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Abstract:

Developmental education has long served as a barrier between students and
degree attainment (Bailey, Jeong, & Cho, 2010; Okimoto & Heck, 2015). Specifically,
developmental mathematics (DM) sequences have had notoriously low success rates and
students who are referred to them persist to completion of a gateway mathematics course
at alarmingly low rates as only 31% of students referred to a DM mathematics course
three-levels below College Algebra ever even enroll in the course (Bailey; 2009).

The purpose of the current study was to examine the implications of the
implementation of corequisite developmental mathematics courses with College
Algebra/Precalculus, by evaluating course success rates in multiple ways.

This study examined Midwestern Community College’s (MCC) redesign of its
DM policies. MCC changed its DM sequence from a three-course model to one with two
courses. The redesigned two-course sequence leads to multiple gateway courses with
corequisite support instead of requiring all students to take College Algebra. The
researcher analyzed student success data from the two years pre- and two years post-
policy implementation.

The major findings of the study include; 1) the proportion of first-time enrolling
students who completed a gateway mathematics course within one fall and one spring of
enrollment increased significantly, 2) the success rates of students in College
Algebra/Precalculus 1 did not significantly change pre- to post-policy implementation, 3)
students in the corequisite support course succeed in Precalculus 1 at the same rate as
students only enrolled in the Precalculus 1 course.

The findings of this study can be used by community college mathematics faculty
to advocate for the adoption of corequisite support and multiple gateway mathematics
Courses.
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CHAPTER I

EVALUATING THE IMPLENTATION OF MATHEMATICS PATHWAYS

INTRODUCTION TO THE STUDY

Nationwide nearly 70% of students entering community colleges are referred to
developmental education (DE) courses (Bailey, Jeong, & Cho, 2010; Okimoto & Heck,
2015). These courses, while designed to promote success in college-level courses, create
a barrier between a student and their goal of obtaining a degree. These barriers often
prevent students from obtaining any credential from community colleges. For example,
only 31% of students referred to the lowest level of developmental mathematics (DM)
course, often three levels below a gateway course, complete the sequence of DM courses
in three years (Bailey, 2009).

Developmental Education (DE), also referred to as remedial education, has been a
necessity since the first American university, Harvard, was established in 1636 (Boylan,
1988; Boylan & White, 1987). Harvard’s original purpose was to prepare young men to
be in the clergy. All of the courses required reading, writing, and speaking Latin. Many
of the entering students lacked these skills. To address their students’ lack of Latin skills,

Harvard created courses to teach students the Latin skills before students were allowed to



enroll in courses for credit. These courses represented the first remedial education program.
Harvard has since evolved into the vy League institution it is now and neither prepares
young men for the clergy nor offers any remedial courses.

The University of Wisconsin (UW), established in 1848, began the first remedial
education program resembling the ones employed today at many universities and nearly
every community college, although the program was not referred to as either developmental
or remedial (Boylan & White, 1987). In 1848, UW began a college preparation department
teaching basic reading, writing, and arithmetic. College preparation departments and
programs spread across the nation to where 80% of higher education institutions employed
them by 1889 (Brier, 1984). At this time, enrollment in college-level courses required the
completion of the remedial education courses and programs.

Today some states, like Texas (Hagedron & Kuzetsova, 2016), still have the same
requirement commonly referred to as an Adult Basic Education (ABE) requirement. To meet
the ABE requirement, students must show 8th-grade level proficiency in reading, writing,
and mathematics. Students who cannot demonstrate 8th-grade proficiency are not allowed to
enroll until they pass courses that are two or three levels below college-level courses. Many
times, the courses required are not offered at the university or college, meaning the students
must complete the ABE requirement elsewhere. After meeting the ABE requirement,
students can then enroll in college-level courses which do not require DE courses as
prerequisites. These students will still need to complete gateway courses, such as Freshman
Composition and many times College Algebra, after completing the rest of their DE courses.
Other states, like the one included in this study, are open-access meaning that anyone can

enroll in college-level courses which do not require the completion of DE courses as



prerequisites. While some states have policies requiring students to complete DE courses
within a certain number of credit hours taken, others allow students to delay their DE
coursework.

When Joliet Junior College, America’s first junior college, opened in 1901
developmental education was the only goal (Cohen & Brawer, 2003; Larimer, 1977; Smith,
1980; Vaughan, 1982). Students would spend two years at Joliet before entering a traditional
four-year institution. Attending Joliet meant students required at least six years to complete a
baccalaureate degree. This model changed as two pieces of legislation passed in California
from 1907 to 1917. Coupled with the Morrill Act of 1862, also known as the Land Grant
Act, the legislation led to the opening of junior and community colleges resembling modern-
day institutions (Cohen & Brawer, 2003; Larimer, 1977; Smith, 1980; Vaughan, 1982).
These institutions offered both DE and credit courses. States across the nation passed similar
legislation leading to the opening of many junior colleges (Cohen & Brawer, 2003).

