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ABSTRACT
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Using linked high school and college records for a national
sample of students, I document the first college math courses
that students take and examine how they compare with high
school coursework. Detailed 12th-grade math assessment data
and variation in college math course-taking allow me to estimate the extent of redundant college math experiences, when
students who were identified as being able to pass a higherlevel course instead took a lower-level course that they had
already completed in high school. I show how redundant math
is a distinct experience from college math remediation and
how many students in remediation are actually in redundant
courses. I also inspect patterns of math redundancy among the
college-going population. Roughly one-fifth of college students take math that is redundant and likely unnecessary.
This is more commonly the experience of students attending
public colleges, female students, and students from lower-SES
backgrounds. About 40% of students beginning college in
remedial math courses do so in a redundant math course.
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One puzzling reality of college mathematics course-taking is that for many
students, math in college is essentially high school math all over again.
Despite a trend of increasing high school graduation requirements over the
last three decades, with several states requiring four years of high school
math (Macdonald, Zinth, & Pompelia, 2019), national estimates indicate
nearly 60% of students attending two-year colleges and over 30% of students
attending four-year colleges took at least one developmental/remedial math1
or English course in college (Chen, 2016). Many students enrolling in these
high school level courses fail to persist and earn a college degree (Bailey,
Jeong, & Cho, 2010; Valentine, Konstantopoulos, & Goldrick-Rab, 2017), and
studies of college remediation have raised concern about how it affects other
outcomes such as dropout (Lesik, 2007), transfer from two- to four-year
colleges (Crisp & Delgado, 2014; Martorell & McFarlin, 2011), and STEM
degree completion (Crisp, Nora, & Taggart, 2009).
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Taking a remedial or developmental math course (e.g., algebra 1) in
college or repeating an upper-level high school math course (e.g., algebra 2,
pre-calculus, or calculus) can provide students the opportunity to shore up
skills and be more successful in subsequent coursework. However, research
on math sorting reveals that some students enrolling in lower-level math
courses in college are actually some of the nation’s highest-achieving students. Consider, for example, the following incongruities: according to the
National Education Longitudinal Study of 1988, one-tenth of 12th-grade
students in the top math test score quartile took remedial courses in college
(Attewell, Lavin, Domina, & Lavey, 2006). According to the Education
Longitudinal Study of 2002, this grew to one-fifth of students in the top
math test score quartile (Lauff & Ingels, 2015). Even among the set of colleges
that use placement tests to facilitate math placement, many students end up
in inappropriate courses. As many as one-quarter of community college
students may be assigned to incorrect math courses, most often to courses
that are at a lower-level than what they are predicted to be able to pass (ScottClayton, Crosta, & Belfield, 2014).
These sorting issues suggest that there may be a nuanced but prevalent
problem as students make the transition to college and repeat high school
level courses in college that are not warranted by their skill level and
academic background—in other words, a problem of redundant college
mathematics. As such, the goals of this study are to identify redundant
college math course-taking for a national sample of students, show that
redundancy offers a unique conceptualization of college math course-taking
different (though not mutually exclusive) from remediation, and investigate
which college students are the most likely to have redundant college math
experiences.
These are important research tasks for a number of reasons. First, redundant college mathematics might be considered a problem of inefficiency.
Whereas warranted remediation or course repetition may yield benefits in
the form of academic skills, redundancy—when students unnecessarily repeat
math courses they have already taken—may incur excessive direct and indirect
costs in the form of wasted time, money, and resources. Students, institutions,
and even taxpayers subsidizing public higher education may bear these
costs. Second, there may be psychic costs to redundant math experiences.
Beginning college in a redundant course might be a signal to students of
their abilities, and this early feedback may temper students’ aspirations and
hamper progress in college (Stinebrickner & Stinebrickner, 2012). Redundant
math course-taking in particular may have implications for college persistence,
degree attainment, and STEM participation. Third, redundant college mathematics may offer another way of understanding inequality of opportunity in
higher education. Since research has documented differential access to high
school math (Domina & Saldana, 2012; Riegle-Crumb & Grodsky, 2010) and
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college math (Melguizo & Ngo, 2018; Rodriguez, 2018) by race, gender, and
class, it is important to investigate the extent to which redundant math coursetaking may be the experience of these groups and, more broadly, how it is
distributed across U.S higher education. The research can be summarized by
the following questions:
1) Among recent high school graduates, what is the extent of redundant
math course-taking in college?
2) Which college students take redundant math courses?
a. Do students who took advanced math in high school experience
redundant math in college?
b. To what extent do students in college math remediation experience
math redundancy?
c. Does redundant math course-taking vary by students’ race/ethnicity,
gender, or socioeconomic status, or by college context?
Identification of redundant college mathematics across the nation is possible
due to the availability of linked high school and college transcript data from
the Education Longitudinal Study of 2002 (ELS:02), a nationally representative survey of the graduating class of 2004. I use the data to compare math
course-taking just prior to high school graduation and then as students begin
math course-taking in college, documenting patterns of forward progress and
remediation within math course-taking trajectories. With the idea that some
lower-level or remedial course-taking in college might be beneficial (i.e.,
useful to students in need of math remediation), but others might be costly
(i.e., inefficient to those who could have passed a higher-level course),
I devise a strategy to identify redundant course-taking. Capitalizing on the
fact that students of similar skill in the dataset enroll in a wide range of math
courses in college, I use an array of predictive models to determine the
college math course best-suited for each student. The novelty of the study
is that in the absence of national college placement tests, which are often
a means by which students are sorted to college coursework, I use the results
of the ELS:02 12th grade math assessment as a proxy for math skills at the
start of college. Using ordered logit models, I determine the math courses
students are predicted to have been able to pass in college. I compare these
predictions to observed course enrollment and thereby estimate the extent of
redundancy in students’ first college math courses. With an eye towards
inequality in college math course-taking experiences, I also identify the
types of students (e.g., by race, gender, SES, academic background, and
college context) most likely to be subject to redundant college mathematics.
I next summarize conceptions of math course-taking put forth in the K-12
literature. I then discuss how the notion of redundant college mathematics

