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Examining College Students’  
Paths to Calculus

STAYING  
THE COURSE:



While traditional approaches have focused on 
prerequisite courses—which often repeat high 
school coursework in algebra, precalculus and 

trigonometry—research has increasingly called that  
strategy into question.

Countless college students abandon 
their STEM ambitions after an encounter 
with calculus—or to avoid taking the 
intimidating course altogether.
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EXECUTIVE SUMMARY

Calculus is a stepping stone to STEM degrees and 
careers. But it is also known to be a stumbling block 
to those very objectives. Each year, nearly 1 million 
students attempt a college calculus or precalculus 
course without success (Gobstein, 2021, p. ix), and 
many abandon their STEM ambitions as a result. 
Women and minoritized students are most likely to be 
affected by this weed-out function (Seymour & Hunter, 
2019; Hatfield et al., 2022). 

While numerous strategies have been identified 
to improve success in college calculus courses 
(Bressoud & Rasmussen, 2015; Burdman et al., 
2021), one challenge is that struggles in calculus 
are often attributed to varying levels of preparation 
among students interested in pursuing a STEM major. 
Traditional approaches have focused on prerequisite 
courses—which often repeat high school coursework 
in algebra, precalculus and trigonometry—but research 
reveals that strategies aimed at “fixing” students have 
not effectively improved STEM success for historically 
excluded groups (Hatfield et al., 2022). 

Addressing this issue is especially relevant in the 
wake of the COVID-19 disruptions that compromised 
students’ exposure to advanced math in high school. 

About this report. This report focuses on the role of 
calculus prerequisites, courses that are considered 
college level but do not meet the requirements for 
most STEM majors. For STEM-interested students 
considered unprepared for college Calculus, do 
prerequisite sequences enhance their chances of 
succeeding in Calculus as intended? Or do they, like 
remedial courses, present barriers rooted in deficit 
perspectives of students? 

We examine the apparent tension between the 
calculus prerequisite practices of many math 
departments and the implications of existing research 
by considering several questions, including:

• How have math departments structured their 
calculus prerequisite sequences?

• How do colleges determine students’ eligibility for 
Calculus and, for those not ready, assign them to 
prerequisite courses or sequences? 

We focused on the 23-campus California State 
University system. Besides being the nation’s largest 
public university system, the CSU is also among the 
most diverse. The CSU has a long history of working 
to address college preparation issues, dating back to 
the 1990s. The system has also been a leader among 
postsecondary systems in adopting evidence-based 
reforms to remedial mathematics programs. 

Our research included an analysis during summer 
2022 of online information from all 23 CSU campuses, 
a review of relevant research literature, and interviews 
with math leaders from eight CSU campuses.  

RESEARCH CONTEXT:  
STEM PERSISTENCE, COURSE 
SEQUENCES, AND PLACEMENT
Cultivating a talented and diverse STEM workforce 
requires solving the dilemma associated with 
attrition in students’ pathways to STEM—attrition that 
disproportionately affects women and minoritized 
students (Eagan et al., 2014; Gates et al., 2012; Riegle-
Crumb et al., 2019; Seymour & Hunter, 2019). Since 
attrition begins even before students reach Calculus, 
work to address Calculus’ gatekeeper role needs also 
to consider students’ pathways to Calculus. 

Remedial prerequisites and exponential attrition. 
Research has consistently linked remedial sequences, 
especially long remedial math sequences, with 
reduced success (Bailey et al., 2010; Brathwaite et al., 
2020; Cuellar Mejia et al., 2021; Edgecombe, 2011; 
Hern et al., 2020; Hodara, 2013). However, attrition 
has also been observed at four-year institutions 
(Complete College America, 2012). 

Sequence length places a ceiling on ultimate success 
in Calculus and STEM. As such, an intended remedy 
for perceived underpreparedness can instead be a 
structural barrier to improving Calculus completion. 
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However, this issue will go unaddressed unless 
colleges begin to monitor sequence success rates in 
addition to course success rates. 

Precalculus and other calculus prerequisites. No 
known studies have validated particular prerequisite 
courses or sequences for students at given 
preparation levels. However, some research has found 
significant attrition for students who enroll in college 
Precalculus, even those who have been successful 
in the course (Hsu & Bressoud, 2015; Thompson et 
al., 2007) and little benefit in Calculus for those who 
took Precalculus in college (Sonnert & Sadler, 2015). 
Such findings appear to implicate the length of the 
prerequisite sequences. 

Course placement. Math department chairs rate 
placement as the most important feature of calculus 
paths but report low satisfaction with their placement 
solutions (Rasmussen et al., 2019). Placement 
practices need to consider sequence success, 
sometimes called throughput. Doing so generally 
counsels against placing students into lengthy 
sequences, which often lower a student’s chances of 
eventually completing Calculus. 

Similar to research on college admission tests (Geiser, 
2017; Geiser & Santelices, 2007; Kurlaender & Cohen, 
2019), studies on remedial placement tests repeatedly 
find that high school transcripts outperform placement 
tests in predicting student achievement, with less 
racially disparate impact (Hayward, 2017; Scott-
Clayton, 2012; Scott-Clayton et al., 2014). 

Calculus placement tests have received far less 
research attention, but it is common for math 
departments to use them (Burdman, 2017; Hsu 
& Bressoud, 2015). Approaches to improve the 
effectiveness of course placement include self-
placement with appropriate guidance (Kosiewicz & 
Ngo, 2019; Cuellar Mejia et al., 2020; Brathwaite et 
al., 2022) and practice tests (Lewis, 2019).  

Tension between research and practice. Practices 
such as multicourse prerequisite sequences 
and standardized placement tests have been 
criticized as reflecting a “deficit orientation to 
student performance,” yet these practices are the 
norm at many public institutions. Further research 
is needed to understand the range of Calculus 

prerequisite practices, the rationale behind them, 
and the associated outcomes for students at different 
preparation levels in the current environment. 

CALCULUS PREREQUISITES: 
VARIATIONS IN FOUR THEMES
New policies adopted by the CSU system in 2017 to 
eliminate traditional remedial courses have enhanced 
students’ chances of completing a college-level math 
class. However, it is less clear how those policies have 
affected the success of students pursuing STEM majors. 
A recent analysis found that only a fraction of entering 
students pursuing STEM majors enrolled in a Calculus 
I course in fall 2019 and identified racial disparities in 
access to calculus courses (Burdman et al., 2021). 

While uniform system policies preclude the use of 
remedial placement tests and remedial courses, 
campus-level policies determine the length and 
composition of prerequisite sequences, as well as 
individual students’ entry points into those sequences. 
The intersection of these system and campus policies 
ultimately influences how, when, and whether such 
students enroll in and succeed in Calculus. Yet, there 
is little consensus in California or nationally on how to 
design pathways to Calculus. 

The majority of CSU campuses have multiple routes 
to Calculus, depending on a student’s placement 
level and other factors. Four themes stood out in our 
analysis: long on-ramps, course confusion, reliance on 
testing, and range of supports. 

Long on-ramps. Prerequisite pathway lengths 
vary across CSU campuses, with some three- and 
four-course sequences that seem to mimic the 
remedial course sequences that were eliminated via 
executive order. At some campuses, students are 
disproportionately enrolled in longer routes to Calculus.
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The length of prerequisite pathways—whether in 
semesters or units—is important, because it reflects 
the opportunity cost (in terms of time, money, and 
forgone classes) of getting to Calculus. The risk of 
lengthy sequences is that the opportunity cost can be 
too great for students to bear, even when they may be 
passing individual courses along the way. 

Prerequisite pathway length, as measured by 
semesters and units, varies across the CSU system. 
The most common pattern appears to be a two-
semester sequence. However, seven campuses 
offer pathways of three or more semesters, meaning 
that students with the lowest placements taking the 
maximal sequence could take Calculus, at the earliest, 
in the middle of their sophomore year. The longest 
pathway we identified is Chico State’s four-semester, 
17-unit pathway. Three campuses offer only a one-
semester prerequisite, though these can have high 
unit counts: six at Monterey Bay and five each at 
Sonoma State and Cal Maritime. 

Interestingly, the length of maximal sequences did not 
appear to be tied to the preparation levels of students 
at the campus, based on historical data on campuses’ 
math proficiency levels published by the CSU. 

Many campuses defaulted to a two-course pathway, 
regardless of students’ incoming proficiency levels. 
Of the seven campuses with proficiency rates over 80 
percent, four had three-semester maximal pathways. 

Stretching the content. One way of offering longer 
sequences is by spreading out a single course over 
a longer period. Many campuses offer both a one-
semester version of College Algebra or Precalculus 
and a two-semester “stretch” version, for example. 

Adding lower-level courses. Several campuses have 
added a college-level prerequisite since eliminating 
remedial courses under Executive Order 1110, which 
took effect in 2018. Examples include San Diego, 
Chico, and San José State. 

Predominance of longer routes. At many campuses, 
students are more likely to be taking longer routes 
than shorter routes to Calculus. Lower-level 
prerequisites frequently enroll proportionately more 
students, as indicated by the numbers of course 
sections offered for each course. This trend appears 
at some campuses that enroll fewer students 
considered proficient, as well as at campuses with 
higher preparation levels. 

https://www.calstate.edu/data-center/institutional-research-analyses/Pages/default.aspx
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Course confusion. Some campuses offer multiple 
paths to one or more calculus courses, with limited 
transparency about which are required or optimal, 
and a variety of course titles, which may complicate 
students’ choices (when they have choices). 

Most campuses have two or more pathways to one or 
more calculus courses. The number of paths does not 
appear to be correlated with campus size. Campuses 
with more routes tend to have longer pathways and 
more entry points. The sheer array of paths and 
starting points can complicate students’ coursetaking 
decisions and counselors’ advice. The varying 
designs across campuses also create challenges for 
researching the effectiveness of different pathway 
designs and placement practices. 

Variation of course content, units, and titles. How 
campuses translate units and semesters into math 
content and course titles varies widely. Some campuses 
confer fewer credits than others for a given course 
or sequence length. Taking longer routes might entail 

trudging through more math content than is covered in 
shorter pathways. It also could mean covering the same 
content at a slower pace—or in greater depth. The variety 
of course titles adds to the lack of clarity. 

Transparency and accuracy. Information about 
math sequences in course catalogs and on websites 
was not always accurate or up to date. Counselors, 
advisors, and first-year students often rely on the 
accuracy of online information; this is especially true 
for students who have less access to guidance during 
the enrollment process. 

Most campuses lacked clear visual guides to their 
math sequences. A few had guides that were out of 
date or inconsistent with the information in their course 
catalogs. Seven sites still reference required scores on 
an exam that was retired four years earlier, in 2018. 

RELIANCE ON CALCULUS PLACEMENT TESTS. 
Although remedial placement tests have been 
eliminated, most campuses continue to emphasize 
standardized placement tests for students seeking to 
enroll in Calculus, and the use of these tests plays a 
role in the longer routes to Calculus.

The fact that students deemed unprepared for 
Calculus appear disproportionately to enter longer 
routes to Calculus raises the question of how students 
arrive there. A continued reliance on placement exams 
is part of the explanation. Since the CSU system 
eliminated placement testing and traditional remedial 
courses in 2018, all incoming students are eligible 
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to be placed directly into college-level math courses, 
with support as needed. 

But, because campuses have one to four college-level 
prerequisites for Calculus, eligibility for a college-
level math course does not ensure that a student 
seeking to pursue a STEM field will have immediate 
access to Calculus. At most campuses, such students 
are subjected to two placement processes—the 
systemwide process for placement into a general 
education math course and a campus process for 
access to Calculus. 

Examining math placement tests. Most CSU 
campuses use placement tests in addition to high 
school transcripts, but not in consistent ways. Most 
use an exam called Assessment and Learning in 
Knowledge Spaces for Placement, Preparation, 
and Learning, or ALEKS PPL, though with a variety 
of cutoff scores. Our research did not uncover an 
explanation for the wide variation. 

Range of supports. There is large variation in the 
kinds of support strategies and structures campuses 
across the CSU landscape use. Among the most 
common structures are Early Start Program summer 
bridge courses, corequisites, and stretch courses. 

