Research in Higher Education (2023) 64:547-573
https://doi.org/10.1007/s11162-022-09714-7

®

Check for
updates

Stratified Trajectories: Charting Equity Gaps in Program
Pathways Among Community College Students

Yuxin Lin'@® . Maggie P. Fay?*® - John Fink?

Received: 19 January 2021 / Accepted: 25 July 2022 / Published online: 27 August 2022
This is a U.S. Government work and not under copyright protection in the US; foreign copyright protection may
apply 2022

Abstract

A primary focus among colleges implementing student success reforms has been to increase
overall rates of completing any credential and to reduce racial and socioeconomic equity
gaps in such completion rates. The focus on general completion may overlook inequities
in the type of program students complete, which is particularly significant given the wide
variety of credentials offered at community colleges and the resulting variation in labor mar-
ket returns among completers. Our study examines racial/ethnic stratification among com-
munity college students as they enter and progress through programs leading to higher or
lower opportunities in the labor market. Using a discrete-time survival analysis and longitu-
dinal enrollment and transcript data. We track enrollment, completion, and transfer for up to
9 years. We also measure achievement of academic milestones (such as credit accrual) along
educational pathways associated with higher rates of credential completion and transfer over
the long term. Results suggest that a significant gap in the likelihood of bachelor’s degree
completion between Black and White students emerges episodically, while the gap between
Hispanic and White students develops earlier and remains consistent over time. Results also
suggest that, while all students generally benefit from attainment of academic milestones,
doing so disproportionately benefits Black and Hispanic students.

Keywords Community college - Racial inequity - Transfer - Workforce education -
Discrete-time hazard analysis

Introduction
Community colleges, which have open-access admissions policies, have long been instru-

mental in providing higher education for a diverse population of students, facilitating
upward social mobility for those from groups that have been historically underrepresented
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among college graduates, including students of color, students with low socioeconomic
status (SES), and first-generation college students (Ginder, 2018). Yet the promise of social
mobility through community college remains unfulfilled for many, as program completion
and transfer rates are low and equity gaps are persistent (Crisp & Nufiez, 2014; Shapiro
et al., 2017). Even among students who successfully complete their programs, a growing
body of research suggests there is substantial variation in the economic opportunity they
gain based on the type of postsecondary award they earn at community college (such as
transfer-oriented associate degree, workforce-oriented associate degree, or workforce-ori-
ented certificate) and their field of study (Belfield & Bailey, 2011; Minaya & Scott-Clay-
ton, 2017). The difference in earning potential between students who leave community col-
lege with a workforce entry- versus a transfer-oriented credential is substantial, but it is
also the case that a transfer-oriented associate degree without an accompanying bachelor’s
degree does not generally have that much labor market value (Bahr, 2016; Belfield & Bai-
ley, 2017; Prince, 2015). Which programs students enroll in and whether they complete
them is thus very consequential for their future earnings (Jenkins & Weiss, 2011).

Students from different backgrounds are not equally distributed across program enroll-
ments and completions; they are instead stratified along racial/ethnic and socioeconomic
lines (Jenkins & Weiss, 2011; Prince, 2015). In order to close equity gaps in program par-
ticipation and outcomes along high-return pathways, it is critical to examine the points
at which students’ trajectories diverge as they progress toward their educational goals
(Attewell et al., 2012; Calcagno et al., 2007). We undertake such an examination in this
study. Using data from an anonymous state with a large community and technical college
system, we track how measures of “academic momentum” or the achievement of academic
milestones including major declaration, program entry, credit accrual and gateway course
completion contribute to transfer and program completion outcomes of more than 500,000
students who entered one of the state’s community colleges between 2009 and 2018. Spe-
cifically, this paper investigates: (1) When over the course of their educational trajectories
are students most likely to leave pathways leading to certificates and degrees with higher
post-graduation earnings opportunity? (2) How does the achievement of academic mile-
stones contribute to the likelihood of credential completion or transfer? Does attainment of
academic milestones have heterogeneous effects based on race/ethnicity? Results suggest
that Black and Hispanic students’ trajectories diverge from White students’ trajectories at
different time points. Achievement of a set of academic milestones benefited race/ethnic-
ity subgroups differently, with disproportionately positive benefits for Black and Hispanic
students in many cases.

The paper is organized as follows: We first discuss prior literature and the framework.
We then present our methodological approach and the sample for this study. Finally, we
describe our findings and discuss implications for improving postsecondary attainment for
Black and Hispanic community college students.

Prior Literature: Labor Market Value of Community College Credentials
and Factors Contributing to Completion

Labor Market Returns by Field and Credential Type

While bachelor’s degrees yield strong earnings benefits in general, labor market returns
vary significantly by college major (Arcidiacono, 2004; Belfield & Bailey, 2017; Berger,
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1988; Carnevale et al., 2017). Further, women, students from low-income backgrounds,
and historically underrepresented students of color are more likely to enter majors that
lead to lower-remuneration employment (Carnevale et al., 2016; Castex & Kogan Dechter,
2014; Zafar, 2013).

A growing body of research investigates labor market returns to sub-baccalaureate cre-
dentials, including the associate degrees and certificates commonly awarded by community
colleges. While the earnings benefits are not typically as strong as those resulting from a
bachelor’s degree, research has found positive earnings returns to most sub-baccalaureate
credentials; the strongest and most enduring returns accrued to associate degrees, followed
by long-term certificates (Bahr, 2016; Belfield & Bailey, 2011, 2017; Jepsen et al., 2014;
Minaya & Scott-Clayton, 2017; Prince, 2015). In general, the more credits required for a
degree, the higher the labor market returns, and researchers have found that earning even
just a few community college credits without completing a credential yielded some labor
market benefits (Bahr, 2016; Belfield & Bailey, 2017; Jepsen et al., 2014).

