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ABSTRACT 

This mixed methods action research study examines the academic experiences of students 

enrolled in College Algebra at a 2-year college. The course involved 16 college students, 

some not having met prerequisite requirements and all having unlimited access to 

remediation tools–accommodating resources and support services embedded within the 

context of the course. Student test scores, including self-efficacy exam scores, placement 

exam scores, and final exam scores, along with the instructor’s research journal, were 

analyzed. It has been determined that students with developmental math needs will have 

difficulty completing College Algebra, although completion can be achieved. 

Institutional policy changes have been recommended. 
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CHAPTER 1 
THE PROBLEM WITH DEVELOPMENTAL MATHEMATICS 

“The type of outcomes people expect depend largely on their judgments of how well they 
will be able to perform in given situations.” 
–Albert Bandura, 1983, p. 464 

Background 
As a traditional college student attending the first day of math class at a 

historically Black university, I was detrimentally unprepared. Pre-Calculus was 

recommended to me after receiving an insufficient placement exam score for Calculus 

enrollment. I completed Pre-Calculus, and then entered Calculus I the following semester 

with a less than hopeful attitude. With a great deal of stress and frustration, I eventually 

completed every degree requirement and received a Bachelor of Science, in spite of 

having initially placed in a math course designed to recover fundamental algebra skills.  

 Twenty years later, I found myself teaching developmental math courses to 

students who were unprepared for College Algebra. Even as a former recipient of 

developmental math services, I lacked understanding about my responsibilities. 

Administrators wanted me to teach math courses based on a prescribed course outline, 

which hardly addressed student interests or needs. However, I knew my students needed 

more than another instructor to demonstrate the same step-by-step processes for solving 

algebra problems their high school math teachers had demonstrated. I also knew the 

consequences of the current requirements. Students were required to complete additional 

credit hours above the requirements of their original degree plans. The increased credit 

hours became a burden to students who could barely afford initially anticipated expenses 

while the increased time became a burden to students who could barely manage the 

initially anticipated schedule. I could also foresee added expenses of childcare costs, 

missed time from work, and other such trappings resulting from lengthy college stays. 
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These additions would inevitably create a hurdle for some and a brick wall for others. 

Regardless of how little I understood my role as a developmental math instructor, I 

discovered that many of my students had fallen into a costly, time-consuming cycle of 

and were being effectively deprived of fair access degree completion.  

 In 2000, the National Center for Educational Statistics reported that 97% of 2-

year public institutions were offering remedial math courses to new college freshmen. 

Moreover, it was reported that 35% of new college freshmen enrolled in these remedial 

math courses (National Center for Ed Statistics, 2003). By 2011, the number of 

community college students taking remedial courses in general had risen to 49%, while 

43% of new college students were taking remedial math courses (National Center for 

Educational Statistics, 2014). A more recent study indicates that more than 66% of 

community college students enroll in at least one remedial course (American Association 

of Community Colleges, 2014). This trend of increased developmental education 

enrollment means that the majority of new college freshmen at 2-year colleges experience 

increased cost and time commitments associated with obtaining a college degree. A non-

profit organization dedicated to increasing the number of Americans who qualify for 

professional employment reported that 22.3% of students taking remedial courses at 2-

year colleges complete an associate’s degree within 2 years (Complete College America, 

2012).  Therefore, more than 80% of community college students need more than 2 years 

to complete their 2-year college degree.  

 Developmental education has also become a burden for taxpayers. A 2014 article 

posted in the Wall Street Journal reported that the amount of federal grant dollars spent 

on students taking remedial courses rose 380% during a 10-year time span, from 2000 to 
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2012. The opinion article went on to report that only one in four students who take 

remedial course will earn a college degree. The President of Long Beach Community 

College, Eloy Oakley, said, “They’re getting placed in these courses and they’re not 

coming out.” This frustration has sparked a new debate about whether the government 

should allocate federal financial aid dollars to support the ceaseless failure associated 

with remedial coursework at institutions of higher education. Current policies allow 

students to spend as much as one year’s worth of federal student aid on remediation 

(Mitchell, 2014).  

 More recently, The Hechinger Report, a non-profit news organization focused on 

inequality and innovation in higher education (The Hechinger Report, 2016), reported 

that 20% of new college students with remedial needs will be assigned to instructors who 

are inadequately trained to support their special needs. Specifically, instructors teaching 

remedial courses on college campuses are often part-time employees with no office hours 

and no training in teaching methods. The problem in failing to provide adequate teaching 

support to students with remedial needs is compounded as this group of students gets 

quarantined from math students who have stronger content backgrounds. Remedial 

courses are usually taught in separate, isolated forums, preventing interaction between 

students with strong content understanding and students with content knowledge deficits 

(Kolodner, 2016). 

 In 2015, The Washington Post reported that remedial classes may actually be 

hurting students. The article exposed the College Board, the official developer of a 

widely-used college placement exam (The College Board, 2016), for posting ambiguous 

directions about their product: “You cannot ‘pass’ or ‘fail’ the placement tests, but it is 
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very important that you do your very best on these tests so that you have an accurate 

measure of your academic skills.” According to the directions, students are measured on 

more than just academic skills; they are tested to determine their level of access to 

college-level classes. In some sense, students are being tricked into paying for courses 

while earning no college credit for completion (Mathews, 2015).  

 In a nutshell, many new college students are enrolling into remedial math courses 

and paying a high price for enrollment. The price extends beyond simple tuition 

payments and can morph into a serious liability. A recent New York Times opinion 

article estimated a total financial cost of $1.5 billion for American students to pursue 

developmental education (New York Times Editorial Board, 2016). Beyond the financial 

burden, many of these students are not completing their college degrees in a timely 

fashion. The two-fold problem of cost and time associated with developmental math 

course enrollment at institutions of higher education is a problem that needs to be 

carefully considered for possible resolution. 

Purpose 
With remedial course enrollment on the rise and the subsequent costs and time 

requirements creating new challenges for students, educators must revisit policies and 

establish curricula that serve students’ needs without adding additional courses to current 

degree plans. This study has been developed to influence institutional policy change 

regarding math remediation at a 2-year college. The investigation explores the possibility 

of eliminating developmental math courses, for some students at the participating college, 

by offering access to math remediation within the context of a college-level course.  
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This exploration considers the fact that funding resource guidelines and course 

placement guidelines do not always agree. The Higher Education Act of 1965 allows 

students to spend federal aid on remedial coursework (United States General Accounting 

Office, 1997). Even so, some members of Congress object to this financial support since 

federal funding for college was intended to support post-secondary education. 

Meanwhile, current institutional policies at the participating college where this research 

was conducted require students with low placement exam scores to perpetually enroll in 

remedial courses. Matriculation into college-level math, for example, is prevented until a 

certain level of mastery has been demonstrated. Unfortunately, statistics show that many 

students of developmental education never matriculate into college-level courses, despite 

the time and money spent (National Center for Educational Statistics, 2003).  

In this research study, it was discovered that offering remediation tools in a 

College Algebra classroom, rather than indefinitely relegating students to not-for-credit 

remedial math coursework, cannot completely resolve the problem of addressing content 

knowledge deficits among new college freshmen. However, effective implementation and 

responsible use of remediation tools in a College Algebra course shows promise toward 

successful completion of a college-level math class. Current federal student aid funding 

policies are sufficient to support developmental math programs, although new 

institutional policies are needed to support matriculation into college-level courses. 

Problem Statement 
 Institutional policies, which provide direction to a developmental math curriculum 

at a 2-year college, extend the number of courses and credit hours needed for students to 

complete any given degree program. In light of the continuous demand for math 
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remediation in college, new policies are needed. Besides the exorbitant number of 

students being assigned to developmental math courses, the Community College 

Research Center reported that a significant number of students are inaccurately placed 

into remedial education courses due to colleges using placement exam scores as the sole 

measure of placement (Community College Research Center, 2012). The problem only 

begins with extensive and inaccurate enrollment, but extends into issues with 

insupportable policies that lead to excessive costs and poor completion rates. The 

Huffington Post reported that tax payers are burdened with an annual $7 billion dollars to 

support remedial education programs (Kingkade, 2013). Moreover, fewer than half of all 

students enrolled in remedial courses actually complete the sequence and matriculate into 

subsequent college-level classes (Bailey, Jeong, & Cho, 2010). Undoubtedly, costs are 

excessive and completion rates are poor. 

This study examines the results of removing self-identified, remedial learners 

from developmental math courses. Those learners matriculated into College Algebra for 

the purpose of measuring the impact of remediation, within a College Algebra class, on 

student achievement. Throughout the study, the unconventional access to supplementary 

math support will be referred to as embedded remediation. Embedded remediation can be 

used to provide prerequisite content review within the context of a requisite-level class. 

At the participating college, embedded remediation consists of three primary resources: 

web-based video tutorials, face-to-face tutorial services, and ancillary classroom sessions. 

The results of using embedded remediation in a College Algebra classroom have led to 

classroom practice and institutional policy recommendations. 
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Research Questions 
Research Question One  

What is the impact of embedded remediation on achievement for a student of 

developmental math? This question was designed to demonstrate whether the often 

anticipated positive correlation between placement exam scores and student achievement 

could alternately show no correlation. At the participating college where this research 

was conducted, students who earn low scores on a college math placement exam are 

presumed incapable of successfully completing a college level math course. Therefore, 

embedded remediation’s impact on student achievement was measured through an 

examination of the correlation between placement exam scores and final exam scores as 

well as the correlation between self-efficacy exam scores and final exam scores. A 

variety of other measures, including student participation in remediation activities, final 

grades, and attendance, helped determined to what extent embedded remediation 

improves a student’s prospect of successfully completing College Algebra. 

Research Question Two  

What are the classroom experiential differences between College Algebra 

students and students of developmental math? This question was designed to highlight 

student engagement with course materials to draw out themes that illustrate influences on 

success or failure in a college math classroom. Students participating in this College 

Algebra course were granted equal access to supplemental instructional videos, 

specialized math tutoring, and one-on-one feedback sessions with full autonomy in 

choosing how and when these remediation tools would be utilized. To answer this 

question, individual student experiences were considered, underscoring experiences that 

were highly unique to students in need of developmental math services. Each student’s 
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time spent with remediation tools, attendance record, and measure of self-efficacy were 

deliberated to identify common themes among students who placed into the course and 

those who did not. Unanticipated themes also emerged, such as extra time needed to 

complete the coursework, which also helped draw conclusions about the potential for 

students of developmental math to successfully complete College Algebra.  

Significance of Study 
Institutional policies related to developmental math course enrollment often 

means a weighty increase in requirements needed for a college student to complete a 

given degree program. The policies require students to complete additional credit hours 

and pay more money, above the original time and cost designation for degree completion. 

The results of this study justify institutional policy change at the participating college. 

They demonstrate the plausibility of eliminating developmental math for some students, 

which remove the additional cost and credit hour commitments. Consequentially, the 

results also help educators refine a College Algebra curriculum to simultaneously serve 

students with developmental education needs and those without special needs. As 

institutional policies change, the local community will be positively impacted by on-time 

degree completers who become eligible for professional employment. In a broader sense, 

ongoing research may also be used to establish ideas for curriculum changes related to 

student placement and College Algebra course outcomes at 2-year colleges across the 

United States. 

Summary 
This research study seeks to influence policy change at a 2-year college, regarding 

developmental math education. It begins with a look at the extraordinary state of 
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developmental education across the United States, and then outlines a potential solution 

to that problem. Through an exploration of the potential solution, recommendations are 

made for new policies, which will immediately impact student enrollment into college-

level math courses at the participating college.   

Chapter 2 begins with specific details about the problem at hand. I outline the 

current state of developmental education and its impact on communities. Next, the study 

looks at the proposed and current implementations of developmental math curricula. 

Even with the intended remedies, other hindrances prevail and prevent an aggregate 

solution, so I look at those issues. Also, since the cognition of learning math is such a 

crucial component of pedagogy and course planning, a little time is spent on human 

cognitive development, as it relates to math comprehension. Unresolved issues that 

continue to plague the developmental math community are then highlighted. The chapter 

closes by describing an alternative to math remediation at a 2-year college. This 

alternative allows students who were originally assigned to developmental math courses 

to matriculate into College Algebra, and then remediate within the context of their 

college-level math course. Since this alternative is somewhat experimental, literature is 

limited to peer-reviewed research, major news organization articles, and the like. 

Dissertation research is not included. 

Chapter 3 outlines the action research methodology used for this study. According 

to David Tripp of Murdock University, action research is a form of action inquiry, which 

consists of four primary phases: plan, act, describe, and evaluate (Tripp, 2005). The 

chapter discusses the planning and action phases of this project. As I reviewed the 
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available data and the issues driving developmental education at this institution, action 

research seemed most plausible, above other research methodologies.  

Chapter 4 represents the describing phase of this action research inquiry. This 

results section of the study delivers a package of student details and comparisons. I first 

compare several independent and dependent variables to get a sense of how embedded 

remediation impacted student achievement. Then, I provide a de-identified description of 

each participant’s patterns of behavior and relate those patterns to the students’ 

remediation experiences and final grades. 

In chapter 5, impacts of the study are presented, followed by implications related 

to policy, practice and future research. These conclusions point back to the data as a 

means of explicitly recommending institutional policy changes regarding developmental 

math enrollment at the participating college. Also, recommendations address curriculum 

changes for the College Algebra course and discuss the influence those changes will have 

on the local community. Lastly, contributions to the overall field of education are 

described. 

Conclusion 
 In becoming a teacher of developmental mathematics, I discovered that many 

students face a potentially insurmountable challenge in completing a college degree after 

being placed into a developmental education program. Ongoing experiences with 

institutions of higher learning helped me realize the problem is not local, but nationwide 

and thousands of students are faced with discouraging pathways to degree completion. 

Due to the extra costs and time needed to satisfy superfluous requirements imposed by 

current math placement guidelines, there is a need to establish new policies that eliminate 
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these added demands and maintain course learning outcomes. Embedded remediation 

within a college algebra course can be a possible solution to eliminating the need for 

additional courses and credit hours required by many developmental math programs. 

With embedded remediation, students in need of developmental math support can access 

math help while taking a for-credit math course.  

This research study examined student behaviors in a College Algebra classroom 

where embedded remediation was incorporated. The College Algebra classroom 

consisted of a variety of students, some in need of remediation and others who were not. 

By the end of the 15-week course, data had revealed embedded remediation to be a 

troublesome option in helping students overcome math content knowledge deficits; 

however, changes to the implementation of embedded remediation still shows promise 

and can lead to supportable policy change at the participating institution. Chapter 2 will 

delve deeper into the issues associated with serving college students in below-college-

level courses, review many of the failed attempts currently being used to resolve related 

issues, and then introduce this research study’s alternative to math remediation at a 2-year 

college. 
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CHAPTER 2  
DEVELOPMENTAL MATH 

Developmental math services are “…academic services designed to raise 
[student] skills up to college standards”  
– Bailey, 2010, p. 1  

Introduction 
 Managing the challenge of recommending institutional policy change regarding 

developmental math education at a 2-year college is a huge task. Due to the nature and 

variety of developmental education services, details can easily become a web of 

uncertainties and caveats. Therefore, this current research study takes a progressively 

narrow look at the current state of developmental education across the nation, primarily 

focused on the possible elimination of developmental education for some students (while 

many other research projects focus on the maintenance and improvement of 

developmental education).  

In a broad sense, this literature review highlights research concerning students of 

developmental education, as well as the tools and resources used to support those 

students. Prior to looking at specific research about developmental math, the framework 

for understanding this study is first established. Two theories are presented: the theory of 

self-efficacy about math and the theory of distinct curricula (the distinction between 

supporting the development of students and providing remediation for students). Next, 

following the framework section, the literature review discusses the documented history 

of developmental education’s birth, in the United States. This helps the reader 

conceptualize the longevity of developmental education, the range of institutions 

implementing the services, and the frustration those services can add to the process of 

college completion. Next, the review of literature describes efforts made to improve 

developmental education, highlighting the lengths to which educators have gone to solve 
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associated problems. The cognition of learning math is then described, which helps 

rationalize the expectation that adult learners with developmental math needs can succeed 

in a college algebra course without having experienced a developmental math course 

sequence. Next, the literature review looks at unresolved issues remaining in 

developmental education, emphasizing the continued need to find a solution for 

eliminating time and expense associated with providing developmental math services for 

college students. At last, a new solution is recommended– a solution that describes 

matriculation, and then remediation within the context of a college algebra course.   

In a narrow sense, this project looks at research concerning specific policies in 

developmental education. Particularly, in the state of Florida, new policies grant 

permission for some students to voluntarily skip developmental math. These 

developmental education curricula changes in Florida are similar to those sought in this 

research study. What happens when students in need of math remediation skip 

developmental math courses and how should those happenings impact institutional 

policy? This literature review seeks to make a related prediction, prior to implementation 

of the research methodologies in this study. 

Throughout the chapter, studies and reports related to a wide variety of colleges 

and institutions are reviewed. Unique jargon and locally relevant terms intensify the use 

of new vocabulary, which could potentially confuse readers. Those terms have been 

summarized in Appendix G to provide additional clarity and permit the necessary use of 

such language. However, it was important to incorporate the vocabulary as a matter of 

thoroughly outlining the current state of developmental education across the United 

States.  
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Framework 
Theory of Self-Efficacy 

This research often refers to eliminating the requirement of developmental math 

courses for some students, not all students. Albert Bandura’s (1983) theory of self-

efficacy helps define the population of students who can potentially skip developmental 

education. Information gathered from researchers who have studied this theory in depth 

has been used to justify matriculation into College Algebra, for students who did not 

meet course prerequisite requirements and were, therefore, ineligible for College Algebra 

enrollment. 

The theory of self-efficacy supposes a student’s beliefs influence changes in their 

behavior. If this is so, then students currently involved in developmental math programs 

may possess the self-efficacy about math to justify matriculation into College Algebra, 

despite low placement exam scores. Bandura (1983) reported that an individual’s 

judgments about how well they will be able to perform largely affects the outcomes in a 

given situation. More recently, Byars-Winston, Estrada, Howard, Davis, and Zalapa 

(2010) defined self-efficacy as “confidence in one’s ability to successfully perform a 

given task” (p.207). Students eligible for enrollment into this research study’s 

participating College Algebra class possessed some measure of self-efficacy, which 

partially justified their enrollment in the course. 

Self-efficacy can be directly linked to outcomes in a math classroom. Not only 

does a student’s judgment about how well he or she will be able to perform largely 

impact his or her performance outcomes, but outcomes also impact a student’s measure 

of self-efficacy. Luzzo and Hasper (1999) discovered that performance accomplishment 

in math directly impacts a student's measure of self-efficacy. In Luzzo and Hasper’s 
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study, students were asked to perform a relatively easy task: complete a basic number 

series. The study results revealed a statistically significant effect of this accomplishment 

on students' beliefs about their ability to pass a math class, earning a grade of B or better. 

This suggests that a variety of self-efficacy enhancing strategies can be effective with 

enhancing first-year undergraduate student’s self-efficacy about math (Luzzo & Hasper, 

1999). If this is true, then students with low placement exam scores who skip 

developmental math classes can be instructed in ways that improve personal beliefs about 

their ability. This can likely be accomplished through working one-on-one with students 

to address individual concerns, possibly in a private setting, outside of whole-class time. 

Thus, as a part of the curriculum design in the participating College Algebra course for 

this research study, students have been granted opportunities to work one-on-one with the 

instructor.  

Self-efficacy has also been known to predict grades (Hendy, 2014; Pintrich & de 

Groot, 1990; Stevens, Olivarez, Lan, & Tallent-Runnels, 2004).  As it relates to 

education, and in some cases as it relates to math education, self-efficacy has been 

closely linked with final grades earned by young students and adult learners. In a 

correlational study conducted by Pintrich and de Groot (1990) of the University of 

Michigan, self-efficacy, among other factors, emerged as having a significant impact on 

learners’ ability to earn high marks. In their study, a 9-item survey queried 179 middle 

school students regarding their feelings of self-efficacy with science and English content. 

A calculated summary score of students’ science and English classroom progress (a score 

based upon average grades on each student’s classwork, homework, and assessment) 

compared with the students’ respective self-efficacy survey results showed a positive 
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correlation between self-efficacy and final grades. It was discovered that as a middle 

school student’s self-efficacy in science and English increases, final grades also increase.  

This discovery of self-efficacy’s influence on achievement has not only been 

found applicable to middle school student learning, but also with secondary school 

learners. In a separate study, Stevens et al. (2004) used the Pajares and Graham’s (1990) 

self-efficacy instrument to measure study participants’ feelings of self-efficacy in math 

and compared those scores with corresponding content assessment scores. Content 

assessment scores were established with each student solving 20 math problems similar 

to those presented on the self-efficacy instrument. The results showed that a student’s 

self-efficacy score is a significant predictor of their math achievement.  

