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Abstract

Delays in meeting math requirements can impede the progress among community college students
who aspire to earn a baccalaureate degree. To investigate this issue, we used state administrative
data from Texas to examine the prevalence and predictors of math course repetition and how

math course repetition predicts transfer students’ outcomes. More than a third of community
college transfer students take additional introductory mathematics coursework despite having
fulfilled the requirement—a phenomenon we referred to as “horizontal repetition”—and one sixth
of community college students take redundant coursework within a given mathematics course
sequence, referred to as “vertical repetition.” Using regression models controlling for student
backgrounds, academic experiences, and institutional fixed effects, we found that horizontal
repetition was linked to lower GPA and, among degree recipients, increased time to degree and
excess credits. Vertical repetition was negatively associated with GPA and degree completion and
positively linked to increased time to degree and excess credits. Location of course repetition
shaped student outcomes, where math course repetitions occurring at the university appear to
drive many of the negative associations between both horizontal and vertical repetition and student
outcomes. As community colleges and universities across the country consider the efficacy of
course sequences and transfer pathways, our research offers insights into patterns and implications
of course repetition in core math courses.
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Community colleges provide open access to higher education for about a third of college
students in the United States, providing a space for students to develop the knowledge and
skills necessary for social and economic mobility (Schudde & Goldrick-Rab, 2015; U.S.
Department of Education, 2019). The vast majority of students enter community colleges
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with the intention of earning a baccalaureate degree or higher. However, among community
college transfer students, only 14% earn a baccalaureate degree within six years (Shapiro et
al., 2017). Math coursework is an important predictor of degree attainment (Calcagno et al.,
2007; Wang et al., 2017; Zhang, 2019), yet inefficient course-taking patterns—especially in
introductory coursework like entry-level math—can lead to delays in degree attainment and
excess credits among community college transfer students (Fink et al., 2018; Schudde et al.,
2021).

To ensure that their math coursework applies towards their intended baccalaureate degrees,
transfer-intending community college students must familiarize themselves with course
requirements of their intended program of study at both their community college and their
desired transfer destinations (Calcagno et al., 2007; Jenkins & Bailey, 2017; Schudde,
Bradley, et al., 2020). Despite increased attention to the role math coursework plays in
community college students’ persistence and degree attainment (e.g., Bahr, 2008; Ngo,
2020; Park et al., 2020), however, little information is available about students” math
course—taking patterns within and across institutions of higher education (IHEs) and the
role redundant math coursework plays in community college transfer student outcomes.
Because transfer students must navigate the course requirements of multiple IHEs in order
to achieve their degree attainment goals, we focused our inquiry on students who initially
enrolled in public two-year colleges and transferred to four-year IHEs, anticipating math
course repetitions across institutional sectors due to different requirements.

In this study, we used student-level state administrative data from Texas to examine how
redundancy (hereafter repetition) in math coursetaking predicts transfer student outcomes,
including grade point average (GPA), baccalaureate (BA) degree attainment, time to degree,
and excess credits. Leveraging detailed transcript data, we examined two types of math
course repetition among two different populations of Texas community college transfer
students: Aorizontal repetition and vertical repetition. Horizontal repetition occurs when
students enroll in and earn credit for more than one different entry-level mathematics
course (e.g., college algebra and quantitative reasoning). Vertical repetition occurs when
students take redundant coursework within a given mathematics course sequence (e.g.,
repeat the same math course after earning credit or enroll in a lower-level course, like
college algebra, after earning credit in a higher-level math course, like trigonometry).

Our delineation between the two types of course repetition was driven by evolving
research on the consequences of math pathways, a reform model that allows major-specific
introductory math courses—rather than only college algebra—to fulfill college-level math
requirements. Schudde and Keisler (2019) argued that increased flexibility in introductory
math requirements may eventually lead some students to take more than one introductory
math course, particularly if they switch majors. We anticipated that students” motivation
for repeating across introductory math courses (e.g., major switching or major exploration)
likely differs from their motivation for repeating within the same vertical sequence.

Our results suggest that there are different predictors of math course repetition depending on
whether repeating occurs within (vertical) or across (horizontal) a given sequence, and that
the two patterns of math course repetition appear to have distinct implications for success.
Horizontal repetition is more prevalent for courses taken at the community college, whereas
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vertical repetition is more prevalent for courses taken at the university. Both horizontal
repetition and vertical repetition are negatively linked to cumulative GPA and, among
baccalaureate recipients, positively correlated with time to degree and excess credits, but
vertical repetition is also negatively associated with baccalaureate degree attainment. We
found variation in the relationship across the location of repetition with no repeaters. Math
course repetitions at the university were linked to longer time to degree, whereas repetitions
at the community college were not. Also, while horizontal repetition at the community
college was positively associated with an increase baccalaureate degree attainment, there
was no relationship between horizontal repetition at the university. Students who repeated
the same or a lower-level course (vertical repetition) at the university were less likely to earn
a bachelor’s degree than those who did not, but there was no relationship between vertical
repetition at the community college and bachelor’s degree attainment. These findings
suggest that differentiating between types of math course repetition and examining repetition
by location are necessary to fully understand the magnitude of repetition across institution
types and the association between math course repetition and student outcomes.

Coursetaking and Community College Student Outcomes

Community college students must progress through required coursework to earn credentials,
whereupon even coursework accrued early in the college career has important implications
for subsequent outcomes. In a study examining the link between course-taking patterns and
transfer, Hagedorn et al. (2010) found that starting in college-level math or taking a higher
level of English at college entrance was associated with persistence through transfer for
students from all racial/ethnic backgrounds. The timing of course completion also predicts
student outcomes. Completing developmental education (dev-ed) math and English courses
and subsequent required math and science coursework in the first three years of college
positively predicts transfer and graduation (Cohen & Kelly, 2019).

Math coursetaking in particular appears consequential for student persistence and degree
attainment (Adelman, 2005; Bahr et al., 2017; Calcagno et al., 2007; Cohen & Kelly, 2019).
Completing college-level math in the first year of community college is associated with
associate degree attainment and successful transfer (Adelman, 2005; Calcagno et al., 2007;
Wang et al., 2017). Interestingly, Wang et al. (2017) found that students who meet their
math requirements in the first term and those who complete the math requirements in the
fourth or fifth terms have higher odds of completing a degree than their peers who complete
in the interim. Perhaps early math requirement completion spurs momentum toward degree
requirements (Calcagno et al., 2007), whereas later completion occurs among persisting
students who are then more likely to take the appropriate math course for their program of
study. Still, 29% of community college students who took at least one mid-level or advanced
math course did not earn a credential or transfer to a four-year IHE (Bahr et al., 2017).
Taking more math courses is associated with transfer student outcomes; among transfer
students, those who earn additional college-level math credits are more likely to earn a
baccalaureate degree than students who do not (Adelman, 2005; Zhang, 2019).

Mathematics literacy—including adequate mastery of quantitative reasoning, statistics,
and/or algebra—allows students to engage with program content and prepare for post-
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collegiate life; structurally, completing math coursework is necessary to meet degree
requirements (Hagedorn et al., 2006; NASEM, 2016; Packard et al., 2012). Early completion
of college-level math is especially important in fields that require math as a foundation

for subsequent coursework (Calcagno et al., 2007; Schulmerich & Hurley, 2015; Wang et
al., 2017; Zhang, 2019). In a study of community college students intending to work in
science, technology, engineering, and mathematics (STEM) careers, Hagedorn and DuBray
(2010) described the “mathematics developmental climb,” in which students must move
through a series of dev-ed courses before they can enroll in required college-level courses
(p. 38). In a study of nursing students, taking at least one dev-ed math course was associated
with course repetition in biological sciences and nursing courses (Schulmerich & Hurley,
2015). Early progress through math requirements may shape students’ trajectories, including
major selection. Community college transfer students who took at least one college-level
mathematics course in their first term at a four-year IHE were more likely to earn a STEM
baccalaureate degree than a non-STEM baccalaureate degree (Zhang, 2019).

Math Sequences and Course Repetition

Redundant math coursework—whether repeating high school math or math coursework at
the college level—seems especially prevalent at community colleges, where many students
are placed in a lower level of math than their high school course-taking experience would
suggest is necessary (Bailey et al., 2010; Chen, 2016; Melguizo & Ngo, 2020; Ngo, 2020;
Ngo & Velasquez, 2020). As a result, many community college students—even those

with demonstrated readiness—cannot escape “math traps” that place them in courses with
repetitive material (Ngo, 2020; Ngo & Velasquez, 2020, p. 9).

The magnitude of course repetition—overall or in math more specifically—among college
students in the United States is unclear. The literature on repeating courses is much more
robust in K-12 education, where grade retention (i.e., having to repeat an entire year of
courses) is more common (e.g., Alexander et al., 1994; Fong et al., 2014; Hill, 2014). The
few extant studies of postsecondary course repetition were performed in contexts outside
of the United States, where grade retention and course repetition among college students

is more systematic and often attributable to poor performance (e.g., Tafreschi & Theimann,
2016; Nasser & Nauffal, 2012)—which is different from the phenomenon we explore here,
where students who pass math courses ultimately repeat in some way.

Although research that explicitly explores course repetition is slim, much of the literature
highlighting inefficiencies in community college pathways acknowledges course repetition
as a contributor. Bahr et al.’s (2017) study of math pathways illustrated that introductory
math coursework may include substantial course repetition. A large proportion of students
who passed college algebra or general education math ultimately exited the sequence to
move into other pathways. The authors explained that 20% of students who passed algebra
moved on to another sequence, where the “most common other destination was statistics”
(p. 442). That is, instead of passing algebra and taking trigonometry (the next course in

the sequence), a substantial proportion of students who passed college algebra instead took
a different math course at the same introductory level—a phenomenon we refer to as
horizontal course repetition. Horizontal course repetition may occur when students decide to
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switch majors and/or realize that the completed course does not align with requirements in
their program of study.

