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ABSTRACT 

Increasing the number of students of color in Science, Technology, Engineering 

and Math (STEM) fields is critical for America’s economic, technological and scientific 

advancement, yet many are less likely to enter or persist. National efforts to decrease 

racial differences in STEM have been ongoing but their outcomes have not markedly 

broadened participation. Under-examined is the role of students’ STEM-specific 

identities, such as their math identity, on their STEM outcomes. Qualitative findings 

suggest learning mathematics is a racialized form of experience where students’ math 

identities and educational opportunities are shaped by race-based narratives of math 

ability. However, this hypothesis has not been tested with rigorous empirical evidence.  

Moreover, the role of students’ learning opportunities on actual outcomes is unclear. 

Using data from the High School Longitudinal Study of 2009 (HSLS: 09), this study 

examines the role of math identity and other math attitudes in racial differences in four 

STEM-related outcomes: advanced math course enrollment, math behavioral and 

emotional engagement, and STEM career aspiration. Guided by a sociological 

perspective, I also examine the degree to which students’ school-contexts effect their 

outcomes and experiences. Lastly, drawing from intersectionality theory, I offer insight 

into how the inclusion of race and gender interactions change model results. The findings 

suggest that there are racial differences in mathematics identity, behavioral and emotional 

engagement, and school characteristics. However, math identity was not a significant 

predictor of math course enrollment and had little impact on the other outcome variables 

when student background and school characteristics are considered. The findings also 

illustrate how learning opportunities are allocated in ways that mirror the race-based 
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hierarchy of math ability. I conclude by describing the study’s implications for policy and 

future research. 
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DEDICATION 

For the students, whose potential was not recognized because their intersecting 

identities suggested they were hopeless – “Listen to the mustn’ts”, but remember 

“anything can happen, child. Anything can be.” 
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CHAPTER 1 

INTRODUCTION 

Increasing the number of people in Science, Technology, Engineering and 

Mathematics (STEM) fields is critical for America’s economic, technological and 

scientific advancement. Yet, the growing majority of Americans, Black and Latino 

people, are least likely to enter or persist (NAS, 2011). By 2060, the proportion of Black 

and Latino people is projected to exceed the proportion of White people (United States 

Census Bureau, 2012); however, while Black and Latino Americans represent 

approximately 11% and 15% of the total workforce, each group composes only 6% of the 

STEM workforce, respectively. Moreover, of individuals who graduate with STEM 

degrees, only 17% of Black and 18% of Latino graduates pursue related careers 

(Landivar, 2013). As the proportion of Black and Latino Americans continues to grow, it 

is important to overcome this “demographic challenge” to strengthen the STEM pipeline 

(NSF, 2011). 

Inequities in the STEM workforce originate from racial disparities at all levels of 

the STEM pipeline (Tyson, 2007; Herrera and Hurtado, 2011). In mathematics, a 

foundational discipline, Black and Latino high schoolers are underrepresented in 

advanced and college preparatory coursework. In its annual analysis of equity in the 

Advanced Placement (AP) program, The College Board (2014) notes that Black and 

Latino students are less likely than their White and Asian peers to enroll in an AP course 

despite the same or similar levels of academic readiness. Particularly, in 2013, Black 

students represented almost 15% of the graduating class but 9% of AP exam takers. 

During the same year, Asian students were only 6% of the graduating class, but 11% of 
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AP exam takers. National estimates of 2009-2010 student participation in advanced math 

courses tell a similar story (Civil Rights Data Collection, 2013). Namely, the racial 

makeup of students enrolled in Calculus was about 69% White, 9% Black, 10% Latino 

and 14% Asian. Considering the central role of mathematics courses to STEM readiness 

and persistence (e.g. Esmonde, 2009; Chen, 2013; Tyson et al., 2007), ameliorating racial 

differences in math outcomes is an essential component of the STEM agenda. 

Despite federal funding to decrease racial differences in STEM, the outcomes of 

national efforts have proved insufficient to markedly increase Black and Latino peoples’ 

STEM participation. In 2010, there were 252 federal programs, totaling $3.4B in 

spending with the primary or secondary aim of increasing people of color in STEM 

majors, fields and careers. Of those programs, 111 had the sole purpose attracting Black 

and Latino students (Committee on STEM Education National Science and Technology 

Council, 2013). Despite those efforts and other calls to increase the percentages of 

underrepresented minorities in STEM (e.g. Nation at Risk, 1983; Committee on Equal 

Opportunities in Science and Engineering, 2013), between 1970 and 2011, the increase in 

the number of Blacks and Latinos in STEM fields was less than five percentage points 

(Landivar, 2013). These statistics warrant additional research to understand other factors 

related to minority entry to (or exit from) the STEM pipeline (NAS, 2011). 

Current attempts to “broaden participation” emphasize building students’ 

academic competencies; leaving the role of affective variables, such as students’ STEM 

content-specific identities unexplored. Specifically, federal STEM programs focus on 

increasing students’ academic skill-sets (e.g. national academic standards and 

curriculum); improving students’ pre-college STEM interests and research experiences 
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(e.g. Upward Bound); and building K-16 institutions’ STEM offerings and capacity (e.g. 

institutional grants). While these efforts are important, how students identify with STEM 

subject areas and their beliefs about schooling, generally, might serve as a significant 

STEM pathway (Wang and Degol, 2013). With little empirical support, it is necessary to 

investigate the role of affective variables, such as students’ math identities, in racial 

equity in STEM. 

Identity is “the imaginings of self in worlds of action” (Holland et al., 1998, p. 5). 

In mathematics, identity helps a person define or understand who they are as a math 

learner, whether they can excel in the subject, and how others evaluate their mathematics 

potential. Math identity is socially constructed, meaning it is informed and formed within 

a social and historical context. Moreover, consistent with general theories of identity (e.g. 

Gee, 2000; Holland et al., 1998), math identity is perceived to be an antecedent to 

individual behavior (Wang and Degol, 2013). In fact, current scholarship asserts that 

students who have more positive subject-related identities are more likely to enroll in 

advanced coursework and aspire to have related careers (Merolla and Serpe, 2013).  

Since identity is formed in dialogue with popular narratives, the potential effects 

of race-based narratives that are prevalent in the United States describing who is (and is 

not) competent in mathematics cannot be overlooked.  As explained by Martin (2000), 

those narratives create a hierarchy of mathematical aptitude by student race, which 

undergirds students’ math learning experiences and shapes their math identities. Given 

the hypothesized role of math identity in pushing students into or out of the STEM 

pipeline, it is important to understand if there are racial differences in math identity and if 

those differences affect racial variations in learners’ STEM outcomes. This research gap 
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is particularly important given the fact that some scholarship suggests that a strong 

STEM identity might not lead to increased achievement if students do not believe in the 

role of schooling as an institutional means for achieving desired outcomes (e.g. 

Mickelson, 1990), such as a STEM career. 

Beyond students’ math identity, other student conceptions, such as their math 

behavioral and emotional engagement must be explored. As outlined by Fredericks et al 

(2014), engagement describes a student’s attraction to and interest in a subject. Students 

with high behavioral engagement are more likely to turn in their assignments and do the 

work required to earn good grades in that subject (Spencer, 2009). Students with high 

emotional engagement are inclined to enjoy the challenges associated with the subject 

and pursue related careers. In this study, I add to the literature by examining if there are 

racial differences in behavioral and emotional engagement; whether behavioral and 

emotional engagement contributes to advanced mathematics course enrollment and 

STEM career aspiration; and if the effects of the two forms of engagement are influenced 

by student and school characteristics.  

In addition, qualitative findings suggest that learning math is a “racialized form of 

experience” because of a race-based hierarchy of mathematical intelligence that shapes 

the learning opportunities pupils are afforded in their math learning contexts (Riley and 

Ungerleider, 2012; Mickelson et al., 2013). Along with students’ math perceptions, an 

examination of racial variations in learning opportunities might give insight into racial 

differences in STEM participation. The present study extends the literature in several 

ways by: testing the hypothesis that there are racial differences in math identity using a 

nationally representative sample of high school students; using multilevel modeling 
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techniques to examine the role of school and student characteristics together; and 

comparing the differences in model results for analyses that center on race and then 

students’ racial and gender pairs.  

Purpose of the Study  

The present study has four main purposes: First, I use a nationally representative 

sample of American high school students to examine whether math identity, a construct 

that is suspected to be a motivational variable, varies by racial group. Broadly, a positive 

academic identity is an antecedent to desirable school outcomes (Lobel and Clair, 1992; 

Tripcony et al., 2000; Awad, 2007). Moreover, a strong STEM identity has been shown 

to reduce gender differences along the STEM pipeline (Dweck, 2008; Nosek et al., 2002). 

However, the current study aims to fill a research gap because little is known about the 

role of math identity in STEM coursetaking, engagement and career aspiration – math 

outcomes that might produce racial equity in STEM courses, majors, and fields (Wang 

and Degol, 2013).  

After determining whether and how math identity differs by racial group, this 

study sought to understand racial differences in other important student and school 

variables. In particular, I examined if there were differences in students’ math behavioral 

and emotional engagement, school SES, and mathematics learning opportunity. Given the 

role of academic engagement to student outcomes, it was important to understand if racial 

differences in academic outcomes might be explained by differences in engagement. 

More significant, however, was understanding how students’ school characteristics 

differed by race. Despite a large body of research detailing opportunity gaps by student 

race, popular narratives about student underachievement is often devoid of structural and 

institutional causes to student outcomes. By examining racial differences in school SES 
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and learning opportunity, this study aimed to highlight the persistent significance of 

educational access to Black and Latino student achievement.  

Another goal of this investigation was to use quantitative methods to examine 

identity, but also to use student and school characteristics as predictors of STEM 

outcomes. By employing quantitative methods, I hoped to assess trends that would extend 

the qualitative findings, such as Martin’s conclusions that learning math is a “racialized 

experience” where student performance is undergirded by racial stereotypes of who is 

(and is not) competent (2000, 2009) and that a “mathematical hierarchy" shapes students’ 

math identities and contributes to racial differences in STEM participation (Martin, 2007; 

Berry, 2008; Stinson, 2008, 2013). Using national data, I hoped to uncover a clearer 

relationship between identity and outcomes. Adding on, by modeling student and school 

characteristics together, using multilevel modeling, I intended to test variables beyond 

those that are person-centered and create a model that was more accurate than models 

that include either student or school level variables.  

Lastly, this study aimed to understand the role of intersectionality in STEM 

participation. Following Crenshaw (1991), it is clear that students can have differing 

experiences based on their social location. For instance, a Black girl may have a unique 

experience in mathematics when compared to a Black male. By taking an intersectional 

approach, I hoped to foster a better understanding of students’ experiences at various 

intersections of social identities. 

Research Questions 

The present study examines the influence of math identity and math learning 

context variables on racial differences in students’ math course enrollment, math 
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engagement, and STEM career aspirations. Specifically, this study asks three research 

questions: 

1) What is the distribution of racial differences in students’ math perceptions, 

such as math identity, and students’ school characteristics, such as advanced 

mathematics learning opportunities? 

2) What is the relationship between students’ math self-perceptions, school 

characteristics and their math outcomes? 

a. Does math identity and math learning opportunity relate to advanced 

mathematics course enrollment, STEM career aspiration, and math 

emotional and behavioral engagement?  

b. Does math emotional and behavioral engagement mediate the 

relationship between students’ math identity, course enrollment, and 

STEM career aspiration?  

3) How do analyses considering intersectionality, namely the interactions 

between student race and gender groups, effect the relationships between 

students’ math self-perceptions and school characteristics and their advanced 

mathematics course enrollment, STEM career aspiration, and math emotional 

and behavioral engagement? 

Guided by a sociocultural perspective, I predicted that students’ math identities 

and how others recognize them in mathematics develop along racial lines. Drawing from 

the social practice theory of identity (Holland et al., 1998), I focused on three concepts, 

figured worlds, cultural artifacts, and position to hypothesize that the race-based 

narratives of mathematical ability that pervade American culture (e.g. Asian 
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Exceptionalism) shape what students “figure” about themselves as mathematicians (e.g. 

math identity) and the math-related educational “positions” they are offered (e.g. access 

to an advanced math course). I anticipated that race-based variations in math identity and 

math learning opportunities would lead to differences in math (and STEM) outcomes by 

students’ race, but also that the relative contributions of math learning opportunities to 

STEM outcomes would outweigh the unique effects of math identity. While there are 

other variables, such as gender and SES that also contribute to student outcomes, and 

how I’ve conceptualized this study, Figure 1.1 focuses on the role of racial narratives on 

math identity and STEM-related outcomes. 

 
Figure 1.1. A Conceptual Map Relating Race & Racial Differences in STEM Outcomes 

 

Research Significance 
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Contrary to extant literature, the results of this study suggest that math identity 

does not contribute to this cohort of students’ STEM outcomes when examined along 

with learning opportunities in a multilevel model. Consequently, it offers new insights as 

it relates to math identity as a predictor of math outcomes. Moreover, considering that the 

results suggest that the magnitude of math identity is superseded by contextual variables 

(e.g. advanced course availability), this work supports the claims of scholars that suggest 

that educational reforms should center on improving students’ math schooling 

experiences and learning opportunities.  

Regarding implications for practice, this work is helpful for teachers and teacher 

educators. Specifically, since this study explores math identity and math outcomes using 

a sociocultural perspective, it includes school-context variables. By modeling contextual 

factors, practitioners might use the findings to understand how students’ 

conceptualizations of themselves as math learners, course selections, levels of math 

engagement, and STEM career aspirations are affected by what appears to be practices of 

inclusion or exclusion at their respective schools. Being aware of the role of educational 

access in student outcomes might encourage practitioners to develop more equitable 

procedures and accommodations.  

In terms of research, this study highlights the significance of underexplored 

variables and encourages more analyses on subgroups and subtopics. For instance, little is 

known about the role of math identity in math outcomes, especially in analyses that group 

students by race. Moreover, while academic identity has been shown to lead to favorable 

school outcomes, the relationship between math identity and math achievement is not as 
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clear. Considering that the magnitude of predictors and statistical relationships might 

vary across sub-samples, more specific investigations were warranted.  

The use of multilevel modeling was also a significant contribution of this work. 

By considering individual and school level effects, multilevel modeling helped to 

overcome what has been described as two fallacies in research: ecological fallacies 

(making inferences about individuals from group-level data) and atomistic fallacies 

(making inferences about groups from individual-level data).  
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CHAPTER 2 

LITERATURE REVIEW 

This chapter is organized into six main sections.  The first section details Dorothy 

Holland and her colleagues’ social practice theory of identity and three concepts relevant 

to this study (figured world, cultural artifact, and positional identity). The theory 

provides a lens for exploring identity from a sociological perspective. Next, I describe 

three bodies of research that detail race-based narratives of mathematics ability. I argue 

that these narratives make up the figured world of mathematics education in America and 

contribute to the salience of race within students’ learning contexts. Third, I outline the 

empirical and theoretical works suggesting that math identity may vary by students' racial 

groups. Fourth, I analyze claims that math identity is a potential "motivational" STEM 

pathway by detailing the effects of math (and academic) identity on advanced course-

taking, learner engagement, and career aspiration. After, I support my hypothesis that 

students’ educational positions, or learning opportunities, differ by student race by 

synthesizing the literature describing students’ learning opportunities and school 

experiences. Lastly, I examine current knowledge about the effects of learning 

opportunities on academic outcomes to support a hypothesis that structural factors also 

exacerbate racial disparities in students’ STEM outcomes.  

Social Practice Theory of Identity 

The theoretical framework guiding this research is Dorothy Holland and her 

colleagues’ (1998) social practice theory of identity. According to the theory, identity 

describes “the way a person understands and views himself, and is often viewed by 

others, at least in certain situations” (p. 68). Identity is socially constructed, meaning that 
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it is developed within a context and influenced by social values and meanings (Beijaard 

et al., 2004; Tatum, 1997; Holland and Skinner, 2008; Beauchamp and Thomas, 2006; 

Holland et al., 1998; Kirk and Okazawa-Rey, 2010). Identity is also perceived as a 

motivational variable because of its role in mediating human behavior and allowing 

individuals to envision a fate or lifestyle beyond their current circumstance (Holland et 

al., 1998).  

 
Figured World  

According to the framework, identity is developed within figured worlds using 

cultural artifacts and resources and in light of social positions (Urietta, 2007). A figured 

world is “a socially and culturally constructed realm of interpretation in which particular 

characters and actors are recognized, significance is assigned to certain acts, and 

particular outcomes are valued over others” (Holland et al., 1998, p. 52). For the 

theorists, popular social narratives and norms enable individuals to “figure” who they are 

and evaluate others, but also construct figured worlds. As best explained by Urietta 

(2007), figured worlds contain four characteristics: 

1. Figured worlds are cultural phenomenon to which people are recruited, 

or into which people enter, and that develop through the work of their 

participants. 

2. Figured worlds function as contexts of meaning within which social 

encounters have significance and people’s positions matter. Activities 

relevant to these worlds take meaning from them and are situated in 

particular times and places. 
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3. Figured worlds are socially organized and reproduced, which means 

that in them people are sorted and learn to relate to each other in 

different ways. 

4. Figured worlds distribute people by relating them to landscapes of 

action; thus activities related to the worlds are populated by familiar 

social types and host to individual senses of self. (p. 108). 

In the context of this study, American mathematics education (and the discipline 

generally) represents a figured world. Socially constructed, race-based narratives have 

created a hierarchy of mathematical ability that is maintained through the actions of 

people and institutions. Who is assumed to be a “math person” (or not) largely depends 

on one’s dominant or oppressed status within society. Moreover, within schools, learners 

are sorted and teachers and students relate to one another based on that hierarchy. 

Cultural Artifacts & Resources 

Cultural artifacts and resources are also essential to identity formation because 

they “are important devices by which individuals and collectives improvise identity work 

to author themselves” (Holland and Skinner, 2008, p. 853). Particularly, cultural artifacts 

elicit figured worlds, helping to present what is sometimes a simplified form of reality 

(Holland et al., 1998; Holland and Skinner, 2008). In the context of this study, race serves 

as a cultural artifact because the racial stereotypes in American society are used to create 

a hierarchy of mathematical aptitude (Martin, 2000, 2009). In particular, within the 

figured world of school mathematics, race is used to delineate the content area as being 

"populated by a set of agents [White and Asian students] ...who engage in a limited range 

of important acts or state changes [excelling in math] ...as moved by a specific set of 
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forces... [superior genes and honorable family values]" (Holland et al., 1998, p. 102). 

Since race is significant within the dominant ideology of society, it can serve as a 

resource for learners’ math identity development.  

Positional Identity 

For Holland and her colleagues, identity is also affected by various social 

positions. Often referred to as positional identities, positions “have to do with the day-to-

day and on-the-ground relations of power, deference and entitlement, social affiliation 

and distance” (Holland et al., 1998, p. 127). A person’s position might mirror the social 

organization of larger society (Urietta, 2007). As an example, students’ relative positions 

could reflect the race-based narratives of math competence that pervade America (Martin, 

2009; Baker, 2005). Alternatively, a position could be offered in the form of access to a 

socially valuable rank, such as a teacher recommendation to take an advanced math 

course (Riley and Ungerleider, 2012; Riley, 2004). Positions are distinct from figured 

worlds and analytically important “because when positioned, people are not so much 

engaged in self-making, but rather are limited to varying degrees of accepting, rejecting, 

or negotiating the identities being offered to them” (Urietta, 2007, p. 111). For a Black or 

Latino student, this might mean that a student feels compelled to work more than their 

peers to prove that they are capable in mathematics. Conversely, for an Asian student, 

this might mean refraining from asking for necessary help during math class because it is 

expected that they easily comprehend new concepts. Generally, students’ relative 

positions impact their long-term outcomes by defining the boundaries of their 

achievement and success. In the context of mathematics education, access to advanced 
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coursework has implications for students’ college readiness and future course placement 

(Oakes, 2005; Noguera, 2003). 