Developmental Education (DE) has evolved into one of the major functions of
community colleges. Many four-year institutions still have some form of DE courses. Most
four-year institutions do not offer more than one or two levels below gateway math. These
institutions refer students needing more DE courses to community colleges. Additionally,
four-year institutions which do not offer DE courses also refer students requiring these
courses to community colleges.

In open-access institutions, there can be as many as three DM courses, each serving
as the prerequisite for the next, which students must pass, with a C or better, to enroll in a
gateway course. Over time, College Algebra became the sole gateway course for most, and in

some cases all, students regardless of major. The use of DM sequences which lead to College



Algebra for most, or all, students creates barriers between students and degree attainment
(Bailey, 2009).
Statement of the Problem

By using corequisite DM courses, institutions are allowing more students to enroll in
gateway courses, even though the institution’s placement policies deem them not qualified
for enrollment in these courses (Vandal, 2014). While enrolled, the corequisite course serves
as a support course for the gateway course. However, institutions do not employ corequisite
courses uniformly, and they are a relatively new innovation in higher education institutions
that offer them. Because of this, there is little formal research examining their effectiveness.
The entities promoting these courses do report success data they have collected and analyzed
on their websites, but little quantitative research appears in peer-reviewed journals (Campbell
& Cintron, 2018; Kashyap & Mathew, 2017; Royer & Baker, 2018). Campbell and Cintron
(2018) used pilot corequisite courses and found them to be effective in increasing the
percentage of students completing gateway mathematics courses. Kashyap and Mathew
(2017) analyzed the success rates of students placed in either a prerequisite DM course, a
corequisite DM course, or in the gateway Quantitative Reasoning course alone. Royer and
Baker (2018) also analyzed the success of corequisite courses with Quantitative Reasoning
courses. All three studies reported the success of corequisite models, but one used small pilot
courses and two used Quantitative Reasoning courses. Therefore, the purpose of the current
study was to examine the implications of the implementation of corequisite developmental
mathematics courses with College Algebra/Precalculus, by evaluating course success rates in

multiple ways.



In recent years, several foundations, think-tanks, and education associations have
promoted two initiatives whose aim is to increase the number of students who obtain credit
for gateway courses within the first year of enrollment (“History,” 2019; “Project
Information,” 2019; “The Blueprint,” 2019). One of those is a math pathways movement.
Math pathways refers to institutions identifying math concepts and skills needed for
individual majors, or clusters of majors, and offering gateway courses more appropriate for
the students who have declared that major. For example, the Mathematics Association of
America (MAA) advocates for treating quantitative literacy as a necessary goal of
undergraduate education (Kashyap & Mathew, 2017), and thus a gateway course.

Another initiative promoted is corequisite DE courses. Corequisite courses are unigque
in that they are taken concurrently with gateway courses. Instead of a student enrolling in a
DM course as a prerequisite for a gateway course, they will enroll in the gateway course and
the corequisite in the same semester. For instance, a student enrolls in College Algebra and a
corequisite course, concurrently. The corequisite course provides “just in time” support for
the learning in the College Algebra course. Corequisite courses vary widely across
institutions and between different gateway mathematics courses (Campbell & Cintron, 2018;
Kashyap & Mathew, 2017; Logue, Watanbe, & Douglas, 2016; New America, 2016; Royer
& Baker, 2018). When institutions use corequisite courses, students can earn credit for
gateway courses faster and have support directly related to their gateway course instead of
taking a course one semester, gaining skills, then having to wait until the next semester to
employ those skills (Vandal, 2014).

More than thirty states are signing on to initiatives to develop math pathways and

corequisite courses (“Dana Center Mathematics Pathways: UT Dana Center,” 2019; Vandal,



2014). The same entities promoting these initiatives often fund them. The funding
organizations are reporting success on these initiatives. These reports, however, are not
conducted using formal research methods and are not reported in peer-reviewed journals.
While this does not mean the reports are false or misleading, they leave room for formal
examination.

The community college included in the current study is the largest community college
in its state. This Midwestern state is open-access, and the state governing board agreed to
partner with The Dana Center create math pathways and corequisite DM courses. The goal
from the state governing board is for 75% of first-time enrolling students to be placed in such
a way that they can take gateway courses in the first year of enrollment. The community
college included in the current study undertook a redesign of their DM course sequence and
gateway math courses to meet the state’s goal (College Website). This redesign was and still
is called the Mathways Project.

