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DEDICATION 

To God, and the older adult learners by and for whom this investigation has become 

a finished reality. I hope that by this addition to the research educators can better 

facilitate their students' own realization of dreams. 
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ABSTRACT 

GREGORY ALLEN BAUGHER 
THE EFFECTS OF ONLINE TUTORIALS AND AGE ON ACHIEVEMENT AND 
ATTITUDE IN REMEDIAL MATHEMATICS: A MIXED METHODS 
INVESTIGATION 
Under the direction of Dr. LUCY J. BUSH 

Currently 38% of U.S. college students are age 25 or older. The majority of these 

are required to take remedial courses, with twice as many taking remedial mathematics as 

reading or writing courses. Mathematics instructors often use online tutorial programs to 

deliver homework assignments and course assessments. Web-based programs offer 

support and convenience for professors and for students, and have been extensively 

studied, although with mixed results. Yet, almost all of the studies with online tutorials or 

other web-based homework systems have employed samples of P-12 students or 

traditional aged college students, or had no information to distinguish these effects on 

students of nontraditional age. Very few studies have investigated these effects with older 

adults in remedial mathematics, despite the research in andragogy highlighting the 

distinguishing characteristics of adult learners. 

For older adults in remedial mathematics, the purpose of this research was to 

determine (a) whether use of an online tutorial for homework and quiz delivery would 

significantly affect student achievement and attitude towards mathematics, when 

compared with traditional means, (b) whether there exists an age*treatment group 

interaction in terms of student achievement or attitude towards mathematics, and (c) the 

xv 



nature of the experience of using an online tutorial in remedial college mathematics for 

these students. 

Using data from nine algebra classes assigned to use traditional means for 

homework and quiz completion or the use of an online tutorial, no significant effects for 

student achievement were found. There was, however, a statistically significant effect of 

the tutorial on student attitude towards mathematics. Students that used traditional means 

for homework and quiz completion significantly improved in attitude, while those that 

used the online tutorial experienced no change in student attitude towards mathematics. 

An age*treatment group interaction was not identified, but a gender*treatment group 

interaction was present. The study includes analysis of interview data from participants 

who used the tutorial during the class. Adults who most struggled with mathematics 

preferred use of the program, although students appreciated various benefits of the online 

tutorial. Why the program did not improve achievement or attitude is discussed and 

suggestions for further research are offered. 

xvi 



CHAPTER ONE 

INTRODUCTION TO THE STUDY 

The average age of a U.S. college student has been steadily increasing. In 1947, the 

percentage of college students, age 30 or higher, was only 4.1%. By 1977, this figure had 

risen to 20.1%. As of 2009, 23.9% are age 30 or older. Adults of age 25 or older 

comprise 37.9% of all U.S. college students (U. S. Census Bureau, 2010). For the period 

from 2007 to 2018, the National Center for Education Statistics (2009) predicted an 

increase of 9% in college enrollments of people under age 25. However, for this same 

period they predicted a rise of 20% in enrollments of students age 25 and over. 

Some of these adults will enter college after years of being away from academic 

pursuits, and many must first take remedial courses. Remedial courses can be defined as 

those "intended to meet the needs of students who initially do not have the skills, 

experience, or orientation necessary to perform at a level that the institution ... 

recognizes as 'regular' or college-level instruction" (Grubb & Webb, 1999, p. 74). 

Rochford (2004) found that the proportion of incoming freshmen needing remediation 

was approximately 60% and increasing. Recently, Thomas R. Bailey, director of the 

Community College Research Center at Teachers College at Columbia University, stated 

that 65% of all community college students nationwide need remediation, with 

shortcomings in mathematics outnumbering those in reading two to one (Foderaro, 2011). 

In addition, the noncompletion rate in these remedial courses is very high. For 

1 



2 

introductory courses at comprehensive universities, drop-failure-withdrawal (DFW) rates 

are often from 22% to 45%. At community colleges, where a larger proportion of 

coursework is remedial, DFW rates are often 40% to 50% and more (Twigg, 2004). Often 

only one of every two students complete remediation (McCabe, 2003). 

One of the hurdles students face in pursuing a degree is to pass college level 

mathematics. Often this is after one or two remedial mathematics courses (Smith, Young, 

Bae, Choy, & Absalam, 1998). Of the 50% to 80% of students that do not drop out of 

mathematics courses, often little more than 50% actually pass (Sancho-Vinuesa & Gras-

Marti, 2010). Noncompletion of mathematics courses is often a cause for noncompletion 

of a college degree (Offenstein, Moore, & Shulock, 2010). Anxiety is often part of the 

difficulties students face with mathematics, and one key characteristic of anxiety is 

avoidance (Tobias, 1993). Mathematics anxiety is defined by Ashcraft (2002) as "a 

feeling of tension, apprehension, or fear that interferes with math performance" 

(p. 181). For students with such a condition, mathematics courses present an especially 

difficult hurdle since mathematics is often associated with high anxiety levels (Arem, 

2003). 

To help with the problem of high DFW rates, or for other advantages, colleges are 

using online tutorials to give students a resource for help in their mathematics courses. 

Web-based instruction (WBI) is defined in this study as that which is delivered over the 

Internet. Web-based tutorials are often used to delivery quizzes and tests in mathematics 

courses. For some students, taking any assessment is daunting. Arem (2003) believes that 

for many students experiencing anxiety about taking a mathematics assessment, the real 

cause is often test anxiety, not an incurable math anxiety. Additionally, if the student is 
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not comfortable with technology, taking a mathematics assessment within an online 

tutorial program may increase his or her anxiety level even further. This may threaten the 

student's achievement level in the course. The label computerphobic is used for those 

"who exhibit negative reactions to computers, ranging from mild discomfort to extreme 

avoidance" and is estimated to have an incidence between 25% and 50% (Todman, 2000, 

p. 27). Thus, with the triple possibility of mathematics anxiety, testing anxiety, and 

computer anxiety, the use of online tutorials for assessments in remedial mathematics 

among older adults is a possible and perhaps likely concern. 

Adult learners, as aforementioned, are a large population of college students in 

general, and a large proportion of those taking remedial mathematics courses in 

particular. In this research, adult learners will be considered as those of age 25 or older 

pursuing higher education, those who are generally considered college students of 

nontraditional age. This coincides closely with Taylor, Marienau, and Fidler (2000) who 

say that "adult learners are defined as individuals over age 25 who have had a significant 

break in their formal schooling and require the use of teaching techniques that differ from 

those appropriate for a classroom of traditional undergraduates" (p. 1). 

One of the first theories specifically addressing adult learners was that of Knowles 

called the learning theory of andragogy, described as the art and science of helping adults 

learn (Knowles, 1990). Knowles (1973) did not have a clear-cut definition of adult 

learners in terms of age. Rather, he listed principles applicable to adult learners, such as 

their need for self-direction, their extensive base of experience, their readiness to learn, 

and their orientation or perspective toward learning. 
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Others have added to this research. Most adult learners are highly motivated and 

tend to be task-oriented or problem-oriented (Merriam & Caffarella, 1999). However, 

they also have responsibilities such as family and job or they have situations that could 

potentially interfere with their school work, such as transportation or child care issues 

(Kaplan & Saltiel, 1997). Memory and eyesight decreases with age and can also be a 

consideration with some learners. Adult learners, however, have a rich reservoir of 

experiences as a resource for learning (Knowles, 1973; Marchewka, 2010). Adults are 

focused on immediate, relevant application, and have strong internal motivation 

(Cercone, 2008). All of the characteristics mentioned above highlight the idea that adult 

learners represent a population somewhat different from secondary level students or 

traditional age college students. It should not be assumed that technological or 

pedagogical innovations are equally effective for adult learners just because they have 

been found effective with younger populations. 

Statement of the Problem 

Traditional approaches to teaching remedial college mathematics to adult learners 

may appear to be working, but there is a low success rate in these courses (Sancho-

Vinuesa & Gras-Marti, 2010). This is especially true if drop-out rates are included, and 

especially at community colleges (George, 2010). Such low success rates contribute to 

excessive accumulation of financial debt from college costs. As an effort to support low-

ability adult learners academically, many colleges have adopted textbooks with online 

tutorial program support. This has increased the cost of textbooks, often by up to an 

additional seventy-five to one hundred dollars, adding to student debt and financial 

concerns (Carbaugh & Ghosh, 2005). 
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There are also concerns from the use of technology for adult learners. Some are 

from a generation before widespread computer use. In a recent study of adult learners, 

computer use and internet-based literacy practices were found to be positively correlated 

with prose, document, and quantitative literacy scores, even when controlling for other 

variables (Smith & Smith, 2010). Inversely, the poor computer literacy skills can present 

obstacles for students in adult education. Computer-aided instruction (CAI) is defined by 

Li and Edmonds (2005) as the use of tutorials or simulation activities as supplements to 

teacher-directed instruction. Li and Edmonds found some gains in self-confidence and 

student satisfaction as a result of computer-aided instruction. However, there were also 

some concerns, including confusion when experiencing online activities, difficulty with 

the level of reading in online content, and testing intimidation. The question of the 

effectiveness of online programs remains as an area to be researched for adult learners in 

remedial college mathematics courses (Li & Edmonds). 

The use of CAI has been around for decades and most studies on the topic have had 

positive results. In a meta-analysis of 55 studies by Kulik and Kulik (1991), CAI 

enhanced student learning with an average effect size of 0.30 (Cohen's d) and positively 

affected student attitudes toward the subject. Sitzmann, Kraiger, Stewart, and Wisher 

(2006), in a meta-analyses of 96 studies, found an average effect size of 0.15 (Cohen's d) 

for teaching declarative knowledge with WBI versus classroom instruction and 

statistically insignificant results for teaching procedural knowledge with these media. 

However, when WBI was used to supplement classroom instruction, the effect size was 

0.34 for declarative knowledge and 0.52 for procedural knowledge. Supplementing 
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instruction often added additional time on task, and so for these studies equivalence of 

treatment was not ensured. 

So many studies have been performed with computer technology as an intervention 

that a second-order meta-analysis was recently conducted. Tamim, Bernard, 

Borokhovski, Abrami, and Schmid (2011) collected information from 25 meta-analyses 

with minimal overlap of original research. Representing 1,055 primary studies, a 

significant average effect size of 0.35 (Cohen's d) was found. However, the coding of the 

studies did not allow for identification of populations of older college students as 

opposed to traditional age college students. 

Some instructors may not want to use CAI for delivery of instruction. Thus, another 

question about the use of computer technology is whether it is beneficial for just 

homework and assessment delivery. Online tutorial systems have the obvious benefit of 

providing the student with scaffolding and feedback in the case of homework delivery 

and answer feedback in the case of assessment delivery. However, there are very few 

studies on the topic of whether online homework and quiz delivery systems for 

mathematics are effective in raising student achievement, and the results are mixed. 

Sasser (1991), however, found significantly higher achievement when traditional-

age education majors in college mathematics courses did homework assignments within a 

computer tutorial program. Another study involved use of the online tutorial program 

MyMathLab (MML), part of the CourseCompass system promoted by Pearson/Addison-

Wesley, for homework delivery (Burch & Kuo, 2010). The study involved traditional-age 

students enrolled in a college algebra course, not a remedial course. The students were 

either asked to do traditional paper-and-pencil homework or homework in the online 
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tutorial. Students could attempt problems up to three times and receive immediate 

feedback. When student learning was measured, some unit exams were significantly 

higher for the online homework group, yet the results were not found to be significant for 

the final exam. Kodippili and Senaratne (2008) used the same program (MML) with 

again traditional-age undergraduate students, not older adult learners. The study had a 

relatively small sample size, with only 72 in both groups, and the results were not 

significant. 

Very little experimental research exists that deals with the adult learner population 

in remedial mathematics courses and compares computer-based learning with traditional 

learning (Li & Edmonds, 2005; Nicol & Anderson, 2000). Nicol and Anderson studied 

effects with mildly disabled adult students, while Li and Edmonds investigated effects 

with at-risk adult learners, those with learning disabilities, language barriers, or life 

struggles such as those caused by socioeconomic conditions or family instability. 

Although significant results for some unit tests were found, the final grade was not 

significantly different between students who received traditional instruction and 

computer-assisted instruction. Li and Edmonds stated that very few studies have been 

conducted on technology and at-risk adult learners, such as are found in remedial 

mathematics courses. They called for further research to investigate whether technology 

can improve achievement for these adult students. Dillard-Eggers, Wooten, Childs, and 

Coker (2008) studied, among other aspects, the relationship of age to perceptions of and 

the effects of online homework compared to "paper and pencil" homework. They 

concluded that "generalizations regarding the benefits of technological enhancements are 

difficult to make because different students may react in different ways" (p. 13). This 
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research further investigated the effects of the use of an online program specifically for 

homework and quiz delivery with adult learners in remedial mathematics courses. 

Research Questions 

In the context of adult learners pursuing a bachelor's degree and taking remedial 

college mathematics, the purpose of this research was to investigate the effects of the 

requirement of the use of an online tutorial program. The requirement was necessary to 

ensure a certain level of engagement with the tutorial. The program was used to provide 

students with homework hints or scaffolding and homework feedback, and to deliver 

quizzes for the course. Student achievement was measured by the course final exam. The 

following questions were used to guide the research: 

1. Does requirement of the use of an online tutorial program for homework and 

quiz delivery significantly affect student achievement and attitude towards 

mathematics when controlling for age, initial mathematics attitude and initial 

algebra ability? 

2. Is there a statistically significant age*treatment group interaction in terms of 

student achievement or attitude in remedial college mathematics? 

3. From the students' perspective, what is the nature of the experience of using an 

online tutorial in remedial college mathematics? 

A reliable instrument to measure the mathematics attitude level of the students was 

employed with four subscales related to mathematics: value, enjoyment, self-confidence, 

and motivation (Tapia, 1996; Tapia & Marsh, 2004). The largest subscale, self-

confidence, encompassed constructs related to mathematics anxiety. Scores from this 

instrument were obtained both before and after the course and were used in the analysis. 
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Ages of the students were obtained from the participants and verified by university 

databases. A pretest measuring basic algebra ability was developed and tested for 

reliability and correlation with the final exam during a pilot study. The course final exam 

was also examined for content validity and reliability during this pilot study. 

Study Design 

In the context of adult learners pursuing a bachelor's degree and taking remedial 

mathematics, this study was conducted to ascertain the effects of an online tutorial 

program, to investigate whether use of the program would result in significantly 

improved student achievement and student attitude toward mathematics. The program 

was used for provision of tutorial help and delivery of student homework assignments 

and quizzes. At a particular university in the southeastern United States, the adult 

bachelor's degree program is offered at multiple satellite locations, some in metropolitan 

settings. The MyMathLab (MML) program, part of the Course Compass series of 

Pearson/Addison Wesley, has been added since 2010 to what students must purchase to 

supplement their remedial mathematics texts. The Basic Algebra class, as a beginning 

algebra course, also had some material that other colleges include in intermediate algebra 

courses. For this particular university, Basic Algebra sections often had an enrollment cap 

of 20 and often between 10 and 15 students finished the course. Generally only one 

section was taught by any one instructor per session per satellite campus. Thus, the study 

involved aggregation of data from multiple sessions, semesters, and campuses. 

During two semesters, I taught nine sections of the Basic Algebra course either with 

use of the online tutorial program or with students using traditional means for completion 

of homework and quizzes. Quizzes in the treatment group were taken online outside of 
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class, while quizzes in control group classes were taken in class on paper. In addition, 

teacher-led instructional time was held approximately constant between the treatment and 

control groups. Homework using the online tutorial system was of the same type of 

problems as those assigned for students to do using paper and pencil means. 

A pilot study was conducted to establish the reliability of both the pretest and the 

final exam. The reliability of the final examination used in the Basic Algebra course 

taught by me was found to be .96 using Cronbach's a. The reliability of the pretest was 

found using the same method to be .85. The algebra pretest was used as a covariate in the 

statistical analysis, since it represented a measurement of student achievement before use 

of the online tutorial program. After the intervention, student achievement was measured 

by the final exam. The student's initial and final attitude towards mathematics were also 

measured in order to determine the effects of the online tutorial on mathematics attitude. 

The data were analyzed using Analysis of Covariance (ANCOVA) to account for the 

students' initial level of achievement and attitude, and I examined the results for the 

effect of the treatment, the presence of an age*treatment group interaction, and other 

discernible effects. 

In addition to quantitative data, qualitative data were also collected and analyzed. 

Inquiry was conducted using the approach of phenomenology, a method of qualitative 

research that seeks to understand the nature of an experience shared by several people 

(Creswell, 2007). Efforts were made to interview students with a variety of characteristics 

including age and the level of difficulty they experienced with mathematics. The 

interviews were conducted to determine students' perspectives on the MML program, any 

issues with its use, and its effect on their learning of mathematics or their attitudes. The 
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interview data were coded and analyzed to provide further information to help 

corroborate any quantitative conclusions found. Using a mixed-methods design allowed 

quantitative and qualitative data to be collected in parallel, separately analyzed, and then 

merged for a stronger set of conclusions (Creswell & Clark, 2011). The emphasis in the 

analysis was to examine the effects of the use of the online tutorial program for 

achievement and attitude towards mathematics for various types of students in relation to 

what they said about the program and its benefits. Conclusions were made as the 

qualitative findings were compared to the quantitative findings, and the relationships 

between the findings and existing research were explored. Implications of the conclusions 

and recommendations for further study were given. 

Limitations 

One of the limitations of this study was that it did not use a truly random 

assignment of students for the treatment groups. There was a degree of randomness, 

however, in that students signed up for classes based on the courses they needed and 

personal reasons, not based on factors that affected how an online tutorial would 

influence their mathematics achievement. In addition, the pretest and initial mathematics 

attitude scores were used as controlling variables. A second limitation of the study was 

that, because only my classes were used in the study, the results cannot be generalized to 

a wider population. A third limitation of the study was that the design did not measure 

computer anxiety to determine if this type of anxiety was a factor in the effectiveness of 

the online tutorial program. A fourth limitation of the study was that there were several 

features of the MML program that were not used as a requirement for students in this 

design, such as the tutorial videos. However, this research did not involve a comparison 
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of face-to-face instruction and CAI, only the supplemental effects of online feedback 

involved with homework and quiz delivery. Perhaps future research with MML can be 

conducted using a more representative sample, a survey of computer anxiety, and use of 

other features available in the online tutorial program. 

Definitions of Key Terms 

Attitude towards Mathematics Inventory (ATMI). This inventory, created by Tapia 

(1996), was a forty question Likert-type survey measuring the attitude a person has 

towards mathematics. The instrument has a high degree of reliability, as will be discussed 

in Chapter 2. 

Adult learner. Adult learners are traditionally considered to be any student age 21 

or over, married, or the head of a household (Johnstone & Rivera, 1965). In this research, 

however, adult learners are considered as those over age 25 pursuing higher education, 

those who are generally considered college students of nontraditional age. 

Computer-aided instruction (CAI). Computer-aided instruction was as it sounds, 

instruction in any way aided by a computer. 

Computerphobic. Computerphobics are persons "who exhibit negative reactions to 

computers, ranging from mild discomfort to extreme avoidance" (Todman, 2000, p. 27). 

Developmental or remedial college mathematics. This classification of courses was 

defined by Kinney and Robertson (2003) as postsecondary courses whose content level is 

below that of college algebra, which was a standard mathematics course in almost all 

colleges and universities. 

Drop-failure-withdrawal (DFW) Rate. This rate was the percentage of students that 

either drop, fail, or withdraw from a course. 
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P-12. The adjective P-12 was used to describe anything involving elementary or 

secondary education from preschool grades up to twelfth grade. 

Mathematics anxiety. Mathematics anxiety was defined by Ashcraft (2002) as "a 

feeling of tension, apprehension, or fear that interferes with math performance" (p. 181). 

MyMathLab (MML). MML, the online tutorial used in this study, was part of the 

Course Compass system, produced by Pearson / Addison-Wesley. 

Online tutorial. Online tutorials are programs students connect to over the Internet 

that have several features students use to learn material, practice skills, or be assessed on 

that material. 

Remedial course. Remedial courses were those "intended to meet the needs of 

students who initially do not have the skills, experience, or orientation necessary to 

perform at a level that the institution ... recognizes as 'regular' or college-level 

instruction" (Grubb & Webb, 1999, p. 74). 

Summary 

With the higher enrollment of older adult learners on the college landscape and 

specifically within remedial mathematics courses, there is a need for more research with 

this population. Adult learners struggle with remedial mathematics courses for a variety 

of reasons. Mathematics anxiety, test anxiety, and computer anxiety may contribute to 

their difficulties in this endeavor. With the recent increased use of online tutorial 

programs to supplement remedial college mathematics courses, the question arises as to 

whether these programs are equally effective with older adult learners. Do these 

programs significantly improve, maintain, or significantly hinder achievement scores for 

adult learners, in comparison with traditional means? Do these programs significantly 
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improve, maintain, or hinder attitudes toward mathematics with these learners? Is there 

an age*treatment group interaction? How do these adult learners perceive online tutorial 

programs and their usefulness for learning and success in these courses? 

This study was designed to investigate these questions using a mixed methods 

approach, a quasi-experimental design to collect quantitative data and a 

phenomenological approach to collect and analyze qualitative data. The convergence of 

this data was expected to add to the research dealing with adult learners using online 

tutorial programs in remedial college mathematics. 

Chapter 2 of this proposal includes a literature review of areas of research germane 

to this study and the search criteria used to locate articles related to this investigation. 

Further, it attempts to establish in more detail the rationale for this study and its 

relationship to other research. In Chapter 3, the methodology of the study is described: 

the setting, variables, instruments, and procedures that will be used in this investigation. 

Chapters 4 and Chapter 5 include the results and a discussion of these results in relation 

to older adults in remedial mathematics. 



CHAPTER TWO 

REVIEW OF RELATED LITERATURE 

The average age of a U.S. college student has been steadily increasing, according to 

government and financial data (Seftor & Turner, 2002). In 2009, the percentage of 

nontraditional age college students, age 25 or older, was 37.9% (U. S. Census Bureau, 

2010). From 2007 to 2018, it was predicted that U. S. college enrollment under age 25 

will rise 9% while U. S. college enrollment of students age 25 and over will rise 20% 

(National Center for Education Statistics, 2009). Also, the proportion of those needing 

remedial courses has risen in recent years and is currently one third of all college students 

(National Center for Education Statistics, 2003), with an even higher proportion for adult 

students. Additionally, the noncompletion rate in these courses is very high, up to 40% to 

50% and more (Twigg, 2004). Many students must pass one and sometimes two or three 

remedial mathematics courses (Smith et al., 1998) before attempting courses counting 

towards their major. Noncompletion of mathematics courses is often a cause for 

noncompletion of a college degree (Offenstein, Moore, & Shulock, 2010). 

Statement of the Problem 

To help students in mathematics courses, many colleges have made available for 

purchase an access code for online tutorial programs. These programs are generally 

developed by the textbook publisher in conjunction with the text. They provide twenty-

four hour, seven-day-a-week assistance. Many have researched whether computer-aided 

instruction (CAI) in general, or online tutorial programs in particular, significantly 

15 
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improve student achievement in mathematics courses. Yet the vast majority of this 

research was conducted with traditional aged college students, or with no separate 

population of older adult learners (Tamim, Bernard, Borokhovski, Abrami, & Schmid, 

2011). As statistically supported above, adult learners now represent a large proportion of 

college students and an even higher percentage of those in remedial college mathematics. 

Very little research has been conducted to consider whether online tutorial programs are 

equally effective at facilitating student learning in mathematics for older adult students. 

Remedial mathematics courses often include students who have previously 

struggled with mathematics and avoided these courses. Avoidance is a prevalent 

symptom of mathematics anxiety (Tobias, 1993). Some students also experience testing 

anxiety. Arem (2003) believes that for many students experiencing anxiety about taking a 

mathematics assessment, the real cause is often test anxiety, not an incurable math 

anxiety. Some students also could be described as computerphobic, tending to avoid the 

use of technology. The occurrence of this tendency is estimated to have an incidence 

between 25% and 50% (Todman, 2000). Thus, with the triple possibility of mathematics 

anxiety, testing anxiety, and computer anxiety, the use of online tutorials for assessments 

in mathematics is a likely concern. This research was conducted to determine the 

effectiveness of these tutorial programs for various groups of students, such as older 

students or students with various attitudes toward mathematics. 

In the context of adult learners pursuing a bachelor's degree and taking remedial 

college mathematics, this research involved the effects of the requirement of the use of an 

online tutorial program. This requirement was necessary to ensure a certain level of 



engagement with the tutorial. The following questions have guided the research 

concerning this type of online tutorial: 

1. Does requirement of the use of an online tutorial program for homework and 

quiz delivery significantly affect student achievement and attitude towards 

mathematics when controlling for age, attitude towards mathematics, and initial 

algebra ability? 

2. Is there a statistically significant age*treatment group interaction in terms of 

student achievement or attitude in remedial college mathematics? 

3. From the students' perspective, what is the nature of the experience of an online 

tutorial in remedial college mathematics? 