CSU math leaders described a range of strategies 
to support math learning, including evidence-based 
approaches for promoting students’ positive attitudes 
about mathematics and addressing the marginalization 
that some students experience in math class. There has 
been less examination, however, of how those strategies 
relate to specific support structures. These include: 

Corequisite support models. The aim of the 
corequisite model is to provide support to students 
while they are enrolled in a college-level class, to 
allow them to progress toward a degree instead of 
taking remedial courses. In all, 21 out of 23 CSU 
campuses offer some form of corequisite support, 
with campuses offering up to six courses classified 
as support courses, workshops, or recitations for 
students taking Calculus I or prerequisite courses. 
Campuses can require only one unit of noncredit 
support, and only for students at the lowest 
preparation level. To improve effectiveness, some 
campuses offer two hours per week of corequisite 
support, despite being funded for only one. 

Stretch models. One feature of the CSU’s policies 
to eliminate remedial courses is the use of stretch 
courses that spread one semester of content over 
two semesters. This feature contributes to the wide 
variation in pathways across CSU campuses, with 
Precalculus offerings, for example, ranging from 
three units in some places to 10 units in others. Little 
research has assessed the effectiveness of this model 
as compared to single-semester corequisites. 

Summer bridge courses. Under system policies, 
incoming students with the lowest preparation levels 
are expected to take summer bridge courses through 
the CSU campuses’ Early Start Program. 

More research is still needed to understand how 
various support structures can remain sustainable 
and effective resources for large, public universities 
seeking to advance students’ progress in the math 
courses required for STEM majors. 

PREREQUISITES THROUGH  
A MATH DEPARTMENT LENS
Foremost among faculty concerns informing  
these practices was an unease about the ability of 
students with weaker math backgrounds to succeed  
in Calculus. 
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Fear of failure. In discussing their sequences and 
placement policies, some faculty cited specific data 
on or experience with course failure rates of less-
prepared students. Absent rigorous research, it is 
hard to know whether these faculty concerns, while 
well-intended, accurately reflect what is needed to 
prepare CSU students. None of the faculty we spoke 
with provided data to demonstrate that lengthier 
sequences enhanced student success in completing 
Calculus and entering STEM fields. 

Student choice. A few campuses prioritize student 
choice through self-placement approaches. When 
San Francisco adopted this approach, many 
students who likely could have succeeded in a single 
semester of Precalculus were choosing the two-
semester stretch course. Students’ success rates in 
completing the sequence have improved, but more 
research is needed to show whether self-placement is 
disadvantaging any groups of students by decreasing 
their likelihood of completing Calculus. 

FURTHER RESEARCH  
AND COURSE CORRECTIONS 
The interviews for this report as well as existing 
research point to numerous opportunities for pursuing 
the goal of STEM preparation in ways that reduce 
racial and gender inequities:  

Further research. Absent evidence, campuses 
run the risk of unintentionally relying on biases 
regarding student capabilities, reinforcing and 
replicating societal inequities. The most important 
recommendation emerging from this report, therefore, 
is longitudinal research to ensure that campuses’ 
prerequisite approaches are effective in promoting 
success in Calculus and in STEM fields. Attention 
should be paid to: 

• Comparing sequence success for students placed 
directly into Calculus with concurrent support 
to that for students at similar placement levels 
required to take prerequisite courses. 

• Analyzing the range of placement test cutoffs and 
placement policies to validate placement practices, 
including self-placement, by determining which of 
them maximize completion in equitable ways. 

What campuses can do. Steps that universities can 
take to support students’ success in the pathway to 
and through Calculus include: 

• Implementing the shortest possible sequences that 
support students’ success and persistence into 
STEM majors, replacing lengthy sequences with 
just-in-time support to the extent possible. 

• Promoting positive math classroom experiences 
by adopting course content relevant to students’ 
contexts and interests and addressing faculty 
implicit bias. 

What higher education systems or state-level 
agencies can do. College systems, university systems, 
and higher education boards can contribute by: 

• Investing in data collection and research to 
address the questions highlighted above and 
support campus-level data collection and 
research. 

• Make access to success in STEM fields a 
component of efforts to improve completion of 
general education mathematics. 

• Support efforts to increase alignment of practices, 
including prerequisite sequences and placement 
policies, to increase transparency, support transfer 
and other transitions, and enhance research into 
the effectiveness of practices. 
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Calculus is a steppingstone to STEM degrees and 
careers. But it is also known to be a stumbling block 
to those very objectives. Countless college students 
abandon their STEM ambitions after an encounter 
with calculus—or to avoid taking the intimidating 
course altogether. Each year, nearly 1 million students 
attempt a college calculus or precalculus course 
without success (Gobstein, 2021, p. ix), Research has 
identified this weed-out function as a primary obstacle 
to completion of STEM degrees and—because 
women and minoritized students are most likely to 
be affected—a key contributor to gender and racial 
stratification in STEM fields (Seymour & Hunter, 2019; 
Hatfield et al., 2022). 

Ensuring that more students can be successful 
in college calculus courses entails a range of 
changes to instruction and student support, as well 
as professional development to implement those 
changes (Bressoud & Rasmussen, 2015; Burdman et 
al., 2021). However, one challenge for colleges and 
universities in doing so is that struggles in calculus 
are often attributed to varying levels of preparation 
among students interested in pursuing a STEM major. 
As much as first-year students who take Calculus 
may struggle, those who must start in calculus 
prerequisites face even longer odds of success—a 
concern that has only been elevated during the 
COVID-19 pandemic, with the prevalence of unfinished 
high school learning. 

While traditional approaches have focused on 
prerequisite courses—which often repeat high school 
coursework in algebra, precalculus and trigonometry—
research has increasingly called that strategy into 
question. Strategies focused on “fixing” students have 
not effectively improved STEM success for historically 
excluded groups, including Black, Latinx, and Native 
American students, according to a recent study. “These 
approaches are rooted in perceived deficits in student 
preparation or interest; they attempt to mold students to 
better navigate the higher education system as it exists,” 
the authors noted (Hatfield et al., 2022, p. 7). 

Extensive evidence has shown that remedial math 
placements do not increase students’ likelihood of 
completing a college-level mathematics course (Bailey et 
al., 2010; Rodriguez et al., 2018; Scott-Clayton & Stacey, 
2015), a degree requirement at most colleges. Less well 
understood than the role of remedial courses is how 
calculus prerequisites—also called calculus foundation 
courses—relate to Calculus success. Addressing this 
issue is especially relevant in the wake of the COVID-19 
pandemic, given concerns about reduced exposure to 
advanced math in high school. 

Though these courses are considered college level, 
they do not meet the requirements for most STEM 
majors, raising questions about their efficacy. For 
STEM-interested students considered unprepared for 
college Calculus, do prerequisite sequences enhance 
their chances of succeeding in Calculus as intended? 
Or are they, like remedial courses, barriers rooted in 
deficit perspectives of students? And are colleges’ 
current systems for measuring student readiness 
accurately gauging students’ capacity for pursuing 
calculus courses and STEM fields? 

Several studies at four-year institutions have 
suggested that college precalculus classes do not 
contribute to subsequent success in Calculus (Hsu 
& Bressoud, 2015; Sonnert & Sadler, 2015). But, 
while the research on remedial education has led to 
institutions, particularly community colleges, around 
the country phasing out remedial courses (Blair et al., 
2018, p. 1), there is scant literature about prerequisite 
sequences, and the literature that does exist has 
not led to noticeable change. There is no sign of a 
movement by colleges and universities to shift course 
by eliminating or shortening their calculus prerequisite 
sequences for STEM majors. 

Though there have been improvements nationally in 
general education math completion, the trend appears 
to be driven by “math pathways” reforms, which allow 
students pursuing humanities, social sciences, and 
other non-STEM degrees to take a rigorous course 
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such as statistics, data science, or quantitative 
reasoning in lieu of College Algebra or Precalculus 
(Burdman et al., 2018; Charles A. Dana Center, 2019; 
Ran & Lin, 2022). Though math departments are also 
exploring a host of strategies—such as active learning, 
communities of practice, and growth mindset training 
for faculty—to improve student outcomes in STEM- and 
non–STEM-oriented math courses, most departments 
appear to be staying the course with respect to the 
trajectories for STEM-bound students. 

About this report. This report examines the apparent 
tension between the calculus prerequisite practices 
of many math departments and the implications 
of existing research, pointing to the need for more 
research focused specifically on college students’ 
pathways to Calculus. To probe the nature of college 
Calculus as both a gateway and a barrier to many 
fields, it considers several questions: 

• How have math departments structured their 
calculus prerequisite sequences, how do those 
structures reflect the findings of available 
research, and how do various structures 
correspond to student outcomes? 

• How do colleges determine students’ eligibility for 
Calculus and, for those not ready, assign them to 
prerequisite courses or sequences? 

• What considerations inform faculty decisions about 
prerequisite sequence design and placement? 

• How do math departments communicate their 
placement systems and prerequisite requirements 
for Calculus? 

To shed light on whether and how current policies and 
structures set up less-prepared students for success 
in college Calculus and entry to a STEM major, we 
focused on the California State University system. 
How the 23 CSU campuses address the pathway to 
Calculus is relevant for several reasons: 

• Besides being the nation’s largest public 
university system, the CSU is also among the 
most diverse. Latinx, Black, and Indigenous 
students—populations that have historically been 
underrepresented in higher education—make up 
about half of the students in the system, and all 

but two of the CSU’s 23 campuses are designated 
as Hispanic-serving institutions. 

• The CSU system has long worked to address 
college preparation issues, adopting various 
strategies to reduce the need for remedial 
courses beginning in the 1990s. CSU faculty 
also convened a quantitative reasoning task force 
several years ago that identified new policies and 
practices to support success in general education 
math, particularly for students not pursuing 
STEM fields (Academic Senate of the California 
State University, 2016). A recent outgrowth of 
these efforts has been the work of several CSU 
campuses to help develop high school senior-
year math courses that can better prepare some 
students for college-level math than traditional 
courses (Bracco, 2021; Reed et al., 2023). 

• The CSU has also been a leader among state 
higher education systems in adopting evidence-
based practices with respect to remedial 
mathematics, eliminating traditional remedial courses 
and placement tests. Under a 2017 executive order, 
Executive Order 1110, which took effect in fall 2018, 
the CSU system stopped requiring placement tests, 
instead using students’ high school grades and, 
sometimes, scores on high school tests to assign the 
students to a placement category. 

• The system has been focusing on addressing 
courses with high failure rates, including 
Calculus. At 10 campuses, at least 30 percent of 
students enrolled in Calculus over a recent three-

https://www.calstate.edu/csu-system/why-the-csu-matters/graduation-initiative-2025/files/academic-preparation-faq.pdf
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METHODOLOGY
The research began with an analysis of websites from 
all 23 CSU campuses. In some cases, the examination 
built on an earlier Just Equations report, Crossing 
Signals: What College Websites Tell Students About Taking 
Mathematics, which analyzed the math coursetaking 
guidance provided to students via websites within 
the California Community Colleges and CSU systems 
(Burdman & Purnell, 2020). 

Data was collected during June and July 2022. The 
analysis focused on math department websites and 
2022-2023 course catalogs.1 The reviews included 
only publicly accessible information, not information 
accessible solely via password-protected portals. The 
analysis focused on features of the available Calculus 
prerequisite sequences, including: 
• The length of the sequences in terms of courses, 

semesters, and units.
• The content covered, as reflected by course titles 

and descriptions.
• The number of unique prerequisite pathways and 

routes available at each campus.
• The prevalence of specific routes or courses (as 

measured by the number of sections offered and, 
where available, section enrollment levels).

• Information provided to students about the 
pathway to Calculus and how to place into a 
course on that pathway. 

The primary emphasis in this report is on traditional 
Calculus I, the course typically required for engineering 
majors, but some campuses also have applied calculus 
courses dedicated to specific disciplines, such as life 
sciences and business, and some attention is paid 
to those as well. The term Calculus, used throughout, 
generally refers to Calculus I.

We used two strategies to construct the complete 
pathways at all 23 CSU campuses. We began with 
“back-tracking,” using information available on the 
course prerequisites for Calculus, any prerequisites 
to those prerequisites, and corequisites (if applicable) 
along the sequence to reveal every course in each 
sequence. We supplemented that information 
with “forward-tracking,” identifying the courses a 
student would have to take, based on each campus’ 

placement guidelines, beginning with initial placement 
and ending with Calculus. 