4

F. J. NGO

moves beyond the remedial/non-remedial dichotomy and can contribute to
how we understand college opportunity. I describe the ELS:02 data and
outline the methods used to identify redundant mathematics. I show that
a significant portion of students—about one-fifth of all students taking math
in college—experienced a redundant math course. Roughly two-fifths of
students in postsecondary remedial math courses were actually in
a redundant math course, underscoring the need for distinction between
these two overlapping categories. Whether or not race/ethnicity, gender, and
SES predicted redundant math course-taking depended on the criteria used
to identify redundancy (e.g., math test scores vs. high school preparation).
However, students attending private colleges and universities, and those in
more selective institutions, were less likely to experience redundant college
mathematics. Given the equity implications of disproportionate experiences
of redundant math course-taking across the college-going population,
I conclude with a discussion of how institutions of higher education can
address the problem of redundant mathematics.
Math course-taking in high school and college
Scholarship on K-12 course-taking offers important concepts that guide and
frame this study of college math course-taking experiences. First, studies of
math tracking make clear the reality that mathematics programs and curricula are often organized in ways that result in markedly different educational
experiences, such as college-prep, honors, or remedial math tracks
(Gamoran, 2010). These practices result in differential and stratified opportunity to learn and shape how students perceive their educational opportunity (Gamoran, 1987; McFarland, 2006; Oakes, 2005). Furthermore, since
math courses typically follow a rigid linear trajectory (from pre-algebra to
elementary algebra/geometry to intermediate algebra to pre-calculus to calculus), with each course serving as a prerequisite for the next, students’
experiences of math course-taking should also be considered as part of
a larger “opportunity sequence” (Stevenson, Schiller, & Schneider, 1994).
This longitudinal perspective underscores the importance of examining
how and where students enter into these sequences, along with the trajectory
of math course-taking spanning their educational careers.
In addition to the overall opportunity structure, there is attention to
mobility within course-taking sequences. Studies have examined the mechanisms by which students move between courses, either successfully progressing to the next level of math, repeating the same level, or downgrading to
a lower level (e.g., Hallinan, 1996; Lucas & Good, 2001). Mobility and
curricular flow through math course sequences, and the “contests” that
determine them, are usually dictated by structural constraints (e.g., course
offerings and scheduling) and meritocratic criteria (e.g., classroom and
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academic performance) (Hallinan, 1996; McFarland, 2006). This suggests that
analysis of college course-taking experiences in the transition to college ought
to consider the ways by which students are sorted to their courses (e.g., how
math skills and achievement relate to course enrollment) and how contests
affect mobility and educational trajectories.
Finally, studies of K-12 course-taking have revealed the link between
opportunity structures in mathematics and inequality. For example, they
have consistently documented that students from higher-SES backgrounds
are more likely to take advanced math courses in high school (e.g., precalculus or calculus), as are white and Asian students and male students (e.g.,
Domina & Saldana, 2012; Riegle-Crumb & Grodsky, 2010). Opportunities for
track mobility are also stratified, with less upward mobility for Black,
Hispanic, and female students (Hallinan, 1996; Lucas & Good, 2001).
Importantly, differences in the outcomes of students subjected to tracking
cannot be completely explained by prior academic performance (Attewell &
Domina, 2008). Inequality in outcomes has also been attributed to such
phenomena as opportunity hoarding (Domina, Hanselman, Hwang, &
McEachin, 2016), teacher biases and expectations (Kelly & Carbonaro,
2012), and differential access to advanced math courses across schools and
districts (Rodriguez, 2018). These research findings underscore the need to
consider not just the types of math course-taking experiences students have
as they exit the K-12 setting and enter higher education, but also which
college students have these experiences.
Postsecondary math remediation

While the literature on math tracking in secondary schooling is well established,
conceptions of college math course-taking are sparse. There is significant
research on college math remediation, which typically consists of high school
level courses (or lower) designed to prepare students to successfully complete
college math requirements. Although remediation can equip students will the
skills necessary to be successful in subsequent coursework, a main concern is
that it can also extend time to degree and thereby increase the costs associated
with pursuing postsecondary credentials (Melguizo, Bos, Ngo, Mills, & Prather,
2016; Melguizo, Hagedorn, & Cypers, 2008). It is no surprise then that evaluations of the effectiveness of postsecondary remediation have produced somewhat mixed findings. In some contexts remediation appears to benefit students
(e.g., Bettinger & Long, 2009; Lesik, 2007), especially those placed in the lowest
levels of math (Boatman & Long, 2018). In others, it appears to confer a penalty,
diverting students from progression towards completion of college-level courses
(Martorell & McFarlin, 2011; Scott-Clayton & Rodriguez, 2015). The equity
implications of college remediation are also apparent, since students in two-year
colleges are more likely to take remedial courses than academically similar
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students in four-year colleges (Attewell et al., 2006). Numerous studies have also
documented the over-representation of Black and Hispanic students in postsecondary remediation (e.g., Bailey et al., 2010). Though there is lingering doubt
about the merits of postsecondary remediation as an intervention (Valentine
et al., 2017), studies of it make clear the pivotal role that college math coursetaking plays in shaping college students’ academic trajectories and educational
opportunity. The math courses in which students begin their academic careers
can have tremendous consequences for future pathways and attainment.
Yet what other forms of college math course-taking experiences exist, and
who is affected by them? The available analyses of math in the transition to
college are largely confined to the remedial/non-remedial dichotomy, and so
our understanding of how math affects college opportunity is limited to this
paradigm. In maintaining adherence to this dichotomy, scholars have overlooked other forms of math experiences that can also be useful in understanding the nature of college opportunity. I propose an additional
categorization of college math course-taking experiences—redundant college
mathematics—and I empirically identify its extent across a national sample of
students. This conceptual and empirical exercise can help expand our understanding of how college mathematics shapes college opportunity and experiences “beyond remedial dichotomies” (Deil-Amen, 2011).
Redundant college mathematics

