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Nearly 70 percent of incoming students at two-year colleges and 40 percent of incoming
students at four-year colleges enter college taking developmental, or remedial, classes.!
Developmental courses are generally offered to students who are assessed as having pre-
collegiate skill levels in math, reading, or writing. Moreover, they are traditionally offered as
pre-requisite, multi-course sequences, with students required to pass each successive level before
entering a college-level course. These courses can take multiple semesters to complete, and they
are generally offered as noncredit courses, meaning that they do not count towards a college
degree and are costly undertaking for students.

Recent research has questioned the efficacy of these courses, revealing that students
taking developmental courses rarely progress to, let alone pass, college-level courses. For
instance, a national study from 2016 revealed that fewer than half of students enrolled in
developmental courses at two-year institutions completed these courses and only 59 percent of
four-years students completed them.? Similarly, when comparing the long-term success of
students with similar skill levels placed into developmental versus college-level courses, few
long-term positive effects from developmental courses, and in some cases, negative effects on
students’ college progress were observed.> Other research has shown that students are often
overly placed into developmental courses and that these students may have done well had they
been placed directly into college-level courses.*

Developmental math, in particular, has been an area where students have struggled.
National studies have shown that large proportions of students in both two-year (59 percent) and
four-year (33 percent) colleges are taking remedial math, with the average student taking two to
three successive courses at these institutions.” Many students enrolled in these courses do not
complete them: only 50 percent of those at two-year colleges and 58 percent of those at four-year
colleges completed all their developmental math requirements.® While few longitudinal studies
of students taking remedial courses have been conducted, previous research has shown that as
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low as 20 percent of students taking remedial math go on to successfully complete a college-
level math course.’

Given these challenges, math has been a particularly strong area for reform, as many see
developmental math as one of the key stumbling blocks to students’ college success. Many
practitioners and policymakers have been experimenting with ways to improve the methods used
to assess students’ college readiness, their placement into courses as well as the format,
sequencing, and content taught within them. For instance, nineteen states now allow for the use
of multiple measures (such as the use of high school performance along with scores on a
standardized test) in assessing college-readiness, with the hope that including measures such as
high school performance or motivation alongside standardized test information may improve the
accuracy of placement decisions.® Other reforms have focused on revising the structure, content,
and pedagogy in developmental and college-level math courses. For instance, compressing
multiple developmental courses into one class, enrolling students directly into college-level
courses with supports, and revising math curriculum and pedagogy to better align with students’
intended careers and to better engage them in the learning process are a few of these
approaches.’ Finally, some reforms seek to provide students with more directed supports and
structure throughout their college career in order to incorporate students’ developmental
coursework into their longer-term college trajectory.'”

This paper discusses the range of existing developmental math reforms currently being
implemented and tested across colleges and universities in the U.S. It will describe the most
common models, the students they target, the relative scale of these programs across the U.S.,
and the current research documenting their effects on students’ outcomes. This paper will
privilege rigorous research studies, such as randomized control trials (RCT) or studies that
attempt to control for differences in students’ baseline characteristics, when discussing effects on
student outcomes. However, it will also discuss descriptive research when rigorous research is
not available to consider a reform’s potential promise for improving developmental math
students’ outcomes when rigorous research is not available. The paper will conclude with an
assessment of where the field currently stands and provide an outlook on future work and
research.

Historical Context on Developmental Mathematics Courses

As enrollments in higher education increased in the latter half of the 20" century and
many colleges offered open admissions, two-year and four-year colleges and universities became
more focused on supporting students who entered college needing to improve their basic skills.'!
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Starting in the 1970s, national organizations were formed to promote the development and
discussion of remedial (as previously known as) education, with many organizations publishing
research on promising practices for assessment, placement, instruction, and administration of
these courses.!? However, few of these studies attempted to more rigorously evaluate the
outcomes of students in these courses or the types of models or dosage that might be most
effective.!

Though researchers identified “promising practices” for the courses, no generally
accepted standards for how these courses were to be organized and thus structured existed, and
consequently content varied across colleges. For instance, colleges might offer anywhere from
one to five levels of developmental coursework, with varying methods for assessing students’
skill levels and varying decision-making processes for placing them into these courses.
Alternatively, some colleges might use standardized assessments to assess students’ skills and
mandate the completion of a certain number of developmental courses before enrolling in
college-level courses, while others might not assess students’ skills nor require them to take
developmental courses at all.'*

Although many practices differed across colleges, mandated assessment and placement
into developmental courses was a recommended practice prior to the turn of the century, and
many colleges implemented these recommendations.!® In 2010, 100 percent of two-year colleges
and 85 percent of four-year colleges reported using standardized test scores, such as the SAT and
ACT admissions tests to place students or the ACCUPLACER and COMPASS placement
tests.!® Colleges also offered numerous developmental math courses; the average college offered
3.6 remedial courses in 2000.!7 Additionally, the majority of students entering two-year colleges
were assessed as needing two or more of developmental math courses, meaning that many of
these students would require a full year of developmental math before entry into college-level
math courses. '

Traditionally, developmental math courses have also been focused on developing
students’ algebra skills in order to prepare them for college-level algebra, a traditionally,
required course for most two-year and four-year majors. The lowest level developmental math
courses generally focus on developing students’ basic arithmetic skills before moving on to pre-
algebra, elementary algebra, and intermediate algebra, requiring students testing at the lowest
levels to enroll in and pass each successive course before entering college-level algebra.'®
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Outside of the content taught, less is known about the typical instructional practices
employed in developmental courses, though researchers have been increasingly calling for more
work.2’ However, previous *!'studies have shown that many developmental courses may suffer
from the same types of drill-and-kill instruction present in many classrooms throughout the U.S.
International studies of K12 instruction have shown that math instruction in the U.S. is often
characterized by a focus on learning and practicing routines and less on math concepts, whereas
math instruction in high achieving nations focuses on actively engaging students in
understanding mathematical concepts.?* More recent studies of developmental courses have
confirmed this theory, noting that instruction in these courses is characterized by a sequentially
ordered focus on discrete subskills often on tasks that have little resemblance to college-level
work.?3 Others have also shown how the divide between students’ experiences and
expectations can also be a challenge to their success.?*

Reforms to Developmental Mathematics

The section below provides an overview of the most common reforms to developmental
math education. These reforms are divided into five sections: (1) reforms to assessment and
placement, which discuss changes to how students’ college-readiness is assessed and the
mechanisms used to place them into developmental courses; (2) structural and sequencing
reforms, which focus on reforms that primarily rely on changing the timing or sequencing of
developmental math courses; (3) instructional reforms, which focus primarily on changing the
content or pedagogy in developmental math classes; (4) support reforms, which focus on
providing additional supports to students enrolled in developmental math classes; and (5)
comprehensive reforms, which focus on multiple aspects of students’ college careers in an effort
to improve the success of students in developmental courses. Some of the reforms listed below
integrate multiple components, thus the categorization is somewhat loose. Additionally, some of
the reforms can be inclusive of developmental reading and writing as well as developmental
math.

[Insert Table 1. List of reforms and descriptive summary of each]

1. Assessment and Placement Reforms

This section describes three common reforms to developmental assessment and
placement, which are aimed at more accurately diagnosing students’ skill levels and their
placement into developmental or college-level courses. Additionally, it discusses early
assessment programs, whereby high school students’ college readiness is assessed and students
are allowed opportunities to work on advancing any needed skills while still in high school.
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Multiple measures assessment

Reforms to assessment and placement process in developmental education generally
focus on developing new mechanisms for assessing students’ skills upon college entry and for
decision-making around course placement. As noted above, two-year and four-year colleges and
universities have traditionally assessed students’ readiness through the use of standardized
exams. However, with the research revealing that standardized tests may not be the best predictor
of students’ college readiness or success, practitioners and policymakers have looked to consider
other measures of students’ potential. The most popular of these measures is the inclusion of
high school performance information, such as grade point average, the highest level of a course
taken, or the number of courses taken in a particular subject.?> Additional measures that might be
considered are the results from non-cognitive tests, which measure students’ motivation,
commitment or students’ own perceptions of their abilities.?®

Multiple measures assessment reforms generally combine alternative measures of
students’ skills together with a standardized test. Decision-making about where students are
placed can be made in variety of ways. For instance, colleges may use a waiver system, whereby
one or more measures is used to exempt students from developmental courses. Alternatively,
colleges might employ an algorithm that weighs various measures, providing an overall
recommendation for placement based on a combination of the measures together. Multiple
measures assessment has been implemented both in developmental reading and writing as well
as developmental math placement decisions.

The target group for assessment reforms can vary from the entire population of students
entering a postsecondary institution to select groups of students, such as those that are recent
high school graduates, those that have higher scores on a standardized test, or older students.
Multiple measures assessment reforms have also become highly popular, with 19 states now
allowing for or encouraging the use of multiple measures assessment for entering students.?” For
instance, North Carolina and California both required the use of multiple measures in 2016 and
2017, respectively.?® A national survey in 2016 found that 57% of public two-year colleges now
use multiple measures in math assessment, an increase of 30 percentage points since the last
national survey was conducted in 2011.%°

A number of studies have found that multiple measures assessment, and in particular the
use of high school performance information, can increase the accuracy of developmental
education placement.’® The Center for the Analysis of Postsecondary Readiness (CAPR) is
currently conducting a randomized control trial study of a multiple measures assessment system
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in the State University of New York, and early impacts reveal positive effects on students’
placement into college level courses, college-level course enrollment, and college-level course
completion. Particularly in math, students in the program group, which were placed using
multiple measures, were 3.1 percentage points more likely to enroll and complete a college-level
math course (impacts were higher for English with a 12.5 percentage point difference between
program and standard students) than a control placed with traditional measures.*! Finally, a
recent quasi-experimental study on Florida’s developmental education redesign, which requires
colleges to use high school grades to determine students’ readiness, suggests that those with
higher levels of preparation in high school do better in college-level courses.*

Diagnostic assessments

Rather than using blunt standardized assessment scores, some colleges and universities
have looked to implementing assessments that pinpoint particular challenge areas for students,
which are then used to guide developmental course placement. Diagnostic assessments have
often been used by teachers after students are assigned to classes to determine areas of strength
and weakness, which teachers then use to guide their instruction. However, some states, such as
Virginia, North Carolina, Texas, and Florida,?* have diagnostic assessments that colleges can (or
are mandated to) use to place students into developmental courses. ** Individual states or colleges
may use one of a number of commercially available diagnostic assessments, such as ALEKS,
ASSET, or Pearson’s ACCUPLACER//MyLab Foundations Skills, while other states may
develop a customized exam for their own state.>® Diagnostic assessments are often used in
concert with structural reforms, such as the modularization of developmental courses into smaller
skill “modules,” where students only take the courses they need prior to entry into  college-
level courses (see modularized courses below).

