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ABSTRACT 

 

 

CO-ENROLLING STUDENTS IN MATH REMEDIATION AND COLLEGE-LEVEL MATH 

IN A COMMUNITY COLLEGE SYSTEM 

 

Peter Thomas Anderson 

Old Dominion University, 2017 

Director: Dr. Mitchell R. Williams 

 

 

 The purpose of this study was to conduct a rigorous examination of co-enrollment of 

students in math remediation and college-level math. A quasi-experimental, posthoc design 

examined the outcomes and the relationships of two groups of students who participated in a 

pilot project the goal of which was to assess the co-enrolled model that is designed to provide 

students with mathematics support. One group of students enrolled in a traditional model of 

developmental mathematics. The second group of students co-enrolled in developmental and 

college-level math.   

 The sample for this study was students (N = 7616) from nine community colleges in a U. 

S. Southeastern state. Students were selected for this study who enrolled in co-enrolled in 

developmental math and college-level math simultaneously (n = 208) and a control group who 

enrolled in developmental and college-level math separately (n = 7408). All enrollments 

occurred during the fall 2016 and spring 2017 semesters. Co-enrolled students completed 

developmental and college-level math at higher rates than their developmental only peers. The 

co-enrolled students accumulated fewer credits and attained higher grades in college-level math 

than the developmental only students.  
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CHAPTER 1 

Introduction 

In the United States, almost two-thirds of community college students are not 

academically prepared for college-level coursework (Bailey, 2009; Bailey & Cho, 2010; Bailey 

& Jaggars, 2016; Bailey, Jenkins, & Jaggars, 2015; Jaggars & Hodara, 2013). Colleges have 

addressed this lack of college readiness with math and writing developmental education 

programs. (The terms developmental and remedial are used interchangeably in this study.) The 

purpose of math developmental education programs is to provide students that have weak 

academic skills the opportunity to strengthen those skills in preparation for college-level math 

coursework (Bailey, Jeong, & Cho, 2010; Bettinger & Long, 2005). Less than half of the students 

that begin developmental math complete it, and even fewer graduate (Bahr, 2010, 2012; Bailey et 

al., 2015).  

Background 

Developmental education is one of the greatest challenges confronting community 

colleges. Students enter community colleges with under-prepared academic skills, planning to 

earn a degree, a certificate, or to transfer to a four-year institution. Students are often assessed in 

math and English skills with the use of a one-shot placement exam (Scott-Clayton, Crosta, & 

Belfield, 2014; Scott-Clayton & Rodriguez, 2012). Once students enter developmental education, 

completing it can be difficult. Colleges often have not coordinated their developmental 

curriculum with their college-level curriculum, leaving students confused, due to the lack of 

seamless transition from developmental courses to college-level courses. The lack of curriculum 

alignment creates an unintended barrier for students (Bailey, 2009). Budget reductions have 

magnified problems for colleges attempting to properly implement developmental education due 
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to the high cost to colleges for these developmental programs (Fong, Melguizo, & Prather, 

2015). Policy makers and college leaders face the difficult task of guiding colleges’ efforts to 

support students with skill deficits with the historical tools available in developmental programs 

(Bailey et al., 2015; Cohen, Brawer, & Kisker, 2013). Students lacking appropriate academic 

skills struggle to navigate the complexity of the developmental education system. Unfortunately, 

some students do not experience success in developmental education and drop out of college 

(Bailey & Jaggars, 2016; Jaggars & Hodara, 2013). Some colleges have initiated new models of 

support that provide intense academic support with college-level math courses to circumvent 

developmental math (Bailey & Jaggars, 2016).   

Leadership and public policy. Developmental education decisions made by community 

college leaders are rooted in public policy (Fong et al., 2015). Public policy is defined as 

structuring government and society actions, based on knowledge, around solved collective 

problems (Klimczuk, 2015). In a U.S. Southeastern state, the developmental education solutions 

to the developmental education problems are managed by a community college system serving 

(System Office) a U.S. Southeastern state. The System Office Developmental Education Policy 

is outlined in the System Office Policy Manual. Community college leaders in a U.S. 

Southeastern state have implemented developmental education programs, in part, by following 

the System Office Developmental Education Policy.  

Developmental education’s success or failure is dependent, in part, on policy and 

leadership (Bailey, 2009). Reforms such as multiple measure assessment, and intense academic 

support during college-level coursework, have challenged leaders to change policy (Bailey, 

2009; Bailey & Jaggars, 2016). Leadership is a highly valued and a highly sought-after 

commodity (Northouse, 2016). Leadership is defined as “…a process whereby individual 



3 

 

influences a group of individuals to achieve a common goal” (Northouse, 2016, p. 6). 

Developmental education reform may have happened as a result of reaching common goals, 

rooted in research-based policy. Underprepared students grew in numbers over the past decade, 

and policymakers and leaders examined this change to reform developmental education (Bailey 

& Jaggars, 2016; Bailey et al., 2015). 

Underprepared students. Many underprepared students do not recognize that they are 

underprepared (Bol, Campbell, Perez, & Yen, 2016). There are three types of underprepared 

students: culturally underprepared, emotionally underprepared, and academically underprepared 

(Bettinger & Long, 2009). This study will focus on the academically underprepared student. The 

most academically underprepared students are often referred to a sequence of three or more 

developmental courses designed to prepare them for college-level work (Bailey & Jaggars, 2016; 

Bailey et al., 2010). However, only 11% of students enrolled in three or more developmental 

math courses typically complete a college-level math course (Bailey & Jaggars, 2016; Bailey, 

Jenkins, & Jaggars, 2015). Often underprepared students’ placement exam did a poor job of 

predicting success in college-level coursework (Bailey & Jaggars, 2016). Bailey et al. (2015) 

suggested that a multiple measures approach would do a better job of assessing and placing 

students. 

Utilizing multiple measures when assessing and placing students. Properly assessing 

and placing community college students in appropriate courses is an important factor for 

increasing student completion rates (Bailey & Jaggars, 2016; Collins, 2008). Completion rates 

include course completions and program completions. Placement tests alone do not yield the best 

predictions of how students will perform in college (Armstrong, 2000; Bailey & Jaggars, 2016; 

Bailey et al., 2015; Belfield & Crosta, 2012; Collins, 2008). However, high school grade point 
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average (GPA) has proven effective in predicting college GPA and college credit accumulation 

(Bailey & Jaggars, 2016; Belfield & Crosta, 2012). Students are more likely to be under-placed 

in remedial coursework than over-placed in remedial coursework (Bailey & Jaggars, 2016; Scott-

Clayton & Rodriguez, 2012). The under-placement of students suggests that placement exam 

cut-off scores are too high therefore placing students unnecessarily in developmental education 

(Bailey & Jaggars, 2016). Student high school metrics such as the number of math and English 

courses taken, honors courses, the number of F grades, and the number of credits, have proven 

more beneficial when assessing and placing students (Bailey & Jaggars, 2016; Belfield & Crosta, 

2012).  

Good placement and assessment policies have included, students’ assessed skill levels 

and placement using multiple measures, consistent standards across colleges, and using 

comparable data related to students’ high school outcomes (Collins, 2008). Clear placement and 

assessment policies have improved students’ college readiness through clearer communicated 

policies, and communicated expectations that students must achieve (Collins, 2008; Scott-

Clayton & Rodriguez, 2012). Good placement and assessment policy is not simply about a cut-

off score but contains a developed, common understanding of what college readiness means 

(Collins, 2008; Scott-Clayton & Rodriguez, 2012).  However, experts disagree on the definition 

of college readiness (Bailey & Jaggars, 2016; Bailey et al., 2015; Belfield & Crosta, 2012).   

Accelerated curriculum structures. The majority of developmental students drop out of 

college before completing their developmental course sequence due to a failed course, or because 

they cannot enroll in the next course in the sequence due to lack of course offerings (Bailey & 

Jaggars, 2016; Bailey et al., 2015; Scott-Clayton & Rodriguez, 2012). Due to high attrition rates, 

colleges have experimented with accelerated curriculum structures wherein students complete 
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remedial courses sooner (Bailey et al., 2015). Acceleration of remedial coursework reduces exit 

points and matches learning outcomes with college-level courses (Bailey & Jaggars, 2016; 

Bailey et al., 2015). Colleges have also adapted curriculum and programs to the co-enrolled 

model wherein academically underprepared students bypass traditional developmental 

coursework and enroll in college-level courses with intense academic support (Bailey & Jaggars, 

2016; Bailey et al., 2015; Jaggars, Hodara, Cho, & Xu, 2015). Colleges have attributed student 

success to the co-enrolled model by creating an assigned accelerated case manager, assigning 

students to success courses, and membership in learning communities (Bailey et al., 2015; 

Jaggars et al., 2015). These aforementioned student success strategies have helped to increase 

overall fall to fall retention rates of students (Bailey et al., 2015; Jaggars et al., 2015). Even 

students with the lowest test scores on placement tests have been successful in the co-enrolled 

model, but these lower performing students are reported to have had strong academic support 

while they took college-level coursework (Jaggars et al., 2015). 

Challenges of developmental education. The developmental education process seems 

straightforward enough. Underprepared students are assessed and placed into remedial 

coursework designed to prepare students for college-level coursework (Bailey et al., 2015; 

Cohen et al., 2013; Jaggars et al., 2015). Students complete the remedial coursework and move 

on to success in college. However, this presumed straightforward process is filled with 

complexity and confusion (Scott-Clayton & Rodriguez, 2012). Students achieve poor outcomes 

in the model that assigns them remedial coursework as a detour before they are eligible to take a 

credit course. (Jaggars & Hodara, 2013). Inadequate test preparation, insufficient placement 

exams, poorly aligned curriculum, ineffective skill-and-drill instruction, insufficient time, and 

financial resources needed to complete a remedial course sequence, are all explanations that have 
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been correlated with developmental students’ lack of progression (Jaggars & Hodara, 2013). 

Students who tested barely below the level of college readiness, and who took one remedial 

course, did not increase their likelihood of long-term progression to college-level coursework 

(Bailey & Jaggars, 2016). In their analysis of a recent study, Bailey and Jaggers (2016) 

commented that for, “students who are referred to three remedial math courses, only 11 percent 

completed college-level math within three years” (p. 1).  

Summary. The traditional developmental education system has failed students (Bailey & 

Jaggars, 2016; Bailey et al., 2015; Jaggars & Hodara, 2013). Some students who were referred to 

remedial coursework did not need it (Bailey & Jaggars, 2016; Belfield & Crosta, 2012). For 

those students who needed remedial coursework, integrated intense academic support with 

college-level coursework has proven more successful (Bailey & Jaggars, 2016). According to 

Bailey and Jaggars (2016), “the spread of the co-enrolled model is perhaps the most significant 

development in the remediation reform movement in the past two years.” (p. 8). New policy 

efforts, fueled by current research, have assisted the majority of students with academic support 

integrated with college-level coursework (Bailey & Jaggars, 2016; Bailey et al., 2015). Students 

who have scored the lowest on placement exams may have succeeded in co-enrolled programs, 

but they may be more successful in the more traditional model of developmental education 

(Bailey & Jaggars, 2016; Bailey et al., 2015). The better way to place the lowest skilled students 

is to use multiple measure assessments, combined with in-person advising; therefore, placing 

these students in a traditional model of developmental education (Bailey & Jaggars, 2016; Bailey 

et al., 2015).  
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Statement of the Problem 

 Across America, nearly two-thirds of community college students are not academically 

prepared for college-level coursework (Bailey, 2009; Bailey & Cho, 2010; Bailey & Jaggars, 

2016; Bailey et al., 2015; Jaggars & Hodara, 2013). These underprepared students typically are 

placed into remedial coursework. Unfortunately, a majority of these students will not complete 

developmental education and will drop out of college (Bailey & Jaggars, 2016; Jaggars & 

Hodara, 2013). The lack of success students have experienced with developmental education in 

America’s community colleges is widespread. There is scant research on the new model of co-

enrollment of developmental math and college level math, and this study attempts to fill in the 

gap. 

Purpose of the Study 

 The purpose of this study is a rigorous examination of co-enrollment of students in math 

remediation and college-level math. A quasi-experimental, posthoc design will be used for this 

study. This study will examine the outcomes and the relationships of two groups of students who 

participated in a pilot project the goal of which was to assess the co-enrolled model that is 

designed to provide students with mathematics support. One group of students enrolled in a 

traditional model of developmental mathematics only and served as a control group for this 

study. The second group of students co-enrolled in developmental and college-level math.   

Research Questions 

Therefore, the goals of this present study are to ascertain answers to the following 

research questions: 
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1. For students in the two groups of community college students in the sample under 

study, is there a difference in the completion of developmental math courses by the 

end of the spring 2017 semester? 

2. Is there a difference in the completion of college-level math courses by students in the 

two groups by the end of the spring 2017 semester? 

3. For the two groups in the study, is there a difference in the grades of students in their 

college-level math courses by the end of the spring 2017 semester? 

4. For the students in the sample, is there a difference in the number of credits that 

students completed by the end of the spring 2017 semester? 

5. Is there a difference in the completion by students in developmental math courses by 

college type, using the criteria of rural and urban? 

Overview of Methodology 

 A quasi-experimental, posthoc design will be used for this study. The sample of this study 

will be students (N = 7606) from nine community colleges who participated in a pilot project the 

goal of which was to assess programs designed to provide students with mathematics support. 

Students who participated in the pilot project during the Fall 2016 and Spring 2017 semesters 

will comprise the sample for this study. 

Significance of the Study 

 The results of this research study may fill a void found in the current research literature 

related to the relationships, if any, of student outcomes for who are co-enrolled in developmental 

math and college-level math.  The two student groups are 

a. In a developmental only math course 

b. Co-enrolled in mathematics developmental education support and college-level math 
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The study’s potential significance is that the current model of developmental math is very often 

not successful and this study will assess the efficacy of the co-enrolled model for supporting 

students in the math curriculum. 

Definitions of Key Terms 

Various terms were found during this scholarly literature review inquiry that has various 

meanings and in a variety of contexts. The following list of definitions is offered to specify the 

intent of this researcher in use of these terms: 

Co-enrollment – An individual student that enrolls in remedial math and college-level 

math concurrently. 

Co-requisite remediation – Remediation that occurs at the same time as college-level 

coursework. 

College-level math course – Any math course that students’ receive college credit upon 

completion.  

Cumulative Grade Point Average (GPA) – The grade point average a student earns that 

encompasses their entire coursework at a given higher education institution. 

Degree-seeking student – A student that has declared their intended major of study at an 

institute of higher learning.  

Developmental math course – Any math course that is preparatory in nature that prepares 

students for college-level math coursework. 

Developmental student – A student that is currently enrolled or has taken developmental 

coursework. 
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Enrollment status – A dichotomous variable indicating whether a student is full-time or 

part-time.  For this study, part-time is a credit load up to 11 credits, and full-time is a 

credit load of 12 credits or more. 

Financial aid status – A dichotomous variable whether a student is or is not eligible for a 

Pell grant. 

First generation status – A dichotomous variable whether a student is the first person in 

their family to achieve a bachelor’s degree.  

Non-degree-seeking student – A student that has not declared a major study of interest 

that may be taking courses for personal benefit. 

Placement test – A test given to students, before taking coursework, typically in math and 

English for appropriate placement.  