In order to investigate these questions, measures of the initial algebra ability and 

attitude were collected and the age of the student was obtained. A final measure of the 

student's algebra achievement and attitude towards mathematics was later measured to 

determine if there was a difference caused by the use of an online mathematics tutorial 

program. Qualitative data were also collected to help investigate the effects of the online 

tutorial program from the students' perspective. Conclusions were made about the effects 

of the use of the program for students in remedial mathematics. 

Literature Review Overview: Search Strategy and Criteria for Inclusion and Exclusion 

The questions above were shaped by a review of some of the many books and 

articles written about research in fields related to this study. These fields included adult 

learning, mathematics learning, mathematics anxiety, computer anxiety, feedback, and 

areas related to computer-assisted instruction (CAI) or web-based instruction (WBI). The 

literature review for this dissertation is focused on topic areas related to the effect of an 
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online tutorial program, used for homework and quiz delivery, on adult student 

achievement in remedial mathematics. 

First, a review of adult learners and their characteristics is given to introduce 

important issues related to these learners. Second, a review of mathematics anxiety and 

computer anxiety and their effects on adult students is included, as far as these topics 

relate to online learning. Third, how the brain learns and theories and principles of 

learning in general are reviewed. Mathematics learning in particular is then discussed in 

regard to the challenge of adult learners taking remedial mathematics. Research on the 

types and characteristics of feedback are discussed in particular, especially as they relate 

to student learning in online or pencil-on-paper homework assignments and assessments. 

Fourth, a review of CAI and web-based or distance learning is included. Some major 

meta-analyses are highlighted and some issues germane to this research are mentioned. 

Then the literature review is narrowed to discuss research studies focusing on whether 

student achievement or attitude is improved with CAI. Then more specifically, focus is 

placed on studies that only use online programs for homework and quiz delivery. Even 

more specifically, studies involving these interventions with only adult learners are 

discussed. 

A fixed search criterion was used in the final narrowed query to produce a listing of 

studies involving adult learners in remedial mathematics and how use of an online 

tutorial program effects their achievement in the course. Since this dissertation was 

designed to determine if use of an online tutorial program would result in higher student 

achievement for adult learners in college developmental mathematics, the main literature 
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search for this study was systematic and used the following criteria for inclusion and 

exclusion: 

1. Only articles published in English were included. 

2. Only articles published in peer-reviewed journals, books, or reports published by 

reputable educational organizations were included. 

3. Nonpeer reviewed conference papers were not included. 

4. Generally, articles published within the past 20 years were included. 

5. Only empirical articles were included in this review; theoretical or opinion-

oriented articles were not included. 

6. Only articles that deal with the use of a computer-based, web-based tutorial 

program as the intervention were included. 

7. Later searches were narrowed to use only articles whose population involves 

developmental or remedial college mathematics students were included. 

8. Later searches were narrowed to use the criteria of including only articles whose 

population involves adult learners. 

History and Research in Adult Education: The Adult Learner 

Adult learners represent a large proportion of college students and an even larger 

proportion of those taking remedial mathematics courses. If a long-standing definition is 

used, adult learners could be considered as any student age 21 or over, married, or the 

head of a household (Johnstone & Rivera, 1965). However, young people are waiting 

longer to wed, have more serious commitments, and have children, compared to four or 

five decades ago (Tavernise, 2011). The aforementioned trend towards older college 

students in the United States and the fact that adults are waiting longer before having 



family relationships argues for a change in this definition. The National Center for 

Education Statistics (2009) shows data on students using the category of age 25 or over. 

In this dissertation, adult learners will be considered as those age 25 or older pursuing 

higher education, those generally considered college students of a nontraditional age. 

Knowles (1973) advanced one of the first theories specifically addressing adult 

learners, which he called the learning theory of andragogy. The term was encountered by 

Knowles in writings from Yugoslavian psychologists and is in contrast with pedagogy, 

the teaching of children. Andragogy was described as the art and science of helping 

adults learn (Knowles, 1990). Knowles (1973) argued that there were significant 

differences in learning characteristics between adults and children and that prior research 

on learning had been conducted using either animals or children. No clear-cut definition 

of adult learners was stated. Instead, Knowles listed principles applicable to adult 

learners, such as their need for self-direction, their extensive base of experience, their 

readiness to learn, and their orientation or perspective toward learning. Others have added 

to this research as listed below. 

Personal Characteristics 

Many adult learners have personal lives that negatively affect their educational 

progress, such as responsibilities for family and a full time job (Kaplan & Saltiel, 1997). 

Many have financial worries and large amounts of debt while they struggle to break past 

bonds of poverty (King & Bannon, 2002). According to Baum and Schwartz (2006), it is 

older adults with family obligations who can least afford heavier debt ratios. Many have 

other situations that could potentially interfere with their school work, such as 

transportation issues or child care. Time is a central issue with adult learners. Even 
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though most adult learners are highly motivated, their family and work responsibilities 

translate into less time for academic pursuits (Osgood-Treston, 2001). Chan and Waugh 

(2007) found that for a group of adult learners of average age 34, lack of time was given 

as a reason for not accessing WebCT, an online course delivery system. 

Physical and Cognitive Characteristics 

Physical aspects affect older adults in college as well. Memory and eyesight 

decreases with age and can be a hindrance with some learners. In addition, an important 

consideration is cognitive aging, the reduction of the general cognitive speed of the 

learner as a result of aging. Van Gerven and Paas (2006) reviewed several studies 

involving cognitive processing tasks with young and older adults and found that reaction 

times of the older are between 1.4 and 2.0 times slower than the younger. Thus, for an 

elderly person the slowed brain activity of reading the first part of a sentence, for 

example, can cause decay in the short term memory's remembrance of the first sequence 

of words in a sentence by the time the person reaches the end. Thus the person can forget 

the first part of a sentence before they get to the last part of it. In addition, some older 

adults experience a reduction of cognitive control, which lessens the ability of the 

"central executive" to inhibit processing of irrelevant information in working memory 

(van Gerven & Paas, 2006, p. 142). As a result, the person's working memory is 

overloaded with useless information, reducing the storage capacity available for the 

person to process relevant information. Mental processes such as task switching, 

updating, searching, integration, coordination, and selection can be affected by cognitive 

aging. Age-related slowing is more acute in situations deemed coordinatively complex 

than those classified as sequentially complex. The former involves figural transformations 
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of a whole array while the latter deals with just single figural transformations within an 

array. However, it should also be pointed out that adults have a rich reservoir of 

experiences as a resource for their learning (Knowles, 1973; Marchewka, 2010). 

It should not be assumed that, since they are older, all adult learners are in the 

formal operational stage of Piaget's cognitive stages (American Institutes for Research, 

2006). Some are still partially in the concrete operational stage, and may never fully 

exemplify formal operational cognition. It is reasonable to assume that a higher 

percentage of older adults, in general, have developed further towards the formal 

operational stage than 18-year olds. However, it may not be true that the population of 

adult learners in undergraduate college programs include a higher percentage of these 

students than traditional aged college students. Those who attend college later in life may 

not represent a group of college students cognitively equivalent with younger students. 

Affective Domain Characteristics 

As far as motivational aspects, adults are highly motivated and task-oriented 

(Merriam & Caffarella, 1999). They are focused on immediate, relevant application, and 

have strong internal motivation (Cercone, 2008). Yet this strong internal motivation 

cannot make up for a lack of cognitive understanding in a subject. An important 

consideration with adults taking remedial courses is that if they have limited knowledge 

on a topic, they will become more dependent on the instructor (Cercone, 2008; Merriam 

& Caffarella). 

Zemke and Zemke (1995) wrote about adult learning theory by first summarizing 

the findings of Knowles (1973) in four assumptions: adults tend to prefer self-direction; 

adults have rich resources of experiences; adults have an impulse to learn in response to 



life's events; and adults are competency-based, wanting to apply learning. Most adults 

prefer straight-forward, how-to content. Zemke and Zemke also discuss how there is a 

window of opportunity to capture an adult's natural motivation, and that adults are 

motivated by appeals to their personal growth or gain. Yet they further state that "self-

direction is only effective when the learner has some basic level of experience with the 

content" (p. 49). Straight or modified lecture is effective when learners have little 

grounding in the subject matter or where rules and regulations have to be passed on 

(Zemke & Zemke). 

Theories of adult learning are still in flux, and often cannot be separated from 

learning theory in general (Brookfield, 1995). Brookfield believed that "the attempt to 

construct an exclusive theory of adult learning - one that is distinguished wholly by its 

standing in contradiction to what we know about learning at other stages in the lifespan -

is a grave error" (Brookfield, p. 1). Moss (2006) agrees with this assessment, stating that 

adult educators cannot at this point discern the most effective way to teach adults in 

mathematics, since there is no reliable base of research on adult numeracy. Moss states, 

"...there is no such thing as a typical adult learner of mathematics. Adults often present 

'spiky profiles' (different levels of skill in different areas)" (Moss, p. 5). To inform those 

who instruct adults in remedial mathematics, Moss advocates reexamination of general 

human learning and mathematics learning research, specifically research on conceptual 

change. Partially for this reason, the literature review for this dissertation research also 

reviews prior findings related to principles of learning in mathematics. 
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Anxiety and Adult Learners 

Much of the literature on adult learners or andragogy has included mention of 

mathematics anxiety or computer anxiety (Cercone, 2008; Condelli et al., 2006; 

Marchewka, 2010). Since this investigation studies the effects of an online tutorial on the 

student's achievement and attitude towards mathematics, it is appropriate to discuss both 

mathematics and computer anxiety in relation to adult learners. 

Research on Mathematics Anxiety 

"Math anxiety" has been defined as "feelings of anxiety, dread, nervousness, and 

associated bodily symptoms related to doing mathematics" (Fennema & Sherman, 1976, 

p. 324). Ashcraft (2002) defined mathematics anxiety as "a feeling of tension, 

apprehension, or fear that interferes with math performance" (p. 181). The first 

systematic instrument for assessing mathematics anxiety was the Mathematics Anxiety 

Rating Scale (MARS), written by Richardson and Suinn (1972) and analyzed by Suinn, 

Edie, Nicoletti, and Spinelli (1972). This 98-item scale was designed to measure anxiety 

responses, mostly negative, to using mathematics in ordinary life and academic 

situations. Interestingly, Ashcraft has found, however, that the answer to the question 

"On a scale from 1 to 10, how math anxious are you?" (p. 181) correlates anywhere from 

.49 to .85 with scores on a shortened version of the MARS developed by Ashcraft (2001). 

An important first instrument to measure overall attitude towards mathematics was 

the Fennema-Sherman Mathematics Attitude Scales (1976). This instrument has been 

frequently used for this purpose (Meyer & Koehler, 1990). In the original scale there 

were over one hundred Likert-type items in nine measured domains. The domains related 

to the consequences of success in mathematics, the mother's mathematics attitude, the 



father's mathematics attitude, mathematics anxiety, effective motivation or perseverance 

in mathematics, usefulness in mathematics, teacher's mathematics attitude, confidence in 

learning mathematics, and mathematics as a male domain. The original purpose of the 

instrument was to determine individuals who would elect to study mathematics. In a 69-

item revision of the scale, the mathematics anxiety domain was removed after factor 

analysis was performed using 1,541 students. 

Alexander and Martray (1989) revised a 25-item form of the Mathematics Anxiety 

Rating Scale (MARS). Administering the abbreviated form and the MARS to 517 college 

students, the authors examined the relationship between raw scores on the abbreviated 

scale and those on the MARS. They found that mathematics anxiety is related to 

perception of (a) the mother's, father's, and teacher's perceptions of their mathematics 

abilities and (b) the usefulness of mathematics for pursuing career objectives. 

Borg and Gall (1996) used 196 Irish secondary students to analyze the Fennema-

Sherman scales and found similar Cronbach's a coefficients to the original 1976 

research. They then devised a shortened form of the instrument with only four domains: 

attitude towards success in mathematics, confidence in learning mathematics, attitude 

towards the usefulness of mathematics, and affective motivation in mathematics. The 

Cronbach a coefficient for this instrument was .93. For several reasons, however, this 

study employed the Attitude towards Mathematics Inventory (Tapia, 1996), as will be 

discussed in Chapter 3. 

The prevalence of mathematics anxiety is a matter of debate, but Burns (1998) has 

suggested that over 60% of adults have a fear of mathematics. Mathematics anxiety tends 
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to be higher among females (Hembree, 1990), which may result in reduced mathematics 

interest, and this difference tends to increase during time in college (Sax, 1994). 

Jackson and Leffingwell (1999) studied the origins of mathematics anxiety in 

students' lives and the types of instructor behaviors that exacerbate anxiety, which 

include poor communication, uncaring instructors, age or gender bias, and poor quality 

instruction or assessment methods. They noted that teachers should try to reduce anxiety 

in college mathematics courses, especially for those in developmental classes, and 

suggested ways in which teachers could help with this. Earlier, Tobias (1993) had 

researched and written about adult mathematics anxiety in a seminal work entitled 

Overcoming Math Anxiety, originally published in 1978. Here she studied the impact of 

this condition on individuals, mostly women, and discussed the causes and myths 

surrounding this anxiety. 

Condelli et al. (2006) offered a good summary of Tobias' work and included a list 

of the following recommendations (p. 17): 

• Students need to take charge of their mathematics learning, refusing to be 
intimidated by their history and the culture of previous mathematics classrooms. 

• Teachers must create environments where math anxiety can be discussed openly, 
help students recognize their mathematics strengths, and provide opportunities for 
success and difficulty within their zone of proximal development. 

• Mathematics books are not an easy read, and part of the desensitization process 
compels teachers to help students develop appropriate reading skills. 

• Teaching styles must be adjusted to include methods that recognize differences 
invoked by gender and culture. 

• Talking and writing about feelings and strategies must permeate the course. 

Despite these recommendations for dealing with mathematics anxiety, students 

must still face their fears in mathematics and these fears and negative attitudes affect 

achievement (Ashcraft & Kirk, 2001; Hembree, 1990). For students with mathematics 
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anxiety, any mathematics course presents an especially difficult hurdle, especially since 

mathematics is very much dependent on prior knowledge (Arem, 2003). Anxious feelings 

disrupt the brain's working memory and its ability to manipulate and retain numbers and 

numerical expressions (Ashcrafit & Kirk). Many studies have shown that mathematics 

anxiety is negatively correlated with mathematics performance, as seen in an important 

meta-analysis by Schwarzer, Seipp, and Schwarzer (1989). 

Research on Computer Anxiety 

There are also concerns from the use of technology for adult learners, who are 

sometimes from a generation before widespread computer use. Older adults sometimes 

have trouble acquiring new cognitive skills related to using a computer (Van Gerven, 

Paas, & Tabbers, 2006). The label computerphobic is used for those "who exhibit 

negative reactions to computers, ranging from mild discomfort to extreme avoidance," 

and is estimated to have an incidence between 25% and 50% (Todman, 2000, p. 27), 

although more recently computer anxiety rates for males have decreased. 

Chua, Chen, and Wong (1999) conducted a meta-analysis using research on the 

relationships between computer anxiety and three commonly studied correlates: age, 

gender, and computer experience. They derived from previous studies four summarizing 

statements concerning computer anxiety: 

1. Computer anxiety is a fear of computers when using the computer, or when 

considering the possibility of computer use. 

2. Computer anxiety is a kind of "state anxiety" that can be changed. 

3. Computer anxiety is measurable in multiple dimensions. 

4. Computer anxiety causes computer use avoidance (p. 610-611). 
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Computer use avoidance can be viewed from three perspectives. The psychological 

perspective focuses on the fear of damaging the computer system or files. The 

sociological perspective is related to changes in social patterns, job demands, or losing a 

job due to computerization. The operational perspective involves fear of operational 

problems when performing computer tasks (Torkzadeh & Angulo, 1992). 

The meta-analysis (Chua, Chen, & Wong, 1999) showed that women have a 

significantly higher level of computer anxiety than men. This is significant since a higher 

percentage of college students in general and adult learners in particular are women 

(Howell, Williams, & Lindsay, 2003). In the meta-analysis, most studies on computer 

anxiety and age showed no relationship. However, age was found to be a significant 

factor in studies involving a wide age range. As one would expect, computer experience 

was found to be significantly but inversely related to computer anxiety (Torkzadeh & 

Angulo, 1992). The meta-analysis concludes with a recommendation that the problem of 

computer anxiety be addressed before any instructional program with technology is 

launched, presumably by minimizing any features of the technology that cause anxiety. 

Laguna and Babcock (1997) investigated the relationship between computer 

performance on a task and computer anxiety. They measured the number of correct 

responses, the decision time, and computer anxiety experienced by younger and older 

adults. Age significantly affected the number of correct responses, but anxiety was not a 

significant covariate. Age also significantly affected decision time, but this time anxiety 

was a significant covariate. Thus there is an age-related difference in decision time and 

this effect is related to computer anxiety. The conclusion was made that older students 

have higher computer anxiety, but not significantly lower task performance, although the 



29 

decision time necessary for tasks is longer for older students. Further research concerning 

the relationship between anxiety level and decision time was suggested. 

In a recent study of adult learners, computer use and internet-based literacy 

practices were found to be positively correlated with prose, document, and quantitative 

literacy scores, even when controlling for other variables (Smith & Smith, 2010). 

Conversely then, the lack of computer literacy presents an obstacle for students in adult 

education. Li and Edmonds (2005) found some gains for adult learners as a result of 

computer-aided instruction, but some concerns, including confusion when experiencing 

online activities, struggles with the level of reading in online content, and testing 

intimidation (Li & Edmonds). This calls into question the effectiveness of online 

programs for assignment and assessment delivery for at-risk adult learners, many of 

whom are found in remedial college mathematics courses. A major concern in 

developmental or remedial mathematics courses is a high noncompletion rate. 

Additionally, distance education courses often have lower completion and retention rates 

than classes that meet face-to-face (Carr, 2000). These facts highlight the importance of a 

careful investigation of how to employ online course components, especially for adult 

learners in remedial college mathematics. 

History and Research in Developmental and Remedial Education 

Developmental or remedial education can be described as instruction done to help 

those with lower than average abilities be able to handle college work. Courses of these 

types have been in existence for at least two centuries in the United States. Colleges have 

seemingly always had to deal with students not as prepared as other students. A milestone 

in the history of education was 1871, when Harvard's president Charles Eliot noticed a 
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poor exhibition of student writing. The university later developed an entrance exam and 

in 1879 found that over 50% of the students failed the exam. Remedial courses were 

instituted to prepare students for college level work (Casazza, 1999). 

Developmental education is centered on the premise that no student should be 

denied the chance to attend college, and may be supported by the ideal of equal 

opportunity for all (Brothen & Wambach, 2004). Developmental courses are 

distinguished from remedial courses by being taught in a manner consistent with the 

principles of developmental education. The National Association of Developmental 

Education (NADE) promotes the development within each learner of "the skills and 

attitudes necessary for the attainment of academic, career, and life goals" (NADE, 2011, 

Goals of Developmental Education, para. 1). In order to attain these goals, Kinney and 

Robertson (2003) suggest that the instructor and institution might: 

1. Assess students' prior knowledge and place them into an appropriate course. 
2. Offer courses with a high level of organization and structure to promote 

keeping students on-track to meet course objectives. 
3. Provide explicit instruction in how to accomplish academic tasks in the course. 
4. Frequently assess student performance and provide feedback. 
5. Implement intervention strategies if students don't meet course expectations. 
6. Use an advising system where instructors are in frequent contact with advisors 

about student performance so that advisors can intervene early. 
7. Provide tutorial centers that offer one-on-one assistance. 
8. Keep class sizes relatively small so students can receive individual attention. 

(p. 316) 

Developmental education involves courses taught under these principles and 

recommendations. 

Researchers and practitioners in the field, however, differ in their use of the term 

developmental mathematics. Developmental college mathematics is defined by Kinney 

and Robertson (2003) by the statement: "developmental mathematics is widely 
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considered to consist of postsecondary courses whose content level is below that of 

college algebra" (p. 315), which is a standard mathematics course in almost all colleges 

and universities. Thus, this coincides with what most in the field consider as remedial 

mathematics courses. However, Kinney and Robertson then state that in theory, 

developmental mathematics are taught in a manner consistent with principles of 

developmental education. 

Brothen and Wambach (2004) state that the "traditional core of developmental 

education has been remediation" (p. 16). Thus, although at times the terms developmental 

and remedial seem to be used interchangeably in the literature, in this research remedial 

mathematics courses will be considered as those below that of college algebra. 

Developmental mathematics courses will be considered a subset of remedial mathematics 

courses that are taught according to developmental principles. Most colleges have a 

placement test steering students who are weak in mathematics into remedial courses. 

Learning in Mathematics and Specifically in Algebra 

Mathematics and algebra in particular are described in many ways. Some see it as a 

language, a way of thinking, or a way to solve problems. Others see it as "the 

crystallization of relationships into a beautifully regular structure, distilled from our 

actual contacts with the real world" (Dienes, 1960, p. 11). For some students in school, 

perhaps, it is a subject to endure and hopefully pass. For others, it is symbolic 

manipulation (Pimm, 1995), with or without meaning. For an adult learner in remedial 

college mathematics, it is perhaps many of these things. 
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The Difficult Nature of Mathematics and Algebra 

The high failure rate in college mathematics cited above (Twigg, 2004) is perhaps 

because of the very nature of mathematics and algebra compared to other subjects. 

Algebra assumes prerequisite knowledge of and skill in using concepts and procedures 

concerning the real number system. These include knowledge about and use of integers, 

decimals, fractions, percents, negative numbers, and irrational numbers. This knowledge 

is not intuitive to humans, since humans have not in the distant past been able to relate 

such numbers as negative integers, decimals, or irrational numbers to real objects in our 

environment (Sousa, 2008). Algebra assumes knowledge and skill in applying the 

operations learned in arithmetic to these number types. Algebra assumes familiarity with 

the properties of the real number system, many of which are similar in ways and hard to 

distinguish. Prerequisite knowledge is crucial for developing algebraic understandings 

and skills, for "achievement of understanding makes connections with an existing 

schema" (Skemp, 1987, p. 112). For some students in remedial college mathematics, it 

has either been a long time since they have had an algebra class in high school or they 

have never had such a class in high school. They often lack the prerequisite knowledge 

for college mathematics. 

Tobias (1993) states that mathematics is difficult because of ambiguity in the use of 

its terminology. She describes how mathematical terms are not free of the connotations 

and contexts within which we use them. The example given is the use of the term 

multiply, which in early grades is a way to perform successive additions. In later grades, 

multiplication of decimals and fractions are introduced, and this earlier conceptual 

understanding cannot be applied. Multiplication requires a different algorithm for each 
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application, although it can be conceptualized at this level as finding the area of a 

rectangle of given length and width. In even later grades, we begin to multiple negative 

numbers and even imaginary numbers such as 3i. Students can in no way perform -5 or 3i 

successive additions nor conceive of rectangles with dimensions using these types of 

numbers. 

Perhaps another reason algebra is so difficult is the abstract nature of the subject 

(Pimm, 1995). The use of letters in the place of numerical quantities makes algebra more 

abstract. Students are expected to perceive that what they are doing with variable letters 

is precisely the same as what they would be doing with numbers instead. Humans have an 

intuitive number sense in the number module in their left parietal lobe (Sousa, 2008). 

They also have stored ordinary language words for numbers in Broca's area of our brains. 

But the human brain has serious problems with calculation since symbolic manipulation 

is not hardwired by their biological past (Sousa, 2008). Neither are their brains built to 

deal with variables - these must be learned as an abstraction. Dienes (1963) states that 

"the process of connecting symbolism to imagery is at the heart of mathematical 

learning" (p. 163). The imagery of which Dienes was speaking are the mathematical 

objects on which students focus when they study mathematics - numbers, operations, 

alterations in functional values, visual and geometric relationships, etc. Yet Pimm argued 

that humans cannot manipulate these objects physically or directly. They can only 

manipulate the symbols they use to represent these objects. 

Furthermore, with modern technology - hand-held calculators or desktop computer 

software - students are not even manipulating the symbols of the objects anymore since 

the device is doing this for them. Pimm (1995) observes: 



34 

There is an increasing modern tendency away from doing things "by hand," 
resulting in a lack of direct manipulative experience. Our experience of the world in 
all its senses is becoming more and more mediated by means of machines which of 
necessity shape and filter that experience, (p. 7) 

So it appears that there are mathematical objects, our conceptualizations of number for 

example, which are derived from real concrete objects in the world. Then there are 

symbols for numerals, operations, and other mathematical objects. These symbols are a 

bit removed from the actual mathematical objects they represent. Then there are 

additional symbols in the form of algebraic variables, letters, a bit more conceptually 

removed from some unknown number they are representing. Then finally, there are 

technological devices that can perform manipulations on those variables for students and 

further remove them from the original concrete reality. Singh (1993) found that the 

abstraction of mathematics is one of two common reasons students gave for dislike of 

mathematics, the other being a perceived lack of relevance of the subject. 

