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Abstract 

A lack of persistence through the developmental mathematics program at Manchester 

Community College in New Hampshire (MCC-NH) has created a roadblock to degree 

and certificate completion. This research is a mixed-methods program evaluation of a 

redesigned developmental mathematics program during its second semester in the spring 

of 2016. The purpose of this evaluation was to assess the influence this program had on 

students’ persistence by investigating students’ academic achievement, mindset, and 

affect that emerged in the redesigned classrooms. This evaluation illuminates the benefits 

of positive transformation and support for the MCC-NH developmental mathematics 

student population. The evaluation also explored the issues that arose in the redesigned 

classrooms. Findings from this evaluation informed stakeholders on further constructive 

modifications of the program with respect to meeting the learning needs of students at the 

college, and will serve to supplement the current knowledge that exists on innovative 

developmental mathematics programs in higher education. 

Key words: developmental, mathematics, redesign, program evaluation, higher 

education, community college 

 



 

	  

CHAPTER 1 

INTRODUCTION 

Problem Statement 

Manchester Community College in Manchester New Hampshire (MCC-

NH)endeavors to support a strong workforce by providing the opportunity for students 

to earn degrees and certificates in 21st century fields. All of the degree programs at 

MCC-NH require the successful completion of at least one college level mathematics 

course. New students are administered the College Board ACCUPLACER1 Arithmetic 

and Elementary Algebra exams. Their ACCUPLACER scores are used to determine 

their mathematics course placements. Students without the mathematical content 

knowledge necessary to successfully complete a college level mathematics course are 

expected to take one or more developmental mathematics courses prior to enrolling in 

their first college level mathematics course. Persistence through these lecture-based 

developmental mathematics courses has been low. Seventy percent of the students in a 

2010-2011 cohort of 217 students who enrolled in the first of this sequence of two 

developmental mathematics courses at the college failed to successfully persist 

through the developmental mathematics program during a period of four consecutive 

semesters (Cook, 2013). This limited persistence through the developmental 

mathematics program has created a roadblock to degree and certificate completion 

because it prevents many students from enrolling in and passing the college level 

mathematics courses required for their concentrations.  
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Need for a Program Redesign 

In an effort to remove this barrier to degree and certificate completion, I 

collaborated with the faculty staff and administrators at the college, as the MCC 

Mathematics Program Coordinator, to redesign the developmental mathematics 

program based on Bloom’s theory of mastery learning (Guskey, 2007) and the 

Modified Emporium course redesign framework, endorsed by the Center for 

Academic Transformation (Twigg, 2011). In a report by a private educational advising 

company, the Education Advisory Board (EAB), Reengineering Developmental 

Mathematics, the authors support the Modified Emporium Model course redesign and 

its use of student-centered, self-paced, web-based learning systems as a teaching 

methodology that increases students’ academic achievement through mathematics 

coursework (2013). Using the theory of mastery learning and the Modified Emporium 

Model, MCC-NH introduced a developmental course redesign that consists of a self-

paced, student-centered, web-based, technology-enhanced teaching model in the fall 

of 2015.  

The purpose of this research is to evaluate the MCC-NH redesigned 

developmental mathematics program during its second semester in the spring of 2016. 

The results from this evaluation will be employed to increase various stakeholders’ 

understanding of the college’s developmental mathematics program and inform their 

future decision-making. Ultimately, the results will also guide the dissemination of 

effective teaching practices to mathematics faculty at the college. This evaluation 

investigated the impact of the redesign on the college’s developmental students’ 
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persistence. Since persistence through a developmental mathematics education 

program cannot be measured in the early stages of a new program, three indicators of 

persistence were measured instead. These three indicators include the following 

constructs:  

• Students’ academic achievement (Davidson & Petrosko, 2015), 

• Students being growth-minded (Dweck, 2006), and 

• Students’ positive affect (Bonham & Boylan, 2011).  

The primary research question was: Does this newly redesigned program 

promote constructs that contribute to students’ persistence through a developmental 

mathematics educational program? The secondary questions were: 

• What impact does the new teaching and learning environment have on 

students’ academic achievement?  

• Does the new teaching and learning environment support students to be 

growth-minded?  

• What impact does the new teaching and learning environment have on 

students’ affect towards learning mathematics?  

The supplementary evaluation questions were: 

• What happened in the program? 

• How can we improve the program? 

• How was the program successful? 

• What have we learned? 
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Rationale 

Since mathematics content knowledge deteriorates over time, students who 

were once familiar with specific mathematical concepts may score low on their 

mathematics placement tests and be placed in a developmental level mathematics 

course (Bisk, Fowler, & Perez, 2013). Many of these students report that they quickly 

relearn the mathematical concepts they have forgotten and are soon bored and 

sometimes frustrated with their developmental mathematics courses (Wheelock, 

personal communication, April 4, 2014). During my eighteen years experience in 

teaching mathematics, I have observed the phenomenon in which students are placed 

into developmental mathematics courses with varying mathematical content 

knowledge. To address this issue, many community colleges across the country are 

redesigning their developmental mathematics programs with the use of web-based 

learning systems that enable instructors to create self-paced, student-centered 

classrooms where students’ diverse learning needs are met (EAB, 2013).  

Modified Emporium Model. The National Center for Academic 

Transformation (NCAT) supports this theory of increasing persistence through this 

kind of course redesign called a Modified Emporium Model (Twigg, 2005). The 

Modified Emporium model is named after the first Math Emporium model that was 

designed as a self-paced, technology-enhanced mathematics learning lab classroom by 

Michael Williams in the 1990s at Virginia Tech (Carey, 2008). Since there is some 

empirical evidence that this kind of course redesign improves students’ academic 

success, many community colleges are redesigning their developmental mathematics 
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programs based on this self-paced, web-based, student-centered teaching model (EAB, 

2013). For this reason, the MCC-NH mathematics faculty began researching the 

effectiveness of this redesign examining several different web-based learning systems 

to prepare for a pilot of the Modified Emporium teaching model in the college’s 

developmental mathematics program. We selected two. The first was an adaptive web-

based learning system and the second was a modular web-based learning system. 

During the spring 2015 semester, we ran a mixed-methods quasi-experimental 

intervention pilot in our Math 080 Pre-algebra course classrooms to compare these 

two web-based learning systems. From this pilot, we found that students’ exhibited 

higher academic achievement and more positive affect in the redesigned classrooms 

when the web-based adaptive learning system was used rather than the modular 

learning system (Eckhardt Fitzgerald, 2015). Based on the results from the pilot the 

MCC-NH mathematics faculty decided to implement this new course redesigned using 

the adaptive web-based learning system in all of the developmental mathematics 

classrooms in the 2015 fall semester. 

As an open-enrollment institution of higher education we strive to provide our 

students with an equal opportunity for success. In the Department of Mathematics, we 

fulfill this obligation by removing the mathematics education barrier through the use 

of an effective developmental mathematics program, which is iteratively evaluated and 

improved over time. This spring 2016 evaluation of the redesigned program 

illuminates the benefits of positive transformation and support for our population of 

developmental mathematics students. The evaluation also seeks to explore the issues 



 
 

	   	   	  
	  

A DEVELOPMENTAL MATHEMATICS PROGRAM EVALUATION         6 

that arose in this redesigned program. Findings from this evaluation may inform 

stakeholders on further constructive modifications of the program with respect to 

meeting the learning needs of students at the college. The findings from this research 

will be shared with community colleges across the country, and will serve to 

supplement the current knowledge that exists on innovative developmental 

mathematics programs in higher education. 
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CHAPTER 2 

LITERATURE REVIEW 

Need for Post-Secondary Mathematics Education 

Today institutions of higher education need to provide students with a 

sufficient mathematics education to prepare them for 21st century career fields. 

Carnevale and Desrochers (2003) investigated quantitative literacy and job 

opportunities and wrote there is a growing demand for a workforce that is proficient in 

critical thinking, problem solving, and logical reasoning. In their June 2012 article in 

the Chronicle of Higher Education, Gates and Mirkin (2012) reinforced this idea 

based on the 2012 report from the President's Council of Advisors on Science and 

Technology, which states that institutions of higher education should provide students 

with the appropriate training in mathematics to prepare them for the 21st century job 

market. Oates (2011) investigated the use of technology in mathematics education and 

recommended that mathematics educators should evaluate and modify their 

mathematics programs to meet the needs of the nation’s workforce. Zientek, Yetkiner 

Ozel, Fong, and Griffin (2013) further report that if students are not equipped for the 

changing workforce the U.S. economy will suffer.  

Community Colleges 

The open enrollment offered by community colleges has created the 

opportunity for many people to obtain a higher education as they prepare for the 21st 

century workforce (Zientek et al., 2013). These two-year institutions of higher 

education attract many non-traditional students (Thelin, 2011). The low tuition of 
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community college courses provides post-secondary educational opportunity for low-

income first-generation college students (Bahr, 2013). State government and donor 

funding prompted the growth of community colleges in the twentieth century (Thelin, 

2011). After the Higher Education Act of 1965 enrollment in public community 

colleges qualifying for financial aid through the Title IV federal financial aid program 

increased 500% (National Center for Educational Statistics, 1998). Between 1965 and 

1972 at least one new community college opened its doors to students each week 

(Altbach, Berdahl, & Gumport, 2011). In 2006 congress worked to restore low interest 

student loans and expand Pell Grant programs, which increased the number of lower 

income undergraduate community college students (Thelin, 2011). The Bureau of 

Labor and Statistics reports that approximately 45% of U.S. jobs in 2013 necessitate 

an education beyond a high school degree and less than a four-year degree as is 

offered by community colleges (Altbach et al., 2011). 

Roadblocks to Degree Completions 

Research suggests that the principal roadblock to undergraduates’ degree 

completion is the lack of persistence through developmental mathematics education 

programs, caused by four main factors: inappropriate course placements, curriculum, 

delivery methods (EAB, 2013), and students’ learning behaviors (Howard & 

Whitaker, 2011). In the 2000 fall semester 42% of first year students at U.S. 

community colleges were enrolled in non-credit bearing developmental level courses 

(Zientek et al., 2013). The National Center for Education Statistics (NCES) reports 

that 30.4%, 23.4%, and 24% of first year community college students reported taking 
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developmental courses in 1999-2000, 2003-2004, and 2007-2008 respectively (Sparks 

& Malkus, 2013). According to a joint statement released by Complete College 

America (CCA), the Charles A. Dana Center, the Education Commission of the States, 

and Jobs for the Future (2012) 70% of two-year college students took at least one 

developmental course in 2012. Bryk and Treisman (2010) found that between 60% 

and 70% of students taking developmental mathematics courses fail to graduate 

because they do not complete their programs’ mathematics course requirements. In a 

2008 three-year study, data was collected from 256,672 students from 83 community 

colleges in 15 states. Achieving the Dream: Community College Count initiative 

group found that of the 59% of students enrolled in a developmental mathematics 

course only 31% completed their developmental mathematics program (Bailey, 2009). 

The article The Game Changers, CCA (2014b) presents an analysis of data collected 

from multiple U.S. states. They found that 51% of first year community college 

students enrolled in developmental level mathematics; 22.3% of these students moved 

forward to enroll in and pass their program’s first college level mathematics course 

during their first two years of higher education; and only 9.5% of these students 

graduated in three years (Complete College America, 2014b). Cook (2013) examined 

the academic success of a 2010-2011 cohort of 217 students enrolled in a sequence of 

two developmental math courses: Math 070 (Fundamentals of College Math) and 

Math 080 (Pre-algebra) at MCC-NH. In this cohort 65% of the students passed Basic 

College Math, but only 30% enrolled in the second course in the sequence, and only 

25% continued on to pass a college level mathematics course within four semesters of 
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enrolling in the first developmental course (Cook, 2013). This lack of persistence 

through post-secondary developmental mathematics programs has prompted the 

implementation of multiple nationwide research studies to redesign developmental 

mathematics programs in an effort to promote undergraduates’ academic success 

(EAB, 2013). 

Indicators of Students’ Persistence 

Research studies indicate that students are more likely to persist through 

mathematics education if they have three characteristics: academic achievement (Bryk 

& Treisman, 2010), a growth mindset (Dweck, 2006), and a positive affect (Bonham 

& Boylan, 2011). In their study of the Kentucky community and technical college 

system, Davidson and Petrosko (2015) found that academic success is a strong 

predictor of students’ persistence through a developmental mathematics program. 

Research by Dweck (2006) indicates that when students believe they are capable of 

learning through hard work and effective effort they are more likely to persist through 

educational programs. Dweck (2006) calls this kind of thinking a growth mindset, (see 

Table 2.1 for a description of growth and fixed mindset traits). In their research 

Bonham and Boylan (2012) found that undergraduates’ positive affect is correlated to 

an increase in their persistence towards degree and certification completion. This 

research supports that these three constructs of academic achievement, a growth 

mindset, and positive affect are strong indicators of post-secondary students’ 

persistence through developmental mathematics education programs. 
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Table 2.1 

Mindset Traits	  

Mindset Traits 
Growth Students believe in malleable intelligence and the plasticity of 

their minds. 
Students believe intellect develops over time through effective 
effort and hard work. 
Students believe mistakes are part of the learning process. 
Students are interested in learning. 
Students enjoy challenges and are ready to take them on. 
Students expect to spend time and effort to learn. 
Students worry less and are oriented towards learning. 
Students feel smart when they are working on something hard. 
Students are eager to learn. 

 
Fixed Students believe that their ability to learn is limited. 

Students worry about learning due to their limited intelligence. 
Students are afraid of taking on a challenge. 
Students fear making mistakes because it may make them appear 
unintelligent. 
Students exert limited effort towards learning. 
Students avoid learning. 
Learning is not a priority since they believe they are limited in 
their abilities. 

Note. This table displays a trait comparison for students who have a growth mindset 
and students who have a fixed mindset (Dweck, 2006) 

 

Students’ Placement into Mathematics Curriculum  

Appropriate course placement. An appropriate method of assessment and 

course placement of undergraduate students is necessary for a successful 

undergraduate program (Bonham & Boylan, 2011). Vygotsky (trans. 1978) maintained 

that a standardized test, which indicates a student’s actual development level, is not 

helpful unless it is coupled with additional measures because students learn 

differently. Vygotsky suggested that both a student’s actual development level and 



 
 

	   	   	  
	  

A DEVELOPMENTAL MATHEMATICS PROGRAM EVALUATION         12 

learning needs should be used together when assessing the best practice for educating 

the student (Vygotsky & Cole, 1978). The recommendation that colleges use multiple 

instruments to measure students’ readiness for course placements and offer students 

test preparation prior to administering mathematics placement exams is reported in the 

Joint Statement: Principles for Transforming Remedial Education (2012). Staff at the 

MCC-NH Center for Academic Planning and Support encourage students to 

participate in this kind of mathematics test preparation which the center provides 

through a Math Boot Camp and Khan Academy math tutorials; however, attendance in 

these programs is optional. Students who would likely benefit from these opportunities 

may choose instead to enroll in a developmental mathematics course based on their 

ACCUPLACER score without this refresher (Wheelock, 2014). It is common for 

students to take mathematics placement exams without preparing for the assessment 

because they are not aware that refreshing their content knowledge prior to taking the 

exam will facilitate an appropriate mathematics course placement (Complete College 

America, 2012). Worcester State University in Massachusetts attempted to eliminate 

this issue in 2005 by requiring newly enrolled students to take an un-proctored online 

mock ACCUPLACER prior to taking the actual ACCUPLACER (Bisk et al., 2013). 

Bisk et al. (2013) explained that this mock exam helps students to recognize the 

material that they may have forgotten over time and need to relearn. This strategy 

decreased the percentage of students who placed in developmental mathematics 

courses from 54% in the previous year to 36% in 2005 (Bisk et al., 2013).  
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The debate over placement exams. Approximately 65% of high school 

graduates in Florida attend one of the 28 Florida community colleges, now called state 

colleges because they offer four-year degrees (Bradley, 2014). In May 2013, due to 

undergraduates’ lack of persistence through developmental courses, the Florida state 

legislature passed a bill requiring that by 2014 all Florida state colleges allow high 

school graduates and active-duty U.S. military the option of skipping their placement 

exams (Fain, 2013). Students would be permitted to enroll directly into their 

program’s gateway mathematics courses without completing developmental course 

work (Fain, 2013). This is good news for students who do not test well but have the 

necessary content knowledge to perform well in a credit bearing college course 

(Bradley, 2014). In contrast, Florida’s Polk State College Vice President for Academic 

and Student Services, Kenneth Ross and President of St. Petersburg College, William 

D. Law worry that allowing optional placement exams and remediation may 

undermine the mission of community colleges because students who bypass necessary 

remediation may fail their college level mathematics courses, (as cited in Fain, 2013). 

In his qualitative research, Bahr (2012) found an adverse effect on a student’s 

persistence through a developmental program when the student earn just one failing 

grade since this student is less likely to enroll in another mathematics course. 

Entering a program concentration in the first semester. In an analysis of 

data collected over a five-year period from a cohort of first-year community college 

students, Cho and Jenkins (2012) concluded that community college freshman should 

enter a math pathway that lines up with their program of study to increase their 
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likelihood of completing their credentials. In support of this, the Charles A. Dana 

Center at the University of Texas at Austin has developed a redesigned mathematics 

program called the New Mathways Project (NMP) which includes a common 

mathematics starting point for three math pathways: quantitative reasoning, statistical 

reasoning, and reasoning with functions (Cullinane, 2013). Fifty colleges in the Texas 

Association of Community Colleges are working towards adopting the NMP design 

(Cullinane, 2013).  

Mathematics Curriculum 

Do we need developmental mathematics? There are different views whether 

community colleges should offer developmental mathematics education. Researchers 

at Seminole State College in Sanford Florida analyzed data from 13,050 students over 

a 5-year period; they found that students who do well in developmental mathematics 

courses have a greater rate of persistence through their academic programs than those 

who do not do well (Albritton, Gallard, & Morgan, 2010). In contrast, CCA (2012) 

researchers support a co-requisite teaching model in which developmental 

mathematics topics are taught using supplemental support mechanisms while students 

are taking their credit bearing college level courses. CCA researchers agree that this 

co-requisite model should replace developmental mathematics courses as a more 

effective way to teach mathematics to a substantial proportion of the undergraduate 

population in the U.S. (Complete College America, 2012). 

