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Abstract:  
This study shows that racial disproportionality exists within AP® Calculus AB and BC 

classes. This study seeks to understand the impact of race, individual, family, teacher, and 

school/neighborhood characteristics on Advanced Placement (AP®) Calculus AB and BC 

enrollment. Through logit estimates executed using the National Educational Longitudinal 

Survey 1988 (NELS:88), this paper finds that individual characteristics, particularly math 

coursework is vital in entering into AP® Calculus. 

Nevertheless, the Black-White gap persists for Black males, while the Black-White gap 

for females deceases once tenth grade and eighth grade characteristics are measured. Conversely, 

selected characteristics eliminate the Black—White gap for females. However, further study is 

necessary to understand the particular roadblocks Black males face in enrolling into AP® 

Calculus and other advanced math classes.  

  



5 
 

Section I: Problem Statement and Introduction 
Racial disproportionality exists within Advanced Placement (AP®) course enrollment 

between Black and White high school students. The term Black and African–American are used 

inter-changeably in the remainder of this paper. Both racial groups in this paper do not include 

Hispanic students but do include populations born outside of the United States. The College 

Board’s AP® programs enable students to take college level courses while still in high school. 

Each of the 30 plus college-level courses culminates with the national AP® exam. If the student 

earns a qualifying score of three to five on any exam and enrolls in a college or university, the 

student will earn college credit (Morgan and Ramist, 1998).  

Despite the millions impacted by the program and its positive gains, racial enrollment 

disparities persist. The College Board’s Eighth AP® Report to the Nation indicates that of the 

903,630 examinees only 9.0 % of 2010-2011 high school seniors who have ever taken an AP® 

exam were African–American. However, Blacks accounted for 14.7 % of the 2011 high school 

senior enrollments. Similarly, 57.1 % of 2011 seniors who took an AP® exam were White; 59.2 

% of 2011 high school seniors were White (College Board, 2012b). Table 1 illustrates the 

probability of AP® enrollment for Blacks and Whites from 2004-2011 and corresponding 

disproportionality ratios. Enrollment probabilities were calculated by dividing the number of 

seniors in each academic year, by the number of seniors who have taken an AP® exam at any 

time of their high school tenure. Disproportionality ratios were calculated by dividing the 

probability of enrollment for all races by the probability of race specific enrolment in each 

academic year. Disproportionality rates above 1.00 indicate over–representation while 

disproportionality rates below 1.00 indicate under-representation.  

As described, Black seniors have not attained proportional representation from 2004-

2011. Also shown in Table 1, both groups have not achieved proportional parity in AP® 



6 
 

examinations. However, when one considers individual courses within the AP® program in 

general, and Calculus AB and Calculus BC specifically, Whites achieve proportional parity 

while disproportionality among Black high school students persists.  

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
In 2011, an estimated 202,725 high school seniors (during any year of their high school 

tenure) took the Calculus AB exam. Of these students, 62.1% were White, and 5.8% of 

examinees were Black. Last academic year, 64,997 high school seniors took Calculus BC and 

any period of their high school tenure. Over half, 57.2%, of the participants were White, and 

2.6% were Black (College Board, 2012f). While some sophomores and juniors took the AP® 

Calculus exam, the majority of Calculus AB and Calculus BC students were high school seniors 

(78.3 % and 74.3 %, respectively). Table 2 presents probabilities of Calculus AB enrollment and 

disproportionality ratios. This data is calculated in the same fashion as data presented in Table 1. 

As illustrated, Whites from 2004-2011 have achieved proportional representation among 

Calculus AB test takers. Black students conversely have not gained proportional enrollment. In 

Table 1: Probability and Disproportionality Ratio of AP® Exam Takers, Blacks and 
Whites (2003-2011)  

 Black White 
Year Probability of 

Enrollment 
(%) 

Disproportionality 
Ratio 

Probability of 
Enrollment 

(%) 

Disproportionality 
Ratio 

2004-2005 10.8 0.478 63.4 0.958 
2005-2006 12.2 0.504 61.8 0.951 
2006-2007 13.1 0.529 61.7 0.964 
2007-2008 13.5 0.542 61.0 0.971 
2008-2009 1.0 0.550 59.4 0.964 
2009-2010 8.6 0.589 57.9 0.951 
2010-2011 9.0 0.612 57.1 0.965 
Source: (College Board, 2005; College Board, 2006; College Board, 2007a; College 
Board, 2008; College Board, 2009; College Board, 2010; College Board 2011a, 
College Board, 2012b) 
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fact, the disproportionality ratios for Calculus AB are smaller in comparison to AP® in general. 

This further suggests that racial disproportionality is more of a concern in this subject course 

than the entire AP® program. 

Table 2: Probability and Disproportionality Ratio of AP® Calculus AB  Exam 
Takers, Blacks and Whites (2004-2011) 

 Black White 
Year Probability 

of 
Enrolling 

(%) 

Disproportionality 
 Ratio 

Probability 
of 

Enrolling 
(%) 

Disproportionality 
Ratio 

2004-2005 2.22 0.321 6.93 1.003 
2005-2006 2.25 0.314 7.07 0.985 
2006-2007 2.42 0.321 7.58 1.006 
2007-2008 2.07 0.354 6.00 1.027 
2008-2009 2.19 0.362 6.21 1.028 
2009-2010 2.43 0.376 6.51 1.010 
2010-2011 2.67 0.395 7.00 1.034 
Source: (College Board, 2005; College Board, 2006; College Board, 2007a; College 
Board, 2009; College Board, 2010a ; College Board, 2011c; College Board, 2012f) 

 
 
 The differences in racial disproportionality expand when one considers Calculus BC.  

White students are consistently overrepresented as the disproportionality for Black students is 

lower in comparison to the disproportionality ratio for Black Calculus AB examinations. This 

disproportionality is illustrated in Table 3 through the same calculations used in Tables 1 and 2. 

Understanding the within race disproportionality for AP® in general and Calculus AB and BC 

specifically lends to consideration that Blacks are underrepresented. Table 4 illustrates White–

Black disparity ratios for AP®, Calculus AB, and Calculus BC enrollment. These disparity ratios 

are calculated through dividing the probability of a White senior taking an AP® or Calculus 

exam by the probability of a Black senior achieving the same outcome.  In 2010-2011 the 

disparity ratio of a White senior taking the AB Calculus exam at any time in his/her high school 

tenure to Black examination rates was 2.6. In other words, a White student is 2.6 times more 

http://professionals.collegeboard.com/profdownload/6th-annual-ap-report-to-the-nation-2010-subject-reports.pdf�
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likely to take the Calculus AB examination in comparison to an African American student. As 

shown in all illustrated years, Whites have an increased, persistent likelihood of gaining 

experience in AP® Calculus AB, and Calculus BC in comparison to Blacks. This reality begs for 

reasons why such persistent disparity exists and persists. 

 
Table 3: % of AP® Calculus BC Exam Takers and Disproportionality Ratio, Black 
and Whites (2004-2011)  
 Black White 
Year Probability of 

Enrollment 
(%)  

Disproportionality 
Ratio 

Probability of 
Enrollment  

(%) 

Disproportionality 
Ratio 

2004-2005 0.32 0.157 1.85 4.515 
2005-2006 0.33 0.153 1.92 4.277 
2006-2007 0.36 0.157 2.09 4.164 
2007-2008 0.32 0.174 1.72 4.097 
2008-2009 0.32 0.169 1.80 3.892 
2009-2010 0.35 0.174 1.91 3.904 
2010-2011 0.38 0.177 2.10 3.891 
Source: (College Board, 2005; College Board, 2006; College Board, 2007a; College 
Board, 2009; College Board, 2010a ; College Board, 2011c; College Board, 2012f) 

 
Table 4: White /Black Disparity Ratios, AP®, AP® Calculus AB, and AP® Calculus 
BC (2004-2011) 

Year AP® AP® Calculus AB AP® Calculus BC 
2004-2005 2.005 3.126 5.832 
2005-2006 1.888 3.137 5.881 
2006-2007 1.824 3.131 5.797 
2007-2008 1.793 2.900 5.411 
2008-2009 1.752 2.839 5.565 
2009-2010 1.614 2.685 5.387 
2010-2011 1.575 2.620 5.463 
Source: (College Board, 2005; College Board, 2006; College Board, 2007a; College 
Board, 2009; College Board, 2010a ; College Board, 2011c; College Board, 2012f) 

 

Policy Implications of the Problem 
While it is indeed true that rates of Black enrollment in AP® programs is improving, it is 

also true that issues of disproportionality and White—Black disparities within AP® Calculus 

http://professionals.collegeboard.com/profdownload/6th-annual-ap-report-to-the-nation-2010-subject-reports.pdf�
http://professionals.collegeboard.com/profdownload/6th-annual-ap-report-to-the-nation-2010-subject-reports.pdf�
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enrollment is still policy–relevant through its different policy implications. Policy implications 

for this occurrence span across four different themes1

1. Demographic shifts causing majority of school populations to be populated with racial 

minorities. 