We then looked at campuses’ placement policies to 
understand the various possible routes students could 
take through each campus’ pathway or pathways, with 
particular attention to their length. For simplicity, we 
placed our origin at the start of the fall semester, using 
fall 2022 online course catalogs. This means that 
our models for pathway lengths do not account for 
summer courses that are required or recommended 
for some entering first-year students.2

To understand the prevalence of various enrollment 
patterns, we also looked at the number of sections 
offered in pathway courses and, in some cases, 
estimated enrollment levels based on course 
schedules. Section count data was obtained from 
websites for 22 of the 23 CSU campuses. The number 
of sections offered by each campus served as a 
proxy for comparing enrollment levels across various 
prerequisite courses. This process was heavily reliant 
on the accuracy of course catalogs, websites, and 
course schedules. In some cases we determined 
that online information from a particular source was 
inaccurate or out of date. In such cases, we relied 
on other sources or direct correspondence with 
department representatives to verify or clarify the 
information. But we cannot rule out the possibility that 
other inaccurate information went undetected. 

We used the collected information to develop diagrams 
illustrating the range of courses and pathways available 
at a subset of campuses. To supplement the analyses, 
we reviewed relevant research literature as well as policy 
documents from the CSU system. We also conducted 
interviews with nine math leaders from eight math 
departments within the system. The purpose of the 
interviews was to shed light on collected data and verify 
our understanding of the sequences. Namely, we wished 
to unearth the “hows and whys” behind departmental 
policies observed across math department websites. 

Before the report was finalized, we shared key findings 
with a group of CSU representatives from math 
departments and the system office, and incorporated 
their input into the report. 

¹ In one case, the 2022-2023 course catalog was not up to date. For CSU Maritime, the previous year’s course catalog was used. 
2 Though some of those courses are offered in both the summer and the fall.
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year period received a D or an F, or withdrew 
from the course (Gordon, 2022). Three CSU 
campuses are also among the early participants 
in Student Engagement in Mathematics Through 
an Institutional Network for Active Learning, or 
SEMINAL, an initiative with support from the 
National Science Foundation that is focused on 
implementing institutional changes that support 
success in introductory mathematics courses. 

KEY THEMES IN CONTEXT
The new policies adopted by the CSU system in 2017 
have enhanced students’ chances of completing 
a college-level math class. In fall 2017, fewer than 
1,000 students who were considered unprepared 
nevertheless passed a college-level math course. The 
following fall, after implementation of the executive 
order, nearly 8,000 did so. Course success rates 
didn’t suffer. The reason more students succeeded 
was that more were allowed to enroll in the courses 
and offered support to succeed (Watanabe, 2019; 
Burdman, 2019). However, this outcome didn’t 
translate into longer-term persistence for less-
prepared students (Bracco, Barrat, et al., 2021b).

How those policies have affected the success of 
students pursuing STEM majors is not yet clear. 
According to the most recent data available, from 
the fall 2014 entering class, 55 percent of first-year 
STEM-bound students who took Calculus—or slightly 
more than 2,000 students—earned a STEM degree 
within six years (Burdman et al., 2021, p. 23).

Many STEM-bound students don’t take Calculus in 
their first semester. In fall 2019, almost 40 percent of 
students entered the CSU in STEM majors (Bracco, 
Barrat, et al., 2021b, p. 7). Among those not considered 
math proficient, about a quarter were pursuing STEM 
majors (Bracco, Barrat, et al., 2021a, p. 13). Yet that 
same fall, just one in 40 CSU nontransfer students 
enrolled in a Calculus I course, a strong indicator of 
STEM intent (Burdman et al., 2021, p. 20). Though not 
limited to first-year students, that figure suggests that 
only a fraction of STEM-interested students begin in 
Calculus. Some place out of Calculus, but many others 
are required to take prerequisite courses. 

Students who identified as Asian were more likely 
to take a calculus class than other students. 
Black and Latinx students, on the other hand, 

were underrepresented in calculus relative to their 
proportion of the student body (Burdman et al., 2021, 
p. 22). Furthermore, Black and Latinx students were 
more likely to take Precalculus in their first year 
and Calculus as sophomores than White and Asian 
students (Burdman et al., 2021, p. 21). 

While uniform system policies preclude campuses 
from using remedial placement tests or assigning 
students to remedial courses, divergent campus-
level policies determine the length and composition 
of college-level prerequisite sequences, and 
also individual students’ entry points into those 
sequences—often on the basis of test scores. 

The intersection of these system and campus policies 
ultimately influences how, when, and whether such 
students enroll and succeed in Calculus, as well as 
the experiences they have along the way. Yet, there is 
little consensus in California or nationally on how to 
design pathways to Calculus. The research literature 
offers little guidance. Institutions in California and 
beyond appear to use an array of strategies, with wide 
variation in everything from the length of prerequisite 
pathways and titles of courses to placement and 
support strategies.

In fact, according to our analysis, the majority of 
campuses have multiple routes to Calculus, depending 
on a student’s placement level and other factors. 
Though this implies that students have multiple 
options, at many CSU campuses, large numbers of 
students appear to be taking sequences of two or 
more courses. Understanding the nature of these 
various strategies, the reasons behind them, and 
their relative effectiveness in supporting success in 

https://www.aplu.org/our-work/2-fostering-research-innovation/seminal/
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Calculus is an important area of inquiry that this study 
begins to address. Four themes stood out from the 
analysis and interviews: 

• Long on-ramps. Despite the elimination of 
remedial courses, the current paths to Calculus 
leave many students taking two or more 
prerequisites before they are eligible for Calculus. 
One campus has a four-course sequence. 
Interviews revealed that some campuses defaulted 
to longer pathways due to a concern about 
students failing higher-level courses. 

• Course confusion. Some campuses offer a 
confusing number of paths, with little transparency 
about the required or optimal routes to Calculus, 
which could further complicate students’ decision-
making and lead students to make less than 
optimal choices. 

• Reliance on testing. Although remedial placement 
tests have been eliminated, the majority of 
campuses continue to emphasize standardized 
placement tests for most students seeking to 
take Calculus. In interviews, CSU math faculty—
whether or not they relied on placement tests—
expressed no dissatisfaction with their placement 
approaches. 

• Range of supports. There is large variation in 
the kinds of support strategies and structures 
campuses are using across the CSU landscape. 
The most common are Early Start Program 
summer bridge courses, corequisites, and 
“stretch” courses that spread the material over 
multiple semesters.

Before exploring these findings, we situate them 
in the context of existing research on STEM math 
prerequisites. 

RESEARCH CONTEXT:  
STEM PERSISTENCE, COURSE 
SEQUENCES, AND PLACEMENT
Given the growing need for expertise and creativity 
to tackle the problems of tomorrow, state and 
national leaders have highlighted the priority of 
cultivating a talented and diverse STEM workforce. 
This requires solving the dilemma associated with 
attrition in students’ pathways to STEM, attrition that 
disproportionately affects women and minoritized 
students (Eagan et al., 2014; Gates et al., 2012; 
Riegle-Crumb et al., 2019; Seymour & Hunter, 2019). 

Research has pointed to an exclusionary culture that 
leads some students to leave STEM fields, irrespective 
of actual performance (Burdman et al., 2021; Ellis 
et al., 2016; Leyva et al., 2021; Rasmussen & Ellis, 
2013; Weston et al., 2019). “New approaches are 
needed, including a critical examination of institutional 
structures and policies that may inhibit equity,” noted 
a recent study on introductory STEM courses (Hatfield 
et al., 2022, p. 7). 

To be sure, exiting a STEM path to pursue another 
area of study is a sensible decision for some students, 
just as disliking precalculus could be a valid reason 
for opting out. But it is concerning that those students 
choosing to do this are disproportionately women and 
students of color. The only way to grow and diversify 
California’s—and the nation’s—STEM workforce is for 
more of those students to remain in STEM. Since 
attrition begins even before students reach Calculus, 
work to ensure students can “stay the course” must 
also consider students’ pathways to Calculus. 

Remedial prerequisites and exponential attrition. 
Allowing students at lower placement levels to take 
lower-level math courses sounds like a sensible way 
to ease students into more advanced content. But 
research has consistently linked remedial sequences, 
especially long sequences, with reduced success. 
Community college remedial math, in particular, has 
been the subject of extensive research (Bailey et al., 
2010; Brathwaite et al., 2020; Cuellar Mejia et al., 
2021; Edgecombe, 2011; Hern et al., 2020; Hodara, 
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2013). One study showed that fewer than a third 
of community college students placed in traditional 
remedial math courses completed their sequences, 
and only 20 percent of them earned college-level math 
credit within three years (Huang, 2018). 

Similar, if less pronounced, attrition has been 
observed at four-year institutions (Complete College 
America, 2012). At the CSU, before remedial courses 
were abandoned, more than 2,600 students were 
disenrolled each year for not completing remedial 
math courses. This number represented about 4 
percent of students, but 9 percent of Black students 
and 6 percent of Latinx students (Burdman, 2019). 

Understanding this phenomenon relies on a key 
insight. Completing a sequence of remedial courses 
is not just a matter of passing individual courses; it 
entails students enrolling in subsequent courses in 
the sequence. Students’ enrollment decisions are not 
mere noise in the model. Analyses of remedial math 
enrollment at college after college and system after 
system have shown predictable levels of attrition. 
Longer sequences yield greater attrition, even for 
some who succeed in the courses (Bailey et al., 2010; 
Douglas et al., 2020; Hern, 2010; Scott-Clayton & 
Rodriguez, 2012; Xu & Dadgar, 2018). 

Though there are multiple theories to explain why, 
there is no question that sequence length places a 
ceiling on ultimate success in Calculus and STEM 
(see Sequence Length and Algebra 2, p. 15). As such, 
an intended remedy for perceived underpreparedness 
can instead be a structural barrier to improving 
Calculus completion. But unless colleges begin to 

monitor sequence success rates in addition to course 
success rates, this issue will go unaddressed. 

Such realizations have been pivotal to motivating 
remedial education reforms across the country. 
Policies to reduce or eliminate remedial math courses 
have shown considerable success in the CSU system 
(Bracco, Barrat, et al., 2021b; Burdman, 2019; 
Watanabe, 2019) and in other two- and four-year 
systems (Cuellar Mejia et al., 2021; Denley, 2021b; 
Denley, 2016; Ran & Lin, 2022) in terms of completion 
of general education or gateway math courses. In 
most cases, state and system policies have replaced 
remedial courses with concurrent support strategies, 
such as corequisite courses. 

SEQUENCE LENGTH AND ALGEBRA 2
It is common to wonder whether STEM paths 
represent an exception to the rule about 
sequence length, in particular with respect 
to students who have not taken high school 
Algebra II (also known as Intermediate Algebra), 
since Algebra II is a standard prerequisite for 
Precalculus and College Algebra. In California, for 
example, some community colleges continued to 
require remedial algebra courses for STEM-bound 
students even after remedial courses were being 
phased out (Campaign for College Opportunity & 
California Acceleration Project, 2019). 

Though there is less research on this question, a 
recent study of the California colleges suggests that 
the assumption is ill-founded. While taking Algebra 
II in high school is associated with greater success 
in calculus prerequisites, requiring remedial algebra 
courses for students who did not have Algebra II on 
their transcripts dramatically reduced their chances 
of completing any calculus prerequisite to just 8 
percent. When students were allowed to take a 
college-level Calculus prerequisite, however, their 
likelihood of completing the course jumped nearly 
fourfold (Hayward, 2021, p. 17). Attrition caused by 
students leaving the sequence is one explanation. A 
related concern is that procedural algebra fluency 
acquired in remedial classes does not seem to 
translate into success in college-level math courses 
for those who do continue (Quarles & Davis, 2017; 
Stigler et al., 2010).
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Precalculus and other calculus prerequisites. 
There is far less research on the calculus foundation 
courses that most public universities require for 
students deemed less prepared. Even naming 
conventions are not consistent, though a typical 
assumption is that a precalculus course covers the 
content of College Algebra and Trigonometry. No 
known studies have validated particular prerequisite 
courses or sequences for students at given 
preparation levels. Nor has any evidence correlated 
a specific number of courses or units with improved 
math understanding. The literature that does exist 
reveals a pattern reminiscent of the research on 
remedial mathematics. 

