
ABSTRACT 

BOWMAN, KATIE DANIELLE. Effects of Reinforced Instruction for Student Excellence (RISE) 

on Student Success in Gateway Mathematics Courses in North Carolina Community Colleges: A 

Regression Discontinuity. (Under the direction of Dr. James Bartlett, II). 

 

Introduction: Reinforced Instruction for Student Excellence (RISE) is a corequisite model of 

remedial mathematics that North Carolina Community Colleges began piloting and 

implementing over the last few years to eventually replace the prerequisite model of remedial 

mathematics that had previously been in place. 

 Problem Statement: The success of students, completing diplomas, certificates, and 

degrees in a timely manner to be able to transfer to complete the bachelor’s degree or obtain a 

job that pays a family sustainable wage is paramount; therefore, with the low percent of students 

ever exiting developmental math, the current structure of remedial education in North Carolina 

must be transformed.   

Theoretical Framework: Tinto’s (1993) Theory of Student Departure and Bandura’s 

concept of self-efficacy within the Social Cognitive Theory were paired to frame this dissertation 

to better understand the effects of RISE on student success. 

Objectives: This dissertation sought to determine whether the corequisite courses were 

aiding in student success outcomes for those students who were placed into the corequisite 

course as well as the gateway math course.   

Methods: This dissertation employed a quasi-experimental design known as regression 

discontinuity to determine the effect of a specific treatment which, in this study, would be the 

corequisite course.  The control group consisted of the students who were taking the gateway 

math courses without the corequisite course.   



Results: The dataset for this dissertation included over 2,500 students from three North 

Carolina community colleges of varying size and location.  In terms of completion, retention, 

and credits accumulated, RISE did not have a significant relationship with any outcome.  When 

the population was further disaggregated by enrollment status, the results indicated that RISE did 

not have a significant relationship with part-time student outcomes, but it did have a significant 

relationship with full-time student outcomes.  Based on the results of this study, RISE had a 

statistically negative impact on full-time students in terms of successful completion of gateway 

math courses as well as credit accumulation. 

Recommendations: There may not be one policy for everyone.  This could apply to 

students based on their enrollment status or it could apply at the institution level.  Schools should 

be assessing the effectiveness of their developmental math practices to determine what works 

best for their students.  The state system should allow each school to decide how they want to 

implement developmental math practices to better suit their students.  This could impact faculty 

in different ways such as increasing their workload.  Lastly, theories and models could be 

modified for full-time versus part-time students to better describe the variances in their 

experiences and the factors that could affect them. 

Conclusion: RISE has resulted in a statistically significant negative impact on student 

success for full-time students, but not a statistically significant impact on part-time students.  As 

a whole, the impact on all students was not statistically significant.  So, while RISE is not 

necessarily helping students who are placed into these corequisite courses, it is also not hurting 

these students in terms of their success when compared to their non-corequisite classmates. 
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CHAPTER 1: INTRODUCTION 

Data suggests that community college students are often unable to complete their 

gateway mathematics courses if they are placed into developmental prerequisite coursework 

(Calcagno & Long, 2008; Bailey, 2009; Bailey, Jeong, & Cho, 2010; Clotfelter et al., 2015; 

Scott-Clayton & Rodriguez, 2015).  Twenty percent of students who are referred to 

developmental mathematics course sequences enroll in their gateway mathematics course within 

three years of initial enrollment (Bailey, Jeong, & Cho, 2010).  Failure to complete the 

prerequisite developmental mathematics courses results in students being unable to enroll in or 

complete the gateway mathematics courses required for their degree thus preventing completion.  

Additionally, in some instances this situation can lead to students not being able to start program 

specific courses or degrees that would enable them to gain skills to enter the workforce.   

Many believe an underlying problem in developmental education is the way colleges 

assess students and place them into college level coursework or remedial coursework (Calcagno 

& Long, 2008; Clotfelter et al., 2015; Melguizo et al., 2014; Melguizo et al., 2015; Scott-Clayton 

& Rodriguez, 2015).  Development education is not a new problem in higher education.  

Arendale (2002) stated that in the 1800s students were arriving at colleges unprepared to 

complete college level courses.  As stated by Ganga et al. (2018), “The goal of developmental 

education is to improve students’ skills to increase their chances of success in a credit-bearing, 

college-level program.”  The developmental education system was designed to promote access to 

a post-secondary degree for those who may have been academically underprepared.  The system 

and processes students must undertake to proceed through developmental education are 

increasingly difficult.  As more students enter postsecondary education for the purpose of 

obtaining employment, colleges are confronted with an even wider range of entering abilities and 
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experiences.  Colleges assess a student’s readiness most often using a placement test, such as the 

ACCUPLACER, as a part of their admissions process (Bailey, Jaggars, & Jenkins, 2015).  The 

ACCUPLACER provides scores and schools set specified cutoffs to determine whether the 

student needs remedial courses for English, reading, or mathematics prior to enrollment in their 

gateway courses, such as the first credit bearing math course (Bailey, Jaggars, & Jenkins, 2015).  

Historically, students deemed unprepared would be directed to take remedial coursework prior to 

even enrolling in gateway courses.  These remedial courses are considered prerequisites and they 

do not carry any college credit.  In mathematics, required remedial coursework could be one 

course or a sequence of developmental mathematics courses that could take multiple semesters to 

complete.  According to the National Center for Education Statistics (Kena et al., 2016), nearly 

half of the incoming students at public 2-year institutions needed to complete two or more 

remedial courses, but not all students passed them.  Only forty-nine percent of these students 

completed all the remedial courses that they attempted which ultimately means they did not 

complete their gateway courses and thus did not complete their degree (Kena et al., 2016).  This 

does not even account for students that placed into developmental courses and decided to not 

enroll.  For all students, those that completed and did not complete developmental math courses, 

the North Carolina Community College System (NCCCS) reports only 41.5% enrolled 

successfully earned a “C” or better in their college-level math courses within three years of 

starting at a community college (NCCCS, 2019).  However, for students to enter this course, they 

may need to take up to eight developmental math courses, that in 2018-19 were reported having 

success rates between 52% to 75% (NCCCS, 2020).  Using these figures, it is likely that only 4 

out of 100 students that are required to complete the full sequence of developmental mathematics 

even get a chance to start a college level math course.  While these numbers represent an 
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improvement for NCCCS institutions over previous years, they also indicate a severe remedial 

coursework completion issue.   

Failure to complete remedial coursework is not uncommon.  In fact, sources would say 

that students who are required to complete remedial coursework will try to find ways to avoid 

this coursework (Collins, 2008) and of those who actually enroll in this coursework, a small 

percentage actually complete their degree (Attewell, Lavin, Domina, & Levey, 2006).  

Particularly in community colleges, there has been an intensified effort to confront the poor 

outcomes of the developmental coursework model.  One learning model that was proposed and 

implemented in several states, including North Carolina, was multiple measures.  This initiative 

used other sources of student data, high school information, in addition to their placement tests to 

determine college readiness and placement (Belfield & Crosta, 2012; Ngo & Kwon, 2015).  This 

was considered an accelerated learning model as it would consider the student’s high school 

performance as illustrated by their grade point average (GPA) and the number of mathematics 

courses completed.  Additionally, if students did not meet the GPA requirement of 2.6 or higher, 

then the college would also take into consideration their ACT or SAT scores to determine 

placement (See Appendix A).  If a student scored a 530 or higher on the SAT or a 22 or higher 

on the ACT, they could go directly to college level math. 

Statement of the Problem 

The success of students, completing diplomas, certificates, and degrees in a timely 

manner to be able to transfer to complete the bachelor’s degree or obtain a job that pays a family 

sustainable wage is paramount; therefore, with the low percent of students ever exiting 

developmental math, the current structure of remedial education must be transformed.  By not 

completing these requirements, students cannot obtain postsecondary credentials and will likely 
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not have economic mobility.  If prerequisite remedial programs continue to have low completion 

and retention it will be challenging for states like North Carolina to achieve attainment goals like 

those set by MyFutureNC, which aims to ensure by the year 2030 that 2 million North 

Carolinians have a credential or postsecondary degree (MyFutureNC, 2019).  Due to the lack of 

progression in developmental programs, researchers began to investigate potential issues within 

the sequence of developmental coursework completion.  In a project led by the Carnegie 

Foundation, Bryk et al. (2015) reported that instructional systems, productive persistence, 

language and literacy, and advancing teaching were all primary drivers to increase the likelihood 

of community college students in developmental math to complete within a year of continuous 

enrollment.  While this project sought to increase those placed into developmental math to 

complete a credit-bearing math course in a year from 5% to 50%, it still leaves half of the 

developmental math students unable to complete a credit bearing math course.  Another response 

that aligns with this work was accelerated developmental programs which allowed students to 

complete their remedial coursework and enroll in their gateway courses earlier in their pathway 

to the completion of their degree (Hodara & Jaggars, 2014; Jaggars, Hodara, Sung-Woo, & Xu, 

2015).  This meant that the assessment and placement strategies for remedial coursework needed 

to be reevaluated.   

Community colleges have been trying new methods and models to increase success in 

developmental math.  The multiple measures initiative was another response that assessed and 

placed students based on consideration of their high school GPA as well as the number of 

mathematics courses completed (Belfield & Crosta, 2012).  North Carolina adopted this 

placement policy in 2013 and as a result, students were able to take curriculum-level courses 

without remediation as long as their GPA was 2.6 or higher (See Appendix).  While this 
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initiative was helping some students, it was also noted that students who had a high school GPA 

of 2.6-2.99 were less likely to complete or earn a C or better in their gateway mathematics 

courses (Multiple Measures, 2017).  Early results from Davidson County Community College 

indicated that students with a GPA below 3.0 were not as successful in college-level courses.  

The college chose to implement support labs for students in the 2.6-2.99 GPA range since greater 

access to college-level courses also resulted in an increase in the need for additional supports for 

students (Multiple Measures, 2017).  Due to these initial results, the North Carolina Community 

College System (NCCCS) chose to examine these additional supports as their next potential 

model for reform.  These supports began as separate support courses for precalculus algebra and 

eventually branched into the current corequisite model that provides a support course for each 

gateway math course. 

Significance of the Study 

To address this problem, the NCCCS created Math Skills Support courses to accompany 

statistics and precalculus algebra courses. The Math Skills Support courses were described as 

supplemental labs for students who were in their first gateway math courses.  The community 

colleges that had previously implemented multiple measures were encouraged to create these 

support courses and were allowed to require students who were in the 2.6-2.99 GPA range and 

did score 530 on the SAT or 22 on the ACT to complete the support courses.    The courses were 

to be one credit hour and graded Pass/Fail with an emphasis on basic math skills to supplement 

their learning in their gateway courses.  Due to the large number of students in that particular 

GPA range, select North Carolina Community Colleges implemented these corequisite courses 

and collected data over a five-year period through the Multiple Measures Grant to determine if 
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the co-requisite intervention helped the progression of these students and what this would mean 

in terms of placement for future students.   

Based on the initial success of these support courses along with research from other 

community college systems, the NCCCS has designed and began implementing Reinforced 

Instruction for Student Excellence (RISE), a corequisite remedial education model (Newsom, 

2019).  RISE is intended to improve student success by allowing eligible students that need some 

remedial assistance to take their gateway math course and a corequisite course to aid in their 

completion.  RISE is being implemented at select community colleges in North Carolina at this 

time.  The final implementation date for all NC community colleges was supposed to be the fall 

2020 semester, however, this implementation date was extended due to the COVID-19 

pandemic.  The ultimate goal of RISE is to get students into their gateway courses sooner and 

complete successfully on a shorter timeline than the previous developmental education model.   

It is important to understand if the changes made to include corequisites in remedial math 

impact student success.   Scott-Clayton and Rodriguez (2012) state that the current practices are 

achieving low completion rates in prerequisite remedial programs and subsequent low retention 

into college-level gateway courses suggests that these remedial programs are serving as an 

obstacle to progression instead of the support bridge as intended.  For community colleges to 

understand what is working and what they need to scale, it is critical to see how the RISE model 

is impacting student success.  The current RISE model builds on the recommendation of The 

Community College Research Center that found that the longer the remedial sequence, the more 

discouraged the student.  It is clear that there is a lack of college readiness, however, the methods 

currently being used have not been tested in their current settings to see if the outcomes are 

better.    
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There is also a clear link between college degree completion and success in college-level 

mathematics (Ali and Jenkins, 2002).  The Community College Research Center found in a study 

of 57 community colleges that more than 90% of students that are placed three or more levels 

below college math never complete a college-level math course thus they cannot complete their 

degree (Hern, 2012).  With this in mind, colleges have been redesigning their remedial programs 

to ensure that more of these underprepared students are able to complete their gateway courses 

and enter their desired program of study as quickly as possible (Jaggars, Edgecombe, & Stacey, 

2014).  To do so would require an accelerated model of remedial education that emphasizes 

assessment and placement, but also the outcomes in math courses (Cox 2015).  The argument for 

the corequisite model gained momentum as a student acceleration strategy because it connected 

students to academic support while allowing them to immediately enroll in their college-level 

gateway course simultaneously (Hern, 2012; Jaggars, Edgecombe, & Stacey, 2014).  This 

significantly lightens the remedial course-load for students and reduces the likelihood of the 

student not completing their degree. 

Purpose of the Study 

The purpose of this study is to examine the completion rates of students who have been 

assessed and placed by RISE into the supplemental corequisite courses with curriculum math 

courses versus those who placed into only curriculum math courses.  The researcher will be 

requesting data from several community colleges in North Carolina from Spring and Fall 2019 

and will use a quasi-experimental design for the study, namely, regression discontinuity.  The 

corequisite model design of RISE has cutoffs in place for several measures of student 

performance, but the main measure of interest for the purposes of this study will be high school 

grade point average.  RISE has GPA cutoffs at 2.2 and 2.8 to place students into their appropriate 
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courses.  This study will investigate the GPA cutoff of 2.8 that separates students who have a 

GPA of 2.8 or higher and are placed into only the curriculum math course and those who are 

between 2.2 and 2.799 that are required to take the corequisite course with their curriculum math 

course.  Specifically, this study will examine the success rates of these two groups of students 

and determine the precision of the 2.8 GPA cutoff.  