:  

2. AP® programs being used as indicators of high school quality. 

3. Government programs giving more attention to underrepresented groups in AP® 

programs. 

4. Science, technology, engineering, and math (STEM) representation among 

underrepresented racial/ ethnic and gender groups.  

Students who take either of the AP® Calculus classes are more likely to select college 

majors and careers in STEM fields. Robinson (2003) states that both minorities and non–

minorities share this benefit. In fact, 21.7% of racial minorities who took an AP® math or 

science class enrolled in math or science majors, and 19.4% undertook medical field majors. By 

not understanding factors that influence enrollment in AP® Calculus, Blacks may continue to 

be the least represented of all ethnic groups in AP® and AP® Calculus (Robinson, 2003). The 

polarity of these disproportionalities among Blacks and Whites leads to persistent disparity in 

enrollment in the general AP® program and in the two AP® courses. 

 

Research Question 
Subsequent sections of this paper will seek to address the following three questions: 

What individual, family, teacher, and school/neighborhood characteristics in the eighth and tenth 

                                                 
1 Clark and Herrin, 2002; Lucas, 2002; Klopfenstein, 2003; Klopfenstein, 2004; Soloranzo and Orneleas, 2004; 
Gándara, 2006; Kyburg et al, 2007; New York Times, 2009; Kelly, 2009; Orfield, 2009; Frey, 2010; National 
Science Foundation, 2011; College Board, 2012b; College Board, 2012c; Advanced Placement Strategies, 2012; 
Klopfenstein and Thomas, n.d.; United States Commission on Civil Rights, n.d. 
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grades impact the likelihood of a Black student enrolling in AP® Calculus in comparison to a 

White student? What is the impact of these factors when Blacks and Whites are further 

disaggregated by gender groups? What are the policy–relevant conclusions of this analysis? 

Description of Subsequent Sections 
Section II will provide a more detailed illustration of AP® and AP® Calculus AB and 

BC. Section III will describe how individual, family, school/neighborhood, and teacher 

characteristics can explain AP® Calculus enrollment. This section will also discuss the impact of 

these characteristics on general AP® and advanced math course enrollment in hindering Black 

enrollment. Section III will also establish a pipeline model of how students enroll in AP® 

Calculus through the four identified factors. This section will also discuss the differences in these 

factors between Blacks and Whites. Section IV will describe the study’s methods, data, and 

empirical model. Section V will discuss the empirical findings. Section VI will conclude with 

policy implications of the study. 

Section II: Background  

History of the Advanced Placement Program 
In response to the widening achievement gap between college and secondary students 

after World War II, the Ford Foundation created the Fund for the Advancement of Education. 

Two of the fund’s subsequent studies recommended that secondary teachers, as well as college 

officials, collaborate to diminish high school and college course repetition and encourage the 

most highly motivated students to pursue college courses. Subsequently in 1952, a pilot program 

started with 11 subjects introducing advanced courses. During the 1955-56 academic year, the 

College Board was invited to have administrative control over the program; the program was 

then officially named the Advanced Placement (AP®) Program.  
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Fifty years after the administrative change, student enrollment in the program has rapidly 

increased. In the Advanced Placement Program’s inaugural year (1955-1956), 1,229 students 

enrolled (College Board, 2003). In 2010, approximately 16,000 schools and 1,845,006 students 

enrolled into the program. Since its inception, AP® has provided over 21 million high school 

students with the rigor of college classes while still in high school. Therefore, each AP® course 

is comparable to a college course, and college and university faculty play an essential role in 

ensuring that AP® courses align with college level standards (College Board, 2011a). Therefore, 

taking AP® courses also demonstrates to college admission officers that students are well 

prepared for college coursework.  

AP® Calculus 
The AP® program offers two specific calculus courses: Calculus AB and Calculus BC. 

Calculus AB is a year – long course. In order to prepare fully for the Calculus AB examination, 

the course’s content is dedicated to covering topics such as differential and integral calculus.  

Prerequisite courses for enrollment include algebra, geometry, trigonometry, analytic geometry, 

and elementary functions. To succeed in these classes, students must understand the following 

functions and properties of functions: linear, polynomial, rational, exponential, logarithmic, 

trigonometric, inverse trigonometric, and piecewise defined. Upon completion of the course, 

students should not only be prepared to take the Calculus AB exam, they should also be able to 

understand the Fundamental Theorem of Calculus (College Board, 2012a). Calculus BC is 

offered only to those students who complete the prerequisite courses before enrolling. While the 

prerequisites are the same as those for Calculus AB, the Calculus BC’s coursework advances 

from what is taught in Calculus AB. (College Board, 2012e). As a result, Calculus AB can be 

considered a prerequisite for Calculus BC.  
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AP®’s Positive Gains for Students 
Bleske-Rechek et al., (2004), state, “…through self-selection or something intrinsic to the 

AP® program itself, AP® involvement is a positive predictor of educational success and 

satisfaction for intellectually talented youth”. (p. 219).  It is evident that earning a qualifying score 

on any AP® exam has positive benefits; however, in comparison to non-AP® students, 

participation alone in the program renders gains for all students regardless of AP® exam scores. 

Though 45% of the non-AP® students complete their undergraduate studies within four years, 

63% of students who take the AP® exam, regardless of their exam grade, complete a four-year 

college education in four years. Also, while 77% of students who took an AP® course, 

regardless of the exam grade, complete college in comparison to 62% of their non-AP® 

counterparts (College Board, 2007).  

Students who are enrolled in AP® courses benefit from highly motivated teachers, 

typically select more challenging undergraduate majors, and save money on their college tuition 

in comparison to non–AP® students (Morgan and Maneckshana, 2000; Santoli, 2002.). An AP® 

student’s higher GPA contributes to the likelihood of the student’s admission into college 

(Cohen et al., 2009). More specifically, within the college admissions process, exceptional high 

school GPA and AP® program participation is seen as complementary and indicates that the 

student is a suitable candidate for undergraduate admission at most competitive colleges and 

universities (Gándara, Orfield, and Horn, 2006). Also, greater achievement in the form of both high 

standardized test scores (SAT, ACT, PSAT/NMSQT) and GPA improves the likelihood that a 

student will enroll in AP® courses (Soloranzo and Ornelias, 2004). This is further complicated by the 

recent trend of schools granting increased grade weighting for taking AP® courses (Klofenstein and 

Thomas, 2010). 
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AP® Calculus’s Positive Gains 

Students who take AP® Calculus classes are more likely to select college majors and 

careers in STEM fields. Robinson (2003) states that this benefit is shared by both minorities and 

non–minorities. In fact, 21.7% of racial minorities who took AP® math or science enrolled in 

math or science majors and 19.4 % undertook medical field majors. Regardless of how well a 

student scores on an AP® Math subject courses, such as Calculus AB and Calculus BC, the 

student is more likely to have a higher grade point average (GPA) in her/his freshman year 

(Patterson, B.F., Packman S., and Kobrin J.L., 2011) With increasing policy attention directed 

towards creating a stronger STEM workforce, the College Board has provided policy 

recommendations to ready students for the rigor of AP® STEM classes and for postsecondary 

education (College Board, 2012b). Enrolling in AP® Calculus, however, is not an unplanned 

effort and many factors apply in enrolling in this program. Section III will discuss these factors 

and how they contribute to or hinder a student from enrolling in AP®. 