Multiple mathematics pathways. Traditional higher education mathematics 

curriculum is algebra-based with a track towards calculus (EAB, 2013). While this 
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kind of curriculum is appropriate for students working in STEM (science, technology, 

engineering, and mathematics) concentrations, it does not appropriately prepare 

students who are majoring in Fine Arts, Business, Humanities, Social Sciences, 

Health, Education, and Vocational Technology (Bryk & Treisman, 2010). According 

to Carnevale and Desrochers (2003), “the call for more applied and accessible 

curricula has been a persistent theme in education reform” (p.28). Recommendations 

from the University System of Georgia Mathematics Task Force (2013) include 

separating math curriculum tracks for STEM and non-STEM concentrations. In post-

secondary education, Introductory to Probability and Statistics courses necessitate 

minimal comprehension of algebra (Cargal, 2010). Students, who do not enter STEM 

fields, are unlikely to need mathematics content knowledge past the most basic algebra 

(Cargal, 2010). The algebra-based curriculum presents more engineering mathematical 

content than these students need and does not provide enough statistical content 

knowledge, which is more applicable to their concentrations (Bryk & Treisman, 

2010). Elementary statistics courses in higher education are intended to acquaint 

students with statistical concepts and require minimal knowledge of algebra (Cargal, 

2010). Students in these courses generally have access to statistical software 

applications that perform the necessary complex mathematical calculations (Cargal, 

2010). These courses educate students on how to interpret inferential and descriptive 

statistics rather than how to perform rigorous statistical calculations (Cargal, 2010). 

For this reason, some community colleges are developing a two track mathematics 

curriculum: a statistical track and an algebra-based track (EAB, 2013).  
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Researchers at the Charles A. Dana Center at the University of Texas in Austin 

support establishing multiple mathematics pathways that promote the delivery of 

mathematical content knowledge and skills related to students’ concentrations (Getz, 

2014). The creation of new pathways requires a collaborative systems approach to 

enable the construction of curriculum across multiple disciplines (Getz, 2014). 

Research by the EAB indicates that students’ academic success in developmental 

mathematics can be effectively achieved through a modified math learning model in 

which students’ curriculum is matched to their career goals by following an 

appropriate mathematics pathway (EAB, 2013). The Carnegie Foundation for the 

Advancement of Teaching and the Charles A. Dana Center at the University of Texas 

has developed multiple new developmental curriculum pathways (EAB, 2013). 

Increase persistence through accelerated learning with fewer exit points. 

Recommendations from the University System of Georgia Mathematics Task Force 

(2013) include developing shorter pathways to credit-bearing gateway courses. Studies 

indicate that developmental mathematics programs in higher education that consist of 

a sequence of two or more developmental courses and which students must pass prior 

to gaining access to college-level gateway mathematics courses inhibits students 

persistence (Hern, 2012). Bahr (2013) found that students who begin a developmental 

mathematics program at the lowest entry point are less likely to persist through the 

developmental mathematics program. Underprepared students persist better through 

accelerated developmental programs (Cho, Hodara, Jaggars, & Xu, 2015). Hern 

(2012) explained that each course has two exit points. A student may either fail a 
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course or not enroll in the next course in a sequence. As the number of developmental 

mathematics courses in a developmental program increases, the number of exit points 

increase (Hern, 2012). The findings from CCA (2012) fieldwork indicate that many 

students would benefit from a one-semester accelerated developmental mathematics 

course rather than multiple developmental courses. Hern (2012) supported this kind of 

developmental program consisting of one fast-track developmental mathematics 

course for non-STEM students similar to the StatPath course offered at Los Medanos 

College in Pittsburg, California. In higher education there is a new movement to allow 

students to advance through developmental mathematics curriculum at their own pace, 

which minimizes exit points and provides students the opportunity to begin their 

programs’ gateway mathematics courses quickly (Zientek et al., 2013). In a self-paced 

teaching model students who advance slowly should have the opportunity to retake the 

course without repeating concepts that have already been mastered (Hern, 2012). 

Course Content Delivery  

Technology-enhanced instruction. Bonham and Boylan (2011) found that the 

use of technology for teaching and hands-on interactive assignments enhances and 

promotes learning. While instructors’ commitment to education influences students’ 

academic success (Schreyer-Bennethum & Albright, 2011), the incorporation of 

technology into mathematics education increases students’ interest in and 

comprehension of mathematical concepts (Abbasi & Iqbal, 2009; Joubert, 2013; 

Schreyer-Bennethum & Albright, 2011). In research at Kentucky’s public community 

and technical college system, Davidson and Petrosko (2015) found a significant 
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increase in persistence for students who took a mathematics course supplemented with 

an online web-based component compared to students who had the same course 

without the supplemental materials. 

Self-paced learning. Today there is a new trend, educators are using 

technology to enable self-paced learning (Mills, 2010). Altbach et al. (2011) 

maintained that technology-enhanced self-paced teaching models boost the efficiency 

of learning. This kind of instruction addresses a variety of learning needs as it provides 

scaffolding needed for students to build their understanding (Basham & Marino, 

2013). The rapid information access available to today’s global community, through a 

multitude of digital technologies, has created a demand for a paradigm shift in the 

delivery of education from a traditional lecture-based classroom to a student-centered 

technology-enhanced self-paced learning environment (Rodriguez & Berryman, 

2002). In this kind of web-based teaching and learning paradigm, faculty must be 

competent in using educational technologies effectively (Brown, 2007). Self-paced 

educational models promote mastery learning by allowing students to develop their 

understanding as they progress through course content (Guskey, 2007). Based on their 

research, the EAB (2013) supports self-paced learning as a mechanism for achieving 

mastery learning.  

More active processing as students work at their own pace. Students in 

mathematics courses modeled after the NCAT Emporium Model redesign use self-

paced, web-based learning systems to become active participants in their own learning 

(Twigg, 2005). Students gain understanding from these hands-on personal experiences 
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(Thoreau & Bickman, 1999). These experiences are linked cumulatively and each 

experience provides students with fodder for the next learning experience (Dewey, 

1997). Christopher (2007) compared students’ hands-on work to practicing a musical 

instrument or athletic activity; practice increases skills. Vygotsky (trans. 1978) 

maintained that students are capable of working independently up to the level of their 

actual cognitive development and continue to work further with the assistance of a 

more knowledgeable other, which can be an instructor or a web-based learning 

system. From her research, Dweck (2006) ascertained that there is a strong correlation 

between academic success, hands-on practice, effective effort and determination.  

Using videos to teach. Innovative mathematics educators integrate educational 

videos into their teaching environment (Quillen, 2011). In his educational research at 

San Jose State University, Stephens (2014) found that students had more time to 

collaborate with their peers and the instructor in the classroom when they watched the 

assigned online lesson videos outside of their regular class meeting times. Squires, the 

lead member of the Cleveland State Math Redesign, found an increase in students’ 

learning when courses were supplemented with instructor-created lesson videos 

(Mills, 2010). At Providence College, the Head of Education and Research, Decesare 

(2014), explained that today’s students expect educational videos to be incorporated 

into their learning experience. Lesson videos are more effective when they are 

integrated with support from a more knowledgeable other who is available to interact 

with students (Schaffhauser, 2013).  
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Developmental program redesigns. Through collaborative intervention 

studies with 30 institutions of higher education, the NCAT concludes that technology-

enhanced course redesigns can increase the quality of education while reducing costs 

(Twigg, 2005). Web-based learning systems provide continuous feedback to students 

and replace face-to-face lectures allowing instructors more time to provide one-on-one 

support to individual students (Twigg, 2005). In their research the EAB (2013) 

discovered that students’ success in developmental mathematics can be accelerated 

through interactive self-paced, web-based, technology-enhanced learning labs. In this 

learning environment faculty become learning coaches who work to support students 

towards their academic success (EAB, 2013). Bassett and Frost (2010) wrote of the 

increase in students’ academic achievement and affect when taking a set of three 

developmental mathematics courses at Jackson State Community College, where 

students are required to complete only the learning modules that are needed for their 

specific concentrations. In Fort Worth, Texas, mathematics faculty at Tarrant County 

College were pleased with the success of their self-paced, web-based, modular 

developmental mathematics program, ModMath, which uses Pearson’s MyMathLab 

learning system (Zientek et al., 2013). In 2008, after receiving grants from the Fund 

for the Improvement of Post Secondary Education and the Tennessee board of regents, 

faculty at Cleveland State Community College worked with the NCAT to implement a 

web-based math emporium model course redesign of their developmental mathematics 

courses, Basic Math, Elementary Algebra, and Intermediate Algebra (Squires, 
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Faulkner, & Hite, 2009). Faculty found that course completion rates increased from 

54% to 72% after the redesign was implemented (Squires et al., 2009). 

Web-based learning systems. The Broward College mathematics department 

in Fort Lauderdale, Florida, integrated the Mcgraw-Hill adaptive ALEKS3 learning 

system software into their newly developed accelerated developmental mathematics 

education program  (Fong, et al., 2013). The Broward College faculty found that the 

ALEKS learning system addresses each students’ individual learning needs and 

supports students as they work to master course concept (Zientek et al., 2013).  

Redesign pilot. In the spring of 2015, I designed and ran a mixed-methods 

quasi-experimental action research intervention on teaching the Math 080 Pre-algebra 

course in a redesigned classroom based on the modified math emporium model. Two 

types of redesign interventions were implemented, one employed a modular learning 

system and the other utilized an adaptive learning system. In the study we compared 

the results from the two classroom interventions with the results from traditional-

lecture based classrooms (Eckhardt Fitzgerald, 2015). The purpose of this mixed 

methods action research intervention study was to illuminate the potential benefits of 

the modified math emporium teaching model, to investigate the differences in the two 

web-based learning systems, and to compare students’ academic achievement and 

affect when these different methods of learning are used. This redesigned teaching 

model intervention (Figure 2.1) included the components of the modified math 

emporium model.  
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Figure 2.1: Components of the developmental mathematics classroom redesign 

In the redesign computer classroom students work at their own pace using a 

web-based learning system. The instructor is a learning coach who provides 

individualized instruction and support as needed. Students are encouraged to continue 

learning outside of the classroom using the learning system. All graded assessments 

are administered in a proctored classroom. Each student was administered a College 

Board ACCUPLACER Elementary Algebra exam before and after the intervention. 

The initial ACCUPLACER scores were used to place students with similar scores into 

the Math 080 Pre-algebra course. A statistical analysis was done to compare the final 

ACCUPLACER scores from the two intervention groups with the score from the 

control group. A two-sample t-test was used to compare the mean ACCUPLACER 

scores of the students in the intervention groups with that of the students in the lecture-

based control group, (see Table 2.2). 
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Table 2.2  

Comparison of Students’ Mean ACCUPLACER Elementary Algebra Scores from 

Traditional Classrooms with the Scores from the Adaptive Learning Redesigned and 

the Modular Learning Redesiged Classrooms 

Group N M SD   
Lecture  22 47.5 15.0 p-value Cohen’s-d 
Adaptive Redesign 19 56.5 15.4 0.068 0.50 (Medium Effect) 
Modular Redesign 19 53.4 16.9 0.297 0.37 (Small Effect) 
Note. Results of a 2-Sample t-test comparison between the mean ACCUPLACER 
Elementary Algebra scores from students who completed the Math 080 Pre-algebra 
course in a traditional classroom to students who completed the course in a redesigned 
classroom with either an adaptive learning system or a modular learning system 
(Eckhardt Fitzgerald, 2015) 

The mean scores for the adaptive learning intervention group were higher with 

a p-value of 0.068 and an effect size of 0.50. In contrast, when comparing the mean 

ACCUPLACER scores of the students in the modular learning intervention group with 

that of the students in the lecture-based control group, the mean scores were not 

significantly higher with a p-value of 0.297 and an effect size of 0.37. 

These results (Figure 2.2) indicate that the redesign intervention with the adaptive 

learning system was the most effective in helping students increase their mathematical 

content knowledge (Eckhardt Fitzgerald, 2015).  
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Findings from the anonymous course evaluations reveal that students in all of 

the groups were pleased with their instructors; however, these students had different 

learning experiences based on the teaching and learning mechanisms used in each 

group. An aggregate of the qualitative data resulting from the anonymous course 

evaluations and classroom observations provided findings on the students’ learning 

experiences. Students in the intervention group that used the adaptive web-based 

learning system performed the best on the ACCUPLACER assessments and reported 

that they were pleased with the adaptive learning system. Students in the intervention 

group that used the modular web-based learning system performed better on the 

ACCUPLACER assessments than the students in the lecture-based control group; 

however, these students primarily did not like the modular learning system. The 

primary issues had to do with the method of instruction provided by the modular 

learning system. Many students were frustrated with the linear presentation of 

Figure 2.2: An analysis of the ACCUPLACER Elementary Algebra scores for 
students in the adaptive redesign group, the modular redesign group, and the 
traditional classroom group  
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concepts. In the adaptive learning system, if a student had difficulties with 

understanding a topic then the student could work on learning a different concept. This 

was not permitted in the modular learning system; if a student struggled with a 

concept the student was not allowed to move forward in the learning system until the 

student mastered the challenge topic. Many students reported their frustration with this 

limitation in the modular learning system. This kind of negative experience tends to 

decrease persistence through mathematics programs (Eckhardt Fitzgerald, 2015). The 

results from this study indicate that a self-paced, web-based, student-centered 

classroom with the adaptive web-based learning system is most effective in supporting 

academic achievement and positive student affect (Eckhardt Fitzgerald, 2015). 

Students’ Behaviors 

Key student behaviors for academic success. In their research Howard and 

Whitaker (2011) identified key student behaviors that accompany academic success in 

mathematics courses. These behaviors include regularly attending class, sitting in a 

location near the front of the room or away from distractions, asking questions when 

comprehension is unclear, regularly completing all homework, scheduling time after 

class to work on problem solving when newly learned concepts are still in students’ 

minds, and using the school’s available learning resources (Howard & Whitaker, 

2011). These students are described as having a growth-mindset (Dweck, 2006; 

Howard & Whitaker, 2011). These highly motivated students believed they had the 

ability to learn if they put in hard work and effective effort (Howard & Whitaker, 

2011). 



 
 

	   	   	  
	  

A DEVELOPMENTAL MATHEMATICS PROGRAM EVALUATION         26 

A supportive learning environment. Research has shown that interesting 

learning environments empower mathematics students with positive educational 

experiences that promote learning (Abbasi & Iqbal, 2009). Students’ affects are 

critical factor related to their academic success (Bonham & Boylan, 2011). A 

combination of tutoring, mentoring, and instruction through effective higher education 

teaching strategies promotes undergraduates’ persistence towards degree and 

certification completion (Bonham & Boylan, 2011) providing students with the skills 

and content knowledge needed for successful careers in their fields (Bryk & Treisman, 

2010). In their study at Seminole State College in Sanford Florida, Albritton et al. 

(2010) found a correlation between providing students with tutoring and higher course 

pass rate.  

Faculty Perspectives 

Adjunct faculty. A 2014 report by the Center for Community College Student 

Engagement included input from 32 U.S. community college faculty and administrator 

focus groups and 71,451 faculty responses to their Community College Faculty 

Survey of Student Engagement, collected from 2009 to 2013 (Complete College 

America, 2014a). Their report specified that adjunct faculty should be integrated into 

the learning community to promote greater student success (Complete College 

America, 2014a). Their report highlighted difference in wages, benefits, and 

administrative support between full-time and part-time faculty (Complete College 

America, 2014a). The report states that more than 50% of community colleges 

instructors are part-time faculty who are not adequately supported by their institutions 



 
 

	   	   	  
	  

A DEVELOPMENTAL MATHEMATICS PROGRAM EVALUATION         27 

(Complete College America, 2014a). At the 2014 U.S. News STEM Solutions 

Conference, moderator Paul Fain reported that approximately half of community 

college students are placed into developmental mathematics courses, which are 

primarily taught by under-supported adjunct faculty (Berl, 2014). Of these 

developmental level students 40% never complete their developmental math 

programs, and only 70% persist into college credit-bearing courses (Berl, 2014). 

Adjunct mathematics faculty teach 70-90% of community college mathematics 

courses, are paid less than their full-time peers, and are often not invited to participate 

in college forums (Treisman, 2015). 

Perspectives on technology-enhanced mathematics education. Attitudes of 

teachers influence the degree to which technology is integrated into the teaching and 

learning of mathematics (Joubert, 2013; Pierce & Ball, 2009). Joubert (2013) analyzed 

abstracts from 124 manuscripts submitted to the 2011 International Conference for 

Technology in Mathematics Teaching. She found that the primary concerns of 

mathematics educators when integrating technology into education are how to 

coordinate learning; to construct meaning, and to enable effective collaboration 

between the learners and the educators. In this study, Joubert (2013) established that 

although mathematics educators predominantly agree that integrating technology into 

mathematics education enhances learning, only about half of these educators are 

interested in integrating technology into their teaching models. The primary reason is 

due to the need for instructor training on using technology. Teachers’ perceptions of 

the benefits of technology-enhanced learning and the availability of professional 
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development on how to effectively utilize technology influence the use of technology 

in education (Joubert, 2013; Pierce & Ball, 2009). Pierce and Ball (2009) found that 

teachers’ use of technology to teach has increased over time as teachers recognize the 

benefits from their use of technology in the classroom. 

Awareness of a Need to Change 

There is a need to provide all students with the opportunity to successfully 

learn the mathematical concepts necessary for them to succeed in their careers. The 

static nature of traditional education does not work well in our ever-changing world 

(Dewey, 1997). The traditional lecture-based teaching model is in desperate need of a 

transformation to a teaching model that provides learners with greater active 

engagement (Khan, 2012). To implement effective change in education it is crucial 

that faculty and administrators maintain an open dialog throughout the design, 

development, and implementation process (Watson & Abzug, 2010). “Leveraging of 

collective wisdom to increase responsiveness and innovation” (Frappaolo, 2006, p.8) 

is needed to positively transform mathematics education.  

Educational Leadership 

Today, more than ever before, there is a significant need for educational 

leaders to address the ethical needs of our 21st century heterogeneous societies 

working and learning together (Shapiro & Stefkovich, 2016). In a just society all 

humans are equal; therefore, they should be treated the same unless there is a logical 

and ethical reason why they should be treated differently (Kitchener, 1984). Education 

is essential to the efficacy of social justice (Roysircar, 2009), and educators need to 
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work to continue this tradition of promoting a just democratic society (Shapiro & 

Stefkovich, 2016). As Carnevale and Desrochers (2003) explained, “democratization 

does not mean dumbing down. It means making mathematics more accessible and 

responsive to the needs of all students” (p.29). Educational leaders must balance the 

potential for positive outcomes with the potential for negative outcomes when making 

ethical decisions (Kitchener, 1984). The ethics of critique address diversity and social 

class inequities (Shapiro & Stefkovich, 2016). Since “socially learned biases that can 

affect our behavior are systematically woven into the fabric of society” (Morris, 2008, 

p.101), educational leaders need to develop their sensitivity and understanding to the 

inequities between cultures and social classes. The business of higher education is a 

social field that should support all students including those at a developmental level 

(Villegas & Lucas, 2007). As mindful and reflective educational leaders develop their 

understanding of society’s multiple systems and paradigms, they will have the 

potential to recognize and advocate for all populations and individuals (Wilber, 2000). 

