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ABSTRACT
THE IMPACT OF DEVELOPMENTAL MATHEMATICS COURSES AND AGE,
GENDER, AND RACE AND ETHNICITY ON PERSISTENCE AND ACADEMIC
PERFORMANCE IN VIRGINIA COMMUNITY COLLEGES
James Dael Wolfle

Old Dominion University, 2012
Director: Dr. Mitchell R. Williams

This research study examined the 2006 cohort of First-Time-in-College students from all
23 community colleges in Virginia. The goal was to examine the persistence of these
students to the fall 2007 semester and the success of these students in their first college-
level mathematics course. The main predictor variable was whether the first mathematics
course taken was a developmental or college-level course. Other main predictor
variables examined were the age, gender, and race and ethnicity of the student. Race and
ethnicity was broken into the categories White, Black, and Other. Interaction variables
were created to determine if age, race and ethnicity, or gender moderates the effects of
developmental status for both persistence and success in the first college level
mathematics course, and a model was created using all main and interaction predictor
variables to determine to what extent each variable accounts for persistence and success.
It was found that neither gender nor race and ethnicity moderates developmental status
for either persistence or success, but age moderates both success and persistence.
Developmental courses are more effective for traditionally aged students and
developmental courses are positively related to the persistence of non-traditionally aged

students and negatively related to the persistence of traditionally aged students. The



predictor variables developmental status, age, race and ethnicity, and gender are all
significantly related to both the success and persistence of students. The effect of
developmental status on both success and persistence is weak. Non-developmental
status, female, non-traditionally aged, and non-Black race and ethnicity are all positively
related to the success of students in their first college-level mathematics course. Non-
developmental status, female, traditionally aged, non-White and non-Black race and

ethnicities are all positively related to the fall-to-fall persistence of students.
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CHAPTER1
PROBLEM STATEMENT

The majority of community college students today are academically unprepared
for college (Bailey, 2009; Cohen & Brawer, 2008). To meet the needs of these
underprepared students, colleges offer developmental education to bring the academic
level of the student up to the collegiate level (Johnson & Kuennen, 2004; Virginia
Community College System [VCCS], 2009). Offering developmental education to
underprepared students is one of the key tasks which have largely fallen to community
colleges (Oklahoma State Regents for Higher Education, 2008; Provasnik & Planty,
2008). Developmental education courses were offered in 98% of all two-year colleges in
2000 and 42% of community college first-year students enrolled in at least one
developmental course with 35% of students enrolled in developmental mathematics
(Parsad, Lewis, & Greene, 2003). Individual institutions and organizations at the state
and national level have realized the success of developmental students is critical in
reaching national, state, and institutional goals on student success (Oklahoma State
Regents for Higher Education; Virginia Community College System [VCCS], 2011,
United States Department of Education [USDoE], 2006).

In 2008, the Virginia Community College System created the Developmental
Education Task Force to begin to focus on the state of developmental education in its 23
member community colleges. This task force affirmed three goals for the system of
community colleges in Virginia: 1) to reduce the need for developmental education; 2) to

redesign developmental education to allow for completion in less than one year, and 3) to



increase the number of developmental education students graduating or transferring
(VCCS, 2009). Data collected for the Developmental Education Annual Report (VCCS,
2011) show 60% of the fall 2005 cohort was recommended to take developmental
coursework based on their placement scores. The report provided figures for cohorts
from 2005 to 2009 and showed the percentage of students placing into developmental
courses has steadily increased to 64% by the 2009 cohort.

The Virginia Community College System collects data to track the progress
towards reaching the stated goals created by the Developmental Education Task Force.
The purpose of this study will be to examine the third goal created by the Developmental
Education Task Force: increasing the success of students. The measures which the
Virginia Community College System uses to determine how this goal is being met
include persistence of students from fall-to-spring and fall-to-fall semesters, success in
developmental courses, success in college level courses, graduation rates, and transfer
rates. This study examined two of these measures which were reported in the VCCS
Developmental Education Report: persistence of students from the fall semester of 2006
to the fall semester of 2007 and the success students find in their first college level
mathematics course.

Background of the Problem

Developmental education has been a part of the higher educational system in the
United States for almost 400 years (Dotzler, 2003). Even with the long history of
developmental education, the formal discipline of study entitled developmental education

was not founded until the early 1900s (Dotzler) and the first professional organization in



this field was not founded until 1976 (Boylan & Bonham, 2007). Early in its history,
developmental education was designed to teach students the academic skills which they
lacked to be successful in higher education. In the professional literature, the
improvement of academic skills is generally called remediation. However, the term
developmental education can also refer to the general academic skills which students
need to be successful in higher education.

The duplicity of terms, remedial and developmental, is found throughout the
professional literature on developmental education, sometimes within the same article.
Some researchers examined developmental education as a remediation process (Johnson,
& Kuennen, 2004; Levin, & Calcagno, 2008) and report their findings in that manner,
whereas other researchers (Bharath, 2009; Boylan, Bonham, & Tafari, 2005; Waycaster,
2001) examined developmental education in a more holistic student-oriented view and
report findings in areas other than academic. There are also researchers who use both
terms interchangeably (Bailey, 2009; Martinez & Martinez, 2006). Recent literature
(Illich, Hagan, & McCallister, 2004) and theory (National Association for Developmental
Education [NADE], n.d.) have explicitly differentiated between remediation, improving
academic content skills, and development, a comprehensive approach to aiding students
improve general skills necessary for success in college courses, and indicated
developmental education encompasses both concepts. This study will use the term
developmental as does the National Association for Developmental Education: including

all forms of learning assistance, counseling, advising, and coursework.



There has been tremendous growth in developmental education over the past 40
years. During this time, the number of students in community colleges has increased
741% (Provasnik & Planty, 2008) and the proportion of community college students who
require remediation has remained constant at approximately 40% (Alliance for Excellent
Education, 2011; Attewell, Lavin, Domina, & Levey, 2006; Bettinger & Long, 2005).
The same proportion of students requiring developmental coursework and the large
increase in the number of students has significantly increased the number of students
requiring developmental courses (Oudenhoven, 2002).

The cost of higher education in this country is great. Community colleges in
2004-05 had expenditures of over $38 billon (Provasnik & Planty, 2008) with over $1
billion of that being developmental education (Alliance for Excellent Education, 2011;
Bahr, 2008). These costs for developmental education included faculty, support services,
and physical space. Bahr argued developmental education puts an undue financial
burden on students, devalues post-secondary degrees, and demoralizes faculty who teach
these courses. There is concern the outcomes of developmental education do not reflect
the investment. Statistics indicate over 75% of developmental students ultimately did not
complete a degree (Bahr; VCCS, 2011). Higher education has received increased
scrutiny over the past several years, and developmental education is currently being
examined closely throughout the country (VCCS, 2009) which is leading to major
changes in both the content and delivery methods of developmental education courses

(Gonzalez, 2011; Mireles, 2010).



Mclintosh and Rouse (2009) said “postsecondary education is key for both
individual success and economic competitiveness in the global, knowledge driven
economy” (p. 1). Colleges and employers are increasingly concerned high school
graduates of today do not have the skills necessary to succeed after graduation (Kendall
et al., 2007). One possible factor for this lack of preparedness could be the curriculum in
high schools (Alliance for Excellent Education, 2011; Wilson, 2008). Wilson particularly
concluded students were not as prepared to succeed in mathematics in higher education
and surmised the use of calculators on the mathematics portion of the Scholastic
Achievement Test was a possible cause of the differences in student readiness for higher
education today than it was twenty years ago. Calculator use, and even the practice of
using the calculator to solve problems, is indicated in the Virginia Standards of Learning
for Algebra II, where over half (11 out of 20) standards explicitly reference using a
graphing calculator (Virginia Department of Education [VADoE}, 2011). Another
leading factor in student need for developmental education is the amount of time which
has passed since prior schooling experiences for older students (Tinto, 1993). Teaching
older students is particularly common in community colleges as more than 50% of
community college students are older than 23 (Provasnik & Planty, 2008).

Increased scrutiny of student outcomes of developmental education has become
more prevalent over the past several years (Florida Department of Education [FLDoE],
2011a; VCCS, 2009). In other words, the public, government agencies, funding agencies,
and higher education institutes are asking if developmental education raises the skills of

students to the level which is required to be successful in college-level coursework. One



way to measure this is to compare the success of students who enroll in developmental
coursework with the success of students who do not require such coursework. The
results of past comparisons of these groups of students are conflicting. Some research
(Bahr, 2008; Calcagno, 2007, Waycaster, 2001) has found similar levels of success
between students taking and not taking developmental courses and other research (Biegel,
2009; Germanna Community College, 2001; Gonzales, 2007; Parmer & Cutler, 2007)
have found students who enrolled in developmental courses had lower levels of success
in college-level courses than students who did not enroll in developmental courses.

One other commonly researched topic in education is the persistence of students
in their programs. Particularly, how does the requirement of taking developmental
coursework affect the persistence of students? There is evidence successfully completing
a developmental mathematics course improves persistence (Fike & Fike, 2008), or at
least it does not significantly change the persistence of students (Calcagno, 2007; Moore,
2006). Examining the persistence of students to a second year of higher education,
typically called fall-to-fall persistence, is an appropriate measure as more than half of the
students who drop out of college do so during their first year (Tinto, 1993) and close to
half of all community college students drop out before obtaining their degree (Calcagno,
Bailey, Jenkins, Kienzl, & Leinbach, 2008; Fike & Fike). Thus, improving the
persistence of students is a goal for colleges for both financial and planning reasons
(Tinto).

Tinto’s (1993) model of persistence in higher education states persistence

increases when students are socially integrated into the school. This integration is



difficult to accomplish in non-residential schools and the applicability of Tinto’s
integration theory to community colleges has been questioned (Bailey, Calcagno,
Jenkins, Kienzl, & Leinbach, 2005; Tinto). Recent research has shown persistence in
community colleges can be increased by social integration similarly to traditional four-
year colleges (DuBray, 2005; Karp, Hughes and O’Kara, 2010). Tinto said “nowhere is
the importance of student involvement more evident than in and around the classrooms of
the college” (p. 132). In many community colleges, and particularly in Virginia
community colleges, developmental courses meet for longer periods of time than college
level courses and often have fewer students in each section as compared to college-level
courses. Successful completion of a developmental course has been found to be
positively correlated with student retention (Fike & Fike, 2008) and reasons which have
been suggested for this include smaller class sizes and the special attention students
receive (Waycaster, 2001), increased instructional time with faculty (Kisker & Outcalt,
2005), and an atmosphere where students can feel connected to the school (Lesik, 2007).

The Developmental Education Task Force (VCCS, 2009) described a turning
point in developmental education in Virginia community colleges. It reported
developmental education in Virginia was no longer about access but about improving the
success and experiences of developmental students. To ensure this improvement
occurred, the task force recommended, in part, redesigning developmental courses,
working with high schools to improve student readiness, improving student support
services, and collecting data on first-time-in-college students to help ensure

accountability at the college and state level (VCCS, 2009). The Developmental



Education Annual Report (VCCS, 2011) was the first compilation of data recommended
by the Developmental Education Task Force. The Developmental Education Annual
Report described the 2006 cohort of first-time-in-college students and provided
descriptive statistics about this cohort on measures designed to address the
recommendations. Understanding which developmental students are struggling to meet
standards will help the Virginia Community College System better direct funds and other
resources to aid those students. This study extended the knowledge presented on the
2006 cohort from the Annual Report and statistically examined the differences between
developmental and non-developmental students and their success in the first college level
mathematics course taken and their persistence into a second year of college.
Purpose Statement

The purpose of this quantitative study was to examine the effect of age, gender,
and race and ethnicity together with developmental mathematics status on student's
persistence to a second year and academic performance in the student’s first college level
mathematics course in Virginia community colleges. This study utilized the data
reported by the Virginia Community College System in: “Developmental Education
Annual Report: Tracking the Fall 2006 Cohort and Five-Year Historical Trends” (VCCS,
2011).
Research Questions

This study was guided by the following research questions:



1.

2.

Are there moderating variables on developmental mathematics status in
determining the success of Virginia community college students in their first
college-level mathematics course?

a. Does student race and ethnicity moderate the effects of developmental
mathematical status on the success of Virginia community college
students in their first college-level course?

b. Does student gender moderate the effects of developmental mathematical
status on the success of Virginia community college students in their first
college-level course?

c. Does student age moderate the effects of developmental mathematical
status on the success of Virginia community college students in their first
college-level course?

Are there moderating variables on developmental mathematics status in
determining the fall-to-fall persistence of Virginia community college students?

a. Does student race and ethnicity moderate the effects of developmental
mathematical status on the fall-to-fall persistence of Virginia community
college students?

b. Does student gender moderate the effects of developmental mathematical
status on the fall-to-fall persistence of Virginia community college

students?
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c. Does student age moderate the effects of developmental mathematical
status on the fall-to-fall persistence of Virginia community college
students?
3. To what extent do developmental status, gender, age, race and ethnicity, and
interactions between developmental status and age, developmental status and
gender, and developmental status and race and ethnicity account for success of
Virginia community college student in their first college-level mathematics
course?
4. To what extent do developmental status, gender, age, race and ethnicity, and the
interaction between developmental status and age, developmental status and
gender, and developmental status and race and ethnicity account for the fall-to-fall
persistence of Virginia community college students?
Professional Significance

Developmental education affects a large number of community college students
and is a large part of department budgets for community colleges, particularly in
mathematics departments. Developmental courses can lead to the non-completion of
degrees or programs offered by the college. Understanding how students who complete
developmental courses perform in credit-level courses is an important resource in
evaluating the costs and rewards of developmental education programs.  “Despite the
fact that remedial education is a large component of the two-year college curriculum, the
body of research on its effectiveness is rather small and produces mixed findings’

(Mclntosh & Rouse, 2009, p. 15).



11

Whereas studies on persistence in four-year and residential colleges are
numerous, the quantity of such research which focuses on community colleges is limited.
Community colleges are mostly commuter schools and students often do not spend much
time on campus outside of their courses. The commuter nature of community colleges
has created a common perception among researchers, including Tinto, that it is difficult
to link persistence in the community college with the level of socialization to the college
by the student. In recent literature (Karp et al., 2010) the link between Tinto’s
socialization theory (Tinto, 1993) as it applies to community colleges has been examined
and socialization has been found to occur in the community college. This socialization is
often attributed to relationships formed in the classroom. Developmental courses, with
increased class-time over college-level courses, could aid in socializing students with the
school (Kisker & Outcalt, 2005; Lesik, 2007). If a link is found between students who
enroll in developmental courses and increased persistence it would allow past research on
persistence in four year schools to be applied to community college students. This
application of research on Tinto’s socialization theory could help build knowledge on the
persistence of community college students which could aid in the creation of more
effective retention programs for community college students.

Studies of large, state-wide, groups of community college students in California
(Bahr, 2007, 2008), Florida (Calcagno, 2007), Ohio (Bettinger & Long, 2005), Tennessee
(Threadgill, 2005), and Virginia (Roksa, Jenkins, Zeidenberg, & Cho, 2009) along with a
study of a large multi-state population (Attewell et al., 2006) generally found that there

was no difference in the success of developmental students compared to non-
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developmental students, and the persistence of developmental students was either the
same or greater than that of their non-developmental counterparts. This study adds to the
knowledge base on developmental students in large, state-wide populations.
Additionally, this study has significance in Virginia as it adds to the baseline statistical
data for the current developmental mathematics curriculum. The VCCS has changed the
format of their mathematics developmental courses throughout the state based on their
report “The Turning Point” (VCCS, 2009). This report called for a system-wide annual
report to track the progress towards state-wide goals. The first of these annual reports
was presented in the Developmental Education Annual Report (VCCS, 2011) which
presented descriptive statistics for multiple measures. This study examined the data from
the Developmental Education Annual Report statistically and provided data on the
success and persistence of students based not only on developmental status as the
Developmental Education Annual Report does, but also on common demographic
information: age, gender, and race and ethnicity. Addressing common demographic
groups provides more detail on the success measures of the current developmental
mathematics courses and provides a better comparison for the results of the redesigned
system of developmental mathematics courses, which was implemented in VCCS schools
during the Spring 2012 semester.
Overview of the Methodology

Ex post facto data were gathered for all students who enrolled in one of the 23
Virginia community colleges for the first time in the fall 2006 semester and was collected

from a five year period. First-Time-in-College students for the fall 2006 semester also
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includes students who first enrolled during the summer 2006 semester, and those students
were included in the sample for this study. The data were collected from the Virginia
Community College System which compiles data from all 23 community colleges in
Virginia. The collected data included student demographic information on age, gender,
and race and ethnicity; all mathematics courses taken between fall 2006 and spring 2011;
the grade for each mathematics courses; and the enrollment status of the student for each
semester from fall 2006 through spring 2008.

Students who were not of either traditional or non-traditional ages, i.e. those
students less than age 17, were eliminated from the sample. Students who did not enroll
in a mathematics course their first semester, fall 2006, were eliminated from the sample
when evaluating persistence to allow fall-to-fall persistence based on the first
mathematics course taken to be determined. Dichotomous variables were created with a
value of 1 given to determine persistence (being enrolled in the fall 2007 semester),
success in the first college-level mathematics course attempted (earning an A, B, or C),
age (being 23 or older), gender (being female), black (being of Black race and ethnicity),
and other ethnicity (being of non-White and non-Black race and ethnicity). The
interaction variables developmental*age, developmental*gender, developmental*black,
and developmental*other were created to determine moderation effects. These
dichotomous variables were then used throughout the remainder of the study.

