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Abstract

Math pathways are an increasingly common policy reform where students choose a
traditional math pathway (involving Algebra and/or Calculus) or an alternate math
pathway more applicable to students' fields of study, namely Statistics or Liberal Arts
Math with quantitative reasoning skills. We use data from all first-time-in-college
students in the Florida College System to conduct an inverse-probability regression
adjustment examining whether student's initial enrollment in different gateway math
pathways influences subsequent math performance. We find the Liberal Arts pathways
may increase the likelihood of students passing the first gateway course, but Algebra
pathways tend to result in greater longer-term coursetaking success.
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Diverging Paths: Exploring the Association Between Initial
Math Pathways and College Students’ Subsequent Math

Performance

Traditionally, college students have been required to complete a sequence of math
courses focused on Algebra and Calculus even though the majority of non-STEM
professions do not require these skills (Hacker, 2016; Handel, 2016; Rutschow & Dia-
mond, 2015). These math courses tend to have low completion rates and may become
a barrier to degree attainment for many students, particularly at community colleges
(e.g., Bryk & Treisman, 2010; Huang, 2018). In response, reform initiatives at both the
institution- and state-levels have promoted math pathways which provide students with
an option of choosing a traditional math pathway (involving Algebra and/or Calculus)
or an alternate math pathway centered on courses that are more applicable to their field
of study, namely Statistics or Quantitative Reasoning (Burdman et al., 2018; Charles
A. Dana Center, 2016). A national survey of developmental education practices found
that approximately 41% of public two-year colleges offered multiple math pathways in
2016 (Rutschow & Mayer, 2018), and many of these efforts have continued to scale-up

over time.

In addition to better aligning math courses with students’ field of study, math pathways
are intended to facilitate what Clifford Adelman (1999, 2006) calls “academic momen-
tum.” This concept suggests that the speed at which students start their college career
will influence the trajectory of future academic success (Attewell et al., 2012). Recent
literature, authored by researchers at the Community College Research Center, has
identified three “early momentum indicators”—credit momentum, gateway momen-
tum, and program momentum—that predict long-term college success, particularly
higher completion rates (Jenkins & Bailey, 2017; Jenkins et al., 2017). Community
college students are especially susceptible to momentum loss, as they are more likely
to enroll part-time, work while they are enrolled, and “stop out” (i.e., take breaks
in their enrollment), compared with their peers at four-year institutions (Monaghan
& Attewell, 2015; Provasnik & Planty, 2008). For these reasons, students commonly
find themselves delayed, sometimes for several semesters, by unsuccessful attempts to
complete lengthy math course sequences. Now, with the availability of math pathways,
those same individuals can access college-level math and major-specific courses much
sooner, resulting in gateway and program momentum. Early studies suggest that math
pathways may be an effective way to improve short-term outcomes like completion of
college-level math credits (Jenkins et al., 2017; Rutschow, 2018; Rutschow et al., 2017;
Schudde & Meiselman, 2019), as well as longer-term outcomes including transfer and
degree attainment (Hoang et al., 2017; Norman, 2017).

In 2014, Florida implemented a statewide reform known as Senate Bill (SB) 1720 which
allowed the majority of incoming college students to opt-out of placement testing and
developmental education courses, and also required students to select meta-majors re-
lated to their intended field of study. Since then, Florida has been extensively exploring
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math pathways as a way to help students succeed (Florida Student Success Center,
2019). Students at all Florida College System (FCS) institutions are required to com-
plete at least 6 semester hours of mathematics coursework at the equivalent of Col-
lege Algebra or higher to fulfill the requirements for an associate in arts (AA) degree.
Florida's common statewide course numbering system includes a sequence of eligible
gateway courses in mathematics beginning with College Algebra (MAC X105), Liberal
Arts Mathematics (MGF X106 or X107), or Statistics (STA X023)-herein referred to
as initial math pathways. In this study, we explore whether there are effective math
pathways that can be conducive to student success overall and for students who enter
the math sequence at different academic levels. Specifically, we address the following
research questions:

1. Does students’ initial enrollment in different gateway math pathways (Col-
lege Algebra, Liberal Arts Math, and Statistics) influence:

a) The likelihood of passing the first college-level math course?

b) The likelihood of completing the AA math degree requirements (2 or
more college-level courses)?

2. Is there variation in the likelihood of success in each of the math pathways
by students’ lowest level of math enrollment (developmental, prerequisite, or
gateway)?

This study seeks to make several important contributions to the extant research lit-
erature on math pathways. First, much of the prior research has focused on student
success in the first college-level math course, but the question remains about whether
students are adequately prepared to advance to the next level. In this study we examine
how initial math pathway choices influence the likelihood that students will be able to
successfully complete the associate’s degree requirements in math within four years of
college entry. Second, many prior studies have focused on examining the impacts of
math pathways for all students, but it is important to see how outcomes may vary for
students with different levels of academic preparation based on the level at which they
enter the math sequence. Prior research has found differential effects of developmental
education by level of college readiness (Boatman & Long, 2018), and these differences
may continue into college-level coursework. Our study will shed light on the extent to
which students” academic backgrounds may affect their chance of success in various
math pathways, which should factor into decisions about how to assign students into
different course options. These types of findings may inform practice among college
advisors about the types of meta-majors and math pathways to recommend to students
with differing levels of preparation.