Theoretical Framework 

There are two theoretical frameworks that provide context for this study: a subset of 

Bandura’s (1997) Social Cognitive Theory known as self-efficacy and Tinto’s (2002) Theory of 

Student Departure.  Self-efficacy is a person’s beliefs in their capability to exercise some control 

over their own functioning to produce a desired outcome (Bandura, 1997).  In other words, self-

efficacy is the belief that people can influence the outcomes of life events.  Bandura (1991) 

posited that learning is affected by cognitive, behavioral, and environmental factors (see Figure 

1). Within Bandura’s model of Social Cognitive Theory, self-efficacy is an element of the 

cognitive factors while persistence and achievement are elements of the behavioral factors 

(Bandura 1997).  Self-efficacy was added later by Bandura and is recognized as a key element to 

Social Cognitive Theory because it can affect students’ motivation and learning and whether 

they feel they possess the ability to complete the task at hand (Wood & Bandura, 1989).   
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Figure 1. Behavioral, environmental, and personal processes addressed by Bandura’s social 

cognitive theory and the influences (Schunk & DiBenedetto, 2020; Bandura 1997). 

 

Tinto’s Theory of Student Departure states that a student’s decision to drop out arises 

from a combination of their own personal characteristics and the extent of their academic, 

environmental, and social integration in their institution (Tinto, 1993).  Tinto first proposed this 

theory in 1975 stating that the more integrated students were into the institution through 

institutional experiences, the greater the student’s commitment to the institution and ultimately to 

the goal of graduation (Tinto, 1975; Pascarella et al., 1986).   Tinto’s (1993) model (see Figure 

2) includes pre-entry attributes, goals and commitments, institutional experiences, integration, 

goals and commitments again, and outcomes.  This model added more detail to Tinto’s original 

model specifically in the institutional experience category, including academic factors such as 



  10 

 

academic performance, interactions with faculty and staff, and social factors such as extra-

curricular activities and peer group interactions (Tinto, 1993).   

 

Figure 2. Tinto’s model of student departure (Tinto, 1993). 

As previously mentioned, self-efficacy is an element of the cognitive factors while 

persistence and achievement are elements of the behavioral factors (Bandura, 1997).  The 

academic performance aspect of Tinto’s theory of student departure and Bandura’s self-efficacy 

aspect of social cognitive theory overlap here; if students feel as though they are incapable of 

completing their developmental math course sequence it is likely that they will not persist.  

Should a student lack self-efficacy, their behavioral attributes of persistence and achievement 

would be negatively affected which would also negatively impact their institutional experience 

as their academic performance would likely decline (Tinto 1993, Bandura 1997).  If this series of 
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negative effects continues, it is likely that the student will depart from the program of study or 

perhaps the institution entirely.  

Conceptual Framework 

The conceptual framework, shown in Figure 3, describes how the researcher will 

operationalize the study.  The framework begins with the two groups of students of interest for 

this study – those that took the corequisite course with the gateway math course and those that 

did not take the corequisite course with the gateway math course.  These two groups of students 

will be considered equal, as if they were being compared in a randomized controlled trial, and 

the following control variables will also be included in the regression: age, ethnicity, gender, 

high school GPA, Pell status, full time enrollment, first time in college, and ACT or SAT scores 

(if available).  The two groups will then be evaluated based on the following educational 

outcomes: completion of gateway math, final GPA at the end of the term, retention, and credit 

accumulation.  The covariates provided in the framework are common control variables for 

students in developmental education research (Wilson, 2018; Complete College America, 2020; 

NCCCS, 2013; Clotfelter et al., 2015) and are described in further detail in chapter 2.  These 

variables by which the students will be compared were also selected based on their alignment 

with the theoretical framework.  Tinto’s theory of student departure (1993) illustrates that a 

student’s family background, skills and abilities, as well as their prior schooling all have an 

influence on their academic experience, performance, and, ultimately, their decision to stay or 

depart from the institution.  The covariates listed in Figure 3 could be organized into the 

student’s background, skills and abilities, or prior schooling.  These two student groups will be 

evaluated based on the outcomes also listed in Figure 3.  The treatment, for the purposes of this 

study, will be the corequisite course.  The impact of this treatment on the academic experience 
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and performance of these students could also have an impact on the students’ self-efficacy 

(Bandura, 1997) and, in turn, impacting their completion of their gateway math course and 

retention to the next semester. 

 

Figure 3. Conceptual framework for student success in mathematics. 
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Research Questions 

This study will examine the educational outcomes (completion, GPA, retention, and 

credit accumulation) of students that go directly into a gateway math course to those that are 

directed to remedial education with a corequisite model (RISE).  The specific research questions 

will be: 

1. Are there differences in the following educational outcomes between community college 

students who were required to complete a corequisite course with their gateway math 

course and those that go straight to a gateway math course: 

a. Completion of gateway mathematics course? 

b. Retention to the next semester? 

c. Credits accumulated at the end of the term? 

2. Are there differences in the above educational outcomes for students who are required to 

complete the corequisite course and those that go straight to a gateway math course based 

on their enrollment status? 

a. Full-time Students 

b. Part-time students 

Assumptions and Limitations 

Accelerated models of developmental education have been a controversial topic of 

conversation. However, it has been shown that students on accelerated pathways are more likely 

to complete their gateway courses within three years as opposed to their peers who were not in 

an accelerated developmental program (Jaggars, Edgecombe, & Stacey, 2014).  The corequisite 

model of developmental education has been cited as a successful accelerated model of 

developmental education, but with new strategies also comes new potential problems.  Jaggars et 
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al. (2014) reports that faculty and administration are concerned that an accelerated sequence will 

not allow enough time to provide the students with the remedial support they truly need to 

address their academic weaknesses.  Admittedly, the idea of sending students through a quicker 

remedial sequence does pose the question of whether the students are truly getting all the 

remedial support they need.  If the students were to complete an accelerated sequence, enroll in 

their gateway course, and subsequently fail this course, it could lead to the student questioning 

their academic abilities and thus increasing the risk of their departure (Jaggars et al., 2014; Tinto, 

1993).  The reported evidence of accelerated developmental strategies is conflicting with some 

results showing positive outcomes of completion and others showing weaknesses in the design of 

accelerated programs (Edgecombe, 2011; Hodara and Jaggars, 2014).   

Definition of Key Terms  

The following definitions of terms are used for this study: 

Acceleration.  Practices or programs that reduce the time for remedial education including 

modularization, corequisite courses, or compressed courses. (Edgecombe, 2011; Hodara 

& Jaggars, 2014) 

College ready.  A term used to identify incoming college students who have demonstrated no 

need for remedial or developmental courses by scoring high enough on a placement test 

or by their high school GPA. (Bailey, Jaggars, & Jenkins, 2015) 

Completion.  Completion means that the student completed the course or did not withdraw from 

the course.  

Corequisite.  Enrolling in two courses simultaneously.  Students are placed into their gateway or 

college-level course and are also enrolled in a supplemental course with learning supports 

specific to that course. (Edgecombe, 2011) 
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Developmental education.  Courses with content below college level.  These courses are 

typically offered in English, mathematics, or reading.  Remedial and developmental are 

often used interchangeably. (Boylan & Saxon, 2006). 

Gateway courses/Curriculum courses.  First year college-level courses that are considered high 

risk courses to complete.  These courses are typically in English and mathematics. 

(Hayward & Willet, 2014) 

Multiple Measures Policy.  Using other sources of data, particularly high school data, as a means 

of determining college readiness and placement.  (Bailey, Jaggars, & Jenkins, 2015; 

Appendix A) 

Persistence.  Used to describe whether a student stays enrolled in college beyond a given 

academic term such as a semester or an academic year. (Tinto 1993) 

Placement tests.  Tests designed to determine the appropriate level of courses for enrollment for 

first year college students.  (Bailey, 2009; Belfield & Crosta, 2012) 

Regression discontinuity.  A quasi-experimental design used to explore the causal effects of a 

particular intervention or treatment by assessing data relative to a cutoff or threshold. 

(Angrist & Pischke, 2015; Jacob et al., 2012) 

Retention.  Used to describe whether or not a student has remained enrolled in college within a 

certain timeframe such as an academic year. (Tinto, 1993) 

RISE.  An acronym for North Carolina’s corequisite model of developmental education, 

Reinforced Instruction for Student Excellence. (NCCCS, 2017; Complete College 

America, 2020; Newsom 2019) 
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Successful gateway math course completion.  A student completes their gateway math course and 

earns a grade of C or higher.  

Summary 

Chapter One explains the importance of student success in college level mathematics as it 

pertains to degree completion since it appears to serve as a barrier currently.  Many community 

colleges are attempting to combat this situation by accelerating the remedial coursework that 

students may be placed into or required to complete prior to completing their college level 

courses.  The RISE initiative by the NCCCS is using high school GPA and SAT/ACT scores to 

determine college readiness as well as offering corequisite support courses to expedite the 

remedial timeline.   

Chapter Two will investigate existing literature and provide evidentiary support for the 

theory used in this study.  This chapter will discuss the need for a redesign of developmental 

education and the benefits of using a corequisite model of remedial instruction.  It will also 

examine the need for different assessment and placement methods.  Chapter Three will describe 

in detail the methods that will be used to determine the effectiveness of the RISE corequisite 

model and whether this initiative has increased the success rates of students at community 

colleges in North Carolina.   
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CHAPTER 2: LITERATURE REVIEW 

This chapter provides a review of the literature on developmental education at 

community colleges including a brief history, issues with placement and retention, different 

approaches to developmental education, and outcomes and impacts.  This chapter will also 

include a detailed description of the corequisite model of developmental education. 

The latter portion of the chapter introduces the two frameworks, theoretical and 

conceptual, that guide the researcher’s approach to this study: Tinto’s Theory of Student 

Departure and Bandura’s element of self-efficacy from his Social Cognitive Theory.  For the 

purpose of this research design, the theories of student departure and self-efficacy as they relate 

to RISE are explored and the resulting model that combines elements of both is offered. 

Brief History of Developmental Education in Community Colleges 

Since their inception in the 20th century, community colleges have served as a bridge to 

four-year colleges or universities.  The intent behind junior colleges, or preparatory colleges, was 

to provide students with the necessary preparation for college level courses.  This allowed four-

year institutions to reduce the number of preparatory, or remedial, courses offered (Boylan 

1988).  The idea of college readiness was initially supported by the prerequisite model meaning 

that the student needed to prove proficiency at a certain level in order to move into their gateway 

math and English courses.  The influx of veterans returning from World War II inspired the G.I. 

Bill of Rights which in turn required colleges to offer a greater variety of these remedial or 

developmental classes to accommodate their needs (Thelin 2004).  As these programs continued 

to expand during the 1960s and 1970s, by the early 1970s the term “developmental education” 

had been coined and was gaining popularity as there was an increased focus on the development 

of students (Arendale 2002; Boylan and Bonham, 2007).  By the 1980s, developmental education 
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had been recognized as an academic discipline and the National Center for Developmental 

Education was created to represent this growing program (Spann 1996).  A significant point of 

recognition for developmental education occurred in 1984 when the Nation Center for Education 

Statistics (NCES) published its first report on developmental education spurring a surge in the 

study and improvement of developmental education (Boylan and Bonham, 2007).   

At the turn of the 21st century, according to NCES, developmental courses were being 

offered at 98% of the nation’s community colleges (U.S. Department of Education 2003).  In 

2006, Noel-Levitz reported that 75% of all community college students in the nation enroll in at 

least one developmental course.  More recent national reports have indicated that this percentage 

has not changed drastically with up to 70 percent of entering college students being advised to 

complete developmental coursework prior to their college-level classes (Chen 2016; Bailey et al., 

2010).  With such high enrollment and relatively low completion rates in these developmental 

courses, several foundations and organizations have come together with the intent to improve it.  

The Lumina Foundation, the W.K. Kellogg Foundation, the Boston Foundation, the Knowledge 

Works, Achieving the Dream, and the Gates Foundation have all played a unique role in the 

improvement of developmental education (Cafarella 2014).   

The most recent initiatives within developmental education have focused on acceleration 

and compression of developmental sequences.  Essentially, colleges want to reduce the 

developmental course load of their students.  Research has indicated a large number of students 

fail to complete their developmental sequences with only 33% of students completing their 

required developmental coursework within three years (Chen 2016; Jaggars & Stacey, 2014).  

The Gates Foundation proposed Completion by Design in an effort to accelerate and compress 

these courses to improve student completion rates (Collins 2011).  This resulted in course 
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content from several courses being condensed into one as well as accelerated models that 

allowed students to work at their own pace.  At present, the corequisite model of developmental 

education has gained attention and has shown to improve student outcomes (Complete College 

America, 2020; Tennessee Board of Regents, 2016).  This model allows students who require 

more preparation for their gateway courses to take a course alongside their gateway course in an 

effort to expedite their developmental sequence. 

Different Approaches for Assessment and Placement in Developmental Math 

While most colleges utilize standardized testing to place students, research has shown 

that these tests can be poor predictors of college readiness compared to other measures such as 

students’ high school performance (Scott-Clayton 2012; Barnett & Reddy, 2017).  Standardized 

testing includes tests such as the ACCUPLACER or COMPASS which are used in the 

admissions process to place students into their gateway courses or into developmental courses 

based on cutoff scores (Bailey et al., 2015; Belfield and Crosta, 2012).  With the previous model 

of standardized testing, if it was determined that the student was not considered college ready 

based on the provided cutoff scores, then they would be directed to a developmental course 

sequence.  Schools that are not using standardized testing alone are placing students based on 

other measures of student performance such as high school GPA, ACT scores or SAT scores in 

what has come to be known as multiple measures assessment placement (Cullinan et al., 2018).  

Placement in a developmental course sequence could be a single semester of coursework or a 

multi-semester sequence that they are required to successfully complete before they can enroll in 

the gateway courses needed for their program of study.  Bailey, Jeong, and Cho (2010) reported 

that only 17% of students successfully completed a developmental math sequence that was 

comprised of three courses or more.  Further, Clotfelter et al. (2015) found in a study of NC 
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community college students that remediation reduced the probability of passing a college math 

course by roughly 22%.  With this staggeringly low level of completion, it became evident 

within developmental education research that reform was needed to improve the success of 

students.   

Rutschow et al. (2019) with the Community College Research Center (CCRC) reported 

popular developmental education reforms based on three main types of practice: assessment 

reforms, instructional reforms, and student supports reforms.  These assessment reforms include 

high school performance, measures of motivation or commitment, planned course of study, and 

multiple measures assessment (Rutschow et al. 2019).  The more popular of these reforms would 

be the use of multiple measures, which they defined as the “use of two or more measures to 

determine college readiness”, and high school performance, such as GPA (Rutschow et al. 2019).   