Considering these concepts, the social practice theory of identity can increase our 

understanding of racial differences in STEM participation at all levels of the STEM 

pipeline in at least three ways. First, it asserts that identity is a social product (for 

examples see, Hatt, 2007; Rubin, 2007; and Tonso, 2006). Specifically, it acknowledges 

that identity is formed within “historically contingent, socially enacted, culturally 

constructed ‘worlds’” (Holland et al., 1998, p. 7). For them, people come to define 

themselves using the cultural symbols and stereotypes that exist within their contexts 

(Holland and Lave, 2009; Lave, 2003; Gee, 2000). In mathematics, social practice theory 

implies that students come to see themselves as potential mathematicians or not using 

cultural and social resources, such as math teacher recommendations, advanced (or 

remedial) course placements, and access to necessary learning resources.  

Second, social practice theory explains how identity is affected by historically 

institutionalized struggles “that separate those who are routinely privileged from those 

who are not” (Holland et. al, 1998, p. 130). Noting the study of Lave (2001), which 

describes how people in Porto, Portugal came to be viewed as British (an elite social 

position), social practice theory suggests that despite their wealth and status, Portuguese 

people were excluded from esteemed social ranks because of their ethnic category (Lave, 

2003). Relevant to this study, I assert that students’ abilities to embrace strong math 

identities and persist along the STEM pipeline are influenced by the race-based practices 

of inclusion or exclusion shaping their math schooling and everyday experiences.  
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Third, social practice theory posits that identity mediates human behavior. 

Describing the role of identity, Holland and Lave (2009) write that identities “provide a 

ground for agency both in guiding one’s behavior in cultural activities and in avoiding 

behaviors that are not compatible with the self-assigned identity” (p. 9). With that, this 

theory provides insight on the potential effects of identity as an antecedent to students’ 

math engagement, advanced mathematics course enrollment and STEM career 

aspirations.  

 

Racialized Narratives of Student Performance 

As mentioned, identity is formed using cultural artifacts and resources because 

cultural artifacts are objects or ideas that signify meaning within figured worlds. In 

America, race has been a method of predetermining groups of students’ academic 

potential and intelligence. Tatum (1990) describes this heuristic as cultural racism, or the 

commonly held assumption, though sometimes unconsciously, that White and Asian 

people are superior in nearly every way when compared to Black and Latino people. 

Considering the social significance of race, I conceptualize it as a cultural artifact that 

students and significant others (e.g. parents, school administrators and teachers) can draw 

upon to shape their math identities and educational access. This section describes three 

perspectives that support the racial hierarchy of mathematical aptitude that is outlined in 

Figure 2.1. As suggested by the theories and shown in the inverted triangle, Asian 

students are assumed to be most capable while Black students are assumed to be least 

capable in mathematics. The following bodies of work claim that Black and Latino 

students achieve less because of one or more of the following: inferior genetics, deviant 

subcultures, and Asian exceptionalism.  
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Figure 2.1. Implied Hierarchy of Mathematical Aptitude by Student Race  
 

 

Inferior Genetics 

One explanation for racial differences in academic performance claims that Black 

and Latino students are intellectually inferior when compared to their White and Asian 

peers (e.g. Shuey, 1966; Jensen, 1969; Rushton and Jensen, 2005a; and Gottfredson, 

2005). In his highly cited article, Arthur Jensen (1969) proposes that the failure of 

compensatory education programs is the result of framing racial variations in academic 

performance as “purely environmental”.  While Jenson acknowledges that contextual 

factors affect student outcomes, like the neighborhood a child grows up in, he contends 

that these forces account for as little as 20% of the variance in students’ cognitive 

abilities (Rushton and Jensen, 2005a). Citing a review of 382 studies that employ 81 

different intelligence tests, Jensen notes that Black and Latino youth’s underachievement 
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is mostly the result of genetics because even after controlling for the cultural biases of 

intelligence tests, Latino and African-American learners consistently score at least one 

standard deviation below White and Asian students.  

Though Jenson’s work appeared more than three decades ago, the intelligence 

levels of students of color are still hotly debated within the literature (e.g., Jencks and 

Phillips, 2011; Rushton and Jensen, 2005b, 2006; Dickens and Flynn, 2006; Jensen, 

2012). One of the most recent influential works is Herrnstein and Murray’s book, The 

Bell Curve: Intelligence and Class Structure in American Life (1994). Summarizing 

literature and data focused on national comparisons of intelligence and IQ scores, they 

too assert that differences in general intelligence have genetic roots. They write that East 

Asian people score above White people and that White people score above Black people. 

While they acknowledge that there are exceptions and that the mean differences by racial 

group is not entirely linked to genetics (they too conclude that one’s environment plays a 

role), they make clear that intelligence gaps are persistent across tests. In fact, they 

summarize the findings of 40 studies to assert that the Black-White gaps in cognitive 

scores is between 0.5 and 1.5 standard deviations. Their analysis also asserts that these 

differences maintain when “Black and White samples are matched on some special 

characteristics – samples of juvenile delinquents, for example, or of graduate students…” 

(p. 276). In response to critics who assert that the cultural bias of tests and students’ 

socioeconomic statuses impact test-takers’ intelligence scores, Herrnstein and Murray 

write that these claims are not supported by the data. Alternatively, they assert “the 

reason parents have high or low socioeconomic status is in part a function of their 

intelligence, and their intelligence also affects the IQ of the children via both genes and 
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environment” (p. 287). They also find that Blacks from Africa have substantially lower 

IQ when compared to African Americans.  

In summary, their work contributes to claims that Black and Latino students are 

not as capable when compared to their White and Asian peers because they have inferior 

genetics. Their work also implies that the “saving grace” for African Americans is that 

they were so fortunate to be raised in America, a meritocratic country (in the authors’ 

view) with ideals like the American Dream that push all people to reach their intellectual 

potential. Overall, this body of work minimizes the role of structural sources in creating 

inequity. Further, in the instances that the authors acknowledge the role of sociocultural 

and structural factors on human agency and outcomes, they still use rhetoric that can be 

described as blaming marginalized people for their inability to overcome the various 

forces that contribute to their marginalization.  

Oppositional Subcultures 

Other scholarship proposes that students of color subscribe to deviant subcultures 

that hinder their academic success. A popular theory stems from John Ogbu's 8-month 

ethnography of schools in an affluent suburb in Ohio. Prompted by an article detailing the 

disparate levels of achievement of the community's Black and White students, the 

researchers aimed to understand the role of “community forces” in Black student 

underperformance. Specifically, Ogbu and his assistants sought to uncover “the beliefs 

and behaviors within the minority community regarding education that minority students 

bring to school” (Ogbu, 2003, p. xiii). Using fieldwork, interviews, and formal and 

informal discussions, Ogbu found that African-American students were suffering from 

“low-effort syndrome” and a “norm of minimum effort”. For him (1991), Black students 
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were not reaching their academic potential because they, as involuntary minorities1, did 

not expend the same effort on their studies as their White counterparts. Ogbu (1990, 

1991) asserts that these "deviant" norms reflect Black peoples’ adaptive response to 

slavery.  

Similarly, Oscar Lewis’ theory of the “culture of poverty” (1998) details a 

subculture, which has allowed subscribers of his perspective to claim that both Black and 

Latino students hold deviant values. Lewis’ ethnography, Five Families: Mexican Case 

Studies in The Culture of Poverty (1975; original in 1959) follows five financially 

disadvantaged families in Mexico to understand a day in their lives. Lewis found that the 

people followed what would later be described as a “culture of poverty”. For him, this 

culture is marked by feelings of being marginal, helpless, powerless, dependent, and an 

outcast within society. Lewis writes that people like the families he studied had little 

awareness of the plight of others and “have neither the knowledge, the vision nor the 

ideology to see the similarities between their problems and others like themselves 

elsewhere in the world” (Lewis, 1998, p. 7). For Lewis, the traits within this subculture 

perpetuate poverty generationally and prevent youth from realizing academic success.  

This line of thinking has been echoed in various forms since its release. One 

famous report is Daniel Patrick Moynihan’s The Negro Family: The Case for National 

Action (1965). In it, Moynihan, President Johnson’s Assistant Secretary of Labor, 

outlines what he deemed to be a social crisis warranting national attention: “the Negro 

family in the urban ghettos is crumbling” (2) with a structure so unstable that it is 

“approaching complete breakdown” (7). Though Moynihan attributes the problem (at 

                                                

1 For a detailed description of involuntary and voluntary minorities, see Obgu 1991 
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least in part) to “three centuries of injustice [that] have brought about deep-seated 

structural distortions in the life of the Negro American” (32), this work is widely used to 

support claims that blame people of color for social gaps like the achievement disparities 

between White and Black youth.  

More recently, these sentiments were shared in Dr. Bill Cosby’s Poundcake 

Speech (2004) when he proclaimed “Brown v Board of Education is no longer the White 

person’s problem” because parents needed to start parenting and invest in their children's 

education. They were present again in President Barack Obama’s 2004 Democratic 

National Convention speech, when he called for everyone to “eradicate the slander that a 

Black youth with a book is acting White.” Donald Trump, during his campaign, also 

shared this view during the first presidential debate (2016) when he confidently asserted 

“African-Americans and Hispanics are living in hell because it is so dangerous [in their 

communities]. You walk down the street, you get shot.” Like Moynihan’s report, though 

in some instances not as direct, these examples are just a few that are used to support a 

narrative that there is something deviant, perhaps sinister, within Black and Latino 

communities that contribute to the social ills they face. It is also a narrative that some 

critics suggest is not rooted in facts (Tyson, 2011). 

In education practice and research, this popular conception about students of color 

and their families have resulted in deficit-based school reforms and contributed to “at-

risk” literature (Valencia, 2012). This framing of achievement gaps has made way for the 

work of authors like Ruby Payne whose bestselling work (2005) has been used to train 

teachers how to instill middle-class values into their financially disadvantaged, Black and 

Latino students (Rogalsky, 2009). It implies that racial differences in achievement will 



 

 

22 

disappear when Black and Latino students begin to subscribe to White and middle-class 

norms and ideals. The thought is that once compliant students of color will enjoy 

meritocratic school experiences. As pointed out by scholars like Gloria Ladson-Billings 

(2007), this problem framing ignores the many educational debts largely owed to students 

of color. 

Asian Exceptionalism 

Acknowledging that Asian-American students are also racial minorities, 

narratives of Asian Exceptionalism, or the “model minority”, are used to differentiate 

them from other minority groups. Ogbu and Simmons (1998), clarifying Ogbu’s cultural-

ecological theory of minority school performance, assert that minority groups achieve 

academically based on their adaptions to “the system” (e.g. schools’ practices of 

inclusion and exclusion) and “community forces” (e.g. students and their families 

responses to members of their groups’ “collective problems”). As per the theory, Asian 

Americans outperform other racial minorities, despite experiences with discrimination, 

because they are voluntary, immigrant minorities. They moved to the United States 

because they firmly believed in it as a place where they might find opportunity. 

Consequently, Ogbu contends that Asians develop different cultural models, which 

affects their schooling outcomes. Specifically, he writes that Asian American students 

have a “positive dual frame of reference” in which the opportunities afforded to them by 

living in the United States (as compared to their native country) outweigh discrimination 

and mistreatment, such as The Chinese Exclusion Act of 1982 and the racist descriptor of 

Asian-Americans as “Yellow Terrors”. For Ogbu, this frame of reference allows them to 

persevere in the face of obstacles (an initial obstacle being a language barrier) and 
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outperform Black American students who, having no “home” nation, rank themselves 

and their opportunities by comparing their relative social statuses to people who are 

White. The logic continues that Black peoples’ assessments of racial inequality, causes 

them to pass on “folk theories” generationally, which instills the idea that one’s work 

ethnic and moral code are not nearly enough to overcome institutionalized and cultural 

racism.  

Ogbu’s theory extends the work of economist Thomas Sowell (1981) who writes, 

“Chinese prosperity is due to the simple fact that they work more and have more (usually 

better” education than others (152). Sowell continues by comparing the number of 

income earners in households by racial and ethnic minority group. Even though he 

acknowledges some intragroup differences, in fact, he labels Chinatowns as places of 

concentrated poverty, he asserts that the residents of Chinatowns face economic 

disadvantage because they have failed to maintain Chinese values (153).  

Together, these works contribute to the prevailing conception that Asian 

Americans represent a largely, monolithic group who outperform other people of color 

because they collectively value hard work and understand the importance of academic 

excellence (see as examples, Schneider and Lee, 1990; Lee, 1994). As the exemplar, 

Asians have overcome the barriers of racism to gain success; therefore, other people of 

color are capable, just unwilling, to secure their own futures (Sowell, 1981; U.S. News 

and World Report, 1966).  

The model minority myth persists despite contradictory evidence, such as the 

underachievement of Asian ethnic groups like the Hmong (Kao, 1995; Goyette and Xie, 

1999; and Sahu, 2012). It also prevails despite the negative consequences of the 
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stereotype for Asian students’ educational experiences (e.g. Lee, 1994; Wing, 2007; Kim 

and Lee, 2014; Zhao and Qiu, 2009; and Yu, 2006).  

Racialized Narratives of Student Performance 

 To summarize, the three bodies of literature contribute to the implied hierarchy of 

mathematical aptitude by student race that is shown in Figure 2.1. These racial 

stereotypes undergird students’ learning experiences and shape the figured world of 

mathematics education. Ignoring structural realities, they provide group-level 

explanations for student achievement (Yu, 2006). These conceptions prevail even in the 

face of conflicting evidence (e.g. Trytten et al., 2012). In the case of the Obgu and Lewis’ 

work, they prevail despite the limitations of the studies’ respective methodological 

approaches. In other words, both works, which are in-depth studies of one community 

and five families, are used to support claims about the motivations of all Black and 

Latino people even though qualitative work is not generalizable. The narratives presented 

have also become an accepted norm, or cultural artifact, that pervades American culture 

(Chao et al., 2013). Since artifacts signify meaning and “open” figured worlds, analyses 

of students’ STEM persistence must consider the ways in which student race result in 

differential levels of math identity. The next section looks closer at theory and data to 

propose that math identity may form along racial lines.  

 

Racialized Math Identity Formation 

In his seminal work, The Mis-Education of the Negro (1990), Carter G. Woodson 

wrote:  

The same educational processes which inspires and stimulate the 

oppressor with the thought that he has everything and has accomplished 
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everything worthwhile, depresses and crushes at the same time the spark 

of genius in the Negro by making him feel that his race does not amount to 

much and never will measure up to the standards of other peoples (p. 4). 

For Woodson, while the education system was transformational for some 

children, building their confidence to reach their dreams, it was a barrier for Black youth. 

While not directly referencing identity, this quotation theorizes about the influence of 

schooling on Black learner identity. This section extends the work of Woodson by 

synthesizing literature that suggests that math identity formation is influenced by a 

student’s racial group. I start with an explanation of identity.  

Broadly, identity represents an individual’s conceptualization of self (Holland et 

al., 2001). Gee (2000) writes that it is the ability to be “recognized as a certain ‘kind of 

person’, in a given context” (p. 99). Identity can be based on an individual’s innate and 

personality traits, the labels and titles a person garners, and the benefits afforded an 

individual as a consequence of group membership. Inferior and superior identities are 

socially constructed but also maintained through institutional authorization, dominant 

discourse, and social practices of inclusion or exclusion (Holland and Lave, 2009).  

In psychology, Erik Erikson is one of the leading scholars on identity. For 

Erikson, identity is psychosocial and can be divided into at least two parts: personal 

identity and ego identity. A personal identity acknowledges that a person exists. An ego 

identity is subjective (Erikson, 1994). As with the previous theorists, Erikson asserts that 

an ego identity is formed within a person’s mind, but informed by their environment. In 

fact, Robert Coles (2001) summed up Erickson’s view by saying, ‘to understand any 

person’s identity then requires us to know something about the social and historical 
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context in which they live” (p. 33). Identity is formed during three stages, with the most 

significant changes in identity formation occurring during one’s adolescence. It is also an 

evolving construct that is relational, or formed after comparing oneself to others.  

In mathematics, identity reflects “the dispositions and deeply held beliefs that 

students develop about their ability to participate and perform effectively in mathematical 

contexts and to use mathematics in powerful ways across the contexts of their lives” 

(Aguirre et al., 2013, p. 14). Stated differently identity can answer questions, such as: 

“Who am I as a math learner? How do others evaluate my mathematical abilities? and 

Can people like me do well in advanced mathematics courses?”  

Depending on students’ subscription to the discourse of larger society, including 

the previously described race-based narratives, math identity may vary by students’ racial 

group. In fact, Martin (2009) asserts that learning mathematics is racialized form of 

experience in which “the socially constructed meanings for race in society emerge as 

highly salient in structuring (1) the way that mathematical experiences and opportunities 

to learn unfold and are interpreted and (2) the manner in which mathematics literacy and 

competency are framed, including who is perceived to be mathematically literate and 

who is not” (p. 324). In this view, a student’s race is significant in their math identity 

formation. Qualitative studies echo these findings, concluding that: (1) students rely (at 

least in part) on dominant race-based narratives of intelligence and performance to 

develop their math identities and (2) Black and Latino students must develop counter-

stereotypical identities in order to succeed (e.g. Martin, 2007; Lim, 2008; Berry, 2008; 

Stinson, 2004, 2008, 2013; Coover and Murphy, 2000; Carlone et al., 2014).  
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With that said, the literature on race and math identity formation is limited in a 

few ways: First, the main bivariate relationship between math identity by student race 

remains unclear. Namely, Stinson (2013) asks how five African-American male students 

negotiate the “White male math myth” to excel in mathematics and maintain a positive 

math identity. Berry (2005, 2008) also details the academic success of Black middle-

school males in mathematics. These researchers describe various protective factors to a 

strong mathematics identity. In other words, their studies focus on how Black and Latino 

students can understand the utility of mathematics throughout life and what role teachers 

can play in supporting their math identity development. However, in deciding to focus on 

“what works”, these studies (e.g. Martin, 2007; Stinson, 2008; Clark et al., 2013), only 

imply that students of color have fragile math identities. Further, they seem to presume 

that Black and Latino students have defined their “math-selves” using the American, 

cultural narratives relating Black and Latino students to their White and Asian peers. 

While this presumption seems logical and consistent with theory on race and identity 

(e.g. Martin, 2009; Moody, 2001), studies sampling students of color have contradicted 

theory (e.g. Mickelson, 1990; Gray-Little and Hafdahl, 2000). Moreover, although the 

discourse within figured worlds can be drawn upon for interpretation, it is not 

prescriptive (Holland et al., 2001; Urietta, 2007). In order to evaluate whether math 

identity might be a factor in reducing racial variations in STEM participation, it will be 

important to test these hypotheses for statistical significance. 

Additionally, other research focuses on math identity, but the findings cannot 

conclusively relate math identity to students’ long-term outcomes in STEM courses, 

majors or fields. For instance, some of these studies include participants who were 
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successful in math courses but did not aspire to careers in STEM; therefore, the 

participants neither enrolled in advanced coursework nor desired to enroll (e.g. Stinson, 

2008, 2013). Other research focuses on the strategies teachers use to support math 

identity development (e.g. Esmonde, 2009; Clark et al., 2013). Again, the potential value 

of math identity as a motivational pathway to STEM (Wang and Degol, 2013) remains 

unclear as long as these hypotheses remain untested.  

In summary, the literature on math identity suggests that it represents a student’s 

ability to be acknowledged and recognized as mathematically competent within their 

learning context. Math identity informs a person’s thinking about their place within the 

mathematics discipline and whether people who shares the same life circumstances and 

characteristics can excel in the subject. It also represents students’ appraisals of their 

mathematical ability. Students with strong math identities tend to recognize its use in the 

context of their lives and deem it as an essential component to desirable outcomes.  

While the literature identifies several factors required for building a positive math 

identity, the relationship between race and math identity is inconclusive. Specifically, 

studies supporting the theorized relationship between math identity by student race are 

largely qualitative; therefore, they present race and identity with nuance, but cannot make 

claims about the relationship broadly. Moreover, little is known about how a positive 

mathematics identity relates to outcomes necessary for STEM persistence and retention. 