Descriptive statistics were reported for each variable. Cross tabulations were
reported for age, gender, and race and ethnicity together with developmental status for

students who persisted and did not persist, and for successful students and non-successful
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students. Logistic regressions were utilized to answer the research questions. Two
separate models were created, one model used the criterion variable success and the other
used the criterion variable persistence. Each regression contained the predictor variables
developmental status, age, gender, black, other ethnicity, and interaction variables
developmental*age, developmental*gender, developmental*black, and
developmental*other. The coefficients of the interaction variables were tested for
significance. The results from each model were examined to determine the extent to
which each variable accounted for both persistence and academic success. SPSS version
19 was used to perform all calculations.

Delimitations

This study utilized data previously gathered by the Virginia Community College
System on the 2006 cohort of First-Time-in-College students. This report provided a
basis for recommendations for the VCCS to redesign their mathematics developmental
education program and is the latest information compiled by the state. The use of this
particular data set provided a detailed look at this particular group of students but may
not reflect characteristics of students in different cohorts or from different states.

This study utilized ex post facto data which limits the type of data which is
possible to collect. This study assumed the data were reported correctly by the student,
reported to the VCCS system correctly, and all data were delivered accurately.

There are multiple definitions found in the professional literature of the terms and
variables used in this study. This study used a particular definition of each variable,

particularly persistence, success, age, and categories for race and ethnicity. The
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definitions for these variables used in this study are presented in a future section.
Findings could be different if different definitions of these terms had been used.

Developmental education encompasses all forms of learning assistance including
not only the delivery of material in the classroom but also ancillary resources such as
tutoring centers, counseling services, supplemental instruction, and mentoring. Whereas
the description and learning objectives of each course is the same in all Virginia
community colleges, this study did not measure the availability or use of additional
institutional resources which are included in concept of developmental education. There
may be differences in success or persistence of students across different colleges based
on the availability of these additional resources which are not measured in this study.

Finally, there are many topics of interest to the community college community
with regard to developmental education and there are many characteristics of students
which affect both success and persistence. Many of these characteristics are measureable
with the use of ex post facto data and there are many characteristics which cannot be
measured. This study focused solely on the variables persistence, success, developmental
status, age, gender, and race and ethnicity. Effects found while examining only these
variables may not be the same when taken together with other variables.
Limitations

This study tested for statistical differences between students who completed a
developmental course in mathematics and students who were not required to enroll in a
developmental mathematics course using the variables age, gender, and ethnicity.

Causality was not able to be determined. There are many possible factors which would
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related to academic performance and persistence which due to both the nature of an ex

post facto study and researcher choice were not addressed.

Definitions of Key Terms

Academic performance (success) — Academic performance was defined as either
success or failure depending on the final grade in a college level mathematics
course. Success was defined as a grade which will transfer to a four-year
institution: an A, B, or C. Failure was defined as a D, F, or W. This is the coding
which was used in the VCCS Developmental Education Annual Report (VCCS,
2011).

Age — Age was defined as either traditionally college aged, or non-traditionally
college aged. Non-traditionally aged students were defined as those of ages 23
and older as defined in the VCCS Developmental Education Annual Report
(VCCS, 2011). Traditionally age students were defined as aged 17-22. Calcagno,
Crosta, Bailey, and Jenkins (2007a) used 17-24, this study used a high age range
of 22 to match the definition used by the VCCS).

College-level course — A college-level course is a course in “the first two years of
a baccalaureate program in arts and sciences and pre-professional programs
meeting standards acceptable for transfer to baccalaureate degree programs”
(VCCS, n.d., section 5.0.1).

Developmental education — Literature on this subject uses both ‘remedial’ and
‘developmental’ to describe courses intended to raise academic skills. This study

uses only the term developmental. This term was defined as: “Developmental
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education programs and services commonly address(ing) academic preparedness,
diagnostic assessment and placement, development of general and discipline-
specific learning strategies, and affective barriers to learning. Developmental
education includes, but is not limited to: all forms of learning assistance, such as
tutoring, mentoring, and supplemental instruction; personal, academic, and career
counseling; academic advisement; and coursework” (NADE, n.d.)

) Race and Ethnicity — Race and Ethnicity was defined as Black, White, or other
ethnicity (non-White and non-Black).

. Gender — Gender was defined as either male or female.

. Persistence — This term was defined as a student who continued to be enrolled in
the institution in the fall 2007 semester. This is also commonly termed first-year
fall to second-year fall retention, or more succinctly fall-to-fall persistence (Fike
& Fike, 2008).

Summary
This chapter described the motivation and importance of examining the success

and persistence of developmental students and the main issues which affect the problem.

The purpose of the study and the research questions which guided the study were

presented. Finally, a brief explanation of the methodology used to answer the research

questions was presented followed by definitions of the key terms used in the study. The
remainder of this paper will add further detail on past research and the methodology used
in the current study. Chapter II will present the results of a review of the current

literature in the field of developmental education and the status of developmental
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education in Virginia. It will then examine the literature on success and persistence of
developmental students, and will then examine the issues and literature on the success
and persistence of students of different ages, race and ethnicities, and genders. Chapter
I1I will provide a complete description of the methodology used in the current study.
This description will include the variables used, subjects, data collection, and the process
for analyzing the data. Chapter IV will present the findings from the study, and will
provide tables presenting descriptive statistics on the success and persistence of the
sample along with the demographic variables. It will present the key statistics from the
models created to determine the extent predictor variables affect the success and
persistence of Virginia community college students. Finally, chapter V will provide a
summary of the current study and will present a discussion of the findings as they relate
to prior research. It will also describe implications of the findings to practitioners in the

community college and will suggest areas for future research.
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CHAPTER 11
REVIEW OF THE LITERATURE

The Virginia Community College System (VCCS) has been focusing on
developmental education over the past four years with the goal of becoming the “premier
purveyor of developmental education, in more streamlined and efficient ways, resulting
in greater rates of student success” (VCCS, 2009, p. 4-5). This examination began with
the Developmental Education Task Force, which found the VCCS had a duty to its
students to increase enrollment, increase persistence of students, and attain academic
success as measured through credential attainment (VCCS, 2009). Additionally, this Task
Force found the success of developmental education students was critical to meet the
VCCS goals and the success of these developmental students is now a cornerstone in the
system’s strategic plans.

The Developmental Education Annual Report (VCCS, 2011) compiled data
examining the 2006 cohort of first-time-in-college students at all 23 Virginia community
colleges. Descriptive demographic data and data to answer four measureable outcomes
were compiled by the VCCS to measure the goals identified by the Developmental
Education Task Force. Particularly, two of these measures were designed by the VCCS
to describe the success of developmental students in college. The two measures were:
fall to fall persistence of students and a comparison by developmental education status of
success rates for students who enrolled in college level mathematics courses by the end of
year 2. Descriptive statistics reported by the VCCS (VCCS, 2011) indicated 52% of

students who did not enroll in developmental courses persisted to the fall of their second
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year and 59% of developmental students persisted to the fall of their second year. The
report also showed 73% of students who did not take developmental mathematics passed
their first college level mathematics course and 67% of developmental students passed
their first college level mathematics course.

This study aims to further examine this cohort of students and determine factors
which may lead to predicting the persistence and success of Virginia community college
students. The Developmental Education Annual Report presented descriptive statistics.
Whereas that report presented differences between the persistence and success rates of
developmental and non-developmental students it did not conduct a statistical analysis of
those differences to determine if they were statistically significant. This study will
extend the results presented in the VCCS report and will examine the success and
persistence of students using additional demographic criteria to determine if there are any
significant differences between developmental and non-developmental students, or if age,
gender, or race and ethnicity moderates differences between developmental and non-
developmental students.

This chapter will examine the professional literature on developmental education
and how age, gender, and race and ethnicity of a student affects their success and
persistence. This chapter will first examine the history of developmental education,
definitions of developmental education and the prevalence of developmental education in
the United States. Then developmental education in the Virginia Community College
System will be described. Literature detailing studies on the two dependent variables,

academic success and persistence, will then be reviewed. Finally, the independent
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variables, race and ethnicity, age, and gender and how research has reported their
relationships in predicting success and persistence of higher education students,
particularly community college students, will be explored.

Developmental Education

Developmental education first appeared in the United States in 1636 when
Harvard was founded, in part, to teach remedial reading to adults (Dotzler, 2003). The
first post-secondary institution to create a department which prepared students for
college-level work was the University of Wisconsin in 1849 (Dotzler). The Morrill Act
of 1862 provided land to each state to create agriculture and mechanical arts programs.
These institutions combined with the inclusion of women, freed slaves, and returning
service members created a great period of growth in higher education during the late
1800s and early 1900s (Dotzler). Most colleges were operating their own remedial
programs (Cohen & Brawer, 2008) to meet the needs of these new students.

Even though offering remediation to incoming students of higher education had
been a part of higher education for centuries, “it was not until the publication of the
Truman Commission Report in 1947 that a national mandate for developmental education
was initiated and placed within the mission of the community college” (Crews & Aragon,
2004, p. 1). It took another decade for widespread study and experimentation to be
conducted in developmental education (Dotzler, 2003). As developmental education
became increasingly important in higher education, the National Center of
Developmental Education was founded in 1976 (Boylan & Bonham, 2007). The growth

of developmental education in need, availability, and importance to society has led to a
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more detailed examination of the results, costs, and benefits of developmental education
by researchers. Developmental education is becoming a more critical topic as students
are less-prepared for higher education (Cohen & Brawer, 2008) and higher education is
more important for success in today’s society (Alliance for Excellent Education, 2011;
Cohen & Brawer; USDoE, 2006). Particularly, the United States Department of
Education [USDoE] (2000) stated: “college readiness is one of seven national education
priorities” and the United States Government and private groups are providing additional
funding to higher education to create more graduates (Attewell et al., 2011).
Developmental education is critical in meeting the goal of creating more
graduates of higher education as students are entering higher education unprepared to
meet the demands of college-level academic work (Bailey, 2009; Cohen & Brawer,
2008). The unpreparedness of students for college-level work is particularly acute in
community colleges and other two-year institutions (Cohen & Brawer; McIntosh &
Rouse, 2009) as these institutions generally have an open admissions policy, admitting
any student who desires to enroll (Ayers, 2002; Florida Department of Education
[FLDoE], 2011b; Provasnik & Planty, 2008; Shelton & Brown, 2008). Particularly, the
Commissioner of the Texas Higher Education Coordinating Board stated: "When an
institution admits a student, it accepts the responsibility to do everything it can to help
that student succeed... this responsibility demands that colleges and universities embrace
remedial or developmental education as part of their mission" (Martinez & Martinez,
2006, p. ii) and the Developmental Education Task Force of the Virginia Community

College System reported: “community colleges have a unique mission (to) help under-
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prepared students to be successful in college work™ (p. 4). Moss and Yeaton (2006)
stated: “there is good reason to believe that developmental education offers a viable
approach to rectifying problems resulting from more open access to higher education” (p.
217).

The cost for developmental education is high and has been reported to be between
one and two billion dollars annually (Alliance for Excellent Education, 2011; Bailey,
Jeong, & Cho, 2010; Bahr, 2008; Martorell & McFarlin, 2007; Saxon & Boylan, 2001).
Critics of developmental education state these funds are wasted for taxpayers are paying
them twice: once for secondary schools and once in higher education (Alliance for
Excellent Education). Although the monetary cost of developmental education does
appear large, it accounts for less than 10% of all education expenditures. In most cases
the percentage of developmental education costs compared to total college cost is one or
two percent (Oklahoma State Regents for Higher Education, 2008; Saxon & Boylan).
Irrespective of the financial costs of providing developmental education “the cost of not
offering the courses appear to be expensive” (Bettinger & Long, 2009, p. 761). Bettinger
and Long specified some of the costs of not providing developmental work in higher
education as higher incidences of unemployment, government dependency, and
incarceration. Spann (2000) put a dollar figure on students who complete developmental
education courses when he said if only one third of students in developmental education
graduated, they would generate more than $85 billion in federal, state, and local taxes.
Spann further said graduation rates for developmental students would have to be less than

1% for there to be a net financial loss to taxpayers. Saxon and Boylan supported this



24

view when they reported the costs of delivering remedial education were fully covered or
exceeded by the revenues.

Definition of Developmental Education

There are many different definitions used to describe developmental education in
the professional literature. One of the major differences between these definitions is the
use of the terms ‘remedial’ and ‘developmental’. Remediation is “a class or activity
intended to meet the needs of students who initially do not have the skills, experience or
orientation necessary to perform at a level that the institutions or instructors recognize as
‘regular’ for those students™ (Grubb and Associates, 1999, p. 174). The term remediation
implies a student has a deficit which needs fixing. Similar to medical practice, the view
of remediation has generally consisted of a diagnosis (diagnostic test), a treatment (the
remedial course), and an evaluation to see if remediation worked. If it didn’t, the
treatment, or course, is repeated (Casazza, 1999).

As researchers have examined developmental education in more detail in the past
several decades there has been a shift from a narrow, remediation view of developmental
education focusing only on improving skills in a particular subject (Boylan & Bonham,
2007; Illich et al., 2004; Johnson & Kuennen, 2004). Current practice in the
developmental education literature considers “remedial coursework is only one part of a
developmental approach” (Oudenhoven, 2002, p. 35). Bettinger and Long (2005)
provided a definition for developmental education which encompasses a more holistic
improvement of student skills by saying: “the purpose of remedial education is to provide

underprepared students with the skills necessary to succeed in college and gain
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employment in the labor market” (p. 19). The separate goals of improving content skills
and the general skills necessary to be successful in higher education is an important
distinction to make. Researchers commonly attribute both remediation of academic skills
and improving the general skills of students as different parts of developmental education
when they make statements such as: “developmental education refers to a broad range of
courses and services” (Boylan & Bonham, 2007, p. 2) and “includes, but is not limited to,
tutoring, personal and career counseling, academic advisement and coursework”
(Casazza, 1999, Who are we section, para. 2). Those currently in the field of
developmental education draw distinctions between the terms remedial and
developmental and strongly prefer the latter (Kozeracki, 2002).

The roots of developmental education as practiced today can be traced back to
The Student Personnel Point of View, published in 1937 (Higbee, Arendale, & Lundell,
2005). Illich et al. (2004) described the definition most used today for developmental
education as encompassing a more complete range of services to the student, including
counseling, tutoring, study skills, and other support services. Illich et al. argued if
developmental education were defined as only the need to address improving academic
skill areas in a particular subject this would imply students would be successful in other
academic areas. Their study found that implication did not hold true for many
developmental students.

According to the VCCS, “the purpose of developmental education is to prepare
students for college-level work” (VCCS, 2009, p. 12). How the VCCS plans to prepare

students is not defined. A more complete definition for developmental education is
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provided by the National Association of Developmental Education (NADE). The NADE

defines developmental education as:

“a field of practice and research within higher education with a theoretical

foundation in developmental psychology and learning theory. It promotes

the cognitive and affective growth of all postsecondary learners, at all

levels of the learning continuum. Developmental education is sensitive

and responsive to individual differences and special needs among learners.

Developmental education programs and services commonly address

academic preparedness, diagnostic assessment and placement,

development of general and discipline-specific learning strategies, and

affective barriers to learning. Developmental education includes, but is not

limited to:

all forms of learning assistance, such as tutoring, mentoring, and
supplemental instruction,

personal, academic, and career counseling,

academic advisement, and

coursework” (NADE, n.d.).

Scope of Developmental Education

The need for developmental education in higher education today is great,

particularly in community colleges (Martorell & McFarlin, 2007). The most common

developmental subject students require is mathematics (Alcorta, 2009; Mireles, 2010;

Roksa et al., 2009; Sullivan, 2010). Approximately 40% to 50% of all college students
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enroll in at least one developmental level course (Alliance for Excellent Education, 2011;
Attewell et al., 2006; Bettinger & Long, 2005; Cohen & Brawer, 2008; Kozeracki, 2002;
Oudenhoven, 2002; VCCS 2009). In community colleges, the percentage of students
requiring developmental education approaches 60% (Bailey, 2009) and for some
demographic groups and areas of the country this percentage has been reported as high as
80% (Alcorta, 2009; Alvarez, 2008; Bharath, 2009; Oklahoma State Regents for Higher
Education, 2008). The percentage of students enrolled in developmental education has
remained consistent over the past thirty years (Provasnik & Planty, 2008). However, as
the number of students enrolling in community colleges has increased more than 700%
over the past 40 years (Provasnik & Planty) and has increased between 14% and 27%
over the past six years (FLDoE, 2011b; VCCS 2011) the number of students requiring
developmental courses has significantly increased (Oudenhoven). The increased number
of students in developmental education demonstrates the need for developmental
education which was found by Linfante (2002) who reported “those students in
remediation programs that did succeed would not have without remediation” (p. 86).
One difficulty in discussing the scope of developmental education is the lack of
consensus about the necessary skills students need in college (Bailey, 2009; Cohen &
Brawer, 2008). Kozeracki and Brooks (2006) stated “what constitutes developmental
education varies from institution to institution” (p. 63). Community colleges in different
states not only use a variety of diagnostic tests to determine the need for incoming
students to enroll in developmental courses, but community colleges from states which

use the same test often use the test results differently to determine developmental need
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(Bailey; Cohen & Brawer; Shelton & Brown, 2008). These tests also only assess content
knowledge and not other developmental needs of students (Bailey; Shelton & Brown).
Therefore, strong students with weak content skills would be referred to developmental
education in situations where they may be successful going directly to college-level
courses (Cohen & Brawer) or students may pass the test based on their subject knowledge
but may lack skills such as note taking or study habits which are necessary for college
success (Bailey). This has led some researchers to question the ability for diagnostic tests
to provide a distinction between developmental and college-level students (Bailey;
Shelton & Brown).