Studies at public universities in four states found that 
large proportions of college Precalculus students don’t 
enroll in Calculus, even when they have been successful 
in Precalculus (Hsu & Bressoud, 2015). For example, 
at Arizona State University, 38 percent of engineering 
majors who earned a C or higher in Precalculus did not 
continue to Calculus and evidently switched majors. The 
same was true of 55 percent of physical science majors, 
65 percent of life science majors, and 56 percent of 
math majors (Thompson et al., 2007). 

And a study of more than 5,000 students at 132 two- 
and four-year institutions revealed that even those 
Precalculus students who went on to take Calculus 
received no measurable benefit from having taken 
Precalculus. In fact, their performance in Calculus 
appears to have been lower than similarly prepared 
students who did not take Precalculus (Sonnert & 
Sadler, 2015). 

Such findings appear to implicate the length of the 
sequences, and the fact that students taking Precalculus 
in college may be repeating the course, more than the 
course’s content, which is not known to vary widely 
between high school and college.3 A subsequent study 
by the same authors found that mastery of precalculus 
in high school had more than double the impact on 
students’ college Calculus outcomes as taking a high 
school calculus course (Sadler & Sonnert, 2018, p. 

323). Though not the focus of this report, content is 
another important area to examine, as some studies  
have suggested that precalculus courses need to shift  
to ensure that students learn foundational concepts such 
as covariation and proportional reasoning in order to 
ready students to succeed in Calculus (Carlson et al., 
2015).

Though our research did not uncover studies 
examining multicourse prerequisite sequences at 
universities, a study at California’s community colleges 
sheds light on the issue. It found that in fall 2019, after 
remedial placements were reduced, 19 percent more 
students started in Calculus and 22 percent more 
successfully completed the course than they had the 
prior fall (Cuellar Mejia et al., 2021).4 The study found 
the following completion patterns for fall 2019 first-
time math students: 

• Students taking two prerequisite courses (typically 
beginning with College Algebra or Trigonometry) 
had a 15 to 20 percent chance of completing 
Calculus by fall 2020. 

• Those taking a one-semester prerequisite had a 
35 to 38 percent chance of completing Calculus 
by fall 2020.

• Of those who began in Calculus, 78 percent 
completed it by fall 2020.

Course placement. Though attention to placement 
practices is considered one of the top characteristics 
of successful Calculus programs (Bressoud & 
Rasmussen, 2015), there is little consensus on the 
approaches that best support success in the course. 
In a survey, math department chairs rated placement 
as the most important feature of calculus paths 
but reported low satisfaction with their placement 
solutions (Rasmussen et al., 2019).

In general, there is agreement that students should 
be placed in the highest course in which they can be 
successful. However, research on exponential attrition 

3 The College Board is developing an AP Precalculus course, which could help standardize the high school course. However, the proposed 
course has been the subject of some controversy, with some colleges saying they will not accept the course for credit and some math educators 
questioning the content. 
4 The study did not account for students’ preparation levels and notes a wide variation in the way colleges place students into Calculus path 
courses. The ranges for the completion rates are explained by the fact that there are two versions of the two-course sequence and two versions 
of the one-course sequence. The authors calculated separate completion rates for each. 
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has shed light on how success should be measured. 
Rather than focusing only on success in individual 
courses, placement practices need to consider 
sequence success, sometimes called throughput. 
Doing so generally counsels against placing students 
into lengthy sequences, which often lower a student’s 
chances of eventually completing Calculus. 

Multiple studies have shown that typical remedial 
placement tests underplace a portion of students 
(Hayward, 2017; Scott-Clayton, 2012; Scott-Clayton 
et al., 2014). Similar to research on college admission 
tests (Geiser, 2017; Geiser & Santelices, 2007; 
Kurlaender & Cohen, 2019), studies also repeatedly 
find that high school transcripts outperform placement 
tests in two ways: They are better predictors of 
students’ subsequent achievement, and they are 
less correlated with students’ race and gender, with 
significant implications for the composition of classes. 
As a result, numerous postsecondary systems 
have eliminated placement tests or use them along 
with high school transcripts as part of a “multiple 
measures” system (Burdman, 2012). 

Calculus placement tests have received far less 
research attention. Even before some systems began 
eliminating remedial placement tests, it was common 
for math departments to use additional standardized 
tests—including the ACT, SAT, faculty-developed exams, 
and diagnostic tests not intended for placement—for 
students seeking to take Calculus (Burdman, 2017; Hsu 
& Bressoud, 2015).5 A typical reason was to restrict 
access to math courses in order to increase course 
success rates, a rationale consistent with interviews 
with CSU faculty for this report.

One approach to improve the effectiveness of course 
placement is self-placement. The caution about some 
forms of self-placement is that, given an opportunity, 
women and minoritized students may be more likely 
to underplace themselves in such systems (Kosiewicz 
& Ngo, 2019; Cuellar Mejia et al., 2020). Such 
approaches, therefore, require guidance for students 
“to make an honest assessment of their skills, learn 
more about course content, and determine the level of 
support they need” (Brathwaite et al., 2022, p. 10). 

Using practice tests to help students brush up on their 
mathematical skills and become more familiar with the 
exam format is also considered a potential strategy to 
help students improve their placement and reduce the 
length of their required sequences (Lewis, 2019).

Tension between research and practice. If a single 
prerequisite course—Precalculus—doesn’t enhance 
students’ likelihood of taking and completing Calculus, 
as some research has suggested, it is unlikely that 
adding a second course would be more effective. 
Likewise, if standardized tests are less predictive and 
more stratifying than high school transcripts when 
used for admissions and remedial placement, as a 
considerable body of research has demonstrated, it 
is unclear that they would operate differently in the 
Calculus placement setting. 

Such meritocratic practices have been criticized as 
reflecting a “deficit orientation to student performance 
that seeks to identify fundamental academic 
weaknesses at college entry … under the assumption 
that college-ready competencies can be identified and 
assessed adequately with short tests” (Kopko et al., 
2022). And, as Hsu & Bressoud note, “Only allowing 
the strongest students into the course should raise 
the passing rate, but … this may not be in the best 
interests of many of the students” (2015, p. 59). 

Yet these very practices—multiple-course prerequisites 
and calculus placement tests—are the norm at many 
public institutions, including in California. The reliance 
on such practices reflects faculty experiences in 
classes and a good-faith concern about student 
success, which may only have heightened during the 
COVID-19 pandemic. “We have people who are ready 
to do Calculus and people who struggle with basic 

5 One Calculus readiness test has been developed and validated (Carlson et al., 2015) but is not in use for placement purposes. 



//  Just Equations18

number sense,” noted Kate Stevenson, a longtime 
leader of math reforms at Cal State Northridge.

Although practices continue to evolve, there 
is tension between the implications of existing 
research and the prevailing practices of actual math 
departments. The patterns underscore the need for 
further research to understand the range of calculus 
prerequisite practices, the rationale behind them, 
and the associated outcomes for students at different 
preparation levels in the current environment. 

CALCULUS PREREQUISITES: 
VARIATIONS IN FOUR THEMES
We now examine more closely the specific math 
prerequisite and placement policies of the CSU 
campuses, focusing on four themes: long on-ramps, 
course confusion, reliance on testing, and range of 
supports. 

Long on-ramps. Prerequisite pathway lengths 
vary across CSU campuses, with some three- and 
four-course sequences that seem to mimic the 
remedial course sequences that were eliminated via 
executive order. At some campuses, students are 
disproportionately enrolled in longer routes to Calculus.

The length of prerequisite pathways—whether in 
semesters or units—is important, because it reflects 
the opportunity cost (in terms of time, money, and 
forgone classes) of getting to Calculus (see Multiple 
Dimensions of Pathway Length, p. 18). The risk of 
lengthy sequences is that the opportunity cost can be 
too great for students to bear, even when they may be 
passing individual courses along the way. Balancing 
that risk with students’ preparation needs is not an 
easy task for campuses. And, according to interviews, 
the task became more difficult after COVID-19 
disrupted most students’ educational journeys. 

Prerequisite pathway length, as measured by 
semesters and units, varies across the CSU system. 
The most common pattern appears to be a two-
semester sequence. However, seven campuses 
offer pathways of three or more semesters, meaning 
that students with the lowest placements taking the 
maximal sequence could take Calculus, at the earliest, 

in the middle of their sophomore year, unless they 
take a summer bridge course before college (see 
Semesters in Maximal Prerequisite Pathway, p.19).

The longest pathway we identified is Chico State’s 
17-unit pathway. Chico State students can spend up 
to four semesters before arriving at Calculus—if they 
persist that long. The sequence includes a one-unit, 
three-hour mathematics lab that confers no credit 
toward graduation but serves as a corequisite to one 
of several general education science courses. At Cal 
State Bakersfield, it can take up to three semesters to 
complete that campus’ 13-unit sequence (see Maximal 
Pathways by Semesters and Units, p. 19).

MULTIPLE DIMENSIONS  
OF PATHWAY LENGTH
Each CSU campus offers at least one introductory, 
single-variable Calculus course. In addition to a 
standard Calculus I course (the primary focus 
of this report), some offer courses with names 
such as Calculus for Life Sciences and Calculus 
for Business Majors, which may not require an 
understanding of trigonometry. At most campuses 
that offer them, the paths to life sciences and 
business-oriented calculus courses are shorter.

The length of a course sequence is a 
multidimensional construct. Similar to how the 
construction of “weather” is understood by 
several measurable quantities (e.g., temperature, 
humidity, air pressure), the length of a Calculus 
sequence may be understood via its number of 
semesters, number of math courses, number of 
units, and a student’s placement category, as 
well as qualitative measures such as math topics 
covered (e.g., College Algebra, Trigonometry, 
Precalculus) and a student’s intended major.

Our analysis focused primarily on the number of 
semesters6 it takes a student to get to Calculus 
but also considered the number of units in that 
prerequisite path and the number of courses. There 
was not always a direct correspondence between 
semesters and units. Nor did either align directly 
with specific course titles and math content. 

6 One campus—California State Polytechnic University, San Luis Obispo—is on the quarter system. 
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Lengthy pathways such as these resemble the 
remedial sequences that were eliminated via executive 
order. Some course titles—such as Foundational Math 
A at Chico State and Fundamental Concepts at CSU 
Bakersfield—even sound like precollege courses. 

Interestingly, the length of maximal sequences did 
not appear to be tied to the preparation levels of 
students at the campus, based on historical data on 
campuses’ math proficiency levels published by the 
CSU (see Math Proficiency and Pathway Length, p. 20). 
Many campuses defaulted to a two-course pathway, 
regardless of students’ incoming proficiency levels. 

Of the seven campuses with proficiency rates over 80 
percent, four had three-semester maximal pathways. 
Two campuses with longer maximal pathways—Chico 
and Bakersfield—had below-average proficiency 
rates. At the same time, campuses with even lower 
proficiency rates—Dominguez Hills and Channel 
Islands, for example—had shorter pathways. 

Still other campuses have determined that a single 
semester is enough to prepare every student for 
Calculus. Three campuses offer only a one-semester 
prerequisite, though these can have high unit counts: 

http://asd.calstate.edu/performance/proficiency.shtml
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six at Monterey Bay and five each at Sonoma State 
and Cal Maritime. Note that these are among the 
campuses with the smallest enrollment. 

Stretching the content. One way of offering longer 
sequences is by spreading out a single course over 
a longer period. Many campuses offer both a one-
semester version of College Algebra or Precalculus and 
a two-semester “stretch” version, for example. Though 
ostensibly covering the same material, the stretch 
sequences often comprise far more units than the single-
semester version. Cal State San Bernardino, for example, 
offers a choice of a four-unit single-semester course, a 
six-unit stretch version, and an eight-unit stretch version 
(which incorporates a one-unit lab each semester). San 
Francisco’s stretch Precalculus course consists of six 
units, compared to its regular four-unit course. 