Summary 

A minority of students who are placed into developmental education progress to college-

level math and ultimately to graduation (Scott-Clayton & Rodriguez, 2012). Leaders have 

examined current research to make the best policy decisions to positively affect developmental 

education (Bailey et al., 2015). Academically underprepared students are typically assessed and 

placed using an inaccurate one-shot exam (Scott-Clayton & Rodriguez, 2012). The lack of 

curriculum alignment between developmental and college-level coursework added to the 

confusion students’ experience when attempting to navigate the developmental education system 

(Bailey & Jaggars, 2016; Bailey et al., 2015; Cohen et al., 2013). The low completion rates of 

students placed in developmental classes cost students and society billions of dollars each year 

(Martinez & Bain, 2014). Integrated intense academic support while students took college-level 

math may have been a better solution for students than the traditional model of remediation 
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where many students failed to complete (Bailey & Jaggars, 2016; Bailey et al., 2015). This study 

will examine the efficacy of co-enrolled math supports with college-level math courses.  
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CHAPTER 2 

Review of the Literature 

In the United States, almost two-thirds of community college students are not 

academically prepared for college-level coursework (Bailey, 2009; Bailey & Cho, 2010; Bailey 

& Jaggars, 2016; Bailey et al., 2015; Jaggars & Hodara, 2013). Colleges have addressed this 

population growth and the variations in college readiness with extensive developmental 

education programs. (The terms developmental and remedial are used interchangeably in this 

study.) The purpose of developmental education programs is to provide students that have weak 

academic skills the opportunity to strengthen those skills in preparation for college-level 

coursework (Bailey et al., 2010; Bettinger & Long, 2005). Less than half of the students that 

begin developmental education complete it, and even fewer graduate (Bahr, 2010, 2012; Bailey 

et al., 2015).  

The following mind map analysis was formed from the researcher’s scholarly review of 

the literature. Due to policymakers new thrust of performance-based funding, gateway math 

course acceleration has been a primary issue. Most majors require at least one math course; 

therefore students need to succeed in math to succeed in college. Supplemental Instruction (SI) 

has played an important role in students succeeding in some of the more difficult courses in 

college. Many of the successful SI strategies can be used in producing successful remedial 

education programs. However, community college students’ needs for SI differ from four-year 

university students’ SI needs. Most often, community college students need SI for remediation; 

whereas their four-year university counterparts need SI for the most difficult courses. The social 

and academic integration to college is a major barrier for many community college students. For 
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students to be successful in college, they must be properly assessed and placed in college-level 

and remedial coursework. 

Financial Constraints Urge A Call To Action 

To achieve the national goals of increasing college completion rates with scarce 

resources, broad access postsecondary institutions, such as community colleges, must have 

graduated a larger percentage of those who begin their studies. (Baum, Ma, & Payea, 2010; 

Jenkins & Rodriguez, 2013). Leaders across America believe that greater individual and 

organizational accountability has had a positive impact on outcomes and morale (Connors & 

Smith, 2011). Greater accountability leads to game-changing results in any organization 

(Connors & Smith, 2011). Undergraduate education has required improvements that are sparked 

by the commitment and action of students and faculty (Chickering & Gamson, 1987). 

Contemporary students are a diverse group. They vary in their approaches to college, in 

demographic characteristics, in family backgrounds, in their pathways through college, and in 

their readiness for college (Goldrick-Rab & Cook, 2011). Students in the twenty-first century 

seem much less interested in academics than ever before (Goldrick-Rab & Cook, 2011). 

The common practices of using more part-time instructors and increasing student-faculty 

ratios to reduce expenditures may have simultaneously reduced productivity and efficiency 

(Jenkins & Rodriguez, 2013). Jenkins and Rodriquez (2013) argue “that as policymakers push 

colleges to lower the cost per graduate, they must avoid providing incentives to lower academic 

standards” (p. 187). As a broader socioeconomic group of high school students have entered 

college, policymakers and practitioners must also consider how to educate all students utilizing 

the most efficient and effective means (Goldrick-Rab & Cook, 2011). American higher education 
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must find ways to accommodate a very diverse cultural, economic, and social student body 

(Goldrick-Rab & Cook, 2011). 

Accounting for all types of institutions in higher education, community colleges were the 

only sector that spent less per degree completed in 2009 then they did in 1999 (Jenkins & 

Rodriguez, 2013). Accountability that happens when you have done something wrong was not 

effective; accountability that focuses on how institutions conduct their business, that led to 

individual and organizational success, was most effective (Connors & Smith, 2011). Conners and 

Smith (2011) added that “creating an organizational culture where people embrace their 

accountability toward one another, and the organization should occupy center stage in an effort to 

create successful organizational change” (p. 2). Proper accountability produces greater 

transparency and openness, enhanced teamwork and trust, effective communication and 

dialogue, and a tighter focus on results (Connors & Smith, 2011).  

Broad access institutions have recently focused on reducing the cost of producing 

degrees. Course redesign has resulted in positive results for reducing costs and improving 

outcomes (Jenkins & Rodriguez, 2013). Revamping online courses have proven to be 

problematic because most underprepared students perform worse in online courses than in face 

to face courses (Jenkins & Rodriguez, 2013). By creating more clearly defined pathways of study 

and aligning them with requirements for further education and employment, community colleges 

have improved productivity (Jenkins & Rodriguez, 2013). 

Numerous reports detail the primary issues in higher education, but not much effort in 

research has been expended in the arena of solutions to the issues (Chickering & Gamson, 1987).  

Chickering and Gamson (1987) outline seven principles of good practice in undergraduate 

education: 
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1. “Encourages contacts between students and faculty.   

2. Develops reciprocity and cooperation among students.  

3. Uses active learning techniques.  

4. Gives prompt feedback.  

5. Emphasizes time on task.  

6. Communicates high expectations.  

7. Respects diverse talents and ways of learning” (p.2). 

These guidelines, when adopted, have improved teaching and learning (Chickering & Gamson, 

1987).  

Gateway Math Course Acceleration 

 Success rates for students earning a postsecondary college credential are lower when they 

begin their studies in developmental math courses. Concerned policymakers and college leaders 

who reviewed completion rate data have focused efforts on transforming remedial education in 

many states (Bailey et al., 2015; Cohen et al., 2013; Jaggars & Hodara, 2013; Scott-Clayton, 

Crosta, & Belfield, 2014; Vandal & Complete College, 2014). Placing students into multi-

semester, non-credit remedial course sequences as a pre-requisite to enrollment in college-level 

math, resulted in most students leaving the system and never making it to a college gateway 

course (Bailey et al., 2015; Vandal & Complete College, 2014). “The research is clear; long 

remedial education course sequences are a barrier, not a bridge, to college” (Vandall & Complete 

College, 2014, p. 1). However, placing students directly into college-level math that provided 

them with additional academic support as a co-requisite saw greater college-level math success 

for students (Vandal & Complete College, 2014). “With co-requisite models showing success 

rates in college-level gateway courses that are two to three times better than the traditional 
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model,” college leaders and policymakers across the states moved to implement co-requisite 

remediation (Vandall & Complete College, 2014, p. 1). Co-requisite remediation is the delivery 

of academic support to students while simultaneously being enrolled in college gateway courses 

(Bailey & Jaggars, 2016; Vandal & Complete College, 2014).  

 Community college best practices. In California, where community colleges were 

required to use multiple measures to place students, students’ access and success were found to 

increase in college-level courses (Ngo & Kwon, 2015). “Although developmental courses can 

serve as necessary and helpful stepping-stones to college success, they also delayed access to 

critical gateway courses necessary for degree attainment or transfer to 4-year colleges” (Ngo & 

Kwon, 2015, p. 443). Students placed in lower levels of remedial math have low success rates in 

college-level math, and these students incur substantial costs in the form of time and money; 

therefore, the need for accurately accessing and placing students was critical (Ngo & Kwon, 

2015). The results of Ngo and Kwon’s (2015) study showed that “students who were placed into 

higher-level courses using information from multiple measures, in this case, high school GPA 

and prior math courses, performed no differently from their peers who earned higher test scores” 

(p. 464). Community colleges using student background information in addition to assessment 

data improve placement accuracy and student success  (Ngo & Kwon, 2015). 

Edgecombe stated that “mounting evidence suggests that the traditional sequence of 

developmental education courses hindered community college students from entering college-

level coursework and ultimately earning a credential” (p. 1). This study, which used 2010 data 

from participants in Achieving the Dream, found that only 33% of students referred to any level 

of developmental math completed their course sequence within three years (Edgecombe, 2011). 

Only 17% of students who placed in the lowest levels of developmental math completed their 
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course sequence in three years (Edgecombe & Columbia University, 2011). “The traditional 

sequence of developmental courses undermined academic achievement in part because it has a 

multitude of exit points (Edgecombe & Columbia University, 2011, p. 1). Students chose never 

to enroll or dropped out between courses in the sequence (Bailey & Jaggars, 2016; Bailey et al., 

2015; Edgecombe & Columbia University, 2011). Consequently, the lack of sequence success led 

many practitioners to experiment with restructuring the developmental math sequence of courses 

(Bailey et al., 2015; Bailey, Jeong, & Cho, 2010; Edgecombe & Columbia University, 2011). 

Acceleration of developmental math courses involved reorganizing the curricula in ways that 

expedited the completion of coursework (Edgecombe & Columbia University, 2011). Examples 

of acceleration were course restructuring and mainstreaming (Edgecombe & Columbia 

University, 2011). Course restructuring involved course-taking strategies such as compressed 

courses and paired courses (Edgecombe & Columbia University, 2011). Compressed courses 

allowed students to complete multiple levels of courses in one semester and paired 

developmental courses with college-level courses concurrent in the same semester (Bailey & 

Jaggars, 2016; Edgecombe & Columbia University, 2011). Mainstreaming strategies accelerated 

student progress by placing them directly in college-level math courses; sometimes they needed 

a little supplemental support or supplemental instruction (Edgecombe & Columbia University, 

2011).  

Only 6% of California’s community college students who placed into at least three levels 

of remedial math completed a college-level math course in three years (Hern & Snell, 2014). 

According to Hern and Snell (2014), California’s community colleges were, therefore, rethinking 

remedial course sequences and the student placement process. First, accelerated models such as 

single semester remedial courses were opened to students with any placement score. Second, 
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courses were provided that enable students to enroll in college-level math with additional 

concurrent academic support (Hern & Snell, 2014). Third, accompanying changes occurred in 

the classroom that included instructional design techniques that assisted faculty in offering high-

challenged, high-supported accelerated courses (Hern & Snell, 2013). Students saw beneficial 

outcomes in college-level math by faculty that focused on the problem of attrition in long 

remedial sequences and created shortened, redesigned math curricula (Hern & Snell, 2010).  

Curriculum reform and non-cognitive factors. A primary challenge to course redesign 

was program review practices that rarely looked at what happened to students semester to 

semester.  Across programs of study, students showed a lack of progress (Jaggars & Hodura, 

2013). Prior quantitative research focused on pass rates of individual courses, rather than 

longitudinal cohort studies that spanned the range of college programs (Bailey, Jenkins & 

Jaggars, 2015). Central to the curricular math reform was the formation of accelerated math 

pathways that aligned remediation with the specific college-level math requirements taken by 

students (Bailey & Jaggars, 2016).   

Researchers have shown that college students who placed three levels below their first 

credit-bearing mathematics course have an unacceptably low pass rate in their developmental 

math courses (Bailey et al., 2010). Myra Snell’s research found that only 18% of the students at 

Los Medanos Community College in California who started two levels below college level 

mathematics passed their developmental courses (Hern & Snell, 2014).These figures seem 

alarmingly low, and much work needs to be done to increase gateway math course completion. A 

new conceptual model aimed at increasing gateway math course completion is best represented 

as a three-legged stool,  as a way to visualize the relationship of the components (Mireles, Acee, 

& Gerber, 2014). The seat was the gateway or college level math course, and the legs of the stool 
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that support the seat were developmental mathematics, learning support, and academic support 

services (Mireles et al., 2014). A novel aspect of the new model was the inclusion of learning 

support, real-world problems, hot topics, and question and answer sessions (Mireles et al., 2014). 

The learning supports helped to better contextualize college-level mathematics (Mireles et al., 

2014). Students who placed into developmental mathematics and concurrently enrolled in 

college-level algebra made statistically significant improvements in their mathematics 

proficiency (Mireles et al., 2014).  

Expanding instructional time in high school has been a popular strategy for improving the 

academic outcomes of low-skilled high school students (Nomi & Allensworth, 2009). There have 

been many strategies for improving the rigor of high school coursework so that all graduates are 

college ready. There has been increasing criticism that high schools are not sufficiently preparing 

students for college or the workforce (Nomi & Allensworth, 2009). “Furthermore, there was 

growing consensus that success in the workforce requires the same skills that students need for 

college” (Nomi & Allensworth, 2009, p. 112). There was also a concern for the high number of 

students failing ninth grade high school courses such as algebra (Nomi & Allensworth, 2009). “It 

was widely recognized that many students entered high school with weak math skills” (Nomi & 

Allensworth, 2009, p. 112). The situation of educating students entering high school with 

academic abilities well below grade level was a real challenge (Nomi & Allensworth, 2009). By 

introducing a second course, concurrent with ninth grade algebra, test scores have improved 

substantially (Nomi & Allensworth, 2009). To be successful, a double dose of ninth grade 

algebra must also have included strategies to improve students’ behaviors and attendance which 

seem to be the two most significant barriers to succeeding (Nomi & Allensworth, 2009). 
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 Researchers have identified non-cognitive factors that relate to achievement in 

mathematics.  “Among the affective variables identified in the literature were students' academic 

self-concepts, attitudes toward success in mathematics, confidence in their ability to learn 

mathematics, mathematics anxiety, test anxiety, perceptions of the usefulness of mathematics, 

motivation, self-esteem, and locus of control” (Thomas & Higbee, 1999, p. 1). Thomas and 

Higbee (1999) added that the relationships between cognitive factors such as learning styles, 

visual and spatial ability, critical thinking skills, and overall performance in mathematics 

affected the students’ success in mathematics. Collaborative learning has produced better 

attitudes for overcoming negative behaviors towards learning mathematics for students where 

they worked in small groups making predictions through the use of probability theory (Thomas 

& Higbee, 1999). “The primary implication of this research was that developmental educators 

could not ignore affective barriers to mathematics achievement” (Thomas & Higbee, 1999, p. 4). 

Student mastery of math concepts may not be enough for students to be successful in 

developmental mathematics (Thomas & Higbee, 1999). “Student attitudes toward mathematics 

and themselves as learners were related to achievement” (Thomas & Higbee, 1999, p.4). 

Supplemental Instruction 

Supplemental Instruction (SI), also known as peer-assisted learning and peer-assisted 

study sessions, is a popular type of academic support initiative where senior students facilitate 

peer learning between undergraduates studying high-risk courses (Arendale, 1994; Blanc, 

DeBuhr, & Martin, 1983; Congos, 2002; Dawson, van der Meer, Skalicky, & Cowley, 2014). The 

SI Program integrated “academic skills with course content in a series of peer-facilitated sessions 

that were voluntarily attended by students enrolled in these courses” (Dawson et al., 2014, p. 

610). Each SI session was led by a senior student who was previously successful in the course 
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and had good interpersonal skills (Dawson et al., 2014). The leader was not a tutor or teaching 

assistant; the leader was “responsible for facilitating discussion around course content and 

related study skills; the leader also was there for preparing learning activities such as worksheets, 

group work, problem-solving exercises, or mock exams for their students” (Dawson et al., 2014, 

p. 610). The students who attend the SI sessions worked collaboratively teaching each other the 

course content and solving problems (Dawson et al., 2014). Leaders also participated in the 

process by taking notes, reading course content, attending lectures, and demonstrating effective 

study skills (Dawson et al., 2014). 