Addressing the needs of developmental students in development courses can be
problematic as students require developmental coursework for diverse reasons (Cohen &
Brawer, 2008; Oudenhoven, 2002). Developmental students vary from those deficient in
many subjects to those deficient in only one (Levin & Calcagno, 2008; Provasnik &
Planty, 2008). Ages of developmental students range from those just graduating from
high school and requiring developmental work to address deficiencies in their secondary
education to older students who need developmental course work due to the need to
refresh skills which are weak from disuse (Kozeracki, 2002; Tinto, 1993).
Developmental students may have poor study habits or have learning problems. Levin
and Calcagno also reported many community college students come from immigrant
populations which may have the skills for college-level work but lack English skills.

The most commonly reported characteristic of students who require

developmental coursework is poor high school preparation (Attewell et al., 2006; Bailey
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et al., 2010; Bettinger & Long, 2005; USDoE, 2006; Wilson, 2008) which has been the
blame for underprepared students for over 100 years (Casazza, 1999). Particularly, the
USDoE reported only 17 percent of graduating high school seniors in 2000 were
considered proficient in mathematics. The number of students leaving high school
unprepared for college-level work is growing, as the proportion of students taking
developmental coursework within one year of graduating high school is increasing
(Kozeracki & Brooks, 2006). Underprepared high school graduates can be characterized
by poor high school grades, poor scores on national tests such as the ACT or SAT, and a
low number of mathematics courses taken in high school (Bettinger & Long, Wilson).
The number of high school students who are not prepared for college-level mathematics
has also been attributed to a poor correlation of high school mathematics standards to
college mathematics standards and specific policies of state educational boards (Martino
& Wilson, 2009; U. S. Department of Education, Wilson).

Jenkins and Boswell (2002) surveyed community college boards in 47 states and
found no state uses high school exit exams to determine placement in developmental
courses. They suggested that not using high school exit exams to determine college
placement indicates standards for high school completion and college placement are
generally not aligned. This misalignment is supported by multiple studies which
examined the correlation between high school mathematics standards and the skills
necessary for college success. These studies reported 25% to 40% of college
mathematics objectives were not included in high school standards (Kendall et al., 2007;

Shelton & Brown, 2008). These findings were supported by the USDoE (2006) who
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reported: “The educational achievement levels of our young people who do complete
high school are simply not high enough to allow them to succeed in college” (p. 8).

In particular, to receive a standard high school diploma in Virginia, the Virginia
Department of Education require three credits of mathematics (8 VAC 20-131-50.B)
which can be completed with Algebra I, Geometry, and Algebra II. However, the
Virginia Department of Education in conjunction with two and four year colleges in the
state created the “Mathematics Performance Expectations”, a definition of the level of
achievement needed by high school students to be prepared for success in college-level
entry mathematics courses (VADOE, 2011). Almost 20% (7 of 36) of these standards
come from courses after Algebra II. Therefore, by policy, Virginia high schools are
graduating students whom do not have skills the state has determined are needed to be
successful in college-level mathematics.

Wilson (2008) provided an additional cause of the high numbers of students who
require developmental mathematics as he concluded mathematics preparation was down
across the country due to the use of calculators. The proscribed use of calculators is
evidenced in Virginia as over half of the Virginia Standards of Learning for Algebra II
explicitly reference using a graphing calculator and the VADOoE provides resources to
teachers on how to use the calculator to solve SOL questions (VADOE, 2011).
Developmental Education in Virginia Community Colleges

In Virginia community colleges, “developmental or preparatory programs shall
be offered to prepare individuals for admission to the college transfer programs and the

career/technical programs in the community college. These developmental programs shall
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be designed to develop the basic skills and understandings necessary to succeed in other
community college programs” (VCCS, n.d., section 5.0.3). The most common
developmental mathematics courses offered in the VCCS system over the time frame of
this study are MTH 2 (Arithmetic), MTH 3 (Algebra 1), and MTH 4 (Algebra II). These
courses are offered by almost all of the 23 community colleges in Virginia and
encompass almost all developmental students.

For self-evaluation purposes, the VCCS has authored or sponsored several studies
which have reported on Virginia community college students. The VCCS (2011)
reported on the fall 2006 cohort of first-time-in-college students who were placed in a
certificate, diploma or associate degree program. Of the 23,542 students in this cohort,
14% were deemed college-ready by their scores on an incoming placement test, and 24%
did not take the placement test. Therefore, 62% of students required developmental
coursework by result of a placement test with 56% of students requiring mathematics
developmental coursework. Roksa et al. (2009) conducted a similar examination of the
2004 cohort of first-time-in-college students in Virginia community colleges. The 2004
cohort had a similar number of students as did the 2006 cohort and Roksa et al. found the
2004 cohort had similar developmental placement of the 2006 cohort: 52% of the 2004
cohort of first-time-in-college students placed into developmental mathematics courses.
Roksa et al. noted this number underestimated the proportion of students requiring
remediation due to the number of students not taking the placement exam. The
percentage of students whose test scores indicated a need for mathematics developmental

coursework has remained steady from the 2005 cohort of first-time-in-college students
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through the 2009 cohort (VCCS, 2011). However, as Oudenhoven (2002) reported, the
combination of increasing enrollments and constant proportion of students requiring
developmental coursework, the number of students in the VCCS system requiring
developmental coursework has increased over 30%. According to calculations made
from the Developmental Education Annual Report (VCCS, 2011) the number of students
placed into developmental mathematics increased from 13,142 in 2005 to 17,574 in 2009.

Developmental students in Virginia community colleges must successfully
complete MTH 4 to enroll in a college-level mathematics course. Depending on their
placement score, most community college students are initially placed into
developmental courses MTH 2, MTH 3, or MTH 4 which are taken sequentially. The
traditional path is for students to enroll in one mathematics course each semester until
their sequence of courses is complete. Students are allowed to repeat a course two times,
with the third attempt requiring permission from college administration. If a student fails
to successfully complete a course three times they are no longer permitted to enroll in
that course at that particular school, essentially ending their mathematics progressing at
that college.
Academic Success in Higher Education

There are many different definitions of success in higher education found in the
professional literature. The difference in defining developmental education creates
problems when comparing research results. Success in higher education has been defined
using program goals such as obtaining a degree or certificate after completing a series of

courses (Attewell, Heil, & Reisel, 2011; Bailey et al., 2005; Cooper, 2009; VCCS, 2009;
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Yates, 2010) or at the individual course level by completion of a developmental course
(Kozeracki, 2002). Even when examining research which defined success at the course
level differences exist in determining what successful completion of the course means.
Success has been defined using a numeric value for grades (Alvarez, 2008; Byrd, 2004;
Crews & Aragon, 2004; Gonzales, 2007; Threadgill, 2009), by counting any grade except
F as a success (Bahr, 2008; Fike & Fike, 2007), and by counting grades which can
typically be used to transfer credits to another institution, specifically an A, B, or C, as a
success (Alcorta, 2009; Bauer, 2010; California Community Colleges, 2011a; DuBray,
2005; Germanna Community College, 2002; Gonzales, 2007; Linfante, 2002; Parmer &
Cutler, 2007; Roksa, et al., 2009; Silverman, 2010; VCCS, 2011).

The discussion on defining success in higher education is even more problematic
for community colleges, particularly as general success in higher education is often
viewed as the earning of a terminal degree. Bailey et al. (2005) wrote: “conventional
models of institutional performance appear to work better for baccalaureate institutions
than they do for two-year institutions™ (p. iii) and suggested one reason is baccalaureate
institutions have a much simpler and universal measure of success, a degree, than do two-
year colleges. They further stated “criticizing (community) colleges for low completion
rates would reflect a misunderstanding of the mission of community colleges and the
goals of their students” (p. 5).

Success in Developmental Mathematics Courses
More than 90% of responding community colleges in one study defined success

for developmental students as successful completion of the developmental course
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(Kozeracki, 2002). Despite this agreement, the literature reports a wide range of success
rates of developmental mathematics students. The percentage of students who
successfully completed an individual developmental level course has been reported to be
between 30% and 75% (Attewell et al., 2006; Bauer, 2010; DuBray, 2005; Germanna
Community College, 2002; Illich et al., 2004; Kozeracki, 2002; Roksa et al., 2009;
Sullivan, 2010; Waycaster, 2001; VCCS, 2011) with the majority of research reporting
success rates between 50% and 60%.

Succeeding in one developmental mathematics course is not the only hurdle many
developmental students face. Students who require more coursework have a lower
chance of completing the entire sequence of developmental courses (Bahr, 2007; Bailey
et al. 2010; Roksa et al., 2009; Sullivan, 2010; VCCS, 2009). When the entire
developmental program is considered rather than individual courses, 65 to 75% of
students do not successfully complete their entire remedial program (Attewell et al.,
2006; Bahr, 2008; Bailey et al.).

Completing the entire sequence of developmental coursework does not
necessarily lead to success in college-level mathematics. Studies have shown fewer than
20% of developmental students ultimately pass a college level course (Alcorta, 2009;
Bailey et al., 2010; DuBray, 2005) and the more remedial courses a student is required to
take the less likely they ever are to achieve college-level mathematics success (Bahr
2007; Bailey et al.; VCCS, 2009). However, many times the non-completion of

developmental coursework cannot be attributable to any institutional factor. Bailey et al.
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reported more students exit their developmental sequence due to not enrolling in the first
or a subsequent course than due to withdrawing or failing a course
Success of Developmental Students in College-Level Mathematics Courses

Students who delay their developmental coursework have a lower likelihood of
passing their first college-level course (Calcagno, 2007) and of succeeding in other
coursework (Johnson & Kuennen, 2004). However, once developmental students
complete their developmental sequence and enroll in college-level courses, researchers
have reported mixed results when comparing the success of developmental students to
non-developmental students. Most research (Goldstein & Perin, 2008; Waycaster, 2001),
including studies of large, state-wide groups of students (Bahr, 2008; Calcagno, 2007,
Martorell & McFarlin, 2007; Roksa et al., 2009) reported developmental students
succeeded in college-level mathematics courses at the similar rates as those students who
did not require developmental coursework. The similarity in success between
developmental and non-developmental students has also been seen in English courses
(Goldstein & Perin; Linfante, 2002; Moss & Yeaton, 2006; Southard & Clay, 2004).
However, a few studies have found developmental students performed better in college-
level courses (DuBray, 2005) and studies which found developmental students performed
worse in college-level courses (Byrd, 2004; Germanna Community College, 2002;
Gonzales, 2007; Parmer & Cutler, 2007).

Parmer and Cutler (2007) not only examined the final grade in college-level
mathematics courses but also examined the grade on each exam during the semester.

Whereas developmental students performed significantly worse than non-developmental
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students using the criteria of receiving an A, B, or C in the course, their grade on the first
test of the semester was roughly the same as those students who did not require
developmental work. Parmer and Cutler described the first test as largely a review of
mathematical concepts students should have prior to enrolling in the course. They
reported since the two groups performed about the same on a pre-course assessment that
the groups were, in fact, on equal footing entering into the college-level course.

A growing body of work has examined outcomes of developmental students in
college-level mathematics courses controlling for the demographic background of the
student. Almost all of these studies (Attewell et al., 2006; Bettinger & Long, 2005;
Roksa et al., 2009) have found that developmental education does not negatively affect
the success students achieve and many have found developmental education helps.
Particularly, Bettinger and Long controlled for student characteristics in longitudinal
study of community college students in Ohio and found developmental students were
more likely to transfer to a four year institution, took more credit hours, and were no
more likely to quit without a degree. Attewell et al. examined students from the 1988
National Educational Longitudinal Study and found that most of the gap in graduation
rates reflected preexisting skill differences carried over from high school and had little to
do with taking developmental courses. Linfante (2002) examined developmental English
students and found that demographic information accounted for more of the variance in
college-level English grades than did developmental status.

Bettinger and Long (2005) provided a descriptive explanation of the findings

which show outcomes of developmental education are more affected by pre-existing
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student characteristics when they said: “It is clear from these results that students in
remediation do not perform worse than similar individuals who do not enroll in remedial
courses. Simple comparisons of the two groups mask this effect by comparing dissimilar
students. When we compare students with similar characteristics, we find that
remediation does not appear to have a negative effect. In fact, math remediation appears
to improve some student outcomes.” (p. 24)

Persistence in the Community College

Persistence, or the act of a student of remaining in a higher education program, is
difficult to attribute to any one factor (Attewell et al., 2011; Braxton, Hirschy, &
McClendon, 2004), especially using an ex post facto format. This difficulty is particular
relevant with research on community college persistence as students leave for many
reasons, most beyond the control of the institution (Braxton et al.; Cohen & Brawer,
2008). Among the reasons which are most commonly cited as contributing to a student
not persisting in the community college are finances (Attewell et al.; Braxton et al.;
Cohen & Brawer), gender (Attewell et al.), ethnicity (Attewell et al.; Braxton et al.), and
delaying entry (Arbona & Nora, 2007; Attewell et al.; Bailey et al., 2005; Cohen &
Brawer; Johnson & Kuennen, 2004). Additionally, an early exit from a community
college may not even be a problem. Cohen and Brawer (2008) reported that a sizable
percentage of students enrolled in community colleges are there for personal interest and
Bailey et al. (2010) explained that initial college enrollment could be seen as an
experiment for a student to determine their aptitude and desires for a college education.

These students, during the initial coursework, evaluate whether the time, cost, effort, or
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benefits of college are worth persisting. Bailey et al. further stated a “(student’s) early
exit may suggest that they had gathered enough information about the barriers that they
faced to decide that the cost would be too high. Without more information on these
students and their motivations, it is difficult to make a judgment about (whether an early
exit from college is a problem)” (p. 268).

The persistence rate of community college students has historically been very
low. Approximately half of all community college students are not enrolled one year
after beginning their studies (Braxton et al., 2004; Fike & Fike, 2008; McIntosh & Rouse,
2009; Moore, 2006) and less than 30% of community college students earn a degree or
certificate (Bailey et al., 2005; McIntosh & Rouse, 2009; Roksa et al., 2009; VCCS
2011). It is difficult to attribute the causes of student attrition. Particularly, non-
completion in a community college cannot be attributed solely to academic reasons
(Attewell et al., 2011; Cohen & Brawer, 2008). As an indication of the seriousness of the
low level of degree attainment is to higher education the six main higher education
associations in the United States (American Council on Education, American Association
of Community Colleges, American Association of State Colleges and Universities,
Association of American Universities, Association of Public and Land-Grant
Universities, and National Association of Independent Colleges and Universities) will
convene a commission to examine how to help students stay in college and succeed
(Higher ed groups to examine college completion, 2011).

Another difficulty when discussing the persistence of students in higher education

is the many varieties of ways in which researchers define persistence (McIntosh & Rouse,
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2009). Persistence is often used to describe the act of a student receiving a degree,
certificate, or some other terminal outcome (Cooper, 2009; Threadgill, 2005). This
definition is particularly prevalent when discussing the persistence of students in four-
year institutions. This definition is more problematic with two-year and community
colleges for students enter these institutions with many goals which may not include a
terminal outcome (Bailey et al., 2005). To address the multitude of student goals in
community colleges, some researchers define persistence as being enrolled in a
subsequent semester (Lesik, 2007). However, there are many varieties of using
enrollment in subsequent semesters in defining persistence. Some researchers use the
time frame of one fall semester to the following spring semester, some of one fall to the
next fall (Hawley & Harris, 2005; Moore, 2006; VCCS, 2011), and yet others use
different time periods (Lesik; Roksa et al., 2009). After terminal outcomes and
enrollment in subsequent semesters, a third way researchers examine persistence is from
a compilation of a particular number of earned college-level credits (Akst, 2007;
Calcagno et al., 2007a; Pelkey, 2011).
Persistence of Developmental Students

Most researchers have reported the persistence rates of developmental students, as
defined by continued enrollment in the college, are greater than those of non-
developmental students (Achieving the Dream, 2011; Bahr, 2007; Calcagno, 2007,
Escobedo, 2007; Fike & Fike, 2008; Lesik, 2007; Moore, 2006; Waycaster, 2001), with a
number reporting no difference in persistence between the two groups (Roksa et al.,

2009; Stewart, 2010; Threadgill, 2005). Particularly, Calcagno found the relationship
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between enrollment in developmental courses and persistence was causal. Although the
persistence rate of developmental students is higher, Bahr reported even though
mathematics developmental students do stay enrolled in the community college they
generally do not attain college level mathematics skill.

Students who leave community college before a terminal outcome are generally
labeled in statistical studies as having failed. However, ex post facto statistical research
can not determine the entering educational goals of those students to understand whether
leaving prior to obtaining a terminal outcome is considered failing by the student. The
inability to understand the educational goal of a student who does not obtain a terminal
degree creates a problem for researchers who define persistence by using graduation rates
of community college students. Researchers have generally reported students who
require developmental coursework graduate at much lower rates than students who do not
require such coursework (Alliance for Excellent Education, 2011; Bailey, 2009; Martorell
& McFarlin, 2007; Yates, 2010), although there is evidence there is no difference
between developmental and non-developmental students in credential attainment (Bahr,
2008).