In the following sections, we discuss three potential mechanisms through which math
pathways can improve students’ postsecondary success and then examine prior studies
on the effectiveness of math pathways reforms. Then we describe the context in Florida
in which math pathways were implemented to support larger reform efforts around
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developmental education and the adoption of meta-majors which group together pro-
grams of study that share common foundational skills. Next, we describe our methods
which utilize student-level records from the population of incoming students at the 28
FCS institutions. We use inverse probability-weighted regression adjustment (IPWRA)
to explore variation in success rates in completion of mathematics requirements over
four years for similar students who select different math pathways. Finally, we present
our results and the implications for policy and practice. If some math pathways do
emerge to be more conducive to student postsecondary success overall and for stu-
dents of different levels of preparation, then institutional leaders, practitioners, and
state policy makers can use such findings to adjust implementation of math pathways
to enhance student success and equity. These findings can also have significant im-
plications for consideration in other contexts as guided pathways and math redesign
has becoming increasingly popular reform options in other states (Bailey et al., 2015;
Bickerstaff et al., 2018; Charles A. Dana Center, 2016).

Conceptual Framework

There are three potential mechanisms through which math pathways may improve stu-
dents’ postsecondary success. The first mechanism is academic momentum, which sug-
gests that early improvements in success rates due to math pathways may lead students
to develop self-efficacy and academic self-concept, resulting in greater commitment
to degree completion (Attewell et al.,, 2012; Attewell & Monaghan, 2016). Belfield
et al’s (2019) study using data from community colleges in three states found that
nine early indicators of credit momentum, gateway course momentum, and persistence
momentum strongly predict longer-term completion rates. In addition, they found that
early momentum metrics “strongly predict longer-term completion rates not only for
students generally but also for Black and Hispanic students, suggesting that college
efforts to close racial equity gaps in early momentum represent a crucial step toward
closing gaps in credential completion” (p. 10).

The second potential mechanism underlying math pathways reform is structural
changes to math course placement. College placement tests tend to disproportionately
underplace students into developmental education courses when many of these students
likely could have passed college-level courses (Leeds & Mokher, 2020; Scott-Clayton
et al., 2014). Further, standardized tests tend to have less predictive strength for stu-
dents of color who are more likely to underperform relative to their true abilities (e.g.,
Bowen et al., 2018; Hoffman & Lowitzki, 2005). Florida’s larger reform efforts remove
the requirement for placement testing, and the availability of new math pathways may
allow students to progress more quickly into college-level courses.

The third potential mechanism of math pathways is the removal of potentially un-
necessary Algebra requirements, which could address potential disadvantages in prior
academic preparation among underrepresented subgroups of students. Academic
preparation is developed in K-12 schools, and Black and Hispanic students are more
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likely to come from underperforming and underfunded schools. The challenges that
these students face from underpreparation may be further exacerbated in community
colleges that tend to provide insuflicient support such as advising and tutoring, as
well as misalignment between developmental and college-level courses (Melguizo et
al., 2008). According to the Florida Student Success Center (2019), the availability
of alternate math pathways has the potential for reducing the breadth of topics and/
or skills in individual and required courses over traditional Algebra-based pathways,
which suggests that the reform should increase the likelihood of successful completion
for students with weaker prior academic preparation. There is also some evidence that
students with math anxiety tend to avoid higher-level math courses and STEM-based
courses (Purnell & Burdman, 2021), or may delay taking math courses until the end
of their academic program (Hu et al., 2016). If these students have previously struggled
with algebra courses in high school, providing alternatives to College Algebra may
provide them with greater confidence which may ultimately result in an increased
likelihood of math success.

Literature Review

The discussion around math pathways is commonly connected to a larger conversa-
tion about the need for developmental education reform. Math is the most commonly
needed remedial class, nationally (Bahr, 2007) and in the state of Florida (Underhill,
2013). Unfortunately, only 20% of students referred to developmental math actually
complete a college-level math course within three years' time (Bailey et al., 2010; Rut-
schow & Diamond, 2015). For this reason, critics of remedial math curricula label it
as a gatekeeper, rather than a gateway, to higher education (Bryk & Treisman, 2010;
Huang, 2018). These negative outcomes are often attributed to a "pipeline effect,”
whereby students "leak” out of remedial pathways between classes, often before getting
to college-level work (Charles A. Dana Center, 2016; Hern, 2010).

Meta-majors, and their associated math pathways, have been offered up as one solution
to this problem of large-scale attrition. The most notable math pathways models in use
by these institutions are the Dana Center Math Pathways (DCMP), the American As-
sociation of Community Colleges (AACC) Pathways Project, and the Carnegie Math
Pathways. While none of these models remove the option of developmental education
entirely, they tend to reduce the length of time students spend in remedial course
sequences by one or two semesters. Math pathways also attend to the rising concern
that algebraic competencies are not well-linked to the needs and expectations of most
professions by allowing students in non-STEM meta-majors to enroll in Statistics or
Quantitative Reasoning courses (Hacker, 2016; Handel, 2016; Rutschow & Diamond,
2015). Rather than channeling most students through College Algebra, as was previ-
ously done, math pathways route those in the social sciences and business professions
down a Statistics pathway and those in the humanities and liberal arts down a Quan-
titative Reasoning pathway (Rutschow, 2018).
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Early findings indicate that math pathways may be an effective way to move students
through the higher education pipeline. For instance, the Carnegie Foundation for the
Advancement of Teaching boasts that their model continues "to deliver three to four
times the success rate of traditional pathways in half the time," even as participation
levels have increased dramatically over the past six years (Hoang et al., 2017, p. 14).
More specifically, participation in their pathways program is associated with improved
outcomes related to accumulation of college credit, transfer, and degree attainment
(Hoang et al., 2017; Norman, 2017). These findings have continued to hold as the
model was scaled up to new institutions, and results were consistent across gender and
racial student subgroups (Huang & Yamada, 2017; Yamada et al., 2018).