The target group for diagnostic assessments can range from all entering students to
specific groups of students, such as those that have high scores on more generalized placement
exams or those who may need instructional support in multiple areas. It is difficult to know at
what scale diagnostic assessments are being used in various states and colleges, as they are often
listed along with a number of other possible exams that could be used to assess college readiness.
However, eight states allow colleges the option to use a diagnostic exam to assess and place
students into developmental courses.*® Research on the effectiveness of diagnostic assessment is
relatively limited, though one quasi-experimental study found that diagnostic assessments were
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more effective at placing students than computer adaptive tests*’ A scant amount of literature is
also available discussing the theory behind these models.®

Early assessment and transition programs

Some colleges and states are experimenting with early assessment programs, which
provide assessments to students while they are still in high school and allow them to work on
building their college-readiness before high school graduation. Generally, students’ skills are
assessed through a college entrance exam, such as the SAT or ACT; a college placement exam,
such as the Accuplacer; or a Common Core-aligned test, such as Smarter Balanced. Students
that score below a certain level (such less than a 19 on the ACT) are generally referred to take a
transition course while still in high school. ** These courses can be offered in a variety of formats
ranging from online tutorial programs to classroom-based instruction.*” One example is
Tennessee’s Seamless Alignment and Integrated Learning Support (SAILS) program, which
integrates the Tennessee Board of Regents learning standards into the math course that students
take in their senior year. The course is specifically designed for students with low scores on the
ACT (18 or below) and provides instruction through a hybrid classroom and online learning
environment.*!

California is also implementing a similar program called the Early Assessment Program
(EAP). In this program, high school juniors take the Smarter Balanced Summative Assessments
for English language arts/literacy (ELA) and mathematics, which serve as an indicator for
college-readiness for the California State Universities and the California Community Colleges.
Based on the results of this test, students are given one of four status levels, ranging from college
ready to not ready. If certified as college ready, the student can register directly into college-level
courses; if not college ready, students take courses at their high schools to build their skills.*?

The adoption of early assessment and transition courses is growing across the U.S, and in
2017, high schools in 39 states offered transition courses as part of their programming,
demonstrating an increase of 10 states since 2012-2013.%* However, descriptive and quasi-
experimental evaluation research on these methods shows somewhat mixed results regarding
students’ math success. Descriptive studies in Arkansas, Mississippi, and Tennessee have shown
high levels of completion of the transition courses and, in Arkansas and Mississippi, increases in
students’ skills, as assessed on the ACT exams.** Overall, quasi-experimental studies in Florida,
California, New York, and Tennessee have found that students who participated in these
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programs tended to have a higher likelihood of placing into college-level math courses.*
However, higher placement did not always translate into higher college-level math completion
rates. Only in the New York study was a small, statistically significant gain seen in college-level
math pass rates (1 percent); there was no statistically significant change in college-level math
pass rates in the others. Additionally, another study of transition courses in West Virginia found
that these courses had no effect on students’ college readiness and negative effects on students’
likelihood of passing a college-level math course.*¢

2. Reforms to the Structure and Sequencing of Developmental Courses

This section describes reforms that seek to improve students’ progress to and through
developmental courses. In general, these reforms rely on changing the structure of
developmental courses to accelerate students’ time in these courses by compressing course
content into shorter time periods, breaking apart development courses such that students receive
instruction only in the skills they need, or by providing developmental supports in conjunction
with college-level classes. These reforms may also be paired with other assessment,
instructional, or support reforms in colleges’ implementation; thus, these reforms should not be
seen as mutually exclusive of other methods.

Bridge courses and non-course based options for skill-building

Many colleges have been experimenting with offering entering students who are assessed
as in need of developmental courses, the opportunity to learn these skills outside of the
traditional course context. Rather than offering classroom-based courses, colleges have offered
shorter-term skill building sessions either before the semester starts (often called summer bridge
programs or boot camps) or through non-course based options during the school semester, such
as working on skills through a technology program in the computer.

Alternatively, colleges sometimes offer students the opportunity to receive supports and
tutoring outside of class, such as online tutorials, which can be taken in a computer lab or at
home. Some states, such as Texas, Connecticut, and Colorado, have used these types of non-
course based options to replace their lowest levels of developmental education. Rather than
offering multi-level, pre-requisite developmental course sequences, these states have limited
their colleges to offering only one or two developmental course levels in each subject, and refer
students testing at lower levels (usually below the 9" grade) to non-course based option (NCBO)
“transitional” supports.*’ These states have also recommended that colleges refer these students
to local adult basic education programs, which have traditionally provided literacy, numeracy,
ESL, and high school equivalency exam preparation for adult learners.
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The primary goal for students enrolled in boot camps and NCBOs is to help students
strengthen their skills so that they can retake the placement exam and place directly into college
courses or into higher level of developmental courses. Additionally, given the short-term nature
of boot camps and NCBOs, students enrolled in these services are generally not considered
traditional college students (unless they are enrolled in other college courses) and are generally
not enrolled nor tracked in colleges’ databases. Additionally, boot camps and NCBOs are not
generally eligible for federal financial aid. As such, colleges generally provide these services to
students free of charge or at a nominal fee.*®

The target group for boot camps and NCBOs can range from all students assessed as
needing developmental courses to only select groups of students, such as those who receive
assessment scores near the college-level course cutoff (who could then move into college courses
with some short-term skill building) or those with lower scores (who could potentially place into
higher level developmental or college level classes). To date, boot camps or NCBOs are being
formally implemented in five* states, though individual institutions may also choose to offer
them on their own.

Research on summer bridge programs at four-year institutions have shown some positive
outcomes:*° a quasi-experimental research study conducted in 2010 of a 5-week summer bridge
program at a four-year university, found statistically significant impacts on graduation rates for
students who took the bridge course.’! A randomized control trial study of summer bridge
programs in eight Texas community colleges in 2012 revealed that summer bridge programs had
no effects on students’ credit accumulation or persistence. An effect was seen on first college-
level course completion in math and writing, the first year and a half; however, no significant
differences were detected after two years.>? There is also an additional regression discontinuity
study currently underway of boot camps for students placing into lower levels of developmental
math and results from this study are expected in 2019.%

Compression of developmental courses

Some colleges have sought to reduce students’ time in developmental courses by
compressing course content into shorter time periods, such as a multi-week or half a semester
course. Colleges will often offer two of these compressed courses in one semester, such as
offering the 8-week developmental math course followed by 8-week college-level math or two
developmental courses in one semester. This two-in-one semester sequencing allows students
with one developmental course need to complete both their developmental and college-level
coursework in one semester, and students needing two developmental courses to complete their
developmental coursework in one semester. When offering compressed courses, colleges may
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either cut some of the original course content to fit the course into a shorter time period or offer
the compressed course more intensively (i.e., five days a week rather than three days a week).

An example of a compression model was implemented at the Community College of
Denver. At this college, two developmental courses were paired together in one semester,
allowing a student to complete either the lowest and middle level of developmental courses or
the middle and highest developmental courses—or two courses in one semester. This program
implemented other supports as well, including case management and mandatory tutoring.>*

In 2016, 51% of public two year colleges offered compressed courses and three states
currently encourage their use along with other types of developmental education reforms. >
However, few rigorous studies have looked at the outcomes from compressed developmental
courses. Nevertheless, descriptive studies tend to show promising trends: students in compressed
courses had higher success rates than those in traditional courses. °® Additionally, a quasi-
experimental study of Community College of Denver’s program that compared students in
compressed courses with a matched set of peers found that students in compressed courses were
more likely to complete a college-level math course within three years.%’

Co-requisite models

One of the most popular, current developmental math reforms are co-requisite courses,
which allow students testing at the developmental level to enroll directly into college-level
courses with added supports. Originally implemented in three universities in Tennessee, co-
requisite courses have become one of the most common methods for redesigning developmental
math courses in the past few years.’® Though a national survey of public two-year colleges in
2016 found that only 16% of colleges were implementing these reforms in math, many states
now recommend or mandate these reforms for their colleges. For instance, in 2018, the
Education Commission for the States found that of the 19 states that had developmental course
reforms, 15 states recommended or mandated co-requisite reforms.>’

Co-requisite models can take a variety of forms. For instance, at Austin Peay State
University, where one of the original co-requisite models was implemented, developmental
courses were eliminated entirely and students were placed directly into college-level math
courses that were linked with tutoring workshops.®® Other models can include stretching college-
level math courses over a longer period of time (for instance, course work is offered across two
semesters or course work in one semester is offered more intensively, such as five times a week)
or offering college-level math paired with a developmental math course.®! Co-requisite courses
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can be targeted to students testing at multiple levels of developmental math, though they are
sometimes targeted to students who are assessed as having higher-level skills.®?

Multiple descriptive studies have shown the promise of co-requisite models for
improving students completion of college-level math as well as two more rigorous studies.®
Two rigorous studies have also shown positive effects on students’ college course completion.
One study employing a rigorous discontinuity design of Austin Peay’s redesign found that
students in co-requisite courses accumulated more college credits during their first and second
years in college than students who were enrolled in traditional developmental courses.®* A
prominent RCT study of a co-requisite redesign at City University of New York (CUNY) found
large statistically significant effects on students’ completion of a college-level math course and
accumulation of credits.%

3. Instructional and Content-Based Reforms

In addition to focusing on course sequencing and structure as a means for advancing
developmental students’ progress, reform efforts have also included revision of the content and
pedagogy in developmental (and college-level) math courses. The few studies available of
developmental course instruction have shown that instructors often rely heavily on the
memorization and procedural application of math facts rather than math concepts.®® These
researchers have shown that this type of instruction can lead students to misunderstand math
concepts, and call for instructional models that more clearly connect math concepts, problems,
and procedures. %7 Other studies have also found that structured forms of student collaboration
and instructional approaches that focus on problem representation may improve math learning
and understanding.®® Finally, some studies have argued that developmental (and college-level)
students have more confidence in their math abilities and learning than math instructors may give
them credits for, suggesting that faculty may be able to further advance these characteristics in
their instruction.®

In addition to revising pedagogy, other math leaders have pointed to the disconnect
between the content in developmental and college-level mathematics that students are required to
learn and their intended careers. Developmental math courses have traditionally focused on
algebra content in order to prepare students to take college-level algebra, a requirement for many
majors. However, studies have shown that only 22 percent of all workers use simple algebra on
the job and only five percent use the higher-level algebra and calculus skills that most college
algebra courses teach. Many more careers require basic middle school math and quantitative
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literacy skills, such as the ability to read statistical charts and graphs or work with fractions.”® As
such, these leaders have called for a revision to the math content that students are required to
learn, allowing them the option to take math courses such as statistics or quantitative literacy that

better align with their intended careers.”!

Learning communities and cohort-based instruction

A number of colleges have focused on implementing learning communities models,
which, in its strongest form, two instructors pair together two courses, have students take these
classes as a cohort, and collaborate and build lessons together for both courses. In less intensive
versions, courses are just paired together without instructor collaboration. The main effect hoped
for from learning communities is that they promote students’ social cohesion as well as help
them see connections between different academic subjects.”

Learning communities models have been used in multiple types of developmental (and
non-developmental) courses with students with varying levels of developmental need.”
Descriptive and quasi-experimental studies on the effects of learning communities in four-year
colleges for both college-level and developmental students at over a dozen institutions have
found a significant relationship between students’ participation in a learning community and
their level of engagement with their classes, fellow students, and faculty. Additionally, students
participating in learning communities were found to persist to the following year at significantly
higher rates than comparison groups who did not participate, even when controlling for
differences in students’ background characteristics.”