Attewell et al. (2006) examined graduation rates of students using a different
model. Whereas many studies report findings of student persistence to graduation using
only developmental status, Attewell et al. used data from the National Education
Longitudinal Study of 1988 to examine persistence to graduation using not only
developmental status as a predictor variable but also demographic information. They

found that most of the gap in graduation rates had little to do with remedial coursework
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but came from preexisting skill differences carried over from high school. In particular,
they reported “taking remedial classes was not associated at all with lower chances of
academic success, even for students who took three or more remedial courses” (p. 915).
Tinto’s Model of Student Integration

Vincent Tinto postulated that students who are socially integrated into a school
have a much higher likelihood of persisting in their education (Tinto, 1993). This theory
has been the subject of a large body of research in four-year residential institutions and
has formed the basis for many of the orientation programs conducted by four year
residential universities for freshmen conducted in the days before classes begin in the fall
semester. However, Tinto questioned whether his theory applied to commute schools
such as community colleges. Researchers have recently found persistence can be
increased by social integration similar to findings from four year schools (Attewell et al.,
2011; Cohen & Brawer, 2008; DuBray, 2005; Hawley & Harris, 2005; Karp et al., 2010;
Tinto, 1997). Integration in the community college generally occurs academically, and
arises from the classroom and faculty, counselors, and other individuals on campus
(Bharath, 2009; Capps, 2010) rather than from social situations as in four-year colleges.

In many community colleges, and particularly in most community colleges in
Virginia, developmental courses meet for longer periods of time than do college level
courses and employ more student centered teaching approaches. These smaller classes
and additional attention students receive may be keys to retaining developmental students

(Waycaster, 2001) by integrating them in academic ways.
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Socially integrating community college students may be one way to help retain
those students, particular for students who are not prepared for college level work.
Integrating students in the school has been found to be a significant factor among
students who successfully completed their developmental coursework (DuBray, 2005).
Successful completion of a developmental course and student retention has been found to
be positively correlated (Duranczyk & Higbee, 2006, Fike & Fike, 2008). Social
integration theory could explain this relationship as developmental instructors spend
more time in instructional activities than college level instructors (Kisker & Outcalt,
2005), give more attention to the student (Waycaster, 2001), create student-centered
pedagogies which help students interact with each other and form social networks (Karp
et al., 2010; Tinto, 1997). These techniques, common to developmental classrooms, help
create an atmosphere where students can feel connected and integrated with the school
(Lesik, 2007) and have been suggested as reasons developmental students persist at
higher rates than non-developmental students.

Some researchers, however, have argued against the appropriateness of using
Tinto’s social integration theory to describe the experiences of community college
students. Bailey et al. (2005) reported even though there is consensus that social and
academic integration positively affects retention at baccalaureate institutions, these
findings distort knowledge about community college students. Particularly, Bailey et al.
suggested that new and different models be developed which particularly reflect the
community college student and institutional factors which are present in community

colleges. Jefferson (2010) examined underprepared students at a two-year college and
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found support from instructors, particularly in developmental courses, helped motivate
students to persist in their studies, but more important to their persistence was their own
determination and other external motivations. Taylor (2009) found similar results to
Jefferson and reported no significant relationships between academic integration and
persistence among developmental students. Braxton et al. (2004) argued that Tinto’s
integration theory may not even be valid for four year residential schools, but the
application of the theory to commuter colleges should be abandoned.
Race and Ethnicity of Students in Community Colleges and Developmental
Mathematics

Approximately one third of community college students in the United States are
non-White (Cohen & Brawer, 2008; McIntosh & Rouse, 2009; Provasnik & Planty,
2008) and this percentage is much higher in certain areas of the country (California
Community Colleges, 2011b; Cohen & Brawer; DuBray, 2005, FLDoE, 2011b).
Examining college experiences of non-White students is particularly important at the
community college level since a higher proportion of students are non-White at the
community college than in four year universities (Cohen & Brawer; Fike & Fike, 2008;
Mclntosh & Rouse; Provasnik & Planty). Whereas students of all backgrounds require
developmental coursework, this issue is more prevalent for non-White students
(Martorell & McFarlin, 2007), particularly in developmental mathematics courses
(Alliance for Excellent Education; Bettinger & Long, 2005; Stewart, 2010; Zhu &
Polianskaia, 2007). In particular, Black students are significantly more likely to enroll in

developmental courses than are White students with similar backgrounds (Attewell et al.,
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2006; FLDoE, 2011a; Gonzales, 2007). One possible reason Black students require
developmental courses at higher rates than other racial and ethnic groups is Black high
school students have lower access to high-quality secondary education than their White
counterparts (Alliance for Excellent Education, 2011). Bettinger and Long examined
13,000 community college students in Ohio and found 55% of White students were
placed in developmental courses and over 75% of Black and Hispanic students were.
The VCCS (2011) examined over 14,000 first-time-in-college students and found that
45% of White students took a developmental course in their first year and 56% of non-
White and 63% of Black students did so. Cho (2011) studied students from over 100
community colleges taking part in the Achieving the Dream grant program and found
over half of students referred to developmental education were Black or Hispanic.
Academic Success of Students Based on Race and Ethnicity

Not only are non-White students over-represented in developmental mathematics
but these students are also generally less successful than their White peers. White
students in community colleges are not only more likely to complete their developmental
courses (Bettinger & Long, 2005) and enroll in college-level courses (Cho, 2011) but also
outperform other ethnicities in those courses (Alvarez, 2008; California Community
Colleges, 2011a; Fike & Fike, 2007). Black students have been found to have
particularly low success in developmental courses (Bailey et al., 2010; Dahlstrom, 2005;
DuBray, 2005; Roksa et al., 2009; Sullivan, 2010). Whereas the majority of research

findings indicated non-White students are less successful than their White counterparts
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there are a number of studies (Corey Legge, 2010; Gonzales, 2007) which found ethnicity
was not significantly related to course success.

However, even though race and ethnicity has been found to have a significant
relationship with higher grades the practicality of this relationship has been questioned.
Alvarez (2008) found there was a significant relationship between ethnicity and higher
English Composition grades; however, this relationship accounted for less than one
percent of the variability in the grades. Even though Alvarez found a significant
relationship that relationship did not explain very much of the grade difference. Cooper
(2009) supported this finding by reporting whereas White students graduated at higher
rates than non-White students, the effect size was low.

Persistence of Students Based on Race and Ethnicity

Non-White students in both two year and four year colleges have been reported to
graduate at lower rates than do White students (Attewell et al., 2006; Bailey et al., 2005;
Cooper, 2009, USDoE, 2006). Particularly, Attewell et al. reported being Black is a
causal factor which reduces the chance of graduating from a two-year college.

Bailey et al. (2010) reported that Black community college students had
significantly lower odds of passing developmental coursework than White students and
this effect was particularly low for students needing more than one developmental course.
The lower persistence for non-White students has been reported by numerous other
researchers (Bailey et al., 2005; Bailey et al., 2010; Braxton et al., 2004; Gonzales, 2007).

Boylan, Bonham, and Tafari (2005) argued that minority retention should be a major goal
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of developmental education since such a high proportion of developmental students are
minority students.

A small number of researchers have reported that race and ethnicity is not a
significant predictor of persistence, either in fall-to-fall persistence (Fike & Fike, 2008;
Moore, 2006) or in persistence to earning 45 credits (Pelkey, 2011) whereas Hawley &
Harris (2005) found being Black or Hispanic was among the strongest predictors of fall-
to-fall persistence.

Gender of Students in Community Colleges and Developmental Mathematics

Women outnumber men in higher education today (Provasnik & Planty, 2008;
VCCS, 2011). Currently, close to 60% of community college students are female (Bailey et
al., 2005; Cohen & Brawer, 2008; DuBray, 2005; Provasnik & Planty). Men generally
perform better than women on mathematical assessments (James, 2007), and this is supported
by the number of students who require developmental mathematics courses. A greater
proportion of women require developmental courses than men (Bettinger &Long, 2005;
Byrd, 2004; FLDoE, 2011a; Lynch-Newberg, 2010; VCCS, 2011).

Academic Success of Students Based on Gender

Whereas it is more likely that a female community college student will require
developmental coursework (Bettinger & Long, 2005) once students are in developmental
courses females find a greater level of success than their male counterparts (Cho, 2011;
Corey Legge, 2010; Fike & Fike, 2007; Gonzales, 2007; Roksa et al., 2009). Success is
measured by being more likely to pass developmental courses (Bettinger & Long; Roksa

et al.; Sullivan, 2010) and by being more likely to progress through their full
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developmental sequence (Bailey et al., 2010; Cho). The higher success rates for female
students not only occur in developmental courses but in college-level courses as well
(Alvarez, 2008; Kolajo, 2004; Roksa et al.). One possible cause for the disparity in
success rates is men tend to delay taking developmental courses more than women do
(Johnson & Kuennen, 2004).

Persistence of Students Based on Gender

Women graduate from both two-year and four-year colleges at higher rates than
do men (Arbona & Nora, 2007; Bailey et al., 2005; Buchmann & DiPrete, 2006; Cooper,
2009; Gonzales, 2007). Buchmann and DiPrete explained the difference in graduation
rates between men and women is due to an inherent advantage females have in
academics, a difference which the authors reported is not fully realized until college. The
authors believe the difference in graduation rates between female and male students is
becoming more pronounced now “from a combination of declining gender discrimination
and women's growing interest in possessing autonomous resources” (p. 535) leading to
increased success in both the labor and marriage market.

The literature which examines persistence defined as continued enrollment in the
college based on gender is limited. The literature which exists has reported that gender
is not a significant predictor of persistence whether for all students (Moore, 2006) or
when comparing developmental and non-developmental students (Stewart, 2010) or when
only examining developmental students (Pelkey, 2011).

Age of Students in Community Colleges and Developmental Mathematics

The age of students in community colleges is higher than the traditionally aged
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cohort of students in four year universities (Cohen & Brawer, 2008; McIntosh & Rouse,
2009). Non-traditionally aged students have been defined in the literature using different
ranges. Some research (Cooper, 2009; Kozeracki, 2002), particularly that of the VCCS
(VCCS, 2011), define non-traditionally aged students as 23 years of age or older. More
commonly in research, non-traditional age is defined as 25 years of age or older (Alvarez,
2008; Lynch-Newberg, 2010; Roksa et al., 2009; Silverman, 2010). Regardless of the
age range for which non-traditional students are defined, the percentage of non-
traditionally aged students in the community college is reported to be approximately 50%
(Cohen & Brawer, 2008; DuBray, 2005; Provasnik & Planty, 2008). A major part of the
mission of community colleges is to provide workforce training, continuing education,
and community services to adult students (Ayers, 2002; Cohen & Brawer, FLDoE,
2011b), which provides a compelling reason to study the characteristics and success of
non-traditional aged students.

The professional literature is mixed when reporting the age of student who is most
likely to require developmental course work. Both older students (FLDoE, 2011a) and
younger students (Cho, 2011; Gonzales, 2007) have been reported as more likely to need
developmental coursework. Kozeracki (2002) reported that developmental students are
just as likely to be older than 22 than 22 or younger.

Academic Success of Students Based on Age

Researchers have reported older students succeed at higher rates in higher

education than do their younger counterparts (Alvarez, 2008; California Community

Colleges, 2011a; Kolajo, 2004; Lynch-Newberg, 2010). Byrd and Macdonald (2005)
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examined older, first-generation community college students and found even though
academic skills are important in the success of students in college, “time management,
goal focus, and self-advocacy emerged as more important... These skills, it seems, are
woven into or emerge out of life experience more than do academic skills” (p. 32). Thus,
older students found more success in their college work due to skills they obtained from
their life experiences.

Age continues to differentiate the success rates of students in individual
developmental education courses. The majority of research has reported older students
are more likely to successfully complete their developmental courses than are
traditionally aged students (Alvarez, 2008; Byrd & Macdonald, 2005; Calcagno et al.,
2007a; Cho, 2011; Dahlstrom, 2005; DuBray, 2005; Fike & Fike, 2007; Gonzales, 2007,
Roksa et al., 2009). Byrd and Macdonald provided a possible explanation of the
difference in success rates between traditionally and non-traditionally aged students:
“younger first generation college students might be particularly at risk for college
readiness, given that life experience and being older contributed to the skills of older
first-generation students” (p. 33). Another possible explanation was provided by Johnson
and Kuennen (2004) who reported younger students delay taking their developmental
courses more than older students.

A number of studies have reported different findings of the success of community
college students based on age. Corey Legge (2010) found that age was not related to
success in a developmental course which made use of a supplemental instructor and

Bailer (2006), Miglietti and Strange (1998), and Sullivan (2010) all found age was not
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related to developmental course grades. Bettinger and Long (2005) found younger
students were more likely to complete their developmental sequence than were older
students. This result may be due to younger students being more familiar with the
requirements of academia, a position supported by Biegel (2009) who reported
developmental students who enrolled in community college within two years of
graduating from high school were twice as likely to have been successful in college-level
courses as students who delayed enrollment in community college.

Persistence of Students Based on Age

The literature presents mixed results of graduation rates of community college
students based on age. Cooper (2009) examined developmental students and Calcagno,
Crosta, Bailey, and Jenkins (2007b) examined all students with both reporting
traditionally aged students were more likely to graduate. However, Calcagno et al.
(2007a) examined developmental students and found older students were more likely to
graduate than traditionally aged students.

The current literature is limited and inconclusive on the persistence of students
among different age groups. Graybeal (2007) examined research from the 1990s and
described conflicting findings in that research. More recently, research has seemed to
find persistence is negatively impacted by age. Specifically, older students have been
found to have lower persistence in higher education than do younger students (Akst,
2007; Fike & Fike, 2008; Moore, 2006). They are also less likely to persist in a

developmental sequence of courses than traditionally aged students (Bailey et al., 2010).
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These findings are not universal, however, as Pelkey (2011) found that age was not
significant in developmental students reaching 45 earned credits.
Summary

This chapter has presented the current theoretical and empirical research on
relevant topics to this study on community college success and persistence. Specifically,
literature was examined and presented on the topics of developmental education, student
success, student persistence, and differences in developmental education, success, and
persistence based on a student’s gender, age, and race and ethnicity. This review has
provided the importance and timeliness of examining these variables in conjunction with
developmental education. The next chapter will provide the methodology which will be

used to answer the research questions.
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CHAPTER III
METHODOLOGY
This chapter will outline the methodology and procedures which were used in this
study, including the context or setting of the study, the variables, the data collection
procedures, and the data analysis procedures.

The purpose of this quantitative study was to examine the effect of age, gender,
and race and ethnicity together with developmental mathematics status on student's
persistence to a second year and academic performance in the student’s first college level
mathematics course in Virginia community colleges. This study utilized the data
reported by the Virginia Community College System in: “Developmental Education
Annual Report: Tracking the Fall 2006 Cohort and Five-Year Historical Trends” (VCCS,
2011).

This study was guided by the following research questions:

1. Are there moderating variables on developmental mathematics status in
determining the success of Virginia community college students in their first
college-level mathematics course?

a. Does student race and ethnicity moderate the effects of developmental
mathematical status on the success of Virginia community college
students in their first college-level course?

b. Does student gender moderate the effects of developmental mathematical
status on the success of Virginia community college students in their first

college-level course?
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c. Does student age moderate the effects of developmental mathematical
status on the success of Virginia community college students in their first
college-level course?

2. Are there moderating variables on developmental mathematics status in
determining the fall-to-fall persistence of Virginia community college students?

a. Does student race and ethnicity moderate the effects of developmental
mathematical status on the fall-to-fall persistence of Virginia community
college students?

b. Does student gender moderate the effects of developmental mathematical
status on the fall-to-fall persistence of Virginia community college
students?

c. Does student age moderate the effects of developmental mathematical
status on the fall-to-fall persistence of Virginia community college
students?

3. To what extent do developmental status, gender, age, race and ethnicity, and
interactions between developmental status and age, developmental status and
gender, and developmental status and race and ethnicity account for success of
Virginia community college student in their first college-level mathematics

course?
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4. To what extent do developmental status, gender, age, race and ethnicity, and the
interaction between developmental status and age, developmental status and
gender, and developmental status and race and ethnicity account for the fall-to-fall
persistence of Virginia community college students?

Setting

The Virginia Community College System was created in 1966 “for the establishment,
control, and administration of a statewide system of publicly supported comprehensive
community colleges” (Va. Code § 23-215, 2004). As a result of this centralized system
of community colleges in Virginia, all community colleges in the state operate using the
same policies, course descriptions, degree programs, and structure (Virginia Community
College System, n.d.). Additionally, each community college offer courses from a master
file, both college-level and developmental. Each course offered, regardless of which
individual college offers the course, uses the same course objectives. The uniformity of
course content across all 23 community colleges in Virginia allowed this study to
compare student data independent of the particular community college that student was
enrolled.

Whereas the course content is the same throughout the Virginia Community
College System there exists a great diversity within the student body of the colleges.
Virginia has one of largest and several of the smallest community colleges in the country
in terms of number of students served. Virginia has community colleges in large, urban
areas and in small and isolated rural areas. Vocations of citizens living in the service area

of Virginia’s community colleges include farming, business, education, military, and
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manufacturing. The Virginia Community College System is comprised of students
whose varied demographic composition is representative of community colleges from
across the United States, thereby creating the ability to generalize findings from this
study to community college students outside of Virginia. Persistence and academic
success are affected by a large number of institutional factors such as institutional size,
community size, per capita income of the community college service regions, and college
policies, and individual factors such as income, high school course loads, high school
grades, social economic status, and the desired outcome of higher education. Sampling
from all twenty-three community colleges will provide a diverse sample where the effect
of these untested factors will be minimized.

This study utilized ex post facto data to examine students who first enrolled in a
Virginia community college during the fall 2006 semester and examined records for those
students through the spring 2011 semester. The time frame of this sample was chosen to
allow data to be collected from a five-year period to allow students whose first
mathematics course is developmental to have time to enroll in a college-level course for
comparisons.

Variables

Dichotomous variables were created for all factors to be examined in this study.
The predictor variables which were used throughout this study are: developmental status,
age, gender, black, other ethnicity, and the interaction variables developmental*age,
developmental*gender, developmental*black, and developmental*other. The criterion

variables which were used in this study are persistence and success.
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For research questions one and three the predictor variables were developmental
status, gender, age, black, other ethnicity, and the interaction variables
developmental*gender, developmental*age, developmental*black, and
developmental*other. The criterion variable was academic success as defined by
obtaining a transferable grade of C or above.