An evaluation of the DCMP model revealed that participation in math pathways in-
creases the likelihood that students enroll in and complete more college-level math
credits than their peers in the “standard” pathway (Rutschow, 2018; Rutschow et al.,
2017). Another study found that students in DCMP developmental math courses were
5 to 9 percentage points more likely to complete a college-level math course within
one semester than their peers in traditional developmental math courses (Schudde &
Meiselman, 2019). Individual colleges participating in the AACC Pathways Project
report similar findings. At Lakeland Community College in Ohio, pathways reform
increased the rate of first-time students taking and passing college-level math in their
first year from 12% to 21%. At another Ohio college, North Central State College,
more than 75% of students took Statistics instead of College Algebra, with pass rates
for college-level math during a student’s first year at 34%, instead of 20% prior to
implementation (Jenkins et al., 2017).

How math pathways are designed has some bearing on student success. For instance,
research points to the importance of timing and continuity of math enrollments for
college outcomes. Some suggest that the best time to take a math course is during
one’s first semester of college; those who do tend to experience higher rates of degree
attainment and transfer (Adelman, 2005). And, once students get started in a math
pathway, it is important that they keep going in order to maintain momentum. The
Charles A. Dana Center (2015) has identified back-to-back enrollment of math courses
as a promising practice. When students move directly from one math course to the
next, especially as a cohort, rates of gateway course completion increase. Math path-
ways encourage back-to-back enrollment by presenting students with an educational
roadmap that details a clear sequence of courses spanning several semesters. Math
pathways that utilize defaults go one step further by enrolling students automatically in
the next math course; students who want to take a break must make additional efforts
to opt out (Bailey et al., 2015). It is also worth noting that there may be some pathways
that are more economical and efficient than others when it comes to helping students
reach their academic goals (Finster & Feldman, 2021).
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Study Context

The FCS is one of the two major public postsecondary systems in the state of Florida.
The FCS is composed of 28 public community and state colleges with enrollment
estimated at nearly 800,000 students at 70 campuses across Florida. These colleges
offer a host of programs, including bachelor's degrees, associate's in arts and associate's
in science degrees, college credit certificates, vocational credits, college and vocational
preparatory programs, and life-long learning courses (Florida College System, 2018).
The FCS serves as the primary point of access to higher education credentials in Flor-
ida. Sixty-five percent of Florida's high school graduates who continue to college do so
by enrolling in an FCS institution. That percentage increases to 82% for non-White
freshman and sophomore students from historically underrepresented populations
(Florida College System, 2018). The other public postsecondary system is the Florida
State University System (SUS), which includes the state's 12 universities providing un-
dergraduate, graduate and professional education, research, and public service. Upon
completion of an AA degree from a Florida two-year public institution, Florida statute
guarantees the opportunity to attend a four-year public institution within the SUS to
earn a bachelor's degree.

Figure 1 illustrates the math courses taken under traditional and reformed math se-
quences in Florida for students seeking an AA degree. Under the traditional sequence,
students are required to enroll in a developmental math course if they score below
college-ready on a placement test. Next, most students are required to enroll in a prere-

Figure 1: Comparison of Courses under the Traditional Math Sequence and

Reformed Math Sequence

AA Degree Math Requirements

College Algebra —*  Advanced math

AA Degree Math Requirements
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Note. Solid lines indicate required courses, while dotted lines indicate course options.
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quisite math course (most commonly Intermediate Algebra, or MAT 1033) which
counts for elective credit but does not fulfill the degree requirements in math. Upon
completion of these non-degree courses (or with approved scores on exams such as
ACT or SAT) students enroll in College Algebra (MAC 1105) as the first course to
fulfill the AA degree requirements in math, and then take a second more advanced
course such as Precalculus.

Beginning in Fall 2014, Florida SB 1720 mandated changes in developmental education
(DE) in the FCS, specifically in terms of how DE is taught and for whom it is required
in the FCS (Park et al., 2016). Specifically, exempt students, such as students who are
active duty in the armed forces or entered high school in the 2003-04 academic year or
after and earned a standard diploma from a public high school in Florida, now have the
option to bypass DE and enroll directly in college-level English and math coursework.
The legislation also required all colleges to develop meta-majors, or a collection of
programs of study or academic discipline groupings that share common foundational
skills (e.g., humanities, social and behavioral sciences, business, or health sciences).

Under the reformed math sequence, most students can opt out of developmental math,
but are still required to take prerequisite math course. They are also still required
to complete at least 6 semester hours of mathematics coursework at the equivalent
of College Algebra or higher to fulfill the requirements for an AA degree. However,
additional options have been added regarding the types of courses that can be used to
fulfill the math degree requirements. Florida’s common statewide course numbering
system includes a sequence of eligible core courses in mathematics beginning with
College Algebra, Liberal Arts Mathematics (MGF 1106 or MGF 1107),! or Statistical
Methods (STA 2023). We refer to the first course selected from this list as the stu-
dent’s “initial gateway math pathway.” While colleges are not required to offer all three
pathways, many institutions began expanding the availability of the three pathways
in response to the meta-majors mandate so that math courses could be better aligned
with students’ program of study. After completing the first core math course, students
have the option to complete either a second core course or a more advanced course to
complete the AA degree requirements. While students are advised to take a sequence
of courses in the same pathway (e.g., from Liberal Arts I to Liberal Arts II), they have
the option to take a second course from a different pathway.