One key limitation of remediation as a category of college math coursetaking is that it does not take high school course-taking into consideration;
students in a college course labeled as “remedial” are simply in a lower-level
math course, typically at the high school level or below. In this regard,
remediation does not fully capture the range of student experiences, since
it is possible that a course labeled as “remedial” may in fact be the next
logical step in a student’s math progression, or conversely for others, several
steps back. For example, both a student who did not complete advanced
math in high school, as well as one who completed calculus, may subsequently enter into remedial courses in college. While both are technically in
a remedial course, the overall experience of math in the transition to college
is quite different between the two. It is therefore important to develop an
indicator that captures how math in college aligns with math in high school.
Focusing solely on alignment and misalignment also has its shortcomings
given that the mobility contests that determine progression in math typically
hinge on meritocratic criteria and achievement. Indeed, enrollment in postsecondary math remediation has traditionally been understood as the consequence of academic under-preparation in high school. However, research
on sorting into college mathematics such as placement testing has indicated
that for many students, postsecondary math remediation may be unnecessary
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(e.g., Scott-Clayton et al., 2014). According to this research, some of the high
proportion of students observed taking remedial courses is the result of
policies and practices that mis-assign students to their courses. Estimates
from studies in community colleges suggest that placement tests incorrectly
assign as many as one-quarter of incoming students in math, with the
majority of errors being assignments to remedial courses (Scott-Clayton
et al., 2014). In fact, students in two-year colleges have a 19% higher likelihood of being enrolled in math remediation than academically equivalent
students who attend four-year colleges (Monaghan & Attewell, 2015). This
raises a second concern about remediation as a category of college math
experience, namely that not all students in remediation appear to need it.
Given these limitations, I argue that redundant mathematics is an additional
category of college math experience that deserves further attention. I define
redundant mathematics as taking a math in course in college that is: 1) at the
same or lower level than a student’s highest completed math in high school, and
2) lower than the level that the student is predicted to be able to pass in college.
Accordingly, the indicator accounts for both progression through the math
trajectory and academic readiness within each step of the trajectory, and it
provides a way of understanding the larger opportunity sequence in mathematics between secondary and postsecondary schooling. Importantly, both
remedial and non-remedial courses can be considered as redundant.
Furthermore, redundant college mathematics is conceptually distinct from
remediation because it has unique implications. While remedial course-taking
may be beneficial to students who need additional preparation, redundant
mathematics is more clearly detrimental. On top of the wasted time, money,
and resources, there may also be implications for college aspirations and progress. The K-12 math tracking literature has described how high school math
course-taking has social-psychological ramifications; the differential and stratified opportunity to learn shapes how students understand educational opportunity (Gamoran, 2010; McFarland, 2006; Oakes, 2005). Redundant math
experiences in college in particular might influence how students perceive
college opportunity due to the messaging and labels associated with taking
a lower-level math course, one which is a repeat of a high school course. The
danger is that students may come to internalize the messages and labels and
accept the fiction that they need to repeat lower-level math when they actually
may not (Deil-Amen & Rosenbaum, 2002). This may work to undermine
educational progress and have repercussions for students’ aspirations.
In addition to empirically identifying redundant college mathematics,
a contribution of the study is that I do so for a national sample of students.
Studies that have examined math course-taking and math sorting in the transition to college have typically relied on data from community college systems
(e.g., Bahr, Jackson, McNaughtan, Oster, & Gross, 2017; Melguizo & Ngo, 2018).
They have therefore been unable to provide inferences for the national
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population of undergraduates. Studies that have examined national data exclusively focused on the extent and impact of college remediation (e.g., Attewell
et al., 2006; Monaghan & Attewell, 2015), or misalignment between high school
math offerings and college requirements (Melguizo & Ngo, 2018; Rodriguez,
2018). This study contributes an additional category of redundant math experiences and thereby extends the research on course-taking and curricular flows in
the transition to college.
Data
The study is possible due to data from the restricted-use files of ELS:02. The initial
cohort of about 16,200 10th grade ELS:02 students2 was surveyed in 2002, during
which math and English tests were administered and survey information was
collected. What makes the study feasible is a follow-up conducted in 2004. The
results of a 12th-grade assessment provide a unique measure of student math skills
just prior to the transition to college (described further below). Students were
contacted again in 2006, when most were in their second year of college, and the
last ELS:02 follow-up conducted in 2012 provided data on postsecondary experiences and attainment. Students’ postsecondary transcripts were collected in 2014
via the Postsecondary Education Transcript Study (PETS), making it possible to
link high school and college course-taking. The ELS:02 PETS data include courselevel data compiled from transcripts and college catalogs, so I identify the types
and levels of math courses that students took in college as well as the grades that
students received in these courses.
I limited the sample to “direct matriculants” who entered college before
June 2005, about one year after on-time high school graduation, and whose
records showed that they took math in college (N = 8,250). I identified the first
math course taken. Although this group constitutes the primary denominator,
for the predictive analyses I only included those students whose first math class
was at or below the calculus level and not a statistics course (N = 5,140). This is
because course-taking after calculus is not as linear and students typically have
a range of options (e.g., linear algebra, differential equations). Therefore, students taking courses outside of the typical math sequence, including statistics,
would not be able to be categorized as redundant. I call this analytical sample of
5,140 students the “sequenced sample.” An overview of sample characteristics is
provided in Table 1. I use a postsecondary transcript panel weight
(F3F1TSCPSWT) to weight the estimates.
Methods

The ELS:02 data include a composite variable that indicates the highest level
of math for which each student earned nonzero credit,3 ranging from “No
Math” to “Advanced III/Calculus.” These were categorized by NCES to

THE JOURNAL OF HIGHER EDUCATION

9

Table 1. Characteristics of ELS:02 direct matriculants with first math at calculus or below
(Sequenced Sample).
Sequenced Sample (N = 5,140)
Math Scores
Math Proficiency: Level 1
Math Proficiency: Level 2
Math Proficiency: Level 3
Math Proficiency: Level 4
Math Proficiency: Level 5
Background
Female
Asian
Black
Hispanic
White
Other
SES (Composite)
High School Academics
HSGPA: 1.01– 1.50
HSGPA: 1.51– 2.00
HSGPA: 2.01– 2.50
HSGPA: 2.51– 3.00
HSGPA: 3.01– 3.50
HSGPA: 3.51– 4.00
Highest HS Math Level*
General/Basic Math
Elem. Algebra/Geometry
Intermediate Algebra
Pre-calculus/Trig.
Calculus
College Context
Two-Year College
Public College
Private College
For-Profit College
Low Selectivity
Moderate Selectivity
High Selectivity

Weighted Means

Obs.

Mean

Std. Dev.

Min.

Max.

% Missing

Mean

Std. Err.

4,790
4,790
4,790
4,790
4,790

0.98
0.87
0.74
0.48
0.08

0.06
0.29
0.40
0.43
0.21

0.1
0
0
0
0

1
1
1
1
0.99

7%
7%
7%
7%
7%

0.98
0.86
0.73
0.48
0.08

0.00
0.01
0.01
0.01
0.00

4,900
4,890
4,890
4,890
4,890
4,890
4,890

0.53
0.13
0.12
0.11
0.59
0.05
0.24

0.50
0.33
0.33
0.32
0.49
0.21
0.72

0
0
0
0
0
0
−1.86

1
1
1
1
1
1
1.82

5%
5%
5%
5%
5%
5%
5%

0.54
0.05
0.11
0.12
0.68
0.03
0.19

0.01
0.00
0.01
0.01
0.01
0.00
0.02

4,800
4,800
4,800
4,800
4,800
4,800

0.01
0.06
0.16
0.23
0.27
0.26

0.11
0.24
0.36
0.42
0.44
0.44

0
0
0
0
0
0

1
1
1
1
1
1

7%
7%
7%
7%
7%
7%

0.01
0.06
0.15
0.24
0.27
0.28

0.00
0.01
0.01
0.01
0.01
0.01

4,800
4,800
4,800
4,800
4,800

0.01
0.15
0.23
0.38
0.24

0.09
0.36
0.42
0.48
0.43

0
0
0
0
0

1
1
1
1
1

7%
7%
7%
7%
7%

0.01
0.13
0.23
0.38
0.24

0.00
0.01
0.01
0.01
0.01

5,130
5,130
5,130
5,130
5,110
5,110
5,110

0.34
0.77
0.20
0.02
0.51
0.24
0.25

0.47
0.42
0.40
0.15
0.50
0.43
0.44

0
0
0
0
0
0
0

1
1
1
1
1
1
1

0%
0%
0%
0%
0%
0%
0%

0.36
0.80
0.19
0.02
0.51
0.25
0.24

0.01
0.01
0.01
0.00
0.01
0.01
0.01

Notes: Direct matriculants are students who enrolled in college by June 2005. Sample sizes were rounded to the
nearest 10 per the NCES restricted-use data guidelines. Estimates in the right-hand columns are weighted by
F3F1TSCPSWT. Postsecondary institution selectivity is derived from the variable F3TZPS1SLC.