For research questions two and four the predictor variables were developmental
status, gender, age, black, other ethnicity, and the interaction variables
developmental* gender, developmental*age, developmental *black, and
developmental*other. The criterion variable was persistence as defined as attendance in
the college in the fall 2007 semester.

Subjects

The population for this study was all community college students in the state of
Virginia. A purposeful sample was taken consisting of all students who first enrolled in a
Virginia Community College during the fall 2006 semester and who enrolled in a
mathematics course during the five year time frame of the study. This sample provided
the most current data allowing the opportunity to follow students through five years and
descriptive statistics have already been reported on this data by the VCCS (VCCS, 2011).
Following a group of students over a five year period not only allowed persistence to a
second year to be determined but also allowed enough time for academic performance in
college-level courses to be determined for most students.

For research questions one and three, this study aimed to determine the effect of

developmental status in conjunction with other variables on the success of the student in
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their first college-level course. For that reason, students who did not take a college-level
mathematics course during the five-year time period of this study were removed from the
sample used in the model created to answer these questions. These students were
included in the sample for the model to answer research questions two and four.

For research questions two and four, this study aimed to determine the effect of
developmental status in conjunction with other variables on persistence to a second year
of attendance at the college. For that reason, students who did not take a mathematics
course during their first semester were removed from the sample used in the model
created to answer these questions. These students were included in the sample for the
model to answer research questions one and three.

Data Collection Procedure

This study was submitted to the Darden College of Education Human Subjects
Review Committee which deemed the study to be exempt from the Human Subjects
Review Board. The study was then proposed to the Academic Services and Research
Department at the Virginia Community College System (VCCS) where it was approved.

Ex post facto data were gathered from the Academic Services and Research
department of the Virginia Community College System during the spring 2012 semester.
One advantage of a centralized community college system as exists in the state of
Virginia is the Office of Institutional Research of the VCCS collects data from each of
the 23 Virginia community colleges. This simplifies the compilation of data from across
all community colleges in the state and provides the opportunity to conduct research with

a state-wide sample. This study also used a previously collected sample which simplified



58

the data collection procedure. The VCCS has reported descriptive statistics on the 2006
first-time-in-college students based on developmental status (VCCS, 2011). This study
extends the knowledge from that report as the current study examined the data using a
statistical level of significance (.05) and examined differences based on age, gender, and
race and ethnicity. Additionally, the current study determined whether student age,
gender, or race and ethnicity moderates the effects of developmental mathematics status
on student success or persistence.

The following data were collected for each student who first enrolled in a Virginia
community college during the fall 2006 semester: age, gender, race and ethnicity,
enrollment status for each semester from fall 2006 through spring 2011, all mathematics
courses in which the student had enrolled, and grades for each mathematics course in
which a student had enrolled. These data were collected using pseudo-IDs for each
student to allow compilation of the data on a per-student basis while preserving student
confidentiality.

The sample was examined for the semester of the first mathematics course taken.
Students who were not of either traditional or non-traditional college age, specifically
those students aged 16 and younger, were removed from the sample. Students who did
not take a mathematics course during the first semester, fall 2006, were marked for
removal for the sample used to answer research questions two and four (fall-to-fall
persistence) by coding those students as a missing variable for the criterion variable
persistence. Students who did not take a college-level mathematics course during the

five-year study period were marked for removal for the sample used to answer research
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questions one and three (success in college-level mathematics course) by coding those
students as a missing variable for the criterion variable success. Dichotomous variables
representing non-traditional age, female gender, black race and ethnicity, other race and
ethnicity, developmental status, persistence, and success were then created for each
student.

The variable age was coded with a 1 to represent non-traditionally aged students
(23 and older) and with a 0 to represent traditionally aged college students (17 to 22).
The variable black was coded with a 1 to represent a Black student and with a 0 to
represent a non-Black student. The variable other was coded with a 1 to represent a non-
White, non-Black student and with a O to represent a Black or White student. Gender
was coded with a 1 to represent a female student and with a 0 to represent a male student.
Developmental status was coded with a 1 to represent a student whose first mathematics
course was developmental and a 0 to represent a student whose first mathematics course
was college level. Persistence was coded with a 1 to represent a student who was
enrolled in the college during the fall 2007 semester and a 0 to represent a student not
enrolled in this semester. Students who did not take a mathematics course in the fall
2006 semester had the variable persistence coded as a missing variable to eliminate that
record from the model for persistence. Success was coded with a 1 to represent a student
who received an A, B, or C in their first college level course and a 0 to represent students
who received a D, F, or W in their first college level course. Students who did not enroll
in a college-level mathematics course had the variable success coded as a missing

variable to eliminate that record from the model for success. Meyers, Gamst, and
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Guarino (2006) recommended assigning the coding 1 to represent the presence of some
attribute as was done in this study. This group is also called the target group.
Data Analysis

Data from all students who first enrolled in a Virginia community college in the
fall 2006 semester were gathered. SPSS version 19 was used to analyze the data. A
preliminary data screen was performed using frequency tables to examine for any missing
or implausible values.

Data were examined to identify students who were 16 years of age or less. These
students were removed from the sample.

The dichotomous variables developmental status, persistence, age, gender, black,
other ethnicity, and success were then created for each student using the values described
in the data collection section.

Four product variables were created to determine if age, gender, or race and
ethnicity moderates developmental status in determining the success or persistence of
students. These variables were: developmental*age, developmental*gender,
developmental*black, and developmental*other. These variables were calculated by
multiplying the values for each individual variable for each student. Thus, the value for
each of these product variables was 1 if the student exhibited the characteristics of both
main variables, and 0 otherwise.

Descriptive statistics and marginal distributions were computed and reported in
table form. Counts were reported for each variable. Counts were reported for the

variables success and persistence with subcategories developmental, age, gender, and
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ethnicity.

Analysis of the models created throughout this study was performed using binary
logistic regression. A binary logistic regression can be used to identify variables
associated with being in one condition or another, particularly with an output variable
which has only two possible outcomes (Meyers et al., 2006). This statistical technique is
the most appropriate for several reasons. If a least squares method were used, the
dichotomous criterion variable would violate the normality and equal variance
assumptions (Meyers et al.; Pampel, 2000). Additionally, other types of regression
methods, such as linear or quadratic, could result in values for the criterion variable less
than zero or greater than one (Pampel). The result of the binary regression procedure
represents the probability the criterion variable occurs (Meyers et al.).

A binary logistic regression was performed to answer the research questions.
Two regression models were created. One model used success as its criterion variable;
the other used persistence as its criterion variable. Both regressions used the same
predictor variables: developmental, gender, age, black, other ethnicity, and the product
variables developmental*gender, developmental*age, developmental*black, and
developmental*other.

Statistical significance of each model was examined using an Omnibus Test of
Model Coefficients. This test examined the overall model and determined if the predictor
variables improved prediction of the criterion variable (Meyers et al., 2006). A
significance value of less than .05 indicated the model did improve prediction of the

criterion variable over a constant-only model. A Hosmer and Lemeshow Test was
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conducted to assess whether the predicted probabilities from the model matched the
observed probabilities (Meyers et al.). A significance value of greater than .05 indicated
the predicted probability of the criterion variable accurately matched the observed
probabilities. Finally, a Wald Test was performed. This test examined the statistical
significance of the unique contribution of each coefficient in the model (Meyers et al.).
Any predictor variable which had a significant Wald statistic, less than .05, provided a
significant predictor of the criterion variable. Significance of the product variable
indicated that a main predictor, age, gender, or race and ethnicity, moderated the effect of
developmental status on the criterion variable.

Using the logistic regression results, a classification table was reported which
indicates the overall accuracy of the prediction of the model, and an adjusted odds ratio
was calculated and reported for each model. The regression coefficients, Wald statistics,
significance level, adjusted odds ratio, and 95% confidence intervals for the adjusted
odds ratio for the model for each criterion variable was presented in table form.

Using the logistic regression results, the predicted probabilities of success and
persistence were computed using the antilog of the regression equation. The predicted
probabilities for each combination of demographic characteristics were presented in
appendices.

Summary

Chapter 111 has provided the methodology used to answer the research questions,

namely are there differences based on developmental status, gender, age, and race and

ethnicity in the success and persistence of Virginia community college students. A
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detailed description of the variables to be used in the study, setting, and subjects were
provided along with the procedure used to collect data. Finally, the statistical procedure,
logistic regression, was presented and the process by which logistic regression would be
used to answer the research questions was given.

The next two chapters will present the findings and conclusions. Chapter IV will
present the findings from this study. Tables and narratives will be used to present the
data obtained from the sample. Chapter V will then summarize the study and will
provide discussion of the findings in context with previous literature. Chapter V will also
provide implications of the findings for community college practitioners and will suggest

areas for future research which have been suggested from this study.



CHAPTER IV
FINDINGS

The purpose of this study was to determine the effects of developmental
mathematics status, gender, race and ethnicity, and age on the success and persistence of
Virginia Community College students. This study utilized the 2006 cohort of First-Time-
in-College students from all 23 community colleges in Virginia. The criterion variables
used in this study were persistence and success. This study considered persistence to be
fall-to-fall persistence; students were determined to have persisted if they were enrolled
in the college during the fall 2007 semester, one year after their initial enrollment.
Success was defined as obtaining a transferable grade in a college-level mathematics
course. Transferable grades include an A, B, or C. The main predictor variable was the
developmental status of the student. This variable was coded 1 for students whose first
mathematics course was a developmental one. Other predictor variables used in the study
were all dichotomous and were Non-traditional age (students ages 23 or older), Gender
(female), Black, Other_ethnicity (non-White and non-Black students), and the interaction
variables Developmental*NTage, Developmental*Gender, Developmental*Black, and
Developmental*other.

The results of the research are presented in this chapter. The findings include
tables providing descriptive statistics and the results of the predictive models. The
statistical procedures performed in the predictive analysis for this study include a Chi

Square test to determine the overall model fit, adjusted odds ratios to determine the effect
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of each predictor variable, and a Wald test to determine the relative strength of each
predictor variable.
Data Screening

There are a total of 23,542 students who were identified as First-Time-in-College
students at one of the 23 Virginia community colleges for the fall 2006 semester. This
total also includes students who first enrolled in a Virginia community college during the
summer 2006 semester. Data for this study were reported by the VCCS in two separate
files: one included demographic information and the second provided course and grade
information. Data in the two files were reported with common pseudo-ID numbers which
were used to merge the two files. Students who never enrolled in a mathematics course
(n=6102) were removed from the sample. Students who were under age 17 at time of
enrollment (n=105) were removed from the sample as they did not fall into either
traditionally or non-traditionally aged college student age ranges which were used in the
current study. There were no missing data for any student for any variable.

Dichotomous variables representing the inclusion of a student in the following
categories were created: Developmental, Non-traditional age, Black race and ethnicity,
non-Black and non-White race and ethnicity, and Female. Students who exhibited these
characteristics were coded with a 1; otherwise each variable was coded with a 0. The
dichotomous variable success was created and coded with a 1 for students who received
an A, B, or C in their first college-level mathematics course. Students who received a D,
F, or W in their first college-level mathematics course were coded with a 0. Students

who never enrolled in a college-level mathematics course were coded with a 9 which was
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identified as a missing variable for the predictive models. The dichotomous variable
persistence was coded with a 9 for students who did not take a mathematics course during
the first semester (FA2006 or SU2006), and this value was identified as a missing
variable for the predictive models. For students who did take a mathematics course
during their first semester, the variable persistence was coded with a 1 for those students
who were enrolled during the fall 2007 semester, and a 0 for those students who were not
enrolled in the fall 2007 semester. To determine if there were moderating variables on
developmental status in the success or persistence of students the interaction variables
developmental*NTage, developmental *gender, developmental*black, and
developmental*other were created.

Descriptive Statistics

Students in the sample are predominately female (53.6%), traditional college age
(85.2%), White (62.9%), and were identified as developmental students by virtue of their
first mathematics course being a developmental one (58.4%). Descriptive statistics on
these variables are provided in Table 1.

The criterion variables success and persistence were created. The variable
success represents the success or non-success of students who took a college-level
mathematics course between the fall 2006 semester and the spring 2011 semester.
Descriptive statistics on the success of the sample are provided in Table 2. The variable
persistence represents the enrollment or non-enrollment during the fall 2007 semester of
students who were enrolled in any mathematics course during the summer or fall 2006

semesters. Descriptive statistics on the persistence of the sample are provided in Table 3.



Table 1

Descriptive Statistics for Sample Demographic Information

Variable Categories Frequency (n) Percent (%)
Gender Male 8044 46.4
Female 9291 53.6
Age 17-22 14765 85.2
23 and older 2570 14.8
Ethnicity White 10902 62.9
Black 3504 20.2
Other 2929 16.9
Developmental Status Developmental 10120 58.4
Non-Developmental 7215 41.6
Table 2

Success in the First College-Level Mathematics Course

Success Status Frequency (n) Percent (%)
Succeeded 6962 40.2
Did not Succeed 4290 24.7

Did not Attempt 6083 35.1
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A cross tabulation was created for the criterion variables success and persistence
to indicate the numbers of students who succeeded and persisted based upon the age,
gender, race and ethnicity, and developmental status of the student. The descriptive
statistics from the cross tabulation for the success of students are provided in Table 4.
The descriptive statistics from the cross tabulation for the persistence of students are
provided in Table 5.

Predictive Models

The purpose of this quantitative study was to examine the effect of age, gender,
and race and ethnicity together with developmental mathematics status on student's
persistence to a second year and academic performance in the student’s first college level
mathematics course in Virginia community colleges. To answer these questions, binary

logistic regressions were performed to identify to what extent age, gender, race and

Table 3

Persistence to the Fall 2007 Semester

Status Frequency (n) Percent (%)
Persisted 7698 44 4
Did not Persist 5330 30.7

Not enrolled in Math during Fall 2006 4307 24.8
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Table 4

Crosstabs for Success and Demographic Variables

Variable Category Succeeded Did not Succeed
N % N %
Age 17-22 5889 (59.9) 3944 (40.1)
23 and older 1073 (75.6) 346 (24.4)
Gender Female 3819 (66.2) 1952 (33.8)
Male 3143 (57.3) 2338 (42.7)
Ethnicity White 4763 (63.2) 2777 (36.8)
Black 875 (54.1) 741 (45.9)
Other 1324 (63.2) 772 (36.8)
Developmental Status Developmental 2428 (60.1) 1609 (39.9)
Non-Developmental 4534 (62.8) 2681 (37.2)

ethnicity, developmental status, and interactions between developmental status and age,

race and ethnicity, and gender accounts for the success and persistence of Virginia

community college students.

Research Question 1: Moderating Variables on Success

To answer research question 1, a binary logistic regression was performed with

the criterion variable success and predictor variables gender, NTage, black, other
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ethnicity, developmental, and the interaction variables developmental*gender,
developmental*NTage, developmental*black, and developmental*other. Examining the
results of the Wald test on the interaction variables indicate that neither gender (p=.610)
nor ethnicity (black p=.682, other p=.359) moderates the effects of developmental
mathematics status on the success of Virginia community college students in their first

college-level course. The Wald test does indicate that age moderates the effects of

Table 5

Crosstabs for Persistence and Demographic Variables

Variable Category Succeeded Did not Succeed
N % N %
Age 17-22 6849 (60.3) 4517 (39.7)
23 and older 849 (51.1) 813 (48.9)
Gender Female 4077 (59.9) 2730 (40.1)
Male 3621 (58.2) 2600 (41.8)
Ethnicity White 4955 (60.0) 3303 (40.0)
Black 1405 (51.3) 1335 (48.7)
Other 1338 (65.9) 692 (34.1)
Developmental Status Developmental 4558 (56.9) 3457 (43.1)
Non-Developmental 3140 (62.6) 1873 (37.4)
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developmental status on the success of Virginia community college students (p=.008).
The adjusted odds ratio indicates that a non-traditionally aged developmental
mathematics student is 29.9% less likely to be successful than other groups. Table 6

presents the regression coefficients (B), the Wald statistics, significance levels, adjusted.

Table 6

Logistic Regression Results for Success

95% CI for Exp(B)
Variable B Wald  Significance Exp(B) Lower Upper
Developmental -.132 3.915 .048 .876 .768 .999
Gender 377 57.481 .000 1.458  1.323 1.607
NTage 955 103.278 .000 2.599  2.162 3.125
Black -495  40.729 .000 610 524 710
Other Ethnicity 024 .145 703 1.025 .904 1.162
Dev*Age -356  7.082 .008 .701 539 911
Dev*Gender 042 260 .610 1.043 .887 1.226
Dev*Black .047 .168 .682 1.048 .837 1.312
Dev*Other -.100 .841 .359 .905 731 1.120

Constant 317 72472 .000 1.373
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odds ratios [Exp(B)], and 95% confidence intervals (CI) for the adjusted odds ratio for
the logistic regression with the criterion variable success.

To further examine the moderating relationship that age has on developmental
status as it pertains to the success of a student in their first college-level mathematics
course, a cross tabulation table was created for success by developmental status by age.
This analysis shows that developmental students are successful 60.1% of the time and
non-developmental students are successful 62.8% of the time, a difference of 2.7%. The
difference between developmental and non-developmental students is similar for
traditionally aged students (58.0% success for developmental students, 60.9% for non-
developmental students) but is much larger for non-traditionally aged students (71.1%
success for developmental students, 79.4% success for non-developmental students. The
results of this cross tabulation are presented in Table 7.

