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Abstract
The U.S. economy requires a highly educated workforce, yet too few black, Latino, 
and low-income students attend, persist, and graduate from college. The present 
study examines the college outcomes of participants in a model Advanced Placement® 
(AP) intervention to shed light on its effectiveness and determine whether improving 
AP participation and performance is a promising strategy for closing persistent racial/
ethnic and socioeconomic disparities in college outcomes. Findings suggest the college 
outcomes of program participants are better than those of similar students statewide 
while also highlighting variation within and across subgroups. At the same time, they 
confirm that AP participation and performance predict college outcomes and suggest 
that improving AP participation and performance among low-income white, black, 
and Latino students could be a useful strategy for closing persistent racial/ethnic and 
socioeconomic disparities in college outcomes.
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The U.S. economy requires a highly educated workforce. A total of 99% of all new 
jobs created between January 2010 and January 2016 went to workers with at least 
some college education (Carnevale et al., 2016). In 2019, the U.S Bureau of Labor 
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Statistics found that 37.8% of all occupations required at least some college for entry. 
That number is expected to grow by 39.0% by 2029 the U.S. government projects that 
of jobs will require at least some college by 202 (Employment Projections, 2020). Yet 
deep and persistent racial/ethnic and socioeconomic disparities in college outcomes 
threaten the country’s ability to meet its workforce needs.

Educators and policy-makers have argued that more equitably distributing access to 
and success in the College Board’s Advanced Placement® (AP) program could help 
address disparities in college outcomes (Challenge Success, 2013; Lichten, 2010; U.S. 
Department of Education, 2000). The AP program enables students to take college-
level classes and earn college credit and advanced standing while still in high school 
(College Board, 2020c). The claim that this program could help address disparities in 
college outcomes is based on evidence suggesting that AP participation and perfor-
mance are associated with increased rates of college matriculation, persistence, and/or 
graduation (Ackerman et al., 2013; Geiser & Santelices, 2004; Klopfenstein, 2010; 
Klopfenstein & Thomas, 2009; Kolluri, 2018; Mattern et al., 2009; Morgan & Klaric, 
2007; Sadler & Sonnert, 2010; Speroni, 2011).

What remains unclear is (a) how best to improve black, Latino, and low-income 
students’ participation and performance in AP and (b) whether expanding black, Latino, 
and low-income students’ AP participation and performance is a high-leverage strategy 
to mitigate racial/ethnic and socioeconomic disparities in college outcomes. To shed 
light on these issues, the present study examines the college outcomes of participants in 
a model AP program designed to improve college outcomes by improving AP participa-
tion and performance, particularly among black, Latino, and low-income students.

Racial/Ethnic and Socioeconomic Disparities in College 
Outcomes

Deep and persistent racial/ethnic and socioeconomic disparities in college matricula-
tion, persistence, and graduation mean that many students leave school without the 
credentials they need to succeed in the U.S. economy. Immediate college enrollment 
rates for the U.S. class of 2016 (the percent of high school completers who are enrolled 
in a 2- or 4-year institution by the October immediately following their high school 
graduation) indicate that racial/ethnic matriculation disparities are greatest between 
Asian and black students, 87% compared with 56%, respectively. Immediate college 
enrollment disparities also exist between Asian and white and Asian and Latino stu-
dents, 87% compared with 71% for both groups (McFarland et al., 2018). Data from 
the 2012/17 Beginning Postsecondary Students Study suggest similar racial/ethnic 
disparities exist in college persistence and graduation (U.S. Department of Education, 
2018). Among students in the class of 2012 who were enrolled in a 4-year institution 
by October of the same year, 84.0% of Asian students were still enrolled 3 years later 
compared with 79.6% of white students, 75.1% of Latino students, and 67.5% of black 
students. Similarly, 76.5% of Asian students enrolling in a 4-year institution received 
a degree or certificate within 6 years compared with 72.1% of white students, 62.2% 
of Latino students, and 50.0% of black students.
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Disparities among students from different socioeconomic backgrounds are simi-
larly pervasive. Whereas 83% of high-income students in the U.S. class of 2016 
enrolled in a 2- or 5-year institution by October 2016, just 56% of low-income stu-
dents enrolled during the same time period (McFarland et al., 2018). Among students 
in the class of 2012 who participated in the 2012/17 Beginning Postsecondary Students 
Study, 90% of high-income students were still enrolled 3 years later compared with 
69.6% of low-income students. Similarly, 84.2% of high-income students enrolling in 
a 4-year institution received a degree or certificate within 6 years compared with just 
54.4% of low-income students (U.S. Department of Education, 2018).

In all instances, these differences are statistically significant. Their practical signifi-
cance is perhaps best evidenced by differences in life outcomes among individuals with 
varying levels of postsecondary education. According to the U.S. Bureau of Labor 
Statistics (Torpey, 2018), an individual with a bachelor’s or associate’s degree earned, 
respectively, $23,972 and $6,448 more in 2017 than an individual with a high school 
diploma but no college experience. In addition to earning more, individuals with more 
postsecondary education live longer. In 2017, the average life expectancy of white and 
black adults with a bachelor’s degree or higher or some college but no 4-year degree 
was, respectively, 7.97 and 2.71 years greater than the average life expectancy of white 
and black adults with a high school diploma or less (Sasson & Hayward, 2019). 
Although these are just two examples of variation in life outcomes associated with 
varying levels of postsecondary education, they underscore the practical significance of 
closing racial/ethnic and socioeconomic disparities in college outcomes.

The Promise of Advanced Placement

Policy-makers and practitioners have argued that the College Board’s AP program can 
help close racial/ethnic and socioeconomic disparities in college outcomes (Challenge 
Success, 2013; Lichten, 2010; U.S. Department of Education, 2000). But empirical 
evidence suggests the promise of AP has not yet been fully realized. Although enroll-
ing in an AP course is a clear signal of a student’s intent to attend college (Klopfenstein, 
2010), AP course-taking is generally considered a weak predictor of college matricula-
tion, persistence, and grade point average (GPA) once other measures of academic 
achievement and motivation are controlled (Ackerman et  al., 2013; Geiser & 
Santelices, 2004; Klopfenstein, 2010; Klopfenstein & Thomas, 2009; Kolluri, 2018). 
However, new evidence from The College Board suggests the number of AP exams a 
student takes may be a better measure of AP participation than enrollment in an AP 
course. In one recent study, first-year college GPA and 4-year college completion rates 
were much higher for students who took one to two AP exams compared with students 
who took no exams and increased slightly with each successive exam taken up to five 
(Beard et al., 2019). This finding is generally consistent with prior research examining 
the relationship between AP exams taken and first-year GPA (Ackerman et al., 2013).