Section III:  Themes of Individual, Family, School/ Neighborhood, and Teacher 
Characteristics that Impact Black–White Gaps in Math Achievement and AP® 
Enrollment 
 The purpose of this section is to discuss how the characteristics of students, their families, 

their schools/neighborhoods, and their teachers’ impact mathematics achievement and AP® 

enrollment and how these characteristics differentiate by race. This section will also disaggregate 

characteristics into different sub–characteristics. Individual characteristics are narrowly defined 

though themes of ability and course level. Family characteristics are examined through income, 

parent’s education, ability to maneuver the structure of secondary schools, and the provision of 

necessary materials to students. School and neighborhood characteristics are disaggregated into 

geographic location, methods of creating racial inequality within schools, the type of courses 
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offered, and the number of racial minorities in schools. Finally, teacher characteristics are 

examined through traits exhibited in the curriculum of the Jamie Escalante Math Program. 

Individual Characteristics 
Individual characteristics such as students’ academic ability and course level are 

indicative of their success in AP® and in higher levels of math. Farkas (2002) notes that 

educational achievement on the part of the student is largely attributed to the amount of time and 

quality of work he/she produces. With math achievement specifically, Matthews and Farmer 

(2008) contend that hours spent doing Algebra I homework has the greatest impact on advancing 

in the mathematics pipeline. In similar manner, Dougherty and Mellor (2010) state that, 

“academic preparation prior to high school, as measured by eighth-grade test scores, is strongly 

predictive of whether students will take and pass any of the AP® exam in a mathematics, 

science, English, or social studies subject” (p. 221). However, the authors caution that subject 

based scores are often synonymous with course placement. Similarly, Soloranzo and Ornelieas 

(2004) suggest that previous coursework is indeed important. This aligns with Matthews and 

Farmer’s (2008) finding that success in Algebra I within the eighth grade is highly contingent on 

mathematical reasoning abilities. They suggest that academic giftedness is distinct from 

mathematical ability since this ability varies even among gifted and talented students. 

Tracking, or sorting of students into class types by level of ability, also assists in 

preparing students for the rigor of Advanced Placement® courses or not preparing those who 

may not be perceived as ready for such classes. As a result, students who are participants in 

gifted or honors programs are prime candidates for AP® enrollment(Gándara, 2006). Tracking 

proves to have a significantly detrimental effect on Blacks as there is an overrepresentation of 

Blacks in special education (Klopfeinstein, 2004).  
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Family Characteristics 
Higher family income is found to have a positive effect on AP® enrollment; however, 

issues of increased income and race are often intersected. Farkas (2002) states “income and race 

gaps …are completely due to differential learning when school is out and the students are at 

home with their parents” (p.1124). This suggests that upper income families can afford more 

opportunities that facilitate the retention of knowledge and academic growth in comparison to 

more low–income families. Similarly, being a student in a low–income household decreases the 

likelihood of enrolling into AP® as family income can provide additional materials and learning 

aids (Coleman, 1988, Hill; Duncan, 1987; Orneleas, 2004; Kyburg et al, 2007). Because of the 

impact of family income, incentive programs, which financially induce student participation in 

AP® have a positive effect on enrollment. These programs suggests that students in low-income 

families may be more apt to invest their time in the rigor of AP® instead of employment while in 

school if provided with appropriate incentives (Klofenstein, 2004). 

School/ Neighborhood Characteristics 

Where a student lives and goes to school also matters as AP® courses are more likely to 

be offered in suburban areas where non-White populations are smaller in comparison to urban 

school districts (Klopfeinstein, 2003; Klopfenstein, 2004; Soloranzo and Orneleas, 2004; Kyburg 

et al, 2007). This factor is important as it is paired with the fact that the population of Black 

youth in major cities such as Atlanta, Chicago, Detroit, New York, Los Angeles, and New 

Orleans have been gradually declining. Instead of living in cities, more Black children are now 

residing in suburban areas. McCoy (2011) contends that the reason for this outcome is that “more 

young African-American couples have moved to the suburbs, for…more space, better schools 

and greater tranquility” (McCoy, 2011 p.1).  However, educational inequalities may be more 

race based than place based, and Black families who move to suburban areas may still face 
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significant hardships in enrolling in AP® courses. Black students who attend school in larger 

urban areas were found to have greater access to AP® course in general and less access when 

living in rural areas. However, studies that measure the impact of where a student goes to school 

on specific AP does not exist (Klopfenstein, 2004). 

Teacher Characteristics 
Teacher characteristics are of significant importance in AP® Calculus. Jamie Escalante’s 

method of providing after school, early morning, and Saturday classes in order to prepare 

students for both AP® Calculus courses is an example of a highly effective and dedicated teacher 

(Doughtery and Mellor, 2010). The Escalante Math Program adheres to the prerequisites given 

by the College Board. Unlike the usual prerequisites, The Escalante Program often consolidates 

six years of math training into three years. Students within this program are often required to 

recite formulae and axioms out loud in order to enter into the class.  The program and its teachers 

often address poor study skills through requiring that students spend time before and after class, 

during lunch, and weekends in math subject classes (Escalante and Dimann, 1990). The program 

is also highly devoted to explicit communication with students and using methods that have been 

proven consistently to work.  However, Escalante’s method of teaching has generally proven to 

not be replicable in preparing larger school and neighborhood communities for AP® readiness 

(Sadler, Sonnert, Tai, Klopfenstein; 2010). The quantity of time a teacher spends assisting a 

student is a key theme that is seen within the Escalante Program (Escalante and Dinnmann, 

1990). 

The Importance of These Factors in the Pipeline to AP® Calculus 
 For purposes of his study, the pipeline references the necessary coursework in order to 

enroll in AP® Calculus. The educational pipeline is seen as the main component in increasing 

the number of skilled laborers in the workforce. Soloranzo (2004) suggests “if one examines the 

http://www.eric.ed.gov/ERICWebPortal/search/simpleSearch.jsp?_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Sonnert+Gerhard%22�
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educational pipeline–irrespective of how educational outcomes are measured–Latina/o and 

African–American students do not perform as well as Whites”(p.14-5).  The pipeline to AP® 

Calculus can assist some students in the larger educational pipeline and ultimately in the work 

force.  

Differences in the previously mentioned characteristics between Blacks and Whites exist. 

Enrolling in Algebra I in the eighth grade ensures that a student can eventually enroll in AP® 

Calculus during his or her high school tenure. On the other hand, Black students and students of 

lower socio-economic status are less likely to be selected to enroll or have access to Algebra I in 

their junior high school years in comparison to Whites (Gamoran and Hannigan, 2000). This 

lower likelihood of Algebra I enrollment within the eighth grade decreases the number of Blacks 

who enter the pipeline to AP® Calculus AB or BC. Matthews and Farmer also state that Black 

students who have higher math ability, often self-select out of more advanced math classes.  

 Just as the impacts of student, family, and school/ neighborhood characteristics differ for 

Blacks and Whites in General AP® entrance, differences specific to AP® Calculus are also 

apparent across race. Blacks are less likely to be selected to take algebra in the eighth grade, and 

socio-economic differences also lead to differences of where and to whom Algebra I would be 

offered (Gamoran and Hannigan, 2000). Kelly (2009) also posits that Blacks enter into programs 

with less mathematical ability in comparison to Whites and suffer the consequences of their 

differing abilities through teacher assessments.  Even Black students who may have high 

mathematical ability may choose to be placed in lower ability classes (Gamoran and Hannigan, 

2000).  

Conversely, White students are more likely to feel a sense of entitlement to enrolling in 

classes that would fit into the pipeline mechanism (Kelly, 2009). However, the increase in 
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Blacks in AP® and AP® Calculus is attributed to a number of policies within many schools such 

as eliminating prerequisite courses for AP® enrollment. These policies encourage rural and 

urban low-income high-school students to take AP® courses, and place students in AP® courses 

who may have traditionally not been in AP® such as low income and minority populations 

(Bleske-Recheck et al., 2004).  

Schools have adopted social norms making little effort to recruit Blacks for Calculus AB.  