Academic supports. Many community colleges have been increasing academic support 

services to reduce student attrition (Bailey et al., 2015; Blanc et al., 1983; Cohen et al., 2013). 

Many factors seem to affect retention rates. Among these are “student perception of progress 

toward an academic career goal, a high level of faculty-student interaction, and personal 

counseling and academic advising programs” (Blanc et al., 1983, p. 80). Blanc et al. (1983) 

added that a general upgrading of educational services also increased retention. Allowing 

students to access SI early on in the semester and in their developmental course sequence gives 

students greater outcomes and completions in college-level math (Blanc et al., 1983). Students 

realize better outcomes in college-level math when SI is attached directly to the course, when 

students do not view SI as a remedial program, when SI sessions are designed to have high levels 

of student collaboration and support, and when SI sessions were led by qualified faculty 

(Arendale, 2002; Blanc et al., 1983).  

The principal components of a successful SI program consist of faculty, SI leaders, and a 

diversified study body (Rabitoy, Hoffman, & Person, 2015). Much of the success of SI programs 

relies on the collaboration of these three groups (Rabitoy et al., 2015). Some studies of SI 
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program reported an impact on academic achievement based on ethnicity (Rath, Peterfreund, 

Xenos, Bayliss, & Carnal, 2007; Shaya, Petty, & Petty, 1993). However, few published studies 

evaluated the relationships between demographic and academic preparation variables to 

academic achievement in community colleges (Rabitoy et al., 2015). Rabitoy’s et al. (2015) 

study aimed to fill in that gap in the research literature.  It evaluated the relationships between 

“student demographics and academic preparation, faculty and SI member demographics, levels 

of participation in SI, and academic achievement” (Rabitoy et al., 2015, p. 243). The strongest 

correlate to the final course grade was prior grade point average (GPA) (Rabitoy et al., 2015). 

After controlling for the effects of input demographics, the strongest predictor of a higher final 

course grade was numbers of SI sessions attended  (Rabitoy et al., 2015). The results of this 

study suggest that “the impact of both demographic and academic preparation variables should 

be considered when evaluating the effectiveness of SI programs on community college 

campuses” (Rabitoy et al., 2015, p. 249). SI participation was a positive predictor of the final 

course grade and final cumulative GPA (Rabitoy et al., 2015).  

The academic performance and retention successes of students who have experienced SI 

have been well documented in various articles in numerous professional journals (Arendale, 

1994; Blanc et al., 1983; Congos, 2002; Dale, 1969; Dawson et al., 2014; Weinstein & van Mater 

Stone, 1993). From the early theories of Edgar Dale’s Cone of Experience to Jean Piaget and 

Constructivism, to Vincent Tinto’s Model of Student Retention, to Claire Weinstein’s work in 

Metacognition, all contributed as underpinnings to the design of the SI model (Weinstein & van 

Mater Stone, 1993). There was great potential for the positive impact of SI on retention, retained 

revenue, final course grades, and graduation rates (Congos, 2002). SI programs satisfied all of 

Chickering and Gamson’s Seven Principles for Good Practice in Undergraduate Education 
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(Chickering & Gamson, 1987). Examples of Chickering and Gamson’s Principles fostered by 

effective SI programs were encouraged student-faculty contact, cooperation among students, 

active learning, communicated high expectations, and respect for diverse talents and way of 

learning (Chickering & Gamson, 1987).  

Supplemental instruction best practices. Supplemental Instruction (SI) utilizes group 

work facilitated by trained peer leaders (PLs) to promote participatory learning versus passive 

learning (Dias, Cunningham, & Porte, 2016). Ultimately, mastered independent learning, critical 

thinking, and time-management skills of students enable them to succeed in developmental math 

coursework (Hurley, Jacobs, & Gilbert, 2006; Karp & Bork, 2012). Academic success during a 

student’s first year in college is critical to college completion (Grillo & Leist, 2013; Peterfreund, 

Rath, Xenos, & Bayliss, 2008). However, the SI strategy was formed for high-risk college 

courses, not for high-risk students (Drake, 2011; Hurley et al., 2006; Phelps & Evans, 2006; 

Wright, Wright, & Lamb, 2002). Some studies have shown better student performance in 

developmental mathematics as a result of SI programs (Phelps & Evans, 2006). Other studies 

have found favorable results not based on SI programs, but based on motivation either part of the 

student or faculty (Drake, 2011; Wang, Betne, Dedlovskaya, & Zaritsky, 2012; Wright et al., 

2002). The data of this study showed an increase in academic performance for developmental 

math, as measured by course pass rate, for the SI over the non-SI cohorts from 52% to 59% (Dias 

et al., 2016). “Overall, notwithstanding earlier literature to the contrary, our results to date 

supported the success of the SI strategy, even for developmental mathematics students” (Dias et 

al., 2016, p. 8).  

Supplemental Instruction (SI), the use of trained student peer tutors leading course 

sessions with collaborative learning to foster student learning, has been used by colleges since 
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1973 (Hurley et al., 2006; Phelps & Evans, 2006). Still, the use of SI to increase student 

outcomes in developmental math coursework has been inconclusive (Phelps & Evans, 2006; 

Wang et al., 2012). Flek’s et al. study aimed to investigate the impact of SI strategies on retention 

and academic performance of developmental math students at Hostos Community College 

during the spring 2013 semester (Flek, Welt Cunningham, Porte, Dias, & Baker, 2015). Prior 

research on the effects of SI programs in non-developmental mathematics showed that student 

performance and retention improved while decreasing withdrawal and failure rates (Kenney & 

Kallison, 1994; Phelps & Evans, 2006). The study of Flek et al. showed improvement for the SI 

cohorts regarding course retention and absolute performance or retention multiplied times 

performance (Flek et al., 2015). “Given the importance of course retention to student persistence 

and graduation, the initial results of the research were promising” (Flek et al., 2006, p. 49).  

Since its introduction in 1973, SI has rapidly gained attention for aiding student 

performance, retention, and academic success (Clark & May, 2015; Phelps & Evans, 2006). Most 

researchers have agreed that SI programs influence academic success in historically difficult 

academic courses. There was no stigma attached to SI assistance since courses slated for SI 

assistance were typically some of the most difficult courses on a college campus (Arendale, 

1998). Some students were unable to meet minimum standards required in entry-level courses. 

When this happened, students had difficulty in academics and social relationships that created 

the inability to interact successfully both socially and intellectually in campus life (Phelps & 

Evans, 2006). Specific to this study at Valencia Community College in Florida, for four 

concurrent semesters, students who attended SI sessions had an overall course grade point 

average (GPA) of 2.8 compared to a 1.7 GPA for students who did not attend any SI sessions 

(Phelps & Evans, 2006). “Supplemental Instruction was one of many programs that have shown 
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tremendous promise as a mechanism for an established climate of achievement for at-risk 

learners” (Phelps & Evans, 2006, p. 34).  

Even as Supplemental Instruction (SI) gained support, its effects have not been 

sufficiently explored to determine whether or not such academic support programs like SI were 

successful in supporting community college transfer students (Clark & May, 2015). Clark and 

May’s (2015) study explored prior academic preparation, results of placement exams, and 

interventions provided by an SI.  A collaborative environment girded the SI Program success, 

workshops on accelerated learning techniques, and individual tutoring (Clark & May, 2015). The 

site for this study is a public university in the University System of Maryland, and the 

participants are a cohort of transfer students entering their junior year in a nursing program 

(Clark & May, 2015). Participation of students in the SI Program resulted in higher grade point 

averages at the end of the first semester, and a reduction in the failure and drop rates from 15% 

to 7% (Clark & May, 2015). SI has earned the reputation as a “highly successful program that 

combines peer facilitation as well as an equal emphasis on content and skills, and it has been 

documented via evidence-based results as a successful academic support model (Malm, 

Bryngfors, & Mörner, 2011). The SI Program, originally called supplemental course instruction, 

was originally developed at the University of Kansas City to address high attrition rates in 

dentistry, medicine, and pharmacy (Clark & May, 2015; Phelps & Evans, 2006). Since then, SI 

has been regarded as a successful academic support model to address high attrition rates among 

all college students, especially underrepresented minority groups (Meling, Mundy, Kupczynski, 

& Green, 2013; Rath et al., 2007). Clark and May’s (2015) study found that students who 

attended seven or more SI sessions in a semester earned one letter grade higher and a GPA higher 

than 3.0 than those who attended six or fewer sessions (Clark & May, 2015). “The academic 
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support program discussed in this study had a significant impact on transfer students’ academic 

performance, partly because its structure is based on tested predictors” (Clark & May, 2015, p. 

510). 

Adjunct and coordinated models. For the current study, two models of supplemental 

instruction (SI) were reviewed, adjunct and coordinated.  The SI adjunct model gives students 

options to choose from like note organization, self-testing, and reasoning (Congos, 2002; Congos 

& Schoeps, 1998). Models of thinking, problem-solving, and effective learning skills allowed 

students in the adjunct model to have a greater assimilation of information (Congos & Schoeps, 

1998). Students are directed more to be collaborative learners working together to solve 

problems than the SI leaders just giving the students the answers. Students are invited to attend 

the adjunct model with no mandatory meetings (Snow & Brinton, 1988). David Arendale (1994) 

described the adjunct model where individuals are assisted on an “as needed” basis, and the 

students decide when assistance is needed. 

The coordinated SI model involved more than just tutoring of a single subject like the 

adjunct model. The coordinated model included widespread, interdisciplinary faculty 

involvement (Arendale, 1994; Wild & Ebbers, 2002). Coordinated activities could have included, 

but are not limited to, a variety of participatory assignments such as discussions, guest speakers, 

lectures, and group activities (Wild & Ebbers, 2002).  

The nine colleges of the Math Pathways Project are in the infancy stages of the 

coordinated model.  The colleges have a robust past of the adjunct model. Students were 

placement tested and then given mandatory academic support. Of course, other academic 

supports such as optional tutoring were offered but not mandatory. The nine community colleges 

are beginning to group these students into cohorts to offer them increased levels of social, 
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emotional, and academic support from interdisciplinary faculty, support staff, and tutors. The 

coordinated effort focused on the success of these students in all subjects, not just developmental 

or college-level math. 

Outcomes Education and Leadership 

A community college president’s success depends on the ability to engage the academic 

community in making choices among the many financial and physical resources (Dickeson, 

2009). Performance-based funding (PBF) is utilized by policymakers to force colleges and 

universities to produce increased retention and graduation outcomes in higher education 

(Dougherty, Jones, Lahr, et al., 2014).  The relationship between financial resources and 

academic quality had always been there, but now college leaders must do more with less and 

have become ultra-efficient in allocating resources (Dickeson, 2009).  The leadership rhetoric 

must align with the mission of each community college, and each mission was different because 

community colleges serve their communities, and each community has its differences (Dickeson, 

2009). 

Institutions have made changes in developmental education, counseling and advising 

services, and course articulation and transfer between two and four-year colleges, to have raised 

outcomes and obtained funding via PBF policies and guidelines (Dougherty, Jones, Lahr, et al., 

2014). There are numerous obstacles in responding to PBF policies such as inappropriate 

metrics, insufficient institutional capacity, and changing the academic and demographic 

composition of student bodies (Dougherty, Jones, Lahr, et al., 2014). Unfortunately, unintended 

metrics like restrictions on college admissions and the weakening of academic standards surfaced 

as a result of colleges implementing PBF policies (Dougherty, Jones, Lahr, et al., 2014). 

Retooling advising and counseling services and changing tutoring and SI were common campus-
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level student services changes (Dougherty, Jones, Lahr, et al., 2014). Performance funding 

programs “largely fail to find evidence that performance funding improves graduation or 

retention, although there is evidence of some interesting localized impacts” (Dougherty, Jones, 

Lahr, et al., 2014, p . 40).  If PBF was not increasing outcomes, the failure might be due in large 

part to obstacles institutions encountered trying to implement new PBF policies and procedures 

(Dougherty, Jones, Lahr, et al., 2014).  

A new leadership era. While new funding demands are thrust upon institutes of higher 

learning, a new era emerged requiring college leaders to reallocate resources to accomplish 

increased student success Dickeson (2009), “offers a sounds conceptual framework and a set of 

processes for clarifying institutional purpose and setting academic priorities” (p. xiii). 

Community college leaders will have to increase the quality of academic programs while 

strengthening their college’s reputation, doing this with decreased resources (Dickeson, 2009).  

College presidents are different than corporate CEOs; Corporate CEOs respond to the 

bottom line maximizing profits, while college presidents are resource maximizing (Dowd & 

Shieh, 2014). Dowd and Shieh (2014) defined resource maximizing as doing more with less than 

ever before. Dowd and Shieh (2014) added that from 2005 to 2010, community college 

associate’s degree-granting institutions experienced a 5.3% decrease in average state subsidy per 

full-time equivalent (FTE) student.  Community colleges, unlike their university peers, were not 

well positioned to diversify their revenues (Dowd & Shieh, 2014). The weak relationship 

between tuition increases and changes in enrollment has produced a situation that was contrary to 

the principle of the direct relationship between supply and demand. As tuition costs have 

increased there has not been a corresponding drop in enrollment (Dowd & Shieh, 2014). Students 

cannot offset tuition increases in the present and therefore students loans and student debt 
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increased. What was not clear is whether tuition increases stop low-income students from 

attending community colleges (Dowd & Shieh, 2014). Community colleges were given the task 

to serve populations with higher needs but were given fewer resources per student to accomplish 

student success (Dowd & Shieh, 2014).  

Barriers to successful college completion. The American community college has been 

faced with many financial and programmatic challenges that shaped the future decade of what 

community colleges in America will become (Cohen et al., 2013). During the 1990s, a new 

movement persisted where local funding and control gave way to state-level management 

(Cohen et al., 2013). Student demographics were changing, and faculty perceptions of wanting 

high-quality students may not be the students that occupied the classrooms (Cohen et al., 2013). 

Reductions in available funds, performance-based funding, ever-changing technology, and 

evolving student personnel functions were major challenges facing American community 

colleges (Cohen et al., 2013). Student literacy, the stabilization of the liberal arts, redefining the 

principles of general education, the rise of occupational education, and adult and continuing 

education were important aspects of the American education system and to student success 

(Cohen et al., 2013). The role community colleges played in leveling class structure, and 

enhancing student progress toward higher degrees were important questions raised about 

community colleges.  

For students to succeed in college and developmental math education, community 

colleges implemented better admissions practices. Heil et al. (2014) added that “college 

selectivity does not have the strong effect on graduation that it has been credited with” (p. 930). 

However, academic selectivity may have influenced other student outcomes such as professional 

networks, subjective well-being, and future earnings (Heil et al., 2014). Underperforming 
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colleges that suffered from low graduation rates were largely driven by the composition of the 

student body and by low tuition revenue (Heil et al., 2014).  High tuition rates indicated better 

college resources that promoted student success and also incentivized students to graduate 

because of the large investment (Heil et al., 2014). More important considerations in college 

selection such as favorable financing, proximity to family and social supports, the availability of 

programs, interested faculty, and personal preferences assisted students in selecting the right 

college (Heil et al., 2014). 

The path from urban community colleges to four-year colleges was not successfully 

navigated by all students (Hagedorn, Cypers, & Lester, 2008). Academic focus and choice of 

appropriate course began the success of community college students aspiring to transfer 

(Hagedorn et al., 2008). Community colleges served a key role being, “an access bridge to other 

levels of postsecondary education” for transferring students (Hagedorn et al., 2008, p. 644). 