A third reason algebra is a difficult subject for adults in remedial college 

mathematics is the concentrated nature of the course. There is often a minimal amount of 

instructional time available to help students learn the large amounts of material to be 

covered. A beginning or intermediate level algebra course generally offered as a remedial 

course to prepare for College Algebra is rather full. For example, West Texas A&M 

University's Virtual Math Lab includes tutorials for its courses. The tutorial for 

Intermediate Algebra lists 35 different topics while the tutorial for College Algebra lists 

52 different topics to be studied (Seward, 2011). For some adult programs that include 

remedial courses such as beginning or intermediate algebra, classes are taken in an eight 

week format, two sessions per semester. This format helps students to progress in a more 

timely fashion through their coursework and is therefore popular and competitive in its 
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market (Davies, 2006). In contrast with the amount of instructional time that algebra is 

taught at the secondary level - often 45 minutes a day, five days a week, and 36 to 40 

weeks a year - this is over three times more instructional time than the typical college 

semester course. Skemp (1987) argues that mathematics is difficult because of its 

concentrated form: "The particular problem (but also the power) of mathematics lies in 

its great abstractness and generality, achieved by successive generations of particularly 

intelligent individuals each of whom has been abstracting from, or generalizing, concepts 

of earlier generations" (p. 18). 

Pattern interference is a phenomenon of the brain that causes much confusion in 

mathematics (Sousa, 2008). Grade school children experience this hindrance as they 

begin to learn their multiplication facts in about third grade. Prior to this, they have 

learned their addition and subtraction facts for numbers up to perhaps 10 or 12, such as 

3+5 = 8 or 9-2 = 7. Now they are expected to memorize multiplication facts of a 

similar form, such as 3-5 = 15 or 9-2 = 18. In these cases there is a similar pattern 

initially, but a different final answer. Sousa likens this to having to memorize multiple 

statements such as "Carl Dennis lives on Allen Brian Avenue" and "Carl Gary lives on 

Brian Allen Avenue" and "Gary Edward lives on Carl Edward Avenue" all at once 

(Sousa, p. 43). Multiple use of the same few digits in various combinations causes our 

brain to experience this pattern interference and causes children to have extreme 

difficulty in learning their multiplication facts. In the same way, adolescents or adults in 

an algebra class have great difficulty keeping their algebra facts straight. This is 

especially true of the laws of exponents when terms are added or subtracted, multiplied or 

divided, or taken to higher powers. Expressions such as (2+x)2, (2x)2, and 2x2 are often 
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confused. In expressions such as (3x ) (5x), students frequently cannot correctly pick out 

which exponent laws should be applied and in which order. Perhaps it is pattern 

interference and the concentrated nature of the course that contributes to this confusion. 

Perhaps also, for some students, there is not enough time to establish earlier principles 

before further rules are introduced, as seen by the elevated failure rates cited earlier 

(Twigg, 2004). 

The Psychology of Learning Algebra 

The question of how a person learns mathematics, or algebra in particular, is tied to 

the workings of the human brain and its memory system. The components of the human 

memory system begin with the sensory register where the brain takes in and initially 

process new sensory data. In the immediate memory the brain initially considers this data, 

but in the working memory or short-term memory thoughts concerning this data are 

manipulated. Finally, in the long-term memory the brain stores information that it deems 

important or meaningful enough to store (Sousa, 2008). 

The sensory register is the part of the mind that first receives auditory, olfactory, 

visual, or tactile data (Martinez, 2010). The sensory register is considered part of the 

parietal lobe, which as a whole has two main functions. One has to do with the initial 

sensations and integration of our perceptions. The other has to do with integrating 

sensory data, primarily visual information, to construct a spatial coordinate system to 

represent the world around the person (Parietal Lobes, 2011). When children do 

arithmetic, they primarily activate a region of the brain Devlin (2000) called the number 

module, which contains part of the left parietal lobe and the part of the motor cortex that 
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controls movement of the fingers. Researchers believe this is a development from the 

distant past of humans when counting was exclusively done on fingers (Devlin). 

Data are then stored in the brain's immediate memory for up to 30 seconds. Data in 

this memory is held there in focus if it is deemed important to the person, but it is quickly 

lost if it is deemed unimportant. This is where a person might hold a phone number until 

he or she has dialed the number - then it is gone unless a conscious effort is made to 

remember it and store it into long-term memory. Working memory is where ideas are 

built, dismantled, or reworked over time periods of minutes to up to days in length. Ideas 

eventually are either disposed of or stored in long-term memory. Data that has some 

meaning to the person is brought into and stored in the working memory. Actually, only 

some of the data is stored for the mind to "think about." Martinez uses the analogy of a 

snowstorm: "Our eyes, ears, and fingertips experience a constant blizzard of information, 

but what is actually learned is only a few snowflakes" (Martinez, 2010). Martinez was 

speaking of the whole process from sensory data to long-term memory here, but the point 

was the same - only some data is interpreted and stored in a person's memories. 

Miller (1994) found that for adults, the short-term memory can only hold about 

seven pieces of information, with a variation of two or three either way. With children 

and adolescents, this number can be anywhere from two to seven items at one time. 

Humans can focus on one topic area or problem for only about 10 to 20 minutes at a time 

before fatigue or boredom set in, although this varies according to the age of the person 

(Sousa, 2008). However, sometimes a problem or set of thoughts can stay in working 

memory for days or longer, attracting the attention, using up some of a person's limited 

short-term memory, and interfering with accurate processing of the person's thoughts in 
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daily activities or academic pursuits (Sousa). An important consideration in education is 

for teachers to not overload the working memory. The processes involved in cognition, 

thinking about data stored in the working memory, also takes up some short term 

memory as well, reducing the magic number (Miller, 1994) of seven items to an even 

smaller integer. If a teacher thinks students may be overloaded in their working memory, 

Martinez (2010) recommends the adage: "When in doubt, slow down and simplify" (p. 

42). 

The long-term memory is described as a fully-indexed encyclopedia (Martinez, 

2010). It stores words and images in a way that allows cues or related ideas to trigger 

recall in the mind of a person. These cues are cross-referenced so that each remembrance 

has multiple cues by which it can be remembered. This memory also has an enormous 

capacity and can endure for years. Learning is defined as the storing of information from 

short-term memory to long-term memory (Martinez). An important discussion today is 

how to facilitate not just surface learning or rote memorization, often called instrumental 

learning, but deep learning that lasts a long time in a person's memory (Phillips, 2005). 

Even long-term memory fades in time, and less and less detail is remembered as time 

passes in general. It is not just the duration of the learning that is important, but how the 

learning fosters transfer or the ability to generalize or apply the learning to new 

situations. 

Sousa (2008) believes that rote rehearsal, the memorization of items exactly as they 

are presented, has its place in the learning of mathematics in elementary and secondary 

education in some instances. These include times when vocabulary or number facts are to 

be stored exactly as taught to the student. However, Sousa promotes the use of 
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elaborative rehearsal, the storing of information in our long-term memory by creation of 

new associations with prior learning. This is in order to build relationships between the 

pieces of information. The process may involve the reprocessing of information several 

times in order to make the deeper connections. If insufficient time is invested in learning 

a topic, students will resort to rote memorization. 

Conceptual Learning in Algebra 

The process of abstracting becomes a part of our everyday lives from birth on. 

Abstracting can be described as developing a sense of the invariant common properties of 

a set of objects as we classify them by attaching a name to the classification. The 

abstraction produces a lasting mental change and enables us to recognize new 

experiences or objects as having the similarities of an already formed class. This 

abstraction Skemp (1987) calls a concept. Everyday life is full of all types of concepts, 

but most of them are primary concepts, ones which are only one abstraction away from 

real objects, such as the concept of a house. Secondary concepts are those abstracted 

upwards from primary concepts, such as the concept of a dwelling. If one has established 

in their mind the concepts of a house, an apartment, a hut, and a tent, then to develop in 

their mind the concept of a dwelling is a relatively easy proposition. 

Because of its concentrated nature, mathematics usually involves establishing new 

higher order concepts, which are more abstract than everyday life. Humans can learn 

mathematics because of the great ability of language to speed up the process of higher 

concept abstraction. Skemp (1987) likens it to building a boat from a kit, where all the 

lumber is cut to specifications and the hardware and instructions are all provided, as 

opposed to having to obtain from scratch the wood and iron components from nature. 
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However, Skemp (1987) decries the approach of many mathematics texts and 

mathematics teachers in introducing new concepts by a word definition. Definitions 

should be used to precisely delineate the boundaries of an abstraction once the concept 

has been learned, but should not be used to present it initially. Examples and 

nonexamples of the concept should be shown so that students can discern the invariant 

common properties of the classification. The nonexamples are shown to help the student 

learn the exact boundaries of the concept, just as a mother delineates the boundary of the 

already learned concept cat when a dog approaches. An important consideration in this 

context is that of psychological noise, irrelevant data that distracts the learner from 

acquiring the concept. The more noise there is, the more difficult it is for students to pick 

out the common properties of the examples. But if there is no noise in the learning 

process, students will not learn to discern the classification of an object when in the real 

world there is such noise. The level of noise can be started at a minimum and increased as 

the students learn the concept (Skemp). 

Since much of mathematics involves learning higher order concepts, conceptual 

learning is governed by two overriding principles given by Skemp (1987, p. 18). These 

are: (a) concepts of a higher order than those that people already have cannot be 

communicated to them by a definition, but only by arranging for them to encounter a 

suitable collection of examples and (b) since in mathematics these examples are almost 

invariably other concepts, it must first be ensured that these are already formed in the 

mind of the learner. And since the present state of mathematics is so concentrated after so 

much has been learned throughout the centuries, students must be aided in acquiring most 
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Skemp writes: 

The present day learner has to process not raw data but the data-processing systems 
of existing mathematics... At best, this makes one largely dependent on teachers 
(including all who write mathematical textbooks); at worst, it exposes one to the 
possibility of acquiring a lifelong fear and dislike of mathematics, (p. 18) 

Beyond the notion of a concept is that of a conceptual structure or schema, which 

consists of an interrelated set of concepts and perhaps other conceptual structures. In 

algebra, the schema of a linear function has many related schemata: functions, linear 

expressions, the slope-intercept form of the function, the slope of a line, the y-intercept, 

ordered pairs as points on the line, etc. Students must understand all of these schemata 

before they can easily work with linear functions. The sequential nature of mathematics, 

that prerequisite knowledge is first established in earlier courses and then built upon in 

current or future courses, is well known (Tobias, 1993). 

The phenomenon of chunking is the process where human beings group information 

into meaningful units called chunks. This is for the purpose of trying to remember more 

bits of information than their short-term memories could normally hold (Martinez, 2010). 

The key is that the learner has to become familiar enough with the information that he or 

she can divide the data into meaningful groups or chunks. Cell phone users might not 

have to memorize the area code nor the middle three digits of a ten digit number, since 

they would be familiar with these. This is a good illustration of this phenomenon. In 

mathematics, many instances may involve students being able to do "mental math" 

because they can chunk information, grouping it together in their minds and by this do 

somewhat complex computations. Even though this involves cognitive processing and an 



application of the Associative Property, the following is a mathematical example of 

chunking: 

13 + 27 = (10+ 20)+ (3+ 7) = 30 + 10 = 40. 

The student who does the mental math in this way is perhaps thinking that the ten's place 

sums to 30, one chunk, while the one's place sums to 10, another chunk. Thus, the final 

step only involves three items in short-term memory, the 30+10 thought, resulting in the 

final answer. 

Pegg and Tall (2005) analyzed several cognitivist theories of concept construction 

and the sequences of actions involved in each. Then they synthesized a summary of the 

steps in a cycle of concept construction tying together all of the theories they examined, 

which included the SOLO theory (Biggs & Collis, 1982), a theory by Davis (1984), the 

APOS theory of Dubinsky (Czarnocha, Dubinsky, Prabhu, & Vidakovic, 1999), and a 

theory by Gray and Tall (1994). The summary was entitled the "Fundamental Cycle of 

Concept Construction" (Pegg & Tall) and involved the following steps: 

1. Known Objects 

2. Procedure as Action on Known Objects 

3. Alternative Procedures (can optionally be shown and understood) 

4. Process as Effect of Action 

5. Object as Procept (process and concept combined) 

In mathematics, often procedures such as addition are conceptualized and then the 

concept can be used to construct higher concepts. Thus, the procedure has become a 

concept or procept. 
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Procedural Learning in Algebra 

Procedural learning is somewhat different from conceptual learning. Besides 

involving conceptual knowledge and schemata, it also involves a set of operations or 

steps that must be followed. Explanations of every step in the process should be provided 

to the student, with a preliminary goal that the student can explain these steps. Yet it is 

also desired that the student can perform the procedure without a lot of thinking because 

the procedure has become more automatic. This is not to say that the student performs the 

steps mechanically without understanding what he or she is doing. At any step along the 

way, an expert in a process can stop and explain why a step is being performed. The 

understanding is there, but he or she also has the fluency expected of an expert. In 

mathematics, symbols all have meaning. Yet at times, symbols are detached from their 

concepts. Manipulations are performed on symbols in an automatic manner. This is not, 

however, a mechanical manipulation of symbols without meaning, such as a machine or 

computer can do. To be able to manipulate mathematical symbols only, without 

understanding, means that a person is completely without the ability to apply their 

mathematics. Transfer of learning requires a deeper, conceptual understanding, what 

Skemp (1987) calls reflective learning, as opposed to intuitive understanding. 

Cognitive Load Theory 

In relation to procedural learning, a study of interest is one by Renkl and Atkinson 

(2001) that involves short-term memory capacity in an application to try to inform the 

teaching of skill-oriented subjects. The study involved students acquiring cognitive skills 

in well-structured domains such as mathematics, physics, and programming. A 

commonly used (LeFevre & Dixon, 1986; Recker & Pirolli, 1995) and effective practice 
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(Atkinson, Derry, Renkl, & Wortham, 2000) is the use of worked-out examples combined 

with student problem-solving exercises related to the examples. It has been shown that 

example-based learning with some interspersed problems is more effective than learning 

only by problem-solving (Mwangi & Sweller, 1998; Sweller & Cooper, 1985). This 

process involves (a) a principle or rule being introduced, (b) worked-out examples 

provided, and (c) several to-be-solved problems used where students practice the method. 

How best to structure this process, according to cognitive theory, is the concern of this 

study and a concern to those who teach algebra skills. The cognitive load theory 

emphasizes how constraints on our limited working memory help determine what kinds 

of instruction are the most effective (Renkl & Atkinson). Preferred are learning activities 

that minimize processing or storage that is not directly related to the learning at hand to 

avoid overloading working memory. Three types of cognitive loads are described. 

Intrinsic load is related to the complexity of the learning material and is the number of 

items that the learner must attend to simultaneously to understand the material. This is 

complicated by the interaction of many factors but can be reduced if the learner has prior 

domain knowledge and can structure the material into meaningful chunks so the intrinsic 

load is reduced. 

The germane load refers to the demands placed on working memory that are from 

mental activity directly related to learning the material. One of the key activities used by 

teachers to build understanding when they are using worked-out examples is self-

explanation. This is where the learner is asked to follow the example's steps and 

comprehend the solution rationale. Or they are asked to compare two examples to 

understand and explain similarities and differences. This activity is necessary for schema 
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construction and is considered to cause a germane load on working memory, one that 

contributes directly to learning. Extraneous load, however, is from mental activities that 

do not contribute to learning. This can be from distractions, text or graphics that do not 

relate to the process at hand. These may show ambiguities or disagreements and thus 

occupy the learner's cognitive capacity, leaving too little capacity in the working memory 

for self-explanation (Renkl & Atkinson, 2001). 

Thus, educators should explain the initial subject and principles, with any necessary 

vocabulary or symbolism, to reduce intrinsic load. Educators should also try to eliminate 

extraneous load demands, especially from anything unrelated to learning, so as to leave 

maximum capacity for germane load. As well, there are other ways of enhancing 

germane load requirements, such as giving self-explanation prompts. Then the skill 

should be practiced and students should start to develop automaticity, when skills or parts 

of skills become second nature to the learner (Renkl & Atkinson, 2001). 

Cognitive load theory can also be used to explain the advantage of example-based 

versus traditional skill acquisition procedures. If the learner does not acquire 

understanding of the prior domain knowledge and how it applies in examples, he or she 

must fall back on a general problem-solving strategy, which involves a high intrinsic load 

requirement. This usually entails a means-ends analysis requiring the learner to keep 

several aspects in mind: the original problem, the goal, the differences between these two, 

operators that might reduce these differences, and any subgoals and strategies necessary. 

Hence, there is an overload of the working memoiy and no working memory left for 

gaining understanding of the process (Renkl & Atkinson, 2001). This perhaps explains 
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the phenomenon of students disengaging when it comes to word problems in algebra or 

proofs in geometry, both of which involve this type of means-ends analysis. 

Because of individual differences, many students have below-average motivation, 

understanding, or self-assessment skills and do not actively self-explain worked-out 

examples. Renkl, Stark, Gruber, and Mandl (1998) found that spontaneous self-

explanations were not as effective as self-explanations that were scaffolded, helped by 

hints, using brief training periods prior to studying the examples. Thus, it is effective 

practice for teachers to design time for a self-explanation activity to ensure that free 

working memory is used productively. 

Four quantitative experiments were performed by Renkl and Atkinson (2003) in 

relation to this theory, and they are summarized here. First, 35 German ninth-graders in a 

physical science class were given either two example-problem pairs or in the treatment 

group, a progression of first, a worked-out example, next a worked-out example with the 

last step left for students to do, then an example with the last two steps left out, etc. This 

process is called backwards fading. In the second experiment, 54 college freshmen were 

given probability problems, either two example-problems pairs as before or a forwards 

fading progression. In the third experiment, U. S. psychology students were randomly 

assigned to groups given either two example-problem pairs, backward fading 

progressions, or forward fading progressions of probability problems. In the fourth 

experiment, these same students were given backward fading probability problems, but 

with or without prompts in the self-explanation stage of the process. 

In the first and second experiments, the backward or forward faded progressions 

were significantly better at facilitating student achievement than just explaining worked-
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examples and then letting students try to solve problems on their own, with effect sizes 

(Cohen's d) of 0.12 and 0.08. In the third experiment, both forward and backward fading 

were significantly better than example-problem pairs, but also it was found that backward 

fading was more time efficient. In the fourth experiment, backward fading with cuing for 

self-explanations was more effective than without the prompting. Thus, to sum up many 

of the results of the theory and empirical findings, an educator trying to teach an extended 

process such as in mathematics or science might follow the following paraphrased 

practices (Renkl & Atkinson, 2003): 

1. Thoroughly explain and establish the domain knowledge: the overall goal, 
principles, operators, terminology, etc, involved in the skill to reduce intrinsic 
load requirements. 

2. Show worked-out examples of the skill with as little distraction or interference 
from nonrelated material as possible so as to reduce extraneous load. 

3. Induce self-explanations such as principle-based or goal-operator explanations, 
or noticing coherences between problems. 

4. Begin to gradually introduce problems that are backwards faded and then 
strive for students to achieve automaticity when their skills begin to improve in 
speed and accuracy. 

These steps should be employed to help students learn complicated process skills such as 

solving word problems, probability problems or multistep equations in algebra. 

Feedback in Mathematics Skill Learning 

Feedback has been investigated extensively in educational research. Hattie (1999) 

synthesized over 500 meta-analyses covering about 180,000 studies on various influences 

on student achievement. The average effect size on achievement, using Cohen's d 

throughout this discussion, was 0.40 with standard error 0.05. Twelve meta-analyses 

involved feedback in classrooms and represented almost 200 studies. The average effect 

size for feedback in these studies was 0.79, almost twice the average effect size of other 

influences. Feedback was among the top ten influences, surpassing the student's prior 
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cognitive ability, and was almost twice that of socioeconomic influences (0.44) or 

homework (0.41). 

Feedback is perhaps a more generic term for the more modern phrase formative 

assessment. Black and Wiliam (1998) stated a definition of formative assessment as "all 

those activities undertaken by teachers, and/or by their students, which provide 

information to be used as feedback to modify the teaching and learning activities in 

which they are engaged" (p. 10). Popham (2008) defined formative assessment as a 

planned process in which the teacher or students use assessment-based evidence to adjust 

ongoing learning and instruction. Wiliam, Lee, Harrison, and Black (2004) found that 24 

teachers of mathematics and science who took the time to plan and implement formative 

assessment had improved results in student achievement equivalent to an effect size 

(Cohen's d) of 0.32. 

A meta-analysis focusing on the effect of feedback in testlike assessments 

summarized findings from 58 studies on feedback (Bangert-Drowns, Kulik, Kulik, & 

Morgan, 1991). The findings relate to the feedback provided for quizzes in the treatment 

groups of this dissertation. It was found that there was a significant difference in the 

effects of several characteristics of feedback, such as the type and timing of the feedback, 

whether the assessment counted for a grade, and the assessment item type used, as 

summarized in Table 1. Most of the studies, 42 of the 58, were at the college level and 

the average effect size (Cohen's d) was 0.26 (SE = 0.06). 

One of the most important findings in relation to online tutorial programs used for 

homework delivery is that feedback giving explanation or where the learner must repeat 

the item until correct had a much higher effect size (0.53) than when the feedback only 
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told the learner whether the question was right or wrong (-0.08) or what the correct 

answer was (0.22). An important finding for online quiz delivery is that feedback granted 

after the assessment produces a stronger positive effect on achievement than feedback 

granted after each assessment item, perhaps because of the distraction or discouragement 

that negative feedback might produce during the assessment. Another important finding 

is that uncontrolled availability of presearch feedback, the ability to obtain feedback prior 

to completing the assessment items, had an average negative effect on student 

achievement. The studies with controlled presearch availability had an average effect size 

of 0.46 (SE = 0.08). The studies with both control for presearch availability and 

corrective feedback had a mean effect size of 0.58 (N = 30, SE = 0.07). Studies not in this 

group contained almost all the negative effect sizes (Bangert-Drowns, Kulik, Kulik, & 

Morgan, 1991). These effect sizes are summarized in Table 1. In the MyMathLab 

program, students can access hints during homework but not during quizzes, and final 

answers are not available before item completion in either assessment. Final answers are 

available after each homework item is completed and only after the completion of a 

whole quiz delivered online. See Appendix E for additional information. 

An important purpose of feedback is to ensure that students are learning procedures 

correctly, not incorrectly. Once a procedure is learned, it is difficult to modify (Sousa, 

2008). As far as concept learning, Skemp (1987) says that "a strong tendency emerges 

towards the self-perpetuation of existing schema" (p. 27). As far as procedural learning, 

Sousa (2008) states that students need prompt and specific feedback to know if their 

answers are correct or incorrect and why. Mathematics and science textbooks have been 

published with answers for odd number exercises printed in the back of the book for 
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Table 1 

Means and Standard Errors of Effect Sizes for Characteristics of Feedback on Testlike 
Items 

Characteristic of Feedback N M SE 

Type of Feedback 
Right / wrong 6 -0.08 0.14 
Correct answer 39 0.22 0.08 
Repeat until correct 4 0.53 0.12 
Explanation 9 0.53 0.16 

Timing of Feedback 
Immediately after item 49 0.19 0.07 
Immediately after test 2 0.72 0.16 
Delayed after test 6 0.56 0.11 

Presearch Availability 
Uncontrolled 21 -0.08 0.07 
Controlled 37 0.46 0.08 

Note. Effect sizes are Cohen's d. (Bangert-Drowns, Kulik, Kulik, & Morgan, 1991) 

many years so that students can know if they are doing problems correctly. Feedback is 

one of the benefits of having an online tutorial program. In fact, students who do 

homework problems in a tutorial program cannot help but receive the feedback - they are 

immediately told whether their answer is correct. Those who do homework in the 

textbook may potentially never know if they answered any of the problems correctly if 

they never use the answers in the back of the book. 

Distance Learning and Online Tutorial Programs 

Despite the fact that a face-to-face class allows the teacher to easily grant feedback, 

the trend today is towards more online or hybrid courses (Valentine, 2002). Perhaps in 

the past distance learning has been offered to provide educational access to more 

students. Today, however, colleges are cutting costs as they at times also lower quality 

(Smith & Mitry, 2008). 
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A Brief History of Distance Learning, CAI, and Online Tutorials 

Distance learning has been around for over 100 years, although the pace of lessons 

in this medium has been as slow as the pace of a posted letter (Valentine, 2002). 

Correspondence courses allowed students to receive coursework over long distances, but 

these methods were gradually replaced by instructional radio or television media and later 

by mailed videotaped lectures. Contemporary distance learning can be defined as "a 

planned teaching/learning experience that uses a wide spectrum of technologies to reach 

learners at a distance and is designed to encourage learner interaction and certification of 

learning" (Greenberg, 1998, p. 36). Distance learning is not associated with the learner 

being required to be in a specific place or time to receive instruction. 

Meta-Analyses Involving CAI and Online Courses 

Computer-aided instruction (CAI) is defined by Li and Edmonds (2005) as the use 

of tutorials or simulation activities as supplements to teacher-directed instruction. CAI 

has been around for decades and a vast number of studies have been carried out using this 

form of instruction. Most studies using CAI as an intervention have had positive results. 

In a meta-analysis of 55 studies by Kulik and Kulik (1991), CAI enhanced student 

learning with an average effect size (Cohen's d) of 0.30 and positively affected student 

attitudes toward the subject. Another meta-analysis using 96 studies (Sitzmann, Kraiger, 

Stewart, & Wisher, 2006) found an average effect size (Cohen's d) of 0.15 for teaching 

declarative knowledge with web-based instruction (WBI) versus classroom instruction. 