capture student progress along the high school math pipeline. Similar to Rose
and Betts (2004), I re-categorized the variable based on typical math
sequences in U.S. high schools and also to be able to align with the structure
of the PETS college transcript data. The five levels are: 1) basic math
(arithmetic and non-academic math); 2) pre-algebra, algebra 1, and geometry; 3) intermediate algebra; 4) pre-calculus/trigonometry; and 5) calculus.
The PETS transcript data include detailed information about each student’s math courses in college, the grade the student earned in the course,
and whether the course was flagged as remedial, among other descriptors.
Due to the considerable variation in course names across colleges and to
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maintain anonymity, the NCES staff compiled similar courses under a set
of College Course Map codes (Bozick & Ingels, 2008). I used the names
and descriptors provided for each set of courses to assign a level of math
corresponding to the following categories: 1) basic math (e.g., arithmetic;
basic skills); 2) pre-algebra, algebra 1, and geometry; 3) intermediate
algebra; 4) pre-calculus/trigonometry; and 5) calculus (see Appendix
Table A1). The levels align closely with the high school math levels
described above, making it possible to document forward progress (or
not) in math course-taking in the transition to college. All courses that
did not fit within this categorization were marked as “other.” This was
32% of all first math courses among students who took any math course in
college, and statistics was another 6%.
Identifying redundant mathematics

Redundancy is defined as taking a math course in college that is (a) lower
than the level that a student is predicted to pass and (b) the same or lower
than the level of the highest math course taken and passed in high school.
I devised a strategy to identify redundancy by predicting the math course that
students had the highest likelihood of passing in college and comparing this
to actual course enrollments. This prediction method capitalizes on the fact
there was variation in math skills among students taking the same level of
math in college.
Variation in math scores
In the absence of national placement tests and universal usage of the SAT or
ACT, I argue that the battery of ELS 12th grade math assessments can serve
as a novel proxy for math skills at the start of college. Not only did ELS:02
participants across the nation take the same assessment, data from the
assessment contain information on a range of math skills and not just one
total score. NCES computed the criterion-referenced probability of proficiency in the following five mathematics subareas: 1) simple arithmetical
operations on whole numbers, 2) operations with decimals, fractions, powers,
and roots, 3) simple problem solving, requiring the understanding of lowlevel mathematical concepts, 4) understanding of intermediate level mathematical concepts and/or multi-step solutions to word problems, and 5)
complex multi-step word problems and advanced mathematics (Bozick &
Ingels, 2008). Table 1 shows that mean scores decrease as the complexity of
the test increases, suggesting there was increasing difficulty in each subarea.
The key condition for identifying redundant math course-taking is the fact
that high school students of similar math skill, captured via the common
math assessment, took widely varying levels of math in college. As the upper
panel of Table 2 shows, there was considerable variation in the first math
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courses taken within each total test score quartile. While 28% of bottomquartile scorers enrolled in the lowest level of math in college, 9% enrolled in
pre-calculus. While 35% of top-quartile scores enrolled directly in calculuslevel courses, nearly 10% enrolled in algebra 2 or below. This allows me to
determine, for example, whether students in the bottom test score quartile
could have passed more advanced math courses, and how specific math skill
areas relate to the likelihood of these outcomes.
Variation in math course-taking
The lower panel of Table 2 does the same but for high school math coursetaking. Students with similar high school math preparation subsequently
took different levels of math courses in college. Looking at students who
completed at least one semester of calculus in high school, a total of 20%
enrolled in a math course that was below the calculus level. Twenty-five
percent of students who completed the pre-calculus level in high school
enrolled in a lower-level course in college, including 10% in algebra 1 and
4% in basic math.

Predicting redundant college mathematics
Ordered logit model
This variation in math skill and math course-taking across the ELS sample
provides an opportunity to determine the probability that each student had
of passing each level of math in college. A suitable approach to doing so
Table 2. Variation in college course-taking by ELS:02 12th grade math scores and high school
course-taking.
First Math Course Taken in College
Basic
Math
12th Gr. Math Score Quartile
Bottom
Second
Third
Highest
Total
Highest HS Math
General/Basic Math
Elementary Algebra/Geometry
Intermediate Algebra
Pre-calculus/Trig.
Calculus
Total

Elem.
Int.
Pre-calc
Algebra Algebra /Trig. Calculus Statistics Other Total

28%
12%
4%
1%
8%

30%
23%
12%
3%
13%

16%
16%
12%
5%
11%

9%
10%
17%
18%
15%

0%
2%
8%
35%
15%

1%
4%
8%
8%
6%

15%
34%
39%
31%
32%

100%
100%
100%
100%
100%

35%
24%
12%
4%
1%
8%

11%
30%
21%
11%
1%
14%

26%
16%
16%
10%
2%
11%

17%
9%
12%
18%
16%
15%

0%
1%
2%
10%
51%
15%

0%
2%
5%
7%
8%
6%

10%
19%
32%
40%
21%
32%

100%
100%
100%
100%
100%
100%

Notes: The upper panel reports the first math course taken in college among direct matriculants, disaggregated
by performance quartile on the ELS:02 12th grade math assessment. The lower panel reports first math course
in college by highest level of math in high school for which credits were earned.
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would be to use ordered logit modeling, which is useful when the dependent
variable has a meaningful sequential order (Hausman & Ruud, 1987). In this
case, the ordered outcome is the five levels of math that students may have
taken as their first math course in college: 1) basic math; 2) pre-algebra,
algebra 1, and geometry; 3) intermediate algebra; 4) pre-calculus/trigonometry; and 5) calculus.
I assume that there is an underlying, unobserved continuous latent variable Yi that determines what discrete values Yi should take. Specifically, Yi is
the latent math level (continuous) that each student is predicted to pass with
a C or better, and Yi is the discrete predicted math level, one of five possible
levels, changing value whenYi crosses an unknown threshold cj . This latent
variable formulation of the ordered logit can be expressed in the following
equations:
Yi ¼ α0 þ βMathTesti þ εi
X5
Yi ¼
ðY  > cj Þ
j¼1 i

(1)