Despite low success rates of successful transfer and degree completion of community college 

students, these students expressed high academic goals (Hagedorn et al., 2008). Even with low-

grade point averages (GPAs), low placement scores, modest success in developmental education, 

community college students aspired for graduate study (Hagedorn et al., 2008). The greatest 

barriers to successful transfer were convenient course schedules, lack of faculty connections, 

lack of information concerning transfer requirements, and poor academic advising (Hagedorn et 

al., 2008). Efforts to engage students in college life and to enjoy their experiences was beneficial, 

but these efforts must be paired with intensive academic support and consistent advising services 

for students to be successful (Hagedorn et al., 2008).  

The achievement or opportunity gap was one of the major challenges that faced 

community colleges; a White population and an underrepresented minority population (Haberler 
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& Levin, 2014). The minority populations of Latino, Native American, African American, and 

undocumented students continued to succeed at a lower rate than their White, Asian, or more 

affluent peers in entering, persisting and completing community college programs (Haberler & 

Levin, 2014). Cohesion initiated and grounded by faculty where curriculum, instruction, faculty, 

and students are united together focused on the success of students (Haberler & Levin, 2014). 

The connection of all stakeholders was a key component for student success where connections 

occurred within colleges and outside colleges with local business and industry (Haberler & 

Levin, 2014). Structured interactions, like active curriculum and advisory committees, resulted in 

cooperation amongst student, faculty, administration (Haberler & Levin, 2014). Consistency at 

colleges that promoted regular interaction and collective events is the fourth and final conceptual 

condition for the success of students (Haberler & Levin, 2014). Cohesion, connection, 

cooperation, and consistency helped overcome the adversity of students with disadvantaged 

backgrounds and underrepresented minorities (Haberler & Levin, 2014).  

In today’s political and economic climate in America, community colleges are faced with 

the challenge of access and success, while operating under PBF policies. New student success 

metrics are vital to the livelihood of today’s community colleges (Davidson, 2015). Leading 

indicators are metrics that indicate whether early student indicators or attributes give any 

indication of future academic success. Earning 30 credit hours by the end of the first year of 

college, passing a summer class, and completing a college-level English course are the three 

leading indicators positively correlated with successful transfer and associate degree completion 

(Davidson, 2015). Policymakers should use these leading indicators to adjust performance-based 

funding models to counteract any positive or negative gains in funding due to uncontrollable 

student demographics (Davidson, 2015). Davidson (2015) found that some pre-college factors, 
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such as being low-income and underprepared, were negatively correlated with completing an 

associate’s degree or transferring and completing a bachelor’s degree. Math developmental 

education interventions such as paired and compressed courses, summer bridge programs, and 

supplemental instruction result in greater than predicted student success (Davidson, 2015). 

Academic momentum or completing 30 credits by the first year, was the most significant 

predictor of degree completion in Davidson’s findings, and students with 30 credits by the first 

year had 289% greater odds of completing an associate’s degree or transferring (Davidson, 

2015). 

Cognitive growth, good learning orientations, and detailed graduation degree plans were 

elements successful students possess and experience according to (Cruce, Wolniak, Seifert, & 

Pascarella (2006). Other findings associated with positive outcomes include effective teaching 

and learning, interaction with peers, and challenge or high expectations had significant positive 

effects on students’ overall attitude towards literacy and obtaining a college degree (Cruce et al., 

2006). Chickering and Gamson’s (1987) seven principles had a significant positive effect on the 

cognitive development, learning orientations, and educational aspirations of students, at least 

during the first year of college (Cruce et al., 2006).  

If taken seriously, the research about the persistence of students in higher education could 

dramatically affect student success (Tinto, 1997). While changes have been made in student 

affairs (freshman year seminars, mentoring programs, bridge programs) over the past twenty 

years, the academic side of the house and the organization of higher education itself need to 

change (Tinto, 1997). Vincent Tinto added that “one thing we know about persistence is that 

involvement matters (Tinto, 1997). The more socially and academically students are involved, or 

the more students interact with faculty and other students, the more likely they are to persist 
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(Tinto, 1997). If students feel they are valued members of an institute of higher learning and 

have positive interactions, the more likely they will persist (Tinto, 1997). Experiences in 

academic settings in two-year colleges are vital to student persistence, so the challenge is to get 

students at two-year colleges to interact with other students and faculty (Tinto, 1997).  

Involvements inside and outside the classroom have proven to positively correlate with 

increased student persistence especially at community colleges (Tinto, 1997). Shared, connected 

learning experiences, a distinct first-year unit, and faculty organized to work across the 

disciplinary and departmental borders that now divide them, are three steps for any institution of 

higher education to experience increased student persistence (Tinto, 1997).  

Retention is vital to community college success, and student engagement is a key element 

for students to succeed. At all levels of higher education, orientation programs, specialized 

academic advisement, and student success initiatives have been modified across the country. 

Retention’s primary elements are academic, tactical, and operational, yet areas like course 

registration are key to student success and retention (Bass & Ballard, 2012). Student retention is 

a primary gauge for assessing the success of students and the institution.  

Student Social and Academic Integration 

Community colleges have a unique mission in the United States’ higher education 

system. Community colleges have an open-access mission, “which means they are the point of 

access for millions of students, including many from diverse backgrounds,” and therefore enroll 

a larger percentage of minority and low-income students than the four-year universities 

(Tandberg et al., 2014, p. 3). With shorter commuting distances and shorter periods for degree 

completion, community colleges are more attractive to some students (Tandberg et al., 2014). 

Perhaps due to full-time work and being the first in their family to attend college, many 
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community college students place into remedial coursework and consequently have difficulties 

completing degrees. (Tandberg et al., 2014).  

Social challenges. Community colleges have experienced growth in the adult learners 

population where these students are enrolled in flexible, fast-paced courses while balancing 

college, work, and family responsibilities (Noel-Levitz, 2011). As the adult population grows, 

community colleges will need to pay closer attention to the satisfaction these adults experience 

(Kuh, Kinzie, Buckley, Bridges, & Hayek, 2006; Kuh, Cruce, Shoup, Kinzie, & Gonyea, 2008; 

Noel-Levitz, 2011). According to Noel-Levitz (2011), “satisfaction assessment enables 

institutions to strategically and tactically target areas most in need of immediate improvement” 

(p. 2). It facilitated the growth and development of all major aspects of adult learner experiences 

to include their academics and student services (Noel-Levitz, 2011).  Noel-Levitz (2011) 

reported that “research indicates institutions with more satisfied students have higher graduation 

rates, lower loan default rates, and higher alumni giving” (p. 2). Adult learners reported that 

outreach, financing, and life and career planning were most important to them while in college 

(Kuh et al., 2006; Kuh, 2007; Noel-Levitz, 2011). When specifically investigating enrollment 

factors, community college adult learners report that they value the availability of the program, 

the convenient time and place for classes, and lower cost the most (Noel-Levitz, 2011). Most 

importantly, colleges must survey their adult learners if they are going to to be prepared to make 

informed decisions about academic and student services. (Noel-Levitz, 2011).  

As globalization expands, community college leaders need to maintain an international 

perspective to understand various cultural values and synthesized world events. (Manns, 2014). 

The American community college must play a role in internationalizing and creating students 

who are not just citizens but global citizens. Global citizens that experienced international affairs 
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in the classroom, campus, and community to include learning the topics of international politics, 

the global economy, and international social movements (Manns, 2014). Manns (2014) suggested 

that “the recent focus on the internationalization of community colleges has the potential to 

dramatically change the role, scope, and mission of community colleges” (p. 707).  Recent 

programmatic changes that directly result from internationalization include short and long-term 

travel abroad opportunities, international service learning projects, strengthened international 

partnerships, and student and or faculty exchanges (Manns, 2014). Students must have 

participated in international entrepreneurial experiences, developed through creative academic 

environments, which helped students to understand the global arena (Manns, 2014). 

To improve upward social mobility and economic vitality to meet national goals, a 

corresponding improvement in degree outcomes for students who transfer from community 

colleges to universities must occur (Jenkins & Fink, 2016). Students who transfer from 

community colleges to universities were more than likely to be from lower-income homes than 

were students who entered higher education through four-year universities (Jenkins & Fink, 

2016). According to Jenkins and Fink (2016), “the type of four-year institution that students 

transferred to was more important than the type of community college they transferred from” (p. 

38). The income status of students matters; low-income students were less likely than higher 

income students to transfer to or earn a bachelor’s degree from a four- year university (Jenkins & 

Fink, 2016).  

Community colleges serve as the entry point for over 40 percent of America’s 

undergraduates thus expanding our nation's postsecondary capacity (Jenkins & Fink, 2015). 

Students who enter community colleges intend to transfer and earn a bachelor’s degree while 

they enjoy lower tuition costs and an open-access mission (Jenkins & Fink, 2015). Vertical 
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transfer of community college students to four-year colleges provides a chance for upward 

mobility for underrepresented American populations (Jenkins & Fink, 2015).  According to 

Jenkins and Fink (2015), “over 80 percent of community college students intended to earn at 

least a bachelor’s degree, However, only about a quarter end up transferring. Only 17 percent 

complete a bachelor’s degree” (p. 1). Of the 25 percent of students who do transfer to a four-year 

university, 62 percent go on to have earned a bachelor’s degree (Jenkins & Fink, 2015). 

According to Jenkins and Fink (2015), transfer shock, in the form of a lower GPA when 

transitioning to a university, does not seem to persist. “Students who transferred almost all of 

their community college credits were 2.5 times more likely to earn a bachelor’s degree that 

students who transferred fewer than half of their credits” (Jenkins & Fink, 2015, p. 3). Students 

who transferred with a two-year degree were 16 percent more likely to earn a bachelor’s degree 

than a student who transferred without one (Jenkins & Fink, 2015). Students who transferred in 

2011 to a four-year college saved $1.9 billion in tuition costs (Jenkins & Fink, 2015).  

Student Assessment and Placement 

For students to succeed in America’s community colleges, students’ assessment and 

placement realities have become increasingly important. Two necessities are evident when 

students succeeded in courses and programs: 1) completion of prerequisite courses and 2) proper 

assessment of students’ success (Academic Senate for California Community Colleges, 2014). 

Assessing students’ success in prerequisite courses is a fairly straightforward process for 

evaluating grades. However, “placing a student using assessment for placement process was 

necessarily more complicated, as such placements cannot be made based on assessment test 

scores alone” (Academic Senate for California Community, 2014, p.1). Some students may have 

difficulty in demonstrating necessary skills on a single placement test. “Limiting assessment to a 
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placement test, an exam with content and skills questions from several courses in a curricular 

sequence represents a single and potentially unsuitable measure of student preparation for 

college coursework” (Academic Senate for California Community, 2014, p.4). Placement exams, 

prior academic data, discipline experts, and college counselors have proven good elements of 

proper student placement (Academic Senate for California Community, 2014). 

Proper placement of community college students by placing them in appropriate courses 

within programs is important for increasing student success (Collins, 2008). Properly designed 

placement policies include accurately assessing student skills and placing them in the needed 

courses, having consistent standards across colleges, and providing comparable data on student 

outcomes (Collins, 2008). By having clear placement assessment policies, college readiness of 

students has improved; by communicating these policies, the expectations are better understood 

by students (Collins, 2008). Having a good placement policy is not simply about a cut-off score, 

but includes the process of developing a common understanding of what college readiness means 

(Collins, 2008). 

The National Assessment Governing Board (NAGB) conducted a comprehensive study in 

2012 focused on the use of tests and cut-off placement scores. As students enter college, the first 

office they might have visited was an assessment office. Hughes and Scott-Clayton (2011) added 

that “often, placement is determined solely on the basis of whether a score is above or below a 

certain cutoff, although some students may be exempted by prior ACT, SAT, or high school exit 

examination scores” (p. 328). Placement tests have been commonly used as a “high-stakes 

determinant of students’ access to college-level courses (Hughes & Scott-Clayton, 2011, p. 

328).The NAGB found the following tests are the most used nationwide, ACT, SAT, 

ACCUPLACER, ASSET, and COMPASS (Fields & Parsad, 2012). There is a consensus that 
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maintaining open access to community colleges and ensuring that students are meeting minimum 

standards for entry to college-level courses will have assisted in the nationwide student success 

movement (Hughes & Scott-Clayton, 2011). However, there are differing views on determining 

and implementing assessment and placement policy (Hughes & Scott-Clayton, 2011). Hughes 

and Scott-Clayton (2011) suggested that “placement recommendations that result from the use of 

these placement tests (COMPASS and ACCUPLACER) does not improve students outcomes (p. 

344).  Therefore a disconnect exists between the assessment and the intervention (Hughes & 

Scott-Clayton, 2011). “Seventy-one percent of postsecondary education institutions reported 

using some mathematics tests for determining the need for entry-level students for remedial 

courses in mathematics” (Field & Parsad, 2012, p. vi). “About half (53 percent) of postsecondary 

education institutions reported using some reading test for determining the need for entry-level 

students for remedial courses in reading” (Field & Parsad, 2012, p. vii).  

The NAGB found that the majority of two-year and four-year institutions used placement 

tests to decide the need for students to take remedial math or English courses (Fields & Parsad, 

2012). Only 13 percent of colleges reported using other elements than tests to determine 

placement (Fields & Parsad, 2012). The reported placement methods beyond tests were high 

school graduation, end of course tests, high school grades, highest mathematics or English 

courses taken, Advanced Placement or International Baccalaureate scores, and faculty 

recommendations (Fields & Parsad, 2012). 

Using New York community college data, Belfield and Crosta (2014) conducted a study 

of the validity of high school data and placement tests for predicting college course grades. 

Belfield and Crosta (2014) found that “placement tests do not yield strong predictions of how 

students will perform in college” (p. ii). However, high school grade point average (GPA) is 
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useful in predicting college GPA and college credit accumulation (Belfield & Crosta, 2012). 

Assisting college leaders in placement of students would be other high school information such 

as the number of math and English courses taken, honors courses, the number of F grades, and 

the number of credits (Belfield & Crosta, 2012). According to Belfield and Crosta (2012), the 

accuracy of placement tests has severe error rates using cut-off test scores. The error rate for 

English was three out of ten students misassigned; math error rates are lower (Belfield & Crosta, 

2012). Belfield and Crosta (2014) found that “using high school GPA instead of placements tests 

reduces the error rates by half across English and math” (p. ii). 

The use of the new placement test (VPT) by the Virginia Community Collge System 

Office has shown promise for reducing the number of students placed in developmental 

education and for increasing the number of students completing college math (Rodríguez, 2014). 

In fall 2012, Rodriguez (2014) found a 24% higher placement rate into college math for first-

time, first-year students using the VPT as compared with peers who used the COMPASS 

placement exam in the fall of 2010. The percentage of students who placed into and completed 

college math grew by 10% as the fall 2012 cohort progressed. (Rodríguez, 2014). “College 

leaders must plan accordingly for the increased number of students matriculating into college 

math that need extra support to earn a grade of C or higher” (Rodríguez, 2014, p. 3).  

Placement tests are primarily used to group students into courses. However, studies have 

rarely focused on the use of placement tests to inform instructional decisions (Green & Weir, 

2004).  Green and Weir (2004) used the Global Placement Test (GPT), a measure of grammatical 

knowledge, to accurately measure student mastery of grammatical structures and guide 

diagnostic intervention. Contrasting their findings with prior research, Green, and Weir (2004) 
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“cannot, therefore, support the use of the GPT to inform instruction” (p. 487). However, the GPT 

has estimated students’ ability in grammar across contexts (Green & Weir, 2004).    