The results were insignificant for teaching procedural knowledge with these media. 

However, when WBI was used to supplement classroom instruction, the effect size was 
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0.34 for declarative knowledge and 0.52 for procedural knowledge. In these studies 

approximate equivalence of treatment was not ensured. 

A meta-analysis by Means, Toyama, Murphy, Bakia, and Jones (2009) narrowed an 

initial list of 1,132 studies dealing with online learning to just 176. The remaining studies 

used an experimental or quasi-experimental design with objective measures for student 

outcomes. The authors then selected 99 studies that had an online or hybrid versus face-

to-face instruction contrast. Only 45 of these studies had sufficient data to compute an 

effect size, and only 40 of them were from postsecondary educational settings. The 

average effect size (Cohen's d) for hybrid or online instruction versus traditional 

instruction in these studies was 0.20. Fourteen of the effects were found to be significant, 

as was also the overall average effect size. The authors cautioned that conditions were not 

equal in the comparisons, such as time on task. In fact, they calculated that for those 

studies they judged to have approximately equal conditions, the average effect size was 

0.13, while for those judged not equal the average effect size was 0.40. 

Additional important findings of the study (Means et al., 2009) included the 

following observations. The overall effect size for purely online versus purely face-to-

face learning was only d= 0.05 and it was not statistically significant. Yet for hybrid 

versus face-to-face instruction, the mean effect size was 0.35 (p < .001). Also, effect sizes 

were larger for instructor-directed online instruction (0.39) than for collaborative or peer 

instruction (0.25) or for independent learning (0.05). The mean effect size for studies 

involving undergraduates (0.30, p < .001) was much higher than those involving 

graduates or professionals (0.10,/? < .05) and those at the P-12 level (p > .05). Finally, 

the authors of the study state that elements like videos or online quizzes do not appear to 
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influence how much students learn. The caution was again repeated that it was impossible 

to equate all conditions in the studies, such as curriculum materials, pedagogy, and time 

on task. Means et al. wrote that online learning is "much more conducive to the 

expansion of learning time..." (p. xviii). 

Online and Hybrid Courses for Adult Learners and the Use of Online Tutorials 

Van Dusen and Worthen (1995) examined classrooms using an integrated learning 

system (ILS). They found that for the most part, these systems were underutilized or 

implemented without adequate teacher training. They believed these factors explain the 

lack of significantly higher achievement scores in past studies. Furthermore, their data 

indicate students using an ILS are more motivated to learn, have increased time-on-task, 

can more easily conduct research, are more likely to receive individualized instruction, 

and are more effectively assessed when compared to classrooms not using an ILS. 

Research with CAI and Online Tutorial Programs 

Taylor, Marienau, and Fiddler (2000) discussed various methods teachers of adult 

learners could use. These included reproductive or memorized learning, preparatory-to-

action or applied learning, and reconstructive learning where the learner must abstract 

information from a setting. An important consideration for any learning system is 

whether the preferred learning style of the student has an effect on student achievement in 

a web-based course versus an equivalent course in traditional face-to-face format. 

Zacharis (2010) studied this question using a 2x4 ANOVA table comparing the two 

learning environments, traditional or web-based, and four learning styles from Kolb 

(1984), those preferring various combinations of concrete experience, reflective 

experience, abstract conceptualization, and active experimentation. Among a total of 153 
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computer science students, there was no significant difference in mean achievement 

scores and no significant cross effects between variables. However, Cook (1997) found a 

relationship between mathematics anxiety and perceptual learning style among 

community college students. Students with either audio or tactile/kinesthetic learning 

styles were more likely to have mathematics anxiety. 

Simms and Knowlton (2008) discussed instructional design and delivery for adult 

learners in developmental courses, with a preference for CBI since it has been shown 

useful within the context of teaching developmental skills. They claim that of the 

approaches available for instructional design, the one with the most potential is 

instructional systems design (ISD) with its emphasis on "direct design of robust 

instruction" (Simms & Knowlton, p. 21). Simms and Knowlton posit that adults have a 

preference for learning experiences with clearly defined objectives, goals, and 

expectations, citing Boud and Prosser (2002), and that ISD better matches these 

preferences. In addition, ISD's focus on the design of instruction causes it to have greater 

efficiency over asking students to engage in real world problem solving. Also, ISD can 

give students what they need in developmental mathematics, repetitive practice and 

feedback (Morrison, Ross, & Kemp, 2004). Knowlton and Simms (2009) later developed 

and studied generative strategies for helping adult students in developmental mathematics 

courses, many of which employed adult learner characteristics. This involved an 

instructional systems design (ISD) using the model of Morrison, Ross, and Kemp and 

incorporating such regenerative strategies as recall and memory aid creation, organizing 

and writing summaries, integrating and paraphrasing, and elaborating or describing 



55 

implications. This was accomplished with the use of Powerpoint™ combined with Visual 

Basic™ for content delivery. 

Though studies often show equal achievement with CAI, there is a high dropout 

rate with CAI courses (Carr, 2000), including in developmental education (George, 

2010). At a Florida university similar to that for which this study is being performed, 

Zavarella and Ignash (2009) wrote that questions remain about the effectiveness of CAI 

for developmental courses. They researched whether there was a relationship between 

learning style, instructional delivery format, and course completion. Three formats were 

studied: traditional face-to-face delivery, hybrid course delivery, and completely online 

delivery. In addition, they studied whether there was a relationship between the reasons a 

student chose a particular format and course completion. They also investigated whether 

there was a relationship between scores on a college placement test (CPT) and course 

completion. Noncompletion rates in hybrid and online sections were twice as high as in 

the traditional format. The question arises whether it is the type of student that chooses 

these formats or the instructional delivery that causes noncompletion. Zavarella and 

Ignash found that learning style and CPT score did not significantly impact student 

retention. Eleven out of twenty of the students withdrew because the mode of instruction 

presented challenges that they did not anticipate. The course was much harder than they 

thought. Perhaps largely hybrid or online courses are not best suited for students in 

developmental mathematics courses. The most successful distance learners have been 

"found to have a high tolerance for ambiguity and a need for autonomy and flexibility" 

(Valentine, 2002, Student Concerns, para. 1). 



The issue of whether online assessments adequately evaluate student understanding 

and skill was investigated by Yates and Beaudrie (2009). They studied whether grades 

would be affected when online final exams are taken by students in unsupervised 

environments compared with final exams taken in person. Of 850 students, 406 students 

took the exams in person and there was found to be no significant difference between 

means of the groups. 

Several recent studies have been conducted using CAI or online tutorial programs 

to determine if these programs can help facilitate a significantly higher level of 

achievement in secondary or college mathematics courses. Some of these studies had 

mixed results, as can be seen below. First, some recent studies at the kindergarten to 

twelfth grade level involving CAI are listed, and then postsecondary studies are 

discussed. 

Martindale, Pearson, Curda, and Pilcher (2005) collected state standardized test 

scores of students from 24 Florida public schools to compare achievement in 

mathematics and reading among those who used computer-based or web-based software 

or those who did not use the software. A repeated measures design was used to control 

for maturation and initial group differences. Fourth and fifth grade scores revealed a 

statistically significant improvement among those who used the program, but the effect 

size was weak (f= 0.09). For eighth and tenth grade levels, there was no significant 

improvement in achievement as a result of program use. Biesinger (2008) also found that 

an online tutorial designed to prepare Nevada students to pass a mathematics proficiency 

exam did not significantly improve scores, although some improvement was noted. In 

another study, also at the secondary level, Lindsay (1999) used a computer algebra 



system (CAS) to assess students on a pretest. Lindsay found that only 58% exhibited 

successful understanding using the CAS, but 90% showed successful understanding on 

the same pretest. He concluded that students had difficulties interpreting the computer 

output, an important consideration when a study involved computer-based assessment. 

At the collegiate level, O'Callaghan (1998) examined the effects of using CAI for 

one class of college algebra compared to using traditional lecture. The score differential 

between pretests and posttests was measured for the mathematical concept of function, 

and achievement in the course was measured by the final exam. The score differential 

was found to be significantly different, but not the final exam scores. 

Wynegar and Fenster (2009) studied the effects of various instructional delivery 

arrangements in a college algebra course. The course had the highest failure or dropout 

rate on a community college campus. Between formats of traditional lecture, CAI, online 

delivery, and a program using television to deliver content, the traditional lecture format 

demonstrated the highest student achievement, when controlling for teacher grading 

differences. 

As aforementioned, Li and Edmonds (2005) used mixed methods to study the effect 

of CAI as an instructional supplement on achievement. The population studied was at-

risk adult learners in a developmental prealgebra course. The results were mixed, with 

some assessments showing significantly higher achievement and some showing no 

significant difference in scores. However, one of the instruments used exhibited lower 

reliability (r = .58), and small samples were used (n- 16 and n = 22) that were 

demographically unequal. As stated above, there were concerns about confusion from the 

online format and navigational issues. 
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Only a few researchers studied whether homework and quiz delivery systems for 

mathematics are effective in raising student achievement, again with mixed results. A 

short-term study of the effect of homework feedback from an online delivery system 

involved fifth grade students (Mendicino, Razzaq, & Hefferman, 2009). The intervention 

did not result in significantly higher test scores despite some slight improvement. Sasser 

(1990-1991) found significantly higher achievement when traditional-age education 

majors in college mathematics courses did homework assignments within a computer 

tutorial program. Demirci (2010) sought to compare performance in introductory physics 

courses when students completed web-based versus paper-based homework. No 

significant difference was found on conceptual measures over the two year period of the 

study. Homework scores were somewhat higher on paper-based assignments. Overall, 

however, there were positive perceptions of the web-based homework assignments. 

Lenz (2010) studied the effect of a web-based homework system on student 

achievement for students in a first-year mathematics course, in contrast to traditional 

paper and pencil homework. No significant difference between exam grades was found. 

However, students were more likely to attempt homework and received higher grades 

with web-based homework compared to paper-based homework. This raises the question 

as to why the increased frequency and higher grades on homework did not result in a 

significantly higher level of exam performance. 

Affouf and Walsh (2007) compared web-based homework versus paper and pencil 

homework on overall comprehension as measured by the final exam in a college algebra 

course. The results showed a strong correlation between web-based homework grades 

and the final exam for the 1,653 traditional age students in the study. The results also 
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showed that web-based homework can be a good predictor of final exam scores, 

independent of the instructors involved. Yet this correlation does not establish that the 

web-based homework caused higher exam scores. Bonham, Deardorff, and Beichner 

(2003) compared student performance on quizzes, lab work, conceptual exams, and major 

exams when students completed either web-based or paper and pencil homework. No 

significant difference on these assessments was found between groupings, and the 

researchers concluded that the change in medium itself has a limited effect on student 

learning. Jacobson (2006) found no significant difference between exam scores covering 

one unit of a developmental prealgebra course when students completed computer-based 

homework, despite the immediate feedback the online tutorial granted. 

Angus and Watson (2009) studied whether regular online testing would increase 

student learning. They used multiple regression analysis on a large and rich data set. They 

attempted to control for student aptitude, in-course mastery, gender, and effort as 

exhibited by optional study session attendance. The findings showed that higher exposure 

to the online assessment instrument led to increased learning among first year, traditional 

age students in a business math course. However, as the authors acknowledge, "we 

cannot actually discriminate between the online nature of the instrument, and other 

factors such as its regularity or effort-inducing incentives" (Angus & Watson, 2009, 

p. 265). Thus, this study could be argued to be more about frequent assessment and 

accountability for learning than about the intervention of online learning. 

Another study involved use of the program MyMathLab (MML), as opposed to 

paper and pencil homework, for College Algebra courses at Fayetteville State University 

(Kodippili & Senaratne, 2008). Although the exact assessment used was unclear, results 



for the final scores were not significantly different, although the pass rate in the MML 

classes was significantly higher than the same rate in traditional classes. Burch and Kuo 

(2010) also used MML, but it involved traditional-age undergraduate students, not older 

adult learners. Therefore, additional research is necessary to investigate the effects of the 

use of an online program with adult learners in basic algebra classes. 

Summary: Challenges of Remedial College Mathematics for Adult Learners 

This review has shown that adult learners are a subset of college students with a 

unique set of characteristics (Merriam & Caffarella, 1999). Many of the studies 

investigating the effects of an online tutorial on student achievement have been 

conducted using traditional age college students and not older adult students. With the 

specific personal, physical, psychological, and cognitive challenges that adult learners 

face, research is necessary to investigate online tutorial effects with these students. In 

addition, since those taking remedial college mathematics are generally students who 

have struggled with mathematics in the past, many of these students exhibit mathematics 

anxiety (Tobias, 1993). Some students also may experience test anxiety or anxiety or 

uneasiness towards technology. 

Mathematics is an especially difficult area of study as seen by its concentrated, 

abstract, and sequential nature. Schemata must be constructed by the student having 

appropriate prerequisite knowledge (Skemp, 1987). Procedural instruction should be 

implemented with a conscious effort to not overload the learner's working memory 

(Sweller & Cooper, 1985). It is also imperative that mathematics procedures are learned 

with the benefit of constructive feedback so that concepts and procedures are learned 

correctly (Sousa, 2008). For a population of older adult learners, in this research I 



investigated whether an online tutorial helps improve student achievement and student 

attitude toward mathematics, when controlling for initial states of these constructs. In 

addition, this research involved investigation of whether there exists an interaction 

between age and the use of the online tutorial when controlling for initial algebra ability 

and student attitude towards mathematics. 



CHAPTER THREE 

METHODOLOGY 

This study dealt with adult learners pursuing a bachelor's degree and taking 

remedial college mathematics. The investigation involved the effects of the requirement 

of the use of an online tutorial program. Requirement of the use of the program was 

necessary to ensure a certain level of engagement with the tutorial. The online tutorial 

provided students with homework hints and homework feedback, and was also used to 

deliver quizzes for the course. The following questions have guided the research: 

1. Does requirement of the use of an online tutorial program for homework and 

quiz delivery significantly affect student achievement and attitude towards 

mathematics when controlling for age, initial mathematics attitude and initial 

algebra ability? 

2. Is there a statistically significant age*treatment group interaction in terms of 

student achievement or attitude in remedial college mathematics? 

3. From the students' perspective, what is the nature of the experience of using an 

online tutorial in remedial college mathematics? 

This chapter discusses the specifics of the setting for this investigation, beginning 

with the participants in the study and how they were selected. Demographic information 

and information about their mathematics background are then delineated. A description 

of the institutional setting is provided, as well as how participants were assigned to 
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treatment groups. Next, all of the variables and instruments that were involved in 

quantitative measurements within the study are listed. The research design and 

methodology are then outlined. Data collection methods are listed, including methods 

used to reduce bias. Then a discussion of the main independent variable, the intervention 

itself is given. Within the research design and methodology section, the statistical 

methods employed are delineated, along with follow-up strategies. Next, the qualitative 

research design is outlined, including the conceptual framework for this investigation, 

how the sample was selected, and how data collection procedures were conducted. This 

section concludes with mention of how the qualitative data were coded and analyzed and 

how these results were considered along with the quantitative data. 

Participants and Setting 

The setting for this investigation was a university in the southeastern United States 

that had one division located in a metropolitan setting. This college of the university 

serves adults, most of whom are working full time jobs while earning a bachelor's degree 

in an evening program. All students pursuing a degree from this college must either pass 

or have transferred in credit for a course called Basic Algebra, a beginning to 

intermediate algebra course. In addition, each major requires one additional course above 

Basic Algebra, such as an applied algebra course. 

Eligibility and Exclusion Criteria 

Students in this adult division of the university must be 19 years of age or older. In 

the division, the median age of students was 34 and generally almost all of the students 

were above age 25. Students enrolled in the Basic Algebra course were generally those 

who have not already received credit for a college algebra course. Sometimes students 



took the course to review their knowledge and skill in algebra to prepare them for future 

courses or various qualifying exams. Students were expected to take a placement test 

called ACCUPLACER™ (James, 2006) prior to registering at the college. This test was 

used to determine whether they should begin by taking either (a) a prealgebra remedial 

course, (b) the Basic Algebra course, or (c) whether they could place out of the Basic 

Algebra course with a challenge test. Most were expected to take the Basic Algebra 

course because of their scores. Some of the students who enrolled in the course did as 

recommended by the placement test and took the prealgebra remedial course. Some did 

not take this remedial course and then took the Basic Algebra course without the 

recommended prealgebra course. 

Students were free to enroll in any course they wished. However, each student had 

an academic advisor and an ordered program checklist for their major. Students enrolled 

in the Basic Algebra course, and hence might have been a participant in this study, if they 

had decided to take the course and gain the credit necessary to fulfill their program's 

requirements. Sometimes students delayed taking their mathematics courses until the 

final year in their major, although this was cautioned against by academic advisors and 

was not recommended in their program checklist. 

There are six satellite centers around the state within which this university was 

located. Students could enroll in the Basic Algebra course at any one of the six centers. 

Centers most conveniently located to the student would more likely be used by the 

student. Three of the four centers located in the large metropolitan area were the only 

centers involved in this study. All students enrolled in the sections that were chosen to be 

in the control or treatment groups were asked to participate in the study. The expected 
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participation rate for the study was above 95%, since all students had been willing to 

participate in a pilot conducted prior to this study. 

Major Demographic Characteristics 

In general, most of the students matriculated at the college were female minorities, 

and many were older students who had not taken a mathematics class in many years. A 

breakdown of the demographic information for new students enrolling in 2008-2009 at 

the college is included in Table 2. This provides an approximate idea of the demographic 

information for students who will be participants in the study, although it has been 

observed that the percentages of women students were higher in the Basic Algebra course 

at this college than what is given in the table. For example, for seventeen past sections 

that I have taught the Basic Algebra course, 136 students were female out of 171 

students, or 79.5% of the students. 

Prior Mathematics Achievement 

Table 2 includes past statistics about the students' age and years out of school and is 

important in regard to students' prerequisite knowledge of mathematics and algebra in 

particular. Since Basic Algebra was a content-laden course, prerequisite knowledge was 

important. Surveys were used to collect data about the students' past mathematics classes 

to further provide data about prior mathematics background and achievement. This data 

were thought to have potential for being important for discussion of the study results. 

Sampling Procedures for the Quantitative Data Collection 

The original design of the study included an estimate of approximately 120 students 

in the total sample. Approximately 60 students were to be assigned to the control group 
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Table 2 

Profile of New Undergraduate Degree-Seeking Students for 2008-2009 

Characteristic 

Race / Ethnicity 

Gender 

Age 

Years out of school 
before enrolling at this 
college 

Admit Type 

Credit hours attempted 
at other schools before 
enrolling at this college 

Entering cumulative 
GPA for students from 
other colleges 

Note. GPA = grade point average. Johnson, G. (assistant dean, personal communication) 

using a traditional format without an online tutorial, and approximately 60 students were 

to be assigned to the treatment group using the online tutorial. 

Participant Assignment 

Sample selection was nonrandom in that students who took the Basic Algebra class 

in the fall of 2011 and the first eight-week session of the spring of 2012 were asked to be 

in the study. Treatment group assignment was made according to Table 3. Efforts were 

made to ensure that academic center assignment and weekday or Saturday assignment 

were equally divided between online tutorial groups and control groups. It was expected, 

52% African 
American 

69% Female 

24% European 
American 

31% Male 

24% Other 
or Unknown 

Range: 19 to 56 years Mean Age: 34 years Median Age: 
34 years 

Range: 0-28 years Mean: 9 years Median: 6 
years 

16% First-time 
college students 

84% Students with 
previously attempted 
college coursework 

Range: 3-269 hours Mean: 79 hours Median: 75 
hours 

Range: 0.67-4.00 Mean: 2.57 Median: 2.57 
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Table 3 

Treatment Group Assignment 

Semester Session Day/Time of Class Location Treatment Group 

Fall 2011 Session 1 Monday Evening Center 1 Online Tutorial 

Wednesday Evening Center 2 Online Tutorial 

Thursday Evening Center 3 Control Group 

Saturday Afternoon Center 2 Control Group 

Session 2 Wednesday Evening Center 1 Control Group 

Thursday Evening Center 2 Online Tutorial 

Saturday Afternoon Center 1 Online Tutorial 

Spring 2012 Session 1 Monday Evening Center 1 Online Tutorial 

Thursday Evening Center 2 Control Group 

based on the pilot study described in Appendix D, that generally all of the students asked 

to participate in the research would respond positively to participating in the study. 

Review Board Agreements and Documentation 

I obtained institutional review board approval for the study. Students signed an 

informed consent form in order to be part of the study prior to implementation of the 

study. No monetary benefits were offered to students to participate in the study. See 

Appendix A for the review board approval letter. 

Quantitative Research Measures and Covariates 

Six quantitative measures were employed in this study. Four variables were used as 

independent variables or covariates: the method of homework and quiz delivery, the age 

of the student, the student's initial mathematics attitude as measured by an attitude 

inventory, and the student's initial algebra ability as measured by the pretest. Two 
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variables were used as dependent variables: the student's final mathematics attitude and 

the student's achievement as measured by the course final exam score. 

Definitions of Variables and Covariates 

Two fixed, independent variables were used in this study, gender and the method of 

homework and quiz delivery or the treatment. Three independent covariates were 

involved: age, algebra ability pretest score, and mathematics attitude pretest score. Two 

dependent variables were measured in this study, the final exam score and the 

mathematics attitude posttest score. Below are descriptions of and details related to the 

variables used in this study. 

The gender of the student was obtained by a student questionnaire students 

completed on the first night. The primary independent variable treatment or type of 

homework and quiz delivery had two levels: either using traditional paper and pencil 

means or using the online tutorial program. Descriptions of the treatment procedures are 

given below. The age of the student was acquired by a survey distributed to and returned 

by the student who agrees to participate in the study. Independent confirmation of the 

student's age was also performed, using the university database. 

Initial Mathematics Attitude 

The students' attitude towards mathematics in this investigation was measured 

using a mathematics attitude scale developed by Tapia (1996) and discussed in Tapia and 

Marsh (2004). This Attitude towards Mathematics Inventory (ATMI) had 40 questions 

answered by the student using a Likert-type scale and was narrowed from an original 

scale of 49 questions. Maximum likelihood factor analysis with varimax rotation was 

performed and the process yielded four key factors: self-confidence, value of 
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mathematics, enjoyment of mathematics, and motivation. The inventory has an overall 

reliability, measured by Cronbach's a of .97. 

The decision to use the ATMI developed by Tapia (1996) was motivated by the 

following reasons: (a) it had a higher overall reliability than other instruments found by 

me, (b) it was shorter than many other instruments and therefore would take less class 

time to administer, (c) it did not have components in which I was not interested such as 

parental influence, which is less relevant for more independent adult students, (d) the 

validity and reliability of the inventory had been established for secondary (Tapia & 

Marsh, 2004) and college students (Tapia & Marsh, 2002), and (e) permission to use the 

instrument was granted by the author to me. 

Scores from this instrument were obtained both before and after the course was 

taken and used in the analysis. During the opening hour of the first class in each section 

taught by the instructor, the inventory was completed by each student in the study. This 

was used as an independent variable and as a benchmark score for mathematics attitude. 

On the final night of class, before students take their final exam for the class, students 

again completed this inventory as a posttreatment measure of the attitude of the student 

about mathematics. Thus, the students' attitude towards mathematics was used as both a 

control variable in the case of the pretreatment scores and as a dependent variable in the 

case of the posttreatment scores. 

Initial Algebra Ability 

This investigation measured the students' initial algebra content knowledge and 

skill by a pretest created by me and intended to be used as a covariate. This pretest is 

included in Appendix B. I conducted a pilot study during the previous spring and summer 
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and collected scores for the pretest and the final exam under institutional review board 

approval. These were used to establish the correlation of the pretest and the final exam 

and the reliability of each of these assessments. The reliability for the pretest using 

Cronbach's a was found to be .85 using pilot study data (N = 32). There was not a 

significant deviation from normality for scores on the pretest. Support for these statistics 

is included in a description of the pilot study in Appendix D. 

Final Exam Scores 

The student's achievement in learning the knowledge and skills of algebra as laid 

out in the objectives of the course was measured by the course final exam. The final 

exam is included in Appendix C. The final exam was written according to the course 

objectives and closely aligned to the textbook and to content of the online tutorial as seen 

in both the course homework exercises and the course assessment questions. Thus, this 

instrument has a high degree of content validity assuming the course objectives define the 

target construct. As aforementioned, during the pilot study, scores for the pretest and the 

final exam were collected under institutional review board approval. These were used to 

establish the correlation of the pretest and the final exam and the reliability of each of 

these assessments. The Pearson correlation coefficient for the pretest and the final exam 

was found to be .82 (N- 32). The reliability of the final exam as measured by 

Cronbach's a was found to be .96 (N = 54). This high value was perhaps caused by the 

fact that in many cases, partial credit was scored for the test items when the test was 

graded, as I have done for many years. Additionally, the number of items, being almost 

fifty if all parts of questions are counted, contributed to the high reliability. There was not 

a significant deviation from normality for scores on the final exam during the pilot study. 



Again, a description of the pilot study and statistical support for these claims is included 

in Appendix D. 