In fact, only 20 % of Calculus AB teachers have reported recruiting students from minority 

groups. Furthermore, few Black students have parents or role models who have the academic 

tradition of entering into AP® and many do not even consider AP® a viable option in high 

school (Burton, 2004 et. al).  

Illustrations of the Pipeline to AP® Calculus 
Figure 1 illustrates the influence of individual, family, school/ neighborhood, and teacher 

characteristics. Table 5 illustrates the difficulties that Blacks may have in matriculation to AP® 

Calculus by the twelfth grade. Synthesized themes from both figures will be used within the data 

analysis of this study. 
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•Math ability- positive effect (Kelly, 2009) 
•Increase in hours doing math homework- positive effect 
(Matthews and Farmer, 2008) 

•Parent education- positive effect (Klopfeinstein, 2004; Kyburg et 
al. 2007) 

•Socio-economic status- questionable effect (Gamoran and 
Hannigan, 2000) 

•Teachers reccomndation for  Algebra I- positive effect 
(Gamoran and Hannigan, 2000) 

Algebra I in 
eighth grade 

•Tracking into low abilty classes- negative effect (Klopfeinstein, 2004) 
•Tracking into high abiltiy clases- positive effect (Klopfeinstein, 2004) 
•Inclusiveness of higher track classes- postive effect 
•Higher math test scores- positive effect (Lucas 2002 & Kelly, 2009) 
•Higher English test scores- positive effect (Klophenstein, 2004) 
•Parent's expectation for child- positive effect (Coleman, 1988) 

Algebra II or  
more in 11th 

grade 
 

•Previous coursework in geometry-positive effect (College Board, 
2012a) 

•Previous coursework in trigonometry- positive effect (College 
Board, 2012a) 

•Living in Suburban area-positive effect (Scheidnern, 2009 
&Bleske-Recheck et al., 2004 ) 

•Living in rural  area- negative effect (Scheidnern, 2009 &Bleske-
Recheck et al., 2004 ) 

•Living in urban area - negative effect (Scheidnern, 2009 &Bleske-
Recheck et al., 2004 ) 

•Increases in  G.P.A.- questionable effect (Cohen et al.,  2009; 
Klofenstein and Thomas, 2010) 

•Familiy income- positive effect (Klopfeinstein, 2003; Klopfenstein, 
2004; Soloranzo and Orneleas, 2004; Kyburg et al, 2007) 

AP® ®Calculus 
by twelfth 

grade 

Figure 1: Characteristics That Facilitate In The AP® ® Calculus 
Pipeline 
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Section IV: Method and Data 

Methods 
Concurrent with the introduction, three research questions exist in this study: What 

individual, family, teacher, and school/neighborhood characteristics in the eighth and tenth grade 

impact the likelihood of a Black student enrolling into AP® Calculus in comparison to a White 

student? What is the impact of these factors when Blacks and Whites are further disaggregated 

by sex? What are the policy relevant conclusions that can be drawn from this analysis? By 

employing a large and comprehensive longitudinal survey, descriptive statistics were analyzed to 

answer the three questions. Through synthesis of the literature, the researcher performed 

regression analysis for both genders within each survey cohort and used a dichotomous variable 

for race. More specifically, logit regression models were utilized to determine which variables 

contribute the most to the likelihood of a student enrolling in AP® Calculus by the twelfth grade. 

Cohort year specific variables were used in this analysis; no panel weights were used in this 

study. 

Table 5: Difficulties that Influence Black Participation in AP® Calculus Enrolment by the Twelfth 
Grade 

• Blacks are less likely to take Algebra I in the eighth grade (Mathews and Farmer, 2008). 
• Persons of low socio-economic status are less likely to access Algebra I in eighth grade (Mathews and 

Farmer, 2008). 
• Blacks tend to have lower socio-economic status than Whites (American Psychological Association, 

n.d..). 
• Blacks are more likely to self-select out of AP® to work (Mathews and Farmer, 2008). 
• Blacks are more likely to live in geographic areas where AP® courses are not offered (Soloranzo and 

Orneleas, 2004). 
• Blacks are less likely live under social norms and structures that encourage AP® enrollment 

(Soloranzo and Orneleas, 2004). 
• Blacks do not find AP® Calculus a popular course to take among other AP® course offerings 

(College Board, 2012c). 
• Blacks are more likely to be placed in lower ability courses; sometimes through self-selection if they 

possess higher math ability (Klopfeinstein, 2004; Soloranzo and Orneleas, 2004). 
• Blacks are more likely to have lower math ability (Mathews and Farmer, 2008). 
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Data 
This study uses the National Education Longitudinal Study of 1988 (NELS: 88). This 

study started as a nationally representative sample of eighth graders during the 1987-88 academic 

year. This study is the third in National Center for Education Statistics (NCES) series of decade-

length secondary school longitudinal studies and features over 27,000 observations. Unlike 

earlier studies, NELS:88 extends the age and grade span by collecting data from middle 

school/junior high school students. NELS:88 includes, student data, parent, teacher, and 

school/administrator surveys. The study also provides data on cognitive assessments in core 

subjects.  New high school cohorts were generated every two years. Due to the nature of this 

paper, this study will focus specifically on the Base Year (1988), 1st Follow—Up  (1990) and 2nd 

Follow—Up  (1992) (National Center for Education Statistics, 2012). NCES provides the 

following description of the three cohort years as seen in Table 6 below. Table 7 presents a list of 

the dependent and independent variables. 

 
Table 6: Description of  Cohort Years Used in Present Study   

Cohort Type Description 
Base Year 
(1987-1988) 

Conducted in the Spring of the academic year; students are eighth 
graders; provides trends  on critical transitions experienced by students 
during students’ progression to high school,  postsecondary education, 
or the work force.  

1st Follow-Up  
(1989-1990) 

Conducted in the Spring of the academic year; most students are in 
tenth grade. Most students are participants in the 1988 cohort; 
sophomore year is also a comparison point to High School and Beyond 
longitudinal study; provides data on early high school drop-outs. 

 
2nd Follow-Up 
(1991-1992) 

 
Conducted in the Spring of the academic year; most students are in 
twelfth grade; provides “capstone” measurement of what students learn 
in K-12; collects information used to understand transitions into the 
labor force and postsecondary education; identifies later high school 
dropouts. 

Source: (National Center for Education Statistics, 2012) 
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Dependent Variable  
This study focuses on a single, dichotomous outcome: enrollment in AP® Calculus.  

Because NELS: 88 does not a feature a specific AP® Calculus enrollment variable, a proxy for 

the dependent variable was derived by combining General AP® Enrollment measured in the 2nd 

Follow-Up’s student questionnaire and  course units earned in Calculus from NAEP composite 

data also presented in the 2nd Follow-Up Composite data.  As shown in the Table 7, 

disproportionate outcomes for Blacks in AP® enrollment are evident. He method of calculation 

for all data in Tables 7, 8, and 9 is that same method that was applied in Tables 1, 2, and 3.While 

such disproportionality ratios are of greater magnitude in comparison to those found in Table 1, 

the author contends that such  disproportionalities may have lessened as years progressed. 

However, the NELS:88 probability of enrollment for Blacks, 11.46%, is higher than any of the 

2004-2011 probabilities for AP® exam taking.  Because the College Board reports data on 

examinees only instead of course enrollees, it is anticipated that the rate of enrollment for both 

groups would be higher as AP® participants are not required to take the AP® final examination.   

Also, NELS:88 does oversample minorities to ensure statistically robust findings. Despite the 

oversampling of minority populations within the NELS: 88 study, the data set provides a wealth 

of data that provide rich policy implications.  

