics interacts with parental education and school characteristics to help shape students’ mathematics-efficacy. 	
I start by examining how students' perceptions of their teachers’ emphasis on mathematics are associated with mathematics self-efficacy, and whether this relationship is moderated by parental education. I hypothesize that the effect of students' perceptions of their teachers' emphasis will be strongest among students whose parents lack an academic degree. The underlying assumption of this argument is that students whose parents have a degree will demonstrate high levels of mathematics self-efficacy, largely because of a strong parental influence, regardless of their teachers' emphasis on mathematics. To acknowledge differences in familial cultural capital and socioeconomic background, I also examine whether the effect of type of school on students' mathematics-efficacy is moderated by parental education. 
I suggest that school characteristics will influence mathematic efficacy because schools differ in their levels of average achievement, funding, and quality of teachers. Accordingly, I hypothesize that compared to public school students, students from private schools will demonstrate higher mathematics self-efficacy. I further suggest that this effect will be lower among students whose parents have no degree.
[bookmark: _Toc120699159]Data and Methods
I use data from the 1988 and 1990 waves of the National Education Longitudinal Study (NELS). Data for the 1988 NELS were collected using a two-stage probability sample for which schools were initially sampled, and then students were randomly sampled within the selected schools. The sample was designed to be representative of eight-grade students (typically 14 years old) in the US in 1988 (Ingels et al. 1992). The 1988 data were collected by a set of self-administered questionnaires: one by the students themselves, one by their parents (1988 only), two by their teachers, and one by their school principal. Teacher and parental data are linked with the student data.  The NELS 1990 survey reinterviewed these same students in the tenth grade (typically 16 years old). Although the sample was freshened with students who were 10th-graders in 1990 (Curtin et al. 2002), I exclude these respondents from the analysis because I required information on parents that was only collected in the 1988 survey. 
The original 1988 sample includes 24,599 eighth grade students nested within 1052 schools, and the complete sample includes 18,221 tenth grade students nested within 1296 schools (Ingels et al. 1992). The analytical sample of the current study includes all 17,424 students who participated in both the 1988 and 1990 surveys. Moreover, although the data includes information on teachers for four basic subjects—history, English, science, and mathematics—the sample of the current study is limited to mathematics teachers only, which reduces the analytical sample to 4,527 cases. After removing missing data, the analytical sample includes 2,764 individuals nested within 1,628 teachers across 629 schools.
[bookmark: _Toc120699160]Dependent Variables
Mathematics self-efficacy, the dependent variable in this analyses, is an index constructed by a series of three items measured in 1990, asking students to state their level of agreement (1='false,' 2='mostly false,' 3='more false than true,' 4='more true than false,' 5='mostly true' 6='true') to the following statements: (a) “mathematics is one of my best subjects,” (b) “I have always done well in mathematics,” (c) “I get good marks in mathematics.” Confirmatory factor analysis of the three items shows that they are loaded to a single factor representing mathematics self-efficacy (see Appendix A for the factor loadings). To make the effects slightly easier to understand, the resulting factor is standardized (mean, standard deviation).[footnoteRef:1]  This measurement is also similar to scales for measuring mathematic self-efficacy used in previous research (Betz and Hackett 1983). [1: The high reliability of the measure is also indicated if used as a simple additive scale. In this case, the scale had the Cronbach's alpha reliability estimate was 0.912. Although I chose to use the standardized factor scores, the results are substantively the same regardless of the measures.] 

Math scores represent the standardized mathematic score achieved by student's cognitive test. The standardized scores reported in the database are transformations of the IRT (Item Response Theory) estimated number right score, which enable to calculate scores that could be compared regardless of which test form a student took.
Math proficiency represent the overall ratings of student's proficiency in mathematics (1= below level 1, 2= at level 1, but below level 2 and 3, 3= at level 1 and 2, but below Level 3, 4 = Proficient at all three levels). The proficiency scores provide a means of distinguishing total score gain, as measured by overall IRT-estimated number right scores and standardized scores, in a specific subject area. A student was assumed to have mastered a particular level of proficiency if at least three of the four items clusters of test questions were answered correctly, and to have failed at this level if two or more items were wrong. 
[bookmark: _Toc120699161]Explanatory Variables
Students' perceptions of teachers' emphasis on mathematics, the focal independent variable, was measured as an index of five constructs in the 1990 students’ questionnaire with the item: “In your most recent or current mathematics class, how much emphasis does/did your teacher place on each of the following objectives?” (a) "Increasing your interest in mathematics," (b) "Learning and memorizing facts, rules, and steps," (c) "Preparing you for further study in math," (d) "Thinking about what a problem means and ways it might be solved," (e) "Showing you the importance of mathematics in daily life." Possible responses to each of these items were 'none' (coded 0), 'minor emphasis’ (coded 1), ‘moderate emphasis’ (coded 2) and ‘major emphasis’ (coded 3). Confirmatory factor analysis reveals that the five items loaded to a single factor (see Appendix A for the factor loadings) that was then standardized to allow an accurate interpretation. Cronbach's alpha reliability of the five items was .
Parental Education was measured in 1988 as the highest value of father's and mother's levels of education. Each original variable included seven hierarchal categories indicating the highest level of education of each parent. I use a simple dummy regressor coded 1 for if at least one parent has a university degree, and 0 if neither parent has a degree. 
Individual-level Control Variables
Gender is coded as a dummy variable, with male as the reference category. 
Age was measured in 1990 as birth year. It is entered in the model as number of years. 
Enrollment in advanced mathematics is a simple dummy regressor coded 1 of enrollment in advanced, enriched, or accelerated mathematics courses and 0 for otherwise. 
General academic performance was measured as the average of the respondents’ self-reported grades from 1988 in four core fields: English, mathematics, science, and social studies. Each subject grade was computed by the NELS research team as a five points scale: A=, B=, C=, D=, mostly below D=. Due to the overlap between the student self-reported grade in math, and math score I used the computed value of the residual of academic performance to allow a more accurate interpretation of the result.
Family income was reported by the students’ parents in 1988. The original variable in the NELS dataset includes fifteen categories. I first recoded the variable to a continuous variable by scaling the categories from  (lowest category) to  (highest category), imputing the middle of each category. I use the log of this variable in the model.
Race the 1990 variable was constructed by the NELS research team, using the 1988 race variable in which students were asked to choose their race from the following categories: Asian or Pacific Islander, Hispanic, Black non-Hispanic, White non-Hispanic, American Indian. I then recoded the variables into four dummy regressors with Asian or Pacific Islander and American Indian combined into a single category, and white as the reference category.
School-related Variables
Type of school was reported by the school administrator and includes two categories: private and public (reference category in the models). 
School size is a categorical variable that taps the entire school enrollment in 1990 as reported by the school. The original variable included nine categories which I recoded to three categories: ‘less than 800’ (the reference category), ‘800-1599’ and ‘1600 or larger’ ‘less than 800’. 
Descriptive statistics for the sample are shown in Table 1.
[bookmark: _Toc120699351]Table 1: Descriptive Statistics of the Research Sample by Type of school
	Variable
	Type of school

	
	Public
	Private

	Mathematic self-efficacy
	.031
(1)
	.081
(1)

	Math score
	52.984
 (9.841)
	57.711
(8.53)

	Math proficiency
	2.437
(1.291)
	3.013
(1.115)

	Student Perceptions
	-.011
 (.994)
	.098
(.885)

	Academic performance (residual)
	0
).528)
	0
(.460)

	Household income (logged)
	10.295
(.791)
	10.885
) .789)

	Age
	16.323
(.536)
	16.221
(.435)

	Parental education
Degree
	
768
33.29
	
273
59.74

	Gender
Female
	
1,250 
54.18
	
232
50.77

	Enrolled in advance mathematics
	999
43.30
	184
40.26

	Race
	
	

	White
	1,724
74.73
	374
81.84

	Black
	167
7.24
	26 
5.69

	Hispanic
	249
10.79
	24 
5.25

	All others
	167
7.24
	33
7.22

	School size
	
	

	Less than 799
	727
31.51
	251
54.92

	800-1599
	1,034
44.82
	148
32.39

	1600+
	546
23.67
	58
12.69

	N
	2,307
	457


*Academic performance scale ranges from .5 to 4.
The descriptive statistics of the research variables presented in Table 1 point to several findings. First, in comparison to their public-school counterparts, private school students tend to have higher levels of mathematics self-efficacy and generally better math outcomes. The average score for perceptions of teachers’ emphasis on mathematics is also higher for private school students. Private school students also tend to come from higher educated and higher income families. On the other hand, the proportion of private school students who enrolled in advanced mathematic classes was lower than this of their public-school counterparts. Finally, the table demonstrate that the majority of students in the sample are white and attend public schools. 
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The analysis relies on a series of hierarchical linear models (HLM). All models account for the clustering of students within schools by including a random intercept for school. While students were also clustered within classrooms (and hence teachers), the models failed to converge when a random intercept for classroom is included because the number of students within them typically did not exceed 1[footnoteRef:2]. [2:  Supplementary analyses with both school and teachers as hierarchical levels in the data provided similar conclusions even if estimates of the variance components are fragile.] 

[bookmark: _Toc120699163]Results 
I start by predicting math proficiency and math scores. My goal here is twofold. First, before examining the effect of students' perceptions of math teachers' emphasis on students' mathematics efficacy, I reproduce previous findings, demonstrating that mathematics-efficacy affects student math score and math proficiency. I then assess if students' perceptions of teachers' emphasis have a direct effect on mathematics-efficacy. 
[bookmark: _Toc120699352]Table 2: HLM Models for Predicting Math Score and Math Proficiency by the Research Variables
	Math Proficiency
	Standardized Math Score
	

	Model 4
	Model 3
	Model 2
	Model 1
	Variable

	.354***
(.021)
	.365***
(.021)
	3.023***
(.156)
	3.078***
(.152)
	Math self-efficacy

	.046*
(.021)
	--

	.222
).154)
	--
	Students' perceptions

	-.047
(.038)
	-.041
(.038)
	-.533
).277)
	-.5059
(.276)
	Academic performance (residual)

	.363***
(.047)
	.363***
(.047)
	3.021***
(.336)
	3.021***
(.336)
	Degree

	 -.094*
(.041)
	 -.089* 
(.041)
	-.498
(.296)
	-.474
(.296)
	Female

	.362***
(.043)
	.360***
(.043)
	3.320***
) .308)
	3.314***
(.308)
	Advanced math

	.156***
(.028)
	.155***
(.028)
	1.477***
(.206)
	1.473***
(.206)
	Household income (logged)

	-.391***
(.039) 
	-.393***
(.039)
	-3.092***
) .284) 
	-3.101***
(.284)
	Age

	-.284***
(.076) 
	-.284***
(.076) 
	-2.545***
(.549)
	-2.544*** 
(.549)
	Hispanic

	-.636***
(.086)
	-.628***
(.086)
	-5.901***
(.623)
	-5.86*** 
(.623)
	Black

	-.041
.081
	-.034
(.081)
	.149
(.583)
	.179
(.582)
	Other

	
	
	
	
	Type of school

	.298***
(.069) 
	.304***
(.069) 
	2.327***
 (.513) 
	2.353*** 
(.514)
	Private school

	
	
	
	
	School size

	.048
(.058)
	.048
(.058) 
	.343
(.439)
	 .340
(.439)
	800-1599

	.013
(.070)
	.013
(.070)
	.309
(.525) 
	.312
(.526)
	Above 1600

	7.033***
(.740)
	7.071***
(.741)
	86.379***
(5.295)
	86.558***
(5.295)
	Intercept

	
	
	
	
	Variance components

	.110***
(.020)
	.112***
(.020)
	  7.418***
)  1.151)
	7.465***
(1.154)
	School variance

	8294.056
	8290.9
	19113.13
	19111.3
	AIC

	8394.771
	8385.691
	19213.84
	19206.09
	BIC

	2,764
	2,764
	2,764
	2,764
	N

	



Table 2 show results of Hierarchical Linear Models coefficients and standard errors for predicting math score and math proficiency as a preliminary stage of examining the research hypotheses. The findings indicates that math-efficacy has a positive and significant effect on both math score and math proficiency, such that the higher the student's math-efficacy, the higher their mathematic achievements. Higher levels of students' perceptions of their teachers' emphasis on math, are associated with higher math proficiency. However, no significant effect of students' perceptions of their teachers' emphasis on math score, was found.
The table also demonstrate that enrollment in advanced mathematics and high socio-economic background (parental education and family income), are associated with higher math score and higher levels of math proficiency. Similarly, in comparison to their public-school counterparts, students who enrolled in private schools demonstrated higher levels of both math score and math proficiency. 
[bookmark: _Toc120699353][bookmark: _Hlk127880433]Table 3: HLM Models for Predicting Mathematic Self-efficacy by the Research Variables
	Model 5
	Model 4
	Model 3
	Model 2
	Model 1
	

Variable

	(Parental degree)
Individual+
school level
	(No parental degree)
Individual+
school level
	(Parental degree)
Individual level
	(No parental degree)
Individual level
	Interaction with degree
	

	.159***
(.031)
	.269***
(.022)
	.160***
.030))
	.267***
(.022)
	 .264***
(.021)
	Students' perceptions

	
	
	
	
	.098*
(.040)
	Degree

	
	
	
	
	-.095*
(.038)
	Student perceptions*degree

	-.267***
(.054)
	-.317***
(.046)
	-.269***
(.054)
	-.313***
(.046)
	-.296***
(.035)
	Female

	.515***
(.055)
	.452***
(.047)
	.506***
(.054)
	.  .451***
.047))
	.479***
(.036)
	Enrolled in advanced mathematics

	.282***
(.057)
	.107*
(.042)
	.281***
(.057)
	.105*
(.042)
	.160***
(.033)
	Academic performance

	.005 
(.041)
	.013 
(.030)
	.020 
(.039)
	.004 
(.030)
	.012 
(.024)
	Family log income

	-.166**
(.060)
	-.059 
(.042)
	-.167** 
(.059)
	-.048 
(.042)
	-.090** 
(.034)
	Age

	-.023 
(.113)
	-.121 
(.076)
	-.049 
(.111)
	-.118
(.073)
	-.088 
(.063)
	Hispanic

	-.302*
(.127)
	-.071 
(.087)
	-.304*
 (.127)
	-0.90
(.087)
	-.136 
(.072)
	Black

	.059
.087))
	.086 
(.110)
	.041
 (.087)
	.080 
(.109)
	 .080
(.070)
	All others

	
	
	
	
	
	Type of school

	.071 
(.070)
	-.159* 
(.077)
	
	
	-.041 
(.053)
	Private school

	
	
	
	
	
	School size

	-.014 
(.065)
	-.124*
(.054)
	 
	 
	-.089* 
(.043)
	800-1599

	-.092 
(.078)
	-.074
(.068)
	 
	
	-.090 
(.053)
	Above 1600

	2.70* 
(1.102)
	.900 
(.787)
	2.561* 
(1.100)
	.733 
.785))
	1.388* 
(.637)
	Intercept

	
	
	
	
	
	Variance components

	.003***
(.021)
	.019***
(.017)
	.005***
(.021)
	.020***
(.017)
	.021***
(.011)
	School variance

	2745.827
	4779.855
	2732.603
	4771.558
	7491.056
	AIC

	2820.046
	4861.632
	2791.978
	4836.98
	7591.771
	BIC

	1,041
	1,723
	1,041
	1,723
	2,764
	N

	
	



Table 3 shows results of Hierarchical Linear Models coefficients and standard errors for predicting mathematics self-efficacy by the research variables. Results from model 1 indicate a significant interaction effect between perceptions of teachers' and parental education. The effect of students' perceptions of their teachers' emphasis on mathematics, on mathematics self-efficacy, is stronger among student whose parents have no college degree. Results from model 2 support the first research hypothesis, indicating that the higher the students' perceptions of the teachers' emphasis on mathematics, the higher the students' mathematics self-efficacy. In addition, the comparison of the coefficients of students' perceptions of the teachers' emphasis on mathematics in model 2 (students whose parents have no degree) with the same coefficient in model 3 (students whose parents have a degree) indicates that as hypothesized, the effect of students' perceptions of their teachers' emphasis on mathematics, on mathematics self-efficacy, is stronger among student whose parents have no degree. This finding indicates that teachers matter more for low SES students and illuminate the important role of teachers in the process of shaping mathematics self-efficacy among low SES students, which has critical implications for their future educational and occupational achievements.
In addition to the main research hypothesis, models 2 and 3 also indicate a positive and significant effect of enrollment in advanced mathematics, and academic performance, on mathematics self-efficacy. The effect of academic performance on mathematics self-efficacy is higher among students whose parent have a degree (model 3) in comparison to student whose parents have no degree (model 2). Both model 2 and model 3 show that girls exhibit lower levels of mathematics self-efficacy in comparison to their male counterparts, and that the family log income and age have no significant effect on mathematics self-efficacy.
Model 4 and model 5 account for school level variables. As hypothesized, students from different types of school demonstrated different levels of mathematics-efficacy. The effect of type of school on mathematics self-efficacy is moderated by parental education. Students from private schools whose parents have no degree significantly demonstrated lower levels of mathematics self-efficacy. No significant effect of students from private schools whose parents have a degree was found on mathematic self-efficacy, however. 
Models 4 and 5 also demonstrate other interesting effects that are moderated by parental education. Most importantly, academic performance has a stronger impact among students whose parent have a university degree. Although girls tend to exhibit lower levels of mathematics self-efficacy than boys regardless of parental education, the difference is largest among students whose parent has no degree. Also, Black students have much lower levels of self-efficacy than both white and Hispanic students. On the other hand, race has no impact on the self-efficacy of students whose parents are uneducated. Interestingly, household income has no direct effect on self-efficacy regardless of parental education.   