Methods Used to Collect Data 

I administered two assessments during the first hour of the class in both the control 

group and the treatment group. The student completed an initial measurement of their 

attitude towards mathematics using the mathematics attitude scale. Then the student 

completed a pretest of algebra ability also during that first hour. These assessments were 

taken on paper. A take-home questionnaire was passed out on the first night in order to 

collect data from the student. This data included the student's name, and contact 

information, age, career or personal goals, major and year at the college, a self-

assessment of the student's academic strengths and weaknesses, mathematics courses 

they have taken at this college or other colleges, and how the teacher can best help them 

learn. 

At the four week mark, various students were asked to allow me to interview them 

concerning their experience using the tutorial. At this point they have had enough 

experience with the tutorial to comment on their experience. This is discussed further 

below. Additionally, at the four week point, a midterm exam was completed by all 

students in the course, as is done normally. 

Students again completed the mathematics attitude assessment at the end of the 

course on the final night. After this, as usual, questions about their homework or any 

other questions that may have arisen as they prepared to take the final exam were 

answered. Then, the final exam was completed by all students on paper. Work students 

do as they take the final exam was attached to the final exam and considered as the final 
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exam was graded, since partial credit was granted as was usually considered for the 

exam. All scores on the mathematics attitude assessment and the final exam were kept 

confidential. In all records for the research study, students' data were recorded using an 

identification number. Other identification numbers were also used in order to identify 

the semester, campus location, and section number of the student's class. 

Quantitative Research Design 

The basic research design for this study was quasi-experimental with a 

nonequivalent control group. Four classes were chosen for the control group and five 

classes were chosen for the treatment group. The study had a posttest design with a 

pretest used as a control variable. The study involved participants being given a pretest 

and a posttest, the latter being the final exam for the course and the dependent variable in 

the study. A mathematics attitude inventory was given during the beginning of the first 

class period and during the last class period. This was to determine if students have 

positive or negative attitudes toward the subject and whether the change in this attitude 

was significantly higher for either group. In addition, the ages of the students were 

obtained from the students themselves and then later verified by the university's student 

record system. The ages and initial mathematics attitudes of students were used as 

independent variables to answer the first and second research questions, with the pretest 

used as a covariate in the analysis. 

For this particular college of the university, each Basic Algebra class often included 

only about 10 to 15 students that persevered to the final exam. In addition, usually only 

one course section was taught by any one instructor per session. There were two sessions 

per semester at this college. Thus, data from multiple sessions or semesters was 
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aggregated in the proposed design. For the duration of the study, permission was granted 

to me to teach as many sections of the course as possible, during as many sessions and at 

as many locations as possible. To answer the research questions, I taught some sections 

of Basic Algebra using a traditional format with no access to the online tutorial. 

Concurrently, an approximately equal number of sections of the course were taught with 

use of the online tutorial for delivery of quizzes and homework. The MyMathLab 

program was unavailable for my classes that were part of the control group, a result of the 

instructor choosing not to set up the course within the MML system. 

Units of Assignment 

Units of assignment were classes of the course Basic Algebra, which included 

anywhere from seven to 20 students per section. Sections were assigned to the control 

group or treatment group in the fall of 2011 and the spring of 2012 according to Table 3. 

Control and Treatment Group Procedures 

The program MyMathLab (MML), part of the Course Compass system by Pearson 

Addison-Wesley, had been added to what students must purchase at this college in order 

to supplement the materials of the Basic Algebra course since 2010. Students could view 

instructional videos, practice unlimited sets of problems, receive timely feedback and 

scaffolding as they complete homework, and gain immediate results on quizzes taken 

online. For these reasons, it may have been hypothesized that use of the program would 

result in higher achievement scores. Table 4 includes an outline of how the Basic Algebra 

course has been taught in the past by me without the use of the MML program. Table 5 

shows how the course was taught traditionally for the control group during this study, 
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Table 4 

Basic Algebra Course as Traditionally Taught in an Eight Week Format 

Week Assessments Topics Taught 

Basic algebra skills: simplifying expressions, solving 

equations, and ratio and percent problems 

Basic algebra skills: percent problems, applications, more 

on solving equations, and word problems 

Exponent laws, scientific notation, and polynomial 

operations 

A review of quizzes and homework is given prior to exam 

Factoring, solving quadratic equations by factoring 

Graphing, linear functions, writing a linear function, 

function definition and notation, domain and range 

Solving a system of linear equations and other material 

A review of previous quizzes and homework is given prior 

to the final exam. 

4 

5 

6 

7 

8 

Quiz 1 

Quiz 2 

Midterm Exam 

Quiz 3 

Quiz 4 

Final Exam 

with administration of the pretest and the mathematics attitude inventory given during the 

first night of class. The four quizzes for the course were given during class. 

Table 6 shows how the course was taught during this study using MML for 

homework and quiz delivery. Notice that the quizzes are taken online, saving some class 

time. The class, therefore, was usually dismissed a bit earlier in the treatment group so 

that the amount of instructional time was approximately the same in both formats. Thus, 

the amount of teacher-directed instructional time and required amount of time on task 

was approximately the same in both course formats. A description of the online tutorial 

program MML is included in Appendix E. 



Table 5 

Basic Algebra Course as Traditionally Taught in an Eight Week Format: Control Group 

Week 1: The pretest and math attitude survey was given, followed by teaching of basic 

algebra skills: simplifying expressions, solving equations, ratio, percent. 

Week 2: Quiz 1 was given, followed by more on basic skills: percent problems and 

applications, more on solving equations and word problems. 

Week 3: Quiz 2 was given, followed by lessons on exponents, scientific notation, and 

polynomial operations. 

Week 4: A review of the quiz and homework was given, followed by the Midterm Exam. 

Week 5: Lessons were taught on factoring, and solving quadratic equations by factoring. 

.Week 6: Quiz 3 was given, followed by lessons on graphing, linear functions, writing a 

linear function, function definition and notation, domain and range. 

Week 7: Quiz 4 was given, followed by lessons on solving a system of linear equations 

and other material. 

Week 8: A review of the quiz and homework was given, followed by the Final Exam. 

Note. Students did traditional paper and pencil homework assignments between weeks, as 
well as four practice quizzes. Assessments in italics amount to about 25% of class time. 

Procedures Used to Help Minimize Potential Bias 

The following procedures were used to minimize the effects of potential bias: 

1. The use of controlling variables helped ensure that if the groups were initially 

equal in algebra ability, the dependent variable is in a sense adjusted to make up 

for any inequality that may exist. 

2. The course instruction was kept as identical as possible during all course sections 

during which study data were collected. Over the course of the study, the 

textbook in the Basic Algebra course was unchanged. The class notes used and 

the approach to delivery of instruction were unchanged during the investigation. 
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Table 6 

Basic Algebra Course with Required Online Homework and Quizzes: Treatment Group 

Week 1: The pretest and math attitude survey is given, followed by lessons on algebra 

skills: simplifying, solving equations, ratio, proportions, percent. Students do 

Quiz #1 online. 

Week 2: More lessons on basic skills such as percents and applications, more on solving 

equations, word problems was given. Students do Quiz #2 online. 

Week 3: Lessons were given on exponents, scientific notation, polynomial operations. 

Week 4: A review of homework and the practice midterm exam was given, followed by 

the Midterm Exam in class. 

Week 5: Lessons were given on factoring and solving quadratic equations by factoring. 

Students do Quiz #3 online. 

Week 6: Lessons were given on graphing, linear functions, writing a linear function. 

Students do Quiz #4 online. 

Week 7: Lessons were given on solving a system of linear equations, function definition 

and notation, domain and range. 

Week 8: A review of homework and quizzes was given, followed by the Final Exam. 

Note. Students did homework in MML, showing all work on paper. Quizzes #1-4 were 
done in MML online. 

The handouts and practice worksheets used in the course were also unaltered 

during the study. So the teacher, the textbook, the class notes, instructional 

delivery, and the handouts used were all held constant during the study. 

3. Homework using the online tutorial system was of the same type of problems as 

those assigned for students to do using paper and pencil to be turned in. For 

treatment groups in which homework was done in MML, students were expected 

to hand in all work they did to determine their answers. This was used to verify 



that the students actually did their own work since the handwriting could be 

checked with work seen on the exams taken during class time. 

Statistical Methods Employed 

The original intent of this research was to use Multivariate Analysis of Variance 

(MANOVA) for the first and second research questions of this study. Since one of the 

necessary conditions for using the MANOVA test (Field, 2005, p. 592-593) was 

multivariate normality, this is normally checked by verifying that the data have univariate 

normality within each group for each of the dependent variables. Visual analysis of the 

data were conducted, and a Kolmogorov-Smirnoff test was run for each group, normality 

being assumed if the p- value of the Kolmogorov-Smirnoff test was greater than .05. As 

will be discussed in Chapter 4, univariate normality for one group was not found to be the 

case. Therefore, a decision was made to use analysis of covariance (ANCOVA) applied 

to each dependent variable separately. The following are necessary conditions for using 

the ANCOVA test (Field, 2005, p. 380-384): 

1. The observations are statistically independent. 

2. The data is randomly sampled from the population. 

3. The dependent variable is measured on at least an interval scale. 

4. There is no statistically significant difference between groups on any covariate. 

5. There is homogeneity of regression slopes on the covariates. 

6. There is homogeneity of standardized residuals between groups. 

7. The distributions of standardized residuals are normally distributed. 

As far as these assumptions being met for the present research situation, these conditions 

were checked and found to be met or accounted for by data transformations. 
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Separate ANCOVA tests for student achievement and student attitude towards 

mathematics were performed to ascertain whether there were any significant differences 

between the groups, when controlling for the covariates. Use of a statistical power 

calculation tool was performed for the ANCOVA test to determine the effect size 

discernible with various known parameters. With an a level of .05, a power setting of 

.80, a total sample size of 120, five groups and three covariates, an effect size of/= 0.26 

could be detected with the ANCOVA test. This involved the denominator degrees of 

freedom of 114. 

Figure 1 shows the effect size versus the total sample size using these parameters 

and an ANCOVA test. Cohen (1988) categorized/effect sizes for the ANCOVA test as 

small if near 0.1, medium if near 0.25, and large if near 0.4. Thus, in the present research 

design, an effect size that was medium would be detected by this ANCOVA analysis. 

This is associated with 6% of the total variability. 

F tests - ANCOVA: Fixed effects, main effects and interactions 
Numerator df - 1, Number of groups = 5, Number of covariates = 3, 

a err prob = 0.05, Power (1-P err prob) = 0.8 

«0.8-

&0.6 

0.4-

0.2-

20 40 80 
Total sample size 

100 120 140 

Figure 1. ANCOVA: fixed effects, main effects, and interactions. 
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Qualitative Research Design 

For the third research question, qualitative data were collected to attempt to 

describe the students' experiences of using an online tutorial. These data were then used 

to try to support and validate the quantitative results. Questionnaires and interviews were 

used to gather the qualitative data about student experiences with the online tutorial. 

Using a mixed-methods design allowed quantitative and qualitative data to be collected in 

parallel, analyzed, and considered together for a stronger set of conclusions (Creswell & 

Clark, 2011). This research was conducted according to a concurrent design, since neither 

the quantitative nor the qualitative research was to drive the other (Onwuegbuzie & 

Leech, 2006). Both were focused on the effects of the online tutorial on achievement and 

mathematics attitude. The qualitative inquiry, however, was embedded within a 

quantitative experimental model and is designed to provide a supporting role. Creswell 

(2007a, p. 68) provides a diagram of this design showing the qualitative data collection 

during the intervention. 

Conceptual Framework 

Phenomenology is a method of qualitative research that seeks to understand the 

nature of an experience shared by several people (Creswell, 2007b). One brand of this 

approach was espoused by Moustakas (1994) and is called empirical or transcendental 

phenomenology. This method places less emphasis on the interpretations of the 

researcher and more emphasis on a description of the experiences of the participants. 

Bracketing, in which a researcher seeks to describe and then set aside his own 

perspectives on a situation, is a key component in this process. After identifying a 

phenomenon to be studied and bracketing out one's own views, the researcher then 
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collects data from several persons who have experienced the phenomenon. Then the 

inquirer analyzes the data by reducing the information to important statements and then 

combines these using overarching themes. Finally, a description of the phenomenon is 

developed in order to represent the overall nature of the experience for the participants. 

Bracketing of the Researcher's Experience and Viewpoints 

In this study I had a postpositive viewpoint and overall pragmatic approach to 

inquiry. During six years of experience with adult learners in remedial college 

mathematics courses prior to this study, I had taught the Basic Algebra course 17 times to 

258 students. Anecdotal data and personal experience indicated that successfully teaching 

developmental college mathematics to adult learners was an especially difficult task. 

Often these students had been out of the academic scene for decades and during this time 

had never seen the inside of a mathematics book, unless perhaps when their own children 

had struggled with the subject. Their busy lives full of complex family relationships, 

responsibilities, or other distractions made learning this material a special challenge. In 

addition, considering the many centuries during which mathematics was developed by 

some of the greatest minds on earth, and the current symbolic and concentrated nature of 

the subject, it is extremely difficult to successfully help students comprehend the subject 

in eight weeks. Thus, to teach them such a content laden, symbolic course as algebra 

required intensive immersion into the material. A lecture technique modified with class 

interaction and practice was employed considering the short duration of the course. 

Working with these adult students also has given me insight into their fears and 

concerns regarding mathematics and their level of comfort with technology. Students 

with mathematics anxiety often avoid the subject to avoid the psychological pain of 



81 

facing failure. Sometimes they become physically sick if not emotionally upset at having 

to face an assessment in algebra. Also, although the vast majority of adult students 

adequately adjust to the technological demands of college work, some older students 

especially find computer technology intimidating. As a result, they may not benefit as 

well as younger students by an online tutorial. Hence, the second research question has 

been included to determine if use of the online tutorial will affect older students in the 

same ways as traditional aged college students. 

Sampling Methods 

At about four weeks into the algebra course, participants were selected for the 

interviews who (a) had experienced the online tutorial, (b) were interested in helping me 

with the study as I sought to understanding their perspectives on the tutorial, (c) were 

willing to participate in the interview, and perhaps, a follow-up interview, and (d) who 

granted me the right to tape-record the data and publish the data in a dissertation and 

other publications (Moustakas, 1994). Efforts were made to interview students with a 

variety of characteristics such as their age and their initial mathematics ability and 

attitude scores, or those who indicate they may be significantly affected by the use of the 

online tutorial. Polkinghorne (1989) found that an adequate sample size for this purpose 

is between five and fifteen participants. Therefore, this was the target size of the sample 

for the qualitative interviews. 

Data Collection Procedures 

The interviews were conducted to determine students' perspectives on the 

experience with the online tutorial. An informal, interactive process was used with open-

ended comments and questions, although a set of questions was used to guide the 
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interviews (Moustakas, 1994). It was intended that information about how the students 

used the MML program, any issues with its use, and its effect on their learning of 

mathematics or their attitude would be collected. The following list of questions was used 

for the interviews: 

1. What stands out to you the most about the program MyMathLab? 

2. About how much time and how often did you use the program? 

3. How did the use of the program affect you? What feelings were generated by 

using it? 

4. What would you say about how easy or hard it was to use? Did you have any 

issues with using the program? 

5. How did you feel about using the program to do your homework? To do 

quizzes? 

6. Do you think the program helped you to understand algebra better or not? 

If so, how? 

Interviews were performed during the fifth, sixth or seventh weeks of the course in order 

to ensure that students had adequate exposure to the online tutorial to inform their 

responses. Interviews had to be conducted, however, before the evening of the final exam 

so that there is not any adverse effect from the students experiencing difficulties with the 

final exam or from effects from issuance of the course final grades. An empty classroom 

in the regional center at which students had class for each section was used to conduct 

interviews. The interviews lasted between 20 and 60 minutes and were audio taped in 

order to later transcribe the conversations. 



83 

Coding and Data Analysis 

After multiple readings of the transcripts, statements from participants were 

classified according to themes related to the research questions or suggested by the 

students' own words. The qualitative findings were organized into a several page chart in 

which support data and participant statements were categorized into appropriate columns 

according to major ideas or classifications that related to the research questions. If a 

classification or theme had sufficient information for support of ideas within the theme, 

then the category was included in the analysis. The qualitative themes used for this study 

were generated from the interview data and included if they both related to the effects of 

the online tutorial on student achievement or attitude and were supported by an adequate 

amount of interview data. An independent reviewer, a college mathematics professor, 

read the transcriptions of the interviews and agreed that the themes were appropriate for 

analysis of the data. Narratives were written to describe how the participants experienced 

the online tutorial and how their statements supported these ideas and descriptions. 

Conclusions from the qualitative data were then drawn as themes were compared. 

Validity, Reliability and Qualitative Study Quality 

Validation strategies were employed to guard against validity threats (Creswell, 

2007b). The concurrent collection of both quantitative and qualitative data served as a 

triangulation method. Reliability was increased by the use of an audio recorder for 

interview data and field notes. A research journal with these field notes was regularly 

updated. Member checking was performed to ensure the accuracy of the transcripts and 

conclusions made concerning the meaning of qualitative data. A Chain of Evidence 

Table, listed in Appendix F, was created to trace the location of statements of 
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interviewees and how they support the conclusions reached in each of the qualitative 

themes. In addition, the questions that Creswell (2007b, p. 215-216) gave to judge the 

quality of a phenomenological study were considered and employed during the study. 

Merging of Quantitative and Qualitative Data 

Data from both the quantitative inquiry and the qualitative analysis were then 

reported in the discussion section of the research. Similarities or differences of the 

quantitative and qualitative data results were pointed out. Although this approach focused 

on "how the qualitative data support the quantitative results and provide confirmation of 

the quantitative results...," there was no attempt to "directly merge or integrate the data" 

(Creswell, 2007a, p. 142). Conclusions were made about the effects of the use of the 

online tutorial program on student achievement and their attitude towards mathematics. 



CHAPTER 4 

RESULTS 

The purpose of this investigation was to determine the effects of the required use of 

an online tutorial for homework and quiz delivery for older adult students in remedial 

college mathematics. These effects mainly concern the students' achievement as 

measured by the course final exam and their attitude towards mathematics as measured 

by the Attitude towards Mathematics Inventory (ATMI) by Tapia (1996). The final exam 

was tested for reliability and validity in a pilot study conducted by me. Requirement of 

the use of the online tutorial program was necessary to ensure a certain level of 

engagement with the tutorial. The program provided students with homework hints and 

homework feedback, and was also used to deliver quizzes for the course. 

In the context of older adult students taking remedial college mathematics, the 

following questions guided the research: 

1. Does requirement of the use of an online tutorial program for homework and 

quiz delivery significantly affect student achievement and attitude towards 

mathematics when controlling for age, initial mathematics attitude, and initial 

algebra ability? 

2. Is there a statistically significant age*treatment group interaction in terms of 

student achievement or attitude in remedial college mathematics? 

3. From the students' perspective, what is the nature of the experience of using an 

online tutorial in remedial college mathematics? 

85 
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Quantitative Results 

This chapter first includes the quantitative results, including the population, the 

sampling methodology, the sample and group sizes and characteristics, a discussion of 

the statistical assumptions necessary for data analysis, and the statistical results. Then 

qualitative results are listed, including characteristics of the participants interviewed, the 

interview questions, an analysis of interview responses, and a summary of the findings. 

Population and Sample Size 

The intended population for this investigation was adult students of nontraditional 

age taking remedial college mathematics courses in the particular college mentioned in 

Chapter 3 as the setting for this study. In all, the college serves students in six different 

academic centers, four of which are in the metropolitan area of a large city. This study 

involved students at three of these metropolitan academic centers. Thus, more practically, 

the population consisted of adult students, located at these three centers, who were in the 

Basic Algebra classes. Since 2005,1 have taught the Basic Algebra class well over twenty 

times. The total population was perhaps over 400 students. 

As in other colleges offering remedial mathematics, the drop-failure-withdrawal 

(DFW) rates in these programs are quite high (Twigg, 2004). Based on twenty past 

sections of Basic Algebra classes in my experience, approximately one third of the 

students originally on the class roster either drop, withdraw, or fail the class. For this 

remedial class, students must repeat the course if they do not receive a grade of "C" or 

higher. Failing the Basic Algebra course, therefore, was considered not attaining at least a 

"C" or 70% in the course grading structure. Based on twenty past sections of the course, 

of those who persist to the end of these classes and take the final exam, 88.0% have 



ended up passing. Thus, persistence and its counterpart, attrition, are factors in this 

situation. It was necessary to measure student achievement by the course final exam and 

attitude towards mathematics near the end of the course after the student has been 

adequately exposed to the two types of treatments. Therefore, only those students who 

persisted to the end of the course were included. Thus, the de facto population of this 

study consisted of older adult students at the three aforementioned academic centers 

persisting to the end of the Basic Algebra course. 

The total, final sample size was 97 students. Of these, 47 were in the treatment 

group that used the online tutorial to complete homework assignments and quizzes and 

50 were in the control group that used traditional means to complete homework 

assignments and quizzes. Attrition as a result of student withdrawal or missing data will 

be discussed later. There were two participants who, because of issues with the initial 

measurement of mathematics attitude, had to be removed from the data for any statistical 

analyses involving this pretest. 

Sampling Methodology 

This study had a quasi-experimental design with a nonequivalent control group. The 

Basic Algebra sections that I taught during the fall of 2011 and spring of 2012 were 

chosen for inclusion into this study. Permission was granted and the schedule was 

arranged so that I could teach nine sections of the course during this period. Multiple 

sections were necessary so that data from several classes could be aggregated to provide a 

sample size large enough for this study. Group assignments were made according to 

Table 3 given in Chapter 3. Efforts were made to ensure that center assignment as well as 
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weekday or Saturday assignment was as equally divided between online tutorial groups 

and control groups as was possible. 

Participant Characteristics 

Of the 97 participants, 77.3% were female, which corresponds closely to past 

gender proportions in the class. Other characteristics of the participants of the study are 

given in Table 7. Note that the control group contained nine Asian students while the 

treatment group only had one of this ethnicity. At the college, advisors were asked to 

Table 7 

Participant and Group Characteristics 

Control Treatment Total Total 
group group sample sample 

frequency frequency frequency percentage 
(") («) («) (%) 

Gender 
Female 36 39 75 77.3 
Male 14 8 22 22.7 

Race/Ethnicity 
American Indian/Alaska native 1 0 1 1.0 
Asian 9 1 10 10.3 
Black or African-American 24 25 49 50.5 
White 14 16 30 30.9 
Unknown 2 5 7 7.2 

Year at this college 
First 23 26 49 56.3 
Second 12 7 19 21.8 
Third 6 7 13 14.9 
Fourth 0 3 3 3.4 
Over 4 years 3 0 3 3.4 

Center location 
Center 1 12 16 28 28.9 
Center 2 21 31 52 53.6 
Center 3 17 0 17 17.5 

Note. For the year at this college, not all students self-reported this data (N = 87). 
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advise students not in a mathematics-related major to take their required mathematics 

courses early and not wait until their last one or two years. However, 21.8% of the 

students in the Basic Algebra remedial class were in their third year, fourth year or 

beyond this number of years at the college. Another important note concerning the "year 

at this college" characteristic was that a large percentage of students at this college have 

transferred from other colleges, and are granted credit for an average of 60 hours from 

other institutions. Thus, some already had fulfilled their mathematics requirements. An 

additional note about Table 7 was that unequal assignment to the academic centers was 

an unavoidable consequence of this design, since whole classes were experimental units. 

An important characteristic of the participants was their college mathematics 

background, since the Basic Algebra class was generally a content-laden course. A 

question asking what college mathematics courses were passed by the student in previous 

experiences was on the student questionnaire. Table 8 lists responses to this question for 

group participants as best as can be interpreted from the responses of the students. 

Student Age 

This study used age as a covariate influencing the effectiveness of an online tutorial 

for achievement and mathematics attitude for those enrolled in remedial college 

mathematics courses. Thus, the participants were asked to submit their age on a 

questionnaire along with a consent form granting me this information. Their age was then 

verified for accuracy by university databases. The mean age of study participants was 

37.13 years (SE = 1.08). The mean age for the control group was 37.54 years (SE — 1.67, 

n = 50) while the mean age for the treatment group was 36.70 years (SE = 1.35, n = 47). 

A t test for statistical difference was performed on the age of participants and found no 
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Table 8 

College Mathematical Backgrounds of Study Participants 

Prior mathematics Control group Treatment group Total Total 

in college frequency frequency frequency percentage 
(") («) (") (%) 

Prealgebra at this college 9 8 17 17.5 

Prealgebra, no location 2 12 14 14.4 

College algebra 6 7 13 13.4 

Technical mathematics 0 2 2 2.1 

Statistics 2 0 2 2.1 

Precalculus or calculus 2 0 2 2.1 

Geometry 2 0 2 2.1 

Other, at other colleges 1 7 8 8.3 

No answer or none 23 16 39 40.2 

Note. N= 97. Some students responded with multiple college courses. 