RCT studies of learning communities found that they tended to have less robust effects
on students outcomes. For instance, RCTs of two learning communities models for
developmental math students at Queensborough Community College and at Houston Community
College, respectively, found that students in learning communities attempted and passed their
developmental math courses at higher rates and progressed more rapidly through their
developmental courses sequences than students enrolled in traditional (non-paired)
developmental math courses.”” However, the programs had more modest effects on math credits
earned and total credits earned and no impacts on student persistence.’® Despite this, a more
recent regression discontinuity study of students enrolled in learning communities for STEM
courses found that the program increased students’ academic outcomes and feeling of belonging
in college.”” An RCT study currently under review also shows that learning communities

positively affected students’ psychosocial outcomes.”®
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Self-paced instruction and modularization of developmental math course content

Another approach college math practitioners are trying is modularization of
developmental math, in which a traditional semester-long or multi-semester sequence of
developmental math courses are broken into smaller modules focused around a specific skill or
content area. The original intent of these courses was that they would allow students to accelerate
their progress through developmental math as they only had to take those modules that they
needed to strengthen their skills.

Often modularized courses are offered along with three other developmental reforms.
First, students placed into modularized courses often begin by taking a diagnostic assessment that
identifies their skill strengths and weaknesses. Students are generally then assigned to take the
specific modules they need to strengthen their challenge areas. Second, modularized courses
are generally implemented using online or computerized-based math package, such as ALEKS, a
computer-based tutorial developed by McGraw-Hill.” Others have provided contextualized math
content within specific academic domains, such as The Math You Need When Need It.*° Third,
modularized courses are often self-paced, meaning that students are working on their own to
complete these modules, often online or in a computer lab with a teacher-facilitator. Students in
these self-paced formats also choose how quickly (or slowly) they advance through the modules
that they need to complete.

Modularized courses are relatively popular. At least two states (Virginia and North
Carolina) redesigned their community colleges’ developmental course offerings such that they
could only offer modularized courses.®! Three other states currently encourage colleges to use
these courses among other developmental courses supports or reforms.®? In 2016, 40% of public
two-year colleges offered self-paced courses (which often used modularized formats) in
developmental math.%3

Despite this, research on the implementation of technology-based instructional models
such as those that self-paced, modularized courses depend on sound a note of caution. For
instance, studies have suggested that technology-based instruction can create challenges for both
learners and instructors, particularly if either party is not technologically savvy.** A number of
studies have also shown negative results with online or technology-based learning in colleges
when compared with traditional classroom instruction.® These results have lead researchers to
argue that careful attention needs to be paid to the quality of the interactions between students
and instructors.®® Additional research has shown that more, regular and constructive interactions
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between students and instructors can lead to students feeling more committed to a course and
achieving better student grades.?’

The research on modularization has not been as promising, however, in terms of its
effects on advancing students more quickly through developmental and college-level math.
Though some descriptive studies have shown that modularized courses can improve students’
success in developmental and college-level math,®® others have found that they may slow
students’ progress. For instance, descriptive studies of Virginia and North Carolina’s
modularized developmental math sequences found that students tended to progress at a slower
pace than in traditional courses. As such, large numbers of students did not complete their
developmental and college-level math courses within one year, as was hoped.®® Similar findings
were seen in both descriptive and quasi-experimental studies of modularized math courses in
Tennessee’s community colleges.”® Similar findings have been seen in an RCT study in Texas.
While students were able to accumulate more developmental credits, students did not complete
developmental or college-level math courses at higher rates.”!

Multiple math pathways

With studies revealing that many careers call for stronger statistical and quantitative
literacy skills, many math leaders have begun to call for and implement multiple math pathways.
Multiple math pathways focus on diversifying the traditional algebra-for-all math content into
different math course tracks that better align with students intended careers. Often, these
pathways are focused around three core math subjects, including quantitative literacy for
humanities majors; statistics for social and health sciences majors; and calculus pathways for
students majoring in science, technology, engineering, or mathematics.”? Often, math pathways
models suggest that multiple math pathways begin with revised content at the developmental
level, with students having the opportunity to take developmental courses that integrate more
statistics and quantitative literacy content.”> Several models have also integrated these reforms
with an accelerated developmental math course and focus on having students who placed in
developmental math complete a college-level math course in one year.”* Two math pathways
models (Carnegie Math Pathways, including Statway and Quantway, and the Dana Center
Mathematics Pathways) have also focused on implementing structural reforms, such as
accelerated developmental math courses, and pedagogical reforms (such as contextualized,
active-learning based instructional models) into the math pathways courses.
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Some math pathways models, particularly those with accelerated developmental math
courses, have targeted students in higher-level mathematics courses, though many are also open
to students placed in multiple levels of developmental mathematics.”> However, in order to
successfully scale these models to reach larger groups of students, colleges and states must often
attend to multiple state and college policies, such as revising the math requirements for certain
majors, the alignment of math requirements across two-year and four-year colleges, and advising
of students.”® Despite these challenges, math pathways models have become a popular reform
throughout the country, with 41 percent of public two-year colleges now offering these courses
to their students.”’

Several studies have estimated the effects of multiple math pathways on students’
success, with two utilizing methodologies. A research study of the Carnegie Math Pathways
utilizing propensity score matching found large effects on math pathways students completion of
a college-level math course and accumulation of credits.”® An RCT study of math pathways at
CUNY found strong effects on students complete of a college-level math course and
accumulation of credits.”” Additionally, an ongoing RCT study of the Dana Center Mathematics
Pathways has found promising effects on an early cohort of math pathways students’ completion
of college-level math.!®

Emerging consensus on features of high quality instruction in math

In addition to changing course content, a number of developmental math reforms are
aimed at revising the pedagogy and has been integrated into a number of developmental reforms
across the country. Overall, pedagogical reforms have emphasized building students’ conceptual
understanding of math (as opposed to the traditional focus on rote memorization and the
application of procedures).!”! Similarly, leaders have called for math learning to be
contextualized within real-life situations so that students can better understand how math can be
applied in practical life. Many have also called for more student-centered, active-learning
approaches that have students play a key role in actively problem solving and working with other
students to devise and share solution methods to math problems. Professional math leaders and
organizations have also begun to call for these instructional reforms in both developmental and
college-level math courses.'%?

These pedagogical tenets underlie a number of curricular and instructional practices
embedded within developmental math reforms. For instance, both the Carnegie Math Pathways
and the Dana Center Mathematical Pathways have developed curricular models that interweave
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these principles into math instruction.!”® Additionally, CUNY Start, a comprehensive
developmental reform aimed at increasing the college readiness of students with multiple
developmental needs (discussed more below), focuses on deep conceptual learning and applying
math skills within real-life situations.!® Contextualized and active learning models have also
been integrated into numerous basic skills math classes in both workforce development and adult
basic education as an effort to promote students’ engagement and success.'%®

Research studies have also shown promising results from these types of instructional
models. For instance, descriptive studies of developmental math using contextualized
instructional models found that students in the first two years of the study earned better math
scores and were more likely to find the math instruction they received useful.!®® Quasi-
experimental designs of programs such as Washington state’s Integrated Basic Education and
Skills Training (IBEST) program revealed increases in students’ earn college credits and
attainment of occupational certificates; recent RCT studies of models similar to IBEST have also

shown promising increases in students’ academic and labor market outcomes.'%’

4. Support Reforms

A number of reforms to developmental courses aimed at increasing students’ progress
and success have focused on improving the supports that students receive in these courses. A
number of studies have documented the challenges that students in developmental courses may
have, ranging from an unfamiliarity with college expectations to a lack of strong social supports
among their peers.'® As a result, many colleges have looked towards improving the supports
that students receive within and outside of their math courses as a way to improve students’
success.

Success courses

Many colleges have focused on implementing student success courses or new student
orientation courses in an effort to improve student success. Also called “study skills” or “student
development” courses, these classes may be offered as a stand-alone course or paired with a
developmental math course. These courses often vary in length, the number of credits, and
content they provide, with some offered as supplemental workshops, and others as full-semester
courses. However, they are generally offered for developmental or college-level credit and thus
are covered by students’ tuition and financial aid. College instructors use number of curricula
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and textbooks to lead these courses, many of which focus on developing skills such as students’
self-knowledge, awareness of campus services, or study skills.!”

Student success courses can target students with multiple developmental course needs
and are highly common in two year and four-year colleges. For instance, a 2009 survey of 1,000
two-year and four-year institutions found that 87% of two-year and four-year colleges offered
student success courses.!!” A slightly more recent survey found that of 288 community colleges,
83% had implemented such courses.'!!

Overall, the research related to the effects of student success courses on student outcomes
i1s mixed. A quasi-experimental study of student success courses in Florida community colleges
found that enrollment in these courses was associated with greater likelihood of earning a
credential, staying in school, and transferring to Florida’s four-year colleges.!'? A number of
studies have found positive short-term outcomes on credit accumulation, grades, and
persistence.!'> However, longer term studies have shown that these impacts tend to dissipate
over time.''* One study has suggested that more sustained positive student outcomes may come
from students attending success courses for a longer period of time (e.g. two semesters) that

integrate more student-centered approaches with course content.!'!®

Tutoring and supplemental instruction

Tutoring is a popular support that has been implemented by a number of colleges as a
means to advance developmental education students’ achievement. Like many other student
support practices, tutoring can take diverse forms. Tutoring can be offered by faculty, staff, or
student peers or through computer-assisted instruction with tutorial software packages. Students
may receive individualized assistance or may work in small groups with a tutor outside the
classroom. On college campuses, tutors may be housed in a stand-alone center or in learning
assistance centers, which provide a number of other supports for students’ learning. Finally,
tutoring can be either generalized and cover a number of academic subjects or more specialized
and focus on a specific curriculum or content area.'!'®

One of the more focused models of tutoring is supplemental instruction. Unlike the more
generalized tutoring practices that are independent of students’ courses, supplemental instruction
is a structured tutoring model that is directly connected to a particular course. Generally, a
trained tutor or the instructor conducts an additional course section that provides structured
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assistance to students about the course material or assignments. Unlike co-requisite models,
which tend to pair a college-level math course with a developmental math course, courses that
provide supplemental instruction are generally focused on the content of one course (rather than
two). The tutor generally sits in the primary course and thus is able to connect their support with
classroom instruction.

Tutoring and supplemental instruction are highly popular reforms. Many colleges have
tutoring centers, often geared around specific subjects such as math.'!” Six states encourage their
colleges to use supplemental instruction as a method for improving developmental students’
success, often in conjunction with co-requisite reforms.!''® Descriptive studies have shown mixed
results with the generalized tutoring models, though an experimental study found modest
positive effects when tutoring was combined with other supports such as success course and
intensive advising.''® Descriptive studies of supplemental instructional models have shown more
positive results such as improved grades, lower course withdrawal rate, higher GPAs, and higher
rates of persistence and graduation.!?’