[bookmark: _Toc120699375]Figure 1: The effect of students’ perceptions of their teacher’s emphasis on mathematics, on mathematics self-efficacy, by parental education. Fitted values derived from Models 4 (neither parent has a university degree) and 5 (at least one parent has a degree). Shading around the fitted lines represent the 95 percent confidence intervals.
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The impact of parental education and perceptions of teacher’s math emphasis on self-efficacy, is plotted in Figure 1, which shows fitted values from Models 4 (neither parent has a university degree) and 5 (at least one parent has a university degree). As the slopes indicate, students whose parents do not have a degree are the most affected by their perceptions of teachers. That is, the difference in efficacy associated with parental education is most marked if students do not feel their teachers put much emphasis on mathematics. In this case, students of educated parents have much higher levels of self-efficacy. Parental education has no effect on self-efficacy if students perceive their teachers as having put much emphasis on mathematics, however.
[bookmark: _Toc120699164]Summary and Discussion
The main purpose of this study was to examine whether students' perceptions of their teachers' emphasis on mathematics, and the type of school they attend, are associated with differences in students' mathematics self-efficacy, and whether these effects are moderated by parental education. The study builds upon the literature on self-efficacy, specifically mathematics self-efficacy, which highlights the importance of students' beliefs regarding their capabilities in mathematics as a predictor of future educational choices and career paths. The study explores differences in students' mathematics self-efficacy at both individual and school levels, and posits that such differences are rooted, among other things, in the cultural capital of the family.   
The study yielded three main findings. First, it demonstrates the association between students' perceptions of their teachers' emphasis on mathematics and mathematics self-efficacy, such that the higher the student perceived their teachers' emphasis on mathematics, the higher their mathematic efficacy. Unlike prior research, which examined students' perceptions of their teachers' goal emphasis at the group-level (Friedel et al .2010), I examined students' perceptions at the individual level (individually for each student), providing a clearer explanation for such differences. 
Second, the results indicate that the effect of students' perceptions of their teachers' emphasis on mathematics, on mathematics self-efficacy, is stronger among student whose parents have no degree. This finding implies that high SES students (whose parents have a degree) demonstrate higher levels of mathematics self-efficacy regardless of their teachers' emphasis on mathematics. A plausible explanation for such a finding is rooted in the family’s human, financial, and cultural capital. The literature shows that parents from higher socioeconomic backgrounds tend to be more involved in their children's' school activities, help their children with homework, and read to them (Holloway et al. 2016). They also hold higher levels of parental efficacy to promote their children’s academic development and have higher educational aspirations for their children (Bandura et al. 2001). While high SES students largely draw their academic efficacy from their parents, the finding suggests that low SES students, who are less likely to draw their sources of mathematics self-efficacy from home, mostly depend on their mathematics teacher in class. As such, the finding demonstrates the importance of teachers in shaping the mathematics self-efficacy of low SES students. 
This finding is even more crucial when considering the linkage between mathematics efficacy and future educational and occupational outcomes, specifically participation in high income occupations and STEM degrees. If people with higher mathematics-efficacy are more likely to aspire to participate in STEM fields (Trusty and Niles 2003; Lent et al. 1996), which are in high demand in the labor market and are characterized by high levels of income, the consequences for low SES students who exhibit lower levels of mathematics self-efficacy go beyond the short-term effect of high-school achievements to differences in future lifestyles and chances for social mobility.
Third, aiming to examine the effect of school-level variables, I examined the effect of type of school on mathematics efficacy. The findings demonstrate differences in mathematics efficacy across students from different type of schools and different levels of parental education. Students from private schools whose parents have no degree demonstrated lower levels of mathematics self-efficacy in comparison to public school students whose parents have no degree (model 3). 
As shown in table 1, in comparison to public school students, private schools’ students come from high-income families. While past studies have shown that between-school differences in mathematics self-efficacy derive from the fact that schools differ in their levels of achievements, students’ socioeconomic backgrounds, and their type (Recber, Isiksal and Koç 2018), others found that such difference relate more to social class than school type (Benveniste et al. 2003). In other words, students from high socioeconomic backgrounds are enrolled in better schools in the first place, and therefore demonstrate higher levels of mathematics self-efficacy. 
If that were the case, I would have found higher levels of mathematics self-efficacy among students from private schools whose parents have no degree instead of their public-school counterparts (the omitted category). The findings therefore suggest that differences in mathematics efficacy across students from different types of schools (whose parents have no degree) are rooted in a different mechanism. 
This argument is supported by recent studies on disadvantaged students who enrolled in private schools on a government funds basis (voucher programs) which showed that they demonstrated lower mathematics achievements after moving from public to private schools. This applies in several states in the United States. For example, a study that examined the effect of the Louisiana Scholarship Program (LSP) which provide funds for disadvantage student to enroll private schools, showed that LSP vouchers significantly reduces students' academic achievements. Specifically, it lowers math scores by an average of 0.41 standard deviations and reduces achievements in reading, science, and social studies one year after the lottery in both early and later graders (Abdulkadiro˘glu, Pathak, and Walters 2018). The authors explained this gap by the lower tuition that the LSP private participating schools charge, which is associated with math achievement effects. This suggests that the LSP attracts a negatively selected group of private schools with substantial negative achievement effects (Abdulkadiro˘glu, Pathak, and Walters 2018). 
The rational choice theory, however, suggests that when facing a decision, parents calculate the costs and benefits of various options. Others have indicated that when choosing schools for their children, parents rely on their personal values, desired goals of education, and their social networks from which they collect the relevant information to decide (Bosetti 2004). 
In their book "Public and Private High Schools: The Impact of Communities", Colman and Hoffer (1987) discussed the allocation of children from different backgrounds to public and private schools in the United States. They suggested that in the process of school choice, there is a shift from ascriptive organization to purposive organization, such that parents choose their children schools on the basis of values and curricula, rather than on the basis of residential area. This mostly applies in private non-religious schools and public schools of choice. 
As a result, the school represents a 'value community' which refers to "a collection of people who share similar values about education and childbearing but who are not a functional community" (Colman and Hoffer 1987: 10). Functional communities provide solid social resources, in which norms, sanctions and rewards, shape children's lives. Functional community increases the resources available to parents, specifically with regard to their interaction with school, monitoring their children behavior, and establishing relevant actions to socialize their children. The parents who need these resources most are those with least personal resources- little education, little money, and little self-confidence (Colman and Hoffer 1987). While such parents may send their children to a private non-religious school because they concur with its values, they often have no social relationships with one another, neither with other parents of the school, and could not describe a functional community. As a result, these parents are significantly deprived from the absences of the resources that such communities provide. 
Colman and Hoffer (1987) also showed that while the median income of parents of private sector in the US is higher than the public sectors, private schools enroll large numbers of students from less privileged backgrounds. They suggested that low SES student who enrolled in private schools carry a stigma as a result of their parent's social class position, that may result in lower self-confident.
Another plausible explanation considers differences in familial cultural capital. Prior research suggests that school choice reflects the needs, values, and interests of particular groups, which privileges families who have the social and cultural capital to use the educational system as a tool for reproducing their social class and secure their relative advantage (Bosetti 2004). Bourdieu's theory of cultural capital and social reproduction suggests that "the culture of the dominant class is transmitted and rewarded by the educational system [and that] …the acquisition of cultural capital and consequent access to academic rewards depend on the cultural capital passed down by the family” (Dumais 2002: 44). 
Bordieu's cultural capital theory suggested that cultural capital is transmitted from parents to their children, and that higher class homes are therefore associated with higher academic achievements (Sullivan 2001). Studies have shown that the intergenerational transmission of cultural capital is embedded, among other things, in cultural activities and skills purchased at home and varies by social class, such as reading, linguistics skills, and participation in cultural activities such as gallery, concert, and theatre attendance (Sullivan 2001).
The association between cultural capital and academic achievements is also rooted in the process of parental educational decision making.  Drawing on their cultural capital, middle- and high-class parents communicate better with educational professionals and are more likely to extract critical information about schools. Parents with higher levels of social and cultural capital are found to be more proactive and well-informed, and they rely on their social networks for additional information about schools. Their economic capital occupies an important role as they can move to live near their preferred school and pay the required tuition for better schools, which are usually characterized by better educational achievements (Seghers, Boone and Van Avermaet 2019). 
I therefore argue that the lower levels of mathematics self-efficacy demonstrated among low SES students who enrolled in private schools could be explained by the three factors discussed above, lower levels of parental cultural and social capital, low self-confidence, and lower mathematics achievements.
Several limitations of this research deserve mention. First, the focal predictor of mathematics self-efficacy in the current study – students' perceptions of their teachers' emphasis on mathematics – represent the students' perceptions of their teachers' emphasis instead of the teachers' actual emphasis on mathematics in class, as determined by the school curriculum. As such, one may argue that the association between students' perceptions of teachers' emphasis and mathematics efficacy is rooted in the differentiation in the subjective perceptions of the student, such that students from different socioeconomic backgrounds inherently differ in their perceptions of their teachers' emphasis on mathematics, and in turn, exhibit differences in mathematics efficacy. 
While I recognize the potential predicting power of "objective" school emphasis on mathematics, determined by the school curriculum for example, I consciously chose to focus on students' perceptions of their teachers' emphasis, providing an individual-level explanation for differences in mathematics efficacy. This choice is based on educational and social-psychological studies (Urdan and Midgley 2003; Friedel et al. 2010) which demonstrated the importance of students' personal perceptions of their teachers' emphasis in class. Such studies indicated the importance of the psychological environment perceived by students within a specific classroom (Friedel et al. 2010), which stem, among other things, from the fact that students are sensitive to the emphasis that their math teachers place on different math tasks. Further study could continue to examine the effect of teachers and school-level emphasis on mathematics, on mathematics efficacy.
Second, the current study has furthered our understanding of some of the sources of students' mathematics self-efficacy and demonstrates the differentiation of such effects among students from different socioeconomic backgrounds. While this study examines the effect of students' perceptions of their teachers' emphasis on mathematics cross-sectionally, further research could examine longitudinally the impact of students' perceptions on mathematics self-efficacy, to further advance the understanding of such determinants on educational and occupational choices and trajectories across the life-course.
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[bookmark: _Toc120699386]Appendix A: Standardized Factor Loadings of Mathematics Self-efficacy and Students' Perceptions of Teachers' Emphasis on Mathematics.
	Item
	Mathematics 
Self-efficacy
	Students' Perceptions of Teachers' Emphasis on Mathematics

	1. 'Mathematics is one of my best subjects'
	0.867

	

	2. 'I have always done well in mathematics'
	0.861

	

	3. 'I get good marks in mathematics'
	0.860
	

	1. 'Increasing your interest in mathematics'
	
	0.707


	2. 'Learning and memorizing facts, rules, and steps'
	
	0.600


	3. 'Preparing you for further study in math'
	
	0.740


	4. 'Thinking about what a problem means and ways it might be solved'
	
	0.705

	5. 'Showing you the importance of mathematics in daily life'
	