As with bachelor’s degrees, labor market returns to sub-baccalaureate credentials vary
significantly by program or major. Across degrees and certificates, returns are higher for
health, quantitative, and technical fields, and lower for humanities, education, social sci-
ences, and other academic disciplines (Bahr, 2016; Belfield & Bailey, 2017; Holzer & Xu,
2019; Stevens et al., 2019). The type of credential and its relationship to transfer is also
important. As mentioned just above, associate degrees generally confer more value in the
labor market than certificates. Associate of science degrees—which are the typical struc-
tured-transfer-oriented degrees (that serve to establish a student with junior standing in a
major at a 4-year college) conferred by community colleges—and associate of applied sci-
ence degrees—the direct workforce-oriented degrees conferred by community colleges—
often result in higher paying jobs than broad and general associate of arts degrees, which
are academic in nature and designed for students intending to transfer, but in an unstruc-
tured fashion, without junior standing in a 4-year college program. In fact, associate of arts
degrees have very little value on their own on the labor market and confer roughly the same
earnings benefits as earning credits but no degree (Belfield & Bailey, 2017). Thus, students
who complete transfer oriented degrees, but fail to transfer have postsecondary degrees
with limited earning potential in the labor market.

Student Characteristics and Program Entry and Completion in Community Colleges

While there have been numerous studies of the effects of student characteristics on choice
of major in bachelor’s programs, few studies have considered the relationship between race/
ethnicity and program selection in community colleges. The relationship between student
characteristics and program choice in community colleges appears to be more complex
than in 4-year colleges. Not only do community colleges and 4-year institutions vary in
terms of student demographic characteristics and majors offered, but community colleges
also offer greater variation in the types of credentials that they award, including short- and
long-term certificates, workforce-oriented degrees, and transfer-oriented degrees (Baker,
2016; Bailey et al., 2015). Bahr (2016) and Stevens et al. (2019) found a large amount
of variation in labor market returns by community college credential field, the number
of credits required to earn credentials, and student race/ethnicity and gender. Other stud-
ies have highlighted the fact that, similar to what is observed in 4-year institutions, earn-
ings outcomes from community college credentials tended to reproduce patterns of social
stratification. Prince (2015) found that Black, Hispanic, and Native American students
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were more likely than Asian and White students to choose career and technical education
(CTE) programs that have low labor market returns and to opt for short-term certificates or
leave college with no award at all. Jenkins and Weiss (2011) found that students from low-
income backgrounds were less likely to enter a program of study of any kind; those who
did enter a program were more likely to enter CTE, education, or childcare programs with
low completion rates and low post-graduation earnings potential.

In addition to type of postsecondary credential, major or field of study, and student
demographic characteristics, achieving early momentum of academic progress in college
contributes to the likelihood that students will complete the credential programs that they
begin and influences the types of postsecondary pathways that are accessible to them. In
the next section, we discuss the literature on the relationship between the achievement of
academic milestones and the likelihood of credential attainment and transfer in order to
identify critical junctures when student trajectories toward high- or low-opportunity post-
secondary outcomes first emerge.

Academic Milestones and the Likelihood of Credential Attainment and Transfer

Whether and when community college students achieve early academic milestones, such
as accumulating credits, entering a program of study, completing remedial requirements,
and passing introductory-level math and English courses, can affect their likelihood of
graduating (Adelman, 1999, 2006; Attewell et al., 2012; Jenkins & Bailey, 2017; McCor-
mick, 1999). McCormick (1999) argued that early credit accumulation provides a useful
leading indicator of the likelihood that students will complete a college credential. In a
study of 4-year college students, he found that those who earned 30 credits in their first
year of enrollment were more than twice as likely to complete a degree than those who
earned fewer than 20 credits in their first year. Adelman (1999, 2006) introduced the idea
of “academic momentum,” which holds that students who complete college credits at a
faster rate are more likely to graduate than similar students who complete credits more
slowly. Attewell et al. (2012) used growth curve modeling to explore which milestones in
Adelman’s (1999, 2006) model had the largest impacts on the likelihood of completing a
degree, and found that delaying entry to college after high school and starting college with
a lower course load lowered graduation rates, while taking summer courses increased the
likelihood of graduation. Jenkins and Cho (2012) found that students who failed to enter a
program of study in the first year of enrollment were less likely to ever enter a program of
study, and consequently unlikely to earn any credential.

While achieving academic milestones is a good indicator of postsecondary momentum,
the effects of achieving these milestones differ depending on student demographic char-
acteristics including gender, SES, academic preparedness, and age (Attewell et al., 2012;
Calcagno et al., 2007; Holzer & Xu, 2019; Jenkins & Weiss, 2011). Calcagno et al. (2007)
used a discrete time hazard model to estimate when, during a 17-term period, younger or
older students were more likely to earn a degree or certificate. Controlling for prior aca-
demic performance, the authors found that older students were more likely to complete
degrees or certificates at every time point. Additionally, to explore causes of the gender
gap in STEM occupations, Speer (2019) identified when during STEM trajectories in col-
lege female students were most likely to exit. Although women exited in some numbers
throughout the duration of the STEM pathways—from high school through post-college
job entry—Speer found that the periods associated with STEM readiness in high school
and major choice in college were the biggest loss points, and thus also represented the
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most promising intervention opportunities to increase female entry into and persistence in
STEM.

Further, it is not the behaviors or characteristics of individual students alone that influ-
ences the rate of academic momentum; the type of program students enter, and the admin-
istrative structures of such programs can also support or discourage faster achievement of
milestones. Enrollment in programs in certain fields was associated with higher rates of
credential attainment (Jenkins & Weiss, 2011). Holzer and Xu (2019) found that entry to
certain programs of study in community colleges—including health and applied STEM
associate degree programs—and credit accumulation in the first year of enrollment were
associated with higher rates of degree attainment. The institutional structure and poli-
cies supporting a program also make a difference in graduation rates. Baker (2016) found
that transfer-oriented associate degree attainment rates rose by 35% in community college
departments in California that introduced structured transfer degrees and that standardized
course-taking requirements and guaranteed admissions at 4-year institutions. Across pro-
grams, assignment to remedial or developmental courses, in which low-income and stu-
dents of color are overrepresented, also limits academic momentum (Bailey et al., 2010).
As scholars have identified the benefits of gaining early academic momentum, college
leaders have translated these findings into a set of early momentum metrics (Belfield et al.,
2019) in order to track their progress in implementing student success reforms.

Building on this research on academic milestones and momentum, our study conceptu-
alizes academic momentum as including the following measures: major declaration, entry
to a program of study, credit accumulation, and completion of introductory level math and/
or English courses.