Even so, self-efficacy as a predictor of math performance has not only been found 

applicable to middle school and high school student learning, but to adult learners as 

well. In a study related to college student learners, Helen Hendy et al. (2014) conducted a 

multiple regression analysis based on the self-reporting of 368 college students and their 

experiences in an algebra class. The study was conducted, in part, to determine which 

math beliefs best explained student performance in the course. Just as in Pentrich’s study, 

Hendy’s students were also asked to self-report certain behaviors– behaviors identified as 

patterns in attendance, homework assignment completion, textbook reading, and 

questioning about content. Beliefs about individual math anxiety were measured, as well. 

Once those behaviors and anxieties were compared to the participants’ final math grades, 

the researchers determined that a student’s measure of self-efficacy is significantly 

associated with final grades earned in a college-level algebra class (Hendy, 2014 et al., 

2014). In different study regarding a college algebra class, Peters (2013) found that “as 
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mathematics self-efficacy levels increase, so does student mathematics achievement” (p. 

470). Peters (2013) found this to be true for males and females, even though the research 

also found that boys tend to possess higher levels of self-efficacy than girls (p. 470).  

There were other interesting findings among these research studies. The measure 

of intrinsic value placed on course content was found to have no significant impact on 

student achievement. Even when students demonstrated a particular appreciation for 

course content, it had no significant impact on achievement (Pintrich & de Groot, 1990). 

In Hendy’s study, a student’s ideas about the future value of the math content (i.e. career 

relevance) also had no significant impact on performance. However, in both studies, 

intrinsic value of the content immediately impacted student levels of participation. Hendy 

et al. (2014) also explained that “math overconfidence” represents a student’s belief in 

their ability to earn a good grade in a math class, regardless of their classroom 

experiences or their participation in homework assignments. This attitude was found to 

be positively correlated with math confidence, keeping in mind that the math 

overconfidence measure (ability to earn good grades independent of other participation 

factors) and the math confidence measure (ability to earn good grades in math) are 

different (Hendy et al., 2014, p. 1232). In my experience, most students report a lack of 

endearment to math topics. Many grimace at the idea of taking additional math courses, 

above those required for degree completion, and openly describe disdain for the subject 

matter. According to these studies, though, personal beliefs about math will not adversely 

impact students’ ability to skip developmental math and succeed in College Algebra.  

Self-efficacy beliefs were also found to vary across ethnic divides. In Hendy’s 

(2014) study, White and Black students participated more than other student groups 
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(2.5% Hispanic-Latino, 1.1% Asian) while Stevens (2004) found that Caucasian students 

report significantly higher levels of self-efficacy than their Hispanic counterparts (Hendy, 

2014; Stevens, 2004). Self-efficacy beliefs also vary across gender divides. An analysis 

of covariance (ANCOVA), conducted in Hendy’s (2014) study, showed that gender is 

significantly associated with beliefs about ability; males were more likely than females to 

embrace class devaluation (beliefs that the class content is generally invaluable). More 

along those lines, it was found that math content holds no future value among students 

(belief that the content has no worth related to their future endeavors). Students did not 

demonstrate an awareness of possible relatedness between math studies and their future 

goals. Again, personal beliefs about math will not adversely impact students’ ability to 

skip developmental math and succeed in College Algebra. 

A collection of research studies about self-efficacy, even self-efficacy in math 

courses, points to self-efficacy being a certain predictor of achievement. In fact, Hodges 

& Kim (2010) studied a sample of 103 college students enrolled in college algebra and 

trigonometry courses and found that, between self-efficacy and other measures, the “self-

efficacy score was the only significant predictor of achievement” (Hodges & Kim, 2010, 

p. 216). On an interesting side note about the Hodges and Kim (2010) study, a new self-

efficacy score was taken during each month of the school semester, August through 

November. The November self-efficacy score was the only factor, among self-regulation 

and the four self-efficacy scores, to demonstrate itself as a most-significant predictor of 

achievement. Therefore, my research regarding student achievement in a College Algebra 

course will largely focus on student self-efficacy and its influence on achievement. In all 
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of this, “self-efficacy is key predictor of achievement and retention in most academic 

areas” (Fencl & Scheel, 2005, p. 20). 

Theory of Distinct Curricula 

One assumption made throughout this research project is that students with low 

placement exam scores are in need of development or in need of remediation. Martha 

Casazza (1999), former President of the National Association for Developmental 

Education (NADE), refers to remediation as an intentional act of addressing learning 

deficiencies. The 1998 executive board of NADE defined developmental education as 

such:  

[Developmental education is] a comprehensive process which focuses on the 

intellectual, social and emotional growth and development of all learners. Developmental 

education includes, but is not limited to, tutoring, personal and career counseling, 

academic advisement and coursework. Developmental education is a field of practice and 

research with a theoretical foundation in developmental psychology and learning theory. 

It promotes the cognitive and affective growth of all learners, at all levels of the learning 

continuum. It is sensitive and responsive to the individual differences and special needs 

among learners (Casazza, 1999, p. 5). 

In designing College Algebra for participation in this research project, elements of 

developmental education were considered. Casazza (1999) proposes four primary 

assumptions educators must make when establishing developmental education programs:  

1. Developmental education is a comprehensive process which cannot be 

reduced to measuring success with conclusive testing 
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2. The social and emotional growth of learners is equally important as 

intellectual growth. 

3. All learners have talents. 

4. Developmental education is not limited to learners of a certain academic 

level. 

Casazza explains how many educators mistakenly believe that developmental education 

and remedial education are synonymous. Actually, developmental education implies 

learners are in the process of obtaining new information while remedial education implies 

learners are in the process of overcoming deficits related to previously introduced 

material. In theory, developmental learners of mathematics may have very limited, if any, 

experience with some pre-college math topics and, therefore, require instruction that 

provides an introductory framework, practice, and reinforcement. Meanwhile, 

developmental learners may need support in broader areas of learning, including study 

skills, social competence, and such essentials that could potentially stimulate content 

knowledge attainment. On the other hand, remedial learners have seen pre-college math 

content but still require some measure of review to increase their level of understanding. 

As developmental education and remedial education are distinct, an instructional 

approach for these divergent services must also diverge.  

This research study assumes all College Algebra students have remedial needs, 

rather than developmental needs. The course curriculum was designed to address College 

Algebra material while remediating for pre-College Algebra content. It was not designed 

to target the improvement of social skills, study skills, and other developmental needs. 

This course’s objectives assume all students enrolled in the participating College Algebra 
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have seen the math content in the past and, besides adequate math content knowledge, are 

otherwise college-ready. 

A review of other research and educational institutions’ websites supports 

Casazza’s idea that many educators and institutional leaders are not aware of the 

distinction between developmental education and remedial education. In conflict with 

Casazza’s theory, the Texas Success Initiative (TSI) department at Texas Tech University 

posts this notice on their website: 

Once students have completed remediation (passed the required developmental 

education courses), they are placed in TSI 0471, TSI 0472, and TSI 0473; these 

are not developmental courses, they are used to identify students who have 

successfully completed remediation but have not satisfied all TSI requirements. 

(Texas Tech University Academic Catalog, 2015) 

It can be difficult to know whether students in this program are remediating or 

developing, based on this description of the curriculum’s design. Such a major flaw in 

design can lead to the wrongful establishment of curricula, according to Casazza’s (1999) 

theory, yet Texas Tech University is one of many institutions of higher education 

representing potential misalignment by way of content posted on their school’s website. 

In a 2014 opinion article, USA News reported concerns announced by Chancellor 

Glenn Dubois of the Virginia community college system, citing 77% of their 

developmental math students in 2006 were unable to complete the program successfully 

(Berl, 2014). By extension, we acknowledge those unsuccessful students did not 

matriculate into college-level mathematics, and therefore, did not graduate from the 

associated degree programs. According to information posted on a variety of these 
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community college websites (a few will be presented), establishment of distinct programs 

for students in need of development and remediation is rather uncommon. Taking a look 

at a few of those programs can be helpful. So, having appraised Chancellor Dubois’ 

observation about the lack of collective success related to developmental math in the 

Virginia community college system, this segment begins with a look at Northern Virginia 

Community College, and a statement posted on their website: 

In developmental math classes (known as MASTER Math, or MTT), students use 

a structured set of units to strengthen the skills they need to succeed in credit-level 

classes. (Northern Virginia Community College, 2016) 

Clearly, “strengthening skills” is an objective markedly in favor of the needs of remedial 

learners and potentially disregards developing students. Some developmental learners 

may not yet possess the skills educators expect to strengthen, (e.g. study skills, content 

knowledge skills, time-management skills). This particular developmental math program 

assumes that all students enrolled in such courses have seen the math content in the past 

and possess related skills, which can be a fairly hefty assumption with dire consequences 

if the assumption proves faulty. A distinction between developmental education and 

remedial education is necessary, and therefore has been established in this current 

dissertation project.  

Patrick Henry Community College, also a constituent of Chancellor Dubois’s 

coalition of community colleges in Virginia, defines its developmental math educational 

mission as “the policies, procedures, instruction and support to underprepared college 

students, enabling them to become independent learners while acquiring the necessary 

skills to be successful in college-level courses and achieve their educational goals” 



Texas Tech University, Natalie Welcome, August 2016 
 

23 
 

(Patrick Henry Community College, 2016). There is no indication, in reviewing the 

website, that students in need of remediation have access to alternative services. In fact, 

the Academic Learning Center at Patrick Henry Community College describes a mission 

designed to “support students in the development of cognitive, affective and psychomotor 

skills necessary for their effective performance in and positive adjustment to the learning 

environment” in conflict with a goal of providing “remedial and other programs that 

teach skills which maximize the learning potential, academic performance and 

adjustment of students” (Patrick Henry Community College, 2016). If math remediation 

is meant to correct math content knowledge deficits, then the various aspects of this 

developmental education program and these academic support services at Patrick Henry 

Community College could potentially exceed the need and confuse the intent. 

In a third example, Virginia’s Thomas Nelson Community College describes a 

compassionate approach to serving students with developmental needs, yet makes no 

mention of students with remediation needs. Here is what their website says: 

The Math Emporium is designed to assist students in developmental math succeed 

in areas that they need to spend more time with. We believe everyone can master 

college level math if you keep at it long enough and find study methods that work 

best for you. We’re here to help you breath a little easier in the classroom so you 

can dominate the tough concepts and excel. (Thomas Nelson Community College, 

2016) 

Notwithstanding grammatical errors, a spelling error, poor sentence structure, and overall 

lack of collegiate-level writing, there is no distinction between remedial and 

developmental learning in this program description. Two findings may be regarded as 
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coincidental, but a pattern emerges as a basic search of Virginia’s community college 

websites unveils multiple programs where students needing remediation are theoretically 

disregarded in programs designed for students needing development.  

Germanna Community College says “There is a two-year shelf life for 

Developmental Math Courses; therefore, students must complete a credit level math 

course within two years of completing Developmental Math Courses” (Germmana 

Community College, 2016). At Germanna, failing to enroll in a college-level math course 

within a timely manner, perpetually relegates students to developmental math 

coursework, despite a confirmed need for remediation (obviously, students who have 

completed a developmental math course have seen the course material in the past). There 

may be no valid reason for Germanna’s educators to rescind earned credit and re-enroll 

students into developmental math as a prerequisite to college-level math, other than a 

lack of knowledge about how to effectively institute services for students in need of math 

content knowledge support. To date, and in scouring Germanna’s website, no apparent 

alternative for students to review previously studied material as a matter of remediation 

can be found. 

Misguided assumptions may have led to misaligned curricula and, in turn, likely 

led to the reported 77% unsuccessful completion rate of Virginia’s developmental math 

courses. This dissertation research project stands in stark contrast to the current approach 

to developmental math, exploring an alternative approach to math remediation at a 2-year 

college. The alternative involves embedding remediation within the context of a College 

Algebra classroom. However, honest, objective methods beg a review of recently 

implemented changes to developmental math delivery in the state of Virginia– changes 
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intended to bring relief from the fallout of poor completion rates. John Tyler Community 

College of Virginia posts: 

Starting fall 2014, all Developmental Math courses are offered as Math Essentials 

(MTE)–a course structure that allows you to test out of material you already 

know. Course material is divided into nine separate units, referred to as Modules, 

and students can work in Math Centers on campus to complete their work. (John 

Tyler Community College, 2014) 

In this case, “test out” will allow students needing remediation to seek content review at a 

pace that supports their individual level of need. Although offering separate and distinct 

programs for remedial and developmental learners is not explicitly described here, there 

is a compromising effort to build some measure of divergence into an innately limited 

service program.  

Next, Virginia Western and Reynolds Community College respectively state: 

“Each student [of developmental math] works at his/her own pace to complete their 

required MTE units for the semester” (Virginia Western Community College, 2016) and 

“Math Central at Reynolds provides coaching and support for math students. Qualified 

faculty and peer math coaches offer a variety of techniques to support students through 

developmental and credit-level math courses” (Reynolds Community College, 2016). 

Also supporting the notion that developmental and remedial courses are currently 

indistinct, these community colleges unsuccessfully gather remedial and developmental 

needs in an undesirable mash-up. Yet, in each of these instances, educators have 

recognized a distinction in student needs and are making progress toward a hopeful 

solution. The above-described approaches of expediting developmental education share 
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commonalities with this current research, where students advance quickly through 

familiar topics while reserving extra time for topics presenting a more complex 

challenge.  

A review of Florida’s developmental education programs somewhat parallels the 

intent of this dissertation research, as well. Recently, legislators in the state of Florida 

have passed laws that prevent institutions of higher education in their state from 

assigning students to developmental education course based solely on placement exam 

scores. Specifically, students who entered 9th grade in a Florida public school during or 

after the 2003-2004 academic year (earning a standard Florida high school diploma), as 

well as students who are United States active duty military personnel, were exempt from 

developmental education enrollment requirements. Instead, those students are given an 

option to enroll or to skip developmental education courses. Meanwhile, the use of state-

funded financial aid is now prohibited for these veterans and Floridian high school 

graduates (Florida State Senate, 2013). On the heels of this legislative reform, Florida 

State University’s Center for Post-Secondary Success investigated and reported on the 

shifted condition of developmental education. Their team of researchers investigated 

institutional reform efforts, student perception of those efforts, and the educational 

outcomes of reform (Center for Postsecondary Success, 2016).  

The first report, How State College Administrators in Florida Describe the First 

Year of Developmental Education Reform, found that alternate factors, besides placement 

exam scores, were now being used to access a student’s need for developmental 

education. Those factors included high school achievement, career interests, family and 

work commitments, time since last formal educational experience, and work experience. 
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The researchers revealed that 2-year colleges across the state of Florida incorporated 

major changes, from enrollment practices to course delivery practices, for students in 

need of developmental education. The second report, Results from a Survey of Enrolling 

Patterns and Choice Factors, revealed that, when given an option on whether to enroll 

into developmental math courses, 41.9% of students enrolled into a developmental math 

course, 22.5% enrolled into a college-level math course, and 35.7% enrolled into no math 

course at all. The final report, Developmental Education Reform at Florida College 

System Institutions, summarized the anticipated and unanticipated results of the 

legislation. In short, Florida colleges were compelled to establish intricate sorting 

procedures to identify student needs and accurately provide courses in compliance with 

new legislation. Also, educators collectively expressed a favorable perception of the more 

holistic approach to meeting student needs (Hu, Woods, Richard, Tandberg, Park, Jones, 

2015).    

 As we have seen, 2-year colleges with developmental math programs are rather 

abundant while 2-year colleges with remediation programs remain difficult to find. This 

highlights the notion that developmental and remedial pedagogy is currently one and the 

same and emphasizes the major distinction that this current research will draw. The 

problem with standard lack of distinction between developmental and remediation needs 

stems from even earlier stages of education. Founder of the Khan Academy, Salman 

Khan (Khan, 2016) recalls befuddlement in learning of remediation practices in 

American grade schools (Khan, 2011). As the story goes, Khan, attending a family 

gathering, began providing impromptu remediation to his 12-year-old cousin (referred to 

as remediation since the story describes a solitary interest in correcting math 
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deficiencies). Impressed with the young girl’s curiosity about a random, brain-teasing 

exercise, he encouraged her to consider a career in engineering. Cautioned by the girl’s 

mother, Khan learned that his young cousin had been tracked into a slow math class 

based on concerns with lack of progress expressed by her teachers and school leaders. He 

replied,  

that's impossible; the stuff she was doing yesterday is way beyond 

[developmental math]. She's clearly a bright girl...I said, Nadia, I understand how 

[converting measurements] can be confusing, but the stuff you were doing last 

night was way deeper and way harder than units. If you're willing to work with 

me, when you go back to New Orleans and I'll stay here in Boston, I think we can 

get you past whatever hurdles you have. She agreed and they went back to New 

Orleans. Every day after work I would come home and we'd get on the 

speakerphone for about half an hour, an hour, and I'd start working with her. It 

worked out. Two or three months, she got up to speed, went ahead of the curve. 

(Khan, 2011) 

Within three months, this young student, formerly assigned to a “slow” math class, far 

exceeded her classmates in demonstrating math knowledge and abilities. Why did Khan 

believe it impossible for this student to be in a slow math class in the first place? 

According to Khan, the deficiencies that could have potentially prevented his cousin from 

pursuing math or science studies were remedied in three months and there was no need 

for her to enroll in a math class designed to employ all-inclusive, developmental 

strategies. This dissertation research project embraces the potential need for the 

aforementioned holistic placement strategies. Even so, since self-efficacy measures were 



Texas Tech University, Natalie Welcome, August 2016 
 

29 
 

used to direct course placement, establishing holistic placement techniques fall outside 

the scope of this research. However, the project did invite certain students– those 

presumed to be strictly in need of remediation –into a College Algebra classroom. 

According to Mary Stegmeir’s 2015 cover story report in the Journal of College 

Admissions, more than 900,000 grade school teachers around the world officially linked 

their classrooms to the Khan Academy, attracted by its cost (free of charge), positive 

student feedback, and the flexibility of services rendered. Beyond establishing convenient 

tools for teachers to incorporate into their classrooms, Khan Academy provides 

standardized testing support to assist students in preparing for college placement exams. 

In taking a step back to examine the services that the academy provides, we only see 

content instruction being delivered, questions about math topics, for example, being 

answered, and all things related to math. The service does not grant allegiance to other 

possible needs such as social attitudes and study skills. As such, Khan Academy must be 

labeled a provider of remediation services, rather than a provider of developmental 

services. 

Based on the Khan Academy successes, it may be that deficiencies, for students 

who have seen the math content in the past, can be addressed through tutoring, small-

group study sessions, and similar services and not through lengthy coursework. Like 

Khan, this research project utilizes an instructional approach, where deficiencies are 

addressed through tutoring and ancillary classroom sessions, which will be discussed in 

detail in the research methodology section. The research ultimately deliberated between 

two dominant pedagogies: delay and develop within the context of a developmental math 
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course sequence or matriculate and remediate within the context of a college-level math 

course. 

The Scope of the Developmental Education Inquiry  
Now that a framework for understanding this research has been established, it is 

important to support the objective of the study by first defining developmental education. 

This upcoming section will present a collection of ideas about what constitutes 

developmental education, discuss the problems associated with national strategies used to 

provide developmental education, and describe the inherent cognition of learning math. A 

synthesized definition that best suits the intent of this research will be presented at the 

end of the section. 

The Birth and Rise of Developmental Education 

Developmental education is not new to American schooling. Early 20th century 

students of College Algebra were deemed grossly unprepared for college-level math 

instruction. Gorski and Powers (1938) reported that much of the College Algebra course 

material could not be covered in first-year college math classes due to the low level of 

readiness of students who were enrolling. Teachers of the early 20th century, according 

to Gorski and Powers (1938), achieved validation of their math courses through 

exploration of mathematical concepts on a broad spectrum, going beyond rudimentary 

studies of how numbers work. They were interested in enrichment through applications in 

sciences, business, and statistics. They wanted to digress into the history of mathematics 

and lead students on an investigation of biographies of mathematical inventors and 

geniuses, for example. Little of this could be accomplished, though, due to the limitations 

of prior knowledge the students brought with them. College algebra was subsequently 
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relegated to fundamental algebraic theories, discarding concept extensions and revising 

curricula to minimize content coverage (Gorski & Powers, 1938). 

Since, in the late 20th and early 21st centuries, ideas about what developmental 

education means have shifted. The National Association for Developmental Education 

(NADE) defines developmental education as “a field of practice, within higher education, 

with a theoretical foundation in developmental psychology and learning theory, 

[promoting] the cognitive and affective growth of all postsecondary learners, at all levels 

of the learning continuum (NADE, 2015).” Casazza (1999) blended a wealth of 

information regarding the birth and evolution of developmental education in the United 

States. Today, there is a general understanding that students of developmental education 

do not adequately possess skills their college educators expect them to have mastered. As 

a result, staggering volumes of 21st century students are taking developmental education 

courses. During the 2011-2012 school year, approximately two million recent high school 

graduates immediately enrolled as new college freshmen in institutions of higher 

education across the United States. More than 500,000 of those students were assigned to 

developmental education courses (National Center for Educational Statistics, 2014).  