	0.676


N=2,764
*All factor loadings are significant at .
Source: National Education Longitudinal Study 1988 and 1990. 
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1. [bookmark: _Toc120699168]Teachers' in-class Emphasis on Math and Students' Mathematic Self-Efficacy
Drawing on achievement goals and motivational beliefs theories that suggest students are motivated to achieve in math based on utility (i.e., when they perceived math as important to life outside the classroom) and mastery (i.e., when they believe they are capable) this study examines the relationship between teachers' emphasis on mathematics and mathematic-efficacy of high-school students in the US. I examine the impact of these two types of teachers' in-class emphasis on mathematics, on students' mathematics self-efficacy. I find that students' math-efficacy is affected by their teachers' emphasis on conceptual mathematic knowledge (mastery experience) rather than emphasis on the importance of math to life outside the classroom (utility). 
[bookmark: _Toc120699169]Introduction
There is considerable evidence that classroom practices encourage positive motivation (Stipek 1996) and suggests that instructional practices affect students’ motivation for learning (Schweinle et al. 2006). For example, it has been demonstrated that the emphasis teachers place on mathematics through instructional practices affects their students' achievements (Friedel et al. 2010; Hill et al. 2005). Moreover, teachers’ pedagogical knowledge, and the practices used in mathematics class, are positively associated with students’ mathematical achievement over time (Hill et al. 2005). Teachers create classroom instructional context using various strategies, which include giving feedback and evaluation, support for autonomy and competence, and emphasis on task importance (Schweinle et al. 2006).
[bookmark: _Toc120699170]Teachers' in-class Emphasis and Student Motivation for Learning Mathematics
Teachers' in-class emphasis on mathematics has important implications for students' motivation for learning mathematics and their future career choices. These are especially related to aspirations in science, technology, engineering, and mathematics (STEM) fields. Students are motivated to achieve in math when they believe they are capable and when they perceive math as important (McKeller et al. 2019).
While past research demonstrated the relationship between in-class practices and students' math achievements (Friedel et al. 2010; Hill et al. 2005), little is known on the effect of teachers' in-class emphasis on students' mathematics self-efficacy. Therefore, studying the behavioral and psychological mechanisms linking teachers' practices with students' math beliefs is necessary for understanding how to enhance positive impact on students' math attitudes and beliefs (Gunderson et al. 2012). I therefore examine whether teachers’ in-class emphasis on math influences students' mathematic-efficacy. This is especially important due to the well-established relationship between math- efficacy and students' educational achievements.
The literature links two types of teachers' in-class strategies to students’ motivation to learn and succeed in mathematics. The first strategy is related to the application of mathematic tasks to life outside the classroom. Applying mathematics to real-life problems can increase students’ perceptions that mathematics is an important subject and raise their interest in mathematics (Csikszentmihalyi 1997). Specifically, teachers can emphasize the relevance of mathematic tasks to life outside the classroom by encouraging students to form meaningful conceptual relationships rather than to focus solely on mathematic procedures (Kazemi and Stipek 2001). This constitutes their task importance, which includes activities that students considered personally important, and constitute their utility value of mathematics— their perception of the usefulness of mathematics for long-term goals such as college major and career (Lazarides, Buchholz and Rubach 2018; Wigfield and Eccles 2002). When teachers present students with a clear idea of how tasks are important to their goals, they encourage student engagement in the field and raise students' motivation to learn mathematics (Schweinle et al. 2006).
Findings from prior research on the association between emphasis on the applicability of math and its impact on students' math achievements reveal that students with higher utility value of mathematics demonstrated higher mathematics scores (O’Dwyer, Wang, and Shields 2015). In addition, emphasis on the value of mathematics enhances student motivation to learn mathematics and engage in mathematics tasks (Schweinle et al. 2006). 
The second practice deals with increasing students' focus on learning and understanding mathematical concepts and can be understood within the framework of conceptual mathematics knowledge (Hattie 2009; Hiebert 2003). Conceptual knowledge in math refers to the understanding of core principles and the relationships among them (O’Dwyer, Wang, and Shields 2015). It is also referred to as basic knowledge of mathematical arrangement, with regard to relationship and interconnection of mathematical ideas which enables one to explain and bring meaning to mathematical procedures (Zulnaidi and Zamri 2017). Finally, it allows the student to select the right technique for the situation, and combine new information (O’Dwyer, Wang, and Shields 2015). 
Prior research has indicated that students tend to differently develop and understand certain concepts and sub-fields in math due to differences in lesson structures, as well as the depth and scope of the subjects explained in class (Zulnaidi and Zamri 2017). Teaching practices of developing conceptual knowledge examined in past studies include challenging mathematic assignments, opportunities to apply learning and solve unique problems, writing equations and word problems (Lubienski, 2006; O’Dwyer, Wang, and Shields 2015), and letting students discuss the reasons underlying their answers to mathematics questions and tasks.
Findings from research on the relationship between instructional practices of conceptual knowledge and its impact on math achievements reveal that teachers' emphasis on math conceptual knowledge, such as 'write equations and functions to represent relationship' and 'work on problems for which there is no immediately obvious method of solution' were both associated with higher mathematics scores (O’Dwyer, Wang, and Shields 2015). More specifically, the researchers found that a one-point increase in teachers’ practice of having their students 'write equations and functions’ were associated with an increase of 0.33 standard deviations (O’Dwyer, Wang, and Shields 2015). Providing students with opportunities to solve problems and talk with each other about their approaches, as well as helping students see the associations between concepts and mathematical symbols were also linked to higher achievements (Fennema, et al. 1996).  
In sum, the existing literature reveals different sub-components of teachers' in-class practices and their relation to students' motivation (Schweinle et al. 2006; Wigfield and Eccles 2002), understanding, and achievements in math (O’Dwyer, Wang, and Shields 2015). Findings from prior research indicate a vast array of such practices, including, but not limited to, teachers' enthusiasm (Lazarides, Buchholz and Rubach 2018), feedback and evaluation, support for autonomy or control, provision of challenge, support for competence (Schweinle et al. 2006), math conceptual knowledge (O’Dwyer, Wang, and Shields 2015), and the applicability of math to life outside the classroom (Kazemi and Stipek 2001; Wigfield and Eccles 2002).  
While past studies demonstrated the importance of the two practices discussed here (applicability of math to life outside the classroom and emphasis on math conceptual knowledge), I choose to examine the unique effect of each practice while providing a holistic approach in examining them both. Such an approach allows to examine students' external (importance to life outside the classroom) and internal (focus on learning and understanding mathematical concepts) motivations. Moreover, while earlier studies examine different types of teachers' in-class practices and their relations to students' math scores and math achievements, these in-class practices were rarely examined in relation to students' mathematics self-efficacy. 
[bookmark: _Toc120699171]Mathematics Self-Efficacy
Self-efficacy refers to people’s judgments of their capabilities to attain different types of performances (Bandura 1986). Such self-beliefs shape peoples' choices, determine the level of effort they invest, and their persistence while facing a challenge (Usher and Pajares 2008). In “Self-efficacy: The Exercise of Control,” Bandura (1997) describes four major sources of self-efficacy— mastery experience, vicarious experience, social persuasion, and emotional arousal. Bandura describes "mastery experience" as the most influential source, in which significant experiences of success or failure shape individuals' efficacy in a specific domain. While a successful performance tends to strengthen and increase individual's self-efficacy, a failure tends to decrease it (Bandura 1997; Usher and Pajares 2008).
Individuals with high self-efficacy tend to think of themselves as capable of dealing with challenges and difficulties, and attribute experiences of successes and failures to themselves rather than the environment (Zimmerman et al. 1992; Bandura 1997). Those with low self-efficacy, however, are more likely to think of themselves as powerless and incapable and see their lives as products of external forces which are beyond their control (Gecas 2003).
In the educational sphere, scholars emphasize on mathematics self-efficacy as a key predictor of educational and occupational outcomes, specifically in pursuing STEM majors and careers (Lent et al. 1996; Trusty and Niles 2003; Wang 2013). Mathematics self-efficacy refers to self-beliefs in learning mathematics and completing a mathematics-oriented task, such as solving a mathematical problem, and succeeding in mathematics-related courses (Betz and Hackett 1983; Pajares 2006). 

[bookmark: _Toc120699172]Research Hypotheses
As previously stated, the importance of mathematics efficacy is rooted in its role of shaping students' future educational and occupational outcomes, specifically their likelihood of pursuing STEM careers (Hafner 2008). 
The literature demonstrates two main instructional emphases of math high-school teachers in class: emphasizing the importance of mathematics to life outside the classroom and emphasizing on conceptual mathematical knowledge. To allow a distinct examination of the two types of emphasis which enhance students' external (importance to life outside the classroom) and internal (focus on learning and understanding mathematical concepts) motivations, I simultaneously examine the effect of each practice on students' mathematics-efficacy.
While past studies examined teachers' instructional practices on students' math achievements, this was rarely examined in relation to students' mathematics efficacy, which has a critical role in shaping students' future goals (McKeller et al. 2019). To better understand this issue, I examine whether teachers’ in-class emphasis on math—i.e., emphasizing the importance of math for life outside the classroom, and emphasizing conceptual mathematic knowledge—is associated with students' math efficacy and math performance. I examine the unique effect of both types of emphasis because I aim to provide a holistic approach that demonstrates findings on both students' external (importance to life outside the classroom) and internal (focus on learning and understanding mathematical concepts) motivation and contribute to the understanding of the impact of teachers' instructional practices on students' math-efficacy.
Thus, the first research hypothesis suggests that teachers' emphasis on the applicability of math to life outside the classroom is positively related to mathematic self-efficacy. Because prior research has demonstrated that due to differences in lesson structures and the depth to which the material is explained in class, students tend to differently develop and understand math concepts (Zulnaidi and Zamri 2017), the second research hypothesis suggests that teachers' emphasis on math conceptual knowledge is positively associated with math-efficacy, such that the higher the teachers' emphasis on math conceptual knowledge, the higher their students' math-efficacy. 
[bookmark: _Toc120699173]Data and Methods
I analyzed data from the 1988 and 1990 waves of the National Education Longitudinal Study (NELS), which were collected from randomly sampled students within selected schools. The sample is representative for all eight-grade students (typically 14 years old) in the US in 1988 (Ingels et al. 1992) and includes a set of self-administered questionnaires from the students themselves, one of their parents (1988 only), two of their teachers, and their school principal (teacher and parental data are linked with the student data). Highly relevant to the current study, the NELS provide a wide scope of teachers' background information and characteristics, as well as their in-class emphasis on mathematics.
[bookmark: _Toc120699174]The Analytical Sample
The initial 1988 sample includes 24,599 eighth grade students nested within 1,052 schools. In 1990 the NELS survey reinterviewed students who participated in the 1988 study, then in the tenth grade (typically 16 years old). Although new 10th-graders responders were added to the data pool in 1990 (Curtin et al. 2002), I excluded these respondents from the analysis because I required information on parents that was only collected for the original 1988 responders. Thus, the analytical sample of the present study only includes students who participated in both the 1988 and 1990 surveys (N= 17,424). Although the data includes information on teachers of four basic subjects—history, English, science, and mathematics—I limited the sample to mathematics teachers only, which reduced the analytical sample to 4,527 cases. After removing missing observations, the analytical sample includes 2,411 individuals nested within 1,238 teachers across 619 schools.
[bookmark: _Toc120699175]Dependent Variables
Mathematics self-efficacy, the dependent variable, is an index constructed from three items measured in 1990, asking students to state their level of agreement (1='false,' 2='mostly false,' 3='more false than true,' 4='more true than false,' 5='mostly true' 6='true') to the following statements: (a) “mathematics is one of my best subjects,” (b) “I have always done well in mathematics,” (c) “I get good marks in mathematics.” Confirmatory factor analysis of the three items shows that they are loaded to a single factor representing mathematics self-efficacy (see Appendix B for the factor loadings). To make the effects slightly easier to understand, the resulting factor is standardized (mean, standard deviation).[footnoteRef:3] Cronbach's alpha reliability was .904. This measure is similar to scales used to measure mathematic self-efficacy in previous research (Betz and Hackett 1983). [3: The high reliability of the measure is also indicated if used as a simple additive scale. In this case, the scale had the Cronbach's alpha reliability estimate was 0.912. Although I chose to use the standardized factor scores, the results are substantively the same regardless of the measures.] 

Math scores[footnoteRef:4] are the standardized mathematic scores achieved on student's cognitive tests. Each mathematics achievement test included 40 multiple-choice questions, with a maximum allotted testing time of 30 minutes. The examination content areas included word problems, graphs, equations, quantitative comparisons, and geometric figures. Some questions could be answered by simple application of skills or knowledge; others required more advanced levels of problem solving or comprehension (Ingels et al. 1994). Raw scores achieved on tests which vary in average difficulty are not comparable to each other. Thus, the NELS data report standardized scores which are transformations of the Item Response Theory (IRT) scale and was calibrated using the PARSCALE software[footnoteRef:5]. [4:  Math score is the dependent variable in table 5. I use it to establish the importance of math-efficacy for math achievement.]  [5:  “IRT uses the pattern of right, wrong, and omitted responses to the items actually administered in a test form, and the difficulty, discriminating ability, and “guess-ability” of each item to place each student on a continuous ability scale” (Zigarelli 1996:108). It is then possible to estimate the score the student would have achieved for any arbitrary subset of test items calibrated on this scale. Thus, IRT scoring produces possible measurement of gains in achievement over the two-year time span of the survey, even though the tests used were not identical at the two points in time, which enables the calculation of scores that could be compared regardless of which test form a student took (Ingels et al. 1994).
] 

[bookmark: _Toc120699176]Explanatory Variables
Teachers’ emphasis on learning math was measured as an index of twelve constructs in the 1990 teachers' questionnaire. Teachers were asked: "How much emphasis do you give to each of the following objectives?". Possible responses to each of these items were 'none' (coded 1), 'little emphasis’ (coded 2), ‘moderate emphasis’ (coded 3) and ‘major emphasis’ (coded 4). Explanatory factor analysis reveals that nine of the twelve items are loaded into two factors (see Appendix B for the factor loadings), one represents 'emphasis on the applicability of mathematics to life outside the classroom', and the other 'emphasis on mathematic conceptual knowledge'. Cronbach's alpha reliability of the first factor was .781 and of the latter .700. I used the standardized factor scores to allow an accurate interpretation.
Parental Education was measured in 1988 as the highest value of father's and mother's levels of education. I use a simple dummy regressor coded 1 for if at least one parent has a university degree, and 0 if neither parent has a degree. 
Individual-level Control Variables
Gender is coded as a dummy variable, with male as the reference category. 
Age is measured in years. 
Enrollment in advanced mathematics is a dummy variable coded 1 for enrollment in advanced, enriched, or accelerated mathematics courses and 0 for otherwise. 
Academic performance was measured by the average of the respondents’ self-reported grades from 1988 in four core fields: English, mathematics, science, and social studies. Each subject grade was computed by the NELS research team as a five-point scale: A=, B=, C=, D=, mostly below D=. Due to the overlap between self-reported grade in math, and actual math score academic performance was orthogonalized using the residuals from its regression on math score.
Family income was reported by parents in 1988. The original variable in the NELS dataset includes fifteen categories. Each category includes a low- and higher-income values (i.e., $1,000 - $2,999). I scaled each category from  (lowest category) to  (highest category) and used the average value of each category to recode the variable as a continuous. The scale was logged before entering the models.
Race was divided into four categories: Hispanic, Black non-Hispanic, White (non-Hispanic), and other, with White as the reference category. 
Teacher-related Control Variables
Gender is coded as a dummy variable, with male as the reference category. 
Race teachers were asked to choose the category that best describe their race. As with students, race was divided into four categories: Hispanic, Black (non-Hispanic), White (non-Hispanic), and other, with White as the reference category.
Age is a three categories variable: older than 55, 40-55, and younger than 39 (the reference category).
Certified in math teachers were asked to indicate whether they are certified in math in the state in which they teach. The variable is coded as a dummy variable with 'not certified in math' as the reference category.
Years taught at secondary level was coded into three categories: zero to nine (reference category), nine to eighteen, and eighteen plus.
Master's degree is a dummy variable, coded 1 for holding a master's degree and 0 for 'not holding a master’s degree.
School-related Variables
Type of school includes three categories: private religious, private non-religious schools and public (reference category in the models). 
School size is a three-category variable that taps the entire school enrollment in 1990: ‘less than 800’ (the reference category), ‘800-1599’ and ‘1600 or larger’. 
[bookmark: _Toc120699177]Method
I estimate Hierarchical Linear Models (HLM) to account for the multilevel nature of the data (Woltman et al., 2012). All models specify a random intercept to account for the clustering of students within schools[footnoteRef:6].  [6:  While students were clustered within classrooms (and hence teachers), the models failed to converge when a random intercept for classroom is included because the number of students within them typically did not exceed 1.
] 

In order to establish the importance of math-efficacy for math achievement, I first reproduce previous findings showing that mathematic-efficacy affects students' math- score. I estimate three HLM models with students' math-score as the outcome variable. All three models specify a random intercept (table 5). I then turn to examine the research hypotheses by estimating a series of HLM models, specifying a random intercept, to examine whether teachers' emphasis on the importance of mathematics to life outside the classroom, on conceptual mathematical knowledge affects math-efficacy (table 6). 
Table 4 shows the descriptive statistics of the research variables.
[bookmark: _Toc120699354]Table 4: Descriptive Statistics of the Research Sample
	Variable
	Mean
(SD)
	Proportion

	Mathematic self-efficacy 
	0.37
(1.00)
	

	Math Score
	53.767
(9.765)
	

	Teachers’ emphasis on math 1:
Applicability of math to life outside the classroom
	-.017
(.990)
	

	Techers’ emphasis on math 2:
Math conceptual knowledge
	.041
(.984)
	

	Academic performance (residual)
	.002
(.520)
	

	Family income (logged)
	10.373
(.809)
	

	Age
	16.306
(.522)
	

	Female
	
	54.04

	Parental education
	
	

	Degree
	
	37.08

	Enrolled in advanced mathematics
	
	42.97

	Race
	
	

	White
	
	77.15

	Hispanic
	
	9.66

	Black
	
	6.26

	Others
	
	6.93

	School size
	
	

	Less than 799
	
	34.72

	800-1599
	
	43.26

	1600+
	
	22.02

	N
	
	2,411


[bookmark: _Toc120699178]Results
[bookmark: _Toc120699355]Table 5: HLM Models for Predicting Math Scores by the Research Variables
	Variable
	Model 1
	Model 2
	Model 3