Histogram Histogram 
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Figure 2. Histograms of the age variable for the control and treatment groups, 
respectively. 

significant difference between the groups, /(95) = 0.39, p = .699, r = .06, equal variances 

assumed. Figure 2 shows histograms of the age variable for both groups. 
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Years Away from Mathematics Courses 

Students were asked how many years they have been "away from mathematics 

courses." Of those who responded to this question, the average number of years away 

from mathematics courses was 8.91 (N = 78); control group, M-8.75 (n - 42); treatment 

group, M= 9.10 (n = 36). Since the numerical responses to this question were skewed, a 

better measure of central tendency in this case is the median, which was 6 years for all 

students who responded (N = 78). For the control group, however, the median number of 

years away from mathematics courses was 4 years while for the treatment group, this 

median was 6 years. However, a t test for statistical difference was performed on the 

number of years away from mathematics courses for the treatment groups. No significant 

difference was found between groups for this variable, t{ll) = -0.26, p = .792, r = .03, 

equal variances assumed. Figure 3 shows histograms for the number of years away from 

mathematics courses for each group. 
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Figure 3. Years away from mathematics courses for control and treatment groups, 
respectively. 



College Major 

The college majors of the study participants were self-reported on the student 

questionnaire. Table 9 shows information about the academic majors of the participants 

divided by treatment group. It should be noted that the control group contained almost 

twice as many business and pre-nursing majors than the treatment group, while the 

treatment group contained almost twice as many education and human services or human 

resources administration majors. 

Table 9 

College Majors Reported by Participants 

Major at this college 
Control group 

frequency 
in) 

Treatment group 
frequency 

(«) 

Total 
frequency 

(«) 

Total 
percentage 

(%) 

Education 8 14 22 23.7 

Business 13 6 19 20.4 

Human services / human 
resources administration 

5 10 15 16.1 

Pre-nursing 8 5 13 14.0 

Liberal studies 5 3 8 8.6 

Public safety 1 4 5 5.4 

Organizational leadership 3 2 5 5.4 

Criminal Justice 2 1 3 3.2 

Informatics 0 2 2 2.2 

Pharmacy 1 0 1 1.1 

*Note. N — 93. Some students did not report their major. 

Pretest of Algebra Ability 

The basic algebra pretest given on the first night of class indicated that there were 

some differences in basic algebra ability between the control and treatment groups, 
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although these differences were not significant. The mean of the adjusted pretest scores 

for both groups, calculated by finding the percentage correct on the pretest, was 32.72 

(SE = 1.84). The adjusted pretest mean score for the control group was 33.73 (SE = 2.95, 

n = 50) while the mean for the treatment group was 31.63 (SE = 2.14, n = 47). The results 

of the Kolmogorov-Smirnov test with Lilliefors correction indicate that pretest scores of 

basic algebra ability were not normally distributed for the control group but were 

normally distributed for the treatment group; control group, £>(50), = .15 ,p = .008; 

treatment group, D(47), = .10,/? > .200 (Note that the p values for the Kolmogorov-

Smirnov test are lower bounds of the true significance). Histograms for the pretest scores 

for the control and treatment groups are shown in Figure 4. 
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Figure 4. Histograms of adjusted algebra pretest scores for control and treatment groups, 
respectively. 

One outlier, a score of 93.3 percent correct on the pretest, was identified in the 

control group. There was found to be more variability in algebra pretest scores among 

participants in the control group (SD = 20.89) compared to the treatment group (SD = 

14.65). However, a t test was performed on the algebra ability pretest scores and did not 
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find a statistically significant difference between the control and treatment groups, /(95) = 

0.57, p = .570, r = .06. In addition, there was found to be significant negative correlation 

(r = .52, p < .001 ) between age and scores on the algebra pretest, as seen in Figure 5. 

Pretest of Mathematics Attitude 

An initial measurement of the students' mathematics attitude was taken on the first 

day of class using the Attitude towards Mathematics Inventory by Tapia (1996). 

Including outliers, the mean attitude score for the control group was 123.88 (SE = 4.40, n 

= 50) while the mean score for the treatment group was 122.60 (SE - 4.26, n - 47). The 

results of the Kolmogorov-Smirnov test with Lilliefors correction indicated that pretest 

scores of mathematics attitude were normally distributed for both groups; control group, 

D(50), = .080 ,p> .200; treatment group, D(47), = .081,/? > .200 (Note that thep values 
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Figure 5. Adjusted algebra ability pretest scores by age, marked by treatment groups. 



for the Kolmogorov-Smirnov test are lower bounds of the true significance). Figure 6 

shows histograms of the initial scores of mathematics attitude for the control and 

treatment groups. A t test conducted on the initial level of mathematics attitude did not 

Histogram Histogram 
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Figure 6. Histograms of initial mathematics attitude scores for control and treatment 

groups. 

indicate a significant difference between the control and treatment groups, /(93) = 0.21,/? 

- .832, r = .02. In addition, a significant negative correlation (r = -.37, p < .001) was 

found between age and scores on the mathematics attitude pretest, as shown in Figure 7. 

Two participants that underwent, according to the initial and final measurements of 

affect, an extreme change in their mathematics attitude were identified. One, a male in 

the treatment group, had scored a 57 on the initial measurement and then a 180 on the 

final survey of attitude. Noticing this before the student left the last evening of class, he 

was asked why he might have had a lower mathematics attitude that first night. He 

responded that just an hour or two before class started on that first night he was 

disgruntled because he had been told by the registrar's office that he had to take the 
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Figure 7. Mathematics attitude pretest scores by age, marked by treatment groups. 

remedial class, which meant to him a large expense of time and money. He believed that 

this influenced how he answered the survey items. 

A female in the control group had scored a 55 on the initial survey and a 172 on the 

final measurement. When asked about this 117 point change, she responded that on the 

first night she believed that she filled out the survey incorrectly. She used "A" for 

strongly agree, "B" for agree, etc. instead of "A" for strongly disagree, "B" for disagree, 

etc. She further stated that she never has had a poor attitude towards mathematics, as was 

also observed by me in verbal interactions with the student. In addition, the student also 

stated that on the first night, she did not understand the importance of the survey and did 

not fill it out too carefully. In my opinion, most likely she transposed the response key of 

the survey on the first night. For these reasons, the two participants who had these 



97 

extreme mathematics attitude gains were deleted from the study for further statistical 

procedures that involve mathematics attitude scores. Excluding outliers, the mean attitude 

score for the control group was 125.29 (SE = 4.26, n = 49) while the mean score for the 

treatment group was 124.02 (SE = 4.11, n - 46). 

Final Exam Scores 

For the final exam, a dependent variable in this analysis, the results of the 

Kolmogorov-Smirnov test with Lilliefors correction indicated that the treatment group 

scores were normally distributed; £>(47), = .09, p = .200. However, the control group 

scores were significantly nonnormal; £>(50), = .14, p = .011. Figure 8 shows histograms 

that show a large number of high scores. One final exam score was 100, but several were 

in between 90 and 100 in the control group as well as in the treatment group. 
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Figure 8. Histograms of final exam scores for control and treatment groups, respectively. 

Posttest of Mathematics Attitude 

A Kolmogorov-Smirnov test with Lilliefors correction indicated that posttest scores 

of mathematics attitude for both groups were normally distributed; control group, £>(50), 
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= .100, p >  .200; treatment group, £>(47), = .07, p  >  .200 (Note:p  values for the 

Kolmogorov-Smirnov test are lower bounds of the true significance). Histograms for the 

final attitude scores are shown in Figure 9. 
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Figure 9. Histograms of posttest scores of mathematics attitude for control and treatment 
groups, respectively. 

Missing Data and Attrition 

As discussed earlier, the drop-failure-withdrawal rate is particularly high among 

students in remedial mathematics courses (Twigg, 2004). According to my records, of the 

128 students that attended the first class period in the nine sections taught in the fall of 

2011 and spring of 2012, only 108 or 84.4% persisted to the midterm exam on week four. 

Only 97 or 75.8% persisted to the final exam. Thus 24.2% of the students withdrew or 

dropped the course before the end. Only those who persisted to the last night of class 

were included in this study. Therefore, it was pertinent to consider whether there was a 

significant difference between the algebra pretest scores of those in the two experimental 

groups who did or did not persist to the final exam. Table 10 shows the group means and 

the results of t tests on this data. 
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As seen in Table 10, there was a large difference between algebra pretest scores for those 

not persisting to the final exam. However, considering the small number of students in 

the control and treatment groups who did not persist to the end of the course, and the 

statistically insignificant t test results for those who did persist, this difference most likely 

did not affect the larger analysis. Only those students who persisted to the end of the 

course were included in the data, and the two pretest scores were used as covariates in the 

analysis for those who did persist. The fact that those students who dropped the remedial 

mathematics course using traditional means for homework and quiz delivery had lower 

scores on a pretest of algebra ability than those who dropped the course while using an 

online tutorial for homework and quiz delivery is a matter for further research, however. 

Another observation made in this study was that the percentage of those not persisting to 

the final exam in the treatment group (14 out of 61 or 23.0%) was slightly higher than 

this percentage in the control group (11 out of 61 or 18.0%). This agreed with previous 

research that online course have lower completion rates (Bendickson, 2004; Carr, 2000). 

Table 10 

Comparison of Means of Algebra Pretest and Attitude Pretest Scores for those Persisting 
or Not Persisting to the Final Exam by Experimental Group 

Control group 

means 

Treatment group 

means 
t P 

Algebra pretest 

Persisting 32.90 (n = 50) 32.34 {n = 47) -0.16 .876 

Not persisting 16.67 (n- 11) 26.43 {n = 14) 2.11 .047 

Attitude pretest 

Persisting 125.29 (n = 49) 124.03 {n = 46) 0.21 .832 

Not persisting 99.27 (»= 11) 112.00 («= 14) 1.22 .236 
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Approaches to Data Analysis 

In order to answer the first and second research questions, separate analyses for 

student achievement and student attitude were conducted using analysis of covariance 

(ANCOVA). This was chosen in preference to multivariate repeated measures analysis 

since the assumptions for this type of multivariate analysis were not met. Various models 

were tested on the data set to explore the relationships between the treatment, the age of 

the student, the basic algebra pretest scores, the initial mathematics attitude scores, and 

the scores on the final exam. 

As a result of consideration of the nonnormality of the final exam scores, the 

primary approach to analysis used a transformation of these scores by a square root 

function so that the resulting distribution was approximately normal. Analysis for 

achievement was then conducted using transformed final exam scores, while analysis for 

attitude was conducted using posttest scores for mathematics attitude. In addition, the 

characteristic of gender was also considered in an exploratory analysis in order to 

ascertain how this variable relates to student achievement. 

Statistical Assumptions 

The following characteristics must be present in the data for analysis using 

ANCOVA (Field, 2005): 

1. The observations must be statistically independent. 

2. The data must be randomly sampled from the population. 

3. The dependent variable must be measured on at least an interval scale. 

4. There must be no statistically significant difference between groups on any 

covariate. 
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5. There must be homogeneity of regression slopes on the covariates. 

6. There must be homogeneity of standardized residuals between groups. 

7. The distributions of standardized residuals must be normally distributed. 

The following can be said for these assumptions in relation to the data: 

1. Independence. There is no reason to believe that any of the student scores for 

any of the variables would be dependent. Students generally signed up for course 

sections based on whether they felt ready to try to take the mathematics courses 

that are required for their major, not for reasons that would result in dependent 

data among students. Students who were repeating the class and were included in 

the study during their first attempt were not included in the study during their 

second attempt. Students took the assessments independently with no interaction. 

2. The participants were not randomly sampled from the population, since course 

sections were chosen by location and by timing for inclusion into treatment 

groups. However, there was a degree of randomness in that the reasons that 

students signed up for course sections were not related to response to the 

treatment. 

3. Final exam and mathematics attitude scores were measured on interval scales. 

4. As analyzed previously in Chapter 4, t tests indicated there was no statistically 

significant differences between groups on any of the covariates in this study. 

5. To determine whether there was homogeneity of regression slopes on covariates, 

tests of between-subjects effects wereanalyzed. Table 11 lists the results of 

examining the treatment* covariate interactions on the final exam and the 

mathematics attitude posttest for the covariates age, initial mathematics attitude, 



102 

Table 11 

Between-Subjects Effects for Final Exam and Final Mathematics Attitude Scores Using 
the Covariates Age, Algebra Pretest, and Attitude Pretest 

Dependent variable / interaction source F P 
2 

*1 

Final exam scores 

Treatment*age 1.45 .232 .02 
Treatment* initial algebra ability 1.19 .279 .01 
Treatment* initial mathematics attitude 0.13 .722 .00 

Mathematics attitude posttest scores 
Treatment*age 0.00 .949 .00 
Treatment* initial algebra ability 1.36 .247 .02 
Treatment*initial mathematics attitude 0.99 .322 .01 

Note. Degrees of freedom for all effects are 1, 89. 

and initial algebra ability. For each, tests show homogeneity of regression slopes. 

6. Levene's test indicated that there was homogeneity of standardized residuals 

between groups for the final exam scores, F(l, 93) = 0.41,p = .523. Levene's 

test also indicated homogeneity of standardized residuals between groups for the 

mathematics attitude posttest scores, F(l,93) = 1.02,p = .316. 

7. Standardized residuals were not normally distributed for final exam scores, as 

shown in Figure 10, the result of nonnormality of these scores. Figure 11 shows 

that standardized residuals were normally distributed for attitude posttest scores. 

To summarize the verification of the assumptions necessary for ANCOVA, all 

assumptions were met except that standardized residuals were not normally distributed 

for final exam scores. As a result of this consideration and in order to conduct a more 

thorough analysis, I analyzed the data using transformation of the final exam scores by a 

square root function so that the resulting distribution was approximately normal. 
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Figure 10. Standardized residuals plot for final exam scores with all covariates. 
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Figure 11. Standardized residuals plot for mathematics attitude posttests. 
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Primary Analysis 

The primary approach to analysis employed a transformation of each final exam 

(FE) score using the following formula, where SQRT is the square root function: 

Transformed Final Exam (TFE) = 10*SQRT[101-FE]. This equation was chosen since 

the operation of subtracting the FE score from 101 results in no transformed scores that 

are zero, since one student scored a 100 on the exam. In addition, since the FE scores 

were skewed left, to the lower scores, the subtraction created a distribution skewed to the 

right. Then a square root function was used to bring the tail of the distribution in towards 

the center, effectively normalizing the distribution. 

Checking assumptions using transformed scores. Kolmogorov-Smirnov tests on the 

TFE scores indicate normality for both groups; control group Z)(50), = 0.14,p = .080; 

treatment group D(47), = .13,/? = .130. It should be noted that using this approach 

reverses the direction of statistical effects, since high final exam scores yield low TFE 

scores and vice versa. Figure 12 shows histograms of transformed scores for both groups. 

The first four statistical assumptions are not affected by this change. As far as the fifth 
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Figure 12. Histograms of transformed final exam scores for control and treatment groups, 
respectively. 
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Table 12 

Between-Subjects Effects for Transformed Final Exam Scores 

Interaction source F 2 T1 P 

Treatment*age 1.48 .02 .237 

Treatment* initial algebra ability 0.34 .00 .562 

Treatment* initial mathematics attitude 0.09 .00 .720 

Note. N= 95. Degrees of freedom for all effects were 1, 89. 

assumption, the interactions between the groups and the student's age, initial algebra 

ability, and initial attitude towards mathematics were not significant, as seen in Table 12. 

For the sixth assumption, Levene's test of standardized residuals indicated that 

there was equality of variances for the transformed final exam scores, F(l,93) = 1.23, 
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Figure 13. Standardized residuals plot, transformed final exam scores with all covariates. 
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p = .270. For the seventh assumption, normality is assumed because a histogram of 

standardized residuals appeared to be normal and results of the Kolmogorov-Smirnov 

test, with Lilliefors correction, indicated normality, £>(95) = 0.04, p > .200. (Note that the 

p values for the Kolmogorov-Smirnov test are the lower bound of the true significance.) 

The standardized residuals can be seen in Figure 13. A histogram of the standardized 

residuals for the transformed final exam using age, the initial algebra pretest, and the 

initial mathematics attitude score is given in Figure 14 in order to show normality. 

Histogram — 

Standardized Residual for FExTran 

Figure 14. Histogram of standardized residuals for the transformed final exam. 

Analysis of transformedfinal exam scores. The results of the ANCOVA test using 

the covariates age, initial algebra ability, and initial mathematics attitude (Model 1) 

indicated that age and initial mathematics attitude were not statistically significantly 

related to the transformed final exam score. As expected, the algebra pretest score 

adjusted as the percentage correct, a measure of initial algebra ability, was statistically 

significant. As an average, for each point higher on the adjusted algebra pretest, the 
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transformed final exam score will decrease 0.69 points. However, this translates into 

students scoring approximately 0.76 points higher on the final exam (this being based on 

a transformed final exam grade of approximately 55.1, which corresponds to the average 

final exam score of 70.64). In addition, in this model the effect of the online tutorial was 

not statistically significant at the .05 level, as seen in Table 13. 

The results of an ANCOVA test using the covariates age, initial algebra ability, and 

initial mathematics attitude and a treatment*age interaction (Model 2) are also shown in 

Table 13. The treatment was again not statistically significant, as also was the case with 

Table 13 

Predictors of the Transformed Final Exam Scores (Models 1 and 2) 

Variable 

Transformed final exam scores 

Variable 

Model 1 

B n2 

Model 2 

Variable 

Model 1 

B n2 B 95% CI for B tl2 

Constant ' 7.38*** .39 84.14*** [3.12,62.66] .38 

Online tutorial -4.22 .03 -16.44 [-15.18,38.74] .03 
(control) 

Age of student 0.23 .02 0.03 [ -0.65, 0.50 ] .00 

Adjusted algebra -0.69*** .36 -0.68*** [ 0.03,0.53 ] .35 
pretest (% correct) 

Mathematics -0.78 .02 -0.08 [0.55,0.84] .02 
attitude pretest 

Treatment* age 0.329 [ -0.72, 0.68 ] .02 
interaction 

R2 .586 .592 

F 31.80*** 25.87*** 

AR2 .006 

AF -6.93 

Note. N = 95. Coefficients for covariates and fixed effects were negated. 
*p < .10, **p < .05, ***p < .001 
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the age of the student and the initial mathematics attitude score. Thus, this study did not 

identify a statistically significant interaction of the use of an online tutorial and age of the 

student with these adult learners using univariate analysis on the transformed final exam 

scores, a measure of student achievement in a remedial college mathematics class. 

Analysis of mathematics attitude scores. Since there were no challenges to 

normality for the student attitude scores, both initial and final measurements, the results 

of the univariate analysis will be more straightforward. An ANCOVA test using the 

covariates age, initial algebra ability, and initial mathematics attitude (Model 3) indicated 

that age was not statistically significantly related to the mathematics attitude posttest. As 

expected, the initial mathematics attitude was statistically significantly related to the 

attitude posttest, F( 1, 90) = 88.81,/? < .001, t|2 = .50. For every point higher on the 

attitude pretest, the student on average scored 0.69 points higher on the posttest, 95% CI: 

[0.55, 0.84]. Initial algebra ability as measured by the adjusted pretest was also 

statistically significantly related to final mathematics attitude, F(1, 90) = 4.90, p - .029, 

r\ = .05. As an average, for each point higher on the adjusted algebra pretest, students 

will score 0.28 points higher on the final attitude survey, 95% CI: [0.03, 0.53]. In 

addition, the effect of the online tutorial was statistically significant at the .05 level and at 

the .01 level, F(l,90) = 9.36,p = .003, r\2 = .09. Parameter estimates are summarized in 

Table 14. 

The results of an ANCOVA test on mathematics attitude posttests using the 

covariates age, initial algebra ability, and initial mathematics attitude and a treatment*age 

interaction (Model 4) are also shown in Table 14. In this model, the student's age was 

again not statistically significant. In addition, there was not a statistically significant 
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treatment*age interaction. Thus, this study did not identify a statistically significant 

interaction of the use of an online tutorial and age of the student with these adult learners 

using univariate analysis on the mathematics attitude posttest scores. It is clear that for 

mathematics attitude, since the F score was so dramatically reduced when adding the 

interaction effect, this effect should not be considered in the desired model. 

The meaning of the statistically significant results will be a matter for discussion 

in Chapter 5. As one can see, students who were in the control group scored 10.94 points 

higher on the final mathematics attitude measurement then those in the treatment group, 

Table 14 

Predictors of the Final Mathematics Attitude Scores (Models 3 and 4) 

Mathematics attitude posttest scores 

Model 3 Model 4 

Variable B n2 B 95% CI for B 2 
n 

Constant 33.35** .07 32.89** [3.12, 62.66] .05 

Online tutorial 
(Control) 

10.94** .09 11.78 [-15.18,38.74] .01 

Age of student -0.09 .00 -0.07 [ -0.65, 0.50 ] .00 

Adjusted algebra 
pretest (% correct) 

0.28** .05 0.28** [ 0.03, 0.53 ] .05 

Mathematics 
attitude pretest 

0.69*** .50 0.69*** [ 0.55, 0.84 ] .50 

Treatment* age 
interaction 

-0.023 [ -0.72, 0.68 ] .00 

R2 .67 .67 

F 46.12*** 36.49*** 

AR2 .00 

AF -9.63 

Note. N= 95. 
*p < .10, **p < .05, ***p < .001 
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95% CI: [3.84,18.04]. This could also be seen by conducting a t test on the attitude gain 

scores comparing the means of the two experimental groups. The results indicated that 

the mathematics attitude posttest scores of the control group (M= 12.00, SD = 19.65) 

were significantly higher than the posttest scores of the treatment group (M= 1.00, 

SD = 17.44), /(93) = 2.88,/? = .005. 

Secondary Analysis of Mathematics Attitude Scores with Gender 

Although not a major part of the original literature review, some mention of gender 

was made in reference to mathematics and computer anxiety. Therefore it is appropriate 

to consider gender and its interactions into any model used to predict final mathematics 

attitude. An ANCOVA test was performed using the covariates age, initial algebra 

ability, and initial mathematics attitude and the factor gender (Model 5). The test 

indicated that gender was statistically significantly related to final mathematics attitude, 

F(l,89) = 6.63,p — .012, r|2 = .07. On average, males scored 10.83 points higher on the 

posttest of mathematics attitude than females, 95% CI: [-19.19, -2.47]. As before, the 

initial mathematics attitude was statistically significantly related to the attitude posttest, 

F(1, 89) = 92.54, p < .001, r| =.51. Initial algebra ability as measured by the adjusted 

pretest was also statistically significantly related to final mathematics attitude, F(l, 89) = 

5.29, p = .024, T]2 = .06. In addition, the effect of the online tutorial was statistically 

significant at the .05 level and at the .01 level, F(l,89) = 7.30,/? = .008, r\2 = .08. Those 

in the control group, on average, scored 9.49 points higher on the mathematics attitude 

posttest than those in the treatment group, 95% CI: [2.51, 16.47]. Finally, age was not 

statistically significantly related to the mathematics attitude posttest. 
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The results of an ANCOVA test on mathematics attitude posttests using the 

covariates age, gender, initial algebra ability, and initial mathematics attitude and a 

treatment*gender interaction (Model 6) are also shown in Table 15. In this model, the 

student's age was again not statistically significant. In addition, the effect of the online 

tutorial was statistically significant at the .05 level and at the .01 level, F(l,88) = 10.94, 

•j 
p = .001, r| =.11. Those in the control group scored on average 22.43 points higher on 

the mathematics attitude posttest than those in the treatment group, 95% CI: [6.97, 

Table 15 

Predictors of the Final Mathematics Attitude Scores Using Gender (Models 5 and 6) 

Mathematics attitude posttest scores 

Model 5 Model 6 

Variable B n2 T1 B 95% CI for B 2 T| 

Constant 43.08** .11 29.61** [-0.23, 59.24 ] .04 

Online tutorial 
(Control) 

9.49** .08 22.43** [ 6.97,37.89 ] .09 

Gender (female) -10.83** .07 -0.51 [-14.29,13.28] .00 

Age of student -0.08 .00 -0.03 [-0.41,0.36] .00 

Adjusted algebra 
pretest (% correct) 

0.28** .06 0.32** [ 0.07,0.56 ] .07 

Mathematics 
attitude pretest 

0.69*** .51 0.70*** [ 0.56,0.84 ] .53 

Treatment* gender 
interaction (males 
of control group) 

16.40* [-33.93,1.14] .04 

R2 .70 .71 

F 40.53*** 35.28*** 

AR2 .01 

AF -5.25 

Note. N= 95. 
*p < .10, **p < .05, ***p < .001 
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37.89]. Although there was not a statistically significant treatment* gender interaction at 

the a level of .05, F(1, 88) = 3.45, p = .066, t|2 = .04, there was such an interaction at 

the .10 level. Table 15 indicates that females in the control group scored 16.40 points 

lower on the mathematics attitude posttest, although there was no such gender difference 

in the treatment group. 

Summary of Quantitative Findings 

Table 16 summarizes the statistically significant results of this analysis, grouped by 

either referring to achievement, as measured by the final exam, or student attitude 

towards mathematics. All statistically significant results were given so that the list could 

be comprehensive, but many of these results were expected. It is well documented that 

attitude towards mathematics is strongly correlated with achievement in mathematics, for 

example (Ashcraft, 2002; Ashcraft & Kirk, 2001; Hembree, 1990; Tobias, 1993). 