The proposed study extends this literature by examining the relationship between race 

and math identity using a nationally representative sample and by relating math identity 

to students’ math engagement, advanced math course enrollment, and STEM career 

aspirations.  
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Intersectionality 

Even though racialized narratives of intelligence can play a role in students’ math 

identity formation and schooling experiences, as outlined by Kimberle Crenshaw (1991), 

examining racial gaps alone is problematic because students’ various identities are not 

mutually exclusive. Through the concept of intersectionality, Crenshaw argues that 

researchers must find ways to “account for multiple grounds of identity when considering 

how the social world is constructed” (1991, p. 1245). Stated differently, a better proxy for 

measuring the complexity of learners’ experiences is to construct models and studies that 

examine intragroup differences by considering the intersection of students’ various 

identities. More plainly, since the schooling experiences of Black girls may be markedly 

different from Black boys, and other girls, it is important to design studies aimed at 

understanding those unique experiences.  From this perspective, understanding intergroup 

and intragroup differences is key to equity research as it permits stakeholders to 

understand how different subgroups are “systematically subordinated” (Riegle-Crumb, 

Moore, and Ramos-Wada, 2011).  

Despite Crenshaw and others’ calls for a more complex and intersectional 

approach, current scholarship in STEM education and outcomes largely examines aspects 

of student identity, such as their race or gender, in isolation (Riegle-Crumb, 2010). In 

studies that attempt to account for multiple aspects of students’ identity, some construct 

variables or select participants in a way that further obscures intragroup differences. Lim 

(2008), as an example, conflates students’ race and gender. In his study, he compares the 

mathematics learning experiences of a Black, financially disadvantaged girl and a White, 

financially advantaged girl. The results, which suggest that math identity and 

opportunities may differ depending on a student’s race are confounded because of the 
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multiple areas of dissimilarity between the student-participants. Xu’s construction the 

race variable in her investigation (2016) of gender differences in a national cohorts’ 

STEM aspirations, graduate program applications and enrollment was similar. In the 

study, Xu used a three-level categorical variable (White, Asian and Underrepresented 

Minority) for race. As constructed, this variable obscures the unique experiences of the 

Black and Hispanic students by joining the groups to form a single category. 

In the context of mathematics, it cannot be overlooked that in addition to the 

cultural narratives that exist about race, there are also stereotypes about students based on 

their respective genders. The joint effects of race and gender interactions might impact 

learners’ experiences (Reigle-Crumb, Moore, and Ramos-Wada, 2011). Chavous et al. 

(2004) examined the role of race and gender stereotype expectations on African-

American college students’ choice of major, sense of belonging within their major and 

school, academic outcomes, and academic self-perceptions. Using survey data, the 

researchers found that despite attending similar schools, Black female and male students 

responded to stereotype expectations differently. The results of this study and others call 

researchers to understand the combined effect of race and gender on student outcomes. In 

order to adequately frame the problem of disparities in STEM, understanding potential 

intragroup differences will be important. In fact, Crenshaw (1991) claims that our lack of 

an intersectional approach has resulted in “an inability to develop solutions to the 

problems face students at the intersections” (p. 1282).  

 

Effects of Math Identity 

Math identity has been described as a motivational STEM pathway (Wang and 

Degol, 2013). This section reviews the literature to describe the effects of math identity 
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on desirable math outcomes, such as STEM course enrollment and persistence, 

engagement, and STEM aspirations. Since identity has been mostly studied generally 

(e.g. academic identity) or in other content areas (e.g. science identity), I draw from 

literature examining identity in math and other disciplines.  

Course Enrollment and Academic Persistence 

Students who identify closely with a content area tend to pursue advanced 

coursework and persist along related career paths (Blinne, 1998; Robinson, 2003; 

Bonous-Hammarth, 2000’ Merolla and Serpe, 2013; Wang, 2012; Fast et al., 2010). 

Wang and Degol (2013) extensively reviewed the literature on motivational STEM 

pathways to find that math identity reduced gender gaps in math course achievement, 

enrollment, and persistence. Drawing from literature in psychology (e.g. Shapka, 2009; 

Wang, 2012; and Dweck, 2008), their review concludes that girls with higher math and 

science identities were more like to earn grades similar to their male counterparts and 

enroll in advanced STEM coursework.  

Similarly, David Merolla and Richard Serpe (2013) concluded that students’ 

STEM identities were important predictors of advanced course enrollment and 

persistence in college. Using a sample of 694 undergraduate science majors, they 

examined the predictors of students’ decisions to enroll in STEM graduate degrees 

programs. After controlling for the students’ race and socioeconomic status, they found 

that a high science identity was a significant, positive predictor of enrollment. An 

important consideration for this work is that the authors did not include a counterfactual 

group. In other words, they did not include a comparison group of students who actively 

chose not to pursue a STEM major.  
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While the effects of math identity on course enrollment have been supported in 

the literature, there are several gaps that necessitate additional research. First, many of the 

studies focus on gender differences in STEM outcomes (e.g. Wang and Degol, 2013; 

Wang, 2012; Fast et al., 2010); thus, they do not make claims about the significance of 

students’ racial groupings to their STEM outcomes. In fact, they control for student race. 

Other research investigates the relationships between math identity, advanced course 

enrollment, and academic outcomes using either elementary/middle school students (e.g. 

Spencer, 2009; Berry, 2005, 2008) or college students (e.g. Merolla and Serpe, 2013). 

Consequently, little is known about math identity and course enrollment in secondary 

school students. The present study attempts to fill this research gap by testing the effects 

of math identity on racial differences in advanced mathematics course enrollment 

drawing from a national cohort of 9th grade students.  

Math Engagement 

Math Engagement describes a student’s attraction to and interest in mathematics.  

Fredericks et al. (2004) note that engagement can take three forms: behavioral, emotional 

and cognitive. Behavioral engagement is a students’ display of “behaviors such as 

persistence, effort, concentration, attention, asking questions, and contributing to 

classroom discussions” (p. 62). Emotional engagement represents “students’ affective 

reactions in the classroom including interest, boredom, happiness, sadness, and anxiety” 

(p. 63). Cognitive engagement represents a learner’s “thoughtfulness and willingness to 

exert effort necessary to comprehend complex ideas and master difficult skills” (p. 60). 

Engagement has been directly associated with academic persistence, generally, but also 
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persistence in STEM courses and fields (e.g. Bonous-Hammarth, 2000; Lleras 2008; 

Moller et al., 2014; Darensbourg and Blake, 2013).  

Despite the proposed association, the relationship between students’ math 

identities and their math engagement is not clear. For instance, Spencer (2009) conducted 

an interview study of 28 African-American sixth-grade students in California. Using the 

recommendations of mathematics teachers to identify “successful” and “unsuccessful” 

students, she interviewed the children to identify trends in their math outcomes. Spencer 

found that most of the students constructed their mathematics identities using their 

behavioral engagement. More specifically, students who were able to complete their 

assignments, ignore distractions, and seek help from teachers to clarify confusion had 

strong math identities and labeled themselves as “math people.”  

Conversely, other research suggests that students’ STEM identities develop 

outside of their STEM engagement. Tate and Linn (2005) examined the role of three 

forms of identity (academic, social, and intellectual) in the STEM persistence of five 

women of color who were third or fourth year college engineering majors.  Using 

structured interviews, they found that participants had high behavior engagement as 

demonstrated by their attendance in STEM tutoring programs and support groups. 

However, participants’ social identities, which the authors define as the participants’ 

perceived academic ability or STEM identity was less positive. They found that the 

students face difficulties defining themselves as engineers because of race-based 

stereotypes and their positional identities (e.g. being a small percentage of engineering 

students). Consequently, the participants’ behavioral engagement appeared to be more 

associated with their desires to earn good grades and complete their program rather than 
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their strong STEM identities. Considering the hypothesized roles of engagement and 

math identity to academic persistence, further investigation is warranted to clarify the 

relationship between math identity and engagement, especially as they relate to racial 

differences in STEM outcomes.  

STEM Aspirations 

 A positive STEM identity is also essential if students are to aspire to STEM 

careers. Stout et al. (2011) surveyed 101 undergraduate women who were majoring in 

engineering. The research aimed to understand the role of gender stereotypes in the 

women’s STEM identity formation and ultimately their STEM aspirations. Analyzing the 

respondents’ answers to a battery of implicit association tests and informing the 

participants about influential women in engineering, the researchers found that when 

students had a strong STEM identity (e.g. they could envisions themselves as being 

successful in their STEM discipline), then they were more likely to pursue STEM 

careers.  

 Alternatively, Herrera and Hurtado (2011) used social cognitive career theory to 

pinpoint some factors that influences students’ STEM career aspirations. The sample 

consisted of 3,165 students who completed the 2004 Freshman Survey and 2008 College 

Senior Survey. All respondents indicated an initial interest in STEM during their 

freshman year. They used hierarchical linear modeling to examine students’ 

characteristics and attitudes along with the characteristics of their respective institutions. 

By performing analyses between underrepresented minorities and non-underrepresented 

minorities separately, they found that underrepresented minorities’ STEM identities were 
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not significantly related to their STEM career interests. Instead, they found that STEM 

engagement was a positive significant predictor of STEM aspiration.  

 

Racialized Educational Positions 

While math identity may be an essential component to STEM outcomes, students’ 

educational positions, or perceived and actual educational opportunities, are also 

analytically important. Specifically, Black and Latino youth aspire to STEM and STEM-

related careers at the same rates as their White and Asian peers (Anderson and Kim, 

2006). Since Black and Latino youth are least likely to persist along the STEM pipeline, 

analyzing their educational positions might give insight into some mechanisms that might 

cause racial variations in persistence. In this section, I describe of two types of 

educational positions.  

In this study, I conceptualize students’ educational positions in two ways. One 

type of educational position is student-figured. For instance, after evaluating their 

learning context (e.g. opportunities for advanced coursework), a student might develop 

perceptions about the payoff of additional years of schooling. Drawing from Mickelson 

(1990), I use the concepts of abstract attitudes and concrete attitudes. Abstract attitudes 

refer to students’ subscription to the idea that education is a means for social mobility. 

Concrete attitudes represent students’ conceptions about education and equity. Analyzing 

a sample of 1,193 public high school students in California, Mickelson found that 

students’ achievement would contradict their aspirations if students’ concrete attitudes 

varied significantly and if those attitudes predicted student achievement. Relating these 

ideas to STEM participation, Mickelson’s findings suggest that in order to understand 

why students of color aspire to STEM but do not persist along the pipeline, researchers 
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must consider whether there are racial differences in students’ concrete attitudes and if 

those attitudes predict their outcomes. While research has tested Mickelson’s theory 

across a nationally representative sample, these studies do not center on STEM 

persistence and outcomes (e.g. Kao and Tienda, 1998; Qian and Blair, 1999; Downey and 

Ainsworth-Darnell, 2002). Moreover, of the research focuses on STEM, they do not use a 

representative sample (e.g. DeWitt et al., 2011). The present study will extend current 

knowledge by relating these concepts to STEM persistence using a nationally 

representative sample of 9th grade students.  

Another type of position is real, or a position that is based on facts and figures, 

such as pedagogical practices and policies that exclude or disadvantage Black and Latino 

youth (Irvine, 1991; Anyon, 1980; Noguera, 2003; Taylor and Clark, 2009; Oakes, 2005; 

Southworth and Mickelson, 2003, 2008). It is well documented that students of color 

have historically been disadvantaged in America’s schools. From Brown v. Board to the 

present, Black and Latino youth have less valuable educational positions. Research shows 

that Black and Latino youth have inequitable access to qualified teachers and essential 

school resources (Donaldson, 2009; Darling-Hammond, 2013; Howard, 2003; Kozol, 

1991, 2005; U.S. Department of Education Office for Civil Rights, 2014b). They are 

more likely to be reprimanded or expelled and three times as likely as White students to 

be suspended (U.S. Department of Education Office for Civil Rights, 2014a; Lyons and 

Drew, 2006). Youth of color experience curriculum that is largely devoid of accurate 

portraits of their people and history (Woodson, 1990; Ladson-Billings, 1995). Moreover, 

Black and Latino learners are often thought of from deficit perspectives (Irvine, 1991; 

Valencia, 2002; Delpit, 2012; Rogalsky, 2009; Yosso, 2005). Considering this, the 



 

 

37 

schooling experiences of students of color are seemingly marked by racism, 

discrimination and significant adults’ low expectations (Irvine, 1991; Anyon, 1980; 

Noguera, 2003; Taylor and Clark, 2009; Oakes, 2005; Southworth and Mickelson, 2008). 

By developing a model inclusive of students’ math identity and educational positions, 

this study aims to extend current knowledge by detailing the relative importance of these 

predictors to STEM outcomes.  

 

Effects of Educational Positions & Leaning Opportunities 

The next section outlines literature that explains the effects of educational 

positions and learning opportunities on the three main student outcomes included in this 

study: math course enrollment, math engagement and career aspiration.  

Math Course Enrollment 

Extant literature suggests that Black and Latino youth are overrepresented in 

lower-track coursework, a less valuable educational position (Noguera, 2003; Southworth 

and Mickelson, 2008; Oakes, 1995; Solorzano and Ornelas, 2004). Solorzano and 

Ornelas (2004) used critical race theory to examine Black and Latino students’ access to 

advanced placement courses. Examining 2000-2001 academic year data from the 

California Department of Education, they looked at 780 high schools with enrollments of 

at least 500 pupils. They created an AP access indicator by dividing each school’s total 

enrollment by the number of AP course offerings. Their analyses indicated that Black and 

Latino youth were concentrated in schools with low AP access scores. Moreover, they 

concluded that even when students of color attended schools with a wide range of 

advanced coursework, trends implying “schools within schools” emerged. Stated 



 

 

38 

differently, the Black and Latino students were enrolled in the lower-track courses while 

students in other racial groups were enrolled in advanced classes.  

Students of color have been granted these less valuable educational positions 

regardless of their academic abilities. Southworth and Mickelson (2008) found that 

students’ 12th grade placement in regular, honors and advanced secondary English tracks 

were significantly related to their schools’ racial composition. Using HLM, the authors 

found that as the percentage of students of color raised within a school’s student 

population, the less likely a student from that school would be placed in a college-prep 

English course. Lleras (2008) used the National Education Longitudinal Study (NELS) to 

examine Black and White public school students’ opportunities to learn as they varied by 

the schools’ minority racial composition. Following 14,000 8th grade students through 

10th grade, Lleras’ hierarchical linear models reveal that for Black students the strongest 

positive predictor of 10th grade math outcomes (e.g. grades and placement in honors 

courses) was not prior mathematics achievement, as it was for White students. Instead, 

for Black students attending high minority schools, their chance to enroll in advanced 

math coursework depended on their enrollment in an advanced math course in 8th grade. 

By being relegated to less valuable educational positions, students of color may 

have reduced access to an important STEM pathway: advanced STEM courses. By 

having less access to college-preparatory coursework, their readiness for necessary 

gateway courses (e.g. Calculus) is reduced. Students without advanced course work are 

also less likely to persist (Chen, 2013; Tyson et al., 2007; Sadler et al., 2014). 

Taking that into account, the effects of educational positions on math course 

enrollment must be investigated further for a few reasons: First, studies, such as 
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Solorzano and Ornelas (2004) do not draw from nationally representative samples and 

focus on AP course enrollment more generally. Second, few studies (e.g. Lleras, 2008) 

examine STEM course taking using the HSLS, the most recent dataset. The present study 

adds to this literature by examining advanced math course participation, a pathway to 

STEM majors and careers, using HSLS. Moreover, it extends analyses beyond students’ 

10th grade year. Lastly, the current study examines new variables by seeking to 

understand if identity and teacher encouragement predict course enrollment outcomes. 

Math Engagement 

In addition to math course enrollment, students’ educational positions directly 

shape their engagement. Specifically, students offered positive, supportive and 

stimulating math learning experiences are more likely to demonstrate high math 

engagement. For instance, Lleras’ (2008) analysis of NELS data also studied students’ 

math engagement. She found that for Black and Latino students, their math engagement 

hinged on their enrollment in advanced math coursework. However, consistent with 

national data on students’ enrollment trends (e.g. Civil Rights Data Collection, 2014b), 

within the sample of 8th graders, they were least likely to be enrolled in more challenging 

courses. 

Similarly, Moller et al. (2014) used the Early Childhood Longitudinal Study of 

1998 (N = 5,360) to examine the role of collective pedagogical teacher culture as a 

moderator of the association between student engagement and mathematics achievement 

for White, Black and Latino students. Using cross-classified growth curve models, they 

found that teachers’ pedagogical cultural (e.g. teacher collaboration) was a significant 

predictor of student math performance. However, the findings were not entirely the same 
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across racial groups. Specifically, the results suggest that Black and Latino students’ 

engagement interacted significantly with the level of teacher collaboration within their 

school. Moller and her colleagues concluded that there were differential returns to student 

engagement by student race. Consistent with the work of Bryk et al. (2010), these 

findings suggest that when schools are organized for improvement, racial differences in 

outcomes are reduced or eliminated.    

The research linking educational positions and engagement could be strengthened 

in a few ways. First, many of the analyses center on student engagement as it manifests in 

elementary and middle schools (e.g. Moller et al., 2013, 2014). Second, studies 

employing the NELS dataset such as Moller and Lleras' (2008) measure student 

engagement from the perspective of teachers. Teachers’ subjective assessments of student 

engagement could be influenced by racial narratives of student performance and teachers’ 

desires to seem effective. The present study attempts to measure engagement from the 

students’ perspectives and draw from a sample of high school students.  

STEM Aspirations 

Students’ educational positions also directly influence their STEM aspirations 

(Tyson et al., 2007; Sadler et al., 2014; Russell and Atwater, 2005; and Maltese and Tai, 

2011). Sadler et al. (2014) drew from a nationally representative sample of 4,691 

undergraduates to examine the effects of taking an advanced course in high school on 

students’ STEM persistence and career aspiration. Using logistic regression, they found 

that enrollment in advanced or regular Calculus was a significant predictor of STEM 

persistence and aspiration.  
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Tyson et al. (2007) investigated the association between educational opportunity 

and STEM degree aspirations and attainment using the longitudinal data of 97,078 

Florida, public high school students. The research inquired about the minimum levels of 

high school science and mathematics courses significantly related to earning a STEM 

degree. They found that enrolling in any form of advanced mathematics (e.g. 

Trigonometry, Pre-Calculus and Calculus) was a significant predictor of STEM degree 

attainment. They concluded “racial disparities in STEM pathways occur in high school 

when students get on the STEM pathway with science and mathematics course-taking” 

(p. 260). Russell and Atwater (2004) found similar results using qualitative 

methodologies to understand the high school and college experiences of 11 Black biology 

majors. Although the data generally supports that educational positions affect STEM 

aspiration, the existing literature does not test the hypothesis across a nationally 

representative cohort of high school students (e.g. Sadler et al., 2014). Moreover, studies 

including undergraduates require them to recall their courses and experiences. Since 

students enter or exit the STEM pipeline during their secondary years and considering the 

fact that retrospective data may contain inaccuracies, it is important to examine the 

relationship across a national sample, using more reliable data (e.g. using students’ high 

school transcripts and gathering students’ perceptions as they complete their high school 

careers). 

Connecting the Literature & Analyses 

 As outlined by Tatum (1997), American life is marked by cultural racism. 

Though, at times unintended, the assumed superiority of White and Asian people 

compared to Black and Latino people can shape how learners perceive themselves, but 
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also how they get access to (or excluded from) learning opportunities. Martin writes that 

these cultural narratives make mathematics schooling a racialized form of experience. 

Connected to math identity and advanced mathematics learning opportunity are 

the four math outcomes included in this study – math course enrollment, STEM career 

aspiration, emotional and behavioral engagement. It is hypothesized that students with 

more positive views about themselves as “math people” and more opportunities to learn 

challenging math concepts are more likely to aspire to STEM careers, enroll in advanced 

math courses, and be more engaged.  

This review of the literature implies that racial differences in the four outcome 

variables are mediated by the racial differences in math identity and math opportunity. 

Figures 2.2 and 2.3 showcase how the empirical and theoretical findings translate into 

testable models. In both model drawings, the between level refers to school 

characteristics and the within level refers to student characteristics. More details about 

the variables will follow in the next chapter. 