 At first glance, students, even parents, may not realize the implications of 

developmental education enrollment. The March 2016 issue of Education Reform Now 

reported that students enrolled in remedial coursework (through developmental education 

courses), on average, spend approximately $3000 more than their classmates who do not 

take remedial classes (Barry & Dannenberg, 2016. Collectively, these students spend 

about $1.5 billion dollars above the initially anticipated cost of college. According to 

Barry and Dannenberg (2016), students taking developmental education courses are 74% 
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more likely to drop out, than their classmates, when pursuing a bachelor’s degree (only 

12% more likely to drop out when pursuing an associate’s degree). These statistics also 

show that students in need of developmental education courses, on average, take 11 

months longer to complete a bachelor’s degree and 6 months longer to complete an 

associate’s degree. In fact, these statistics show that the chances of successful completion 

drastically improve for those seeking associate’s degrees. Belfield and Bailey (2011) 

claim that significant employment gains are evidenced of students attending community 

colleges, whether those students complete degrees or simply accumulate credits. Are 

students satisfied with having some college credits, or simply unaware that 

developmental coursework is not included in college credit accumulation? Either way, 

most students presumably wish to complete the degree program in which they have 

enrolled. 

Difficulties with effectively using placement exams also produce heavy 

implications for developmental math enrollment. In returning to Northern Virginia 

Community College for another look at their testing website, there is limited information 

regarding student preparation for placement exam testing. Many other Virginia 

community colleges join the list, including Germanna Community College and Southside 

Virginia Community College, where the local campus has not taken charge of the 

placement exam testing, to date. These schools, instead, rely on links to websites 

developed by other professionals, potentially professionals outside of the higher 

education community. Concerns such as these have given birth to this study, calling 

educators to examine their developmental education programs in order to realign the 

curricula and improve services to students with math content knowledge deficiencies. At 



Texas Tech University, Natalie Welcome, August 2016 
 

33 
 

the college where this current dissertation research was conducted, there are links to 

study websites to provide information about placement exam preparation; yet there is no 

concerted effort to manage and direct preliminary remediation, which can improve 

placement exam score results.  

As an additional indictment of enrollment practices, there is evidence of an 

inflated number of students being placed into developmental math courses. Achieving the 

Dream, a developmental education overhaul agenda designed to remedy problems 

associated with failing developmental math curricula (Achieving the Dream, 2016), is 

largely responsible for provoking recent, sweeping changes enacted on Virginia’s 

developmental math programs (Berl, 2014). Specifically designed to help improve the 

community college impact on student achievement, Achieving the Dream personnel 

conducted a study of 256,672 freshman students across 57 colleges in 7 states and found 

that approximately 59% of new college students were being deferred to developmental 

math courses (Bailey, Jeong, & Cho, 2009). That means college educators claim more 

than half of their new students do not sufficiently understand pre-algebra content (to the 

extent of needing up to an entire course sequence to correct the insufficiency). Too many 

new college students are being placed into developmental education courses and are no 

less at-risk for failure. 

 Katie Hern, director of the California Acceleration Project and expert in 

implementing accelerated programs (Hern, 2014), reminds us that as the amount of time 

spent in developmental math courses increases, the likelihood of a student’s successful 

completion of college-level math decreases. Hern goes on to state that fewer than 10% of 

students enrolled in developmental math will matriculate into college-level math when 
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placed into math courses three or more tiers below college-level (Hern, 2012). Again, a 

review of Virginia’s community college websites depicts a pervasive implementation of 

multi-level developmental math programs, some offering three or more tiers of classes. 

Beyond that, there is no national consensus about the service and content that such 

courses provide, even though colleges across the nation are engaged in enrolling students 

into various developmental education program formats to address remediation (Melguio, 

2014). At the participating college where this research was conducted, there are presently 

4 tiers of below college-level math courses available for students of developmental 

education to enroll. 

As there are uncertainties about how to best implement developmental math 

services and uncertainties about program effectiveness, why do so many students enroll? 

According to Melguizo, Kosiewicz, Prather, and Bos’s (2014) study, many students are 

required to enroll because of placement guidelines set by college and university faculty 

and administration. A variety of procedures are used to deal with placement and 

advancement for college students in need of math remediation, yet there are few 

considerations offering students the option of skipping an isolated developmental math 

course track and immediately matriculating into college coursework. The next section of 

this chapter will address attempts to solve the national problems related to providing 

developmental education services. New vocabulary will be introduced; vocabulary that is 

unique to certain institutions, but a critical part of understanding the strides college 

educators are taking to deal with content knowledge deficits in postsecondary education. 

Those vocabulary terms are summarized and reiterated in Appendix G. 
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Ideas for Improving Developmental Education 

Major universities, even Ivy-League schools have dealt with the complex issue of 

providing remediation for students entering college (Casazza, 1999). Though 

developmental education was widespread in the 19th century, postsecondary educators 

continue to face many of the same struggles with respect to higher education courses that 

were expressed by school leaders years ago. The 2013 National Center for Educational 

Statistics (NCES) reports 24% of students enrolled in 2-year public institutions across the 

nation enroll in at least one developmental education course. 

Fike & Fike (2013), in a study about the effect of class schedule on student 

achievement and outcomes in developmental math, hypothesized that outcomes are 

improved when class sessions meet frequently and for short periods of time. No evidence 

was found to support this hypothesis and the researcher learned there are no adverse 

effects to providing a variety of class scheduling options for students taking 

developmental math courses. Meanwhile, at the participating college for this research 

study, there is little, if any, consideration given to the academic needs of students when 

developing the course schedules. Primarily, convenience for students regarding work and 

home life schedule takes first priority in creative scheduling.  

Reyes (2010) addressed interest in whether shorter- or longer-term college algebra 

courses at community colleges result in an increased likelihood of successful completion. 

In Reyes’s (2010) study, 8-week courses were compared to 16-week courses with success 

defined as achieving a final grade of A, B, or C. No significant difference was found 

between successes in 8-week and 16-week courses. However, the research revealed that 

students, 2 to 1, were more interested in 16-week courses. The research also reported the 
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age range of students who completed college algebra courses at a higher rate than their 

peers as 23-30 years (Reyes, 2010). It may be sufficient to schedule the classes to meet 

the needs of the students and the college faculty (Fike & Fike, 2013; Reyes, 2010). Still, 

every College Algebra course at this participating college is offered for the duration of 

the scheduled semester. 

In terms of course content, Van Peursem, Keller, Pietrzak, Wagner, and Bennett 

(2012) demonstrated that a qualitative literacy course, a math class in which numerical 

computing is heavily replaced with reading and comprehending math concepts, can 

increase a student’s ability to perceive the practical use of math and appreciate the 

subject. In the trial course, students learned to solve application problems free of intense 

variable manipulation. Findings showed students in the qualitative literacy course scored 

significantly higher on application problems on a mock standardized exam than students 

enrolled in College Algebra (Van Peursem, Keller, Pietrzak, Wagner, & Bennett, 2012). 

For some colleges, an alternative to rigorous computation in college algebra courses 

might effectively improve math skills for students in need of math remediation. 

Stickles (2015) found that students using electronic textbooks and digital 

assignments performed lower than students using traditional, hardcopy textbooks. Certain 

crucial factors were not measured (such as student motivation), which may have been an 

influencing factor on student final exam performance in the study. These limitations 

diminish results if we consider Albert Bandura’s (1983) theory of self-efficacy, but the 

results can be meaningful in that electronic textbooks are a real element of 21st century 

education at 2-year colleges. 
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Linked courses have become more popular among colleges and universities across 

the nation. Major institutions, including University of Wisconsin, River Falls, are 

offering students the opportunity to enroll into college level math, contingent upon 

concurrent enrollment in supplemental coursework designed to support the college level 

coursework. These courses allow students in need of developmental education support to 

take a remedial course while simultaneously taking a college-level course in the same 

subject area. The primary goals of linking the courses are to strengthen academic skills 

and improve retention (Luebke, 2002). Students are expected to matriculate into a 

college-level course, and then remediate content knowledge deficits. 

Another variation of concurrent enrollment that addresses the need for 

remediation is referred to as Supplemental Instruction (SI). By definition, SI is designed 

to provide a group tutoring resource to students completing common coursework, support 

students in course content, comprehension and development of critical thinking, and 

study skills, using fellow students to provide instruction (Maxwell, 1997). In a 2002 

study, an instructor at Stephen Austin State University, a first and second pilot project 

was run to compare the success rates between students participating in new SI 

opportunities and former students. SI was found to be most effective in when the 

participating faculty members eagerly embraced the concept and slightly increased the 

success rates with course completion among students in need of remediation (Wright, 

Wright, & Lamb, 2002). Based solely upon anecdotal evidence within the study, the 

researchers also mentioned that voluntary enrollment leads to more desirable results, as 

students resent mandated enrollment in SI. 
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Many college professors and instructors are using supplemental instructional 

videos as a means of delivering lectures, as some have found SI, in general, to be 

insufficient to meet remediation needs in colleges and universities (Martin, 2001). 

Educators at the University of Missouri-Kansas City (UMKC) developed Video 

Supplemental Instruction (VSI). This product serves as an interactive tool that provides 

supplemental instruction to academically at-risk students enrolled in college-level classes. 

Although there may be a variety of VSI implementations throughout the United States, 

UMKC carefully facilitates VSI by requirement mastery of one content level before 

advancing to the next. The study results revealed that the students of UMKC who 

participated in the use of VSI showed significantly more final grades of As and Bs, 

significantly fewer withdrawals, and significantly higher mean final course grades.  

 At the participating college for this research, no recent considerations have been 

given to course schedule or content to maximize the benefit for students with a variety of 

academic backgrounds. Although the aforementioned research provides a glimpse into 

possible measures that might improve a College Algebra or a developmental math course, 

this current research project will explore the possibility of a College Algebra curriculum 

that accommodates students with developmental education needs. 

The review of research below demonstrates how learning math is a cognitive 

exercise that, generally speaking, takes place in the same way for all learners. Predictable 

changes occur at various stages of development, which can lead to the assumption that all 

adult learners possess fundamental tools, which can serve well in a college-level 

classroom. This section will highlight predictable attributes all learners have, simply as a 

result of human growth and development. 
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The Cognition of Learning Math 

According to Zambo and Zambo (2007), the cerebral cortex of the brain can be 

divided into four sections: sensory, conceptual, reflective, and motor, with each section 

being actively involved in select stages of learning. Sensory inputs can be activated 

through sight, sound, touch, taste, and scent and together serves as the first stage of the 

learning process. In terms of learning math, any creative means of accessing the sensory 

section of the brain will inevitably kick-start the process of learning the intended content. 

Some teachers use ice-breakers, example problems, a catchy series of questions, or 

simply introduce a new topic with an overview description. The next stage of learning 

takes place as the conceptual section of the brain acts in union with the reflective section 

of the brain. These sections gather input captured by the senses and searches for pre-

existing knowledge to make meaningful connections–new input finds old knowledge with 

which to associate. Child psychologist Jean Piaget describes this as the act of 

assimilation. Piaget points to the necessity of pre-existing knowledge that can be used to 

connect with new knowledge. He goes on to demonstrate how learning is a “sum of 

discrete learning” by which students might achieve new knowledge (Gauvain, 1997, 

p.20). Assimilation often takes place through reflective thought, the type of thought 

students engage in during classroom discussions of ideas or when pondering ideas 

privately, for example. Guided practice, writing prompts, and even self-check practices 

are great resources to promote conceptual progression. Lastly, the motor section of the 

brain will help solidify new information. This act is the third stage of the learning 

process. It can be accomplished through practical, hands-on use of content, such as 

writing, drawing, manipulating, and other techniques often presented in a homework or 
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classwork mode. Because these three stages (sensing, conceptualizing, motorizing) 

represent the fundamental structure of brain activity in learning, psychologists expect the 

cycle to proceed in the same manner for all students without disabilities. Therefore, as 

educators provided instruction for students, even those enrolled in developmental math 

courses, each phase of the learning cycle should be intentionally considered and 

accomplished (Zambo & Zambo, 2007). Moreover, research shows that human cognitive 

abilities mature as students mature from young pupils to adult learners. The idea has been 

a cornerstone for encouraging matriculation into this research project’s participating 

College Algebra course. Adult learners have different capabilities than young learners 

and possess skills and attribute that can leveraged in a college-level classroom. 

A student’s disposition about math begins in the early childhood years of 

schooling, where elementary-age students are capable of comprehending complex 

quantities and can learn advanced mathematical concepts based on their improved 

cognitive ability (Piaget, 1984). Steckroth (2010) describes elementary math content as 

the cornerstone for learning all other math concepts. He found that, contrary to original 

beliefs, hidden challenges exist with the not-so-easy-after-all topics covered in 

elementary math classrooms. Through a series of questions designed to dissect and 

appreciate the age-old multiplication table, a teacher led a group of pre-service math 

teachers on a journey of discovery inside elementary math. Everyone in the classroom 

learned that a series of complex patterns are present in a simple multiplication table and 

those patterns are waiting to be discovered, even by the elementary student. Elementary 

students learn number sense, pattern recognition, and problem solving, in addition to 

other apparent topics such as addition and multiplication facts. As these patterns are 
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uncovered and embraced, students can experience increased success with subsequent 

math practice in middle school, high school, and even in college-level courses (Steckroth, 

2010). 

Middle and high school teachers have the ability to correct any deficits from 

elementary school, based on B. F. Skinner’s (1986) concept of reinforcement: “it is 

possible to change behavior quickly and maintain it in strength for long periods of time” 

(p. 106). From teaching algebra, the study of mathematical symbols and the rules that 

govern them, Edwards & Townsend (2008) found that certain aspects of an instructional 

approach immediately improved middle school student participation and understanding in 

math classrooms. Reviewing three years of practice (teaching a group of students from 

6th-8th grades), Edwards compared how changes in instruction made a difference in 

student performance. In the first year, there was virtually no group work, assessment 

models did not address student understanding after grades were returned, and curriculum 

materials were limited in scope. By year 2, student collaboration was dramatically 

increased while assessment results dictated future lessons and most activities were rich 

with problem-solving attributes. Year 3 stood out in the study as a stark contrast from the 

first two years. Students were not only asked to participate in group-work, they 

anticipated group-work and thoroughly understood their roles. Also, by year 3, 

assessments, though often short, probed for understanding and reflected the project-

orientation of the class structure. As for the curriculum materials of year 3, many web-

based resources were used to supplement learning and provide a hub for relevant math 

content. The results of these pedagogical changes yielded increased test performance 

across state standardized exams for this researcher’s students and demonstrated that 
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middle school student learning can be immediately impacted by instructional procedures 

(Edwards & Townsend, 2008). 

According to Carpenter (1985), secondary math teachers tend to venture away 

from the use of popular manipulative techniques as used in the instruction of elementary 

mathematics. Instead, secondary school teachers place higher importance on students’ 

ability to perceive prime and composite numbers, perform operations with different kinds 

of numbers, understand geometric processes of finding measures of polygons, and 

calculating a variety of units of measure. This is often accomplished, though, without the 

use of manipulatives, despite the fact that manipulatives have proven to be especially 

beneficial (Carpenter, 1985).  

Studies show that even students with learning disabilities can experience desired 

achievement in well-designed courses. Nolting (1994) studied the impact of math 

workshops and specialized courses of students with learning disabilities and found that 

many of those students were in need of formal instructions regarding study skills. 

Moreover, because students with learning disabilities have particular difficulty learning 

math and the art of studying math, study skills should supplement general math 

instruction. This can be accomplished through workshops and manipulatives and has 

been proven effective on various levels of schooling, from elementary through 

postsecondary. Specifically, students in need of this supplemental instruction should be 

taught strategies of note taking, homework completion, test taking, memorization, and 

more. These skills may come easily for some, but for many students, success in math 

would increase through supplemental instruction of these skills (Nolting, 1994). 
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Now that the matter of cognition has been addressed, highlighting details about 

how students learn math, the next section will explore lingering problems associated with 

established developmental education programs. As many developmental education 

programs have been established across the nation, problems with student achievement 

still persist. These problems, such as effective placement strategies and extensive costs, 

motivate ongoing initiatives for program improvement and institutional policy change. 

The next section will detail the most salient problems that continue to plague 

developmental education programs across the United States. 

Unresolved Issues with Developmental Math Programs 

While so many students are reportedly in need of remediation, college course 

placement remains a difficult problem when students are unprepared and educators are 

uncertain about best-fit curricula. American College Testing (ACT, 2015), a non-profit 

organization whose purpose is to help all people achieve their educational goals, reports 

that approximately 60% of students graduating high school and completing their 

placement exams requires at least one developmental education course in either math or 

English (p. 8). Tiedeman (1963), following a program evaluation of the ACT college 

placement exams, determined that ACT exams were a good measure of aptitude for 

students entering college by assessing reasoning abilities across subject areas. 

Tiedeman’s (1963) study highly recommended the exam for college placement.  

Today, ACT provides placement exam products known as the COMputer-

Adapted Placement Assessments and Support Services (COMPASS), yet this very 

assessment tool and its evaluation results are so different from the exam Tiedeman 

reviewed. A recent review of an internal evaluation posted on ACT’s website revealed: 
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Since 1983, the ACT Compass program has been instrumental in helping 

educators to place students in college-level courses. During this time, course 

placement needs among students and the institutions who serve them have shifted 

significantly. A thorough analysis of customer feedback, empirical evidence and 

postsecondary trends led us to conclude that ACT Compass is not contributing as 

effectively to student placement and success as it had in the past. Based on this 

analysis, as part of ACT’s commitment to continuous improvement, we have 

made the difficult decision to phase out the all ACT Compass products (ACT, 

2015). 

According to their website, ACT COMPASS products include a series of computer and 

paper-based exams designed to meet the varying placement needs of students and the 

institutions serving them. However, the shifting of placement needs, mentioned in this 

internal evaluation, points to a fact that students are not always properly placed into 

college courses. 

A 2006 study conducted at Thompson Rivers University, researchers found that a 

comprehensive, integrated system of sophisticated computer-adaptive placement 

assessments, diagnostics, and remediation support placement exam (ACCUPLACER) 

was an accurate predictor of student achievement in college math courses, though not an 

accurate predictor of English achievement. ACCUPLACER raw scores were correlated 

with student final letter grades to reveal a statistically significant positive correlation 

between ACCUPLACER scores and math achievement (James, 2006). 

Meanwhile, Melguizo et al. (2014) reported major discrepancies in course 

placement strategies across various colleges because of inconsistency in cut-score 
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establishment. Inconsistency in problems appearing in placement exam subtests varies 

greatly as well. When taking the ACCUPLACER, students can be routed from one 

subtest to another, based on achievement during the test taking period. Each new subtest 

represents a higher level of achievement, where students are rewarded, so to speak, for 

submitting accurate problem solutions. However, as cut-scores vary from college to 

college, a low score on one subtest could block access to the next level subtest on that 

placement exam. The very same subtest score, at a different college, could allow the 

tester to continue to the next level subtest. As different colleges offer access to courses 

based on varying cut-scores and subtest advancement, students are not consistently 

assessed for placement. To make matters worse, faculty members are not often trained in 

cut-score establishment, so their task to predict how cut-score changes influence 

placement outcomes is usually unbecoming (Melguizo et al., 2014). 

Research has revealed that instruction after placement in developmental math 

courses can be problematic, as well, and often undermines the placement process. When 

students are placed in developmental courses, instructors usually have lower expectations 

of those students and assume their content-knowledge/capability is limited. Kelly and 

Carbonaro (2012) reported that student performance is directly influenced by classroom 

contexts while teacher expectations are directly influenced by categorization of their 

students. These effects can be cyclical, where student placement impacts teacher 

expectation, which in turn impacts student performance. The cycle continues (Kelly & 

Carbonaro, 2012). 

In all of this, the cost of enrolling into developmental education courses continues 

to be a major problem. At the participating college for this research study, the average 
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financial aid award package is $3651.59 (Institutional Research Report, 2015), as student 

financial aid is designed to assist students with completing a degree plan, a 2-year 

associate degree, a 4-year bachelor’s degree, etc. Approximately 60 credit hours of 

coursework will complete an associate’s degree. Since the developmental math courses 

generally require a 2-semester commitment and the entire course sequence adds 8 hours 

to the student’s overall credit load, more financial assistance may be needed to pay for 

the added service. This only takes developmental math into considerations, though there 

could be developmental English, for example, in play for some students. 

Many reformists have expressed frustration with current college placement 

strategies, costs, and time commitment, and have considered cutting developmental 

education altogether. However, Goudas and Boylan (2012) found that research that 

motivates legislatures to cut “ineffective” developmental education programs may have 

been considerably misinterpreted. Goudas and Boylan (2012) demonstrate how 

developmental education must be considered in the local context for which 

developmental education is defined, how success is defined, and how data are interpreted. 

Although research studies have contributed many ideas to the advancement of creative, 

effective developmental math curricula, there are still major problems with current 

implementations. Can an alternative to developmental math eliminate the failures of the 

current system while maintaining the intended benefits? This dissertation research project 

explores that possibility. 