In the literature, AP performance, as measured by a student’s AP exam score, tends to 
be a much stronger predictor of college outcomes than AP participation. AP exam scores 
range from 1 to 5, and the College Board has found that scores of 3, 4, or 5 are most 
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closely correlated with the performance of college students in a comparable college 
course (College Board, 2020a). Students with scores in this range—that is, “qualifying 
scores”—may earn college credit upon enrollment in an institution of higher education 
or place out of an introductory-level course (College Board, 2020b). Quasi-experimental 
research has found that earning a qualifying score is causally related to college matricu-
lation (Speroni, 2011), persistence (Mattern et al., 2009), grades (Mattern et al., 2009; 
Morgan & Klaric, 2007; Sadler & Sonnert, 2010), and graduation (Ackerman et  al., 
2013; Burns et al., 2019; Klopfenstein, 2010; Morgan & Klaric, 2007; Speroni, 2011).

Together, these findings suggest that interventions aimed at expanding the number 
of black, Latino, and low-income students who take multiple AP exams and receive at 
least one qualifying score could be a fruitful mechanism for closing racial/ethnic and 
socioeconomic disparities in college outcomes. No studies testing this hypothesis 
could be located for this review. However, a wealth of evidence indicates that signifi-
cant racial/ethnic and socioeconomic disparities exist with respect to AP exam partici-
pation and the distribution of qualifying scores (College Board, 2014; Malkus, 2016a).

Some of these disparities are related to the process by which students are sorted into 
classes. In general, high-achieving black, Latino, and low-income students are less 
likely than white, non-low-income students to be placed in higher level classes (Card 
& Giuliano, 2015; Gamoran, 2009). Using data from the Council on Great City 
Schools’ class of 2014, for example, the College Board found that 52.47% of students 
of color with the potential to succeed on an AP exam, as measured by Preliminary 
Scholastic Assessment Test (PSAT) scores, did not take an exam in that subject 
(College Board, 2015).

But racial/ethnic and socioeconomic disparities in the distribution of qualifying 
scores are also likely to be associated with structural differences between schools that 
result in inadequate academic preparation for many black, Latino, and low-income 
students. Consistent with Renbarger and Long (2019), Kolluri (2018) has suggested 
that poor performance in AP may be the result of poorly delivered content, particularly 
in schools in low-income neighborhoods, which often struggle to attract and retain 
high-quality teachers (Clotfelter et al., 2006; Lankford et al., 2002; U.S. Department 
of Education, Office for Civil Rights, 2014). Course availability also plays a role. A 
study by the U.S. Department of Education, Office for Civil Rights (2014) found that 
one quarter of high schools with the highest percentage of black, Latino, Native 
American, and Alaskan Native students did not offer Algebra II in 2014 and one third 
did not offer Chemistry—key prerequisites for many AP courses. At the same time, 
Malkus (2016b) found that high-poverty schools were among the group of schools 
least likely to offer AP classes between 2000 and 2008.

Examining the Promise of Advanced Placement Through 
an Intersectional Lens

Regardless of their source, persistent racial/ethnic and socioeconomic disparities in 
AP participation and performance suggest that AP interventions will be most success-
ful at closing corresponding disparities in college outcomes if they start by closing 
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racial/ethnic and socioeconomic gaps in AP. However, little is known about within-
group variation. None of the studies citied in the previous section examined the extent 
to which socioeconomic status (SES) moderates the relationship between race/ethnic-
ity on one hand and AP participation and performance or college outcomes on the 
other. Furthermore, most publicly available information on AP exam participation 
and performance cannot be disaggregated by race/ethnicity and SES simultaneously. 
Yet, intersectional theorists remind us that we cannot understand an individual’s 
sociopolitical experience by examining various dimensions of their identity in isola-
tion. We must look at their identities in concert (Crenshaw, 1991) or risk drawing 
incomplete or incorrect conclusions about within- and across-group similarities and 
differences (Ovadia, 2001).

The present study aims to address this gap in the literature by using an intersec-
tional lens to examine the long-term impact of a model AP program and evaluate AP’s 
promise as a strategy for closing persistent, racial/ethnic, and socioeconomic dispari-
ties in college outcomes. As described more fully in the “Method” section, analyses 
use interaction terms to examine multiplicative effects. This is a well-established 
method for quantitative intersectional analyses (Bowleg, 2008; Dubrow, 2008; Else-
Quest & Hyde, 2016; McCall, 2005; Ovadia, 2001). As McCall (2005) explains:

In the language of statistics, the analysis of intersectionality usually requires the use of 
“interaction effects.” . . . Such models ask not simply about the effect of race on income 
but how that effect differs for men versus women or for highly educated men versus 
poorly educated men, and so forth. (pp. 1787–1788)

However, as Cole (2009) makes clear, including statistical interactions among social 
categories is not, in and of itself, sufficient for an approach to be considered intersec-
tional. Researchers must also consider the meaning and underlying processes of the 
interactions in the particular social context in which they occur. This issue is addressed 
more fully in the “Discussion” section; a brief overview of the context for the present 
study is offered below.

A Model AP Program

This study uses data from Mass Insight Education & Research (Mass Insight)’s AP 
STEM & English program (STEM = Science, Technology, Engineering, and 
Mathematics). This program has been heralded by the College Board and others for 
helping Massachusetts lead the nation in the percent of graduating seniors receiving a 
qualifying score on at least one AP exam (Massachusetts Department of Elementary 
and Secondary Education, 2020; M. Williams, 2018). Established through a grant from 
the National Math and Science Initiative, the AP STEM and English program is based 
on the Advanced Placement Training and Incentive Program (APIP) but has been 
modified over time. It is a school-level intervention designed to improve college 
matriculation, persistence, and graduation, particularly among black, Latino, and low-
income students. Since its inception in 2008, the AP STEM & English program has 
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been implemented in nearly 140 schools across Massachusetts, serving more than 
45,000 students. Recruitment efforts target schools with large populations of black, 
Latino, and low-income students or schools with large racial/ethnic and/or SES dis-
parities in AP participation and performance.

Theoretical Framework

Figure 1 illustrates the theoretical framework underpinning the AP STEM & English 
program. Drawing on research demonstrating a relationship between AP performance 
on one hand and college outcomes on the other (Ackerman et  al., 2013; Geiser & 
Santelices, 2004; Klopfenstein, 2010; Klopfenstein & Thomas, 2009; Kolluri, 2018; 
Mattern et al., 2009; Morgan & Klaric, 2007; Sadler & Sonnert, 2010; Speroni, 2011), 
program activities are designed to improve AP participation and performance, particu-
larly among black, Latino, and low-income students. Inputs fall into three categories: 
school supports, teacher supports, and student supports.

School supports.  School supports draw on research demonstrating an association 
between academic achievement and data-driven school improvement planning 
(Chrispeels et al., 2000; Earl & Katz, 2002). Mass Insight staff share best practices for 
improving AP participation, including prioritizing black, Latino, and low-income stu-
dents, establishing open access policies, and setting equity goals (College Board, 
2015). They help school administrators set goals, make plans, and track progress over 
time. Mass Insight also funds equipment and supply purchases, which prior research 
suggests should improve the fidelity with which schools implement the AP curriculum 
(Penuel et al., 2007).