Referring to the bottom of Figure 2.2, it hypothesized that there is a main 

relationship between student race and each of the four math outcome variables included 

in this study. This relationship will hold even after taking into account student 

background characteristics. The link between student race and the four math outcome 

variables is effected by student math identity at the student-level and mathematics 

learning opportunities at the school-level. Figure 2.3 differs in intersectionality – 

interaction terms were added to suggest that students’ race and gender groupings have 

unique relationships with the four math outcomes. 
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Figure 2.2 Conceptual Model of the Study Linking Student Race with Relevant Predictors and Outcome Variables  
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Figure 2.3 Conceptual Model of the Study Linking Student Race & Gender with Relevant Predictors and Outcome Variables 
 

 



 

 

45 

CHAPTER 3 

DATA AND METHODS  

This study investigates the effects of student math perceptions and their school 

characteristics on racial differences in students’ mathematics outcomes and STEM career 

aspirations. In this chapter, I explain the data source and outline the analysis procedures. 

This chapter consists of four parts. In the first part, I describe the data source and the 

required preliminary analysis procedures to conduct multivariate analyses on the 

HSLS:09 dataset (e.g. choosing an analytic weight). In the second part, I detail the scope 

conditions for student eligibility. The third section outlines the operational definitions for 

the included variables. The final part summarizes how I carry out multilevel modeling 

and multivariate techniques to answer the research questions. As discussed in earlier 

chapters, the research questions are as follows: 

1) What is the distribution of racial differences in students’ math perceptions, 

such as math identity, and students’ school characteristics, such as advanced 

mathematics learning opportunities? 

2) What is the relationship between students’ math self-perceptions, school 

characteristics and their math outcomes? 

a. Does math identity and math learning opportunity relate to advanced 

mathematics course enrollment, STEM career aspiration, and math 

emotional and behavioral engagement?  

b. Does math emotional and behavioral engagement mediate the 

relationship between students’ math identity, course enrollment, and 

STEM career aspiration?  
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3) How do analyses considering intersectionality, namely the interactions 

between student race and gender groups, effect the relationships between 

students’ math self-perceptions and school characteristics and their advanced 

mathematics course enrollment, STEM career aspiration, and math emotional 

and behavioral engagement? 

 

The Data Source 

The High School Longitudinal Study of 2009 (HSLS:09) follows a nationally 

representative sample of fall-term 9th graders (N = 25,206) through high school and 3 

years after graduation. Participants were chosen during the second stage of a two-stage 

stratified sampling method: First, schools were selected based on their type, geographic 

region, and location. Then, students were randomly chosen to take part in the survey from 

the selected schools. The baseline student sample was drawn from 944 U.S. high schools 

that enrolled 9th and 11th graders during the 2009-2010 academic year. An average of 28 

pupils from each school was included.  

HSLS:09 is an appropriate source of data for this research because of its special 

emphasis on math and science education and students’ STEM-related outcomes. 

Specifically, the questionnaires were designed to permit researchers to understand how 

this 9th-grade cohort makes educational choices, gets access to STEM courses, and enters 

(or exits) the STEM pipeline. Moreover, by surveying students’ parents, school 

counselors and school administrators over time, HSLS:09 facilitates research that can 

estimate how aspects of students’ social and school contexts (e.g. school characteristics 

and home support) affect their educational decision-making and outcomes. Unlike its 

predecessors (e.g. NELS:1988), HSLS:09 includes a longitudinal measure of students’ 
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algebraic reasoning, allowing student-level analyses of STEM outcomes that include a 

measure of students’ STEM readiness and reasoning abilities (Ingels et al., 2013).  

In addition to HSLS:09, the present study includes school-level data from the 

Common Core of Data (CCD) and Private School Universe Survey (PSS). Taken 

together, the CCD and PSS provide administrative school and district-level items for all 

elementary and secondary schools in the United States. CCD and PSS data were merged 

into the HSLS:09 restricted files using the schools’ respective unique school 

identification numbers, NCESID on the CCD and PPIN on the PSS (Broughman et. al, 

2012; Keaton, 2013). The CCD and PSS data were averaged along with the HSLS:09 

variable for high school size to provide the best estimate of high school enrollment size. 

The group of merged high school size variables were preferred over the single item from 

HSLS:09 for two main reasons: First, they permitted the creation of a school size variable 

that is the average school enrollment over multiple years, which minimizes the impact of 

enrollment reporting errors in a single reporting year or from a single source. Second, the 

CCD and PSS merged data also provided a potential data source for missing school 

enrollment items. Schools that had values of “0” for high school enrollment were 

excluded. Schools without at least 2 items were also not included in the averages. All 

input items from the CCD and PSS are outlined in Table 3.1. 
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Table 3.1. High School Enrollment by Data Source & Survey Year 
  Item Data Source Survey Year 

Variable    
G0909 Total 9th Graders CCD 2009 
G1009 Total 10th Graders CCD 2009 
G1109 Total 11th Graders CCD 2009 
G1209 Total 12th Graders CCD 2009 
G09 Total 9th Graders CCD 2011 
G10 Total 10th Graders CCD 2011 
G11 Total 11th Graders CCD 2011 
G12 Total 12th Graders CCD 2011 
P270 Total 9th Graders PSS 2009 
P280 Total 10th Graders PSS 2009 
P290 Total 11th Graders PSS 2009 
P300 Total 12th Graders PSS 2009 
P270 Total 9th Graders PSS 2011 
P280 Total 10th Graders PSS 2011 
P290 Total 11th Graders PSS 2011 
P300 Total 12th Graders PSS 2011 

Note. Total high school enrollment was calculated by finding the sum of 9-12th grade 
student enrollment for a given year per data source.  

Weighting 

To account for the complexity of the sample design (multi-stage, stratified, 

random) and to maintain the representative sample, all analyses included an analytic 

weight, which was created by NCES (Hans-Vaughn, 2005). Following the directions of 

Ingels et al. (2013), the analytic weight was chosen based on the source of the included 

variables (student questionnaire) as well as the variable survey year (base year, First 

Follow-up or longitudinal). All analytic weights account for student and school-level 

non-response. They also adjust the sample for differential selection probabilities (such as 

sub-populations that were oversampled). A normalized weight was used in this study; it 
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was calculated by dividing each school's analytic weight by the average analytic weight 

for all schools. 

Scope Conditions 

Even though the HSLS:09 included more than 25,000 students attending 944 

schools, this study includes a subset of the sample. Specifically, there were four scope 

conditions, which made a student eligible for inclusion. First, this study centers on the 

role of school-level characteristics in student outcomes; therefore, it was important for 

students to be enrolled in the same school from the base year to the First Follow-up (step 

1). To determine a student’s enrollment status, I used the indicator variable that assigned 

students a value of "1" if they remained enrolled in their base year school. 

Approximately, 6,000 students transferred schools, dropped out of school, or their current 

school could not be determined.  

Since HSLS:09 is a longitudinal study, it is important to account for student 

attrition (step 2). If a student had an analytic weight equal to "0" for the First Follow-up, I 

eliminated them from this study because values of “0” on any of the analytic weight 

variables indicate that the student did not participate in the respective round of data 

collection.  

Next, racial differences in mathematics participation were relevant to this study so 

this research examines students who identified as Black, White, Latino, or Asian (step 3). 

I removed about 1,600 students from the analytic sample during the third step because the 

student identified as “Native American” or “Other”.  

Lastly, I am interested in how racial differences in math outcomes relate to 

student math identity and school-level mathematics learning opportunities. Thus, students 

needed to be enrolled in a mathematics course during 2012 (step 4). HSLS:09 indicates 
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student enrollment in a mathematics course or not using the indicator variable. Of the 

remaining students from the previous scope conditions, a little more than 1,900 or 

nearly12% of students, were ineligible after the fourth phase because they were not 

taking a mathematics course during the First Follow-up. The impact of the scope 

conditions by step on the full sample size is indicated in Table 3.2. As outlined in Table 

3.2, the scope conditions reduced the baseline sample size to 13,945 students attending 

936 schools (an average of nearly 15 students per school). 



 

 

51 

Table 3.2. Descriptive Statistics of the Study Sample by Scope Condition      
  Full Sample Step 1 Step 2 Step 3 Step 4 
  n M n M n M n M n M 
Asian           

Male  24,243  0.042  18,644  0.045 17,496 0.042  15,873  0.047 13,945 0.049 
Female  24,243  0.043  18,644  0.046 17,496 0.044  15,873  0.048 13,945 0.051 

Black           
Male  24,243  0.058  18,644  0.048 17,496 0.047  15,873  0.052 13,945 0.049 
Female  24,243  0.052  18,644  0.046 17,496 0.045  15,873  0.050 13,945 0.049 

Latino           
Male  24,243  0.083  18,644  0.079 17,496 0.077  15,873  0.085 13,945 0.083 
Female  24,243  0.085  18,644  0.077 17,496 0.076  15,873  0.084 13,945 0.084 

White           
Male  24,243  0.277  18,644  0.290 17,496 0.293  15,873  0.323 13,945 0.323 
Female  24,243  0.265  18,644  0.279 17,496 0.282  15,873  0.311 13,945 0.312 

Other           
Male  24,243  0.050  18,644  0.048 17,496 0.048  15,873  0.000 13,945 0.000 
Female  24,243  0.046  18,644  0.044 17,496 0.045  15,873  0.000 13,945 0.000 

Algebraic Reasoning  20,594  0.717  17,334  0.797 17,334 0.797  15,711  0.801 13,945 0.856 
Student Expectations  20,594  0.644  17,334  0.662 17,334 0.662  15,711  0.663 13,945 0.679 
Parent Expectations  21,168  0.663  17,641  0.681 17,496 0.681  15,873  0.683 13,945 0.695 
SES  21,168  0.078  17,641  0.114 17,496 0.115  15,873  0.119 13,945 0.150 
School Mean SES  25,203  0.078  19,144  0.100 17,496 0.092  15,873  0.095 13,945 0.118 

           
Total n  25,203     19,144    17,496    15,873    13,945   
Note. 3 Asian students did not have a valid value for gender so the full sample excludes them from the original sample of  
N = 25,206.  
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Dependent Variables  

This study aimed to investigate four student-level math outcomes as dependent 

variables: advanced mathematics course enrollment; math engagement (behavioral and 

emotional); and STEM career aspiration. This section details how each outcome variable 

is measured.  

Advanced Mathematics  

Following Tyson et al. (2007), this study uses a dichotomous variable (1 = Yes) 

for advanced mathematics course enrollment. In this study, advanced mathematics course 

enrollment is defined as whether a student was enrolled (or not) in any one of the 

following mathematics courses during Spring 2012: Pre-Calculus, Calculus, AP Calculus, 

Statistics, AP Statistics or Higher Level IB Math. These courses were chosen for one or 

more of the following reasons: the course is a pre-requisite or equivalent to Introduction 

to Calculus or Introduction to Statistics (e.g. Pre-Calculus, Calculus, AP Calculus, 

Statistics, and AP Statistics), which are entry-level college mathematics courses 

(Adelman, 2006; Sadler et al, 2014); or the course is considered to be more rigorous than 

a traditional mathematics course (e.g. AP Statistics and Higher Level IB math). This 

study includes a more expanded definition of advanced mathematics to include students 

who are taking upper-level mathematics courses, but are not enrolled in the College 

Board’s Advanced Placement (AP) math courses. 

Math Engagement  

I used exploratory factor analysis to create an index of students’ math 

engagement. Ten Items were selected from the student questionnaire based on their 

alignment with the three forms of engagement detailed in Fredricks et al. (2004): 
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behavioral (“how often paid attention to math teacher”), emotional (“math course is 

boring”), and cognitive engagement (“taking math because I like to be challenged”). 

Some items were excluded (e.g. number of times the student has been absent from 

school) because they describe school engagement broadly as to math engagement. It is 

important to note that cognitive engagement was only captured with 2 items; therefore, 

the remaining 8 items refer to either behavioral or emotional engagement. I reverse coded 

some items so that higher values suggest higher engagement.  Moreover, since the 

potential variables are coded on different scales (some are dichotomous while others are 

on 4-point Likert scales), I converted the student ratings to z-scores. Table 3.3 provides 

item descriptions for the 10 items. Table 3.4 details univariate statistics for the input 

variables. 

Table 3.3. HSLS:09 First Follow-up Proxies for Mathematics Engagement 

 

 

Variable Item 
FAVSUBMTH Does the student think math is their favorite subject? 

S2MATTENTION 
How often did you pay attention to spring 2012 math 

teacher? 

S2MONTIME 
How often did you turn in assignments on time in spring 

2012 math course? 
S2MSTOPTRYING How often did you stop trying in spring 2012 math course? 

S2MGETBY 
How often did you do as little work as possible in spring 

2012 math course? 
S2MENJOYING Teen is enjoying (spring 2012) math course 
S2MWASTE Teen thinks (spring 2012) math course is a waste of time 
S2MBORING Teen thinks (spring 2012) math course is boring 

S2MCHALLENGE 
Teen is taking spring 2012 math b/c he/she likes to be 

challenged 

S2MENJOYS 
Teen is taking spring 2012 math b/c he/she really enjoys 

math 
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Table 3.4. HSLS:09 First Follow-up Proxies for Mathematics Engagement  

 

Table 3.5 displays the factor solution for mathematics engagement. The solution 

was created by principal axis components analysis with oblique rotation. An oblique 

rotation was chosen because it provides a factor solution even when the factors are 

correlated (Kim and Mueller, 1978). The resulting two factors, shown in Table 3.5, 

explain 54% of the variance in student math engagement ratings. As indicated previously, 

there was a lack of measures indicating cognitive engagement. Consequently, the two-

factor solution refers to emotional (factor 1) and behavioral engagement (factor 2). 

Emotional engagement has an alpha of 0.78. Behavioral engagement has an alpha of 

0.72. Each factor was turned into an index that represented a sum score of the input 

variables. Students with the highest ratings on the emotional engagement index tend to 

agree that mathematics is their favorite subject and that their math class is a welcomed 

challenge. Students with high scores on the behavioral engagement index feel that they 

regularly turn in their assignments on time and pay attention in math class.   

Variable M SD N Min. Max. 
FAVSUBMTH 0.17 0.38 20,307 0 1 
S2MATTENTION 4.11 0.90 17,230 1 5 
S2MONTIME 1.73 0.91 17,196 1 5 
S2MSTOPTRYING 4.00 1.03 17,208 1 5 
S2MGETBY 4.18 1.10 17,183 1 5 
S2MENJOYING 2.48 0.93 20,072 1 4 
S2MWASTE 3.01 0.84 20,037 1 4 
S2MBORING 2.44 0.90 20,008 1 4 
S2MCHALLENGE 0.48 0.50 17,276 0 1 
S2MENJOYS 0.34 0.48 17,306 0 1 
Note. Since these variables were coded on different scales, I converted them to z-scores 

before the factor analysis.  
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Table 3.5. Pattern Matrix of Factor Analysis of Mathematics Engagement 
    Factor 

Variable Item 
1 

(a = .78) 
2 

(a = .72) 

FAVSUBMTH 
Does the student think math is their favorite 
subject? 0.728   

S2MBORING 
Teen thinks (spring 2012) math course is 
boring 0.540  

S2MCHALLENGE 
Teen is taking spring 2012 math b/c he/she 
likes to be challenged 0.666  

S2MENJOYS 
Teen is taking spring 2012 math b/c he/she 
really enjoys math 0.849  

S2MENJOYING Teen is enjoying (spring 2012) math course 0.676  

S2MWASTE 
Teen thinks (spring 2012) math course is a 
waste of time  -0.420 

S2MATTENTION 
How often did you pay attention to spring 
2012 math teacher?  -0.713 

S2MONTIME 
How often did you turn in assignments on 
time in spring 2012 math course?  0.736 

S2MSTOPTRYING 
How often did you stop trying in spring 
2012 math course?  -0.706 

S2MGETBY 
How often did you do as little work as 
possible in spring 2012 math course?   -0.788 

Note. Reliability analyses produced a stronger alpha value for factor 2 if S2MONTIME was 
excluded. Consequently, this variable was not included in the final factor sum score for each 
student 

 

  

 
STEM Aspiration 

During all waves of data collection, students were asked to indicate their ideal job 

at age 30. Students’ responses were sorted into groups using a selection of the 2-digit 

O*NET codes (see Bureau of Labor Statistics, 2010 for Standard Occupational 

Classifications). Of the group codes selected by NCES, I created a dichotomous variable 

(1 = Yes, the student aspires to have a STEM career) where students whose careers were 

coded as being in groups 13, 15, 17, 19, and 29 were given a value of “1”. Some sample 

careers by code are shown in Table 3.6. Comparing the two-digit O*NET codes with 

student written responses (S2OCC30), 19 cases were manually re-coded as “0”, an 
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indicator for students who did not aspire to have a stem career. Those students listed their 

future occupation as a “homemaker”, but were coded by NCES as “missing”.  

Table 3.6. Sample Occupations by 2-digit O*Net Code 
 

 

Student-Level Independent Variables 

The following section describes predictor variables that are at the student-level.  

All of the variables represent student background traits and their beliefs about 

mathematics, careers or college.  

Race. 

The main independent variable for this study is student race. As mentioned in the 

scope conditions, I included students who identify as White, Asian, Latino, and Black. 

For the purposes of analysis, I created indicator variables for each racial category. Latino 

O*NET Code Sample Occupations 
13 Business & Financial Operations 
 Accountant 
 Auditor 
 Financial Quantitative Analyst 
15 Computer & Mathematical 
 Business Intelligence Analyst 
 Information Research Scientist 
 Video Game Designer 
17 Architecture & Engineering 
 Architecture Drafter 
 Civil Engineer 
 Electrical Engineer 
19 Life, Physical & Social Science 
 Biochemist 
 Neuropsychologist 
 Physicists 
29 Healthcare Practitioners & Technical 
 Dentist 
 Family Doctor 
  Nurse Practitioner 
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students with and without a specified race were included in the same group. In all 

analyses, White students were the omitted group. 

Math Identity.  

I used exploratory factor analysis on the 9 items listed in Table 3.7 to create an 

index for math identity. Even though NCES created a 2-item measure of math identity), 

the reported alpha of 0.65 and the complexity of identity prompted me to determine 

whether there was a more robust measure (Ingels et. al, 2013). I chose 9 items from the 

First Follow-up survey based on their alignment with the definition of math identity used 

in this study - “the dispositions and deeply held beliefs that students develop about their 

ability to participate and perform effectively in mathematical contexts and to use 

mathematics in powerful ways across the contexts of their lives” (Aguirre et al., 2013, p. 

14). Factors with eigenvalues greater than 1 and factor loadings greater than 0.40 were 

included in the final solution (Kim and Mueller, 1978). Since the potential variables for 

this index are coded on the same 4-point Likert scale, I reverse-coded items (where 

appropriate) so that higher values suggest higher math identity. The variable names and 

respective survey questions included in the factor analysis as well as the mean student 

response, standard deviation, and number of student responses for each input variable is 

detailed in Table 3.7. 
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Table 3.7. HSLS:09 First Follow-up Proxies for Mathematics Identity 

 

 

 

The results of a principal components factor analysis with oblique rotation are 

shown in Table 3.8. Two factors resulted from the 9 items. Factor 1 will be described as 

mathematics identity (a=.89). Factor 2 will be described as mathematics utility (alpha 

reliability score of 0.82). The resulting index for math identity is a 6-item sum score. The 

resulting index for math utility is a 3-item sum score.  Both measures offer improvements 

in reliability over the original 2-item measure. 

 

 

 

Variable Item M SD N 

S2MPERSON1 
Teenager sees himself/herself as a 

math person 2.40 1.00 20,103 
S2MPERSON2 Others see teenager as a math person 2.45 0.93 20,048 

S2MASSEXCL 

Teen confident can do excellent job 
on (spring 2012) math 
assignments 2.92 0.77 19,983 

S2MTEXTBOO
K 

Teen certain can understand (spring 
2012) math textbook  2.56 0.89 20,018 

S2MTESTS 
Teen confident can do an excellent 

job on (spring 2012) math tests 2.78 0.82 19,998 

S2MSKILLS 
Teen certain can master skills taught 

in (spring 2012) math course 2.85 0.79 20,017 

S2MUSELIFE 
Teenager thinks math is useful for 

everyday life 3.14 0.74 20,097 

S2MUSECLG 
Teenager thinks math will be useful 

for college 3.44 0.60 20,068 

S2MUSEJOB 
Teenager thinks math is useful for 

future career 3.26 0.72 20,032 
Valid Listwise N = 19,226    
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Table 3.8. Pattern Matrix of Factor Analysis of Mathematics Identity and Utility 

 

School-Level Independent Variables   

This section outlines the school-level independent variables. Taken together, they 

provide insight into aspects of students’ school contexts.  