Different Approaches to Improve Success in Developmental Math 

The staggeringly low completion rates of students enrolled in developmental education 

sequences has spurred the notion and need for reform within developmental education.  Research 

studies have indicated that very few students ever complete their developmental sequences 

especially if they span multiple semesters, which has resulted in less than 40 percent of these 

students enrolling in or completing their college-level courses (Bailey et al. 2010).  Students will 

also delay enrollment into their developmental courses and ultimately be diverted from enrolling 

in college level courses (Bailey 2009; Scott-Clayton & Rodriguez, 2015).  Rutschow et al. 

(2019) categorized approaches to improve success into two groups of reforms based on either 

instruction or student support.  Instructional reforms within developmental education included 

compressed courses, self-paced courses, corequisite models, learning communities, and multiple 

pathways.  The student supports reforms included tutoring or supplemental instructors, student 
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success courses or coaches, computer-based learning sessions, and pre-matriculation programs or 

boot camps (Rutschow et al., 2019).   

In an attempt to improve developmental math success rates specifically, the Carnegie 

Foundation started the Math Pathways with the goal of taking mathematics from a gatekeeper to 

a gateway (Carnegie Math Pathways, 2020).  Their approach is described as a system with four 

main components: innovative curricula, research-based pedagogy, professional community, and 

relevant analytics (Carnegie Math Pathways, 2020).  The pathways they have developed called 

Statway and Quantway have accumulated results over the last few years that show the students 

enrolled in these pathways earn college level math credit at triple the rate and in half the time of 

those students who successfully complete the traditional developmental math sequence in two 

years (Carnegie Math Pathways, 2020).  Below is a quote from their most recent report: 

“The theory behind the program’s design is undergirded by six key drivers: 1) an 

accelerated pathway through college-level mathematics, 2) curriculum and instruction 

principles that emphasize productive struggle, explicit connections, and deliberate 

practice, 3) explicit integration of socioemotional supports in the classroom in the form 

of productive persistence, 4) language and literacy supports, 5) professional development 

for faculty, and 6) support of a networked improvement community comprised of 

researchers, practitioners, college administrators, and designers (LeMahieu, Grunow, 

Baker, Nordstrum, & Gomez, 2017)” (Norman 2018). 

More recently, corequisite models of developmental education have been implemented in 

states such as Tennessee, Georgia, and now North Carolina.  These corequisite models are 

designed to have a support course associated with each gateway mathematics and English course 

that are to be taken concurrently with the gateway course.  There is still a prerequisite course 
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available that is required of some students if they do not meet the criteria to be placed directly 

into a gateway course or a gateway and support course pair.  Due to the success seen in 

Tennessee and Georgia, North Carolina decided to pursue a corequisite model in the hopes that it 

would improve the current state of developmental education.  This North Carolina initiative 

became known as RISE – Reinforced Instruction for Student Excellence.   

Policy Analyses that Relate to Developmental Math 

Developmental mathematics has seen drastic reform spanning the curriculum, timing, 

placement policies, and potentially removing it as a requirement altogether.  According to a 

survey and report compiled by the Center for Analysis of Postsecondary Readiness (CAPR), 

colleges are implementing more complex reforms including revisions of the developmental 

course content which could include the integration of different subjects such as study skills 

(Rutschow et al., 2019).  This could be considered a shift from the focus of the early 21st century 

developmental reforms which was acceleration or compression of these developmental 

sequences (Edgecombe et al., 2013; Cafarella, 2014).  In terms of placement strategies, a 

majority of colleges utilized standardized tests to assess students, but since the proposal of 

multiple measures, a greater number of institutions have switched to the multiple measures 

assessment to place students into developmental courses.  With this transition, the corequisite 

model of developmental education has also seen an influx in popularity.  A 2018 report by the 

Education Commission of States found at that time that at least fifteen states recommended or 

mandated corequisite courses for all the colleges within their postsecondary systems (Whinnery 

& Pompelia, 2018).  These more complex reforms that include revisions to assessment as well as 

the speed of the sequences require change at the institutional level, but also at the state level 

depending on their policies and practices.   
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Variables Impacting Developmental Math Student Success 

Data suggests that standardized placement tests such as ACCUPLACER or COMPASS 

have weak predictive validity (Bailey et al., 2010; Howell & Walkington, 2020) meaning that 

students may be incorrectly placed into their credit-bearing or developmental coursework.  This 

weakness in validity could be due to a variety of reasons such as actual difficulties with the 

material, limited coursework in high school, a delay since the last course was taken, test anxiety, 

use of a calculator, or language barriers (Bailey et al., 2010).  For this reason, community 

colleges started employing multiple measures to place students.  One of the extra measures that 

institutions accept is standardized scores from the SAT, ACT, or other end of course exams, 

however, these are still standardized tests and may not result in the best placement.  Other 

measures that students bring with them to the institution that could be better predictors of their 

success are their high school GPA and their previous math coursework.  Data suggests that high 

school GPA and high school coursework may improve student placement decisions as they are 

better indicators of student performance and likelihood of success (Belfield & Crosta, 2012; 

Boylan & Saxon, 2006; Dana Center et al., 2012; Scott-Clayton, 2012; Howell & Walkington, 

2020; Brathwaite et al., 2020).  Barnett et al. (2018) conducted an analysis of the implementation 

of multiple measures and found that students who were placed by multiple measures were more 

likely to enroll in and complete college-level math in their first term as compared to those placed 

using a single placement test score.   

Other variables that are often analyzed within developmental education research that 

have shown to have an effect on student success are race/ethnicity and socio-economic status 

(Hodara 2019; Logue et al., 2016; Logue et al., 2019; Ran & Lin, 2019; Rutschow et al., 2019; 

Howell & Walkington, 2020; Brathwaite et al., 2020).  The gaps in placement and outcomes in 
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developmental mathematics education persist and these issues disproportionately affect students 

of color and other historically underserved groups.  These underserved groups of students are 

more likely to be placed in developmental courses and have lower completion rates in these 

courses and thus have less access to college-level coursework (Hodara 2019; Bailey et al. 2010; 

Chen, 2016; Attewell et al. 2006).  It appears that gender may also be a variable of interest for 

developmental math as this study also showed that women appeared to benefit more from the 

multiple measures placement.  Specifically, they found that women were more likely to be 

placed in a college-level math course and also complete the course with a grade of C or higher 

(Barnett et al., 2018; Brathwaite et al., 2020).   

The responses to reform and improve developmental math education include addressing 

the systems of assessment and placement, accelerated models of instruction, corequisite models 

of instruction, and tutoring (Howell & Walkington, 2020; Brathwaite et al., 2020).  All of these 

efforts have shown to improve the outcomes of developmental math, but there is still ample room 

for improvement.  

Outcomes of Developmental Math  

As reported by the Carnegie Foundation, each year on average nearly 500,000 students 

will not complete a college level math course (Carnegie Math Pathways, 2020).  The prerequisite 

structure of developmental education has proven to be a barrier for college level math 

completion and only a small portion of students actually complete their developmental 

coursework and enroll in a college level math course (Bailey et al. 2010).  In the National 

Educational Longitudinal Study, Attewell et al. (2006) point out that 58% of community college 

students took at least one developmental course and 14% took more than three developmental 

courses.  Attewell et al. (2006) also reported that only 28% of students who take a developmental 
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course will earn a degree within eight years.  Due to the length of the sequences, many students 

who start in developmental courses drop out prior to completing their developmental coursework 

as multiple courses can create multiple exit points (Bailey et al. 2010).   

The low completion rates of students placed into developmental courses has urged 

researchers to investigate potential explanations.  One such explanation that has since been 

thoroughly evaluated is the assessment and placement procedures for remedial coursework.  

While the assessment and placement procedures were designed to place students by their current 

ability or performance typically on a single standardized test, it has been proposed that these 

methods may not be appropriately placing the students.  If students are inappropriately placed 

into developmental courses, as the literature has shown, the impacts can be more negative than 

positive and could ultimately result in the student choosing not to complete their degree. (Bailey 

et al., 2010; Kalamkarian et al., 2015; Braithwaite et al., 2020). 

North Carolina Developmental Education Reform 

Specifically, in North Carolina the NCCCS adopted the Multiple Measures policy 

beginning in 2013.  This allowed students to be assessed on other factors such as SAT or ACT 

scores, high school GPA, and number of math courses taken during high school.  If they did not 

meet certain thresholds for GPA, fourth math course benchmark, or SAT/ACT subject area test 

scores, then the students would be required to take the diagnostic placement test to determine 

placement.  If a student had at least a 2.6 unweighted GPA and completed a fourth high school 

math course, they could go directly into their gateway math course and any other course that 

would have required a developmental math (DMA) prerequisite.  This policy was later edited in 

2016 to state that, depending on the college policies, the college may require students to take a 

supplemental corequisite course.  If the student had below a 2.6 unweighted GPA, then the SAT 
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and ACT subject test scores came into play.  A student was allowed to proceed to their gateway 

courses if they scored a 500 (prior to March 2016) or a 530 (post March 2016) on the SAT math 

section or a 22 on the ACT math section.  Lastly, if a student did not meet the above standards or 

did not have a recent transcript or test scores, then they would be required to complete the 

diagnostic placement test (See Appendix).   

The NCCCS 2020 Performance Measures Report indicates that the percentage of first-

time fall associate degree seeking and transfer pathway students who passed a credit-bearing 

math course with a grade of C or better within three years increased from 34% in 2013 to 43.1% 

in 2016.  Keeping in mind that multiple measures wasn’t fully implemented statewide until 2016, 

it is hard to determine the effects of multiple measures completely.  With that said, the 

percentages for each year from 2013 to 2016 within this report are 34%, 37%, 41%, and 43.1%, 

respectively (NCCCS, 2020).  This would indicate that the multiple measures policy has made 

some positive impact on successful completion of credit-bearing math courses, but not nearly the 

impact that was expected.   

Developmental math coursework in North Carolina was redesigned with the 

implementation of multiple measures to be modularized and computer-assisted.  The students 

would work at their own pace, but were strongly encouraged to complete one module per four 

weeks.  If it was necessary for the student to complete all eight modules, while a very rare 

scenario, this would take the student a minimum of two full semesters as there were four 

developmental math sessions per semester.  This was an attempt at a compressed model of 

developmental education with the hope of expediting students through their required remedial 

courses (Kalamkarian et al., 2015).  Boatman (2012) evaluated the effects of modularized, 

computer-assisted models of developmental education at several Tennessee community colleges 
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and found that they did not negatively or positively affect student outcomes.  Another study on 

this type of model in Texas also found that there was no evidence that the modularized, 

computer-assisted, self-paced approach to developmental math was superior to the traditional 

lecture-based developmental math model (Weiss & Headlam, 2018).   

North Carolina Instructional Support for Developmental Education 

In North Carolina, the NCCCS has moved from the prerequisite modular approach of 

developmental education to a corequisite model called RISE.  This policy change was motivated 

by several factors with the primary reason stemming from the low completion rates of students 

who are required to complete developmental coursework prior to enrollment in their gateway 

courses.  Xu and Dadgar (2018) found that the longer developmental sequences, the less benefit 

the students received and it could even decrease the likelihood that they would persist and 

complete their degree within four years, thus presenting the need for compressed or expedited 

forms of remediation.  According to Complete College America (2016), corequisite remediation 

has emerged as one of the most popular developmental education reforms for enabling students 

to complete their developmental requirements more quickly.  Logue et al. (2016) found that 

students who were assigned to a corequisite statistics course were 16 percent more likely to pass 

that course than those students who were assigned to a prerequisite developmental course first.  

A follow up study later exposed that there were long term positive outcomes from the corequisite 

approach including higher graduation rates and a decrease in the graduation rate gaps in 

underrepresented students and other students (Logue 2018).   

Notable examples of major developmental education reform include the Tennessee 

community colleges, the Texas public colleges and universities, the Florida College System, and 

The California Community College and State University systems as they were some of the first 



  28 

 

to make prerequisite remediation optional or to remove it completely (Logue et al., 2019).  The 

initial results of the Tennessee model of corequisite remediation from the 2014 pilot group were 

a shocking improvement with an increase in college level mathematics completion from 12% to 

61% (Tennessee Board of Regents, 2016).  This pilot implementation took place at nine of the 

thirteen community colleges and, based on its initial success, it was implemented at all thirteen 

community colleges and six universities.  After this full-scale implementation, success rates were 

still much higher than previous years with 51% of students completing their college level 

mathematics course (Tennessee Board of Regents, 2016).  Ran and Lin (2019) estimated the 

effects of the corequisite model in Tennessee using a quasi-experimental approach and found 

that corequisite math students were 15 percent more likely to pass their first college-level math 

course compared to similar students who took the traditional developmental math courses prior 

to their college-level math course.  It was further concluded that this positive impact was due to 

the fact that the corequisite courses were better aligned with the individual programs of study 

thus resulting in better student outcomes (Ran & Lin, 2019).   

The model proposed by the State Board of Community Colleges in North Carolina was a 

project entitled Reinforced Instruction for Student Excellence (RISE) with the intentions of 

modifying North Carolina’s model of developmental education.  In the project proposal, it stated 

that the NCCCS plan was to modify the current multiple measures policy which had already 

helped improve developmental education outcomes for the state.  NCCCS data showed that 

fewer than 20% of students passed a gateway math course within two years after starting a 

developmental mathematics course or sequence (Newsom, 2019).  The multiple measures policy 

allowed students with high school grade point averages of 2.6 or higher to bypass developmental 

coursework (See Appendix).  As multiple measures was being implemented, Scott-Clayton 
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(2012) and Belfield and Crosta (2012) with the Community College Research Center (CCRC) 

conducted regression studies investigating the correlation between placement tests and high 

school grade point average with student performance in college courses as there was still much 

debate about whether high school grade point average was the single most influential factor in 

student performance.  They all later joined forces for a paper for the National Bureau of 

Economic Research and found that using high school transcript information in addition to test 

scores to place students could reduce the number of misplaced students (Scott-Clayton, et al., 

2012).  With this new knowledge, CCRC began modification of the multiple measures policy.  

The 2015 summary of their placement research indicated that use of high school GPA alone to 

place students would actually have a negative effect on certain subpopulations including African 

Americans and Asians (Scott-Clayton and Stacey, 2015).   