Figure 1.  Logic model: Mass Insight AP STEM & English program.
Note. AP = Advanced Placement; STEM = Science, Technology, Engineering, and Mathematics.
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Together, school supports—best practices, data-driven school improvement plan-
ning, equipment, and supplies—are hypothesized to increase the number of AP sec-
tions and courses offered in participating schools. They are also hypothesized to 
increase their availability to black, Latino, and low-income students. Drawing on 
College Board (2015) research, these changes are hypothesized to improve AP partici-
pation among black, Latino, and low-income students.

Teacher supports.  Teacher supports combine high-quality stand-alone workshops with 
job-embedded professional development and modeling. Drawing on best practices in 
professional development (Darling-Hammond et al., 2017; Garet et al., 2001; Penuel 
et al., 2007), teachers new to the AP STEM & English program participate in a 1-week 
summer institute. At the same time, all teachers are invited to participate in a 2-day fall 
training designed to facilitate curricular coherence and pedagogical content knowl-
edge through active learning.

Because research suggests isolated professional development workshops are, at 
best, only modestly associated with improvements in teaching and learning (Hill et al., 
2013), teachers also receive periodic, job-embedded professional development. 
Outstanding former AP teachers observe current AP teachers in action, offer feedback, 
model effective instruction, and facilitate reflective dialogue. These behaviors are con-
sistent with, although substantially less intensive than, the concept of instructional 
coaching (Knight, 2006; Neufeld & Roper, 2002; Taylor, 2008), which has been asso-
ciated with improvements in teacher practice (Kraft et al., 2018; Reinke et al., 2008). 
Each teacher is expected to receive at least three job-embedded sessions annually.

Finally, teachers are invited to observe Saturday Study Sessions. Described in more 
detail below, Saturday Study Sessions are led by outstanding AP teachers. While their 
primary focus is student support, they allow current teachers to see what highly effec-
tive AP instruction looks like. This is important because modeling has been shown to 
improve teachers’ implementation of new strategies in the classroom (Joyce & 
Showers, 2002; Kinnucan-Welsch et al., 2006).

Together, teacher supports—modeling, job-embedded professional development, 
and stand-alone workshops—are hypothesized to improve the effectiveness of AP 
teachers. Because teacher effectiveness strongly predicts student achievement (Chetty 
et al., 2014; Rivkin et al., 2005; Rockoff, 2004), improvements in teacher effectiveness 
are hypothesized to predict corresponding improvements in AP performance. This is 
hypothesized to be particularly true among black, Latino, and low-income students.

Student supports.  Drawing on research demonstrating that time-on-task (Cattaneo 
et al., 2017; Dobbie & Fryer, 2013; Jerrim et al., 2017; Lavy, 2015; Rivkin & Schi-
man, 2015) and teaching effectiveness (Chetty et  al., 2014; Rivkin et  al., 2005; 
Rockoff, 2004) predict student achievement, student supports include two Saturday 
Study Sessions or nine additional hours of AP instruction facilitated by outstanding 
educators. Because practice tests can improve both learning and test performance 
(Kulik et  al., 1984; Rawson & Dunlosky, 2012), student supports also include a 
4.5-hr mock exam that is scored and returned to students and teachers midway 
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through the year. Finally, low-income students receive exam-fee subsidies, which 
have been shown to improve AP exam participation in this population (Jeong, 
2009). Together, student supports—Saturday study sessions, mock exams, and 
exam fee subsidies—are hypothesized to improve the participation and perfor-
mance of black, Latino, and low-income students in AP.

Duration.  The typical school receives the full array of school, teacher, and student sup-
ports for 3 years. Some schools elect to continue these supports for a fourth, fifth, or 
even a sixth year, while most transition to a less intensive program where they choose 
which supports to receive. The vast majority of schools choose to continue teacher 
professional development workshops and student supports and participate in the less 
intensive program for 2 to 4 additional years.

Effectiveness.  Observational research suggests that Mass Insight’s AP STEM & Eng-
lish program is reaching schools with large populations of black, Latino, and low-
income students and is able to improve the quality of AP programs at participating 
schools (Challenge Success, 2013). To date, the program has been implemented in 
approximately 70% of Massachusetts schools with the most black, Latino, and “high 
needs”1 students, and the most recent quasi-experimental, third-party evaluation con-
cludes that participating schools experience a statistically significant increase in the 
proportion of students participating in the AP program, taking an AP exam, and earn-
ing a qualifying score (UMass Donahue Institute, 2017a, 2017b). After 2 years, the 
proportion of students taking an AP course is 4.7 percentage points higher in interven-
tion schools than comparison group schools. Similarly, after 1 year, the proportion of 
students taking an AP exam and receiving a qualifying score is, respectively, 6.6 and 
2.0 percentage points higher in intervention schools than comparison group schools.

The Present Study

The present study aims to examine the long-term outcomes of Mass Insight’s AP 
STEM & English program and evaluate AP’s promise as a strategy for closing persis-
tent racial/ethnic and SES disparities in college outcomes. It addresses two gaps in the 
literature. First, it adds to the field’s understanding of racial/ethnic and SES disparities 
in college outcomes by examining these disparities from an intersectional, rather than 
an independent or additive perspective. Second, it offers the field new information 
about the potential impact of closing racial/ethnic and SES disparities in AP participa-
tion and performance on corresponding disparities in college outcomes.

As noted above, Mass Insight’s AP STEM & English program was designed to 
improve college attendance, persistence, and graduation, particularly among black, 
Latino, and low-income students. It was not designed to close gaps. Yet, program 
data can be used to simulate the impact of closing disparities in AP participation and 
performance on corresponding disparities in college outcomes. Research questions 
include the following:
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Research Question 1 (RQ1): What are the college matriculation, persistence, and 
graduation rates of program participants by race/ethnicity and SES?
Research Question 2 (RQ2): How do these rates compare with statewide rates by 
race/ethnicity and SES?
Research Question 3 (RQ3): How do race/ethnicity and SES interact to predict 
college matriculation, persistence, and graduation among program participants 
graduating from the same high school?
Research Question 4 (RQ4): If programs like the AP STEM & English program 
were able to eliminate racial/ethnic and SES disparities in AP participation and 
performance, how would corresponding disparities in college outcomes be affected 
among students graduating from the same high school?

Method

Participants

The sampling universe included all students taking an AP exam and graduating from a 
high school participating in the AP STEM & English program between 2009 and 2013 
(N = 14,171). Students who could not be correctly linked across data sets (n = 1,570) 
were omitted along with students who met inclusion criteria but were missing SES 
data or identified as a race/ethnicity other than white, black, Latino, or Asian (n = 
1,303). Students who identified as American Indian/Alaskan Native as well as stu-
dents who identified as Native Hawaiian/Other Pacific Islander were omitted because 
they comprised a very small proportion of the sample (n = 48 and 652 students, 
respectively). Similarly, multiracial students were omitted because the sample size 
was very small (n = 375) and a full analysis of these students’ experience would 
require even further segmentation (e.g., students who identified as black and white 
compared with students who identified as black and Asian). An additional 264 stu-
dents who did not report their race/ethnicity were also omitted from analyses along 
with 105 students whose high school did not provide their SES.