School Mean SES 

School SES is an aggregate variable representing the average SES of surveyed 

students attending the school during the base year. This measure of school SES was 

preferred over other measures of school-level SES (e.g. percentage of students eligible 

for free lunch) for a few reasons. First, student SES, as measured by NCES, is a robust 

measure inclusive of student family income and parental education. Second, it is possible 

to have a school-wide policy for free lunch without all students being in poverty. Third, 

   Factor 

Variable Item 
1 
(a = .89) 

2 
(a = .82) 

S2MPERSON1 
Teenager sees himself/herself as a math 

person .676   
S2MPERSON2 Others see teenager as a math person .650  

S2MASSEXCL 
Teen confident can do excellent job on 

(spring 2012) math assignments .838  
S2MTEXTBOO

K 
Teen certain can understand (spring 2012) 

math textbook  .801  

S2MTESTS 
Teen confident can do an excellent job on 

(spring 2012) math tests .867  

S2MSKILLS 
Teen certain can master skills taught in 

(spring 2012) math course .829  

S2MUSELIFE 
Teenager thinks math is useful for 

everyday life  .811 

S2MUSECLG 
Teenager thinks math will be useful for 

college  .832 

S2MUSEJOB 
Teenager thinks math is useful for future 

career   .860 
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the free lunch measures available on HSLS:09, CCD, and PSS refer to all students at a 

given school, not necessarily those eligible for free lunch at the high school level.  

Advanced Mathematics Course Opportunity 

Like Solórzano and Ornelas (2004), I created a variable describing students’ 

access to advanced coursework. In this study, however, I focused on advanced 

mathematics coursework as to advanced coursework generally. This variable was 

computed by dividing the number of AP math courses at a school by the school’s total 

high school enrollment. To prevent very small values, I multiplied the result by 100. 

Higher values suggest that the school provides more students with the opportunity to 

enroll in an advanced placement math course. A value of “0” suggests that a school does 

not offer an advanced mathematics course. Values of “0” were retained within this study 

because the lack of an opportunity to learn is analytically and theoretically important. 

Non-zero values represent the number of AP courses a school has per 100 students. For 

instance, a math opportunity value of “1” suggests that the school has one advanced 

mathematics course per 100 high school students. As explained previously, the total 

enrollment for a school was found by using variables from HSLS:09, CCD, and PSS. 

Since this study focuses on high school students, it was important to pinpoint school 

enrollment at the high school level only. The variables used to measure high school 

enrollment are outlined in Table 3.1. 

 

Control Variables 

The following variables represent student background characteristics. They were 

included in all models to pinpoint differences that existed after taking them into account. 
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Student SES 

X2SES is a composite variable created by NCES to measure students’ 

socioeconomic statuses. It considers the student’s parent’s education and occupation as 

well as the student’s family income.  

Mathematics Reasoning 

Students’ algebraic reasoning abilities were estimated using the theta score of the 

mathematics assessment that was administered in 2012. The theta score measures 

students’ mastery of key algebraic content (e.g. proportional relationships) and processes 

(e.g. solving an algebraic equation). Researchers can use it as a proxy for students’ 

preparation for higher-level coursework in math and science. After omitting students who 

attempted fewer than 30 items and/or had patterned responses (e.g. “ABCDABCD” or 

“CCCCCC”), 18,507 students from the original sample had usable data (Ingels et al., 

2013). This study uses the algebraic reasoning score from the test administered in 2012.  

Gender 

X2SEX was recoded into two binary indicator variables that describes whether a 

student is a male or a female. For this study, I only used the variable that indicates 

whether a student identifies as male; therefore, students with a value of “1” are male.  

Student College Expectations 

During the First Follow-up, students were asked how far in school they thought 

they would go (X2STUEDEXPCT). For this study, I recoded this categorical variable 

into a binary indicator with a value of “1” suggesting that at the First Follow-up the 

student would like to go to college and/or complete a postsecondary degree. Students 
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who felt that they would start college but not finish or did not know were given a value of 

“0”. Nearly 68% of students indicated that they aspired to attend college. 

Parent College Expectations for Student 

During the First Follow-up, students’ parents were asked how far in school they 

thought their student would go (X2PAREDEXPCT). Missing values for this variable 

were imputed by NCES. For this study, I recoded this categorical variable into a binary 

indicator with a value of “1” suggesting that at the First Follow-up the student’s parent 

would like them to go to college and/or complete a postsecondary degree. Parents who 

felt that their child would start college but not finish or did not know were given a value 

of “0”. In this case, the students, on average, had lower expectations than their parents 

(67.9% of students expected to attend college and 69.5% of parents expected their 

students to attend college). Students’ expectations were also moderately positively related 

to their parents’ expectations (r = 0.231, p < 0.01). Since the variables are not highly 

correlated (and there is no potential for multi-collinearity) both will be used in analyses.  

 Analytic Procedures 

Analyses were conducted in two stages: the first stage included univariate and 

bivariate statistics; the second stage employed multilevel and multivariate modeling. This 

section outlines both stages.  

The first phase of analysis centered on performing univariate and bivariate 

statistics to uncover statistically significant racial differences in what students “figure” 

(e.g. math identity and math utility) and racial differences in their school experiences 

(e.g. math opportunity). I also assessed the suitability of the data for multilevel 

techniques because multilevel modeling provides an opportunity to understand how 
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students’ respective schools might affect students’ math engagement, STEM aspiration 

and math course enrollment (Luke, 2004). 

The second stage of analysis used multivariate modeling techniques to predict 

math engagement, STEM aspiration and advanced mathematics course enrollment. 

Consistent with the research questions, separate analyses were conducted to examine 

factors that modify racial differences in the math outcomes as well as factors that relate to 

the interaction between race and gender on math outcomes. 

Multivariate Model Estimation & Fit 

To account for potential outliers, the final logistic regression models also contain 

robust estimators, which allow for more conservative estimates of the variables. I used 

ML (maximum likelihood) for model fit. I chose this estimation method over REML 

(restricted maximum likelihood) because the data used for this study contains over 700 

level two units. As explained by Luke (2004), when there are 30 or more level-2 units 

then the differences between REML and ML do not lead to differences in interpretation.   

Moreover, the deviance statistics resulting from ML models permit researchers to 

compare the fixed and random effects across models.  

Using the advice of Heck, Thomas, and Tabata (2013), model fit was assessed in 

two ways. First, I compared the scaled deviance values for all models. Decreases in the 

scaled deviance suggest increases in model fit. To overcome a problem of reducing the 

deviance merely by adding more parameters, I also compared the Akaike Information 

Criterion (AIC). The AIC calculates the deviance statistics so that additional parameters 

are penalized (Luke, 2004). It can be compared to an adjusted R2 from OLS regression 
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models. Decreases in deviance across models were examined to determine better model 

fit. These comparisons were appropriate because the models were successive and nested. 

Multilevel Modeling (MLM) Assessment 

For predictions of advanced mathematics course enrollment, the use of MLM has 

a theoretical and statistical basis. Theoretically, as outlined in the literature review, 

educational opportunity effects students’ abilities to learn as well as their access to 

advanced courses. School-level educational opportunity has been shown to vary by 

student race. Statistically, the interclass correlation coefficient (ICC), which is a measure 

of the amount of variance in the independent variable explained by schools, also suggests 

that MLM is appropriate. As shown in Table 3.9, the ICC was about 16%, which suggests 

that 16% of the variation in math course enrollment can be explained by factors at a 

student’s school. Beyond course enrollment, the ICC summary in Table 3.9 indicates that 

there is no statistical reason for predicting math engagement or student STEM aspiration 

with MLM techniques. The ICCs range from 5-6%. Accordingly, these variables will be 

predicted using OLS and logistic regression techniques. 

 

Table 3.9. Intraclass Correlation Coefficients for Math Outcomes by School 
Dependent Variable ICC % 
Advanced Mathematics Course Enrollment 15.99 
STEM Career Aspiration 4.06 
Math Engagement  

Behavioral 5.68 
Emotional 5.77 
Utility 5.26 
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Centering 

 In multilevel models, a result of “0” for some variables is difficult to interpret 

because it is unclear if the value can be attributed to the student or school levels. To 

increase the meaningfulness of data values that are “0”, some level-1 predictors were 

group mean centered. Group mean centering permits researchers to interpret individual 

outcomes relative to the average outcomes of students in their respective schools (Luke, 

2004). This is a contrast from grand mean centering where the variables would be 

adjusted to the average student in the entire sample. Moreover, as described by Hofmann 

(1998), centering using the group mean allowed me to attribute significant differences in 

the model results to students' school contexts. This technique is an improvement over 

typical mixed models results, which do not differentiate whether significant differences 

occur at the school or student levels. As outlined by Geiser (2010), all dummy coded 

variables were not centered because a value of “0” is meaningful (e.g. “0” for the 

advanced math variable refers to a student who is not enrolled in an advanced math 

course).  

Missing Data Management 

As indicated by Widaman (2006) and shown in Table 3.10, missing data was 

considered minimal. The level of missingness was low in part because several student 

variables (e.g. socioeconomic status and algebraic reasoning) were imputed by NCES.  

The variables for mathematics opportunity contained the highest percentage of missing 

values when compared to the analytic sample; however, the value of about 13% was 

considered manageable.  
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Table 3.10. Missing Data Frequencies 
  Valid Missing 
Variable n % n % 
Math Outcomes     

Advanced Math 13823 99.13 122 0.87 
Math Engagement    

Behavioral Engagement 13877 99.51 68 0.49 
Emotional Engagement 13945 100.00 0 0.00 

STEM Career Aspiration 13801 98.97 144 1.03 
Math Identity 13856 99.36 89 0.64 
Math Utility 13708 98.30 237 1.70 

Male 13945 100.00 0 0.00 
Socioeconomic Status 13945 100.00 0 0.00 
Algebraic Reasoning 13945 100.00 0 0.00 
Student College Expectations 13945 100.00 0 0.00 
Parent College Expectations 13945 100.00 0 0.00 
School SES 13945 100.00 0 0.00 
Math Opportunity  12118 86.90 1827 13.10 

 

 

Normality, Linearity, & Outliers  

Data were screened to determine whether the included variables were normal; 

contained potential outliers; and/or contained multicollinearity. To determine whether the 

variables were normal, I reviewed the coefficients for kurtosis and skewness for the 

independent variables (shown in Table 3.11). Kurtosis values higher than 10 and 

skewness statistics larger than 3 were considered extremely non-normal (Taylor, 2008; 

Kline, 2011).  

Bivariate correlations of all continuous variables were examined to determine 

whether there was the potential for multicollinearity, which refers to high correlations 

between the independent variables within the statistical models. Correlations greater than 

.80 were deemed to have a high overlap between the variables (Berry, 1985; Licht, 1995).  
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Potential outliers were determined by checking the frequencies of continuous 

variables. Valid values that were more than three standard deviations from the mean were 

considered outliers (Kline, 2011). Outliers were recoded so that the maximum value was 

three standard deviations from the mean.  

Screening revealed that Math Opportunity contained outliers (it had an original 

Kurtosis coefficient of 26.34 and a skewness statistic of 4.32). Since math opportunity 

was a computed variable, I examined the input variables (High School Enrollment and 

Number of AP mathematics courses). The number of AP mathematics courses reported 

by the schools had 39 outliers. High School Enrollment revealed 99 outliers. I recoded 

each variable so that the maximum value was three standard deviations from the mean (µ 

+ 3SD). After adjusting for outliers, the skewness and Kurtosis statistic for math 

opportunity was skill above the desired threshold (Kurtosis coefficient of 27.92 and a 

skewness statistic of 4.41).  Consequently, math opportunity was transformed using the 

square root function – as it would serve to shrink differences between the highest scores. 

The transformed variable has a Kurtosis coefficient of 8.81 and a skewness statistic of 

2.34 – an acceptable level (Kline, 2011).  

Descriptive Statistics of Analytic Sample 

As indicated by the weighted statistics, the student population is about 4% Asian, 

13% Black, 23% Latino, and 59% White. Most racial groups are split evenly between 

male and female learners. There are approximately 2% more Black girls than boys and 

about 1% more White boys than White girls. Across the sample, students seem to have 

moderate levels of SES (the average SES is closer to 0 vs. any extreme). Students also 

score closer to more moderate levels of algebraic reasoning ability.  
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When it comes to math outcomes, most students are not enrolled in an advanced 

mathematics course (only 29% of students taking a mathematics course were enrolled in 

an advanced class). More students (about 36% of students) note that they aspire to have a 

STEM career. Students report more positive assessments of their math identity, math 

utility, emotional engagement, and behavioral engagement. In addition, majority of 

students (64%) and their parents (65%) have educational expectations that include 

matriculating college.   

At the school level, the average school has a moderate level of SES.  Students’ 

mean access to advanced mathematics coursework is 0.17. This value suggests that a 

typical school has approximately 0.17 advanced math courses per 100 secondary 

students.  The lowest advanced mathematics opportunity is no advanced courses per 100 

students. The highest mathematics opportunity is nearly 1 course per 100 high school 

students. Table 3.11 shows the weighted and unweighted descriptive statistics of the 

analytic sample. 
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  Weighted Range 
  M SE Min. Max. 
Student-Level     
Asian     

Male 0.022 - 0 1 
Female 0.023 - 0 1 

Black     
Male 0.054 - 0 1 
Female 0.072 - 0 1 

Latino     
Male 0.117 - 0 1 
Female 0.116 - 0 1 

White     
Male 0.309 - 0 1 
Female 0.288 - 0 1 

Advanced Mathematics 0.29 - 0 1 
Math Engagement     

Emotional -0.057 0.051 -5.33 7.98 
Behavioral -0.126 0.045 -11.68 3.9 

STEM Aspiration 0.364 - 0 1 
Math Identity 15.643 0.06 1 24 
Math Utility 9.816 0.031 3 12 
Socioeconomic Status 0.01 0.018 -1.75 2.28 
Algebraic Reasoning 0.694 0.026 -2.6 4.5 
Student College Expectations 0.637 - 0 1 
Parent College Expectations 0.654 - 0 1 

     
School-Level     
School SES 0.014 0.016 -0.84 1.31 
Mathematics Opportunity 0.17 0.007 0 0.97 

     
Total n  13,945       
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Correlations of Independent Variables 

Table 3.12 shows the correlation matrix for all the continuous and indicator 

variables used in this study. As indicated, a student’s enrollment or not in an advanced 

mathematics course is significantly related to all the other variables. The strongest 

relationship is with a students’ algebraic reasoning – a student with a higher score on the 

algebraic reasoning test is more likely to be enrolled in an advanced mathematics course. 

Enrollment is also moderately related to both school level characteristics as well as 

students’ emotional math engagement, socioeconomic status, desire to attend college, and 

math identity. There is a significant negative relationship between gender and enrollment 

- boys are less likely to be enrolled in the courses.  

Students’ emotional engagement is strongly (r > 0.40) positively correlated with 

their behavioral engagement, views about the utility of mathematics, and math identity. 

There is no relationship between their emotional engagement and the school-level 

characteristics.  

Students’ behavioral engagement is strongly positively correlated with their math 

identity. The strength of the relationship between math utility and behavioral engagement 

follows closely (r = 0.36).  

STEM Aspiration has a moderate, negative correlation with a student’s gender. 

Boys are less likely to aspire to have a STEM career. Students with high STEM 

aspirations are also more likely to have a desire to attend college. There is a weak 

positive relationship between school-level SES and STEM aspiration. 
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Table 3.12. Correlation Matrix for all Continuous Variables           

  1 2 3 4 5 6 7 8 9 10 11 12 13 Skewness Kurtosis 

Variable                
1. Advanced Math -             0.93 -1.14 

Math Engagement                
2. Emotional .22* -            0.48 -0.71 

3.Behavioral .14* .52* -           -0.92 0.73 
4. STEM Aspiration .13* .16* .18* -          0.57 -1.68 
5. Male -.03* .02* -.09* -.18* -         -0.01 -2.00 

6.Socioeconomic Status .24* .03* .08* .06* .00 -        0.27 -0.50 

7.Algebraic Reasoning .47* .26* .24* .14* .01 .39* -       0.05 -0.34 

8.Student College Expectations .25* .16* .26* .25* -.11* .28* .35* -      -0.57 -1.68 

9.Parent College Expectations .16* .09* .15* .10* -.08* .25* .24* .24* -     -0.65 -1.58 

10.Math Utility .08* .40* .36* .12* .02* -.02* .14* .11* .07* -    -0.59 0.49 

11.Math Identity .21* .65* .47* .15* .10* .10* .35* .22* .12* .42* -   -0.26 -0.07 

12.School SES .19* .01 .05* .05* .00 .53* .37* .21* .18* -.03* .09* -  0.53 0.24 

13. Mathematics Opportunity .13* .01 .03* .02 -.02 .16* .11* .08* .07* .00 .02*.    .31* - 2.63 8.51 

.*p < 0.05           
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Summary of Analysis Procedures 

This study uses a national cohort of high schoolers from the HSLS:09 dataset. 

After adjusting for four scope conditions, the baseline sample consisted of 13,945 Black, 

Latino, Asian, and White students attending one of 936 schools who were taking a 

mathematics course in spring 2012. To maintain the representativeness of the sample, I 

used an analytic weight for all analyses. 

 Since central variables to this study were not available in the original dataset or 

had less than ideal internal consistency, I created variables for math identity using factor 

analysis and mathematics learning opportunities using a calculation from an earlier study. 

These variables as well as the others had manageable levels of missingness. Moreover, 

for the calculated variables, they offered improvements over the original measures. 

As mentioned, one of this study’s purposes is to understand how school and 

student characteristics impact student outcomes. Consequently, the outcome variables 

were tested for suitability for multilevel modeling. The design effects and intraclass 

correlation coefficients determined that advanced mathematics course enrollment was the 

only outcomes variable with variation based on school. Given that result, multilevel 

modeling was using for all analyses with course enrollment as the outcome. For the other 

outcome measures, logistic regression was appropriate to analyze STEM career aspiration 

and multivariate OLS regression was necessary to answer questions related to emotional 

and behavioral engagement. The next chapter details the results. 
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CHAPTER 4 

RESULTS 

This chapter presents the results of descriptive and multivariate analyses aimed at 

answering the core research questions posed in the preceding chapter. The models 

include one out of two comparison groups, which include students who have moderate 

levels of SES, math reasoning ability, math perception scores, math opportunity, and 

school SES. All students in the comparison groups and their parents also do not expect 

the student to attend college. The first comparison group, valid for all models centered on 

student race, references White females with the previously mentioned characteristics. The 

second comparison group, relevant for all models including race and gender interaction 

terms, references White males with the previously mentioned characteristics. This chapter 

is divided into two parts – the first part answers the first research question; the second 

part includes the analyses that answer the second and third research questions.  

Racial Differences in Math Perceptions & Opportunity (RQ1) 

In this section, I provide an analysis of whether there are racial differences in 

students’ math perceptions and their school characteristics. All results are accompanied 

by a graphical representation of the mean differences by student race. Overall, the results 

of ANOVA and post-hoc tests indicate that there are significant racial differences in 

student math perceptions and school characteristic variables. What follows is a 

description of the magnitude of the mean differences between racial minority and White 

students.   
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Math Identity 

Table 4.1 includes the results of a one-way analysis of variance comparing 

students’ math identity ratings by their racial group; it also shows the mean differences in 

math identity ratings when compared to White students. The results indicate that there are 

racial differences in mathematics identity ratings [F(3, 13,860) = 23.40, p <0.001], but 

that the differences across groups are generally small. Specifically, the post-hoc mean 

difference tests reveal that White students have significantly higher math identity scores 

than Latino students; however, they have statistically lower math identity ratings when 

compared to Black and Asian students. Figure 4.1 displays the means of math identity by 

racial group in a bar chart.  