Intensive advising

Advising caseloads at colleges can often be sizable, with hundreds of students assigned to
one advisor. This situation can result in limited numbers of students receiving advising, which
some developmental education scholars have suggested may negatively impact those in
developmental courses.'?! In order to overcome this challenge, colleges have been experimenting
with reducing advisors’ caseloads and creating more intensive advising systems that allow for
multiple interactions with advisors throughout the semester. A more intensive version of this
model employs faculty, staff, or other leaders to serve as mentors to students.'?? Such advising
may occur in-person or electronically, with some colleges implementing advising models that
utilize email or texting to remind students of important milestones or to communicate critical
information.!'?*

Intensive advising models have often been hard to scale, though new text messaging and
email variations are showing more promise for scaling. For instance, a text messaging advising
campaign was recently implemented for low-income students in West Virginia colleges that
showed promise for increasing credit completion in students’ freshman year. '** Various
advising interventions have generally shown positive effects on students’ outcomes, with more
robust effects in the case of more intensive advising. Descriptive studies of e-advising models
have shown increases in student persistence, credits earned, and graduation in Florida, and higher
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grade point averages among students in Virginia. '*> Studies of light touch interventions, such as
advising whereby students meet with advisors four times over the course of the year, have shown
modest short term effects on student persistence and credit accumulation, but did not persist over
time.'?® On the other hand, rigorous studies of more intensive models, such as mentoring or

coaching, revealed more long-term effects on students’ persistence.'?’

5. Comprehensive Reforms

As research on more individualized reforms to developmental education has been
published, some reform efforts have begun to focus on how the integration of multiple reforms
may affect student success. As noted above, many assessment, structural, instructional, and
student supports interventions have been implemented in combination with one another.
However, more recently, colleges have begun to focus on more integrated and often longer-term
models that provide supports to students throughout their college career. These reforms often
focus on students’ success in developmental or college-level math (and other developmental and
gateway courses) as one step in a series of milestones that lead towards students’ successful
completion of a degree. As a result, these reforms integrate supports such as intensive advising,
accelerated developmental education, financial assistance, and more structured pathways toward
completion, which are often provided to students throughout their college career.

Two of the most well-known comprehensive interventions for students with
developmental course needs are guided pathways and CUNY’s Accelerated Study in Associates
Programs (ASAP). Guided pathways focus on four main practices: (1) creating clear pathways
for every college program, which allow students to easily map the courses they need to take for
completion; (2) providing advising and support models that help students explore and decide on
academic plans, including accelerated developmental courses that help them enroll in college-
level courses more quickly; (3) instituting advising and alert models that help students know if
and when they get off track; and (4) designing programs around a consistent and coherent set of
learning outcomes that will allow them to succeed in their future educational and workforce
goals.!?®

Another comprehensive support program is CUNY’s ASAP that provides comprehensive
supports to students throughout their college pathway. The program provides comprehensive
advising, career counseling, and tutoring that help students choose and stay on an academic
pathway. Additionally, students receive other popular supports such as paired courses that
students take as a cohort; a student study skills course; and tuition waivers that covers any gap
between students financial aid and financial need. Finally, the CUNY ASAP program requires

students to enroll in college full-time and finish their developmental course work early.'?’
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A new community college in the CUNY system, Guttman Community College, has also
integrated many of the recommendations in the guided pathways and ASAP models. For
instance, all students are full-time and progress together as a cohort; declare a major in their 2™
semester from a limited set of degrees to choose from that are aligned with local industry needs;
and students meet regularly with advisors and mentors. '

A more short-term comprehensive reform, CUNY Start, focuses on advancing the skills
of students with multiple remedial needs in one semester. CUNY Start includes promising
instructional reforms such as active learning and contextualized instruction; provides full-time
(24 hours a week) or part-time (12 hours a week) instruction in reading, writing, and math; and
has students take courses as a cohort throughout the semester. Services are provided to students
before they matriculate into college, thus preserving their financial aid for credit-bearing courses
rather than towards skills building through developmental courses.'*!

While the CUNY ASAP and CUNY Start programs have been relatively limited in scale,
guided pathways have become a movement in many community colleges throughout the U.S.
Recent estimates noted that guided pathways were being implemented in at least 250 colleges
and at least ten states.'*? This implementation has also been promoted by important college
associations such as the American Association of Community College’s Pathways Project and
Complete College America’s promotion of Guided Pathways to Success.!*?

Research on comprehensive reforms provides some of the most promising evidence on
improving students’ success in mathematics and English. Descriptive research of guided
pathways suggests that students in these types of comprehensive reforms earn more credits more
quickly in their first academic year and had higher completion rates in college math and English
relative to students in colleges before guided pathways were implemented; however, there were
also slight decreases in student persistence and overall college credit pass rates.!** Early
findings from an RCT study of CUNY Start also show promising results, with students in the
program making substantially more progress through developmental courses, especially
developmental math, and having higher enrollment rates.!*>

CUNY ASAP shows some of the most striking results on students’ success. This
combination of comprehensive supports substantially improved students’ academic outcomes
and nearly doubled the graduation rates of students within three years. Students in the CUNY
ASAP program earned substantially more academic credits and 40 percent of these students had
completed an associate’s degree in three years, compared to 25 percent of those in the control
group.'*® Recent research has shown similar results in Ohio, with 40 percent of ASAP students
graduating in a three-year period compared to 23 percent of students in the control group.'3’
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Summary

Highly supported in the narrative above, colleges have been extremely active in the last
decade, exploring new ways to improve the progress and success of students taking
developmental courses. The most promising of these reforms integrate multiple strategies,
including advising, financial assistance, pathway models, and acceleration, one of which has had
a substantial impact on students’ graduation rates. More specifically, the results of the CUNY
ASAP model show some of the strongest positive effects on developmental students’ outcomes
to date. In comparison, other reforms show more modest, but still positive, impacts on helping
students’ progress through their developmental and first college-level math courses. In
particular, math pathways and co-requisite models seem to hold a good deal of promise for
helping students more quickly complete these courses.

Interestingly (though perhaps not surprisingly), the scaling of developmental math
reforms is not always related to rigorous evidence of their effectiveness. For instance, there have
been few rigorous research studies of some of the most popular and highly scaled reforms, such
as co-requisite models, success courses, and guided pathways. Additionally, some reforms that
are highly scaled, such as compressed courses and success courses, show mixed results. This is
not unusual, as many practitioners and policymakers have argued that more rigorous studies of
developmental reforms takes too long and the urgency around students’ poor success rates in
developmental courses requires more urgent action.!*® However, it does reveal that in the need to
act quickly, some colleges may not be implementing reforms that have the greatest chance for
helping students’ succeed.

Moreover, despite many studies demonstrating the promise of developmental education
reforms, the overwhelming majority of public colleges in the U.S. continue to use multi-
semester, prerequisite developmental course sequences.!*® For instance, a nationally
representative survey of public two-year and four-year colleges in 2015-2016 found that 76%
and 53% of public two-year colleges continued to implement multi-semester, pre-requisite
sequences to their students.'*’ This suggests two things. First, it reveals that though many
colleges may be implementing developmental reforms, they are doing these alongside, rather
than in place of, longer developmental course sequences. Additionally, juxtaposing these
numbers against the lower percentages implementing new reforms suggests that many
community colleges may implementing very few to no reforms to developmental math and
continuing with their standard course sequences. An upcoming report in 2019, which will discuss
the number and scale of these reforms across two-year and four-year colleges, will shed more
light on this issue.

In most cases, success in developmental math reform has often meant helping students
successfully complete their first college-level math course. Much of this focus has been based
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on the fact that math is a key stumbling block to students’ completion of college.'*! Far less
emphasis has been put on attracting students to math and math-focused careers, though this is the
subtext in many of the instructional reforms that aim to improve students’ engagement and
enjoyment of math learning.'** This may be because very few studies of postsecondary education
have looked at specific learning outcomes from math courses and how different instructional
models might best promote this learning.!* This area represents an important new frontier for
further research into postsecondary math education.

New research studies are set to be released in the next year which will provide more
information on the scale and impact of new developmental math reforms. For instance, the
Center for the Analysis of Postsecondary Readiness will release a final report on the most recent
nationally representative survey of two-year and four-year college practices in developmental
education, including an analysis of the scope and scale of reforms to assessment, placement,
instruction, and student supports.'** Additionally, final reports are scheduled to be released on
the use of multiple measures assessment in New York’s SUNY system and on the Dana Center
Mathematics Pathways. '

Despite the promising efforts described in this paper, critical challenges remain in
developmental education. For instance, as an approach to improve students’ success, many
colleges have reduced or eliminated their developmental course offerings, particularly for
students whose assessment results suggest lower-level skills in math. 4 This reduction in
services, and particularly in the case of lower level developmental math courses, is reasonable
given research showing that little good comes from enrolling students in multiple levels of
developmental math. '*7 However, this may also mean that many students who originally entered
college with an opportunity to improve their skills may not have respective services available to
them—or those services may be much harder to access than they were previously, as colleges
turn to other agencies (such as adult basic education or workforce development) for help. Many
are already raising questions about what this means for community colleges and other open
access institutions with traditional open-door policies.'*®

Another challenge for colleges is likely the cost of these interventions. While cost
effectiveness studies of comprehensive reforms like CUNY ASAP suggest that they are cost
effective relative to their graduation rate impacts, CUNY ASAP both in New York and in its
slightly revised form in Ohio cost thousands of dollars per student to implement.'* This price
tag likely looks daunting to many colleges regardless of its effectiveness. Other reforms such as
intensive advising or multiple math pathways cost less, but still require multiple resources to
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implement—not to mention the time needed to hire and train faculty and staff.!>° The need for
such resources likely makes other less intensive—and less costly— reforms, such as course
compression, look more attractive. Finding ways to help colleges overcome the initial sticker
shock with some developmental reforms will likely be an important area of focus.

These challenges, along with goals to move beyond a focus on passing college math and
instead engaging students in math content, remain the next frontier for postsecondary education
research. The promising results of the many evaluations of new math interventions reveal that
colleges may well be able to push these students towards this end. However, in order to do this,
there likely needs to be a more concerted effort to bring together multiple aspects of these
developmental and college-level math reforms, rather than the somewhat haphazard
implementation that has occurred thus far. Multiple measures of assessment may improve an
understanding of students’ college readiness and placement into the correct courses while
acceleration through co-requisite courses shows promise at advancing students more quickly
through their developmental courses when they are placed there. Similarly, multiple math
pathways show promise in realigning math to specific career areas while more engaging and
contextualized instructional models may be helping students become more interested in math
learning. Finally, providing strong supports for students’ academic and social progress in
college is also important. However, in many cases, this full suite of interventions is not being
implemented together in a comprehensive package aimed at math instruction.

Some states and initiatives show how these types of reforms can be combined to promote
more comprehensive approach to math success. For instance, Texas has recently implemented
multiple developmental math (and English) reforms that require or strongly encourage colleges
to use multiple measures assessment, multiple math pathways, compression of developmental
courses, and co-requisite courses.!*! Similarly several highly scaled math pathways interventions
incorporate more promising instructional methods along developmental math acceleration and
revision of math content.!>? Finding ways to further promote this type of integration may go far
in helping colleges further advance students’ math skills and interest—and hopefully bring more
students into the science, technology, engineering, and mathematics careers where they are so
needed.