During the initial year of planning the Mathways Project, the math faculty chose two
courses: (1) Precalculus 1, previously called College Algebra, and (2) Quantitative
Reasoning, previously called Math for Critical Thinking, as the gateway courses. At the time
these were the only two gateway courses guaranteed to transfer to in-state four-year
institutions. Math faculty formed two teams, one for each gateway course, and began the
work of closely examining the course learning objectives, core content, and skills required
for success in those courses. Early in planning, the Precalculus (PC) and Quantitative
Reasoning (QR) teams both decided to use the Math Foundations sequence, formerly known
as Basic Math and Beginning Algebra, as the prerequisite for enroliment into the gateway

and the corequisite. It was at this time the Mathways Project team also decided to name the



corequisite courses Essentials for either PC or QR. After the one academic year of planning
and training for part-time instructors, the community college implemented the Mathways
Project at full scale. In the first fall semester, there were over 7,000 students enrolled in
courses affected by the Mathways Project. The current study examines the implications of the
new DM sequence and corequisite courses.
Research Questions

To understand the implications of community colleges implementing corequisite
courses, this study will attempt to answer the following three questions:
1. Are there differences in the proportion of first-time enrolling students who pass their
gateway mathematics before and after the implementation of multiple gateway and
corequisite developmental courses?
2. Are there differences in the success rates of College Algebra/Precalculus 1 students
before and after implementation of corequisite courses? If so, what are those
differences?
3. Are there differences in the success rates of Precalculus 1 students in the corequisite
course and students who are only enrolled in Precalculus 1? If so, what are those
differences?
Limitations and Delimitations

All research has limitations, and every researcher must make decisions on how to
limit their scope. Limitations are identifiable potential weaknesses in the study, and
delimitations are used to focus a research study (Creswell, 2017). Researchers must identify
limitations imposed on their research which are out of their control. Researchers use

delimitations to narrow the focus of their study.



One delimitation present is the selection of a topic of research. The current study will
be delimited to students enrolling in a multi-campus midwestern community college. The
researcher also chose to eliminate students enrolled in concurrent courses, which include
only high school students, online sections, or gateway courses not paired with a corequisite
course.

To answer RQ1, the researcher limited the data by only including students who are
enrolling for the first time in the fall semester of each academic year included in the analysis.
The implementation of corequisite courses coincided with the implementation of a second
gateway mathematics course, Quantitative Reasoning (QR). The QR course also has a
corequisite course. To investigate RQ 2 and 3, the researcher excluded students enrolled in
QR as a delimitation. The researcher also used section-level success rates instead of
individual student grades for the analysis of RQ 2 and 3.

Two notable limitations of the study are the structure the institution used for
implementing corequisite DM courses and the adjunct instructors used to teach some of the
corequisite courses. The institution included in the current study chose to use a three-credit-
hour format for the corequisite course. The corequisite format is a limitation because other
institutions are not implementing corequisite DM courses in the same format. While the full-
time faculty stayed the same of the timeframe of the study, adjunct instructors were not the
same. The institution included in the study hires from the same pool of adjuncts each
semester, but the set assigned to the corequisite courses is not always the same.

Definition of Terms
Adult Basic Education (ABE) refers to courses designed to help prospective college

students attain 8th grade-level skills in reading, writing, and mathematics. Some states have



ABE requirements for their course, meaning students must either demonstrate 8th grade-level
skills in these areas or pass ABE courses.

Corequisite Developmental Courses differ from prerequisite courses. Students in
prerequisite courses must pass those courses before enrolling in the next course in the
sequence. Corequisite courses allow students to enroll in gateway courses paired with the
corequisite course concurrently. “Broadly defined, corequisite remediation is the delivery of
academic support to academically underprepared students while they are learning gateway
course content in the same subject,” (Vandal, 2014, p. 3).

Developmental Education (DE) refers to courses below college-level. DE courses,
previously referred to as remedial courses, traditionally serve prerequisites to college-level
courses. Reading, writing, and mathematics are all included in DE, but not all students
referred to DE courses have to complete all of them.

Gateway courses are those which are generally included in general education at
institutions of higher education and are also called entry-level courses. Courses which require
success for degree completion are considered “gateway” courses.

Pre-policy change refers to the two academic years before the implementation of the
redesigned DM and gateway courses. This includes the academic years 2015-2016 and 2016-
2017 (AY16 and AY17).

Post-policy change refers to the two academic years after the implementation of the
redesigned DM and gateway courses. This includes the academic years 2017-2018 and 2018-
2019 (AY18 and AY19).

Success rates will be used in this study for analysis instead of pass rates. Pass rates

include students who earn an A, B, C, or D in a course, while success rates are more



restrictive and only include students who earn an A, B, or C. The requirement of students
earning at least a C arises from a D not satisfying prerequisites for other courses.
Organization of the Study

Chapter 1 introduced the study and included the background, statement of the
problem, research questions, the assumptions, limitations, and delimitations. In chapter 2, the
researcher will present a review of the relevant literature. The literature review includes a
history of freshman-level mathematics requirements, a history of junior and community
colleges, and the evolution of developmental education. Chapter 2 ends with a review of the
mayjor shift across the nation in developmental education.