Another course repetition scenario occurs among students who are committed to staying in
the same sequence—students retake the same course (or an earlier course in the sequence)
even if they have already passed it—what we refer to as vertical repetition. At some
institutions, students may be encouraged or required to repeat a course if they earned a

C, which counts as passing but may not be adequate for subsequent coursework in some
majors (Kovacs, 2016). Research suggests that students who have taken a course online are
more likely to engage in vertical course repetition—where they repeat the same course they
already passed—than their peers who took the course face-to-face (Hart et al., 2018). Thus,
some vertical course repetition decisions are likely strategic; repetition allows students a
second chance at learning material or improving their grades (Fong et al., 2014; Hom, 2007).

Although research has not yet explored the implications of horizontal or vertical course
repetition, research suggests that course redundancy makes students’ educational trajectories
less efficient. Research on course-taking patterns among nursing students illustrates the
negative correlation between repeating courses and graduating on time (Schulmerich &
Hurley, 2015). Course repetition may also lead to the accrual of excess credits—credits
earned beyond those required for a given credential. When students complete more than
one introductory math course, they likely end up with excess elective credits, as programs
of study typically specify one introductory math requirement (Schudde et al., 2021). Many
community college transfer students who earn bachelor’s degrees accumulate excess credits
(Fink et al., 2018; Zeidenberg, 2015). Fink et al. (2018) illustrated that community college
transfer students who took more introductory courses at the 100 and 200 levels at the
community college were at greater risk of accruing excess credits. Course-taking decisions
at the community college have long-term consequences for transfer students as well, as the
number of credits earned at the community college before transfer is positively associated
with credit loss upon transfer (Giani, 2019). Thus, unnecessary course repetitions may lead
to additional costs for students—due both to the added costs of completing a given course
and to the opportunity costs of delaying graduation and entering the labor market (Romano
et al., 2011; Schulmerich & Hurley, 2015; Zeidenberg, 2015).

There is a growing sense among community college stakeholders that the way students
consume math in college does not align with students” academic or career goals (Bryk

& Treisman, 2010; President’s Council of Advisors on Science & Technology, 2012).
Many reformers emphasize that completing college algebra is a barrier for many students
and that other types of mathematical reasoning, including statistical reasoning or basic
quantitative reasoning, may be more relevant to students seeking careers in non-STEM
fields (Bryk & Treisman, 2010). Math pathways reforms—a math corollary to the Guided
Pathways movement—offer alternatives to college algebra, including quantitative reasoning
or statistics, to increase completion of introductory math courses and, ultimately, allow
students to attain their desired degree (Carnegie Math Pathways, 2020; Dana Center, 2020;
Roksa et al., 2009). As more institutions work to offer alternatives to the “algebra-for-all”
model, further challenges for students, including course redundancy, may arise as colleges
work to revise math course recommendations (Schudde & Keisler, 2019). Transfer students
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may be particularly susceptible to taking more than one introductory math course as they
navigate different math course requirements across degree plans in different programs
(Schudde et al., 2021).

Our study is a quantitative effort to understand course repetition in math among students
who began at community colleges and transferred to a four-year IHE. The literature includes
broad studies of math course—taking patterns and their link to student outcomes, but no
research, to our knowledge, has explored course repetition, including the differentiation
between horizontal repetition among various introductory courses and vertical repetition
within a given math sequence. Given the widespread reform efforts underway at community
colleges and their potential to provide viable pathways to bachelor’s degree attainment,
there is a pressing need to understand both the prevalence of math course repetition

within and across IHEs and the association between different types of repetition and

student outcomes. To address this need, we examine math course repetition among transfer
students who initially entered higher education through Texas community colleges and

the relationship between math course repetition and those students’ subsequent GPA,
baccalaureate attainment, time to degree, and excess credit outcomes.

Research Questions

To understand the prevalence of math course repetition and how repetition predicts student
outcomes among community college transfer students, we address the following research
questions using statewide administrative data from Texas:

1. What proportion of community college transfer students experience vertical and
horizontal math course repetition? Which students are most likely to experience
math course repetition and at which institutional level?

2. What are the predictors of vertical and horizontal math course repetition?

3. What is the relationship between each type of math course repetition and college
outcomes, including cumulative GPA, bachelor’s degree attainment, time to
bachelor’s degree, and excess credits?

a. How does the location of repetition—at the community college or
university—predict college outcomes?

Conceptual Framework

Our analytic models predict course repetition (RQ2) and longer-term achievement and
attainment measures (RQ3). Research on community college student outcomes, including
those of transfer students, primarily focuses on persistence and completion (Braxton et al.,
2014; Roksa, 2006; Schudde, 2019). We have drawn on that extant literature to support our
decisions to include additional variables for inclusion in our statistical models (other than
capturing horizontal and vertical repetition, described above). Based on our review of prior
literature, we identified three main constructs that have been linked to community college
student success: student background, academic experiences, and achievement.
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Student Background

Individual demographic characteristics—such as race and ethnicity, gender, age,
socioeconomic status and other financial indicators—are associated with persistence,
transfer, and baccalaureate degree attainment among community college students (Bailey et
al., 2005; Schudde, 2019). Survey research also suggests variation in student behavior during
college across demographic groups, such as race and gender, including how frequently
students engage with advisors and faculty, who may play a role in students’ course-taking
decisions (CCSSE, ). Financial aid receipt may predict community college entrants’ course-
taking patterns, including decisions to drop and retake courses in order to meet eligibility
standards for need-based aid, as well as their long-term outcomes, including bachelor’s
degree attainment and time to degree (Scott-Clayton & Schudde, 2020).

Academic Experiences

Students’ academic experiences—such as enrollment behavior, initial course taking patterns,
and major decisions—shape their subsequent course-taking decisions and long-term
outcomes. Research links enrollment patterns, such as attending part time or stopping

out (taking a break from college followed by re-enrollment), to persistence and degree
attainment (Bailey et al., 2015; Fike & Fike, 2008; Park, 2012). Although researchers

have not examined the relationship between enrollment patterns and course repetition,
community-college reformers emphasize the importance of consistent fulltime enrollment
for remaining connected to support staff at the college and making timely progress toward a
degree (Bailey et al., 2015).

Participation in dual credit—college-level credits taken during high school—can improve
student momentum toward a degree, whereas participation in dev-ed coursework—
preparatory courses that do not count toward a college credential—may hinder student
progress and delay time to degree (Bahr, 2008; Wang et al., 2015, 2017). The slow pace
of dev-ed sequences, particularly in math, may function as a detour in students’ journey
toward a degree (Bryk & Treisman, 2010). Furthermore, students placed in dev-ed courses
are not always aware that those courses do not count toward a degree, creating frustration
with unanticipated prolonged time to degree attainment.

Student major may predict both math course repetitions and subsequent degree outcomes.
Colleges across the country, including those in our Texas sample, now guide students into
math pathways specific to their desired major, where they may take quantitative reasoning
(QR), statistics, or algebra as appropriate (Bryk & Treisman, 2010). Yet a large proportion
of community college students—up to 40 percent—switch majors, which has been linked
to a lower probability of baccalaureate degree attainment (Liu et al., 2021; Schudde, Ryu,
et al., 2020). Students who switch majors may be more likely to experience math course
repetition because the new major might have different requirements to earn a baccalaureate
degree (Bailey et al., 2016).
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Academic Achievement

Students’ prior achievement and attainment—such as course grades, cumulative GPA

across all college credits, and associate degree attainment—are likely to predict subsequent
baccalaureate degree attainment and time to degree (Belfield, 2013; Wang et al., 2015,
2017). Research suggests that student grades predict subsequent degree attainment and time
to degree (Clovis & Chang, 2021; Yue & Fu, 2017). We also expect that students’ grades

in their first college-level mathematics courses may predict course repetition. Astorne-Figari
and Speer (2019) found that earning lower grades within a given major field increased the
probability that students switch to majors that are very different from the ones they leave.
Although they focused on bachelor’s degree recipients, we anticipate that this process may
similarly hold among community college transfer students, whose lower grades in initial
math courses may predict switching to a different math pathway (horizontal repetition).
Belfield (2013) illustrated the benefits to completing an associate degree prior to transfer for
long-term outcomes, though it is unclear whether completing an associate degree prior to
transfer may contribute to redundancy in coursework.

Overall, we anticipate that a host of demographic characteristics, academic experiences,
and achievement measures will predict student course repetition and subsequent degree
outcomes. Additionally, research illustrates that variation in institutional practices for
transfer may shape variation in transfer-out rates at community colleges and baccalaureate
attainment rates among transfer students at destination four-year IHEs (Jenkins & Fink,
2016). Articulation agreements also vary across institutional partners, especially in state
contexts that favor bilateral transfer agreements, such as Texas, which may result in varying
levels of overlap in math requirements depending on the feeding community college and
the destination university. For this reason, it is important to control for variation across
institutions students attended (we elaborate on this point in the methods section).

State Context

The Texas public higher education system comprises 80 two-year institutions, which
include technical and community colleges, and 39 four-year institutions (Texas Higher
Education Coordinating Board [THECB], 2017). These entities together form the public
higher education pipeline for students who start at a two-year school and aim to earn a
baccalaureate degree. Like many states, Texas lacks incentives for two-year and four-year
institutions to work together to implement existing transfer policies and build clearer transfer
pathways (Bailey et al., 2016). The state primarily relies on bilateral transfer agreements
made between individual institutions rather than on a statewide agreement, which leaves
students and advisors to navigate specific agreements between colleges and programs in
efforts to understand which course sequences will lead to their desired degree (Root,

2013; Schudde, Bradley, et al., 2020). Transfer-intending community college students must
“curate” and “synthesize” information from a variety of resources to understand which
courses to take to increase the likelihood that they will achieve their educational goals
(Schudde, Bradley, et al., 2020, p. 11).
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In Texas, four entry-level math courses are offered to satisfy general education math
requirements: college algebra, quantitative reasoning, statistics, and math for business.
Recent reform efforts, like the Texas Pathways strategy and math pathways reforms,

seek to ensure that required math courses align with a student’s field of study (Carnegie
Math Pathways, 2020; Dana Center, 2020; Flores & Fabianke, 2019). Math coursework is
frequently cited as a challenge for credit transfer (Bailey et al., 2016; Schudde et al., 2021);
yet there is little evidence about what math course-taking patterns look like at Texas IHEs.
Illumination of common issues with math course repetition could inform ongoing reforms.