Florida is engaging in a multi-pronged effort to implement guided pathways at scale,
incorporating strategies such as academic degree mapping, re-designing onboarding
and advising services, and articulation for seamless transfer. Math redesign and content

1 The two courses for Liberal Arts Mathematics largely cover different topic areas. MGF
1106 includes systematic counting probability, statistics, history of mathematics, geom-
etry, sets, and logic. MGF 1107 includes financial mathematics, linear and exponential
growth, numbers and number systems, history of mathematics, elementary number
theory, voting techniques, and graph theory. Some colleges require or reccommend MGF
1106 to be taken before MGF 1107, while other colleges allow for either course to be
taken first.



58 Mokher & Hu

alighment are among the primary considerations. In 2018, the FCS partnered with
Jobs for the Future, Helios Education Foundation, and the Florida College System
Foundation to establish the Florida Student Success Center (FSSC), which further
promoted the development of math pathways. FSSC’s first charge was to develop a
coherent statewide strategy for math pathways redesign and content alignment, and to
share best practices on math pathways across institutions. This collaborative P-20 effort
seeks to further improve access to and quality of math pathways throughout the state’s
education system. Since then, Florida has been extensively exploring both guided path-
ways and math redesign as ways to help students succeed in the FCS (Florida Student
Success Center, 2019).

Methods

We use data from Florida’s P-20 Educational Data Warehouse which includes all 28
public institutions in the FCS. Our sample consists of FCS students from the 2014
first-time-in-college (FTIC) cohort who ever enrolled in any gateway math course
between Fall 2014/15 and Spring 2017/18. The dependent variables include two di-
chotomous outcomes for (a) whether the student completed the first gateway math
course, and (b) whether the student completed the AA math degree requirements (2
or more college-level courses) within four years of college entry, where 1=completed
and 0=did not complete. Students who drop out of college are coded as 0 for not
completing the course rather than missing. Data are not currently available on whether
students attained a degree, but these outcomes reflect students’ progress toward degree
completion and allow us to examine both short and longer-term outcomes.

Independent variables include student race/ethnicity, gender, free- or reduced-price
lunch status in high school, language minority status, verified disability status, age,
years since high school graduation, type of high school diploma (standard, GED, or
other), and number of credits enrolled during the term of the initial gateway course.
The models also include controls for high school coursetaking track where “at-risk”
indicates students who failed one or more high school math courses, “basic” indicates
students who passed all courses but did not complete Algebra II, “standard” indicates
students who completed math courses up to Algebra II, and “advanced” indicates stu-
dents who completed Algebra II and at least one more advanced math class.

Table 1 provides descriptive statistics for the independent variables among the analytic
sample of students who ever enrolled in any gateway math course compared to the
population of all students in the 2014 FTIC cohort. The dummy variable adjustment
method is used to handle missing data among the independent variables where the
missing value is set to a constant of 0 and additional dummy variables are added to the
model to indicate whether there is missing data for the actual value (Cohen & Cohen,
1983). The extent of missing data is relatively minor at less than 3% for most variables,
with the exception of the high school coursetaking variables which are missing for 18%
of the analytic sample. Students may be missing high school records if they attended a
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private school, out-of-state school, or home school; as well as older students who at-
tended a public high school prior to the development of Florida’s state longitudinal
data system in the 1990s.

Table 1: Descriptive Statistics for the Analytic Sample of Students Who Ever
Enrolled in Any Gateway Math Course Compared to the Population of All
Students in the 2014 FTIC Cohort

Analytic Sample Population
Mean Std. Dev. Mean Std. Dev.
Female 0.55 0.50 0.53 0.50
Race: Black 0.17 0.38 0.21 0.40
Race: Hispanic 0.36 0.48 0.34 0.48
Race: White 0.40 0.49 0.38 0.49
Free/reduced price lunch 0.39 0.48 0.40 0.49
Language minority 0.33 0.47 0.29 0.45
Verified disability 0.03 0.18 0.03 0.17
Age 19.63 4.14 21.09 6.46
Years since HS graduation 1.04 3.65 2.06 5.47
HS math: Aerisk 0.15 0.35 0.24 0.43
HS math: Basic 0.30 0.46 0.33 0.47
HS math: Standard 0.15 0.36 0.14 0.34
HS math: Advanced 0.40 0.49 0.29 0.46
HS diploma: GED 0.03 0.17 0.08 0.27
HS diploma: Standard 0.87 0.34 0.79 0.41
HS diploma: Other 0.11 0.31 0.14 0.35
# Credits enrolled-initial gateway term 10.59 3.0l 10.61 3.0l

Note. N=35,377 students in the analytic sample, and N=68,315 in the population.