Of the 11,190 unique students meeting inclusion criteria, 67.73% identified as 
white, 11.72% identified as black, 10.20% identified as Latino, and 10.35% identified 
as Asian. Slightly more than one third (34.38%) were identified as low-income, just 
over 40% (41.23%) identified as male, and 58.77% identified as female. These stu-
dents were drawn from 64 high schools that had been partnering with the AP STEM & 
English program for 2.82 years by the time study participants graduated from high 
school (SD = 1.27 years, range = 1–5).

Measures

Analyses merged AP STEM & English administrative records with data from The 
College Board and The National Student Clearinghouse. Dependent variables included 
college matriculation, persistence, and graduation. These variables were dichotomous 
and calculated from National Student Clearinghouse data:
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•• Matriculation – A student was defined as matriculating if the student enrolled 
in a postsecondary institution by the October after graduating from high school 
(i.e., enrolled in college immediately).

•• Persistence—A student was defined as persisting if the student enrolled in a post-
secondary institution for at least 2 years. A student did not have to persist at the 
same institution at which they initially enrolled to be classified as persisting.

•• Graduation—A student was defined as graduating if the student received a 
degree from a postsecondary institution within 150% of normal time—that is, 6 
years for a student matriculating at a 4-year institution. A student did not have 
to graduate from the same institution at which they initially enrolled to be clas-
sified as graduating.

Independent variables captured student race/ethnicity, SES, AP participation, and 
AP performance:

•• Race/Ethnicity—Race/ethnicity was self-reported by students to the College 
Board. A student was identified as Latino if the student identified as Hispanic 
or Latino. A student was identified as black, Asian, or white if the student did 
not identify as Hispanic or Latino and identified as solely black, Asian, or 
white, respectively.

•• SES—Eligibility for Free or Reduced Price Lunch was used as a proxy for SES. 
It was drawn from AP STEM & English administrative records and originally 
provided by school partners. Students who qualified were classified as low-
income; students who did not qualify were classified as non-low-income. 
Although eligibility for Free or Reduced Price Lunch is a time-varying covari-
ate and schools provided updated information on participating students annu-
ally, only the most recent student record was retained in AP STEM & English 
administrative records.

•• AP Participation—AP participation was calculated from College Board data. It 
re-coded the number of AP exams a student took over the course of their high 
school career into three categories—one, two, and three or more exams. AP 
participation was treated as a categorical variable in analyses.

•• AP Performance—AP performance was also calculated from College Board 
data. It was a students’ average AP exam score, rounded to the nearest integer. 
Like AP participation, it was treated as a categorical variable in analyses.

Analyses

College outcomes among program participants (RQs 1 and 2).  Descriptive and bivariate anal-
yses examined college matriculation, persistence, and graduation rates for the entire sam-
ple as well as a subsample of participants graduating from high school in 2011, the last year 
for which statewide data are publicly available. Whereas the first set of analyses examined 
the proportion of students who enrolled in a 4-year institution and, of those students, the 
proportion who ultimately persisted and graduated, the second set of analyses examined 
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the proportion of students who enrolled in a 2- or 4-year institution and, of those students, 
the proportion who ultimately persisted and graduated. This is because statewide results 
cannot be disaggregated by postsecondary institution type, but the broader literature on AP 
has focused almost exclusively on the experience of AP students in 4-year institutions. In 
all analyses, the denominator for matriculation rates was the total number of students in the 
sample. For persistence and graduation rates, the denominator was the total number of 
students who matriculated at a 2- and/or 4-year institution.

The interaction of race/ethnicity and SES (RQ 3).  Descriptive analyses examined the 
relationship between race/ethnicity and SES. Multivariate analyses used Equation 1 to 
partial out the relationship among race/ethnicity, SES, and college outcomes, although 
as Gillborn and colleagues (2018, p. 20) note, factors such as SES and prior attainment 
can never be “entirely independent of racist influences”:

log Y Black Latino Asian Low Incomejt jt jt jt jt( ) = + + + + −

+

β β β β β0 1 2 3 4

ββ β
β
5 6

7

BlackXLow Income LatinoXLow Income

AsianXLow In
jt jt− + −

+ − ccome ejt t j+ +µ

	 (1)

where,

•• Y is the log odds that student j who attended high school t matriculated at, per-
sisted in, or graduated from a 4-year institution.

•• β0 is the log odds of matriculating at, persisting in, or graduating from a 4-year 
institution when all other variables in the model were zero—for example, for a 
non-low-income white student.

•• β1 3−  is the additional variation in the log odds of Y among non-low-income 
black, Latino, and Asian students.

•• β4  is the additional variation in the log odds of Y among low-income white 
students.

•• β5 7−  is the additional variation in the log odds of Y among black, Latino, and 
Asian students who are also low income.

•• µt is a school-level fixed effect, included to account for the nonindependence of 
observations from students attending the same high school.

•• e is the error term, capturing everything omitted from the model that predicts 
the log odds of Y.

Models predicting matriculation at a 4-year institution included all students in the 
sample. Models predicting persistence and graduation were limited to students who 
enrolled at a 4-year institution. This included students who enrolled in a 4-year institu-
tion by the October after their high school graduation (i.e., students who enrolled 
immediately) as well as students who enrolled later.

Preliminary analyses (not shown) evaluated the extent to which proposed models 
met the assumptions of logistic regression. In all cases, a specification link test for 
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single-equation models was not significant, p > .10, suggesting that the true condi-
tional probabilities were a logistic function of the independent variables and the inde-
pendent variables were specified correctly (Pregibon, 1980). There were no variance 
inflation factors (VIF) above 5 (Hair et al., 2010), suggesting multicollinearity was not 
problematic. Because multilevel null models indicated that 13.47% and 7.84% of the 
variation in 4-year enrollment and graduation, respectively, occurred between-schools, 
a school-level fixed effect was included in Equation 1 to account for nonindependence 
among observations from students attending the same high school (Bliese, 2000).2 
Analyses of Pearson residuals, deviance residuals, and Pregibon leverage suggested 
influential observations were not biasing results (Sarkar et  al., 2011). Finally, 
McFadden’s R2 statistics were in the range of .01–.05 in models omitting school fixed 
effects, suggesting that the independent variables included in Equation 1 were not 
strong predictors of matriculation, persistence, or graduation rates. Notably, 
McFadden’s R2 statistics were larger in models including school fixed effects, .04–.14, 
but still far below the accepted threshold of .20–.40 (McFadden, 1977).

Controlling for AP participation and success (RQ4).  To examine the effect of eliminating 
racial/ethnic and SES disparities in AP participation and performance on college out-
comes, descriptive analyses examined the extent of these disparities among study par-
ticipants. Next, variables capturing AP participation and performance were added to 
Equation 1 and models predicting college matriculation, persistence, and graduation 
were re-estimated. Y-standardized results were used to examine how the coefficients 
associated with race/ethnicity, SES, and their interaction changed in re-estimated 
models. Because the variance of the log odds of the dependent variable changes when 
additional variables are added to a model, y-standardizing independent variables is 
one way to ensure coefficients in nested models are measured using the same metric—
in this case, the standard deviation change in the log odds of the dependent variable 
associated with a 1-unit increase in a given independent variable (Long & Freese, 
2006; R. Williams & Wang, 2019).