	Math self-efficacy
	--
	3.031***
(.160)
	2.850***
(.153)

	Teachers’ emphasis on math 1:
Applicability of math to life outside the classroom
	--
	--
	-1.241***
(.174)

	Techers’ emphasis on math 2:
Math conceptual knowledge
	--
	--
	2.727***
(.179)

	Female
	-1.146***
(.330)
	-.345
(.311)
	-.429
(.297)

	Degree
	3.158***
(.376)
	2.949***
(.351)
	2.507***
(.337)

	Enrolled in advanced math
	4.821***
(.338)
	3.288***
(.325)
	2.853***
(.312)

	Academic performance (Residual)
	.185
(.338)
	-.445
(.289)
	-1.026***
(.278)

	Age
	-3.303***
(.332)
	-2.948***
(.301)
	-2.632***
(.288)

	Hispanic
	-2.443***
(.663)
	-2.178***
(.590)
	-2.069***
(.564)

	Black
	-5.804***
(.745)
	-5.574***
(.695)
	-5.443***
(.664)

	Others
	1.109
(.647)
	.703
(.628)
	.563
(.600)

	Family income (logged)
	1.508***
.235
	1.503***
(.219)
	1.193***
(.210)

	Teachers’ characteristics 
	
	
	

	Female 
	.339
(.371)
	.430
(.346)
	.165
(.332)

	Hispanic
	-.335
(1.408)
	-.687
(1.313)
	-1.169
(1.257)

	Black
	-3.615**
(1.173)
	-2.506*
(1.095)
	-3.152***
(1.048)

	Others
	-2.713
(1.531)
	-2.455
(1.428)
	-2.366
(1.366)

	Teachers’ age
	
	
	

	55 or older
	-2.008*
(.815)
	-1.843*
(.760)
	-1.962**
(.729)

	40-54
	-1.181
(.527)
	-1.244*
(.491)
	-1.174*
(.470)

	Certified in mathematics
	4.730*
(1.986)
	3.477
(1.853)
	2.572
(1.773)

	Years taught at secondary level
	
	
	

	9-18
	2.473***
(.497)
	2.331***
(.464)
	1.748
(.445)

	18+
	2.998***
(.650)
	3.185***
(.607)
	2.519
(.582)

	Master’s degree held
	.883*
(.387)
	.584
(.362)
	.941
(.347)

	School characteristics
	
	
	

	Private school
	2.477***
(.620)
	2.406***
(.578)
	1.938***
(.555)

	School size
	
	
	

	800-1599
	-.241
(.478)
	-0.31
(.478)
	-.170
(.459)

	Above 1600
	-.100
(.606)
	.121
(.565)
	-.070
(.542)

	Intercept
	83.2338***
(6.345)
	78.864***
(5.921)
	78.642***
(5.655)

	Variance components
	
	8.709***
(1.327)
	

	School variance 
	9.983***
(1.531)
	8.709***
(1.327)
	8.137***
(1.231)

	AIC
	16922.36
	16591.83
	16377.48

	BIC
	17067.05
	16742.31
	16539.53

	N
	2,411
	2,411
	2,411


Table 5 shows results of Hierarchical Linear Models coefficients and standard errors for predicting math score by the research variables. I fit data from the complete sample in three nested models. Model 1 accounts for all math score predictors at the three hierarchical level estimated in the present study (students, teachers, and schools). The model indicates that girls demonstrated lower levels of math scores in comparison to boys. Students from high socio-economic status (those from high income families and those whose parents have a degree) demonstrate higher levels of math scores, and so did students who enrolled in advanced mathematics classes and attend private schools.
Model 2 adds math-efficacy as a focal predictor of math-score in order to reproduce previous findings showing that math-efficacy affects students' math score. Results from model 2 are consistent with past studies which demonstrated mathematics self-efficacy as a focal predictor of students' achievements. Mathematic self-efficacy is positively related to student math performance, such that the higher their math-efficacy, the higher their math performance. This finding demonstrates the importance of math-efficacy to students' math performance which has major implications for students' future educational achievements, specifically their likelihood of getting a university admission and pursuing STEM careers. 
Model 2 also shows a reduction in the effects of the research variables on math score when accounting for math-efficacy, demonstrating that math-efficacy mediates the effect of gender, socioeconomic status, enrollment in advanced mathematics and student ethnic background on math score.
In model 3 I add the two types of teachers' in-class emphasis: the applicability of math to life outside the classroom and teachers' emphasis on math conceptual knowledge as a preliminary step of examining the research hypotheses. The findings show that teachers' emphasis on the applicability of math to life outside the classroom (TE1) has a negative and significant effect on math scores, meaning that higher levels of teachers' emphasis on the applicability of math to life outside the classroom are associated with lower math performance of their students.
On the other hand, teachers' emphasis on conceptual mathematical knowledge (TE2), is positively associated with math scores, such that higher levels of emphasis are associated with higher math score. Females and ethnic minorities demonstrated lower math scores in all three models.
Controlling for teachers' characteristics revealed that the higher the teacher's age and seniority the higher the student's math scores. Teachers' gender and ethnic background have no significant effect on math score, besides a negative effect that was found among students whose teachers ethnic background was Black.


[bookmark: _Toc120699356]Table 6: HLM Models for Predicting Mathematics Self-efficacy by the Research Variables
	Variable
	Model 1
Without teachers’ emphasis
	Model 2
With teachers’ emphasis

	Teachers’ emphasis on math 1: Applicability of math to life outside the classroom
	--
	.002
(.022)


	Techers’ emphasis on math 2:
Math conceptual knowledge
	--
	.087***
(.023)

	Female
	-.261***
(.039)
	-.262***
(.039)

	Degree
	.083
(.044)
	.064
(.044)

	Enrolled in advanced math
	.500
(.040)
	.479***
(.040)

	Academic performance (Residual)
	.206***
(.037)
	.186***
(.037)

	Age
	-.115*
(.038)
	-.007
(.027)

	Hispanic
	-.100
(.072)
	-.103***
(.038)

	Black
	-.092
(.086)
	-.096
(.072)

	Others
	.123
(.079)
	-.090
(.085)

	Family income (logged)
	
	.120
(.079)

	Teachers’ characteristics 
	
	

	Female 
	-.032
(.041)
	-.048
(.041)

	Hispanic
	.116
(.160)
	.081
(.160)

	Black
	-.342
(.136)
	-.373**
(.136)

	Others
	-.066
(.176)
	-.070
(.175)

	Teachers’ age
	
	

	55 or older
	-.054
(.092)
	-.073
(.092)

	40-54
	.033
(.060)
	.031
(.060)

	Certified in mathematics
	.343
(.230)
	.333
(.230)

	Years taught at secondary level
	
	

	9-18
	.036
(.056)
	.015
(.057)

	18+
	-.068
(.074)
	-.083
(.074)

	Master’s degree held
	.086*
(.043)
	.098*
(.043)

	School characteristics
	
	

	Private school
	.031
(.062)
	.021
(.056)

	School size
	
	

	800-1599
	-.076
(.049)
	.062
(.046)

	Above 1600
	-.086
(.060)
	-.089
(.059)

	Intercept
	1.503*
(.749)
	1.433
(.747)

	Variance components
	
	


	School variance 
	.029
(.014)
	.029
(.014)

	AIC
	6730.156
	6728.307

	BIC
	6874.851
	6884.578

	N
	2,411
	2,411



Table 6 shows results of Hierarchical Linear Models predicting mathematics-efficacy. Model 1 accounts for all major predictors of math-efficacy at the three hierarchical level estimated in the present study (students, teachers, and schools), while model 2 adds the focal predictors of math-efficacy in the current study: teachers' emphasis on the applicability of math to life outside the classroom, and teachers' emphasis on math conceptual knowledge. 
Results from model 2 partially support the hypothesis that teachers' in-class emphasis on math is positively associated with students' math-efficacy. I find no significant effect of teachers' emphasis on the applicability of math to life outside the classroom on students' math-efficacy. On the other hand, teachers' in-class emphasis on conceptual mathematical knowledge is positively related to students' math-efficacy. 
This finding indicates that higher levels of teachers' in-class emphasis on conceptual mathematical knowledge (e.g., "understanding mathematical concepts" and "knowing mathematical facts, principles, and algorithms"), are associated with higher levels of students' math-efficacy. This means that students' self-beliefs in mathematics are affected by their sense of mathematics mastery (teachers' emphasis on learning and understanding math) rather than utility (importance of math to life outside the classroom).
Table 6 also shows that female students demonstrated lower levels of math-efficacy in comparison to boys.  Unsurprisingly, enrollment in advanced mathematics classes, and higher academic performance are associated with higher levels of mathematic efficacy. 
Similarly to table 5, controlling for teachers' characteristics revealed that teachers' gender and ethnic background have no significant effect on math-efficacy, besides a negative effect that was found among students whose teachers ethnic background was Black. In addition, higher levels of self-efficacy were found among students' whose teachers' hold a master's degree.
[bookmark: _Toc120699179]Summary and Discussion
The main purpose of this study was to examine the effect of teachers' in-class emphasis on mathematics on high-school students' mathematic self-efficacy. The study draws on achievement goals and motivational beliefs theories which suggest that students are motivated to achieve in math based on utility— when they perceived math as important to life outside the classroom, and mastery— when they believe they are capable (McKeller et al. 2019). The study focused on the effect of teachers' in-class emphasis on students' mathematics efficacy because math-efficacy occupies a major role in shaping students' future educational and occupational outcomes, specifically their likelihood of pursuing STEM careers (Hafner, 2008). As such, this study aims to shed light on the in-class teaching practices that enhance positive impact on students' math attitudes and self-beliefs (Gunderson et al. 2012). 
I demonstrate that students' self-beliefs in mathematics are affected by their sense of mathematics mastery (teachers' emphasis on learning and understanding math) rather than utility (importance of math to life outside the classroom). Consistent with past studies (Rutherford et al. 2020; Gao 2020; Joet, Usher and Bressoux 2011) I find that teachers' in-class emphasis on conceptual math knowledge (e.g., "understanding mathematical concepts" and "knowing mathematical facts, principles, and algorithms") was found to have a significant effect on students' mathematic-efficacy. However, I find no significant effect of teachers' emphasis on the applicability of math to life outside the classroom. 
I thus contribute new insights on this issue. The findings stand in contrast with the widely accepted argument regarding the importance of math utility to students' mathematic-efficacy and performance (Lazarides, Buchholz and Rubach 2018; Wigfield and Eccles 2002) and suggests that students' math-beliefs are rooted in their classroom environment. More specifically, I suggest that students' math-beliefs are mainly rooted in their in-class sense of mastery experience— students' experiences of success and failure in mathematics (Gao 2020).
While I demonstrate the importance of teachers' emphasis on conceptual mathematical knowledge, which contributes to students' sense of mastery and their level of mathematics efficacy, I recognize that it is not the mastery experience per se but rather students' interpretation of the experience that shapes their self-efficacy (Gao 2020). Acknowledging this limitation of the present study, further studies could examine students' perceptions of this emphasis and its effect on math-efficacy and performance.
The analysis also utilizes the public use NELS data collected in 1988 and 1990. While I recognize the possible limitations of using relatively dated data, I find the NELS an adequate data source for this study. Past research demonstrated that the formation of academic-efficacy beliefs, is shaped during adolescence, specifically when students transit into high-school. Because the NELS data trace students in their 8th, 10th, and 12th grades, they allow a precise measurement of self-efficacy, at the most accurate timing.  In addition, the NELS data provide a wide array of information on the three levels of analysis examined in the study —students, teachers, and schools, as well as a wide scope of teachers' background information and characteristics, such as their in-class emphasis on mathematics (the focal independent variable in this study). 
The results imply that if policy makers aim to encourage students to engage in mathematics related fields (e.g., STEM), math teachers' in-class practices should be focused on increasing students' sense of mastery, which in turn increases their math self-beliefs. Besides emphasizing on conceptual mathematical knowledge, this can be done by creating mastery-oriented classroom instruction, in which exploration and self-reflection are encouraged, and lead to increased confidence, greater effort, and sustained engagement (Bonnett, Yuill and Carr 2017).
The findings also have important implications for teachers' education and training, as they provide information about the importance of teachers' in-class emphasis on students' math-beliefs and their motivation to learn mathematics. Future teachers need to be trained and informed on how they can implement mastery orientation practices in- class (Lazarides, Buchholz and Rubach 2018), as it is positively related to students valuing mathematics learning, and students' math-efficacy.
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[bookmark: _Toc120699387]Appendix B: Standardized Factor Loadings of Mathematics Self-efficacy and Teachers’ Emphasis on Mathematics
	       Item
	Mathematics self-efficacy
	Teachers’ emphasis 1: Applicability of math to life outside the classroom
	Teachers’ emphasis 2: Math conceptual knowledge

	1. ‘Mathematics is one of my best subjects’
	.870
	
	

	2. ‘I have always done well in mathematics’
	.863
	
	

	3. ‘I get good marks in mathematics’
	.866
	
	

	1. ‘Becoming interested in mathematics’
	
	.586
	

	2. ‘Developing an awareness of the importance of mathematics in everyday life’
	
	.747
	

	3. ‘Developing an awareness of the importance of mathematics in the basic and applies sciences’
	
	.635
	

	4. ‘Learning about the application of mathematics in business and industry’
	
	.732
	

	1. ‘Understanding the logical structure of mathematics’
	
	
	.632

	2. ‘Understanding the nature of proof’
	
	
	.470

	3. ‘Knowing mathematical facts, principles, and algorithms’
	
	
	.538

	4. ‘Thinking about what a problem means and ways it might be solved’
	
	
	.558

	5. ‘Understanding mathematical concepts’
	