The third chapter serves as the context of the study by providing an explanation of the
redesign efforts by the institution included in the current study. The fourth chapter outlines
the methodology the researcher employed to investigate the research questions. Chapter 5
presents the findings of the analysis. Chapter 6 discusses the results, their implications, and

the need for further research.
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CHAPTER II

REVIEW OF LITERATURE

When the academic community critically examines the issues which are
perpetuated by, and the reasons to move away from, a “one-size fits all” style
mathematics course, it is useful to understand the historical perspective. The histories of
College Algebra, Junior/Community Colleges, and Developmental Education are
especially important to consider. The purpose of this study is to examine the implications
of the implementation of corequisite developmental mathematics courses (DM) by
evaluating course success rates and the experiences of students enrolled in a corequisite
DM course. To address this purpose, the researcher sought to answer the following
research questions:

1. What effect does the implementation of corequisite developmental mathematics
courses have on the percentage of first-year students who pass a gateway course
within one year?

2. Are there differences in the success rates of College Algebra/Precalculus 1
students before and after implementation of corequisite courses? If so, what are

those differences?
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3. Are there differences in the success rates of Precalculus 1 students in the
corequisite course and students who are only enrolled in Precalculus 1? If so,
what are those differences?

This literature review is intended to serve as a historical reference for the
development of the program under study, including the issues which have arisen from the
predominant DM structure. The chapter contains four sections. In the first section, the
focus is the development of College Algebra as the gateway course for all college
students. The second section will contain the history of Junior/Community Colleges and
the proliferation of Developmental Education. Third, the literature about issues in DM
sequences and College Algebra as the one, and only, gateway course, as well as national
trends to reform DM sequences, will be summarized. Finally, an examination of the
current body of peer-reviewed literature will be summarized and critiqued.

The History of College Algebra

Institutions of higher education have not always required students to complete a
college-level mathematics course for undergraduate degree completion (Tucker, 2013).
The evolution of freshman-level mathematics was influenced by the military after each of
the World Wars and the space race that occurred due to Russia’s success with Sputnik
(Furr, 1996; Rees, 1980; Tucker, 2013). The examination of this evolution began with the
first colleges in America, whose purpose was to train ministers (Bisesi, 1982; Tucker,
2013). In these times curricula centered around Latin, Greek, Hebrew, and mathematics.
The purpose of teaching mathematics, at that time, was primarily for training the mind
instead of preparing for science and engineering. In the early 1800s, all engineers were

either educated at the U. S. Military Academy or Rensselaer Polytechnic Institute
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(Tucker, 2013). Growing demand for well-trained engineers began the migration of these
programs to other institutions. It wasn’t until 1862 that the first Ph.D. in mathematics was
awarded in the US by Yale University (“History of Yale Graduate School,” 2019).

In the late nineteenth century, with college enrollments decreasing, Charles Eliot,
who was serving as Harvard’s president, instituted an all-elective curriculum. While this
led to increases in college enrollments (Hofstadler & Smith, 1961), it also led to
decreases in the number of students studying mathematics. The all-elective curriculum
swept across the nation to most institutions.

In 1910, Harvard again led the way with President Lawrence Lowell’s system
which required students to select academic majors. Expanding on Lowell’s work at
Harvard, Woodrow Wilson added a core curriculum at Princeton (Tucker, 2013). This
core curriculum became known as general education requirements. Soon both of these
requirements, declaring an academic major and core/general curriculum, were
commonplace in higher education (Bisesi, 1982). Around the same time, E. B. Wilson
(1913) advocated for a yearlong freshman-level mathematics course to increase rigor for
freshman students. In some instances, the freshman-level course was called College
Algebra. The College Algebra course served as one of the first concerted efforts to raise
the mathematical rigor for freshman students. However, most institutions classified
mathematics with natural sciences. This classification meant that students could elect to
take science instead of a mathematics course.

John Dewey’s reform, expanding mandatory education through 12" grade, took
hold while World War | ended (Tucker, 2013). As a result of mandatory 12"-grade

education, college enrollments surged by 150% from 1910-1919 to 1920-1929 (Tucker,
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2013). This surge was attributed to meeting the demand for high school teachers (Tucker,
2013). During this time of expansion of education, both in common education and higher
education, mathematics was still not required for many college students. In 1920, Colgate
University, a private liberal art college, began to require all students to take two
mathematics courses to foster logical and independent thought (Colgate Catalog, 1920;
Tucker, 2013). As a result, a small movement began across the nation for some level of
mathematics as a requirement for all students.