 
Table 7: Probability of  and Disproportionality Ratio of AP® Enrollment, Blacks 
and Whites (1992)  

Year Black White 
 Probability of 

AP® 
Enrollment % 

Disproportionality 
Ratio 

Probability of 
AP® 

Enrollment % 

Disproportionality 
Ratio 

1991-1992 11.66 0.318 38.00 1.035 
Source: (National Center for Education Statistics, 2012) 
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Table 8, more specifically, illustrates the disproportionality that this paper seeks to 

address. While the Black and White probabilities of AP® Calculus enrollment in this figure are 

nearly double the probabilities of those found in Table 2, the disproportionality ratios (0.452 for 

Black seniors and 1.164 for White seniors) derived from the NELS:88 data is similar to data 

calculated with College Board data for the academic year 2010-2011 ( 0.395 for Black seniors 

and 1.034 for White seniors). While the NELS:88 disproportionality rates are slightly higher than 

the rates  of the 2010-2011 academic year, the author attribute this finding to students enrolling 

in the course and deciding to not take an AP® Calculus exam.  Also, as the disparity ratio for 

AP® Calculus enrollment in Table 9 (2.532) is similar to the AP® Calculus AB Examination 

ratio in 2010-2011 (2.620). 

 
Table 8: Probability of  and Disproportionality Ratio of AP® Calculus Enrollment, 
Blacks and Whites (1992)  

Year Black White 
 % AP® 

Enrollment 
Disproportionality 

Ratio 
% AP® 

Enrollment 
Disproportionality 

Ratio 
1991-1992 5.81 0.452 14.66 1.164 
Source: (National Center for Education Statistics, 2012) 

 
Table 9: White/Black Disparity Ratios for AP® and AP® Calculus  (1992)  

Year AP® AP® Calculus 
1991-1992 3.25 2.523 
Source: (National Center for Education Statistics, 2012) 

Independent Variables 
Individual characteristics within this study largely focus on students’ previous 

coursework, amount of time spent on homework, beliefs about the importance of math in the 

future.  The choice of all independent variables are informed by the pipeline created in Section 

III. Base Year variables include participation in Algebra during the eighth grade year and 
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standardized math scores. Also, measurements of whether a student believes math will be 

important to his/her future will be included. Five coursework covariates are used from the 1st 

Follow-up: Two semesters of coursework in Algebra I, Algebra II, and Pre-Calculus or 

Trigonometry. Because the percentage of all groups enrolled in both Trigonometry and Pre-

Calculus in the 10th grade is quite low, a dichotomous variable is created to account for gains 

achieved by both classes. A dichotomous family income variable, family income being more 

than $200,000 in the Base Year, is used in the analysis to determine the impact of income on 

enrollment. In order to measure the impact of geographic location, dichotomous variables were 

created to reflect of whether a student goes to school in an urban or rural area in comparison to a 

suburban area. Dichotomous variables are also used to determine whether AP® Calculus was 

offered at the student’s school in 1st Follow Up and whether the course is regularly offered. In 

order to measure the efficacy of teacher recommendations in the beginning of the pipeline to 

AP® Calculus and the impact on tutoring students after regularly scheduled class-time, two 

variables will be used: whether a teacher speaks to the student about taking Algebra I in the 

eighth grade and the number of hours a teacher tutors a student in the tenth grade. Table 10 

provides a list of dependent and independent variables. 
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Table 10: Dependent and Independent Variables Used Within Study 
Variable Type  Characteristic Type 
Dependent Variable    
Enrolled in AP® Calculus Dichotomous   
Independent Variables    
Base Year Variables     
Attends Algebra at least once a week Dichotomous  Individual  
Standardized Math Score Dichotomous  Individual 
Math is important to students future Dichotomous  Individual 
Family Income more than $200,000 Dichotomous   Family 
Parents have a college education Dichotomous  Family 
Student’s home has designated study space Dichotomous  Family 
Teacher/Counselor talked to student about taking 
Algebra I 

Dichotomous  Teacher 

1st Follow-Up Variables    
Two semesters of Algebra I Dichotomous   Individual  
Two Semesters of Algebra II Dichotomous  Individual  
Two semesters of Trigonometry or Pre-Calculus Dichotomous  Individual 
AP® Calculus offered in 1990 Dichotomous  School/Neighborhood  
AP® Calculus regularly offered Dichotomous  School/Neighborhood 
Student lives in Rural Area Dichotomous  School/Neighborhood 
Student lives in Urban Area Dichotomous  School/Neighborhood 
Number of Hours Teacher Spends Tutoring Continuous  Teacher  
2nd Follow-Up Variables    
Student is Black Dichotomous  Individual 
Source: (National Center of Education Statistics, 2012) 
Note: Other selected individual, family, school/neighborhood, and teacher characteristics from 
the 2nd Follow-Up had strong correlation with other independent variables. As a result this 
analysis will feature covariates form the Base Year, 1st Follow Up, and a dichotomous variable 
for race in the 2nd Follow Up. 
 

Preliminary Insights into the AP® Calculus Enrollment and NELS:88 
 To understand the data clearly, this subsection will use the established pipeline model 

documents above and independent variables to explain which underlying factor are most 

prominent in understanding the Black-White gap in AP® Calculus. Table 11 provides a list of 

descriptive statistics for all independent variables used. 
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Table 11: Descriptive Statistics 

Variable Black 
Female 

Black 
Male 

White  
Female  

White  
Male 

Enrolled in AP® Calculus 0.137  
(0.048)  

0.034 
(0.026) 

0.165 
(0.014) 

0.171   
0.014 

Attends Algebra at least once a week 0.326 
(0.058) 

0.262 
(0.056) 

0.349 
(0.016) 

0.409   
(0.018)   

Standardized Math Score  47.343 
(1.202) 

45.696 
(0.827)  

52.861 
(0.353) 

54.118   
(0.396) 

Math is important to student’s future 0.882 
(0.053) 

0.958 
(0.022)   

0.872 
(0.012) 

0.891   
(0.011) 

Student’s parents have a college education 0.176 
(0.048) 

0.0983 
(0.043) 

0.157 
(0.013) 

0.157   
(0.013)   

Student’s family income is  greater than 
$200,000 

0.011 
(0.010) 

0.010 
(0.010) 

0.013 
(0.005)   

0.011   
(0.004) 

Student’s home has a designated study 
space 

0.512 
(0.058) 

0.485   
(0.079) 

0.324 
(0.015) 

0.392   
(0.018) 

Teacher talks to student about taking 
Algebra I 

0.414 
(0.059)   

0.494 
(0.079) 

0.366 
(0.016) 

0.383   
(0.017) 

Two semesters of Algebra I 0.485 
(0.058) 

0.495 
(0.079) 

0.592 
(0.017) 

0.555   
(0.018) 

Two Semesters of Algebra II 0.228 
(0.050) 

0.132 
(0.041) 

0.257 
(0.015) 

0.258   
0.016 

Two Semesters of Geometry 0.457 
(0.059) 

0.361 
(0.081) 

0.491 
(0.017) 

0.486   
(0.018) 

Two semesters of Trigonometry 0.030 
(0.014) 

0.008 
(0.008) 

0.026    
(0.005)   

0.036   
(0.007) 

Two semesters of Pre-Calculus 0.000 
(0.000) 

0.001 
(0.001) 

0.008  
(0.003) 

0.015   
(0.004)   

AP® Calculus offered in 1990 0.091 
(0.037) 

0.113 
(0.087) 

0.102   
(0.010) 

0.133   
(0.012)   

AP® Calculus regularly offered 0.099 
(0.032) 

0.053 
(0.026) 

0.098  
(0.012)  

0.117  
(0.013) 

Student attends school in a rural area 0.290 
(0.027) 

0.298 
(0.030) 

0.344  
(0.010) 

0 .335 
(0.010) 

Student attends school in a suburban area 0.262 0.277 0.423 0.442 
 (0.030) (0.034) (0.011) (0.012) 
Student attends school in a urban area 0.447 

(0.036) 
0.425 
(0.038) 

0 .233 
(0.011) 

0.223  
(0.010) 
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Table XII: Descriptive Statistics (Continued) 
Variable Black 

Female 
Black 
Male 

White  
Female  

White  
Male 

Number of Hours Teacher 
Spends Tutoring 

 0.902 
(0.267) 

1.329  
(0.470) 

0.709 
(0.052) 

0.864   
(0.096) 

N 334 388 2,100 2,181 
Source: National Center of Education Statistics, 2012  
Notes: The entries are means and standard deviations of student-level data for those students in 
NELS:88 who do not have missing values for race. Math Standardized Test Scores and Number 
of Hours Teacher Spends Tutoring are not normalized but are measured through single unit 
increases. Estimates were derived using weights that control for Base Year, 1st Follow –Up, and 
2nd Follow–Up Variables individually. 
 