150 Scrivener et al (2009); Zachry Rutschow and Diamond (2015).
151 Daugherty, Gomez, Gehlhaus, Mendoza-Graf, and Miller (2018).
152 Carnegie Math Pathways (2019b); Charles A. Dana Center (2013)

This paper was commissioned for the Workshop on Understanding Success and Failure of Students in Developmental
Mathematics. The workshop was convened by the Board on Science Education on March 18 — 19, 2019 in Washington, DC
with support from Ascedium Education Group (the Great Lakes Foundation). Opinions and statements included in the paper
are solely those of the individual author, and are not necessarily adopted, endorsed, or verified as accurate by the Board on
Science Education or the National Academy of Sciences, Engineering, and Medicine.



References

Ackermann, S. 1990. The Benefits of Summer Bridge Programs for Underrepresented and Low-Income
Students. Paper presented at the Annual Meeting of the American Educational Research
Association (Boston, MA, April 16-20, 1990).

Adams, P., Gerhart, S. Miller, R. and Roberts, A. 2009. The Accelerated Learning Program: Throwing
Open the Gates. Journal of Basic Writing 28, 2: 50-69.

Adelman, C. 2004. Principal Indicators of Student Academic Histories in Postsecondary Education,
1972-2000. Washington, DC: Institute of Education Sciences, U.S. Department of Education.

American College Testing Program. 2019. Asset Course Placement, Test Prep, Study Guide, and
Practice Test Questions. Retrieved 3 March 2019 from https://www.test-preparation.ca/asset/._

American Mathematical Association of Two-Year Colleges. (2018). AMATYC Impact: Improving
Mathematical Prowess and College Teaching. Memphis, TN: AMATYC.

Arendale, D. 1997. Supplemental Instruction: A Review of Research Concerning the Effectiveness of SI
from the University of Missouri-Kansas City and Other Institutions from Across the United
States. Proceedings from the 17" and 18" Annual Learning Institutes for Learning Assistance
Professionals: 1996 and 1997, Mioduski, S. and Enright, G., eds. Tuscon, AZ: University
Learning Center, University of Arizona.

Ariovich, L. and Walker, S. 2014. Assessing Course Redesign: The Case of Developmental Math.
Research & Practice in Assessment 9: 45-57.

Attewell, P., Lavin, D. Domina, T. and Levey, T. 2006. New Evidence on College Remediation. Journal
of Higher Education 77, 5: 886-924.

Bailey, T. 2017. Guided Pathways at Community Colleges: From Theory to Practice. Association of
American Colleges and Universities. https://www.aacu.org/diversitydemocracy/2017/fall/bailey.

Bailey, T. 2015. Rethinking the Cafeteria Approach to Community Colleges. Washington Post (May
11). https://www.washingtonpost.com/opinions/redesigning-community-
colleges/2015/05/11/c75e4584-1715-11e4-9030-
b4732caefe81_story.html?utm_term=.a488270428c9 .

Bailey, T., Jaggers, S., and Jenkins, D. 2015. Redesigning America’s Community Colleges. Cambridge,
MA: Harvard University Press.

This paper was commissioned for the Workshop on Understanding Success and Failure of Students in Developmental Mathematics.
The workshop was convened by the Board on Science Education on March 18 — 19, 2019 in Washington, DC with support from
Ascedium Education Group (the Great Lakes Foundation). Opinions and statements included in the paper are solely those of the
individual author, and are not necessarily adopted, endorsed, or verified as accurate by the Board on Science Education or the National
Academy of Sciences, Engineering, and Medicine.



Baker, R., Dee, T., Evans, B., & John, J. 2018. Bias in Online Classes: Evidence from a Field
Experiment. Stanford, CA: Center for Education Policy Analysis.

Barnett, E., Bergman, P, Kopko, E., Reddy, V., Belfield, C., Roy, S., and Cullinan, D. 2018. Multiple
Measures Placement Using Data Analytics: An Implementation and Early Impacts Report. New
York: Center for the Analysis of Postsecondary Education.

Barnett, E., Chavarin, O. and Griffin, S. 2018. Math Transition Courses in Context Preparing Students
for College Success. New York: Columbia University, Teachers College, Community College
Research Center.

Barnett, E., Bork, R., Mayer, A., Pretlow, J., Wathington, H., and Weiss, M. 2012. Bridging the Gap:
An Impact study of Eight Developmental Summer Bridge Programs in Texas. New York: NCPR.

Barr, R. and Tagg, J. 1995. From Teaching to Learning: A New Paradigm for Undergraduate Education.
Change 27, 6: 12-26, DOI: 10.1080/00091383.1995.10544672

Belfield, C. and Crosta, P. 2012. Predicting Success in College: The Importance of Placement Tests and
High School Transcripts. New York: Columbia University, Teachers College, Community
College Research Center.

Bettinger, E., and Baker, R. 2011. The Effects Of Student Coaching In College: An Evaluation Of A
Randomized Experiment In Student Mentoring (NBER Working Paper No. 16881). Cambridge,
MA: National Bureau of Economic Research.

Bettinger, E. & Long, B. 2009. Addressing the Needs of Underprepared Students in Higher Education:
Does College Remediation Work? Journal of Human Resources 44, 3.

Bickerstaff, S., Chavarin, O. and Raufman, J. 2018. Mathematics Pathways to Completion Setting the
Conditions for Statewide Reform in Higher Education. New York: Columbia University,
Teachers College, Community College Research Center.

Bickerstaff, S., Fay, M., and Trimble, M. 2016. Modularization in Developmental Mathematics in Two
States: Implementation and Early Outcomes. New York: Columbia University, Teachers
College, Community College Research Center.

Boatman, A. 2012. Evaluating Institutional Efforts to Streamline Postsecondary Remediation: The
Causal Effects of the Tennessee Developmental-Course Redesign Initiative on Early Student
Academic Success. New York, NY: National Center for Postsecondary Research.

This paper was commissioned for the Workshop on Understanding Success and Failure of Students in Developmental Mathematics.
The workshop was convened by the Board on Science Education on March 18 — 19, 2019 in Washington, DC with support from
Ascedium Education Group (the Great Lakes Foundation). Opinions and statements included in the paper are solely those of the
individual author, and are not necessarily adopted, endorsed, or verified as accurate by the Board on Science Education or the
National Academy of Sciences, Engineering, and Medicine.



Boatman, A. and Long, B. 2010. Does Remediation Work for All Students? How the Effects of
Postsecondary Remedial and Developmental Courses Vary by Level of Academic Preparation.
An NCPR Working Paper. New York: NCPR.

Bowles, T. J., McCoy A. C., and Bates, S. C. 2008. The Effect Of Supplemental Instruction On Timely
Graduation. College Student Journal, 42, 30: 853-859.

Boudreau, C. A., and Kromrey, J. D. 1994. A Longitudinal Study of the Retention And Academic
Performance of Participants in Freshmen Orientation Courses. Journal of College Student
Development, 35, 6: 444-449.

Boylan, H. 1985. The Effectiveness of Developmental Education Programs. Journal of Developmental
Education 2, 2.

Boylan, H. 2002. What Works: Research-Based Practices in Developmental Education. Boone, NC:
Continuous Quality Improvement Network with the National Center for Developmental
Education, Appalachian State University.

Boylan, H., Bliss,L. and Bonham, B. 1997. Program Components and their Relationship to Student
Performance. Journal of Developmental Education 20, 3: 2-8.

Bragg, D., and Barnett, E.. 2009. Lessons Learned from Breaking Through. In Brief. Champaign, IL:
Office of Community College Research and Leadership.

Brancard, R., Baker, E. and Jensen, E.. 2006. Accelerated Developmental Education Project: Research
Report. Community College of Denver. Denver, CO: Community College of Denver.

Brock, T., Jenkins, D., Ellwein, T., Miller, J., Gooden, S., Martin, K., MacGregor, C.and Pih, M. 2007.
Building a Culture of Evidence for Community College Student Success: Early Progress in the
Achieving the Dream Initiative. New York: MDRC.

Burdman, P., Booth, K., Thorn, C., Bahr, P. R., McNaughtan, J., and Jackson, G. 2018. Multiple Paths
Forward: Diversifying Mathematics as a Strategy For College Success. San Francisco, CA:
WestEd & Just Equations.

Calcagno, J. and Long, B. 2008. The Impact of Postsecondary Remediation Using a Regression
Discontinuity Approach: Addressing Endogenous Sorting and Noncompliance. Cambridge, MA:
NBER.

This paper was commissioned for the Workshop on Understanding Success and Failure of Students in Developmental Mathematics.
The workshop was convened by the Board on Science Education on March 18 — 19, 2019 in Washington, DC with support from
Ascedium Education Group (the Great Lakes Foundation). Opinions and statements included in the paper are solely those of the
individual author, and are not necessarily adopted, endorsed, or verified as accurate by the Board on Science Education or the
National Academy of Sciences, Engineering, and Medicine.



California Department of Education. 2019. Early Assessment Program. Retrieved 8 March 2019 from
https://www.cde.ca.gov/ci/gs/hs/eapindex.asp.

Carnegie Math Pathways. 2019a. Carnegie Math Pathways. Retrieved 8 March 2019 from
https://carnegiemathpathways.org/.

Carnegie Math Pathways. 2019b. Pathways System: Curricula. Retrieved 9 March 2019 from
https://carnegiemathpathways.org/the-pathways-system/#curricula.

Carpenter, T., Frank, M., and Levi, L. 2003. Thinking Mathematically: Integrating Arithmetic &
Algebra in Elementary School. Portsmounth, NH: Heinemann Publishing.

Castleman, B. L. and Meyer, K. 2016. Can Text Message Nudges Improve Academic Outcomes in
College? Evidence from a West Virginia Initiative. Charlottesville, VA: University of Virginia.
https://curry.virginia.edu/working-paper-west-virginia-college-success-nudges

Castleman, B.L. and Page, L.C. 2013. Summer Nudging: Can Personalized Text Messages and Peer
Mentor Outreach Increase College Going Among Low-Income High School Graduates?
EdPolicyWorks Working Paper No. 9. Charlottesville, VA: University of Virginia.

Center for Community College Student Engagement. 2012. A Matter of Degrees: Promising Practices
for Community College Student Success. Austin, TX: University of Texas at Austin, Community
College Leadership Program.

Charles A. Dana Center. 2013. The New Mathways Project Curriculum Design Standards. Austin:
University of Texas at Austin. Website:
www.utdanacenter.org/wpcontent/uploads/NMP_curriculum_design_standards Sept2013.pdf.

Charles A. Dana Center. 2014. The New Mathways Project’s Four Guiding Principles: Selected
Supporting Research. www.utdanacenter.org/wp-content/uploads/
nmp_guiding principles_annotated bibliography 2014june23.pdf.

Charles A. Dana Center. 2019. Dana Center Mathematics Pathways. Retrieved 8 March 2019 from
https://www.utdanacenter.org/our-work/higher-education/dana-center-mathematics-pathways.