Adding lower-level courses. Stretching content is 

not the only way that required sequences may have 
become longer. Several campuses have added a 
college-level prerequisite since eliminating remedial 
courses. Before 2018, the year Executive Order 1110 
was implemented, San Diego State offered only one 
calculus prerequisite—Precalculus. That year, it added 
a College Algebra class (O’Sullivan & Bowers, n.d.).

Likewise, Chico State (see Cal State Chico Calculus 
Pathway, p. 21), where current students can take 
up to four semesters of Calculus prerequisites, 
introduced a College Algebra course into its catalog 
in fall 2019, a year after traditional remedial courses 
were eliminated. A similar change occurred at 
San José State. In 2018, the campus offered just 
two prerequisite courses: College Algebra and 
Precalculus, according to archived course catalogs. 
But in 2019, a third course—Trigonometry—appeared 
in the catalog (but as the course after College 
Algebra, in a two-semester sequence that some 
students take in lieu of Precalculus). 

Predominance of longer routes. Also of concern, 
the CSU fall 2022 course schedules suggest that, at 
many campuses, students are more likely to be taking 
longer routes than shorter routes to Calculus. Although 
placement policies are intended to allow students to 
start at optimal points in the pathway, the lower-level 
prerequisites frequently enroll proportionately more 
students, as indicated by the numbers of course 
sections offered for each course. This trend may have 
been accentuated by decreased preparation during the 
pandemic, according to interviews. 

Of course, the difference in enrollment levels could 
also be explained by attrition in the sequence, 
to the extent that students who start with, say, 
College Algebra leave the sequence and never take 
Precalculus. But that explanation would call into 
question, rather than justify, the lengthier sequences. 

This trend appears at some campuses that enroll 
fewer students considered proficient, according to the 
CSU’s placement categories. For instance, at Cal Poly 
Humboldt, which historically had a lower proficiency rate, 
fall 2022 section counts7 suggest that at least four times 

7 Section counts refer to the number of sections offered and seats available per section. Our assumption is that the vast majority of students 
enrolling in these courses are STEM-intending, but we cannot rule out the possibility that students in other majors may sign up for a calculus 
prerequisite. These students would not necessarily be expected to continue on to Calculus. 



Cal State Dominguez Hills Calculus Pathway

MATH 153
Precalculus with
Trigonometry 
with Lab (1)

MATH 155
Precalculus (4)

MATH 191
 Calculus I (4)

MATH 171
Survey of 

Calculus for 
Managment and 
Life Science (5)

MATH 103
Introduction to

College Algebra (4)

MATH 151
College Algebra and 

Trigonometry (4)

Cal State 
Dominguez Hills

CAT 1-4 refer to CSU placement categories. As explained in a later section, Categories 1 and 2 students are considered ready for college-level 
math. Categories 3 and 4 students are deemed in need of support.

CAT 1 or 2

CAT 3 or 4

Cal State Chico Calculus Pathway

MATH 120X
Calculus

Problem Session (1)

MATH 120
Analytic Geometry
and Calculus (4)

MATH 109
Survey of 

Calculus (4)

MATH 109X
Survey of 

Calculus Problem 
Session (1)

MATH 119X
Precalculus Problem 

Session (1)

MATH 119X
Precalculus Problem 

Session (1)

MATH 119
Precalculus 

Mathematics (4)

MATH 119
Precalculus 

Mathematics (4)

MATH 118
Trigonometry (3)

MATH 116
College Algebra (4)

MATH
Foundational 

Mathematics B (1)

MATH
Foundational 

Mathematics A (1)

Gen-ed Science
Cource (3)

Cal State Chico

CAT 1-4 refer to CSU placement categories. As explained in a later section, Categories 1 and 2 students are considered ready for college-level 
math. Categories 3 and 4 students are deemed in need of support.

CAT 4

CAT 3

CAT 1 or 2
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as many students enroll in two-semester sequences 
as in one-semester sequences: The one-semester 
pathway had three sections, compared with 13 sections 
for the two distinct two-course pathways. Cal State San 
Bernardino provided 15 sections of Preparation for 
Calculus A, the first semester of a six-unit, two-semester 
course (eight units if taken with a corequisite), versus 
just eight sections of the single-semester, four-unit 
Accelerated Preparation for Calculus. 

But the pattern was also evident at some campuses 
with higher preparation levels. At San Diego State, 
where 94 percent of students entered proficient in 
2020 (the most recent data available), twice as many 
students were taking College Algebra—a course that 
did not exist before 2018—as were taking Precalculus 
in fall 2022, according to course schedules. And 
Cal Poly San Luis Obispo, where only 15 first-
year students in fall 2020 were not proficient—out 
of roughly 4,800 enrolled, offered 34 sections of 
Precalculus Algebra (the first course in a two-quarter 
sequence) in fall 2020. While both campuses enroll 
large numbers of students directly into Calculus, most 
students who do not enroll directly are taking at least 
two courses to get there.

Other campuses with multicourse sequences do seem 
to favor shorter routes over longer ones: Channel 
Islands has a two-semester stretch pathway but 
offers more sections in one-semester routes. Other 
examples of campuses favoring shorter routes include 
Cal Poly Pomona, Fresno, and Fullerton—campuses 
with a range of preparation levels.

Course confusion. Some campuses offer multiple 
paths to one or more calculus courses, with limited 
transparency about which are required or optimal, 
and a variety of course titles, which may complicate 
students’ choices (when they have choices). 

While some campuses have just one pathway to 
Calculus, most have two or more pathways. The 
number of paths does not appear to be correlated with 
campus size (see Pathways and Campus Size, p.23). 
However, because of the various starting points, plus 
stretch and corequisite versions of some courses, 
there are usually more possible routes to Calculus. 
For example, the Bakersfield campus offers 14 distinct 
routes to one of three calculus courses—determined 
by students’ starting point and choices, such as 
whether to take a single semester or stretch version of 

Cal State Bakersfield Calculus Pathway

MATH 2310
Single Variable
Calculus I for
Engineers (4)

MATH 2510
Single Variable
Calculus I (4)

MATH 2010
 Calculus for the
Biological and

Chemical Sciences (4)

MATH 1050
Precalculus I (4)

MATH 1060
Precalculus II (4)

MATH 1040
Precalculus I 

and II (4)

MATH 1055
Precalculus I with 
Foundations (6)

MATH 1051
Precalculus I 

Supplement (1)

MATH 101
Foundational 
Concepts (4)

CSU Bakersfield

CAT 1-4 refer to CSU placement categories. As explained in a later section, Categories 1 and 2 students are considered ready for college-level 
math. Categories 3 and 4 students are deemed in need of support.

CAT 3

CAT 1 or 2

CAT 1 or 2

Distance from
CalculusCAT 3 or 4
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certain courses. Chico State has a total of 18 different 
routes leading to its two calculus offerings. 

These campuses have more routes because their 
longer pathways involve more entry points. The 
campuses with the fewest routes, of course, were 
also the simplest—those campuses offering only a 
one-semester prerequisite option for all STEM-bound 
students who don’t place directly into Calculus.

While offering more routes to Calculus may appear 
to promote student choice, it does not actually 
give students more options. In fact, the sheer 
array of paths and starting points can complicate 
students’ coursetaking decisions and counselors’ 
advice. Multiple routes—which can include one- 
and two-semester versions of what is otherwise 
the same course—can be hard for incoming 
students to navigate, especially in the absence of 
transparent information. The varying designs across 
campuses also create challenges for researching 
the effectiveness of different pathway designs and 
placement practices. 

Variation of course content, units, and titles. 
How campuses translate units and semesters into 
math content and course titles is neither uniform 
nor straightforward. This is potentially a source of 
confusion for students, but also for research into 
optimal practices.

The relationship among course titles, content, and 
sequence length is hard to discern: What exactly 
is covered in these courses and how do students’ 
workloads compare? Why do some campuses 
confer fewer credits than others for a given course 
or sequence length? Presumably, because all the 
sequences are intended to prepare students for 
Calculus, regardless of length, they cover relatively 
the same content, but the degree of variation makes 
that less than obvious, which can cause confusion for 
first-year students, transfer students, and counselors.

Taking longer routes might entail trudging through 
more math content than is covered in shorter 
pathways. It also could mean covering the same 
content at a slower pace—or in greater depth. The 
same opacity applies to course units: More units may 
represent more material, but that is far from clear, 
since units are typically a reflection of contact hours. 
Consider Precalculus, typically the last course before 
Calculus. Precalculus courses can range from three-
credit to six-credit offerings, and up to 10 in the case 
of stretched versions. They can vary across campuses 
but also among versions at a single campus.

Course titles are also not very illuminating. Several 
campuses offer only Precalculus, including some that 
offer two-semester versions. Some offer College Algebra, 
Trigonometry, and Precalculus. Still others offer only 
two of those three (See Common CSU Course Patterns 
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& Titles, p. 24). These titles apparently do not align 
clearly with community college course titles for students 
seeking to transfer to the CSU: The most common two-
course sequence at community colleges is Trigonometry 
and Precalculus (Cuellar Mejia et al., 2021).

Transparency and accuracy. Information about math 
sequences in course catalogs and on websites was not 
always accurate or up to date. It was also often less 
than transparent. Counselors, advisors, and first-year 
students often rely on the accuracy of online information, 
even more so during the COVID-19 pandemic (Burdman 
& Purnell, 2020). This dependence can be especially 
true for first-generation and low-income college students, 
who tend to have less access to guidance during the 
enrollment process than other students. Lack of clear 
information interferes with students’ ability to choose 
among options. 

Whatever the number of options or titles of courses, clear, 
visual illustrations support student agency. An accurate 
depiction of how courses connect in terms of their pre- 
and corequisite requirements can help students and 
counselors understand the options. Only four of the 23 
CSU campuses provided accessible and up-to-date road 
maps. Of the four, the road maps for San Diego State and 
CSU East Bay were particularly easy to follow (see Clear 
Road Maps Promote Transparency, p. 25). 

8 College Algebra & Trigonometry: Dominguez Hills, Humboldt, San José. College Algebra & Precalculus: Fresno, East Bay, Sacramento, San 
Diego, San Marcos. Stretch Precalculus: Bakersfield, Channel Islands, Los Angeles, CSUN, San Bernardino, San Francisco, San Luis Obispo. 
Stretch College Algebra & Trigonometry: Fullerton, Long Beach, Pomona, Stanislaus. College Algebra, Trigonometry, and Precalculus: 
Chico. The remaining campuses have just one calculus prerequisite.

COMMON CSU COURSE PATTERNS & TITLES 

Pattern Number of campuses8 Sample campus course title combinations

College Algebra & Trigonometry 3 Introduction to College Algebra, College Algebra  
and Trigonometry

College Algebra with Integrated Support, Trigonometry

College Algebra & Precalculus 5 College Algebra with Support, Precalculus

College Algebra, Precalculus with Algebra

Stretch Precalculus 7 Precalculus I with Foundations, Precalculus II

Precalculus: Functions with lab, Precalculus: Trigonometry

Prelude to Calculus I, Prelude to Calculus II

Stretch College Algebra  
& Trigonometry

4 Essential Algebra A, Essential Algebra B,  
Precalculus Trigonometry

College Algebra Stretch I, College Algebra Stretch II, 
Trigonometry

College Algebra, Trigonometry,  
& Precalculus

1 College Algebra, Trigonometry, Precalculus Mathematics

Given that most campuses have multiple routes to 
Calculus and more than one introductory calculus 
course, the absence of clear visual guidelines on the 
remaining 19 sites is unfortunate. 

Lastly, outdated or incomplete information also creates 
obstacles. A few campus websites had road maps that 
were out of date or inconsistent with the information in 
their course catalogs. Seven sites still make reference 
to required scores on the CSU’s Elementary Level 
Mathematics test, an exam that was retired four 
years earlier, in 2018. And four of these seven still 
list remedial math courses in their 2022-2023 course 
catalogs, even though such courses were also phased 
out in fall 2018. For a full five months throughout 
summer and fall 2022, one campus’ math placement 
landing page said, “Coming soon.” 

Reliance on placement tests for Calculus. Although 
remedial placement tests have been eliminated, 
most campuses continue to emphasize standardized 
placement tests for students seeking to enroll in 
Calculus, and the use of these tests plays a role in the 
longer routes to Calculus. 