Advocacy is the process of creatively inspiring others to bring about a beneficial 

systemic change (Lopez-Baez & Paylo, 2009). Educational leaders need to use their 

leadership skills to point out barriers that inhibit growth and development, as well as 

to facilitate the changes needed to remove obstacles that limit academic achievement 

(Lee & Rodgers, 2009). The belief in freedom, justice, morality, and compassion is 

based on the principle that these qualities contribute to a better life for the greater 

number of people (Dewey, 1997). Education is essential to the efficacy of social 
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justice (Roysircar, 2009), and educators need to work to continue this tradition of 

promoting a just society (Shapiro & Stefkovich, 2016).  

There is a transformation need in developmental mathematics courses into 

mechanisms that promote rather than inhibit students’ persistence (Hern, 2012). Our 

country needs leaders that will work to support the development of accelerated 

developmental mathematics programs in higher education that will facilitate students 

persistence into credit-bearing college level mathematics courses (Complete College 

America, 2012). Educational leaders should encourage instructors to develop 

pedagogical knowledge in effectively utilizing technology to enhance learning (Oates, 

2011; Pierce & Ball, 2009).  

Program Evaluation in Higher Education 

 A program can be any kind of service or activity that has an intended outcome 

(Langbein, 2012). Program evaluations can be used to assess the efficacy, benefits, 

and deficits of a specific program (Langbein, 2012). Program evaluators focus on 

issues that impact society (Mertens & Wilson, 2012). In a program evaluation the 

evaluator uses empirical social science research methodologies to systematically 

collect, analyze, and report on program data, the results of which are presented to 

stakeholders to inform them during their decision-making process (Langbein, 2012; 

Mertens & Wilson, 2012; Patton & Patton, 2002). The purpose of program evaluation 

is to inform stakeholders for the purpose of decision-making through the systematic 

collection and analysis of program data (Mertens & Wilson, 2012). This has facilitated 

stakeholder collaboration by shedding light on the perspectives of multiple societal 
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lenses (Mertens & Wilson, 2012). There is a need for continued research at the 

community college level to investigate effective and responsive developmental math 

programs that will increase students’ persistence. The collaboration and 

communication between key stakeholders is an integral part of program evaluation, 

which makes this social science research methodology valuable for developing 

effective community college programs.  

Validity and Reliability. The four types of validity (external, internal, 

measurement, and statistical) will be described in this section (Langbein, 2012).  

External validity. External validity refers to the generalizability of a research 

study. When implementing a program evaluation the evaluator should design a 

generalizable research study that can be replicated with similar populations (Langbein, 

2012). The goal of external validity in program evaluation is to generate results that 

could describe multiple populations (Boudah, 2011). In education it is often 

challenging to randomly select participants when establishing a sample that represents 

a generalizable population. For this reason a quasi-experimental research methodology 

was used. In quasi-experimental research participants are not selected randomly due to 

the nature of social setting in which randomly selecting participants is often 

inappropriate or difficult (Boudah, 2011).  

Internal validity. Internal validity indicates the extent to which a causal claim 

is accurate (Langbein, 2012). Efforts should be made to maintain internal validity 

throughout an evaluation by collecting and analyzing data in a purposefully controlled 

method (Langbein, 2012). Internally valid data will support the results of an 
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evaluation. Defensible program evaluation reports emerge when internal validity is 

maintained throughout the evaluation (Langbein, 2012).  

Measurement and statistical validity. A researcher can strive for measurement 

and statistical validity in quantitative data collection and analysis by being aware of 

potential threats to validity and taking precautions to avoid them. Table 2.3 specifies 

some of these threats and measure that can be used to minimize these threats. 
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Table 2.3 

Threats to Measurement and Statistical Validity  

Threat Result Control 
Repeated Assessments  Increases test scores over 

time because students learn 
the testing format and 
become stronger at test 
taking. 

Administer practice 
assessments to 
participants to provide 
students with the 
opportunity to become 
familiar with the 
assessment format. 
 

Test with varying difficulty  Produces unreliable test 
score results. 
 

Maintain assessments 
that are at the same level 
of difficulty. 
 

Participants who have 
significantly less or more 
knowledge than the average 
student in group. 
   

These participants have 
more growth potential. 

Include participants who 
are at varying knowledge 
levels. 

Participant attrition  Loss of score from students 
who are struggling with the 
intervention. 

Include all participants 
in the study with the 
exception of student who 
drop out early in the 
evaluation due to 
extraneous factors. 

Note. This table is based on threats and measurements as described Mertens and 
Wilson (2012). 
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Collaborating with Stakeholders 

Stufflebeam and Shinkfield (2007) define stakeholders as “those who are 

intended to use the findings, others who may be affected by the evaluation, and those 

expected to contribute to the study” (p. 741). In educational research these 

stakeholders are the students, the faculty, the administration, the staff, and the 

businesses and people in the community in which the students live and the educational 

institution resides. Including stakeholders in the evaluation process and reporting is 

crucial to an effective and beneficial program evaluation (Stufflebeam & Shinkfield, 

2007). The Program Evaluation Standards, Second Edition, lists reporting under 

Utility Standards, in which it states that “Evaluation reports should clearly describe the 

program being evaluated, including its context, and the purpose, procedure, and 

findings of the evaluation, so that essential information is provided and easily 

understood” (Morris, 2008, p.212). When reporting the results of an evaluation the 

evaluator should maintain the dignity of all stakeholders and clearly present the results 

as well as the limitations of the study (Morris, 2008). This report should be available 

to all stakeholders to promote transparency. 
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CHAPTER 3 

METHODOLOGY	  

As new knowledge in this area emerges, the MCC-NH mathematics 

department faculty has been actively evaluating and modifying their developmental 

mathematics program by remaining flexible and open to research, new methods of 

instruction, and their evaluation. This section describes the research methodologies 

that were used to evaluate their redesigned developmental mathematics program in the 

spring of 2016. The section will begin with a research statement of purpose and a 

description of the research methodology. This will be followed by a description of the 

participants and the setting. It will conclude with an outline of the data collection and 

analysis procedures. 

Purpose 

The purpose of this mixed-methods program evaluation of the college’s 

redesigned developmental mathematics program was to assess the influence of the 

new teaching paradigm on students’ persistence by evaluating students’ academic 

achievement, students’ mindsets (beliefs in their learning abilities), and students’ 

affects (emotions) that emerged during this program in its second semester. The results 

from this evaluation along with recommendations for improvements will be shared 

with MCC-NH stakeholders as well as with other community colleges in the 

Community College System of New Hampshire.  
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Methods 

Program evaluation is an integral part of the college’s reaccreditation process. 

This empirical social science research methodology was the most appropriate research 

method to utilize in this research study because it involves systematically gathering 

and analyzing multiple data sources and reporting the results to key stakeholders to 

inform them during their decision-making process. This program evaluation was a 

mixed-methods study. “The basic purposes of the mixed-methods approach are to 

provide direction for improving programs as they evolve and to assess their 

effectiveness after they have had time to produce results” (Stufflebeam & Shinkfield, 

2007, p.188). Bahr (2013) wrote that although there is an abundance of quantitative 

research on developmental mathematics programs, his research supports a mixed 

methods approach in which qualitative and quantitative data can be analyzed together 

to facilitate more complete research studies. Stufflebeam and Shinkfield (2007) also 

recommend that quantitative analysis from single group evaluations be supplemented 

with in-depth qualitative data collected during the evaluation. The analysis of the 

qualitative data enabled me, as the evaluator, to gain a better understanding of the 

results from the quantitative analysis. The quantitative data created a snapshot of 

students’ academic progress, and the qualitative data filled this snapshot with the 

descriptive color needed when evaluating the human experience.  

A transformative paradigm approach was employed with this mixed methods 

convergent design of data collection, inquiry, and analysis to generate information that 

is useful to the participants and the stakeholders. According to Mertens (2009),  
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In the transformative paradigm, the evaluators begin with the 

acknowledgment that there is a powerful differential between 

themselves and the people in the study. They need to understand the 

community through some kind of sustained involvement such that 

community members would trust them enough to give accurate 

information to them. (p. 234).  

Triangulation was achieved through the collection of multiple quantitative and 

qualitative data sources including: academic assessments, classroom observations, 

student interviews, faculty feedback sheets, students’ anonymous course evaluations, 

faculty questionnaires and faculty focus group meeting notes. Each student was 

administered an initial Knowledge Check4 on the first day of class. This Knowledge 

Check was used by the adaptive learning system to assess each student’s mathematical 

content knowledge. Students were placed into the learning system based on the results 

of this first Knowledge Check. This prevents students from working through content 

that they have already mastered; instead students begin working on a learning 

objective where they learn new concepts. The learning system and the instructor 

provided the scaffolding to support students as they moved forward through the course 

objectives. Students with special needs were administered accommodation plans that 

were presented to instructors at the commencement of the semester. The nature of the 

self-paced, web-based, student-centered classroom met most of these students’ needs 

with the exception of extra testing time. Students who needed additional time were 

given their assessments in a proctored setting in a separate testing room. An analysis 
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was implemented to examine the impact the redesign had on students’ academic 

achievement, students’ mindsets, and students’ affects. This evaluation reveals the 

potential benefits of positive transformation and support for the population of 

developmental mathematics students in this newly designed program. 

Participants 

This evaluation involved ten class sections of MCC-NH’s developmental 

mathematics courses, eight instructors, and 115 students. The redesigned math course, 

Math 090 (Foundations for College Math) covers content from a sequential series of 

three retired developmental math courses. Prior to the implementation of the 

developmental mathematics redesign, students took these three courses in the 

following order: Math 070 (Fundamentals of College Math), Math 080 (Pre-algebra), 

and Math 131 (Elementary Algebra). The course names, Redesign Math, Fundamental 

Math, Pre-algebra, and Elementary Algebra are used throughout the rest of this 

program evaluation rather than Math 090, Math 070, Math 080, and Math 131. The 

participants in this study entered at either a Fundamental Math or a Pre-algebra course 

level. Students who were at an Elementary Algebra course level were not included in 

this study because they were enrolled directly in their gateway math courses. All 

students enrolled in the Spring 2016 Math Redesign course were included in this study 

with the exception of students who withdrew from the course in the first few weeks of 

the semester. This was a quasi-experimental study in which MCC-NH students were 

chosen based on their enrollment in the college’s spring 2016 developmental math 

courses. Students’ demographic information was self-reported by the participants. The 
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students’ ages ranged from 18 to 56. The median age was 21. The outlier ages were 

41, 44, 46, 47, 47, 48, 53, and 56. The students’ genders were 44% male and 56% 

female. The students described themselves as 57% White; 7% Black or African 

American; 8% Hispanic, Latino or Latin American; 2% Asian, Asian American or 

Pacific Islander; and 26% Other. The overall MCC-NH student population is 

described in Figure 3.1.  
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Figure 3.1: Graphs represent the demographics of the student population at 
Manchester Community College (U.S. Department of Education Institute of 
Education Science National Center For Education Statistics, 2014) 

 

Ethnicity	  

Asian	  2%	  

Black	  or	  African	  American	  3%	  

Hispanic/Latino	  4%	  

White	  76%	  

Two	  or	  more	  races	  1%	  

Ethnicity	  unknown	  13%	  

Attendance	  Status	  

Full-‐time	  67%	   Part-‐time	  33%	  

Age	  

24	  and	  under	  57%	  

25	  and	  older	  43%	  

Unknown	  1%	  

Gender	  

Male	  53%	   Female	  47%	  
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This population’s demographic variables can also be found at twenty-three 

community colleges in the northeastern United States. These twenty-three colleges are 

listed in Table 3.1.  

Table 3.1 

Twenty-three Comparable New England Community Colleges 

Community College State 
Allegany Community College of 

Maryland 

Maryland 
Baltimore City Community College Maryland 
Cape Cod Community College Massachusetts 
Capital Community College Connecticut 
CUNY Hostos Community College New York 
Delaware Technical Community College Delaware 
Eastern Maine Community College Maine 
Fredrick Community College Maryland 
Gateway Community College Connecticut 
Housatonic Community College Connecticut 
Jefferson Community College New York 
Manchester Community College New Hampshire 
Middlesex Community College Connecticut 
Mohawk Valley Community College New York 
Norwalk Community College Connecticut 
Quinsigamond Community College Massachusetts 
Reading Area Community College Pennsylvania 
Roxbury Community College Massachusetts 
Schenectady County Community College New York 
Southern Maine Community College Maine 
Springfield Technical Community 

College 

Massachusetts 
Three Rivers Community College Connecticut 
Note. This study is generalizable to these twenty-three community colleges in the 
northeastern region of the United States. (U.S. Department of Education Institute of 
Education Science National Center For Education Statistics, 2014)  
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Setting 

The setting for this study was one of the two mathematics computer laboratory 

classrooms. The classes ran during the day and evening throughout the spring 2016 

semester from January 2016 through May 2016. The durations of the courses were 16-

weeks and 8-weeks. The 16-week session classes met once a week for two hours and 

thirty minutes or twice a week for one hour and fifteen minutes. The 8-week session 

classes met twice a week for two hour and thirty minutes (See Table 3.2). 

Table 3.2 
Breakdown of Course Sections 

Section Day Evening Twice a week Once a week 8-week 16-week 
1 ✓ 

 
  ✓ 

 
 ✓ 

 2 ✓ 
 

 ✓ 
 

 ✓  
3  ✓ 

 
 ✓ 

 

 

 ✓ 
✓ 

 

4 ✓ 
 

 ✓ 
 

  ✓ 
5 ✓ 

 
 ✓ 

 
  ✓ 

6 ✓ 
 

 ✓ 
 

  ✓ 
7 ✓ 

 
  ✓ 

 
 ✓ 

 8  ✓ 
 

 ✓ 
 

 ✓ 
 9  ✓ 

 
 ✓ 

 
 ✓ 

 10 ✓ 
 

  ✓ 
 

 ✓ 
 Note. Ten class sections that run either during the day or evening, and once or twice 

weekly 
 

As the principal investigator, I informed the student participants of the purpose 

and the procedures of this developmental mathematics program evaluation. Students 

were given the opportunity to accept or decline participation in this evaluation. 

Consent to participate letters were made available for students to sign if they chose to 

be part of the evaluation (Appendix E). Refer to Appendix F for the Flesch-Kincaid 

readability scores of the consent to participate form. In this redesigned classroom 
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students worked at their own pace with support from their instructors and a web-based 

adaptive learning system. The students worked in a computer lab with one instructor. 

The number of students in each class varied based on the students’ schedules. There 

were between 8 and 22 students in each class. A typical class size was 15 students. 

Each student was provided with access to a computer and the ALEKS web-based 

adaptive learning system. Students were permitted to use headphones. Students were 

expected to progress through the learning objectives with scaffolding from computer-

aided instruction and instructor support. Instructors were assigned to work with their 

students as a learning coach to assist students as they progressed through the learning 

objectives. Participating instructors attended a training session on teaching in this 

redesign classroom model in August 2015. Six of the eight instructors taught one of 

the college’s first redesigned developmental mathematics courses during the fall 2015 

semester. Throughout the semester the instructors were encouraged to communicate 

regularly with the mathematics department chair and the mathematics program 

coordinator during classroom observations, department meetings, focus group 

meetings, and through email correspondence. This communication provided 

instructors with the opportunities to clarify questions that arose during 

implementation. The faculty continually discussed and reviewed the teaching and 

learning design and methodology in an effort to provide appropriate support and 

instruction to the students in the redesign classrooms. 
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Data Collection 

Throughout this program evaluation, data were collected to facilitate the 

investigation of students’ academic achievement, mindsets, and affects in this 

redesigned developmental program. Triangulation was achieved through the collection 

and analysis of both qualitative and quantitative data, which was collected, coded, and 

stored. Students’ identities remain undisclosed and their anonymity was preserved. “In 

qualitative inquiry, the researcher is the instrument. The credibility of qualitative 

methods, therefore, hinges to a great extent on the skill, competence, and rigor of the 

person doing the fieldwork” (Patton & Patton, 2002, p. 14). Procedures used to 

maintain data validity and reliability are described in this chapter. 

Academic achievement. Initial and summative academic assessments were 

administered to the student participants in the form of ALEKS Knowledge Checks. 

Since this redesigned math program consists of one comprehensive course covering 

the content from three previous developmental courses, students began the semester at 

different entry points. The results from the initial assessments were collected to 

facilitate the separation of these students into their individual course entry levels. The 

summative assessment data were used to measure each student’s course content 

mastery. Students’ pass rates through the redesigned course content were compared to 

the pass rates of students from the college’s previous traditional lecture-based 

developmental courses. Multiple Knowledge Checks were given throughout the spring 

semester to all students to provide them with an equal opportunity to become familiar 

with the testing format prior to taking their summative assessments. Knowledge. 
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Checks were automatically administered to a student by the ALEKS learning system 

whenever the student mastered 30 new topics or worked for 15 hours in the learning 

system. The results from these assessments were downloaded into Excel spreadsheets 

and archived for analysis at the end of the semester. Controls used to maintain 

measurement and support statistical validity are described in Table 2.3. 

Mindset and affect. Data collected to investigate students’ mindsets and 

affects included classroom observations, student interviews, faculty feedback sheets, 

students’ anonymous course evaluations, and faculty questionnaires.  

Classroom observations were performed weekly during the final eight weeks 

of the program. Eighteen observations were done. Seven of the 10 classes were 

observed at least twice. As the principal investigator I performed all of the classroom 

observations except the two observations that were done in my classroom, which were 

performed by outside observers. One of which was a math faculty member. The other 

observer was an administrator who had previous experienced in classroom 

observations. Each observer completed a classroom observation sheet and coded the 

observations according to the criteria outline in the classroom observation sheets 

(Appendix G). The coded behavior constructs are listed on the observation sheet. In an 

effort to maintain validity and reliability of this data and coding, each instructor 

reviewed the observation sheets that contained all of the recorded observations and the 

corresponding codes of each observation to check for accuracy. The instructors were 

encouraged to include comments and modifications that they thought were needed on 

the classroom observations sheets. The faculty worked closely together and met 
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regularly in the classroom and at weekly focus group meetings throughout the 

program evaluation. This collaborative environment facilitated effective classroom 

observations and coding, which was reviewed by the observer and the instructor. 

Students were invited to be interviewed during the last eight weeks of the 

course. Students in the eight-week classes began their course at the commencement of 

this program evaluation and were invited to participate in the interviews. The 

interview questions are outlined in Appendix C. The responses to these questions were 

used to evaluate the students’ mindsets (i.e. items 1 – 11, 14, and 15) and students’ 

affects (i.e. item 16). These interviews were done in at the college. Some interviews 

were held in the faculty offices and some were conducted in the classrooms. The 

guidelines for student interviews are detailed in Appendix B. These interviews were 

transcribed. Each student interviewed was sent a thank you letter, which included a 

transcript of the interview. Participants were asked to review the interview 

transcription for accuracy. They were given the opportunity to explain their responses 

to questions. Some of the interview transcriptions were modified based on their 

feedback.  