Using the y-standardized coefficients, the log odds of matriculating at, persisting in, 
and graduating from a 4-year institution for low-income and non-low-income black, 
Latino, and Asian students and low-income white students were calculated and com-
pared with those for non-low-income white students. Non-low-income white students 
were used as the reference group for these analyses because it is generally agreed that 
these students occupy the most privileged social position in the United States. Analyses 
related to RQ3 also indicated that, where differences were statistically significant, this 
group experienced the best outcomes.

Results

College Outcomes Among Program Participants Compared With 
Statewide Results

Table 1 presents the college outcomes of AP STEM & English participants. It indicates 
that nearly three quarters of participants (73.15%) enrolled in a 4-year institution by 
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the October after they graduated from high school. Nearly all participants who enrolled 
in a 4-year institution (98.09%) persisted for at least 2 years. The vast majority 
(77.78%) of participants who enrolled in a 4-year institution received a degree within 
150% of normal time.

Racial/ethnic and SES disparities in matriculation and graduation were large, with 
white, Asian, and non-low-income participants matriculating and graduating at higher 
rates than black, Latino, and low-income participants. Chi-square tests confirmed the 
statistical significance of distributional difference by race and ethnicity for matricula-
tion and graduation but not persistence, matriculation: χ2(3, N = 11,190) =126.93,  
p < .001, graduation, χ2(3, N = 8,186) = 126.47, p < .001, and persistence: χ2(3, N 
= 8,186) = 7.38, p > .05. Trends were similar for SES: matriculation, SES, χ2(1, N = 
11,190) = 156.18, p < .001, graduation, SES, χ2(1, N = 8,186) = 125.02, p < .001, 
and persistence, χ2(1, N = 8,186) = 0.41, p > .05.

Analyses restricting the sample to students from the class of 2011 and including 
students who matriculated at both 2- and 4-year institutions revealed similar trends 
(Table 2) and suggested that the college outcomes of AP STEM & English pro-
gram participants were much better than the college outcomes of Massachusetts 
students statewide. Differences were particularly large among black, Latino, and 
low-income students. For these groups, rates of matriculation, persistence, and 
graduation were 18.37 to 29.56 percentage points higher among AP STEM & 
English participants than students from similar racial/ethnic and SES backgrounds 
statewide.

The Interaction of Race, Ethnicity, and SES

As illustrated in Table 3, there was a strong and highly significant relationship between 
race/ethnicity and SES among study participants, χ2(3, N = 11,190) = .003, p < .001. 
Whereas 82.09% of white participants came from non-low-income backgrounds, more 
than 65.00% of black, Latino, and Asian participants came from low-income back-
grounds. This strong bivariate relationship is one reason multivariate models were 

Table 1.  Outcomes for AP STEM & English Participants by Race/Ethnicity and SES.

Key variable of interest Matriculate (%) Persist (%) Graduate (%)

All 73.15 98.09 77.78
Race/Ethnicity White 75.64 98.01 80.76

Black 68.06 98.32 67.97
Latino 61.09 97.27 67.00
Asian 74.53 99.07 76.83

SES Non-low-income 76.94 97.95 81.22
Low-Income 65.92 98.16 70.11

Note. The denominator for persistence and graduation rates is the number of students who matriculated 
at a 4-year institution by the October following their high school graduation. AP = Advanced Placement; 
STEM = Science, Technology, Engineering, and Mathematics; SES = socioeconomic status.

481Phillips et al.



required to tease out the independent relationship between race/ethnicity, SES, and 
college outcomes.

Tables 4–6 present y-standardized multivariate results as well as odds ratios 
from Equation 1. Because odds ratios may not be intuitive for some readers, 
STATA’s postestimation margins command was also used to predict the probability 
of each outcome for the average student from each racial/ethnic and SES combina-
tion using the coefficients from Tables 4–6, Model 1. These probabilities are pre-
sented in Figure 2 and referenced throughout the remainder of the results section 
alongside odds ratios from Tables 4–6. The former are not comparable with the 
descriptive results presented previously.

Table 3.  Race/Ethnicity by SES Among AP STEM & English Participants.

Race/ethnicity

SES

Low-income (%) Non-low-income (%)

White 17.91 82.09
Black 65.53 34.47
Latino 70.26 29.74
Asian 66.71 33.29

Note. SES = socioeconomic status; AP = Advanced Placement; STEM = Science, Technology, 
Engineering, and Mathematics.

Table 2.  Outcomes for the High School Class of 2011 by Race/Ethnicity, SES, and AP 
Performance.

Key variable of interest

AP STEM & English 
participants

All Massachusetts  
students

Matriculate 
(%)

Persist 
(%)

Graduate 
(%)

Matriculate 
(%)

Persist 
(%)

Graduate 
(%)

Race/Ethnicity White 83.67 96.56 81.05 71.92 87.68 74.59
Black 81.58 96.37 65.73 62.26 78.00 45.32
Latino 74.43 96.32 71.78 53.06 72.03 42.22
Asian 80.89 98.90 77.47 76.84 91.28 73.74

SES Non-low-income 83.76 96.79 81.82 — — —
Low-Income 79.49 96.62 70.35 55.65 75.06 46.24

Note. The denominator for persistence and graduation rates is the number of students who matriculated 
at a 2- or 4-year institution by the October following their high school graduation. Statewide averages 
are calculated from District Analysis and Review Tools (DART) detail: Success After High School, a publicly 
available report from the Massachusetts Department of Elementary and Secondary Education (2019). 
Data on non-low-income students in Massachusetts are not available. Because statewide averages include 
students matriculating at both 2- and 4-year institutions, AP STEM & English averages do the same. SES 
= socioeconomic status; AP = Advanced Placement; STEM = Science, Technology, Engineering, and 
Mathematics.
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Analyses demonstrate that, among study participants, the relationship between 
race/ethnicity on one hand and college matriculation and graduation on the other var-
ied significantly by SES. In general, white and Asian non-low-income participants 
tended to have better outcomes than non-low-income black and Latino students. The 
reverse was true among low-income participants where Asian and black students often 
had better outcomes than white students. Furthermore, whereas SES was often associ-
ated with large, statistically significant differences in college outcomes among white 
participants, there appeared to be much less within-group SES variation in college 
outcomes among black, Asian, and, to a lesser extent, Latino participants. The follow-
ing paragraphs offer more detail on these trends.