Framework for Classifying Community College Programs

With their varied purposes, lengths, and subject matters, categorizing community college
programs by their likelihood of increasing opportunity for graduates is a messy and com-
plicated endeavor. While some community college programs intend to prepare students for
direct workforce entry, others are designed to prepare them for further education through
upward transfer to bachelor’s degree programs. In contrast to bachelor’s degrees, whose
market value is primarily determined by major, the value of community college sub-bac-
calaureate credentials varies by the length of the program as well as by field. For example,
a graduate holding a short-term certificate to become a nursing assistant would not typi-
cally receive the same economic benefit as an otherwise similar graduate holding an asso-
ciate degree in nursing. Defining the value of transfer degrees presents another dilemma,
because these credentials are not intended to prepare students for direct entry into the
workforce and indeed have relatively little immediate labor-market value alone (Belfield &
Bailey, 2017). If the value of workforce credentials is career-path employment and earnings
post-graduation, then the value of community college transfer programs is preparedness for
success in bachelor’s programs. While a transfer-oriented associate degree may not confer
much immediate labor-market value, completion of a bachelor’s degree has wide-ranging
benefits for students, including higher earnings (Belfield & Bailey, 2017; Carnevale et al.,
2017; Vuolo et al., 2016).

In this paper, we use a taxonomy for classifying programs that is based either on the
market value upon completion of workforce programs or on whether they are designated as
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structured or unstructured transfer-oriented degree programs.' Specifically, we use earn-
ings among students who complete workforce programs to classify workforce programs
as leading to relatively low-, mid-, or high-remuneration employment. The groupings of
the workforce programs in this study are based on a state education agency analysis that
used state unemployment insurance wage records and earnings among recent graduates to
categorize programs. Table 1 shows the average hourly wages among students in each of
the workforce categories, as well as which programs in each category (including transfer-
oriented programs, discussed just below) students in our study enrolled in most frequently.

We categorize transfer programs based on whether or not they are structured or unstruc-
tured. Colleges and universities design structured transfer programs to provide students
with junior standing in a group of majors or a specific major upon transfer into a 4-year
institution. These structured transfer programs typically require students to clarify an
intended broad field of study for their bachelor’s degree program (e.g., business trans-
fer) or a specific bachelor’s degree major at a university (e.g., biology transfer at flagship
university). In contrast, unstructured, general transfer programs are not designed to pre-
pare students for specific bachelor’s degree majors and/or university transfer destinations;
instead they allow students to choose from a wide range of courses that fulfill broad, lower
division, “general education” requirements. There is evidence that unstructured transfer
programs may contribute to students taking courses at community colleges that they do
not need for their bachelor’s degrees; these students must often take additional credits at
the 4-year college before they qualify to enter a major at that institution (Monaghan &
Attewell, 2015; Xu et al., 2018).

Lastly, we are unable to confidently categorize every program into one of the afore-
mentioned groups. We cannot identify the value of some programs in our sample, either
because program information was not reported consistently or because some programs
do not lead to enough graduates to assess the post-completion opportunities they lead to.?
These programs include English as a Second Language, Parent Education, and some high
school diploma completion programs.

Using the categories of our taxonomy of programs, Fig. 1 shows how initial enrollments
and credential completions are distributed among first-time credential-seeking students
who entered a community college between 2009 and 2011.

Empirical Model and Data
Method

To examine stratification in the completion of higher- and lower-return programs, we
employ a discrete-time survival analysis methodology following a similar strategy

! Due to data availability, the post-completion value of degrees/certificates is classified by students’ imme-
diate post-completion earnings in the six to nine months after exit. Thus, while transfer degrees may lead to
high market-valued employment once students transfer and earn bachelor’s degrees, transfer degrees after
completion have low immediate market value.

2 We use a state-wide degree code to identify the transfer-oriented degrees and workforce-oriented degrees,
then link them with student program enrollment (degrees and programs share the same CIPs). When some
programs are not designated to graduate students with credentials or are unable to link to the specific cre-
dentials due to the CIP code errors, the linkage between programs and credentials is missing, making us
unable to categorize every program based on the degree code.
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Worl |fOIC= Workforce:  Workforce Transfer: Transfer:  Uncategorized Unknown or
Medium High Structured  Unstructured Undeclared

Fig. 1 Proportion of initial i
program enrollments/credential
completions of the first-time
credential-seeking students, 30%
cohorts 2009-2011

35%

25%

M nitial Program Enroliment M Type of Credential Completed

employed by Calcagno et al. (2007). Unlike the traditional logistic regression that exam-
ines outcomes at a discrete moment in time—such as when students start college or after a
certain number of years from entry—survival analysis is designed to analyze the length of
time until an event® or outcome of interest occurs. For this reason, survival analysis is able
to capture time-varying factors caused by the changes in enrollment patterns. Further, and
more importantly for the current study, using a survival analysis allows us to dynamically
estimate the impact of enrollment pathways and the achievement of academic milestones
on students’ final outcomes. More specifically, we use the model to estimate the probabil-
ity of mid- or high-market value credential attainment, transfer to 4-year institutions, and
bachelor’s degree completion in each term of enrollment for Black, Hispanic, and White
students. Then we examine whether, and if so, how, the achievement of the aforementioned
set of educational milestones differentially affects the likelihood of credential completion
and transfer by race/ethnicity.

In order to facilitate the use of survival analysis techniques, we converted student-level
records to a person-period dataset with a maximum of 37 observations per student (one for
each term in which the student was enrolled). Students were observed for up to 9.25 aca-
demic years from entry (37 terms, four terms per year). Unlike discrete estimation models,
survival analysis measures each student’s probability or “risk” of achieving a certain out-
come of interest in each term; students are observed or “at risk”* until they achieve a given
outcome, at which point they are dropped from the dataset. Therefore, for each outcome/
event—transfer, bachelor’s degree completion, and mid- or high-market valued credential
completion—we employ a separate discrete-time hazard model. For example, in the model
using transfer as the outcome, we consider a student “at risk™ of transferring to a 4-year
college before they transferred. Once a student has transferred, we discard their observa-
tions in the later terms; the student does not reenter the risk set. Our final datasets also
include a combination of static, time-invariant variables, such as students’ demographic
characteristics, which remain constant for each person in each period, and dynamic, time-
varying variables, such as students’ program/course enrollment, transfer, and completion,

3 In the typical survival analysis, an event is an outcome of interest, such as death, disease occurrence, or
recovery. In the survival analysis employed in educational research, an event is usually an educational out-
come, such as graduation, transfer, or stop out.