While the multiple measures initiative helped some students, it still appeared to leave 

some students behind, specifically those classified as underserved and at-risk.  As stated in the 

model proposal for RISE, of all the students that begin in developmental math, only 7% of 

African Americans, 14% of Hispanics, and 21% of Asians and Caucasians successfully 

completed a gateway level math course within two years of beginning their developmental 

sequence (NCCCS, 2017).  Further, the state board included that according to data from 2016, 

first-time Associate Degree seeking and transfer students passing a credit bearing math course 

with a C or better within two years of their first term of enrollment was only 29.8% as reported 

by the state performance measures (NCCCS, 2017).  The corequisite model proposed is a 

modification of the multiple measures policy previously in place that now places students based 

on three high school GPA ranges of 2.8 and above, 2.2-2.799, and below 2.2.  These three GPA 

ranges are aimed to allow more students to be placed into and successfully complete their 
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gateway courses.  Students with a high school GPA of 2.8 and above can be placed directly into 

their credit bearing courses.  Students in the middle GPA range can be placed into their credit 

bearing course in addition to a corequisite course that provides supplemental instruction on 

topics that may have been included in the developmental courses required for that gateway 

course.  Lastly, the lowest GPA range of below 2.2 would require the students to take the 

Transition Math course and pass the required tiers necessary to be placed into their gateway 

course alone or into their gateway course and the corresponding corequisite.  The Transition 

Math course is divided into three Tiers that roughly correspond to the previous developmental 

modules.  Depending on the gateway course the student needs, they may only need to complete 

one, two, or all three Tiers.  Upon completion of their required tier(s), students can enroll in their 

gateway mathematics course alone or they can enroll in their gateway course and the 

corresponding corequisite course.   

Framework that Supports the Corequisite Model 

For the purposes of this study, the academic performance aspect of Tinto’s Theory of 

Student Departure (Tinto 1975, 1993) will be paired with Bandura’s concept of self-efficacy 

(Bandura 1997) to support the idea that students will persist and complete if they are performing 

well academically and progressing towards their desired outcome of completion.  Since it has 

been shown that students who have to devote a longer period of time to developmental education 

are less likely to complete their gateway courses and thus less likely to complete their degree 

(Calcagno & Long, 2008; Bailey, 2009; Bailey, Jeong, & Cho, 2010; Clotfelter et al., 2015; 

Scott-Clayton & Rodriguez, 2015), it is evident that there is a persistence issue. 

Tinto’s theory proposes that there are pre-entry attributes including family background, 

skills and abilities, and prior schooling as well as goals or commitments that students bring with 



  31 

 

them into their institutional experience.  Within the institutional experience itself there are both 

formal and informal aspects that can impact the student such as academic performance, faculty 

and staff interactions, extra-curricular activities, and peer group interactions.  All of these 

institutional experiences in addition to their pre-entry traits influence their academic and social 

integration, which ultimately influences their goals and intentions.  Finally, all of these aspects 

considered, the student could make a departure decision.  If the combined experience is positive 

then it is likely that the student will choose to remain at the institution; if the combined 

experience is more negative, then it is possible that the student will choose to depart (Tinto 

2002).  As it relates to developmental education and specifically developmental math, this 

impact would be seen in the academic performance aspect of Tinto’s model.  As previously 

mentioned, students often delay enrollment in their developmental math courses (Bailey 2009), 

but the reasons for doing so can vary.  A specific aspect of Bandura’s Social Cognitive Theory 

(1997) can likely explain the delay in enrollment.   

Self-efficacy is the belief in one’s ability to have an impact on their life outcomes 

(Bandura 1997).  It has been shown that a student’s self-efficacy is a significant variable in their 

motivation and learning (Schunk, 1995; Pajares 1996; Schunk, 2003; Pajares & Valiante, 2006; 

Dinther, Dochy, & Segers 2011).  If a student is under the predisposition that they will not be 

successful in developmental math, or math in general, then it could be said that their self-efficacy 

is low especially in terms of mathematics.  Research suggests that self-efficacy can affect 

students’ performance and learning behavior, including persistence (Schunk 1995; Schunk 2003; 

Dinther, Dochy, & Segers, 2011). Bandura (1986) also noted that self-efficacy can influence 

thoughts and feelings further explaining how a weak notion of self-efficacy can result in feelings 

of failure or thinking things are more difficult than they truly are.  If these thoughts and feelings 
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persist, then it is possible that they could carry over into students’ academic performance and 

have a negative impact.  Worst case scenario, the combination of low self-efficacy and poor 

academic performance could result in student departure (Bandura 1997; Tinto 2002; Dinther, 

Dochy, & Segers 2011).  

There are numerous studies that show the effects of self-efficacy on students’ 

achievements and ultimately point out that self-efficacy can play a predicting and mediating role 

in student’s achievements, motivation, and learning (Bouffard-Bouchard, 1990; Dinther, Dochy, 

& Segers, 2011; Schunk 1995; Schunk 2003; Pajares 1996; Pajares 2003).  For a student who is 

placed in multiple developmental courses where their probability of completing their sequence is 

already low, their likelihood of completing a credential becomes even lower (Bailey, et al., 2010; 

Boatman & Long, 2017).  The corequisite model of developmental education attempts to 

expedite the remedial sequence or potentially remove it altogether depending on the students’ 

incoming characteristics such as GPA or SAT/ACT scores.  Bryk et al. (2015) posits that these 

incoming characteristics and skills inspire persistence in developmental math courses because 

the students will believe they are capable of learning math thus providing further evidence of the 

impact of self-efficacy on student success.  Similar intent behind the corequisite model could be 

to promote a greater notion of self-efficacy thus improving academic performance and ultimately 

reducing the possibility of student departure.  If students feel that they are better able to complete 

a task, then they are more likely to complete that task.  Specific to this study, if students feel that 

they are better able to complete college-level math, then they are more likely to successfully 

complete college-level math. 
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Summary 

 Mathematics success has been a challenge for many community college students and has 

subsequently had a negative impact on their college success.  Instead of the developmental 

mathematics sequences preparing the students for college success, they have served as barriers to 

completion.  Even with proposals and implementation of accelerated models of developmental 

education, there is still the possibility of failure and, even more damaging, a decrease in student 

confidence and motivation.  As depicted by Tinto (1993) and Bandura (1997), a lack of self-

efficacy, the belief that they can accomplish something, can have a negative impact on students’ 

academic performance which in turn could result in their departure from college altogether. 

In Chapter Three, I will outline a research methodology for exploring the effectiveness of 

the corequisite model for the gateway mathematics courses for NC community colleges.  The 

outcomes of two student groups, students in a corequisite course in addition to the college-level 

math course and those who are only in the college-level math course, will be compared using 

regression discontinuity.  
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CHAPTER 3: METHODOLOGY 

This chapter will outline the regression discontinuity approach used to explore the 

effectiveness of the corequisite course with the gateway math course.  The regression 

discontinuity design will allow the researcher to compare the success of students in two different 

groups - those in the corequisite and gateway math course and those that are only in the gateway 

course.   

Design of the Study – Regression Discontinuity  

This study estimated the causal impact of RISE on students’ outcomes, namely successful 

completion of gateway math courses, final GPA at the end of the term, retention, and credit 

accumulation.  Regression discontinuity (RD) design, a type of quasi-experimental research 

design, is used to account for unobserved student characteristics, to the extent possible.  RD 

relies on the existence of what is called a running variable. In a RD design, the running variable 

is a continuous variable that determines the selection into treatment and, ideally, cannot be 

manipulated by the individuals being studied.  In this study, the running variable was high school 

GPA as this is the primary variable used to place students into their appropriate math course(s) 

and it is not something that the students can manipulate easily; in other words, student placement 

into the corequisite course is determined by high school GPA, and students cannot simply choose 

to enroll in the corequisite course.  RISE uses high school GPA, and occasionally other variables 

such as standardized test scores, to place students into either their gateway math course directly, 

the gateway math course and its corresponding corequisite course, or transition math.  Students 

are allowed to enter their gateway math course if their GPA is 2.8 or higher and students below a 

2.2 are required to complete the transition math course prior to entering their gateway course.  If 

students have a GPA greater than 2.2 but less than 2.8, then they are required to complete their 



  35 

 

gateway math course and its corresponding corequisite course simultaneously.  These cutoff 

values of the running variable are the point of interest in an RD design; specifically, this study 

addressed the cutoff of 2.8 that separates students completing college-level math into groups 

without the corequisite (control) and those with the corequisite (treatment).  For the purposes of 

this study, the students with a GPA below 2.2 were not included as this study specifically 

investigated the differences between the students in the 2.2-2.8 GPA range who are required to 

take a corequisite course and those with a GPA above 2.8 who are not required to take the 

corequisite.  A mathematical representation of this scenario can be written 

𝐶𝑖 = {
0 𝑖𝑓 𝑖 ≥ 2.8
1 𝑖𝑓 𝑖 < 2.8

 

where Ci is the treatment variable and Ci = 0 indicates direct access to the gateway math course 

without the corequisite and Ci = 1 indicates the student must take the corequisite course.  This 

representation highlights two of the key features of RD designs with the first being that treatment 

is a deterministic function of i (GPA) so once we know i, we know Ci.  Second, treatment is a 

discontinuous function of i because no matter how close the value of i gets to the cutoff of 2.8, Ci 

remains unchanged until the cutoff is reached (Angrist & Pischke, 2015).   

In an ideal scenario, there would be a randomized control trial that compares the 

outcomes of the two groups in question – those that are required to take the corequisite course 

and those that are not.  The students would be randomly assigned to these two groups in a 

randomized control trial and the outcomes of these groups would then be compared using an 

ordinary least squares regression.  However, this is not possible due to the cutoff that is in place 

as well as for ethical reasons. To this latter point, since it is known that students placed in 

remedial courses do not fare as well, the researcher would be potentially randomly assigning 
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students to worse academic outcomes. Instead, students are placed into treatment and control 

groups based on a measure of their academic ability. 

Student high school GPA is the most commonly used cutoff to place students into their 

math courses within the RISE policy.  In this case, selection of students into the treatment 

condition is not random so the issue becomes one of selection bias; all things are not equal.  

These students were selected for the treatment condition based on their incoming characteristics, 

namely high school GPA, therefore they weren’t randomly selected to be a part of the corequisite 

treatment.  These deliberate pre-treatment differences, however, are incorporated into the 

regression discontinuity design.  The only discontinuity that should be seen should be the jump 

in the data at the cutoff.  Specific to this study, students who have a high school GPA above the 

2.8 cutoff theoretically came into their community college better prepared than those below the 

cutoff and as a consequence are more likely to succeed on the same outcomes that are of interest 

in this study.  The RD design allows for the comparison of these two groups despite these 

differences as individuals on either side of the running variable can be considered as good as 

randomly assigned to the treatment (corequisite course and gateway course) or control (gateway 

course only).  This quasi-experimental technique allows for a comparison of these otherwise 

similar groups based on a rule that is outside of the student’s control, namely assignment to 

treatment and control conditions based on the student’s high school GPA.  Since the student’s 

assignment to either treatment or control is known to the researcher but exogenous to the student, 

RD design can be used to mimic a randomized experimental design and allow for causal 

inferences to be made based on the differences in the outcomes for each group (Thistlethwaite & 

Campbell, 1960; Flaster & DesJardins, 2014).  Figure 4 illustrates how RD design works in the 

context of this study.  It depicts the relationship between a student’s probability of successfully 
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completing their gateway mathematics course on the y-axis and the high school GPA on the x-

axis.   

 

Figure 4. Regression discontinuity design for the context of this study; figure modified based on 

Angrist & Pischke (2015). 

 

This figure shows the hypothesized relationship between GPA and successful gateway math 

course completion as positive meaning that students who have a higher GPA will tend to be more 

successful in completing their gateway math course with a grade of C or better.  The vertical line 

indicates the 2.8 GPA cutoff.  Students above the cutoff are placed in the gateway math course 

alone and students below the cutoff are placed into the gateway math course and the corequisite 

course.  The impact that is shown through the shift in the regression line demonstrates the effect 

of the placement decision.  

As previously mentioned, the data that was selected to be used in the RD design out of 

the entire collection of data is near the cutoff.  This will be established by choosing a particular 
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analytic window around the cutoff called the bandwidth (Thistlethwaite & Campbell, 1960; 

Flaster & DesJardins, 2014).  The researcher gets to decide this bandwidth and, for the purposes 

of this study, the researcher allowed the statistical software to choose the optimum bandwidth.  

While the goal is to analyze data that is close to the cutoff, less data could mean less precision.  

According to Angrist and Pischke (2015), the bandwidth should vary as a function of the sample 

size.  The more information that is available around the 2.8 GPA cutoff, the narrower the 

bandwidth can be and still generate precise estimates.  The researcher will not pick a bandwidth 

that shows the results that may be desired; ultimately, the researcher decides on the size of the 

bandwidth based on the data.  For the purposes of this study, the researcher used the optimum 

bandwidth computed by the statistical software (RStudio) and then chose additional bandwidth 

values to test based on this optimum value.  These additional bandwidth selections are balance 

checks to ensure that analysis with each bandwidth yields essentially the same result.  The 

researcher also conducted t-tests to compare students within the bandwidth on either side of the 

cutoff according to their demographic characteristics to see if they were significantly different 

from one another.   

There is a distinction between sharp and fuzzy RD designs.  A sharp RD study is when 

the treatment switches cleanly on or off once the running variable reaches the cutoff value while 

a fuzzy RD design is when the probability or intensity of the treatment jumps at the cutoff 

(Angrist & Pischke, 2015).  This study followed a fuzzy RD design due to the fact that the 

running variable is not the only thing that can determine treatment or control.  Within the NC 

RISE policy, a student can be placed into their math courses based on GPA, SAT scores, ACT 

scores, GED Mastery, HiSET Mastery, CCRG Math Grade, or Transition Math Completion.  

While the variable used most frequently to place students is GPA, these other variables could 
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present discontinuities and thus change the treatment probabilities or intensity (Angrist & 

Pischke, 2015).  This study was an application of fuzzy RD design because the placement of 

students into their gateway math course or the gateway and the corequisite course together is 

related to the student’s high school GPA but is not perfectly explained by it.  Ultimately, the data 

determined that a fuzzy RD design was appropriate. 