Matriculation.  Significant interaction terms in Table 4, Model 1 are an indication that 
the relationship between race/ethnicity and matriculation at a 4-year institution varied 
by SES among black and Asian participants compared with white. Among non-low-
income participants, the odds of matriculating at a 4-year institution were significantly 
higher among white participants than black, Latino, or Asian students. As illustrated in 
Figure 2, the predicted probability that a non-low-income white participant would 
matriculate at a 4-year institution was 77.75% compared with 68.87% and 67.49% 
among non-low-income black and Latino participants, respectively. In contrast, the 
predicted probability of matriculating at a 4-year institution was higher among low-
income Asian and black participants than among low-income white students—74.68% 
and 69.65% compared with 65.78%, respectively. This is because the association 
between SES and matriculation was significantly more positive among low-income 
Asian and black participants than among low-income white students, as illustrated by 
statistically significant odds ratios greater than 1 for these race/ethnicity by low-
income interaction terms. There was no significant difference in the relationship 
between SES and matriculation among low-income Latino participants compared with 
low-income white participants.

Looking within, rather than across, racial/ethnic groups, Table 4, Model 1 demon-
strates that the odds a low-income white participant would matriculate at a 4-year 
institution were 47% lower than the odds a non-low-income white participant would 
do the same, SE = 0.04, p < .001. Because white students are the omitted racial/ethnic 
group in Equation 1, Table 4, Model 1 cannot examine the statistical significance of 
within-group SES differences for students from other racial or ethnic backgrounds. 
However, the predicted probabilities presented in Figure 2 suggest that SES is much 
less strongly associated with matriculation among black and Asian participants than 
white and, to a lesser extent, Latino participants. The predicted probability that a non-
low-income white participant would matriculate at a 4-year institution was 11.97 per-
centage points higher than the predicted probability a low-income white participant 
would do the same. Among black, Asian, and Latino participants, within-group SES 
differences were −0.78, –3.58, and 7.22 percentage points, respectively.

Persistence.  The relationship between race/ethnicity and persistence did not vary sig-
nificantly by SES (Table 5, Model 1). In addition, there were few significant differences 
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by race/ethnicity or SES. Indeed, the only statistically significant difference was among 
non-low-income Latino participants, who had 50% lower odds of persisting at a 4-year 
institution than non-low-income white participants, SE = 0.17, p < .05.

Graduation.  Consistent with results for matriculation, the relationship between race/
ethnicity and graduation varied significantly by SES (Table 6, Model 1). Among non-
low-income participants, the odds of graduating from a 4-year institution within 150% 
of normal time were significantly higher among white students than black, Latino, or 
Asian participants. As illustrated in Figure 2, the predicted probability of graduating 
from a 4-year institution within 6 years was 80.58% for non-low-income white partici-
pants compared with 75.36%, 70.98%, and 67.89% for non-low-income Asian, black, 
and Latino participants, respectively. Among low-income students, the relationship 
between SES and graduation rates was significantly more positive among black, 
Latino, and Asian participants compared with white, as illustrated by statistically 

Figure 2.  Predicted probability of college enrollment, persistence, and graduation among AP 
STEM & English participants by race/ethnicity and SES.
Note. Predicted probabilities are calculated from the coefficients in Tables 4–6, Model 1 using STATA’s 
postestimation margins command. AP = Advanced Placement; STEM = Science, Technology, 
Engineering, and Mathematics; SES = socioeconomic status.

487Phillips et al.



significant odds ratios greater than 1 for these race/ethnicity × low-income interaction 
terms. Put another way (Figure 2), the predicted probability of graduating from a 
4-year institution within 6 years was 71.65% for low-income white participants com-
pared with 74.93%, 69.59%, and 68.79% for low-income Asian, black, and Latino 
participants, respectively.

Looking within, rather than across, racial/ethnic, Table 6, Model 1 demonstrates 
that the odds a low-income white participant would graduate from a 4-year institution 
within 150% of normal time were 40% lower than the odds a non-low-income white 
participant would do the same, SE = 0.05, p < .001. Figure 2 presents these differ-
ences in terms of predicted probabilities. In Figure 2, the within-group difference in 
among white participants—8.93 percentage points—was much larger than the same 
difference among Asian, black, and Latino participants—0.43, 1.39, and −0.90 per-
centage points, respectively.

Controlling for AP Participation and Performance

Table 7 illustrates the extent of racial/ethnic and SES disparities in AP participation 
and performance among study participants, while Tables 4–6, Model 2 simulate the 
impact of eliminating these disparities on corresponding disparities in college matricu-
lation, persistence, and graduation. Together, they suggest that equalizing participation 
and performance may shrink but will not entirely eliminate racial/ethnic disparities in 
college outcomes. The following paragraphs describe these results in more detail.

Racial/ethnic and SES disparities in AP participation and performance.  Deep disparities in 
AP participation and performance were observed among study participants from dif-
ferent racial/ethnic and SES backgrounds. Whereas more than 40.00% of low-income 
white, black, and Latino participants took just one AP exam (Table 7), 44.87% of low-
income Asian students took three or more exams. Similarly, while 53.44% of non-low-
income Asian participants took three or more exams, slightly less than one third of 
non-low-income white, black, and Latino participants did the same—32.69%, 32.60%, 
and 28.78%, respectively. Bivariate analyses confirmed the statistical significance of 
racial/ethnic differences in AP participation among low-income and non-low-income 
participants, low-income: χ2(6, N = 3,847) = 91.24, p < .001 and non-low-income: 
χ2(6, N = 7,343) = 76.94, p < .001.

In terms of AP performance, white and Asian participants tended to receive higher 
average AP exam scores than black and Latino participants from similar SES back-
grounds (Table 7). Treating AP exam scores as continuous rather than categorical 
variables indicates that, among non-low-income participants, mean scores were 
highest among Asian and white participants—2.50 and 2.60, respectively—and low-
est among black and Latino participants—2.02 and 2.17, respectively. Among low-
income students, performance gaps were smaller. The mean score of low-income 
Asian and white participants was 2.20 and 2.17, respectively, compared with 1.80 
and 1.91 among low-income black and Latino participants, respectively. One-way 
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ANOVAs confirmed the statistical significance of racial/ethnic differences among 
low-income and non-low-income participants: low-income: F(3, 3,843) = 28.05,  
p < .001 and non-low-income: F(3, 7,339) = 50.55, p < .001.

The potential of eliminating racial/ethnic and SES disparities by equalizing AP participa-
tion and performance.  Tables 4–6, Model 2 add controls for AP participation and 
performance to Model 1. Comparing Y-standardized coefficients across Models 1 
and 2 suggests that, with few exceptions, eliminating racial/ethnic and SES dis-
parities in AP participation and performance will reduce but not entirely eliminate 
most corresponding disparities in college outcomes between non-low-income 
white participants and students from other racial/ethnic and SES backgrounds. 
However, in some instances, equalizing AP participation and performance may 
have the opposite effect.