Research Question 2: Moderating Variables on Persistence

To answer research question 2, a binary logistic regression was performed with
the criterion variable persistence and predictor variables gender, NTage, black, other
ethnicity, developmental, and the interaction variables developmental* gender,
developmental*NTage, developmental*black, and developmental*other. Examining the
results of the Wald test on the interaction variables indicates that neither gender (p=.634)
nor ethnicity (black p=.148, other p=.933) moderates the effects of developmental
mathematics status on the persistence of Virginia community college students who took a
mathematics course in their first semester to enrollment in the college during the fall

2007 semester. The Wald test does indicate that age moderates the effects of



Table 7

Crosstabs for Success by Developmental Status by Age

Developmental Status

Age Success Category Developmental Non-Developmental
N % N %
17-22 Successful 1965 (58.0) 3924 (60.9)
Non-Successful 1421 (42.0) 2523 (39.1)
23 and older Successful 463 (71.1) 610 (794)
Non-Successful 188 (28.9) 158 (20.6)
Total Successful 2428 (60.1) 4534 (62.8)
Non-Successful 1609 (39.9%) 2681 (37.2%)

developmental status on the success of Virginia community college students
(p=.015). The adjusted odds ratio indicates that a non-traditionally aged developmental
mathematics student is 35.8% more likely to be successful than other groups. Table 8
presents the regression coefficients (B), the Wald statistics, significance levels, adjusted
odds ratios [Exp(B)], and 95% confidence intervals (CI) for the adjusted odds ratio for
the logistic regression with the criterion variable persistence.

To further examine the moderating relationship that age has on developmental

status as it pertains to the persistence of a student to the fall 2007 semester, a cross
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Logistic Regression Results for Persistence
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95% CI for Exp (B)
Variable B Wald  Significance Exp(B) Lower Upper
Developmental -209 12.576 .000 812 723 911
Gender 146 6.011 .014 1.157  1.030 1.299
NTage -538 24.162 .000 .584 471 724
Black -419 21.105 .000 .658 550 787
Other Ethnicity 254 9.978 .002 1.290  1.101 1.510
Dev*Age 306 5.942 .015 1.358  1.062 1.738
Dev*Gender -036 227 .634 965 .833 1.118
Dev*Black 152 2.097 148 1.164 948 1.431
Dev*Other -.009 .007 .933 991 .806 1.219
Constant 500 131.041 .000 1.648

tabulation table was created for persistence by developmental status by age. This table

shows that developmental students are persistent 56.9% of the time and non-

developmental students are persistent 62.6% of the time, a difference of 5.7%. The

difference between developmental and non-developmental students is similar for

traditionally aged students (57.9% persistence for developmental students, 63.7% for
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non-developmental students) but is much larger for non-traditionally aged students
(51.5% persistence for developmental students, 49.7% for non-developmental students.
Additionally, all developmental students and traditionally aged developmental students
persist at lower rates than do non-developmental students, but non-traditionally aged
developmental students persist at higher rates than non-traditionally aged non-
developmental students. The results of this cross tabulation are presented in Table 9.
Research Question 3: Extent Predictor Variables Account for Success

To answer research question 3, a binary logistic regression was performed with

Table 9

Crosstabs for Persistence by Developmental Status by Age

Developmental Status

Age Success Category Developmental Non-Developmental
N % N %

17-22 Persisted 3892 (57.9%) 2957 (63.7%)

Did Not Persist 2829 (42.1%) 1688 (36.3%)

23 and older Persisted 666 (51.5%) 183 (49.7%)

Did not Persist 628 (48.5%) 185 (50.3%)

Total Persisted 4558 (56.9%) 3140 (62.6%)

Did not Persist 3457 (43.1%) 1873 (37.4%)
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the criterion variable success and predictor variables gender, NTage, black, other
ethnicity, developmental, and the interaction variables developmental*gender,
developmental*NTage, developmental*black, and developmental*other. The constant
only model for the success of a Virginia community college student indicates that 61.9%
of students are successful in their first college-level mathematics course. This model
provides a baseline comparison to a model which included the above listed predictor
variables. An Omnibus Test of Model Coefficients was performed to determine if the
model including the nine predictor variables provides an improved prediction of success.
This test shows there is a significant (x2(9)=320.5 85, p<.001) improvement of 0.5% in the
ability to predict success in the first college-level mathematics course taken.

To determine the level to which the model fits the data, the Nagelkerke pseudo R
Square statistic was used. The model which includes the predictor variables accounts for
3.8% of the variation in the success of Virginia community college students which can be
explained by the nine predictor variables. A Hosmer and Lemeshow test determines if
the predicted probabilities match the observed probabilities, meaning the set of predictor
variables accurately predicts the criterion variable (Meyers et al., 2006). A Hosmer and
Lemeshow test for this model was conducted and the Chi-square test was insignificant
((7)=5.174, p=.639) which indicates an acceptable match between the predicted and
observed probabilities.

The purpose of research question 3 was to determine to what extent the nine
predictor variables account for the success of Virginia community college students in

their first college-level mathematics course. A Wald test was performed on the
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regression coefficients to determine if any of the predictor variables are statistically
significant in predicting the success of students. The results of this Wald test are given in
Table 6 and determined that developmental status, gender, age, and Black race and
ethnicity are significant predictors of success. Additionally, age is a moderating factor on
developmental status. More specifically non-developmental students, females, older
students, and non-Black students succeed at higher rates in their first college-level
mathematics course, and non-traditionally aged developmental students succeed at lower
rates.

A more useful statistic to address the question of the effect a variable has on the
criterion variable is the adjusted odds ratio. An adjusted odds ratio for each predictor
variable in the logistic regression model for the success of Virginia community college
students was computed and is provided in Table 6. The adjusted odds ratio indicates the
contribution of the particular variable when the other variables are held constant (Meyers
et al., 2006) and provides a comparison between the probability of the success in the first
college-level mathematics course between two groups. The probability of experiencing
success in the first college-level mathematics course for developmental students
compared to non-developmental students is decreased 12.4% (95% CI=0.01 - 23.2) .
The probability of experiencing success for females compared to males is increased
45.8% (CI = 32.3 — 60.7). The probability of experiencing success for non-traditionally
aged students compared to traditionally aged college students is increased by 159% (CI =

116 — 212). The probability of experiencing success for Black students compared to non-
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Black students is decreased by 39% (CI = 29.0 — 47.6). The probability of experiencing
success for non-traditionally aged developmental students compared to other groups is
decreased by 29.9% (CI = 8.9 — 46.1).

The results of the logistic regression provided an equation to calculate the natural
logarithm of the odds a student has success in their first college-level mathematics course
(Meyers et al., 2006). Transforming the log odds into a predicted probability can be done
by taking the antilog of the regression equation (Meyers et al.). The predicted
probabilities for the success of a student in their first college-level mathematics course
for each possible combination of developmental status, age, race and ethnicity, and
gender are presented in Appendix A.

Research Question 4: Extent Predictor Variables Account for Persistence

To answer research question 4, a binary logistic regression was performed with
the criterion variable persistence and predictor variables gender, NTage, black, other
ethnicity, developmental, and the interaction variables developmental*gender,
developmental*NTage, developmental*black, and developmental*other. The constant
only model for fall-to-fall persistence of a Virginia community college student who took
a mathematics course in their first semester indicates that 59.1% of students persisted to a
second year of college. This model provides a baseline comparison to a model which
included the above listed nine predictor variables. An Omnibus Test of Model
Coefficients was performed to determine if the model including the nine predictor

variables provides an improved prediction of success. This test shows there is a
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significant (x2(9)=1 85.615, p<.001) improvement of 0.1% in the ability to predict the fall-
to-fall persistence of Virginia community college students by using the model including
the nine predictor variables.

To determine the level to which the model fits the data, the Nagelkerke pseudo R
Square statistic was used. The model which includes the nine predictor variables
accounts for 1.9% of the variation of the fall-to-fall persistence of Virginia community
college students which can be explained by the model. A Hosmer and Lemeshow test
was performed to determine if the predicted probabilities match the observed
probabilities. This Chi-square test was insignificant (x*(6)=2.527, p=.865) which
indicates an acceptable match between the predicted and observed probabilities.

The purpose of research question 4 was to determine to what extent the nine
predictor variables account for the fall-to-fall persistence of Virginia community college
students. A Wald test was performed on the regression coefficients to determine if any of
the predictor variables are statistically significant in predicting the fall-to-fall persistence
of students. The results of this Wald test are given in Table 8 and determined that
developmental status, gender, age, Black race and ethnicity, and other race and ethnicity
are significant predictors of success. Additionally, age is a moderating factor on
developmental status. More specifically non-developmental students, females,
traditionally aged students, non-Black students, and other racial and ethnic groups persist
at greater rates to a second year of college. This greater persistence is true for non-

traditionally aged developmental students.
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A more useful statistic to address the question of the effect a variable has on the
criterion variable is the adjusted odds ratio. An adjusted odds ratio for each predictor
variable in the logistic regression model for the fall-to-fall persistence of Virginia
community college students was computed and provided in Table 7. The adjusted odds
ratio indicates the contribution of the particular variable when the other variables are held
constant (Meyers et al., 2006) and provides a comparison between the probability of the
fall-to-fall persistence between two groups. The probability of experiencing persistence
to a second year of college for developmental students compared to non-developmental
students is decreased by 18.8% (95% CI = 9.0 — 27.7). The probability of experiencing
persistence for females compared to males is increased by 15.7% (CI = 3.0 — 29.9). The
probability of experiencing persistence for non-traditionally aged students compared to
traditionally aged college students is decreased by 41.6% (CI =27.6 - 52.9). The
probability of experiencing persistence for Black students compared to non-Black
students is decreased by 34.2% (CI = 21.3 — 45.0). The probability of experiencing
persistence for students of other racial and ethnic groups compared to students not in
those groups is increased by 29% (CI = 10.1 — 51.0). The probability of experiencing
persistence for non-traditionally aged developmental students compared to other groups
is increased by 35.8% (CI = 6.2 — 73.8).

The results of the logistic regression provide an equation to calculate the natural
logarithm of the odds a student persists to a second year of college (Meyers et al., 2006).
Transforming the log odds into a predicted probability can be done by taking the antilog

of the regression equation (Meyers et al.). The predicted probabilities for the persistence
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of a student to a second year of college for each possible combination of developmental
status, age, race and ethnicity, and gender are presented in Appendix B.
Summary

This chapter has introduced the findings of the study. Descriptive statistics for the
sample were presented along with the results of the predictive models used to answer the
research questions. The findings presented in this chapter identified variables which
were significant additions to the predictive models and reported adjusted odds ratios of
the predictor variables which represent the contribution of the particular variable to the
criterion variable. The next chapter will provide a summary of these results and will

discuss the implications of these findings.
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CHAPTER V
SUMMARY AND DISCUSSION

The final chapter of this study will review the research problem and the
methodology used in the study. The major sections of this chapter will briefly review the
background of the study, the problem which was examined, the questions which guided
the study, the significance of the study, a review of the methodology, and the findings.
Finally, these findings will be discussed including implications of the findings and
suggestions for implementing the findings in practice. Finally, suggestions for future
research will be given based on the results of this study.

Background of the Problem

In 2008 the Virginia Community College System (VCCS) created the
Developmental Education Task Force to begin focusing on the state of developmental
education in its 23 member community colleges. This process has culminated with the
implementation of a redesigned mathematics curriculum in the VCCS beginning with the
2012 spring semester. As part of this redesign effort, the VCCS included a
recommendation calling for a system-wide annual report on developmental education to
track progress towards meeting system-wide goals (VCCS, 2009).

The need for improving developmental education has been well documented in
the literature. Many states and institutions have begun to closely examine outcomes of
developmental education and have redesigned programs to improve these outcomes
(FLDoE, 2011a; Gonzalez, 2011; Mireless, 2010; VCCS, 2011) as post-secondary

education is critical for success at both the individual and global level (McIntosh &
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Rouse, 2009; USDoE, 2006). Many students, particularly those in community colleges,
enter higher education unprepared to meet the demands of college-level academic work
(Cohen & Brawer, 2008) and developmental education serves to aid these students
become ready to succeed in higher education.

Two common areas in which higher education students are measured are their
performance in courses and their persistence to a degree or certificate. The level of
success in college-level courses a student earns is particularly applicable to
developmental students as the goal of developmental education is to prepare students for
success in college-level courses. The results of past comparisons of success for students
requiring developmental mathematics education and those not requiring developmental
coursework has been mixed with some studies (Bahr, 2008; Calcagno, 2007) finding
similar levels of success, whereas others (Biegel, 2009; Parmer & Cutler, 2007) have
found developmental students performed worse in college-level courses. Persistence of a
student is important to examine as earning a terminal degree or certificate generally
requires more than one year of higher education course. Examining the persistence of
students to a second year of higher education, often referred to fall-to-fall persistence, is a
common and appropriate length of time to use as most students who drop out of higher
education do so in their first year (Tinto, 1993). Past literature has provided evidence to
support that the persistence of students is positively affected by developmental courses
(Calcagno, 2007; Fike & Fike, 2008).

Demographic characteristics of students enrolled in community colleges are

diverse. Approximately one third of community college students are non-White, 60% are
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female, and 50% are of non-traditional age (Cohen & Brawer, 2008). This diversity
provides researchers with the opportunity to examine the outcomes based on
demographic groups to determine if particular demographic groups have greater needs.
This can be particularly important with developmental students. Understanding the
characteristics of students in developmental education can better direct resources to
groups which are over-represented. Past literature has generally identified that non-
White students, particularly Black students, have lower levels of success and persistence
(Bailey et al., 2010; Fike & Fike, 2007; Roksa et al., 2009). Male students have lower
levels of success than do their female counterparts (Cho, 2011; Roksa et al.). The
literature which examines persistence defined as continued enrollment is limited,
although women graduate at higher rates than do males (Bailey et al., 2005; Cooper,
2009). Most literature has reported that older students find more success than younger
(Cho; Fike & Fike) but the literature is limited and inconclusive on differences in
persistence between students of different ages.

The Developmental Education Annual Report (VCCS, 2011) was the first
compilation of data resulting from the recommendation for annual reports of data by the
Developmental Education Task Force. The Developmental Education Annual Report
described the 2006 cohort of first-time-in-college students from all 23 Virginia
community colleges and provided descriptive statistics about this cohort on measures
designed to address the Task Force’s recommendations. Understanding which
developmental students are struggling to meet standards will help the Virginia

Community College System better direct funds and other resources to aid those students.
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This study extended the descriptive statistics presented on the 2006 cohort from the
Annual Report by statistically examining the differences between developmental and
non-developmental students and their success in the first college level mathematics
course taken and persistence of students into a second year of college.
Purpose Statement and Research Questions

The purpose of this quantitative study was to examine the effect of age, gender,
and race and ethnicity together with developmental mathematics status on student's
persistence to a second year and academic performance in the student’s first college level
mathematics course in Virginia community colleges. This study utilized the data
reported by the Virginia Community College System in: “Developmental Education
Annual Report: Tracking the Fall 2006 Cohort and Five-Year Historical Trends” (VCCS,
2011).

This study was guided by the following research questions:

1. Are there moderating variables on developmental mathematics status in
determining the success of Virginia community college students in their first
college-level mathematics course?

a. Does student race and ethnicity moderate the effects of developmental
mathematical status on the success of Virginia community college
students in their first college-level course?

b. Does student gender moderate the effects of developmental mathematical
status on the success of Virginia community college students in their first

college-level course?
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c. Does student age moderate the effects of developmental mathematical
status on the success of Virginia community college students in their first
college-level course?

Are there moderating variables on developmental mathematics status in
determining the fall-to-fall persistence of Virginia community college students?

a. Does student race and ethnicity moderate the effects of developmental
mathematical status on the fall-to-fall persistence of Virginia community
college students?

b. Does student gender moderate the effects of developmental mathematical
status on the fall-to-fall persistence of Virginia community college
students?

c. Does student age moderate the effects of developmental mathematical
status on the fall-to-fall persistence of Virginia community college
students?

To what extent do developmental status, gender, age, race and ethnicity, and
interactions between developmental status and age, developmental status and
gender, and developmental status and race and ethnicity account for success of
Virginia community college student in their first college-level mathematics
course?

To what extent do developmental status, gender, age, race and ethnicity, and the

interaction between developmental status and age, developmental status and
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gender, and developmental status and race and ethnicity account for the fall-to-fall

persistence of Virginia community college students?
Significance

Research on the effectiveness of developmental education is limited and produces
mixed results despite the fact developmental education is a large part of community
college curriculums (McIntosh & Rouse, 2009). This statement is particularly applicable
to research on the persistence of community college students. Research on large, state-
wide, samples of community college students has generally found similar levels of
success between developmental and non-developmental students, and similar or higher
levels of persistence from developmental students. This study adds to the knowledge
base of such samples. Additionally, the VCCS has just implemented a redesign of their
developmental mathematics program in part to improve the success of developmental
students. As part of the tracking of the progress of developmental students the VCCS
will publish an annual developmental education report. Comparing student outcomes
under the former developmental design with outcomes from the redesign will help
determine if the redesign has improved success. The first such annual report provided
descriptive statistics for the success of developmental students. This study expanded the
knowledge of the success of developmental students under the former system by not only
examining the data using statistical models but also providing a more detailed breakdown
of student outcomes by using common demographic groups.
Methodology

Ex post facto data were gathered from the VCCS for the cohort of First-Time-in-



88

College students from all 23 Virginia community colleges. These data were used to create
the dichotomous variables Non Traditional Age, Female, Black, Other Ethnicity,
Developmental Status, Success, and Persistence. These variables were coded witha 1 to
represent a student had the described attribute and were coded with a 0 if the student did
not possess the described attribute. Additionally, interaction variables were created by
taking the product of developmental status and age, developmental status and gender,
developmental status and black, and developmental status and other ethnicity to
determine if there were moderating variables on developmental status.