 
As shown in Table 11, Blacks are less likely to enroll in AP® Calculus in comparison to 

Whites. However, Black females are 4 times more likely to enroll in AP® Calculus than Black 

males.  This suggests initially that there is a difference in explanatory factors and characteristics 

between Black females and Black males. Also, both female groups are less likely to enroll in 

Algebra I in the 8th grade than their male counterparts. Black females also have standardized 

math scores approximately seven points lower than that of White counterparts. Black males, on 

average, have standardized math scores, approximately 9 points lower than the average scores of 

White males. As illustrated in the descriptive statistics, Blacks are already behind in the 

beginning of the pipeline to AP® Calculus in comparison to White 8th graders. While less Black 

students enter the pipeline in comparison to their White counterparts, nearly 96% of Black males, 

more than Black and White females and White males, believe that math is important to their 

futures. This descriptive statistic could stem from two reasons. First, Black males have the belief 

or motivation to improve their math skills but are not offered opportunities and coursework to 

hone such skills. Second, Black males may believe that general math skills are necessary in order 

to perform daily tasks (balancing bank accounts and making large purchases) and may consider 

courses such as Calculus to be less beneficial. Black females, on average are more likely to have 
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college educated parents in comparison to all three race–gender groups. Contrary to the expected 

estimate, both Black females and males are more likely to have a designated study space at home 

and have a teacher or counselor discuss with them taking Algebra I in comparison to White 

females and White males. However, reasons may exist for this finding. One reason why more 

Blacks have designated study spaces in comparison to Whites could be that White students may 

have popular places to study that are outside of the home. A possible explanation why teachers 

or counselors discuss taking Algebra I to Blacks more than Whites could be that teachers and 

counselors may expect that more White students will automatically enroll in Algebra I and 

subsequent courses. Conversely, teachers and counselors may believe that Black students may 

not consider enrolling into Algebra as a viable option and may need to be persuaded to enroll. 

Typical coursework requirements for AP® Calculus in the 10th grade year also differ 

between both racial groups. While 50% of all Black and White females and males receive two 

semesters of coursework in Algebra I by the 10th grade, courses such as Algebra II, Geometry 

and Trigonometry or Pre–Calculus differ among each group. Approximately 25 % of Black 

females, White females, and White males receive two semesters of coursework in Algebra II 

while 13.2% of Black males on average receive two semesters of Geometry coursework. Black 

females and Whites of both genders also receive two semesters of Pre-Calculus or Trigonometry 

at a greater rate than 10th grade Black males. Differences in Algebra II and Pre-Calculus or 

Trigonometry coursework suggest that such coursework attributes to the low number of Black 

males enrolled in AP® Calculus and that gaps exist between Black males believing that math is 

important in future endeavors and enrolling in more advanced math courses. In the 10th grade, 

nearly all groups do not receive two semesters of coursework in Pre-Calculus; however, 1.5 % of 

White males gain coursework in Pre-Calculus. Yearly access and regular access to AP® 
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Calculus differs among the race–gender groups. While 9.1 % of Black females and 11.3 % of 

Black males were in schools that offered AP® Calculus in their 10th grade year, 9.9 % of Black 

females and 5.3 % of Black males attend schools that regularly offer AP® Calculus. As 

illustrated, Black males do not have the consistent opportunity to enroll in AP® Calculus in 

comparison to their female and White counterparts.  

Also, the area type in which a student goes to school varies between both races and 

genders. As illustrated in Table 11, 29.0 % of Black females, 29.8 % of Black males, 34.4 % of 

White females, and 33.5 % of White males go to school in a rural area. More Black students also 

go to school in urban areas in comparison to Whites. Conversely, more Whites, 42.3 % of 

females and 44.2 % of males, go to school in suburban schools in comparison to Blacks (26.2 % 

of females and 27.7 % of males respectively). One possible reason for explaining the lack of 

preparatory coursework for and access to AP® Calculus for Black students and Black males in 

particular could be due to more academic resources being available in suburban schools, where 

more Whites attend school in comparison to urban and rural schools where more Blacks live. 

  Black males receive more hours of tutoring than Black females and White students. 

Such a finding could indicate that Black males may need additional tutoring hours in order to 

keep up with coursework. However, what is not clear from these descriptive statistics is the 

quality and reason tutoring is received. It may be possible that the quality of tutoring may be of 

lesser quality in than that received by Whites and Black females. It is also increased tutoring 

hours may be a disciplinary action used by some teachers and schools.  

Correlation of Variables 
Correlation matrices were performed to determine the association variables have with 

each other.  In Table 12, the correlation of Base Year variables are illustrated. Correlation 

matrices of 1st Follow-Up variables are shown in Table 13. As shown in both tables, no variable 
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possesses strong positive or negative correlation (-0.50 or lesser or 0.50 or greater) with other 

variables. 

Model 
In order to specifically address how individual, family, teacher, and school/neighborhood 

effects impact AP® Calculus enrollment in the twelfth grade, I use the following equation: 

 

𝑙𝑛 � 𝑝
(1−𝑝)

� = ∑𝛽𝑖 𝑥𝑖 + 𝛾𝑖𝑥𝑖   (1) 

 

𝑙𝑛 � 𝑝
(1−𝑝)

� denotes an individual’s log-odds ratio of enrolling into AP® Calculus, and ∑𝛽𝑖 𝑥𝑖 

represents the array of student, family, teacher, and school variables describing their impact on 

the likelihood of enrollment.  This equation is disaggregated by sex, thus forming:  

 

𝑙𝑛 � 𝑝
(1−𝑝)

𝑓
� = ∑𝛽𝑖

𝑓 𝑥𝑖
𝑓 + 𝛾𝑖

𝑓𝑥𝑖
𝑓 (2) 

𝑙𝑛 � 𝑝
(1−𝑝)

𝑓
� = ∑𝛽𝑖𝑚 𝑥𝑖𝑚 + 𝛾𝑖𝑚𝑥𝑖𝑚 (3) 

 

The variable 𝛾𝑖𝑥𝑖 is a race dummy for black high school seniors included in the regression, with 

Whites as the omitted comparison group. As a result, the coefficient that distinguished Blacks 

captures the Black-White gap. This equation estimates the change of all covariates on the 

probability of the dependent variable, enrolling in AP® Calculus being, being equal to 1.  The 

estimation throughout this paper is done using weight structures for each of the survey years. 
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Because this study does not focus on the overall probability of AP Calculus enrollment, I 

focus on the impact of the individual coefficients on enrollment. As a result, the following 

equation will be used to interpret the logit models’ coefficients: 

 

� 𝑝
(1−𝑝)

� = 𝑒𝛽𝑖 (5) 

 

Where the odds ratio is the probability of the event divided by the probability of the nonevent 

and is determined by 𝑒𝛽𝑖, or the exponential of the coefficients found in Table 14. For example, 

if the exponential of an independent variable’s coefficient is 3, then a unit change in the same 

variable increase the probability of enrolling in AP® Calculus three times as likely to occur. 

Odds ratios equal to 1 mean that there is a 50% chance that a student will enroll in AP® Calculus 

given a change in the independent variable. 
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Table 12: Correlation of Base Year, Dependent, and Race Variables 

  

Enrolled 
in AP® 
Calculus 

Student 
is Black 

Attends 
Algebra at 
least once a 
week 

Standardized 
Math Score  

Math is 
important 
to 
student’s 
future 

Student’s 
parents 
have a 
college 
education 

Student’s 
family 
income is  
greater 
than 
$200,000 

Student’s 
home has 
a 
designated 
study 
space 

Teacher 
talks to 
student 
about 
taking 
Algebra I 

Enrolled in AP® 
Calculus 1.000         

Student is Black -0.092 1.000        
Attends Algebra at 
least once a week 0.508 -0.037 1.000       
Standardized Math 
Score  0.622 -0.267 0.458 1.000      
Math is important to 
student’s future 0.057 0.027 0.029 0.078 1.000     
Student’s parents 
have a college 
education 0.108 -0.084 0.093 0.180 0.002 1.000    
Student’s family 
income is  greater 
than $200,000 0.137 -0.046 0.074 0.127 -0.022 0.026 1.000   
Student’s home has a 
designated study 
space 0.084 0.055 0.068 0.005 0.027 0.045 0.050 1.000  
Teacher talks to 
student about taking 
Algebra I 0.182 0.005 0.311 

 
0.173 0.034 0.031 0.014 0.075 1.000 

Source: (National Center of Education Statistics, 2012) Note: Estimates were derived using panel weights that control for all three survey years. 