Non-low-income participants.  Holding AP participation and performance constant 
reduced disparities in the log odds of college matriculation and graduation among non-
low-income black and Latino participants compared with non-low-income white par-
ticipants by 0.04–0.06 standard deviations, a change of 10.81%–20.69%. In Table 4, 
Model 1, the log odds that a non-low-income black or Latino participant would matric-
ulate at a 4-year institution were −0.25 and −0.29 standard deviations lower than the 
log odds a non-low-income white participant would do the same. In Model 2, the same 
odds were −0.20 and −0.23, respectively. Similarly, in Table 6, Model 1, the log odds 
that a non-low-income black or Latino participant would graduate from a 4-year insti-
tution were −0.29 and −0.37 standard deviations lower than the log odds a non-low-
income white participant would do the same. In Model 2, the same log odds were 
−0.23 and −0.33, respectively.

Holding AP participation and performance constant also decreased persistence dis-
parities between non-low-income white and Latino participants by 0.03 standard 

Table 7.  AP Participation and Performance by Race, Ethnicity, and SES Among AP STEM & 
English Participants.

AP participation AP performance

 
Low- 

income
Non-low- 
income

Low-
income

Non-low-
income

 
1 exams 

(%)
2 exams 

(%)
3 + exams 

(%)
1 exams 

(%)
2 exams 

(%)
3 + exams 

(%) M SD M SD

White 42.90 27.67 29.43 39.58 27.73 32.69 2.17 1.01 2.60 1.11
Black 45.58 26.33 28.10 36.03 31.37 32.60 1.80 0.83 2.02 0.96
Latino 45.92 26.47 27.60 43.15 29.07 28.78 1.91 0.91 2.17 1.04
Asian 28.72 26.41 44.87 25.13 21.43 53.44 2.20 1.10 2.50 1.17

Note. AP = Advanced Placement; SES = socioeconomic status.
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deviations or 8.33%. In Table 5, Model 1, the log odds that a non-low-income Latino 
participant would persist in a 4-year institution for at least 2 years were −0.36 standard 
deviations lower than the same odds for a non-low-income white participant. In Table 
5, Model 2, the difference in log odds was −0.33 standard deviations and no longer a 
statistically significant, p > .05.

In contrast, holding AP participation and performance constant increased matricu-
lation and graduation disparities between non-low-income Asian participants com-
pared with non-low-income white participants by 0.06 and 0.03 standard deviations, 
respectively, a change of 31.58% and 17.65%. In Tables 4 and 6, Model 1, the log odds 
that a non-low-income Asian participant would matriculate at and graduate from a 
4-year institution were −0.19 and −0.17 standard deviations lower than the log odds a 
non-low-income white student would do the same. In Tables 4 and 6, Model 2, the 
same log odds were −0.25 and −0.20, respectively.

Low-income participants.  Holding AP participation and performance constant 
decreased SES disparities in matriculation and graduation between low-income 
black, Latino, and white participants compared with non-low-income white partici-
pants by −0.02 to −0.11 standard deviations, a change of 7.41% to 47.83%. In Table 
4, Model 1, the log odds that a low-income black, Latino, and white participant 
would matriculate at a 4-year institution were respectively −0.23, −0.47, and −0.33 
standard deviations lower than the same odds for a non-low-income white student. 
In Table 4, Model 2, the same log odds were −0.12, −0.37, and −0.29, respectively. 
Similarly, in Table 6, Model 1, the log odds that a low-income black, Latino, or 
white participant would graduate from a 4-year institution were, respectively, −0.33, 
−0.35, and −0.27 standard deviations lower than the odds a non-low-income white 
participant would do the same. In Table 6, Model 2, the same log odds were −0.23, 
−0.28, and −0.25, respectively.

In contrast, matriculation and graduation disparities between low-income Asian 
students and non-low-income white students remained largely unchanged when con-
trols for AP participation and performance were added to Equation 1. In Table 4, 
Model 2, the log odds a low-income Asian participant would matriculate at a 4-year 
institution are the same as the log odds in Model 1, −0.09 standard deviations lower 
than the log odds a non-low-income white participant would do the same. In Table 6, 
Model 2, they were just 0.01 standard deviations lower than the same log odds in 
Model 1, −0.17 standard deviations lower than the log odds a non-low-income white 
participant would do the same.

The association between AP participation and performance and college outcomes.  Although 
controlling for AP participation and performance affected racial/ethnic and SES dis-
parities in matriculation, graduation, and, to a lesser extent, persistence, AP participa-
tion and performance were relatively weak predictors of all three college outcomes. 
Notably, McFadden’s R2 values in Tables 4–6, Model 2 were just 0.02–0.03 greater 
than corresponding values in Model 1, and they remained well below commonly 
accepted thresholds of model fit (McFadden, 1977).
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Nonetheless, several statistically significant relationships were observed. Holding 
all else constant, participants taking two and three or more exams had significantly 
greater odds of matriculating at and graduating from a 4-year institution than students 
taking just one exam (Tables 4 and 6, Model 2). Similarly, participants taking three or 
more exams had significantly greater odds of persisting in college than participants 
taking just one exam. There was no significant difference is persistence among partici-
pants taking two versus one AP exam (Table 4, Model 2).

Like AP participation, AP performance had a positive and statistically significant 
association with most outcomes. Holding all else constant, participants with an aver-
age AP exam score of 2, 3, 4, or 5 had significantly greater odds of matriculating at and 
graduating from a 4-year institution compared with participants with an average AP 
exam score of 1, and, with one exception, odds ratios generally increased among par-
ticipants with higher average scores (Tables 4 and 6, Model 2). In contrast, AP perfor-
mance was not significantly related to persistence except that the odds a participant 
with an average AP exam score of 4 would persist for at least 2 years were signifi-
cantly higher than the same odds for a participant with an average AP exam score of 1 
(Table 5, Model 2).

Summary.  In general, AP STEM & English participants who took more AP exams and 
received higher scores on those exams had greater odds of matriculating at, graduating 
from, and, to a lesser extent, persisting at a 4-year institution. However, there was 
some variation by outcome and predictor. Although AP participation and performance 
were only weakly associated with college matriculation, persistence, and graduation, 
holding AP participation and performance constant narrowed non-low-income white 
participants’ matriculation and graduation advantage relative to low-income black, 
white, and Latino participants and non-low-income black and Latino participants by 
7.41%–47.83%. Controlling for AP participation and performance also shrunk persis-
tence disparities between non-low-income Latino and white students by 8.33%. The 
reverse was true for matriculation and graduation disparities between non-low-income 
white and Asian participants’ AP participation, which grew by 31.58% and 17.65%, 
respectively. Disparities between low-income Asian participants and non-low-income 
white students were also not substantially impacted in models controlling for AP par-
ticipation and performance.

Discussion

Study findings suggest the AP STEM & English program is having its intended 
effect. Matriculation, persistence, and graduation rates were much higher among 
program participants than similar students statewide. Differences favoring program 
participants were also largest among black, Latino, and low-income students. 
Synthesizing these findings with prior evaluation results suggests the AP STEM & 
English program is operating as theorized. Program participation leads to signifi-
cant improvements in AP participation and performance (UMass Donahue Institute, 
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2017a, 2017b). AP participation and performance, in turn, predict college outcomes 
among program participants.