 

 

Table 4.1. ANOVA Results & Mean Differences of Math Identity Rating by Student 
Race 

 

 

 

Source df Sum of Squares Mean Square F Statistic p 
Between Groups 3 1274.72 424.91 23.40 p <0.001 
Within Groups 13860 251709.93 18.16    
Total 13863 252984.65       
      
Mean Differences in Math Identity Rating   
    Mean Difference p   
White Asian -0.85 p <0.001   
  Black -0.44 p < 0.01   
  Latino 0.39 p <0.001   
Note. The mean differences refer to the difference in average math identity ratings 

when compared to White students. Positive values indicate that White students have 
higher scores.  
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Figure 4.1. Bar chart of mean math identity ratings by student race 
 

 

Math Utility 

Table 4.2 indicates that there are racial differences in math utility [F(3, 13,704) = 

68.76, p <0.001]. When compared to all other racial groups, White students have the 

lowest ratings. Figure 4.2 makes clear that Black students have the highest math utility 

ratings, followed by Asian, then Latino students. As mentioned in the section above, even 

though these differences are statistically significant, the differences might not be 

practically significant.  
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Table 4.2. ANOVA Results & Mean Differences of Math Utility Rating by Student 
Race 

 
Figure 4.2 Bar chart of math utility by student race 
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Source df Sum of Squares Mean Square F Statistic p 
Between Groups 3 657.53 219.18 68.76 p <0.001 
Within Groups 13704 43682.13 3.19    
Total 13707 44339.66       
      
Mean Differences in Math Utility Rating   
    Mean Difference p   
White Asian -0.36 p <0.001   
  Black -0.66 p < 0.001   
  Latino -0.17 p <0.001   
Note. The mean differences refer to the difference in average math utility ratings when 

compared to White students. Positive values indicate that White students have 
higher scores.  
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Math Behavioral Engagement 

 
Table 4.3 shows that there are significant racial differences in students’ reports of 

math behavioral engagement [F(3, 13,872) = 9.27, p <0.001]. Asian students report the 

highest levels. White and Black students rank second in group averages because they 

have statistically similar scores. Latino students report the lowest behavioral engagement 

scores. Table 4.3 summarizes the results of significance testing. Figure 4.3 displays the 

patterns of student behavioral engagement by student racial group in a bar chart.  

 

 

Table 4.3. ANOVA Results & Mean Differences of Behavioral Engagement by Student 
Race 

 
	 	 	 	 	

 

 

 

Source df Sum of Squares Mean Square F Statistic p 
Between Groups 3 240.27 80.09 9.27 p <0.001 
Within Groups 

13872 119787.37 8.64   
 

Total 13875 120027.64       

Mean Differences in Math Behavioral Engagement Rating  
	

    Mean Difference p 
 

	

White Asian -0.34 
p <0.05  

	

  Black -0.17 
   

	

  Latino 0.19 
p <0.05  

	
Note. The mean differences refer to the difference in average math behavioral 

engagement ratings when compared to White students. Positive values indicate that 
White students have higher scores.  
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Figure 4.3 Bar chart of behavioral engagement by student race 
 

Math Emotional Engagement 

Table 4.4 presents the results of an ANOVA test examining students’ math 

emotional engagement ratings by student race. As shown, there are significant differences 

in students’ emotional engagement scores [F(3, 13,940) = 51.29, p <0.001]. Visible in 

Figure 4.4, White and Latino students report similar levels of below average emotional 

engagement. Asian and Black students report significantly higher emotional engagement, 

and above average, scores when compared to White and Latino students. Also shown in 

Figure 4.4, Asian and Black students have above average scores, but Asian students 

report the highest average ratings.  

 

 

 

-0.40

-0.30

-0.20

-0.10

0.00

0.10

0.20

0.30

White Asian Black Hispanic

B
eh

av
io

ra
l E

ng
ag

em
en

t

Student Race Average



 

 

79 

Table 4.4. ANOVA Results & Mean Differences of Emotional Engagement by Student 
Race 

 
	 	 	 	 	

 
 
 

 
Figure 4.4. Bar chart of emotional engagement by student race 
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Source df Sum of Squares Mean Square F Statistic p 
Between Groups 3 1942.81 647.60 51.29 p <0.001 
Within Groups 

13940 175993.57 12.63   
 

Total 13943 177936.38       

Mean Differences in Math Emotional Engagement Rating  
	

    Mean Difference p 
 

	

White Asian -1.34 
p <0.001  

	

  Black -0.87 
p <0.001  

	

  Latino -0.16 
   

	
Note. The mean differences refer to the difference in average math emotional 

engagement ratings when compared to White students. Positive values indicate that 
White students have higher scores.  
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Math Opportunity 

 
The findings of a one-way analysis of variance of AP mathematics opportunity by 

student race appears in Table 4.5. As shown, there are significant racial differences in 

advanced mathematics opportunity [F(3, 12,114) = 60.24, p <0.001]. White and Asian 

students have the highest average level of AP opportunity (White students’ schools score 

slightly higher than Asian students but the values are statistically the same). As shown in 

Figure 4.5, Black and Latino students have below average levels of mathematics 

opportunity.  

 

Table 4.5 ANOVA Results & Mean Differences of Math Opportunity by Student Race 

 

 

 

Source df Sum of Squares Mean Square F Statistic p 
Between 

Groups 3 4.52 1.51 60.24 
p <0.001 

Within Groups 12114 302.74 0.02    
Total 12117 307.25       
      
Mean Differences in Math Opportunity   

    
Mean 

Difference p   
White Asian 0.02    
  Black 0.04 p <0.001   
  Latino 0.04 p <0.001   
Note. The mean differences refer to the difference in school math opportunity when 

compared to White students. Positive values indicate that White students have a 
higher percentage.  



 

 

81 

 

Figure 4.5. Bar chart of average mathematics opportunity by student race. The values 
represent courses per 100 students. 

 
School SES 

Table 4.6 indicates that there are racial differences in School SES [F(3, 13,941) = 

515.49, p <0.001]. Black and Latino students are more likely to attend schools with 

students who are financially disadvantaged while White and Asian students are more 

likely to attend school with students who are financially advantaged (see Figure 4.6). 

Unlike the results for student math identity and math utility, the mean differences are 

significant and substantive because White and Asian students are having opposite 

experiences when compared to Black and Latino students.  
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Table 4.6. ANOVA Results & Mean Differences of School SES by Student Race 

 

 
Figure 4.6 Bar chart of school SES by student race 
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Source df Sum of Squares Mean Square F Statistic p 
Between Groups 3 194.74 64.91 515.49 p <0.001 
Within Groups 13941 1755.49 0.13    
Total 13944 1950.22       
 
 
      
Mean Differences in School SES   
    Mean Difference p   
White Asian -0.04    
  Black 0.26 p <0.001   
  Latino 0.23 p <0.001   
Note. The mean differences refer to the difference in school SES when compared to 

White students. Positive values indicate that White students have a higher 
percentage.  
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Advanced Mathematics Course Enrollment 

 Table 4.7 displays the results of ANOVA and post-hoc tests of advanced 

mathematics course enrollment by student race; it concludes that there are significant 

differences in advanced mathematics course enrollment [F(3, 13,818) = 145.67, p 

<0.001]. Asian students are enrolled at the highest rates when compared to all other racial 

groups. Black and Latino students enroll in advanced mathematics courses at rates that 

are 11% and 8% lower than the enrollment rates of White students, respectively. Figure 

4.7 provides a graphical comparison of the advanced mathematics enrollment rates by 

student race. As presented, White and Asian students enroll at above average rates.  

 

 

 

 

Table 4.7. ANOVA Results & Mean Differences of Advanced Math Course Enrollment 
by Student Race 

Source df Sum of Squares Mean Square F Statistic p 
Between 

Groups 3 87.21 29.07 145.67 
p <0.001 

Within Groups 13818 2757.54 0.20    
Total 13821 2844.76       
      
Mean Differences in Advanced Math Course Enrollment   

    
Mean 

Difference p   
White Asian -0.29 p <0.001   
  Black 0.11 p <0.001   
  Latino 0.08 p <0.001   
Note. The mean differences refer to the difference in advanced math course enrollment 

when compared to White students. Positive values indicate that White students have 
a higher percentage.  
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Figure 4.7 Bar chart of percentage enrolled in advanced math by student race 
 
 

Summary – Racial Differences in Math Perceptions & Math Opportunity 

The ANOVA results indicate that there are racial differences in math identity, 

math utility, mathematics opportunity, school SES and advanced mathematics course 

enrollment. Black and Asian students rank highest in math identity and math utility. 

Despite positive views about mathematics, Black students enroll in advanced 

mathematics courses at the lowest rates (possible explanations will be explored in the 

next chapter). The results demonstrate that, on average, Black students (as well as Latino 

students) have the lowest levels of mathematics opportunity. The next section will 

examine whether the differences presented above relate to important mathematics 

outcomes.  
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Relating Racial Differences to Math Outcomes (RQ2 & RQ3) 

The second and third research questions investigate whether the observed racial 

differences in math perceptions and school characteristics relate to four mathematics 

outcomes – advanced mathematics course enrollment, STEM Career Aspiration, 

emotional engagement, and behavioral engagement. This section presents the quantitative 

analyses aimed at answering those questions.  

Before outlining the results, it is important to make the following points: First, 

since advanced mathematics course enrollment is the only outcome variable with 

significant percentage of variance explained by school-level factors (see Chapter 3 for an 

explanation), this variable was predicted using multilevel modeling. All other outcome 

variables were predicted using linear and logistic regression. Second, for each math 

outcome, I present two separate analyses – the first analysis will examine the outcome 

using student race as a unique predictor (RQ2); the second analysis will examine the 

outcome using race and gender interaction terms (RQ3).  

Advanced Course Enrollment & Race 

Table 4.8 presents the results of a multi-level logistic regression of advanced 

mathematics course enrollment on students’ math perceptions and math opportunity. 

Across all models, the odds ratios of the intercept indicate that is unlikely for a student in 

the reference category to be enrolled in an advanced mathematics course (the odds ratio 

values are less than 1). Model 1 includes student race as well as student-level control 

variables. When compared to the reference group, Asian students are significantly more 

likely to be enrolled in an advanced mathematics course (b = 1.966, p < 0.001). Black 
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and Latino students enroll at rates that are not significantly different from members in the 

reference group (coefficient for Black and Latino students are not significant). Factors 

that increase one’s chances for enrollment include student SES, student and parent 

college expectations, and algebraic reasoning. Being male decreases one’s chances for 

enrollment.  

Model 2 adds students’ math perceptions. Of the four, only math utility and 

emotional engagement are statistically significant. Emotional engagement increases a 

students’ chance to enroll while math utility slightly decreases the odds that a student will 

be enrolled. All student controls remain significant. In this model, Black students enroll 

significantly less than students in the reference group.  

Model 3 considers school level variables in the analysis – school SES and 

advanced math opportunity. Both variables significantly increase the chances that a 

student will enroll in an advanced mathematics course. Model 4 includes interaction 

terms between student race and the school level variables to determine if school level 

characteristics impact student enrollment differently depending on students’ racial group 

membership. As shown, AP opportunity significantly increases the chances that Black 

and Latino students will enroll in an advanced mathematics course. Specifically, Black 

students who have a 1-unit increase in advanced course access, are 8 times as likely to 

enroll in an advanced course than not. Similarly, Latino students are almost 5 times more 

likely to enroll.  

Beyond math opportunity, the interaction terms also reveal the role of school SES 

on racial differences in students’ mathematics enrollment. For White students, attending a 

school with a higher average SES makes them nearly 3 times as likely to be enrolled in 
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an advanced mathematics course than not. Interestingly, for Black students, attending a 

school with a higher SES has differential returns – it reduces the chances that a Black 

student will be enrolled. Black students attending a school with a higher average SES are 

almost half as likely to be enrolled in an advanced mathematics courses than Black 

students who attend schools with lower average SES.  

Figure 4.8 shows the predicted mean odds ratio of student enrollment in an 

advanced math course by student race for students who have average SES, math 

reasoning abilities, emotional engagement scores, and math utility ratings. The odds ratio 

is a mean because it includes all possible gender, student and parent college expectations 

combinations. For instance, for Black students it averages the score of Black girls who 

expect (along with their parents) to attend college with all other combinations for Black 

learners, such as boys who expect to attend college even though their parents do not 

expect him to attend.  The mean odds ratio compares the likelihood of a student racial 

group enrolling in an advanced math course to the likelihood of students in that racial 

group not enrolling in an advanced math course. Values of “1” indicate that students in 

the specific racial group have the same chance of enrolling as not enrolling in an 

advanced math course. Values less than “1” indicate that those students are less likely to 

enroll in an advanced mathematics course.  

The bar chart that follows Table 4.8 summarizes the data from Models 2 and 4 

from Table 4.8. Model 2 includes all student level control variables and math perceptions. 

Model 4 adds all school characteristics and interaction terms. As shown by the Model 2 

bars, Black, Latino and White students are not likely to enroll in an advanced math 

course. Black students are least likely to enroll while Latino and White students enroll at 
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similar rates. Asian students have nearly an equal chance of being enrolled as to not being 

enrolled. By adding school characteristics and the interaction terms (see Model 4 bars), 

the odds ratios for most student groups increase. In fact, this model suggests that Black 

and Latino students are nearly 1 and 2 times as likely to be enrolled in an advanced 

mathematics course as to not being enrolled, respectively. 
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Table 4.8. Generalized Logistic Regression Predicting Advanced Math Course Enrollment  
  Model 1 Model 2 
  b SE OR b SE OR 

       
Intercept  -1.414 0.102 0.243** -1.568 0.117 0.209** 
       
Level 1 (Student)       

Student Race       
Black -0.295 0.131 0.745* -0.551 0.191 0.576* 
Asian 0.650 0.154 1.915** 0.893 0.227 2.444** 
Latino -0.146 0.101 0.864 -0.280 0.145 0.755 

       
SES 0.134 0.053 1.143* 0.145 0.054 1.156* 
Male -0.177 0.058 0.838* -0.178 0.060 0.837* 
Student College Expectations 0.589 0.083 1.802** 0.554 0.083 1.739** 
Parental College Expectations 0.271 0.067 1.312** 0.253 0.071 1.288** 
Math Reasoning 0.988 0.051 2.687** 1.038 0.052 2.823** 
Math Perceptions       

Math Utility -0.047 0.020 0.955* -0.050 0.021 0.951* 
Behavioral Engagement -0.022 0.014 0.978 -0.020 0.015 0.980 
Emotional Engagement  0.084 0.012 1.088** 0.089 0.012 1.093** 
Math Identity -0.020 0.011 0.980 -0.022 0.012 0.978 

       
Level 2 (School)       

School SES    1.032 0.152 2.808** 
AP Math Opportunity    0.568 0.356 1.764 
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Table 4.8. continued       
Interaction Terms       

Black x AP Math Opportunity    2.104 0.801 8.201* 
Asian x AP Math Opportunity    -1.205 1.127 0.300 
Latino x AP Math Opportunity    1.529 0.655 4.615* 
Black x School SES    -0.709 0.329 0.492* 
Asian x School SES    0.765 0.402 2.150 
Latino x School SES    -0.501 0.312 0.605 

       
Deviance  33,235.10  33618.7 
Chi-square Statistic 2,927.04** 2,599.573** 
Parameters 12 20 
*p<0.05 **p<0.001       
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Figure 4.8. Bar chart of predicted mean odds ratio of enrollment in an advanced math course by student race.  
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Note. Student SES, math reasoning ability, emotional engagement scores, and math utility ratings were held constant. The 
average consists of all combinations of three variables that varied – student college expectations, parent college 
expectations, and gender. 
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Advanced Course Enrollment, Race & Gender 

 Table 4.9 displays the multilevel logistic regression of advanced mathematics 

course enrollment considering students’ racial and gender intersections. As shown in 

Model 1, all student control characteristics remain significant. Students’ math reasoning 

abilities have the most impact on students’ chances to be enrolled in advanced 

mathematics course. In fact, students with the highest levels of math reasoning are nearly 

3 times as likely to be enrolled in an advanced math course than not. The results also 

indicate that being an Asian male is the second most important predictor of course 

enrollment. When compared to a White male with average background characteristics 

and math perceptions, an Asian male is almost 2 times as likely to be enrolled in an 

advanced mathematics course than not. Asian females are more likely to be enrolled 

when compared to all other female groups. Black female and male students are least 

likely to be enrolled when compared to all other groups. Black boys (not Black girls) are 

less likely to be enrolled in an advanced math course when compared to White males in 

the reference group. In Model 3, math opportunity is significant even though it was not 

significant in the model using student race alone. This indicates that math opportunity 

makes a significant difference in the advanced math course enrollment rates of White 

males (not White females). Model 4 shows that the importance of math opportunity is 

significant for Latino and Black boys as well. In fact, a Black male with high math 

opportunity is about 7 times as likely to be enrolled in an advanced course than not. 

Similarly, a Latino male with high opportunity is about 11 times more likely to be 

enrolled in an advanced math course than not. In Model 4 of Table 4.8, school SES is 

only significant for Black students. However, when examining race and gender, school 

SES merely approaches significance for Black girls (b = -0.523, p = 0.053). For Asian 
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males, another new finding emerges by investigating students’ intersectionality - 

attending a wealthy school makes Asian males almost 4 times more likely than not to be 

enrolled in an advanced math course. 
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Table 4.9. Generalized Logistic Regression Predicting Advanced Math Course Enrollment – Race & Gender 
  Model 1 Model 2 
  b SE OR b SE OR 
Intercept  -1.594 0.095 0.203** -1.790 0.113 0.167** 
       
Level 1 (Student)       

Student Race x Gender       
Black Female -0.085 0.186 0.919 -0.327 0.272 0.712 
Black Male -0.339 0.151 0.712* -0.504 0.202 0.604* 
Latino Female 0.037 0.123 1.038 0.089 0.186 1.093 
Latino Male -0.144 0.154 0.867 -0.406 0.206 0.666* 
Asian Female 0.728 0.156 2.072** 0.943 0.238 2.569** 
Asian Male 0.765 0.218 2.149** 1.175 0.318 3.239** 
White Female 0.183 0.062 1.201* 0.259 0.090 1.295* 

       
SES 0.134 0.053 1.144* 0.144 0.054 1.154* 
Student College Expectations 0.588 0.084 1.801** 0.555 0.084 1.742** 
Parental College Expectations 0.272 0.069 1.313** 0.252 0.071 1.287** 
Math Reasoning 0.989 0.051 2.688** 1.040 0.053 2.830** 
Math Perceptions       

Math Utility -0.047 0.020 0.955* -0.049 0.021 0.953* 
Behavioral Engagement -0.022 0.014 0.978 -0.021 0.014 0.980 
Emotional Engagement  0.084 0.012 1.088** 0.089 0.012 1.093** 
Math Identity -0.020 0.011 0.980 -0.022 0.012 0.978 
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Table 4.9. continued       
Level 2 (School)       

School SES    1.076 0.167 2.933** 
AP Math Opportunity    0.730 0.368 2.076* 

       
Interaction Terms       

BF x AP Math Opportunity    1.906 1.053 6.725 
BM x AP Math Opportunity    1.902 0.813 6.702* 
HF x AP Math Opportunity    0.490 0.812 1.632 
HM x AP Math Opportunity    2.420 0.920 11.249* 
AF x AP Math Opportunity    -0.736 1.111 0.479 
AM x AP Math Opportunity    -2.354 1.456 0.095 
WF x AP Math Opportunity    -0.282 0.324 0.754 
BF x School SES    -0.91 0.471 0.403 
BM x School SES    -0.523 0.417 0.593 
HF x School SES    -0.525 0.291 0.591 
HM x School SES    -0.58 0.569 0.56 
AF x School SES    0.25 0.520 1.284 
AM x School SES    1.336 0.523 3.804* 
WF x School SES    -0.095 0.154 0.91 

       
Deviance 33248.84 33621.62 
Chi-square Statistic 2928.989** 2608.93** 
Parameters 15 31 
*p<0.05 **p<0.001       
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STEM Career Aspiration & Race 

Table 4.10 presents a logistic regression of students’ desires to have a STEM 

career at age 30 using student background and motivational characteristics. As 

mentioned, preliminary analyses of the ICC indicate that the school level variables are 

not significant predictors of students’ reported career aspirations.  Model 1 includes 

student race as well as student-level control variables. As indicated, there is only a 

significant difference between the reference category and Black students - Black students 

aspire to STEM careers more than White female students who have moderate levels of 

math reasoning and family SES and no personal or family expectation to attend college. 