	
	.659


N=2,411
*All factor loadings are significant at .
Source: National Education Longitudinal Study 1988 and 1990. 
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1. [bookmark: _Toc120699183]Examining Mathematics Self-Efficacy as a Mediator and Moderator of the Gender Gap in STEM Education
[bookmark: _Toc120699184]Introduction
This study contributes to the current literature in three main aspects. First, it builds on prior research by examining math-efficacy as a mediator and a moderator of gender gaps in both enrollment and completion of STEM degrees. Earlier studies which examined the relationship between math-efficacy and STEM degrees were limited in their ability to examine both outcomes (Bettencourt et al. 2020; Lin et al. 2018; Riegle-Crumb and Peng 2021; Sakellariou and Fang 2021; Thompson 2021; Weeden et al. 2020). Studies that predicted both outcomes of enrollment or completion of STEM degrees either did not account for math-efficacy as a predictor, or focused on similar concepts, such as self-assessed math-ability (Weeden et al. 2020), gendered math-beliefs (Riegle-Crumb and Peng 2021), and self-confidence (Woford 2021). The present study is the first to examine math-efficacy as a mediator and a moderator of both outcomes: enrollment and completion of STEM degrees.
Second, the present study goes beyond the binary classification of STEM/non-STEM majors, that does not account for male-dominated or female-dominated sub-fields. When examining gender differences in STEM enrollment and completion, it is necessary to consider the vast array of STEM disciplines and the differences between male-dominated majors and female-dominated majors' profiles. The present study utilizes a three-category classification that account for such differences. I distinguish between physical STEM fields (e.g., computer sciences, engineering, math and physical sciences) which are considered male-dominated, BIO STEM fields (e.g., agriculture and related sciences, BIOs, health professions, and clinic sciences) which are considered more female-dominated, and non-STEM fields (e.g., arts, education, communication, and psychology). This strategy recognizes different gender profiles of STEM majors which are also considered gateways into different occupational paths and demonstrates the little agreement in the literature regarding STEM and non-STEM fields (Xie et al. 2015).
Third, the study utilizes data from five waves of the National Education Longitudinal Study (NELS), which enables the tracking of students over three critical points in time: (1) when they graduated from high school (1992), (2) when they entered post-secondary education (1994), and (3) when they graduate from a university or college (2000). Representative of the US student population, the NELS provides longitudinal data on both desired outcomes— major type in first post-secondary education institution, and major type of bachelor’s degree earned by the student. 
The general purpose of this study is to provide a better understanding of individuals' differences in educational pathways that may guide future research and policy makers on how to enhance female students' motivation to pursue STEM careers. The study draws on the Social Cognitive Career Theory (SCCT), which utilizes students' (mathematics) self-efficacy beliefs, as a focal predictor. Random effect logistic regression models are used to examine math-efficacy as a mediator and a moderator of gender differences in students' enrollment and completion of STEM degrees. Finally, I discuss the results and their implications to gender differences in STEM career paths. 
[bookmark: _Toc120699185]Theoretical Background
In the U.S., women are more likely than men to attend and complete college, but they are less likely to earn degrees in Science, Technology, Engineering, and Mathematics (STEM) fields (Weeden et al. 2020). Research indicates that within some STEM disciplines, such as life sciences and chemistry, women are now better represented than in the past, but are still very under-represented in physical STEM fields such as engineering, computing, and physics (Weeden et al. 2020; Franz-Odendaal, Blotnicky and Joy 2020). Regardless of the specific STEM sub-field, increasing the number of women in STEM is universally recommended for innovation in science and technology (Franz-Odendaal, Blotnicky and Joy 2020). 
Other research shows significant differences between men and women in enrollment and completion rates of STEM degrees. Mau (2016) indicated that in the U.S., out of a sample of 71,405 students enrolled in 2008, 30.7% (21,901 students) declared a STEM major. Among them, 36.1% were young men, in comparison to only 25.7% young women. 19.2% of all students who were sampled for the study successfully completed a STEM degree. However, while 22.6% of these students were men, only 16.2% were women (Mau 2016).
Similarly, Weeden et al. (2020) employed U.S. data and reported that 58.2% of young men who had declared a STEM/biomed major in 2006 completed a STEM/biomed degree from any institution in 2012. Only 42.5% of the young women who declared STEM/biomed majors in 2006, however, completed the degree six years later (in 2012). Only 37.7% of young men and 33.4% of young women who declared a health major in 2006 completed a health baccalaureate degree by 2012 (Weeden et al. 2020).
The growing demand for a workforce with advanced education in science and technology in times of rapid technological innovation, and the lack of understanding of women’s lower participation rates in some STEM disciplines, raises concerns and invites further research on the sources of this educational gap (Xu 2016). Students' math-beliefs are often put forward as a key predictor of students' enrollment and completion of STEM degrees (Riegle-Crumb and Peng 2021; Weeden et al. 2020). One of the most predominant theories on women’s career paths, which concerns self-efficacy as a focal predictor, is the Social Cognitive Career Theory (SCCT). Presented by Lent et al. (1993), SCCT focuses on interactive variables and paths that are involved in a person’s decision to enter a specific career field. Focusing on the interplay among a variety of personal, environmental, and behavioral variables (Lin et al. 2018; Lent et al. 2008), the theory holds that individuals tend to make educational and occupational choices that are consistent with their feelings of self-efficacy (Lin et al. 2018). Moreover, the level of efficacy that a person feels toward his or her academic performance and chosen career path influences the individual’s actual achievements. 
Lent, Lopez, and Bieschke (1993) provided the first empirical test of the social cognitive model (Sakellariou and Fang 2021) finding that mathematics self-efficacy is positively associated with students’ interest in mathematics and science-related activities, and selection of science-based academic majors (Sakellariou and Fang 2021). Lent, Brown, and Hackett (1994) examined a social cognitive model focused on self-efficacy to examine how career development is related to the formation of career-relevant interests. They found that career-relevant self-efficacy, along with outcome beliefs, are positively correlated to vocational interest, with self-efficacy expectations accounting for a large part of the variance in vocational interests. The SCCT thus provides a solid ground for the role of self-efficacy, specifically math-efficacy, in selecting a STEM major.
[bookmark: _Toc120699186]The Role of Confounders in Estimating the Effect of Gender on Enrollment and Completion of STEM Degrees
As previously stated, research on the gender gap in enrollment and completion rates of STEM degrees shows significant differences between men and women. Consistent with the Social Cognitive Career Theory (SCCT), studies discuss students' math-beliefs as a key predictor of students' enrollment and completion of STEM degrees. However, while past studies demonstrated gender differences in enrollment and completions of STEM/ non-STEM degrees, this relationship may be confounded by a number of factors.
A common explanation for gender differences in STEM enrollment and completion points to gender differences in prior academic achievements, specifically high-school math and science test scores, and enrollment in advanced mathematics classes (Ayalon 2003; Hyde et al. 2008). In the United States, girls' math test scores still fall slightly below boys', even though their math and science grades exceed those of boys (Ellison and Swanson 2010; Penner and Paret 2008). These differences in performance lead women to be less likely to enter and complete majors that require extensive math skills.
This ‘‘academic pipeline’’ explanation, which suggests that the gender gap in STEM is due to differences in prior performance, has received only limited support in recent research (Cannady, Greenwald and Harris 2014). Gender differences in high-school academic performance have actually declined and are currently too small to account for much of the gender gap in initial STEM major selection (Hyde et al. 2008; Weeden et al. 2020). Yet, the prevalence of the ‘‘academic achievement’’ argument in the public discourse about women’s underrepresentation in STEM necessitates its examination.
This relationship between school differences and STEM outcomes brings to the forefront the importance of type of school.  In the US, private schools have access to more resources, experience fewer teacher shortages, and benefit from smaller class sizes (Ketenci et al. 2020). Frequently, they have special programs that may influence students to choose STEM-related careers, and their students tend to outperform public schools in all major subject areas including science (Ketenci et al. 2020). Finally, private schools have higher quality instructional programs and more support for student learning compared to public schools. Moreover, there is evidence that funding and resource availability affect the extent to which students engage in STEM education. In addition, well-resourced schools usually offer wide arrays of math and science courses (Xie, Fang and Shauman 2015). Such studies provide compelling evidence that school context predicts achievement in STEM education.
There is also significant research that indicates interest and enrollment in STEM college majors is a function of race. Findings from a recent study showed that Asian students (73%) were more likely than White (38%) and other minority students (35%) to major in STEM fields (Mau et al. 2016). Evidence also points to racial disparities in persistence in STEM degree attainment (Ma and Liu 2016). White and Asian students have higher completion rates for STEM bachelor’s degrees than Black and Hispanic students.  Previous studies have shown that only 15 percent of Black students who chose STEM majors between 1995 and 1996 had completed a STEM bachelor’s degree by 2001, while 30 percent of White and Asian students had done so (Chen 2009). 
To conclude, the existing literature in the field highlights students' academic performance, students' SES, school type, and race/ethnicity as key predictors of STEM outcomes. Taken together with past studies, which indicated gender differences in STEM outcomes (Mau 2016; Weeden et al. 2020), this study considers highly relevant variables that may confound this relationship in order to provide a more reliable estimate of the gender effect on enrollment and completion of a STEM degree.  This is especially important because while the literature on gender differences in STEM outcomes is wide and established, very little is known about how predictors of STEM enrollment and completion may confound this relationship. 
[bookmark: _Toc120699187]The Relationship between Math-efficacy and Students' Enrollment in and Completion of STEM Degrees
The attitudes students have towards mathematics affect their course selections in high school, their future educational choices, and their likelihood of entering a STEM major (Franz-Odendaal, Blotnicky and Joy 2020). Students' math-beliefs may also affect their persistence in STEM, and their likelihood of completing a STEM degree in turn (Weeden et al. 2020). Extensive research has confirmed the role of students' math-beliefs in predicting enrollment in and completion of STEM degrees. However, math-beliefs are considered a general term that may include different concepts, often measured in different ways and mistakenly mixed with each other (Lent, Brown, and Gore 1997; Usher and Pajares 2009; Pajares 1996). Studies have examined different types of students' math-beliefs and self-assessments using measurements of self-assessed math-ability (Weeden et al. 2020), gendered math-beliefs (Riegle-Crumb and Peng 2021), self-confidence (Woford 2021), and math self-efficacy (Sahin, Ekmekci and Waxman 2017). 
The present study specifically focusses on students' math-efficacy because, unlike other concepts, math-efficacy judgments are consistent with, and tailored to, the domain of functioning (Pajares 1996). Math-efficacy refers to self-beliefs in learning mathematics and completing a mathematics-oriented task, such as solving a mathematical problem, and succeeding in mathematics-related courses (Betz and Hackett 1983; Pajares 2006).
The literature on the link between math-efficacy and STEM enrollment and completion is limited. In particular, longitudinal studies examining math-efficacy when retention in STEM is measured as degree completion, are needed (Larson et al. 2015). The few studies which specifically examined math-efficacy and STEM enrollment reported significant correlation between math-efficacy and choosing a STEM major.
Hackett (1985), for example, determined mathematics self-efficacy explained selecting science and mathematics-related majors. More recently, Sahin, Ekmekci, and Waxman (2017), indicated that students with higher levels of mathematics-efficacy were 1.33 times more likely to select a STEM major in college. Similarly, Blotnicky, Franz-Odendaal, and Joy (2018) found that students with high math-efficacy scores were 1.3 times more likely to pursue a STEM career than were those who had lower math-efficacy scores. Finally, Lin, Lee, and Snyder (2018) found that math-efficacy predicted the odds of choosing a STEM major, but did not predict the odds of choosing a non-STEM major. 
To conclude, despite many researchers dedicating themselves to studying the gender gap in STEM degrees, the current literature is limited in several ways. First, while earlier studies examined the link between students' math-beliefs and their enrollment in STEM programs, longitudinal studies examining STEM degree completion as the outcome are scarce (Larson et al. 2015). Second, among studies which have focused on students' self-beliefs, studies focused specifically on math-efficacy are needed. Third, the binary classification of STEM/non-STEM majors does not account for male-dominated or female-dominated sub-fields. It is therefore necessary to examining gender differences in STEM enrollment and completion while accounting for the vast array of STEM disciplines and the differences between male-dominated and female-dominated majors' profiles. Fourth, very few studies have tried to address the question of whether math-efficacy mediates the effect of gender on enrollment (and completion) of STEM degrees, let alone controlling for highly relevant predictors that may confound this relationship.
[bookmark: _Toc120699188]Research Questions and Hypotheses
This study examines whether math-efficacy mediates the effect of gender on enrollment and completion of STEM degrees. The first hypothesis (H1) suggests that math-efficacy mediates the effect of gender on enrollment in and completion of a STEM degree. In other words, I hypothesize that the effect of gender on enrollment and completion of physical STEM, BIO STEM and non-STEM degrees will decrease when adding math-efficacy. Consistent with past studies indicating the association between prior academic performance, students' socioeconomic status (Niu 2017), and school type (Kentenci et al. 2020), I aim to provide a more reliable estimate of the gender effect by examining whether math-efficacy mediates the effect of gender on enrollment and completion in models with and without confounders. I hypothesize that the mediation of math-efficacy will apply to both models with and without confounders.
I then examine whether the effect of math-efficacy on enrollment and completion in STEM/ non-STEM degrees interacts with gender across STEM sub-fields. Based on studies which showed that girls demonstrated lower levels of math-efficacy (Pajares and Graham 1999; Pajares and Miller 1994), and that the gender differences in math self-efficacy appear to emerge in late adolescence, the second research hypothesis (H2) suggests that the effect of math-efficacy on enrollment in bachelor’s degrees, will be higher among young women in physical STEM majors but not in BIO and non-STEM majors. In accordance with prior research, which showed that girls tend to have equal or even higher academic performance than boys (Sakellariou and Fang 2021; Freudenthaler et al. 2008), the third research hypothesis (H3) suggests that once already enrolled, the effect of math-efficacy on completing the degree will be lower among young women in physical STEM, BIO STEM, and non-STEM fields.
[bookmark: _Toc120699189]Data 
The analysis is based on data from the National Education Longitudinal Study (NELS), a nationally representative data set for all eight-grade students (typically 14 years old) in the U.S. in 1988 (Ingels et al. 1992), randomly sampled within selected schools. The data includes five waves of student surveys (1988, 1990, 1992, 1994 and 2000) and is based on self-administered questionnaires from the students themselves, one of their parents (1988 only), two of their teachers, and their school principal (teacher and parental data are linked with the student data). All variables included in this study are available in the publicly released NELS data. 
[bookmark: _Toc120699190]The Analytical Sample
The initial 1988 sample includes 24,599 eighth grade students nested within 1,052 schools. I use data from the longitudinal file which includes data from the base year collection and all four follow-ups (N=12,144) because variables relevant to the present study were measured in different points in time. Thus, the analytical sample of the present study only includes students who participated in all five surveys and had received a high school diploma by the third follow-up (1994). After removing missing observations, the analytical sample includes 3,035 individuals.
[bookmark: _Toc120699191]Dependent Variables
Enrollment was measured by students' major codes from 1994, at their first post-secondary institution. Major codes were regrouped into three categories following Riegle-Crumb and Peng (2021): Physical STEM (e.g., computer sciences, engineering, math, and physical sciences), BIO STEM fields (e.g., agriculture, BIOs, health professions, and related clinic sciences), and non-STEM fields (e.g., communication, education, psychology, and arts).
Completion is measured by students' self-reported major code from 2000, at the school where their first degree was earned. Major completion codes are identical to these of major enrollment and were regrouped into the same three categories of the enrollment outcome variable: Physical STEM, BIO STEM, and non-STEM. 
[bookmark: _Toc120699192]Explanatory Variables
Gender is coded as a dummy variable, with male as the reference category. 
Mathematics self-efficacy is an index constructed from three items measured in 1990, asking students to state their level of agreement (1='false,' 2='mostly false,' 3='more false than true,' 4='more true than false,' 5='mostly true' 6='true') to the following statements: (a) “mathematics is one of my best subjects,” (b) “I have always done well in mathematics,” (c) “I get good marks in mathematics.” Confirmatory factor analysis of the three items shows that they are loaded to a single factor representing mathematics self-efficacy (see Appendix C for the factor loadings). To make the effects slightly easier to understand, the resulting factor is standardized (mean, standard deviation).[footnoteRef:7] Cronbach's alpha reliability was .922. This measure is similar to scales used to measure mathematic self-efficacy in previous research (Betz and Hackett 1983). [7: The high reliability of the measure is also indicated if used as a simple additive scale. In this case, the scale had the Cronbach's alpha reliability estimate of 0.912. Although I chose to use the standardized factor scores, the results are substantively the same regardless of the measures.] 

Math scores are the standardized mathematic scores achieved on students’ cognitive tests. Each mathematics achievement test included 40 multiple-choice questions, with a maximum allotted testing time of 30 minutes. The examination content areas included word problems, graphs, equations, quantitative comparisons, and geometric figures. Some questions could be answered by simple application of skills or knowledge, while others required more advanced levels of problem solving or comprehension (Ingels et al., 1994). Raw scores achieved on tests which vary in average difficulty are not comparable to each other. Thus, the NELS data report standardized scores which are transformations of the Item Response Theory (IRT) scale, and was calibrated using the PARSCALE software.[footnoteRef:8] [8:  IRT uses the pattern of right, wrong, and omitted responses to the items actually administered in a test form, and the difficulty, discriminating ability, and “guess-ability” of each item to place each student on a continuous ability scale. It is then possible to estimate the score the student would have achieved for any arbitrary subset of test items calibrated on this scale. Thus, IRT scoring makes possible measurement of gains in achievement over the two-year time span of the survey, even though the tests used were not identical at the two points in time, which enables the calculation of scores that could be compared regardless of which test form a student took.] 