“ In survival analysis, being "at risk" means that the subject has not experienced an event before time 7 and
is not censored before or at time ¢.
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which take on different values to indicate whether a student experienced a change in these
variables in any given term.

Another benefit of our sample is that it can effectively mitigate endogenous data censor-
ing in the survival analysis, which occurs when self-selected individuals enter the dataset
later and achieve an outcome of interest after the period of observation. As a preview, our
data include students who entered community colleges in a state between 2009 and 2018,
meaning we observe students for different lengths of time. Because we track all students up
until 2018, regardless of when they entered the community college, students who started at
earlier dates had more time to achieve any outcome of interest than students who entered
later. The students from the later cohorts are more likely to be censored due to the shorter
tracking period. Thus, the censoring time in our study is solely determined by the availabil-
ity of the most current administrative dataset, and the censoring date is non-informative or
independent of outcomes. In other words, whether a student experienced an event prior to
or after the censoring date is only dependent on when they enrolled and whether the length
of the tracking period is long enough to track the outcomes.”The likelihood of experienc-
ing the outcome of interest in a given term would not be impacted by whether the censor
occurs. All individuals who remain in college after the censoring date (the end of data
collection) are representative of those who would have remained if the censoring had not
occurred.

Our discrete-time model examines the risk of completing the outcome in each term, or
the hazard of student i of outcome y in term j:

h(y.1;) = Prly; = jly;G. X, Z| M

The conditional probability that a student would experience the event y in term j, given
that he/she did not experience this event in the earlier term (i.e., the student was still in
the risk set), is determined by a vector of time-invariant covariates and a vector of time-
varying intermediate milestones. Specifically, G is a vector of time-invariant variables for
student race/ethnicity, X includes indicators for other time-invariant student characteristics,
and Z reflects the time-varying intermediate milestones that will be specified in the result
section. To write the algebraic equation, we use the logistic regression and take the logit of
the hazard to transform the relationship to the linear function:

logit h(y,1;) = Dia; + G'6 + X'p+Z'y 2)

where D; denotes the series of dummy variables for each term and « is a vector of coef-
ficients reflecting the odds of experiencing the event in each term. In other words, our
discrete-time model does not restrict how time affects the probability of experiencing the
event. The advantage of a nonparametric model that assumes no functional form of the
time components is that it allows the model to capture the effect of time-varying enroll-
ment patterns. This is useful because any unobservable factors affecting enrollment pat-
terns, like seasonal enrollment fluctuation, are reflected in the term dummy variables and
thereby controlled for in the model. Although nonparametric model complexity grows
with higher numbers of observations, given the large size of our sample, the addition of 37
dummy variables for each term does not significantly impact the degrees of freedom of the

3> We include cohort fixed effects in the model to control the cohort-based difference in terms of outcomes.
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estimation. Finally, the model includes cohort and institutional fixed effect to control the
cohort based and institutional differences.

We also analyze differences in student behaviors at key academic milestones across
different races/ethnicities. To do so, we add in a race/ethnicity and milestone interaction
term (G’ x Z') in Eq. (3), which measures whether there is a difference in the impact of
milestones on the probability of experiencing the event in any given term across races/
ethnicities.

logit h(y.1;) = Do +G'6+Z'y +(G' xZNo+X'p 3)

Estimates calculated using Eq. (3) are expressed in odds ratios, where d equal to 1 indi-
cates that there is no difference between two groups and 0 larger than 1 means that the ben-
efit of earning the specific milestone is d times larger than the benefit of the baseline group.

Data

Our study uses administrative records of first-time, credential-seeking community college
students in an anonymous state with more than 20 community colleges. We track 573,806
students who entered any of the state’s community colleges between 2009 and 2018. The
dataset includes student enrollment and transcript records for the entire period, so students
in the earliest cohort are followed for up to 9 years. In addition to information on commu-
nity college course-taking and completion, the administrative records include information
on student characteristics such as race/ethnicity, gender, age, SES, disability status, and
enrollment in developmental education courses, and the earnings tertiles measured in the
3rd quarter after exit. In addition, we merge the administrative data with the data from
National Student Clearinghouse (NSC) to track students’ transfer to and graduation from
4-year institutions.

State Contexts

The sampled state ranks in the top quintile in terms of median household income in the
U.S. (U.S. Census Bureau, 2020). The proportion of Black and Hispanic students at the
sampled community colleges is lower than the national average (American Association of
Community Colleges, 2021). The average cost of attending community colleges in the state
is at the national average level. Several community colleges of the state offer both associate
degree and bachelor’s degree in some high-demanding fields. The state higher education
governance structure includes a statewide coordinating board, which is responsible for dis-
persing statewide financial aid and coordinating with independent coordinating boards or
associations representing different educational sectors in the state. There are separate state-
wide associations representing public 4-year institutions, private nonprofit 4-year institu-
tions, and public community colleges. These entities regularly cooperate through statewide
councils, and the state has established numerous statewide associate degree articulation
agreements to help students transfer from community colleges to 4-year colleges and uni-
versities. There are two types of associate degree to meet students’ different transfer inten-
tions—unstructured and structured transfer degree. As introduced in the second section,
“unstructured” or general transfer degrees prepare students to fulfill the general educa-
tion credits and provide them the flexible transfer pathways, while “structured” or major-
specific transfer degrees enable students complete many of the major-related prerequisites
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Table 2 Descriptive summary by race/ethnicity