To address our research questions, we used longitudinal statewide administrative data from
the Texas Educational Research Center (ERC), a repository for data capturing the entire
population of K-12 and college students in the state. We relied on descriptive statistics

to capture the prevalence of different types of math course repetition and discern whether
the repetition primarily occurs at community colleges or at destination universities (since
our sample is comprised of transfer students). We ran regression analyses to examine the
relationships between course repetitions (both vertical and horizontal repetition in a separate
analysis) and student background and academic characteristics. We also used regression to
study the relationship between location of math course repetition and student outcomes.

The Texas ERC data includes student-level data for the entire population of secondary

and postsecondary students in Texas. We primarily relied on data collected by THECB,
including college student enrollment records; student schedule data (course numbers, credits,
grades); and degree outcomes, along with financial aid information. Given our interest

in course repetition among community college transfer students, we focused our analytic
sample on first-time community college entrants in Fall 2011 and Fall 2012 who transferred
to a public university within three years of college entrance (A= 19,667). We tracked
students over seven years. In line with prior research, we restricted the sample to students
who had taken more than 10 credits at community colleges (V= 19,511), which allows

us to focus on non- “incidental” students with at least one semester of full-time equivalent
coursework (Adelman, 1999, p. 40; 2005). Finally, we further restricted the analytic sample
to include only students who had earned credit in at least one college-level math course

by completing it with a passing grade (D or better) (A= 13,908). Because this study

did not include students who did not previously pass a college-level math course (which
also eliminates students who only took a dev-ed math), it is not representative of the full
population of community college students. These restrictions were necessary to examine our
research questions.

To examine college-level math course repetition among community college transfer students,
we first had to identify and match math courses across community colleges and public
universities in Texas. We used the Texas Common Course Numbering System (TCCNS)

and the Texas Transfer Inventory Guide (TTIG) to create a list of math course prefixes

and numbers for all public institutions. The TCCNS includes standard course prefixes and
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numbers for lower-division courses in the state (e.g., MATH 1314 for college algebra),

a step that is mandated for community colleges and optional for public universities.
Although TCCNS includes college-level math courses for most public institutions, it does
not include math courses for all public universities. For that reason, we also used the
TTIG—a list, collected by the Charles A. Dana Center, that captures transferrable math
courses across all public postsecondary institutions, including universities that do not use
TCCNS course prefixes and numbers (Dana Center, 2020). We identified college-level

math courses using naming conventions (e.g., course numbers that begin with zero are
developmental courses, whereas those that start with one or above are college level) and
confirmed our identifications using the state’s Academic Course Guide Manual, a list of
available courses that includes recommended course numbers. Using course prefixes and
numbers, we identified 12 types of college-level math courses available at both public
community colleges and universities. Figure 1 illustrates how those 12 math courses fall into
sequences through which harizontal or vertical course repetition may occur. There are four
introductory college-level math courses (top row), two of which—quantitative reasoning and
elementary statistics—do not have subsequent courses in the sequence. The longest math
course sequence is the college algebra sequence (which leads to Calculus I through 1) (Fig.
1).

We merged our resulting list of college-level math courses with the ERC’s student-level
transcript data (referred to as THECB “schedule” data). For semesters enrolled, we
identified each student’s math courses—creating indicators of college-level math courses
that they had passed with a D or above—across both community colleges and universities.
We created a flag for the first instance when they took and passed a college-level math
course. We captured it as their first college-level math course completed.

The math course identifiers allowed us to determine which students repeated math courses
and helped us narrow our analytic samples to examine the two types of math course
repetition. We created two distinct (though overlapping) analytic samples: 1) introductory
college-level math completers, which includes community transfer students who completed
at least one of the four introductory college-level math courses (college algebra, elementary
statistics, quantitative reasoning, and business for math) with a passing grade at a
community college (V= 12,254); 2) any college-level math completers, which includes
community college transfer students who completed any of 12 college-level mathematics
courses with a passing grade at a community college (A= 13,908).

Analytic Strategy

We used descriptive statistics to examine each type of math course repetition, where it
occurs (at the community college level versus at the university level), and the characteristics
of students who experienced it (RQ1). We then used ordinary least squares (OLS) regression
to examine which student background characteristics and academic experiences predict each
type of math course repetition, holding other measures constant (RQZ2). To address the final
research question (RQ3), we fitted OLS regression models to examine the relationship
between each type of math course repetition (with separate regressions for horizontal

and vertical repetition indicators) and each college outcome. Then to examine how the
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presence and location of repetition predicts outcomes, we ran OLS models that included

a categorical measure of repetition and location (replacing the dichotomous measure of
course repetition) capturing four conditions: never repeated, repeated course at a community
college, repeated at a university, and repeated at both community college and university. For
our dichotomous outcome, baccalaureate attainment, we also ran logistic regressions, as is
sometimes preferred for binary outcomes. We found similar results using OLS (an approach
referred to as a /inear probability model). We present results from the linear probability
model because it improves interpretability of the results; it allows readers to interpret a given
coefficient as the change in the predicted probability of the outcome per additional unit in
the independent variable.

We ran separate regression models for each math repetition type to estimate the relationship
between each type of math course repetition and our four outcomes: cumulative GPA,
bachelor’s degree attainment, time to a bachelor’s degree, and excess credits. The models
included our variable of interest (dichotomous indicator of either horizontal or vertical
course repetition); demographic background variables; academic experiences (student
enrollment patterns, associate degree status, major); and achievement indicators (earned
dev-ed math credits, earned dual enrollment credits, and GPA), described in the sections
below. Because transfer rates and transfer students’ baccalaureate degree attainment vary
across institutions, we included fixed effects for feeder (pre-transfer) community college and
destination university in all regression models to help address this endogeneity (Cameron
& Miller, 2015).1 We performed regressions predicting cumulative GPA and baccalaureate
degree attainment on the full analytic samples. For the regression analyses run on time

to bachelor’s degree and on excess credits, we restricted the analytic samples to only
students who had earned a bachelor’s degree because we could assess those outcomes only
for baccalaureate recipients. In the analyses predicting time to degree and excess credits,
following the example of Fink et al. (2018), we excluded students with fewer than 80
cumulative credits, because those students had likely earned credits that were not captured
in state administrative data—this often occurs when students earn some credits from out of
state or from private institutions.

Independent Variables of Interest: Horizontal and Vertical Math Course

Repetition

Horizontal repetition occurs among students who previously completed introductory
collegelevel math (e.g., college algebra, math for business, quantitative reasoning, or
elementary statistics) with a passing grade when they subsequently take a different
introductory collegelevel math course. As shown in Fig. 1, horizontal repetition occurs
among students who take more than one introductory math course at the same level. For

In Appendix Tables Al and A2, we report horizontal and vertical repetition rates by the most common feeding community colleges,
the most common destination universities and the most common transfer pathways from community colleges to universities. There is
substantial variation among even the top 10 most common institutions. These descriptive data support our decision to use institutional
fxed efects. For example, among top 10 feeding community colleges, horizontal rates vary from 54% in Houston Community College
to 19% in South Texas College. Blinn College to Texas A&M University is one of the most common transfer pathways. While the
horizontal rate for students who transferred from Blinn College to Texas A&M University is slightly below the average (34%), the
vertical repetition rate is well above the average (32%).
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instance, horizontal repetition occurs when a community college student takes college
algebra in the first semester and then takes quantitative reasoning in the second semester
even though they have already satisfied the introductory college-level math requirement.
Vertical repetition could occur among students who completed any college-level math
course, if they retake the same course or take a lower college-level math course within

a prescribed sequence—duplicating a step within the same math sequence. For example,
vertical repetition occurs when a student takes college algebra or trigonometry after having
completed trigonometry with a passing grade.

We created a horizontal repetition indicator to capture whether students took multiple first-
time college-level math courses (college algebra, math for business, elementary statistics,
and quantitative reasoning) and a vertical repetition indicator to capture whether students
took redundant courses in a specific sequence (e.g., repeating same course or lower in

the college algebra or business math sequence). Because of our interest in community
college transfer students and the potential for course redundancy when moving between
institutions, we also captured where course redundancy occurred (at the community college
or university) among those who had experienced either type of math course repetition.

We used the measures capturing location of course repetition in descriptive and inferential
analyses.

Additional Variables

Table 1 describes our variables, including our independent variables of interest; additional
predictors associated with student outcomes (e.g., demographic characteristics, enrollment
patterns, and achievement measures); and outcomes measures. \We captured various
demographic measures—such as race and ethnicity, gender, age, and financial aid receipt
—associated with community college persistence and transfer (Bailey et al., 2005; Schudde,
2019). Because family income is available only for students who filed for financial aid, we
could not include the measure in our models; doing so would have drastically reduced the
final analytic sample. Instead, we included indicators for whether students had applied for
financial aid and whether they had ever received the Pell Grant.?

Enrollment patterns, such as attending part time or stopping out (taking a break from
college followed by re-enrollment), have been linked to persistence and degree attainment
(Bailey et al., 2015; Fike & Fike, 2008; Park, 2012). To capture student enrollment patterns,
we created measures of first-year enrollment intensity—captured as part-time, full-time,

or mixed enrollment—and total number of stop-outs. We also included other academic
measures likely to predict bachelor’s degree attainment, such as cumulative GPA across

all college credits, associate degree attainment, and participation in dual credit or dev-ed
coursework (Bahr, 2008; Belfield, 2013; Wang et al., 2015, 2017). In the regression models

2\We included both fnancial aid applicant and Pell recipient indicators since they capture two diferent populations. While about 79%
of frst-year students applied for fnancial aid, only 41-42% of those students receive a Pell grant. Among fnancial aid flers, half of
those students received a Pell grant (51.8% for any math completers and 52.9% for introductory math completers). To determine if our
results were sensitive to the inclusion of both measures, we ran all the models in Table 4 and Table 6 without using the fnancial aid
applicant indicator. The patterns of results did not change. The additional results are available upon request.
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predicting math course repetition, we also included a measure of students’ grade in their first
college-level math course.