The next push for a greater emphasis on mathematics in higher education
corresponded to World War 11 (WWII) (Furr, 1996; Rees, 1980; Tucker, 2013). In the
years preceding WWII, the U.S. had experienced an influx of European mathematicians
who were leaving Nazi Germany (Siegmund-Schultze, 2009). Mathematics was being
shown to have a great impact on many fields in the wartime effort. Computing, analysis,
ballistic computations, fluid mechanics, classical dynamics, air warfare, statistics, code-
breaking, and probability were all impacted by mathematics (Rees, 1980). Shortly after
WWII, mathematics was viewed by industry as being as valuable as engineering
(Schoenfeld, 2004). During the post-WWII era, college enrollments surged by 50%, with
over 2.2 million veterans attending college utilizing the G.I. Bill, which paid tuition and
gave a housing allowance for veterans (Bound & Turner, 2002). Additionally, the areas
of national security and defense led to an increased importance for the teaching of
mathematics (Curry, 1942).

With these global events in mind the Mathematical Association of America
(MAA), established in 1915, formed the Committee on the Undergraduate Program

(CUP) to create a common freshman-level mathematics course for all natural and social
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sciences (“MAA History,” 2019; Tucker, 2013). MAA was formed by a collection of
mathematics educators who wished to focus their research on the teaching of the subject.
The CUP group formed a course called Universal Mathematics which, “consisted of one
semester of functions and limits, the real number system, Cartesian coordinates, functions
(with focus on exp(x) and log(x)), limits, and elements of derivatives and integrals,
followed by one semester of mathematics of sets, logic, counting and probability,”
(Tucker, 2013, p. 696). The course was never fully implemented due to the decision of
physics programs to use calculus as the freshman-level course for its majors. Even then,
Universal Mathematics courses had companion workshops for students who needed
support with basic calculus formulas.

The Cold War and the successful launching of Sputnik in 1957 renewed the
efforts to emphasize the study of mathematics (Furr, 1996; Rees, 1980; Tucker, 2013).
Specifically, the Sputnik launching forced the general public to recognize the vital
importance mathematics had in the space race and national security (Lappan, 1997).
Eventually, higher education had to include the study of mathematics in general
education, more specifically in the freshman year, to satisfy the growing demand for
students prepared to continue studies in the natural and social sciences (Tucker, 2013)
and the rising requirements of technical competence the job market required of graduates
(Furr, 1996).

The CUP, as a part of MAA, was later renamed the Committee on the
Undergraduate Program in Mathematics (CUPM). In 1962, CUPM surveyed college
catalogs to find the extent to which colleges were offering mathematics courses (Buck,

1962). This survey found that most colleges and universities offered a wide array of
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courses, but that most institutions were now offering College Algebra. The report also
noted that most junior colleges also offered elementary algebra and intermediate algebra
as DM courses. The CUPM continued to advocate for commonality among colleges in
their mathematics offerings (Duren, 1965). CUPM created a recommended General
Curriculum in Mathematics for Colleges, which focused mainly on students who were
mathematics majors. However, there was one recommendation which paved the way for
all majors to require a common mathematics course. In the report, Duren (1965)
recommended Integral and Multivariate Calculus for all, “liberal arts students, or majors
in social and behavioral sciences, and business administration students” (p. 826).
Furthermore, Duren, acknowledging that teaching a variety of mathematics courses for
each major would be taxing on faculty, emphasized creating a common curriculum
which, “will serve as many purposes as possible, and as economically as possible,” (p.
828).

By 1974, nearly two-thirds of the 142 junior/community colleges surveyed
offered a general education mathematics course, but only about a quarter had the course
as a requirement (Mitchell, 1974). The trend of implementing a mathematics course as a
general education requirement continued until Small (2000) reported that approximately
400,000 students were enrolled in College Algebra. This enrollment gave College
Algebra the highest, credit-bearing mathematics, nationwide enrollment. The course has
traditionally been used to prepare students for Calculus I. However, only 32% of College
Algebra students ever enroll in Business Calculus, and only 11% ever enrolled in
Calculus I (Herriott & Dunbar, 2009), meaning 57% of College Algebra students are

preparing for a Calculus course they will never take.
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Junior/Community Colleges and Developmental Education

Developmental Education (DE) for college students predates the junior and
community college system. The need for DE was apparent at Harvard College from its
beginning in 1636 (Boylan, 1988; Boylan & White, 1987). Latin was the language of
most texts utilized by Harvard, this meant that students would have to know how to read,
write, and speak in Latin. To address this issue, Harvard began teaching courses designed
to increase their students’ Latin skills. However, the first DE program resembling the
modern approach started at the University of Wisconsin (UW) in 1849 (Boylan & White,
1987). UW began a college preparatory department which functioned like most modern
DE programs teaching reading, writing, and basic arithmetic. This model of developing
students into ones who could succeed in college-level courses spread to the point where
80% of higher education institutions had similar programs by 1889 (Brier, 1984). One
way in which these programs were different than modern models is that students had to
graduate the programs before being admitted to the college or university (Arendale,
2005).