Conclusion 
There is a major problem facing curriculum development in higher education, as 

hundreds of thousands of intended college freshmen graduate high school without a 
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necessary command of foundational content needed to succeed in college courses. 

Colleges and universities across the United States are seeking solutions to this problem. 

Developmental and remedial math programs have been established around the nation and 

are offering a variety of options to correct content knowledge deficits. Though current 

remedies are effective for some students, the cumulative monetary expense, time 

commitment for additional coursework, indistinct curricula, and a general 

misunderstanding of student needs leaves some college enrollees short of degree 

completion. Can embedded remediation into a College Algebra class offer an alternative 

for students to successfully correct math content knowledge deficits while eliminating 

additional credit hour demands and increased tuition expense?  

A variety of research, news, and other articles have been reviewed in this chapter. 

Some studies explored pedagogical changes in the local classroom while others explored 

sweeping curricula changes. The research reviewed here shows that because of human 

cognition, there are ways to teach math that are effective for all students. The studies also 

validated the theory of self-efficacy by demonstrating how self-efficacy predicts 

achievement in math education. In my study, I used this prior research to promote the 

plausibility of eliminating developmental math and to justify matriculation into College 

Algebra, for some students. I also embraced Martha Casazza’s 1999 theory of distinct 

curricula and approached College Algebra with a curriculum designed to support 

matriculation and incorporate remediation using on-demand remediation tools. Much of 

the research reviewed in this chapter converges to a consensus about the general failure 

of developmental education programs. However, some research outlines aspects of 

success in certain programs and supports the continuation of developmental education in 
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its current state. The collective agreement, and even disagreement, of prior research 

studies discussed in this chapter foreshadows my study, which encourages changes to 

math remediation policies at a 2-year college. The literature, in a nutshell, unveils the 

state of developmental math curricula across the nation and establishes the foundation for 

a new and novel approach to serving college students with remediation needs. Chapter 3 

outlines the methods used in this research project and deep detail about the College 

Algebra curriculum at the participating college.  
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CHAPTER 3 
A PLAN 

“[Action research] is a systematic and orderly way for teachers to observe their 
practice…and a possible course of action.” 
– Johnson, 2003, p.1 

Introduction 
Ineffective policies and practices related to serving new college students with 

math content knowledge deficits were discovered at a 2-year college. In order to address 

the issue, it was determined that research, which influences policy changes and allows 

perpetual improvements, was needed. Since policy changes and ongoing curriculum 

improvements are the primary goals of this research study, an action research 

methodology was selected as a means of achieving those goals. 

This chapter outlines action research as the method of choice for intervention into 

problems associated with a developmental math program at a 2-year college. It begins by 

reiterating the problems and justifying the use of action research to exact positive change. 

Next, the chapter lays out the plan followed to address the problem, based upon the 

principles of action research. The data sources and collection procedures are then 

described, including the specific interventions that constitute action toward resolving the 

associated problems. The chapter closes with rich details about data collection 

procedures. 

Action Research Overview 
Educators have so significantly misunderstood the problem many incoming 

college students face with regard to math content knowledge deficits that we lump all 

students into a single group, and then attempt to serve them. Developmental math 

programs are being used as a mechanism to assist new college students who need special 

math help, but there is no distinction in the type of help various types of students need. 
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Thus, many students enrolling in colleges and universities face uncertainties regarding 

math course placement and services provided within developmental math courses. For 

students whose placement exam scores signify a need for development, developmental 

math courses can potentially provide beneficial and timely alternative coursework. For 

others– those who believe they can successfully complete college-level math despite their 

placement exam score recommendations –can potentially benefit from a different form of 

recovery. That different form of recovery, in this project, is known as embedded 

remediation. Embedded remediation for mathematics is an instructional delivery product 

providing prerequisite content review within the context of a requisite-level course. This 

study investigated the impact of embedded remediation on final exam scores and final 

grades for a group of students enrolled in College Algebra.  

Essentially, the intent of this research study was to bring about institutional policy 

changes, along with math department curriculum changes, by investigating whether 

students in need of developmental math can overcome deficits and complete College 

Algebra with embedded remediation. The study was developed to influence instructional 

policy change related to developmental math and positively impact the local community 

in a sustainable way. At the experiment’s expiration, educators can better understand the 

potential for students to successfully complete College Algebra without the need for 

lengthy, costly developmental math course tracks. With that, action research was 

considered most appropriate. 

According to Creswell (2008), action research is applied and practical. It 

addresses a specific issue and seeks to resolve an identified problem–especially an 

educational problem. This research design provides a means for educators to improve 
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practices and establish policies, which maintain those good practices. In the 1930s, action 

research was conducted in ways that did not immediately involve the educators and 

students who were subjects of the research. Years later, action research evolved to 

increase inclusion of those being studied. In a third phase of evolution, action research 

became a technique whereby a practitioner conducting the research was no longer 

uncommonly practiced. In fact, in this current dissertation project, the researcher and the 

practitioner are the same individual. 

There are two primary types of action research: practical and participatory. 

Practical action research often deals with improving teaching and student learning. It can 

involve individual or team-based inquiry with a purpose of fixing a problem that 

primarily affects a local community. Participatory action research differs in its objective. 

It often seeks to emancipate the researcher and bring life-enhancing change to the 

institution, community, educators, and learners (Creswell, 2008). In this current 

dissertation project, participatory action research was used. 

The image in Figure 1 was consulted throughout various phases of this study to 

maintain focus on the primary stages of action research. 
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Figure 1. Principles of action research 
 

University of Murdoch Professor David Tripp makes a strong case for action research 

and the related stages, seeking to legitimize it as a form of “practitioner research ideally 

suited to academic dissertation and project work” (Tripp, 2005, p. 18). He differentiates 

general curricula changes (such as implementing a new method for adding and 

subtracting) from major policy changes (such as new enrollment practices). This 

dissertation project desired an outcome of major policy and curriculum changes, which 

makes it perfectly suited for action research. However, the type of action research 

selected was largely due to the influencing factors of the surrounding community. 

Justification for the Use of Participatory Action Research 
Sage Publications, publisher of the international, interdisciplinary, peer-reviewed 

journal Action Research, defines action research as a tool by which we can disseminate 

actionable knowledge (Bradbury, 2013). This knowledge helps people and their 

communities flourish. Furthermore, in a former research project, Bradbury defined action 

research as 
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a participatory, democratic process concerned with developing practical knowing 

in 

the pursuit of worthwhile human purposes, grounded in a participatory worldview 

which we believe is emerging at this historical moment. It seeks to bring together 

action and reflection, theory and practice, in participation with others, in the 

pursuit 

of practical solutions to issues of pressing concern to people, and more generally 

the flourishing of individual persons and their communities (Bradbury, 

2000, p. 1). 

In connection with this definition, the research project at hand involves an interest in 

practical solutions that serve a small, 2-year college with a strong connection to the local 

community. The community where this research was conducted is a small community of 

approximately 5000 residents (North Slope Borough 2010 Census Data, 2010). I have 

learned, from living in this very town, that “practical solutions” and “flourishing of 

communities” are notions well received by the local population. This broad definition, 

given by a seasoned action researcher, provides an initial appeal for the methodology in 

connection with this current research study. One of the most widely cited articles featured 

in the Action Research journal is titled, “Reciprocity: An ethic for community based-

participatory action research.” The title speaks volumes about the need for action 

research to balance the give and take between the community and the research. 

Moreover, the work highlights specific recommendations regarding how to implement 

reciprocity in action research projects (Maiter, Simich, Jacobson, & Wise, 2008). Several 

of those recommendations have been incorporated in this research.  
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Tripp (2005) regards four different ways by which participants can be involved in 

action research: Compulsion (compelled with no choice in the matter), co-option 

(persuaded into participation), cooperation (mutual agreement), and collaboration 

(primarily involves multiple researches working in collaboration). For this research 

project, participants were compelled to contribute, as their enrollment in the course 

yielded data regardless of the research materialization. Fortunately, the research was 

approved and authorized to be conducted. This resulted in access to rich data, which was 

mined for emergent themes that essentially answered the associated research questions. 

Student engagement with the interventions was authentically representative of their 

interests while student behaviors in connection with participating in a College Algebra 

course were authentically representative of their abilities. As these students were 

presumed self-efficacious for enrollment into the participating College Algebra course 

and to have math remediation needs (rather than developmental math needs), 

participatory action research was most appropriate.  

Additionally, Maiter, Simich, Jacobson, and Wise (2008) suggest the use of 

reciprocal dialogue when executing an action research project. Reciprocal dialogue 

occurs when participants and researchers communicate as equals. Throughout the 

participating College Algebra course, students received up-to-date grading information, 

advanced notice of remediation tools, regular reminders of remediation options, and 

notice of an open-door communication policy. This strategy has been a long-standing 

practice at the participating college, further supporting the appropriate application of 

action research as the preferred methodology (Maiter et al., 2008, p. 308).  
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In terms of answering research question one, action research allowed an 

exploration of the impact embedded remediation had on student achievement. The stages 

of planning, acting, monitoring, and then evaluating mirrored designing the course 

(planning), conducting the course (acting), monitoring the course (data collection), and 

analyzing data (evaluation). The evaluation stage yielded correlations and comparisons 

(in support of research question one) and painted a picture of student experiences (in 

support of research question two). Another benefit of using action research is the 

methodology lends itself to mixed method designs. As this research project evolved, the 

need to analyze quantitative and qualitative data arose. Fortunately, action research is 

often considered a form of mixed methods research (Creswell, 2008).  

The next section of this chapter will describe important aspects of the College 

Algebra curriculum at the participating college, including admission requirements, 

classroom management systems, assessment tools, schedules, remediation interventions, 

and student materials. This is also the aspect of action research from which thick 

description will be extracted. The final section will include an analysis of data and 

answers to the research questions. 

The Students of College Algebra 

Three student groups will be thoroughly described and monitored in this study. 

Those groups consisted of students who placed into College Algebra by meeting the 

course test score requirement, students who completed developmental math courses, and 

students who had not met any prerequisite requirements. Students placing into College 

Algebra will be referred to as P students. Former students of developmental math courses 

will be referred to as FDM students. Student who did not place into College Algebra but 
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instead received instructor permission to enroll will be referred to as NP students. Before 

advancing, I would first like to provide a history of the latter group. 

The option to skip developmental math courses resulted from a recent, college-

wide change designed to expedite the process of remediation. The change intended to 

remove a hurdle that impedes degree completion by granting College Algebra instructors 

the authority to accept student enrollees based on the student’s desire to skip 

developmental math. With that, and based on Albert Bandura’s (1983) theory of self-

efficacy, all students expressing an interest in skipping developmental math were granted 

permission to enroll into College Algebra, despite their placement exam scores. At the 

participating college, a minimum placement exam score (ACCUPLACER arithmetic 

score) or the completion of a prescribed developmental math course or course sequence 

currently serve as the prerequisite guideline for admittance into College Algebra. 

Meanwhile, the ACCUPLACER stands out as a highly reliable tool for accurate student 

placement in math courses (Mattern et al., 2009). Still, for students who do not achieve 

the minimum placement exam score or complete the prescribed series of developmental 

math courses, the course instructor may override the prerequisite requirement and admit a 

student into his or her course. Due to frequent student requests for instructor permission 

(as many students could not meet prerequisite requirements), the policy was changed so 

that instructors could grant enrollment permission on a case-by-case basis. An 

instructor’s signature on the student’s registration form, a paper document, was required 

to override prerequisite requirements. It was assumed that students requesting instructor 

permission to forgo the longstanding prerequisites and enroll into College Algebra were 

sufficiently self-efficacious to complete the course based on their expressed interest in the 
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course. A verbal statement of willingness to attempt College Algebra, following a 

consultation with an assigned academic advisor, was viewed as adequate demonstration 

of student self-efficacy. This new instructor permission policy was in place the previous 

semester, at the participating college, and was not newly implemented for the purpose of 

this study. 

 Two groups of students had satisfied the longstanding prerequisites to enroll in 

College Algebra (those who met the prerequisite placement test score and those who 

matriculated through a developmental math sequence) and a third group of students were 

given instructor permission to enroll. In the next section, I describe data sources used in 

this project. 

Measures for Collecting, Monitoring, and Analyzing Data  
Prior to conducting this dissertation research, approval from the participating 

college was needed. This approval was achieved through a letter of permission granted by 

the college president (see Appendix A). Additionally, an Institutional Review Board 

(IRB) approval was needed through Texas Tech University, the institution through which 

my dissertation project was supervised. IRB approval was granted in late November of 

2015 (see Appendix B). Just prior to approval, my committee chairperson and other 

advisors from Texas Tech ensured me that the participating College Algebra course could 

be conducted as normal, yet all data would need to be de-identified for use in the data 

analysis section of this course.  

Ultimately, 16 students participated in the math class. Four students had achieved 

adequate placement exam scores to enroll into College Algebra, five students had worked 

through a developmental math course sequence, and the remaining seven students 
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skipped developmental math despite their inadequate placement exam scores. In 

representing student achievement for data analysis, students were identified first with a 

letter grade according to their final grade in the course and then with a number in 

sequence with their place in my researcher’s journal. So, the first student in the list who 

completed the coursework and received a grade of A was identified as A1. The next 

student to complete and receive a grade of A was identified as A2. This pattern continued 

until all names were replaced with de-identifying markers.     

Several measures of achievement were identified as useful data sources to be 

monitored and described in preparation for the evaluation phase of this action research 

study. First, placement exam scores were collected for comparison with final exam scores 

to determine whether and to what extent placement exam scores are predictors of final 

exam scores. The participating college uses a student management system known as the 

Comprehensive Academic Management System (CAMS) to track attendance and manage 

other detailed information about each student. The system inherently allows course 

instructors to access student placement exam scores. As a matter of standard procedure, 

the college granted instructors full access to student placement exam records. For each 

student, ACCUPLACER placement exam scores were directly extracted from CAMS. 

Since all students were required to complete the ACCUPLACER placement exam upon 

admission to any degree program, a placement exam score existed for each student. 

Next, students participated in a self-efficacy survey, going a step beyond their 

initial expression of self-efficacy in providing a formative measure. The survey was 

designed for and was intended to be presented during the first week of class; however, 

due to a delay in receiving permission from the IRB to conduct the study, the survey was 
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not administered until week 7 of the course. Even after seven weeks into the course, 

several topics were yet to be taught, helping preserve the validity of the survey results. 

Moreover, research shows that self-efficacy measures have the potential to become 

stronger predictors of math achievement as students advance through a given course 

(Hodges, 2010). Patterned after Robert Lent’s (1993) Algebra II Self-Efficacy Scale, the 

survey was designed to measure a student’s perception of his or her ability to successfully 

complete the course. This self-efficacy scale is a 10 item survey, used in the 1993 study 

Robert Lent conducted with undergraduate students in a math classroom. The results of 

that study suggest that self-efficacy predicts final grades (Lent, 1993). Specifically, 

Lent’s survey explicitly asks students to self-report their level of confidence in the ability 

to solve sample problems correctly. The survey is to be completed very quickly, as 

sample problems are not to be solved. Individual survey results can be compared with the 

corresponding student’s final exam scores to draw conclusions about self-efficacy and 

course completion. In an email correspondence, Dr. Robert Lent (email, July 27, 2015) 

confirmed the survey’s effectiveness and approved its use. For this project, an alternate 

format of Lent’s self-efficacy survey was created in Survey Monkey, a web-based tool 

that allows users to create and distribute online surveys (see Appendix C). Once students 

completed the survey, the data became readily available to me. For each of the 10 items 

in the survey, students were allowed to select a number from 1 to 5, with 1 being least 

confident and 5 being most confident in the ability to solve a given math problem likely to 

be seen in the College Algebra course. Students received a self-efficacy score that totaled 

those values, from 1 to 5, for all 10 items, with a maximum available score of 50 points. 
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Therefore, the self-efficacy score reflects a general measure of confidence about the 

College Algebra course content. Scores were manually reviewed and totaled. 

Final exam scores and final exam letter grades were compared across student 

groups to help formulate conclusions about student experiences. Self-efficacy scores 

were compared with final exam scores/final grades to draft conclusions about the impact 

of students’ beliefs about their ability to pass a College Algebra course. The number of 

hours each student spent participating in remediation activities was to be compared with 

final exam scores/final grades to construct conclusions about the impact of embedded 

remediation techniques designed for this course. Each of the comparisons, along with 

additional details extracted from the researcher’s journal, painted a clear picture that shed 

light on necessary adjustments that could be recommended for curriculum improvement 

and ultimately lead to a viable alternative to the current approach to math remediation. 

College Algebra Course Design 
The College Algebra course design established for this study was provoked via 

concerns expressed by students of a developmental math placement and matriculation 

plan. During the fall 2011 semester at the participating college, I encountered a class of 

mismatched students enrolled in a developmental math course. The focus of the course 

objectives was on the fundamentals of algebra, ranging from the number sense of 

operations on integers and fractions to solving basic equations. Many students enrolled in 

the same course section expressed frustrations with the instructional pace, some 

complaining of going too slow and others complaining of going too fast. Something 

seemed highly misaligned and my personal confusion mounted. Even so, I continued 

teaching under the curriculum guidelines I had inherited and searched for pedagogical 
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adjustment possibilities. In a semester shortly following that experience, a student 

expressed frustrations with being placed into a developmental math course and insisted 

on her ability to handle college algebra successfully. Inclined to trust this student, I 

administered the final exam for the highest level of our developmental math course 

sequence, a course designed to usher students to the doorstep of college algebra content. 

Although the student did not pass the exam, in terms of scoring for correct solutions, I 

could clearly see that the student had enough prior knowledge with the math content to 

potentially succeed in College Algebra. Just a little tutoring and additional support would 

be needed. In the end, the student was allowed to enroll into College Algebra at the 

beginning of that semester and completed the course with a final grade of A. Another 

student, with a similar experience and who also enrolled at the beginning of the semester, 

completed the College Algebra course with a final grade of C. Although a C average is 

not always indicative of personal success, circumstances for this student called for on-

time graduation. Again, something about the developmental math curriculum seemed 

highly misaligned. 

At that point, I had gained knowledge about drastic measures under consideration 

to redesign the math department’s curriculum. I formally proposed and successfully 

implemented a “permission of instructor” clause associated with the College Algebra 

course description. The next semester, I announced the shift in availability of College 

Algebra to academic advisors to help generate student interest. Promotion of the course 

primarily took place through word of mouth. Advisors made recommendations to their 

student advisees based on potential student interest, catapulting course enrollment to an 

all-time high.  
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Originally, one section of College Algebra was scheduled to accommodate P 

students and FDM students. Meanwhile, NP students were to attend a separate College 

Algebra section. The section for NP students had been designed to meet twice each week, 

Tuesdays and Thursdays from 5:30 p.m. until 7:00 p.m., while the other section would 

meet only once each week, Mondays from 3:30 p.m. until 5:00 p.m. However, this detail 

was ineffectively communicated to the Office of the Registrar; therefore, students 

registered for whichever section best accommodated their schedule. The apparent 

miscommunication left some NP students enrolled in a section meeting only once a week. 

Therefore, a last minute change was made, which arranged for both sections of College 

Algebra to meet only once each week. Students whose class met on Monday afternoons 

were invited to attend an ancillary session on Wednesday afternoons, from 3:30 p.m. until 

5:00 p.m., while students whose class met on Tuesday evenings were invited to an 

ancillary session on Thursday evenings, from 5:30 p.m. until 7:00 p.m. This arrangement 

worked out well in the end, possibly resulting in a random mixture of student participants 

and increased validity of data comparisons. Since all scores were de-identified and 

permission to use the scores as a part of this research project had been granted by the 

participating institution, participant consent was not requested. 

Classroom Instruction 

All students enrolled in College Algebra at the participating college were given 

equal access to standard classroom instruction and remediation interventions. At the 

beginning of the course, classroom instruction generally involved 20-45 minutes of 

direct, whole class instruction, during which students listened to a lecture and were 

encouraged to interject questions and comments, fostering a free-thinking environment. 
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An interactive whiteboard and markers were used to present math concepts, including 

descriptive information and mathematical computation.  

From weeks 1 through 7, direct instruction always began with a descriptive 

summary, providing an overview of the lesson and how that lesson fit into the grand 

scheme of the course content. For instance, prior to demonstrating how to solve quadratic 

equations, a classroom discussion helped students see that the previous weeks’ lesson on 

simplifying expressions, solving basic equations, and factoring quadratics supported the 

forthcoming lesson. During these discussions, students were asked a series of probing 

questions, which dictated a student-directed outline sketched on the interactive 

whiteboard. This outline was envisioned to keep students privy to the relevance and 

intent of each new lesson.  

Following a discussion about the outline, problems related to the new week’s 

lesson were worked by the instructor on the classroom whiteboard. Students were 

encouraged to verbally guide the instructor through the problem(s), once again, 

stimulated by a series of probing questions. Since electronic access to the instructional 

materials and practice activities remained available on demand, these whole-class 

activities would often spotlight students who had worked ahead and had some recent 

familiarity with the new lesson. Whole-class lectures often ended within 20-45 minutes, 

while the balance of the class period was given to in-class practice and discussions. 