Descriptive statistics were then provided to describe the sample used for this
study. Logistic regressions were used to answer the research questions. Two regression
models were created, one with the criterion variable success and the other with the
criterion variable persistence. Each model used nine predictor variables: age, gender,
Black, Other Ethnicity, Developmental Status, and the four interaction variables.
Significance of the model and variables were determined at the 0.05 level and adjusted
odds ratios were used to determine the extent each variable contributed to the success and
persistence of Virginia community college students.

Results

The sample of students from the 23 Virginia community colleges who were First-
Time-in-College students during the 2006 fall semester who met the criteria for the study
numbered 17,335. These students were predominately female (53.6%), traditional

college age (85.2%), White (62.9%) and were identified as developmental
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students by virtue of their first mathematics course being a developmental one (58.4%).
Descriptive statistics on the criterion variables show 40.2% of the students in the sample
were successful in their first college-level mathematics course, 24.7% of the students
were not successful, and 35.1% of the students never attempted a college-level
mathematics course. Statistics for the criterion variable persistence show 24.8% of
students did not take a mathematics course during their first semester, 44.4% of the
students took a mathematics course in their first semester and persisted to the fall 2007
semester, and 30.7% of the students took a mathematics course in their first semester and
did not persist to the fall 2007 semester.

The regression models show age moderates the effects of developmental status on
both the success and persistence of students, namely non-traditionally aged students
succeed at lower rates and persist at higher rates than do other students. The models also
show non-developmental students, female students, non-traditionally aged students, and
non-Black students all have higher levels of success in their first college-level
mathematics course. Additionally, non-developmental students, female students,
traditionally aged students, and non-Black students all have significantly higher levels of
persistence to the fall 2007 semester than do their respective counterparts.

Discussion
The following sections will discuss the findings for each research question from

this study. The discussion for each question will include how the findings compare to
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previous research, implications for practitioners, and researcher insights. The discussion
will conclude with an overall summary section and recommendations for future research.

Research question 1: Moderating variables on success

Most previous studies, particularly those with large samples, have reported that
developmental students succeed at similar rates to non-developmental students (Bahr,
2008; Calcagno, 2007; Roksa et al., 2009). Researchers who have reported different
results have generally examined small or unique samples, such as a single institution
(Byrd, 2004; Germanna Community College, 2002; Gonzales, 2007; Parmer & Cutler,
2007) or urban colleges (Dubray, 2005). Therefore, for the general population of
developmental students who complete their developmental coursework the level of
success is similar to that of non-developmental students.

There is a differentiation in the success of community college students based on
demographic characteristics of those students. Specifically, most research has found that
non-White students (California Community Colleges, 2011a; Fike & Fike, 2007), and
particularly Black students (Bailey et al., 2010; Roksa et al., 2009; Sullivan, 2010), have
lower rates of success than do White students; female students outperform their male
counterparts (Alvarez, 2008; Roksa et al.); and older students succeed at higher rates than
do traditionally aged students (Alvarez; California Community Colleges, Kolajo, 2004).
The demographic categories, gender, age, and race and ethnicity, are important to study
in the community college as the community college student population has high numbers

of non-majority ethnicities, females, and older students (Cohen & Brawer, 2008).
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Despite the growing knowledge on the success of students from different
demographic groups, and the current knowledge of the success of developmental
students, there has been little empirical investigation of the effect of developmental
coursework on members of different demographic groups. Therefore, the first research
question of the current study attempted to determine if there were moderating factors in
determining the success of developmental students.

This study found that neither gender nor ethnicity moderated the effects of
developmental status on the success of students in their first college-level mathematics
course. In other words, the success of developmental students in their first college-level
mathematics course did not depend on the race and ethnicity or gender of the student.
This study did find age did moderate the effects of developmental status on the success of
Virginia community college students in their first college-level mathematics course. To
further examine this moderation effect a frequency table of success by developmental
status by age was created. As indicated in Table 7, 60% of developmental students were
successful in their first college-level mathematics course, 2.7% less than non-
developmental students. Students of traditional age had a similar spread in success rates:
the percentage of traditional aged developmental students who succeeded was 2.9% less
than traditional aged non-developmental students. However, the difference in success
rates for non-traditional aged developmental students was 8.3% less than non-traditional

aged non-developmental students. Therefore, the effects of developmental coursework



92

were stronger for traditional aged students than they were for non-traditional age students
when measuring the success of students in their first college-level mathematics course.

Researcher insights

The majority of community college students require developmental coursework to
raise their level of academic work to that expected at the college level. Bailey (2009)
reported that 60% of community college students require developmental coursework, a
figure supported by the sample used for the current study. One major mission of
community colleges is to help underprepared students be successful in higher education
(VCCS, 2009). It is important this assistance to underprepared students help all students
equally. Should there be a moderating effect of developmental status on the success of
students in college-level courses it would show a flaw in the developmental education
program in Virginia.

The findings from this study show the developmental program in Virginia helps
the majority of demographic groups equally. The only exception was non-traditional
aged students. The success rate for developmental students from this demographic group
was not as close to non-developmental students as it was for traditional aged students.
Several researchers (Kozerackie, 2002; Tinto, 1993) have commented that the farther
away from previous academic work a student is the more difficult it is for those students
to be successful which is supported by the findings from the current study. As
developmental coursework does not help non-traditional aged students succeed as well as
other demographic groups, community colleges can better aid these students by providing

extra help in study skills and methods to improve math learning. However, the need to
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address weakness in developmental coursework for non-traditional aged students is most
likely not seen as critical in community colleges for even though non-traditional aged
developmental students do not reach the comparative success to their non-developmental
peers, their actual level of success, 71% in the current study, is much higher than any
other group had in their college-level mathematics courses.

Implications and recommendations for practitioners

Success in college-level mathematics courses for students beginning in
developmental courses does not depend on the gender or race and ethnicity of the student.
However, the results of developmental education are lower for non-traditional aged
students. Developmental education is not as effective for that demographic group.
Perhaps, the reason for this inequity is that younger students are more familiar with the
requirements of academia, a position supported by Biegel (2009) who found students
enrolling in community college more than two years after graduating from high school
were half as likely to be successful in college-level courses.

Therefore, community colleges should consider adding a student development
course (SDV) for non-traditionally aged students. Similar to the SDV course currently
required for all Virginia community college students, the SDV course focused on the
non-traditional aged student could include time-management ideas for working adults,
note-taking skills, organizational skills, and study skills. An additional resource which
could help the non-traditional aged student is to develop or provide links to online,

asynchronous sites to where students could receive help. The asynchronous nature of
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such a site could offset time management problems which could be greater for the non-
traditional student.

In addition to providing additional resources and information to the non-
traditional aged student, community colleges should consider additional training to their
instructors on the different concerns and issues of all students, particularly those
differentiated by age. The more an instructor can individualize instructions and
interactions to students, both inside and outside of the classroom, the more effective that
instructor can be in facilitating learning by the student.

Research question 2: Moderating variables on persistence

The persistence of students is very difficult to attribute to any one factor, as
students, particularly community college students, leave higher education for many
different reasons. Most of the reasons students leave are not in the control of the
institution (Braxton et al., 2004; Cohen & Brawer, 2008). Bailey et al. (2010) further
described the difficulty in accurately determining the persistence of students by
explaining initial enrollment in college could be seen as an experiment for students to
determine their ability to succeed in higher education. Research has shown that
approximately half of community college students do not persist to a second year of
college (Braxton et al.; Fike & Fike, 2008). Among the reasons which are commonly
cited for contributing to the non-persistence of students are gender, ethnicity, and delayed
entry to college (Attewell et al., 2011). Therefore, these are important demographic

characteristics to examine in conjunction with the persistence of students.
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Almost every study has reported the persistence of developmental students to be
the same or greater than that of non-developmental students (Bahr, 2007; Fike & Fike,
2008; Roksa et al., 2009) with the majority of those studies showing greater persistence
for developmental students. Particularly, Calcagno (2007) found the relationship of
developmental coursework to increased persistence to be causal. Understanding
differences in persistence among demographic groups within developmental education is
important to determine if the demographics of developmental students affects persistence.

The current study determined that neither gender nor ethnicity was a moderating
factor of developmental status on the persistence of students. This result indicates that
developmental education does not adversely affect these demographic groups. This study
did find age does moderate the effects of developmental status on the fall-to-fall
persistence of Virginia community college students. To further examine this moderation
effect, a frequency table of success by developmental status by age was created (see
Table 9). This table shows that 56.9% of developmental students persist to a second year,
a rate which is 5.7% less than non-developmental students. Students of traditional age
have a similar spread in success rates: the percentage of traditional aged developmental
students who persist is 5.8% less than non-developmental students. However, the
difference in persistence rates for non-traditional developmental students is 1.8% greater
than non-developmental students.

Therefore, developmental coursework not only affects the persistence of students
differently based upon the age of the student, but this effect occurs in opposite directions.

The persistence of traditional aged developmental students is negatively impacted by a
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similar margin as developmental students in general. The persistence of non-traditional
aged developmental students is greater than non-traditional, non-developmental students.

Researcher insights

As previously discussed, the causes for non-persistence of a student are very
difficult to attribute to any one factor. Most previous research has found that
developmental students persist at higher rates than do non-developmental students but
has not addressed factors which may differentiate the persistence of developmental
students. Only one previous study reported on a moderating effect of persistence on
developmental status. Jefferson (2010) found that the motivation of the student was more
important to their persistence than were faculty interactions. An increased motivational
factor is one possible cause for the moderating effect age had on developmental status in
the current study. In other words, non-traditional aged students who require
developmental mathematics courses may be more willing to persist with their education
to meet their goals than a traditional aged student who is required to take developmental
coursework.

Implications and recommendations for practitioners

Age was found to have a moderating effect of developmental status on the
persistence of students. There are several implications from this result. First, community
college instructors should consider paying particular attention to the non-traditional aged
students in developmental courses as they may have a greater motivation to succeed and
could thus be more receptive to instruction. Second, traditional aged developmental

students persist at lower rates. Institutions should consider designing their developmental
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programs or create new programs to allow students the opportunity to progress quickly
through their developmental coursework so younger students may reach college-level
courses more quickly to improve motivation. The Virginia Community College System
has made decreasing the time to complete developmental coursework one of its three
goals for developmental education. This goal was stated by the Developmental
Education Task Force in The Turning Point (VCCS, 2011): to design developmental
education so students can complete developmental requirements in one academic year.

Research question 3: Extent predictor variables account for success

The purpose for this research question was to examine the extent to which
developmental status, age, gender, and race and ethnicity accounted for the success of
students in their first college-level mathematics course. The result of the logistic
regression model created to answer this question show the model significantly improves
the ability to predict success. However, this improvement is only 0.5% which suggests
the practical significance of this model is low. An additionally statistic which supports
the low practicality of the significance of the improvement, the Nagelkerke pseudo R
Square, shows 3.8% of the variation in success rates is accounted for by the predictor
variables in the model. Another way to consider this statistic is over 96% of the variation
is explained by factors other than the developmental status, age, race and ethnicity, and
gender of the student. The low percentage of variation in the success rates of community
college students explained by this model supports the findings of Attewell et al. (2006)
who found preexisting skill differences, and not demographic information, accounted for

most of the gap in graduation rates of community college students.
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The following sections will provide discussion on each of the four predictor
variables individually.

Developmental status

The VCCS (2011) reported a slight difference in the success rates of students by
using descriptive statistics to report 73% of non-developmental students and 67% of
developmental students succeeded in their first college-level mathematics course. Roksa
et al. (2009) examined the 2004 cohort of First-Time-in-College students in Virginia
community colleges and reported no difference in the success rates of developmental and
non-developmental students. The results from these two studies of inclusive state-wide
samples of first-time-in-college students in Virginia community colleges match the
majority of research on the success of developmental students in college-level courses,
particularly those of large and diverse samples.

The descriptive statistics from the current study did not match the statistics
provided in the VCCS report on the same sample. The current study found that 60% of
developmental students and 62% of non-developmental students were successful in their
first college-level mathematics course. This compares to the VCCS report of 67%
developmental and 73% non-developmental. One possible reason for the different
findings in the two reports is the current study examined data for a five year period and
the VCCS report used a two year time period. Therefore, the difference between the two
figures could represent students who delayed their mathematics coursework, or took an
extended time to complete their developmental coursework. If this were a contributing

factor for the difference in the two reports it would support the finding by Biegel (2009)
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who reported students who enroll in community college more than two years after
graduating from high school were half as likely to be successful in college-level courses.
The difference in success rates between a two-year time period and five-year time period
could arise from a similar delaying factor.

The findings on developmental status from this study show developmental
students have significantly lower success in their first college-level mathematics course
than non-developmental students. However, the effect size from developmental status is
not large. Developmental students have a success rate which is 12.4% lower than non-
developmental students. Additionally, the significance level, while significant, is barely
so at p=.048. This finding is different from the majority of previous studies which found
no difference in the success rates of developmental and non-developmental students.
However, even though the current study found a significant difference, the size of the
difference was small and developmental status did not have a large effect on the success
of a student.

Age

The VCCS (2011) did not provide statistics on the success of students in their
first college-level course based upon the age of the student. They did report that 79% of
the sample was traditionally aged students and the current study found that 85% of the
sample is traditionally aged. The difference in these rates could derive from the
elimination of students who never took a mathematics course or were younger than 17
which is approximately 25% of the original sample. These groups of students were

included in the VCCS sample. Roksa et al. (2009) examined the 2004 cohort of First-
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Time-in-College students in Virginia community colleges and reported older students had
more success in college-level courses. This finding mirrored the findings of the majority
of past studies in that older students are generally more successful in their coursework
than younger students.

The current study found that age is a significant predictor of success in the first
college-level mathematics course; specifically non-traditionally aged students succeed at
higher rates than traditionally aged students. The effect age had on the success of
students in their first college-level mathematics course in the current study is larger than
any other variable in the study. A non-traditional aged student is approximately 2.6 times
as likely to succeed in their first college-level course as is a traditional aged student. This
result supports previous research, particularly the comments of Byrd and Macdonald
(2005) who postulated that the skills older students have obtained from their life
experiences are a large contributor to their success.

Gender

The VCCS (2011) did not provide statistics on the success of students in their
first college-level course based upon the gender of the student. They did report that 54%
of the sample was female. This statistic is also the percentage of females reported in the
current study. Roksa et al. (2009) examined the 2004 cohort of First-Time-in-College
students from Virginia community colleges and reported female students had more
success in college-level courses. This result supported previous studies which almost
universally have found female students are more successful in their coursework than male

students.
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The finding of greater success for female students was also confirmed in the
current study. Particularly, female students have approximately a 50% greater chance of
being successful in their first college-level mathematics course than do males.

Race and ethnicity

The VCCS (2011) did not provide statistics on the success of students in their
first college-level mathematics course based on the race and ethnicity of the student.
They did report that 62% of their sample was White and 21% was Black which matches
the statistics from the current study. Roksa et al. (2009) examined the 2004 cohort of
First-Time-in-College students in Virginia community colleges and found Black students
had lower levels and Asian students had higher levels of success in college-level courses.

Prior research generally reports Black students have lower levels of success than
other racial and ethnic groups (Bailey et al., 2010; California Community Colleges,
2011a; Fike & Fike, 2007; Roksa et al., 2009). However, several studies have shown no
differences in the levels of success of White and non-White students. Perhaps one reason
for the conflicting findings in past research is Asian students have higher levels of
success (Roksa et al.) and the effects of Black and Asian students offset each other. The
findings of the current study of Black students being 39% less likely to succeed in their
first college-level mathematics course supports previous research which found Black
students have significantly lower chances of succeeding in college-level courses.

Researcher insights

The current study has confirmed many of the general findings from past research

on the success of community college students. Past studies have shown developmental
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students succeed at similar rates than do non-developmental students, older students
succeed more than younger students, female students perform better than male students,
and Black students perform worse than non-Black students. The results from the current
study confirm each of these previous findings. Even though the current study did find a
significant difference in success rates for developmental and non-developmental students,
the practical difference in these two groups is low which indicates a similar success rate
for the two groups.

The current study has also lent support to several other important concepts which
have been postulated by previous researchers. Several studies (Attewell et al., 2011;
Bettinger & Long, 2005; Linfante, 2002) have examined graduation rates of students by
controlling for demographic and pre-existing factors and found that developmental
education does not negatively affect success. The current study finds only 3.8% of the
variation of success is due to developmental status, age, race and ethnicity, and gender of
the student. Therefore, there must be other factors which more completely explain the
variation in success rates. Bettinger and Long (2009) emphasized the inappropriateness
of comparing developmental and non-developmental students as they reported there are
inherent differences between these groups of students. These differences between
developmental and non-developmental students may derive from inherent differences in
the academic abilities, motivations, secondary school education, financial resources, and
other factors which are not controlled by higher education institutions. Understanding
factors leading to differences in success rates which can be controlled either directly by

higher education institutions or by increased knowledge of those differences is important,
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but equally important may be the realization by higher education institutions and
interested parties that many factors which create differences in the success rates of
students may not be changeable by the institution.

A major contributing factor to traditionally aged students and Black students
having lower rates of success is a poor preparation for higher education from the
secondary school systems in the United States (Alliance for Excellent Education, 2011;
Bailey et al., 2010; Hawley & Harris, 2005; Martino & Wilson, 2009; USDoE, 2006) and
the lack of availability to quality education for students in poor regions of the country
(Alliance for Excellent Education).