I model the latent variable as a linear function of the independent variables
contained in MathTesti , a vector that includes the criterion-referenced probabilities of proficiency for the five mathematics subareas in the ELS 12th
grade math assessment. I only included those students who passed one of j
math levels in college with a C or better to determine the relationship
between math scores and earning a passing grade in math (sequenced
sample). The model considers a student’s first math course enrollment in
college, and not any subsequent successes.
Ordered logit produces a set of cut scores cj which indicate the threshold
values of the latent variable at which the outcome variable changes. This
allows me to determine Yi , the “appropriate” math course for each student in
the data. In other words, this is the highest course level that each student in
the sequenced sample is predicted to be able to pass with a C or better.
Comparing this predicted level of math with each student’s actual enrollment
level allowed me to identify cases of redundant college mathematics.
Specifically, redundancy occurred when students who were identified as
being able to pass a higher-level course instead took a lower-level course
that they had already completed in high school. Since the maximum level in
the sequenced data was calculus, no students whose first math class in college
was at the calculus level were identified as redundant. In addition, the likelihood of taking statistics or other math courses was not predicted since these
courses cannot be sequenced and redundancy could not be determined.
Generalized ordered logit model
One strong assumption of the ordered logit model is that the coefficients
of explanatory variables are the same/parallel across levels. A test of the
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proportionality assumption for the ordered logit approach showed that the
regressions were not parallel. I therefore also estimated a generalized
ordered logit model, which relaxes the assumptions of proportionality
(Williams, 2016). In the model shown below the beta coefficients of the
math tests score variables, are allowed to vary across levels of the ordered
outcome; this is indicated by the subscript j. I use the partial proportional
odds specification, which relaxes the parallel regression/proportional odds
assumption only for those predictor variables where a violation is found
(Williams, 2016).4


exp αj þ MathTesti 0 βj

 ; j ¼ 1; 2; . . . ; M  1
PðYi > jÞ ¼
(2)
0
1 þ exp αj þ MathTesti βj
Since the coefficients vary across levels, the approach to identifying redundant math was different from the process described above. I used the
estimated coefficients to obtain the predicted probabilities of passing each
level of math for each student in the sequenced sample. I then identified the
math level Yi that each student had the highest probability of passing, and
considered this as the level of math that students should have enrolled in first
in college. Comparing these predicted enrollments to actual enrollments
provides a way to identify redundant college mathematics.
Multinomial logit model
While it is reasonable to assume that increasing math test scores should
correspond to increasing math levels, this is nevertheless another assumption
of the ordered logit approach. I therefore also compared these ordered model
estimates to those obtained when using a multinomial logit model. The
multinomial logit model abandons the ordered nature of the outcome data,
treating the outcome as discrete and unordered. Although all independent
predictor variables are freed from the proportional odds constraint, the lack
of order in the dependent variable makes the model less parsimonious.
Predictor variables
In trying to identify appropriate math courses for each student enrolling in
college mathematics, I only included predictors that reflect math skills. These
are the ELS:02 math test scores (predicted probability of proficiency for each
of the five subareas of math skill), shown in the “Math Skills” models in
equations (1) and (2) above.
High school preparation in mathematics can also reflect math skills.
I therefore estimated a “High School Academics” model (3) including only
high school GPA and high school math course-taking indicators.
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exp αj þ HSGPAi 0 βj þ HSMathClassi 0j

;j
PðYi > jÞ ¼
1 þ exp αj þ HSGPAi 0 βj þ HSMathClassi 0j
¼ 1; 2; . . . ; M  1

(3)

HSGPAi includes dummy variables for each GPA range, and HSMathClassi
indicates the highest math level the student passed in high school. Again,
I identified the math level that each student had the highest probability of
passing in college, and compared this to actual college math enrollments to
detect redundant math experiences. Since math test scores and math coursetaking and grades may reflect different components of math skills, I also
estimate a “Joint” model in which math test scores and high school math
background variables are included as predictors. The results are based on listwise deletion of observations with missing data, and I also conducted the
analyses using multiple imputation.5
Factors associated with redundant college math

After identifying cases of redundant math course-taking, I investigated
which types of students were most likely to be in a redundant college
math course. I first examined redundancy rates by level of high school
math, level of college math, and within college remediation. I then
regressed the dichotomous indicator of redundant math generated from
each model (Math Skills; HS Academics; Joint) on relevant explanatory
variables. The goal was to determine which student and college characteristics were most strongly associated with redundant math. The linear
probability model I use is:
Redundanti ¼ α0 þ βBackgroundi þ γCollegeContexti þ εi

(4)

Backgroundi variables include race, gender, and a composite variable
capturing socioeconomic status. CollegeContexti variables include an indicator of whether a student’s first institution is of public, private, or for-profit
control; whether it is a two-year institution; and whether it is open-access,
moderately selective, or highly selective. The results of these regressions allow
me to determine if certain types of students are more likely to take redundant
college mathematics than others and in which institutions redundant coursetaking is more likely to be found.
Limitations

A key limitation of the study is that these data capture the experiences of
2004 high school graduates who enrolled in college within one year. Since
2004, several policies that affect math course-taking in the transition to
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college have been introduced across the nation, such as increasing high
school graduation requirements in math (Macdonald et al., 2019) and
reforming developmental education in postsecondary institutions (Jaggars
& Bickerstaff, 2018). Thus, the specific estimates I provide here may not be
applicable to today’s students.
Furthermore, the study focuses on direct matriculants in the traditional
math sequence rather than all students who eventually enrolled in college
and took math. This sample selection makes it less likely that redundancy is
related to math learning loss over time, but it also means that the study by
design does not capture the experiences of college students who are older
and/or take longer before enrolling in college, or the experiences of those in
“other” math courses. Nevertheless, the PETS data provide a unique opportunity to conduct the analysis using linked high school and college transcripts
for a national sample of students. Given the ELS:02 math test was administered to sample respondents across the nation, it is perhaps the best proxy
there is with respect to a national math test at end of high school and the
start of college.
Findings
The results in Table 3 show the coefficients obtained using the ordered logit
model, and the results in Table 4 show the results of the generalized ordered
logit model, which relaxes the proportionality assumption. The Math Scores
model, High School Academics model, and Joint model are shown in each
table. In all cases, there are patterns expected of the ordered logit approach.
Increasing math scores correspond to increasing math levels, as do increasing
GPA and highest high school math levels. For instance, a one percentage
point increase in the probability of proficiency on the most complex section
of the ELS math assessment (Level 5) is associated with a .026 increase in the
ordered log-odds of a higher predicted math level.
The cut points shown at the bottom of Table 3 indicate the threshold
values of the latent variable that can be used to determine the appropriate
college math level for each student. After computing these predicted levels,
I compared them to observed course-taking to identify redundant college
mathematics courses, applying the aforementioned redundancy criteria: the
observed first college math course is 1) at a lower level than the predicted
math course, and 2) at the same or lower level than the highest high school
math course.
The extent of redundant college mathematics

The redundancy rates from all models are summarized in Table 5. This is the
proportion of students identified as redundant, with the denominator being all
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Table 3. Passing first college math course with a C or better, ordered logit model results.
Math Proficiency: Level 1
Math Proficiency: Level 2
Math Proficiency: Level 3
Math Proficiency: Level 4
Math Proficiency: Level 5

Math Scores Model
0.304
(0.968)
0.690*
(0.288)
0.391
(0.210)
2.666***
(0.173)
2.649***
(0.332)