In fact, when compared to all other racial groups, Black students have the highest levels 

of STEM aspiration. The most important predictor of STEM aspiration; however, is not a 

student’s race, rather a student’s desire to enroll in college.   

Model 2 adds in variables for students’ math perceptions. All math perception 

variables are significant predictors of student STEM aspiration. When controlling for 

student math perceptions, the racial differences between Black, Asian, Latino and White 

students are not significant. As with the first model, student college expectation is the 

most important predictor: a student who expects to attend college is nearly 2.5 times as 

likely to aspire to a STEM career than a student who does not want to attend college. Of 

the math perception variables, math utility makes the most impact on the outcome 

variable. In other words, students who understand the usefulness of mathematics to 

multiple areas of their lives are more likely to want to pursue STEM careers. The pseudo 

R2 is about 15% (an improvement from the baseline model).
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Table 4.10.  Logistic Regression Predicting STEM Aspirations  
 Model 1 Model 2 
 b SE OR b SE OR 
Intercept  -1.169 0.079 0.311** -1.889 0.220 0.151** 
       
Student Race       
Black 0.223 0.096 1.250* 0.072 0.100 1.075 
Asian 0.090 0.097 1.095 0.080 0.088 1.083 
Latino 0.067 0.090 1.070 0.034 0.089 1.035 
White       
Student SES -0.086 0.042 0.917* -0.051 0.043 0.950 
Male -0.696 0.053 0.498** -0.736 0.055 0.479** 
Student College Expectations 1.001 0.076 2.721** 0.905 0.077 2.472** 
Parental College Expectations 0.109 0.062 1.116 0.062 0.063 1.064 
Math Reasoning 0.181 0.032 1.198** 0.089 0.035 1.093* 
Math Perceptions       
    Math Utility    0.062 0.018 1.064* 
    Behavioral Engagement    0.047 0.012 1.048** 
    Emotional Engagement     0.030 0.011 1.030* 
    Math Identity    0.020 0.010 1.020* 

        

Wald F Statistic 57.187** 39.934** 
Pseudo R-Square 0.128 0.151 
% Correctly Predicted 0.647 0.665 
Parameters 8.000 12.000 
*p<0.05 **p<0.001       
Note. STEM Aspiration is not related to Math Opportunity (see Table 3.10) so Math Opportunity was not included. 
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STEM Career Aspiration, Race & Gender 

Table 4.11 shows a logistic regression predicting STEM career aspiration using 

the intersection of student race and gender. In Table 4.10, gender (not race) was a 

significant predictor of career aspiration. In this revised model, a more nuanced 

understanding is clear. Black, Latino, Asian, and White females as well as Asian males 

have higher STEM career aspirations when compared to White males who have average 

levels of SES and math reasoning and no expectation to matriculate in college. 

Inconsistent with the analysis presented in Table 4.10, parental college expectations are 

statistically significant predictors of student career aspiration; however, the odds ratio 

coefficient of 1.117, suggests that parental college expectations may not have practical 

impact on students’ STEM career decision-making.  
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Table 4.11. Logistic Regression Predicting STEM Aspirations - Race & Gender Interactions 
  Model 1 Model 2 
 b SE OR b SE OR 
Intercept  -1.817 0.053 0.163** -2.574 0.155 0.076** 
Student Race x Gender       
    Black Female 1.000 0.077 2.719** 0.877 0.079 2.405** 
    Black Male -0.055 0.097 0.947 -0.181 0.100 0.835 
    Latino Female 0.777 0.065 2.176** 0.789 0.067 2.201** 
    Latino Male -0.059 0.072 0.943 -0.093 0.073 0.911 
    Asian Female 0.554 0.121 1.741** 0.586 0.124 1.798** 
    Asian Male 0.259 0.128 1.296* 0.248 0.131 1.282 
    White Female 0.606 0.048 1.834** 0.650 0.050 1.916** 
Student SES -0.085 0.030 0.919* -0.051 0.030 0.951 
Student College Expectations 1.002 0.045 2.723** 0.908 0.046 2.479** 
Parental College Expectations 0.111 0.042 1.117* 0.064 0.043 1.066 
Math Reasoning 0.178 0.019 1.195** 0.087 0.021 1.091** 
Math Perceptions       
    Math Utility    0.062 0.012 1.064** 
    Behavioral Engagement    0.046 0.008 1.047** 
    Emotional Engagement     0.030 0.007 1.031** 
    Math Identity    0.020 0.007 1.020* 
Chi-Square 1374.920** 1600.377** 
Pseudo R-Square 0.130 0.153 
Deviance 16715.613 16178.413 
% Correctly Predicted 65.107 66.690 
Parameters 11.000 15.000 
*p<0.05 **p<0.001       
Note. STEM Aspiration is not related to Math Opportunity (see Table 3.10) so Math Opportunity was not included. 
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Mathematics Emotional Engagement & Race 

Table 4.12 details a linear regression predicting student emotional engagement 

using student race and math perceptions. As shown in Model 1, student race is a 

significant predictor of student emotional engagement. All control variables are 

significant. Comparing the magnitude of each variable coefficient, being Black and 

having higher algebraic reasoning scores are the top two factors that increase student 

emotional engagement scores. Student SES is the only predictor that has a negative 

impact on the outcome variable. For the reference group, as students’ SES levels increase 

then their emotional engagement scores decrease. The model explains about 10% of the 

variance in emotional engagement.  

Model 2 adds the student math perception variables. This model offers an 

improvement in the percentage of variance explained compared to Model 1 (the adjusted 

R-squared value is 49.3% for Model 2 and 10% for Model 1). Considering students’ math 

perceptions in the model, resulted in two control variables changing from significant to 

insignificant – student gender and parental college expectations. Comparing the 

magnitudes of the coefficients for the math perception variables, math identity is the most 

important predictor for student emotional engagement. Figure 4.12 provides a graphical 

representation of predicted emotional engagement by student race using the coefficients 

of Model 2. As shown, Asian students are predicted to have the highest emotional 

engagement and White students are predicted to have the lowest.
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Table 4.12. Regression Predicting Emotional Engagement 

 
 

  Model 1 Model 2 
 b SE β b SE β 
Intercept  -1.664 0.074 0.000** -8.241 0.146 0.000** 
       
Level 1 (Student)       
Student Race       
    Black 1.452 0.092 0.135** 0.557 0.071 0.052** 
    Asian 0.724 0.142 0.042** 0.732 0.107 0.042** 
    Latino 0.453 0.074 0.054** 0.286 0.057 0.034** 
    White       
Student SES -0.395 0.046 -0.081** -0.177 0.035 -0.036** 
Student Gender (1 = Male) 0.244 0.058 0.034** -0.057 0.045 -0.008 
Student College Expectations 0.629 0.066 0.085** -0.206 0.051 -0.028** 
Parental College Expectations 0.211 0.064 0.028* -0.062 0.049 -0.008 
Math Reasoning 0.905 0.030 0.286** 0.178 0.024 0.056** 
Math Perceptions       
    Math Utility    0.194 0.014 0.098** 
    Behavioral Engagement    0.310 0.009 0.255** 
Math Identity    0.398 0.006 0.476** 
       
F Statistic 197.203 1211.378 
Adjusted R-Square 0.101 0.493 
Parameters 8.000 11.000 
*p<0.05 **p<0.001       
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Figure 4.9. Predicted emotional engagement scores of students by race. Includes the predicted scores using Model 2, as shown 
in Table 4.12. 
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Mathematics Emotional Engagement, Race & Gender 

Table 4.13 shows the results of a linear regression predicting student emotional 

engagement considering their race and gender. Model 1 explains approximately 10% of 

the variance in student math engagement ratings. Black boys and girls, Latino boys, and 

Asian boys have significantly higher emotional engagement ratings when compared to 

the reference group. Black girls have the highest emotional engagement ratings; their 

scores are followed by the ratings of Black boys. In the model, Latino and Asian females 

as well as White males have statistically similar ratings on emotional engagement.  

Model 2 offers an improvement from the first model as it includes three variables 

for students’ math perceptions – math identity, math behavioral engagement, and math 

utility. In this model, the adjusted R2 values increases from 10% to 49%. Further, race 

and gender intersections that were previously insignificant are significant. Namely, 

Latino and Asian females rank above White males along with the other race and gender 

groups. Students’ math perceptions are significant, suggesting that students’ positive 

views about math utility, willingness to take part in their mathematics courses, and 

positive views about their ability and identity as math learners are necessary for their 

emotional engagement.  
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Table 4.13. Regression Predicting Emotional Engagement - Race & Gender Interactions  

 

Mathematics Behavioral Engagement & Race 

Table 4.13 presents the linear regression results predicting student math 

behavioral engagement. Model 1 suggests that there are racial differences in math 

behavioral engagement, controlling for student background characteristics. Black and 

Latino students report higher levels of behavioral engagement when compared to White 

  Model 1 Model 2 

 b SE β b SE β 

Intercept  -1.420 0.072 0.000** -8.329 0.150 0.00** 
       
Level 1 (Student)       
Student Race x Gender       
   Black Female 1.380 0.122 0.100** 0.620 0.093 0.045** 
Black Male 1.239 0.136 0.078** 0.619 0.104 0.039** 
Latino Female 0.139 0.102 0.012 0.331 0.078 0.030** 
Latino Male 0.538 0.102 0.048** 0.358 0.078 0.032** 
Asian Female 0.289 0.197 0.012 0.715 0.150 0.030** 
Asian Male 0.938 0.201 0.038** 0.868 0.153 0.036** 
White Female -0.231 0.075 -0.029* 0.117 0.057 0.015* 
       
Student SES -0.389 0.046 -0.079** -0.175 0.035 -0.036** 
Student College Expectations 0.623 0.066 0.084** -0.208 0.051 -0.028** 
Parental College Expectations 0.208 0.064 0.028* -0.062 0.049 -0.008 
Math Reasoning 0.904 0.030 0.286** 0.179 0.024 0.057** 
Math Perceptions       
Math Utility    0.194 0.014 0.098** 
Behavioral Engagement    0.310 0.009 0.255** 
Math Identity    0.398 0.006 0.476** 
       
       
Chi-Square 144.351** 952.059** 
Adjusted R-Square 0.102 0.493 
Parameters 11.000 14.000 
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students in the reference group. In fact, Black and Latino students’ engagement levels are 

0.06 and 0.02 standard deviations above the reference group, respectively.  

Model 2 includes student math perceptions. In this case, the Black and Asian 

student indicator variables are significant, but their behavioral engagement ratings are 

0.03 and 0.02 standard deviations less than White male students in the reference category. 

When compared to the first model, Black students’ scores transform from being 0.06 

standard deviations above the mean to 0.03 standard deviations below the mean. Student 

SES and algebraic reasoning are no longer significant predictors of behavioral 

engagement. Of the math perceptions, students who report higher math identity, utility 

and emotional engagement have higher levels of math behavioral engagement.  

Model 3 is still significant, but does not explain additional variance in behavioral 

engagement (the adjusted R-square for Model 1 and Model 2 are the same). School SES 

and mathematics opportunity are not significant predictors of behavioral engagement for 

students in the reference group.  

Model 4 maintains the same level of explained variance as Models 2 and 3, but 

contains two significant interaction terms - math opportunity increases the behavioral 

engagement scores of Black and Latino students. Figure 4.12 summarizes the findings of 

Model 4 by showing racial differences in behavioral engagement across three levels of 

mathematics opportunity. All values are standardized. As shown, increasing the math 

opportunity from low to high reverses the standardized behavioral engagement scores for 

Black and Latino students from negative to positive.  
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Table 4.14. Regression Predicting Behavioral Engagement 
  Model 1 Model 2 

 b SE β b SE β 
Intercept  -1.365 0.061 0.000** -4.597 0.148 0.000** 
       
Student Race       

Black 0.518 0.076 0.059** -0.223 0.067 -0.025* 
Asian -0.076 0.117 -0.005 -0.299 0.101 -0.021* 
Latino 0.121 0.061 0.017* -0.076 0.053 -0.011 
White       

SES -0.173 0.038 -0.043** 0.014 0.033 0.003 
Male -0.362 0.048 -0.061** -0.574 0.041 -0.097** 
Student College Expectations 1.153 0.054 0.188** 0.797 0.047 0.130** 
Parental College Expectations 0.393 0.053 0.064** 0.268 0.045 0.043** 
Math Reasoning 0.488 0.024 0.187** 0.028 0.022 0.011 
Math Perceptions       

Math Utility    0.230 0.013 0.140** 
Emotional Engagement    0.267 0.008 0.325** 
Math Identity    0.119 0.007 0.171** 

       
F Statistic 203.276** 666.770** 
Adjusted R-Square 0.104 0.349 
Parameters 8.000 11.000 
*p<0.05 **p<0.001       
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Math Behavioral Engagement, Race & Gender 

Table 4.15 presents the linear regression predicting behavioral engagement using 

interaction terms for student race and gender. Model 1 notes that White males have 

significantly lower math behavioral engagement than Black, Latino and White females. 

This model explains about 11% of the variance in student behavioral engagement scores. 

All student background control variables are significant. The most important predictor is 

student expectations for college. Specifically, students who want to go to college have 

behavioral engagement scores that are 0.19 standard deviations above students who do 

not aspire to attend college.  

 Model 2 explains 34.8% of the variance in math behavioral engagement scores. In 

this model, Black and Latino males have significantly lower ratings when compared to 

members of the reference group. Black boys have scores 0.04 standard deviations lower 

than the comparison group. Latino males have scores 0.02 standard deviations lower than 

the reference. Only student and parental college expectations are significant of the control 

variables. The remaining math perception variables are significant, but compared to the 

other independent variables, they contribute the least to the prediction of behavioral 

engagement.  
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Table 4.15. Regression Predicting Behavioral Engagement - Race & Gender Interactions   

  Model 1 Model 2 
 b SE β b SE β 

Intercept  -1.682 0.059 0.000** -5.043 0.149 0.000** 
       

Level 1 (Student)       

Student Race x Gender       

Black Female 1.073 0.100 0.096** 0.456 0.087 0.040** 
Black Male 0.167 0.112 0.013 -0.453 0.097 -0.035** 
Latino Female 0.448 0.084 0.049** 0.493 0.072 0.054** 
Latino Male 0.079 0.084 0.009 -0.145 0.072 -0.016* 
Asian Female -0.014 0.162 -0.001 0.029 0.140 0.001 
Asian Male 0.164 0.166 0.008 -0.121 0.143 0.143 
White Female 0.286 0.062 0.044** 0.508 0.053 0.053** 

       

SES -0.169 0.038 -0.042** 0.018 0.033 0.033 
Student College Expectations 1.148 0.054 0.188** 0.792 0.047 0.047** 
Parental College Expectations 0.393 0.053 0.063** 0.265 0.045 0.045** 
Math Reasoning 0.485 0.024 0.186** 0.265 0.045 0.045 
Math Perceptions       

Math Utility    0.227 0.013 0.013** 
Emotional Engagement    0.270 0.008 0.008** 
Math Identity    0.116 0.007 0.007** 

       

Chi-Square 150.204** 523.394** 
Adjusted R-Square 0.106 0.348 
Parameters 11 14 
*p<0.05 **p<0.001       
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Summary  

The results of this section show that analyses of race can provide different results 

from analyses of students’ race and gender. For advanced math course enrollment, when 

student race is considered alone, the course enrollment of Black and Asian students 

differs significantly from students in the reference group. Math utility and emotional 

engagement are the only significant math perception predictors. For Black students, 

school SES and math opportunity increase the odds that they will enroll in an advanced 

math class. Additionally, for Latino students, math opportunity (not school SES) 

increases their chances. A closer look at race and gender, however, reveals that math 

opportunity is only significant for Black and Latino males. Moreover, school SES 

becomes significant for Asian males, even though it is insignificant for Asian students 

generally.  

Since STEM career aspiration did not vary based on school characteristics, only 

student level predictors were used. In the final model, none of the racial groups differed 

significantly in STEM career aspiration from members of the reference group. Students’ 

math perceptions were significantly related to their STEM career aspiration. More 

specifically, students with more positive math beliefs are more likely to desire to have a 

STEM career. Comparatively, students’ math reasoning abilities had the largest impact 

on their STEM career aspiration – students with higher math reasoning scores were more 

likely to want a STEM career.  When examining student race and gender, it becomes 

clear that all Asian students and Black, Latino, and White females have significantly 

higher STEM career aspiration than their White male peers in the reference group.  
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For emotional engagement, there are significant differences between Asian, Black 

and White students. The remaining math perceptions significantly add to its prediction. 

Higher school SES significantly reduces emotional engagement for White and Latino 

students. Math opportunity reduces the emotional engagement for Black students. When 

considering race and gender, all student groups except for Latino females have 

significantly higher emotional engagement than White males in the comparison group. 

Parent college expectations becomes significant and reduces student emotional 

engagement. School SES also reduces emotional engagement, but only for students in the 

reference category. Interestingly, math opportunity has reverse effects for White males 

and all Black students – math opportunity adds to the emotional engagement of White 

males, but reduces the emotional engagement of Black male and females.  

Lastly, in terms of behavioral engagement, all student math perceptions matter. 

Even though parent college expectations reduce emotional engagement, they increase 

student behavioral engagement. In this model, the school characteristics and interaction 

terms between race and school factors are not significant. The intersectionality models 

tell a slightly different story – only Latino students, Black boys and White girls are 

significant predictors of behavioral engagement. Although Black and Latino males have 

lower behavioral engagement compared to the White males, White females report higher 

behavioral engagement than their male counterparts. School SES significantly reduces 

the behavioral engagement of Latino girls. Math opportunity increases the behavioral 

engagement for Black boys. 
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CHAPTER 5 

DISCUSSION 

Since the release of A Nation at Risk (1983), increasing the number of people in 

STEM fields has been touted by some as critical for America to compete in the global 

economy. However, America’s ability to develop a STEM workforce has been hindered 

by what has been described as a “demographic challenge”: the fact that a growing 

majority of Americans, people of color, namely Latinos, are least likely to enter or persist 

in STEM majors and fields (NAS, 2011). This study is a response to calls to identify and 

understand the factors that might increase minority participation in STEM. Specifically, 

this study investigated the role of students’ advanced mathematics learning opportunities 

and math identities in racial differences in advanced mathematics course enrollment, 

math engagement, and STEM career aspirations.  

Student math identity and advanced mathematics learning opportunities were 

chosen because of three disparate bodies of research supporting their theoretical and 

statistical significance to STEM participation. The first line of research focuses on 

increasing students’ “motivational pathways” to STEM courses, majors and careers by 

providing youth with mentors and early STEM research experiences. Subscribers to this 

view suggest that students’ academic identities and commitment to STEM fields are 

antecedents to STEM participation and persistence. Following this view and theories, 

such as Self-Efficacy and Expectancy-Value theories, students who believe in their 

ability to be successful in a subject and perceive that the subject is useful to many aspects 

of their lives are more likely to enroll in challenging coursework and pursue related 

careers.  
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However, as outlined in the literature, reforms that focus on building motivational 

pathways to STEM are largely student-centered and rooted in deficit perspectives. 

Specifically, they emphasize increasing students’ capacities and modifying what is 

perceived to be a lack of motivation. For these scholars, it is important to build reforms 

that recognize the social significance of race as it relates to students’ access to STEM 

learning opportunities and their math identity development. In this perspective, students’ 

racial groupings influence their learning contexts and agency, but also lead to racial 

disparities in STEM participation. 

Adding on, Crenshaw (1991) reminds researchers to attempt to understand 

intragroup differences. Applying the concept of intersectionality, it becomes clear that the 

cultural narratives about gender as it relates to STEM and STEM education combined 

with the stereotypes about student race, might result in distinct experiences with identity 

formation and learning access within racial groups.  