Using placement tests to place students in developmental or college level courses 

appropriately is an area of concern for community college leaders. According to Armstrong 

(2000), “the increasing use of placement tests to group students by ability has led to legal 

challenges from groups concerned with testing practices and safeguarding open access” (p. 682). 

One challenge to community colleges has been demonstrating that using placement tests to group 

students enhanced their likelihood of success in a course (Armstrong, 2000). Students varied 

characteristics made predicting success in community college courses more difficult (Armstrong, 

2000). Armstrong (2014) added that “sorting students by using cutoff scores on a test may mask 

important individual student characteristics and situations” (p. 682). “The predictive validity of 

test scores with respect to final grade is difficult to establish” (Armstrong, 2000, p. 691). 

Achieving a strong correlation was difficult “due to the differing characteristics and backgrounds 

of students and differences in the grading practices of individual instructors” (Armstrong, 2000, 

p. 691).   

Many students entering college are not ready for college-level courses even though they 

may have completed college preparatory courses in high school (Bailey & Jaggars, 2016; Cohen 

et al., 2013; Hoyt & Sorensen, 2001). Hoyt and Sorensen (2001) found that “over half the 

students who completed high school intermediate algebra and geometry have test scores that 

placed them in remedial math courses at the college” (p. 26).  “More than a third of the students 

successfully completing 12th grade English had test scores that placed them in remedial English” 

(Hoyt & Sorensen, 2001, p. 26). Many students demonstrate success in high school and then 

place in remedial work in college. Concerns regarding the rigor of high school programs became 



41 

 

more frequent (Hoyt & Sorensen, 2001). Hoyt and Sorenson (2001) advocated for further 

collaborative efforts between high school and colleges to improve the preparation of students. 

Possible solutions could be college professors assisting in developing the high school curricula 

and earlier, more intrusive, interventions in the middle school years of lower academic 

performing students (Hoyt & Sorensen, 2001). 

Developmental Education and Remediation 

Many students who begin at community colleges are not college ready and enter an 

extensive developmental education process. When students enter developmental education, they 

may enroll in as many as five levels of non-credit remedial courses (Bailey & Cho, 2010). 

“About 60 percent of incoming students are referred to at least one developmental course. Being 

referred to developmental education was often surprising to them since the large majority of 

community college entrants are high school graduates” (Bailey & Cho, 2010, p. 1). Numerous 

students who may have completed one course never continued to the next course in the sequence, 

nor do many students complete the sequence (Bailey, 2009a). “Many students who are referred to 

developmental never enroll in it” (Bailey, 2009, p. 24). Further complicating the success picture 

of developmental education is the lack of what constitutes being college ready, use of different 

assessments and cut scores, and different levels of support for struggling college level students 

(Bailey, 2009).  

Older students, Black students, part-time students, and vocational students are less likely 

than their peers to progress through their sequence of remedial courses (Bailey et al., 2008). 

There are institutional characteristics such as curriculum, faculty expertise, and financial ability 

that are also related to a lower probability of sequence completion.  
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For students to earn a degree, persisting beyond developmental mathematics is critical 

(Davidson & Petrosko, 2015). Academic ability, coupled with work and family factors, was the 

most statistically significant predictors of developmental math persistence in a study by  

Davidson & Ptrosko (2015). Students who took a developmental math course in person with an 

online component were about one and a half times more likely to persist than students who took 

the course in person. Age was statistically significant; the older you were, the more likely a 

student became to complete remedial math (). And,  when parents’ adjusted gross income 

increased, the likelihood of student persistence increased (Davidson & Petrosko, 2015). 

Many community colleges in America are exploring accelerated developmental math 

programs with the intent of increased student outcomes. The accelerated model allowed students 

to enroll in remediation courses and college-level coursework within a shorter time frame. A 

typically accelerated program may have combined two of three remedial courses into a one-

semester experience. The next semester students enroll in college-level coursework (Jaggars et 

al., 2015). However, there is concern that the lowest developmental students would not benefit  

from an accelerated program; the lowest- achieving students would have performed better in a 

traditional semester-by-semester sequence of remedial courses (Jaggars et al., 2015). “Overall, 

we find that accelerated developmental education provided students with a strong positive boost 

regarding their probability of enrolling in and completing college-level math and English” 

(Jaggars et al., 2015, p. 20).  To have maintained successfully accelerated pathways, colleges 

needed to incorporate rigorous content provided systematic faculty development and enlisted 

targeted student supports (Jaggars et al., 2015).  

At the turn of the current century, many states assigned the responsibility for remedial 

education to their community college system (Bailey et al., 2015; Bettinger & Long, 2005; 
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Cohen et al., 2013). As of 2005, New York, Arizona, Florida, South Carolina, Montana, and 

Virgina, all have policies that prohibit four-year colleges and universities from offering remedial 

education (Bettinger & Long, 2005).  

One of the most important topics for community college faculty is how to help 

developmental students succeed. There is a great need for an in-depth conversation among 

community college faculty about how to best serve these students. LaGuardia Community 

College took part in a grant from the Kresge Foundation that funded the creation of an online 

professional development project called, Taking College Teaching Seriously (Khoule, Pacht, 

Schwartz, & van Slyck, 2015). The project was designed to enhance teaching and learning for 

both full and part-time faculty teaching developmental math and English, based on the 

hypothesis that as faculty becomes more attuned to the impact of the pedagogical choices, their 

improved understanding will have a significant impact on student retention and success (Khoule 

et al., 2015). Faculty worked in an asynchronous online environment in small pedagogy circles, 

assisted by a coach, posting lesson descriptions, reflections, and assessments (Khoule et al., 

2015). “This reflective, collaborative process enables faculty involved to learn more about their 

own and each other’s teaching in a sustained community of practice (Khoule et al., 2015, p. 40). 

When examining North Carolina’s community colleges, researchers found  

that being required to take a remedial course (as we define it in this article) either in math 

or in English significantly reduces a student’s probability of success in college and also 

the probability that a student ever passes a college-level math or English course. 

(Clotfelter, Ladd, Muschkin, & Vigdor, 2015) 

However, for students who took a remedial course in their first semester, there are no 

adverse effects on the probability of returning for another semester (Clotfelter et al., 2015). There 
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were differential effects by a student’s prior academic achievement level, family income, and 

gender. (Clotfelter et al., 2015).  The conclusion of a better developmental education program in 

North Carolina was to assist traditional age community college students assuring they gain the 

necessary skills while they are still in high school (Clotfelter et al., 2015).  

The findings of a study by Benken, Ramirez, Li, & Wetendorf (2015) suggested neither 

that the number of years of high school math courses nor the passing math courses in high school 

prepared students for the academic rigor of college-level courses. Results indicated that a 

student’s attitudes about mathematics were a better indicator of college-level math success 

(Benken, Ramirez, Li, & Wetendorf, 2015). Success was defined as students earning a course 

grade of “C” or higher. (Benken et al., 2015). Benken et al. (2015) suggested “in order to 

improve student success within developmental mathematics programs; we needed a detailed 

picture of who these students are, both regarding their mathematical preparation and affect” (p. 

14). For example, did students possess the essential skills to be successful in college-level math 

and did students have negative attitudes and anxiety towards mathematics.  

Problem and Purpose Statements and Research Questions 

Out of this environment of scholarly inquiry, there appears to emerge the vacancy of 

research exploring the relationships of co-enrollment of remedial math coursework and college-

level math student success. Filling this vacancy is important due to less than half of the students 

that begin developmental education complete it (Bahr, 2010, 2012; Bailey et al., 2015). 

Unfortunately, ever fewer students that begin developmental education graduate with a degree 

(Bahr, 2010, 2012; Bailey et al., 2015).  

The purpose of this study was to conduct a rigorous examination of co-enrollment of 

students in math remediation and college-level math. A quasi-experimental, posthoc design 
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examined the outcomes and the relationships of two groups of students who participated in a 

pilot project the goal of which was to assess the co-enrolled model that is designed to provide 

students with mathematics support. One group of students enrolled in a traditional model of 

developmental mathematics. The second group of students co-enrolled in developmental and 

college-level math.    

 Therefore, the goal of this present study is to ascertain answers to the following research 

questions: 

1. For students in the two groups of community college students in the sample under 

study, is there a difference in the completion of developmental math courses by the 

end of the spring 2017 semester? 

2. Is there a difference in the completion of college-level math courses by students in the 

two groups by the end of the spring 2017 semester? 

3. For the two groups in the study, is there a difference in the grades of students in their 

college-level math courses by the end of the spring 2017 semester? 

4. For the students in the sample, is there a difference in the number of credits that 

students completed by the end of the spring 2017 semester? 

5. Is there a difference in the completion by students in developmental math courses by 

college type, using the criteria of rural and urban? 
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CHAPTER 3 

Methodology 

Introduction and Goals of the Study 

The literature review provided in the previous chapter produced co-requisite math 

remediation as a potential path for students to complete college-level math more successfully 

(Bailey & Jaggars, 2016; Bailey, Jenkins, & Jaggars, 2015). The most relevant research added 

that in the United States, almost two-thirds of incoming community college students were not 

academically prepared for college-level coursework (Bailey, 2009; Bailey & Cho, 2010; Bailey 

&  Jaggars, 2016; Bailey et al., 2015; Jaggars & Hodara, 2013). The incoming student population 

was less exclusive than in the past, resulting in heterogeneity of the student population (Bettinger 

& Long, 2005; Goldrick-Rab & Cook, 2011). Colleges addressed the unplanned developmental 

math population growth of more students not being college ready with extensive developmental 

education programs. (The terms developmental and remedial are used interchangeably in this 

study.) The purpose of developmental education programs was to provide students with weak 

academic skills with the opportunity to strengthen those skills and thus to prepare them for 

college-level coursework (Bailey et al., 2010; Bettinger & Long, 2005). But, less than half of the 

students who began developmental education in the U.S. complete the course or courses in which 

they are placed, and were 11% less likely to complete a two-year degree within three years 

(Bahr, 2010, 2012; Bailey et al., 2015; Bettinger & Long, 2005).  

Providing remediation for unprepared entering students was one of the greatest 

challenges to America’s community colleges. Community college students struggled to progress 

through the current model of developmental math coursework (Bailey et al., 2015; Jaggars & 

Hodara, 2013; Scott-Clayton & Rodriguez, 2012).Students were not progressing through 
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developmental math, and subsequently not completing college-level math. Consequently, 

students did not graduate with a degree or a certificate or transfer to a four-year university. 

Perhaps students who co-enrolled in developmental math with college-level math or co-requisite 

remediation will achieve greater success or better grades in their college-level math courses. 

Therefore the goals of this present study were to ascertain answers to the following research 

questions: 

1. For students in the two groups of community college students in the sample under 

study, is there a difference in the completion of developmental math courses by the 

end of the spring 2017 semester? 

2. Is there a difference in the completion of college-level math courses by students in the 

two groups by the end of the spring 2017 semester? 

3. For the two groups in the study, is there a difference in the grades of students in their 

college-level math courses by the end of the spring 2017 semester? 

4. For the students in the sample, is there a difference in the number of credits that 

students completed by the end of the spring 2017 semester? 

5. Is there a difference in the completion by students in developmental math courses by 

college type, using the criteria of rural and urban? 

Research Design 

 A quasi-experimental, posthoc design was used for this study. Leedy and Ormrod (2016) 

defined research as the “systematic process of collecting, analyzing, and interpreting information 

to increase our understanding of a phenomenon about which we are interested” (p. 2). Therefore, 

this study described the process of collecting data, analyzing data, and interpreting results with 
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the ultimate goal to increase the understanding of the Phenom of co-requisite math remediation 

of a sample of students in a U.S. Southeastern state’s community colleges.  

By using a quasi-experimental, posthoc research design, this study examined differences 

between developmental only math and co-enrolled college-level math. A cause and effect 

relationship was important to this study, but seeking absolute truths proved difficult and was not 

possible with a quasi-experimental design, and therefore the post-positivist research paradigm 

was used (Leedy & Ormrod, 2016). “Post-positivists believe that true objectivity in seeking 

absolute truths can be an elusive goal” (Leedy & Ormrod, 2016, p. 7). Researchers had biases 

and made objectivity in the collection and interpretation of data more difficult (Leedy & Ormrod, 

2016). By using the post-positivist paradigm, this study hypothesized that the probability that co-

requisite remediation was better at getting students through college-level math than the 

traditional model of developmental education first, then college-level math.  

Through the use of statistical data analysis, answers to the research questions did occur.  

Therefore, a quantitative research methodology was more appropriate to analyze statistical data 

than a qualitative research methodology (Leedy & Ormrod, 2016). The purpose of this proposed 

quantitative study was to seek explanations that will generalize to other research. This study 

intended to “identify relationships among two or more variables and then, based on the results, to 

confirm or modify existing theories or practices” (Leedy & Ormrod, 2016, p. 80).  

A posthoc design proved most beneficial for this proposed study. A true experiment 

where students had random placement in traditional remedial education, co-requisite 

remediation, or college-level coursework was not feasible in a state-wide community college 

system.  Students typically entered a community college, took a placement test, and enrolled in 

courses based upon the score of the placement test as well as work and family schedules (Bailey 
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et al., 2015; Cohen et al., 2013). Therefore, the posthoc design allowed investigation of the 

extent to which specific independent variables affected the dependent variables (Leedy & 

Ormrod, 2016). In a posthoc design, conditions were already in place or events have already 

happened, and then data collection took place investigating a possible relationship between 

variables (Leedy & Ormrod, 2016). “Ex post facto research involves looking at existing 

circumstances with clearly identifiable independent and dependent variables” (Leedy & Ormrod, 

2016, p. 194). Since direct manipulation was not possible, the results could not draw clear 

conclusions about cause and effect (Leedy & Ormrod, 2016). Leedy and Ormrod (2016) argued 

that “the problem here is the experimenter can’t control for confounding variables that might 

provide alternative explanations for any group differences observed” (p. 194). Researchers 

agreed that even with the lack of controlling the independent variable the ex-post facto research 

design was legitimate (Leedy & Ormrod, 2016).  

Specifically, a simple posthoc design was the design used for this study. The important 

difference between the simple posthoc design and a true experiment was timing (Leedy & 

Ormrod, 2016). The treatment happened long before this proposed study took place and therefore 

was called an experience rather than treatment (Leedy & Ormrod, 2016). In a simple posthoc 

design, one group had experienced the treatment while the other group had not. According to 

Leedy and Ormrod (2016), a simple posthoc research design concluded that “certain behaviors 

tend to have an association with certain pre-existing conditions, and we could never have 

determined that any variables were caused by those conditions” (p. 195). 

Grouping students would have strengthened this proposed study’s simple posthoc design. 

Students groups were analyzed using students’ demographic comparison variables, such as the 

number of developmental math modules taken prior to the Fall 2016 semester, financial aid 
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status (yes/no), enrollment (part-time/full-time), first-generation status (yes/no), race (white/non-

white), age (<=25, 26-40, 41+), gender (male, female) and type of college (rural/urban). The 

student groups were developmental only and co-enrolled developmental. Nine of a U.S. 

Southeastern state’s community colleges participated in the pilot project during the 2016 – 2017 

academic year. The results of the analysis of student group demographics suggested that the 

groups were similar without attempting to have the same number in each. Furthermore, all 

student data were utilized.  

Research Study Description 

After receiving approval from the university’s Institutional Research Board (IRB) 

(Appendix A), the proposed research project employed a non-experimental design, due to lack of 

random assignment to student groups. A quasi-experimental, posthoc design supported the 

literature review, the research questions, and the hypothesis.  