Chen, X. 2016. Remedial Coursetaking at U.S. Public 2- and 4-Year Institutions: Scope, Experiences,
and Outcomes (NCES 2016-405). U.S. Department of Education. Washington, DC: National
Center for Education Statistics. http://nces.ed.gov/pubsearch.

This paper was commissioned for the Workshop on Understanding Success and Failure of Students in Developmental Mathematics.
The workshop was convened by the Board on Science Education on March 18 — 19, 2019 in Washington, DC with support from
Ascedium Education Group (the Great Lakes Foundation). Opinions and statements included in the paper are solely those of the
individual author, and are not necessarily adopted, endorsed, or verified as accurate by the Board on Science Education or the
National Academy of Sciences, Engineering, and Medicine.



Cho, S. W. and Karp, M. M. 2012. Student Success Courses And Educational Outcomes At Virginia
Community Colleges (CCRC Working Paper No. 40). New York, NY: Columbia University,
Teachers College, Community College Research Center.

Complete College America. 2017. Guided Pathways to Success. Retrieved 10 March 2019 from
https://completecollege.org/wp-content/uploads/2017/06/GPS-at-a-Glance.pdf

Cox, R. 2011. The College Fear Factor: How Students and Professors Misunderstand One Another.
Cambridge, MA: Harvard University Press.

Cullinane, J. 2013. Three Big Ideas for Designing Innovations to Work at Scale. Stanford Social
Innovation Review.
https://ssir.org/articles/entry/three_big_ideas for designing innovations_to_work at_scale#

Dadgar, M., Collins, L, and Schaefer, K. 2015. Placed for Success: How California Community
Colleges Can Improve Accuracy of Placement in English and Math Courses, Reduce
Remediation Rates, and Improve Student Success. Oakland: Career Ladders Project.

Daugherty, L., Gomez, C., Gehlhaus, D., Mendoza-Graf, A. and Miller, T. 2018. Designing and
Implementing Corequisite Models of Developmental Education: Findings from Texas
Community Colleges. Santa Monica, CA: RAND Corporation.
https://www.rand.org/pubs/research_reports/RR2337.html.

Education Commission of the States. 2018. 50 State Comparison of Developmental Education Policies.
https://www.ecs.org/50-state-comparison-developmental-education-policies/

Edgecombe, N., Jaggars, S. S., Baker, E. D., and Bailey, T. 2013. Acceleration through a Holistic
Support Model: An Implementation and Outcomes Analysis of FastStart @ CCD. New York,
NY: Columbia University, Teachers College, Community College Research Center.

Engstrom, C.M. and Tinto, V. 2008. Learning Better Together: The Impact of
Learning Communities on the Persistence of Low-Income Students. Opportunity Mattersl1: 5 21.

Fay, M. P. 2017. Computer-Mediated Developmental Math Courses in Tennessee High Schools and
Community Colleges: An Exploration of The Consequences of Institutional Context (CCRC
Working Paper No. 91). New York, NY: Columbia University, Teachers College, Community
College Research Center.

Fields, R., and Parsad, B. 2012. Tests and Cut Scores Used for Student Placement in Postsecondary
Education: Fall 2011. Washington, DC: National Assessment Governing Board.

This paper was commissioned for the Workshop on Understanding Success and Failure of Students in Developmental Mathematics.
The workshop was convened by the Board on Science Education on March 18 — 19, 2019 in Washington, DC with support from
Ascedium Education Group (the Great Lakes Foundation). Opinions and statements included in the paper are solely those of the
individual author, and are not necessarily adopted, endorsed, or verified as accurate by the Board on Science Education or the
National Academy of Sciences, Engineering, and Medicine.



Fong, K., and Melguizo, T. 2016. Utilizing Additional Measures to Buffer Against Students’ Lack of
Math Confidence and Improve Placement Accuracy in Developmental Math. Community
College Journal of Research and Practice.
http://dx.doi.org.libproxy2.usc.edu/10.1080/10668926.2016.1179604

Garcia, P. 1991. Summer Bridge: Improving Retention Rates for Underprepared Students. Journal of the
Freshman Experience 3, 2: 91-105.

Givvin, K. B., Stigler, J. W., and Thompson, B. J. 2011. What Community College Developmental
Mathematics Students Understand about Mathematics, Part 2: The Interviews. MathAMATYC
Educator 2, 3: 4-18.

Glosser, A., Martinson, K., Cho, S.W., and K. Gardiner. 2018. Washington State’s Integrated Basic
Education and Skills Training (I-BEST) Program in Three Colleges: Implementation and Early
Impact Report, OPRE Report No. 2018-87. Washington, DC: Office of Planning, Research, and
Evaluation, Administration for Children and Families, U.S. Department of Health and Human
Services.

Goldrick-Rab, S. 2007. Promoting Academic Momentum at Community Colleges: Challenges and
opportunities. New York: Columbia University, Teachers College, Community College Research
Center.

Grubb, N. W., and Associates. 1999. Honored but Invisible: An Inside Look at Teaching in Community
Colleges. New York: Routledge.

Grubb, N.W. 2013. Basic Skills Education in Community Colleges: Inside and Outside of Classrooms.
Florence, KY: Routledge, Taylor, and Francis Group.

Grubb, W. 2001. From Black Box to Pandora's Box: Evaluating Remedial/Developmental Education.
New York: Community College Research Center, Teachers College, Columbia University. ERIC
ED 453893.

Handel, M. 2010. What Do People Do At Work? A Profile of U.S. Jobs from the Survey of Workplace
Skills, Technology, and Management Practices (STAMP). Unpublished paper. Boston:
Northeastern University.

Henson, L., Hern, K., and Snell, M. 2017. Up to the Challenge: Community College Expand Access to
College-Level Courses. Sacramento, CA: California Acceleration Project.

This paper was commissioned for the Workshop on Understanding Success and Failure of Students in Developmental Mathematics.
The workshop was convened by the Board on Science Education on March 18 — 19, 2019 in Washington, DC with support from
Ascedium Education Group (the Great Lakes Foundation). Opinions and statements included in the paper are solely those of the
individual author, and are not necessarily adopted, endorsed, or verified as accurate by the Board on Science Education or the National
Academy of Sciences, Engineering, and Medicine.



Herndon, M. C. 2011. Leveraging Web Technologies in Student Support Self-Services. New Directions
for Community Colleges, 154: 17-29.

Hiebert, J. 2003. Teaching Math in Seven Countries: Results from the TIMSS 1999. Washington, DC:
NCES.

Hiebert, J., and Grouws, D. A. 2007. The Effects Of Classroom Mathematics Teaching On Students’
Learning. Second handbook of research on mathematics teaching and learning (pp. 371-404), F.
K. Lester, Jr, ed. Charlotte, NC: Information Age Publishing.

Hodges, R., and White, W. 2001. Encouraging High-Risk Student Participation in Tutoring and
Supplemental Instruction. Journal of Developmental Education 24, 3: 2-10.

Hodara, M. Jaggars, S., and Karp, M. 2012. Improving Developmental Education Assessment and
Placement: Lessons From Community Colleges Across the Country. New York: Columbia
University, Teachers College, Community College Research Center.

Hodara, Michelle. 2011. Reforming Mathematics Classroom Pedagogy: Evidence-Based Findings and
Recommendations. New York: Columbia University, Teachers College, Community College
Research Center.

Hodara, M., and Jaggars, S. 2014. An Examination of the Impact Of Accelerating Community College
Students’ Progression through Developmental Education. Journal of Higher Education 85, 2:
246-276.

Hoyles, Celia, Richard Noss, and Stefano Pozzi. 2001. Proportional Reasoning in Nursing
Practice. Journal for Research in Mathematics Education 32, 1: 4-27.

Jacobs, J., Garnier, H., Gallimore, R., Hollingsworth, H., Givvin, K., Rust, K., Kawanaka, T, Smith, M.,
Wearne, D. Manaster, A., Etterbeek, W., Hiebert, J. and Stigler, J. 2003. Science Study 1999
Video Study Technical Report Volume I: Mathematics, NCES (2003-012). Washington, DC:
NCES.

Jaggars, S., Edgecombe, N., & Stacey, G. W. 2014. What We Know About Accelerated Developmental
Education. New York, NY: Columbia University, Teachers College, Community College
Research Center.

Jaggars, S., Hodara, M., Cho, S. and Xu, D. 2014. Three Accelerated Developmental Education
Programs: Features, Student Outcomes, and Implications. Community College Review 43, 1: 3
26.

This paper was commissioned for the Workshop on Understanding Success and Failure of Students in Developmental Mathematics.
The workshop was convened by the Board on Science Education on March 18 — 19, 2019 in Washington, DC with support from
Ascedium Education Group (the Great Lakes Foundation). Opinions and statements included in the paper are solely those of the
individual author, and are not necessarily adopted, endorsed, or verified as accurate by the Board on Science Education or the
National Academy of Sciences, Engineering, and Medicine.



Jaggars, S. and Xu, Di. 2016. How Do Online Course Design Feature Influence Student Performance.
Computers and Education 95, April: 270-284.

Jenkins, D., Lahr, H. and Fink, J. 2017. Implementing Guided Pathways: Early Insights from the AACC
Pathways Colleges. New York: Community College Research Center, Teachers College,
Columbia University. http://ccre.tc.columbia.edu/media/k2/attachments/implementing-guided-
pathways-aacc.pdf.

Jenkins, D., Zeindenberg, M. and Kienzl, G. 2009. Educational Outcomes of I-BEST, Washington State
Community and Technical College System's Integrated Basic Education and Skills Training
Program: Findings from a Multivariate Analysis. New York: Columbia University, Teachers
College, Community College Research Center.

Kalamarkian, Raufman, and Edgecombe. 2015. Statewide Developmental Education Reform: Early
Implementation in Virginia and North Carolina. New York: Columbia University, Teachers
College, Community College Research Center.

Kane, T., Boatman, A., Kozakowski, W., Bennett, C., Hitch, R., and Weisenfeld, D. 2018. Remedial
Math Goes to High School: An Evaluation of the Tennessee SAILS Program (CEPR Policy
Brief). Cambridge, MA: Harvard University, Center for Education Policy Research.

Karp, M.; Raufman, J., Efthimiou, C. and Ritze, N. 2017. Revising a College 101 Course for Sustained
Impact: Early Outcomes. Community College Journal of Research and Practice 41, 1: 42-55.
DOI: 10.1080/10668926.2016.1152929

Kurlaender, M. and Howell, J. 2012. Academic Preparation for College: Evidence on the Importance of
Academic Rigor in High School. New York: College Board Advocacy & Policy Center.

Logue, Wantanbe, and Rose-Douglas. 2016. Should Students Assessed as Needing Remedial
Mathematics Take College-Level Quantitative Courses Instead? A Randomized Controlled Trial.
Educational Evaluation and Policy Analysis 38, 3: 578-598

Lutzer, D.J., Rodi, S.B., Kirkman, E.E., and Maxwell, JJ W. 2007. Statistical Abstract of
Undergraduate Programs in the Mathematical Sciences in the United States: Fall 2005 CBMS
Survey. Washington, DC: American Mathematical Society.