Table 17 lists the results that were not anticipated, along with the effect sizes, 

parameter estimates, and which students these effects favored, for higher scores on the 

final exam or on the posttest of mathematics attitude. Note that final exam scores were 

out of a total possible of 100 points (M = 70.48, SD = 20.95) while final mathematics 

attitude scores were out of a possible of 200 points (M= 131.35, SD = 29.56). 

Some important findings of this study were those related to the online tutorial effect 

on achievement and mathematics attitude scores. The online tutorial did not significantly 

affect achievement scores. Yet students in classes of the control group that used 

traditional means for homework and quizzes scored significantly higher on the 

mathematics attitude posttest compared to the treatment group, which used MML for 

homework and quizzes. This was especially true for the male students in the control 
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Table 16 

Summary of Statistically Significant Quantitative Results 

Dependent variable Model Covariate, factor, or interaction r\2 

Achievement results 

Transformed final exam 1 adjusted algebra pretest*** .36 

Attitude results 

Mathematics attitude posttest 3 online tutorial treatment** .09 

Mathematics attitude posttest 3,4 adjusted algebra pretest** .05 

Mathematics attitude posttest 3,4 mathematics attitude pretest*** .50 
Mathematics attitude posttest 5 gender of student** .07 
Mathematics attitude posttest 5 adjusted algebra pretest *** .06 
Mathematics attitude posttest 5 mathematics attitude pretest*** .51 
Mathematics attitude posttest 5,6 online tutorial treatment** .08 

Mathematics attitude posttest 6 treatment*gender interaction* .04 

Note. *p < .10, **p < .05, ***p < .001 

Table 17 

Summary of Unanticipated Statistically Significant Quantitative Results 

Variable Model Source r\2 | B \ Favors 

Achievement 

None 

Attitude 

Mathematics attitude posttest 3 treatment .09 10.94** control group 

Mathematics attitude posttest 5 gender .07 10.83** males 

Mathematics attitude posttest 5 treatment .08 9.49** control group 

Mathematics attitude posttest 6 treatment .09 22.43** control group 

Mathematics attitude posttest 6 treatment* 
gender 

interaction 

.04 16.40* males of the 
control group 

Note. *p < .10, **p < .05, ***p < .001 
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group. Table 18 shows marginal means for the final mathematics attitude survey by 

gender and treatment. A means plot is given in Figure 15 to illustrate the treatment* 

gender interaction supported by significant results in Model 6. Control group males 

scored on average 16.40 points higher than females in that group. No such statistically 

Table 18 

Marginal Means for the Mathematics Attitude Posttest by Gender and Treatment 

95% Confidence Interval 

Gender Treatment M SE Lower Bound Upper Bound 

Female 
Control 

MML 
131.743 

125.71s 

2.83 
2.68 

126.13 
120.38 

137.35 

131.03 

Male 
Control 

MML 

148.64® 

126.213 

4.44 

6.34 

139.83 

113.62 

157.46 

138.81 

Note. N= 95. Covariates were evaluated at the following values: age = 37.25, adjusted 
algebra pretest = 32.65, mathematics attitude pretest = 124.67. 
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significant difference was found in the treatment group. A discussion of this phenomenon 

will be presented after the qualitative results. Chapter 5 will relate the quantitative and 

qualitative results to the original research questions. 

Qualitative Results 

For the third research question, qualitative data were collected in order to describe 

the students' experiences when using an online tutorial. This was to the end that support 

and validation would be given for the quantitative results for the first two research 

questions. Questionnaires and interviews were used to gather the qualitative data about 

the students themselves and their experiences with the tutorial. Using a mixed-methods 

design allows quantitative and qualitative data to be collected in parallel, analyzed, and 

considered together for a stronger set of conclusions (Creswell & Clark, 2011). This 

research was conducted according to a concurrent design in which neither the quantitative 

nor the qualitative research would drive the other (Onwuegbuzie & Leech, 2006). Both 

were focused on the effects of the online tutorial on achievement and mathematics 

attitude. The qualitative inquiry, using a phenomenological approach, was embedded 

within a quantitative experimental model and provided a supporting role. Phenomenology 

seeks to understand the nature of an experience shared by several people (Creswell, 

2007b). The brand Moustakas (1994) espoused called empirical or transcendental 

phenomenology was used, which places less emphasis on the interpretations of the 

researcher and more emphasis on a description of participants' experiences. 

Bracketing of the Researcher's Experience and Viewpoints 

In Chapter 3, my postpositive viewpoint and pragmatic approach to inquiry was 

described, as well as my experiences with older adult learners in remedial college 
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mathematics courses. As a result of these experiences, I felt that research was necessary 

concerning whether they would benefit as well as younger students by an online tutorial. 

Hence, the second research question has been included to determine if use of the online 

tutorial will affect older students in the same ways as traditional aged college students. 

Data Collection 

Participant interviews were conducted according to the procedures and the ordered 

list of guiding questions given in Chapter 3. After transcription, the interview data were 

coded and analyzed to provide further information to corroborate, if possible, any 

quantitative conclusions found. I assigned six pseudo names for those interviewed: Anice, 

Benita, Calvin, Dacey, Emily, and Felicia. 

Coding and Analysis 

After multiple readings of the transcripts, statements from participants were 

classified according to themes related to the research questions or suggested by the 

students' own words. The qualitative findings were organized into a several page chart in 

which support data and participant statements were categorized into appropriate columns 

according to major ideas or classifications that related to the research questions. If a 

classification or theme had sufficient information for support of ideas within the theme, 

then the category was included in the analysis. The qualitative themes used for this study 

were generated from the interview data and included if they both related to the effects of 

the online tutorial on student achievement or attitude and were supported by an adequate 

amount of interview data. An independent reviewer, a college mathematics professor, 

read the transcriptions of the interviews and agreed that the themes were appropriate for 

analysis of the data. Narratives were written to describe how the participants experienced 
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the online tutorial and how their statements supported these ideas and descriptions. 

Conclusions from the qualitative data were then drawn as themes were compared. The 

following themes eventually arose from the data analysis: 

1. The student's difficulties with and attitudes about mathematics 

2. The student's preference for the online tutorial or the textbook 

3. Time used in MyMathLab (MML) for study or homework completion 

4. The benefits of homework feedback 

5. The availability of homework support 

6. Taking quizzes in MML 

7. Technical issues, ease of use or difficulties with the program 

Member Checking Results and Alternative Sources 

After transcription of the audio recordings, participants interviewed were sent the 

transcription of their interview, formatted by a word-processor, so they could verify what 

was said. When they responded back by email, they were then sent a reply that listed all 

the statements made in the write-up of the qualitative themes described in this chapter. 

For those who did not respond by email, phone calls were made in order to attempt to 

follow up with verification of the interview data. 

Benita, after reading her interview transcript, said that "as far as I can tell it all 

seems correct." After reading her write-up of qualitative findings, she said, "Yes, 

everything below looks good." Calvin responded to the first email with verification of the 

interview transcripts. When sent the write-up of the qualitative findings that related to 

him, he said that the statements were "ok," He only pointed out a paragraph that included 
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a typographical mistake that had been the result of transferring his write-up to the email I 

sent, but he said that all other statements were clear and accurate. 

Dacey responded to the first email and verified the accuracy of the interview 

transcript. When sent the qualitative write-ups, she replied that "everything was ok." 

Felicia replied to the original email with the response, "All is well, everything looks 

good" and also verified the qualitative narrative about her. At this point I am still trying 

to get a response from Anice and Emily, having left a message with one and being unable 

to leave a message with the other. Thus at this point there is complete verification for 

four participants. These results are summarized in Table 19. 

Wherever possible, alternative sources were considered to back up findings from 

participant interviews. Questionnaires were used to collect data both of a quantitative and 

qualitative nature from the students. Grade records or time logs were consulted within the 

MyMathLab program. The instructor's grade sheets, records, or emails were used to 

discuss student struggles or successes in mathematics. 

Table 19 

Results of Member Checking for the Six Interviewees 

Anice Benita Calvin Dacey Emily Felicia 

Interview Did "as far as "yes" "I read the Did "All is 
transcript not I can tell transcript not well, 
ions reply it all and reply every

seems everything thing 
correct" is correct" looks 

good" 

Qualita Did "yes, Calvin noticed a single "every Did "looks 
tive write- not every misspelling of a word. thing was not good 
ups reply thing Then later, after I ok." reply and 
(narratives below cleared up the good 
about the looks typographical mistake, luck" 
themes) good" he said it was "ok." 
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Qualitative Findings 

First, some background information for each of the participants is appropriate. In 

order to more accurately describe the levels of difficulty that students might experience 

with mathematics and how positive or negative their attitudes toward mathematics were, 

some quantitative measurements were employed in these descriptions. Appendix E is a 

Chain of Evidence Table for the qualitative analysis. 

Introductions of the Participants 

Anice is a 53-year old female with grown children. She works in a business with 

her husband. Anice has difficulties with mathematics and during the study ended up 

failing the Basic Algebra class. She stated, "math has never been easy for me." She has 

had poor experiences in the past with mathematics teachers, stating, "they just didn't 

have patience." In one case, she said that the "teacher assumed we should know it." 

Benita is a 48-year old female with a serious yet cheerful disposition. She is quite 

busy in her life, having to juggle job and family responsibilities. Arranging an 

appointment to interview her was a bit of a challenge. In the Basic Algebra course, she 

did fairly well on the online quizzes but on the final exam scored low, a 49. 

Understanding the first part of the course material well enough to score a 71 on the 

midterm exam, she passed the class barely, with a 70. 

Calvin is a 61-year old policeman with a wife and grown children. From my 

observations, he is especially polite and kind to others around him. With job and family 

responsibilities, he also struggles to find the time to study and complete assignments. It 

has been a long time, measured in decades, since Calvin took a mathematics class. 

Although he spent a lot of time on assignments and did fairly well on some online 
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quizzes, he scored around 45 on both the midterm exam and the final exam, ending up 

with a 57 in the course. Undaunted, he has now repeated the class and not only was 

successful the second time around with that course, he has passed the nonremedial 

mathematics course for his degree. 

Dacey is a 36-year old female. She has small children to care for and yet must work 

twelve hours a day at her job. In addition, she significantly struggles with mathematics. 

She passed some online quizzes but at other times scored very low. She worked hard and 

learned the first part of the course material fairly well, earning a 63 on the midterm exam. 

However, she struggled with material at the end of the course, scoring a 42 on the final 

exam and not passing the class. She resolutely enrolled in the course again, earning a 

score of 81 on the midterm exam this second time and in the end passing. 

Emily is a 29-year old female who is also very busy. She struggled with the Basic 

Algebra class and scored some high and some low grades. She scored a 100 on the first 

quiz and above 80 on all homework before the midterm exam, but scored a 33 on the 

second quiz. She apparently was not prepared for the midterm exam, scoring a 45. Then 

after failing one and passing another quiz, she earned a 60 on the final exam, ending up 

with a 60 in the overall course grade. 

Felicia, a 41-year old female, has an optimistic, easy-going disposition, and at times 

chuckles about her struggles in mathematics. She scored a 72 and 70 on the midterm and 

final exams, respectively, and finished the class with an overall grade of 72. Felicia had 

three online quiz grades in the 60's and one that was 71. This perhaps was because, as 

she put it, "I was a little frustrated with the program." 
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Themes and Findings from Interviews and Questionnaires 

The following themes were gleaned from interview data. Independent reviewer 

verification was performed to judge whether the themes were appropriately derived from 

the transcripts of the interviews. In addition to interview data, questionnaire data, 

instructor data, and various assessments were used. 

Difficulties with and attitudes about mathematics. This theme was used to classify 

all statements that described the strength of the student's difficulties with mathematics or 

the student's positive or negative attitudes towards mathematics, either prior to or 

concurrent with taking the Basic Algebra course. It was not my intention to purposely 

choose students with lower scores on the ATMI to be interviewed. However, this was the 

net result, since all students interviewed were below the average attitude score. Two 

students scored 119, close to the average of 124.67 for this population of students. The 

remaining four students interviewed had attitude scores between 77 and 100, or between 

1.66 and 0.86 standard deviations below the mean. 

As aforementioned, Anice had difficulties with mathematics. She discussed with me 

her "struggle to grasp" the abstractions of the subject and that for her "algebra was very 

difficult." At one point she said "I was totally lost" and that "I have very little self-

confidence with math." She did not ever describe her feelings toward mathematics using 

synonyms of the term anxiety, but her difficulties with the subject and associated lack of 

self-confidence were evident. Anice scored 11.7% correct on the algebra pretest, when 

the mean was 33.7%. She scored a 100 on the mathematics attitude pretest, which had a 

mean of approximately 125. Regrettably, she ended up failing the major exams and the 

course with a 51. 
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Benita did not specifically mention anxieties or difficulties with mathematics, but 

some did exist. She struggled somewhat with mathematics both in understanding and in 

attitude, as seen by the fact that she scored 18.3% correct on the algebra pretest and a 93 

on the mathematics attitude survey. She mentioned that the online tutorial was a support 

system for her that was available when other support was not. Benita was eventually 

successful with the course likely due to extra effort and self-discipline. 

Calvin scored 18.3% on the algebra pretest and 119 on the attitude pretest, so it is 

evident that he has a fairly good attitude towards mathematics but started with initial 

challenges in algebra. By his own statement, "the last time I had taken a math class was 

probably in 1980." Calvin, at midsession, made a realization about his own attitude 

towards his efforts in learning mathematics. He stated, 

I think the biggest problem that I have is the anxiety behind it. I never thought about 
it until today in class when you mentioned that if someone tells you "hey, you're 
not going to do that well on the test" or "It's been a while since you've been out of 
school," it's going to affect the way that you're going to perform or do on the test or 
in the class. And I think that kind of stuck in my mind and kind of hampered ... 
hindered me from moving forward in some things. 

Dacey scored 13.3% correct on the algebra pretest and a 77, the lowest score of 

those interviewed on the pretest of mathematics attitude. She stated, "I have anxiety 

about math to begin with, because I am not good at it." This lack of self-confidence and 

realization of her own anxiety towards mathematics is perhaps why she appreciated 

having the online tutorial to help her in learning the material and doing the class 

homework. 

Emily did not mention any dislike or anxiety towards mathematics, but struggled 

considerably with the Basic Algebra course. She scored a 30% correct on the algebra 

pretest, which was close to the average for those in the course and so had a fair level of 
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initial understanding in algebra. However, she scored below average, a 99 on the pretest 

of mathematics attitude, which may indicate less than average confidence in her ability, 

in her enjoyment of, or in the value she places on mathematics. 

Felicia had more mild problems with algebra. Scoring 23.3% correct on the algebra 

pretest and a near average 119 on the attitude pretest, her difficulties with mathematics 

were real but not the most severe. She did not specifically mention anything about her 

attitude about mathematics or her difficulties with the subject. In matter-of-fact tones, she 

was concerned less about how daunting the task was to learn the algebra material and 

more about how the online program seemed to take considerable time to learn how to use. 

Preference for the online tutorial or the textbook. The participants of the study who 

were interviewed generally knew that the investigation was to determine whether the 

online tutorial was helpful and effective for raising student achievement in the class. 

Thus, each one of them made statements, either directly or indirectly, about whether they 

preferred the textbook or online tutorial or what they appreciated about the program. In 

two cases they gave mixed reviews so it was difficult to determine their preferences. 

Emily and Felicia preferred the textbook to the online tutorial. Emily appreciated 

some features of the program, saying that it "has an online [tutor], where it goes back 

over everything. I like how it has the 'Help me solve,' [and] new examples so you can 

understand what you're doing." Elaborating further, Emily said: 

It helped me to understand how you can get to your answer. It takes you through 
different steps. That I do like, but, I would prefer the book, because the book gives 
more examples, on different problems. You know, you can kind of see your answer 
and then go back and look and see how you can get to that answer..., so I think, um, 
it has its good views and its bad view. 
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When asked directly whether the program helped her to understand algebra better, Emily 

said no, adding, "being in class and watching the instructor will." Reiterating that I was 

referring to use of the program only for homework and quiz delivery and that there would 

be an instructor both ways, she still stated "I don't think the program would help me." « 

Felicia stated, "overall it was not a bad program. I'm just used to having pencil-

paper type of problems, so it was just kind of different for me to get used to doing it on a 

computer or doing problems on a computer. But I know that's the wave of the future so I 

guess it's just something you'll have to deal with." She was more traditional and said to 

me, "I think it helped me with your notes, more so than the program." She thought that if 

homework was done "in an algebra book, ...that would have been fine too." She did have 

positive statements about some aspects of the program, however, as will be listed later. 

One who seemed to be neutral was Benita. Benita felt that the program inteijected 

problems that were not usual or were unexpected. She said, "there were times when, we 

would look at a lot of the word problems, it just kind of threw me off like 'where did this 

come from?' you know. It was good to actually have the book to go back to the actual 

problem." She also felt that quiz questions were inteijected that were not in the 

homework, and that the program dropped her at various times, causing her to leave the 

program. But Benita liked other features of the program, such as the "Help me solve this" 

feature for homework help. 

Those who clearly preferred the online tutorial were Anice, Calvin, and Dacey. 

Anice, one who seriously struggles with algebra and who said she was "totally lost," said 

she can understand the program better than the book. She stated, "I do better with the 

computer as opposed to my book. I don't know why... it was something about that visual 
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thing right there in front of me..." She also felt that "it's a big help, absolutely, because it 

does break it down. Um, to me, for me, [better] than the book does." Yet, despite this 

testimony, it should be pointed out that in the end she did not score above 45 on either the 

midterm exam or the final exam. 

Calvin was a student that, as aforementioned, had not taken a mathematics course 

since 1980 and one who admitted to have anxieties about the subject. He preferred the 

book as well, but for other reasons that were perhaps related to his kind nature. Calvin 

stated: 

The way I think it helped me better understand it is sometimes you don't want to go 
to another person to ask them a question about it or something. Even though you 
read it in the book, and you should be able to understand it from the written text, it 
is difficult sometimes. It helps when you listen to the videos in there, and then also 
see how they work the problem, as far as being able to solve it and come up with 
the right answer. 

In my opinion, the desire not to bother others such as the instructor or the tutor at the 

academic center is an admirable quality, yet perhaps not related to whether the online 

tutorial is effective for helping to raise student achievement in the course. If it enables the 

student to more frequently and actively engage with the material, then it may further this 

goal. Calvin's reference to watching the videos of the program shows he is using this 

extra feature that may have helped him in understanding. However, again it should be 

pointed out that he scored below 50 on both the midterm and the final exam in his first 

enrollment in the course. 

Daeey, a student that had admitted anxiety in mathematics and who felt she was 

"not good at it," preferred the MML program. She states, "I would say I was more at ease 

in using [MML], because I have anxiety about math to begin with..." She continued, "I 

think the [MML program] gave me a better chance to do better at math." It is unclear 
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whether having access to the online tutorial felt more like having an extra tool to use or 

whether it felt like having another person around that could give hints or answer the 

student's questions. Yet, the program seems to have the ability to help some with 

mathematics anxiety, as seen in the statement of Dacey: "It kind of takes the anxiety I 

have about math away, because it seems it makes it a little easier than doing the problems 

out of the book itself." 

Dacey, as with Anice and Calvin who also preferred the online tutorial, did not 

finish well in the class in terms of her grade. She had earned a 63 on the midterm exam, 

but scored a 42 on the final exam and ended with an overall grade of 55 in the class. 

Anecdotal evidence, of course, cannot establish anything. So the fact that all three of the 

students who clearly preferred the online tutorial over the textbook ended up with low 

exam and course grades does not establish any trend or general rule. In addition, even if 

such a trend was statistically established, it would not show a causal relationship between 

use of the online tutorial and lower achievement, only that lower achieving students 

prefer having the help of the online tutorial. 

Benefits of homework feedback. This theme was used to classify statements that 

related to the feedback the student received from using the online tutorial while doing 

homework assignments and how this feedback benefited the student. Each of the students 

interviewed gave positive statements about the feedback they received when doing 

homework assignments. Anice stated, "I love the fact that you have an example when 

you're trying to solve problems.. .you can go to the example and it step-by-step explains 

everything to you which makes it easy for me." The textbook has examples as well, but 
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Anice felt that the program "gives examples that enables problem-solving" and that "it's 

a big help." 

Benita appreciated the practice the program facilitated, saying "it gave the 

opportunity to do it over and over again, not actually the same problem, but it would give 

you similar problems." Calvin also commented on the repetition being helpful when he 

said, "some problems I work over and over trying to get a complete understanding of it." 

Dacey declared, "the thing I liked about it the most is it gives you an example of how to 

do each problem and lets you work it and see if it's correct." She further stated that "it 

gives you lots of time to do it right and it shows you step-by-step how to do the 

problem." 

The "step-by-step" instructions that the online tutorial gave while doing homework 

were specifically mentioned by Anice, Benita, Dacey, and Emily. Calvin, however, 

referred to this feature when he said that if he answered the question incorrectly, the 

program would give him the equation that helps him know "how you should be 

answering the question." This is a feature that is brought up when the student clicks on a 

screen item called "Help me solve this." Benita specifically mentioned this program 

feature as being "very good." Emily, although she overall preferred the textbook to the 

program, liked this feature. Felicia mentioned also that the '"Help me solve this problem' 

part of it, was good ... because I often used that part of it, so that kind of helped. I think 

that's a good feature." Felicia continues, saying, "The 'Help me solve' part was good. 

That was the part that I used most on the program." 

Emily appreciated the benefits of the homework feedback and practice in part 

because of the fact that she had a chance to get higher grades. She said, "but yet, I do like 
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the fact that I can go back in and get a similar problem if I got the problem wrong, and 

uh, you know, erase that grade and give me a higher grade." So as far as giving students 

homework feedback, the program was praised by the students. As Calvin put it, "it was 

great because it gives you feedback, like if you answered the question incorrectly." In 

reference to the homework feedback, he said, "So I thought that was really excellent." 

Availability of homework support. The online tutorial is available virtually at all 

times for the student. A few of the students specifically mentioned that they appreciated 

or benefited from the available support that the online tutorial provided. This theme 

included all statements that described the availability of the program or the level of 

support that students received when doing homework. Concerning the online tutorial, 

Benita said: 

I felt like it was a support system. I felt like when I didn't have a person to actually 
ask a question to, it was there to help... So I thought it was a good support, 
especially when you don't have that person and you can't get to the tutor, and you 
don't have that person to call and say, "Can you help me with this problem?" 

Benita further described the availability of the program as being like a second instructor 

for the class, but one that is always available, stating, "each chapter they gave a tutorial, a 

video... explaining each problem... having a second person, that instructor saying this is 

how we do the problem ... the live person giving videos on how to do each problem." 

Calvin stated also that MML was "kind of like an extra instructor... so that you don't 

necessarily have to call the instructor all the time trying to seek additional help." Not 

wanting to inconvenience others, he liked this about the program. Calvin stated, 

Being that I am a little bit older than a lot of college students, you know you think 
you should already know something; it's kind of difficult to approach people to ask 
for additional help on some things... it sort of alleviates you from having to do that 
sometimes. 
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Anice stated that she used the program, especially the homework feedback and 

support features, "as much as I could because it was very helpful." This support was 

because of the examples the program gave. The examples motivated her to say that "with 

that example, I find that I am able to solve the problem, step-by-step, by following the 

example... knowing I can refer back to it, I understand that better than I did the book, if 

that makes any sense." 

With Dacey, I tried to probe into whether the support that the online tutorial 

provides really helped her to understand algebra better. Dacey said, "I would say it 

helped me understand more." When asked how, she said, "well, practice over and over 

again." When confronted with the fact that her midterm exam grade was not passing, she 

said that it would probably have been lower without MML. Calvin was also asked, if the 

program was helpful, why he did not do so well the first time on the midterm exam. He 

related that he had not taken a mathematics class since 1980, "and so it was... probably 

almost 30 plus years." Calvin stated that, during the exams, he: 

.. .understood the process and understood how to plug the numbers in, but once I 
got there it seems like I just got stuck, and couldn't move forward, even though 
sitting at home, I can look at it and move forward with it, but for some reason, I just 
couldn't move forward with it, and then it caused the anxiety to build on my part 
even more, because I'm saying to myself, "I've done this, I know this, why can't I 
come up with the answer just now?" 

When asked if he felt that since he did not have MML to use that he was on his own on 

the test, Calvin stated: 

No I don't believe it was that, the fact that I didn't have the program. It was just the 
anxiety of knowing that this was a finite moment in which you need to be able to 
put this down on paper and come up with some answer that is reasonable to what 
the answer actually should be. 

With Emily, she felt that the support was helpful. She stated, 
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It was quite helpful for the homework, because again, you had the opportunity to do 
the study plan, you can go and listen to the tutor speak, and she goes over certain 
examples to kind of give you a refresher course. So the homework was pretty good; 
I do like it for the homework. 

Dacey also mentioned the study plan features of the program as being helpful. She said, 

"I really liked it. It also referred you back to the specific pages in the textbook you could 

use to refresh yourself." 

When asked about how she felt about the program, Felicia said, "I was indifferent -

I didn't have any feelings either way. I mean, I knew it was something I had to get used 

to and had to deal with. It wasn't, you know, too troublesome for me, just something you 

had to get used to using." This may indicate that she did not value the support the 

program provided. 