This study was warranted as few investigations examine the role of math identity 

quantitatively. Moreover, within the quantitative literature, there is an absence of models 

that examine the mixed effects of students’ school contexts on their STEM outcomes as 

well as the interaction between students’ race and gender groupings.  

 The study had three main purposes: First, I aimed to understand racial differences 

in students’ math perceptions and learning opportunities because few studies conclude 

that there are differences using a nationally representative sample. Second, I wanted to 

use multilevel modeling to predict the combined and unique effects of student and school 

characteristics in students’ math outcomes.  Third, I wanted to understand how students’ 

race and gender groupings might differentially effect their experiences. 
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Considering those purposes, I asked three research questions: (1) What is the 

distribution of racial differences in students’ math perceptions, such as math identity, and 

students’ school characteristics, such as advanced mathematics opportunities? (2) What is 

the relationship between students’ math self-perceptions, school characteristics and their 

math outcomes? (3) How do analyses considering intersectionality, namely the 

interactions between student race and gender groups, effect the relationship between 

students’ math self-perceptions and school characteristics and their advanced 

mathematics course enrollment, STEM career aspiration, and math emotional and 

behavioral engagement? 

The following sections directly answer the research questions and explains the 

implications of this study for policy and future research. 

 

Research Question 1 – Racial Differences in Math Perceptions & Learning Opportunities 

This study aimed to identify racial differences in math identity, learning 

opportunities and other student math attitudes. In this section, I describe the differences.  

For the high school students included in the cohort, bivariate analyses indicate 

that there are racial differences in students’ math identity, utility, emotional engagement, 

and behavioral engagement ratings. Consistent with qualitative studies on the 

racialization of mathematics education (e.g. Martin, 2009; Stinson, 2008, 2013), this 

finding was predicted. However, unlike those studies, follow-up tests reveal that Asian 

and Black students have the highest average math identity, emotional engagement, and 

utility ratings. In fact, Black students’ average math identity, emotional engagement, and 

utility scores rank in the top two. For Black students, this work is consistent with the 

findings of Rielge-Crumb and King (2010) who, using a nationally representative sample 
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of college students, found no evidence supporting the hypothesis that math attitudes 

contributed to racial differences in STEM participation because students in 

underrepresented groups had positive views of STEM careers and subjects. 

Black students’ average math perception scores are a stark contrast from the 

scores of White and Latino students: in nearly all math perception variables, White 

students score the lowest or are statistically tied with Latino students. Latino students’ 

behavioral engagement ratings are the one exception because they, on average, rate their 

behavioral engagement almost one fifth of a standard deviation lower than the averages 

for students in all other racial groups. In light of the literature connecting behavioral 

engagement with one’s STEM and educational performance (Lleras, 2008; Moller et al., 

2014), Latino students in the sample seem to follow along with theory. They reported the 

lowest behavioral engagement and were least likely to enroll in advanced mathematics 

courses. As found by Spencer (2009), it is likely that Latino students define their math 

identities according to their behavioral engagement. As mentioned, Spencer’s study of 

African-American students concluded that students who felt that they paid attention in 

math class and followed their math teacher’s directions perceived themselves as math 

people. Since Latino students had both low behavioral engagement and low ratings of 

math identity, Spencer offers one possibility for the disparities in behavioral engagement 

between Latinos and students in all other racial groups. 

Considering that the Black students in this study have positive assessments of the 

importance of mathematics and of their ability to perform well in the subject, it seems to 

be a contradiction that they enroll in advanced mathematics courses at the lowest rates. I 

suspect two possibilities. First, drawing from Mickelson (1990), this apparent paradox 
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between students’ outcomes and their respective identity, engagement, and utility scores 

might be explained, at least in part, to the fact that math identity and math utility are 

abstract attitudes. As outlined by Mickelson, Black students do not achieve despite their 

high levels of aspiration, because of differences in their abstract and concrete attitudes. 

She asserts that abstract attitudes describe students’ subscription to the idea that 

education is a means for social mobility. However, their concrete attitudes represent 

students’ conceptions about education and social inequity. In this case, math identity is an 

abstract attitude, as it represents student’s beliefs in the usefulness of mathematics and 

their potential to succeed in the subject. Aligned with Ogbu’s concept of a negative frame 

of reference, discrepancies in students’ identities, perceptions of math utility and 

outcomes might be due to Black and Latino students’ understandings that they are 

members of a larger system, which denies them learning opportunities and other 

resources, necessary for high achievement in STEM and education generally.  

Another possibility is that students’ enrollment rates are more closely tied to their 

differential access to rigorous mathematics courses and essential school resources. 

Specifically, behavioral engagement and other math perception variables do not fulfill or 

overcome learning opportunity gaps. For instance, if a student regularly turns in their 

assignments, but are placed, through racialized tracking, in a remedial or vocational math 

course or if they attend a school that lacks advanced course offerings then their math 

attitudes will not matter as much to their outcomes relative to their school characteristics. 

There is evidence in this study, which supports the claim that Black students have 

differential access to curricula. Specifically, mathematics opportunity, or access to an 

Advanced Placement Mathematics course, is low across the sample in this study. In fact, 
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schools, on average, offered almost one course per 500 high school students enrolled. 

However, consistent with extant literature (e.g. Oakes, 2005; Welner and Carter, 2013), 

Black and Latino students attended schools with significantly less access when compared 

to their White and Asian peers. When compared to White students, Black and Latino 

students are offered approximately 1 course per 520 high school students. Students’ 

differential access to advanced coursework might explain some of the racial disparities in 

enrollment. 

Beyond actual course offerings, it is also important to note that the sampled Black 

and Latino students largely attend schools where most of the study body is living in 

poverty. As summarized above in Figure 4.5, Black and Latino students are having nearly 

opposite experiences with school-level SES when compared to White and Asian students. 

As explained by social reproduction theories and Jean Anyon (1981), students’ 

socioeconomics statuses can determine their access to rigorous, college preparatory 

curriculum. Relating this idea to the findings of this work, attending a school where most 

of the students are living in poverty is likely to result in less access to advanced 

coursework and qualified teachers. 

Research Question 2 – Relating Differences to Math Outcomes 

In this section, I discuss the results and possible explanations for the findings 

relevant to the second research question. Each sub-section focuses on one of the four 

math outcomes: advanced mathematics course enrollment, STEM career aspiration, 

emotional and behavioral engagement.  
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Advanced Mathematics Course Enrollment 

Contradicting previous work suggesting that math identity positively impacts 

STEM outcomes, such as student course enrollment (e.g. Wang, 2012; Merolla and 

Serpe, 2013), the final model of this study shows that math identity is not a significant 

predictor of advanced mathematics course enrollment when taking student background 

characteristics and STEM readiness into account. This finding was not a surprise 

considering the bivariate results, suggesting that students’ average levels of math identity 

were the opposite of what theory suggests: Black students had one of the highest levels of 

math identity despite the lowest level of enrollment in an advanced mathematics course.  

Math utility and emotional engagement, however, did relate to students’ advanced 

mathematics course enrollment. Consistent with current literature, math emotional 

engagement was a significant positive predictor. Contrary to previous research (e.g. 

Meece, Wigfield, and Eccles, 1990), however, math utility was a negative predictor of 

course enrollment. However, examining the odds ratios of math utility (OR = 0.96) and 

math emotional engagement (OR = 1.09), a student who understands the usefulness of 

mathematics and perceives it as a challenge is practically just as likely as not to be 

enrolled in one of the advanced math courses. In this cohort, the results show that 

students’ mathematics reasoning abilities, student and parent college expectations are 

stronger (and positive predictors) of course-taking. Stated differently, having the requisite 

skills and a desire to attend college seemed to effect student course enrollment more than 

students’ math sensibilities.  

Mathematics opportunity was only a significant predictor of course enrollment for 

Black and Latino students. Adding 1 course per 100 high school students made it 8 times 

more likely for Black students to be enrolled and almost 5 times more likely for Latino 
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students to be enrolled. This finding lends additional support to the claims of Ladson-

Billings (2007) who argues that opportunity gaps are significant contributors to student 

outcomes, such as their STEM course enrollment and persistence. Though not 

statistically significant, it is interesting to note that within the sample, math opportunity 

added little to the likelihood of enrollment for White students and actually decreased the 

enrollment rates for Asian students. One possibility for what seems to be differential 

returns to mathematics learning opportunity is disproportionate school support or teacher 

encouragement for White and Asian students. Riley and Ungerleider (2012) investigated 

the role of teachers in Aboriginal students’ course tracking and placement. The 

Aboriginal student population in Canada, like Black and Brown students in America, are 

stereotyped to have a poor work ethic and/or home lives that are not conducive to 

learning. The researchers were interested in how group-based stereotypes might inform 

learners’ course placement so they asked teachers to make course recommendations for a 

group of fictional students. Despite the teacher-participants’ stated commitment to 

equitable practices and student’s academic history, the researchers concluded that: 

…teachers’ who presume students from less affluent neighborhoods lead 

more difficult lives or presume a student’s home life must be unbearable 

may be more inclined to make assessment decisions based on 

misattributions rather than on the student’s actual ability. While some 

teachers may be willing to offer assistance to students they perceive as 

victims of adverse life circumstances, the same students may also be 

subject to stereotypical associations that leave the teacher either 
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consciously or subconsciously questioning the student’s potential to 

achieve. (318) 

Considering the narrative of Asian Exceptionalism and other forms of cultural racism in 

America along with the fact that the included Asian and White students are more likely to 

be wealthier and attend high SES schools, I suspect that the Asian and White students 

may be being supported or encouraged to enroll in advanced courses because they are 

perceived as being more capable of academic success and less likely to have adverse 

childhood experiences. Following Tyson (2011), it also possible that Asian and White 

students’ educational advantages in high school were present throughout their schooling. 

Consequently, persistent racial differences in access to advanced course work and 

enrichment programs may have impacted students’ sense of belonging – making some 

students feel that they belong in advanced courses while other students feel that advanced 

courses are not for people like them. In this case, students’ math identities would be 

analytically distinct from the feeling that they “belong” in a certain kind of class just as a 

positional identity differs from students’ abilities to self-make because a positional 

identity forms as a response to context. Specifically, a student with a history of access to 

challenging coursework becomes accustomed to those types of classes and is more likely 

to develop a sense that they can excel academically and socially in such courses. In this 

way, students’ history with learning opportunities impacts how they participate (or not) in 

advanced courses in the future.  

STEM Career Aspirations 

In the final model predicting students’ STEM Aspirations, race was not a 

significant predictor. This result is consistent with the findings of Anderson and Kim 
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(2006) who found that learners’ STEM aspirations were similar across racial groups 

when examining a national cohort of college students using the Beginning Postsecondary 

Students Longitudinal Study. There are, however, significant gender differences in 

STEM aspiration. Females aspire to STEM careers at higher rates than their male 

counterparts. This differs from previous work like Meece, Wigfield, and Eccles (1990), 

which found no patterns of difference in math attitudes based on students’ genders, but is 

more consistent with recent studies, such as Riegle-Crumb, Moore, and Ramos-Wada 

(2011), which do find differences depending on student gender.  

All of the math perception variables are significant predictors of STEM 

aspiration. This finding was not surprising considering the role of self-efficacy and 

expectancy-value theories in shaping students’ agency and expectations (Meece, 

Wigfield, and Eccles (1990). Individually, the math attitude variables did not contribute 

as much to STEM aspiration as a student’s desire to attend college.  

Emotional Engagement 

The final regression model predicting emotional engagement indicates that 

student race is significant. When compared to White students, being Black, Asian or 

Latino results in nearly a 0.05 standard deviation increase in emotional engagement. 

Student SES and student college expectations are negative predictors indicated that as a 

student’s SES increased and aimed to attend college, they were less likely to be 

emotionally engaged. A possible explanation for this is that students from families with 

high incomes and expectations to attend college may perceive math as a gateway to other 

goals and college success, rather than a subject that they enjoy.  
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As with the model on STEM aspirations, all math perceptions increased emotional 

engagement. Math identity was the strongest predictor. In fact, a one unit increase in 

math identity results in nearly half a standard deviation increase in emotional 

engagement.  

Behavioral Engagement 

The final outcome variable, behavioral engagement was significantly reduced 

when a student was either Black, Asian or female. When a student expected to go to 

college (along with their parents) then their behavioral engagement increased. These 

results support the findings of Tate and Linn (2005) who examined the role of five 

women of colors’ social, academic and intellectual identities on their outcomes and 

STEM participation. The researchers found that women’s high behavioral engagement 

was related to their desire to graduate and maintain a high GPA.  

 

Research Question 3 – Intersectionality & Relating to Math Outcomes 

 
The previous section discussed the results for models that centered on student race 

and used gender as a unique predictor and background variable. This section will focus 

on differences in the previous models’ interpretations considering the inclusion of race 

and gender interaction terms.  

Advanced Math Course Enrollment 

Asian females and males are more likely to be enrolled in an advanced math 

course than the students in the same gender, but differing racial groups. This outcome is 

consistent with the literature on advanced mathematics course enrollment and public 

reports on STEM course participation.  
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STEM Career Aspirations 

The results of this study indicate that there are intragroup differences for Black, 

Latino and White students: when compared to White males, females are more likely than 

not to aspire to have a STEM career. This finding is the opposite of what Riegle-Crumb, 

Moore, and Ramos-Wada (2011) found in their study of the role of student math and 

science attitudes on their STEM career aspirations. However, the national cohort used 

were 8th graders and it is likely that students could change their mind on majors after 

taking coursework in the subject-area or learning of a wider range of career options. 

Emotional Engagement 

Asian and Latino males are predicted to have higher emotional engagement than 

their same-race, female peers. White and Black girls report higher levels of emotional 

engagement than their same-race male counterparts.  

Behavioral Engagement 

White males have statistically the same level of behavioral engagement as Asian 

males and female learners. Black and Latino males score significantly below all other 

racial and gender subgroups. Black, Latino and White female students report higher 

behavioral engagement than White males.   

Implications for Policy  

Supporting the findings of The Civil Rights Data Collection (US Department of 

Education, 2013), which concludes that students of color have disproportionately less 

access to higher-level mathematics courses, the results of this study suggest that learning 

opportunities and STEM pathways are systematically allocated and created in ways that 

align with race-based narratives and stereotypes of intelligence (e.g. Jensen (2012) and 
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Murray and Herrnstein (1994). This study suggests that Black and Latino students need 

more opportunities to learn advanced mathematics as a way to increase their 

participation. 

With that said, education policymakers and practitioners must acknowledge that 

access to an AP course is not a guarantee of equity; therefore, school teachers and leaders 

must also work towards institutional change. Baber (2015) used Derrick Bell’s theory of 

interest-convergence to understand how racial equity might be limited due to institutional 

practices and policies in STEM education. He writes: 

…expanding opportunities for the traditionally marginalized group tends 

to focus on individuals, encouraging their assimilation to current 

institutional norms. However, this strategy has limited success because it 

does little to address culture within institutions that contributes to 

systematic inequalities. (p. 261) 

For practitioners, Baber’s comments suggest that adding more advanced courses 

without changing the institutional cultures and policies that systematically relegate 

students of color to lower-track courses will do little for progress towards equity. In fact, 

as described by Solorzano and Ornelas (2004) increased opportunities without systematic 

change likely resulted in what has been described as the invisible color line. In their study 

of AP course enrollment in California, Soloranzo and Ornelas found:  

The low enrollment of students in AP courses in predominately low-

income, urban, Latina/o and African communities…is only part of the 

problem. Another obstacle emerges regarding access and enrollment in AP 

courses for Latina/o and African American students who attend multiracial 
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high schools with relatively high student enrollment in AP 

courses…Despite attending high schools with an overall high student 

enrollment in AP courses, Latina/o and African American students remain 

underrepresented in AP courses. We call this phenomenon “schools within 

schools”… (p. 22) 

For them, access to AP coursework did not increase equity because even when schools 

contain more advanced educational opportunities, Black and Latino students were often 

relegated to the lower-track classes. Consequently, school agents must be willing to 

undergo internal-assessments to understand the ways that their institutions create barriers 

and pathways for all students. 

Implications for Further Research 

Dorothy Holland and her colleagues’ social practice theory of identity was the 

theoretical lens used in this study. The theory was important because it provided an 

explanation of identity development that captured the role of cultural narratives and 

norms in identity formation. Unlike identity theories in psychology, it posits that identity 

is an evolving construct that forms in dialogue with one’s current socio-cultural context. 

It also provided an explanation for the significance of race and race-based narratives with 

the concepts of figured worlds, cultural artifacts, and positional identities.  

The results indicate that racial equity in STEM depends, at least in part, on 

scholars identifying more pathways than those that are “motivational” and student-

centered. The use of a multi-level model in this work permitted a more complex analysis 

of the links between student outcomes, and their personal and school characteristics. In 

fact, as explained by Luke (2004), multilevel modeling offered an improvement over 

ANOVA or ANCOVA by relating group and individual characteristics with fewer 
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parameters and by modeling the fixed and random effects of variables. With that said, 

considering the complexity of identity as well as the richness of theories like Holland’s, 

one of the limitations of multilevel modeling, and quantitative methodologies generally, 

is that researchers must reduce rich theories and constructs into testable models using 

variables created with the available data. Future studies might include an identity 

inventory to form a more robust measure. Scholars might also consider the benefits of 

other advanced statistical methods, like structural equation modeling, in bridging the gap 

between the richness of theory and available quantitative methodologies.  

Following Crenshaw’s concept of intersectionality, this study created and 

compared models that included interaction terms for students’ racial and gender pairings. 

Comparing models focused on student race and race-gender interaction terms, it becomes 

clear that there are intragroup differences. These results support the claim that general 

trends and educational theories must be examined to determine how and if they apply to 

sub-groups of students. It also demonstrates the role that quantitative methodologies can 

play in “draw[ing] attention to and account[ing] for inter-social locations – including 

those on the margins” and in “shifting the analytic focus on the fluidity among, 

interrelationships between, and co-production of various categories and systems of 

power” (Collins, 2012, p. 455). Specifically, quantitative methodologies is a tool for 

helping us understand how students’ “material realities” differ. A future study might also 

consider students’ socioeconomic status along with their race and gender groups – a three 

way interaction. As found in this work, Black and Latino students are attending schools 

that are mirror opposites in average student SES than their White and Asian peers. It 

would be interesting to understand the role of SES within the race-gender subgroups. For 
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instance, how does student SES impact mathematics course access for Black girls versus 

Black boys?  

As outlined by Martin (2009), one limitation of this study (and a consideration for 

theory & research) is the implied assumption that racial group membership is the same as 

racial identity. Given the constraints of available variables, an analysis including racial 

identity was not feasible. However, as outlined by Sellers et al. (1997) including 

measures of racial identity, where students can detail their views on the centrality of their 

race to their experience, as well as their public and private regard for members of their 

racial group, is essential for parsing the data and reaching more complex understandings 

about racial differences in students’ math identities and other math perceptions. Ogbu’s 

concept of voluntary and involuntary minorities, also lends support for the idea that 

identity might be impacted more by racial identity than racial group membership. Future 

work should include a measure of racial identity then examine whether the trends 

observed in this study hold across a national sample. 

Additionally, the finding of this study that math identity is not a significant 

predictor of course enrollment contradicts models of self-efficacy and expectancy-value. 

As mentioned, I suspected that students’ math outcomes were different from their math 

attitudes because math identity is an abstract attitude. Future studies should examine if 

there are racial differences in students’ concrete attitudes and whether they effect racial 

differences in STEM participation. In HSLS, this analysis was not possible because 

variables that might be good proxies for students’ concrete attitudes (e.g. “student’s 

expected earnings if completed a 4-year college degree” and “how would you compare 

males and females in each of the following subjects”) either had questionable quality 
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(e.g. student responses that they expected to earn $8 per year after they graduated from 

college) or related to gender, but not race.  

Lastly, even though there were racial differences in mathematics opportunities 

and traditionally underrepresented students were shown to have the fewest learning 

opportunities in STEM, more research is needed to understand why there are differential 

returns to improvements in educational access. Future investigations might examine how 

school policies and school agents indirectly or directly guide students along the STEM 

pipeline. 
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