Manaster, C., Gonzales, P., and Stigler, J. W. 2003. Teaching Mathematics in Seven Countries: Results
from the TIMSS 1999 Video Study (NCES 2003-013). Washington, DC: U.S. Department of
Education, National Center for Education Statistics.

This paper was commissioned for the Workshop on Understanding Success and Failure of Students in Developmental Mathematics.
The workshop was convened by the Board on Science Education on March 18 — 19, 2019 in Washington, DC with support from
Ascedium Education Group (the Great Lakes Foundation). Opinions and statements included in the paper are solely those of the
individual author, and are not necessarily adopted, endorsed, or verified as accurate by the Board on Science Education or the National
Academy of Sciences, Engineering, and Medicine.



Martin, V., and Broadus, J. 2013. Enhancing GED Instruction to Prepare Students for College and
Careers: Early Success in LaGuardia Community College’s Bridge to Health and Business
Program. Policy Brief. New York: MDRC.

Marwick, J. 2004. Charting a Path to Success: The Association Between Institutional Placement
Policies and the Academic Success Of Latino Students. Community College Journal of Research
and Practice 28, 3: 263-280, DOI: 10.1080/10668920490256444

McCabe, R. 2000. No One to Waste: A Report to Public Decision-Makers and Community College
Leaders. Alexandria, VA: The Community College Press.

McCabe, R., and Day, P. 1998. Developmental Education: A Twenty-First Century Social and Economic
Imperative. Laguna Hills, CA: League for Innvoation in the Community College.

McGraw Hill. 2019. What Is ALEKS? Retrieved 7 March 2019 from
https://www.aleks.com/about_aleks.

Melguizo, T., Martorell, F., Chi, E., Park, E., and Kezar, A. (Under Review). The Effects of a
Comprehensive College Transition Program On Psychosocial Factors Associated With Success
In College. Los Angeles: Rossier School of Education, University of Southern California.

Melguizo, T., and Ngo, F. 2018. Why Do | Have to Repeat Algebra In College? The Equity Cost of
College-Readiness Standards Misalignment. Los Angeles: Rossier School of Education,
University of Southern California.

Melguizo, T., Bos, J. M., Ngo, F., Mills, N., and Prather, G. 2016. Using a Regression Discontinuity
Design to Estimate The Impact Of Placement Decisions In Developmental Math. Research in
Higher Education 57, 2: 123-151.

Melguizo, T., Kosiewicz, H., Prather, G., and Bos, J. 2014. How Are Community College Students
Assessed and Placed In Developmental Math? Grounding Our Understanding in Reality.
Journal of Higher Education 85, 5: 691-722.

Ngo, F. and Melguizo, T. 2015. How Can Placement Policy Improve Math Remediation Outcomes?
Evidence From Experimentation In Community Colleges. Educational Evaluation and Policy
Analysis 38, 1: 171-196.

This paper was commissioned for the Workshop on Understanding Success and Failure of Students in Developmental Mathematics.
The workshop was convened by the Board on Science Education on March 18 — 19, 2019 in Washington, DC with support from
Ascedium Education Group (the Great Lakes Foundation). Opinions and statements included in the paper are solely those of the
individual author, and are not necessarily adopted, endorsed, or verified as accurate by the Board on Science Education or the National
Academy of Sciences, Engineering, and Medicine.



Mesa, V. Wladis, C. and Watkins, L. 2014. Research Problems in Community College Mathematics
Education: Testing the Boundaries of K-12 Research. Journal for Research in Mathematics
Education 45, 2: 173-192.

Mesa, V., Celis, S., and Lande, E. 2014. Teaching Approaches of Community College Mathematics
Faculty: Do They Relate to Classroom Practices? American Educational Research Journal 51,
1: 117-151.

Mokher, C. G., Leeds, D. M., and Harris, J. C. 2017. Adding It Up: How the Florida College And
Career Readiness Initiative Impacted Developmental Education. Educational Evaluation and
Policy Analyses 40, 2: 219-242.

Murphy, T. E., Gaughan, M., Hume, R., and Moore, S. G. Jr. 2010. College Graduation Rates For
Minority Students In A Selective Technical University: Will Participation In A Summer Bridge
Program Contribute To Success? Educational Evaluation and Policy Analysis 32, 1: 70-83. doi:
10.3102/0162373709360064

Natow, R., Reddy, V., and Grant, M. 2017. How and Why Higher Education Institutions Use
Technology in Developmental Education Programming. New York: CAPR.

Ngo, F., Chi, W. E., and Park, E. (Forthcoming). Mathematics Course Placement Using Holistic
Measures: Possibilities for Community College Students. Teachers College Record.

Ngo, F., and Kwon, W. 2015. Using Multiple Measures to Make Math Placement Decisions:
Implications For Access And Success In Community Colleges. Research in Higher Education
56, 5: 442-470.

Ogden, P., Thompson, D., Russell, A. and Simons, C. 2003. Supplemental Instruction: Short- and Long-
Term Impact. Journal of Developmental Education 26, 3: 2-8.

Padgett, R. D., and Keup, J. R. 2011. 2009 National Survey of First-Year Seminars: Ongoing efforts to
support students in transition. Columbia, SC: University of South Carolina, National Resource
Center for the First-Year Experience and Students in Transition.

Patrick Henry Community College. 2019. Southern Center for Active Learning Excellence: About
SCALE. Retrieved 9 March 2019 from http://scaleinstitute.com/about-scale.

Pearson Education, Inc. 2019. Accuplacer/MyMathLab Foundational Skills: Improving Results.
Retrieved 7 March 2019 from
https://www.pearsonmylabandmastering.com/northamerica/accumfl/.

This paper was commissioned for the Workshop on Understanding Success and Failure of Students in Developmental Mathematics.
The workshop was convened by the Board on Science Education on March 18 — 19, 2019 in Washington, DC with support from
Ascedium Education Group (the Great Lakes Foundation). Opinions and statements included in the paper are solely those of the
individual author, and are not necessarily adopted, endorsed, or verified as accurate by the Board on Science Education or the
National Academy of Sciences, Engineering, and Medicine.



Perin, D. 2004. Remediation Beyond Developmental Education: The Use Of Learning Assistance
Centers To Increase Academic Preparedness In Community Colleges. Community College
Journal of Research and Practice 28, 7: 559-582.

Pheatt, L, Trimble, M. J., and Barnett, E. 2016. Improving the Transition to College: Estimating the
Impact of High School Transition Courses on Short-Term College Outcomes. New York, NY:
Columbia University, Teachers College, Community College Research Center.

Ramirez, G. 1997. Supplemental Instruction: The Long-Term Impact. Journal of Developmental
Education 21, 1: 2-10.

Richland, L. E., Stigler, J. W., and Holyoak, K. J. 2012. Teaching the Conceptual Structure of
Mathematics. Educational Psychology 47, 3: 189-203.

Roueche, J., and Roueche, S. 1999. High Stakes, High Performance: Making Remedial Education Work.
Washington, DC: American Assocation of Community Colleges.

Roueche, J., and Roueche, S. 1993. Between a Rock and a Hard Place: The At-Risk Student in the Open
Door College. Washington, DC: Community College Press.

Saxe, K., and Braddy, L. 2015. A Common Vision for Undergraduate Mathematical Sciences in 2025.
Washington, DC: The Mathematical Association of America.

Schnell, C. A., and Doetkott, C. D. 2003. First Year Seminars Produce Long-Term Impact. Journal of
College Student Retention 4, 4: 377-391.

Scrivener, S., Gupta, H., Weiss, M., Cohen, B., Cormier, M. and Brathwaite, J. 2018. Becoming
College-Ready: Early Findings From a CUNY Start Evaluation. New York: MDRC.

Scrivener, S., Sommo, C., and Collado, H. 2009. Getting Back on Track: Effects of a Community
College Program for Probationary Students. New York, NY: MDRC.

Scrivener, S., and Weiss, M. J. 2009. More Guidance, Better Results? Three-Year Effects of an
Enhanced Student Services Program at Two Community Colleges. New York, NY: MDRC.

Scrivener, S., Weiss, M., Ratledge, A., Rudd, T., Sommo, C. and Fresques, H. 2015. Doubling
Graduation Rates: Three-Year Effects of CUNY’s Accelerated Study in Associate Programs
(ASAP) for Developmental Education Students. New York: MDRC.

This paper was commissioned for the Workshop on Understanding Success and Failure of Students in Developmental Mathematics.
The workshop was convened by the Board on Science Education on March 18 — 19, 2019 in Washington, DC with support from
Ascedium Education Group (the Great Lakes Foundation). Opinions and statements included in the paper are solely those of the
individual author, and are not necessarily adopted, endorsed, or verified as accurate by the Board on Science Education or the National
Academy of Sciences, Engineering, and Medicine.



Senserrich, R. 2014. Developmental Education Reform: Ensuring Success for All in Connecticut.
Hartford: Connecticut Association for Human Services.

Sheldon, C. and Durdella, N. 2010. Success Rates for Students Taking Compressed and Regular Length
Developmental Courses in the Community College. Community College Journal of Research
and Practice 34, 1-2: 39-54.

Shugart, S., amd Romano, J. C. 2006. LifeMap: A Learning-Centered System for Student Success.
Community College Journal of Research and Practice 30, 2: 141-143.

Shore, M., Shore, J., and Boggs, S. 2004. Allied Health Applications Integrated into Developmental
Mathematics Using Problem Based Learning. Mathematics and Computer Education 38, 2: 183—
189.

Smith, J.P. 1999. Tracking the Mathematics of Automobile Production: Are Schools Failing to Prepare
Students for Work? American Education Research Journal 34, 4: 835-878.

Sommo, C, Cullinan, D. and Manno, M. 2018. Doubling Graduation Rates in a New State: Two-Year
Findings from the ASAP Ohio Demonstration. New York: MDRC.

Southern Regional Education Board. 2017. Readiness Courses: Preparing Students for College and
Careers. Retrieved from https://www.sreb.org/sites/main/files/file-attachments/17v05
readinesscourses_preparing_final.pdf

Squires, J., Faulkner, J. and Hite, C. 2009 Do the Math: Course Redesign's Impact on Learning and
Scheduling, Community College Journal of Research and Practice, 33:11, 883-886, DOI:
10.1080/10668920903149723

Starks, G. 1994. "Retention and Developmental Education: What the Research Has to Say, From Access
to Success, M. Maxwell, ed. Clearwater, FL: H & H Publishing, 19-27.

Stigler, J. W., Givvin, K. B., and Thompson, B. J. 2010. What Community College Developmental
Students Understand about Math. Stanford, CA: Carnegie Foundation for the Advancement of
Teaching.

Stigler, J. and Hiebert, J. 1999. The Teaching Gap: Best Ideas from The World’s Teachers for Improving
Education in the Classroom. New York: Free Press

This paper was commissioned for the Workshop on Understanding Success and Failure of Students in Developmental Mathematics.
The workshop was convened by the Board on Science Education on March 18 — 19, 2019 in Washington, DC with support from
Ascedium Education Group (the Great Lakes Foundation). Opinions and statements included in the paper are solely those of the
individual author, and are not necessarily adopted, endorsed, or verified as accurate by the Board on Science Education or the National
Academy of Sciences, Engineering, and Medicine.