Science score are the standardized science scores achieved on students’ cognitive tests. Similarly to the math score, science raw scores achieved on tests which vary in average difficulty and are not comparable to each other. Standardized scores which are transformations of the Item Response Theory (IRT) scale and were calibrated using the PARSCALE software are reported.
Parental Education was measured in 1988 as the highest value of father's and mother's levels of education. I use a simple dummy regressor coded 1 for if at least one parent has a university degree, and 0 if neither parent has a degree. Studies have demonstrated a strong relationship between students' socioeconomic status and choice of major. Funding sources are critical while choosing a field of study, mainly because majors and courses may be constrained by them (Quadlin 2017). Moreover, students from lower SES families tend to choose colleges and majors based on occupational goals and are more likely to choose majors that are applicable to the labor market than students from higher SES backgrounds (Niu 2017). Finally, students’ choices of major are influenced by their family SES, and this effect has been shown to be long-lasting (Niu 2017). 
Individual-level Control Variables
Enrollment in advanced mathematics is a dummy variable coded 1 for enrollment in advanced, enriched, or accelerated mathematics courses and 0 for otherwise. 
Family income was reported by parents in 1988. The original variable in the NELS dataset includes fifteen categories. Each category includes lower and higher income values (i.e., $1,000 - $2,999), that were scaled from  (lowest category) to  (highest category). I used the average value of each category to recode the variable as a continuous one. The scale was logged before entering the models.
Race was divided into four categories: Hispanic, Black non-Hispanic, White (non-Hispanic), and other, with White as the reference category. 
[bookmark: _Toc120699193]Methods and Statistical Models
[bookmark: _Hlk118879611]Given the binary nature of the dependent variables (enrollment and completion) and the use of the NELS panel data, I estimate a series of random effect logistic regression models to examine the research hypotheses. 
I then follow the KHB (Karlson, Holm and Breen, 2012) method, which allows an unbiased comparison of same-sample nested models, between a model excluding confounders and a model including them (Karlson, Holm and Breen 2012). I examine the first research hypothesis by estimating four random effect logistic regression models for predicting enrollment in each of the three sub-fields: Physical STEM, BIO, and non-STEM (twelve models in total). Models 1 and 2 for each subfield account for the effect of female on enrollment in Physical STEM, BIO STEM, and non-STEM majors with no covariates. Models 3 and 4 account for the effect of female on enrollment in each sub-field, including the full set of covariates examined in the study. 
The KHB method also enables the decomposition of the difference in the logit coefficient, between a model excluding the mediator and a model including it, into a part attributable to confounding (the part mediated or explained by the mediator- e.g., math-efficacy) and a part attributable to rescaling of the coefficient (Karlson, Holm and Breen 2012). Finally, the method allows to decompose the total effect of an independent variable of interest (e.g., gender) on the dependent variable (e.g., enrollment/ completion), into its direct and indirect effect parts measured on the same scale. Thus, the method allows researchers to assess the percentage of mediation in nonlinear probability models such as logit models (Breen, Karlson and Holm 2013).
In order to examine whether the effect of gender on enrollment and completion of physical STEM, BIO STEM, and non-STEM degrees is mediated by math-efficacy, I estimate two nested models to predict enrollment; while models 1 and 3 exclude math-efficacy, model 2 and 4 include it (Table 8). Models 5-8 replicate models 1-4 other than using completion of the degree in each sub-field (Physical STEM, BIO, non-STEM) as the outcome variable.
[bookmark: _Hlk119065746]I then address the second research question by estimating logistic regression models of the research variables on enrollment and completion in each sub-field. To examine whether the effect of math-efficacy interacts with gender to affect enrollment and completion I estimate separate models for young men and women.[footnoteRef:9] Marginal effects of the logistic regression models are presented (in Tables 9 and 10) to allow the comparison of the coefficients across genders and across models of enrollment and completion.[footnoteRef:10]  [9: Logistic regression models with an interaction between gender and math-efficacy showed no significant effect. ]  [10:  The degree completion measure from 2000, is not conditional on enrollment in each sub-field in 1994, but rather on entering college in 1994. While some students may have changed their major over the years, the sample of students who completed the degree in 2000 is identical to that of students entering college in 1994. Marginal effects for predicting completion conditional on entering each sub-field in 1994 are presented in appendix D.] 



[bookmark: _Toc120699194]Results
[bookmark: _Toc120699357]Table 7: Descriptive Statistics by Gender.
	[bookmark: _Hlk93403796]
Variable
	Gender

	
	Men
	Women

	Enrollment
   Physical STEM
   BIO
   Non-STEM
	
20.21%
19.75%
 60.03%
	
5.38%
27.41%
67.21%

	Completion
   Physical STEM
   BIO
   Non-STEM
	
19.68%
16.85%
63.48%
	
5.32%
24.75%
69.92%

	Mathematics self-efficacy*

	.367
 (.858)
	.072
(.982)

	Math score
	.674
 (.836)
	.432
(.830)

	Science score
	.697
(.860)
	.256
(.886)

	Household income (logged)
	.469
(.776)
	.285
(.869)

	Enrolled in advance mathematics
	50.38%
	47.60%

	Parental education
   University Degree
	
57.73%
	
47.48%

	Race
	
	

	    White
	79.02%
	76.34%

	    Black
	6.89%
	7.58%

	    Hispanic
	4.52%
	7.81%

	    All others
	9.57%
	8.27%

	University Sector
   Public
   Private for-profit
Private non-profit
	
69.98%
2.60%
  27.41%
	
65.93%
4.86%
29.21%

	N
	1,306
	1,729

	*Continues variables are standardized to have a mean of 0 and standard deviation of 1 for the full sample. 


Table 7 displays the descriptive statistics of the research sample by gender. Among students who enrolled in a physical STEM major in 1994, 20.21% are young men, in comparison to only 5.38% young women. The proportion of young women who enrolled in a BIO STEM major in 1994, however, was larger (27.41%), than that of young men (19.75%). This also applies to young women who declared a non-STEM major (67.21%) in comparison to young men (60.03%). 
While the measurement of completion of the degree is unconditional on students' enrollment in each sub-field in 1994, the findings tell a similar story. 19.68 percent of those who completed a physical STEM degree are young men but only 5.32 percent are young women. On the other hand, 24.75 percent of the students who completed a BIO STEM degree, and 69.92 percent of those who competed a non-STEM degree, are young women, in comparison to only 16.85 percent and 63.48 percent (respectively) of young men. Although unconditional on enrollment, the increase in proportion of students who completed a non-STEM degree among both young men and women, implies that some students did not persists in their STEM major until completion of a degree. 
Table 7 also shows that the average level of math-efficacy is higher among young men, as are students' average math and science scores. The proportion of students who enrolled in advanced mathematics classes is also higher among young men. Finally, most students in the sample are white, though the proportion of non-whites is slightly lower among young men.


[bookmark: _Toc120699358]Table 8: Decomposition of the Direct and Indirect Effects of Gender on Enrollment in and Completion of Physical STEM, BIO STEM, and non-STEM Degrees
	No confounders

	
	
	Enrollment
	
	Completion

	
	
	Physical STEM
	BIO STEM
	Non-STEM
	
	Physical STEM
	BIO STEM
	Non-STEM

	1
	Gender Reduced (Excluding math-efficacy)
	-1.57***
(.132)
	.433***
(.089)
	.318***
(.076)
	5
	-1.521***
(.129)
	.488***
(.093)
	.303***
(.079)

	2
	Gender Full 
(Including math-efficacy)

	-1.38***
(.131)
	.469***
(.091)
	.231**
(.077)
	6
	-1.366***
(.129)
	.510***
(.094)

	.228**
(.080)


	
	Difference
	-.185***
(.032)
	-.028*
(.014)
	.086***
(.016)
	
	-.155***
(.029)
	-.022
(.014)
	.075***
(.015)



	
	Percentage of mediation of gender through math-efficacy
	11.78%
	-6.46%
	27.04%
	
	10.19%
	--
	24.75%

	
	N
	3,035
	3,035
	3,035
	
	3,035
	3,035
	3,035

	With confounders

	
	
	Enrollment
	
	Completion

	
	
	Physical STEM
	BIO STEM
	Non-STEM
	
	Physical STEM
	BIO STEM
	Non-STEM

	3
	Gender Reduced (Excluding math-efficacy)
	-1.38***
(.134)

	.495***
(.094)
	.201*
(.081)
	7
	-1.280***
(.135)
	.516***
(.097)

	.173
(.083)

	4
	Gender Full 
(Including math-efficacy)
	-1.30***
(.134)
	.522***
(.095)
	.152
(.081)
	8
	-1.223***
(.135)
	.537***
(.098)
	.137
(.083)

	
	Difference
	-.080
(.057)
	-.027
(.022)
	.048
(.035)
	
	-.057
(.043)
	-.020
(.018)
	.035
(.026)

	
	Percentage of mediation of gender through math-efficacy
	

	
	
	
	
	
	

	
	N
	3,035
	3,035
	3,035
	
	3,035
	3,035
	3,035



Table 8 shows results of two sets of nested models for predicting degree enrollment and completion using the KHB method (Karlson, Holm and Breen 2012), which allows an unbiased comparison of same-sample nested models between a model excluding confounders and a model including them, as well as the decomposition of the direct and indirect effect of the logit coefficient. The decomposition using the KHB method is based on several random effect logistic regression models for predicting enrollment in and completion of each category (physical STEM, BIO, non-STEM), compared to all other categories, including those not enrolling at all. Model 1 for predicting enrollment in a physical STEM major indicates that the effect of gender is -1.57. Controlling for math-efficacy in model 2 reduces the effect to -1.38, suggesting that math-efficacy mediates the effect of gender on enrollment in physical STEM by 11.78%. 
[bookmark: _Hlk119066019]Models 3 and 4 for each sub field, however, report the effect of gender on enrollment in physical STEM, BIO STEM, and non-STEM controlling for the full set of covariates examined in the model (math score, science score, parental education, enrollment in advanced math, family income, race, and school-type). Model 3, for predicting enrollment in a physical STEM major with controlling for all covariates, shows that the effect of gender is -1.38. When adding math-efficacy, the effect is reduced to -1.30. However, the difference between the reduced and full model is insignificant, demonstrating that when adding confounders, the mediation of math-efficacy on enrollment in a physical STEM major disappeared.
 In BIO STEM majors' enrollment, the comparison of the reduced and full model coefficients revealed that the effect of gender has actually increased (from .433 to .469). This applies to both models with (1 and 2) and without (3 and 4) confounders, demonstrating that math-efficacy does not mediate the effect of gender on math-efficacy on either enrollment in or completion of a BIO STEM degree, and that young women are less likely to enroll in BIO STEM majors.
Predicting enrollment in non-STEM degrees showed interesting results. While young women are more likely to enroll in non-STEM degrees (.318), the effect is reduced to .238 when adding math-efficacy, demonstrating that math-efficacy mediates 27.04% of the effect of gender on enrollment in non-STEM majors. While adding confounders, the significance of the difference between the reduced and full model coefficient disappears, as does the mediation of math-efficacy.
The story is similar for predicting completion. Results indicate that while predicting completion of a physical STEM degree, the effect of gender is reduced (from -1.521 to -1.306) when adding math-efficacy, such that math-efficacy mediates 10.19% of the effect of gender in models with no controls (models 5 and 6). When adding controls (models 7 and 8), the mediation becomes insignificant.  
Similarly to enrollment in BIO STEM, I find that the effect of gender increases when adding math-efficacy for predicting completion of a BIO STEM degree, indicating that math-efficacy does not mediate the effect of gender on completing a BIO STEM major for both models with (5 and 6) and without (7 and 8) confounders. Finally, models for completion of a non-STEM degree show that the effect of gender declines from .303 to .228 when adding math-efficacy to models with no confounders, and reveals that math-efficacy mediates 24.75% of the effect of gender on completing a non-STEM degree. Once controlling for the set of covariates, the difference becomes insignificant.


[bookmark: _Toc120699359]Table 9: Marginal Effects of Logistic Regression for Predicting Enrollment in Physical-STEM, BIO-STEM and Non-STEM Degrees
	
	Enrollment

	
	Physical STEM
	BIO STEM
	Non-STEM

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Variable
	Whole sample
	Young women
	Young men
	Whole sample
	Young women
	Young men
	Whole sample
	Young women
	Young men

	Math efficacy
	.033***
(.008)
	.025**
(.008)
	.041**
(.015)
	.022*
(.009)
	.023
(.012)
	.025 
(.014)
	-.048***
(.010)
	-.043*
(.025)
	-.062***
(.020)

	Math score
	.039***
(.012)
	.027*
(.013)
	.058*
(.023)
	-.041**
(.015)
	-.041
(.022)
	-.049*
(.022)
	.006
(.017)
	.021
(.023)
	-.005
(.026)

	Science score
	.036***
(.010)
	.012
(.009)
	.066**
(.021)
	.040**
(.013)
	.029
(.018)
	.061***
(.022)
	-.072***
(.014)
	-.042
(.025)
	-.119***
(.032)

	Enrolled in Advanced math
	.028*
(.011)
	.038**
(.012)
	.020
(.022)
	.018
(.016)
	.009
(.022)
	.032
(.023)
	-.049**
(.017)
	-.045
(.032)
	-.054*
(.028)

	Female
	-.119***
(.012)
	--
	--
	.091***
(.016)
	--
	--
	.033
(.017)
	--
	--

	Parental education
Degree==1
	-.015
(.012)
	-.002
(.012)
	-.034
(.024)
	-.002
(.017)
	-.035
(.024)
	.045
(.025)
	.015
(.019)
	.038
(.032)
	-.013
(.030)

	Household income logged
	-.014
(.007)
	-.006
(.007)
	-.026
(.015)
	-.012
(.010)
	-.007
(.013)
	-.017
(.015)
	.027*
(.011)
	.014
(.016)
	.044*
(.018)

	Hispanic
	.025
(.022)
	.005
(.022)
	.047
(.044)
	.006
(.030)
	-.025
(.041)
	.025
(.044)
	-.012
(.033)
	.020
(.044)
	-.071
(.054)

	Black, non-Hispanic

	.068**
(.024)
	.038**
(.018)
	.102
(.054)
	.065*
(.030)
	.056
(.039)
	.079
(.050)
	-.118***
(.035)
	-.096
(.064)
	-.176*
(.072)

	Others
	.001
(.018)
	.018
(.015)
	-.025
(.036)
	.101***
(.025)
	.089*
(.037)
	.111***
(.032)
	-.106***
(.029)
	-.115
(.070)
	-.100*
(.047)

	Private, for-profit
	.066*
(.031)
	.049
(.027)
	.094
(.065)
	-.049
(.041)
	-.064
(.052)
	-.043
(.077)
	-.011
(.046)
	.029
(.056)
	-.051
(.083)

	Private, non-profit
	-.030*
(.012)
	-.014
(.012)
	-.049
(.025)
	-.066***
(.018)
	-.091***
(.025)
	-.030
(.025)
	.095***
(.019)
	.103*
(.058)
	.078
(.033)