While multivariate analyses suggest the relationship between AP participation and 
performance on one hand and college outcomes on the other is weak, findings are 
consistent with prior research on the relationship between AP performance and college 
matriculation (Speroni, 2011), persistence (Mattern et  al., 2009), and graduation 
(Ackerman et  al., 2013; Burns et  al., 2019; Klopfenstein, 2010; Morgan & Klaric, 
2007; Speroni, 2011). Findings also extend Beard et al.’s (2019) work on AP participa-
tion, demonstrating a significant association between exams taken on one hand and all 
three college outcomes on the other. They also confirm prior research finding that 
black, Latino, and low-income students, on average, participate in AP at lower rates 
than non-low-income white students and score lower on AP exams (College Board, 
2014; Malkus, 2016a).

At the same time, findings regarding the college outcomes of AP STEM & English 
participants compared with similar students statewide are consistent with quasi-exper-
imental studies of the National Math and Science Initiative’s APIP program—the pro-
gram on which the AP STEM & English program was modeled. Prior research has 
demonstrated improved college matriculation, persistence, and graduation among stu-
dents enrolled in APIP schools (Jackson, 2010, 2014). Like the present study, these 
studies have shown that Latino, and, to a lesser extent black, students in participating 
schools experience the greatest improvement in college outcomes. However, it is not 
yet clear why this is the case, and additional research is needed to understand the pro-
gram components most strongly associated with improving college outcomes among 
black, Latino, and low-income students.

Study findings are also significant because they demonstrate the value of looking 
within as well as across race/ethnicity. We are aware of no prior studies that have 
examined AP processes or outcomes at the intersection of race/ethnicity and SES, yet 
the results of the present study demonstrate that outcomes can vary (or fail to vary) in 
predictable ways within particular subgroups of participants. For example, while evi-
dence suggests that, on average, low-SES students enroll in, persist at, and graduate 
from college at lower rates than non-low-SES students (McFarland et al., 2018; U.S. 
Department of Education, 2018), the findings of the present study indicate that there is 
very little difference in college outcomes between low- and non-low-income black and 
Latino AP STEM & English participants. Indeed, in two instances in Figure 2, low-
income black and Latino students had better outcomes than non-low-income peers 
from the same racial/ethnic background.

These findings are consistent with the “intersectional paradox” cited frequently in 
health research (Bowleg, 2008; Cole, 2009) and often observed but not labeled as such 
in education research (Battle & Lewis, 2002; Battle & Pastrana, 2007; Becares & 
Priest, 2015). As Cole (2009) explains, “Although higher socioeconomic status is gen-
erally associated with better health outcomes, on many health indices, highly educated 
Blacks fare no better than Whites with the lowest education” (p. 137). While a more 
fully intersectional study is needed to understand the meaning of this paradox among 
black and Latino AP students in AP STEM & English schools, findings suggest 
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practitioners may need to develop different strategies to support black and Latino stu-
dents from low-income and non-low-income backgrounds.

Finally, study findings shed light on AP’s promise as a high-leverage strategy 
for closing persistent racial/ethnic and SES disparities in college outcomes. With 
the exception of Asian students, statistically significant racial/ethnic and SES 
disparities in college outcomes shrunk by 7.41%–47.83% when AP participation 
and performance were held constant. While this suggests that equalizing AP par-
ticipation and performance among black, white, and Latino students from differ-
ent SES backgrounds could be a fruitful strategy for narrowing persistent racial/
ethnic and SES disparities in college matriculation and graduation, caution is 
warranted. As noted below, without controls for academic achievement, AP par-
ticipation and performance are likely acting, at least in part, as proxies for aca-
demic achievement.

Limitations

Without an independent measure of student achievement—for example, GPAs or stan-
dardized test scores—it is difficult to determine if AP participation and performance 
are merely proxies for achievement. As a result, it is impossible to determine if college 
outcomes are actually associated with AP participation and performance or with 
unmeasured characteristics of students who take AP (Klopfenstein & Thomas, 2009). 
Similarly, findings likely overestimate AP’s promise for closing persistent racial/eth-
nic and SES disparities in college outcomes.

Second, without a comparison group, findings related to the impact of the AP 
STEM & English program on college outcomes should be viewed as preliminary. 
Comparisons to statewide averages are promising. However, a quasi-experimental 
study is required to calculate the true effect of the AP STEM & English program on 
college outcomes.

Third, persistence is operationalized somewhat differently in the present study than 
in most AP literature. Due to data limitations, persistence is defined as whether a par-
ticipant attended any college for at least 2 years. In the literature, persistence is often 
defined as whether a student was continuously enrolled in the same college for 2 years 
(Klopfenstein & Thomas, 2009; Massachusetts Department of Elementary and 
Secondary Education, 2019; Mattern et al., 2009). This may explain why the persis-
tence rates of AP STEM & English program participants are so much higher than 
statewide results for the class of 2011.

Fourth, during the study period, the state of Massachusetts used eligibility for Free 
and Reduced Price Lunch (FRPL) as a proxy for SES. Scholars generally agree that 
SES should be a composite variable including measures of education, income, and 
occupation (Broer et al., 2019), and consistently find that FRPL enrollment is a rela-
tively weak proxy for household income (Domina et al., 2018). Furthermore, while 
eligibility for FRPL is a time-varying covariate, AP STEM & English program records 
keep only the most recent data on each student.
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Finally, analyses omitted students who identified as Native American/Alaskan Native, 
Native Hawaiian/Other Pacific Islander, or Multiracial. This is common practice in AP 
literature. Indeed, just three of the studies cited above included Native American/Alaskan 
Native students in their sample (Burns et al., 2019; College Board, 2015; Mattern et al., 
2009), and none included students who identified as Native Hawaiian/Other Pacific 
Islander or Multiracial. But a more inclusive understanding of the relationship between 
AP participation and performance on one hand and college outcomes on the other is 
needed, and future studies would do well to test whether the findings of the present study 
hold in these populations.

Conclusion

Validating key elements of the AP STEM & English program’s theory of change, the pres-
ent study offers practitioners and policy-makers new details about an evidence-based col-
lege readiness program they may wish to replicate in their own communities and 
demonstrates how an intersectional perspective can surface the needs of otherwise hidden 
subgroups of participants. At the same time, study findings add to the accumulating body 
of evidence regarding the relationship between AP participation and performance on one 
hand and college outcomes on the other. They also suggest AP may be a fruitful strategy 
for narrowing racial/ethnic and SES disparities in college outcomes, particularly among 
low-income black and Latino students compared with non-low-income white students.
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Notes

1.	 In Massachusetts, a student is classified as “high needs” if they belong to at least one 
of the following individual subgroups: students with disabilities, English language 
learners, former English language learners, or economically disadvantaged. Because 
the economically disadvantaged category undercounts undocumented and refugee stu-
dents (Massachusetts Department of Elementary and Secondary Education, 2017), the 
present study uses the “high needs” category to identify schools with large populations 
of low-income students.

2.	 Although just 1.60% of the variation in persistence occurs between schools, a school-level 
fixed effect was included in persistence models for consistency.
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