Instructors were asked to complete faculty feedback sheets (Appendix I) to 

share their evaluation of each student’s mindset and affect, which they observed 

throughout the course. This information included both a Likert score rating and 

comments for each student on these two indicators of students’ persistence. Based on 

their methodology research, Lozano, García-Cueto, and Muñiz (2008) found that 

Likert response sets increase in their validity and reliability when there are between 
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four and seven response choices available for each Likert item. For this reason a scale 

of one through five was used. The responses to these questions were used to evaluate 

the students’ mindsets and students’ affects. 

Anonymous student course evaluations were administered in the classroom 

during the last week of each class. The course evaluations included Likert survey 

questions and two open-ended questions (Appendix A). These course evaluations were 

administered through the Blackboard5 learning management system and saved in the 

college’s electronic course evaluation system. The responses to these questions were 

used to evaluate the students’ mindsets (i.e. items 14 and 15) and students’ affects (i.e. 

items 1-10, 14 and 15). Table 2.1 exhibits the traits of a fixed and a growth mindset. 

Students’ answers to items 14 and 15 were matched with the traits listed in Table 2.1 

and then coded in a spreadsheet according to whether they represented a fixed or a 

growth mindset.  

The instructors completed faculty questionnaires (Appendix D) and their 

responses were used to measure students’ mindsets (i.e. items 1-4, 6 and 9) and 

students’ affects (i.e. items 5, 7, 8 and 9). The responses to each of these questions 

were evaluated to determine if each student exhibited a growth or a fixed mindset and 

a positive or a negative attitude.  

The faculty focus group met weekly during the last four weeks of the semester 

to discuss issues that emerged during this evaluation. Notes from these meetings were 

recorded and stored on a secured memory stick. In an effort to promote internal 

validity, faculty members in the focus group reviewed the focus group notes to 
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facilitate accuracy. These meetings helped to promote open communication and 

collaboration between the instructors during the program evaluation. 

Analysis  

The analysis was designed to create a framework to answer the primary 

research question: does this newly redesigned program that incorporates a web-based 

adaptive mastery learning system promote the constructs that contribute to students’ 

persistence through a developmental mathematics education program? This was 

accomplished by addressing the three secondary questions on indicators of 

persistence: 

• What impact does the new teaching and learning environment have on 

students’ academic achievement?  

• Does the new teaching and learning environment support students to be 

growth-minded?  

• What impact does the new teaching and learning environment have on 

students’ affect?  

Academic Achievement 

A statistical analysis was used to answer the first of the secondary questions: 

does the redesign promote academic achievement? This question was addressed by 

studying whether the students in the redesigned program achieved academically better, 

the same, or worse when compared to students in the college’s previous traditional 

lecture-based developmental mathematics courses. In this research the student pass 
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rates from the intervention (redesigned model) group and the control (traditional 

lecture-based) group were compared. In the analysis, it was necessary to match the 

Redesign Math course content topics to the Fundamental Math, Pre-algebra, and 

Elementary Algebra course content topics in order to compare students’ academic 

progress. Appendix H contains a description of the alignment between the Redesign 

Math course content topics and the Fundamental Math, Pre-algebra, and Elementary 

Algebra course content topics. Although it was historically considered a college level 

course, the Elementary Algebra course content was included in the redesigned 

developmental course because it contained developmental level content and is not 

transferable to most institutions of higher education. When the Redesign Math course 

was first offered in the fall 2015 semester, students who were ready to take 

Elementary Algebra were enrolled in their first college math course with supplemental 

support from the tutoring center. For this reason, there were not any students in the 

Redesign Math course that were at an Elementary Algebra level at the start of the 

spring 2016 semester. Since no Elementary Algebra students were included in the 

spring Math 090 student population, there was not enough data to compare students’ 

pass rates through the Elementary Algebra course content. Students in the Redesign 

Math course were separated into two groups, a Fundamental Math entry-level group 

and a Pre-algebra entry-level group. The separation of the Redesign Math students into 

these two groups was based on students’ initial assessments, math placement scores, 

their previous math courses, and whether this was their first or second semester in the 

Redesign Math course. Table 3.5 displays the ACCUPLACER mathematics placement 
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score criteria for Fundamental Math, Pre-algebra and Elementary Algebra during the 

spring semesters from 2012 to 2015. The math placement scores for the spring 

semesters in 2010 and 2011 were not available. 
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Table 3.5 

ACCUPLACER Mathematics Placement Score 

 

This separation of the spring 2016 Redesign Math students yielded 50 Fundamental 

Math level students and 65 Pre-algebra level students. Students’ academic 

achievement in these two courses, Fundamental Math and Pre-algebra, was analyzed. 

A statistical analysis was used to compare the pass rates of the students in the 2016 

spring Redesign Math with the pass rates of the students in the 2010-2015 spring 

Fundamental Math and Pre-algebra courses. Students in the Redesign Math course 

were expected to each score an average final assessment grade of a C (73.3%) or 

higher in the course content to pass each of the two courses, Fundamental Math and 

Pre-algebra. Passing scores for students in the traditional lecture based classroom 

during the 2010 through 2015 spring semesters were based on the students’ final 

course grades. This study used an independent-measures design because there were 

different students in the groups that were compared. A normal approximation could be 

used in this test because the student pass rate proportions were not close to 0 or to 1 

with values between 0.50 and 0.90. Since the student pass rate proportions are 

Spring 2012-2015 Mathematics Placement Scores  
Arithmetic Exam Elementary Algebra Exam Course Placement 

Greater than 30 and less 
than 56 Greater than or equal to 61 

MATH070 
Fundamentals of 

College Math 
Greater than or equal to 

56 and less than 62  Greater than or equal to 61 MATH080 
Pre-algebra 

Greater than or equal to 
62 

Greater than or equal to 62 
and less than 78 

MATH131 
Elementary Algebra 
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independent and there are more than ten students in each group a one-tailed Z-score 

Two-Sample Test of Proportions was used. The intervention group pass rate 

proportion (p1), the control group pass rate proportion (p2), the intervention group size 

(n1), and the control group size (n2), were used in these statistical calculations. The 

null hypothesis was that the two groups’ pass rate proportions were equal (H0: p1 = p2, 

p1 - p2 = 0), and the alternative hypothesis was that the pass rates for the intervention 

group was significantly higher than the pass rate for the control group at a 95% 

confidence interval (H1: p1 > p2, p1 - p2 > 0). The following equations were used to 

determine the Z-score. Equation 1 was used to calculate the pooled sample proportion. 

Equation 2 was used to calculate the standard error of the sampling distribution 

difference between two proportions. Equation 3 was used to calculate the Z-score. 

𝑝 =
𝑛!𝑝! + 𝑛!𝑝!
𝑛! + 𝑛!

 
 

𝑠!!!!! =
𝑝(1− 𝑝)

𝑛!
+
𝑝(1− 𝑝)

𝑛!
 

 

𝑍 =
𝑝! − 𝑝!
𝑠!!!!!

 

 

The effect of the redesign on academic achievement was also calculated to 

supplement the hypothesis testing. This was done using both an Odds Ratio (OR) and 

an Absolute Risk Reduction Risk Difference (RD). The OR indicates the odds of a 

student passing the course content topics in the redesigned courses with respect to the 

Eq. 1 

Eq. 2 

Eq. 3 
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odds of someone passing in the traditional lecture-based courses. The RD indicates the 

extent to which the redesign changed the probability of a student passing the course 

content. The number of students passing in the redesign (intervention) group (a), the 

number of students passing in the traditional face-to-face (control) group (b), the 

intervention group size (n1), and the control group size (n2) were used in these 

statistical calculations. The following equations were used to determine the OR (eq. 4) 

and RD (eq. 5):   

𝑂𝑅 =

𝑎
𝑛! − 𝑎
𝑏

𝑛! − 𝑏
 

 

𝑅𝐷 =
𝑎
𝑛!
−
𝑏
𝑛!

 

 

Mindset 

Students’ mindsets were assessed through an analysis of the data collected in 

the form of classroom observations, student interviews, faculty feedback sheets, 

students’ anonymous course evaluations, and faculty questionnaires. The triangulation 

of this data helped to form a picture of students’ mindsets and affects.  

Classroom observations. These observations were recorded and coded as 

either growth or fixed mindset on data collection sheets (Appendix G). The observers 

recorded observations on only the individual students whom they were able to 

Eq. 4 

Eq. 5 
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observe. The data from the classroom observations provided a snapshot of students’ 

mindsets in the classroom.  

Student interviews and faculty feedback. Another student mindset analysis 

was completed using aggregate of the data from the student interview transcripts and 

faculty feedback sheets. Since the interviewed students could be identified, a 

combined analysis of the students’ interview transcripts and the completed faculty 

feedback sheets (Appendix I) was implemented to determine the mindset of these 

students. The responses each student made to the interview question numbers 1 

through 11 (Appendix C) were coded as either growth or fixed mindset. The percent of 

growth mindset responses from each student was calculated. These results were 

compared in a table with the growth mindset level as assessed by their instructors in 

the faculty feedback sheets.  

Course evaluation open-ended questions. Another student mindset analysis 

was done on student’s responses to the open-ended questions (items 14 and 15) in the 

course evaluations (Appendix A). Each set of responses was coded as either growth 

mindset, fixed mindset, or neither. The percentage of students who responded with a 

growth mindset or a fixed mindset was determined.  

Faculty questionnaire. Faculty responses to questions 1-4, 6 and 9 in the 

faculty questionnaire were also evaluated for students’ mindset. The responses to these 

mindset questions were separated into three categories: growth mindset, emerging 

growth mindset, and fixed mindset. 
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Affect 

Students’ affects were assessed through an analysis of the data collected in the 

form of classroom observations, student interviews, faculty feedback sheets, students’ 

anonymous course evaluations, faculty questionnaires and faculty focus group meeting 

notes. Triangulation of data helped to form a picture of students’ attitudes and 

emotions while learning in the redesigned teaching environment.  

Classroom observations. Students were also observed during the classroom 

observations for their affects. These observations were recorded and coded on 

observations sheets (Appendix G).  

Student interviews and faculty feedback. A combined analysis of the 

students’ interview transcripts and the completed faculty feedback sheets (Appendix I) 

was implemented to determine the affects of the interviewed students. Each set of 

responses were coded as positive affect, negative affect, or mixed affect. The 

percentage of the coded was calculated. These percentages were paired with the 

instructors’ affect score for each student. 

Likert survey questions. The student responses to the Likert survey questions 

(Appendix A, i.e. items 1-10) in the course evaluations were assessed for students’ 

level of positive affect. These results were analyzed with descriptive statistics.  

Course evaluation open-ended questions. An analysis of each student’s 

affects was completed on student’s responses to the open-ended questions (items 14 

and 15) in the course evaluations. Each set of responses were coded as positive affect, 

negative affect, or mixed affect. The percentage of the coded was calculated.  
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Faculty questionnaires and faculty focus group notes. The responses to the 

faculty questionnaires and the focus group notes were sorted and analyzed further to 

determine any additional findings that emerged during the program evaluation.  

Reporting 

The results from this mixed-methods quasi-experimental developmental 

mathematics program evaluation was presented to MCC-NH administrators and 

developmental mathematics faculty in the fall of 2016. I intend to share the results 

from this program evaluation with my colleagues at community college mathematics 

faculty in New Hampshire and across the United States. The results from this program 

evaluation will contribute to the current body of knowledge on redesigning 

developmental mathematics programs for post-secondary students. 
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CHAPTER 4 

DATA ANALYSIS	  

The purpose of this study was to evaluate the impact of a self-paced, web-

based, student-centered, redesigned developmental mathematics classroom on student 

persistence. Persistence cannot be directly measured after only two semesters of this 

redesign due to the lack of longitudinal student retention data. For this reason, three 

indicators of persistence were measured instead. They were students’ academic 

achievement, mindsets, and affects. Students are more likely to persist through 

educational programs when they achieve academically, exhibit positive affect, and 

have a growth mindset (Bonham & Boylan, 2011; Davidson & Petrosko, 2015; 

Dweck, 2006). In this chapter, I will present the findings on these three constructs that 

were measured and analyzed from the quantitative and qualitative data that were 

collected. This analysis created a framework for answering the primary research 

question: does a newly redesigned program that incorporates a web-based adaptive 

mastery learning system promote the constructs that contribute to students’ persistence 

through a developmental mathematics education program? The answer to this central 

question was discovered through an analysis of data collected on these three secondary 

questions: 

• What impact does the new teaching and learning environment have on 

students’ academic achievement?  
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• Does the new teaching and learning environment support students to be 

growth-minded?  

• What impact does the new teaching and learning environment have on 

students’ affect?  

Academic Achievement 

In the analysis of the students’ academic achievement in the Redesign Math 

course, students’ pass rates were compared with the pass rates of students in the 

college’s previous traditional lecture-based developmental courses, Fundamental Math 

and Pre-algebra. The 115 student participants were separated into two groups, a 

Fundamental Math entry-level group and a Pre-algebra entry-level group. The 

separation yielded 50 Fundamental Math level students and 65 Pre-algebra level 

students. The academic achievement for these two groups of students in the Redesign 

Math course were compared to the academic achievement of students from the two 

previous traditional lecture-based developmental math courses. A statistical analysis 

was used to compare the pass rates of the students in the Redesign Math with the pass 

rates of the students in the 2010-2015 spring semester Fundamental Math and Pre-

algebra courses. Students in the Redesign Math course were expected to each score an 

average final assessment grade of a C (73.3%) or higher in each set of course content 

topics to pass each of the two courses, Fundamental Math and Pre-algebra. Passing 

scores for students in the traditional lecture based classroom were based on the 

students’ final course grades.   
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Fundamental Math. Table 4.1 displays the spring Fundamental Math pass 

rates from 2010 to 2015 and the pass rates for the Fundamental Math level students 

through the Fundamental Math level content in their Redesign Math course.  

Table 4.1 

Spring Fundamental Math Pass Rates from 2010 to 2016 

Year Number of Students Number Passing 
with a C or 
higher 

Pass Rate 

2010 185  101 55% 
2011 96  63 66% 
2012 52 33 63% 
2013 70 45 64% 
2014 30 15 50% 
2015 33 18 55% 
2016 50 32 64% 
Note. Pass rates for 2016 students were based on students in the redesigned course 
who entered at a Fundamental Math level. Passing grades were based on students 
earning >73.3% in the Fundamental Math level course content. The ACCUPLACER 
scores for students placed into this course in the spring of 2010 and 2011 were not 
available.  
 
There is not a notable increase in the pass rates of the students through the 

Fundamental Math course content topics in the 2016 redesign math classes when 

compared to the pass rates of the students in the 2010 to 2015 traditional lecture-based 

Fundamental Math classes. A one-tailed Z-score test was used to compare the 

proportion of students who passed the Fundamental Math course content in the newly 

redesigned classrooms to students who passed in the traditional lecture-based 

classrooms. The null hypothesis is that these proportions are equal. The results from 

this test yield a Z score of 0.6827 (p >0.248). From this statistical analysis it is 

apparent that we can not reject the null hypothesis (p1=p2) and there is no significant 
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difference between the Fundamental Math course content pass rates for students in the 

redesign and students in the traditional lecture-based classroom. The students in the 

newly redesigned Redesign Math program passed the Fundamental Math course 

content at a similar rate to the students in the traditional lecture-based classrooms. The 

effect size of the pass rates in the redesign courses was compared to that of students in 

the traditional classes using an Odds Ratio (OR) and an Absolute Risk Reduction Risk 

Difference (RD). The OR is 1.235 (see Table 4.2), which indicates that the odds of a 

student passing the Fundamental Math course content topics in the Redesign Math 

course are 1.235 times as likely as the odds of someone passing in the traditional 

lecture-based Fundamental Math course. The RD is 0.050. This indicates that the 

extent to which the redesign changed the probability of a student passing is only 5%. 

Table 4.2 displays the results from this analysis. 

Table 4.2 

Two-Sample Test of Proportions for Students’ Pass Rates in the Fundamental Math 
Course Content for the Traditional and Redesigned Program 

Group N Proportion 

Rate 

p-value (p0=p1) 
 

Odds Ratio RD 

Different 
Lecture 466 0.590 > 0.248 1.235 0.050 

Redesign 50 0.640  
 

Pre-algebra. Since Redesign Math is a self-paced comprehensive course 

students have the opportunity to progress through multiple developmental course 

content topics in one semester. Twenty-four students who entered at the Fundamental 

Math level progressed through and passed with a C (73.3%) or higher both the 

Fundamental Math and Pre-algebra course content topics. Table 4.3 displays the pass 
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rates for spring Pre-algebra students from 2010 to 2015 and the pass rates for the 

Redesign Math students through the Pre-algebra level content in 2016. It should be 

noted that thirty-eight of the 123 students in the spring of 2015 Pre-algebra classes 

(approximately 30% of these students) participated in a pilot of the new redesigned 

teaching model. This had a slight impact on the pass rates for the spring 2015 Pre-

algebra students. Two rows are displayed for 2016. The first (2016a) exhibits the pass 

rates for students who entered the Redesign Math course at the Pre-algebra level. The 

second row (2016b) displays not only the students who entered the Redesign Math 

course at the Pre-algebra level, but also the students who entered the Redesign Math 

course at the Fundamental Math level who accelerated through both the Fundamental 

Math and the Pre-algebra course content topics. 

Table 4.3  

Spring Pre-algebra Pass Rates from 2010 to 2016 

Year Number of Students Number Passing 
with a C or 
higher 

Pass Rate 

2010 169  99 59% 
2011 152 80 53% 
2012 174 104 60% 
2013 176 104 59% 
2014 146 72 49% 
2015 123 75 61% 
2016a 65 51 78% 
2016b 89 75 84% 
 
 
There is a notable increase in student pass rates through the Pre-algebra course content 

topics in the 2016 redesign math classes when compared to the pass rates of the 

students in the 2010 to 2015 traditional lecture-based Pre-algebra classes. A one-tailed 
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Z-score Two Sample Test of Proportions compared the proportion of students who 

passed the Pre-algebra course content in the redesigned classrooms to those who 

passed in the traditional lecture-based classrooms. The results from this test yield a Z 

score of 5.0379 (p < 0.0001). From this statistical analysis it is apparent that we can 

reject the null hypothesis (p1=p2) and there is a significant increase in the Pre-algebra 

course content pass rates for students in the redesign compared with students in the 

traditional lecture-based classrooms. The effect size as measured by the OR is 4.073, 

indicates the odds of a student passing the Pre-algebra course content topics in the 

Redesign Math course are 4.073 times as likely as the odds of someone passing in the 

traditional lecture-based Fundamental Math course. The RD is 0.275, which indicates 

that the extent to which the redesign changed the probability of a student passing is 

27.5%. Table 4.4 displays the results from this analysis. 