	N
	3,035
	1,729
	1,306
	3,035
	1,729
	1,306
	3,035
	1,729
	1,306



Table 9 shows the marginal effects of a random effect logistic regression for predicting enrollment in physical STEM (models 1-3), BIO STEM (models 4-6), and non-STEM (models 7-9) degrees. Using marginal effects after estimating logistic regression models shows the change in probability when the independent variable of interest increases by one unit (Mize et al. 2019). 
The findings indicate that young women are less likely to enroll in physical STEM in comparison to young men. Young women have 11.9 percentage-points lower probability for enrollment in physical-STEM fields, and 9.1 percentage-points lower probability for enrollment in BIO STEM majors. No significant effect of gender was found on enrollment in non-STEM majors. 
In addition, the results demonstrate the importance of math-efficacy for enrollment in STEM majors. The findings indicate that higher levels of math-efficacy are associated with higher probabilities of enrollment in STEM degrees. A one-unit increase in math-efficacy is associated with 3.3 percentage-points increase in enrollment in physical STEM, and 2.2 percentage points increase in BIO STEM. On the other hand, a one-unit increase in math-efficacy decreases the probability of enrollment in non-STEM fields by 4.8 percentage-points, suggesting that students with higher levels of math-efficacy are less likely to enroll in non-STEM majors. 
[bookmark: _Toc120699195]Does Math-Efficacy Interact with Gender to Affect Enrollment in Physical STEM, BIO STEM, and non-STEM Majors?
The findings partially support the second research question which examines whether the effect of math-efficacy on enrollment and completion of a STEM degree interacts with gender across STEM sub-fields. I hypothesized that the effect of math-efficacy on enrollment in STEM degrees will be higher among young women in physical STEM majors but not in BIO and non-STEM majors (H2). The results indicate, however, that a one-unit increase in math-efficacy is associated with 2.5 percentage-points increase in the probability of enrolling in physical STEM among young women, and 4.5 percentage-points increase among young men. This means that the effect of math-efficacy on enrollment in physical STEM is higher among young men. This also applies to non-STEM fields. A one-unit increase in math-efficacy is associated with 4.3 percentage-points decrease in the probability of enrollment in non-STEM among young women, and 6.2 percentage-points decrease among young men, demonstrating that in terms of choosing a major, math-efficacy matters more for young men. Finally, no significant effect of math-efficacy on enrollment in BIO STEM majors was found among neither young men nor women.
[bookmark: _Toc120699360]Table 10: Marginal Effects of Logistic Regression for Predicting Completion of Physical-STEM, BIO-STEM and Non-STEM Degrees 
	
	Completion

	
	Physical STEM
	BIO STEM
	Non-STEM

	
	10
	11
	12
	13
	14
	15
	16
	17
	18

	Variable
	Whole sample
	Young women
	Young men
	Whole sample
	Young women
	Young men
	Whole sample
	Young women
	Young men

	Math efficacy
	.023**
(.007)
	.011
(.007)
	.038**
(.015)
	.015 
(.009)
	.019 
(.012)
	.010
(.013)

	-.034*** 
(.010)
	-.030* 
(.013)
	-.044** 
(.017)

	Math score
	.031**
(.012)
	.019
(.012)
	.047*
(.023)
	-.017
(.015)
	-.033 
(.021)
	-.003
(.021)
	-.011 
(.017)
	.019
(.022)
	-.050 
(.026)

	Science score
	.053***
(.011)
	 .026*
(.010)
	.086**
(.021)
	.015
(.012)
	.010
(.018)
	.027
(.018)
	-.061*** 
(.014)
	-.035 
(.019)
	-.103*** 
(.023)

	Enrolled in Advanced math
	.024*
(.011)
	.022
(.011)
	 .026
(.022)
	.013
(.015)
	.046
(.022)
	-.026
(.021)
	-.040* 
(.017)
	-.069** 
(.023)
	-.001 
(.027)

	Female
	-.110***
(.012)
	--

	--
	.087***
(.015)

	--
	--
	.028 
(.017)
	--
	--

	Parental education
Degree==1
	-.025**
(.012)
	-.017
(.012)
	 -.037
(.024)
	.002
(.016)

	-.006
(.023)
	.012
(.023)
	.028 
(.019)
	.022 
(.025)
	.021 
(.029)

	Household income logged
	-.008
(.007)
	.001
(.007)
	-.027
(.015)
	-.010
(.010)
	-.012
(.013)
	-.011
(.014)
	.020 
(.019)
	.008 
(.014)
	.037* 
(.018)

	Hispanic
	-.004
(.024)
	.002
(.023)
	-.013
(.047)
	-.008
(.029)
	-.036
(.041)
	.042
(.041)
	.014 
(.034)
	.042 
(.044)
	-.031 
(.053)

	Black, non-Hispanic

	.057*
(.024)
	.049**
(.018)
	.027
(.061)
	.013
(.030)
	-.036
(.041)
	.103*
(.045)
	-.055 
(.035)
	-.014
(.042)
	-.155*
(.063)

	Others
	.014
(.017)
	.014
(.016)
	.015
(.033)
	.077**
(.024)
	.079** 
(.036)
	.081**
(.031)
	-.096*** 
(.028)
	-.101** 
(.038)
	-.103* 
(.042)

	Private, for-profit
	.068*
(.031)
	.044
(.027)
	.098
(.063)

	-.005
(.038)
	.012 
(.048)
	-.105 
(.085)
	-.057 
(.044)
	-.045
(.051)
	-.011**
(.082)

	Private, non-profit
	-.046***
(.013)
	-.008
(.011)
	-.098***
(.025)
	-.052**
(.017)
	-.069** 
(.024)
	-.025
(.024)

	.097*** 
(.019)
	.075**
(.025)
	.119 
(.029)

	N
	3,035
	1,729
	1,306
	3,035
	1,729
	1,306
	3,035
	1,729
	1,306



Table 10 shows marginal effects of a random effect logistic regression for predicting the completion of physical STEM (models 10-12), BIO STEM (models 13-15), and non-STEM (models 16-18) degrees. Measuring degree completion, conditional on entering each sub-field in 1994, indicated a low number of observations in each sub-sample. Thus, the results presented in table 10 show the probabilities for degree completion conditional on entering college in 1994, rather than entering each major sub-field.
The findings indicate that young women are less likely to complete a physical STEM degree in comparison to young men, and are more likely to complete a BIO STEM degree than young men. Young women have 11.0 percentage-points lower probability of completing a degree in physical STEM fields. On the other end, their probability for completing a BIO STEM degree is 8.7 percentage-points higher than young men for completing a BIO STEM degree. No significant effect of gender was found on completing a non-STEM degree. 
In addition, higher levels of math-efficacy are associated with higher probabilities of completing a physical STEM degree. A one-unit increase in math-efficacy is associated with 2.3 percentage-points increase in completing a physical STEM degree. On the other hand, a one-unit increase in math-efficacy decreases the probability of enrollment in non-STEM fields by 3.4 percentage-points, suggesting that students with higher levels of math-efficacy are less likely to complete non-STEM degrees. While enrollment in BIO STEM majors was associated with higher levels of math-efficacy, once already enrolled, math-efficacy has no significant effect on students' probability to complete a BIO STEM degree.
[bookmark: _Toc120699196]Does Math-Efficacy Interact with Gender to Affect the Completion of Physical STEM, BIO STEM, and non-STEM degrees?
Similarly to the case of enrollment, the findings partially support the third research hypothesis, which suggests that the effect of math-efficacy on the completion of STEM degrees will be higher among young women in physical STEM majors but not in BIO and non-STEM majors (H3). The results indicate a relatively strong effect of math-efficacy on completing a physical STEM degree among young men. A one-unit increase in math-efficacy is associated with 3.8 percentage-points increase in the probability of completing a physical STEM degree among young men. However, no significant effect of math-efficacy on completing a physical STEM degree was found among young women. 
With regard to completing a degree in a BIO STEM field, no significant effect of math-efficacy was found for either young men or young women. However, a one-unit increase in math-efficacy is associated with 3.0 percentage-points decrease in the probability of completing a non-STEM degree among young women, and 4.4 percentage-points decrease among young men. The stronger negative effect of math-efficacy on completing a non-STEM degree among young men shows that students with higher levels of math-efficacy are less likely to complete a non-STEM degree, and that this effect is strongest among young men.  
[bookmark: _Toc120699197]Summary and Discussion
The general purpose of this study was to provide a better understanding of gender differences in educational pathways, using math-efficacy as a focal mechanism that could enhance female students' motivation to pursue STEM careers. More specifically, the study examines the role of math-efficacy as a mediator and a moderator of the effect of gender on enrollment in and completion of STEM degrees, investigating whether a significant portion of the well-established gender differences in STEM education and careers are due to gender differences in students' math-efficacy.
Unlike past studies, the current study goes beyond the binary classification of STEM/non-STEM majors that does not account for male-dominated or female-dominated sub-fields, and examines gender differences in STEM education based on a three-category classification that accounts for different gender profiles of STEM majors.
The study draws on the Social Cognitive Career Theory (SCCT), which focuses on interactive variables and paths that are involved in a person’s decision to enter a specific career field, and suggests that individuals are more likely to make educational and occupational choices that are consistent with their self-efficacy (Lin et al. 2018).
Overall, the results demonstrate that math-efficacy mediates the effect of gender on enrollment and completion of physical-STEM and non-STEM degrees. Specifically, math-efficacy mediates the effect of gender on enrollment in physical-STEM by 11.78%, and by 10.19% for completion. This applies in models that specify female as a single independent variable. However, when adding covariates, the mediation of math-efficacy on enrollment and completion in both physical-STEM and non-STEM major becomes insignificant. 
The results further show that math-efficacy does not meditate the effect of gender on enrollment and completion of BIO STEM degrees. Though quite surprising, this finding is consistent with findings on young women's choices to enter STEM majors where women are overrepresented, such as the biological sciences, in which women encompass almost 60% of degree holders (Riegle-Crumb and Peng 2021).
The results extend the literature on the relationship between math-efficacy and the gender gap in STEM education, showing that higher levels of math-efficacy are associated with higher probabilities of enrollment in and completion of physical STEM degrees. In fact, math-efficacy is associated with 3.3 percentage-points increase in enrollment in physical STEM majors, and 2.3 percentage-points increase in completing a physical STEM degree.
The importance of the findings is further highlighted when considering the interaction between gender and math-efficacy, and its relation to outcomes of degree enrollment and completion. The effect of math-efficacy on enrollment in physical STEM degrees is found to be higher among young men. This finding contradicts the second research hypothesis, which suggested that the effect of math-efficacy on enrollment in STEM majors will be higher among young women, due to their initial lower level of math-efficacy and the math-intensive nature of physical STEM fields. 
One plausible explanation for this finding is related to the selection processes of young women entering STEM, or the "academic pipeline" explanation, which suggests that high-school academic achievements have long-lasting effects on the likelihood of persisting in college STEM degrees because these performances reflect skills and abilities that are important for college education (Weeden et al. 2018). If this is true, women who select, or are being selected into STEM majors, are those with higher high-school math and science performance, which could make math-efficacy a less important predictor of their likelihood to enroll in and complete a physical STEM degree.
The findings of the current study, however, do not support the academic pipeline explanation, showing that the effect of both math and science scores on enrollment in and completion of physical STEM degrees is higher among boys. This is consistent with Ma's (2011) research, which showed that, while almost 30 percent of male students intended to major in STEM fields during high school, in comparison to only 10 percent among women, in enrolling in a STEM college major, males experienced a significant rate decrease in persisting in that major, and this loss continued toward degree attainment. Females, on the other hand, did not experience any loss, but instead, a slightly higher proportion of females actually enrolled in their intended majors in STEM and persisted until degree attainment. Thus, overall, women are not more likely than men to leak out of the pipeline (Ma 2011). In fact, women and men have almost equal probability of transitioning from simply expecting to major in STEM fields to ultimately attaining their STEM degrees. As shown in Ma's (2011) study, 43 percent of women who initially enrolled in a major in STEM ultimately attained their degree, compared with 38 percent of men who did so. 
Another plausible explanation pertains to gender differences in the willingness to compete. Women are more likely to shy away from competition, and such gaps start early in life and persist over time (Isphording and Qendrai 2019). Because the study environment in STEM fields is perceived as more competitive, this may indeed lead to an observed difference in the persistence of females in STEM fields (in comparison to non-STEM). In line with this argument, Alon and DiPrete (2014) found that the intensity of competition for admission to specific majors, such as those in STEM fields, has a larger deterring effect on female than male applicants, and that competition has a stronger deterring effect on relatively lower-performing women than on lower-performing men. Women are also more likely to be discouraged by low relative performance and to switch fields in response to and seem to avoid the culture of STEM, choosing more female “intensive” subjects (Isphording and Qendrai 2019).
Overall, such studies collectively suggest that selection processes and the pure intensity of competition in high-performing environments may affect women more considerably than men. If this is correct, factors such as degree persistence, math and science performance, and willingness to compete mitigate the effect of math-efficacy for young women compared to young men in enrolling in and completing STEM degrees.
Moreover, young women were found to have a better knowledge of STEM careers that required math or science than young men. Blotnicky, Franz-Odendaal, and Joy (2018) showed that, in comparison to male high-school students, more girls indicated that individuals in STEM careers (e.g., engineers) used math and science very often, and that math and science are an important requirement for pursuing a career in STEM fields. If girls equally perform in math and science, as recent literature shows (Sakellariou and Fang 2021; Freudenthaler et al. 2008), one may think that such differences are rooted in the different effect of math and science performance on young men’s and women's enrollment in STEM. 
As in the academic pipeline explanation, the findings of the present study show that the effect of math and science scores on enrollment in physical STEM programs is also higher among young men, suggesting that other mechanisms (e.g. socialization processes and familial expectations) may underlie this relationship (Van Der Vleuten et al. 2016). While such mechanisms are beyond the scope of this study, future research in the field may examine their impact.
Finally, the findings show that no significant effect of math-efficacy on completing a physical STEM degree was found among young women. However, the effect of math-efficacy on completion in physical STEM degrees was relatively high among young men. This finding suggests that once women are already enrolled in STEM majors, their math-efficacy does not affect their probability of completing the degree. The finding thus highlights the importance of narrowing the gender gap in STEM education at earlier stages such as high-school and program entry, when students face their major program choice.
The results of the present study have three implications that could help reduce gender disparities in STEM degrees. First, the positive relationship between math-efficacy and enrollment in STEM majors found in this study and existing literature, indicates that interventions supporting female students' math-efficacy could impact increased STEM major selection. Second, the study demonstrates that in order to narrow the gender gap in STEM education, efforts and interventions should take place at early stages, when students' face major choice and program entry. Third, scholars should embrace STEM classifications that go beyond the STEM/non-STEM categorization to provide a more complete picture of the horizontal stratification in education. Disaggregating the wide umbrella of STEM fields into one that accounts for female-dominated and male-dominated fields can help scholars and policy makers improve the understanding of the sources of gender gaps in STEM education, and its relationship with later outcomes such as life earnings (Kim, Tamborini and Sakamoto 2015). 
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[bookmark: _Toc120699388]Appendix C: Standardized Factor Loadings of Mathematics Self-efficacy
	       Item
	Mathematics self-efficacy

	1. ‘Mathematics is one of my best subjects’
	.877

	2. ‘I have always done well in mathematics’
	.880

	3. ‘I get good marks in mathematics’
	.874





[bookmark: _Toc120699389]Appendix D: Marginal Effects of Logistic Regression for Predicting Completion of Physical-STEM, BIO-STEM and Non-STEM Degrees, Conditional on Entering Each Sub-Field in 1994
	
	Completion

	
	Physical STEM
	BIO STEM
	Non-STEM

	Variable
	Entire sample
	Young women
	Young men
	Entire sample
	Young women
	Young men
	Entire sample
	Young women
	Young men

	Math efficacy
	.058
(.034)
	-.012 (.075)
	.071
(.037)
	.017 
(.021)
	-.005
(.024)
	.077
(.048)

	.002
(.008)
	.000 
(.009)
	.005 
(.013)

	Math score
	.130**
(.051)
	.108 (.129)
	.146**
(.056)
	.040 (.034)
	.017
(.042)
	.084
(.064)
	.013
(.013)
	.020
(.017)
	-.001 (.021)

	Science score
	.073
(.045)
	.132 (.094)
	.054
(.052)
	-.015 (.031)
	-.026
(.038)
	-.009
(.056)
	-.008
(.011)
	-.005 
(.014)
	-.014 (.018)