Technology and Assignments 

Each week (Monday through Sunday), students were expected to complete three 

practice activities, all due for submission on Saturday before midnight, and all presented 

in a Pearson Education web-based assignment management program known as 
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MyMathLab. An associated quiz was also due each week on Sunday before midnight. 

Early submissions were acceptable any week and for any assignment. Except for two 

anomalous weeks, this defined the standard practice, outlined in the course syllabus and 

described to students on the first day of class. All practice activities and quizzes were 

open to students and readily available for access on demand. Students were encouraged to 

work at a pace defined by the course schedule (see Appendix D) and invited to work 

ahead, if interested. Assignments were arranged such that the second lesson could not be 

accessed until the first lesson had been completed. Using the set-up tools provided by 

MyMathLab, students received a green flag accompanied by a note to complete the 

preceding activity whenever an attempt was made to work out of sequence. 

Quizzes were administered once each week and automatically scored by the 

MyMathLab program. Students were required to complete each quiz in its entirety before 

their quiz score would post. An opportunity to compare their quiz responses with correct 

answers to each quiz problem was automatically provided by the MyMathLab program at 

the completion of each quiz. Students were allowed two attempts for each quiz 

assignment and always encouraged to use the second attempt when dissatisfied with their 

initial quiz score. MyMathLab’s auto-grade feature was set to record only the high score 

of the two attempts. Quiz assignments were not available or accepted beyond the due 

date. 

Tests (midterm and final exams) were completed during class and scored 

automatically, except a single problem presented as the final problem for each test. The 

final problem for the midterm and final exams was given to students as a random 

selection of possible problems pulled from a bucket during the previous week’s class 
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period. Students were assigned a problem to solve and asked to orally present their 

solutions to their classmates. Oral presentation support and instructions were provided. 

Additionally, students were taught to use the Microsoft Equation Editor in Microsoft 

Office, particularly in PowerPoint and Excel. They were required to upload a copy of 

their problem in our virtual classroom and show the steps taken in solving it. They were 

also required to orally present and explain their problem to their classmates as an aspect 

of the final exam grade. Oral assessments were highly lenient, mostly designed as an 

extra way to encourage student self-study and to offer students an opportunity to learn 

through teaching. A Mathematician Presentation Final Project rubric was used to assist 

students with one aspect of the final exam (see Appendix E). Students were asked to 

synthesize their knowledge of certain math concepts with the math concept discoverer (or 

person to whom credit has been given) in mind. This assignment counted as part of the 

final exam grade. Essentially, full credit was given for any reasonable attempt toward 

completion and presentation of the given problem or presentation. 

MyMathLab Self-Check assignments were automatically scored by the auto-grade 

feature associated with the product. Following each attempted problem, the program 

awarded points toward the total possible points for the assignment. For problems with a 

single part, students received one full point for correct solutions and zero points for 

incorrect solutions. For multi-part problems, students received points for every part of the 

problem with a correct solution. Individual problems within Self-Check assignments 

could be worked and reworked until all answers were correct. Students were often 

encouraged to rework incorrect problems before the due date, for the benefit of earning as 
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many points as possible. The MyMathLab program includes several help features to 

which students were given access:  

A Help Me Solve button was accessible from the upper-left corner of the problem 

window on the screen. This feature, when clicked, counts the current problem as incorrect 

and walks the user through an interactive, step-by-step explanation. Inputs from the user 

are requested and scored (without consequence) at various stages of the exercise. Once 

the explanation is complete, the user is returned to the main screen and can opt to rework 

a similar problem or move on to the next.  

A View an Example is a feature much like the Help Me Solve feature, although it 

provided a simple, step-by-step problem explanation with no interactive or scoring 

component. After using this feature, the student was returned to the main window 

displaying the problem and allowed to continue working on the solution. In my personal 

experience with Help Me Solve and View an Example, there is a psychological element 

of relief associated with being able to view an example without receiving the red X, 

indicating that the submitted solution to the problem is incorrect. Even so, in both cases, 

students were allowed to rework their problem without fear of being penalized.  

A Textbook feature would open a pop-up window containing an electronic, 

scrollable, in-color version of the textbook, beginning at the chapter related to the 

problem in question. Students had access to PowerPoint lectures, produced and provided 

by Pearson Education, which were very similar to other supplemental video instructional 

pieces. They offered a brief, yet detailed lecture specific to the topic(s) at hand. There 

was also an animation feature, which worked much like a supplemental video instruction; 

though, it used cartoon-like animations, symbols, characters, etc. to express ideas. The 
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Pearson PowerPoint lectures and animation features were not available for every 

problem. 

An Ask Your Instructor feature would send an email from the student to the 

instructor of record, including an active link to a window containing the math problem at 

hand. As the instructor, I often reply to such emails with a scanned copy of the problem I 

had worked along with a line-by-line explanation. Students were encouraged to utilize 

these tools, only available in Self-Check assignments, as additional measures of support, 

throughout the course. Self-Check assignments submitted beyond the due date received 

an automatic point deduction of 10% per day. 

Remediation 

Another major aspect of this College Algebra course involved the number of 

hours each student participated in remediation activities (supplemental instructional 

videos, math tutoring, and special class sessions). Interventions initially included weekly 

one-on-one feedback sessions, online supplemental instructional videos, and specialized 

tutoring.  

On the first day of class, the one-on-one feedback sessions were reserved for the 

end of class. Once the lecture had been delivered, students were seen one at a time in an 

adjacent classroom and given a chance to speak privately with the instructor. They were 

advised to use the time as an opportunity to express concerns, anxieties, or any other 

interest that would support their individual need as a student enrolled in College Algebra. 

Challenges related to this type of intervention immediately presented themselves. 

Managing the time became difficult, as some students needed more time to be expressive, 

varying levels of comfort and discomfort with speaking in a private environment became 
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apparent, and interest in the one-on-one sessions varied from student to student. With 

regard to managing time, the time allotment for the first one-on-one session proved 

insufficient and some students were put off until the next class meeting. Although class 

was scheduled to meet twice each week, 1½ hours for each meeting, the second meeting 

of the week was made optional to accommodate students in need of additional support. 

Therefore, students who did not have an opportunity to attend a one-on-one session 

during the first class meeting of the week were effectively postponed until the next week. 

Since the ancillary class meetings were optional, the time could not be a reliable 

alternative for scheduling one-on-one sessions.  

This issue of time management pervasively disrupted the remediation technique 

such that Monday/Wednesday students postponed on Monday (and did not return for the 

optional meeting on Wednesday) were not seen until the following Monday. 

Tuesday/Thursday students postponed on Tuesday (and did not return for the optional 

meeting on Thursday) were not seen until the following Tuesday. Eventually, all students 

expressed a lack of interest in one-on-one feedback sessions, opting for more time with 

in-class practice. Therefore, by week 7, the end of the lecture had transitioned into a time 

for in-class practice, only. All students would log into one of the classroom computers or 

their personal electronic devices to access course materials for in-class practice. 

However, a pattern of mass exodus materialized when in-class practice time was 

somehow perceived as an option to leave the classroom early. Many students asked for 

permission to leave, for various reasons– some compelling, others not so much. Even the 

excuse of already having the assignment completed grew increasingly popular. 
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After the initial problems associated with establishing remediation techniques 

were resolved, the participating College Algebra course was ready to offer reliable 

support services. A recent study conducted at Sinclair Community College in Dayton, 

Ohio recommended a series of best practices in developmental math classrooms 

including communication with students, visual applications, and regular low-stakes 

assessments to be used as instructional strategies (Cafarella, 2014). Therefore, beyond 

classroom lectures and assignments and in place of developmental math coursework, 

students participating in this College Algebra course were provided with supplemental 

instructional videos, specialized tutoring services, and weekly one-on-one feedback 

sessions (eventually transformed into ancillary classroom sessions). All study participants 

were given equal access to the remediation tools described in the sections to follow.  

The web-based classroom interface was delivered through the Modular Object-

Oriented Dynamic Learning Environment (MOODLE), a learning management system 

that provides students with on-demand access to instructor-created supplemental 

instructional videos. Each tutorial’s title corresponded to a Self-Check practice 

assignment in MyMathLab with a matching title, allowing students an opportunity to 

view and review the lectures and solution explanations as often as needed. Also, 

MOODLE provided easy access to student logs, where each instructional video-viewing 

instance was recorded and time-stamped with user (student) information. With that, the 

hours of video-instruction participation could be gathered by accessing these electronic 

records and then totaling the scheduled number of minutes and seconds needed to 

complete each video. Dividing the total number of minutes and seconds by 60 reflected 

the amount of hours each student spent watching instructional videos.  
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In addition to the supplemental instructional videos for each College Algebra 

topic, supplemental instructional videos were provided on every topic normally covered 

in a developmental math course at the participating college. Those extra topics included 

simplifying fractions, finding the area of a polygon, and solving basic equations, to name 

a few. These tutorials were constantly available in the MOODLE classroom. Students 

received training at the beginning of the course, in which the instructor demonstrated how 

to access and use these tools in MOODLE.  

The participating college offers standard tutoring services for all students. Tutors 

with general skills (e.g., math, English, science) are assigned set hours and locations by 

which they served students in need of homework help and support. However, it is 

generally suggested that 1 in 4 tutors lack confidence in his or her ability to provide math 

instruction (Carpenter, 1985). For this study, tutors committed to serving College Algebra 

students were hired and scheduled to support the needs of these students. Tutors were 

selected from a pool of adjunct instructors and college employees having specific skills 

and experience in working with students in developmental math programs. 

Every student participating in this study was given an opportunity to receive 

specialized one-on-one feedback to facilitate his or her progress in the course. Sessions 

were intended to be semi-formal, student-directed conversations that allowed students to 

ask questions and express ideas about any aspect of their course experience. Due to time 

limitations and general lack of interest, this aspect of remediation transitioned into 

ancillary classroom sessions, in which students were invited to a class period dedicated to 

practicing problems. Additionally, students were taught how to review their quiz scores 
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and encouraged to regularly monitor their overall averages using the web-based 

classroom management tools (i.e., MOODLE, MyMathLab). 

Data Collection 

Since a placement exam score is required for admission into degree programs at 

the participating college, placement exam scores were available for all students 

participating in this study. It may have been a coincidence that all 16 participants had 

enrolled in a degree program and had already taken the placement exam. There were 

apparently no students taking College Algebra for reasons other than application toward 

degree completion at the participating college; therefore, standard practices for accessing 

CAMS student management resources were used to collect placement exam scores for all 

students. 

Self-efficacy scores were established with a Lent (1993) self-efficacy exam 

model; students were given a 10-item survey designed to measure their level of belief in 

their personal ability to succeed in a college algebra class (see Appendix C). Each of the 

10 items presented a potential college algebra test problem. Students were instructed not 

to solve, or even attempt to solve, any of the problems, yet to glance at each problem and 

rate their perception of difficulty. Using a Likert scale of 1-5, with 5 being most confident 

and 1 being least confident, 50 represented the maximum number of points a student 

could receive for their self-efficacy measure (5 points per question). Since all students 

received an email link to the Survey Monkey Lent (1993) self-efficacy survey, collection 

of these scores meant logging into the Survey Monkey user account (belonging to the 

researcher) and manually tallying each student’s score. Tally limitations in Survey 

Monkey were due to the account features that I chose to purchase.  
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The number of hours each student spent in remediation throughout the course was 

calculated by adding the amount of time spent watching course-provided instructional 

videos, attending tutoring sessions at the college’s Learning Resource Center (LRC), and 

attending ancillary classroom sessions.  

Instructional videos were provided in the course’s online course management 

system, MOODLE. This platform includes a tracking feature, which monitors student 

activity in terms of which website resources were accessed, at what time, and under 

whose given username. Every student enrolled at the participating college received a 

MOODLE account and access to the instructor-designed course webpage upon 

enrollment. Using MOODLE’s tracking feature, each instance of access to an 

instructional video received a tally mark and counted as minutes accumulated toward 

overall hours of remediation. For example, if a student accessed an instructional video 

with a run time of 10 minutes and 13 seconds, then those minutes and seconds were 

added to the student’s tally, impacting their calculated hours of remediation. On the 

MOODLE course website, students were given access to at least one instructional video 

for each practice assignment issued. Some lessons included multiple instructional videos 

to provide additional insight and/or to minimize video run-time. On average, the run-time 

of a single instructional video is about 10 minutes. Beyond supplemental instructional 

videos directly related to each practice activity, students were provided with other 

instructional videos to support the development of fundamental algebra content 

knowledge. These videos were housed in a separate link on the same MOODLE course 

webpage and titled “Principles of Algebra–Helpful Videos.” Still, these extra videos were 

accessed in the same way as all other instructional videos, and each instance of access 
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impacted the student’s overall hours of remediation. Also, students were given access to 

an instructional video providing explicit details about how to operate and advantageously 

utilize the graphing calculator. All supplemental instructional videos were created and 

narrated by the course instructor. The time spent viewing outside instructional videos that 

may have been used by students was not taken into account in this project. 

In addition to the time spent watching supplemental instructional videos, the 

amount of time students spent in the LRC was recorded by the tutors and made available 

to instructors. These accumulated minutes were added to each student’s total hours of 

remediation. Collecting the data was simply a matter of requesting and receiving an email 

correspondence from the manager of the LRC. Student name, sign in/sign out times, and 

description of tasks were recorded in the log. The total minutes accumulated for each 

visit, during which math concepts were studied, was divided by 60 to indicate the total 

hours of tutoring participation. 

The time students spent in each special classroom session was documented as 1½ 

hours of remediation time; no deductions were exacted for late arrivals or early 

departures. Since these second weekly meetings were optional for all students, there was 

no lecture given. Instead, students worked on their practice assignments (Self-Check 

activities) and collaborated with their classmates. The instructor answered questions and 

provided overall support. In the end, the number of hours spent watching course-provided 

instructional videos, attending tutoring sessions at the LRC, and attending ancillary 

classroom sessions were totaled for each student and counted as their number of hours 

spent in remediation.  
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Attendance records were kept throughout the course, indicating the dates each 

student attended regular classroom meetings, as well as dates students attended ancillary 

classroom sessions. Initially, the ancillary classroom sessions were planned such that the 

instructor would sit with students individually as other students worked together, granting 

each student special attention to serve his or her needs. As time passed, students 

gravitated toward peer collaboration, often working together as the instructor facilitated 

whole-class support. This adjustment led to a shift from documenting each student’s 

activities during the ancillary classroom sessions, to simply documenting attendance. 

Additionally, since there were a few unexpected instances of students arriving late, 

leaving early, and even remaining well beyond the end of the scheduled class period, 

attendance was measured as having participated for 1½ hours for each occurrence. That 

means, the reported number of hours students participated in ancillary classroom sessions 

is an estimation of the time engaged in this aspect of remediation. At the expiration of the 

15-week course, the data (placement exam scores, self-efficacy scores, number of hours 

spent in remediation, final exam scores, and the entries in the researcher’s journal) were 

analyzed and the results were used to answer the research questions. 

Summary 
 The methods used in this action research study were organized in adherence to the 

essential elements of action research: defining an area of exploration, defining data 

sources, and collecting/analyzing data (Johnson, 2003). As with all action research, there 

are four general phases of inquiry: plan, act, describe, and evaluate, then the cycle 

repeats. In this study, the plan relates to a college algebra classroom at a 2-year college. 

Students were allowed to matriculate into a College Algebra course and given access to 
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remediation tools, some of which could be accessed on demand. Only students enrolled 

across two sections of College Algebra offered at a 2-year college in the fall semester of 

2015 participated. The intent was to create reciprocity between the community and the 

research, where the community provides valuable data and the research provides valuable 

plans and action. As for the action stage, the initial College Algebra course (with 

embedded remediation) was designed to accommodate a variety of students. All students 

were given access to remediation tools that could serve their needs. The use of these tools 

was monitored in the appropriate phase of the research. Data, used for the evaluation 

phase, included the participants’ placement exam scores, self-efficacy scores, final exam 

scores, hours spent in remediation, and information from the researcher’s journal. The 

researcher’s journal also documented student attendance records, student behavioral 

patterns, and other minor details of the course experience. Chapter four will lay out the 

results of the data in terms of both research questions. 
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CHAPTER 4 
ANALYSIS 

Introduction 
The initial vision for this dissertation project involved quantitative data collection 

and analysis. I intended to use at least 30 final exam scores and final grades to determine 

whether a significant difference in achievement existed between students of College 

Algebra and students in need of developmental math. In fact, descriptive statistics tests 

are designed to help the researcher summarize tendencies in data. They also offer insights 

about how various data scores compare. However, test reliability is highly dependent 

upon the number of individuals who provide data (Creswell, 2008). Prior to the start of 

the course, enrollment numbers indicated that a relatively small number of students had 

enrolled into College Algebra. Therefore, in seeking to increase reliability, I designed a 

mixed methods study to maximize outcomes. Quantitative data mostly informed a 

correlation, where even a limited number of data points (ultimately 16) would indicate 

whether a correlation existed. Also, qualitative data were collected and used to discover 

potential phenomena.  

This section will present the methods used to analyze data collected for this 

research. The discussion will describe specific techniques used to answer each research 

question and then specify the delimitations related to the study. Some data collected and 

analyzed in this study required computation or needed to be organized in chart form. 

Microsoft Excel formulas and chart tools were used to present much of that information. 

In each instance, a description of how Microsoft Excel was used has been included. Also, 

student groups will be discussed throughout the section. All students enrolled in the 

participating College Algebra course were placed into one of three initial course 
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placement groups: Placed students (P students) achieved adequate placement exam scores 

for College Algebra admittance. Former developmental math students (FDM students) 

completed developmental math coursework as a means of meeting College Algebra 

prerequisite requirements. Non-placed students (NP students) had not met placement 

exam or developmental math course completion prerequisite requirements to enroll in 

College Algebra.  

Correlation Data, Comparisons, and Utilization for Research Question One 
          Research question one asked, what is the impact of embedded remediation 

on achievement for a student of developmental math? To answer this research question, 

this section begins with identifying correlations between important data (placement 

exams scores and final exam scores; self-efficacy exam scores and final exam scores), 

and then draws conclusions based on the outcomes. Each correlation is considered from 

the perspective of related literature. Following the correlations, comparisons are made 

between the three categories of students (FDM, NP, and P) and the number of hours spent 

using remediation resources. Also, a comparison is made between groups concerning 

their final exam scores as well as a comparison concerning their final grades. Then, a 

summary of student usage (a measure of embedded remediation resource usage for each 

student) is presented to draw out specific impacts embedded remediation had on NP 

student achievement. 

Data measures for student placement exam scores and final exam scores were 

input into the Microsoft Excel scatterplot tool, including a best-fit line and R2 (ratio of the 

sum of squares). The scatterplot revealed a positive correlation between placement exam 

and final exam scores of the students enrolled in College Algebra at the participating 
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college (see Figure 1). The best-fit line with a positive slope reiterated the positive 

correlation. As placement exam scores increased, final exams scores also increased. 

Therefore, in this research and despite treatment, placement exam scores were predictive 

of final exam scores. 

 

Figure 1. Placement exam as predictor of success 
 

The highest possible score on any subset of the ACCUPLACER math placement exams 

is 120 points (Test Prep Practice, 2016). I set the highest possible score on the College 

Algebra final exam at 100 points. On average, P students scored 103.25 points on their 

placement exams as compared to 92.8 points on their final exams. On average, FDM 

students scored 50 points on their placement exams and 67.9 points on their final exams. 

The average scores for NP students were 52.86 points on their placement exams 

compared to 33.1 points on their final exams. P students collectively scored the highest 

on both placement exams and final exams, while FDM students scored second highest, 

and NP students scored lowest. The one student who placed considerably low on the 

placement exam also placed considerably low on the final exam, with a score far below 
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other student scores in both exams. The best-fit line, y = 0.33x + 59.23, shows a positive 

relationship between placement exam scores and final exam scores. As placement exam 

scores increased, final exams scores increased. In light of research question one, 

embedded remediation in College Algebra was not able to effectively impact student 

abilities and resolve the issue of math content knowledge deficits. However, the two 

values are not strongly correlated, r(11) = 0.53, p > 0.05 (α = 0.05). Three students (1 

FDM student and 2 NP students) chose not to participate in the final exam and received 

zero points for the assignment; therefore, only 13 data points were reported. Since 

research shows that ACCUPLACER is an accurate predictor of achievement (James, 

2006) and these placement scores were positively correlated with final exam scores, 

results suggest that embedded remediation has no major impact on an NP student’s final 

exam score. 