Participants and Site 

All students that entered a program of study at a U.S. Southeastern state’s Community 

College System which required a math or English course must satisfy placement requirements 

for these courses (VCCS, 2017). Placement was determined by an acceptable GED, SAT, or ACT 

score. Transfer students submitted a transcript for review and placement (VCCS, 2017). Students 

who did not satisfy placement requirements by the metrics mentioned above were required to 

take the Placement Test in math and English (VCCS, 2017).  

The population of interest for this study was degree and certificate-seeking community 

college students. Many students attended a community college for reasons other than to attain a 

degree (Cohen et al., 2013). The non-degree seeking students typically did not enroll in an 

official program of study, did not take a placement exam, are not placed into developmental 
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education, and may not have taken a math or English course (Bailey et al., 2015; Cohen et al., 

2013). Therefore, degree and certificate-seeking students were the most applicable student 

demographic to include in this study.  

The sample was drawn from the nine pilot colleges that volunteered to be a part of the 

System Office pilot project.  The population size for group one was 7408 students and 208 for 

group two. The process used to select the participants was purposive sampling. Leedy and 

Ormrod (2016) defined purposive sampling as “choosing people or units for a particular 

purpose” (p. 165). For the academic year 2016-2017, that included the Fall 2016 and Spring 

2017 semesters, the year long, longitudinal dataset, used purposive sampling, all students who 

took developmental education were in one group.  All students who enrolled in co-requisite 

remediation were in the second group.   

Data Collection 

After approval was received from the Old Dominion University’s IRB, the data request 

was made to the System Office. The System Office required a written request submitted to the 

Assistant Vice Chancellor for Institutional Effectiveness. After receiving approval from the 

System Office, the actual data collection process occurred.  Personal identifiers were removed 

from the dataset to ensure anonymity of the participants.  

The dependent variables were grades and completion of the first credit math course.  The 

independent variables were traditional developmental math grades and co-requisite remediation 

grades.  The comparison variables were, the number of developmental math modules taken prior 

to the Fall 2016 semester, financial aid status (yes/no), enrollment (part-time/full-time), first-

generation status (yes/no), race (white/non-white), age (<=25, 26-40, 41+), gender (male, 

female) and type of college (rural/urban).  
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Further classification of the variables aided in the data analysis of this proposed research 

project. Variable classification occurred as continuous variables or discrete variables and nominal 

data or ordinal data (Leedy & Ormrod, 2016). Continuous variables “reflected an infinite number 

of possible values falling along a particular continuum” (Leedy & Ormrod, 2016, p. 219). 

Discrete variables “had a finite and small number of values” (Leedy & Ormrod, 2016, p. 219). 

Nominal data are “those for which numbers were used only to identify different categories of 

people, objects, or other entities” (Leedy & Ormrod, 2016, p, 219). Ordinal data were “those for 

which the assigned numbers reflect an order or sequence” (Leedy & Ormrod, 2016, p. 219). 

College-level math grades, traditional developmental math grade performance, and co-requisite 

math grade performance were all discrete and nominal. Gender, age, enrollment status, financial 

aid status, and first-generation status were all discrete and nominal.    

Data Analysis and Reporting 

According to Leedy and Ormrod (2016) “all research requires logical reasoning,” and 

quantitative research usually used deductive reasoning (p. 81). Quantitative researchers began 

with certain premises, hypothesis or theories, and then formed logical summaries from them 

(Leedy & Ormrod, 2016). By maintaining objectivity in data analysis, quantitative researchers 

used predetermined statistical procedures and objective criteria to formulate the results of those 

procedures (Leedy & Ormrod, 2016).  

Descriptive statistics analysis that utilized frequency and crosstabulation tools, logistic 

regression, and ANOVAs were used for the data analysis (Field, 2013). College-level math grade 

performance was the dependent variable (DV), and traditional developmental math grades, and 

co-requisite math grade performance were the independent variables (IV). The comparison 
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variables were gender, age, ethnicity, enrollment status, credits completed by Spring 2017, 

financial aid status, and first-generation status. 

The combination of descriptive statistics and robust analyses of regressions was used to 

develop this study. IBM’s SPSS program was used to perform the analyses. After the analyses 

were complete, the interpretation of the results occurred. Quantitative researchers typically 

described their findings in statistics such as mean, median, correlation coefficients, and statistical 

significance (Field, 2013; Leedy & Ormrod, 2016). A detailed, narrative analysis of the results 

was typically reported using formal, scientific style with impersonal language (Field, 2013; 

Leedy & Ormrod, 2016).  

Data Quality 

The two concepts of internal and external validity originated in early discussions of 

experimental research (Campbell & Stanley, 1971). Internal validity referred to the extent which 

a study’s design and data yield conclusions on cause and effect relationships (Campbell & 

Stanley, 1971; Leedy & Ormrod, 2016). When conducting true experimental designs, internal 

validity was of major concern. However, the ex-post facto design was not a true experimental 

design (Campbell & Stanley, 1971; Hays & Singh, 2012; Leedy & Ormrod, 2016). Therefore, 

internal validity would not be a major concern. External validity referred to the extent where the 

results of one study can be generalized to other contexts (Campbell & Stanley, 1971; Hays & 

Singh, 2012; Leedy & Ormrod, 2016). This study used the external validity strategies of a real-

life setting and a representative sample. The source of the data was the System Office database.  

Reliability was the “consistency with which a measurement instrument yields consistent 

results” (Leedy & Ormrod, 2016, p. 98). Interrater reliability and test-retest reliability were two 

strategies to strengthen this proposed research study. Two different researchers ran the data 
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analyses, at different times, to ensure interrater reliability. The student researcher ran the data 

analyses several different times to ensure test-retest reliability. 

Limitations and Delimitations 

This quantitative, ex-post facto research design had several limitation and delimitations. 

There was no direct manipulation of the independent variable, therefore deeming this research as 

non-experimental (Leedy & Ormrod, 2016). Due to the lack of manipulating an independent 

variable, the researcher could not control for confounding variables that might have provided 

insight into any group difference observed (Leedy & Ormrod, 2016). Additionally, an ex-post 

facto research study could never have definitively determined the relationships among variables 

(Leedy & Ormrod, 2016). Additional data, such as placement test scores, would have been 

beneficial to this study to have examined the relationship of placement test scores and college-

level math success. 

The delimitations of this research design included using additional data of students 

throughout the United States instead of only one state’s data. Using only one U.S. Southeastern 

state’s data, the findings from this proposed study could not be generalized to other states. The 

data range was only for one academic year.  Using data from a ten-year range or all 23 System 

Office Community Colleges would have increased the validity of the study. Confounding 

variables such as high school GPA and highest high school math course completed could be 

added to strengthen the study.  

Summary 

Developmental education was one of the greatest challenges to America’s community 

colleges. However, co-requisite remediation may have been the answer for many students who 

struggle with the traditional model of developmental education. Using a quasi-experimental, 
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posthoc research design, with data from nine System Office colleges, the research study 

responded to the posed research questions concerning co-requisite remediation and college-level 

math.   
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CHAPTER 4 

Analysis of the Data 

 The primary purpose of this study was to determine if co-enrolled students have higher 

completion rates, as measured by their grades in developmental and college-level math courses 

than their peers who took developmental and college-level math courses separately. The research 

was designed to enable an examination of differences in the data describing students’ grades in 

developmental and college-level math courses. This study also examined the question - did 

students who co-enrolled in developmental and college-level math earn more credits by the end 

of the spring 2017 semester than their peers who took developmental and college-level math 

separately.  The completion rates of students in developmental math courses in rural and urban 

colleges were also analyzed.  

Characteristics of the Sample 

 The sample for this study (N = 10,592) comprised students from nine community 

colleges in a southeastern state. Students were selected for this study who co-enrolled in 

developmental and college-level math courses and other students who took developmental and 

college-level math separately during the fall 2016 and spring 2017 semesters. Group one, or the 

comparison group, consisted of students who took developmental and college-level math 

separately in either semester. Group two, or the treatment group, was drawn from students who 

co-enrolled in developmental and college-level math in either semester. To reduce the effects of 

any learned behaviors, such as prior enrollment in developmental math courses before the fall 

2016 semester, these students were removed from the sample.  The resulting sample size was (N 

= 7,616) total students.  There were (n = 7408) students in developmental math only and (n = 

208) students in co-enrolled math.  
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Crosstabulations and frequencies were run between comparison and co-enroll using 

student demographics to determine the differences in the two groups under study. The number of 

college-level credits completed by the end of spring 2017 semester was presented in Table 1. As 

reported in Table 1, the developmental only students had a mean score of 42.09 credits (SD = 

26.10, N = 7408) by the Spring 2017 semester. The co-enrolled developmental students had a 

mean score of 37.62 credits (SD = 24.41, N = 208) by the Spring 2017 semester. A univariate, 

one-way ANOVA found that total number of credits earned by the spring 2017 semester the 

relationship was statistically significant F(1, 7616) = 5.96, p = .015. Those in developmental 

only took significantly more credits than those who were co-enrolled. 

 

Table 1 

Students’ Number of Credits by Spring 2017 

 

Group        M                 SD      N 

 

Developmental Only              42.09   26.10   7408  

 

Co-enrolled Developmental  37.62   24.42   208 

 

p = .015 
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Table 2 depicted the analysis of the two groups using a univariate, one-way ANOVA on 

the number of credits taken Spring 2017 did not vary between the two groups F(1, 7616) = .60, p 

= .437. Developmental only students took an average of 9.32 credits (M = 9.32, SD = 4.19) and 

co-enrolled students took an average of 9.09 credits (M = 9.09, SD = 4.12).  

 

Table 2 

Students’ Number of Credits Taken Spring 2017 

 

Group        M                 SD      N 

 

Developmental Only               9.32    4.19   7408  

 

Co-enrolled Developmental   9.09    4.12   208 

 

p = .437 
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The crosstabulation of financial aid status was listed below in Table 3.  Financial aid 

status was categorized as students who did or did not receive a federal Pell Grant. The percentage 

of developmental only students who received Pell Grants was 47.88%, while 49.04% of co-

enrolled students obtained a Pell Grant award. The two groups had similar percentages of 

students that were awarded a Pell Grant, therefore, adding to the assumption that the two groups 

did not have statistically significant differences. 

 

Table 3 

Students’ Financial Aid Status, Pell Grant or No Pell Grant 

 

Group      Pell            No Pell                   Total  

 

Developmental Only              3547   3861   7408  

                                                          47.88%                        52.12% 

 

Co-enrolled Developmental  102   106   208 

                                                          49.04%                        50.96% 
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Enrollment crosstabulations were reported in Table 4. Students were full-time students if 

they took 12 or more credits in a semester or part-time students if they took 11 or fewer credits in 

a semester.  Full-time students comprised 37.86% of the population of the comparison group. 

The enrollment status of the experimental group was similar with 35.10% of its students were 

classified as full-time. The two groups were similar in full-time and part-time status.  

 

Table 4 

Students’ Enrollment Status 

 

Group             Full Time         Part Time                     Total  

 

Developmental Only              2805   4603   7408  

                                                          37.86%                        62.14% 

 

Co-enrolled Developmental    73   135   208 

                                                          35.10%                        64.90% 
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The first generation status crosstabulation data was reported in Table 5. For this study, 

first-generation was defined as students whose parents never earned a baccalaureate degree. As 

with other demographic variables, the two groups were similar. Approximately two-thirds of 

group one students who were categorized as first-generation students and slightly less group two 

students were categorized as first-generation.  

 

Table 5 

Students’ First Generation Status 

 

Group             Yes            No         NA                  Total  

 

Developmental Only                     4972          2430   6  7408  

                                                       67.12%            32.80%              0.08% 

 

Co-enrolled Developmental          135            73   0   208 

                                                       64.90%            35.10%                 0% 
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Race crosstabulation data were listed in Table 6. Students were categorized as white or 

Caucasian if they identified themselves as white and non-white for all other students.  

Developmental only students consisted of 52.04 % of white students and 48.56% of the co-

enrolled students identified as white.  

 

Table 6 

Students’ Ethnicity Status 

 

Group               White                     Non-white                    Total  

 

Developmental Only              3855   3553   7408  

                                                          52.04%                        47.96% 

 

Co-enrolled Developmental   101   107   208 

                                                          48.56%                        51.44% 
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The crosstabulation age data were listed below in Table 7. For this study ages were 

categorized as follows: 25 years and younger, 26 – 40 years old, and students 41 years old and 

older. Group one had 62.80 % of its student who was 25 years old or younger, 28.31% of its 

students were between the ages of 26 and 40, and 8.90% of the group was 41 years of age or 

older. Group two had 55.77% of its students who were 25 years old or younger, 34.62 of its 

students were between the ages of 26 and 40, and 9.62% of its students were 41 years old or 

older. 

 

Table 7 

Students’ Age 

 

Group             <=25          26-40         41+                  Total  

 

Developmental Only                      4652          2097             659  7408  

                                                       62.80%            28.31%               8.90% 

 

Co-enrolled Developmental          116            72   20   208 

                                                       55.77%            34.62%               9.62% 
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Results of a univariate, one-way ANOVA indicated, in Table 8 below, that the two groups 

were similar in age, F(1, 7616) = 2.25, p = .134. Descriptive statistics showed that the 

developmental only student group (M = 26.69, SD = 8.60) and the co-enrolled student group (M 

= 27.60, SD = 8.98) were similar. 

 

Table 8 

Students’ Age 

 

Group        M                 SD      N 

 

Developmental Only              26.69    8.60   7408  

 

Co-enrolled Developmental  27.60    8.98    208 

 

p = .134 
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Table 9 depicted the students’ crosstabulation gender data. This study categorized 

students as male, female, or unknown.  The unknown category was data that was empty when 

accessed.  The comparison group was 47.89% male, and 52.47% female with 0.04% of the data 

left blank. The experimental group was 41.83% male and 58.17% male with no blank data. 

 

Table 9 

Students’ Gender 

 

Group             Male        Female        Unknown              Total  

 

Developmental Only                     3518         3887               3  7408  

                                                       47.49%            52.47%               0.04% 

 

Co-enrolled Developmental           87           121    0   208 

                                                       41.83%            58.17%               0.00% 
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The rural or urban classification of cross-tabulation data were found in Table 10. This 

study used the System Office Rural Horseshoe Initiative Data to classify the nine colleges as 

either rural or urban. Colleges were classified as either rural or urban based on educational 

attainment, income level to meet monthly expenses, unemployment rates, and healthy or 

unhealthy jurisdictions. There were five colleges classified as rural and four colleges classified as 

urban. The percentage of students in the comparison group who attended rural community 

colleges was 20.72%; 79.28% of this group attended urban colleges. The percent of the 

experimental group who attended rural campuses was 19.71%; 80.29% attended campuses in an 

urban setting. 

 

Table 10 

Participants Attending Campuses in Rural or Urban Areas 

 

Group                Rural                         Urban                    Total  

 

Developmental Only             1535   5873   7408  

                                                          20.72%                        79.28% 

 

Co-enrolled Developmental   41   167    208 

                                                          19.71%                        80.29% 
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Evaluation of the Groups 

 After careful analysis of the demographic data analyzed in Tables 1 through 10 used to 

identify the students in the comparison and treatment groups, this researcher determined that 

there were no significant demographic differences in the two groups other than on the dependent 

variables of interest. Therefore all co-enrolled students (n = 208) and all developmental only 

students (n = 7408) were used to answer the five stated research questions. All students (N = 

7616) in the sample did not take any developmental or college-level math courses before the fall 

2016 semester, therefore, reducing any learned behaviors such as other developmental math 

courses.  