Mean

Black  Hispanic White Other

Student characteristics

Disability status 6.0%  4.4% 6.4% 4.6%
Eligible for need-based financial aid 537% 46.8% 36.0%  33.3%
Developmental education enrollment 49.8% 37.2% 37.3%  38.1%
Female 46.1% 50.7% 51.1%  50.7%
Fulltime first enrolled 532% 54.7% 53.3% 57.3%
Age first enrolled 2622 2252 24.17 22.99
Milestone completion rates®
Declared a major 96.2% 85.3% 92.7%  92.6%
Enrolled in a structured transfer degree program 159% 92% 14.6% 16.8%
Enrolled in an unstructured transfer degree program 35.6% 29.9% 38.1%  41.6%
Enrolled in a mid- or high-paying workforce credential program 33.2%  25.0% 29.6% 24.7%
Completed a structured transfer degree program 1.5% 1.3% 2.0% 4.3%
Completed an unstructured transfer degree program 5.8% 12.2% 12.2% 11.2%
Completed a workforce credential program 13.7% 16.5% 15.0% 12.5%
Completed a certificate program 11.7% 14.4% 11.2% 10.1%
Earned 6 college-level credits 68.2% 73.9% 78.4% 75.7%
Earned 12 college-level credits 54.5% 61.8% 65.5%  63.1%
Earned 24 college-level credits 38.5% 46.9% 504%  48.7%
Earned any college-level math credits 27.0% 33.7% 38.8%  41.4%
Earned any college-level English credits 422%  53.7% 555%  54.9%
Long-term outcome completion rates
Earned a bachelor’s degree in 9 years 6.7%  1.0% 12.1% 10.7%
Transferred in 6 years 18.7% 16.3% 24.4% 20.7%
Earned a mid- or high-paying workforce credential in 6 years 7.3% 6.9% 9.0% 6.4%
Earned a low-paying workforce credential in 6 years 58%  7.8% 5.5% 4.5%
Not enrolled for 4 terms or more 70.1%  62.3% 60.1% 59.0%
Number of observations 32,902 17,213 327,842 195,857

Each milestone rate indicates the proportion of students who completed it by the end of the period of study.
Semester-equivalent credits reported. Authors’ calculations based on community colleges’ administrative
records

*All milestone and outcome completion variables measure if student EVER completed the milestone in our
tracking period

before transfer and provide students with junior standing in 4-year institutions. Other than
the transfer-oriented degrees, which comprise about 40 percent of awards conferred by
community colleges in the state each year, the community colleges in the sampled state
also offer a wide variety of professional and technical degrees and certificates.

Table 2 summarizes the key outcomes and characteristics of the students in our sam-
ple by racial/ethnic group. In our analyses, we focus on comparisons between Black and
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Hispanic students and White students.®In our final sample, 57% of students were White,
6% were Black, 3% were Hispanic, and 34% were other races/ethnicities.” In our sample,
compared to White students, Black and Hispanic students were more likely to be eligible
for need-based financial aid. In addition, Black students were more likely than White or
Hispanic students to enroll in developmental coursework.

In our sample, there are substantial differences in long-term outcomes and major mile-
stone completion rates across racial/ethnic groups. First, of all the student groups consid-
ered, Black students were the most likely to stop out for more than four terms (equivalent
to 1 academic year in the state of interest). Additionally, compared to White students, rela-
tively more Black students and relatively fewer Hispanic students declared a major during
the time of observation. Black students enrolled in programs leading to field-specific trans-
fer degrees and workforce degrees with medium or high market value at moderately higher
rates than their White counterparts. However, Black students completed these degrees at
low rates, on average. 16% and 33% of Black students enrolled in a structured transfer pro-
gram or a program leading to a credential associated with medium or high wages, respec-
tively; however, only 1.5% of Black students completed a structured transfer degree pro-
gram, and only 7.3% completed a mid- or high-paying workforce credential program.

In comparison to White and Black students, fewer Hispanic students entered either
transfer programs (structured and unstructured) or workforce programs that lead to mid- or
high-paying employment. However, the differences in degree completion between White
and Hispanic students are smaller than those in program enrollment; for example, 12% of
both Hispanic students and White students completed an unstructured transfer degree pro-
gram (which exceeds the proportion of Black students who completed such a program). In
addition, compared to other racial/ethnic groups, Hispanic students are overrepresented in
certificate attainment.

We also consider “early momentum” credit indicators. By examining these metrics,
we can see if a student makes timely progress toward program completion. In this study,
we consider five credit milestones for program completion: earning 6, 12, and 24 college-
level semester-equivalent credits, and earning any credits in college-level math or English
courses. Previous research shows that these indicators are associated with higher degree
completion rates over a longer term (Belfield et al., 2019).

On all five measures, the White-Black gap is larger than the White-Hispanic gap. For
example, on average about half of the White students and 47% of the Hispanic students in
our sample earned 24 credits, while only 39% of Black students did so. A similar pattern
emerges with college-level math completion: 39% of White students and 34% of Hispanic
students earned at least one credit in college-level math, while just 27% of Black students
ever did so.

® Despite steadily rising rates of completion, Hispanic students still have low levels of postsecondary
attainment; nationally, Black students exhibit lower rates of first-year persistence and higher dropout rates
than White students (Espinosa et al., 2019).

7 In other races/ethnicities, 46% students are Asian, 29% are two or more races, the remaining includes
American Indian (7%), Pacific Islander (2%), Native Hawaiian (1%), Alaska Native (less than 1%), and
unknown race (17%).
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Table 3 Estimated odds ratios for hazard models

@ @ 3
Transfer Bachelor’s degree ~ Mid- or high-value
attainment workforce credential
attainment
Black 0.9255* 0.6484 % 0.7401%**
(0.0393) (0.0252) (0.0554)
Hispanic 0.7063%%** 0.9027 0.8225%%*
(0.0564) (0.0698) (0.0698)
Other race/ethnicity 0.9609%** 0.9824 0.8047%%*
(0.0142) (0.0144) (0.0323)
Still enrolled 0.0303%** 0.2913%*** 99.2253***
(0.0033) (0.0109) (17.3640)
Disability 0.8348%** 0.7376%** 0.6733%**
(0.0226) (0.0171) (0.0242)
Eligible for need-based financial aid 0.7466%** 0.8208*** 1.1395%%*
(0.0319) (0.0214) (0.0758)
Developmental education enrollment 0.6439%%*%* 0.7703%** 0.6489%%*%*
(0.0280) (0.0325) (0.0460)
Age when first enrolled 0.9546%** 0.9948*** 1.0453%%*
(0.0033) (0.0018) (0.0042)
Female 1.2226%** 1.2446%** 0.8321%%*
(0.0331) (0.0156) (0.0727)
Full-time when first enrolled 1.1946%%* 0.9423%%* 1.2815%%%*
(0.0439) (0.0265) (0.0846)
Observations 6,280,274 7,873,271 10,440,952