The fact that students deemed unprepared for 
Calculus appear disproportionately to enter longer 
routes to Calculus raises the question of how students 



Staying the Course  // 25

CLEAR ROAD MAPS PROMOTE TRANSPARENCY 

Source: Campus websites

San Diego State University 
Department of Mathematics and Statistics

Cal State East Bay
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arrive there. A continued reliance on placement exams 
is part of the explanation. 

Since the CSU system eliminated placement testing 
and traditional remedial courses in 2018, all incoming 
students are eligible to be placed directly into college-
level math courses, with support as needed (see Math 
Placement Reforms in the CSU System, p. 27). Those 
who have met their college math requirement—such as 
through an AP test score—can be exempted, though 
the score required to place directly into Calculus or a 
higher course varies by campus (see AP Cutoff Scores 
Vary by Campus, p. 27). 

A humanities major could be exempt from taking any 
college math courses (Category 1) or could complete 
their math requirement by passing a single course, 
such as Statistics (Category 2). Students in the bottom 
two placement levels can typically also take Statistics 
with additional support, but without prerequisites.9 By 
contrast, the placement rules for students pursuing 
STEM fields and taking Calculus are far more complex. 

Because of the calculus prerequisite structure on 
most campuses, being eligible for a college-level 
math course does not ensure that a student will have 
immediate access to Calculus (see Placement for STEM 
vs. Non-STEM Students, p. 27). At most campuses, 
students seeking to pursue a STEM field are, in effect, 
subjected to two placement processes. First, they 
are assessed via the systemwide “multiple measures” 
process to determine their eligibility for a math course. 
The majority of campuses—18 of the 22 for which the 
placement process could be ascertained10—go a step 
further, restricting access to Calculus via placement 
tests for most students seeking to take the course. 

Even though fewer than one-fifth of incoming STEM 
majors have historically been in Categories 3 and 4 
(Bracco, Huang, et al., 2021, p. 6), prerequisite sequences 
designed for students deemed less prepared appear to 
dominate the routes to Calculus at some CSU campuses. 

How is this happening? First of all, even students in 
Category 1 (those who have completed a college-level 

math class) are not necessarily permitted directly into 
Calculus. Our research uncovered some campuses—
Channel Islands, Long Beach, and Fullerton—that 
do allow direct placement into Calculus for such 
students. Fresno allows students to take Calculus if 
they’ve earned an A or B in a high school calculus 
course, but students who’ve earned a C would place 
into Precalculus. These patterns are consistent with 
research showing that the majority of students taking 
Calculus in college have already taken the course in 
high school (Bressoud, 2017; Bressoud, 2021). 

At some campuses, including San Diego and 
Northridge, students must reach a certain benchmark 
on a standardized test to qualify for Calculus, unless 
they’re exempt via AP score or a college-level calculus 
class. More commonly, campuses allow Category 1 
and often Category 2 students to enroll directly into 
Precalculus, a course that most have previously taken, 
given the requirements for those categories.11 Though 
not considered remedial, the Calculus prerequisites 
cover content typically taught in high school.

Examining math placement tests. Most campuses use 
placement tests in addition to high school transcripts, 
though not in consistent ways. All but one of the 18 
known to offer placement tests use an exam called 
Assessment and Learning in Knowledge Spaces for 
Placement, Preparation, and Learning, or ALEKS PPL. 
This instrument was initially designed as a tool to bolster 
math achievement, and some campuses still use it as 
a learning platform. But, since many math departments 
began using it for placement, the publisher now 
promotes it for that purpose (McGraw Hill, 2019). 

9 The exception is for students in Category 4 attending campuses where a one-unit Early Start Program summer bridge course is required.  
10 CSU San Bernardino did not describe its placement process on its website and did not respond to numerous inquiries from the authors.  
11 An exception might be a student who took Algebra II followed by AP Statistics, an uncommon pattern for an aspiring STEM major. It is far more 
likely that Categories 1 and 2 students, many of whom have taken five years of high school math with good grades, have already completed a 
high school precalculus course. 
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MATH PLACEMENT REFORMS  
IN THE CSU SYSTEM 
Before fall 2018. CSU campuses could place 
students in a series of up to three remedial math 
courses, including a summer course offered through 
the system’s Early Start Program. To be exempt from 
taking a placement test, students had to fulfill the 
system’s math proficiency requirement by meeting 
a threshold on a test such as the AP, SAT, or ACT—
plus a system-approved version of the 11th-grade 
standards test. Otherwise, students were required to 
take the Elementary Level Mathematics placement 
test before they could register for classes. 

Beginning fall 2018. Under Executive Order 1110 
issued by then-Chancellor Timothy P. White in 
2017, the system eliminated the Elementary Level 
Mathematics test along with traditional remedial 
courses. Instead, the system adopted a “multiple 
measures” placement rubric, which puts students 
in four placement categories based on their high 
school records.

AP CUTOFF SCORES VARY BY CAMPUS 

Campuses have different approaches to the 
Calculus AB AP exam scores: 

• A 3 qualifies students for Calculus II. 
Examples include East Bay, Fresno, Long 
Beach, and Pomona. Chico also accepts  
a 3 but advises students to take a placement 
test in addition.

• A 4 qualifies students for Calculus II, but a 3 
allows them to repeat the first semester without 
a placement test. Examples include: Dominguez 
Hills, Monterey Bay, and San Diego State.

• A 3 places students into a corequisite-
supported version of Calculus II. This is 
how San José State addresses the concern 
that students scoring a 3 are not sufficiently 
prepared.  

STEM-intending Non STEM-intending

Category 1:  
College-level math completed 

3 or above on AP Calculus, AP Statistics, 
or AP Computer Science Principles or 
completion of college math course 

3 or above on AP Calculus, AP Statistics, 
or AP Computer Science Principles or 
completion of college math course 

Category 2:  
College-level math

3.7 high school GPA

3.5 math GPA + five years of math (or 
C-minus in approved senior-year course)

3.7 high school GPA

3.5 high school GPA + four years of math

3.0 math GPA + five years of math (or 
C-minus in approved senior year course)

Category 3:  
College-level math with support 
course recommended 

3.3 math GPA 3.3 math GPA or 3.0 high school GPA 

Category 4:  
Early Start or support  
course required 

Students who don’t meet above 
requirements

Students who don’t meet above 
requirements

Source: CSU placement website. Note: GPAs refer to weighted GPAs. High school math courses can include courses defined as 
“quantitative reasoning courses,” which might include computer science, data science, or statistics. How the categories correspond to 
specific course placements, however, is up to individual campuses. Because of the way many campuses have constructed their pathways to 
Calculus, readiness for a college-level course does not equate to eligibility for Calculus.

PLACEMENT FOR STEM VS. NON-STEM STUDENTS 
Students are placed into readiness categories based on test scores on the ACT, SAT, or the 11th grade 
standards test with no variation in placement between STEM pathway and non-STEM pathway math courses. 
However, when placement is based on high school coursework and GPA, entry to a STEM math pathway 
requires higher grades and/or more years of high school math than entry to a non-STEM pathway.

https://www.calstate.edu/apply/freshman/getting_into_the_csu/pages/after-admission-placement-and-other-tests.aspx
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CSU campuses using ALEKS employ a range of cutoff 
scores for placement into their math sequences. 
The cutoff recommended by the test maker—76—
was the most common across campuses, though 
not all publish their ALEKS cutoffs, and at least 
one, Fresno State, declined to provide cutoffs upon 
request. According to campus websites, the lowest 
scores that qualify a student for a single-semester 
Precalculus course are a 40 at Fresno and a 46 at Cal 
Poly Pomona (both of which also make Precalculus 
available to students in Categories 1 and 2), far lower 
than the cutoffs at many campuses. Cal State East 
Bay looks for a 63, and Bakersfield requires a 65 for 
enrollment into its two-semester Precalculus series. 

Our research did not uncover any explanation for 
the wide range. San Diego State initially set its 
cutoff at 60 but, when too few students qualified, 
lowered it to 51 (O’Sullivan & Bowers, n.d., p. 5). 
Subsequently, according to an interview, the cutoff 
was raised back to 60. Placement into calculus 
courses designed for business or life sciences majors 
often had lower cutoffs or didn’t require a test score 
at all (see Placement Test Score Cutoffs Vary Widely, p. 
28). Furthermore, some campuses bar students in 

Category 4, and sometimes Category 3, from taking 
a placement test at all. On the other hand, some 
allow students in those categories to upgrade their 
placements via an ALEKS test. Chico is an example. 

Of note, some campuses charge fees for students 
to take an ALEKS test, even though the CSU system 
has in recent years provided funding to campuses 
for ALEKS licenses, a practice the chancellor’s office 
is discontinuing. Websites for at least five campuses 
indicate that students are still charged a fee to take 
ALEKS. According to San Diego State’s website, for 
example, students can take the test alone for free, but 
for it to count for placement purposes, they must take 
a proctored version at a cost of $20. This practice 
appears to conflict with system policy, as campuses 
are not permitted to charge students for ALEKS, 
according to a system official.

No known validity studies on ALEKS have been 
published, though one study found it was better 
correlated with students’ subsequent math course 
grades than the ACT (Reddy & Harper, 2013).12 And 
an analysis by the San Diego State math faculty of 
the relationship between students’ ALEKS scores and 

PLACEMENT TEST SCORE CUTOFFS VARY WIDELY

 Precalculus Business Calculus Calculus for  
Life Sciences 

Calculus

CSU Bakersfield 65 70 80

Chico State 61 76

Cal State East Bay 63 78

Fresno State 40 51 76

Cal Poly Humboldt 60 60 80

Cal State Long Beach 60 60 80

Cal State LA 61 76 76

CSUN 65 80 80

Cal Poly Pomona 46 53 61 76

Sacramento State 61 61 76

San Diego State 60 72 76

CSU San Marcos 50 70

Source: Campus websites that published ALEKS cutoffs for two or more of the courses in question, supplemented with information provided by 
representatives of a few campuses. 

12 This is not surprising, since Algebra II is the most advanced math content covered by the ACT, which was not designed to address college-
level mathematics.  
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their performance in Precalculus and Calculus has 
circulated among CSU math chairs and influenced 
practices at other campuses, according to interviews. 

The San Diego State analysis looked at the 2016-
2017 and 2017-2018 school years. Students in 
introductory math classes were required to take a 
proctored ALEKS assessment at the beginning of 
the year for 5 percent of their grade. The department 
found that higher scores on ALEKS correlated with 
higher grades, and that the likelihood of receiving 
a B in Calculus increased dramatically near the 
ALEKS score of 76, which happened to be the score 
recommended by the publisher. 

This analysis drove San Diego’s decision to add 
College Algebra as a prerequisite for Precalculus. While 
students who met the ALEKS cutoff were doing well 
in Calculus, not all who came in through Precalculus 
were successful. Faculty concluded that students who 
received a grade of B-minus or lower in Precalculus were 
not adequately prepared. “By starting the [Precalculus] 
course at a higher level and requiring placement into 
that course, we hope to see better results,” department 
leaders wrote (O’Sullivan & Bowers, n.d., p. 6).

Beginning in fall 2018, nearly half of the San Diego 
students who would have previously enrolled in 
Precalculus were starting instead in the new College 
Algebra course based on their ALEKS scores 
(O’Sullivan & Bowers, n.d., p. 6), a proportion that has 
since increased, as noted earlier. With the exception 
of students who enter with credit for a college-level 
precalculus or calculus course on their transcript,  
the campus requires STEM-bound students to 
take ALEKS regardless of their multiple measures 
placement category. 

What the San Diego math department has yet to 
examine is the degree to which students placed at a 
lower level ultimately succeeded through Calculus. 
Given the research on exponential attrition for 
prerequisite sequences, it is important to analyze 
sequence success, not just course success. 

Range of supports. There is large variation in the 
kinds of support strategies and structures campuses 
across the CSU landscape use. Among the most 
common structures are Early Start Program summer 
bridge courses, corequisites, and stretch courses. 

A major focus of math reforms nationwide has been 
to shorten sequences and provide students support 
to succeed in them. With the elimination of remedial 
courses, campuses are expected to provide support in 
the context of college-level classes, since supported 
classes are recommended for Category 3 students 
and required for Category 4 students. 