HSGPA: <1.00
HSGPA: 1.01– 1.50
HSGPA: 1.51– 2.00
HSGPA: 2.01– 2.50
HSGPA: 2.51– 3.00
HSGPA: 3.01– 3.50
Highest HS Math: Basic Math
Highest HS Math: Elem. Alg.
Highest HS Math: Int. Alg.
Highest HS Math: Pre-calc.
Cut point 1
Cut point 2
Cut point 3
Cut point 4
N
Population (weighted)

−0.075
(0.839)
1.53
(0.841)
2.532**
(0.840)
4.275***
(0.843)
4080
795,650

High School Academics Model

−2.006***
(0.535)
−1.454**
(0.508)
−1.703***
(0.231)
−1.395***
(0.157)
−1.142***
(0.138)
−0.540***
(0.123)
−3.632***
(0.519)
−3.580***
(0.178)
−3.312***
(0.156)
−2.217***
(0.132)
−5.565***
(0.156)
−4.015***
(0.136)
−3.028***
(0.125)
−1.205***
(0.106)
4250
850,510

Joint Model
−0.063
(1.030)
0.514
(0.304)
0.229
(0.219)
1.799***
(0.177)
1.325***
(0.340)
−1.834
(1.218)
−0.913*
(0.464)
−1.097***
(0.253)
−0.785***
(0.174)
−0.607***
(0.147)
−0.284*
(0.129)
−2.272**
(0.709)
−2.243***
(0.215)
−2.249***
(0.185)
−1.565***
(0.151)
−3.274***
(0.926)
−1.602
(0.924)
−0.52
(0.921)
1.513
(0.921)
4080
795,650

Notes: The reference category for HSGPA is 3.51–4.0, and the reference category for Highest HS Math is Calculus.
The cut points indicate the threshold values of the latent variable that can be used to predict the appropriate
college math level for each student. Sample sizes were rounded to the nearest 10 per the NCES restricted-use
data guidelines.
*** p < 0.001 ** p < 0.01 * p < 0.05

students who took a math course in the ELS direct matriculant sample (N =
8250). Therefore, the results presented are the proportion of students taking
redundant math out of “all students who took math,” rather than out of “all
students who took a course in the traditional math sequence.” I also include the
redundancy results from the multinomial approach in which the ordered nature
of the outcome is abandoned.
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Table 4. Passing first college math course with a C or better, generalized ordered logit model
results (Log-odds).

Math Scores Model
N = 4080; Population = 795,650
Math Proficiency: Level 1
Math Proficiency: Level 2
Math Proficiency: Level 3
Math Proficiency: Level 4
Math Proficiency: Level 5
Constant
HS Academics Model
N = 4250; Population = 850,510
HSGPA: <1.00
HSGPA: 1.01– 1.50
HSGPA: 1.51– 2.00
HSGPA: 2.01– 2.50
HSGPA: 2.51– 3.00
HSGPA: 3.01– 3.50
Highest HS Math: Basic Math
Highest HS Math: Elem. Alg.
Highest HS Math: Int. Alg.
Highest HS Math: Pre-calc.
Constant
Joint Model
N = 4080; Population = 795,650
Math Proficiency: Level 1
Math Proficiency: Level 2
Math Proficiency: Level 3
Math Proficiency: Level 4
Math Proficiency: Level 5
HSGPA: <1.00
HSGPA: 1.01– 1.50

Basic Math
v. Elem. Alg.

Elem Alg.
V. Int. Alg.

Int. Alg
v. Precalc/Trig

Precalc/Trig
v. Calculus

0.429
(1.043)
0.701*
(0.303)
0.511*
(0.225)
1.939***
(0.309)
0.813
(0.920)
0.001
(0.914)

0.093
(1.227)
0.701*
(0.303)
0.511*
(0.225)
2.234***
(0.215)
2.422**
(0.823)
−1.338
(1.105)

0.657
(1.261)
0.701*
(0.303)
0.511*
(0.225)
2.705***
(0.186)
2.791***
(0.524)
−3.079**
(1.153)

330.832**
(101.273)
0.701*
(0.303)
0.511*
(0.225)
2.818***
(0.245)
2.532***
(0.334)
−335.022***
(101.235)

−0.944
(0.969)
−1.067*
(0.527)
−1.211***
(0.314)
−0.693*
(0.271)
−0.464
(0.247)
−0.062
(0.262)
−3.250***
(0.565)
−2.500***
(0.351)
−2.201***
(0.331)
−1.117***
(0.334)
3.940***
(0.303)

−1.193*
(0.549)
−1.451***
(0.279)
−1.217***
(0.204)
−1.025***
(0.180)
−0.360*
(0.170)
−2.520***
(0.542)
−3.378***
(0.304)
−3.043***
(0.275)
−2.121***
(0.266)
3.648***
(0.251)

−1.03
(0.694)
−1.502***
(0.310)
−1.580***
(0.214)
−1.079***
(0.164)
−0.458**
(0.146)
−3.851***
(0.667)
−3.842***
(0.280)
−3.533***
(0.228)
−2.310***
(0.201)
3.073***
(0.185)

−19.827***
(0.542)
−1.276
(0.671)
−1.871***
(0.379)
−1.195***
(0.199)
−0.618***
(0.145)
−23.241***
(1.227)
−5.024***
(0.800)
−3.729***
(0.359)
−2.081***
(0.136)
1.235***
(0.111)

−0.081
(1.180)
0.678
(0.393)
0.26
(0.329)
1.500***
(0.330)
−0.795
(1.352)
−1.159
(1.583)
−0.331

−0.109
(1.269)
0.549
(0.391)
0.255
(0.276)
1.639***
(0.235)
0.684
(0.876)
−21.639***
(0.369)
−0.609

0.671
(1.949)
0.087
(0.528)
0.542
(0.359)
1.890***
(0.207)
1.144*
(0.497)

267.882**
(98.869)
0.979
(8.685)
0.656
(1.125)
1.661***
(0.272)
1.335***
(0.348)

−20.832***

(Continued )
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Table 4. (Continued).