In a sharp RD design, the running variable perfectly predicts the treatment status (Jacob 

et al., 2012).  Due to the placement protocol in place for RISE, students could be placed into 

their appropriate math course(s) based on their high school GPA or one of the other variables 

mentioned above.  This tells us that while high school GPA is a variable that places students into 

treatment (corequisite) or control (no corequisite), it is not the only variable that could place 

them into treatment or control groups.  Since placement is not perfectly explained by high school 

GPA, this means that some students that should be in the treatment group are not, meaning they 

are only enrolled in the gateway course, and some students that should be in the control group 

are not, meaning they are enrolled in the gateway and corequisite courses.  This is the nature of a 

fuzzy RD design as the probability of receiving treatment will not strictly be 0 or 1 since there 

are other variables that could be influencing the placement decision (Jacob et al., 2012).  This 

treatment effect can be recovered, though, by providing an estimate of the local average 

treatment effect (LATE) which will be discussed in detail in the next section. 

Data for Study 

The community colleges that participated in this study are of various sizes and locations 

across the state of North Carolina.  The data requested from the institutions did not include any 

identifying information such as name or student identification numbers.  The variables requested 

include high school and college GPA, race/ethnicity, gender, age, Pell grant status, ACT or SAT 
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scores (if possible), corequisite course status, final letter grade for the gateway math course, 

retention to the next semester, and number of credits accumulated at the end of term in which 

they took the gateway math course.  The requested data was restricted to the spring, summer, and 

fall semesters of 2019 to focus only on the impact of RISE implementation without the influence 

of the COVID-19 pandemic that began in the spring 2020 semester.  Once all the data was 

compiled, the data was cleaned so that it only included students who had high school GPA 

values of 2.2 or higher.  Further, it was noted that there were some students who may have not 

had matching credentials such as students with a high school GPA between 2.2 and 2.799 but did 

not take the corequisite or students with a high school GPA of 2.8 or higher that took the 

corequisite course.  These data points were removed so that only the effect of the treatment 

(corequisite course) could be observed.  With this clean dataset, the data that is near the cutoff of 

2.8 will be used to estimate the effects of the treatment.  This ‘nearness’ will be determined by 

the optimum bandwidth around the cutoff value provided by the statistical software, RStudio 

(Thistlethwaite & Campbell, 1960; Flaster & DesJardins, 2014).  

Advantages and Limitations of Regression Discontinuity 

Results are local in a RD design meaning they only apply to observations near the cutoff.  

The locality of the results can be seen as both an advantage and a limitation.  For the purposes of 

this study, local results are to be considered an advantage as the intent of this study is to 

investigate the effectiveness of the corequisite treatment based on a particular cutoff and it will 

be comparing the outcomes of students on either side of that value.  Since there could be 

variation in the probability of treatment around the cutoff it will be necessary to estimate the 

local average treatment effect (LATE).  The LATE for the purposes of this study is the impact of 

RISE on the group of individuals who were assigned to the treatment and actually participated in 
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the treatment and those who were assigned to the control group and did not participate in the 

treatment (Jacob et al., 2012).  This is the reasoning behind why certain data values were 

removed; as noted in the previous section, there were some data values that did not match this 

criteria.  This was estimated using the two-stage least squares (2SLS) method since it was 

determined that this study follows a fuzzy RD (Curs & Harper, 2012; Jacob et al., 2012).  The 

LATE can be visualized as the vertical distance between the two regression lines evaluated at the 

cutoff (Flaster & DesJardins, 2014).   

When conducting a RD, it is also necessary to have a large sample size.  While a 

limitation, collecting a larger sample of data will allow the researcher to make inferences with 

the same level of statistical precision that can be seen in randomized experiments (Deke & 

Dragoset, 2012; Cattaneo et al., 2019).  Cattaneo et al. (2019) also noted that the need for the 

larger sample size is primarily driven by the bandwidth selection as the bandwidth determines 

the amount of data that will be included above and below the cutoff.  Thus, data was requested 

from several community colleges in North Carolina so there would be a sizable sample of data 

above and below the GPA cutoff to make stronger, more precise conclusions.  The final sample 

size for this study was 2,351 students. 

As previously mentioned, to determine whether the researcher chose an appropriate 

bandwidth, the researcher conducted t-tests to compare students within the bandwidth on either 

side of the cutoff according to their demographic characteristics to see if they are significantly 

different from one another.  If there were no significant differences noted, then it was deemed 

that the bandwidth chosen by the statistical software was appropriate.  
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Data Analysis 

The data was analyzed using a nonparametric or local strategy in which the estimation of 

treatment effects was viewed as local randomization because it limits the analysis to observations 

that are within the bandwidth (i.e., that are local).  This is where the functional form of the 

relationship between the running variable and the outcome variable is more likely to be close to 

linear (Jacob et al., 2012).  For the purposes of this study, this is where the relationship between 

high school GPA and student outcomes appears linear upon visual inspection, and a jump in the 

regression line at the 2.8 GPA cutoff is visible.  Several bandwidths will be tested to determine 

which bandwidth is appropriate and upon selection of this value, a linear regression will be used 

to estimate the exact magnitude of the discontinuity in outcomes at the cutoff value (Jacob et al., 

2012) of a 2.8 high school GPA.  

For the purposes of this study, the following model was used to conduct the regression: 

𝑦𝑖 = 𝛼 + 𝜌𝐶𝑖 + 𝛾𝑥𝑖 + 𝑒𝑖 , where 

𝑦𝑖 = the outcome measure for GPA 𝑖; 

𝛼 = the average value of the outcome for those in the treatment group after controlling 

for other variables (𝑥𝑖), also called the intercept; 

𝜌 = captures the jump in outcome measure at GPA of 2.8; 

𝐶𝑖 = the treatment variable (1 if assigned to treatment, 0 otherwise); 

𝛾 = a vector of coefficients corresponding to control variables; 

𝑥𝑖 = control variables (age, ethnicity, gender, high school GPA, Pell recipient status, full 

time enrollment, first time in college, ACT/SAT scores if available); 

𝑒𝑖 = the random error term for GPA 𝑖. 
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This model allowed the researcher to investigate the effects of the treatment (corequisite course) 

on the outcomes of successful completion of a gateway math course with a C or higher for 

various GPA values (𝑖).   

Covariates 

This dissertation controlled for the following student-level demographic variables: age, 

race/ethnicity, and gender.  Developmental education research has indicated that these variables 

can have an effect on student success (Hodara 2019; Logue et al., 2016; Logue et al., 2019; Ran 

& Lin, 2019; Rutschow et al., 2019; Howell & Walkington, 2020; Barnett et al., 2018; 

Brathwaite et al., 2020).  Other covariates included first time in college, full time enrollment 

status, and Pell recipient status.  These variables can indicate underserved groups of students and 

allow the researcher to determine whether these variables had an impact on their successful 

completion of their gateway mathematics course (Hodara 2019; Bailey et al. 2010; Chen, 2016; 

Attewell et al. 2006). 

Outcome 

The study population of the dataset includes fall, spring, and summer 2019 RISE data 

from several North Carolina Community Colleges.  The research questions of this study sought 

to understand the impact of RISE on successful gateway math course completion.  As a 

reminder, they are stated below: 

• Are there differences in the following educational outcomes between community college 

students who were required to complete a corequisite course with their gateway math 

course and those that go straight to a gateway math course: 

o Completion of gateway mathematics course? 

o Retention to the next semester? 
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o Credits accumulated at the end of the term? 

• Are there differences in the above educational outcomes for students who are required to 

complete the corequisite course and those that go straight to a gateway math course based 

on their enrollment status? 

o Full-time Students 

o Part-time students 

Reporting of Findings 

The findings will be reported by first stating descriptive statistics followed by the RD 

analysis results for each of the three outcomes for all students, full-time students, and part-time 

students.  These results will include RD plots and summary statistics for each outcome and each 

student group to give a total of nine RD plots and nine summary statistics tables.  Lastly, the 

results of the balance checks will be presented in tables that include the level of significance as 

well as the strength of that relationship (r value).  These balance checks will also be conducted 

for each outcome and each student group for a total of nine balance check tables. 

Limitations 

There were some inconsistencies in the data that should be noted.  It is also important to 

note that due to these inconsistencies, the data points were removed from the study.  There were 

some students that had no values for gender or ethnicity and totaled to 48 data points.  In one 

dataset, there were two ethnicities that were not included in my other datasets and totaled to 58 

data points, but since I would still have well over two thousand data values, I chose to remove 

these points.  There were also some questions raised with the retention variable as some students 

would have graduated and could therefore have been coded as ‘non-retained’.  Upon clarification 

from the institutions, if they had graduated they were removed from the dataset so the one 
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dataset that did include graduation status allowed the researcher to remove the datapoints that 

were classified as having graduated. 

Summary 

This chapter detailed how the researcher conducted this study and why an RD approach 

was appropriate for this study.  Chapter four will provide an analysis of the results of the study 

and explore whether RISE appropriately placed students so that there was an improvement in 

their outcomes.  
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CHAPTER 4: RESULTS 

Introduction 

Regression discontinuity was the quasi-experimental methodology used to determine 

whether there was a difference in student success across two groups of students enrolled at three 

different community colleges in North Carolina.  Using data already compiled by the individual 

institutions, the researcher examined academic outcomes (completion, retention, and credit 

accumulation) to determine the impact of corequisite remediation (RISE).  This chapter provides 

an overview of the results of this study.  Each academic outcome has its own regression 

discontinuity model to compare the results of the two student groups.  Chapter 5 will then 

complete the dissertation by discussing the implications of these results for future students being 

placed into their courses by the RISE policy.  These results will be analyzed and compared to 

prior research efforts and recommendations for further research will be provided.   

Descriptive Statistics 

The dataset for this study contained 2,351 observations from the spring, summer, or fall 

of 2019 from three different North Carolina community colleges of varying size and location.   

Student Characteristics  

The students included in this dataset came from a variety of different backgrounds.  

Regarding ethnicity, the majority of students identified as white (64.19%).  The second largest 

ethnic group of students identified as Black (12.89%) followed by Hispanic (12.25%) (see Table 

1).  Students who did not identify with these largest ethnic groups identified as American Native, 

Asian, multiple races, or unknown.  Each ethnic group was considered individually for this 

study.  
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Table 1. Student demographic characteristics.  

Variable Frequency Percent 

Ethnicity   

Alaska/American Native 18 0.77 

Asian 78 3.32 

Black 303 12.89 

Hispanic 288 12.25 

Multiple 80 3.40 

Unknown 75 3.19 

White 1,509 64.19 

Gender   

Female 1,404 59.72 

Male 947 40.28 

First Time in College   

Yes 1,516 64.48 

No 835 35.52 

Enrollment Status   

Full-time 1,483 63.08 

Part-time 868 36.92 

Pell Grant Status   

Awarded Pell Grant 763 32.45 

Not Awarded Pell Grant 1,588 67.55 

Corequisite Course   

Yes 360 15.31% 

No 1991 84.69% 

 

There were more female students than male students in this dataset and there were also more 

students who were not awarded Pell Grant as opposed to those that did receive a Pell Grant.  

Specifically, 59.72% of the students were female while 40.28% were male and 67.55% of 

students were not awarded a Pell Grant while 32.45% were awarded the grant (see Table 1).  The 

students were further classified as either having taken the corequisite course or not.  Within this 

dataset, 15.31% of students were classified as having a high school GPA between 2.2 and 2.799 

and taking the corequisite course while 84.69% of students did not take the corequisite course.  

The student demographic characteristics for each of these two groups (corequisite or no 

corequisite) can be explored further in Table 2 and Table 3. 
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Table 2. Demographic characteristics for corequisite students (n = 360). 

Variable Frequency Percent 

Completion Status   

Successful (grade of A, B, C) 111 30.83 

Not Successful 249 69.17 

Ethnicity   

Alaska/American Native 3 0.83 

Asian 11 3.06 

Black 91 25.28 

Hispanic 45 12.50 

Multiple 15 4.17 

Unknown 15 4.17 

White 180 50.00 

Gender   

Female 191 53.06 

Male 169 46.94 

First Time in College   

Yes 255 70.83 

No 105 29.17 

Enrollment Status   

Full-time 224 62.22 

Part-time 136 37.78 

Pell Grant Status   

Awarded Pell Grant 148 41.11 

Not Awarded Pell Grant 212 58.89 
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Table 3. Demographic characteristics for non-corequisite students (n = 1991). 

Variable Frequency Percent 

Completion Status   

Successful (grade of A, B, C) 1,278 64.19 

Not Successful 713 35.81 

Ethnicity   

Alaska/American Native 15 0.75 

Asian 67 3.37 

Black 212 10.65 

Hispanic 243 12.20 

Multiple 65 3.26 

Unknown 60 3.01 

White 1,329 66.75 

Gender   

Female 1,213 60.92 

Male 778 39.08 

First Time in College   

Yes 1,261 63.34 

No 730 36.66 

Enrollment Status   

Full-time 1,259 63.23 

Part-time 730 36.77 

Pell Grant Status   

Awarded Pell Grant 615 30.89 

Not Awarded Pell Grant 1,376 69.11 

 

The average age for the entire dataset was 20 years of age and disaggregated into the two 

groups of students who took the corequisite course or not, the average age remained the same for 

both groups.   

Outcome Variables 

The students were considered as a whole and then disaggregated by whether or not they 

took the corequisite course.  Prior to disaggregation, 59.08% of students successfully completed 

their gateway mathematics course with a C or higher, 73.78% of students were retained to the 

next semester, and earned an average of 8.86 credits in that specific term in which they 

completed their gateway math course.  Upon disaggregation, it was revealed that only 30.83% of 
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students who took the corequisite course with their gateway course successfully completed their 

gateway math course with a C or higher while 64.19% of their classmates who did not take the 

corequisite course successfully completed.  The percent of students retained to the following 

semester were similar with 75.77% of corequisite students being retained and 73.42% of non-

corequisite students being retained.  The average number of credits accumulated for each of the 

two groups was quite different, however, with corequisite students obtaining an average of 5.79 

credits and non-corequisite students obtaining an average of 9.42 credits in that particular 

semester.  

Table 4. Outcome variables statistics. 