Data measures for student self-efficacy exam scores and final exam scores were 

also input into the Microsoft Excel scatterplot tool, including a best-fit line and R2 (ratio 

of the sum of squares). There was a positive correlation between student self-efficacy 

scores and final exam scores (see Figure 2). As self-efficacy scores increased, final 

exams scores also increased. The best fit line of y = 1.25x + 34.93 indicates a positive 

relationship between self-efficacy exam scores and final exam scores.  
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Figure 2. Self-efficacy as a performance predictor 
 

The best-fit line for placement exam scores and their corresponding final exam 

scores had a slope of 0.33 while the best-fit line for self-efficacy scores verses final exam 

scores had a slope of 1.25. Literature about the theory of self-efficacy and other research 

studies supports the idea that self-efficacy predicts achievement. Embedded remediation 

within the context of a College Algebra course was not able to overcome the low measure 

of self-efficacy reported by some students, which predicted low final exam scores. 

Meanwhile, the two values are strongly correlated, r(10) = 0.77, p < 0.05 ( α = 0.05). 

Scores for the three NP students who did not take the final exam were omitted. Scores 

from two FDM students who did not complete the self-efficacy exam were also omitted. 

Twelve data points were reported for this correlation. 

NP students scored considerably lower on their self-efficacy exam than P 

students, with an average of 28.14 points (P students earned an average of 44.25 points; 

FDM students earned an average of 36 points). In line with the fallout of placement exam 

scores, final exam scores, and final grades, NP students scored overall lowest in terms of 
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self-efficacy. This means NP students were least confident about their ability to succeed 

with college algebra content, compared to their classmates. NP students believed 

themselves less capable of successful completion (in terms of scoring an average of 2.63 

fewer points on the self-efficacy exam than their classmates). Since research shows that 

the self-efficacy exam used in this study is an accurate predictor of achievement in math 

(Lent, 1993) and these self-efficacy scores were positively correlated with final exam 

scores, results echo the suggestion that embedded remediation has no considerable impact 

on an NP student’s final exam score. 

A Microsoft Excel bar chart tool was used to compare remediation hours with 

each student category. Figure 3 shows the time the collective group of participants spent 

in remediation as well as time logged by various groups.  

 

Figure 3. Remediation hours by group 
 

Collectively, students of College Algebra spent 13.76 hours watching instructional 

videos, 74.83 hours in the tutoring lab working on math concepts, and 25.5 hours 

attending ancillary classroom sessions. P students spent 4.41 hours watching 
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supplemental videos, 0 hours tutoring, and 1.5 hours in ancillary classroom sessions (P 

students technically spent 4.41 hours in remediation since the 1.5 hours spent in an 

ancillary classroom session represents an anomalous circumstance in which one student 

attended the session to complete make-up work following an extended illness). FDM 

students spent 0.49 hours watching supplemental videos, 0 hours tutoring, and 6 hours 

attending ancillary classroom sessions. NP students spent 8.86 hours watching 

instructional videos, 74.83 hours in tutoring, and 18 hours in ancillary classroom 

sessions. Embedded remediation, in this College Algebra classroom, was never intended 

to impact the students’ choices to utilize remediation tools. Instead, I assumed that all 

students arrived with remedial needs, not developmental needs, and would be 

intrinsically motivated to take advantage of needed support. 

Most students spent very little time utilizing remediation tools. One student 

scored 90% on the final exam in spite of a limited remediation time commitment. As 4 

hours and 1 minute of video instruction had been made available for students to utilize 

optimal use of video instruction would be 80 hours for the total class (4 hours and 1 

minute times 16 students) or 5 hours per student (80 divided by 16). A total of 27 hours 

and 31 minutes were actually used among the class of 16, yielding an average video 

instruction use of approximately 1 hour and 43 minutes per student. The students 

therefore used approximately 34.33% of available video instruction. Table 1 shows total 

hours of remediation by each category of students. 
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Table 1: Hours of Remediation by Type and Category 

 
Remediation Hours 

 

Video hours Tutoring hours Ancillary classroom 
hours Total hours 

P 4.41 0.00 1.50 5.91 
FDM 16.79 0.00 6.00 22.79 
NP 11.25 74.83 18.00 104.08 
total 32.45 74.83 25.50 132.78 

 

Additionally, supplemental instructional video use varied widely, the highest use logging 

343.61 minutes and the lowest use logging 10.37 minutes. FDM students logged the most 

supplemental instructional video hours while the P students logged the fewest. Five 

students showed no instances or evidence of using supplemental instructional videos. 

Three of those students belonged to the NP group, one student belonged to the FDM 

group, and one student belonged to the P group.  

NP students utilized 89.30 hours more of embedded remediation support services 

than P students and FDM students combined (104.80 NP student hours minus 28.70 P 

and FDM student hours). By removing the anomalous 74.83 tutoring hours logged by one 

NP student, NP students still utilized 6.46 remediation hours more than P and FDM 

students combined (29.25 NP student hours minus 22.79 P and FDM student hours). 

Although embedded remediation services were not wildly popular among the collective 

class of students (an average of 3.62 hours per student over the entire semester when 

removing the anomalous 74.83 tutoring hours by one NP student), NP students accessed 

remediation tools most often.  

Ancillary classroom sessions were largely attended by NP students. In fact, P 

students and FDM students did not attend these sessions, except for one P student 

proactively choosing to use a single session to make-up missed assignments. The student 

never asked for assistance during the visit to the classroom session and refused the 
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instructor’s offer of support. Otherwise, four students regularly attended these sessions, 

one FDM student and three NP students. As for the instructional videos, NP students 

watched nearly twice as many hours of video instruction as other students enrolled in the 

course. Regarding tutoring services, although only one of the seven NP students utilized 

the services, that student logged a total of 74.83 hours of math tutoring in a single, 15-

week semester. This can serve as no true measure of difference, since no other student in 

the class attended tutoring. It does, however, reflect the particular need of one student 

among those in need of extra support. Since NP students used vastly more hours engaged 

with remediation tools (even without the anomalous tutoring hours), embedded 

remediation significantly impacts the amount of time NP students spend with course 

materials. 

Several NP students were able to demonstrate content knowledge with final exam 

scores. Among them were scores of 90% and 71%, which are relatively strong scores for 

students who were said to have major deficits when entering the course. Figure 4 

compares the final exam scores of P students, FDM students, and NP students. 
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Figure 4. Average final exam scores by group 
 

On average, P students and FDM students scored 88.46% on the final exam, a B average. 

Final grades for the course earned by these students were as such: A (n = 3), B (n = 1), C 

(n = 4), and F (n = 1). FDM students earned, on average, 50% on the final exam. Final 

grades for FDM students were as such: A (n = 1), B (n = 1), C (n = 2), and F (n = 1). NP 

students, on average, earned 33.1% on the final exam. Final grades for these students 

were as such: C (n = 4), D (n = 1), and F (n = 2).  

Removing the anomalous zeros scored by students who did not sit for the final 

exam, NP students earned an average of 67.43%. P students and FDM students 

collectively earned an average of 88.84% on the final exam. NP students scored 55.36 

percentage points lower on the original final exam than P students and FDM students. 

Overall, NP student’s final exams scores were mostly below 60%. They achieved final 

grades of a similar magnitude. P students performed the strongest, FDM students 
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performed moderately, and NP students perform comparatively the weakest. Without 

embedded remediation, NP students were expected to score lower than other categories 

of students on the final exam. Therefore, embedded remediation had no significant 

impact on NP student final exam scores.             

Students completed College Algebra with a final grade, distributed across three 

categories of performance: homework, quizzes, and tests, each granting 25%, 35%, and 

40%, respectively. P students mostly completed with averages of 70% and above, C and 

above. NP students mostly completed with averages below 80%, C and below. FDM 

students were more evenly spread across the grade distribution (see Figure 5).  

 

Figure 5. Final grade distribution 
 

At least one student in each of the three student groups completed with a grade of C. Four 

out of seven NP students received a grade of C. With P students having the strongest 

performance, FDM students the next strongest, and NP students with the least, there is no 

indication that embedded remediation impacted student achievement in this College 
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Algebra course. Without embedded remediation, NP students were expected to complete 

College Algebra with lower final grades than other students. Therefore, embedded 

remediation had no verifiable, significant impact on NP student final grades.             

Again, research question one asks, what is the impact of embedded remediation 

on achievement for a student of developmental math? This question can be addressed by 

taking a close look at student utilization of embedded remediation tools. Table 2 

summarizes utilization (using information gathered from the researcher’s journal) and 

aligns that data with behaviors and final grades. Based on evidence highlighted in the 

summary of student usage, observations about the student behaviors were used to identify 

the impact that embedded remediation had on all students and then NP students in the 

participating College Algebra course. 
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Table 2: Summary of Student Usage 

Final 
Grade Category

Instructional 
Video Capacity 
Utlized 
(Percentage)

Ancillary 
Classroom 
Capacity 
Utilized 
(Percentage)

Impact of Embedded 
Remediation Notable Experiences

A1 P 4.22% 0.00% none confident; limited embedded remedation; utilized 0.17 hours 
of video instruction

A2 FDM 137.97% 0.00% helped student gain 
understanding of content

former online studies, earlier dislike for math. strong self-
efficacy. participated in 5.56 hours of video instruction

A3 P 0.00% 6.67% none
high placement exam score; high self-efficacy score; 
voluntary participation in classroom discussions; liked 
math; period of illness; attended one ancillary classroom 

B1 FDM 124.07% 26.67% helped student gain 
understanding of content

only B issued; expressed a general discomfort with math; 
watched 5 hours of video instruction and attended 6 hours of 
special classroom instruction

C1 NP 0.00% 40.00% oral assessments

enrollment encouraged by family; tutoring support from  
parent; struggled to display evidence of learning concepts; 
sloppy written work; disorganized; recieved oral 
assessments; attended 9 hours of special classroom 
instruction

C2 P 79.16% 0.00% helped student gain 
understanding of content

dual credit; poor attendance; high placement exam score; 
3.19 hours of video instruction

C3 (I3) NP 0.00% 40.00%
helped complete assignments; 
helped gain understanding of 
content

struggled with technology; completed some developmental 
math; continued with one-on-one sessions; 9 hours of 
special classroom instruction and 74.83 hours of tutoring, 
totaling 83.83 hours of remediation; initially received grade 
of Incomplete

C4 (I2) NP 95.29% 0.00% helped student gain 
understanding of content

late enrollment; endured recent personal loss; work conflict 
with ancillary classroom sessions; 3.84 hours of video 
instruction; initially received grade of Incomplete

C5 FDM 12.16% 0.00% supplemented learning quiet during classroom dicussions; regularly completed 
assignments on time; 0.49 hours of video instruction

C6 P 26.05% 0.00% supplemented learning high placement exam score; loves math; limited technology 
at home; 1.05 hours of video instruction

C7 (I3) NP 0.00% 0.00% none
late enrollment; demanding work schedule prevented 
practice outside classroom; no participation in embedded 
remediation; initially received grade of Incomplete

C8 FDM 0.00% 0.00% allowed distance learning 
(though not used) very poor attendance due to work; no remediation

D1 NP 72.46% 0.00% allowed distance learning distance delivery experience; midterm proctored via Skype; 
2.92 hours of video instruction

F1 FDM 142.18% 0.00% no impact on final grade stop-out ; 5.73 hours of video instruction

F2 NP 88.83% 0.00% no impact on final grade; 
granted admission

stop-out ; struggled with technology; 3.58 hours of video 
instruction

F3 NP 22.33% 0.00% no impact on final grade; 
granted admission

stop-out; initially enthusiastic; repeatedly missed 
assignments; 0.90 hours of video instruction  

First, embedded remediation helped five students gain a better understanding of 

content (A2, B1, C2, C3, C4). Specifically, a basic formula for division was used in the 
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Microsoft Excel program to calculate the instructional use video percentage for every 

student. Since the hours of instructional videos made available to students in the 

classroom totaled 4.03 hours, a measure of capacity for each student was calculated by 

dividing the total hours utilized by the total hours available. For example, because student 

C2 viewed/utilized 3.19 hours of instructional videos, 3.19 divided by 4.03 yields 0.7916. 

Therefore, student C2 utilized 79.16% of the instructional video capacity. Among this 

group who gained a better understanding of course content, every student completed the 

course with a passing grade and utilized anywhere from 75% to more than 100% of the 

instructional video capacity. As capacity for some students exceeded 100%, the students 

may have watched the same instructional video on multiple occasions, which constitutes 

one major benefit of on-demand video instruction. 

Next, embedded remediation resulted in an opportunity to receive oral 

assessments in place of failed electronic assessments and failed written assessments, for 

one student. During ancillary classroom sessions, conversations with the student revealed 

a level of content understanding that I had not been able to ascertain through electronic 

submission or a review of the student’s written materials. Once I discovered the student’s 

struggles were related to delivery rather than understanding, I began providing tailored 

support and, on two occasions, oral assessments to suit the individual’s needs.  

Next, embedded remediation helped one student complete assignments. In 

addition to helping the five students gain a better understanding of content, one of those 

five students also benefited from the extra time with the instructor and tutors in ancillary 

classroom sessions and the tutoring lab. In the same manner that instructional video 

capacity was calculated, ancillary classroom capacity was also calculated, where the 
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number of hours spent in ancillary classroom sessions was divided by the total number of 

hours available for sessions over the semester (22.5 hours, which is 15 weeks times 1.5 

hours per week). This student utilized 40% capacity, with much of that time spent 

assisting with homework. A utilization of tutoring was not tallied since the total number 

of hours available was dependent upon uncontrollable tutoring schedules established by 

other educators not connected with this research. During the ancillary classroom sessions, 

this student and I often worked side-by-side, walking step-by-step through homework 

problems. I provided extensive explanations and pointed the student toward electronic 

and textbook resources to reinforce those explanations. For two students, embedded 

remediation served as a supplemental learning resource, as both students passed the 

course, yet they utilized a very limited percentage of the instructional video capacity. 

Together, they utilized less than half of the instructional video capacity and neither 

student utilized tutoring services or ancillary classroom sessions.  

Embedded remediation, particularly supplemental instructional videos, offered an 

opportunity for distance learning for two students, who would have otherwise been 

expected to withdraw from the course. One of these students moved to a different town at 

an early stage in the course and continued watching instructional videos, to nearly 75% 

capacity. On the other hand, the other student, whose employment situation prevented 

classroom attendance, did not watch instructional videos, did not attend tutoring, and did 

not participate in ancillary classroom sessions. However, the student was still impacted 

by the availability of embedded remediation tools and was, as a result, allowed to 

continue in the course (despite absences and under the assumption that these tools would 

be used).  



Texas Tech University, Natalie Welcome, August 2016 
 

91 
 

For several students, embedded remediation had no impact. Interestingly, the two 

students completing the course with grade of A and the three students completing the 

course with grades of F showed no indication that the remediation tool made a difference. 

In terms of the students with grades of A, one utilized fewer than ten minutes of 

instructional video use while the other student utilized a single ancillary classroom 

session. Since both students earned grades of A, with a negligible use of remediation 

tools, it was determined the tools did not significantly impact student final grades. As for 

the students with final grades of F, the same grades could have been achieved without the 

available support of embedded remediation. Since embedded remediation was developed 

and incorporated into this course in the hope of helping students obtain passing grades, 

those tools did not impact students receiving final grades of F.  

In analyzing the utilization of embedded remediation tools, it is clear that NP 

students benefited and were impacted by obtaining extra help with completing 

assignments, gaining understanding of content, having access to alternative assessment 

strategies, and receiving an opportunity for distance learning. In answering research 

question one, this is the immediate impact embedded remediation has on students in need 

of developmental math. There is no indication that any students were adversely affected 

by having access to embedded remediation. 

Interaction with Embedded Remediation for Research Question Two 
Research question two asked, what are the classroom experiential differences 

between College Algebra students and students of developmental math? Following the 

correlations and comparisons, observations about each student’s behaviors (academic and 

other relevant behaviors) in the classroom are outlined to answer this research question. 
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Observations about each individual student and her or her experiences essentially 

highlight themes that collectively represent the NP student group. 

Correlations and utilization measures have exposed the impact of embedded 

remediation on students in need of developmental math support. However, analyzing 

student behaviors in a classroom and with course materials can help answer research 

question two. Research question two asks, what are the classroom experiential 

differences between College Algebra students and students of developmental math? The 

outline below highlights each student and the primary behaviors that student exhibited in 

the classroom. First, students who received grades of Incomplete are discussed, to 

identify common behaviors, which may have led to those students needing additional 

time to complete the course. Next, students who received grades of F are discussed, 

likewise, to identify common behaviors, which may have led to failure of the course. 

Lastly, the remaining students are discussed, to highlight general themes, which may 

prevail, particularly among NP students. 

Behaviors of students who received grades of incomplete varied from behaviors 

of students who received a grade of F. I will refer to the three students receiving grades of 

Incomplete as I1, I2, and I3 and to the two students receiving grades of F as F1, F2, and F3. 

Observations about the remaining students will be outlined in the next section. 

Observation about I1. Beyond receiving instructor permission to enroll despite 

placement exam scores, this student received permission to join the class approximately 

two weeks beyond the course start date. Due to the student’s insistence and desire to 

graduate on time, coupled with an extenuating circumstance of having lost a parent in 

very recent days, we admitted the student into the class. Under normal circumstances, the 
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admittance would be common, as the last day to add the student to the roll of a semester-

long course typically occurs within the first two weeks of the start date. In light of 

literature about self-efficacy, I personally felt motivated to admit the student. Shortly 

beyond the student’s initial participation, there were frustrations expressed about having 

to keep up with the rigor of the coursework in the face of a recent loss of a loved one. 

Throughout the course, student I1 was not quite able to catch up and explained that 

employment requirements prevented ancillary classroom session attendance. The 

emotional stress of having lost a close relative may have played a role in the inability to 

attend class and take advantage of ancillary classes. Student I1 viewed 3.84 hours of 

video instruction, accounting for the student’s total hours of remediation and impact of 

embedded remediation. Following the 90-day extension of the course and modified 

coursework, the student was able to complete all activities and earned a final grade of C. 

Observation about I2. This student also joined the class late due to a work-

schedule conflict as well as a conflict with a different course offering. However, only the 

first class session was missed. The student often expressed having a conflict with work, 

was only able to attend regular classroom sessions, and described having limited time to 

practice assignments outside of class. Since student I2 was able to demonstrate a strong 

understanding of course content during class, despite placement exam scores, continuing 

in the course was allowed. Ultimately, the student worked at a much slower pace than 

many other students in the class and often missed deadlines. Scheduling conflicts and 

time-management challenges played a major role in the inability of student I2 to achieve. 

Student I2 participated in 0 hours video instruction, 0 hours of tutoring, and 0 hours of 

ancillary classroom sessions. Embedded remediation had no impact on this student’s 
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ability to complete the College Algebra. Following the 90-day extension of the course 

and modified coursework, the student was able to complete all activities and earned a 

final grade of C. 

  Observation about I3. Because this FDM student spent many hours utilizing 

supplemental instruction resources and working diligently on the assignments, progress 

was always encouraged and late work was always accepted. This student had begun 

taking the developmental math course, but often expressed frustration with the delay the 

sequence would cause for graduation and never completed the series of courses. Even in 

the developmental math courses, the student struggled with logging into the MOODLE. 

Given the option of this new prerequisite protocol, the student skipped the final course in 

the developmental math sequence and enrolled in College Algebra. Not having completed 

the course sequence, the student was considered an NP student rather than a FDM 

student. Throughout the course, this student received one-on-one attention, even after 

one-on-one sessions had been phased out of the curriculum. I spent many hours staying 

after class to help student I3 and together we walked through assignments, step-by-step. 

Student I3 attended 9 hours of special classroom instruction and 74.83 hours of tutoring, 

totaling 83.83 hours of remediation. As an individual, I am unable to follow a trend to 

determine whether embedded remediation prevented failure. Following the 90-day 

extension of the course and modified coursework, the student was able to complete all 

activities and earned a final grade of C. 

 Each of these students, receiving grades of Incomplete, needed additional time to 

complete the course. Although embedded remediation was available, it did not impact 

and could not overcome personal-life challenges presented in these cases. 
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 Observation about F1. This NP student can be referred to as a stop-out 

(suddenly stopped attending/participating in the course). After the deadline to withdraw 

from the course had passed, student F1 stopped attending class. With no other option, a 

final grade of F was issued based on a series of incomplete assignments. On a special 

note, approximately 20% (n = 3) of the class stopped attending and participating. For 

student F1, failure to persist was attributed to family circumstances. Embedded 

remediation did not impact achievement. F1 viewed 5.73 hours of video instruction, 

accounting for the student’s total hours of remediation.    

 Observation about F2. This student, an NP student, was also characterized as a 

stop-out. With student F2, there was no contact for an extended period to complete the 

course, although the student emailed a message asking to be maintained in the course. 