We created indicators for students’ initial majors, using the first two digits of their
Classification of Instructional Programs (CIP) code from their community college. To
capture whether students switched majors after transferring, we also created a dichotomous
measure capturing whether students had a different broad major field in the semester directly
before transfer and in their final semester at the university.3 We anticipated that students
who switched majors after transfer might require additional credits to earn a baccalaureate
degree, as different majors sometimes require different math coursework (Bailey et al.,
2016).

Descriptive Statistics

Table 1 also presents variable means for both analytic samples: introductory math
completers, the subpopulation of transfer students in which we examine horizontal
repetition, and all math completers, the subpopulation of transfer students in which we
examine vertical repetition. In both analytic samples of community college transfer students,
approximately 44% of the students identified at White, 40% as Hispanic, 7% as Black,
between 4 and 5% as Asian, and the remainder as another race or more than one race.
About four-fifths of the students filed for financial aid in the first year, and two-fifths of
students received a Pell Grant in the first year. A majority of students—63%—enrolled full
time in college during their first year, with the bulk of remaining students attending as a

mix of part and full time across terms. Twenty-nine percent of students in the introductory
math completers subpopulation had previously completed dev-ed math, whereas 30% of all
college-level math completers had. The most common initial college major was humanities
and liberal arts, which includes general studies, and almost 40% of students switched majors
after transfer (where their first term post-transfer had a different two-digit CIP code than
their last term at the community college).

Limitations

Because we relied on regression, the results we present do not represent causal relationships
but rather correlations. However, given our interest in understanding the prevalence of math
course repetition and predictors of repetition, using descriptive statistics and regressions
with covariates is an appropriate strategy for addressing our research questions. To minimize
bias in the regression for both RQ2 and RQ3, we included controls for demographic
background, academic background and experiences, major choice, and community college
and university fixed-effects; but it is feasible that omitted variables may explain at least
some of the observed patterns. Despite these potential limitations, the dearth of literature on
course repetition and its relationship with college outcomes means that our analysis stands

S\we presented horizontal repetition rates by the most common major-switching patterns from community college to university in
Table A3 in the appendix. Among the most common major-switching categories (from undecided major at community college to
business at university), the highest horizontal repetition rate is 66%. We did not include major-switching in the main models in Table 3
because some students experienced repetitions before major switching. Given the causal order issue, we preferred not to include major
switching in our main model specifcation, but reported supplemental models predicting repetitions with major-switching as a covariate
in Table A4 in the appendix.
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to make a strong contribution to higher education research and can serve as a base for future
research in this area.

In the following sections, we present the descriptive and inferential findings from our
analyses. First, we describe the prevalence of horizontal and vertical math course repetition
among community college transfer students and illustrate which students are most likely

to experience math course repetition (and at which institutional level). We show the
characteristics of students who experience horizontal and vertical math course repetition
compared with those of their peers who do not experience repetition. Next, we examine
predictors of each type of math course repetition, exploring whether observed descriptive
patterns hold when statistical controls are included. Finally, we present estimates of the
association between each type of math course repetition and college outcomes and estimates
capturing the association between the location of course repetition and student outcomes.

Math Course Repetition: Exploring Descriptive Patterns

Descriptive statistics from Table 1 illustrate a high prevalence of horizontal repetition among
our sample of introductory college-level math completers. Two-fifths of introductory math
completers (37.2%) took at least one extra introductory college-level math course.# Vertical
repetition was less common, but still substantial: 16.6% of students who had previously
completed a college-level math course retook the same course or a lower course in the

same math sequence.5 We also explored whether the course repetition occurred prior to
transfer, at the community college, or post-transfer, at the university. Transfer students

who experienced harizontal repetition primarily experienced that repetition at a community
college (21.3% of all introductory math completers) rather than at university (18.3% of
introductory math completers). Note that some students—about 2.4% of introductory math
completers—experienced horizontal repetition at both the university and the community
college. For introductory math course completers who experienced horizontal repetition at
the community college, 91% of pre-transfer horizontal course repetition occurred at the
same community college (i.e., repetition was not attributed to the student’s repeating the
introductory math course at a different community college). College-level math course
completers who experienced vertical repetition were slightly more likely to experience it at
the university level (9.4% of all math completers) than at the community college (8.2%) (and
about 1% of students experienced vertical repetition within both sectors). Among students
who experienced vertical repetition at the community college, 91% repeated that coursework
within a single community college rather than across multiple community colleges.

dwe report horizonal repetition patterns by students’ frst introductory college-level mathematics courses in the appendix (see Table
A5 in Appendix). For example, after students frst completed college algebra, 41% of those students took another introductory
college-level mathematics course. Of the repeaters, 18% took math for business, 3% took quantitative reasoning and 24% took
elementary statistics.

We report more detailed vertical repetition patterns in the college algebra-calculus sequence in the Appendix (see Table A6). For
example, among students who completed and earned credit for pre-calculus, 7% repeated the same or a lower-level course in the
college algebra-calculus sequence, where 5% repeated the same pre-calculus course and the remainder retook a lower-level course
(trigonometry or college algebra).
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Table 2 shows student background characteristics, college experiences, and student
outcomes across course repetition status for both analytic samples, with percentages
displayed for dichotomous measures and means for continuous measures. We distinguish
between horizontal repeaters (or nonrepeaters) in the analytic sample of introductory math
completers and vertical repeaters (or nonrepeaters) in the analytic sample of any college
math course completers. Horizontal repetition was particularly common among Asian
students—nearly half (48%) of students who identified as Asian took more than one
different introductory math course. The average for White, Black, and Hispanic students
varied (37%, 45% and 34%, respectively). Among introductory math course completers,
women were more likely to experience horizontal math course repetition than men. Among
all collegelevel math course completers, men were more likely to experience vertical math
course repetition than women. In both analytic subsamples, students who applied for
financial aid appeared less likely to experience either horizontal and vertical repetition than
their peers who did not file a FAFSA. We also observe variation in horizontal repetition
across enrollment intensity among introductory math completers, where students who
enrolled part time during their first year of college appeared less likely to repeat math
courses horizontally than their full-time or mixed-intensity peers. The descriptive results
provide support for our decision to include demographic and academic measures in the
regression models.

Table 2 also shows college student outcomes of transfer students in the two subpopulations
by their horizontal and vertical repetition status. Among introductory math completers, the
average cumulative GPA is quite similar across horizontal repetition status (3.36 for both
repeaters and nonrepeaters). Bachelor’s degree attainment appears similar among horizontal
repeaters and nonrepeaters. Among baccalaureate recipients, students who experienced
horizontal repetition accumulated about five additional credits on average and took 0.3
semester longer to complete a baccalaureate degree. The patterns by vertical repetition
status look slightly different. Among all math course completers, students who experienced
vertical repetition had slightly lower GPAs than those who did not experience vertical math
course repetition. Vertical repeaters appeared less likely to earn a bachelor’s degree within
seven years: 74% of vertical nonrepeaters earned a degree compared with 67% of vertical
repeaters. Among baccalaureate recipients, vertical repeaters took slightly longer to finish
and accumulated more excess credits than nonvertical repeaters.

Predictors of Horizontal and Vertical Math Course Repetition

Table 3 presents regression results from our models that estimate predictors of each type of
math course repetition, allowing us to consider how the patterns we observed in Table

2 hold after covariate adjustment. As in our descriptive patterns above, there appears

to be a correlation between race/ethnicity and horizontal repetition. Among introductory
college-level math completers, students who identify as Hispanic, Black, and more than

one race have a higher probability of horizontal repetition than White students. Despite

the descriptive finding of a higher prevalence of horizontal repetition among Asian

students compared with White students, the Asian coefficient was not significant once

we controlled for other covariates in a regression model (i.e., the inclusion of covariates
explained away observed variation in horizontal repetition across Asian and White students).
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Women appear more likely to experience horizontal repetition and less likely to experience
vertical repetition than men, even after controlling for other demographic and academic
characteristics. Age appears to negatively predict both forms of math course repetition.
Among introductory math completers, each additional year of age is associated with a
0.4-percentage-point decrease in the probability of experiencing horizontal repetition (
=-0.004, SE=0.001, p<0.001); among any college-level math completers, each
additional year is associated with a 0.2-percentage-point decrease in the probability of
vertical repetition (p = - 0.002, SE=0.001, p< 0.05).

It seems that major does play some role in math course repetition. Among introductory
college-level math completers, students in humanities and liberal arts (the most common
broad major, which includes general studies students) appear more likely to experience
horizontal repetition than students with most other broad majors. However, among students
who completed any college-level math course, students in STEM-related majors are more
likely than those in humanities and liberal arts to experience vertical repetition. For example,
students studying math and computer sciences are nine percentage points more likely to
repeat vertically than the reference group (p = 0.090, SE=0.016, p < 0.001). Among all
college-level math completers, students who passed their first college-level math course with
B or better or C are significantly less likely to experience vertical repetition than are students
with a D.

The Relationship Between Math Course Repetition and Student Outcomes

To understand whether the relationship between each type of course repetition and college
outcomes holds after controlling for student background and college experiences, we ran a
series of regressions. Table 4 presents results from regressions run on the analytic sample

of introductory math course completers estimating the relationship between horizontal math
course repetition—a dichotomous indicator—and four student outcomes: cumulative GPA,
baccalaureate attainment, time to degree, and excess credits. Results reveal a positive
relationship between horizontal repetition status and time to a baccalaureate degree and
excess credits, where horizontal repetition is associated with an increase of 0.24 semester (B
=0.242, SE=0.058, p< 0.001) and an increase of 3.6 excess credits (f = 3.570, SE=0.382,
p<0.001). Also, there is a small negative6 correlation between horizontal repetition status
and cumulative GPA (p = - 0.018, S£=0.008, p< 0.05).