Table 4.4 

Two-Sample Test of Proportions for Pass Rates in Pre-algebra in the Traditional and 
Redesigned Program 

Group N Proportion 

Rate 

p-value (p0=p1) 
 

Odds Ratio RD 

Different 
Lecture 940 0.568 < 0.00001 4.073 0.275 

Redesign 89 0.843  
 

Overall pass rates. The Redesign Math course was designed to allow students 

to accelerate their learning through the developmental course content. This 

acceleration minimizes the exit points that occur when a student is tasked with passing 

a course (> 73.3%) and then enrolling in a subsequent course in a developmental 

course series. Table 4.5 displays the overall pass rates through the Fundamental Math, 
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Pre-algebra, and Elementary Algebra course content in the spring 2016 Redesign Math 

course. 

Table 4.5 

Spring 2016 Redesign Math Students Who Passed Developmental Courses Content 

Mastered > 
73.3% of 

Fundamental 
Math 

Mastered > 73.3% 
of Pre-algebra 

Mastered > 73.3% 
of Elementary 

Algebra 

Number 
of 

Students 

Percent 

x   28 24.3% 
x x  24 20.9% 
 x  35 30.4% 
 x x 16 13.9% 

Students’ who passed content from one or more of the three 
courses, Fundamental Math, Pre-algebra, and Elementary 

Algebra, in the spring 2016 semester: 

 
 

103 

 
 

89.6% 
The analysis of the academic achievement of student participants in the 

Redesign Math classrooms revealed that twenty-four Fundamental Math level students 

passed both the Fundamental Math and the Pre-algebra course content and sixteen of 

the Pre-algebra level students passed both the Pre-algebra and the Elementary Algebra 

content. One-hundred and three of the 115 student participants in the spring 2016 

Redesign Math course passed at least one of the three developmental course levels. 

From the total population of spring 2016 developmental students, 89.5% passed one or 

more of the three courses, Fundamental Math, Pre-algebra, and Elementary Algebra.  

A Two Sample Test of Proportions was conducted to compare the combined 

proportion of students who passed the Fundamental Math course and the Pre-algebra 

course content in the newly redesigned classroom to the proportion of students who 

passed these courses in the traditional lecture-based classroom between 2010 and 
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2015. The results from this test yield a Z score of 4.45 (p <.00001). From this 

statistical analysis it is apparent that we can reject the null hypothesis (p1=p2) as there 

is a significant increase in students’ combined pass rates through the Fundamental 

Math and the Pre-algebra course content in the Redesign Math course compared to the 

students in the traditional lecture-based classroom between 2010 and 2015. The 

students in the Redesign Math course passed these course contents at a higher rate 

than the students in the traditional lecture-based classroom. The OR was 2.468. 

Therefore, the odds of a student passing the Fundamental Math or Pre-algebra course 

content in the Redesign Math course are more than twice as likely as that of a student 

passing these courses in the traditional lecture-based classroom. The RD is 0.19, 

which indicates that the extent to which the redesign changed the probability of a 

student passing is 19%. Hence, the effect size is notable. Table 4.6 displays the results 

from this analysis. 

Table 4.6 

Two-Sample Test of Proportions was used to Compare Students’ Pass Rates between 
Traditional and Redesigned Program of the Fundamental Math and Pre-algebra 
Course Content 

Group N Proportion 
Rate 

p-value (p0=p1) 
 

Odds Ratio RD 
Different Lecture  1406 0.575 <0.00001 2.468  0.19 

(large 

effect) 

Redesign 139 0.77  
 

Mindset 

Students’ mindsets were assessed through an analysis of the data collected in 

the form of classroom observations, student interviews, faculty feedback sheets, 
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students’ anonymous course evaluations, faculty questionnaires and faculty focus 

group meeting notes. The triangulation of the data helped to form a picture of 

students’ attitudes and perceptions on their abilities to learn mathematics.  

Classroom observations. There were 18 classroom observations. These 

observations were recorded and coded on observations sheets (Appendix G). Table 4.7 

displays the results of the classroom observation mindset analysis. 

Table 4.7 

Classroom Observations 
Date Number 

Students 
Observed 

For Mindset 

Percent Growth Mindset Percent Fixed 
Mindset 

3/23 12 92% 8% 
3/24 12 75% 25% 
3/29 7 100% 0% 
3/29 13 100% 0% 
3/29 3 100% 0% 
3/30 5 80% 20% 
4/1 8 88% 12% 
4/8 6 100% 0% 
4/13 18 100% 0% 
4/19 6 100% 0% 
4/20 6 100% 0% 
4/21 9 89% 11% 
4/22 8 100% 0% 
4/25 4 100% 0% 
4/26 6 100% 0% 
4/27 8 88% 12% 
5/2 4 100% 0% 
5/3 11 100% 0% 

Overall 95% growth-minded and 5% fixed-minded 

Note. Overall percentages were calculated based on the number of observations and 
not an average of the percentages.  
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Students were observed on their mindsets. The observers recorded notes on each 

individual student whom the observers were able to watch. Since some students were 

occupied with test taking, the observers were unable to assess all students on their 

mindset. Of the students who were observed 95% exhibited a growth mindset.  

Student interviews and faculty feedback.  Student interviews were 

conducted to determine students’ mindsets. Twenty-four students, 20% of the spring 

2016 Redesign Math population, were interviewed. Due to the nature of educational 

settings it was not possible to interview a random sample of students from the 

participant population, however the interviewed students represent the population in 

terms of gender and content knowledge at the commencement of the spring 2016 

semester. Of the 24 interviewed students, 58% were female and 42% were male, 

which is representative of the overall student population, which was 57% female and 

43% male. The 24 students interviewed range in their level of initial math content 

knowledge. The average of the initial Knowledge Checks for the interviewed students 

was 29% and the average of the initial Knowledge Checks for the student population 

was 30%. The responses each student made to the interview question numbers 1 

through 11 (Appendix C) were coded as growth, fixed mindset, or neither. The 

percentage of growth mindset responses from each interviewed student was matched 

with the student’s mindset rating as assessed by the instructors in the faculty feedback 

sheets. Table 4.8 displays the results of the analysis of students’ mindsets from the 

student interviews and faculty feedback sheets. This table also includes noteworthy 

statements students made during their interview.  
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Table 4.8 
Analysis of Students’ Mindsets from Faculty Feedback (N=8), Student Interviews  
(N=24), and Noteworthy Student Statements 
 
ID Instructor 

Rating 
1-5 

(1=fixed, 
5=growth 
minded) 

Interview 
Analysis: 
Percent 
Growth 
Minded 

Responses  

Key Phrases from Students Interviews  

1 3 56% I see mistakes as hurtles.  
2 5 100% I feel better at math than I was before. I feel like I 

can figure problems out.  
3 3 70% It (solving challenging math problems) stresses me 

out. You learn from them (mistakes).  
4 5 89% Give me a few minutes and I will solve it.  
5 4 80% Now that I am taking this class I can sit down and 

look at the problems and not be afraid of them.  
6 4 90% When I was in high school I was not capable of 

learning. It’s coming across now. I can relate to 
them (variables) better now.  Math is always going 
to be difficult for me.  

7 3 50% Math is difficult for me, but I know that I’m going 
to make mistakes a lot. The work being done 
depends upon how much time you put in.  

8 5 75% Kind of anxious. I see what I did wrong. It’s part 
of learning.  

9 3 56% Frustrated (with challenging problems). 
Eventually (will solve them.) With this class I am 
actually able to learn it.  

10 4 75% This is helping us (learn) and we (his sister) are 
not good at math. I’m pretty smart.  

11 5 71% I have never been really good at math. Try again 
(if I make a mistake).   

12 5 60% (I feel) Accomplished. I will be on it for hours 
until I make them all green and if I can’t do it I 
move to a different topics and come back later.  

13 5 100% In high school. I had a learning disorder and I 
didn’t do well. Now I understand most of it. 
Challenged. 

14 3 67% I’m better with English. In science I’m bad. I don’t 
want to have to rip my eyes out. Math in general 
scares me. I feel so stupid.   
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The students’ statements displayed in Table 4.8 (IDs 2, 5, 6, 9, 10, 18, 19, 20, 22) 

indicate that these students developed towards a growth mindset during the redesign 

course. The mean, median, and mode for students’ percentage of growth mindset 

responses were 76%, 78%, and 80% respectively. The responses from half of the 

interviewed students were 80% or more growth minded. All students’ responses were 

at least 50% growth minded.  

Open-ended questions on course evaluations. Sixty-seven students of the 

115 spring 2016 Redesign Math students (59%) voluntarily completed the course 

evaluations (Appendix A). Since the course evaluations were anonymous it cannot be 

verified whether this sample of students adequately represents this student population. 

15 5 90% I actually enjoy the challenge.  
16 4 80% This is my second semester and I am going to 

finish.  
17 4 91% I keep doing it until I get it correct. I do invest 

time because I need to make sure I understand it.  
18 4 70% I feel like I know a lot more than I did when I first 

started. I want to just give up sometimes when I 
am frustrated.  

19 5 50% I feel like mistakes are all part of the learning 
process.  My experience with this course has been 
quite an adventure.  

20 5 89% In this course I can make mistakes but I eventually 
get it right.  

21 3 64% I feel excited (to learn). I don’t give up. I don’t 
think that I put my all into this class. I should have 
done a little more at home.  

22 5 100% I feel challenged in a positive way. I was learning.  
23 3 80% I feel like making mistakes is part of the process.  
24 5 80% I always do my best to figure it out on my own 

before I run to the instructor. Sometimes it takes 
me a while 
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Table 4.9 displays students’ responses to the course evaluation open-ended questions 

14 and 15 that exhibit mindset. 

Table 4.9 

Students’ Responses to Anonymous Course Evaluation Open-ended Questions 14 and 
15 that Exhibit Mindset (N=67) 
 
14. What changes would you suggest to improve learning in this course?  
15. What has been most effective in helping you learn? 
Growth  When you are stuck on a problem it has a link you click on and it 

helps you figure out how to solve that problem. When helping with 
that problem it helps with the other problems in that chapter. 
The fact that I have been able to write down all the steps in order to 
help me solve the problem. 
I feel much more secure about math than I did before the course. 
My drive to finish the class and move forward with my education. 
The fact that this is a go at your own pace course. Just leaving me to 
work! :) 
The site makes it easy for you to actually learn all the mathematical 
concepts. 
The most effective thing that has helped me learn was repetition and 
tutoring. 
Professor was great!! She was ALWAYS helping and if you didn't 
understand, she would stay until you did. 
The self pace and ability to work and learn on your own. 
The freedom to do the math on your own schedule. 
Flexibility of schedule and working at my pace. 
Working on the computer for the whole program really helped me 
stay up to task on my work. 
Being able to see in front of me how all of the math is pieced 
together. 
The review test that you have to do online helped me a lot with 
different subjects that I had trouble on. 
 

Emerging 
Growth 
Mindset 
 
 
 
 

Once mastering the online learning, the program is amazing. 
Note taking and instructor help and explaining different ways. 
Being able to access the system at any time is helpful and stress 
relieving. 
My professor helping me understand the course material. 
I have had an easier time learning and grasping the information. 
The software as a whole is a good learning tool and it is helpful to 
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Fixed 

have the professor available for tutoring during class. 
It was a go with flow kinda class so nothing ever felt rushed. 
I did learn some things that was about math and how to do it right. 
My teacher was extremely helpful in getting me to my goal. 
 
Nothing. 
Nothing. 
This ALEKS course is a great learning tool. I feel that I'm the 
limitation. 
Giving me answers. 
I found it difficult to keep myself motivated. 

 

An analysis performed on students’ responses to the open-ended questions 

(items 14 and 15) in the course evaluations (Appendix A) determined students’ 

mindset. Each set of responses was coded as growth mindset, fixed mindset, or 

neither. The percentage of students who responded with a growth mindset or a fixed 

mindset was calculated. Since the mindset could not be determined for all of the 

students who completed the course evaluations the sum of the percentages is not equal 

to 100%. Table 4.10 displays these results of this analysis. 

Table 4.10 

Analysis of Students’ Mindsets Based on Student’s Responses to the Course 
Evaluation Open-ended Questions (N=67) 

Construct being Measured Percent of the Sample  
Growth Mindset 46% 
Fixed Mindset 3% 

 

Analysis of faculty questionnaires. At the end of the spring semester each 

instructor completed a questionnaire concerning the teaching of this redesign program 

(Appendix D). Faculty responses to questions 1-4, 6 and 9 in the faculty’s 
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questionnaire were evaluated for students’ mindsets. A mindset analysis of instructors’ 

responses to question number one on the faculty’s questionnaire is displayed in Table 

4.11. 

Table 4.11 

Mindset Analysis on Responses to Faculty Questionnaire Question One (N=6) 
How do your students respond to learning new math concepts? 
 
Growth mindset responses: 

Most students accepted learning new ideas.  
Students enjoy learning new math concepts. It gives them confidence that 
they can understand and learn the material.  
Some seem to get excited because they see an immediate relationship 
between the problem and their everyday life experiences. 
Students know they have to do the work so roughly half of the class attends 
regularly and works hard.  A few students really “get into” ALEKS.  
70% are interested; 10% are impressed. 
Some students seem to get excited because they see an immediate 
relationship between the problem and their everyday life experiences.  

 
Fixed mindset response: 

   20% are not impressed at all 
 

A mindset analysis on instructors’ responses to question number two on the faculty’s 

questionnaire is displayed in Table 4.12. 
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Table 4.12 

Mindset Analysis on Responses to Faculty Questionnaire Question Two (N=6) 

How do your students react when they are asked to solve a challenging math 
problem? 
 
Growth mindset responses:  

Plowing through the problem, trying it a few times, then ask for assistance. 
They do use the recourses that ALEKS provides as well as asking the 
instructor.  
They would try. 
Some feels it is a challenge and enjoys, to some extent, trying to work out 
the solution without any help.  
I don’t feel that any of the early requestors ask out of laziness or a refusal to 
try on their own. When asked what they are stuck on in solving the problem, 
they are very quick to point out the things they thought of or tried but failed 
getting a satisfactory answer.  
The “never ask” group do not like to get help. They have a “Darn it I can do 
this on my own” self-challenge attitude. 

 
Emerging growth mindset responses: 

Some work through it only because that is what you have to do to get on to 
the next section.  
Most students faced with a challenging problem will ask for help. 

 
Fixed mindset responses: 

I do find that they will sometimes change to another topic when they 
struggle with a question. 
Some do not really pay attention to what they are doing. They are just 
moving forward. 

 

A mindset analysis of instructors’ responses to question number three on the faculty’s 

questionnaire is displayed in Table 4.13. 
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Table 4.13 

Mindset Analysis of Responses to Faculty Questionnaire Question Three (N=6) 

What strategies do your students use when solving challenging math problems? 
Growth mindset responses: 
 

Writing notes down copying similar problems to refer back to as needed and 
reading the explanations several times. 
Talking it over with me helps them out and helps them understand the 
problem. 
Students usually study the examples, take notes and attempt the problems. 
When very challenged or confused, they ask for help. 
Students mostly use their notes. 

 
Fixed mindset responses: 

For some their critical thinking skills are poor to non-existent. 
 

A mindset analysis of instructors’ responses to question number four on the faculty’s 

questionnaire is displayed in Table 4.14.	    
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Table 4.14 

Mindset Analysis on Responses to Faculty Questionnaire Question Four (N=6) 
Will your students spend a lot of time when solving a challenging math 
problem? 
 
Growth mindset responses: 

Yes. 
If it is a topic they like most are up to the challenge. 
There are some students that are self-sufficient and do whatever it takes to 
learn and solve. 
Students will. 
There are some that will try for a few attempts before asking for help. 
These students seem to use their time most efficiently. 

 
Fixed mindset responses: 

If it something like fractions, they will change topics and come back to 
that problem. 
No, some do not.   
Some prefer to spend less time to solve math problems. 
In my mind, some do spend a lot of time looking like a deer in the 
headlights making no progress at all. 

 

A mindset analysis of instructors’ responses to question number six on the faculty’s 

questionnaire is displayed in Table 4.15. 
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Table 4.15 

Mindset Analysis on Responses to Faculty Questionnaire Question Six (N=6) 
How do your students react when they make a mistake? 

 
Growth mindset responses: 

Some realize what they did when they look at the answer or the steps for 
the correct answer. 
Some will keep working and using the recourses to understand it.  
Some realize what they did when they look at the answer or the steps for 
the correct answer. 
Some just plug away. 
Disappointed but still try doing their best. 

 
Emerging Growth Mindset 

Some are frustrated. They may try several times before asking me or they 
may ask me right away before trying again.   
 

Fixed Mindset 
Some will move on to another topic and take a break.   
Some groan and one (lightly!) bangs his head on the desk. 

 
 
A mindset analysis of instructors’ responses to question number nine on the faculty’s 

questionnaire is displayed in Table 4.16. 
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Table 4.16 

Mindset Analysis on Responses to Faculty Questionnaire Question Nine (N=6) 
Are there any differences in your students’ behavior and their reactions to 
learning math when you compare their behavior early in your course to now at 
this later point in the course? 
 
Growth mindset responses: 

They have learned that getting the wrong answer has no public 
dishonor. They recognize that they can continue getting a few wrong 
answers without a penalty. 
I think the most important difference is that they can put in work and get 
out progress at their own pace. Whether they progressed one chapter or 
eight is not the focus of their course overview. It is, rather, that they 
made progress. 
I believe that they all recognize that if they put in more effort, they will 
make more progress 
Students are learning that they actually have to do math and practice 
math in order to learn it. 

 
Fixed Mindset 

I believe that they recognize that the only reason if they didn’t get 
further along is that they didn’t deserve it because of their deficiency 
and not that of the course. 
About ¼ to ½ of my students get frustrated by the work they have to do 
and will stop doing the work and stop coming to class.  I find that this 
compares pretty directly to the same number of students that would stop 
coming to class in a face-to-face classroom. 

 
 
Affect 

Students’ affects were analyzed through data collected in the form of 

classroom observations, student interviews, faculty feedback sheets, students’ 

anonymous course evaluations, faculty questionnaires and faculty focus group meeting 

notes. Triangulation of this data helped to form a picture of students’ attitudes and 

emotions while learning in the redesigned teaching environment.  
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Classroom observations. There were 18 classroom observations. Students 

were observed for their affect. These observations were recorded and coded on 

observations forms (Appendix G). The observers recorded observations on only the 

individual students whom they were able to observe. Of the students who were 

observed 89% exhibited a positive affect. Table 4.17 displays the results of the affect 

analysis on the classroom observation data. 