Because the student hoped to graduate in the coming spring semester, the student did not 

withdraw, in spite of having missed a few consecutive class periods. I failed to convince 

the student to attempt the final exam. Student F2 insisted on quitting the course and 

reenrolling the next semester. A telling email message, received from the student, offers 

some insight: 

“I want to take this class.  and listen to the mini lectures over and over when i get 

on. I'm on polynomials.  But the frustration of the technology speed. and 

blockages as not being able to access homework is really not a cool feeling.  I 

have other things to do than spend an hour trying to get on to a mycampus website 

for something that i'm bad at.  Your theme of unmultiplying makes sense to me.  

finding remainders that don't (fit) makes sense to me.  even intruiging.  But times 

flying by and I'm behind.” 
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Having the context associated with this message, I realize the student had complaints 

about slow Internet speeds (a challenge we continue to face in our community) and 

structured assignments, which block access to subsequent lessons when the previous 

lesson is missed. After sending a series of responsive emails and follow-up contacts, I 

soon discovered there was no way to convince the student to continue. At such a late 

stage in the course, there was no option to withdraw. With student F2, failure to persist 

was attributed to discouragement with the course content, and access to embedded 

remediation did not influence completion. F2 viewed 3.58 hours of video instruction, 

accounting for the student’s total hours of remediation. 

Observation about F3. Here, we have the third and final stop-out of the course. 

This NP student enthusiastically asked to be allowed to take the class, claiming to have 

an unbreakable spirit of determination. In the beginning of the course, student F3 

submitted every assignment after the due date. A few weeks into the course, the student 

had fallen considerably behind. By midterm, the student managed to catch up with 

coursework and proceed on pace for several subsequent weeks. Nearly three weeks prior 

to the end of the course, the student sent this email message: 

I will be teleconferencing class today I got stuck out of town just a little ways but 

I can't make it back in in time this snow machine is broke down and I can't get a 

ride soon enough so sorry but I will be calling the teleconference line at 

about 5:20. 

After our teleconference communication, student F3 stopped attending and rejected every 

attempt I made to communicate. There was no way to recover from missing the final 

three weeks of the course and the final exam. Embedded remediation was not able to 
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prevent failure for student F3. Student F3 viewed 0.90 hours of video instruction, 

accounting for the student’s total hours of remediation. 

Each of these students, receiving grades of F, stopped attended and essentially 

gave up on completing the course. The availability of embedded remediation did not 

influence either student’s decision to abandon the class.  

Observations of the other students are presented in this next section. Students 

receiving a final grade of A will be referred to as Ax, students receiving final grades of B 

referred to as Bx, and so on. With that, the remaining class count (among both course 

sections of College Algebra) can be anonymously evaluated. At the bottom of this 

section, Table 4 will display an easy-to-read summary of undesirable trends identified in 

this assessment of student behaviors. 

 Observation A1. This P student regularly displayed a certain level of confidence 

throughout the course, evidenced in classroom discussion demeanor, timely submission 

of all assignment, regular class attendance, and overall interaction with coursework. 

Furthermore, during classroom discussions, this student would often venture into 

speculative commentary, going so far in the project presentation to propose “my formula” 

for finding the determinant of a matrix (see Figure 6). Student A1 suggested that the 

formula below would provide the solution for every matrix being evaluated: 
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Figure 6. Student formula 
 

This image has been copied from the student’s original submission. No changes have 

been made. I recall hearing the student complain about the difficulty of our lesson on 

matrices. I asked the student about having watched the detailed instructional video related 

to the lesson. The student confessed not to have watched it and described having spent 

nearly eight hours on a personal exploration of example problems to figure out patterns 

for finding a solution. Although the formula must be scrutinized for validity, the daring 

nature of such a recommendation by this student speaks volumes about the student’s level 

of self-efficacy. Student A1 utilized 0.17 hours of video instruction (approximately 10 

minutes), accounting for the student’s total remediation participation. In relation to the 

first research question, embedded remediation did not impact achievement. In relation to 

the second research question, this student’s experience with course content was mostly 

connected to a personal ability to gather ideas from classroom discussions and practice 

assignment feedback (since questions were answered in class and MyMathLab provided 

additional examples/attempts when problems were missed).  
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Observation about A2. This FDM student began as a student in my 

developmental math courses, taking a series of online, modulated courses over the 

previous two semesters. I recall meeting this student upon initial enrollment into the 

online developmental math course and remember student A2 expressing a dislike for 

math. Note, the focus of the first level developmental math course at the participating 

college is on operations (addition, subtraction, multiplication, division), integers (positive 

and negative numbers), and fractions. At that time, student A2 displayed what I now 

recognize as a remediation need, rather than a developmental need. Student A2 started 

and remained on a track of timely submissions, full participation, and quality work. Each 

course was completed with high marks, and there was never any indication that student 

A2 would require specialized support. Upon finally meeting the student in a face-to-face 

of College Algebra, there was nothing less than a high expectation for delivery of the 

same level of work and completion. As it turned out, student A2 seamlessly completed the 

College Algebra course and even mentioned learning to enjoy the study of math. In this 

case, self-efficacy was harnessed in the process of matriculation. A2 participated in 5.56 

hours of video instruction, accounting for the total amount of embedded remediation 

activities. As student A2 had access to similar video instruction during time spent in 

developmental math courses, embedded remediation may have had an ongoing impact on 

achievement. 

Observation about A3. This P student scored relatively high on the placement 

exam, in comparison to other students. A3 also scored relatively high on the self-efficacy 

assessment (48 out of 50). Throughout the course, the student often posed clarifying 

questions and offered value-adding comments in classroom discussions. The student 
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proudly boasted of liking the subject of math. An extended period of illness near the end 

of the semester resulted in late penalties for several assignments. Even so, the student 

attended one ancillary classroom session to complete the missed assignments and 

remained on track for the duration of the course. A3 did not participate in other forms of 

embedded remediation, and therefore, I assumed that embedded remediation did not 

impact this student’s achievement. Also, student A3 was able to achieve high marks with 

no use of embedded remediation tools. 

Observation about B1. This FDM student scored the only B issued among the 

class. Having successfully completed the sequence of developmental math courses at this 

college prior to College Algebra enrollment, the student was already familiar with several 

course expectations and technological tools. This student verbally expressed a general 

discomfort with math, but regularly attended required classroom sessions as well as 

ancillary classroom sessions. Student B1 watched 5 hours of video instruction and 

attended 6 hours of special classroom instruction, totaling 11 hours of remediation. 

Embedded remediation tools positively impacted student B1’s achievement. Also, this 

student’s experience with embedded remediation demonstrates a reasonable utilization, 

which could have been, in part, a cause toward high achievement. 

Observation about C1. This NP student enthusiastically enrolled in the course, 

strongly encouraged by immediate family members. I received correspondence, prior to 

the course start date, from the parent, inquiring about the potential for the student to 

enroll in and succeed in the class. “My understanding is that [my child] placed between 

two classes.  Can [my child] please be placed in the higher one?” I am unsure what 

placing between means, but the student, of course, was allowed to take the College 
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Algebra to expedite a path to graduation. Throughout the course, student C1 

acknowledged receiving tutoring support from this parent, yet often struggled to display 

evidence of certainty about the course concepts. In conversation, I realized the student 

understood much more than assessments revealed. Much of the student’s written work 

was too sloppy to comprehend and too disorganized to follow. Ultimately, I was able to 

measure student C1’s understanding of course content through oral assessments, as an 

alternative to written assessments and computer inputs. As this method was not originally 

considered a remediation tool, it would not normally be considered to have a meaningful 

impact. However, as I was able to conduct oral assessments during ancillary classroom 

sessions, I would suggest this form of remediation particularly impacted the student’s 

ability to achieve. Student C1 attended 9 hours of special classroom instruction, 

accounting for the student’s total hours of remediation. This oral assessment engagement 

with embedded remediation is vastly different from engagement from P and FDM 

students. 

Observation about C2. This P student participated via dual credit, concurrently 

enrolled at the local high school as a junior classman. Initially, the student attended class 

on time and regularly. Approximately halfway through the course, the student’s 

attendance began to decline and assignment submissions were often delayed. The student 

sent this email message on one occasion. “I don't think I'll be able to attend class today 

due to school activities, but I'll try my hardest to come on Wednesday to check in!” A 

similar email message was sent on a separate day. “I won't be able to attend today's class 

because I have preparations for a performance/event tomorrow!” Student emails and 

verbal explanations evidenced a pattern of priorities, with College Algebra falling very 
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low on the list. This student scored relatively high on the placement exam, with a score of 

104 points (29 points more than what is needed to place into this College Algebra 

course). Student C2 viewed 3.19 hours of video instruction, accounting for the student’s 

total hours of remediation. There is no indication that embedded remediation impacted 

this student’s ability to achieve. Student C2’s engagement with remediation tools, in 

utilizing instructional videos as a sole means of remediation, resembled the engagement 

levels of students from the FDM and NP groups. 

Observation about C3. This FDM student started at the beginning of the 

sequence of four developmental math courses. At that time, the student regularly attended 

class and submitted completed assignments on time. This level of participation continued 

after the student enrolled in College Algebra. During class, student C3 was often quiet 

and generally answered questions or offered comments only when called upon to do so. 

Student C3 viewed 0.49 hours of video instruction (29.9 minutes), accounting for the 

student’s total hours of remediation. There is no indication that embedded remediation 

impacted this student’s achievement and no distinct difference of engagement with 

remediation tools, apart from FDM and NP student engagement. 

Observation about C4. This P student often expressed a love for mathematics. 

The student scored a striking 27 points above the College Algebra cut score for 

enrollment and, occasionally, expressed a desire to teach math. Participation outside of 

class became a struggle for the student at times, though, as there was no Internet at home 

and transportation to access alternate options for Internet was limited. Under select 

circumstances, exceptions were made for late penalties due to past-due assignment 
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submissions. Nearly one month before the final, the student sent a message indicating a 

level of uncertainty. Here is the precise email message received: 

I am struggling in math. I want to say it's just that I'm not managing it well but I 

think I really don't know what's going on and I'm nervous to take the final. My 

grade in math is bad and I keep turning my assignments late with a bad quiz test 

score. I'm unsure of what to do now. 

The following week, this student sent a separate email message. I quote: 
 

I tried going onto mymathlab to look at week 12 but it still wouldn’t let me even 

though you took a look at it. It is possible to get an extra day to make up the week 

12 assignments? I will be going to tutoring sessions as much as I can so I can get 

that C to a B. I hope all works out. If not, then I will do my best to complete my 

assignments tomorrow along with the quiz. I will be working on my math 

presentation also. Let me know what you think.  

The student never attended tutoring. C4 viewed 1.05 hours of video instruction, 

accounting for the student’s total hours of remediation. There is no indication that 

embedded remediation impacted this student’s achievement. There was no difference 

between engagement with remediation tools for this FDM student and NP students. 

Observation about C5. This FDM student attended the physical classroom on 

two occasions, explaining that a hectic work schedule and a difficult family life prevented 

regular attendance. To avoid dropping the student, the student committed to keeping up 

with the coursework through video instruction and on-time assignment submissions. 

Most assignments were submitted on time. However, no video instruction was utilized.  

Student C5 participated in no video instruction, tutoring, or ancillary classroom sessions. 
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There is no indication that this student’s achievement was impacted by embedded 

remediation or that the student’s experiences with embedded remediation were set apart 

from NP student experiences. 

Observation about D1. This NP student began the course with regular classroom 

attendance and assignment submission. Near Week 4, the student regularly expressed a 

need to travel out of town and asked to be maintained in the course via distance delivery. 

Here is an email message once received from this student: 

My name is [student name], I am one of your students attending Math 105 class 

today @ [a certain time]. For today's class, I will not be able to physically attend 

class today. Therefore, I will need to teleconference in today. My [family 

member] had to get surgery in [someplace] so that's where I'm at now. I will be 

back in Barrow Thursday evening though. If you could give me the number to 

dial in, that would be great! :) Also, is this particular math class blended or only 

teleconference/online? Let me know if you have any questions. Thank you very 

much! 

An agreement was made to maintain the student through distance delivery. On-

time submissions and regular attendance through teleconference calls into the classroom 

continued until just beyond the midterm exam. I personally proctored the midterm exam 

via Skype. After the midterm, participation slowed with irregular call-ins, poor contact, 

and untimely assignment submissions. Student D1 viewed 2.92 hours of video instruction, 

accounting for the student’s total hours of remediation. Video instruction as a form of 

embedded remediation may have impacted the student’s achievement and prevented a 
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final grade of F. The majority of this student’s achievement took place via distance, so 

engagement with remediation tools was vastly different from other NP students. 

Table 3 summarizes the most undesirable experiences identified above, such that 

a visual of which students fall into these categories becomes more apparent. It shows 

each category of students (FDM students, NP students, and P students) and points out 

students within each category who demonstrated a problem with the indicated trend. 

Students received a mark (x) when a grade of Incomplete was issued and an additional 90 

days was allowed to complete coursework. A mark was received when a student stopped 

attending and participating in the course (stopped-out). A mark was also received for 

three or more absences from scheduled class time (not concerning ancillary class 

sessions). Lastly, a mark was received when student earned fewer than half of the 

available points on the self-efficacy exam (less than 25 points). 
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Table 3: Summary of Student Experiences 

Final 
Grade Category Extra Time 

Needed
Stopped-
Out

Attendance 
Issue

Lacking 
Self-
Efficacy

A2 FDM
B1 FDM
C5 FDM x
C8 FDM x
F1 FDM x x
C1 NP
C3 (I3) NP x x
C4 (I2) NP x x x
C7 (I3) NP x
D1 NP x x
F2 NP x x
F3 NP x x
A1 P
A3 P
C2 P
C6 P

undesirable trends

 

Stopping-out and attendance challenges were not considered unique to NP 

students. Although two of the three stop-outs were NP students, the majority of NP 

students relentlessly pursued completion. Also, NP and FDM students struggled with 

maintaining adequate attendance records. A look at attendance records initially suggests 

that attendance might be a predictor of achievement (see Figure 7). Again, Microsoft 

Excel’s scatterplot tool was used to generate the chart and line of best-fit. 
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Figure 7. Attendance as a predictor of final grade 
 

As the number of absences increased, the final grade percentage decreased. The best-fit 

line of y = -4.26x + 72.82 indicates a negative relationship between absences and final 

grade percentage.  However, the variables are not strongly correlated, r(14) = 0.27, p > 

0.05 (α = 0.05); thus, attendance was not a predictor of achievement, in this study. 

Additionally, in this case, R2 is considerably distant from 1, which indicates a diminished 

goodness of fit and, thus, a weak correlation. Since NP students were not the only 

category of students facing attendance challenges, the issue is not unique to them and not 

considered an outstanding trend of significance. Ultimately, NP students experienced 

difficulty with time allotted for course completion and strength in self-efficacy.  

Delimitations 
Several measures could not be managed within the scope of this action research 

monitoring and evaluation phase. This section will identify those measures, beginning 

with a look at hours of remediation. Hours of remediation described throughout the 

research were not tallied with absolute accuracy. An assumption was made that students 
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who access instructional videos would view them their entirety. An assumption was also 

made that the tutoring logs would be kept accurately. However, the task of keeping the 

tutoring logs was left in the hands of persons not directly associated with or motivated to 

support this research. Additionally, the number of hours each student spent engaged in 

remediation activities is only an estimate. It is virtually impossible to know whether 

students watched instructional videos to completion.  Student use of external instructional 

resources has also not been measured. 

Next, participant numbers were limited by the number of students enrolled in each 

course. There was no additional effort made to recruit students for College Algebra, 

resulting in an anticipated small number of participants. The 2-year participating college 

has a small student body, fewer than 300 full-time students. Of that study body, we 

received a total enrollment of 17 students between two College Algebra sections, limiting 

the opportunity to examine multiple sections and a large population of students. One 

student dropped the course at a very early stage and was not included in the data set for 

analysis.  

During the data analysis process, I discovered that the “Graphing Linear Equations” 

instructional video displayed a misleading title, which did not align with the Self-Check 

counterpart activity. I also discovered that the “Systems of Equations by Elimination” 

instructional video was inadvertently omitted from the course materials. No students 

asked about the misaligned video title, requested the missing video, or mentioned similar 

concerns. 

Three of the four NP enrolled in the participating College Algebra course were 

not able to complete the coursework within the 15-week semester. Because this was a 
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trial course, of sorts, those students were awarded grades of incomplete. They were 

allowed an additional 90 days to finish outstanding assignments. The final 4 weeks of 

math content was deleted for this group of students, as time was limited to complete the 

coursework. Consequently, those three students were also given an alternate final exam –

an exam that better reflected their modified coursework, the content covered in the final 4 

weeks of the course. Modified coursework was not taken into account when making 

comparisons. College Algebra, at the participating college, is designed to help students 

thoroughly understand how to solve a variety of types of equations (including linear 

equations, quadratic equations, rational equations, and radical equations). Content 

contained in the last 4 weeks –ultimately cut for three NP students as a means of 

modifying their coursework –was viewed as a content extension where higher-order 

thinking strategies over and above standard College Algebra requirements were 

introduced. The students receiving modified coursework were nonetheless assessed on 

their ability to simplify expressions and solve equations –fundamental principles 

advanced in College Algebra. 

Since the researcher and instructor for the participating College Algebra course 

was the same individual, guidelines for grading was limited to the MyMathLab scoring 

tools and a pre-designed rubric (see appendix E) for some oral presentations. The 

assignments and due dates were pre-determined and officially scheduled within the 

MyMathLab program at the onset of the course to help minimize instructor influence and 

maintain a grading system strictly reflective of student progress. 

There was a slight delay on the approval to conduct this research. With that, the 

self-efficacy exam was administered to students nearly halfway through the participating 
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College Algebra course. However, this delay had no adverse effects on the results. Prior 

research showed that self-efficacy scores are a strong predictor of achievement, even 

when measured after course material has been presented.  

Developmental education and remedial education, in this study, are viewed as 

separate, distinct approaches to instruction. Therefore, students enrolled in the 

participating College Algebra class were presumed to have only math content knowledge 

deficits, rather than developmental math needs.  

Conclusion 
The descriptive phase of action research requires a thoughtful representation of 

data. In this study, the data sources included ACCUPLACER placement exam scores, 

self-efficacy scores, final exam scores, and final grades. Additionally, I documented 

evidence of student behaviors throughout the course in my researcher’s journal. Data 

were represented using correlations of data sources with computation conducted using 

formulas in Microsoft Excel.  

Research question one asked, what is the impact of embedded remediation on 

achievement for a student of developmental math? An examination of the data revealed 

that embedded remediation impacts the amount of time NP students spend engaged in 

course materials, impacts their access to alternative assessments, impacts the level of 

assistance received in completing assignments, and impacts their opportunity for distance 

learning. Although these ideas are unique to this research, the impacts were unintentional 

outcomes resulting from attempts to attract students to College Algebra and retain them 

with support services. 
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Research question two asked, what are the classroom experiential differences 

between College Algebra students and students of developmental math? NP students 

were not able to complete the College Algebra coursework within the same timeframe as 

their classmates. A few NP students needed extra time to complete the coursework. Also, 

NP students were considerably less self-efficacious than the other categories of students. 

The three lowest self-efficacy scores belonged to NP students, as the group, on average, 

scored less than 60% on the self-efficacy exam. Chapter 5 discusses the implications for 

practice, policy, and research, as well as the impact this study has on the field of 

education. 
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CHAPTER 5 
DISCUSSION AND CONCLUSIONS 

This research project has outlined the complex problem of providing 

developmental education to new college students at a 2-year college. An action research 

methodology was used to plan, act on, monitor, and evaluate an alternative to standard 

remediation attempts for college students in need of developmental math services. 

Specifically, data resulting from a college algebra course, which simultaneously offered 

math remediation and college algebra content, was explored. Test scores and behaviors of 

16 College Algebra students from a variety of math knowledge backgrounds were 

examined. All students received unlimited access to embedded remediation tools, 

including supplemental instructional videos, ancillary classroom sessions, and math 

tutoring services. This chapter discusses the impacts and implications of this action 

research study and how the study has contributed to the field of education. 

One major methodological purpose of participatory action research is to identify 

practical solutions to major issues of concern (Bradbury, 2000). The next several sections 

will conclude this research and provide information to support ongoing improvements in 

developmental education. First, the impacts section represents discoveries made 

regarding how embedded remediation influenced learning for students of developmental 

math and how experiences of those students differ from experiences of other College 

Algebra students. Subsequent implications recommend policies, practices, and future 

research, as a matter of resolving issues associated with current policies and practices. 

The impacts discussed ultimately lead to important implications that can change the way 

practitioners serve students with developmental math needs. Lastly, this study’s 

overarching contributions to the field of education are presented.  
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Impacts 
One of the first and most prominent conclusions drawn from this research is that 

NP students are able to complete College Algebra, with incorporated embedded 

remediation, to avoid additional tuition costs and time toward earning a college degree. 

However, NP students were not able to complete the course with final grades of A’s and 

B’s, as some students from other groups were able to earn. This research also reveals that 

embedded remediation increased the amount of time students spent with course materials. 

Students participating in embedded remediation activities were engaged with course 

materials longer than the originally anticipated average time scheduled for a 3-credit hour 

course. Also, several students gained a better understanding of course content through use 

of embedded remediation, further advancing the impact on student achievement. Access 

to the classroom for additional study time and flexible schedules ultimately impacted 

student achievement and led to College Algebra completion for some students. 