These types of DE programs were common practice for the rest of the 19" and the
beginning of the 20" century. A major change occurred in 1901 with the opening of
America’s first junior college, Joliet Junior College (Cohen & Brawer, 2003; Larimer,
1977; Smith, 1980; Vaughan, 1982). Joliet was designed to add two more years to a
prospective college student’s education before entering a traditional four-year institution.
Joliet's original model was very different from the model in use today in which students

earn actual credit hours toward a bachelor’s degree and can earn an associate degree.
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In 1907, California passed legislation paving the way for the modern model of
junior and community colleges (Cohen & Brawer, 2003; Larimer, 1977; Smith, 1980;
Vaughan, 1982). The legislation made it possible for high schools to teach post-
secondary courses for college credit, but the legislation provided no funding for these
activities (Vaughan, 1982). Funding wasn’t available until 1917 when legislation was
passed giving state and county funding to junior colleges. Earlier the Morrill Act of 1862,
also known as the Land Grant Act, expanded the reach of higher education by granting
land for the creation of institutions. These three events lead to the opening of many junior
colleges across the nation, as many states passed legislation similar to California’s
(Cohen & Brawer, 2003).

The next major event was the founding of the American Association of Junior
Colleges (AAJC) in 1920 (Cohen & Brawer, 2003; Smith, 1980; Vaughan, 1982;
Larimer, 1977). The founding of AAJC gave the junior college a national voice for
advocacy. The AAJC began the Community and Junior College Journal in 1930 as a
forum for advancing their agenda and for the sharing of ideas (Vaughan, 1982).

In her textbook Secondary Education Aubrey Douglass (1927) outlined the
essential functions of a junior college: 1) making higher education more accessible to the
general population, 2) to give a needed adjustment in the organization of the school
system, 3) to offer two years of education after a senior year to students who desire to
continue their education, and 4) to supply “semi-professional training” a level greater
than secondary school but lower than a university.

In 1947, the Truman Commission on Higher Education entered these essential

functions into the national conversation (Gilbert & Heller, 2013). The Truman
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Commission Report and the G. 1. Bill lead to junior and community colleges fulfilling the
first of these essential functions with open access (Vaughan, 1982). One of the hallmarks
of the Truman Commission is its advocacy for increased enrollment by “ending
discrimination based on race...ending discrimination based on religion...eliminating
‘antifeminism’...eliminating financial barriers” (Gilbert & Heller, p. 420). Open access
was achieved in the 1960s, but the financial barriers were not addressed until later. The
Higher Education Act of 1965, the Higher Education Amendments in 1972, and the Basic
Education Opportunity Grants of 1972 allowed students to take advantage of financial
assistance to enroll (Vaughan, 1982).

“These Pell Grants, as they are known today, in addition to the Supplemental

Educational Opportunity Grants, the College Work-Study Program, and the

National Direct Student Loans, have made it possible for every American who

could profit from an education to have the financial resources to do so, in most

cases without assuming a large financial debt,” (p. 13).

With the end of WWII and the Korean War, the G.I. Bill allowed for an influx of
2.2 million veterans into the community college system (Vaughan, 1982). There was
another burst of community college enroliment, a 413% increase, between 1965 and 1999
from around 1 million to about 5.3 million, with most of that coming between 1965 and
1975 when the Baby Boomers came of age (Kasper, 2003). Open access and financial aid
certainly contributed to these enrollment increases. The general public had access to
higher education and a way to pay for it. Increases in students needing developmental

courses accompanied these increases in enrollments.
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Issues in Developmental Mathematics

Community colleges have become increasingly aware of and concerned with the
success of students enrolled in developmental mathematics (DM) (Bailey, 2009; Bassett
& Frost, 2010; McClenney & Dare, 2013; Merseth, 2011). Research (Bailey, Jeong, &
Cho, 2010; Okimoto & Heck, 2015) reveals an alarming trend for students enrolling in
community colleges across the U.S. where a staggering number, as high as 70%, of
entering community college students are underprepared for college-level coursework.
When these students are referred to Developmental Mathematics (DM) courses, only
30% pass the course. Furthermore, only 31% of students referred to DM course
sequences complete them within three years, and only 40% ever complete the sequence at
all (Bailey, Jeong, & Cho, 2010). Most sequences are three courses or less. After students
complete the DM sequence, they must then enroll in a gateway course, usually College
Algebra, which will satisfy their general education mathematics requirement. Many
issues are affecting the completion rates for students enrolled in DM courses. Four of the
main issues are placement procedures used by institutions, the percentage of incoming
cohorts placed in DM, student persistence, and completion of DM coursework, and the
cost associated with placing students in DM, to both the student and the institution.