Table 4.17 

Classroom Observations 

Date Number 
Students 
Observed 
for Affect 

Percent 
Positive 
Affect 

Percent 
Negative 

Affect 

  

3/23 7 71% 29%   
3/24 11 100% 0%   
3/29 3 100% 0%   
3/29 13 100% 0%   
3/29 4 100% 0%   
3/30 5 80% 20%   
4/1 7 86% 14%   
4/8 6 83% 17%   
4/13 5 80% 20%   
4/19 10 100% 0%   
4/20 5 40% 60%   
4/21 2 100% 0%   
4/22 8 100% 0%   
4/25 5 80% 20%   
4/26 8 100% 0%   
4/27 7 86% 14%   
5/2 3 100% 0%   
5/3 9 100% 0%   

Overall percentages: 89% 9%   

Note. Overall percentages were calculated based on the number of observations and 
not an average of the percentages. 
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Student interviews and faculty feedback. Student interviews were conducted 

to determine students’ affect. The student responses to interview question number 16 

(Appendix C) were matched with their affect scores from the completed faculty 

feedback forms (Appendix I). The results are displayed in Table 4.18. The mean, 

median, and mode for students’ affect scores were 4.4, 5.0, and 5.0 respectively. More 

than 79% of students interviewed had an affect score of 4 or 5, and none of the 

students had affects scores of 1 or 2. 
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Note. Affect Scale: 1-5, 1: Negative, 5: Positive 

Table 4.18 
Students’ Affects Scores from Faculty Feedback (N=8) and Corresponding 
Noteworthy Student Statements from Student Interviews (N=24) 
ID Affect Level                                     Students’ Statements  

1 4 I find that traditional math classes are more beneficial for my learning.  
2 5 I would recommend this class. Positive experience. Beneficial!  
3 3 I like the course. This class helped me more than anything else.  
4 5 Coming from someone who hates math, I think this program is 

awesome.  
5 3 I love the class. It is ideal.  
6 5 I can make it a positive experience and not a negative one. This class is 

definitely very helpful.  
7 4 I like it.  
8 5 I like it. I don’t like that this class is primarily online.  
9 3 I like it a lot better, a 150% better. I began the class with anxiety and I 

took a Xanax every morning before class. I don’t need my medication 
to lower my anxiety because I don’t have much anxiety anymore when I 
go to class.  

10 5 This works for me.  
11 5 I like this program. 
12 5 It all worked well. I found value in coming to class.  
13 5 It’s a good thing.  I like the way this class is taught. 
14 4 I like not having to have a teacher lecture me for two hours. 
15 5 I like the way this class is taught. 
16 5 I think the program works really well as it is designed.  
17 3 I would absolutely recommend this course.  
18 4 I need deadlines. If I had deadlines I could still be self-paced.  
19 5 Because it is an up and down feature. This class helps motivate. 
20 5 Great fellow classmates in this class to always keep a positive energy to 

continue learning and we push each other to pass this class. It makes me 
feel good. It is definitely a positive thing.   

21 4 I like that I can go at my own pace.  
22 5 I initially did not like because it is a personal challenge is doing the 

course on the computer. But now that I have gotten into the groove of it 
I’m getting used to it. I like the course.  

23 5 I like how it is set up and tells you the right way to do it after.  It is a 
good way to learn.  

24 3 I like this course. You don’t get left behind like in a traditional 
classroom. Overall for someone who has been away so long, I needed 
this! 
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The analysis of the student interview transcripts indicates that many students 

tended to have a positive affect during the last half of the semester when this data was 

collected. As displayed in Table 4.18, students’ statements (IDs 4, 9, 22, 24) indicate 

that these students developed towards a positive mindset during the redesign course.  

Likert survey responses on course evaluations. Table 4.19 displays the 

average student responses to each of the Likert survey questions. 

Table 4.19 

Average Student Responses to the Course Evaluations Likert Survey Questions (N=67) 

Scale: 1. Strongly disagree, 2. Disagree, 3. Agree, 4. Strongly agree 
 
Statement           

 
Average  
Response 

1.  The course was well organized. 3.1 
2.  Course learning objectives were clearly defined and understandable. 3.1 
3.  The course assignments were directly relevant to the course learning 
objectives. 3.4 
4.  My instructor chose approaches and activities that enhanced 
learning. 3.4 
5.  Regular assignments encouraged early and continuous participation 
in the course. 3.2 
6.  My instructor explained concepts clearly. 3.5 
7.  My instructor used a variety of teaching techniques. 3.1 
8.  My instructor provided helpful feedback on my performance. 3.4 
9.  My instructor related to students in a way that encouraged respectful 
interactions. 3.4 
10. My instructor was available and accessible. 3.5 
11. The textbook was useful to my learning. 3.0 
12. Library resources met my learning needs. 3.4 

 

Students’ responses to six of the Likert survey questions (Appendix A) were used to 

measure students’ affects (i.e. items 1 - 10). The average response to these questions 

was a 3.3 (agree to strongly agree). These responses to the Likert survey questions 
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indicate that most students were satisfied with the redesign courses. They primarily 

agreed that the course was well taught, organized, had clear objectives and supportive 

resources. 

Open-ended course evaluation questions. Table 4.20 displays students’ 

responses to the open-ended course evaluation question 14 that exhibit affect. Students 

with a positive experience shared that the class ran smoothly, the instructor was 

helpful, and the learning system was organized and easy to navigate. Students who had 

negative experiences shared that they did not like working on a computer, they found 

the content disorganized, they dislike the Knowledge Checks because they forced 

them back to work on previous topics, and they believe that the learning system 

sometimes assessed their answers incorrectly.  
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Table 4.20 

Noteworthy Affect Responses to Course Evaluation Open-ended Question 14 (N=67) 
What changes would you suggest to improve learning in this course? 
Positive  I would not suggest any changes. 

I can't think of anything! :) 
I would say that this learning system is pretty good. 
I wouldn't make any changes to this course. 
I wouldn't choose to change anything. My Teacher was great. The 
program was easy enough to understand. 
I do not think that there needs to be any changes. 
Nothing the course was very well put together. 
I believe this class should be fine the way it is. 
This class ran smoothly and the online website was well organized 
None. 
Nothing. 
Nothing I would change in this course. 

 
Negative I didn't like how this course for me was on a computer. 

I cannot learn through a computer program. I learn through 
conversation. 
I find the curriculum disorganized. Getting the advanced topics 
before the basic ones so that you understand the equations and why 
you are doing them is very frustrating. The Knowledge Checks are 
to frequent and more like a punishment than being helpful as they 
drag you backwards. 
The program itself has a few issues. Sometimes it will tell you that 
you got an answer wrong when the answer you got is exactly the 
same as the one that's given. 

 

Students elaborated on reasons for their positive affect in their responses to the 

anonymous course evaluations question 14. The topics that emerged from students’ 

responses to this question were: (a) web-based adaptive learning system; (b) due date 

and deliverables, (c) classroom time with the instructor (See Table 4.21). 
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Table 4.21 
 
Classification of Students’ Negative Affect Responses to Course Evaluation Open-
ended Question 14 
Classification What changes would you suggest to improve learning in this 

course? 
Classroom 

and 
Instruction 

Having class more frequently. 
I would suggest more time in class that will helping me to 
better improve my learning in this course. 
I would want this class to have the professor write the 
math problems on the board.  
I would suggest that for the next course instead of 
everything being on the computer maybe having the 
teacher teach a certain chapter from the computer and then 
students would then have to apply it as homework. 

 
Due Date and 
Deliverables 

Assign at least 30 minutes of homework a night. 
I wish I'd had more structure or homework. 
There were no due dates and no homework, making it 
harder to work.  
If there were assignments and due dates, the class would 
be more helpful to the students. 
It just needs to have more deadlines. 
To have more structure and deadlines.  
Give students completion goals and help pace them along 
to finish the class. 
I think if there were assignments and due dates, the class 
would be more helpful 

 
Content and 

Grading 
Explain to the future students that it is a combined 3-class 
program and it may take more than one semester to 
complete and suggest that they purchase the 52-week 
instead of the 18 weeks. 
Make sure the content being learned is related to the field 
the student is going into. 
There is too much in this one class and not enough time to 
complete it. 
Rather absurd amount of material covered. 
It’s nearly impossible to complete the course in one 
semester. 
I disagree with the grading aspect. 
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Students elaborated on reasons for their positive affect in their responses to the 

anonymous course evaluations question 15. The topics that emerged from students’ 

responses to this question were: (a) web-based adaptive learning system; (b) due date 

and deliverables, (c) classroom time with the instructor (See Table 4.22). 

Table 4.22 
 
Classification of Students’ Positive Affect Responses to Course Evaluation Open-
ended Question 15 
Classification What has been most effective in helping you learn? 
Web-based 
Adaptive 
Learning 
System 

 

The math computer program. 
When on ALEKS and you are stuck on a problem it has a link you 
click on and it helps you figure out how to solve that problem.  
The ALEKS website was a really good learning tool.  
The whole ALEKS program was helpful and I feel much more 
secure about math then I did before the course. 
This learning system is pretty good. I like being able to access the 
organized system at any time is very helpful and stress relieving. 
The ALEKS site makes it easy for you to actually learn all the 
mathematical concepts. 
Once mastering the online learning the program is amazing. 
Being able to see in front of me how all of the math is pieced 
together. 
The software as a whole is a good learning tool  
I would say that the most effective thing for me is that it is online. I 
have had an easier time learning and grasping the information. 
Specifically working on the computer for the whole program really 
helped me stay up to task on my work, thanks for a great semester. 
This ALEKS course is a great learning tool.  

 
Classroom 

time with the 
Instructor 

My Professor.  
The teacher was a huge part of my learning.  
My professor’s help. 
Instructor help and explaining different ways. 
One-on-one sessions with the teachers. 
Two and a half hour classes. 
My professor was always helpful and encouraging. 
Professor was great!!She was ALWAYS helping and if you didn't 
understand, she would stay until you did. She went over her 
expectations as a professor, and I so enjoyed taking her class. 
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VERY HELPFUL, AND 150% COMMITTED!!!!!!!!!!!!!! 
My teacher was extremely helpful in getting me to my goal. I 
would not have been able to get as far as I did with out her help, 
amazing teacher. 
The instructor was the most useful asset to making it through the 
class. 
The instructor herself was extremely helpful. 
Being able to talk to teacher one-on-one. 
The instructor walking me through certain objectives. 
The professor available for tutoring during class. 
My professor helping me understand the course material. 
The teacher's feedback. 

 
Self-paced 
Learning 

Doing it myself. 
The fact that was a go at your own pace course, and there is NOT 
any lecture, unless needed, and the instructor was very 
understanding about just leaving me be to work! :) 
The fact that the course is set up for the students to work at their 
own pace is a marvelous idea. 
The self pace and ability to work and learn on your own. 
The freedom to do the math on your own schedule is very good. 
Flexibility of schedule and working at my pace. 
It was a go with flow kinda class so nothing ever felt rushed.  

 

An analysis on student’s responses to the open-ended questions (items 14 and 

15) in the course evaluations (Appendix A) determined each student’s affect. Table 

4.23 displays the results of this analysis. 

Table 4.23 

Analysis of Students’ Affect Based on Each Student’s Combined Responses to the 
Course Evaluation Likert Survey and Open-ended Questions (N=67) 

Construct being Measured Percent of the Sample 
Positive Affect 78% 
Negative Affect 10% 
Mixed Affect 12% 
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Each set of responses was coded as positive affect, negative affect, or mixed affect. 

The percentage of students responds for each coding was calculated. 

Analysis of faculty questionnaires. At the end of the spring semester each 

instructor completed a questionnaire about teaching in this redesign program 

(Appendix D). Table 4.24 displays instructor’s responses to faculty questionnaire 

question 5, 7 and 9 that indicates students’ positive affect. 
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Table 4.24 

Positive Affect Responses to Faculty Questionnaire Question 5, 7 and 9 (N=6) 
5. How do your students react when they answer a problem correctly? 
 

It gives them confidence that they can do the work and makes them want to do 
more. 
They are relieved and happy. 
Smiles when they are on a roll! 
They are happy and have more motivation to learn math. 
If I’m walking around and happen to see them get a “correct” after pressing the 
submit button, I usually make a comment and most times they smile. 

 
7. What about your class tends to make your students appear happy?  
 

Many of them are happy when they finally understand a concept, especially if the 
struggled with it in a previous math class. The “now I get it” moment. 
Progressing along in the objectives and moving forward in the chapters.  Getting 
the high scores and passing the test. 
Making progress in the course and getting good test grades. 
Mastered chapters by solving the math problems and learning something       
new. 
The ALEKS celebration page when they finish a chapter or after correcting a 
wrong answer because they found the mistake with either no help or minimal 
help from me looking over their shoulders. 
 

9. Are there any differences in your students’ behavior and their reactions to learning 
math when you compare their behavior early in your course to now at this later point 
in the course? 
 

At the beginning mostly students are curious about ALEKS and at the end of 
semester they like it. They have a lot of options and choices. 
I believe that for most, if not all, they are more positive in their actions.  
Most students that have not taken this course before are concerned about learning 
math on a computer.  However, once they start they are off and running.  
Students that are returning are very comfortable with the program.  
I think when they started (this goes for both 1 and 2 semester students) the 
semester they were intimidated by all the work. But now they are proud of all 
they have accomplished 
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Table 4.25 displays instructor’s responses to faculty questionnaire question 8 

that indicate students’ negative affect. 

Table 4.25 
Negative Affect Responses to Faculty Questionnaire Question 8 (N=6) 
8. What about your class does not tend to makes your students appear happy? 
 

Students that do not want to work are very frustrated by the fact that they have to 
actually work.  Also, students that are extremely challenged by math are 
frustrated by the amount of work and the amount of time they will have to put 
into the course. 
They tell me the material they struggle with (fractions or something along those 
lines). 
The knowledge check that slows their progress or makes them go back and redo 
previous skills.  Having to do the same type of problem over and over again.  
The explanation may be too detailed in a missed problem.  They might need a 
shorter simpler version. 
Their personal problems. 
The only times I see a level of unhappiness is when the student is frustrated with 
the complexity of an already difficult problem increase. 
There are also a few that suffer from “Why do we have to solve this kind of 
problem?” “When will we ever need to solve these equations?” “It is a waste of 
time!”  

 
Additional Research Findings 

Additional findings that surfaced are ancillary to the research questions under 

investigation; however, they have merit and worth since their implications influence 

future modifications to the Redesign Math course, which support the efficacy of a 

strong developmental mathematics education program. 

Student feedback. Feedback from students indicated that they appreciated the 

self-paced learning and the availability of the web-based learning system. Many 

expressed that their math anxiety and stress levels decreased. They communicated that 

they valued the one-on-one instruction and support that instructors provided. Students 
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primarily agreed that the course was well taught, organized, had clear objectives and 

supportive resources. Students shared that they would appreciate more instructor led 

lessons in the classroom to supplement their learning and more time in the learning 

lab. 

Faculty feedback. The instructors enjoyed teaching this course. They 

appreciated that the redesigned classroom provided the differentiated instruction and 

scaffolding that enabled their students to work at their own pace and created 

opportunities to work one-on-one with students. Anecdotally, instructors noticed that 

the small level of attrition appeared to be the same as at it was in their lecture-based 

courses. Instructors shared that some students were initially concerned about the large 

number of course topics and the new classroom model; however, as the semester 

progressed these students appeared proud of their accomplishments and happy with 

the learning environment. The instructors shared that their students learned that they 

have to work on math problems and practice what they have learned in order to 

progress in their learning. The faculty explained that students usually read the 

examples, take notes, attempt the problems and then refer back to their notes while 

they work. When challenged or confused, they asked their instructors for help. If the 

instructor was busy with another student, they used the learning system resources. 

Students’ success gives them confidence and the motivation they need to continue 

learning. Instructors explained that a key element to this course is that it empowers 

students who previously had not been successful in a math class. Instructors would 
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like to have more support available for their students outside of the classroom.  One 

suggestion was for an open lab on campus with a tutor.   

Faculty Questionnaires. Table 4.26 displays additional findings from faculty 

responses to item 10 in the faculty questionnaire: Describe your overall experience of 

teaching this course. 

Table 4.26 

Analysis of Responses to Faculty Questionnaire Question 10 (N=6) 
 
10.  Describe your overall experience of teaching this course. 
 
Instructors’ responses indicate that they enjoyed teaching this course: 

I really enjoyed teaching this course.  
I enjoy teaching this class.   
This is the first time teaching this course and I am leaving the semester 
very positive about it 
I think ALEKS is good program and students like it. 
I liked teaching in this class much more than I liked teaching our old Math 
070 and 080 classes because my students were all learning! 

 
Instructors’ responses indicate that they like the self-pace: 

I like that they can work at their own pace.  
I got to see the benefit in having students work at their own pace on 
material that was challenging to them.  
Almost every student was at a different place in the course as far as 
chapters but, even for those at the same physical place, they proceeded 
forward from there at different times and with different speeds. 
I found having both 1st and 2nd semester students this was the best 
strategy because everyone one was in some many different places. 
ALEKS provided the scaffolding and differentiated instruction to enable 
this self-paced learning environment that helped my struggling students to 
relax as they worked at their own paces. It also prevented my more 
proficient students from becoming frustrated because they could move 
quickly through the material. 
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Instructors’ responses indicate that they valued their one-on-one time with 
students: 

I also like getting to sit down one-on-one with the students and work 
through problems with them.  
Working one-on-one with students helped to create a relaxed and alert 
classroom in which everyone appeared to feel confident, valued, and 
respected. 
I appreciated the opportunity to have one-on-one time to work with my 
students. It gave me the time to get to know them and to provide the 
support they needed. I could feel a strong instructor-student relationship 
building, which eventually spread through the classroom as students began 
helping each other.  Our class turned into a highly collaborative learning 
environment. It was an uplifting experience! 

 
Instructors described their students as actively engaged and working: 

The students that complete the course are finally working hard and learning 
math.  
Students work very hard. 
Due to the teaching and learning design all of the students were activity 
engaged during their time in the classroom. 
 