Outcome n All Students Corequisite 

Students 

Non-Corequisite 

Students 

Completion Status 2,351    

Successful 

(grade of A, B, 

or C) 

 59.08% 30.83% 64.19% 

Not Successful  40.92% 69.17% 35.81% 

Retention 2,338    

Retained  73.78% 75.77% 73.42% 

Not Retained  26.22% 24.23% 26.58% 

Credits Accumulated 2,351    

Average  8.86 5.79 9.42 

Sum  20,840 2,084 18,756 

 

Research Questions 

The research questions that guided this dissertation are as follows: 

• Are there differences in the following educational outcomes between community college 

students who were required to complete a corequisite course with their gateway math 

course and those that go straight to a gateway math course: 

o Completion of gateway mathematics course? 

o Retention to the next semester? 
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o Credits accumulated at the end of the term? 

• Are there differences in the above educational outcomes for students who are required to 

complete the corequisite course and those that go straight to a gateway math course based 

on their enrollment status? 

o Full-time Students 

o Part-time students 

The outcomes were first analyzed as a whole to address the first research question and 

then further disaggregated into fulltime and part-time students to address question two to 

determine if enrollment status could also have implications on student success within RISE. 

 

Completion 

All Students 

The completion outcome was analyzed using the entire dataset and then further analyzed 

by disaggregating by enrollment status.  When analyzed as a whole, the RD plot in Figure 5 and 

the RD summary statistics in Table 5 were rendered.  In Figure 5 it can be seen that there is an 

upward jump that occurs from the leftmost data (corequisite students) and the rightmost data 

(non-corequisite students).  Based on the RD design, this indicates a negative impact of RISE on 

students who are placed in the corequisite courses because they are not as successful as their 

non-corequisite counterparts.  These results indicate that students with higher high school GPAs 

are still more successful than students with lower high school GPAs.  
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Figure 5. RD plot for the completion outcome for all students. 

 

Table 5 provides the p-value of 0.299 which indicates that the results are not significant.  So, 

while there appears to be a negative relationship, it is not statistically significant.  This is 

important to note because developmental mathematics has historically had a negative impact on 

student success that has been significant. 

 

Table 5. Summary statistics for completion outcome RD analysis for all students. 

Method Coefficient Std. Err. z P>|z| [95% C.I.] 

Conventional 0.109 0.105 1.038 0.299 [-0.097, 0.314] 

Robust - - 0.752 0.452 [-0.151, 0.338] 

 

Full-time Only 

When the dataset was further disaggregated by enrollment status, either full-time or part-

time, some rather interesting results were rendered.  The negative impact was still evident as 
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there was an upward jump from the left side to the right side (see Figure 6).  This still indicates 

that students with higher high school GPAs performed better than their classmates with lower 

GPAs.   

 

Figure 6. RD plot for completion outcome for full-time students. 

 

The summary statistics for the RD analysis of the completion outcome for only full-time students 

can be found in Table 6.  The p-value of 0.038 indicates that the negative relationship between 

RISE and successful completion for full-time students is significant at the 0.05 level.  

 

Table 6. Summary statistics for completion outcome RD analysis for full-time students. 

Method Coefficient Std. Err. z P>|z| [95% C.I.] 

Conventional 0.310 0.150 2.070 0.038 [0.017, 0.604] 

Robust - - 1.868 0.062 [-0.016, 0.680] 
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Part-time Only  

The part-time students showed quite different results than the full-time students.  As 

shown in Figure 7, there was a jump downward from the left to the right which indicates that 

there was actually a positive impact of RISE on the students who took the corequisite course.   

 

Figure 7. RD plot for completion outcome for part-time students. 

 

However, further investigation of the summary statistics indicates that these positive results are 

not statistically significant due to the p-value of 0.561 as shown in Table 7.   

 

Table 7. Summary statistics for completion outcome RD analysis for part-time students. 

Method Coefficient Std. Err. z P>|z| [95% C.I.] 

Conventional -0.103 0.178 -0.582 0.561 [-0.452, 0.245] 

Robust - - -0.728 0.467 [-0.553, 0.253] 
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Retention 

All Students 

The retention outcome was analyzed using the entire dataset and further disaggregated by 

enrollment status.  When analyzed, the RD plot in Figure 8 and the RD summary statistics in 

Table 8 were rendered.  In Figure 8 it can be seen that there is a downward jump that occurs 

from the leftmost data (corequisite students) and the rightmost data (non-corequisite students).  

Based on the RD design, this indicates a positive impact of RISE on students who are placed in 

the corequisite courses because they are just as likely to be retained to the next semester as their 

non-corequisite counterparts.   

 

Figure 8. RD plot for retention outcome for all students. 
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The summary statistics for the retention analysis shown in Table 8, however, indicated that these 

results were not statistically significant.  So, while there appeared to be a positive relationship 

between RISE and retention to the next term, it was not statistically significant. 

 

Table 8. Summary statistics for retention outcome RD analysis. 

Method Coefficient Std. Err. z P>|z| [95% C.I.] 

Conventional -0.102 0.085 -1.189 0.234 [-0.269, 0.066] 

Robust - - -0.924 0.355 [-0.297, 0.106] 

 

Full-time Only 

When disaggregated by enrollment status, the retention outcome still showed the 

downward jump from the left side to the right side for full-time students.  Again, this would 

indicate that RISE is having a positive impact on student success in terms of retention to the next 

term for full-time students. 
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Figure 9. RD plot for retention outcome for full-time students. 

 

The summary statistics provided in Table 9 show that, again, these positive results are not 

statistically significant with a p-value of 0.651.   

 

Table 9. Summary statistics for retention outcome RD analysis for full-time students. 

Method Coefficient Std. Err. z P>|z| [95% C.I.] 

Conventional -0.045 0.100 -0.452 0.651 [-0.241, 0.151] 

Robust - - -0.223 0.823 [-0.256, 0.204] 

 

Part-time Only 

The part-time students had similar outcomes to their full-time classmates.  They, too, saw 

a downward jump from the left to the right of their RD plot.  This would indicate that RISE is 
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having a positive impact on student success in terms of retention to the next term for part-time 

students.  

 

Figure 10. RD plot for retention outcome for part-time students. 

 

However, the summary statistics shown in Table 10 indicate that, again, these results are not 

statistically significant with a p-value of 0.136.   

 

Table 10. Summary statistics for retention outcome RD analysis for part-time students. 

Method Coefficient Std. Err. z P>|z| [95% C.I.] 

Conventional -0.201 0.135 -1.491 0.136 [-0.465, 0.063] 

Robust - - -1.296 0.195 [-0.527, 0.107] 
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Credit Accumulation 

All Students 

The credit accumulation outcome was analyzed using the entire dataset and then further 

analyzed by disaggregating by enrollment status.  When analyzed as a whole, the RD plot in 

Figure 11 and the RD summary statistics in Table 11 were rendered.  In Figure 11 it can be seen 

that there is an upward jump that occurs from the leftmost data (corequisite students) and the 

rightmost data (non-corequisite students).  Based on the RD design, this indicates a negative 

impact of RISE on students who are placed in the corequisite courses and they are less likely to 

accumulate as many credits as their non-corequisite counterparts.  These results indicate that 

students with higher high school GPAs are accumulating more college credits than students with 

lower high school GPAs. 

 

Figure 11. RD plot for credit accumulation outcome for all students. 
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The summary statistics provided in Table 11 show that the results are not statistically significant, 

however, with a p-value of 0.162.  While there may be a negative relationship between students 

taking the corequisite course and credit accumulation, it isn’t significant. 

 

Table 11. Summary statistics for credit accumulation outcome RD analysis for all students. 

Method Coefficient Std. Err. z P>|z| [95% C.I.] 

Conventional 1.494 1.068 1.399 0.162 [-0.599, 3.587] 

Robust - - 0.922 0.357 [-1.260, 3.497] 

 

Full-time Only 

The dataset was then further disaggregated by enrollment status, either full-time or part-

time.  The negative impact was still evident as there was an upward jump from the left side to the 

right side (see Figure 12).  This still indicates that students with higher high school GPAs are 

likely to earn more credits in a term than their classmates with lower GPAs.   

 

Figure 12. RD plot for credit accumulation for full-time students. 



  61 

 

The summary statistics for the RD analysis of the credit accumulation outcome for only full-time 

students can be found in Table 12.  The p-value of 0.038 indicates that the negative relationship 

between RISE and credit accumulation for full-time students is significant at the 0.05 level.  This 

means that RISE is not helping students who are taking the corequisite course accumulate a 

similar number of credits as their non-corequisite classmates. 

 

Table 12. Summary statistics for credit accumulation outcome RD analysis for full-time students. 

Method Coefficient Std. Err. z P>|z| [95% C.I.] 

Conventional 0.310 0.150 2.070 0.038 [0.017, 0.604] 

Robust - - 1.868 0.062 [-0.016, 0.680] 

 

Part-time Only  

Similar to the completion results for part-time students, the credit accumulation outcome 

showed a jump downward from the left to the right which indicates that there was actually a 

positive impact of RISE on the students who took the corequisite course (See Figure 13).  This 

means that RISE allowed corequisite students to accumulate a similar amount of credits as their 

non-corequisite classmates. 
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Figure 13. RD plot for credit accumulation outcome for part-time students. 

 

The summary statistics in Table 13, however, indicate that these positive results are 

unfortunately not statistically significant (p-value = 0.630).   

Table 13. Summary statistics for credit accumulation outcome RD analysis for part-time 

students. 

Method Coefficient Std. Err. z P>|z| [95% C.I.] 

Conventional -0.516 1.071 -0.481 0.630 [-2.616, 1.584] 

Robust - - -0.566 0.572 [-3.084, 1.702] 

 

Balance Checks 

In order to determine whether the results detailed above could be attributed to the effects 

of RISE rather than some other trend or random chance, balance checks were performed for each 

RD analysis for each outcome.  This test involved running the same analysis for each individual 

covariate with high school GPA at the cutoff of 2.799 with the optimal bandwidth selected by the 
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statistical software.  The purpose for each of these analyses was to determine whether any of the 

covariate terms were significant.  If they had been, then it would be difficult to claim that RISE 

was responsible for the observed effects, but the lack of statistically significant p-values in the 

covariates would provide greater support to the relationship between RISE and student 

outcomes. 

In terms of covariates that resulted in statistically significant p-values, there were only 

four instances in which a covariate was significant at a 0.05 level for an outcome.  The tables 

included below detail the p-values for each covariate for each outcome (completion, credits 

accumulated, and retention) for all students, full-time only, and part-time only.  The covariate for 

multiple races was indicated as statistically significant, however, there was a very small n for the 

group of students who identified as multiple races (n = 80).  The r values were also calculated for 

each covariate to determine the strength of the relationship between each covariate and the 

outcome variable.  According to Davis’ descriptors (1971), anything below a value of 0.29 can 

be considered statistically negligible and the multiple races variable that was denoted as having a 

significant p-value actually showed a negligible association. (See Tables 14 through 22.) 

 

Table 14. Completion Outcome All Students Balance Checks. 

Covariate p-value r value 

Age (age) 0.466 -0.02 

Gender (gender_f) 0.094 -0.02 

Pell (pell_yes) 0.958 0.00 

Full-time (fulltime_yes) 0.099 -0.02 

First time in college (ftic_yes) 0.758 -0.04 

White (wh_yes) 0.980 0.10 

Black (bl_yes) 0.257 -0.12 

Asian (as_yes) 0.079 0.05 

Alaska/American Native (an_yes) 0.669 -0.02 

Hispanic (his_yes) 0.901 -0.02 

Unknown (unk_yes) 0.290 0.01 

Multiple races (multi_yes) 0.016 -0.07 
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Table 15. Completion Outcome Full-time Students Balance Checks. 

Covariate p-value r value 

Age (age) 0.318 0.01 

Gender (gender_f) 0.122 -0.07 

Pell (pell_yes) 0.340 0.03 

First time in college (ftic_yes) 0.337 -0.04 

White (wh_yes) 0.771 0.13 

Black (bl_yes) 0.601 -0.16 

Asian (as_yes) 0.491 0.06 

Alaska/American Native (an_yes) 0.280 -0.03 

Hispanic (his_yes) 0.821 -0.03 

Unknown (unk_yes) 0.665 0.01 

Multiple races (multi_yes) 0.078 -0.06 

 

 

 

Table 16. Completion Outcome Part-time Students Balance Checks. 

Covariate p-value r value 

Age (age) 0.839 -0.06 

Gender (gender_f) 0.227 0.06 

Pell (pell_yes) 0.579 -0.06 

First time in college (ftic_yes) 0.733 -0.04 

White (wh_yes) 0.847 0.07 

Black (bl_yes) 0.386 -0.07 

Asian (as_yes) 0.131 0.02 

Alaska/American Native (an_yes) 0.363 0.00 

Hispanic (his_yes) 0.998 0.00 

Unknown (unk_yes) 0.380 0.01 

Multiple races (multi_yes) 0.127 -0.08 

 

 

Table 17. Credit Accumulation All Students Balance Checks. 

Covariate p-value r value 

Age (age) 0.988 -0.02 

Gender (gender_f) 0.073 -0.02 

Pell (pell_yes) 0.891 0.00 

Full-time (fulltime_yes) 0.100 -0.02 

First time in college (ftic_yes) 0.503 -0.04 

White (wh_yes) 0.610 0.10 

Black (bl_yes) 0.455 -0.12 

Asian (as_yes) 0.206 0.05 

Alaska/American Native (an_yes) 0.138 -0.02 

Hispanic (his_yes) 0.800 -0.02 

Unknown (unk_yes) 0.210 0.01 

Multiple races (multi_yes) 0.038 -0.07 
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Table 18. Credit Accumulation Full-time Students Balance Checks. 

Covariate p-value r value 

Age (age) 0.314 0.01 

Gender (gender_f) 0.225 -0.07 

Pell (pell_yes) 0.772 0.03 

First time in college (ftic_yes) 0.234 -0.04 

White (wh_yes) 0.410 0.13 

Black (bl_yes) 0.919 -0.16 

Asian (as_yes) 0.852 0.06 

Alaska/American Native (an_yes) 0.280 -0.03 

Hispanic (his_yes) 0.578 -0.03 

Unknown (unk_yes) 0.412 0.01 

Multiple races (multi_yes) 0.082 -0.06 

 

 

Table 19. Credit Accumulation Part-time Students Balance Checks. 

Covariate p-value r value 

Age (age) 0.537 -0.06 

Gender (gender_f) 0.342 0.06 

Pell (pell_yes) 0.243 -0.06 

First time in college (ftic_yes) 0.391 -0.04 

White (wh_yes) 0.685 0.07 

Black (bl_yes) 0.387 -0.07 

Asian (as_yes) 0.259 0.02 

Alaska/American Native (an_yes) 0.137 0.00 

Hispanic (his_yes) 0.685 0.00 

Unknown (unk_yes) 0.157 0.01 

Multiple races (multi_yes) 0.428 -0.08 

 

 

Table 20. Retention Outcome All Students Balance Checks. 