Table 5 conducts a similar analysis to Table 4, but replaces the independent variable of
interest to examine the relationship between a 4-category measure of horizontal repetition—
capturing both presence and location of horizontal repetition—and student outcomes. Where
results from Table 4—which used a dichotomous measure capturing whether students

ever experienced horizontal repetition—illustrate a negative relationship between horizontal
repetition and GPA, results from Table 5 suggest that horizontal repetition experienced at
the university drives that relationship. Repeating an introductory course at the university

\ve present stepwise regression models for each outcome in the appendix, where Table A7 and Table A8, respectively, illustrate

the change in the horizontal and vertical repetition indicator as additional blocks of variables are incorporated into the model. The
coefcient of horizontal repetition indicator became negative in the fnal step—when institutional fxed efects were added to the model—
in predicting cumulative GPA (see Table A7).
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is associated with a 0.05-unit decrease in cumulative GPA (or 0.1-unit decrease, for those
experiencing horizontal repetition at both institution types) compared with never repeating
introductory math (B = — 0.045, SE=0.010, p< 0.001; B = - 0.103, SE=0.023, p<
0.001). We observe a similar relationship between location of horizontal repetition and time
to degree: introductory math course repetition at the university, as shown in Table 5, appears
to drive the observed positive relationship between the dichotomous indicator of horizontal
repetition and time to degree we presented in Table 4. The null overall relationship between
horizontal math repetition and bachelor’s degree attainment appears to be driven by the
conflicting roles played by repeating introductory math coursework at the community
college and the university—horizontal repetition at the community college, compared

with no repetition, positively and significantly predicts degree attainment; repetition at the
university (or at both community college and university) does not appear to predict degree
attainment (the coefficients are negative and nonsignificant).

Table 6 presents results from regressions estimating the relationship between vertical math
course repetition—a dichotomous indicator—and student outcomes among all college-level
math course completers. After the full set of statistical controls were included, the results
suggest that experiencing vertical course repetition—compared with never experiencing
vertical course repetition—generally predicts poorer performance on all student outcomes
we captured. Vertical math course repetition is associated with a 0.04-unit decrease in
students’ cumulative GPA and a 5.1-percentage-point decrease in the probability of earning
a baccalaureate degree (g = - 0.037, SE=0.010, p< 0.001; p = - 0.051, SE=0.009,
p<0.001). Among students who earned a bachelor’s degree, vertical course repetition is
correlated with a 0.6-semester increase in time to degree and a 7.4-credit increase in excess
credits (B = 0.537, SE=0.072, p< 0.001; p = 7.421, SE = 0.475, p< 0.001).

We further examine the relationship between vertical repetition—taking into account
location of the course repetition—in Table 7, which illustrates estimated relationships
between the 4-category measure of vertical repetition and student outcomes among all
college-level math completers. The role that vertical repetition plays in predicting student
outcomes is more consistent across repetition location than what we observed for horizontal
repetition, though results suggest that vertical repetition at the university does appear to
drive the negative relationship between vertical repetition and bachelor’s degree attainment
and positive association between vertical repetition and time to degree. The coefficients for
vertical repetition at the university and at both institution types are significantly different
than the reference category of no repetition, whereas vertical repetition at the community
college is not significantly different than the reference for both outcomes). Vertical repetition
at all locations is positively correlated with additional excess credits (and negatively related
to GPA), though magnitudes of excess credit accumulation are larger when students repeat
the same or a lower-level math course at the university (11.9 additional excess credits
compared with never repeating) or at both institution types (16.8 additional excess credits
compared with never repeating) (p = 11.900, SE=0.658, p< 0.001; p = 16.893, SE = 2.068,
p<0.001).
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Discussion and Implications

Math course requirements can serve as a bottleneck for college students (Riegle-Crumb

& Grodsky, 2010), yet little is known about how math course repetition predicts student
outcomes. In this study, we investigated the prevalence of math course repetition among
community college transfer students in Texas and explored the relationship between
redundant math coursework and student outcomes. Although repeating a math course may
be necessary after an unsuccessful course outcome, such as a failing grade or a withdrawal,
the repercussions of math course repetition after receiving a passing grade are unclear.

We examined math course repetition among two populations of Texas community college
transfer students: those who passed a math course and either took an additional course at the
same level (horizontal repetition) and those who previously completed any collegelevel math
course and repeated a course in the same sequence (vertical repetition). Our study offers
insights into the prevalence and location of community college transfer students’ horizontal
and vertical repetition and the association between each type of course repetition and student
outcomes.

We found that horizontal and vertical repetition was fairly common among community
college transfer students; 38% of students who completed an introductory college-level
math course experienced horizontal repetition, and 17% of students who completed any
college-level math course experienced vertical repetition. Horizontal repetition appeared to
be driven primarily by redundant coursework at the community college level as almost
two-thirds of horizontal math course repetition occurred at community colleges (where it
was not due to students’ enrolling at more than one community college but predominantly
occurred within the same institution). This finding supports previous work that identified
inefficiencies in community college pathways to desired goals (e.g., Bailey et al., 2015;
Fink et al, 2018). The remaining horizontal course repetition occurred at universities, where
students repeated entry-level math coursework previously completed at community colleges.
This inter-sector misalignment seems analogous to the math misalignment and redundancy
observed at the secondary-to-postsecondary transition (Melguizo & Ngo, 2020; Ngo, 2020).
Our findings support the push to improve support for students in their course selections and
to ensure they are taking the appropriate coursework early in their college careers to meet
their major and career aspirations. It is also feasible to assume that some of the observed
redundancy in coursetaking at community colleges is a result of poor messaging about
which classes transfer-intending students should take if they hope to earn a baccalaureate;
thus, a system-level approach to reforms, in which both community colleges and universities
offer clear transfer pathways and major requirements, may be key to reducing horizontal
course repetition (Schudde et al., 2021).

We found that among all math completers, vertical repetition was equally likely to occur
at community colleges and at universities. Thus, vertical repetition in math sequences is
a phenomenon that cannot be attributed to one specific sector. This suggests that transfer
students would benefit from investigations by both sectors into mechanisms that cause
vertical repetition and structural changes that reduce unnecessary vertical repetition.
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We posited that vertical repetition may be driven by students’ choices of major and their
intent to strengthen their preparation for higher-level math. Indeed, we did find that major
choice was associated with vertical repetition, as STEM student, particularly engineering
and math/computer science majors, were more likely to experience vertical repetition

than those in liberal arts. Because STEM majors, especially in math/computer science

or engineering, require a strong math foundation for success, it is plausible that vertical
repetition occurred because earning a specific grade in a math course or mastering certain
skills is particularly consequential for aspirants in these fields. Among all college-level

math course completers, students who earned a lower grade in their first college-level math
course appear more likely to vertically repeat. While a grade of D is considered passing,
many students, particularly those receiving federal financial aid, may repeat a course to
improve their GPAs as many community colleges allow for course replacement in internal
GPA calculations (Scott-Clayton & Schudde, 2020). Additionally, many community colleges
and universities require a grade of C to meet prerequisite math course requirements, and
certain competitive programs in both sectors have formal and informal grade requirements
for admission. It may be the case that students with low grades leverage vertical repetition to
improve their academic standing so they can maintain funding, progress in a math sequence,
or be more competitive for admission to certain programs.

On the other hand, there was no difference in the frequency of horizontal repetition among
introductory math completers with different passing grades, suggesting that students’ grades
are likely not the reason they may take an additional introductory math course. Initial major
choice, however, was associated with horizontal repetition. That is, students who initially
chose majors in humanities and liberal arts, including general studies, were generally more
likely to experience horizontal repetition than students in other majors. One reason might
be that later major switching or specialization in general studies resulted in different math
requirements. Additional research is necessary to further study the link between major
selection and horizontal repetition.

Our descriptive and regression findings suggest that horizontal repetition—repeating
introductory math courses—makes pathways to a degree less efficient. On average, students
who experienced horizontal repetition accrued more than three excess credits and increased
their time to degree attainment by 0.24 semesters; they also achieved slightly lower GPAs
than non-horizontal-repeaters. In our regression analyses on the subsample of introductory
math course completers, we found that accounting for the location of horizontal repetition
dramatically sharpened our understanding of the link between horizontal repetition and
student outcomes. For example, compared with not repeating an introductory math course,
horizontal repetition at the community college was associated with a slight increase in the
likelihood of earning a baccalaureate degree while horizontal repetition at the university
was not. Repeating introductory courses at the university, compared with nonrepetition,
was negatively associated with cumulative GPA and positively associated with time to
degree, whereas repetition at the community college did not appear significantly different
than nonrepetition. These findings suggest different consequences for horizontal repetition
across locations. Experiencing more than one introductory math course at the community
college, perhaps in the process of major exploration, generates excess credits, but it does
not appear detrimental to degree attainment. In fact, it may improve degree attainment,
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perhaps because completing a math course specific to the student’s final major provides a
better foundation for their post-transfer academic trajectory. On the other hand, post-transfer
horizontal course repetition—taking additional introductory courses at the university—is
associated with reduced achievement (GPA) and increased time to degree.

The different findings for the location of horizontal repetition suggest that students may
benefit from policies and practices that reduce the need for post-transfer horizontal
repetition, such as improved alignment of math requirements across sectors and inter-sector
collaboration on transfer advising to help students anticipate math course needs for their
desired degree program. To better understand the mechanisms associated with horizontal
repetition, researchers might further examine course-taking behaviors, mining program maps
for their math course requirements to distinguish between students enrolled in multiple math
courses to meet specific requirements and those who may be shopping for a final major.

When we examined vertical repetition among all college-level math completers, we found
that vertical repetition negatively predicts student outcomes, perhaps to a greater extent
than horizontal repetition. The most striking finding from our regression analysis is that,
after controlling for other factors, vertical repeaters accrue, on average, 7.4 more excess
credits than nonrepeaters, which, coupled with an average half-semester lengthening of time
to degree, highlights the cost of vertical repetition to students. Moreover, our regression
results show that while vertical repetition at any location positively predicted excess
credits, the estimates were substantially larger among students who experienced repetition
at the university level. Further, vertical repetition at the university appeared to drive the
negative association between vertical repetition and baccalaureate degree attainment as the
relationship between vertical repetition at the community college and degree attainment
was not statistically different than nonrepetition. While repeating a math course within the
same sequence is inherently costly at any location, repeating at the community college may
serve to motivate students seeking to transfer while repeating post-transfer may discourage
students.