In interviews, CSU math leaders described a range of 
strategies they are utilizing to support math learning 
across those structures. These include approaches 

ALTERNATIVE PLACEMENT APPROACHES. 
A few campuses emphasize students’ high school 
records instead of or in addition to a test such  
as ALEKS.

CSU Channel Islands uses only multiple measures 
categories to place students into its pathway to 
Calculus. Sacramento State uses ALEKS scores 
but supplements them with students’ high school 
records, using a different approach from the 
system’s multiple measures categories. 

San Francisco State also emphasizes students’ 
high school records, but rather than placing 
students, the campus’ “directed self-placement” 
system allows students to choose an appropriate 
math course with the assistance of an online 
module. This policy is similar to one the campus 
has used in English for many years and is used by 
many English departments in the system (Bracco 
et al., 2019). It also reflects department chair 
Eric Hsu’s longtime doubts about the fairness of 
placement tests. 

Some campuses also factor high school math 
course grades into their placement rubrics. At 
Fresno, either an ALEKS score of 76 or an A or B 
in high school calculus can place a student into 
Calculus. At Chico, an ALEKS score alone cannot 
qualify a student for Calculus, according to the 
website. The campus requires at least a C-minus 
in both high school trigonometry and precalculus; 
otherwise the student must retake both of those 
courses. However, when asked, a campus 
representative noted that the high school grade 
requirement isn’t enforced.
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backed by the literature for promoting students’ 
positive attitudes about mathematics and addressing 
the marginalization that some students experience in 
math class. 

Julie Glass, math department chair at Cal State East 
Bay, spoke of the importance of “using mathematics 
courses in the first year as a central organizing 
component for building STEM identity, belonging, 
and meaning.” Math professor Anne Cawley at Cal 
Poly Pomona shared how faculty there work to 
“break down” the idea of math classes as intimidating 
environments that prioritize gifted students. Those 
efforts include growth mindset training for faculty and 
new approaches to grading. Similarly, Kate Stevenson 
of Cal State Northridge shared that math faculty on 
her campus have been receiving training in social-
emotional learning. 

Such approaches and others mentioned in interviews 
are consistent with the literature on postsecondary 
math outcomes as well as practices being pursued in 
California’s community colleges (Burdman et al., 2021; 
Dadgar et al., 2021; Purnell & Burdman, 2021). Cal 
State East Bay’s efforts to incorporate active learning 
into its sequence through tactile activities have also 
been featured as part of a national initiative (Oliver & 
Olkin, 2021). 

There has been less examination in the literature, 
however, of how those strategies relate to specific 
support structures, which is the focus of this report. 
The primary structures for delivering support within 
the CSU are corequisites, stretch courses, and 
summer bridge courses (called Early Start). 

Corequisite support models. The aim of the 
corequisite model is to provide support to students 
while they are enrolled in a college-level class, to 
allow them to make progress toward their degree 
requirements instead of taking remedial courses. In 
all, 21 out of 23 CSU campuses offer some form of 
corequisite support. In fall 2022, the two exceptions 
were San Francisco and Sacramento. The most 
common form, used by 19 campuses, is a stand-
alone, one-unit course. Students in Categories 3 
and 4 typically enroll in the required mathematics 
course and co-enroll in the additional support course. 
Other campuses use integrated models, in which the 
support is included in the main class. 

Studies have shown that corequisite structures 
bring distinct advantages to student success rates 
in first-year mathematics courses (Cuellar Mejia 
et al., 2021; Denley, 2021b; Denley, 2016; Hern 
et al., 2020; Logue et al., 2019; Ran & Lin, 2022), 
as compared to remedial prerequisites. One of the 
studies (Cuellar Mejia et al., 2021) isolated positive 
effects for STEM-focused students in California, but 
others (Ran & Lin, 2022; Flores, 2022) found more 
mixed results for those students. As a new approach 
to instruction, corequisite support courses pose 
nontrivial implementation challenges. These range 
from scheduling and funding concerns to ensuring 
students enroll, according to interviewees.

Support-course offerings for students pursuing 
STEM paths at the CSU vary widely, as does the 
terminology used to describe them. CSU campuses 
offer anywhere from zero to six courses classified 
as support courses, workshops, or recitations for 
students taking Calculus I or prerequisite courses. Per 
system policy, campuses can require only one unit of 
noncredit support, and only for Category 4 students, 
though some CSU campuses reported that they were 
effectively required for Category 3 students as well. 
Other types of labs and workshops are offered for 
credit and are intended to cover college-level material. 

Chico State offers multiple noncredit support courses 
along the route to Calculus. It requires Category 
4 students to take three required one-unit support 
courses, plus an additional one-unit problem 
session with Calculus I. Students in Category 3 are 
provided two such courses before reaching Calculus, 
according to former department chair Rick Ford, who 
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explained that the campus interprets system policy to 
allow one unit of support per semester. 

This policy reflects a concern that several faculty 
members voiced in interviews: Though support 
courses are mandatory for only Category 4 students, 
some faculty worry that other students, especially 
Category 3 students, who opt out of them are 
greatly disadvantaged. Many other students could 
benefit from support, interviewees said. Students 
who don’t sign up for noncredit courses covering 
precollege material might later regret the decision. 
For that reason, some campuses allow students to 
join a support course well into the semester, after 
they’ve received a midterm or quiz grade. “Students 
sometimes need that realization,” noted Kimberly R. 
Elce, math department chair at Sacramento State, 
which allows entry into a support course for the first 
four weeks of the semester. 

Another issue is cost. Despite system policy limiting 
corequisites to one unit, some campuses have found 
that two hours per week of corequisite is more effective 
than one, but they are not reimbursed by the state 
for the additional cost, noted Stevenson of Cal State 
Northridge. Though the CSU system has not published 
research on the effectiveness of the various corequisite 
structures, the two-hour approach is consistent with 
findings in Texas and Georgia: In those systems, a 
corequisite of at least two units taught by the same 
teacher as the main course maximized student success 
(Denley, 2021a; Ryu et al., 2022). 

Stretch models. One feature of the CSU’s policies to 
eliminate remedial courses involves the use of stretch 
formats. California’s community colleges as well 
as those in states such as Tennessee and Georgia 
focused efforts on corequisite courses and other 
just-in-time strategies that shortened sequences. 
The CSU’s executive order allowed the use of two-
semester models that provide integrated support. This 
feature contributes to the wide variation in pathways 
across CSU campuses, with Precalculus offerings, 
for example, ranging from three units in some places 
to 10 units in others. Seven campuses offer stretch 
Precalculus, and four offer stretched versions of 
College Algebra. 

Little research has assessed the effectiveness of this 
model as compared to single-semester corequisite 

approaches. One study by the Carnegie Foundation 
for the Advancement of Teaching showed that a 
single-semester corequisite increased success more 
than a two-semester version comparable to a stretch 
course (Huang et al., 2018), but the analysis was 
focused on students taking Statistics. It also didn’t 
assess students’ success in subsequent courses. 

Summer bridge courses. Under system policies, 
incoming students with the lowest preparation levels, 
designated as Category 4, are expected to take 
summer bridge courses through the CSU campuses’ 
Early Start Program. About 50 sections in total were 
offered by 15 campuses in summer 2022. Students 
may take a course at any campus in the system. 
However, campuses have never been able to enforce 
the requirement, and most relaxed it during summer 
2020 at the outset of the pandemic. Research 
has shown that the Early Start Program increases 
retention rates and success of students in Categories 
3 and 4 (Bracco, Barrat, et al., 2021a). Recently, the 
CSU system announced a grant to support campuses 
in reenvisioning the program. 

These various structures for providing support in 
entry-level mathematics courses in lieu of remedial 
courses are still a relatively novel strategy for improving 
students’ success in STEM pursuits. The bulk of 
research on corequisite strategies has focused on 
community colleges, and very little on stretch models 
exists. More research is still needed to understand how 
various support structures can remain sustainable and 
effective resources for large, public universities seeking 
to advance students’ progress in the math courses 
required for STEM majors. 

https://csustudentsuccess.org/course-list?field_esp_crs_campus_target_id=All&field_esp_course_area_target_id=24&field_confer_credit_type_value=All&field_esp_crs_offered_online_value=All&field_math_pathway_value=All&page=0
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PREREQUISITES THROUGH  
A MATH DEPARTMENT LENS
The literature reviewed earlier in this report raises 
important questions about offering multicourse 
prerequisites and using standardized placement tests, 
practices that are prevalent across CSU campuses 
and other universities nationwide. However, most of 
the research focuses on increasing completion of 
general education math, as opposed to the parallel 
goal of ensuring students reach and succeed in a 
Calculus class en route to a STEM degree. 

Though practices are not uniform, most CSU 
campuses offer two or more prerequisites for 
Calculus, and most rely to some degree on placement 
tests to determine eligibility. Faculty interviews 
revealed a range of experiences and concerns that 
informed these practices. Foremost among them was 
an unease about the ability of students with weaker 
math backgrounds to succeed in Calculus—and even 
Precalculus—without additional preparation. 

Fear of failure. In discussing how their sequences 
and placement policies were designed, some 
faculty cited specific data on or experience with the 
outcomes of less-prepared students, with a focus on 
course failure rates. For example, at Chico State, the 
least-prepared students are at about a seventh-grade 
level, according to Rick Ford, a factor that figured into 
the development of the campus’ four-course pathway. 
“We didn’t have a college-level course that they would 
be prepared to be injected into,” Ford said. “Our 
answer was not to put students into a course that they 
were going to fail.” 

Prior to implementation of Executive Order 1110, the 
campus had a two-course remedial sequence and two 
college-level prerequisites. Now students take a general 
education course, such as a science course, with 
an associated math corequisite course, followed by 
College Algebra, before they can take the original two 
college-level courses (Trigonometry and Precalculus). 

A similar concern drove the revised sequences at 
San Diego State. “The last thing I want is for someone 
to get into a class and fail because they don’t have 
prerequisite knowledge, because then they’re stuck. … 
If a student retakes a class, the chances that they fail 
are very high,” noted Michael O’Sullivan, until recently 
the San Diego State math department chair. “When 

the developmental math courses went away, I had 
data that showed that students who took Precalculus 
did not do that well when they went into Calculus. The 
idea of all those [additional] students going directly 
into Precalculus concerned me, so … I made College 
Algebra a prerequisite for Precalculus.” 

Absent rigorous research, it is hard to know whether 
these faculty concerns, while well-intended, accurately 
reflect what is needed to prepare CSU students. 
None of the faculty we spoke with provided data to 
demonstrate that lengthier sequences enhanced 
student success in completing Calculus and entering 
STEM fields. Further research is needed to analyze 
whether the sequences ultimately lead more students 
to pass Calculus or whether different strategies—such 
as learning support and changes to instruction—
would be more effective ways to improve Calculus 
completion. 

Student choice. With respect to more students 
enrolling in longer sequences than shorter ones, 
interviews revealed that this was not always a 
function of students being assigned to courses. A few 
campuses have chosen to prioritize student choice 
through self-placement approaches. 

At San Francisco State, Eric Hsu—a math education 
scholar as well as a mathematician and the lead 
author of a book chapter highlighting the limitations of 
precalculus (Hsu & Bressoud, 2015)—became chair of 
the math department after the campus’ stretch course 
had been developed. He admits to being a skeptic. 
“I came into the whole business very concerned 
about Precalculus, whether it’s an effective class in 
preparing students for Calculus,” he recalled in an 
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interview. “If I had been emperor, I probably would 
have never created stretch Precalculus.” Nevertheless, 
Hsu did not stand in the way of implementing the 
faculty-designed stretch course, especially during 
the pandemic, when entering students were feeling 
particularly unprepared. 

Rather than abandon the stretch model, San 
Francisco’s approach was to make it optional. 
Originally, all students in Categories 3 and 4 were 
required to take the stretch sequence. After realizing 
that some students might fare well with just a single 
semester, the department adopted a directed 
self-placement model in fall 2021 under Hsu’s 
leadership. It turned out that many students who likely 
could have succeeded in a single semester were 
choosing the longer path. “I came into it feeling that 
underplacement is automatically bad,” Hsu reflected. 
“These are adults with choices, and now we’ve gone 
through a pandemic, and students come in, ‘You know 
I didn’t really learn a lot online and I want to take it 
easy. I’ve got plenty of things to stress about, and I 
want to take a two-semester version of this.’ That’s 
where my thinking is evolving.” 