Robust standard errors in parentheses. Model (1) and (3) include 24 term dummy variables, and model (2)
includes 37 term dummy variables. All models control for cohort fixed effects and college fixed effects.
Model (2) also controls for students transferring from two-year college to 4-year college

*##%p <0.01; **p <0.05; *p<0.1

Results

First, we estimate the basic hazard model of Eq. (2) for a simple baseline model for all
three outcomes. Table 3 presents the odds ratios and standard errors of the logistic regres-
sion models. Model (1) tracks student transfer for up to six academic years.8 In general,
in any given period, Black student are 0.93 times as likely as White students (baseline
group) is to transfer to a 4-year university; Hispanic students are only 0.71 times as likely
as White students to transfer to a 4-year university. On attainment of a bachelor’s degree,’

8 Since very few students transferred or obtained workforce degrees after 6 years, the probability of transfer
or completing medium- or high-paying workforce programs becomes extremely small for all racial/ethnic
groups. We present the results of transfer and workforce outcomes for only 6 years.

® Because the hazard probability of transfer/associate degree completion after 6 years remains statically
low, we only track transfer/associate degree completion for 6 years while track students’ bachelor’s degree
outcomes for up to 9.25 years.
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Fig.2 Estimated hazard of transfer by race/ethnicity

the inequity is more severe for Black students: Black students are only 0.65 times as likely
as White students are to attain a bachelor’s degree, while the difference between Hispanic
and White students is not statistically significant. Black and Hispanic students are also less
likely than White students to complete a workforce credential with medium or high market
value. Their likelihood of completing a workforce program that leads to mid- or high-pay-
ing employment is 0.74 and 0.82 times that of White students, respectively.

When Do Gaps in Attainment of Outcomes Emerge?

Next, we use the term dummy variables in the models to depict the estimated hazard prob-
abilities of experiencing completion of three events/outcomes of interests in the study—
medium- or high-paying workforce credentials, transfer, or bachelor’s degree attainment
for Black, Hispanic, and White students. To better present the achievement gaps and the
differences in the White-Black and White-Hispanic gaps, we separate the hazard probabil-
ity chart by white and black only and white and Hispanic only. First, Fig. 2 shows the haz-
ard probability of transfer by terms for White, Black and Hispanic students. After term 15
(approximately 4 years), the hazard probability of transfer is very low, suggesting that the
likelihood of transfer is small if students enroll in community colleges for more than four
years, regardless of race/ethnicity. There is a clear difference between the Black—White
gap and the Hispanic—White gap in transfer. Specifically, the disparity between Black
and White students in transfer emerges most significantly around the ninth term, which
is approximately how long it takes a student enrolled full-time to complete an associate
degree. In contrast, the Hispanic-White gap emerges mostly in the first five terms. These
different patterns may imply that lower rates of transfer for Black students are driven by
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Fig. 3 Estimated hazard of bachelor’s degree attainment by race/ethnicity

disparities in program completion, while lower rates of transfer for Hispanic students are
driven by inequities that arise in the beginning of the program.

Second, Fig. 3 illustrates the same hazard probability chart for the outcome of bach-
elor’s degree attainment across terms. Like the findings of the analysis on transfer, sub-
stantial gaps in attainment arise between White students and both Black and Hispanic stu-
dents around the 16th, 20th, and 24th terms (approximately 4th, 5th, and 6th years), though
the gaps are larger for Black students. For Hispanic students, the gap in bachelor’s degree
attainment also emerges earlier, in the eighth term (approximately 2nd year).

Finally, the odds of earning a mid- or high-value workforce credential are low overall
for students in each racial/ethnic group; few students in the sample earned these awards.
Hazard probability graphs in Fig. 4 show that gaps in rates of attainment of mid- and high-
paying workforce credentials between White and both Black and Hispanic students begin
to emerge in terms 5 and 6. Overall the probability of earning these awards for any student
is small and the patterns of degree completion are noisy.

Leakage Points From Program Pathways: Where Do Students Go?

The analysis so far shows that the leakage points along the pathways to student success are
sometimes different for Black and Hispanic students, but questions remain regarding where
students who leave pathways toward transfer, bachelor’s degrees, and mid- or high-value
workforce credentials ultimately go. As shown in the descriptive summary in Table 2, the
degree completion rate is relatively lower while the drop-out rate is relatively higher for
Black students, compared to their White counterparts. It implies that one major leakage
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Fig.4 Estimated hazard of earning mid- or high-value workforce credential by race/ethnicity

point for Black students is incompletion. Similarly, we suspect that Hispanics students
leave the higher-opportunity pathway due to their low major declaration rate and high low
market value degree attainment rate. Thus, we use the same strategy to study two possible
leaking channels: low-market-value workforce credentials and dropout. By replacing the
more beneficial outcomes in the model with earning a low market value workforce creden-
tial and with stop out,'? respectively, we observe the paths students take to these two alter-
native outcomes for Black, Hispanic, and White students. Figure 5 shows that Hispanic
students are more likely than White students to earn low-value workforce credentials in
the first several terms after entry. This confirms that one of the major leakage points from
high-value programs for Hispanic students may be through earning low-value workforce
credentials. In contrast, Black students generally do not exit because they are earning low-
value workforce credentials. Though Black students’ completion of such programs in the
first two terms is slightly higher than that of White students, a gap in the other direction
then emerges and is sustained in later terms. The dropout hazard estimates in Fig. 6 echo
that early stop out is the major leakage point for Black students.

Achievement of Academic Milestones

We analyze the importance of reaching the key academic milestones and their effects on
Black and Hispanic students. To do so, we estimate Eq. (3), where each regression focuses

10 We define stop out as not being enrolled at any institution for four consecutive terms (1 year). We also
use two and three terms as alternatives; the results are robust.
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on a specific milestone. We present the coefficient for each milestone!' and for the interac-
tion between the milestone and the race/ethnicity dummy. As discussed earlier, the inter-
action term indicates whether there is a difference between the impact on White students
and the impact on Black or Hispanic students. To estimate the impact of milestones that
are specific to Black or Hispanic students, we can use the coefficient on the milestone and
the interaction term to compute the joint impact. Next, we present how this computation is
conducted.