Placement. Students deemed to be college ready by the institution's placement
procedures and policies can enroll in any gateway course. However, students who are not
deemed college-ready by their institution's placement procedures must complete
developmental education (DE) courses to prove themselves ready for college-level
coursework. Traditionally, high school students have been required to complete the ACT

and SAT exams to determine their college-readiness. Freedle (2003), Jaschik (2015),

20



Rattani (2016), and Santelices and Wilson (2010) reported the evidence of racial and
socio-economical biases in the SAT. Freedle (2003) published a report showing that
white students scored higher on easier items on the SAT while black students scored
higher on the more difficult items. Santelices and Wilson’s (2010) report replicated
Freedle’s with the same results, providing more evidence of racial and socio-economical
biases in the SAT. Castro (2013) reported ACT data from a six-year longitudinal study in
Illinois revealing 30% of White students who took the ACT were college-ready, meaning
their composite score was 21 or better, only 3% and 8% of Black and Hispanic students
did so, respectively. Many times, students ACT and SAT score are used to place into
college-level or DE courses.

Colleges and universities have placement procedures for students who do not
have the minimum ACT or SAT score required to enroll in college-level coursework.
Many community colleges have relied on placement tests, such and COMPASS and
ACCUPLACER, for their placement process (Bahr, Fagioli, Hetts, Willett, Lamoree,
Newell, Sorey, & Baker, 2019; Melguizo, Koslewicz, Prather, & Bos, 2014). The tests
contain questions from basic arithmetic to topics covered in traditional College Algebra
courses. The use of these placement procedures means a single assessment is used to
determine a student's placement into DE courses. Another issue with the use of placement
tests is the lack of uniformity in cut scores employed by institutions. Cut scores are the
minimum score required for each DM course in the sequence. Melguizo, et al. (2014)
found institutions interpret the results differently by having a wide range of cut scores for

their developmental mathematics (DM).
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Percent of Entering Students in Developmental Mathematics. The National
Education Longitudinal Study (NELS) collected tracking data of students from K-12 to
college-level enroliment from 1988 to 2000. Bailey (2009) reported, from both the K-12
and college-level data collections, as many as 58% of students tracked from eighth grade
were required to take at least one developmental course through 2000. Bailey also
reported nearly one-third of first-time students enrolled in the lowest level DM course
their institution offers. Additional research shows that as much as 70% of students
entering community colleges require DE courses in a combination of reading, writing,
and mathematics. Enrolling in the lowest level DM course means a student is either two
or three courses away from completing the sequence. Furthermore, of those students who
enroll in the lowest level DM course, only 31% complete the sequence of courses in three
years. NELS data also shows less than 25% of students who enroll in developmental
education courses complete a degree or earn a certificate within eight years.

Developmental Mathematics Course Success Rates. Once community colleges
place students into DM courses, the next issue to consider is whether students are
succeeding in those courses. One way DM courses can be deemed successful is if they
have adequate success rates. In DE courses, students must earn at least a C to satisfy the
prerequisite for the next course in the sequence or the gateway mathematics course.
Reporting on success rates varies, both between institutions and between the level of
course. Using data collected from institutions involved in Achieving the Dream (AtD)
initiatives, Bailey, Jeong, and Cho (2010) report 40% of students placed in a DM course

three levels below a gateway course do not either enroll or succeed in the course.
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Ultimately, meaning only 25,015 of the 43,886 (57%) sample of students in the AtD
institutions both enrolled in and succeeded in the course.

Similarly, the rates of students not enrolling in or succeeding in the next course in
the sequence were similar, between 40% and 47% (Bailey, Jeong, & Cho, 2010). By the
end of the second year, only 16% of the original sample had completed the gateway
mathematics course. The result is more than 36,000 students did not complete the
sequence of DM courses and the gateway course. Bailey et al. (2010) also reported the
same statistics for students placed 2 and 1 level below the gateway course. In all, of a
total sample of 144,590, nearly 96,000 students either did not enroll or succeed in their
DM course sequence and the gateway course.

Student cohorts referred to the lowest level course, three courses away from the
gateway course, not only suffer attrition from issues with course success, but also
because of the structure of the sequence. If a student passes each class they enroll in, they
will experience four decisions, regarding enrollment, through the gateway course. For
example, once referred to the lowest level course, the student must decide to enroll in the
course. Once they pass the course, they must decide to enroll in the next course, and so
on, through the gateway course. A student who fails any course in the sequence must then
decide to re-enroll in the course. For each course, a student fails; they will experience at
least one more decision. Bailey, Jeong, & Cho (2010), using data from the National
Education Longitudinal Study (NELS) reported only 10.1% of students placed in the
lowest level DM course consecutively enrolled in and passed each course in the DM

sequence and the gateway course.
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Another illustration of students progressing, or not, through a DM sequence
comes from Complete College America (CCA). CCA describes the attrition of students
referred to DM sequences with three levels below college-level, or gateway course work
(“The Blueprint” 2019). Of those ten students, three do not enroll in the course, while two
more of the remaining seven failed the course. For the five who passed, the next step is
enrolling and passing the next course in the sequence. Only one and a half do so. For
those students, only the last DM course stands between them and their gateway course. In
the end, only one will both enroll and pass each of the courses in the DM sequence and
the college-level, gateway course.