Covariate p-value r value 

Age (age) 0.416 -0.02 

Gender (gender_f) 0.106 -0.02 

Pell (pell_yes) 0.974 0.00 

Full-time (fulltime_yes) 0.126 -0.02 

First time in college (ftic_yes) 0.930 -0.04 

White (wh_yes) 0.858 0.10 

Black (bl_yes) 0.193 -0.12 

Asian (as_yes) 0.058 0.05 

Alaska/American Native (an_yes) 0.511 -0.02 

Hispanic (his_yes) 0.878 -0.02 

Unknown (unk_yes) 0.326 0.01 

Multiple races (multi_yes) 0.015 -0.07 
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Table 21. Retention Outcome Full-time Students Balance Checks. 

Covariate p-value r value 

Age (age) 0.562 0.01 

Gender (gender_f) 0.136 -0.08 

Pell (pell_yes) 0.263 0.03 

First time in college (ftic_yes) 0.374 -0.04 

White (wh_yes) 0.787 0.12 

Black (bl_yes) 0.504 -0.16 

Asian (as_yes) 0.308 0.06 

Alaska/American Native (an_yes) 0.280 -0.03 

Hispanic (his_yes) 0.792 -0.03 

Unknown (unk_yes) 0.728 0.01 

Multiple races (multi_yes) 0.038 -0.06 

 

 

Table 22. Retention Outcome Part-time Students Balance Checks. 

Covariate p-value r value 

Age (age) 0.586 -0.06 

Gender (gender_f) 0.327 0.07 

Pell (pell_yes) 0.278 -0.06 

First time in college (ftic_yes) 0.440 -0.03 

White (wh_yes) 0.711 0.07 

Black (bl_yes) 0.399 -0.07 

Asian (as_yes) 0.219 0.02 

Alaska/American Native (an_yes) 0.255 0.01 

Hispanic (his_yes) 0.648 0.00 

Unknown (unk_yes) 0.206 0.01 

Multiple races (multi_yes) 0.323 -0.08 

 

As a result of the balance checks, there were no variables that had a statistically significant 

relationship with any educational outcome.  This significance would have been indicated by a p-

value less than or equal to 0.05 and an r value of 0.30 or larger.  The p-value would indicate the 

level of significance and the r-value would have described the strength of the relationship 

between the specific covariate and the outcome variable.   
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Conclusions of Findings 

The RD analysis was conducted for each outcome variable (completion, retention, and 

credit accumulation) for all students, full-time students only, and part-time students only.  The 

conclusions for each student group are briefly outlined below: 

• All Students 

o Completion: No statistically significant relationship with RISE. 

o Retention: No statistically significant relationship with RISE. 

o Credit Accumulation: No statistically significant relationship with RISE. 

• Full-time Students 

o Completion: Statistically significant relationship with RISE. 

o Retention: No statistically significant relationship with RISE. 

o Credit Accumulation: Statistically significant relationship with RISE. 

• Part-time Students 

o Completion: No statistically significant relationship with RISE. 

o Retention: No statistically significant relationship with RISE. 

o Credit Accumulation: No statistically significant relationship with RISE. 

Summary 

This chapter provided the results of the RD analysis as well as the necessary balance 

checks to show that the findings were strictly related to RISE as opposed to any other variables.  

Chapter 5 will discuss the findings of these results as well as conclusions and implications for 

future research. 
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CHAPTER 5: DISCUSSION, CONCLUSIONS, AND IMPLICATIONS 

Introduction 

The purpose of this study was to examine the effects of RISE on North Carolina 

Community College students’ success in gateway mathematics courses.  As RISE is a relatively 

new initiative for the NCCCS, there has not been much analysis to determine whether the policy 

was improving student outcomes.  This dissertation was designed to add to the current research 

to assist policymakers, practitioners, and researchers as they continue to work towards improving 

developmental student outcomes.   

To accomplish this purpose, this dissertation employed regression discontinuity analyses 

with data provided by individual North Carolina community colleges to answer the research 

questions: 

• Are there differences in the following educational outcomes between community college 

students who were required to complete a corequisite course with their gateway math 

course and those that go straight to a gateway math course: 

o Completion of gateway mathematics course? 

o Retention to the next semester? 

o Credits accumulated at the end of the term? 

• Are there differences in the above educational outcomes for students who are required to 

complete the corequisite course and those that go straight to a gateway math course based 

on their enrollment status? 

o Full-time Students 

o Part-time students 
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Regression discontinuity is a quasi-experimental approach that allows the researcher to measure 

the impact of an intervention—in this case, the corequisite courses—to determine the causal 

effects of the intervention.  This is accomplished by doing a comparison of data from the 

treatment and control groups around a cutoff measure; in this case, the cutoff measure is high 

school GPA.   

RD was an appropriate analytic approach for the following reasons.  First, placement into 

a corequisite course or gateway course only is dependent primarily on high school GPA.  There 

are other measures within the RISE policy that can place students, but the majority of students 

are placed by high school GPA.  There is a high school GPA cutoff value of 2.8 in place within 

the RISE policy, which states students with a high school GPA of 2.8 or higher can be placed 

directly into their gateway math course without a corequisite, but a high school GPA between 2.2 

and 2.799 will place them into a corequisite course with their gateway math.  Second, since the 

student’s assignment to treatment was based on a cutoff and was exogenous to the student, RD 

design was used to mimic a randomized experimental design and allow for causal inferences to 

be made based on the differences in the outcomes for each group (Thistlethwaite & Campbell, 

1960; Flaster & DesJardins, 2014).   

Discussion of Findings 

The results discussed in Chapter 4 lead to several important findings, each of which will 

be detailed below according to each student outcome analyzed in the research question.  The 

findings will be organized by student success outcome and then by enrollment status.  

Research Question 1 Findings 

Findings for each educational outcome will be presented below in the order of 

completion, retention, and credits accumulated. 
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Findings for Completion Outcome 

The RD analysis of the completion outcome for all students indicated that there was a 

negative impact of RISE on students’ successful completion of their gateway math course.  

However, the results were not statistically significant (see Table 5), which is good news for the 

students.  While it is unfortunate that the analysis shows a negative impact of the corequisite 

course on the students who are required to take it, the fortunate part is that it is not significant; 

this means that RISE isn’t doing any harm.  However, it isn’t having a positive impact either, so 

essentially it is neither helping or hurting these students.  This is somewhat of an improvement 

since historically developmental math models have shown to have a significant negative impact 

on students.  The balance checks also indicated that there was only one variable with statistical 

significance, which was the multiple races variable (see Table 14).  This significance, though, 

was attributed to the small population size of the students who identified as multiple races 

(n=80).   

However, it was noted that the data points on the left side of the cutoff on the RD plot 

(see Figure 5) were more spread out than the data points on the right, indicating that there was a 

greater spread of results in the outcome for each of these two groups of students.  The data points 

on the right were much more clustered together; this indicates that the outcomes were more 

similar than those on the left.  If students are all required to complete the corequisite course, this 

prompts the question of what kind of students is RISE helping and what kind of students is RISE 

not helping as much?   
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Findings for Retention Outcome 

The RD analysis of all students indicated a positive impact of RISE on students who were 

required to take the corequisite course in terms of retention.  This would mean that students who 

completed the corequisite course were just as likely to return the next semester as their non-

corequisite classmates.  Unfortunately, this positive impact was not statistically significant (see 

Table 8).  This ultimately means something similar to the completion outcome that while it is not 

positively impacting retention, it is also not negatively impacting retention.  Again, this would 

indicate that RISE is neither significantly helping nor hurting these students.  The balance checks 

revealed that there was only one covariate that had a statistically significant relationship, and 

again, that covariate was multiple races (see Table 20).   

Lastly, it was also noted that the data points on the left were much more scattered than 

the points on the right side of the cutoff (see Figure 8).  This raises the question of what are the 

differences between the students in this corequisite group that are being retained versus those 

that are not?  The students in the corequisite group have a broad range of probabilities indicating 

that the likelihood of them being retained is rather unpredictable based on the RD analysis.  This 

means that further analysis should be conducted to study the differences within this group of 

students. 

Findings for Credit Accumulation Outcome 

The RD analysis of credit accumulation for all students indicated that there was a 

negative impact of RISE on the total number of credits a student can accumulate in a term while 

taking their corequisite and gateway math courses.  This also means that students who were not 

required to take the corequisite course were more likely to earn a greater number of credits than 

their classmates who were required to take the corequisite course.  However, once again, this 
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result was not statistically significant (see Table 11).  This means that while RISE isn’t helping 

these students, it isn’t hurting them either.  This is equally important, especially when compared 

to previous developmental models.  The balance checks further revealed that there was only one 

variable that had a statistically significant relationship with the outcome and, again, it was 

multiple races due to the small n value (see Table 17).   

Similar to the completion outcome, the RD plot also showed that the data points were 

much more spread out on the left side of the cutoff than on the right side.  This indicates that the 

students who were required to take the corequisite course have a broader range of credits 

accumulated on average than the students who were not required to take the corequisite.  Again, 

this brought up the question of what student characteristics may have caused these results? 

 

Research Question 2 Findings 

With the question of student characteristics arising, it was decided that the data needed to 

be further disaggregated.  The researcher chose to disaggregate by enrollment status because of 

the logical impact it could have on the credit accumulation outcome.  Thus, each outcome was 

further broken down into full-time students and part-time students and each analysis was run for 

both full-time only and part-time only student groups.  The findings for Research Question 2 will 

be addressed for full-time students first and then part-time students. 

Findings for Full-time Students 

For full-time students, there were some rather interesting, and statistically significant, 

findings.  In terms of completion, the RD analysis showed that there was a negative impact of 

RISE on full-time students (see Figure 6).  Further, the summary statistics revealed that this 

negative impact was significant at the 0.05 level with a p-value of 0.038 (see Table 6).  This 
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would indicate that RISE is detrimental to the success of full-time students in terms of 

completion of their gateway math courses.  As for the retention outcome, it was found that RISE 

positively impacted full-time students (see Figure 9); however, it was not statistically significant 

(see Table 9). This means that while RISE isn’t necessarily helping full-time students, it also 

isn’t hurting full-time students in terms of being retained to the following semester.  Lastly, the 

credit accumulation outcome showed that RISE had a negative impact on full-time students (see 

Figure 12), which means that students were less likely to accumulate as many credits at the end 

of the term in which they completed their gateway math course.  This negative impact was found 

to be statistically significant at the 0.05 level with a p-value of 0.038 (see Table 12).  This 

indicates that RISE is unfortunately not helping students accumulate credits and is in fact having 

the opposite impact.  Overall, full-time students experienced a negative impact of RISE on 

completion and credit accumulation outcomes and they were statistically significant while the 

retention outcome did not show significant results.  

Findings for Part-time Students 

Part-time students had quite different results from the RD analysis than their full-time 

counterparts.  In terms of completion, the RD analysis actually showed a positive impact of RISE 

on part-time students (see Figure 7); however, this result was not statistically significant (see 

Table 7).  This would indicate that RISE was helping students placed into a corequisite course to 

be as successful as their non-corequisite classmates who were also part-time.  Since this result is 

not significant, this means that while it is not helping these students, it also isn’t hurting their 

successful completion of their gateway math course.  A similar result was found for retention; 

the impact of RISE was positive (see Figure 10), but again, it was not significant (see Table 10).  

This would indicate that RISE was helping retain corequisite students to the following semester 
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similar to their non-corequisite classmates, but since it was not significant, it can be concluded 

that while it may not have been directly helping retain these students, RISE wasn’t negatively 

impacting the retention of part-time students.  Lastly, credit accumulation showed a similar result 

for part-time students; the impact of RISE was positive (see Figure 13), but lacking statistical 

significance (see Table 13).  Overall, the part-time students showed a positive impact of RISE 

for all student success outcomes, but they weren’t statistically significant results.  

Conclusions 

As a review, this study of the 2019 data for RISE as has resulted in the following major 

findings: 

1. RISE does not have a statistically significant impact (positive or negative) on students 

as a whole.  

2. RISE has a statistically significant negative impact on full-time students in terms of 

successful completion of gateway math courses and credits accumulated in a given 

term. 

3. RISE has a positive impact on part-time students for completion, retention, and credit 

accumulation, but the impact is not statistically significant for any outcome. 

Implications based on these findings and my professional experience at the community college 

will be addressed in the next section. 

 

Implications for Policy, Practice, and Theory 

This section details both the implications and recommendations for policy, practice, and 

theory.  The implications and recommendations for policy and practice could be interpreted at 

the state or system level as well as at the individual school level.  The implications and 
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recommendations for theory refer to the theories that framed this study and how they could 

potentially be modified based on the findings. 

 

Implications and Recommendations for Policy 

There may not be one policy for everyone. 

 

Based on the results and the findings described previously, it is clear that RISE has a 

different impact on full-time and part-time students.  A study like this one had not been 

conducted prior to the decision to fully implement RISE statewide.  Had a study like this one 

been completed, it may have sooner been discovered that RISE may not be the best choice for 

our full-time students.  However, it could have been concluded that this corequisite model would 

work for our part-time students.  As practitioners, we know that our full-time and part-time 

students have different needs.  This would also imply that they don’t need to be treated the same.  

The current research in developmental mathematics doesn’t necessarily show a breakdown of 

full-time versus part-time students.  Perhaps this is something that schools or the state should 

consider prior to implementation of a particular policy or program.  A study like this one would 

have been helpful prior to full implementation of RISE to determine if it was going to serve all 

student groups the same.  As illustrated by this study, the analysis for the entire student 

population yielded different results than the analysis for full-time and part-time students.   

Schools should be assessing the effectiveness of their developmental math practices. 

RISE was intended to be a system-wide initiative that all North Carolina community 

colleges were going to adopt.  Initial results indicated that RISE was performing well and 

helping increase successful student completion for students who could have otherwise been stuck 

in a developmental math pathway and never made it to their gateway math course.  However, the 
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analysis provided in this dissertation shows that RISE was not necessarily helping students 

successfully complete their gateway math course simply by adding them to a corequisite course.  