An additional contributing factor for low success rates identified in past research
has been the detrimental effect of delaying higher education. Several researchers
(Calcagno, 2007; Johnson & Kuennen, 2004) have argued that the more a student delays
their developmental education the less likely they are to successfully complete their
course. The current study supports this contention as age was found to have a moderating
effect on developmental status on the success of students. Specifically, this moderating
effect indicates that non-traditionally aged students are not assisted as much by
developmental education as are traditionally aged students.

One important note to make about the success developmental students find in
their college-level mathematics courses is the large number of developmental students
who never attempt a college-level mathematics course. Whereas most studies, including
the current one, have found little or no difference in the success rates of developmental

and non-developmental students, these studies examine only those students who have
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enrolled in a college-level mathematics course. By using this sample of students to
compare success rates of developmental and non-developmental students, the number of
developmental students who never take a college-level course is hidden. Previous
research has indicated that 65% to 75% of students do not complete their developmental
coursework (Bailey et al., 2010) and fewer than 20% of developmental students ultimate
pass a college-level course (Bailey et al.; VCCS, 2009). The sample for the current study
shows slightly more positive statistics as 40% of developmental students attempted a
college-level mathematics course and 24% of developmental students ultimately passed a
college-level mathematics course. In this regard, the current study does confirm past
research on the proportion of developmental students who never reach a college-level
mathematics course. Any research which discusses the success of developmental
students should be clear as to the samples being used for comparison. Therefore, the
current study confirms that “when remediation works, it works extremely well” (Bahr,
2008, p. 444). But also confirms the majority of developmental mathematics students
never attempt a college-level mathematics course. The issue of the large number of
developmental students who never reach college-level mathematics courses is separate
from the success developmental students find once they reach college-level courses.

Implications and recommendations for practitioners

A major implication taken from this study for practitioners is few of the
differences in success rates of students in college-level mathematics courses can be
attributed to the developmental status of the student. Practitioners should not be

concerned with the ability of developmental students to be successful in college-level



105

courses. Developmental students succeed in college-level courses at similar rates than
non-developmental students.

There are differences in success rates based on demographic characteristics of
students. Particularly, traditionally aged students, male students, and Black students have
lower levels of success in college-level mathematics courses. Of these groups, Black
students and males students had the lowest success rate in college-level mathematics
courses. Practitioners should seek out classroom practices which aid these groups of
students. James (2007) provided suggestions to instructors for increasing the learning of
male students. Among these suggestions were to move around the classroom, provide
additional pause time after asking a question, allow men to work the problem in one-on-
one work, and to talk to the class during lectures and not to the board. Additionally,
instructors should consider creating classroom assignments and examples which Black
students and male students can better relate. If the relationship of classroom
mathematical skills can be better demonstrated by applying those skills to experiences
from outside the classroom, the retention of the mathematics skills should be
strengthened.

To address the needs of traditionally aged students, community colleges in
Virginia should consider making a greater emphasis on study skills courses to aid
students in their transition to community college. Particular care should be taken to
emphasize the differences between expectations of students from faculty and the

differences in the learning process between high school courses and college courses.
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In Virginia, achieving the first of three goals recommended by the Developmental
Education Task Force (VCCS, 2009) will provide the greatest increase in student success.
This goal is to reduce the need for developmental education. As the current study shows,
more than 96% of the variation in the success rates of students in their first college-level
mathematics course comes from variables other than developmental status, age, race and
ethnicity, or gender. Previous studies have indicated a significant portion of this
variation may be explained by individual student factors and factors relating to the
secondary education of these students. Community colleges, county and city school
boards, and communities should consider working together to identify ways to better
educate instructors and students in secondary schools as to the level of knowledge
expected for success in higher education.

Research Question 4: Extent Predictor Variables Account for Persistence

The purpose for this research question was to examine the extent to which
developmental status, age, gender, and race and ethnicity accounted for the fall-to-fall
persistence of students. The logistic regression used to answer this question found the
model significantly improved the ability to predict persistence. However, the
improvement in the ability to predict persistence is only 0.1% which suggests the
practical significance of this model is almost non-existent. Additionally, the Nagelkerke
pseudo R Square shows that 1.9% of the variation in persistence rates was accounted for
by the predictor variables. This means over 98% of the variation is explained by other
factors. The small amount of variation in the persistence rates of this sample for the

predictor variables supports previous literature which has emphasized the difficulty in
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determining the causes of persistence (Attewell et al., 2011) and the supposition that
often the reasons students do not persist are beyond the control of the institution (Cohen
& Brawer, 2008).

The following sections will provide discussion on each of the four predictor
variables for the fall-to-fall persistence of students individually.

Developmental Status

The VCCS (2011) reported developmental students persisted at higher rates than

did non-developmental students (55% to 52%) by using descriptive statistics. It was not
reported whether this difference was statistically significant. Roksa et al. (2009)
examined the 2004 cohort of First-Time-in-College students in Virginia community
colleges and reported regardless of developmental status there was no difference in the
number of semesters a student was enrolled. The majority of previous research has
indicated the persistence of developmental students is higher than that of non-
developmental students.

The current study presents contradictory findings not only in comparison to the
VCCS study (VCCS, 2011) which used the same sample as the current study and Roska
et al. (2009) but also to prior research. The current study found that developmental
students persist at significantly lower rates than non-developmental students. The effect
size of this relationship is relatively low as developmental students were 18.8% less
likely to persist than non-developmental students. Prior research which has attributed a
cause to the increased persistence of developmental students (Karp et al., 2010; Tinto,

1997; Waycaster, 2001) often refer to Tinto’s Model of Student Integration (Tinto, 1993)
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as an explanation for the increased persistence of developmental students. Particularly,
Waycaster posited that smaller developmental class sizes and advisement led to greater
persistence of developmental students, and Karp et al. found student-centered pedagogies
appeared to help students create social networks.

One possible cause for the contrary findings of the current study is the sample
used to determine persistence. This study used a sample group of students who had taken
a mathematics course in their first semester to determine inclusion in the developmental
and non-developmental groups. The eliminating of students who did not take a
mathematics course may have disproportionately eliminated developmental and non-
developmental students. For example, students who were enrolled in a one or two
semester certificate program which did not require mathematics would be excluded from
the sample in the current study. These students would be classified in other studies as
non-developmental students, and would be recorded as not persisting to a second year
thus reducing the persistence rate for non-developmental students.

An additional possibility for the contradictory findings in this study as compared
to previous literature is the difficulty in attributing persistence to any one factor (Attewell
et al., 2006; Braxton et al, 2004). Particularly, Attewell et al. and Braxton et al. both
reported that most of the gap in graduation rates of college students had little to do with
developmental courses and instead reflected pre-existing skill differences in the students.
Braxton et al. further described the departure of college students as an ill-structured

problem which requires a number of possible solutions. The results of the current study
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may have been affected by variables which were not examined in this ex post facto
methodology.

A third possibility for the contradictory findings may be an increased number of
developmental students in Virginia who take their developmental coursework through
distance education or in a computer based format. All three of the largest community
colleges in Virginia, accounting for over half the student population, currently offer
significant portions of their developmental courses through these formats. Perhaps it is
the delivery method which has affected lower persistence of developmental students.

Age

Prior research is limited and has presented conflicting findings when persistence
is examined using the framework of age. However, the most recent literature has
generally concluded age negatively impacts persistence (Akst, 2007; Fike & Fike, 2008).
The current study supports this assertion as age was found to be a significant predictor of
persistence. Namely, non-traditionally aged students are 41.9% less likely to persist as
are traditionally aged students. This result is most clearly shown by examining
descriptive statistics which show 60% of traditionally aged students persisted to a second
year and 51% of non-traditionally aged student persisted.

There could be several possibilities for the lower persistence of non-traditionally
aged students. Ayers (2002) reported a major theme of the mission of community
colleges is workforce and economic developmental. Adult students often enter
community colleges for specific job training, certificate programs, or personal interest

(Cohen & Brawer, 2008) which may take less than a year to complete. Bailey et al.
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(2005) suggested students enroll in community college to determine their aptitude for
higher education and a lack of persistence may be due to their personal determination that
the barriers are too high to continue. This examination of the aptitude and barriers of
higher education may be particularly true for non-traditionally aged developmental
students.

Gender

Prior research has indicated that women persist to graduation at higher rates than
do men (Bailey et al., 2005). However, prior literature which has attempted to examine
the persistence of students defined by continued enrollment based on gender is limited.
The current literature has generally reported that gender is not a significant predictor of
persistence (Moore, 2006; Stewart, 2010; Pelkey, 2011).

The current study found that gender is a significant predictor of persistence.
However, the effect size of this difference is small. Females are 15.7% more likely to
persist to a second year of school than are male students. This low effect size is shown
by the descriptive statistics which show 59.9% of females persist and 58.2% of males
persist to a second year of college.

Race and ethnicity

National data show approximately one-third of all community college students are
non-White (Cohen & Brawer, 2008), a number which is supported by the current study
(37% non-White students). The majority of prior research (Attewell et al., 2006; Bailey
et al., 2010; USDoE, 2006) has found non-White students persist to graduation at lower

rates than do White students. The lower graduation rates are particularly true for Black



111

students. There is some uncertainty in lower persistence rates for non-White students as
prior research has identified no difference (Fike & Fike, 2008) between racial and ethnic
groups, or that Black and Hispanic students persist at higher rates (Hawley & Harris,
2005).

The current study has found that race and ethnicity is a significant and strong
predictor of persistence. Specifically, Black students persist at significantly lower rates
and other non-White racial and ethnic groups persist at significantly higher rates. A
Black student is 42.6% less likely to persist as is a non-Black student and other non-
White ethnicities are 29% more likely to persist than members of other ethnicities.

Separating Black racial and ethnic students from students in other races and
ethnicities creates a situation where the findings of the current study do not agree with
previous research. Namely, previous research has found non-White students have lower
persistence, and the current study has found students of non-White ethnicities who are not
Black persist at higher rates. The current study has found the relative effect size of being
Black was much lower than the effect size of being of a different racial and ethnic, non-
majority group. The definition of groups may be the reason for contradictory findings in
past research. If being Black provides an opposite effect on persistence as being from a
different racial and ethnic group, results from previous research would differ for different
combinations of racial and ethnic group of non-White depending on the relative size of
the Black and non-Black groups in the combined group.

Researcher insights

The persistence of students is a difficult subject to study, as students not only
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enroll in higher education for many different reasons, but there are many different
reasons for which students chose to end their enrollment in higher education (Cohen &
Brawer, 2008). This is a particularly difficult as the non-persistence of students may not
even be viewed as a problem by the student (Bailey et al., 2010; Cohen & Brawer, 2008)
and may be due to attributes which are not academically related (Attewell et al., 2011).

Many researchers assert that differences in the persistence of students are related
more to factors present in the student prior to them reaching higher education institutes
(Alliance for Excellent Education, 2011; Cohen & Brawer, 2008; Jenkins & Boswell,
2002), particularly education deficiencies from high school (Wilson, 2008). The current
study found that developmental status and gender were both weak predictors of
persistence whereas age and race and ethnicity were strong predictors. These results lend
support to the assertions of prior researchers who have reported factors which are present
prior to the higher education experience of a student carry more weight in the persistence
of students (Attewell et al., 2006).

An additional reason for differences in persistence rates from students from
different racial and ethnic groups may have very different responsibilities and
expectations outside the higher educational institution than students from other racial and
ethnic groups. Student responsibilities and family expectations from factors other than
education have been shown to affect persistence (Braxton et al., 2005).

In examining the effect age has on the persistence of students, the expectations
and experiences of non-traditionally aged students are often quite different than

traditionally aged college students, particularly deriving from non-academic factors.
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Non-traditionally aged students will generally have more family, work, and life
responsibilities than traditionally aged students. The goals for higher education are often
different for students in different age categories. Particularly, many traditionally aged
students are attending community colleges for associate degrees and transfer to four-year
universities and many non-traditionally aged students are attending to improve work
skills and to enroll in continuing education courses. Thus, often a non-traditionally aged
student has a greater, more immediate motivation to be successful and complete their
study quickly than does a traditionally aged student and motivation positively affects
persistence (Jefferson, 2010). These factors may cause the significant difference in
persistence which was found in the current study based on the age of the student.

The differences in persistence rates had relatively low effect sizes for students of
different genders and different developmental statuses. One possible reason these two
factors have a lower effect on persistence is they are less affected by factors outside the
control of the institution than are age and racial and ethnic status.

Even though the current study did find significant differences between the
persistence rates of different groups of students, the overall predictability of the model is
extremely low. The model which includes the variables developmental status, age, race
and ethnicity, and gender of the students only improves the ability to predict persistence
by 0.1% and accounts for less than 2% of the total variation in the fall-to-fall persistence
rates. Therefore, the persistence of students cannot be well explained by the factors
included in the current study.

Implications and recommendations for practitioners
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Persistence is difficult to attribute to any one cause, particularly as the persistence
of a particular student usually 1s determined by the student. Practitioners in community
colleges should understand the phenomenon of persistence is largely out of their control.

Despite the difficultly for higher education institutions to affect persistence, this
study has identified non-traditionally aged students and Black students as having
significantly lowest persistence than other groups. Therefore, community colleges should
consider addressing these two groups of students to positively influence their decision to
persist. Several possible ways to do this are to assign an advisor to non-traditionally aged
students at time of enrollment, to create student interest groups of particular interest to
Black and non-traditionally aged students, and to create learning communities directed
towards students in these two groups to increase opportunities to interact with students of
similar backgrounds and educational goals.

Previous studies have linked the persistence of students to factors not related to
the higher education institute. These factors include the motivation, finances, integration
in the institute, and family responsibilities of the student. Personal contact with the
student by a member of the college can provide the student a guide to available resources
which the college offers its students. This personal contact can help not only with
integrating the student into the institution but also with aiding the student with addressing
and overcoming other issues. Community colleges should consider assigning an advisor
to every incoming student and requiring each student to meet with an advisor prior to
registering for classes.

Finally, the non-persistence of a student may not even be a problem. For
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example, a student enrolled full-time in a four-year university who elected to take one
course at a community college during the summer would be listed in the current study as
non-persisting even though that student achieved their goal in the community college.
Community colleges should consider recording the incoming goals of each new student
to better determine the persistence of that student towards their goal. Furthermore, this
determination of goals could be performed at the beginning of each subsequent semester
as part of the enrollment process. This could aid community colleges in determining a
more accurate persistence rate as students in community colleges have many different
goals and desired outcomes.
Suggestions for Future Research

Even though the current study found there is a significant difference in the
success of developmental and non-developmental students, the effect size for this
difference is low. However, the current study also found that 60% of developmental
students never attempt a college-level mathematics course. Further research should be
conducted to determine the reasons for which developmental students do not attempt a
college-level course. This will help determine if there are factors which can be addressed
by higher education institutions which would improve the percentage of developmental
students reaching college-level mathematics courses.

The current study found that developmental students persist at lower rates than
non-developmental students. This result is contrary to most of the past literature. An ex
post facto research design is not able to address the reasons for the persistence or non-

persistence of students. Further research should be conducted to identify characteristics
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of persisting and non-persisting students. This would determine if there are differences
between students who persist and those who do not. Additionally, analysis of the group
of students who did not enroll in a mathematics course their first semester should be
conducted to see if there are any differences between that group and students who do take
a mathematics course their first semester.

Persistence of students in the literature has been attributed to many different
reasons; most of these reasons are factors which are out of the control of the institution.
Gathering demographic and institutional data cannot address factors such as personal
finances, family obligations, and other personal factors. Further research should be
conducted to determine if there are personal factors which may be able to be addressed
by the institution to improve the over-all persistence of students.

Summary

The purpose for this study was to examine the differences in the success and
persistence of developmental students when compared to non-developmental students.
Previous research has generally reported developmental students have similar levels of
success and greater levels of persistence than non-developmental students, with some
support for other results. The current study found that developmental students who enroll
in a college-level mathematics course succeed at lower rates than non-developmental
students. Among students who took a mathematics course in their first semester of
school, developmental students persist at lower rates than non-developmental students do.
However, the adjusted odds ratios of developmental status on both success and

persistence of students is not large signifying the differences are not large.
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Age moderates the effect of developmental status on both success and persistence.
Developmental education helps traditionally aged students reach levels of success closer
to that of non-developmental students more than it does for non-traditionally aged
students. Non-traditionally aged developmental students persist at higher rates than do
traditionally age developmental students.

Whereas the effects of developmental status on the success and persistence of
Virginia community college students is low, the effects of gender, race and ethnicity, and
age are much higher regardless of developmental status. Non-traditionally aged students
succeed at significantly higher rates than traditionally aged students, and Black students
succeed at significantly lower rates than non-Black students. Traditionally aged students
persist at significantly higher rates than non-traditionally aged students and Black

students persist at significantly lower rates than non-Black students.
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APPENDIX A

PROBABILITY OF SUCCESS IN THE FIRST COLLEGE-LEVEL MATHEMATICS

COURSE
Developmental Non-Developmental

Traditionally aged Female White 65% 67%
Black 54% 55%

Other 63% 67%

Male White 55% 58%

Black 43% 46%

Other 53% 58%

Non-traditionally aged Female White 77% 84%
Black 68% 76%

Other 76% 84%

Male White 69% 78%

Black 58% 69%

Other 67% 79%
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APPENDIX B

PROBABILITY OF PERSISTENCE TO A SECOND YEAR OF COLLEGE

Developmental Non-Developmental

Traditionally aged Female White 60% 66%
Black 53% 56%

Other 66% 71%

Male White 57% 62%

Black 51% 52%

Other 63% 68%

Non-traditionally aged Female White 54% 53%
Black 48% 42%

Other 60% 59%

Male White 51% 49%

Black 45% 39%

Other 58% 55%
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