Students appeared to be moving forward and retaining what they learn: 
I am guessing that their retention would also improve over the previous 
face-to-face classes. 
Students expressed to me that they are finally not only learning math but 
also remembering it because ALEKS keeps checking their previously 
acquired content knowledge through regular knowledge checks. They tell 
me that they are forced to remember material and they have found this 
helpful in learning new concepts. 
Its ability to move more students further along than would have happened 
using the more traditional lecture style. 
Faculty would like more outside support for their students: 
More support for them outside of class would be great. An open lab on 
campus with supervision would be great for them to have access to ALEKS 
and get more time logged in. I think some of the frustration comes from 
students working by themselves outside of class and not having someone 
accessible there to correct mistakes they are making immediately. 
Some instructors have discussed opening their classroom to students who 
are in other classes. This would allow student the opportunity to spend 
more time working in ALEKS with an instructor available.  
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Faculty focus group findings. In the last four weeks of the semester there 

were weekly faculty focus group meetings during which time faculty shared their 

experiences from teaching in this newly redesigned classroom. The primary topics of 

discussion that emerged during the faculty focus group meetings had to do with the (a) 

course design, (c) student expectations, and (d) integrity (Table 4.27). 
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Table 4.27 
Analysis of Faculty Focus Group Meeting Notes (N=8) 
The faculty agreed on the following: 
 
Course design 

Knowledge Check frequency should be maintained.  
The method of transferring students’ work into subsequent semesters of the 
course so that students may begin learning in their subsequent semester at a 
point where they ended in their previous semester.  
Students were discovering that they must put effective effort into their 
problem solving when taking a Knowledge Check so that their mastery of the 
content is be properly evaluated and they are placed appropriately in the 
learning system. 
Adjustments to the course grading are needed. 
 

Student expectations 
Need individual personal learning plans (PLP) for each student. Each 
student’s PLP should be maintained by the instructor and should include 
milestone and due dates.  
Many students work in the learning system only during classroom time, and 
students who attend class regularly tend to perform better.  
Instructors should be teaching students to be responsible. 
Academic failures should be submitted for students who have not worked a 
minimum of 3 hours a week in the learning system by the middle of the 
semester and also if students have not purchased the learning system before 
their free two-week access period has expired. 
Students should be encouraged to go back and increase their mastery if it 
goes down after a Knowledge Check because it will help them to be more 
successful in subsequent chapters. 
Stronger guidelines in the syllabus were needed: 

Expectation for class participation and maintaining a notebook.  
Guideline for academic failures.  
Deadline for purchasing the web-based learning system. 
Minimum requirement for classes attended and hours spent working 
in the learning system. 
Guidelines for when each test must be taken in the classroom.  
 

Integrity 
All tests must be administered in a proctored environment.   
Testing students should sit in the front of the classroom to help with the 
proctoring.  
Some of the Knowledge Checks be administered in the proctored classroom. 
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In this course students are continually assessed on their content knowledge as 

they move forward in their learning. This is done through regular Knowledge Checks. 

If students forget previously learned topics then the system returns them to these 

topics so they may re-master them. Knowledge checks are given each time a student 

works in the learning system for 15 hours or masters thirty new topics. The faculty 

agreed that this criterion should be maintained. Students taking the course a second 

time continued learning at their prior mastery level. Instructors shared that students 

learned to put effective effort into their problem solving when taking Knowledge 

Checks so that their mastery of the content was properly evaluated. 

The faculty also addressed course grading. Since the Redesign Math course 

consists of content from three previous developmental courses, Fundamentals of 

College Math, Pre-algebra, and Elementary Algebra, some students needed to 

complete the course in multiple semesters. During the course evaluation the faculty 

collaborated in designing a grading system (Appendix J) that would prevent 

hardworking students from earning poor grades. This grading system helped students’ 

maintain positive attitudes during their self-paced learning at their mastery level.  

Instructors were able to track the dates, times, and duration of time during 

which their students worked in the ALEKS learning system. They discovered that 

many students worked primarily during classroom time. They found that students who 

attended class regularly and maintained class notebooks mastered content more 

quickly than students who did not. The faculty agreed that stronger guidelines in the 

syllabus were needed. New guidelines should include student expectations for class 
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attendance, keeping a notebook, and the minimum number of hours spent working in 

the learning system. Instructors also addressed the need for individual personal 

learning plans (PLP). Instructors have the ability to track each student’s progress and 

upcoming topics using the learning system. Each student’s PLP can be maintained by 

the instructor and should include milestones and due dates. Instructors agreed that 

since the ALEKS learning system administers and grades student assessments, 

professors had more time available to create individual PLPs for their students.  

Faculty recommended that a program evaluation of the redesigned 

developmental mathematics program be implemented regularly in an effort to 

continually fine-tune and improve the program to meet the needs of the students and to 

maintain the program’s utilization of up-to-date technology and instructional 

methodologies. 

At a follow-up meeting during the summer semester of 2016, a member of the 

faculty focus group said the following about the students in the Redesign Math course 

(Math 090), whom she refers to as the prerequisite students:  

I think we will all agree that the prerequisite students, in general, are separated 

into three categories: those that just don't care, those that succeed no matter 

how the course is taught and then the ones that try hard but frequently give up 

for whatever reason.  Since this is my third semester teaching this course I 

have been able to follow students in that third category and see them working 

harder than ever and actually succeeding.  I think that Math 090 is teaching 
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more than math; it is teaching students that they can succeed if they stick to it 

and work hard. A good lesson no matter what the course. 

Chapter Summary 

This chapter describes the results that emerged from the quantitative and 

qualitative data analysis from this mixed methods program evaluation.  

Academic achievement. The spring 2016 pass rates for students through the 

content in the Redesign Math were compared to the spring 2010 through 2015 pass 

rates for students in the college’s traditional sequence of three developmental math 

courses, Fundamental Math, Pre-algebra, and Elementary Algebra. The Fundamental 

Math course content pass rates for students in the redesigned classes is similar to the 

pass rates for the students in the traditional lecture-based classes; however, the Pre-

algebra course content pass rates for the students in the redesign classes significantly 

exceed that of the students in the traditional lecture-based classes. The extent to which 

the redesign changed the probability of a student passing the Pre-algebra course 

content is 27.5%. The calculated odds of a student passing the Pre-algebra course 

content in the Redesign Math course are 4.073 times as likely as the odds of someone 

passing in the traditional lecture-based classroom. Furthermore, the accelerated nature 

of the redesigned developmental program that reduces exit points by allowing students 

to complete the content from multiple courses in one semester increased the overall 

course content pass rate to 89.6%. The redesigned developmental math program was 

effective in accelerating students through the content of multiple courses and resulted 

in 34.8% of the students passing the content from two of the developmental courses. 
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 Mindset and affect. The data analysis revealed that students primarily 

exhibited positive affects and growth mindsets during their participation in the newly 

redesigned developmental mathematics program. A common theme that emerged is 

that students’ positive affects and growth mindsets developed from their experiences 

in the redesigned course. Many students explained that they liked the self-paced 

learning with the help from their instructor and the web-based learning system. 

However, a few students expressed that they preferred the traditional lecture-based 

classroom because they do not like using the computer, they dislike the Knowledge 

Checks because they bring them back to topics they already worked on, and they are 

concerned that the learning system may be incorrectly marking some of their answers 

as wrong. Feedback from the instructors indicates that many of these students changed 

their perception of the redesign teaching model and developed a more positive attitude 

towards the newly redesigned program as they progressed through the semester. 

Instructors pointed out that the students who initially disliked the program changed 

their attitudes and mindsets as the course progressed. Students expressed their 

appreciation for the opportunity to have one-on-one time for individualize instructor 

led instruction and support. 

Additional findings. Additional findings from the qualitative analysis uncover 

the beneficial features of the redesign program as well as potential needs for 

improvement. Instructors expressed that the redesigned classroom provided the 

differentiated instruction and scaffolding that enabled their students to work at their 

own pace and provided instructors the time and opportunity to work one-on-one with 
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students. Students requested more classroom time to help with their learning. 

Instructors supported this by expressing in their observations that students who attend 

class regularly perform better in the course. Students in the 8-week section expressed 

that they needed more time to work in the course. A reoccurring theme from both 

students and instructors was that deliverables, due dates, and some form of regular 

homework assignments would increase the course’s structure and facilitate more 

student participation and learning.  

Implications of these findings will be presented and discussed in Chapter 5. 
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CHAPTER 5 

DISCUSSION	  

Introduction 

In the fall of 2015 MCC-NH introduced a redesigned self-paced, web-based, 

student-centered developmental mathematics program based on the National Center 

for Academic Transformation (NCAT) Math Emporium model (Twigg, 2011). The 

purpose of this quasi-experimental mixed-methods program evaluation was to evaluate 

the influence that the redesigned developmental mathematics program had on 

students’ persistence.  

This program recently completed its second semester; therefore a measure of 

persistence over time was not feasible. A review of literature established three 

indicators of persistence: academic achievement, mindset, and affect. These three 

constructs were evaluated. The primary research sought to answer this question: does 

the newly redesigned program using a web-based adaptive mastery learning system 

promote the constructs that contribute to students’ persistence through a 

developmental mathematics education program? The results from this evaluation shed 

light on an answer to this question and contributed to an understanding of answers to 

the secondary research questions: 

• What impact does the new teaching and learning environment have on 

students’ academic achievement?  

• Does the new teaching and learning environment support students to be 

growth-minded?  
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• What impact does the new teaching and learning environment have on 

students’ affect?   

Overview  

The analysis of the data collected during this program evaluation indicates that 

the new program promotes the constructs that contribute to students’ persistence 

through the MCC-NH developmental mathematics program. The students in the 

redesigned developmental math program achieved academically and passed the 

developmental course content at a higher rate than students in the college’s previous 

traditional lecture-based developmental math courses in the preceding 6 years. The 

majority of the students in the redesigned program exhibited that they were either 

growth minded or were developing towards a growth mindset. During the 18 

classroom observations in the newly redesigned classroom, 86% of the individual 

student observations done indicated that the students exhibited a positive affect. 

Students’ academic achievement was assessed through a statistical analysis 

that compares the pass rates of students in the redesigned program to the pass rates of 

students’ from the college’s previous 2010 to 2015 traditional lecture-based 

developmental mathematics classes. The findings from the comparison between the 

newly redesigned developmental math classes and the past six years of traditional 

developmental math classes indicate that while the pass rates through the Foundational 

Math content were approximately the same, the pass rates through the Pre-algebra 

course content was significantly higher for students in the redesigned classrooms. 

Additionally, the findings indicate that the number of exit points between classes were 



 
 

	   	   	  
	  

A DEVELOPMENTAL MATHEMATICS PROGRAM EVALUATION         101 

reduced by more than 34%. The students were able to pass the content of two courses 

in one semester, decreasing the number of semesters necessary to complete their 

developmental coursework. The overall developmental course pass rate for students in 

the redesigned classrooms was 77% compared to the traditional classroom overall pass 

rate of 57.5%. A review of literature shows that these results are inline with previous 

research concerned with increasing academic achievement in developmental 

mathematics education when a modified mathematics emporium instructional model 

was used for teaching and learning.  

While the literature review indicates that the phenomenon of the emporium 

model of teaching increases students’ academic achievement through developmental 

mathematics programs, little empirical research investigates student mindset and affect 

when learning mathematics using this teaching and learning model.  

In this research, a scale of one to ten was used to measure students’ affects and 

mindsets. One represents a negative affect and a fixed mindset. Ten represents a 

positive affect and a growth mindset. An aggregate of the data collected from the 

interviewed students and their instructors was analyzed to determine these students’ 

affect and mindset levels. The mean, median, and mode for interviewed students’ 

mindset scores were 7.2, 8.2, and 7.8 respectively; and the mean, median, and mode 

for students’ affect scores were 8.3, 8.5, and 8.0 respectively. Of the students who 

were observed, 95% exhibited a growth mindset and 89% exhibited a positive affect. 

A common theme emerged from the data analysis: students developed positive 
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attitudes and growth mindsets during their experiences in the redesigned 

developmental mathematics course. 

Limitations 

There are several limiting factors in this research. Students’ persistence 

through the redesigned program could not be reliably measured after only two 

semesters of the program due to the lack of longitudinal data. For this reason, three 

indicators of persistence were measured instead. The initial math placement scores for 

the students in the traditional developmental course control group during spring 

semesters in 2010 and 2011 were not available.  

The instructors were new to the teaching and learning environment because it 

was the second semester the redesigned course was offered. The results could 

potentially differ after the instructors become more proficient teaching this redesigned 

classroom.   

Sixty-seven percent of the students participated in the course evaluations; their 

evaluations may not represent the overall spring 2016 population.  

Due to the nature of an educational environment the impact of this program on 

academic achievement could not be measured on a set of students from only one 

semester. Instead it was done with students from multiple spring semesters from 2010 

to 2016.  

This program evaluation included an academic achievement comparison 

between student populations from different academic years. There could have been 
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external factors during the previous six years that impacted the outcome of the 

analysis. 

I, as the principal investigator, was also an instructor for two of the Redesign 

Math classes. I took efforts to minimize this potential for bias by integrating validity 

and reliability checks into the qualitative data collection process. 

Discussion on Significance and Future Directions 

The literature review revealed that stakeholders from institutions of higher 

education across the United States, recognize that changes need to be made in higher 

education to help developmental level mathematics students persist through their 

mathematics pathways; however, they have conflicting positions on the future of 

developmental mathematics education. Some stakeholders believe that developmental 

mathematics education is a barrier to students’ persistence and therefore should be 

removed. There is another belief that students should begin their higher education 

mathematics pathways with a college level math gateway course, supplemented with 

tutoring. Others believe that developmental mathematics programs are essential to 

students’ success in future mathematics courses and should be redesigned to promote 

students’ persistence. This research supports the later belief and endeavors to facilitate 

a positive transformation for developmental mathematics students. These findings 

supplement the current body of knowledge on the benefits of redesigned 

developmental mathematics programs. More research may determine effective ways to 

improve students’ persistence through higher education mathematics programs.  
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Implications for Developmental Mathematics Programs 

 The findings from this research have wide implications for community 

colleges and other open enrollment institutions that admit students who are deficient in 

their foundational mathematics content knowledge. Students attending these 

institutions could benefit from a self-paced, web-based, student-centered 

developmental mathematics program, as research indicates that this pedagogy supports 

the constructs that encourage students’ persistence. Additional findings emerged from 

this research communicate clear recommendations for this teaching and learning 

environment. Colleges that offer emporium style redesign of developmental 

mathematics programs may benefit from these recommendations, which are outlined 

below: 

1. Select an adaptive web-based learning system that provides the scaffolding 

students need to move forward. This will allow more time for instructors to 

provide one-on-one support to students. It will also help students to continue 

their learning outside the classroom. 

2. Provide individual students with weekly direction, deliverables, and due dates 

as they progress forward. 

3. Integrate regular instructor led classroom instruction into the learning 

environment. 

4. Integrate all of the college’s developmental mathematics content into one 

accelerated math course to minimize exit points and allow students the 

opportunity to complete the content from multiple courses in one semester. 
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5. Require regular classroom attendance to increase students’ active engagement 

in the learning system and collaborative learning with peers and instructors. 

6. Provide supplemental lab time for students where they may continue to work 

in the learning system with support from an instructor or tutor. 

Conclusion 

In conclusion, further research should continue on improvements to 

developmental mathematics education to determine effective ways to improve 

students’ persistence through higher education mathematics programs. A longitudinal 

study on students’ persistence through the MCC-NH redesigned program should be 

performed after this program has been in place for two or more years. Another study at 

MCC-NH to compare students’ academic achievement in their gateway mathematics 

courses between students who completed the redesigned developmental mathematics 

program prior to enrolling in their gateway mathematics courses and those who did not 

should be investigated. This study would elucidate the benefits of the redesigned 

developmental math program on students’ future academic achievement in 

mathematics. Annual program evaluations at MCC-NH should continue on the 

redesigned program. These evaluations would investigate methods to improve the 

program in an effort to improve students’ mathematics education program. 

The lack of persistence through developmental mathematics programs in 

higher education has created roadblocks to degree and certificate completion. Open-

enrollment institutions have an ethical obligation to provide a learning environment 

that enable students to succeed. It is my hope that this research will offer clarity as to 
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the role of developmental mathematics programs and remove educational barriers 

thereby increasing students’ academic achievement. This would help students to 

develop a growth mindset, and promote a positive affect in students, resulting in an 

increased persistence through higher education mathematics programs. 
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Footnotes 

1 ACCUPLACER Arithmetic and Elementary Algebra assessment exams are 

standardized placements tests that are administered at many institutions of higher 

education and provided by the College Board, which is a non-profit organization 

founded in 1900. 

2 Affect is a student’s experienced emotions. 

3 ALEKS is an artificially intelligent learning system developed by researchers 

at New York University and the University of California-Irvine, through support from 

the National Science Foundation (ALEKS, 2014). ALEKS is now a commercial 

product owned by McGraw Hill. 

4 A Knowledge Check is an academic assessment utility that is part of the 

McGraw-Hills ALEKS web-based learning system. 

5 Blackboard is a web-based learning management system used by educational 

institutions. 
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Appendix A - Informed Consent Letter 

CONSENT TO PARTICIPATE FORM  

INVESTIGATOR:  Professor Raina Fitzgerald 

 

STUDY TITLE:  A Program Evaluation of a Redesigned Developmental Mathematics 

Program at Manchester Community College 

 

PURPOSE OF THE STUDY: The purpose of this research project is to evaluate the 

college’s redesigned developmental mathematics program. The evaluation will include 

student academic achievement, mindset, affect, and faculty perspectives that emerge 

during this program in its second semester. The results from this evaluation will be 

shared with recommendations for improvements to this program as well as other 

developmental mathematics programs in the community.  

 

DESCRIPTION OF THE STUDY: In this study you will use a web-based adaptive 

learning system throughout your mathematics course. The amount of time required to 

participate in the study is the regular classroom meeting times as well as time spent 

working online outside of the classroom. This study includes students’ initial and 

summative academic assessment scores, classroom observations, students’ interviews, 

faculty feedback sheets, students’ anonymous course evaluations, faculty 

questionnaires and faculty focus group meeting notes. 

 

RISKS AND DISCOMFORTS: There should be no risks or discomforts associated 

with involvement in this study. This study will take place in a computer lab classroom. 

 

BENEFITS: The benefits of participating in this study are that the student may work at 

his/her own pace. Some students may finish early. Others may work through the entire 

16-week semester. This study will help the college to improve the developmental math 

program. 
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ALTERNATIVE PROCEDURES: There are no alternative procedures other than 

taking one of the regular lecture based Pre-algebra courses. 

 

CONFIDENTIALITY: All documents and information pertaining to this research study 

will be kept confidential in accordance with all applicable federal, state, and local laws 

and regulations. I understand that data generated by the study may be reviewed by the 

Institutional Review Board, which is the committee responsible for ensuring my welfare 

and rights as a research participant, to assure proper conduct of the study and compliance 

with university regulations.  If any presentations or publication result from this research, I 

will not be identified by name.  The information collected during my participation in this 

study will be kept for two years following the end of this study. My confidentiality will 

be also protected by procedures used in the study. During the study, my name will be 

assigned a number, so that no identifiable information will be part of any record. In this 

way, all information collected will be strictly confidential and my identity will remain 

anonymous. 