Presentation of the Research Findings 

The purpose of this study is a rigorous examination of co-enrollment of students in math 

remediation and college-level math. The research questions that guided this study were as 

follows:  

1. For students in the two groups of community college students in the sample under 

study, is there a difference in the completion of developmental math courses by the 

end of the spring 2017 semester? 

2. Is there a difference in the completion of college-level math courses by students in the 

two groups by the end of the spring 2017 semester? 

3. For the two groups in the study, is there a difference in the grades of students in their 

college-level math courses by the end of the spring 2017 semester? 

4. For the students in the sample, is there a difference in the number of credits that 

students completed by the end of the spring 2017 semester? 



68 

 

5. Is there a difference in the completion by students in developmental math courses by 

college type, using the criteria of rural and urban? 

 Developmental math course completion. I investigated if there was a difference for 

students in the developmental only and co-enrolled groups in the completion of developmental 

math courses by the end of the spring 2017 semester. The analysis found that co-enrolled 

development students completed 74.04% of their developmental math courses while their peers 

who took developmental math separate from college-level math completed 43.35% of their 

courses. Students who earned a grade of A, B, C, D, or S were categorized as complete. Students 

who earned a grade of F, I, R, W, or U were categorized as did not complete. Students that chose 

to audit the course or had no grade data, but are enrolled, were categorized as unknown. Data 

were reported in Table 11. 

 

Table 11 

Students’ Developmental Math Course Completion 

 

Group         Complete   Did Not Complete            Unknown              Total  

 

Dev. Only            3211                       4139                          58  7408  

                                  43.35%                      55.87%                         0.78%                

 

Co-enrolled Dev.        154                         48              6   208 

                                 74.04%                     23.07%                         2.89% 
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 A binomial logistic regression was performed to ascertain the relationship of students’ 

taking developmental only courses or co-enrolled developmental courses on the likelihood that 

participants completed their developmental courses. The relationship of developmental only and 

co-enrolled students with their developmental math course completion was statistically 

significant, χ2(1) = 86.22, p < .001. The model explained 15.0% (Nagelkerke R2) of the variance 

in completing developmental math courses and correctly classified 56.8% of cases. Sensitivity 

was 4.6%, specificity was 98.9%, positive predictive value was 76.2%, and negative predictive 

value was 52.3%. The predictor variable was statistically significant, type of developmental 

course (Table 12). Co-enrolled students had 4.13 times higher odds to pass their developmental 

math course than developmental only students. 

 

Table 12 

Logistic Regression Predicting Likelihood of Developmental Math Course Completion  

 

                                   B    SE          Wald             df               p           Odds Ratio  

 

Course Type          1.42          .17         72.19              1            <.001             4.13                    

Constant                  -.253         .02            115.61             1            <.001               .77      

           

 

A second binomial logistic regression was performed to analyze the relationship of age, 

gender, urban or rural community college attended, ethnicity, first-generation status, number of 

credits taken that term, or Pell Grant or no Pell Grant, on the likelihood that participants 
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complete their developmental courses. The relationship of developmental only and co-enrolled 

students with the independent variables on developmental math course completion was 

statistically significant, χ2(8) = 157.61, p < .001. The model explained 28.0% (Nagelkerke R2) of 

the variance in completing developmental math courses and correctly classified 57.4% of cases. 

Sensitivity was 17.2%, specificity was 89.8%, positive predictive value was 57.6%, and negative 

predictive value was 42.6%. Of the seven predictor variables, three were statistically significant: 

age, number of credits, and Pell Grant status, (as shown in Table 13). Co-enrolled students were 

more than four times more likely to complete than those students who enrolled in a 

developmental course that was separate from a credit-bearing math course. This result was found 

to be statistically significant at the p = <.001 level.  

According to these findings, increases in age had a minimal increase (OR = 1.02) in the 

likelihood of passing a developmental math course. Number of credits was nearly even with an 

odds ratio of 0.99. Having a Pell Grant slightly decreased the odds (OR = .90) of passing a 

developmental math course. Not statistically significant but, females had a minimal increase in 

the likelihood (OR = 1.05) of passing a developmental math course compared to males. Even 

though not significant, students at a rural college were more likely (OR = 1.09) to complete a 

developmental course than those at an urban college. First generation status was nearly even with 

an odds ratio of 0.99. Being non-white slightly decreased the odds (OR = .92) of passing a 

developmental math course.  
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Table 13  

Logistic Regression Predicting Likelihood of Developmental Math Course Completion Based on 

Age, Sex, Urban or Rural, Ethnicity, First-generation Status, Number of Credits Taken That 

Term, or Pell Grant or No Pell Grant 

 

                                       B       SE             Wald             df               p           Odds Ratio  

 

Course Type             1.41          .17            71.17              1            <.001             4.11                    

Age                             0.19          .01             43.17              1            <.001             1.02 

Sex(1)               0.53          .05            1.20               1              .274             1.05                    

Urban or Rural(1)       0.87          .06             2.01              1               .156             1.09  

Ethnicity(1)           -0.09          .05            2.93              1               .087             0.92                    

First Gen.(1)           -0.01          .05            0.00             1                .987             0.99                    

Credits                      -0.01          .01              5.37             1                .021             0.99 

Pell Grant(1)            -0.11          .05              4.55             1                 .033             0.90 

Constant                   -0.57         .12              22.40            1               <.001             0.57 

  

 

College-level math course completion. The following research question aimed to 

analyze college-level math course completion. Is there a difference in the completion of college-

level math courses by students in the two groups by the end of the spring 2017 semester? Cross-

tabulation descriptive statistics were used to produce Table 14. Developmental only students 

completed at a rate of 9.63% while co-enrolled students completed at a rate of 75.48%. Students 

who earned a grade of A, B, C, or D, were categorized as complete. Students who withdrew or 
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earned a grade of F were categorized as never complete. Students who did not enroll in a college-

level math course in the Fall 2016 or Spring 2017 semesters were categorized as never attempt. 

 

Table 14  

Students’ College-level Math Course Completion 

 

Group         Complete   Never Complete            Never Attempt          Total  

 

Dev. Only             713                        278                        6417  7408  

                                  9.63%                         3.75%                         86.62%                

 

Co-enrolled Dev.        157                         51               0   208 

                                 75.48%                     24.52%                         0.00% 

 

 

A binomial logistic regression was performed to ascertain the relationship of students’ 

course type on the likelihood that participants completed their college-level math courses. (See 

Table 15). The relationship of college-level math course completion and developmental only or 

co-enrolled was not statistically significant, χ2(1) = 1.59, p = .212. However, the model explained 

2.0% (Nagelkerke R2) of the variance in completing developmental math courses and correctly 

classified 72.7% of cases. Sensitivity was 4.6%, specificity was 98.9%, positive predictive value 

was 72.7%, and negative predictive value was 0.00%. The predictor variable was not statistically 
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significant, type of developmental course (as shown in Table 15). Co-enrolled developmental 

students had 1.25 times higher odds to pass their course than developmental only students. 

 

Table 15 

Logistic Regression Predicting Likelihood of College-level Math Course Completion  

 

                                   B    SE          Wald             df               p           Odds Ratio  

 

Course Type          .224          .18          1.55               1             .213             1.25                    

Constant                   .942          .07            177.43             1           <.001             2.57      

 

p = .212 

 

A second binomial logistic regression was performed to obtain the relationship of age, 

sex, urban or rural, ethnicity, first-generation status, number of credits taken that term, or Pell 

Grant or no Pell Grant, on the likelihood that participants completed their college-level math in 

Table 16. The relationship of course type on college-level math course completion was not 

statistically significant, χ2(8) = 14.57, p = .068. However, the model explained 18.0% 

(Nagelkerke R2) of the variance in completing college-level math courses and correctly classified 

72.7% of cases. Sensitivity was 100.0%, specificity was 0.0%, positive predictive value was 

72.7% and negative predictive value was 0.0%. Co-enrolled developmental students had 1.25 

times higher odds to pass their course than developmental only students. None of the seven 

predictor variables were statistically significant. Rural students, first-generation students, Pell 
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Grant status, age, and sex was nearly even with an odds ratio close to 1.00. Being non-white 

decreased the odds (OR = .87) of completing a college-level math course. Increases in the 

number of credits slightly decreased the odds (OR = .92) of passing a college-level math course.   

 

Table 16 

Logistic Regression Predicting Likelihood of College-level Math Course Completion Based on 

Race, Sex, Urban or rural, Ethnicity, First-generation Status, Number of Credits Taken That 

Term, or Pell Grant or No Pell Grant 

 

                                       B       SE             Wald             df               p           Odds Ratio  

 

Course Type             0.23          .18             1.54              1              .215             1.25                    

Age                             0.12          .01              2.09              1              .148             1.01 

Sex(1)             -0.01          .13            0.01               1              .977             0.99                    

Urban or Rural(1)      0.12          .17              0.47              1               .494             1.13  

Ethnicity(1)           -0.14          .14            0.94              1               .332             0.87                    

First Gen.(1)            0.07          .15            0.23              1               .634             1.07                    

Credits                      -0.03          .02              3.18              1               .074             0.92 

Pell Grant(1)             0.23          .14              2.74               1               .098             1.26 

Constant                    0.79         .34              5.34               1                .021             2.19 

 

p = .068 

 

College-level math grades. The following research question guided the analysis of 

college-level math grades earned by the students in the comparison and experimental groups. For 
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the two groups in the study, is there a difference in the grades of students in their college-level 

math courses by the end of the spring 2017 semester? Crosstabulation descriptive statistics were 

used to analyze the data of college-level math grade performance of the two groups in this study. 

There were 208 co-enrolled developmental (CD) math students and 991 developmental only 

(RD) math students who took college-level math courses and earned a grade with the grade 

distribution listed below in Table 17. A large portion of group one students (n = 6,417) did not 

attempt a college-level math course in the fall 2016 or spring 2017 semesters and did not have a 

grade to analyze. Developmental only students appeared to achieve at about the same rate as 

those who co-enrolled.  

 

Table 17 

Students’ College-level Math Course Grades 

 

Group            A     B          C               D               F               W                    Total  

 

DO          148           235        228           102            171 107                991  

                   14.93%    23.71%     23.01%    10.29%      17.26%      10.80% 

 

CD                25   46        53              33        40              11                     208 

                   12.02%    22.11%     25.48%     15.87%      19.23%       5.29% 

 

DO = Developmental Only; CD = Co-enrolled Developmental 
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A cumulative odds ordinal logistic regression with proportional odds was run to 

determine the effect of students who co-enrolled developmental math or developmental only 

math, on the belief that co-enrolled students differed in college-level math grades than 

developmental only students (Table 18). The deviance goodness-of-fit test indicated that the 

model was not a good fit to the observed data, χ2(2) = 4.532, p = .104, and most cells were sparse 

with zero frequencies in 78.0% of cells. However, the relationship of the course type on college-

level math grades was statistically significant, χ2(2) = 42.304, p < .001. The odds ratio of being 

in a higher category of the dependent variable, college-level grades, for co-enrolled students 

versus developmental only students was 5.663, 95% CI [0.822, 2.646], a statistically significant 

effect, χ2(1) = 13.895, p < .001. 

 

Table 18 

Logistic Regression Predicting Likelihood of College-level Math Grades  

 

                               95%CI      SE          Wald             df               p           Odds Ratio  

 

Course Type    .822/2.646        .47          13.90             1            <.001            5.66                    

Constant            -.059/.515         .15             2.42              1             .120             1.26      
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A second cumulative odds ordinal logistic regression with proportional odds examined 

the effect of age, sex, urban or rural, ethnicity, first-generation status, number of credits taken 

that by Spring 2017, or Pell Grant or no Pell Grant, to test whether co-enrolled students differed 

in college-level math grades as compared with developmental only students (Table 19). This 

regression analysis was done on a very small sample size (N = 766). The deviance goodness-of-

fit test indicated that the model was a good fit to the observed data, χ2(16994) = 5119.139, p = 

1.000, but most cells were sparse with zero frequencies in 78.0% of cells. The final model 

statistically significantly predicted the dependent variable over and above the intercept-only 

model, χ2(10) = 59.408, p < .001. The odds ratio of being in a higher category of the dependent 

variable, college-level grades, for co-enrolled students versus developmental only students was 

5.264, 95% CI [0.773, 2.549], a statistically significant effect, χ2(1) = 13.446, p < .001. 

Age was not a significant predictor of college-level grades (p = .818) with all other 

variables being held constant. Likewise, ethnicity, (p = .933) and first-generation status (p 

= .790) were not significant predictors of grades while all other variables being held constant. 

The number of credits for the term was a significant predictor (p = .022) of college-level grades. 

The odds of males getting better grades was 0.908, 95% CI [-0.283, 0.091] times than for 

females, χ2(1) = 1.004, p = .316. The odds of rural students getting better grades was 0.822, 95% 

CI [-0.434, 0.042] times than for urban students, χ2(1) = 2.611, p = .106. The odds of non-Pell 

Grant students getting better grades was 0.813, 95% CI [-0.409, -0.005] times than that of Pell 

Grant students, a statistically significant effect, χ2(1) = 4.023, p = .045.  
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Table 19 

Logistic Regression Predicting Likelihood of College-level Math Grades Based on Age, Sex, 

Urban or Rural, Ethnicity, First-generation Status, Number of Credits Taken That Term, or Pell 

Grant or No Pell Grant 

 

                                   95%CI           SE   Wald             df               p           Odds Ratio  

 

Course Type          .773/2.549       .45    1.54              1            .001              5.26                    

Age                          -.012/.009        .01              .05               1            .818                .99 

Sex(1)            -.283/.091       .10    1.00              1            .316                .91                    

Urban or Rural(1)    -.434/.042       .12             2.16              1             .106               .82  

Ethnicity(1)          -.185/.201       .10     .01              1              .933             1.01                    

First Gen.(1)          -.230/.175       .10     .07              1              .790              .97                    

Credits                      .004/.052        .01            5.26              1              .022             1.03 

Pell Grant(1)           -.409/-.005       .10            4.02              1              .045              .81 

Scale                        -.082..489        .15            1.95              1              .162             1.23 

 

 

Completed credits for the spring 2017 term. The fourth research question examined the 

number of credits completed by students in the comparison and treatment groups by the end of 

the spring 2017 semester. Crosstabulation descriptive statistics were used to produce the data in 

Table 20. All students (n = 2,976) who took a developmental math course before the fall 2016 

semester were removed from the sample. More than a third (35.50%) of group one students 

earned 29 or fewer credits, 38.86 % earned 30 to 59 credits, 22.65% earned 60 to 89 credits, 

2.57% earned 90 to 120 credits, and 0.42% earned more than 121 credits. The findings indicated 
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that 38.94% of co-enrolled students earned 29 or fewer credits, 38.46% earned 30-59 credits, 

20.68% earned 60 to 89 credits, 1.92% earned 90 to 120 credits, and 0.00% earned 121 or more 

credits. 

 

Table 20 

Students’ Total Number of Credits by the Spring 2017 Semester 

 

Group            <=29             30-59            60-89            90-120            121+              Total  

 

DO            2630              2879       1678                190                31              7408  

                     35.50%          38.86%         22.65%            2.57%          0.42%       

 

CD                   81             80         43         4                  0               208 

                     38.94%          38.46%         20.68%            1.92%          0.00%        

 

DO = Developmental Only; CD = Co-enrolled Developmental 

 

 

Results of a univariate, one-way ANOVA indicated, in Table 21, that there was a 

statistical difference in the two groups by the dependent variable of number of credits earned, 

F(1, 7616) = 5.96, p = .015. Furthermore, descriptive statistics showed that the developmental 

only student group (M = 42.09, SD = 26.11) and the co-enrolled student group (M = 37.62, SD = 

24.42) were not similar.  Results of the pairwise comparisons showed that developmental only 
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students took significantly more credits and that the mean difference of 4.475 was significant (p 

= .015) at the .05 level.  