Overall, the greater negative consequences of vertical course repetition at the university

than at the community college suggest that improvements in advising with regard to math
sequences at the university might reduce unnecessary course repetitions and improve student
outcomes. However, we acknowledge that the link between vertical repetition and student
outcomes may be partially due to omitted variable bias. For example, students who are
inclined toward vertical repetition may also be less likely to get good grades or earn a
degree. However, given that we captured initial course grade as a predictor of cumulative
GPA and cumulative GPA as a predictor of all degree outcomes, we assume that our model
least partially captures the role of prior performance.

Overall, our findings support the need for two constructs in the study of math course
repetition, given the different origins of repetition for students retaking entry-level math
courses (horizontal repetition) and students repeating within a sequence of math courses
(vertical repetition). Horizontal repetition occurs more frequently at the community college
level, while vertical repetition occurs somewhat more frequently at the university. The
location of course repetition matters: both horizontal and vertical repetition at the university
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had larger negative consequences for student outcomes than repetition at the community
college.

Our findings suggest that there may be different mechanisms undergirding horizontal and
vertical math course repetition patterns, which is worthy of additional study. Given the
limitations of our data set, we cannot rule out that math course repetition is associated with
other factors that impact student performance, either at the entry level or along a math
pathway. For this reason, we emphasize the need to interpret our findings with caution

and hope our study will spur additional research with data that can capture additional
statistical controls, including more detailed measures of student experiences (e.g., student
engagement), that we could not capture in administrative data. Moreover, future research
could replicate this study to explore vertical and horizontal repetition among community
college and university entrants in other contexts and timeframes, especially as more IHEs
work to align course sequences using guided pathways. We also see the need, given the
prevalence of horizontal repetition within the community college, for research that focuses
on full cohorts of community college entrants.

Implications for Practice

Since vertical and horizontal repetition among transfer students occurred at both community
colleges and universities, reducing unnecessary repetition will require structural changes
and intersector collaboration by multiple stakeholders. Our findings suggest that both
community colleges and universities should develop specific strategies for reducing math
course repetition, first focusing on internal deterrence, and then working with partner
institutions to devise further measures to avert both pre- and post-transfer repetition.

In particular, our findings suggest a greater need to prevent math course repetition

at the university level. Although horizontal repetition at the community college was
linked to excess credits, which is not ideal, it otherwise positively predicted bachelor’s
degree attainment, whereas both types of course repetition at the university level were
unequivocally negative for student outcomes.

The guided pathways framework for whole-college design has the potential to reduce
unnecessary math course repetition within and across institutions, but only if universities
actively participate in reforms (Bailey et al., 2015; Flores & Fabianke, 2019; Jenkins et al.,
2017, 2018; Schudde et al., 2021). All IHEs interested in addressing course redundancy
may benefit from these comprehensive reform efforts, which include structural changes like
developing intersector meta-majors, clusters of programs that lead to similar career goals
and require the same courses early in college and share the same entry-level math course.
IHEs should also streamline transfer agreements between two- and four-year partners by
crafting articulation agreements and transfer guides for that specify from the outset which
courses are required and how those courses will transfer and apply toward a degree (Ganga
& Mazzariello, 2018). If community colleges and universities are to address transfer issues
fully, they will need to understand the relationship between math course repetition and its
location— both among introductory courses (horizontal) or within sequences (vertical)—and
student outcomes.
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Implementing math pathways in which the content of entry-level math aligns with students’
broad major (i.e., meta-major) and career goals should theoretically reduce horizontal
course repetition, if these pathways are implemented alongside robust career exploration
and program advising that enables students to quickly decide upon and enter a defined
meta-major at the start of college, and if meta-major requirements are fully accepted at

the university. Early work on math pathways interventions for dev-ed math students shows
promising improvements in short-term student outcomes, such as math course persistence
and completion (Ganga & Mazzariello, 2018; Rutschow et al., 2017; Schudde & Keisler,
2019; Schudde & Meiselman, 2019). The Texas Success Center (2019)—an organization
that facilitates the guided pathways initiative in the state—emphasizes that creating math
pathways aligned with meta-majors could decrease unnecessary horizontal repetition for
community college entrants who start college with at least a broad idea of their area of
interest and should be advised to take courses that fulfill the requirements for a broad set of
related majors. During the initial transition to meta-majors and math pathways, horizontal
repetition may increase as students face shifting program requirements and must compare
requirements across degree plans. Indeed, recent evidence from Florida suggests that
offering math pathways for college-level courses improved the rate of passing introductory
math but also created conditions conducive to horizontal math course repetition (Mokher
& Hu, 2022). To reduce repetition during the early phases of adopting math pathways,
community colleges and universities may consider accepting older program plans or offering
noncredit or short-term bridge courses to provide necessary math skills to students who have
existing entry-level math credits.

Within any IHE, the purposeful use of internal data analytics could decrease course
repetition and reduce excess credits. Institutional research (IR) offices at community
colleges and universities could use an approach similar to the one used in this study,
identifying different types of course repetition to examine patterns at their college. In a
case study of one community college, Jenkins and Pellegrino (2019) demonstrated how
the IR office used student transcript data to identify challenging courses, highlighting the
importance of using data to understand impediments to students’ progress. We similarly
recommend that IR offices use data to identify courses with high rates of repetition, which
could help them target courses and sequences in which students need additional support
to reduce credit redundancy. IR offices at receiving universities should focus on course
repetition patterns at feeding community colleges and work with those exhibiting higher
repetition rates to reduce this rate, perhaps, for example, by improving transfer agreements
and pre-transfer advising.

Advisors can use information gleaned from IR studies to enhance their advising practices.
Advisors and math department faculty can work together to identify repetition patterns and
examine the reasons for horizontal and/or vertical repetition, such as inadequate information
about programs and/or transfer requirements or difficult course sequences or combinations.
Together, faculty and student support staff could develop and provide necessary program
information, as well as in-semester support services, to help students meet their academic
goals before, during, and after transfer. Additionally, IR offices, math departments, and
advisors could work together to create an early flagging system in which a warning would
come up in their case management systems when students attempted to register for courses
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that were redundant with requirements they had already fulfilled, allowing advisors to target
those students for additional guidance.

Conclusion

In this study, we differentiated between two different types of math course repetition among
community college transfer students—horizontal and vertical repetition. Among community
college transfer students who earn excess credits toward a baccalaureate, accruing too

many introductory courses can contribute to credit inefficiencies in a community college
pathway to a baccalaureate degree (Fink et al., 2018). Our strategy of differentiating

between horizontal and vertical course repetition helped us further understand how course
redundancy patterns predict student outcomes. We found that vertical repetition was slightly
more likely to occur at the university level than at the community college level (though

the rates were approximately equal), whereas horizontal repetitions occurred primarily at
community colleges. Not only did we find differences in the relationships between course
repetition types and student outcomes, but we also found that the link between course
repetition and outcomes was shaped by where the repetitions occurred. Overall, vertical
repetition (repeating within the same sequence) was associated with more negative student
outcomes than horizontal repetition. The associations between both types of repetition and
student outcomes were more likely to be negative when they occurred at the university.
These patterns may prove useful as community colleges and universities collaborate to
implement reforms to support more efficient and effective course-taking for students. By
examining measures of horizontal and vertical repetition by location, IHEs can identify areas
for further improvement and determine how reforms can help students achieve more efficient
course-taking patterns.
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Refer to Web version on PubMed Central for supplementary material.
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Horizontal and Vertical Course Repetitions in Mathematics. Figure shows names and
course numbers for 12 types of college-level math offered at public institutions of higher
education in Texas. Horizontal repetition occurs when students complete an introductory
math course and then enroll in a different introductory math course (i.e., it only occurs
among introductory coursework). Vertical repetition occurs when students repeat a math
course in the same sequence (repeating the same specific course or one earlier in the same
sequence).
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Table 2

Description of vertical and horizontal repeaters compared with nonrepeaters

Introductory Math Completers

Any Math Completers

Horizontal Repetition

Vertical Repetition

Yes No N Yes No N

% or Mean % or Mean % or Mean % or Mean
Race
White 36.6% 63.4% 5337 16.7% 83.3% 6150
Black 45.2% 54.8% 821 17.6% 82.4% 875
Asian 47.9% 52.1% 557 16.8% 83.2% 731
Hispanic 34.1% 65.9% 4942 16.5% 83.5% 5458
Other 43.8% 56.3% 32 20.6% 79.4% 34
Two or More 46.2% 53.8% 565 15.3% 84.7% 660
Gender
Female 39.4% 60.6% 7133 14.9% 85.1% 7713
Male 34.0% 66.0% 5121 18.9% 81.1% 6195
Age 18.525 18.746 12,254 18.327 18.7 13,908
Financial Aid Applicant
Yes 36.6% 63.4% 9684 16.1% 83.9% 10,972
No 39.1% 60.9% 2570 18.5% 81.5% 2936
Pell-Grant Recipient
Yes 35.5% 64.5% 5120 14.8% 85.2% 5679
No 38.4% 61.6% 7134 17.9% 82.1% 8229
Enrollment Intensity
Full time 37.5% 62.5% 7835 16.1% 83.9% 8967
Part time 32.9% 67.1% 1111 16.1% 83.9% 1213
Mixed enrollment 37.8% 62.2% 3308 18.1% 81.9% 3728
Stop-Out Count .208 .201 12,254 203 .198 13,908
Earned Associate Degree
Yes 38.1% 61.9% 4715 13.8% 86.2% 5225
No 36.6% 63.4% 7539 18.3% 81.7% 8683
Switched Major
Major switcher 41.3% 58.7% 5012 18.3% 81.7% 5622
Non-major switcher 34.3% 65.7% 7242 15.5% 84.5% 8286
Initial Major
Humanities and Liberal Arts 39.4% 60.6% 5274 15.3% 84.7% 5975
Industrial, Manufacturing, and Construction  37.0% 63.0% 281 15.4% 84.6% 292
Natural Sciences 40.9% 59.1% 641 18.4% 81.6% 782
Business 37.4% 62.6% 1394 18.3% 81.7% 1519
Social and Behavioral Sciences 32.7% 67.3% 511 13.4% 86.6% 530
Communication Sciences 33.3% 66.7% 171 9.2% 90.8% 174
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Introductory Math Completers