Strother, S., Van Campen, J., and Grunow, A. 2013. Community College Pathways: 2011-2012
Descriptive Report. Stanford, CA: The Carnegie Foundation for the Advancement of Teaching.
Website: www.carnegiefoundation.org/.

Strumpf, G., & Hunt, P. 1993. The Effects of an Orientation Course on the Retention And Academic
Standing of Entering Freshmen, Controlling for the Volunteer Effect. Journal of the Freshman
Year Experience 5, 1: 7-14.

Tennessee Board of Regents. 2019. Seamless Alignment and Integrated Learning Support. Retrieved 3
March 2019 from https://www.tbr.edu/academics/sails.

Tinto, Vincent. 1997. Classrooms as Communities: Exploring the Educational Character of Student
Persistence. Journal of Higher Education 68, 6: 599-623.

Tinto, Vincent. 1975. Dropout from Higher Education: A Theoretical Synthesis of Recent Research.
Review of Education Research 45: 89-125.

Tinto, Vincent. 1987. Leaving College: Rethinking the Causes and Cures of Student Attrition. Chicago:
University of Chicago Press.

Trimble, M. J., Pheatt, L., Papikyan, T., & Barnett, E. A. 2017. Can High School Transition Courses
Help Students Avoid College Remediation? Estimating the Impact of a Transition Program in a
Large Urban District (CCRC Working Paper No. 99). New York, NY: Columbia University,
Teachers College, Community College Research Center.

Valentine, J. C., Konstantopoulos, S., & Goldrick-Rab, S. 2017. What happens to students placed into
developmental education? A meta-analysis of regression discontinuity studies. Review of
Educational Research 87, 4: 806-833.

Vandal, B. 2014. Promoting Gateway Course Success: Scaling Corequisite Academic Support.
Washington, DC: Complete College America.

Visher, M., Cerna, O., Diamond, J., and Zachry Rutschow, E. 2017. Raising the Floor: New Approaches
to Serving the Lowest-Skilled Students at Community Colleges in Texas and Beyond. New York:
MDRC.

Visher, Weiss, Weissman, Rudd, and Wathington. 2012. The Effects of Learning Communities for
Students in Developmental Education: A Synthesis of Findings from Six Community Colleges.
New York: MDRC.

This paper was commissioned for the Workshop on Understanding Success and Failure of Students in Developmental Mathematics.
The workshop was convened by the Board on Science Education on March 18 — 19, 2019 in Washington, DC with support from
Ascedium Education Group (the Great Lakes Foundation). Opinions and statements included in the paper are solely those of the
individual author, and are not necessarily adopted, endorsed, or verified as accurate by the Board on Science Education or the National
Academy of Sciences, Engineering, and Medicine.



Visher, M., Schneider, E., Wathington, H. and Collado, H. 2010. Scaling Up Learning Communities:
The Experience of Six Community Colleges. New York: MDRC.

Weiss, M. J., Brock, T., Sommo, C., Rudd, T., & Turner, M. C. 2011. Serving Community College
Students on Probation: Four-Year Findings from Chaffey College’s Opening Doors Program.
New York, NY: MDRC.

Weiss, M. and Headlam, C. 2018. A Randomized Controlled Trial of a Modularized, Computer-Assisted,
Self-Paced Approach to Developmental Math. New York: MDRC.

Weissman, Evan, Kristin F. Butcher, Emily Schneider, Jedediah Teres, Herbert Collado, and David
Greenberg with Rashida Welbeck. 2011. Learning Communities for Students in Developmental
Math: Impact Studies at Queensborough and Houston Community Colleges. New York: MDRC.

Wenner, J. and Baer, E. 2019. The Math You Need, When You Need It: Math Tutorials for Students in
Introductory Geosciences. Retrieved 8 March 2019 from
https://serc.carleton.edu/mathyouneed/index.html.

White, T. 2018. CSU Innovations In Developmental Education Will Support Those Who Need It Most.
Higher Education Today Blog. Retrieved 9 March 2019 from
https://www.higheredtoday.org/2018/01/16/csu-innovations-developmental-education-will-

support-need/.

Woods, C., Park, T., Hu, S., and Jones, T.B. 2018. How High School Coursework Predicts Introductory
College-Level Course Success. Community College Review 46, 2: 176-196.
https://journals.sagepub.com/doi/abs/10.1177/0091552118759419?journal Code=crwa

Wright State University. 2019. The Wright State Model for Engineering Mathematics Education.
Retrieved 9 March 2019 from https://engineering-computer-science.wright.edu/research/the-
wright-state-model-for-engineering-mathematics-education.

Xu, D., & Jaggars, S. S. 2011. The Effectiveness of Distance Education across Virginia’s Community
Colleges: Evidence from Introductory College-Level Math and English Courses. Educational
Evaluation and Policy Analysis 33, 3: 360-377. doi.org/10.3102/0162373711413814

Xu, Di and Mina Dadgar. 2017. How Effective are Community College Remedial Math Courses for
Students with the Lowest Math Skills? Commuinty College Review 46, 1: 62-81.

This paper was commissioned for the Workshop on Understanding Success and Failure of Students in Developmental Mathematics.
The workshop was convened by the Board on Science Education on March 18 — 19, 2019 in Washington, DC with support from
Ascedium Education Group (the Great Lakes Foundation). Opinions and statements included in the paper are solely those of the
individual author, and are not necessarily adopted, endorsed, or verified as accurate by the Board on Science Education or the National
Academy of Sciences, Engineering, and Medicine.



Xu, Di and Shanna Smith Jaggars. 2013. Examining the Effectiveness of Online Learning Within a
Community College System: An Instrumental Variable Approach. Economics Education Review
37, December: 46-57.

Xu, Solanki, McPartlan, and Sato 2018. EASEing Students Into College: The Impact of
Multidimensional Support for Underprepared Students. Educational Researcher 47, 7: 435 —
450.

Yamada, and Bryk, A. 2016. Assessing the First Two Years’ Effectiveness of Statway®: A Multilevel
Model With Propensity Score Matching. Community College Review 44, 3: 179 -204.

Yamada, Bohannon, and Grunow 2016. Assessing the Effectiveness of Quantway: A Multilevel Model
with Propensity Score Matching. Stanford, CA: Carnegie Foundation for the Advancement of
Teaching.

Yamasaki, K. 2010. Enrollment in Success Courses: Credential Completion Rates and Developmental
Education in the North Carolina Community College System (Master’s thesis). Durham, NC:
Sanford School of Public Policy, Duke University.

Zachry, E. 2008. Promising Instructional Reforms in Developmental Education: A Case Study of Three
Achieving the Dream Colleges. New York: MDRC.

Zachry Rutschow, E. and Mayer, A.. 2018. Early Findings from a National Survey on Developmental
Education Practices. New York: CAPR.

Zachry Rutschow, E. and Diamond, J. 2015. Laying the Foundations: Early Findings from the New
Mathways Project. New York: MDRC.

Zachry Rutschow, E., Diamond, J. and Serna-Wallender, E. 2017. Math in the Real World: Early
Findings from a Study of the Dana Center Mathematics Pathways. New York: Center for the
Analysis of Postsecondary Readiness.

Zachry Rutschow, E. and Schneider, E. 2011. Unlocking the Gate: What We Know About Improving
Developmental Education. New York: MDRC.

Zhao, Chun-Mei, and George D. Kuh. 2004. Adding Value: Learning Communities and Student
Engagement. Research in Higher Education 45, 2: 115-138.

This paper was commissioned for the Workshop on Understanding Success and Failure of Students in Developmental Mathematics.
The workshop was convened by the Board on Science Education on March 18 — 19, 2019 in Washington, DC with support from
Ascedium Education Group (the Great Lakes Foundation). Opinions and statements included in the paper are solely those of the
individual author, and are not necessarily adopted, endorsed, or verified as accurate by the Board on Science Education or the
National Academy of Sciences, Engineering, and Medicine.



Zeidenberg, M., Jenkins, D., and Calcagno, J. 2007. Do Student Success Courses Actually Help
Community College Students Succeed? CCRC Brief Number 36. New York: Columbia
University, Teachers College, Community College Research Center.

This paper was commissioned for the Workshop on Understanding Success and Failure of Students in Developmental
Mathematics. The workshop was convened by the Board on Science Education on March 18 — 19, 2019 in Washington, DC with
support from Ascedium Education Group (the Great Lakes Foundation). Opinions and statements included in the paper are solely
those of the individual author, and are not necessarily adopted, endorsed, or verified as accurate by the Board on Science
Education or the National Academy of Sciences, Engineering, and Medicine.



Appendix Table 1.

Developmental Math Reforms and Summary of Research on the Effectiveness at Increasing Students' Math and College Success

Type of reform

Description

Highest level(s) of
evidence found

Research on
effectiveness

Assessment and placement reforms

Multiple measures assessment

Multiple measures of students' skills and
college-readiness are used together to
make decisions about developmental or
college-level course placement

Quasi-
experimental;
experimental

Students more likely to
be placed in college-level
courses and more likely
to enroll in college level
courses.

Diagnostic assessment

Fine grained assessments used to
"diagnose" students' skill strengths and
challenges. Often used in conjunction with
self-paced or modularized courses.

Quasi-
experimental

Diagnostic assessments
more effective at
assessing college
readiness than computer
adaptive assessments.

Early assessment and transition
programs

Students' college readiness is assessed in
high school, and students are afforded the
opportunity to build their skills while still in
high school.

Quasi-
experimental

Higher placement into
college-level math
courses; generally few
differences in completion
of college-level math

Reforms to developmental course
structure

Bridge courses and non-course based
options for skill building

Shorter-term skill building sessions either
before the semester starts (often called
summer bridge programs) or through non-
course based options during the school
semester (such as working to build skills
through a technology-based program)

Quasi-
experimental;
experimental

Positive effects on
graduation rates at four-
year colleges; no effects
in two-year colleges







Comprehensive reforms




Guided pathways

A coordinated set of reforms that (1)

encourages students to complete

developmental math requirements early,

(2) provides clearer guidance on academic

pathways, early alert and advising models

that help students stay on track, and (3)

designs learning outcomes and goals to

match with future education and

workforce goals. Descriptive

More credits earned,
higher completion of
college level math and
English, slight decreases
in persistence and course
pass rates

Coordinated set of reforms throughout
students' college career, including
requirements to enroll full-time, intensive
advising, career counseling, tutoring,
paired courses taken as a cohort, tuition
waivers, success course, and requirements

Large positive effects on
developmental and
college-level course
completion; persistence;
credits earned; and

CUNY ASAP to finish dev ed early in college career Experimental graduation
Comprehensive reform for students with
multiple developmental needs in reading,
writing, and math, including promising
instruction reforms; paired courses that
students take as a cohort; intensive or
part-time instruction using promising Positive effects on
instructional methods such as progress through
contextualization and active learning; and developmental courses
CUNY Start tuition free Experimental and enrollment