	Enrolled in Advanced math
	-.035
(.051)
	-.128 (.124)
	 -.022
(.056)
	.022
(.036)
	.089*
(.043)
	-.097
(.070)
	-.006
(.014)
	-.020 
(.017)
	.016
(.024)

	Female
	-.057
(.052)
	--
	--
	.080*
(.038)

	--
	--
	.028
(.014)
	--
	--

	Parental education
Degree==1
	-.062
(.049)
	-.166
(.106)
	 -.036
(.057)
	.013
(.040)

	-.036
(.049)
	.057
(.071)
	.023
(.015)
	-.005 
(.019)
	.064 
(.026)

	Household income logged
	.011
(.037)
	.076 (.076)
	-.019
(.045)
	.000 (.023)
	-.007
(.030)
	.007
(.038)
	-.002
(.009)
	-.003
(.010)
	.007*
(.017)

	Hispanic
	-.180*
(.087)
	-.131 (.205)
	-.190
(.095)
	-.023
(.069)
	.010
(.086)
	.036
(.127)
	-.014 (.024)
	.0001 
(.029)
	-.027 (.041)

	Black, non-Hispanic

	-.040
(.091)
	.047 (.164)
	-.067
(.116)
	-.041 (.064)
	-.087
(.072)
	.129
(.145)
	.007
(.031)
	.039
(.039)
	-.051
(.052)

	Others
	-.012
(.073)
	-.019
(.132)
	-.003
(.088)
	.018 (.055)
	.082
(.075)
	-.010
(.083)
	-.006
(.027)
	.0008 (.034)
	-.010
(.044)

	Private, for-profit
	.331*
(.139)
	.157 (.249)
	.399
(.167)

	.061
(.098)
	.072
(.111)
	-.145
(.222)
	.001
(.032)
	-.015 
(.034)
	.057
(.078)

	Private, non-profit
	-.088
(.052)
	.133 (.111)
	-.155
(.058)
	.027
(.043)
	.060
(.054)
	-.008
(.071)

	-.057***
(.017)
	.057**
.022
	.055
(.030)

	N
	357
	93
	264
	732
	474
	258
	1,946
	1,162
	784
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The relationship between self-efficacy and future educational and occupational outcomes has been well-established in the literature. Evidence is quite convincing that self-efficacy is important for success in most subjects (Joet, Usher and Bressoux 2011). This research largely emphasizes the importance of mathematics self-efficacy on educational and occupational outcomes (Hall and Ponton 2005; Trusty and Niles 2003). In fact, it has been demonstrated that mathematics self-efficacy is an even better predictor than past performance for predicting educational and career paths (Hackett 1995; Hackett and Betz 1989). There is a relative dearth of research on the causes of self-efficacy, however (Hall and Ponton 2005; Friedel et al. 2007). We also know little about how these causes might interact with each other to influence mathematics self-efficacy.
Given its importance for future educational, occupational and lifestyle outcomes, research on social stratification can benefit from understanding the social bases of self-efficacy. To address and improve ongoing disparities in adults' educational and occupational achievements, we must first understand the sources of mathematics self-efficacy. This work aims to fill this gap. By examining the effect of students' perceptions of their teachers' emphasis, and math teachers' instructional practices and emphasis, on mathematics self-efficacy, the study demonstrates the important role that teachers' play in forming students' math-efficacy. The findings have important implications for scholars and policy makers in addressing the question of encouraging and engaging more students in mathematics related fields (such as STEM).
Relative to previous research, I also place greater emphasis on the relationship between gender, and math-efficacy, treating the latter as a focal mechanism that enhances female students' motivation to pursue STEM careers. I explore math-efficacy as both a mediator and a moderator of the gender gap in both enrollment and completion of STEM degrees. I also demonstrate the importance of disaggregating the dichotomous classification of STEM/ non-STEM, which does not account for the vast array of STEM disciplines, or the different gender profiles (male-dominated and female-dominated) of STEM sub-fields. Concomitantly, my findings contribute new insights on the gender gap in STEM education. My results suggest that interventions supporting female students' math-efficacy might encourage greater STEM major selection. They also suggest that efforts and interventions should take place at the early stages of educational careers, when students face major choice and program entry. 
[bookmark: _Toc120699202]Overview of Major Findings
The primary contribution of this work is to provide a better exploration of the sources that affect differences in students' mathematic self-efficacy. The study is driven by the idea that mathematics self-efficacy affects disparities in educational and occupational outcomes. The study sheds light on the important role of high-school math teachers' in forming students' mathematics self-efficacy, and the in-class practices that might encourage students to engage in math related fields. I also extend existing literature on the gender gap in STEM education by examining math-efficacy as a mediator and a moderator of gender gaps in both enrollment and completion of STEM degrees, and by employing a multi-category classification that goes beyond the standard dichotomy between STEM and non-STEM majors. Using a three-category classification recognizes different gender profiles of STEM majors which are also considered gateways into different occupational paths, and accounts for the vast array of STEM disciplines and the differences between male-dominated majors and female-dominated majors' profiles. 
Chapter 2 contributes to existing literature by demonstrating the association between students' perceptions of their teachers' emphasis on mathematics, and mathematics self-efficacy. The higher the student perceived their teachers' emphasis on mathematics, the higher their mathematics self-efficacy. This relationship is strongest among students from low socio-economic backgrounds (whose parents have no degree). I also found that high SES students (whose parents have a degree) demonstrate higher levels of mathematics self-efficacy regardless of their teachers' emphasis on mathematics. 
While high SES students largely draw their academic efficacy from their parents, the findings suggest that low SES students, who are less likely to draw their sources of mathematics self-efficacy from home, mostly depend on their mathematics teacher in class. As such, the finding demonstrates the importance of teachers in shaping mathematics self-efficacy of low SES students. 
If people with higher mathematics efficacy are more likely to aspire to participate in STEM fields (Trusty and Niles 2003; Lent et al. 1996), which are in high demand in the labor market and are characterized by high levels of income, the consequences for low SES students who exhibit lower levels of mathematics self-efficacy go beyond the short-term effect of high-school achievements to differences in future lifestyles and chances for social mobility.
Chapter 3 focuses on the effect of teachers' in-class emphasis on students' mathematics efficacy, and sheds light on the in-class teaching practices that enhance positive impact on students' math attitudes and self-beliefs (Gunderson et al. 2012). My results demonstrate that students' self-beliefs in mathematics are affected by their sense of mathematics mastery (teachers' emphasis on learning and understanding math) rather than utility (importance of math to life outside the classroom). Consistent with past studies (Rutherford et al. 2020; Gao 2020; Joet, Usher and Bressoux 2011), teachers' in-class emphasis on conceptual math knowledge (e.g., "understanding mathematical concepts" and "knowing mathematical facts, principles, and algorithms") has a significant effect on students' mathematic-efficacy. Still, I found that teachers' emphasis on the applicability of math to life outside the classroom had no discernable impact on self-efficacy. This finding stands in contrast with the widely accepted argument regarding the importance of math utility to students' mathematic-efficacy and performance (Lazarides, Buchholz and Rubach 2018; Wigfield and Eccles 2002). Instead, it suggests that students' math-beliefs are rooted in their classroom environment. That is, students' math-beliefs are mainly rooted in their in-class sense of their own success and failure in mathematics (Gao 2020).
The important role that math teachers' in-class practices occupy in engaging students in mathematics (and math-related fields) demonstrates that educators and education stakeholders should focus on increasing students' sense of mastery, which in turn increases their math self-beliefs. Besides emphasizing conceptual mathematical knowledge in class, this can be done by creating mastery-oriented classroom instruction, in which exploration and self-reflection are encouraged, and lead to increased confidence, greater effort, and sustained engagement of students (Bonnett, Yuill and Carr 2017). These findings also have implications for teachers' education and training; as future teachers should be trained and informed on how they can implement mastery orientation practices in class (Lazarides, Buchholz and Rubach 2018). Such practices might positively affect students' math-efficacy, as well as students valuing mathematics learning.
Chapter 4 investigates whether a significant portion of the well-established gender differences in STEM education and careers is due to gender differences in students' math-efficacy. The chapter builds on previous research on the gender gap in STEM degrees by providing a better understanding of gender differences in educational pathways, using math-efficacy as a focal mechanism that could enhance female students' motivation to pursue STEM careers. Earlier studies which examined the relationship between math-efficacy and STEM degrees were limited in their ability to examine both outcomes (Riegle-Crumb and Peng 2021; Sakellariou and Fang 2021; Lin et al. 2018; Weeden et al. 2020; Bettencourt et al. 2020; Thompson 2021). Moreover, longitudinal studies examining STEM degree completion as the outcome are scarce (Larson et al. 2015). By overcoming these limitations, my results demonstrate that math-efficacy mediates the effect of gender on enrollment and completion of physical-STEM and non-STEM degrees. However, when adding covariates, the mediation of math-efficacy on enrollment and completion in both physical-STEM and non-STEM majors becomes insignificant. The results show that math-efficacy does not meditate the effect of gender on enrollment and completion of BIO STEM degrees.
The results extend the literature on the relationship between math-efficacy and the gender gap in STEM education, by showing that higher levels of math-efficacy are associated with higher probabilities of enrollment in and completion of physical STEM degrees. The relationship between math-efficacy and enrollment in physical STEM degrees was highest among men. This finding contradicts my hypothesis that the effect of math-efficacy on enrollment in STEM majors will be higher among young women due to their initial lower level of math-efficacy and the math-intensive nature of physical STEM fields. 
A plausible explanation for this finding suggests that women who select or are being selected into STEM majors are those with initial higher high-school math and science performances. Such selection processes may make the effect of math-efficacy on the likelihood to enroll in and complete a physical STEM degree less substantial for young women than for young men.
 
[bookmark: _Toc120699203]Limitations and Future Research
All of the analyses in the dissertation relied on data from the NELS. Chapter 2 and Chapter 3 utilize data from 1988, and the first follow-up that took place in 1990. In Chapter 4 all five waves (1988, 1990, 1992, 1994, 2000) of NELS were employed. While the NELS data may be consider relatively dated, and the National Center for Educational Statistics (NCES) has fielded more recent longitudinal education surveys (e.g., ELS and HSLS), the NELS has several unique advantages, which made it the most suitable data set for the purpose of this dissertation.  
First, the NELS includes data on students' mathematics-efficacy.  Longitudinal data that includes measurements of students' math-efficacy and are linked to students' future educational and occupational achievements, are hardly available (Phan 2012). Second, the NELS collected data on eighth-grade students, and re-interviewed them in their10th, and 12th grades. Because Prior research demonstrated that academic self-efficacy beliefs are being shaped during adolescence, in particular when individuals face the transition to high school the data allow a precise measurement of mathematics self-efficacy at the most accurate timing. Third, the study examines math teachers' in-class practices and background characteristics and their effect on students' math efficacy. The NELS also provide a wide array of information in three levels of analysis linked to each other (students, teachers, and schools), and include information on both major enrollment (1994) and degree completion (2000).  
In general, then, the NELS data were very suitable for answering my research question. They were not without limitations, however. In this regard, my research has several limitations related to the NELS data. While none of these are fatal, they deserve attention, nonetheless.
First, the NELS data did not allow for changes in students' math-efficacy over time to be assessed. While the first follow-up (1990) students' questionnaire includes items for measuring mathematics efficacy, identical constructs do not exist in the base year data (1988) and later follow-ups (1992, 1994, 2000). Future research could embrace a longitudinal approach that traces the developmental course of individuals' self-efficacy by examining self-efficacy over time. 
Secondly, the focal predictor of mathematics self-efficacy in Chapter 2, students' perceptions of their teachers' emphasis on mathematics, represents the students' perceptions of their teachers' emphasis instead of the actual in-class teachers' emphasis on mathematics, as reported by the teachers themselves or determined by the school curriculum. One could argue that the association between students' perceptions of teachers' emphasis and mathematics efficacy is rooted in the differentiation in the subjective perceptions of the student. That is, it is possible that students from different socioeconomic backgrounds inherently differ in their perceptions of their teachers' emphasis on mathematics, and in turn, exhibit differences in mathematics efficacy.  While Chapter 3 partially addresses this issue by using teachers' in-class emphasis on math reported by the teachers' themselves, "objective" emphasis on mathematics at the school level, such as that determined by the school curriculum for example, was not addressed. Unfortunately, this information was absence from the NELS dataset.
Finally, the current study examines the sources that affect mathematics self-efficacy, and their effect on STEM/ non-STEM degree enrollment and completion. While higher education is an important phase in individuals' life course, the current study measures students' math-efficacy in high-school but not later in time. It also could not address questions regarding the effect of math-efficacy on occupational plans and outcomes such as integrating into the workforce.
The findings of the current study have important implications for future research. First, findings from chapter 2 suggests that the positive effect of teachers on students’ math-efficacy is higher among low SES students, who are less likely to draw their mathematics self-efficacy sources from home. Evidence showing the link between higher levels of mathematics efficacy and higher likelihood to participate in STEM education (Trusty and Niles 2003; Lent et al. 1996), implies that the consequences for low SES students who exhibit lower levels of mathematics self-efficacy could have long-term effects on students’ future lifestyles and chances for social mobility. Future research could examine this relationship, addressing the question of long-term consequences of high-school students’ math-efficacy. 
In this regard, the findings also illuminate the need for longitudinal studies examining mathematics self-efficacy over time. While several studies have started to investigate the developmental course of students’ mathematics self-efficacy (Phan 2012), studies examining the cumulative advantage/disadvantage of students with different levels of self-efficacy over their course of lives, are scarce.
Finally, the results show that teachers' emphasis on conceptual math knowledge is positively related to students' mathematics self-efficacy, however, teachers' emphasis on the applicability of math to life outside the classroom had no discernable effect on mathematics self-efficacy. This finding demonstrates the need for studies examining the effect of differentiate learning environment on students’ mathematics self-efficacy. Evidence regarding mathematics teaching shows that implementing differentiate instruction approach, in which teachers implement multiple learning strategies for individual students with varied needs, is beneficial for increasing students’ performance, motivation and interest in mathematics (Lai et al. 2020). 
[bookmark: _Toc120699204]Concluding Remarks
The findings have important implications for scholars and policy makers in addressing the question of engaging more students in mathematics related fields (such as STEM). They highlight the importance of high-school math teachers in forming students' mathematics self-efficacy. That is, they suggest that teacher’s in-class practices impact how students engage in math related fields. 
The results suggest that teachers matter more for low SES students. This finding illuminates the important role of teachers in the process of shaping mathematics self-efficacy, which can affect stratification processes. Due to the link between math-efficacy and participation in high income occupations such as STEM, interventions should particularly be aimed towards disadvantaged high-school students, for which raising the levels of math-efficacy could increase chances for social mobility and better lifestyles.
The findings also have important implications for teachers' education and training, as they provide information about the importance of teachers' in-class emphasis on students' math-beliefs and their motivation to learn mathematics. Future teachers need to be trained and informed on how they can implement mastery orientation practices in-class (Lazarides, Buchholz and Rubach 2018), as it is positively related to students valuing mathematics learning, and students' math-efficacy.
Finally, the study extends existing literature on the gender gap in STEM education by examining math-efficacy as a mediator and a moderator of gender gaps in both enrollment and completion of STEM degrees.  Interventions supporting female students' math-efficacy could impact increased STEM major selection, and efforts should take place at early stages, when students face major choice and program entry. Disaggregating the wide umbrella of STEM fields into one that accounts for female-dominated and male-dominated fields can help scholars and policy makers improve the understanding of the sources of gender gaps in STEM education, and its relationship with later outcomes such as life earnings (Kim, Tamborini and Sakamoto 2015).
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