We use propensity score reweighting for exploratory comparative purposes to exam-
ine student success by math pathways. Matching methods reduce the selection bias
that is associated with nonrandom assignment into a given math pathway by utilizing
covariates to make treatment and outcomes independent after conditioning on those
covariates. One limitation of this approach is that there still may be some remaining
differences on unobservable characteristics such as student motivation; however, when
randomized trials are infeasible matching can be used to balance samples on observ-
able characteristics to allow for more rigorous inferences compared to other statistical
methods (Reyonds & DesJardins, 2010). This type of approach has been used in other
studies examining the impact of math pathways on postsecondary outcomes when ran-
dom assignment was not possible (e.g., Huang & Yamada, 2017; Schudde & Keisler,
2019; Yamada et al., 2018).
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In order to account for differences in the types of students who may be enrolled in each
math pathway, we use IPWRA which can account for multi-valued treatments where
each subject could receive one of multiple options for treatments. For this study, the
traditional pathway, College Algebra, serves as the “untreated” group (t=0) and there
are separate “treatment” groups for the Liberal Arts pathway (t=1) and the Statistics
pathway (t=2). We want to know how effective each of these alternate pathways are
relative to the traditional pathway, and then compare the effectiveness of the Liberal
Arts pathway with that of the Statistics pathway. While ideally we would also like to
estimate the models separately for each racial/ethnic group to explore whether there
are effective math pathways that can be conducive to success for students of different
backgrounds, many of the sample sizes are too small to generate adequate matches
when further disaggregated by student demographic characteristics.

IPWRA is a doubly robust approach in which a multinomial logistic regression is
estimated in the first stage for the probability of enrollment in each of the alternate
math pathways relative to the College Algebra pathway (the traditional pathway). We
estimate the following model for each individual #

e BottBiX

1+ Z{;ll e Bott BX

P(T, = t|X) =

where P is the probability of selecting into individual treatment () among (7') available

treatments. Bot is an intercept and X is a matrix of coeficients for covariates including
the student background characteristics, high school academic preparation, and post-
secondary variables shown in Table 2. Rather than matching individual observations
to others, the propensity scores are used to reweight each observation (Reynolds &
DesJardins, 2010). Weights (W) are defined as the inverse of the generalized propensity

score as follows:
w = !
=t = p(T; = t|X)

This creates a pseudo-population where cases are weighted so that covariates have a
similar distribution across each of the treatment options (Leite et al., 2019).

1able 2 on next page.

In the second stage, regression adjustment is used to predict the likelihood of the
outcomes to explore the extent to which each math pathway is associated with the
outcomes of interest. We estimate models for the dichotomous outcomes of completing
various math courses using a linear probability model as follows:

Vi = Yo + Ve + IT'X + &, with inverse probability weights (W;r) based on P(t).
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Yi is the outcome of interest (completed course=1; did not complete course=0), Yo
represents the intercept, ¥t is the effect of participation in treatment #, X is the matrix
of coeflicients for covariates representing student characteristics, and ¢&; is the residual
term. Outcomes among students with a likely treatment receive a weight close to one,
whereas outcomes of individuals with an unlikely treatment receive a weight greater
than one. Standard errors are adjusted to reflect the uncertainty associated with the
predicted treatment probabilities. For ease of interpretation, we also present the results
as predicted probabilities of passing each course type by initial math pathway.

Table 2: Covariate Balance with Standardized Mean Difference for Each Initial
Math Pathway Relative to the College Algebra Pathway for the Unmatched and
Matched Full Samples

Liberal Arts Statistics
Unmatched Matched  Unmatched Matched

Female 0.20 0.02 0.18 -0.01
Race: Black 0.10 0.01 0.11 0.00
Race: Hispanic -0.03 0.00 -0.20 0.00
Race: White 0.00 0.00 0.07 0.00
Free/reduced price lunch 0.04 0.00 -0.04 0.00
Language minority -0.09 0.00 -0.15 -0.01
Verified disability 0.11 0.00 0.01 0.00
Age 0.10 0.01 0.17 0.01
Years since HS graduation 0.08 0.01 0.12 0.01
HS math: At-risk 0.23 0.00 0.08 0.00
HS math: Basic 0.20 0.01 -0.06 0.00
HS math: Standard -0.01 0.00 -0.11 -0.01
HS math: Advanced -0.31 0.00 0.02 0.00
HS diploma: GED 0.04 0.00 0.07 0.00
HS diploma: Standard -0.05 0.00 -0.08 -0.01
HS diploma: Other 0.13 0.00 0.02 0.01
# Credits enrolled-initial gate-

way term -0.12 0.00 -006 0.01

Note. N=35,377 including 25,934 College Algebra pathways; 6,587 Liberal Arts pathways; and 2,856
Statistics pathways. Shaded cells indicate standardized mean difference greater than |0.05|.

Diagnostic checks are used to ensure the plausibility of the overlap assumption and
evaluate covariance balance after weighting. The overlap assumption states that each
individual has a positive probability of receiving treatment, which ensures that the
predicted inverse-probability weights do not get too big. We diagnose this assumption
visually with a histogram that plots the estimated densities of the probability of taking
each math pathway. As shown in Figure 2, we find similar distributions for the estima-
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ted densities of the probabilities of each initial math pathway which suggests that the
overlap assumption is not at-risk of being violated.