Table 13: Correlation of 1st Follow-Up, Dependent, and Race Variables 
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Enrolled 
in AP® 
Calculus 

Student 
is Black 

AP® 
Calculus 
offered in 
1990 

AP® 
Calculus 
regularly 
offered 

Two 
semesters 
of 
Algebra I 

Two 
Semesters 
of 
Algebra 
II 

Two 
semesters of 
Trigonometry 
or Pre-
Calculus 

Student 
attends 
school in a 
rural area 

Student 
attends 
school in 
a urban 
area 

Number 
of Hours 
Teacher 
Spends 
Tutoring 

Enrolled in AP® 
Calculus 1.000                   
Student is Black -0.092 1.000         
AP® Calculus offered 
in 1990 0.077 -0.030 1.000        
AP® Calculus 
regularly offered 0.062 -0.045 -0.017 1.000       
Two Semesters of 
Algebra I -0.227 -0.057 -0.005 -0.012 1.000      
Two Semesters of 
Algebra II 0.535 -0.075 0.012 0.025 -0.031 1.000     

Two Semesters of 
Trigonometry or Pre- 
Calculus 0.242 0.016 0.023 0.014 -0.021 0.272 1.000    
Student attends school 
in a rural area -0.153 -0.0488 -0.0765 -0.0723 0.0414 -0.0008 -0.0521 1.000 
Student attends school 
in an urban area 0.1371 0.1678 0.0738 0.019 -0.0338 0.0015 0.0531 -0.4362 1.000  
Number of Hours 
Teacher Spends 
Tutoring 0.023 0.009 0.016 0.011 -0.003 0.003 0.003 -0.037 0.056 1.000 
Source: (National Center of Education Statistics, 2012)  Note: Estimates were derived using panel weights that control for all three survey years. 
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Table 14: Logit Estimates of AP® Calculus Enrollment by the Twelfth Grade, All Students 

 Female Students Male Students 
 (1) (2) (3) (4) (5) (6) 
              
Student is Black -0.313 1.396*** 0.335 -1.456*** -0.311 -0.525 
 [0.259] [0.399] [0.509] [0.360] [0.434] [0.643] 
Student attends Algebra at least once a week  2.154*** 1.107***  2.021*** 1.625*** 
  [0.231] [0.322]  [0.239] [0.414] 
Standardized Math Score  0.194*** 0.132***  0.190*** 0.147*** 
  [0.013] [0.018]  [0.013] [0.021] 
Math is important to students future  0.595** 0.371  0.780** 0.523 
  [0.269] [0.445]  [0.322] [0.537] 
Parents have a college education  0.517** 0.285  -0.218 -0.150 
  [0.208] [0.325]  [0.253] [0.441] 
Family Income more than $200,000  1.585** 1.073*  1.628*** -0.052 
  [0.635] [0.604]  [0.627] [0.613] 
Student’s home has designated study space  0.319* 0.539**  0.182 0.207 
  [0.183] [0.251]  [0.193] [0.332] 
Teacher/Counselor talked to student about taking 
Algebra I  0.116 0.435*  0.587*** 0.264 
  [0.192] [0.263]  [0.189] [0.298] 
AP® Calculus offered in 1990   -0.263   0.284 
   [0.370]   [0.540] 
AP® Calculus regularly offered   0.916**   0.489 
   [0.405]   [0.445] 
Two semesters of Algebra I   -1.111***   -1.156*** 
   [0.275]   [0.290] 



35 

 

Table 14: Logit Estimates of AP® Calculus Enrollment by the twelfth Grade, all Student (Continued) 

  Female Student Male Student 
 (1) (2) (3) (1) (2) (3) 

Two Semesters of Algebra II   2.021***   2.527*** 
   [0.267]   [0.305] 

Two Semesters of Trigonometry of Pre-Calculus    1.332***   0.614* 
   [0.469]   [0.347] 
Student goes to school in a Rural Area   -0.371   -0.585 
   [0.295]   [0.369] 
Student goes to school in an Urban Area   0.500   1.431*** 
   [0.362]   [0.381] 
Number of Hours Teacher Spends Tutoring   -0.102   -0.123 
   [0.097]   [0.099] 
Constant -1.839*** -15.337*** -11.105*** -1.774*** -15.272*** -13.421*** 
 [0.068] [0.847] [1.150] [0.084] [0.879] [1.453] 
       
Observations 5,127 4,398 3,037 5,496 4,610 3,237 
Standard errors in brackets       
*** p<0.01, ** p<0.05, * p<0.1       
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Section V: Empirical Findings 
 The parameter estimates of being a Black student and individual, family, teacher, 

school/neighborhood characteristics in the 8th grade and 10th grade are reported in Table 14. 

These estimates isolate both females and males. Specifically, equations 1 and 4 report the 

parameter estimates the initial Black–White gap on AP® Calculus enrollment by the twelfth 

grade.  Equations 2 and 5 include estimates of the Black –White gap and Base Year variables. 

Equations 3 and 6 include the Black – White gap, Base Year variables, and 1st Follow-Up 

variables. 

Race Intersected with Gender 
Consider equations 1 and 4. While both males and females have the predicted negative 

sign, only equation 4, which controls for males only, is statistically significant. 

Black – White Gap: Males and Females 
In comparison to Whites males, Black males face a lower possibility of being in AP® 

Calculus. Thus, being a Black male makes the probability of enrolling in AP® Calculus nearly 

one quarter 0.233 more likely to occur in comparison to Whites. From this initial estimate, Black 

males initially fall short in the probability of enrollment in comparison to White males. While the 

Black–White gap for females has closed, it is no longer statistically significant. 

Black – White Gap: Females 
While not statistically significant, the Black–White gap for females does leave Black 

females at a comparable disadvantage to White females. Black females are nearly three-fourths 

(0.731) as likely to enroll in AP® Calculus than White females. From the initial outset, Black 

males are left at a significant disadvantage in comparison to females.  
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Race Intersected with Gender and Base Year Variables 

The Black – White Gap: Males and Females 
Consider equations 2 and 5. The Black–White gap is non-existent for Black females. In 

fact, Black females have a slight advantage over White females in enrollment. In other words, 

when controlling for selected Base Year variables, the probability of AP® Calculus enrollment is 

4.039 times more for Black females than White females. Therefore, selected Base Year 

characteristics reverse the gap for Black females. While not statistically significant the Black – 

White gap for male still exists when accounting for Base Year variables. Black males are 

approximately three-fourths (0.733) more likely to enroll in AP® Calculus than White males.  

The Impact of Algebra I: Males and Females 
The impact of Base Year variables for both males and females now feature some 

similarities. Attending Algebra I in the 8th grade multiplies the chance of AP® Calculus 

enrollment by 8.619 for females and 7.538 for males. In fact, this variable yields the greatest 

positive impact on enrollment for both males and females when accounting for race and Base 

Year variables. As a result, attending Algebra I in the 8th grade is crucial to enrolling in AP® 

Calculus by the twelfth grade. 

The Impact of 8th Grade Standardized Test Scores: Males and Females  
 On the other hand, increased standardized math scores only slightly improves an 8th 

graders chance of enrolling in AP® Calculus by the twelfth grade. A unit increase in 8th grade 

standardized math score multiplies the probability of AP® Calculus enrollment by 1.214 for 

females and 1.209 for males.  As a result, it is possible that increased math ability has little to do 

with acquiring skills necessary for enrolling in AP® Calculus or that standardized test score do 

not measure a student’s ability to learn necessary math skills for AP® Calculus.  
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The Impact of A Student Believing Math will be Important in the Future: Males and 
Females 

While a student believes that math is important to his/ her future is statistically 

significant, here is a greater positive impact on males than females (2.181and 1.677 

respectively). Interestingly, more males feel that math will be important in their futures than 

females, but this belief has less of a positive impact in comparison to females. One reason for 

this finding is that males generally value math skills more than females may be a societal norm 

and that females who value math in their future endeavors may be seen as having high math 

ability.  