Tables 4 and 5 report estimates for the milestones and the interaction terms as odds
ratios. Each column represents separate regressions with each specific milestone. In the
first row, we show the baseline impact, or the effect on White students, of reaching each
academic milestone on specific student outcomes. For example, in Table 4 the first row of
column 1 presents the baseline impact of enrolling in a structured transfer program on the
likelihood of transferring to a 4-year college. On average, the odds a White student who
enrolls in a structured transfer program transfers to a 4-year college in any given term are
1.68 times those of a White student who does not achieve this milestone.

The second and third rows of Tables 4 and 5 list a relative ratio that indicates whether
enrolling in a structured transfer program benefits Black, Hispanic, and White students dif-
ferently. As shown in Table 4, we find that the relative impact of enrolling in a structured
transfer program on transfer for a Black student is 0.94, suggesting that, though the differ-
ence is not statistically significant, Black students benefit less from this milestone comple-
tion than White students (Note it does not mean that there is no benefit for Black students
to complete this milestone). In contrast, the probability that a Hispanic student enrolled in
a structured transfer program transfers to a 4-year institution is 1.25 times greater than the
odds that a White student enrolled in a similar program does so, though the difference is
only marginally significant (p <0.1).

We can also use these results to calculate the impact of enrollment in structured transfer
programs on Black or Hispanic students specifically by multiplying the baseline impact
on White students (row 1) and the interaction (row 2 or 3). The results of this exercise are
presented in rows 4 and 5 of the same tables. Our results show that a Black student who
enrolled in a structured transfer program is 1.58 times as likely to transfer as a Black stu-
dent who did not enroll in such a program, and a Hispanic student who enrolled in a struc-
tured transfer program is twice as likely to transfer than their counterfactual who did not
enroll in a structured transfer program, though the results are not statistically significant.

We apply the same calculation to all the milestones and outcomes and summarize the coef-
ficients of milestones for race/ethnicity subgroups in Table 6. Overall, for White students, the
biggest effects on transfer rates are from completing either a structured or unstructured trans-
fer associate degree (which increases the likelihood of transfer by 7.2-7.7 times), generating
credit and gateway course momentum (by 2.7-4.8 times), and enrolling in a transfer program
(by 1.7 times). For Black and Hispanic students, completing a transfer associate degree and
reaching credit/gateway course momentum milestones are disproportionately positive pre-
dictors of likelihood to transfer. Reaching the credit and gateway course momentum mile-
stones are especially beneficial for Hispanic students (5.8—10.6 fold increases in likelihood of

1 We focus on the outcomes of transfer and BA completion in this section since the share of students com-
pleting mid- or high-paying workforce program credentials is small and the results are noisy. Impacts of
milestone completion on attaining mid- and high-value workforce credentials are positive for all racial/eth-
nic subgroups, but we do not observe disproportionate impacts. The full results for the mid- or high-paying
workforce degrees are presented in the Appendix.
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transferring, compared to 2.7-4.8 fold increases for White students), whereas Black students
experience similar benefits as White students.

The associations of milestone completion on the odds of bachelor’s degree attainment are
similar to the effects of milestone completion on the odds of transfer, though the magnitudes
of the coefficients for bachelor’s degree attainment are smaller. With respect to White stu-
dents, completing a transfer-oriented associate degree, enrolling in a transfer program, and
generating credit/gatekeeper momentum all increase the odds that students complete a bach-
elor’s degree (by 3.8, 1.3-1.4, and 1.6-2.9 times, respectively). Many of these milestones have
disproportionately positive benefits on bachelor’s degree attainment for Black and Hispanic
students, as compared to White students.

Results by Gender and Income Within Racial/Ethnic Groups

Thus far, we have described average results for students in certain racial/ethnic subgroups, but
this may overlook differences within racial/ethnic subgroups along gender and socioeconomic
lines. In results presented in the Online Appendix, we replicate our analysis for combinations
of race/ethnicity, gender, and whether or not students were ever eligible for need-based finan-
cial aid and summarize the primary findings below.

Degree/Credential Attainment and Transfer

Within racial/ethnic groups, women had higher rates of transfer and completion of credentials,
as well as higher rates of completing academic milestones (e.g., credit momentum and gate-
way math and English). Black and White need-based aid eligible students had lower rates of
transfer and bachelor’s degree completion than need-based aid ineligible Black and White stu-
dents; there was more parity on these outcomes among need-based aid ineligible versus need-
based aid eligible Hispanic students. Importantly, we find that gaps by race/ethnicity in likeli-
hood of transfer even exist among students who are ineligible for need-based financial aid.

Impact of Academic Milestones

We further examine the impact of key academic milestones on student outcomes. With
regard to the transfer-related outcomes (transfer to a 4-year university and completion of
a bachelor’s degree), we observe that although all groups of students benefited to some
extent from completing academic milestones, benefits were especially strong for need-
based aid eligible students, Hispanic students, men, and students whose identities span
multiple groups (i.e., Hispanic men and need-based aid eligible Hispanics).

In summary, the results by gender and income within racial/ethnic groups suggest that
(1) race/ethnicity is a bigger driver of inequitable outcomes than income or gender; (2)
groups of students with the lower possibility of transfer or completion benefit more from
completing key academic milestones.

Discussion

This study highlights the importance of examining timing and disaggregating data to show
the various paths that students who enter community colleges take to transfer and to earn
degrees and certificates with higher or lower economic value. At specific periods in their
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trajectories, students from different demographic groups experience distinct barriers to
completing programs leading to higher post-graduation workforce opportunity. As shown
in our hazard probability graphs (Figs. 2, 3, 4, 5, 6), racial/ethnic equity gaps emerge and
accumulate over time, and to some extent, they compound during those terms when stu-
dents typically reach certain outcomes. For example, it is most common for students to
earn bachelor’s degrees during the terms at the end of their fifth, sixth, and seventh years,
and indeed these are also the terms when we observe the largest racial/ethnic equity gaps.
Charting when gaps emerge may help policymakers and education leaders working to miti-
gate disparities to create targeted strategies that provide students with support when they
need it most. In addition to insights on when equity gaps emerge, this study points to a set
of academic milestones that we find are linked to an increased likelihood of completing
credentials that confer higher earning potential.