 

TERMINATION OF PARTICIPATION: I may choose to withdraw from this study at 

any time and for any reason. If I choose to drop out of the study, I will contact the 

investigator and my research records will be destroyed. If this is an anonymous survey, 

research records cannot be destroyed following submission of the survey. 

 

COMPENSATION: I will not receive payment for being in this study. Participation in 

this study is strictly voluntary. There will be no cost to me for participating in this 

research. 

 

INJURY COMPENSATION: Neither MCC nor any government or other agency 

funding this research project will provide special services, free care, or compensation for 

any injuries resulting from this research. I understand that treatment for such injuries will 
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be at my expense and/or paid through my medical plan. 

 

QUESTIONS: All of my questions have been answered to my satisfaction and if I have 

further questions about this study, I may contact Professor Raina Fitzgerald, at 603-206-

8195 or rfitzgerald@ccsnh.edu. If I have any questions about the rights of research 

participants, I may call the Chairperson of the Institutional Review Board, Dr. Jere 

Turner, at 603-206-8165 or jturner@ccsnh.edu. 

 

VOLUNTARY PARTICIPATION: I understand that my participation in this study is 

entirely voluntary, and that refusal to participate will involve no penalty or loss of 

benefits to me.  I am free to withdraw or refuse consent, or to discontinue my 

participation in this study at anytime without penalty or consequence. I voluntarily give 

my consent to participate in this research study. I understand that I will be given a copy 

of this consent form. 

Signatures: 
 
________________________ 
Participant’s Name (Print)     
     
________________________    ____________ 
Participant’s Signature     Date 
 
I, the undersigned, certify that to the best of my knowledge, the subject signing this 

consent form has had the study fully and carefully explained by me and have been given 

an opportunity to ask any questions regarding the nature, risks, and benefits of 

participation in this research study.  

 
Raina Eckhardt Fitzgerald 
Investigator’s Name (Print)    
      
________________________    _____________ 
Investigator’s Signature     Date 
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Appendix B - Consent to Participate Flesch-Kincaid Readability Scores 

https://readability-score.com 

Reading Ease 

A higher score indicates easier readability; scores usually range between 0 and 100. 

Readability Formula Score 
Flesch-Kincaid Reading Ease 38.8 
Grade Levels 

A grade level (based on the USA education system) is equivalent to the number of 
years of education a person has had.  

Readability Formula Grade 
Flesch-Kincaid Grade Level 12.2 
Gunning-Fog Score 13.6 
Coleman-Liau Index 14.8 
SMOG Index 10.8 
Automated Readability Index 11.8 
Average Grade Level 12.6 
 

Text Statistics 

Character Count 3,844 
Syllable Count 1,313 
Word Count 740 
Sentence Count 42 
Characters per Word 5.2 
Syllables per Word 1.8 
Words per Sentence 17.6 
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Appendix C - Classroom Observation Sheet 

Notes: What student are saying Notes: What students are doing 
  

Look for students who exhibit the following: 
 

Observation Code Observation Code 
Accept Mistakes GM Fear mistakes FM 
Enthusiastic GM Disinterested FM 
Exhibits Effort GM Lack effort FM 
Confident GM Lacks 

confidence 
FM 

Invests time GM Impatient FM 
Likes challenge GM Dislike 

challenge 
FM 

Acts capable GM Acts incapable FM 
Focused GM Unfocused FM 
Positive attitude PA Negative 

attitude 

NA 

Positive language PA Negative 
language 

NA 
 

 Measurement Recording: 
 

Indicators of 
Persistence 

Code Counts 

Growth 
Mindset 

GM  

Fixed Mindset FM  
Positive Affect PA  
Negative 
Affect 

NA  
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Appendix D - Student Interview Questions 

1. Is math a worthwhile subject to learn? 
2. How do you feel about learning new math concepts? 
3. How do you feel when you are asked to solve a challenging math problem? 
4. Do you think that you will eventually be able to solve this challenging 

problem? 
5. What strategies do you use when solving challenging math problems? 
6. Do you need to spend a lot of time when you solve a challenging math 

problem? 
7. Do you believe that it is worthwhile to spend a lot of time when you solve a 

challenging math problem? 
8. How do you feel when you answer a problem correctly? 
9. How do you feel about making mistakes? 
10. What part of learning makes you feel good? 
11. What part of learning does not make you feel good? 
12. Tell me about your past experiences in learning math. 

a. Do you enjoy learning math? 
b. Did you enjoy learning math in the past? 
c. Are you strong at learning math? 
d. Were you always strong at learning math? 

13. What are some of the difference between how you felt about learning math 
before and after working in this course? 

a. How confident were you in learning math before taking this course? 
b. How confident are you in learning math now? 

14. Do you anticipate that you will be using mathematics in the future? Please 
explain. 

15. Do you anticipate that you will use any of the math that you learned in this 
course in the future? 

16. Describe your overall experience of learning math in this course. 
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Appendix E - Interview Guidelines 

Each interview should follow the following procedure (Mertens, 2009). Note that the 
participating student will have already signed a waiver agreeing to be interviewed as 
part of the intervention study. 
 

• Interviewer should endeavor to create a relaxed environment in which the 
interviewee feels safe and valued. 

• Interviewer should explain the purpose of the study, the reason for the 
interview, and an outline of the interview process and procedure. 

• Interviewer should explain that all interviews are confidential and all students’ 
responses will remain anonymous. 

• Interviewer should invite interviewee to ask any questions. 
• Interviewer should answer all questions 
• Interviewer should request permission to record the interview. 
• Interviewer should ask a specific list of open-ended questions. Interviewer 

should allow interviewee to expand, elaborate, or even move off track. This 
may allow unidentified discoveries to emerge.  

• Interviewer should allow for the interview to end the interview. 
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Appendix F - Faculty Feedback Sheet 
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Appendix G - Anonymous Course Evaluation 

 
Question about course scale: 1. Strongly disagree, 2. Disagree, 3. Agree, 4. 
Strongly agree 
 

1. The course was well organized. 
2. Course learning objectives were clearly defined and understandable. 
3. The course assignments were directly relevant to the course learning 

objectives. 
 

Question about instructor scale: 1. Strongly disagree, 2. Disagree, 3. Agree, 4. 
Strongly agree 
 

4. My instructor chose approaches and that enhanced learning. 
5. Regular assignments encouraged early and continuous participation in the 

course. 
6. My instructor explained concepts clearly. 
7. My instructor used a variety of teaching techniques. 
8. My instructor provided helpful feedback on my performance. 
9. My instructor related to students in a way that encouraged respectful 

interactions. 
10. My instructor was available and accessible. 

 
Question about resources scale: 1. Strongly disagree, 2. Disagree, 3. Agree, 4. 
Strongly agree 
 

11.  (7) The textbook was useful to my learning. 
12.  (9) Library resources met my learning needs. 

Scale: 1. Yes, 2. No 

13.  (24) If you could, would you take another course taught by this instructor? 
 

Open-ended Questions 
 

14.  (15) What changes would you suggest to improve learning in this course? 
15.  (16) What has been most effective in helping you learn? 
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Appendix H - Faculty Questionnaire 

 
1. How do your students respond to learning new math concepts? 
2. How do your students react when they are asked to solve a challenging math 

problem? 
3. What strategies do your students use when solving challenging math 

problems? 
4. Will your students spend a lot of time when solving a challenging math 

problem? 
5. How do your students react when they answer a problem correctly? 
6. How do your students react when they make a mistake? 
7. What about your class tends to make your students appear happy? 
8. What about your class does not tend to makes your students appear happy? 
9. Are there any differences in your students’ behavior and their reactions to 

learning math when you compare their behavior early in your course to now at 
this later point in the course? 

10. Describe your overall experience of teaching this course. 
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Appendix I - Alignment between the Redesign Math and Previous Courses 

Matching Course Curriculum between Redesign Math and Fundamental Math  

Redesign Math Course Content  Fundamental Math Course Content 
Whole Numbers (83 topics) 

• Expanded Form and Numeral 
Translation  

• Addition and Subtraction (15 
topics)  

• Multiplication and Division (27 
topics)  

• Exponents and Order of Operations 
(10 topics)  

• Ordering, Rounding, and Estimating (8 
topics) 

• Prime Numbers, Factors, and 
Multiples (10 topics with word 
problems) 

• Expressions and Equations (7 
topics using whole numbers) 

Whole Numbers 

• Understanding Whole Numbers 
• Adding Whole Numbers 
• Subtracting Whole Numbers 
• Multiplying of Whole Numbers 
• Dividing Whole Numbers 
• Exponents and the Order of 

Operations 
• Rounding and Estimating 
• Solving Applied Problems Involving 

Whole Numbers 

Fractions (51 topics) 

• Equivalent Fractions  
• Plotting and Ordering (5 topics on 

fractions) 
• Multiplication and Division (11 

topics on fractions) 
• Addition and Subtraction 
• Mixed Numbers  
• Exponents and Order of Operations  

Understanding Fractions 
 

• Simplifying Fractions 
• Improper Fractions & Mixed 
• Multiplying Fractions and Mixed 

Numbers 
• Dividing Fractions and Mixed 

Numbers 
• LCD and Creating Equivalent 

Fractions 
• Adding & Subtracting Fractions 
• Add & Subtract Mixed Numbers & 

order of Operations 
• Solving Applied Problems Involving 

Fractions 
Decimals, Proportions, and Percents (104 
topics) 

• Place Value, Ordering, and Rounding 
• Converting Decimals to Fractions 

Using Decimal Notation 
 

• Compare, Order, Round Decimals 
• Converting Fractions to Decimals  
• Add & Subtract Decimals 
• Multiplying Decimals 
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• Addition and Subtraction  
• Multiplication 
• Division 
• Converting Fractions to Decimals 
• Exponents and Order of Operations 
• Ratios and Unit Rates 
• Introduction to Proportions 
• Converting Between Fractions, 

Decimals, and Percentages 
• Applications Involving Percentages 

 

• Dividing Decimals 
• Order of Operations 
• Solving Applied Problems with 

Decimals 
 
Ratios and Rates 

• The Concept of Proportions 
• Solving Proportions 
• Solving Applied Problems Involving 

Proportions 
• Understanding Percent 
• Changing Between Percent, 

Decimals, and Fractions 
• Solving Percent Problems Using 

Equations & Proportions  
Measurement and Data Analysis (26 
topics)  

• U.S. Customary Units of 
Measurement 

• Metric Units of Measurement 
• Time and Temperature 
• Converting Between Measurement 

Systems 
• Tables and Graphs of Data  
• Mean, Median, and Mode  

 

Measurement and Data Analysis 

• American Units  
• Metric Measurements 
• Converting Units 
• Circle Graphs 
• Bar Graphs and Line Graphs 
• Histograms  
• Mean, Median, and Mode 

 

Matching Course Curriculum between Redesign Math and Pre-algebra 

Redesign Math Course Content  Pre-algebra Course Content 
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Whole Numbers (83 topics) 

• Expanded Form and Numeral 
Translation  

• Addition and Subtraction (15 
topics)  

• Multiplication and Division (27 
topics)  

• Exponents and Order of Operations 
(10 topics)  

• Ordering, Rounding, and Estimating (8 
topics) 

• Prime Numbers, Factors, and 
Multiples (10 topics with word 
problems) 

• Expressions and Equations (7 
topics using whole numbers) 

Whole Numbers 

• Understanding Whole Numbers 
• Adding Whole Numbers 
• Subtracting Whole Numbers 
• Multiplying of Whole Numbers 
• Dividing Whole Numbers 
• Exponents and the Order of 

Operations 
• Rounding and Estimating 
• Solving Applied Problems Involving 

Whole Numbers 

Fractions (51 topics) 

• Equivalent Fractions  
• Plotting and Ordering (5 topics on 

fractions) 
• Multiplication and Division (11 

topics on fractions) 
• Addition and Subtraction 
• Mixed Numbers  
• Exponents and Order of Operations  

Understanding Fractions 
 

• Simplifying Fractions 
• Improper Fractions & Mixed 
• Multiplying Fractions and Mixed 

Numbers 
• Dividing Fractions and Mixed 

Numbers 
• LCD and Creating Equivalent 

Fractions 
• Adding & Subtracting Fractions 
• Add & Subtract Mixed Numbers & 

order of Operations 
• Solving Applied Problems Involving 

Fractions 
Decimals, Proportions, and Percents (104 
topics) 

• Place Value, Ordering, and Rounding 
• Converting Decimals to Fractions 
• Addition and Subtraction  
• Multiplication 
• Division 
• Converting Fractions to Decimals 
• Exponents and Order of Operations 

Using Decimal Notation 
 

• Compare, Order, Round Decimals 
• Converting Fractions to Decimals  
• Add & Subtract Decimals 
• Multiplying Decimals 
• Dividing Decimals 
• Order of Operations 
• Solving Applied Problems with 

Decimals 
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• Ratios and Unit Rates 
• Introduction to Proportions 
• Converting Between Fractions, 

Decimals, and Percentages 
• Applications Involving Percentages 

 

Ratios and Rates 

• The Concept of Proportions 
• Solving Proportions 
• Solving Applied Problems Involving 

Proportions 
• Understanding Percent 
• Changing Between Percent, 

Decimals, and Fractions 
• Solving Percent Problems Using 

Equations & Proportions  
 

Geometry (42 topics) 

• Perimeter (5 topics) 
• Lines, Angles, and Triangles (8 

topics) 
• Area of Polygons (12 topics) 
•  Circumference and Area of Circles 

(4 topics)  
• Volumes (3 topics) 
• Surface Areas (1 topics) 
• Square Roots and the Pythagorean 

Theorem 
• Congruent and Similar Figures (2 

topics)  

Geometry 

• Geometric Formulas 
• Square Roots 
• Pythagorean Theorem 

Measurement and Data Analysis (26 
topics)  

• U.S. Customary Units of 
Measurement 

• Metric Units of Measurement 
• Time and Temperature 
• Converting Between Measurement 

Systems 
• Tables and Graphs of Data  
• Mean, Median, and Mode  

 

Measurement and Data Analysis 

• American Units  
• Metric Measurements 
• Converting Units 
• Circle Graphs 
• Bar Graphs and Line Graphs 
• Histograms  
• Mean, Median, and Mode 

 

Real Numbers (48 topics) Real Numbers 
 

• Order of Operations 
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• Plotting integers and rational 
numbers on a number line 

• Writing a signed number for a 
real−world situation 

• Ordering integers 
• Absolute value of a number  
• Operations with Rational Numbers 
• Exponents and Order of Operations 
• Evaluating Expressions  
• Properties of Real Numbers 

 

• Simplifying Algebraic Expressions 
• Evaluating Algebraic Expressions 

 

Linear Equations and Inequalities (67 
topics)  

• One−Step Linear Equations  
• Multi−Step Linear Equations  
• Solving Formulas for a Variable  
• Writing Expressions and Equation  
• Applications 
• Writing and Graphing Inequalities 
• Linear Inequalities and 

Applications  

 

Linear equation and Nonlinear inequality 

• Solving Equations 
• Solving Equations Using One 

Principle of Equality 
• Solving Equations with More Than 

One Principle of Equality 
• Solving Equations with Parentheses 
• Applications 

 

Lines and Functions (46 topics)  

Ordered Pairs: Reading and plotting a 
point in the coordinate plane 

• Graphing and Intercepts 
• Slope 
• Equations of Lines  
• Applications 
• Identifying Functions, Domain, 

and Range  
• Function Evaluation and 

Applications  

 

Rectangular coordinate system. 

• Ordered Pairs: Reading and 
plotting a point in the coordinate 
plane 
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Matching Course Curriculum between Redesign Math and Elementary Algebra 

Redesign Math Course Content  Elementary Algebra Course Content 
Real Numbers (48 topics) 

• Plotting integers and rational 
numbers on a number line 

• Writing a signed number for a 
real−world situation 

• Ordering integers 
• Absolute value of a number  
• Operations with Rational Numbers 
• Exponents and Order of 

Operations 
• Evaluating Expressions  
• Properties of Real Numbers 

 

Real	  Numbers	  
	  

• Identify	  and	  operate	  on	  real	  
numbers.	  

• Addition, Subtraction, 
Multiplication and Division of 
Real Numbers 

• Exponentials, Parentheses, and 
the Order of Operations 

• Properties of the Real Number 
System 

• Simplify	  and	  evaluate	  algebraic	  
expressions	  including	  those	  with	  
square	  roots,	  rational	  numbers,	  and	  
exponents.	  

	  
Linear Equations and Inequalities (67 
topics)  

• One−Step Linear Equations  
• Multi−Step Linear Equations  
• Solving Formulas for a Variable  
• Writing Expressions and Equation  
• Applications 
• Writing and Graphing Inequalities 
• Linear Inequalities and 

Applications  

 

Linear Equations and Inequalities 

• Combining Like Terms 
• The Addition and Multiplication 

Property of Equality 
• Solve linear equations and 

inequalities that have one or two 
variables. 

• Use formulas and solve applied 
problems related to course 
content. 

 
Lines and Functions (46 topics)  

• Ordered Pairs: Reading and 
plotting a point in the coordinate 
plane 

• Graphing and Intercepts 
• Slope 
• Equations of Lines  
• Applications 
• Identifying Functions, Domain, 

and Range  

Lines and Functions 

• The Cartesian Coordinate System  
• Graphing Linear Equations 
• Slope of a Line 
• Slope-Intercept and Point-Slope 

Forms of a Linear Equation 
• Graphing Linear Inequalities 
• Functions 
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• Function Evaluation and 
Applications  

 
Systems (12 topics) 
 

• Systems of Linear Equations (7 
topics) 

• Applications (5 topics) 

Systems of Linear Equations 
 

• Solving Systems of Equations 
Graphically, by Substitution, and by 
the Addition Method 

 
Exponents and Polynomials (87 topics) 
 

• Product, Power, and Quotient Rules 
(16 topics) 

• Negative Exponents  
• Scientific Notation  
• Exponential Functions  
• Polynomial Expressions  
• Factoring Using the GCF  
• Factoring by Grouping  
• Factoring Quadratic Trinomials 
• Factoring Special Products 
• Solving Quadratic Equations by 

Factoring  

Exponents and Polynomials 
 

• Exponent Rules 
• Negative Exponents 
• Additions, Subtraction, 

Multiplication and Division of 
Polynomials 

• Factoring a Monomial from a 
Polynomial  

• Factoring by Grouping 
• Factoring Trinomials of the form 

ax^2+bx+c, a=1 
• Factoring Trinomials of the form 

ax^2+bx+c, a not = 1 
• Special Factoring Formulas  
• Solving Quadratic Equations Using 

Factoring 
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