The Impact of Having a Family Income Greater than$200,000: Males and Females 
 Having a family income of $200,000 yields the expected positive sign for both genders 

and multiplies the chances of enrolling into AP® Calculus by 4.879 for females and 5.094 for 

males. This could suggest that increased family income could be used to purchase educational 

supplies and services for children within the household.  

The Impact of Having a Designated Home Study Space: Females 
Also having a designated study space at home has a statistically significant and positive 

effect for females only. Moreover, a female having a designated home study space yields a 1.376 

increased chance in enrolling in AP® Calculus. 

Race, Base Year, and 1st Follow-Up Variables  

The Black – White Gap and the Loss of Statistical Significance of Base Year Variables: 
Males and Females 

Consider equations 3 and 6. The Black–White gap for females is non-existent but not 

statistically significant. The Black–White gap for males also persists, yet it is not statistically 

significant.  The addition of 1st Follow- Up variables has caused many of the Base Year variables 

to no longer be statistically significant. This could suggest that such characteristics in the eighth 
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grade are neither necessary of sufficient for AP® Calculus enrollment. Of the six statistically 

significant variables for females in equations 2 and 4, two maintained their statistical 

significance for both sexes in equations 3: Algebra I attendance and increases in standardized 

math scores.  

For females only, family income being $200,000 or more, having a designated study 

space at home, and talking to a teacher or counselor about taking Algebra I in the 8th grade are 

still statistically significant in equation 3 and 6.  While the impact of most of these variables 

decreased, the impact of   female students having a designated study space in the 8th grade 

increased. Thus, the predicted probability of enrolling in AP® Calculus by the twelfth grade is 

multiplied by 1.714 if the female student has a designated study space in the 8th grade. This 

finding may understood by assuming that the formation of good study habits and studying in a 

specific place may have positive impacts that are prove beneficial in future years. When 

controlling for the Black-White gap, Base Year variables, and 1st Follow-Up variables, having a 

teacher or counselor speak about taking Algebra I multiplies the probability of AP® Calculus 

enrollment by 1.545 for females. These findings suggest that females especially require 

additional school and administrative support and the creation of good study habits in the 8th 

grade to enroll in AP® Calculus.  

Impact of Two Semesters of Selected Coursework: Algebra I, Algebra II, and 
Trigonometry or Pre–Calculus: Males ad Females 

Three variables from the 1st Follow-Up have both statistical significance and impact for 

both males and females: having two semesters of Algebra I, Algebra II, and Trigonometry or 

Pre-Calculus Having two semesters of Algebra I has a statistically significant and negative 

impact on AP® Calculus enrollment for both males and females. In fact having two semesters of 

Algebra I makes a student, male or female, nearly one third as likely to enroll in AP® Calculus. 



40 
 

 

One reason for the decreased chance of enrolling in AP® Calculus is if one takes two semesters 

of Algebra I could be that students must continuously advance to higher levels of math in order 

to be eligible for AP® Calculus. This reason is complemented by the positive gains students 

acquire when they take two semesters of Algebra II coursework. Having two semesters of 

Algebra II multiplies the probability of AP® Calculus by the twelfth grade by 7.546 for females 

and 12.516 for males. This variable has the greatest impact on enrollment when considering race, 

Base Year and 1st Follow – Up variables. This finding suggests that progressing in the 

coursework pipeline to AP Calculus is essential. Similarly, having two semesters of 

Trigonometry or Pre–Calculus in the 10th grade makes the probability of enrolling in Calculus 

3.789 greater for females and 1.848 for males. While Trigonometry and Pre–Calculus 

coursework have a positive impact on AP® Calculus, females receive greater benefit in 

comparison to males.   

The Impact of Urbanicity: Males and Females 
Going to school in a rural school district in comparison to living in a suburban school 

district has a negative effect on the probability of enrollment or both genders; however, these 

findings are not statistically significant. However, going to school in an urban area has a positive 

impact for females and makes them 4.183 more likely to enroll in AP® Calculus in comparison 

to females going to school in suburban areas. Also, the regular offering of AP® Calculus is only 

statistically significant for males. Having AP® Calculus as a regularly offered class makes a 

male 4.183 times as likely to enroll in AP® Calculus. While coursework proves to be statistically 

significant in the lives of both males and females, further research is needed to understand how 

to best prepare students for such prerequisite coursework. 
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Section VI: Policy Implications, Limitations, and Conclusions 

Policy Implications 
 Policy implications for this study largely point to the importance of individual 

characteristics, particularly in the form of prerequisite coursework.  Results from this study show 

that it is imperative to enroll in Algebra I by the eighth grade and to advance in subsequent 

coursework in order to enroll in AP® Calculus for both genders. 

 

Policy Implications for Black Females 
 Algebra I, Algebra II, Trigonometry, and Pre-Calculus prove useful in preparing for 

AP® Calculus’ rigorous coursework, and such coursework make Black females more likely to 

enroll in AP® Calculus than White females. As a result, policies to reduce female Black–White 

AP® Calculus enrollment disproportionality should focus on ensuring that Black females are 

enrolled in prerequisite courses. These policies can persuade, but not mandate, Black females to 

take advanced courses such as AP Calculus. Forms of such persuasion could be through public 

service announcements, featuring celebrities and famous educators, directed towards both female 

students and their parents. These announcements and campaigns could simultaneously enforce 

other characteristics that proved statistically significant in this analysis such as having a 

designated study space at home and improving test scores. 

Policy Implications for Black Males 
 What is most concerning in this analysis is the persistence of the Black – White 

achievement gap for males. Even when controlling for specific student, family, teacher, and 

school/neighborhood characteristics, Black males are still less likely to enroll in AP® Calculus 

than White males. As a result, further research is necessary to understand what other 

circumstances or characteristics contribute to this gap for males. 
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Broader Policy Implications: The Persistence of Racial Inequality 
 However, the broader implications of this paper point to a single societal norm: racial 

inequality. While pushing to ensure that Black students enroll in prerequisites courses necessary 

for AP® Calculus enrollment is valiant effort, such policies are not useful if Blacks are less 

likely to receive equal treatment and expectations from  teachers and school administrators. 

While this study does provide insight into what select factors impact AP® Calculus Enrollment, 

further study is necessary to understand the impact of other characteristics in the earlier more 

formative years and where educational inequality begins. 

Limitations 
 The current study, while able to present insights of  race and specific individual, family, 

school/ neighborhood, and teacher characteristics  on the AP Calculus enrollment. However, this 

study was unable to analyze characteristic that occur specifically in the eleventh and twelfth 

grade. Also, the current research was not specifically designed to evaluate the effects of peer 

groups on student’s probability of enrollment. Also, this paper does not measure the impact of 

explicit racial discrimination on the part of the teacher. Because the project used a nationally 

representative sample that originated in 1988, use of a newer sample may improve the quality of 

findings and policy implications for current policy makers. 

 Limitations of this study, however, encourage future research in this topic. This study 

did not include the impact of peer influences on AP® Calculus enrollment between Blacks and 

Whites. For subsequent studies, the author recommends not measuring the impact of increased 

math standardized test scores as standardized test scores do not tautologically indicate course 

placement and readiness. Another limitation of this study it measured the impact of single 
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characteristics and did not address the over all probability of AP enrollment provided all selected 

variables   

Conclusion 
 The purpose of this paper is to understand the impact of student, family, teacher, and 

school/neighborhood effects on AP® enrollment and how race interacts with enrollment. 

Through this analysis, individual characteristics, particularly the impact of math coursework was 

found to be especially important in improving the chances of enrolling in AP® Calculus. This 

analysis has also made clear that intersections of race and gender are found within this study. 

Further study, however, is necessary in order to understand how such factors impact specific 

gender and racial groups. 
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