Given the research showing that shorter sequences 
promote success, it is not yet clear whether such 
patterns reflect authentic choices on the students’ 
part, as opposed to a misunderstanding of 
requirements or a lack of confidence. For Hsu, the 
jury is still out. Overall, he says that students’ success 
rates have improved. However, he intends to conduct 
further research to see whether the self-placement 
approach is disadvantaging any groups of students. 

“We have a responsibility to be encouraging to 
students and mentor them so that they have as much 
confidence as possible when making their choices, 
and try to not let this have a regressive effect for 
people who, for various social reasons, feel less 
confident and are placing themselves into a slower 
track,” noted Hsu.

Hsu says he won’t be surprised if women and 
minoritized students are more likely to select into 
longer sequences, as other research has found. 
The real question, he noted, is the outcome of 
those decisions: Are they resulting in fewer of those 
students earning STEM degrees? “That would clearly 
be a bad policy outcome,” he noted. “That would 

definitely give one pause.” On the other hand, if 
the stretch students are staying the course and 
completing their desired degree, he is not convinced 
that the additional course represents a problem. 

Role of campus size. Campuses with the shortest 
maximal pathways tend to be smaller, and interviews 
revealed some of the dynamics at play. Geoffrey 
Buhl, math department chair at CSU Channel Islands, 
shared that the campus’ declining enrollment levels as 
well as the use of block scheduling are conducive to 
shorter routes. 

“There is a lot of pressure to reduce the number of 
offerings. When you have fewer numbers of incoming 
first-year students and then need to sort them in 
block scheduling bins, there is some efficiency in 
having fewer first-year math offerings,” he said. Such 
factors aligned with Buhl’s existing doubts about 
stretch models. Channel Islands eliminated its stretch 
Calculus courses, and considered doing the same 
with Precalculus, but held off because of the changing 
profile of students entering during the pandemic. The 
campus offers both one- and two-semester routes, but 
the majority of students take the shorter route.

To test or not to test. Interviews also revealed a 
range of views about placement testing. Some math 
leaders at campuses using placement tests voiced 
satisfaction with their tests and cutoff scores based 
on course success rates. “We have not seen evidence 
of the cutoff scores being overly restrictive or overly 
generous in terms of the placement,” noted Rick Ford 
of Cal State Chico. “There is a pretty uniform passing 
rate at that marker.” 
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In addition, many campuses encourage or allow 
students to take ALEKS multiple times for practice and 
to use the ALEKS learning modules. As noted earlier, 
there is some evidence suggesting that the practice 
can improve students’ placement (Lewis, 2019), though 
more research is needed to understand whether that 
feature mitigates some of the concerns that have been 
raised about the validity of placement tests. 

Still, a few campuses do not use placement tests, 
based on reservations about them. In addition to 
San Francisco State, Channel Islands is one. “I think 
you can burden students with an additional class or 
more just for not having drunk enough coffee in the 
morning,” noted Buhl. “There needs to be a way to 
look at the coursework in high school that students 
have taken and their success that can inform where 
students should be.” 

The campus initially allowed Category 2 students, 
those who were considered ready for a college-
level math course, to enroll directly in Calculus. The 
experiment ended because only about half of those 
students passed the Calculus course. Now, the campus 
places Category 2 students into its single-semester 
Precalculus course. Category 3 and 4 students take a 
stretch version of Precalculus with a corequisite. 

No placement system can ever be 100 percent 
accurate. Some advocates argue that longer options 
shouldn’t even be offered (Hern et al., 2020), because 
some students may be placed below the level where 
they could be successful. Ultimately, decisions about 
using placement tests may depend on what risk a 
campus prefers to tolerate: The risk that a student 
who is placed too high will fail a course versus the 
risk that a student who is placed too low will never 
reach courses they are capable of completing and 
therefore abandon their STEM pursuits.

While the former has been the traditional default for 
many departments, the recent research on attrition 
raises important questions, and some campuses 
are reconsidering that approach. Noted Hsu, “Let’s 
say ALEKS is the best test ever, and if it says you’re 
not good enough to pass Calculus, it works for 90 
percent of the students. Some people would think 
that’s a really accurate test and we saved 90 percent 
of students from making a horrible mistake. I feel 
like, that’s a lot of students who could have passed 

Calculus that you kept out of it. Shouldn’t we give 
people the choice?”

Ultimately, answering this and related questions 
requires additional research at the campus and 
system level, and some interviewees noted that math 
departments need more resources—including access 
to data—to perform the requisite analyses. 

FURTHER RESEARCH  
AND COURSE CORRECTIONS 
Even before the COVID-19 pandemic, math departments 
at public four-year universities faced a host of challenges 
in preparing students with varying math backgrounds 
for careers in STEM fields in ways that reduce racial 
and gender inequities. The interviews for this report as 
well as existing research (Bracco, Barrat, et al., 2021a; 
Brathwaite et al., 2020; Bressoud et al., 2015; Burdman 
et al., 2021; Dadgar et al., 2021; Smith et al., 2021) also 
point to numerous opportunities for leaders at the CSU 
and other universities to pursue this goal. 

What these opportunities share is an emphasis on 
adoption of evidence-based approaches. Absent 
evidence, campuses run the risk of unintentionally 
relying on biases regarding student capabilities, 
reinforcing and replicating societal inequities. 
Ultimately, the goal of these efforts must be to ensure 
that students can stay the course into STEM fields, 
even if that means math departments shifting course 
to restructure their paths to calculus. 

Further research. The most important recommendation 
emerging from this report, therefore, is further research 
to ensure that campuses’ prerequisite approaches 
are effective in promoting success in Calculus and in 
STEM fields. Campuses, systems, states, and funding 
agencies should support the use of student-level data to 
analyze and disaggregate outcomes to shed light on the 
effectiveness of various practices for students generally, 
and especially for historically excluded groups. Building 
on efforts to analyze completion of general education 
math courses, these efforts require analyzing completion 
of Calculus courses and progress in STEM fields. 

While accounting for available evidence on pandemic-
related shifts in student preparation, attention should 
be paid to: 
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• Comparing sequence success for students placed 
directly into Calculus with concurrent support 
to that for students at similar placement levels 
required to take prerequisite courses. 

• Analyzing the range of placement test cutoffs 
and placement policies to validate placement 
practices, including self-placement, by determining 
which of them maximize completion in equitable 
ways. 

• Examining the efficacy of strategies that allow 
students to improve their placement.

• Determining the features of classroom instruction 
and support models that improve Calculus 
completion for students most at risk of failing 
Calculus, including students earning C grades 
in prior courses, as well as those most at risk of 
exiting sequences despite earning good grades.

What campuses can do. Available research and 
interviews point to numerous steps that universities, 
including CSU campuses, can take to support 
students’ success in the pathway to and through 
Calculus. These include: 

• Implementing the shortest possible sequences that 
support students’ success and persistence into 
STEM majors, replacing lengthy sequences with 
just-in-time support to the extent possible. 

• Promoting positive math classroom experiences 
by adopting course content relevant to students’ 
contexts and interests and addressing faculty 
implicit bias. 

• Designing prerequisites with an awareness that 
many students are seeing the material for the 
second time. 

• Focusing instruction on sense-making, not just 
procedural knowledge, which could include 
approaches that contextualize math within 
students’ STEM interests and/or social milieus. 

• Actively providing support for students traditionally 
underrepresented in STEM fields. 

• Adopting strategies such as course coordination 
and communities of practice in which faculty 
teaching the same course analyze student 
outcomes data, share common assignments and 
tests, and support curricular and instructional 
redesign. 

• Improving transparency by: 

• Providing clear, visual guides that illustrate the 
pathway(s) to Calculus. This is a quick and 
affordable way to provide students with a clear 
understanding of their path through a STEM 
major. 

• Ensuring campus websites have up-to-date 
information. 

What higher education systems or state-level 
agencies can do. College systems, university systems, 
and higher education boards can contribute by: 

• Investing in data collection and research to 
address the questions highlighted above and 
support campus-level data collection and 
research. 

• Making access to success in STEM fields a 
component of efforts to improve completion of 
general education mathematics.13 

• Supporting efforts to increase alignment of 
practices, including course patterns, units 
required, sequence length, and placement 
policies, based on evidence of effectiveness. In 
addition to improving student success locally, 
greater alignment would: 

• Increase transparency and support transitions 
across campuses and from two-year 
universities.

• Enhance the ability of researchers to study 
the effectiveness of various practices and 
structures.

13 At the CSU, this could include efforts such as the Graduation Initiative, Supportive Pathways initiative, and Targeting Critical Courses initiative. 



Unless colleges begin to monitor sequence success 
rates in addition to course success rates, this issue 

will go unaddressed. 

Placement practices need to consider sequence 
success, sometimes called throughput. Doing so 

generally counsels against placing students into lengthy 
sequences, which often lower a student’s chances of 
eventually completing Calculus. 
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Campus Enrollment Math 
Proficiency 
Level1

Pathway 
Length 
(Semesters)2

Pathway 
Length 
(Units)

Number of 
Pathways

Course Title Combinations

Bakersfield 10,624 58% 3 13 4 Fundamental Concepts, 
Precalculus I With 
Foundations, Precalculus II

Channel 
Islands

6,437 65% 2 7 3 Stretch Precalculus I, 
Stretch Precalculus II

Chico 15,421 68% 4 17 1 Foundational Math B + a gen 
ed science course, College 
Algebra, Trigonometry, 
Precalculus Mathematics

Dominguez 
Hills

16,916 50% 2 8 4 Introduction to College 
Algebra, College Algebra 
and Trigonometry

East Bay 13,499 53% 2 7 3 College Algebra, Precalculus 
With Algebra

Fresno 24,946 66% 2 8 3 College Algebra With 
Support, Precalculus

Fullerton 40,087 88% 3 8 4 College Algebra (A), College 
Algebra (B), Trigonometry

Humboldt 5,739 61% 2 7 3 College Algebra With 
Integrated Support, 
Trigonometry

Long Beach 39,434 87% 3 11 5 Essential Algebra A, 
Essential Algebra B, 
Precalculus Trigonometry

Los Angeles 27,029 59% 2 8 5 Precalculus: Functions 
with lab, Precalculus: 
Trigonometry

Maritime 880 82% 1 5 1 College Algebra and 
Trigonometry

Monterey Bay 6,995 64% 1 6 1 Precalculus

Northridge 38,551 65% 2 11 1 Precalculus I, Precalculus II

Pomona 29,103 83% 3 11 8 College Algebra Stretch 1, 
College Algebra Stretch 2, 
Trigonometry

Sacramento 31,573 65% 2 8 2 Algebra for College 
Students, Precalculus 
Mathematics

San 
Bernardino

19,182 59% 2 8 4 Preparation for Calculus A, 
Preparation for Calculus B

San Diego 35,732 94% 2 8 1 College Algebra, Precalculus

San 
Francisco

26,620 70% 2 6 2 Prelude to Calculus I, 
Prelude to Calculus II

San José 33,848 83% 2 9 3 College Algebra, 
Trigonometry

APPENDIX
PLACEMENT TEST SCORE CUTOFFS VARY WIDELY

1 As defined by the percent of students in Categories 1 and 2 combined.  
2 San Luis Obispo is on the quarter system.
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Campus Enrollment Math 
Proficiency 
Level1

Pathway 
Length 
(Semesters)2

Pathway 
Length 
(Units)

Number of 
Pathways

Course Title Combinations

San Luis 
Obispo

22,028 99+% 3 13 4 Precalculus Algebra I 
(Stretch), Precalculus 
Algebra II, Precalculus 
Trigonometry

San Marcos 14,503 59% 3 7 4 Quantitative Reasoning, 
Supported College Algebra, 
Precalculus

Sonoma 7,182 67% 1 5 1 Precalculus Mathematics

Stanislaus 10,028 64% 3 9 3 College Algebra With 
Support I, College 
Algebra With Support II, 
Trigonometry

APPENDIX CON'T
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