We find disproportionately positive benefits for Black and Hispanic students who
entered and completed associate degree programs designed to prepare students for upward
transfer. Completing either a structured or unstructured transfer degree substantially
increased the odds of transfer and bachelor’s completion for all students, including sig-
nificantly greater effects on the likelihood that Black and Hispanic students would do so.
These findings are underscored by our analysis examining outcomes by gender and eco-
nomic status among Black and Hispanic students. We find both stratification along race/
ethnicity, gender, and economic status, and particularly strong benefits of completion of
academic milestones for some subgroups (e.g., Hispanic men). This finding adds a racial
equity perspective to existing research demonstrating the value of pre-transfer associ-
ate degree programs to bachelor’s degree completion (Kopko & Crosta, 2016). Similar to
Crisp and Nuilez (2014), who found that students enrolled in vocational programs were
less likely to transfer than students enrolled in transfer programs, we find that complet-
ing a certificate decreased the odds that students across subgroups transfer or complete a
bachelor’s degree. However, while we find negative baseline effects of the completion of
any workforce credentials on eventual bachelor’s degree completion and upward transfer,
we find that, for Black students, completing any workforce degree modestly increased the
odds of transfer (by 1.2 times) and increased the odds of bachelor’s degree completion (by
2.3 times).

We find that completion of any transfer-oriented associate degree had a strong and posi-
tive effect on the likelihood of transfer and bachelor’s degree attainment for all students,
and disproportionately so for Black and Hispanic students. However, in contrast to previ-
ous research (Baker, 2016), our results do not indicate a large difference in the effects of
structured versus unstructured transfer programs for White and Black students (and indeed
show a much more positive effect of unstructured versus structured programs for Hispanic
students). One explanation could be that structured programs were only recently introduced
in the state, so a relatively small number of students in our sample actually entered or com-
pleted them. Indeed, in our sample, the vast majority of students completing transfer pro-
grams were completing those categorized as unstructured.

Broadly, this research provides additional evidence supporting the predictive value of
early academic milestones for assessing the likelihood of degree attainment and transfer
(Adelman, 1999, 2006; Attewell et al., 2012; Belfield et al., 2019; Calcagno et al., 2007).
We find that completion of academic milestones is associated with increased likelihood of
success in the long term, with additive effects for Black and Hispanic students. For exam-
ple, our findings indicate that Black and Hispanic students who achieved milestones, such
as gaining credit and gateway course momentum or completing transfer-oriented associate
degrees, experienced stronger benefits in terms of transfer and bachelor’s degree attainment

@ Springer



570 Research in Higher Education (2023) 64:547-573

than White students. Yet fewer Black and Hispanic students reached these milestones com-
pared to White students. For example, we find that completing a transfer-oriented associate
degree increased the likelihood of bachelor’s degree completion by 5.1-6.4 times for Black
students, compared to 3.8 times for White students. However, Black students earned trans-
fer associate degrees at about half the rate of White students in our sample. Taken together,
these findings suggest a potential strategy for college leaders working to eliminate racial/
ethnic equity gaps in long-term outcomes like transfer and bachelor’s completion: focusing
efforts on eliminating equity gaps in the completion of academic milestones.

Implications for Research

While our findings extend upon prior early academic momentum research by document-
ing the additive benefits of momentum for Black and Hispanic students, further research
is needed both to test the robustness of our findings across other state contexts as well as
for other subgroups of students who have been disproportionately impacted by inequitable
educational systems. Further research on the benefits of structured transfer pathways on
student outcomes could better contextualize our studies findings by testing for the impact
of these programs on other outcomes such as improving the degree-applicability of transfer
credits. And, since our measures of early momentum were general in nature— that is, agnos-
tic to students’ program of study— additional research is needed to better capture students’
early momentum in a specific program of study. Wang (2017) argued that a more holistic
view of student momentum would take into account students’ aspirations, motivation, and
sense of purpose for attending college. Yet, research on how to measure program momen-
tum and its benefits for students is limited, particularly for transfer-intending students who
are commonly grouped into generic transfer programs (Fink et al., 2021). Researchers have
operationalized program momentum metrics as accumulating credits in the same subject
area (Jenkins & Cho, 2012) or by identifying program foundational coursework based on
statewide transfer agreements (Fink et al., 2021), yet this is still a nascent area of research
on early academic momentum worthy of additional research.

Implications for Practice

Racial/ethnic gaps in postsecondary attainment are well documented. While important,
the focus on structural causes of inequitable postsecondary outcomes—including poverty,
racial and socioeconomic neighborhood segregation, and mass incarceration—may lead
community colleges to overlook causes at the institutional level that they have the power
to change (Billings et al., 2014; Duncan et al., 2011). Community colleges need support to
move from an awareness of gaps in degree attainment by race/ethnicity on their campuses
to identifying mechanisms contributing to these gaps and formulating appropriate strate-
gies to intercede. By highlighting when student trajectories begin to diverge, this research
points to possible mechanisms giving rise to inequities in outcomes and indicates impor-
tant junctures when students need support. Because the achievement of key academic mile-
stones disproportionately benefits Black and Hispanic students, allocating resources to help
students achieve those milestones will likely contribute to narrowing equity gaps in degree
attainment. As one example, creating support structures in the first year of enrollment that
support Black and Hispanic students to explore available programs and career interests,
and choose and enter a program of study early, such as first-year experience courses or
exploration embedded in introductory level coursework, may help more students achieve

@ Springer



Research in Higher Education (2023) 64:547-573 571

early milestones. Further, currently many community colleges lack information on what
programs their students are pursuing. An important first step in helping all students enter,
progress through, and complete programs leading to careers that generate family-sustaining
wages is that community colleges put structures in place to know which programs students
are enrolled in and the average earnings of graduates in each program.

Conclusion

There is a great deal of variation in post-completion labor market opportunity based on
what credential students earn, and this study highlights equity issues implicit in that spec-
trum. It is important to keep in mind that students may choose to enter a program of study
for many reasons, of which the earning potential of the resulting credential is just one.
Students may choose a program because they are passionate about the subject, or they may
feel that a particular degree or certificate will position them to make a meaningful con-
tribution to their community. Given the implications of program choice on prospects for
economic mobility, though, it is important that community colleges make students aware
of the potential economic consequences of particular programs and types of credentials.
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