Next, it was discovered that NP students spend more time with remediation tools 

than other student groups. NP students in this study spent more time in the ancillary 

classroom sessions, receiving guidance on practice activities. They logged more hours 

with supplemental video instruction than other students and were the only group with a 

student who used the tutoring lab. That particular NP student spent nearly 80 hours 

during the 15-week semester in the tutoring lab, working on math assignments. Also, 

more time is needed for NP students to complete college algebra coursework than 

students from other groups. A few of the NP students would not have passed College 

Algebra without having received additional time (90 day course extension) to complete 

assignments. Once the extensions were granted, each of those students managed to 
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satisfactorily complete their outstanding assignments and meet all course requirements by 

the newly established deadline. 

Embedded remediation changes the amount of time students spend in contact with 

course materials. For a typical 3-credit hour course (each credit representing 

approximately 45 hours of engagement), students are expected to spend approximately 

135 total hours, on average, engaged in course activities (Carnegie Foundation, 2016). 

With embedded remediation being an additional element used to promote engagement, 

students utilizing the resources spent more time with course materials than they otherwise 

would have. Students were given the classroom lectures during regular classroom hours, 

but spent additional time watching supplemental videos that reiterated the lectures. With 

this, we know that incorporating embedded remediation can increase the amount of time 

students spend in contact with course materials. 

Students hold an appreciation for embedded remediation tools, reporting that the 

tools helped them gain a better understanding of the course content, in this participating 

math course. This detail was gathered in the researcher’s journal, where student 

perceptions were highlighted through email correspondence and other such 

communications. Students generally relied on embedded remediation tools in ways we 

often expect them to rely on a classroom instructor. 

Ancillary classroom sessions create a space conducive for assignment completion. 

Student interests generally dictated the way sessions were conducted. If students 

requested a brief lecture, the lecture was provided during the ancillary classroom session. 

If students asked for help with specific problems, help was provided during the ancillary 

classroom session. Many expressed needs were addressed through ancillary classroom 
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sessions. There were no rules, other than to maintain standard classroom etiquette. Nearly 

every ancillary classroom session was well-attended. However, embedded remediation 

was not able to prevent stop-outs. Three students stopped attending and consequently 

failed the course. Broadly speaking, these students were not responsive to encouraging 

emails and telephone calls. All were unsuccessfully encouraged to return to the classroom 

and complete, despite the availability of ancillary classroom sessions, tutoring, and 

supplemental video instruction.  

Some students with developmental education needs require additional time to 

complete coursework as well as modified coursework in order to successfully complete 

the class. Much like students with special needs, a careful reconstruction of course 

parameters helped students of developmental math complete College Algebra. An 

alternative assessment, in one case, was also highly effective in helping a student 

complete College Algebra. Meanwhile, students with developmental education needs 

largely lacked self-efficacy about their ability to successfully manage college algebra 

content. Self-efficacy scores predictably demonstrated that students with low self-

efficacy were not high achievers in the course. This meant that access to embedded 

remediation was not able to surmount the burdensome effects of low self-efficacy about 

math.  

Implications for Practice 
Based on the abovementioned impacts, several ideas about how to improve 

practice have surfaced. From recommending additional resources to recommending use 

of alternate assessments, these implications can potentially shift the impact of embedded 

remediation. This section details how each impact can be interpreted to influence ways in 
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which college algebra practitioners can best serve students with developmental math 

needs. 

First, subsidiary support tools should be used in collaboration with embedded 

remediation to help influence final scores. In this research project, embedded remediation 

was not able to help students of developmental math achieve final grades of A’s and B’s. 

Instead, students who did not place into College Algebra largely completed the course 

with C grades. It seems feasible that those students earning C’s may have completed with 

stronger averages had additional tools been coupled with embedded remediation to 

increase its potency. Van Peursem et al. (2012) found that students in the qualitative 

literacy course scored significantly higher on application problems on a mock 

standardized exam than students enrolled in College Algebra. Teaching applied math in 

College Algebra, along with embedded remediation, might provide the solution to this 

apparent problem of mediocre achievement among students of developmental math. 

Next, since students with developmental math needs used the embedded 

remediation tools more often than other students in this College Algebra class, and 

expressed a strong appreciation for the tools, embedded remediation is a necessary part of 

learning math for some 2-year college students. Those tools included supplemental 

instructional videos, specialized tutoring, and ancillary classroom sessions. Supplemental 

instructional videos may have been valuable to students because they reiterated what had 

been taught in classroom lectures. When students were not able to fully grasp an 

understanding of a lesson during class, they apparently valued supplemental instruction 

as a second chance. Ancillary classroom sessions also provided a valued attempt at 

understanding lesson content that may have been missed during a regular classroom 
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lecture. Students expressed an appreciation for embedded remediation, demonstrated 

through their documented use and articulated through various forms of communication. 

Even tutoring, under the guidance of professionals with strong mathematical 

backgrounds, was described a beneficial by one NP student. Therefore, each aspect of 

embedded remediation, as presented in this College Algebra course, is recommended for 

use when serving students with developmental math needs. 

Next, a plan for increasing course contact hours is needed in college algebra 

classrooms at 2-year colleges. Data from this research shows that NP students needed 

more time to complete course assignments and worked at a slower pace than many of 

their classmates. Possibly, college algebra courses serving NP students can meet 4-5 days 

each week, rather than meeting 1-2 times each week, to automatically increase 

engagement. Extended time will also inadvertently create an opportunity for students to 

benefit from retaking the self-efficacy exam during a single semester.  Luzzo and Hasper 

(1999) showed that students’ measure of self-efficacy can be positively influenced over 

time, while the data analysis in this research study shows that a self-efficacy test taken 

after 7 weeks served as a significant predictor of achievement. 

Implications for Policy change 
At the college where this research was conducted, students are ushered into 

developmental education courses based solely on placement exam scores. The results of 

this research study discourage that approach for the placement of new college students. 

New policies are needed, at this institution, to establish a holistic approach to student 

evaluation. As we have learned, students in need of developmental education require 

holistic support, potentially involving content remediation, improvement of study skills, 
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improvement of social skills, and a host of other benefits. Ideas such as high school 

achievement, work experience, and other external influences can be considered in 

directing students to their most appropriate first-year college course. Otherwise, 

attempting to provide students in need of math remediation with developmental 

education, and vice versa, may be the cause of frustrations expressed among students and 

low completion rates in developmental math programs reported by 2-year colleges. 

Specifically, a measure of self-efficacy and student interests should play a role in course 

recommendations, in addition to placement exam scores. During course enrollment, 

measures of self-efficacy must become a major determining factor in placing new college 

students into math courses. The ACCUPLACER placement exam tool allows educators 

to incorporate an intentional series of demographic questions before or after students 

complete any portion of a placement exam (College Board, 2016). Curriculum developers 

should also consider incorporating a self-efficacy exam as part of the placement strategy, 

which lays out initial math content that incoming students will need to know. Throughout 

this research study, evident in the literature and the data, self-efficacy has proven to 

predict math achievement while holistic placement has proven to have positive effects on 

student completion.  

Implications for Future Research 
 Above all else, this project has revealed a broad array of issues associated with 

developmental math education and the urgent need to address them. This project, of 

course, was not intended to deal with all of those issues, as further research is needed to 

throughout investigate each one on a micro level. In this section, ideas about future 
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research are presented–ideas that can enhance the finding of this project and lead to 

broader improvement of developmental math education. 

 First, a meta-analysis to investigate the best tools to support learning in a math 

classroom and increase final grades would be beneficial. As discovered in this research 

project, embedded remediation can help students with math remediation needs survive 

College Algebra, but was not able to influence final grades such that students earned A’s 

and B’s. Additional tools and resources can potentially be coupled with embedded 

remediation to increase the benefit. This possibility can be revealed through careful 

analysis of currently used processes in college-level math courses. Also, a survey design 

about student perception of embedded remediation tools will also be useful. Thoroughly 

understanding how students feel and what they believe about embedded remediation can 

help develop an improved tool that maximizes its usefulness. Additionally, learning more 

about the benefit of mandating activities (such as requiring tutoring as a part of 

assignments and course completion) can be helpful. An experiment, with one treatment 

group having requirements to use embedded remediation tools and another group having 

no requirements, would help us see which technique yields the highest levels of 

achievement. 

Generally speaking, additional research is also needed in various other areas to 

bring improvements to the art and science of serving students with developmental math 

needs. Research should be conducted to help educators conclusively define parameters, 

which categorize students in need of development and students in need of remediation. 

One primary objective of this project has been to offer an alternative solution to math 

remediation at a 2-year college. Although this project has not been able to strongly 
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encourage matriculation, as an action research project, new insights have been identified 

as viable topics for further research.   

Additionally, tutoring has proven to be a tried and true method over these 

centuries of offering student support in higher education. In this experience, a total of 4 

tutors were hired, primarily to serve this group–this special college algebra course. In the 

end, only one student in the class utilized tutoring services. The student often shared a 

personal perspective concerning the value of individual tutors in their ability to provide 

assistance. It was reported that one tutor was favored over the others while another tutor 

was a preferred second choice. Meanwhile, the student complained about the other tutors, 

citing difficulty understanding one because of an accent and gross incompetency on the 

part of another tutor. Is it so uncommon for students to favor one tutor over another? 

Should tutoring be a required aspect of a college algebra curriculum with embedded 

remediation? These questions can be asked and answered in future research. 

 Lastly, in the next cycle of this action research, emphasis must be placed on 

learning to discern between developmental and remedial needs and whether those groups 

equally utilize such services without coercion. As this research data demonstrates, 

students recommended to development math spent fewer than 10% of engaged time 

utilizing supplemental video instruction. If we compare the average time the instructor 

spent lecturing in class (approximately 20 minutes per classroom session, which occurred 

over 13 lectures for a total of 260 minutes or 4.33 hours) and relate that to the amount of 

anticipated student engaged time with the course (90 – 135 hours), we see that 4.81 % – 

3.21% compares closely to the time spent with supplemental videos (9.8% – 6.6%). Are 

students receiving enough explanation about the math topics? If so, are the 90 – 135 
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expected hours of engagement being more wisely used with practicing problems? Are 

those hours maximizing the time allotment for a 3-credit hour course? These questions 

can also be asked and answered through future research endeavors. 

Contributions to the Field of Education 
“Even the brightest children can suffer from Swiss cheese learning –an education 

that looks solid from the outside, but upon closer examination is riddled with holes” – 

Salman Kahn (as cited by Stegmeir, 2015, p. 29)  

As Andrew Johnson, author of What Every Teacher Should Know about Action 

Research, suggests, recommendations born out of an action research study might be used 

to adjust pedagogical practices and curricula design. For this study, results may be used 

to adjust college algebra curricula at 2-year colleges. Meanwhile, ideas gleaned from this 

research can benefit the whole field of education. 

Serving students in need of developmental education proved to be a complex 

undertaking. A review of literature about serving students with developmental education 

needs reiterates the complexities. Despite these complexities, research and literature 

showed self-efficacy to be a strong predictor of math achievement. With that, self-

efficacy about math can become a universal factor for college placement in math courses 

across the nation. As standardized tests are the current staple for measuring ability of 

incoming students, a measure of self-efficacy should be woven into the math placement 

system at 2-year colleges. Also, this research demonstrates how students are capable of 

completing College Algebra, despite math content knowledge deficits, although with 

quite a few caveats and a great deal of self-efficacy. A student’s choice to matriculate 
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into college-level math courses and remediate within the context of that math course can 

be beneficial. 

This research study was conducted over a 15-week academic semester, beginning 

in August and ending in December of 2015. At the time of this writing, findings were 

being shared with the host institution’s administration team in consideration for program 

evaluation. I recommend College Algebra with embedded remediation to serve students 

in need of developmental math support, as long as certain precautions are taken to 

prevent harming students. The potential rewards outweigh the risks if those risks can be 

buffeted with recovery solutions, such as taking advantage of course withdrawal 

deadlines when necessary or extending the number of contact hours scheduled for the 

course. Albert Bandura (1983) once said, “the type of outcomes people expect depend 

largely on their judgments of how well they will be able to perform in given situations” 

(p. 464). He did not say outcomes depend solely on judgments of how well one can 

perform; he said they depend largely. It is up to educators to establish holistic curricula 

and ensure a curriculum’s design can bridge the gap where student self-efficacy falls 

short. Educational researchers have a duty to continue investigating measures that may 

improve services offered to students with math remediation needs while educators have a 

duty to establish policies that minimize time and costs associated with providing 

developmental math services at 2-year colleges.  

One major point stands out in this entire research: No students were harmed in the 

process of this research study. In fact, students were helped, given a chance to be actively 

involved in decision making about their degree completion plans and escape a costly 

developmental education track. A thoughtfully designed, new iteration of this action 
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research can yield increased positive results, utilizing many of the same methods and 

implementing subsequent recommendations. 
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Appendix D – College Algebra Course Schedule 
 

Week Topic Text Page Activity Due Day Week Topic Text Page Activity Due Day
Identify Kinds of Real Numbers Self-Check Saturday Ordered Pair Solutions Self-Check Saturday
Use Interval Notation Self-Check Saturday Graph Equations Self-Check Saturday
Identify Properties of Reals and Absolute Value Self-Check Saturday Graph Equations of Circles Self-Check Saturday

Week 1 Quiz Sunday Week 8 Quiz Sunday
Factoring: GCF & Grouping Self-Check Saturday Functions & Relations Self-Check Saturday
Factoring: Trinomials Self-Check Saturday Domain & Range of Functions Self-Check Saturday
Factoring: Special Products Self-Check Saturday Slope Self-Check Saturday

Week 2 Quiz Sunday Week 9 Quiz Sunday
Factoring: Factor Completely Self-Check Saturday Equations of Lines Self-Check Saturday
Solve Linear Equations Self-Check Saturday Linear Functions Self-Check Saturday
Solve Quadratic Equations Self-Check Saturday Linear Equations & Zeros Self-Check Saturday

Week 3 Quiz Sunday Week 10 Quiz Sunday
Solve Formulas (Literal Equations) Self-Check Saturday Solving Linear Inequalities Self-Check Saturday
Simplify Rational Expressions Self-Check Saturday Characteristics of Functions Self-Check Saturday
Operations with Rational Expressions Self-Check Saturday Operations with Functions Self-Check Saturday

Week 4 Quiz Sunday Week 11 Quiz Sunday
Simpilifying Radical Expressions Self-Check Saturday Composition of Functions Self-Check Saturday
Applications with Radical Notation Self-Check Saturday Symmetry, Even & Odd Self-Check Saturday
Rationalize Denominators (and Numerators) Self-Check Saturday Graph Transformations Self-Check Saturday

Week 5 Quiz Sunday Week 12 Quiz Sunday
Convert Btwn Exponential & Radical Self-Check Saturday Variation Self-Check Saturday
Simplify Rational Exponents Self-Check Saturday Complex Number Self-Check Saturday
Plot Points Self-Check Saturday Operations on Complex Numbers Self-Check Saturday

Week 6 Quiz Sunday Week 13 Quiz Sunday
Midterm Part II Quiz Monday Final Part II Quiz Monday
Midterm Part II Quiz Wednesday Final Part II Quiz Wednesday

Midterm Exam Midterm Sunday Final Exam Midterm Sunday

W
ee

k 
8

W
ee

k 
9

W
ee

k 
10

W
ee

k 
11

W
ee

k 
1

W
ee

k 
2

W
ee

k 
3

W
ee

k 
4

W
ee

k 
12

W
ee

k 
13

W
ee

k 
14

W
ee

k 
7

W
ee

k 
5

W
ee

k 
6

 



Texas Tech University, Natalie Welcome, August 2016 
 

141 
 

Appendix E – Mathematician Presentation Rubric 

 
 
*Note: only use Wikipedia to point you in a certain direction. Do not use the source in 
your reference list. Feel free to use ANY mathematician for which you can verify his/her 
contribution to the field of mathematics. 

 Emerging Scholar Moderate Needs Improvement 
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n 
(3
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nt

s)
 

• Used Microsoft 
PowerPoint or 
Google 
Presentation 

• Exceeded 
minimum number 
of slides/ideas by 
a reasonable 
margin  

• Organized in a 
reasonable format 

• Oral presentation 
delivered 

• Used technology 
product not 
similar Microsoft 
PowerPoint or 
Google 
Presentation 

• Minimum 
number of 
slides/ideas 
achieved  

• Organized in a 
reasonable 
format 

• Oral presentation 
delivered 
ineffectively 

• Not presented 
electronically 

• Minimum 
number 
slides/ideas 
not achieved  

• Disorganized 
and difficult 
to follow 

• Oral 
presentation 
not delivered 

C
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nt

 (3
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 • Included details 
about 
mathematician 
beyond 
requirements 

• Information 
accurate and 
descriptive 

• Included required 
details about 
mathematician  

• Information 
accurate; lacking 
rich description 
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mathematician  
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information 
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 • Collegiate-level 

writing and use of 
language 
throughout 

• No spelling errors 
• No grammatical 

errors 

• moderate-level 
writing and use 
of language 
throughout 

• Minor spelling 
and grammatical 
errors 

• Poor use of 
language and 
writing 

• Spelling and 
grammatical 
errors 
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Appendix F – Revised College Algebra Course Schedule for Future College Algebra 
 

Week Topic Text Page Activity Due Day Week Topic Text Page Activity Due Day

Real Number, Exponentials, and Polynomial Expressions Self-Check Saturday Introduction to Graphing Self-Check Saturday

Week 1 Quiz TBA Week 8 Quiz TBA

Factoring Self-Check Saturday Graphing Linear Equations Self-Check Saturday

Week 2 Quiz TBA Week 9 Quiz TBA

Solving Linear and Quadratic Equations Self-Check Saturday Systems of Linear Equations Self-Check Saturday

Week 3 Quiz TBA Week 10 Quiz TBA

Simplifying Rational Expressions Self-Check Saturday Systems of Linear Inequalities Self-Check Saturday

Week 4 Quiz TBA Week 11 Quiz TBA

Solving Rational Equations Self-Check Saturday Matrix Operations Self-Check Saturday

Week 5 Quiz TBA Week 12 Quiz TBA

Simplifying Radical Expressions and Rationalizing Denominators Self-Check Saturday Inverses of Matrices Self-Check Saturday

Week 6 Quiz TBA Week 13 Quiz TBA

Solving Radical Equations (Including Circles) Self-Check Saturday Cramer's Rule (Solve Equations with Matrices) Self-Check Saturday

Week 6 Quiz TBA Week 6 Quiz TBA

Midterm Sunday Final Exam Sunday
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Appendix G – Definitions  
 
ACT – American College Testing. An organization whose mission is to prepare learners 

for college and career. They provide testing tools and services to assist in this endeavor. 

Core Curriculum – the fundamental subjects of school instruction that include math, 

science, English, and history. 

Cut-Scores – numerical guidelines, based upon individual student standardized exam 

results, which have been established locally by college and universities to manage initial 

placement into courses. 

Developmental Education – program of study that addresses seeks to initiate cognitive 

growth in learners (Casaza, 1999). 

Developmental Math – a program of study that addresses fundamental course content 

related to mathematics. 

Embedded Remediation – the process of providing prerequisite content review within the 

context of a requisite-level course. 

Foundational Education – an alternative title for developmental education.  

Self-Efficacy – positivistic belief that one is capable of success with a given task 

(Bandura, 1983). 

Supplemental Instruction (SI) – instruction provided in addition to standard classroom 

lectures and textbook directions; often presented through an on-demand, technology-

oriented medium 

Traditional College Students – students who begin college the semester after completing 

high school. 
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Video Supplemental Instruction (VI) – a form of supplemental instruction (provided in 

addition to standard classroom lectures and textbook directions), though presented in a 

video recorded format 

 

 


	ACKNOWLEDGMENTS
	ABSTRACT
	LIST OF TABLES
	LIST OF FIGURES
	CHAPTER 1
	THE PROBLEM WITH DEVELOPMENTAL MATHEMATICS
	Background
	Purpose
	Problem Statement
	Research Questions
	Significance of Study
	Summary
	Conclusion

	CHAPTER 2
	DEVELOPMENTAL MATH
	Introduction
	Framework
	The Scope of the Developmental Education Inquiry
	Conclusion

	CHAPTER 3
	A PLAN
	Introduction
	Action Research Overview
	Justification for the Use of Participatory Action Research
	Measures for Collecting, Monitoring, and Analyzing Data
	College Algebra Course Design
	Summary

	CHAPTER 4
	ANALYSIS
	Introduction
	Correlation Data, Comparisons, and Utilization for Research Question One
	Interaction with Embedded Remediation for Research Question Two
	Delimitations
	Conclusion

	CHAPTER 5
	DISCUSSION AND CONCLUSIONS
	Impacts
	Implications for Practice
	Implications for Policy change
	Implications for Future Research
	Contributions to the Field of Education

	REFERENCES
	Appendix A – Participating College Approval Letter
	Appendix B – Internal Review Board Approval
	Appendix C – Lent Self-Efficacy Exam
	Appendix D – College Algebra Course Schedule
	Appendix E – Mathematician Presentation Rubric
	Appendix F – Revised College Algebra Course Schedule for Future College Algebra
	Appendix G – Definitions