Figure 2: Estimated Densities of the Probability of Each Initial Math Pathway,
Overall and by Lowest Level of Math

Overall=all students Lowest level=developmental math

g g
g g
i B ] 1 ll‘.l 2 4 5] & 1
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-~ Statiskcs e Gtatiskcs
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Next, we calculate the standardized mean difference for each covariate among stu-
dents in the traditional math pathway relative to students in each of the alternate
math pathways in order to assess covariance balance after weighting. The What Works
Clearinghouse (2020) specifies that differences less than 0.05 standard deviations
demonstrate acceptable covariate balance, or differences of less than 0.25 standard
deviations with additional covariate adjustment. In our data, the standardized mean
differences among the independent variables for each of the alternate math pathways
relative to the traditional pathway range from 0.00 to 0.23 prior to matching (Table 2).
However, after matching, all standardized mean differences are less than 0.05 standard
deviation units in the full sample. Similar results emerge when the baseline equivalence
is tested separately for each of the subgroups based on the lowest level of math. The
one exception is a standardized mean difference of -.06 for number of credits enrolled
in the initial gateway term for the Statistics pathway relative to the College Algebra
pathway. All of our models include a full set of covariates (X) to account for any small
imbalances between math pathway groups after the inverse probability weighting.
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Findings

We begin by presenting descriptive statistics on math pathways, followed by the re-
gression-adjusted predicted probabilities of student outcomes by pathway. Despite
the availability of alternate math pathways, nearly three-quarters of students (73.3%)
enrolled in the traditional College Algebra pathway (Table 3). Only 18.6% of students
enrolled in the Liberal Arts pathway and 8.1% of students enrolled in the Statistics
pathway for the initial gateway course. There was some variation among students who
entered the math sequence at different levels, as students who started in developmental
math were the least likely to enroll in the College Algebra pathway (61.2%, relative
to 79.7% for students who started in prerequisite math and 72.2% for students who
started in gateway math) and most likely to enroll in the Liberal Arts pathway (30.6%,
relative to 13.3% for students who started in prerequisite math and 18.0% for students
who started in gateway math). Statistics was the least common pathway, comprising
less than 10% of initial gateway math enrollments across all three groups of students
by initial math level.

Table 3: Number (and Percent) of Students Who Took Their Initial Gateway
Math Course in Each Pathway

Lowest level math taken

Pathway Full sample Developmental ~Prerequisite ~ Gateway
College Algebra 25,934 5,002 13,656 7,276
(73.3%) (61.2%) (79.7%) (72.2%)

Liberal Arts Math 6,587 2,500 2,272 1,815
(18.6%) (30.6%) (13.3%) (18.0%)

Statistics 2,856 670 1,199 987
(8.1%) (8.2%) (7.0%) (9.8%)

Tortal 35,377 8,172 17,127 10,078

Note. Less than 2% of students who took a gateway math course were enrolled in two different path-
ways in the first gateway term. These students are omitted from the sample since their outcomes cannot
be attributed to any single pathway.

The predicted probabilities from the IPWRA models indicate that the likelihood of
completing the initial gateway math course ranged from 70% for the Statistics pathway
to 78% for the Liberal Arts pathway in the full sample (Figure 3). Across all models,
the likelihood of completing the first gateway course was higher for students on the
Liberal Arts pathway relative to the College Algebra pathway (Table 4). The magnitude
of the difference was greatest among students whose lowest math was developmental or
prerequisite, where the likelihood of gateway course completion was about 5 percentage
points higher for the Liberal Arts pathway relative to the traditional College Algebra
pathway. The results also indicated a negative effect of the Statistics pathway relative
to the College Algebra pathway in most models. For the full sample, the likelihood of
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completing the initial gateway math course was 76% for the College Algebra pathway
versus 70% for the Statistics pathway, a difference of 6 percentage points. The effect
was even greater among the developmental math subgroup, where the likelihood of
gateway math completion was 71% for the College Algebra pathway relative to 61%
for the Statistics pathway, a difference of 10 percentage points. However, there was no
statistically significant difference for the subgroup of students whose lowest math was
a gateway course.

Figure 3: Predicted Probabilities of Completion of Subsequent Math by Math
Pathway

Complete initial gateway math Complete AA math requirements
Full sample Full sampls
Statistics 0.70 H 0.54 =
Liberal ars 0.78 H 052 ol
Algebra 0,76 (] 0,59 H
1.0 1.2 0.4 06 ¥ 1 oo 1.2 C 0.6 1.8 1.0
owest math: Developmental Lewest math: Developmental
Statistics 0.61 b o4
liberal arts 0.78 H 0.45% Lo
Algebra 071 H 0.50 H
0.0 0.2 0.4 06 0.8 1.0 a0 0.2 04 0.6 0.8 1.0
Lowest math: Prerequisite Loweest math: Prereguisite
Statist 0.68 Lo 0.57 =
iberal arts 0.81 Lol 0.58 H
Algebra 0.76 H 0.60 H
1.0 )2 0.4 O 0.8 10 0.0 0.3 1.6 18 1.0
Lo th: Gateway Lowest math: Gateway
Statistics 0.78 — 057 Lo
iberal arts 0.77 i 0.51 Ll
Algebra 0.80 H 0.63 H
0.0 12 04 0.6 08 1.0 L b . W & 10

A slightly different set of results emerged for the outcome of completion of the AA math
degree requirements. Among the full sample, the likelihood of a successful outcome
ranged from 52% for the Liberal Arts pathway to 59% for the College Algebra path-
way (Figure 3). Across all models, the likelihood of completing the AA math degree
requirements was lower for students on both the Liberal Arts and Statistics pathways
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relative to the College Algebra pathway (Table 4). The greatest differences by pathway
were for students whose lowest math was a gateway course, with a 63% likelihood of
completing the AA requirements for the College Algebra pathway compared to 51% in
the Statistics pathway, a difference of 12 percentage points.