Any Math Completers

Horizontal Repetition

Vertical Repetition

Yes No N

% or Mean % or Mean

Yes No N

% or Mean % or Mean

Literature, Linguistics, and Fine Arts
Math and Computer Sciences
Education, Social Services, and Policy
Engineering

Service Oriented

Health

Other

Earned Dual Credit

Yes

No

Earned Dev-Ed Credit

Yes

No

First Math Course Grade

B or better

C

D

Outcomes

Cumulative GPA

Bachelor’s Degree

Time to Bachelor’s Degree
Excess Credits

Total (N)

30.9% 69.1% 482
26.4% 73.6% 348
24.71% 75.3% 1104
24.0% 76.0% 317
43.3% 56.7% 300
47.8% 52.2% 959
39.8% 60.2% 472
34.1% 65.9% 3516
38.4% 61.6% 8738
37.2% 62.8% 3039
37.1% 62.9% 9215
38.3% 61.7% 8324
34.4% 65.6% 3040
36.2% 63.8% 890
3.359 3.358 12,254
722 720 12,254
15.16 14.873 8798
16.999 12.053 8798
4554 7700

12.2% 87.8% 508
31.3% 68.7% 584
13.5% 86.5% 1162
24.6% 75.4% 517
21.5% 78.5% 311
14.6% 85.4% 1,010
19.3% 80.7% 544
16.5% 83.5% 4193
16.7% 83.3% 9715
14.4% 85.6% 3092
17.3% 82.7% 10,816
12.9% 87.1% 9513
15.4% 84.6% 3418
57.1% 42.9% 977
3.241 3.400 13,908
.669 742 13,908
15.393 14.88 10,105
20.004 12.774 10,105
2314 11,594

N (introductory math completers) = 12,254. N (all math course completers) = 13,908. The table shows the characteristics of students who
experienced (vs. never experienced) horizontal and vertical math course repetition. It presents the number of community college transfer students
(N) within different repetition types and the corresponding percentage (%) of students (for categorical measures) or means (for continuous
measures, including three of the outcomes: cumulative GPA, time to degree, and excess credits). Within each analytic sample (introductory math vs.
all math course completers), the percentages add up to 100% across the row
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Table 3

Predictors of horizontal and vertical math course repetition: regression results

Variables Course Repetition Outcome

Horizontal

Vertical

Race (Reference = White)

Asian 0.018
(0.022)
Black 0.059
(0.019)
Hispanic 0.023%
(0.011)
Two or More 0.058™*
(0.021)
Other 0.076
(0.083)
Female 0.041 %%
(0.009)
Age -0.004™"
(0.001)
Pell Grant Recipient -0.007
(0.010)
Financial Aid Applicant -0.011
(0.012)
Initial Major (Reference = Humanities and Liberal Arts)
Industrial, Manufacturing, and Construction 0.041
(0.030)
Natural Sciences 0.051 %
(0.020)
Business -0.005
(0.015)
Social and Behavioral Sciences -0.027
(0.022)
Communication Sciences -0.027
(0.037)
Literature, Linguistics, and Fine Arts -0.058 %
(0.023)
Math and Computer Sciences —0.0827%"
(0.026)
Education, Social Services, and Policy ~0.100 ¥
(0.016)

Res High Educ. Author manuscript; available in PMC 2024 March 08.

0.005
(0.015)
0.006

(0.014)
0.013

(0.008)
-0.022

(0.014)
0.033
(0.060)

-0.017™
(0.006)

-0.002%
(0.001)
-0.004
(0.007)
-0.015
(0.008)

-0.031
(0.022)
0.004

(0.014)
0.005

(0.011)
-0.025
(0.016)
-0.029
(0.027)

-0.046 ™"
(0.017)
0.090 ***
(0.016)
-0.013

(0.012)
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Variables Course Repetition Outcome

Horizontal Vertical

Engineering and Related Fields 01177 0.112 %
(0.028) (0.017)
Service Oriented 0.066~ 0.013
(0.029) (0.021)
Health 0.073™* 0.026 ™
(0.017) (0.013)
Other -0.026 -0.005
(0.025) (0.017)
Enrollment Intensity (Reference = Full time)
Part time —0.0417%" -0.008
(0.015) (0.011)
Mixed Enrollment 0.010 -0.001
(0.010) (0.007)
Earned a Dev-Ed Math Credit -0.003 -0.013
(0.011) (0.008)
Earned Dual Credit ~0.026 " -0.006
(0.010) (0.007)
First Math Course Grade (Reference = D)
B or Higher 0.013 -0.455***
(0.017) (0.012)
c -0.019 ~0.426***
(0.018) (0.013)
Cohort (Reference = Fall 2012) —0.0277% 0.001
(0.008) (0.006)
Constant 0.191 0.582 %
(0.158) (0.101)
Observations 12,254 13,908
R-squared 0.112 0.151

The table presents coefficients with standard errors in parentheses from ordinary least squares regression models performed on a pooled sample
of community college students who entered college in Fall 2011 or Fall 2012, where each column represents a separate regression. Both models
include students who transferred to a four-year institution within first 3 years of initial enrollment and capture course repetition over 7 years; the
analysis in column 1 includes introductory math completers as the analytic sample, and the analysis in column 2 includes students who previously
completed any college-level math course. All models include community college and university fixed effects

AAA
p<0.001
Ak
p<0.01

*
p<0.05
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Relationship Between Horizontal Math Course Repetition and Student Outcomes

Table 4

Page 36

Variables

Outcomes

Cumulative GPA  Bachelor’s Degree Attainment

Time to Degree

Excess Credits

Horizontal Repetition ~0.018%
(0.008)
Race (Reference = White)
Asian -0.003
(0.019)
Black -0.128™"
(0.016)
Hispanic -0.051 %"
(0.009)
Two or More Races ~0.059 "
(0.018)
Other -0.036
(0.070)
Female 0.085
(0.008)
Age 0.019™**
(0.001)
Pell Grant Recipient —0.021%
(0.009)
Financial Aid Applicant 0.003
(0.010)
Enrollment Intensity (Reference = Full time)
Part time -0.088 %"
(0.013)
Mixed Enrollment 00777
(0.008)
Stop-Out Count ~0.049 "
(0.008)
Earned Associate Degree 0.091
(0.008)
Switched Major —~0.035*"
(0.008)
Initial Major (Reference = Humanities and
Liberal Arts)
Industrial, Manufacturing, and Construc 0.029

*

*

*

*

*

*

*

0.008

(0.008)

-0.004
(0.019)
0.002
(0.016)
0.015
(0.009)
-0.027
(0.018)
0.049
(0.071)
0.037™*
(0.008)
0.000
(0.001)

-0.039
(0.009)
0.002
(0.010)

-0.103 7
(0.013)

-0.064 "
(0.009)

-0.126 7
(0.008)

0.046**
(0.008)
-0.009

(0.008)

-0.017
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0.242
(0.058)

0.147
(0.144)
0.120

(0.126)

*

0.145
(0.070)
0.083
(0.136)
-0.150
(0.523)
-0.427™"
(0.058)
-0.061""
(0.009)
0.097
(0.067)
-0.024
(0.074)

0.864 "
(0.104)

0.519 "
(0.065)

0.454
(0.073)
0.072

(0.059)

0.309
(0.059)

-0.640™"

*

*

*

3.570
(0.382)

4,642
(0.944)

2.846
(0.824)
0.721

(0.457)
1.318

(0.892)
-2.949
(3.429)

*

-2.418™"
(0.380)

*

-0.4917"
(0.059)
0.713

(0.442)
-0.137
(0.488)

*

-2.668""
(0.685)

*

-1.87177
(0.428)

-1.807"
(0.476)
2.936 "
(0.389)
5.021
(0.385)

0.370
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Variables

Outcomes

Cumulative GPA

Bachelor’s Degree Attainment

Time to Degree

Excess Credits

Natural Sciences

Business

Social and Behavioral Sciences

Communication Sciences

Literature, Linguistics, and Fine Arts

Math and Computer Sciences

Education, Social Services, and Policy

Engineering and Related Fields

Service Oriented

Health

Other

Earned a Dev-Ed Math Credit

Earned Dual Credit

Cumulative GPA

First Math Course Grade (Reference = D)
B or Higher

Cohort (Reference = Fall 2012)

Constant

(0.025)
0.023

(0.017)
-0.005

(0.012)
0.021

(0.019)
0.028
(0.031)
0.050*
(0.019)
0.039
(0.022)
-0.011
(0.014)
0.010
(0.023)
-0.022
(0.024)
-0.026
(0.015)
0.017
(0.021)
-0.033
(0.010)
0.033™**
(0.008)

0.539™**
(0.014)
0.169™**
(0.015)
0.010
(0.007)

2,285

(0.026)
-0.016

(0.017)

0.039 ™
(0.013)
0.037

(0.019)
0.025

(0.031)
-0.025
(0.020)

*

-0.063 "
(0.023)
0.041**
(0.014)
-0.053 "
(0.024)
-0.008
(0.025)
-0.012
(0.015)
-0.030
(0.021)
-0.007
(0.010)

0.047***
(0.009)

0.192***
(0.008)

0.001
(0.007)

0.286
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(0.184)
0.106
(0.132)

*

-0.526™"
(0.092)

-0.380""
(0.140)
-0.435
(0.232)
0.205

(0.148)
0.242

(0.178)