If schools were conducting their own RD analysis for their corequisite models, the analyses 

could lead them to make completely different conclusions, which is likely why the status of 

developmental education in North Carolina is at a standstill.  The schools or state should 

consider using the RD design in more data analysis to determine the overall effectiveness of a 

program for their particular institution.  Perhaps what proves successful for one institution isn’t 

successful for another.  Consider, for example, rural versus urban institutions.  These institutions 

are serving entirely different student groups with different needs, so it may be that the corequisite 

model works well for one type of institution but not for the other.  It would still be useful to 

disaggregate the students by enrollment status at these institutions as it has been shown in this 

study that the two groups had entirely different results and the student population came from 

schools of varying size and location. 

 

Implications and Recommendations for Practice 

Allow each school to decide how they want to implement developmental math practices. 

Perhaps a corequisite model works well for our part-time students since they may be 

more crunched for time, but it is clearly not serving our full-time student population well at all.  

A corequisite style of developmental coursework could be recommended for part-time students, 

but the evidence from this study suggests that it should not be recommended for full-time 

students.  This is something that each individual institution could be investigating with their 

unique institutional data.  In terms of how North Carolina’s developmental mathematics program 

has been modified, this could mean that full-time students may need to complete the Transition 
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Math course, similar to a prerequisite developmental education model, to complete all the 

prerequisites for their particular course of study while part-time students could have the option to 

take the corequisite course.  Since this would likely cause a great deal of discourse, it would 

probably be more prudent to investigate a different approach to developmental mathematics.  

The most recent update from the North Carolina System Office is that schools are not required to 

implement RISE and they are allowed to choose their form of developmental education.  They 

can continue using the prerequisite model of developmental math, or they can choose to 

implement the RISE corequisite model.  

Faculty Impacts 

In terms of the impact to faculty, there are a few possibilities.  If the institution has 

already implemented RISE, then they may choose to keep the model or revert back to the 

prerequisite model.  This is unlikely, since the model of developmental education also impacts 

placement and advising practices.  If the institution has not already implemented RISE, then they 

do have the option to stay with their current model, or they can implement RISE as it is.  They 

could also choose to make modifications to the policy to better suit their institutions.  The people 

that will make these things happen are the faculty.  The faculty will be responsible for creating 

the corequisite course curriculum, including course assignments and the supplemental site on 

their institution’s integrated learning management system.  Should the institution choose to do a 

combination of implementation, an example could be that the institution does not implement the 

corequisite courses but they do utilize the new Transition Math course that replaced the 

developmental math modules from the prerequisite model.  This would only require that the 

faculty are logged into the software since the course content is already created.   
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Implications and Recommendations for Theory 

Theories and models could be modified for full-time versus part-time students. 

This study was framed by Tinto’s (1993) Theory of Student Departure and Bandura’s 

(1997) concept of self-efficacy which both seek to describe aspects of a student’s academic 

experience and ultimately their decision of whether to remain in school.  Tinto’s Theory of 

Student Departure (see Figure 2) doesn’t show or discuss the difference between a full-time and 

part-time student experience.  It includes pre-entry attributes, goals and commitments, 

institutional experiences (academic performance, interactions with faculty and staff, extra-

curricular activities, peer interactions), integration, and outcomes (Tinto, 1993).  Bandura’s 

(1997) self-efficacy aspect of the social cognitive theory overlaps here with the academic 

performance aspect of Tinto’s model; if a student feels as though they are incapable of 

completing a course, it is likely they will not persist.   

It is clear from the results of this study that this model may need to be broken down into 

two separate models for full-time and part-time students.  At the beginning of Tinto’s (1993) 

model, the students come into the academic setting with pre-entry attributes.  One could argue 

that the attributes of our full-time and part-time students can be quite diverse.  Some attributes 

that may have a different impact for the full-time and part-time students could be their 

demographics, their living situation, and socioeconomic status.  These covariates could have a 

significant relationship with student success outcomes such as completion, retention, and credit 

accumulation.  Within the institutional experiences and integration categories of Tinto’s (1993) 

model, there are two factors that the researcher believes could be significantly impacted by RISE 

for these full-time and part-time student groups—academic performance and academic 

integration.  Since it was shown through this study that full-time students were overall negatively 
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impacted by RISE and part-time students were positively impacted by RISE, this could be 

further evidence to suggest that students need to be studied and modeled separately based on 

their enrollment status.   

We know that full-time and part-time students have different academic experiences, 

especially in terms of academic integration.  They are included in the campus, but they are not as 

involved, perhaps, as those students that are able to be there full time.  Depending on which 

courses they are placed into, this could also have an impact on their overall academic 

performance and ultimately adding supporting evidence to their decision to stay or depart from 

the institution.  Oddly enough, RISE was found to have a positive impact on retention to the next 

semester for both full-time and part-time students.  Unfortunately, it was not a statistically 

significant impact for either group.  It was found that RISE had a negative impact on completion 

and credits accumulated, though, which could indicate that the student’s decision to depart could 

be related to their poor academic performance and a subsequent lowering of their self-efficacy. 

 

Opportunities for Future Research 

This dissertation showed that RISE had a statistically significant negative impact on full-

time students in terms of successful completion of their gateway math course and in terms of 

credit accumulation in a given term.  This dissertation also showed a positive impact of RISE on 

part-time students on all three outcomes (completion, retention, credit accumulation), but they 

unfortunately all showed no statistical significance.  It is still noteworthy that the students 

showed these differences once disaggregated by enrollment status.  This demonstrates that there 

is a need for academic studies to disaggregate students in this way to better inform the results 

and findings of various academic questions.   
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When looking at the RD plots for each analysis, it was noted that there was often a large 

spread in the data on the left side of the cutoff (corequisite students) as opposed to a more 

clustered appearance on the right side of the cutoff (non-corequisite students).  This begs the 

question of who is the corequisite course working for and who isn’t it working for within this 

group of students that are required to take the corequisite course?  This is where more student 

characteristics could be explored to determine what variables the successful students have in 

common.  It may also prove helpful to determine whether these students attended tutoring and 

how often they attended.  It would likely be prudent to consider analysis of full-time and part-

time students separately within that study to determine the impacts for each group.   

Based on the statistical significance of students who identified as multiple races, perhaps 

there is another variable, such as socioeconomic status, that should be investigated.  It would be 

interesting to see how the outcomes may be impacted (positively or negative) depending on 

socioeconomic status within the full-time and part-time student groups.  A larger sample size 

would also be helpful in determining the impacts of race and ethnicity on student success for 

various outcomes.  Since this study only included data from three North Carolina community 

colleges from 2019 only, it would be interesting to see what the data would suggest is happening 

at each institution and overall as a state community college system.   

This study also focused solely on developmental math and gateway math outcomes.  

RISE also places students for developmental English and gateway English.  The outcomes of this 

research lead us to wonder whether RISE is having similar impacts on English outcomes.  Lastly, 

further investigation of the implementation practices at each institution may be of value since 

this study did not investigate the actual implementation strategies. 
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Conclusion 

Reinforced instruction for student excellence is a relatively new initiative that was being 

implemented in stages across North Carolina with an intended full implementation date of Fall 

2020.  Unfortunately, the COVID-19 pandemic changed this final date and the NCCCS has since 

announced that institutions do not have to implement RISE if they choose not to.  Many North 

Carolina community colleges have already implemented RISE and their initial data and 

anecdotal evidence has suggested that RISE is not working; rather, it is negatively impacting our 

students.  This study provides supporting evidence to suggest that RISE is, overall, not working 

as well as intended.  It shows a distinct negative impact on full-time students in terms of 

successful completion of gateway mathematics courses.  Many of our students in the community 

college system are part-time students, but unfortunately, it doesn’t appear that RISE is 

necessarily helping them either.   

These findings present a rather mixed message for policymakers and educators.  We 

don’t get to disaggregate our full-time and part-time students in the classroom and we certainly 

don’t differentiate how they are treated in terms of academic placement.  This makes it difficult 

to decide whether a policy such as RISE is one that can be applied across the board to all 

students.  It also stirs up the notion that perhaps full-time and part-time students should be 

treated differently in terms of remediation.  Only further research with comparisons of these two 

groups of students will be able to fully address those issues.  RISE was a new and different 

approach to remedial education in North Carolina and one that deserved a chance since the 

corequisite model showed such promise in states such as Tennessee, Georgia, and Florida.  With 

the pandemic impacting part of the implementation, it is hard to decide whether RISE truly got a 

fair opportunity to do its job.  However, the findings of this study have shown that RISE 
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produces different impacts on outcomes for full-time and part-time students, and if all students 

are being considered, it will be imperative to continue searching for the right model of remedial 

education to yield equitable outcomes across all student demographics. 
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Appendix B 

R code used for RD analysis: 

install.packages("rdrobust") 

library(rdrobust) 

install.packages("rdd") 

require(rdd) # attaches an add-on package 

install.packages("lattice") 

library(lattice) 

 

*import the dataset using the Import Data button in the workspace* 

 

Code for Completion Outcome 

mydata<-read.csv(“F:/completion_data.csv”) 

attach(mydata) 

ols <-lm(completion~age+wh_yes+bl_yes+as_yes+an_yes+his_yes+unk_yes+ 

multi_yes+gender_f+ hs_gpa+pell_yes+fulltime_yes+ftic_yes+coreq_yes) 

summary(ols) 

 

xyplot(coreq_yes~hs_gpa,completion_data,xlab="High School GPA (running 

variable)",ylab="Treatment",groups=completion, 

col=c("blue","green"),type=c("p","r",lwd=2,lty=c(2,1))) 

 

xyplot(completion~hs_gpa,completion_data,xlab="High School GPA (running 

variable)",ylab="Completion",groups=completion, 

col=c("blue","green"),type=c("p","r",lwd=2,lty=c(2,1))) 

 

rdplot(completion,hs_gpa,c=2.799) 

 

summary(rdrobust(completion,hs_gpa,c=2.799) # Optimal bandwidth will spit out here 

 

summary(rdbwselect(y=completion, x=hs_gpa, c=2.799, bwselect = "mserd")) 

 

summary(rdrobust(completion,hs_gpa, c=2.799, h=0.2)) # h is the bandwidth, so try out different 

values here to see if the results change drastically. 

 

summary(rdrobust(completion,hs_gpa, c=2.799, h=0.1)) 

 

# run a balance check for each covariate at the optimal bandwidth to determine whether there is a 

significant relationship between each covariate and the cutoff.   

 

summary(rdrobust(age,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(gender_f,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(pell_yes,hs_gpa, c=2.799, h=0.137)) 
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summary(rdrobust(fulltime_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(ftic_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(wh_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(bl_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(as_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(an_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(his_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(unk_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(multi_yes,hs_gpa, c=2.799, h=0.137)) 

 

summary(rdrobust(completion, hs_gpa, c=2.799, 

covs=age+gender_yes+pell_yes+fulltime_yes+ftic_yes+wh_yes+bl_yes+as_yes+an_yes+his_ye

s+unk_yes+multi_yes)) 

 

Code for Retention Outcome 

mydata<-read.csv(“F:/retention_data.csv”) 

attach(mydata) 

ols <-lm(retain_yes~age+wh_yes+bl_yes+as_yes+an_yes+his_yes+unk_yes+ 

multi_yes+gender_f+ hs_gpa+pell_yes+fulltime_yes+ftic_yes+coreq_yes) 

summary(ols) 

 

rdplot(retention,hs_gpa,c=2.799) 

 

summary(rdrobust(retain_yes,hs_gpa,c=2.799) # Optimal bandwidth will spit out here 

 

summary(rdbwselect(y=retain_yes, x=hs_gpa, c=2.799, bwselect = "mserd")) 

 

summary(rdrobust(retain_yes,hs_gpa, c=2.799, h=0.2)) # h is the bandwidth, so try out different 

values here to see if the results change drastically. 

 

summary(rdrobust(retain_yes,hs_gpa, c=2.799, h=0.1)) 

 

# run a balance check for each covariate at the optimal bandwidth to determine whether there is a 

significant relationship between each covariate and the cutoff.   

 

summary(rdrobust(age,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(gender_f,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(pell_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(fulltime_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(ftic_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(wh_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(bl_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(as_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(an_yes,hs_gpa, c=2.799, h=0.137)) 
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summary(rdrobust(his_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(unk_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(multi_yes,hs_gpa, c=2.799, h=0.137)) 

 

summary(rdrobust(retain_yes, hs_gpa, c=2.799, 

covs=age+gender_yes+pell_yes+fulltime_yes+ftic_yes+wh_yes+bl_yes+as_yes+an_yes+his_ye

s+unk_yes+multi_yes)) 

 

Code for Credit Accumulation Outcome: 

mydata<-read.csv(“F:/credits_data.csv”) 

attach(mydata) 

ols <-lm(credits~age+wh_yes+bl_yes+as_yes+an_yes+his_yes+unk_yes+ multi_yes+gender_f+ 

hs_gpa+pell_yes+fulltime_yes+ftic_yes+coreq_yes) 

summary(ols) 

 

rdplot(credits,hs_gpa,c=2.799) 

 

summary(rdrobust(credits,hs_gpa,c=2.799) # Optimal bandwidth will spit out here 

 

summary(rdbwselect(y=credits, x=hs_gpa, c=2.799, bwselect = "mserd")) 

 

summary(rdrobust(credits,hs_gpa, c=2.799, h=0.2)) # h is the bandwidth, so try out different 

values here to see if the results change drastically. 

 

summary(rdrobust(credits,hs_gpa, c=2.799, h=0.1)) 

 

# run a balance check for each covariate at the optimal bandwidth to determine whether there is a 

significant relationship between each covariate and the cutoff.   

 

summary(rdrobust(age,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(gender_f,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(pell_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(fulltime_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(ftic_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(wh_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(bl_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(as_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(an_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(his_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(unk_yes,hs_gpa, c=2.799, h=0.137)) 

summary(rdrobust(multi_yes,hs_gpa, c=2.799, h=0.137)) 
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summary(rdrobust(credits, hs_gpa, c=2.799, 

covs=age+gender_yes+pell_yes+fulltime_yes+ftic_yes+wh_yes+bl_yes+as_yes+an_yes+his_ye

s+unk_yes+multi_yes)) 

 

Note: The completion_data.csv, retention_data.csv, and credits_data.csv files were disaggregated 

by enrollment status and two different .csv files were made for each outcome for full-time 

students only and part-time students only.  The code above was used with each full-time and 

part-time dataset to yield six more plots and summaries for a total of nine RD plots and summary 

tables (three for all students, three for full-time students, three for part-time students). 