HSGPA: 1.51– 2.00
HSGPA: 2.01– 2.50
HSGPA: 2.51– 3.00
HSGPA: 3.01– 3.50
Highest HS Math: Basic Math
Highest HS Math: Elem. Alg.
Highest HS Math: Int. Alg.
Highest HS Math: Pre-calc.
Constant

Basic Math
v. Elem. Alg.
(0.642)
−0.527
(0.387)
−0.116
(0.337)
0.095
(0.306)
0.208
(0.319)
−2.042**
(0.654)
−1.218**
(0.388)
−1.135**
(0.362)
−0.387
(0.345)
1.585
(1.084)

Elem Alg.
V. Int. Alg.
(0.586)
−0.844**
(0.317)
−0.536*
(0.230)
−0.467*
(0.192)
−0.02
(0.184)
−1.143
(0.661)
−2.016***
(0.364)
−1.999***
(0.324)
−1.446***
(0.312)
1.222
(1.160)

Int. Alg
v. Precalc/Trig
(0.448)
−1.087**
(0.367)
−0.926***
(0.236)
−0.542**
(0.178)
−0.211
(0.155)
−1.504
(0.893)
−2.197***
(0.320)
−2.348***
(0.258)
−1.563***
(0.221)
−0.184
(1.732)

Precalc/Trig
v. Calculus
−0.682
(0.711)
−1.158**
(0.406)
−0.724**
(0.227)
−0.409**
(0.154)
−20.336***
(0.801)
−2.970***
(0.862)
−2.465***
(0.376)
−1.479***
(0.154)
−270.169**
(93.630)

Notes: The reference category for HSGPA is 3.51–4.0, and the reference category for Highest HS Math is Calculus.
Sample sizes were rounded to the nearest 10 per the NCES restricted-use data guidelines.
*** p < 0.001 ** p < 0.01 * p < 0.05

Table 5. Redundant college mathematics among all direct matriculants who enrolled in a math
course.
Ordered Logit
Generalized Ordered Logit
Multinomial Logit

Math Scores Model
0.163
0.204
0.204

High School Academics Model
0.197
0.176
0.178

Joint Model
0.163
0.179
0.179

Notes: Portion of all math-taking students (including those taking statistics and math electives) identified as in
a redundant college math course.

The redundancy estimates are consistent and roughly of the same magnitude
across all specifications of the Math Scores model. With the ordered logit
approach, 16% of math-taking students are identified as in a redundant college
math course. Again, the parallel regression assumption was violated with this
approach, and so the generalized ordered logit and multinomial logit provide
alternative estimates. Although the identification of redundant college mathematics was different with these alternative specifications, and based on determining the level of math that the student had the highest probability of passing,
the resulting redundancy estimates are similar. Overall, about 20% of students
who made the transition to college within one year of high school and enrolled
in a math course did so in a redundant math course.
The High School Academics model also produced similar results, even
though the identification criteria were markedly different. Here, about 18–20%
of all ELS:02 students who enrolled in college within a year of high school and
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enrolled in a math course in college can be considered as having experienced
a redundant college math course upon their first math enrollment. The Joint
model, which included both test scores and high school measures, also resulted
in similar redundancy estimates, ranging from 16–18%.
Who experiences redundant college mathematics?

To answer the second set of research questions, I conducted a series of
analyses to determine which students were mostly likely to be in redundant
math courses.
Redundant math in the transition to college
I first investigated the relationship between advanced math course-taking in
high school, first math in college, and redundant college math course-taking.
Table 6 shows the percentage of students identified as in redundant math
disaggregated by highest high school math level and also by first college math
level.
These tabulations provide insight into how redundant college math shapes
the transition to college. Of note, 35 and 38% of students whose highest high
school math level was intermediate algebra or precalculus/trigonometry,
respectively, took a redundant math course upon the transition to college.
Among those who completed calculus in high school, 21% enrolled in
a redundant math course below the calculus level.
With respect to the first math courses that students take in college, about
80% of students who begin college in basic math can be considered as in
a redundant course, along with 32% of those in elementary algebra. Thirtysix percent of students in intermediate algebra are in a redundant course, as
were 37% of students in pre-calculus. One important finding here is that
redundant math was prevalent across all levels of the math sequence and not
restricted to just the lowest levels of math.
Redundant vs. remedial math
Following the conceptual argument above, I then considered overlap and
distinctions between redundant and remedial math. As Figure 1 shows, not
all students in redundant math were in remedial courses, and not all students
in remediation experienced redundancy. This is expected since students in
upper levels of math such as pre-calculus could be considered as in redundant math if they had completed that course and high school and were
expected to be able to pass calculus.
More concerning is the significant overlap between remedial and redundant math students. Using the results from the generalized ordered logit
Math Scores model, 38% of students in remediation were in a course that was
considered redundant. Though not shown, this grows to 42% when using the
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Table 6. Redundant college math by highest high school math, first college math, and remedial
math.
Highest HS Math Level
General/Basic Math
Elem. Algebra/Geometry
Intermediate Algebra
Pre-calculus/Trig.
Calculus
First College Math Level
General/Basic Math
Elem. Algebra/Geometry
Intermediate Algebra
Pre-calculus/Trig.
Calculus
Remedial Math in College

Redundant

Not Redundant

0.257
0.317
0.352
0.384
0.210

0.743
0.683
0.648
0.616
0.791

0.802
0.318
0.355
0.366
0.000
0.380

0.198
0.682
0.645
0.634
1.000
0.620

Figure 1. Overlap between remedial and redundant course-taking (sample sizes rounded to
nearest 10 per NCES guidelines.

High School Academics model, and 41% in the Joint model. The overlap
suggests that the redundancy indicator does capture a distinct group of
students and that a sizeable portion of students in remediation perhaps
took an unnecessary remedial course. The estimates were consistent across
other specifications, with about 40% of students in remediation experiencing
a redundant course.
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Demographic predictors of redundancy
Finally, I examined the student and institutional characteristics associated
with redundancy to assess how it might be an inequitable experience in
higher education. Table 7 shows the results of these regressions. When the
identification of redundancy was based on math scores alone (column 1),
Black students were less likely than white students to be in redundant math.
Students attending private institutions were 6.3 percentage points less likely
than those in public institutions to be in redundant math, and student
attending highly selective institutions were 15.1 percentage points less likely
than those attending less selective institutions to be in redundant math.
The High School Academics model tells a slightly different story. Female
students were 10.7 percentage points more likely to be identified as in
redundant college math under this model, and there was also a significant
negative relationship between SES and the probability of redundancy, but
there were no racial/ethnic differences. Similar to the Math Scores model,
students in private institutions were 7 percentage points less likely, and
students in highly selective institutions 15.4 percentage points less likely, to
take redundant math than those in public institutions and less selective
institutions, respectively. The Joint model results parallel the Math Skills
model results.
One additional noteworthy finding here is that for the Math Skills and
Joint models, students in two-year colleges were no less or more likely to
experience redundant math than students in four-year colleges. This is an
important finding since it suggests that redundant math course-taking is not
confined to two-year colleges.

Discussion and implications
There is no doubt that college mathematics plays a considerable role in shaping
the postsecondary opportunities and experiences of undergraduate students.
Although there is a well-established literature on how math tracking affect
students in grade school, there is notably less empirical research on the forms
of math course-taking that students experience in college. This study sought to
provide empirical evidence of redundant college mathematics and to examine
this phenomenon across higher education using a nationally representative
dataset. The study extends the scholarship on college math course-taking
beyond a remedial/non-remedial dichotomy and adds nuance to our categorization and understanding of college students’ math experiences.
The findings confirm that a sizable fraction of students—about one-fifth of
high school graduates matriculating to college within a year and taking
a math course—are predicted to have been able to pass a higher-level course.
These students instead enrolled in a lower-level of math that they had already
completed in high school. Notably, about 40% of students in remedial
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Table 7. Factors associated with redundant college mathematics.