Table 4: Relationship Between Initial Math Pathway and Outcomes: Average
Marginal Effects and Control Group (College Algebra Pathway) Means

Complete first gateway Complete associate math

Full sample Coef. Std. Err. Coef. Std. Err.
ATE

Liberal arts vs. algebra ~ 0.018 o 0.006  -0.072 ok 0.007

Statistics vs. algebra -0.065 o 0.009  -0.053 o 0.010
POmean

Algebra 0.763 e 0.003  0.589 o 0.003
Lowestlevel: Developmental
ATE

Liberal arts vs. algebra ~ 0.051 Hork 0.011  -0.054 Rk 0.012

Statistics vs. algebra -0.094 ok 0.021  -0.090 ok 0.021
POmean

Algebra 0.706 ok 0.006 0.502 ok 0.007
Lowest level: Prerequisite
ATE

Liberal arts vs. algebra ~ 0.050 o 0.009  -0.025 * 0.011

Statistics vs. algebra -0.085 Horx 0.014  -0.032 * 0.015
POmean

Algebra 0.764 o 0.004 0.603 oK 0.004
Lowest level: Gateway
ATE

Liberal arts vs. algebra ~ -0.029 * 0.012  -0.120 ok 0.015

Statistics vs. algebra -0.025 0.015  -0.060 o 0.017
POmean

Algebra 0.802 o 0.005 0.632 ok 0.006

Note. Table presents the Average Treatment Effect (ATE) for each initial math pathway from inverse
probability-weighted regression adjusted models with robust standard errors. The PO means is the es-
timated potential-outcome means for the comparison group (College Algebra pathway). N=35,377 for
the full sample, N=8,168 for the developmental subsample, N=17,121 for the prerequisite subsample,
and N=10,073 for the gateway subsample.

*p <.05.%p <.01. ***p < .001.

To further examine coursetaking patterns after the first gateway course, we looked at
the percent of students who took different types of subsequent gateway or advanced
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math courses (Table 5). About one-third of students did not attempt a second math
course, ranging from 27.6% in College Algebra to 36.7% in Liberal Arts math. Among
the students who did take a second math course, many did not continue on the same
math pathway as their initial gateway course. For example, College Algebra has tradi-
tionally been designed to lead into Precalculus or Calculus courses, yet only 36.9% of
students in our sample who started on the College Algebra pathway took this route.
Instead, students who initially took the College Algebra pathway were more likely to
enroll in Statistics (47.7%) and some also enrolled in a first or second Liberal Arts math
course (13.1% and 2.0%, respectively) or another advanced math course (8.2%). We
might also expect that most students who initially took a Liberal Arts math course
would enroll in a second Liberal Arts college-level course—yet only about one-third
of the Liberal Arts students in our sample (34.0%) did so. Students on the Statistics
pathway also had varied subsequent math coursetaking patterns, as most students in
this subgroup took College Algebra (27.3%), a first Liberal Arts math course (26.7%),

and/or a Precalculus or Calculus course (23.2%).

Table 5: Percent of Students Who Took Subsequent Gateway or Advanced Math
Courses, by First Gateway Math Pathway

First gateway math pathway
College Algebra  Liberal Arts Math Statistics

No subsequent math course 27.6% 36.9% 31.2%
Subsequent gateway course
Liberal Arts I 13.1% n/a 26.7%
Liberal Arts II 2.0% 34.0% 3.0%
Statistics 47.7% 24.5% n/a
College Algebra n/a 15.2% 27.3%
Subsequent advanced course
Precalculus/ Calculus 36.9% 3.0% 23.2%
Other advanced 8.2% 5.1% 12.4%

Note. Totals sum to more than 100% because some students took more than 1 subsequent math course.

Discussion

This study sought to examine differences in the likelihood of completing initial and
subsequent math course requirements for similar students on different math pathways
among the population of FTIC students in Florida state colleges. Overall, our results
indicate that the Liberal Arts pathway may increase the likelihood of students passing
the first gateway math course (relative to the traditional College Algebra pathway), but
these gains may not persist to longer-term outcomes. Instead, students on the College
Algebra pathway are more likely to complete AA math degree requirements than those
on either the Liberal Arts or Statistics pathways. These findings demonstrate the impor-



Journal of Postsecondary Student Success 67

importance of looking beyond first-year coursetaking outcomes to consider the impli-
cations of math pathways for longer-term student success.

It is also important to consider the specific policy context in Florida when interpreting
these results. The timing of the scale-up of math pathways occurred simultaneously
with larger reform efforts that made developmental education optional for the majority
of incoming students and required colleges to organize their programs of study around
meta-majors with similar foundational skills. It is worth noting that due to the freedom
in course selection, students who enroll in the same gateway math courses (either Lib-
eral Arts, College Algebra, or introductory Statistics) have varied pre-gateway starting
points due to their different choices of enrolling in or skipping developmental math.
While the majority of students selected the College Algebra pathway regardless of their
initial math enrollment, students who started in developmental education courses were
more likely than those with other initial enrollment levels to choose one of the alternate
math pathways. Yet their outcomes were similar to those in the full sample, as students
who started in developmental education and enrolled in the College Algebra pathway
were less likely to pass the first college-level course but more likely to pass a subsequent
math course relative to similar peers in other math pathways.