The Cost of Developmental Education. One of the end effects for students
referred to DE courses is financial. The issues of placing high levels of students in DM
courses, the low pass rates of those courses coupled with low persistence and high
attrition, leave many community college students with no degree and, in most cases,
student loan debt. The website, www.finaid.org/loans/studentloandebtclock.phtml,
continually updates the total student loan debt for US citizens (2019). Currently, US
citizens owe over $1.6 trillion. Avery and Turner (2012) reported 41% of all students
attending two-year institutions were taking on student loans, while Ma and Baum (2016)
reported 25% of full-time students at two-year institutions were using student loans

Additionally, DE has a high financial cost for community colleges. In 2008, costs
were estimated to be $1.9 to $2.3 billion and another $500 million at four-year colleges
(Strong American Schools, 2008). Scott-Clayton and Rodriguez (2012) found that the

cost increased in just four years to an estimated $4 billion. Together the issues of the cost
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of DE courses, to both students and institutions, must be resolved to serve community
college students better nationwide.
Redesigning Developmental Mathematics

The issues of large numbers of students entering higher education referred to DM
courses, the success rates of those courses, the low persistence of students referred to DM
courses, and the costs to both the student and institution have not gone unnoticed. Many
institutions have implemented small scale innovations aimed toward promoting student
success in DM courses. The innovations were created with guidance from existing data
from research on the characteristics of successful courses and students. Small scale
innovations are those innovations which are either for research purposes only or which do
not reach full-scale implementation. These practices rarely make large impacts on great
numbers of students for various reasons. For instance, Zientek, Yenkiner, Fong, and
Griffin (2013) showed students enrolled in courses taught by full-time faculty were more
likely to pass, but it is unreasonable for community colleges to hire enough full-time
faculty to teach all DM courses.

Researchers from the University of Hawaii implemented DM courses redesigned
to include online instruction, continuous assessment and feedback, on-demand support,
and mastery learning (Okimoto & Heck, 2015). Their efforts were designed to increase
student engagement using active learning components. Students in the redesigned DM
courses three levels below college-level were between 3.2 and 7.2 times more likely to
pass. When the analysis extended to the courses two and one levels below college-level,

the results showed the students in the redesigned courses were 5.7 to 6.9 to pass the class
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two levels below, and 5.8 times more likely to pass the course one level below college-
level. Unfortunately, this model did not reach full-scale.

Wiladis, Offenholley, and George (2014) reported the results of an innovation
conducted at Manhattan Community College (MCC). In this innovation, students in DM
course were given a common assessment as their midterm. Students who scored less than
70% were required to complete common intervention assignments which covered
material both from the midterm and leading up to the final exam. These assignments were
delivered online, so the students could receive immediate feedback. Additionally, MCC
created an intervention lab and increased computer and tutor availability. Students who
frequently visited the intervention lab during the last eight weeks after the midterm had a
significantly greater pass rate than those who did not.

One innovation which did reach full-scale implementation was at Jackson State
Community College (JSCC). Bassett & Frost (2010) reported the developments of
SMART Math (Survive, Master, Achieve, Review, and Transfer), which combined their
three DM courses into one course with 12 modules. The other departments at JSCC then
reviewed their math requirements and selected the DM competencies required to succeed
in their programs. Students then enrolled in the DM courses which contained the
competencies they needed for their program of study. Once a student mastered the
competency, they moved to the next one, and so on. The year before implementation,
JSCC DM courses had a pass rate of 42%. After the first semester of implementation, the
pass rate dipped to 41%. In the four semesters after implementation, the pass rates

dramatically increased to 54%, 57%, 59%, and 60%.
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A Move Toward Mathways and Corequisites. The histories of the evolution of
freshman-level mathematics studies, which culminates in a College Algebra for everyone
approach, the connected evolutions of developmental education and junior and
community colleges serve as a pretext to the issues with traditional approaches to DE.
The traditional approach of sequences of DE courses, each serving as a prerequisite to the
next and, ultimately, the gateway course has created a broken system which, while
designed to provide students with skills to succeed in college-level courses, serves as a
barrier to their success by trapping them in sequences with low completion rates. The
product is a small percentage of students referred to DE courses obtaining a degree. This
data does not mean there is no hope for underprepared students. Several foundations
think tanks, and associations are now promoting new models designed to accelerate
students through DE courses while also earning credit in gateway courses.

Achieving the Dream (AtD) began its work in 2004 as a granting organization,
funded by the Lumina Foundation, for institutions to increase persistence and completion
among various student pop