-0.240"
(0.101)

0.868 "
(0.193)
0.091

(0.179)
0.216

(0.117)
-0.111
(0.153)

0.394
(0.074)

*

-0.614™"
(0.063)

*

-1.129™
(0.069)

-0.074
(0.054)

19.346 ™

(1.209)

5.156
(0.868)

*

-2.705™"
(0.600)

-2.536""
(0.920)
-2.324
(1.521)

2.856 ™
(0.970)
5612
(1.167)
-1.025

(0.663)

10.501
(1.264)

3512
(1.177)

3.841°°
(0.766)
0.777
(1.006)

5375
(0.488)

*

-7.6627"
(0.410)

*

-7.065 ™"
(0.452)

-0.403
(0.357)

36,527
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Variables QOutcomes

Cumulative GPA  Bachelor’s Degree Attainment ~ Time to Degree  Excess Credits

(0.134) (0.137) (1.041) (6.826)
Observations 12,254 12,254 8,798 8,798
R-squared 0.346 0.241 0.179 0.254

The table presents coefficients with standard errors in parentheses from ordinary least squares regression models performed on a pooled sample of
community college students who entered college in Fall 2011 or Fall 2012, where each column represents a separate regression for each outcome.
Regressions for GPA and bachelor’s degree attainment include full analytic sample. Regressions for time to degree (captured in semesters) and
excess credits include only baccalaureate recipients with more than 80 college-level semester credits. All models include community college and
university fixed effects

AAA
p<0.001
HA
p<0.01

*
p<0.05
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Relationship between horizontal math course location and student outcomes

Table 5

Page 39

Cumulative GPA

Bachelor’s Degree

Time to Degree

Excess Credits

Attainment
Location of Horizontal Repetition (Reference = No
Repetition)
Horizontal Repetition at community college 0.015 0.030 ™" 0.053 2091
(0.010 (0.010) (0.070) (0.459)
Horizontal Repetition at university —0.045 % -0.013 0.489 % 5.051 7
(0.010) (0.011) (0.083) (0.542)
Horizontal Repetition at both -0.103 %% -0.034 05417 7.695
(0.023) (0.024) (0.185) (1.216)
Student Backgrounds YES YES YES YES
College Experiences YES YES YES YES
Academic Experiences YES YES YES YES
Institutional Fixed Effects YES YES YES YES
Observations 12,254 12,254 8,798 8,798
R-squared 0.348 0.242 0.181 0.257

The table presents coefficients with standard errors in parentheses from ordinary least squares regression models performed on a pooled sample of
community college students who entered college in Fall 2011 or Fall 2012, where each column represents a separate regression for each outcome.
Regressions for GPA and bachelor’s degree attainment include full analytic sample. Regressions for time to degree (captured in semesters) and
excess credits include only baccalaureate recipients with more than 80 college-level semester credits. All models include community college and
university fixed effects. See full table with all regression coefficients in appendix Table A9

Aok

p<0.001
Ak
p<0.01

*
p<0.05

Res High Educ. Author manuscript; available in PMC 2024 March 08.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Bicak et al.

Table 6

Relationship Between Vertical Math Course Repetition and Student Outcomes

Variables

QOutcomes

Cumulative GPA

Bachelor’s Degree Attainment

Time to Degree

Excess Credits

Vertical Repetition

Race (Reference = White)

Asian

Black

Hispanic

Two or More

Other

Female

Age

Pell Grant Recipient

Financial Aid Applicant

kA

-0.037
(0.010)

-0.001
(0.017)

-0.125 "
(0.015)

-0.0517
(0.009)

-0.060 "
(0.016)
-0.007
(0.067)

0.075***
(0.007)

0.019***
(0.001)

23

-0.021"
(0.008)
0.000
(0.009)

Enrollment Intensity (Reference = Full time)

Part time

Mixed Enrollment

Stop-Out Count

Earned Associate Degree

Switched Major

-0.093
(0.012)
-0.077""
(0.008)
-0.042""
(0.008)
0.087 "
(0.007)
-0.034 ™"
(0.007)

Initial Major (Reference = Humanities and L iberal Arts)

Industrial, Manufacturing, and Constr ~ 0.013

(0.024)

kA

-0.051
(0.009)

-0.001
(0.017)
0.002
(0.015)
0.014

(0.009)
-0.021
(0.016)
0.022
(0.068)
0.038™*
(0.007)
-0.001
(0.001)

-0.033 ™"
(0.008)
-0.005
(0.009)

-0.1037
(0.012)

-0.067 7
(0.008)

-0.1277
(0.008)

0.043™*
(0.007)
-0.008

(0.007)

-0.022

(0.025)

0.537 "
(0.072)

0.183
(0.126)
0.106
(0.120)

*

0.155
(0.065)
0.135
(0.125)
-0.064
(0.510)
-0.446™"
(0.054)
-0.070™"
(0.009)
0.100
(0.063)
-0.054
(0.069)

0.840
(0.099)
0.524™**
(0.061)
0.406™**
(0.069)
0.087
(0.056)

0.310™**
(0.055)

-0.668™""
(0.180)
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*

*

*

74217
(0.475)

3.930
(0.830)

2.859 7
(0.795)
0.572

(0.429)

17117
(0.822)
-2.013
(3.366)

*

-2.5527"
(0.356)

*

-0.539™"
(0.057)

*

0.844
(0.416)
0.000

(0.456)

*

-2.945™"
(0.653)

*

-2.037™"
(0.401)
-2.305"""
(0.454)
2738
(0.368)
4.866 ™"
(0.363)

-0.270

(1.188)
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Variables

Outcomes

Cumulative GPA

Bachelor’s Degree Attainment

Time to Degree

Excess Credits

Natural Sciences

Business

Social and Behavioral Sciences

Communication Sciences

Literature, Linguistics, and Fine Arts

Math and Computer Sciences

Education, Social Services, and Policy

Engineering and Related Fields

Service Oriented

Health

Other

Earned a Dev-Ed Math Credit

Earned Dual Credit

Cumulative GPA

First Math Course Grade (Ref. = D)
B or Higher

Cohort (Reference = Fall 2012)

Constant

0.027

(0.016)
-0.012

(0.012)
0.010

(0.018)
0.017
(0.030)

*

0.044
(0.019)
0.060***
(0.018)
-0.010
(0.013)
0.000
(0.019)
-0.034
(0.023)
-0.028
(0.014)
0.018
(0.019)
-0.041"""
(0.009)
0.028™**
(0.008)

0528
(0.014)
0.158
(0.015)
0.014”"
(0.007)
2491
(0.113)

-0.013
(0.016)
0.044™*
(0.012)
0.030
(0.019)
0.023
(0.031)
-0.034
(0.019)
-0.033
(0.018)
0.036 ™"
(0.013)
-0.035
(0.019)
-0.007
(0.024)
-0.012
(0.014)
-0.035
(0.020)
-0.006
(0.009)
0.042™*
(0.008)
0.185 ™%
(0.008)

-0.000

(0.007)
0.183

(0.115)

0.043

(0.119)

*

-0.585""
(0.087)

-0.404™*
(0.137)
-0.434
(0.229)
0.189
(0.143)

*

0.308
(0.136)

-0.301™"
(0.098)

0.744™**
(0.148)
0.044

(0.175)
0.148

(0.113)
-0.078
(0.143)

0.419™*
(0.072)

*

-0.640™
(0.058)

*

-1.0617""
(0.065)

-0.073
(0.051)

19.894
(0.917)
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5.111%**
(0.785)

*

-3.645™"
(0.572)

-2.701™"
(0.905)
-2511
(1.513)

2,580
(0.943)

4.666 "
(0.897)

*

-1977%
(0.645)

7.398 7
(0.975)

3.079™*
(1.155)

3.639
(0.746)
-0.002
(0.946)

5432
(0.475)

*

-7.562™"
(0.382)

*

-6.1117"
(0.428)

-0.773%
(0.336)
41.145™
(6.052)
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Variables Outcomes
Cumulative GPA  Bachelor’s Degree Attainment  Time to Degree
Observations 13,908 13,908 10,105
R-squared 0.347 0.238 0.176

Page 42

The table presents coefficients with standard errors in parentheses from ordinary least squares regression models performed on a pooled sample of
community college students who entered college in Fall 2011 or Fall 2012, where each column represents a separate regression for each outcome.
Regressions for GPA and bachelor’s degree attainment include full analytic sample. Regressions for time to degree (captured in semesters) and
excess credits include only baccalaureate recipients with more than 80 college-level semester credits. All models include community college and

university fixed effects
Ak
p<0.001
Aok
p<0.01

*
p<0.05
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Table 7

Relationship between vertical math course repetition location and student outcomes

Cumulative GPA  Bachelor’s Degree Time to Degree  Excess Credits
Attainment
Location of Vertical Repetition (Reference = No
Repetition)
Vertical Repetition at community college ~0.030% -0.014 —0.049 24337
(0.014) (0.013) (0.097) (0.640)
Vertical Repetition at University ~0.039 %" —0.073 %% 1.062 11.900 ¥**
(0.012) (0.012) (0.100) (0.658)
Vertical Repetition at both ~0.079% —0.136 % 1.668 16.893 %%
(0.035) (0.035) (0.314) (2.068)
Student Backgrounds YES YES YES YES
College Experiences YES YES YES YES
Academic Experiences YES YES YES YES
Institutional Fixed Effects YES YES YES YES
Observations 13,908 13,908 10,105 10,105
R-squared 0.347 0.239 0.183 0.261

The table presents coefficients with standard errors in parentheses from ordinary least squares regression models performed on a pooled sample of
community college students who entered college in Fall 2011 or Fall 2012, where each column represents a separate regression for each outcome.
Regressions for GPA and bachelor’s degree attainment include full analytic sample. Regressions for time to degree (captured in semesters) and
excess credits include only baccalaureate recipients with more than 80 college-level semester credits. All models include community college and
university fixed effects. See full table with all regression coefficients in Appendix Table A10

Aok

p<0.001
Ak
p<0.01

*
p<0.05
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