We posit that one potential explanation for the difference in effects between the first
and second math course outcomes is that many students do not continue on the same
pathway for subsequent math courses, and the content of the College Algebra pathway
may be focused more on foundational skills that are applicable to different types of
subsequent courses. Another possibility is that taking a higher-level initial math course
provides students the flexibility to take another similar or slightly less rigorous course
while still meeting the requirements for degree completion. Additionally, a recent study
of faculty perspectives regarding the Quantway alternative pathway for non-STEM ma-
jors found that while there tended to be positive aspects of the program like improved
student motivation, some faculty questioned whether these courses had an appropriate
level of academic rigor (Cafarella, 2021). If courses on alternate pathways tend to be
less rigorous than traditional math sequences, then students in these pathways may
struggle more when progressing to subsequent math courses. This aligns with prior
research by Bahr et al. (2017) which found that students who entered college STEM
coursework from less rigorous courses tended to be less likely to advance to higher-level
courses relative to students who entered their coursework at a slightly more rigorous
level. Future research is needed to explore how success rates differ depending on
coursetaking patterns after the initial gateway course. Researchers should also consider
whether there are any differences in outcomes over time due to confounding factors
such as the shift to online or hybrid courses at both the high school and college-levels
following the COVID-19 pandemic.

The findings from this study may inform important decisions for both policy and
practice. Current models of postsecondary education are rife with choices for students.
Students choose everything from their college and degree program to their course load
(full-time versus part-time), program electives, and preferred learning environment
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(e.g., online versus face-to-face). Prior research has shown that college students often
make uninformed decisions about course selection, and that the pathways chosen by
community college students are often misaligned with students’ likelihood of success
in terms of the predicted probabilities of completing programs and attaining high
earnings (Holzer & Xu, 2019). Scott-Clayton (2011) contends that students do not
often make wise choices because they are not cognizant of their needs, cannot ad-
equately sort through and process all of the information available to them, or defer
important decisions until deadlines have passed. Community colleges structures are
particularly complex due to the multiple missions (e.g., the collegiate, vocational, re-
medial, contract, and community service missions) such institutions pursue (Cohen et
al., 2013). Guided pathways intend to address many of these problems by simplifying
academic programs, limiting choice, and introducing default course sequences. Yet
Florida’s math pathways model provided students with more choices which may have
introduced additional complexity. Given that the results of our study show that many
students do not continue on the same math pathway, it seems that improvements may
be needed about how information is disseminated about math pathways and the type
of guidance that students receive from advisors about their options.

Another important consideration for policy and practice is the implications of the
initial math pathway selection for success in future courses and beyond. One of the
recommendations from the Florida Student Success Center (2019) is to create common
math pathways aligned to meta-majors, which would include limiting College Algebra
to students in STEM and certain business majors only. Yet our study shows that there
are relatively few differences in the likelihood of passing the first college-level math
course for higher performing students who start at the gateway course level, and most
students (regardless of the initial level of math enrollment) tend to have a higher likeli-
hood of success in subsequent math courses if they are on the College Algebra pathway.
There may still be some unobserved characteristics, such as student motivation, that
may contribute to differences among students in different math pathways so it would
not be reasonable to assume that all students should take College Algebra. However, it
also seems that rather than imposing a single math pathway upon all students in a me-
ta-major, it may be preferable to provide personalized advising that takes into account
factors such as prior math coursetaking in high school and students’ level of certainty
of their intended majors. College Algebra may be needed if students want to switch
majors or transfer to a four-year university with different degree requirements. This has
also been an issue in other contexts such as California, where some community col-
leges have been hesitant to expand Statistics pathways due to concerns about whether
these courses would be transferable to four-year universities for some majors (Mejia et
al., 2019). Ensuring applicability and transferability of courses has been identified as a
critical dimension of effectively scaling math pathways among statewide reform efforts
(Bickerstaff et al., 2018).

There is also a need for future research to examine the moderating roles of student
characteristics such as gender and race/ethnicity in the relationship between math
pathways and success. Prior research has shown disparities in STEM coursetaking by
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student characteristics such as race and gender (Bahr et al., 2017; Wang, 2016), and
changes to math pathways may have the potential to reduce gaps in attainment. Stu-
dents from underrepresented racial and ethnic groups may face even greater challenges
in developmental and gateway math courses due to issues of discrimination and rac-
ism, structural inequalities, as well as a failure of institutions to support their unique
social and cultural values (e.g., Harper et al., 2009; Mueller & Broido, 2012). There is
also evidence of inequality in math tracking, with Black and Latinx students having
the greatest likelihood of falling into a “math trap” in college where they take courses
that repeat content from high school, even after controlling for prior grades (Ngo &
Velasquez, 2020). Given that prior research has found students of color have a higher
likelihood of underperforming in mathematics and being placed into lower-level math
course tracks compared to their more advantaged counterparts, they also stand to
benefit more if math pathway reforms are effective. There is already some promising
evidence from the Carnegie Math Pathways that Black females had the largest gains in
mathematics achievements among all student subgroups (Huang & Yamada, 2017; Ya-
mada et al., 2018). The DCMP has also demonstrated significant improvements in the
engagement of students of color, and their learning outcomes and pass rates (Charles
A. Dana Center, 2016). If some math pathways do emerge to be more conducive to
postsecondary success for students of different backgrounds, then institutional leaders,
practitioners, and state policy makers can use such findings to adjust implementation
of math pathways to enhance student success and equity. Such an effort is critical
for student postsecondary success and equity in the state’s open access institutions. It
can also have significant implications beyond Florida as guided pathways and math
redesign has gained steam in many states (Bailey et al., 2015; Charles A. Dana Center,
2016).
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