Student Characteristics
Female
Asian
Black
Hispanic
Other
SES (Composite)
Institutional Characteristics
Two-year college
Public college (reference)
Private college
For-profit college
Low Selectivity (reference)
Moderate Selectivity
High Selectivity
Constant
N

Redundant Under Math
Scores Model

Redundant Under HS
Academics Model

Redundant Under
Joint Model

−0.016
(0.019)
−0.042
(0.029)
−0.091**
(0.028)
−0.012
(0.030)
0.045
(0.050)
0.021
(0.014)

0.107***
(0.017)
−0.009
(0.027)
−0.047
(0.026)
0.023
(0.030)
0.073
(0.049)
−0.027*
(0.013)

0.016
(0.018)
−0.019
(0.028)
−0.062*
(0.027)
0.026
(0.030)
0.062
(0.050)
0.012
(0.013)

−0.019
(0.030)

−0.086**
(0.028)

−0.043
(0.029)

−0.063**
(0.024)
0.057
(0.067)

−0.070**
(0.022)
−0.096
(0.058)

−0.066**
(0.023)
0.018
(0.063)

−0.034
(0.031)
−0.151***
(0.031)
0.399***
(0.030)
4950

−0.044
(0.030)
−0.154***
(0.030)
0.323***
(0.028)
4950

−0.060*
(0.030)
−0.155***
(0.030)
0.351***
(0.029)
4950

Notes: Each column shows OLS linear probability model regression results for each redundancy indicator. ***
p < .001 ** p < .01 * p < .05

courses were actually in a redundant course, suggesting that their remediation may have been unwarranted. Given research on the high costs to
remediation (Melguizo et al., 2008), identifying students with this distinct
experience and steering them towards non-redundant courses may be more
efficient for both students and institutions.
Not only is redundant math distinct from remediation (though overlapping
for some students), it was also distinctly experienced by certain students.
Students in private colleges and universities were less likely to experience
redundant math than those in public colleges, as were students in more selective
institutions. There were some significant differences by race/ethnicity, gender,
and class, depending on the model. In this regard, the construct provides a lens
for analyzing mobility and opportunity in the transition to college. Future
research should examine, for instance, why students attending private schools
are less likely to be subject to redundant math, and whether this is related to
students’ opportunity hoarding, college knowledge, and/or structural differences
between public and private institutions.
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Given that students in redundant college mathematics are those who could
have passed a higher-level course, and that students may have access to nonredundant courses by virtue of the type of postsecondary institution they attend,
the primary implication of the results is that math sorting processes in the
transition to college should be questioned and improved. If students begin
college in more appropriate courses, then this can increase efficiency in institutional investments in postsecondary remediation and also reduce the direct and
indirect costs of higher education for students pursuing their credentials.
One possibility is to improve practices associated with math course placement. Colleges can focus attention on methods to assess placement error
when using placement tests (Scott-Clayton et al., 2014), or consider using
multiple measures such as high school grades and prior math course-taking
to inform math course placements (Ngo, Chi, & Park, 2018; Ngo & Kwon,
2015). This research has primarily been conducted in community colleges,
but it is imperative to extend this work to the four-year setting as well.
Certainly, a portion of the observed redundancy may be due not to
placement testing but to student self-selection into lower-level coursework.
This may be related to advising practices and/or to students’ attitudes
towards mathematics. Thus, one additional area of research may focus on
the reasons students select into redundant courses, and any practices related
to advising that may influence these decisions.
Although significant changes across the nation may have reduced redundant college math since ELS:02, including placement testing reform, more
structured “math pathways” from high school to college, and shifts away
from college math remediation, redundancy may continue to exist and be the
college math experience of many college students. The extent of redundant
college mathematics should continue to be investigated, along with the
implications of it for subsequent college participation and attainment.
While there is significant research on the impact of postsecondary remediation, the present study makes clear that redundancy is a distinct category of
experience, perhaps with distinct consequences. Future research can seek to
better understand exactly how redundant math course-taking in college
might work to discourage or alter students’ aspirations and affect their
academic trajectories and college attainment. This may further illuminate
how this unique category of math experience may be perpetuating and
exacerbating inequality in the transition to college.
Notes
1. These courses are typically at the intermediate algebra level or below.
2. All sample sizes are rounded to the nearest 10 in accordance with NCES restricted data
guidelines.
3. This variable is F1RMAPIP.
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4. I used the gologit2 command in Stata 15 with the autofit option.
5. Available upon request.
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Table A1. First college math courses of ELS:02 students.
College Course Map Code
Categories
Pre-Collegiate Algebra (Inter.,
Elem., Basic)
Algebra and Number Theory
Calculus
Mathematics, General
Analytic Geometry, Functions,
Pre-Calculus
Statistics, General
Pre-Collegiate Math General
Trigonometry
Computational Mathematics
Geometric Analysis
Collegiate Business Math
Applied Mathematics, General
Arithmetic
Mathematical Statistics and
Probability
Math Appreciation; Math in
Society
Math for Social Science
Technical Math; Vocational Math
Mathematics and Statistics
Pre-Collegiate Business Math
Number Systems
Mathematics, Other
Analysis and Functional Analysis
Financial Mathematics
Computational and Applied
Mathematics
Advanced Mathematics Topics
Descriptive/Pre-Collegiate/Plane
Geometry
Mathematics and Statistics, Other
Mathematical Biology
Advanced Statistics
Topology and Foundations
Statistics, Other
Applied Mathematics, Other
Technical Math
Total

Example Courses
Frequency Percent
Pre-Algebra, Algebra 1, Algebra 2
1,780
22
Linear Algebra; Combinatorics
Calculus I-IV
Introduction to College-Level
Math
Pre-Calculus

Calculus or
Below?
✓

1,750
1,360
620

21
16
8

✓
✓

540

7

✓

Descriptive/Inferential Statistics
Developmental Math
Trigonometry
Computer Theory; Discrete Math
Set Theory
Business Algebra
Fundamental Analysis of Real
Variables
Arithmetic
Probability Theory

540
450
140
130
120
110
90

6
6
2
2
1
1
1

90
90

1
1

Math in the Modern World

80

1

Math for Economics
Nursing Math
Specialized Statistics
Business Arithmetic; Consumer
Math
Algebra/Geometry for Teachers

60
60
40
40

1
1
1
<1

30
30
20
20

<1
<1
<1
<1

20

<1

Game Theory
Geometry

10
10

<1
<1

Math Economics
Chaos and Nonlinear Systems
Regression
Mathematical Logic, Proof
Theory

10
10
<10
<10

<1
<1
<1
<1

<10
<10
<10
8,250

<1
<1
<1

Partial Differential Equations
Probability Theory; Mathematical
Finance
Differential Equations

Using Scientific Calculators

✓
✓

✓

✓

✓

5140

Note: Sample sizes were rounded to the nearest 10 per the Institute of Education Sciences restricted-use data
guidelines.