 

Table 21  

Students’ Number of Credits Taken by the Spring 2017 Semester 

 

Group        M                 SD      N 

 

Developmental Only              42.09    26.11   7408  

 

Co-enrolled Developmental             37.62    24.42    208 

 

p = .015 

 

A second univariate, one-way ANOVA indicated, with added independent variables that 

the relationship of spring total credits on the two groups was statistically significant, F(1, 7602) 

= 6.444, p = .011 (See Table 22). Age group, urban or rural status, number of credits, and Pell 

status, were significant predictors of spring total credits. Sex, ethnicity, and first-generation 

status, were not significant predictors of spring total credits.  
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Table 22 

Students’ Number of Credits Taken by the Spring 2017 Semester Based on Age Group, Sex, 

Urban or Rural, Ethnicity, First-generation Status, Number of Credits Taken That Term, or Pell 

Grant or No Pell Grant 

 

                                                   df                              F                               p             

 

Age Group                             2, 7602                          30.144                          <.001 

Sex(1)                          1, 7602                           2.063                             .151 

Urban or Rural(1)                   1,7602                          56.314                          <.001 

Ethnicity(1)                1,7602                           1.448                             .229 

First Gen.(1)                2,7602                            .941                              .390 

Credits                                     1,7602                         95.029                           <.001 

Pell Grant(1)                           1,7602                          11.852                             .001 

 

 p = .011 

 

 

Results of the pairwise comparisons found that developmental only students took 

significantly more credits and that the mean difference of 4.60 was significant (p = .011) at 

the .05 level (See Table 23).  
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Table 23 

Students’ Number of Credits Taken by the Spring 2017 Semester Based on Age Group, Sex, 

Urban or Rural, Ethnicity, First-generation Status, Number of Credits Taken That Term, or Pell 

Grant or No Pell Grant 

 

Group        M                 SD      N 

 

Developmental Only              43.61     3.53   7408  

 

Co-enrolled Developmental             39.01     3.95    208 

 

p = .011 

 

Developmental math course completion by type of college. The fifth research question 

analyzed the completion of developmental math by rural or urban college students. 

Crosstabulation descriptive statistics produced the data in Table 24 showed that 45.76% of 

developmental only students that attended a rural college completed developmental math, and 

42.72% of developmental only students that attended an urban campus completed developmental 

math. Similarly, the percentage of co-enrolled students that attended each type of campus and 

completed a developmental math course in nearly the same.    
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Table 24 

Students’ Developmental Math Course Completion by Type of College 

 

Group         Completed Did Not Complete            Unknown              Total  

 

DO Rural              701                       824                          7  1532  

                                  45.76%                     53.79%                         0.45%                

 

DO Urban            2510                         3315                               51                      5876 

           42.72%                     56.42%                          0.86% 

 

CD Rural                     30                        9              1     40 

                                 75.00%                   22.50%                          2.50% 

 

CD Urban                  124           39   5   168 

          73.81%        23.21%             2.98% 

 

DO = Developmental Only; CD = Co-enrolled Developmental 

p = .820 

 

Results of a univariate, one-way ANOVA indicated that the relationship between the two 

the independent variables and rural or urban status was not statistically significant, F(1, 7548) = 

0.52, p = .820. The rural and urban students were similar in the completion of developmental 

math courses.  
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Summary 

 Utilizing descriptive statistics, univariate ANOVAs, binary logistic regressions, and 

ordinal logistic regression, the data analysis provided the necessary information to produce 

findings. Co-enrolled developmental students were more than four times likely to complete their 

developmental course than developmental only students. Co-enrolled students completed 

college-level math at a rate of 75% and their developmental only peers completed at a rate of 

10%. Co-enrolled students were more than five times more likely of earning a higher grade in 

college-level math than developmental only students. Developmental only students took 

significantly more credits than co-enrolled students. No matter the type of institution, rural or 

urban, there was not a statistically significant difference in the two groups completing 

developmental math coursework.   
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CHAPTER 5 

Discussion and Conclusion 

Overview 

 Across America, nearly two-thirds of community college students were not academically 

prepared for college-level coursework (Bailey, 2009; Bailey & Cho, 2010; Bailey & Jaggars, 

2016; Bailey, Jenkins, & Jaggars, 2015; Jaggars & Hodura, 2013). Students place into 

developmental math courses that may or may not help them to be successful in math. Based on 

the findings of this study, co-enrolled developmental and college-level math experiences 

provided a solution for students to be more successful in college-level math . This study 

examined completion rates and grades of developmental and college-level math, the number of 

credits students attained, and the rural-urban breakdown of student developmental math success. 

Discussion of the Research Findings 

 This study was part of an examination of  the lack of success students experience in 

developmental math coursework. Developmental math course completion, college-level math 

completion and grades, the number of credits completed by the spring 2017 semester, and 

developmental math course completion by the type of college were  examined to see if co-

enrollment was a better solution for students to succeed in math than the developmental only 

math program.  The first group (n = 7408) represented the developmental only math students 

who took developmental math courses  and then subsequently took college-level math. The 

second group (n = 208) represented the co-enrolled developmental math students that took 

developmental and college-level math in the same semester.  

  



86 

 

Developmental math course completion. The first research question examined the 

completion rates of students in the two groups in this study, developmental only, and co-enrolled. 

Developmental only students completed their developmental math courses at a rate of 43.35%, 

and co-enrolled developmental students completed their developmental math courses at a rate of 

74.04%. Co-enrolled students were four times more  likely to complete their developmental 

courses than developmental only students. 

 By the addition of the covariates of age, sex, urban or rural, ethnicity, first-generation 

status, the number of credits taken by the Spring 2017 semester, and Pell Grant or no Pell Grant, 

the explanation of the model (Nagelkerke R2) increased by 13%. Of the seven predictor 

variables, three were statistically significant: age, number of credits, and Pell Grant status. 

Increasing age was associated with an increased likelihood of passing a developmental course, 

but increasing the number of credits was associated with a reduction in the likelihood of passing 

a developmental course. Students that received a Pell Grant are less likely to pass a 

developmental course. Sex, urban or rural status, ethnicity, and first-generation status were not 

significant predictors of developmental math course completion.   

 College-level math course completion. The second research question examined college-

level math completion. Developmental only students completed college-level math at a rate of 

only 9.63%, yet the co-enrolled developmental math students completed college-level math at a 

rate of 75.48%. The completion rate difference between the two groups was 65.85%. There was a 

large group of developmental only students (n = 6,417) that never attempted a college-level math 

course in the fall 2016 or spring 2017 semesters. All co-enrolled students were either in the 

complete or never complete category.  
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A binomial logistic regression indicated that co-enrolled developmental students had 1.25 

times higher odds to complete their college-level math course than developmental only students.  

When demographic predictor variables were added to a second binomial logistic regression, none 

of the seven predictor variables were statistically significant.  

 College-level math grades. The third research question looked at college-level math 

grade performance. A large portion of group one students (n = 6,417) were removed from the 

grade analysis because they did not enroll (never attempt) in a college-level math course. 

Developmental only students earned a grade of A, B, C, or D at a rate of 71.94% and the co-

enrolled students earned a grade of A, B, C, or D at a rate of 75.48%; a difference of 3.54%.  

Developmental only students withdrew at a rate of 10.80%, and the co-enrolled students 

withdrew at a rate of 5.29%; a difference of 5.51%. There was a significant difference in 

withdrawal rates of the two groups, and this analysis further suggested that co-enrollment 

reduced the withdrawal rates of students that took college-level math courses in half. The odds 

ratio of being in a higher category of the dependent variable, college-level grades, for co-enrolled 

students versus developmental only students was 5.663. Pell Grant students were more likely to 

have a lower grade in college-level math as compared to non-Pell Grant students. Age, sex, 

ethnicity, urban or rural status, and first-generation status were not significant predictors of 

grades.  

Completed credits by the spring 2017 semester. The fourth research question 

responded to  the question about the number of completed credits by the end of the spring 2017 

semester. There were 225 developmental math students who  earned 90 or more credits by the 

end of the spring 2017 semester, an astoundingly high number  who were apparently “stuck” in 
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developmental mathematics More students must succeed in developmental education without 

accumulating so many credits. 

Results of univariate, one-way ANOVAs indicated that the developmental only students 

took significantly more credits and that the mean difference of 4.475 was a significant difference 

(p = .015) at the .05 level. The independent variables of age group, urban or rural status, number 

of credits, and Pell status were significant predictors of the spring 2017 total credits. Sex, 

ethnicity, and generation status were not significant predictors of students’ number of credits by 

the spring 2017 semester. The pairwise comparisons, with added independent variables, showed 

that developmental only students took significantly more credits and that the mean difference of 

4.595 was a significant difference (p = .011) at the .05 level.  

Developmental math course completion by type of college. The fifth research question 

examined the difference, if any, of the developmental math course completion by type of college. 

No matter the type of institution, rural or urban, students were performing at similar levels in 

developmental only math and co-enrolled developmental math. Furthermore, results of a 

univariate, one-way ANOVA indicated that the relationship between the two groups of the 

independent variables and type of institution, rural or urban was not statistically significant, F(1, 

7548) = 0.52, p = .820.  

Implications for Community College Leaders 

  Community college leaders could use the findings from this research to explore offering 

co-enrolled developmental and college-level math on their campus. The findings from this study 

should cause leaders to investigate their developmental and college-level math results. The 

results of this study indicated that co-enrolled students had higher completion rates in their 

developmental math courses than their peers who took developmental and college-level 
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separately. The study has contributed to the body of research related to the success of co-enrolled 

developmental and college-level math.  If further research results are consistent with the findings 

of this study, practitioners should develop strategies to implement some of the key findings in 

this study. 

 This study supported the hypothesis that co-enrolled students will have better success in 

college-level math than their peers who enroll in the more traditional model of a developmental 

math taken separately. Students that experienced the co-enrolled model were more likely to have 

better college-level math completion rates which should lead to   better college completion rates. 

Faculty and administrators should use the findings of this study to begin to transform their 

curriculum to include the strategies of the co-enrolled model. College-level math faculty will 

experience more student success by moving to the co-enrolled model due to more students that 

completed developmental math. Developmental math faculty will also experience higher 

completion rates for their courses. The same success of co-enrollment realized at community 

colleges may be  duplicated at high schools. Co-enrollment could cause leaders of dual 

enrollment programs to offer some level of developmental education to dual enrolled students 

who struggled to complete college-level math. Policymakers should consider transforming their 

statewide developmental math education programs to include the co-enrolled math model at 

community colleges and in dual enrolled programs. 

 State leaders who revise and develop educational policy should examine the results of 

this study and make the necessary changes to their developmental education programs. These 

same leaders must change policy that coincides with the main finding of this study-.  
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  that many students are referred to sequences of developmental math that do not need them 

Community college leaders should reform any developmental only practices to include the co-

enrolled model. 

 Students will benefit greatly from the results of this study. More students will likely 

succeed in co-enrolled college-level math than the developmental only math programs. Students’ 

persistence should increase for fall to spring rates, fall-to-fall rates, and graduation rates due to 

increases in developmental and college-level math completion of students that used the co-

enrolled model. Student retention will also increase due to better completion rates of 

developmental and college-level math. For many students, math is a major barrier to college 

math college completion and persistence. Students will accumulate less debt and graduate 

sooner. Students’ lifetime earnings will be higher due to less college debt and quicker times to 

entering the workforce. 

Comparisons with Other Related Research Findings 

The importance of this study is  to add to the body of research surrounding co-enrollment 

of developmental and college-level math. There was scant quantitative research on the success or 

lack of success of the co-enrolled model. The findings of this study agreed with Bailey and 

Jaggars (2016) research that supported the co-enrolled model and called it possibly the greatest 

strategy for developmental education the American higher education system has ever seen. 

Cohen, Brawer, & Kisker (2013) added that intense math support coupled with college-level 

math, much like the results of this study, was a much better approach than separating the support 

from the college-level math. Grillo and Leist (2013) suggested that supplemental instruction (SI) 

can be used to support cognitive skills; however, the focus was that SI was for the most difficult 
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courses and the elite students, not for developmental students. This study’s findings did not 

support the findings of Grillo and Leist’s (2013) research, I found that SI can be beneficial to 

students enrolled in the study of basic mathematics. Porter (2010) supported SI and gave many 

examples of successful undergraduate success, but with more elite students; however, this study 

supported similar success for students who could not pass a math placement test, but could 

achieve success in the co-enrolled model. Contrasting the viewpoints of the SI scholars, Rebecca 

Cox, suggested that developmental math education reform must have a new look from the 

traditional model (2015).  The findings from this study support Cox’s (2015) movement from the 

traditional developmental model to the co-enrolled model. Nikki Edgecombe (2011) proposed 

that developmental education students need an accelerated model for remedial education that 

reorganizes instruction and curricula to shorten the completion time of college-level math. The 

co-enrolled model is just such an accelerated model to completion for students. Martinez and 

Bain (2014) have suggested that developmental education may cost colleges and society too 

much to continue their support at the college level. Based on the findings of this research, I 

disagree with Martinez and Bain and support the co-enrolled model for students as a pathway to 

success in developmental and college-level math.  

This study improved on and mostly supported  the work of  these scholars  due to the 

large data set and the quasi- experimental research design utilized. Data from nine colleges in a 

southeastern state were analyzed to produce findings that suggested that the co-enrolled model 

was more likely to produce success for students to complete developmental and college-level 

math than the developmental only model. Co-enrolled students were more likely to have a grade 

in college-level math in a higher-grade category. Developmental only students earned 
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significantly more credits by the spring 2017 semester. Rural and urban students experienced 

similar completion rates of developmental math.  

Recommendations for Further Research 

 The sample population of this study was 7,616 students from nine colleges in a U. S. 

Southeastern State. Conducting similar studies in other states would have added to the 

generalizability of the findings of the study. A future study could utilize   other sample 

population and examine the college completion rates of  similar groupings of students . Another 

study could focus on why students succeeded in developmental and college-level math and their 

experiences, using a qualitative research design. Additional qualitative research could focus on 

the rural and urban breakdown of the colleges to examine any identifiable differences. Lastly, a 

study could investigate a   group of developmental students that enroll in developmental only 

math but do not enroll in college-level math.  

Conclusion 

Across America, nearly two-thirds of community college students were not academically 

prepared for college-level coursework (Bailey, 2009; Bailey & Cho, 2010; Bailey & Jaggars, 

2016; Bailey, Jenkins, & Jaggars, 2015; Jaggars & Hodura, 2013). Students placed into 

developmental math courses that may or may not have helped them to be successful in math. Co-

enrolled developmental and college-level math was a solution for students to be more successful 

in math. Co-enrolled developmental math students had better completion rates than their 

developmental only math peers by a margin of almost two to one. Co-enrolled students had a 

30.69% better chance of getting a satisfactory grade in their developmental math course than 

their developmental only peers. Co-enrolled math students (75.48%) completed college-level 
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math at higher rates than their developmental only peers (9.63%). Co-enrolled students withdrew 

at nearly half the rates their developmental only peers.  

It is not acceptable that 225 students in this study had 90 or more credits and were still in 

developmental education. No matter the type of institution, rural or urban, students were 

performing at similar levels in developmental only math and co-enrolled developmental math.  

Co-enrolled developmental and college-level math is  a better solution for students who need 

developmental coursework. 
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