Time used in MML for homework completion. In order to ascertain how much time 

the participant was engaged with the program, the treatment in this study, a question 

related to this was included in the list of questions used to guide the interviews. This 

theme represented the self-reported measurements of student engagement with the MML 

program. 

Anice stated that she used the program about one and a half to two hours per day, 

trying to do about ten or more problems every day. Time logs within the MML program 

indicated that during the 6 weeks in which participants were to do homework and take 

quizzes online, Anice averaged 8.3 hours per week or 1.2 hours per day. Benita also did 

ten problems a day but watched the videos that came with the program first. She stated 

that it took two hours per day and in MML she logged 8.1 hours per week or 1.2 hours 

per day as well. 
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Calvin said that he used the program at least an average of 20 hours per week. 

MML records indicated that he logged 18.9 hours per week or 2.7 hours per day. Dacey 

said she used the program a total of two and a half hours over one or two days. MML 

logs indicate that she used the program an average of 4.6 hours per week or 0.7 hours per 

day. Emily stated that she only used the program when she needed to, to complete an 

assignment. She said, "when I'm on there, I am on there for maybe about three hours." 

She adds that "the majority of the time I would prefer to go to tutoring." According to 

MML logs, she used the program 11.2 hours per week or 1.6 hours per day, somewhat 

more than she had stated. 

Finally, Felicia said she would use it generally for two days out of the week. She 

started doing the whole assignment in one day, but later changed to doing half the 

assignment one day and the rest the other. She said she spent about six hours to do the 

homework. Time logs in MML indicated that she was accurate since 6.8 hours per week 

were recorded or 1.0 hours per day. 

Taking quizzes in the online tutorial. The essence of this theme was a description of 

the perceptions students had about taking quizzes for the Basic Algebra class within the 

online tutorial. As a result of the experience that I have had with students taking online 

quizzes in classes during the pilot study, various issues have arisen. Taking quizzes 

online as opposed to in class involved differences that may be important to the research 

questions. These are related to how students must enter answers, how much time they 

have for quizzes, security questions, and how quizzes are graded, 

As far as completing quizzes in MML, Benita felt that problems were included in 

quizzes that were not represented in the homework. Benita stated: 
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The quizzes.. .there were a lot of problems that came up that were really difficult 
throughout the quiz, that you never did see throughout the homework. So the 
quizzes were not compatible with the actual homework. There were times when you 
would do the quiz and you would say "Wow, where did this problem come from? 
Where do I start to begin to do this problem?" 

It should be noted that this is not the result of the instructor setting up the quiz 

incorrectly, since problems were only taken out of the sections and problem types that 

were included in the homework. 

In addition it should be mentioned that the instructor set up the course so that 

students had two opportunities to take the online quizzes, as well as two opportunities to 

take the in-class quizzes in the case of the control group. The reason students had two 

opportunities was in the event that the student had difficulties knowing how his answers 

were to be typed into the answer boxes of the quiz in MML. They could learn exactly 

how MML expected the answers to be given so that the second time their answers would 

be correctly identified. There were a few cases, however, in which the instructor was 

asked by the student in an email to examine what the student entered so that the instructor 

could grant all or some credit to the student for his answer, even though MML had scored 

it as incorrect. This is in keeping with how the instructor grades the in-class quizzes done 

on paper. Dacey appreciated this allowance, as did others, and stated, "yeah, I think it 

was a good idea for the quizzes, online, because it gave you two chances to do them." 

Despite the allowance of a second attempt at the quizzes, Emily disliked the idea 

that you can miss a question "when all you had was just a comma off, or something." She 

continued, "if you don't know how to utilize the program, you're going to pretty much 

fail the quiz. Again it was certain steps that I forgot to use,... such as using a comma, 

placing that correctly, you know that's what kinda made it hard." Emily felt that teacher-
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graded quizzes would be better since the teacher could better judge what credit should be 

awarded for answers. In summary, she said, "that's the difference. I am more of a paper 

person." 

Calvin contrasted how it was to do homework in MML with how it was to take 

quizzes. He stated, 

Once you put your answer in there, that's it, you just move on to the next one... , if 
you are doing it a second time, then your remember how you messed up on the first 
one then you can correct it on the second one. And then you look at it and say "How 
did I make that simple mistake?" and then you correct that simple mistake and then 
you make another one in the process, so... it is beneficial to have that second 
opportunity to look at it again. 

As a side note to the issue of taking quizzes online versus on paper in class, there is 

the problem of how to guard against students having others take the quizzes or do the 

homework for them. To attempt to keep this to a minimum, I asked all the students to 

hand in any and all scratch work they did to complete the homework and quizzes. In a 

few cases, the work was not handed in. In the case of one student for which later a grade 

appeal was filed, only one set of papers with the scratch work for one quiz was turned in 

out of the four quizzes taken during the class. She scored grades above 90 on the three 

quizzes for which she did not turn in work, but on the one that she turned in scratch work, 

she scored a 58. She felt she deserved a higher grade on the basis of the three quizzes, 

although she earned no higher than a 40 on both the midterm and the final exam. 

Although this most likely was not an issue with any of the six students interviewed, there 

may have been one or two students close to passing the class who, because of having 

someone else help with one or more of the quizzes, ended up passing the class. 

Technical issues and ease of use of the program. This theme includes all statements 

related to the technical issues or difficulties students experienced while using the 
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program, as well as the reported level of ease of use students experienced with the 

program. This area was deemed important and related to the effects of the online tutorial 

on student achievement and student attitude towards mathematics. 

Anice, Benita, and Calvin all said that the online tutorial was "very user-friendly." 

Calvin said that the only problem he had with the program was with the graphing, "when 

you are trying to graph two different points." He continues, "for some reason I didn't 

realize that, I think, when you clicked on it, you drag it, you have to go back down to the 

bottom to grab another one to move to another point... but once I understood that's how 

you have to do it, I think then it was ok." 

Emily also had issues with entering data in MML. She said, "if you don't input... 

the parentheses ... your answer's wrong. And, you know, that's how I pretty much didn't 

do so well." She continued, "if you don't really know MyMathLab, there is a little chart 

you have to kinda follow for fractions or even your graphing, if you don't select it, then 

you basically don't know." Emily also mentioned, 

Again, you have to ... when placing your exponent, that was an issue ... placing a 
space in between, writing out your entire equation, that was an issue, because if you 
didn't write it out how they would like it, you continually got it wrong. 

This caused a bit of concern for Emily, since she stated, "I felt uncomfortable because I 

didn't... I had to study the program, basically, in order to do my work, the assignments 

and that's what added up to maybe three hours working with the system because you 

kinda had to learn it and study it." 

Felicia mentioned entering exponents, saying "I would have to say that side key 

where you have to click on it to do exponents, it kind of takes time away ... that was 

something that I had to get used to." She also had trouble with graphing, as seen by the 
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statement, "... the graphing tool. That was kind of tricky, because I thought I had it on 

the right two points, but I didn't - it was wrong. So, that was kind of an issue." She ended 

the discussion saying that at first she was a little frustrated with the program because of 

unfamiliarity, but after the second week she "was pretty good with it, so ... it just took 

practice." Dacey thought that it was "fairly easy to use once you have logged onto it... it 

is pretty self-explanatory from there." Yet she said, "I had issues entering the answers, 

like one or two times. But for the most part, everything was easy to enter." 

Emily felt there should be some kind of tutorial to learn about all the features of the 

program and how to use it. She said, "you know, so maybe if there is a tutorial on how to 

use it, which there is I am sure, then I probably would have known at the last minute 

about the study plan." It should be noted that MML does have an audio-enhanced tutorial 

using screen shots to take the user through a tour of how to enter answers or how to do 

other things in MML. Overall, Emily said that on a scale of one to ten, the ease of use of 

the program was a six. 

A few students had glitches or issues with the operation of the program. Anice said 

the program froze twice while doing homework, resulting in the loss of her work for 

some problems. She also said that she was unable to retake a quiz after doing poorly on 

the first attempt, saying "I couldn't even get into it and I don't know what happened." 

Benita said that there was a problem a few times "loading in the system" and it took 

about an hour for it to clear up. Benita explained, 

The glitches were times when it would just drop at certain points. Once you got into 
the problem, sometimes when you took too long to actually try to work with the 
problem, it would just completely drop, and you would have to just go back in and 
use your password and username. 
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Summary of Qualitative Findings 

The qualitative findings were first organized into a several page chart in which 

support data and participant statements were categorized into columns according to major 

ideas or classifications that related to the research questions. If a classification or theme 

had sufficient information for support of ideas within the theme, then the category was 

included in the analysis. As aforementioned, a college mathematics professor 

independently read the transcriptions of the interviews and agreed that the themes were 

appropriate for analysis of the data. The narratives presented above were written to 

describe how the participants experienced the online tutorial and how their statements 

supported these ideas and descriptions. Table 19 was created to summarize the data into 

one chart. Several trends were deduced from the data when rows of the chart were 

compared and when all information was considered from the transcriptions and other 

supporting documents such as course grade sheets and MML time logs. 

The essence of the experience. The common or invariant aspects that describe the 

nature of the experience for all students interviewed begin with their struggles with 

mathematics and the attitudes that exist in relation to the subject. As seen from these 

findings, the students chosen for qualitative data collection all had difficulties with 

mathematics, as is typical of those in remedial mathematics courses. They also had lower 

initial scores on the mathematics attitude inventory compared to other students in the 

class, although two had scores close to the average attitude score for the class. Thus, the 

results from this qualitative investigation should be generally considered originating from 

students who struggle with remedial mathematics and have attitudes from less positive to 

normal for remedial mathematics students at this college. 
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All of the students interviewed had positive things to say about the homework 

feedback that they received from MML. Some of the aspects of this homework feedback 

can be seen in Appendix E, a description of the online tutorial. The homework hints and 

step-by-step instructions, the ability to redo homework problems many times for practice, 

and the chance to raise the grade of the student were benefits for the online tutorial 

mentioned by students. However, the positive feeling gained by having homework help 

and feedback is not necessarily a factor that causes a significant increase in student 

achievement or attitude towards mathematics. 

In addition, all of the students made statements which were appreciative of the 

availability of the support that the program offered. Although Felicia did not mention 

statements directly related to the support she received from MML, she did mention that 

she liked the "Help me solve this" feature that offers support for the student. 

Aspects that were variant. As far as preference for the online tutorial program 

compared to just having the textbook, three of the six students preferred the online 

tutorial and the others were either neutral or see some of the benefits of the program but 

still prefer doing homework in the textbook. Perhaps this preference for use of the 

textbook was because some, it was found (Baugher, 2011), were more "old school" and 

preferred paper and pencil approaches. 

The support system that the online tutorial offers was specifically mentioned by a 

few of the students who appreciated the fact that the program was always available to 

them. Some even described the tutorial as a second instructor they could get help from so 

that they would not have to "bother" the instructor. 
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The time that these students were engaged with the online tutorial varied from about 

4.5 hours per week to up to about 19 hours per week, as logged by Calvin. This latter 

average was perhaps higher than it should be, however. Four of the time durations that 

Calvin logged for particular homework assignments were over 15 hours in length, one 

being over 20 hours and one over 25 hours. This most likely indicates that he had left the 

program open while he was away from the computer. None of the other students 

interviewed spent so much time on a particular assignment. 

As far as the online quizzes, some of the students preferred to take quizzes online, 

likely because they could start when they were ready and take their time working on the 

quiz at home. Yet some mentioned that they disliked how the program demanded that 

their answers were entered precisely in a particular form, such as separating multiple 

answers with commas or by correctly using the graphing tool to graph linear functions. 

Some preferred having the instructor grade their paper and pencil quizzes since a human 

can interpret the answers and judge whether partial credit is appropriate. 

The technical issues that students experienced when using the program were mostly 

related to details about how answers were to be entered. These issues, they felt, affected 

how their grades were determined. A few students, however, said they had glitches with 

MML, such as it freezing up or not granting an opportunity for the student to retake a 

quiz. 

Relationships between the themes. The difficulties that students experienced with 

mathematics and the attitudes they had with the subject had an apparent relationship with 

the preference for the online tutorial. There is a tendency for those with more severe 

struggles with mathematics or stronger mathematics anxiety to prefer the online tutorial 
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program over doing homework out of the textbook, although this is based on only a few 

participants. Specifically, three of the students by their ability and attitude pretest scores, 

grades in the course, and their statements about mathematics were considered to have a 

strong or moderately strong difficulty with and anxiety towards the subject. These three 

students were also ones that stated that they preferred the online tutorial to the textbook. 

Those with only moderate difficulties with or anxieties about mathematics said they 

preferred use of the textbook for homework or, in the case of Benita, by her statements it 

was too difficult to tell her preference. 

The perceived benefits of the online tutorial for homework completion related to the 

perceptions that the program was helpful and a support for the students. Every student 

interviewed had something positive to say about the benefits of the program for 

homework completion. They either said they preferred the examples given, the repetition 

of the problems, or the hints and feedback that the "help me solve" feature of MML 

provided. Four out of six specifically mentioned that the step-by-step instructions were 

helpful, again, part of the homework feedback system of MML. All of the students that 

mentioned multiple benefits of the program for homework completion, all students except 

Felicia, made statements also about how helpful the program was or how it was a support 

to them. Felicia, who only mentioned the one benefit that she liked, the "Help me solve 

this" feature, was the only one who did not make a statement about the program's 

helpfulness or support. Comments such as ones comparing the program to a "second 

instructor" or "support system" or saying that the program was "very helpful" indicate 

that most of the students appreciated the support the online tutorial provided. 
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The qualitative findings are summarized in Table 20. Several trends can be deduced 

from the data when rows of the chart are compared and when all information is 

considered from the transcriptions and other supporting documents such as course grade 

sheets and MML time logs. Students used MML an average of about 8 or 9 hours per 

week in this study. A relationship between the student's average number of hours of use 

Table 20 

Summary of Qualitative Findings 

Trait / issue Anice Benita Calvin Dacey Emily Felicia 

Age, gender 53, female 48, female 61, male 36, female 29, female 41, female 

Math anxiety/ 
difficulty* 

strong 
(51) 

moderate 
(70) 

moderately 
strong (57) 

strong 
(55) 

moderate 
(60) 

moderate 
(72) 

Preference: 
text/MML 

MML neutral MML MML textbook textbook 

Homework 
benefits 

steps, 

examples 

repetition, 
steps, 

help me 

repetition, 
hints, 

feedback 

repetition, 
steps, 

examples 

grades, 
steps, 

help me, 

help me 

Availability 
or support 

v. helpful s. system, 
2nd teacher 

2nd teacher helpful, 
study plan 

v. helpful, 
study plan 

took time 
to learn 

Time used 8.3 hr/wk 8.1 hr/wk 18.9 hr/wk 
(suspect) 

4.6 hr/wk 11.2 hr/wk 6.8 hr/wk 

Online 
quizzes 

questions 
on other 
material 

high 
detail of 
answers 

high 
detail of 
answers 

high 
detail of 
answers 

high 
detail of 
answers 

Technical 
issues / 
ease of use 

glitches, 
v. user-
friendly 

glitches, 
v. user-
friendly 

v. user-
friendly 

ease of 
use is 
6/10 

Note. a. The number in parentheses is the student's final average in the course during data 
collection, steps = step-by-step instructions, help me = "help me solve this" feature of 
MML, v. helpful = very helpful support, s. system = support system, other material = 
quiz questions on other material not on homework, v. user-friendly = very user-friendly, 
grades = higher grades. 
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of MML and student preference for the tutorial is not apparent, but a relation between this 

average and statements they made concerning the program being "very helpful" or like a 

second instructor is likely. All who made these types of statements used the program at 

least on average eight hours per week. 

Four out of six of the students mentioned specifically that there was a high degree 

of detail expected in answers when completing assessments such as quizzes in MML, and 

difficulties with program operations. Again, the phrase was used in general about the 

program or about a specific feature of the program that the student appreciated. 

Summary of the qualitative analysis. On the basis of the interviews and other 

support data, the six participants had moderate or strong difficulties with and anxieties 

about remedial college mathematics. All of the students had positive things to say about 

the benefits of the homework feedback that the online tutorial offered. In addition, they 

appreciated the available support and help given by the program during homework 

completion. Approximately one half of the students stated that they preferred the online 

tutorial, while two students preferred traditional homework based on the textbook. 

However, one of these who preferred the textbook also had positive things to say about 

three of the features within MML and summarized the program as "very helpful." 

Three of the students made specific comments about how user-friendly the program 

was, but two did not think MML was that easy to use. Emily rated the program a "six out 

of ten" for ease of use while Felicia felt it took too much of her time to learn how to use. 

Some of the students preferred to take quizzes within the program but four out of six of 

the interviewees also stated that they disliked the fact that a high degree of detail was 
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required for entering their quiz answers. Glitches were also reported with the program, 

but only by two of the six students. 

Some relationships seen within the data included the observation that those with the 

most severe struggle with mathematics preferred use of the online tutorial over use of the 

textbook for homework. When students reported multiple perceived benefits of the 

program for homework completion, those same students also commented on the 

helpfulness or the support of the program, sometimes with comments that the program 

was like a second instructor to help in learning. These same students were also found in 

time logs of MML to use the program at least eight hours per week in this study. As far as 

the ease of use of the program, three students felt it was very user-friendly. Interestingly, 

however, two of these students had also reported glitches with the program and the third 

had mentioned that there was a high degree of detail required by the program for entering 

answers. 

Relationships between the quantitative and qualitative results. The fact that this 

investigation did not identify a significant effect of the online tutorial on student 

achievement does not contradict the qualitative findings. As previously addressed, the 

convenience and perceived benefits of the online tutorial for homework and quiz delivery 

may influence feelings students have about the program or the class but at the same time 

not affect their performance in the class, as measured by the final exam. 

The quantitative results also included the fact that students in classes of the control 

group that used traditional means for homework and quizzes had statistically significantly 

higher scores on the mathematics attitude posttest compared to the treatment group, 

which used MML for homework and quizzes. This was especially true for males in the 
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control group, but this phenomenon was not seen among the female participants. Since 

the qualitative findings did not employ any more than one male who was interviewed, the 

reason for this finding cannot be determined from the interview data. I looked at the 

subscale data for the Attitude towards Mathematics Inventory (Tapia, 1996), the 

subscales being represented by the terms value, enjoyment, self-confidence, and 

motivation. Table 21 presents mean subscale scores that composed the final mathematics 

attitude measurement used in this investigation. Independent sample t tests were 

performed on the subscale scores and on the total final mathematics attitude scores and 

the results indicated that there was a significant difference between males and females for 

self-confidence, motivation and for the total attitude scores; self-confidence, /(95) = 

-2.66,/? = .009; motivation, /(95) = -2.23,p = .028; total mathematics attitude, /(95) = 

-2.36, p = .021. Every subscale had higher mean scores for males than for females. The 

control group had twice as many males (n = 14) as the treatment group (n = 7). The 

additional number of males that were present in the control group in part contributed to 

the heightened attitude scores for control group participants. 

Table 21 

Mean Subscale Scores for Final Attitude towards Mathematics Inventory by Gender 

Basis Females (n = 75) Males (n = 22) 
Subscale (number of 

questions) 
M SD M SD 

Value 10 37.12 6.89 39.45 7.56 

Enjoyment 10 31.76 8.53 34.86 6.47 

Self-confidence 15 43.29 14.40 52.41 13.05 

Motivation 5 14.19 4.77 16.68 3.99 

Total attitude score 40 126.36 31.21 143.41 24.45 

Note. N= 97. 
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Students in the Basic Algebra class under both treatments generally gave positive 

comments about the course. The fact that control group males had such high final scores 

of attitude towards mathematics compared to females in the control group is either due to 

statistical sampling error or is attributable to a combination of the following: 

1. For students that had an existing attitude towards mathematics, adding the online 

tutorial to the experience only transferred that attitude to the treatment, thus 

maintaining in the students about the same attitude. Control group students, 

especially males responded more positively to the traditional classroom means 

since it offered a more familiar scenario for coursework. 

2. Figure 16 illustrates gains in attitude scores from week one to eight in the class. 

Male treatment group students (n = 7) scored highly on the initial attitude 

assessment (M= 137.86, SD = 20.03) and so because of the ceiling effect did not 

gain in attitude during the class. Male control group students (n = 14) scored 

relatively low (M- 121.57, SD = 23.49), for males, on the initial assessment and 

so experienced a significant gain in their attitude scores. 

Key: 

Control Treatment 

Females / 
X * 

Males * 
* 
* S 

Figure 16. Gains in mathematics attitude by gender and treatment, plotted by week. 
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3. Males of the control group related to the teacher's personality and explanations 

of mathematics, and this transferred to their final attitude towards mathematics. 

There were several males in this group that experienced gains in mathematics 

attitude of 20 points or more. Males of the treatment group, which constituted 

seven students, did not relate as well to the teacher or to the subject and so did 

not experience as much of a gain in mathematics attitude. 

Even without considering this treatment* gender interaction, the online tutorial 

appears to have lowered the students' attitudes towards mathematics, as indicated by 

Models 3 and 5. Considering again the attitude subscale data as seen in Table 22, the 

program failed to help the students to value or enjoy the mathematics they were doing. As 

a result of the online tutorial as opposed to the textbook, they did not gain any more self-

confidence about their abilities, nor did their motivation to study mathematics improve. 

The averages of each of the subscales were all higher for the control group that used 

traditional means for completing homework, and the self-confidence subscale was 

Table 22 

Mean Subscale Scores for Final Attitude towards Mathematics Inventory by Treatment 

Control group {n = 50) Treatment group {n = 47) 
Basis 

Subscale (number of 
questions) 

M SD M SD 

Value 10 37.88 7.52 37.40 6.63 

Enjoyment 10 33.24 8.67 31.64 7.63 

Self-confidence 15 48.56 14.08 41.96 14.00 

Motivation 5 15.46 4.70 14.00 4.64 

Total attitude score 40 135.06 30.39 125.00 30.15 
Note. N= 97. 



146 

statistically significantly higher for control group students, t(95) = 2.28, p = .025. Thus, 

having the textbook without the program significantly improved the students' attitude 

towards mathematics. Interestingly, the qualitative results indicated that students 

appreciated the benefits of the program for homework feedback, various features it has, 

and the available support that it grants. Half of the students interviewed preferred doing 

homework in MML, as opposed to the textbook. However, this did not translate into 

better achievement in the Basic Algebra course nor a better attitude towards mathematics. 



CHAPTER 5 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

In this chapter, the whole dissertation study is summarized, including the problem 

and research questions to be investigated, a synopsis of the literature review, the study 

design, the population and sampling methods, and the type of data collected. Then the 

research findings are reviewed from both the quantitative and qualitative approaches. 

Based on the research questions originally delineated in Chapter 1, conclusions are drawn 

from the study findings from both approaches to answer these questions. Similarities and 

differences of the quantitative and qualitative data results are pointed out and previous 

research is related to these results. Then, implications from the conclusions are made in 

order to better inform educators who work with older adult learners in remedial 

mathematics courses. Finally, recommendations for further research and a final summary 

section are given. 

Summary of the Study 

In the past several decades, increasingly more U.S. college students are older 

adults (National Center for Education Statistics, 2009; U. S. Census Bureau, 2010), either 

starting later in life or going back after some years away from college. The majority of 

these students first need to successfully pass remedial mathematics courses (Rochford, 

2004), especially when the community college population is included (Foderaro, 2011). 

The drop-failure-withdrawal rates are often from 22% to 45% in introductory courses at 

comprehensive universities and even higher at community colleges (Twigg, 2004; 
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George, 2010). Only one of two students complete remediation (McCabe, 2003). Many 

studies investigating the effects of various online environments for learning that are 

employed in remedial mathematics have been conducted with traditional aged college 

students or no information to delineate the effects of these programs with nontraditional 

age students (Tamim, Bernard, Borokhovski, Abrami, & Schmid, 2011). Even though 

several researchers have identified distinguishing characteristics of adult learners 

(Knowles, 1990; Merriam & Caffarella, 1999), educators have assumed that online 

tutorial programs affect older adults in the same way that they affect younger college 

students or this has just not been investigated (Li & Edmonds, 2005). This research was 

to ascertain the effects of online tutorials on student achievement and student attitude 

towards mathematics with these students in remedial college mathematics. The 

investigation used the following guiding research questions: 

1. Does requirement of the use of an online tutorial program for homework and 

quiz delivery significantly affect student achievement and attitude towards 

mathematics when controlling for age, initial mathematics attitude, and initial 

algebra ability? 

2. Is there a statistically significant age*treatment group interaction in terms of 

student achievement or attitude in remedial college mathematics? 

3. From the students' perspective, what is the nature of the experience of using an 

online tutorial in remedial college mathematics? 

The literature review for this study began by describing the adult learner (Cercone, 

2008; Marchewka, 2010) and how mathematics anxiety (Arem, 2003; Hembree, 1990; 

Tobias, 1993) or computer anxiety (Chua, Chen, & Wong, 1999; Todman, 2000; van 
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Gerven & Paas, 2006) may affect these learners. Then, the difficulties that students 

experience in learning mathematics and specifically algebra were explored (Pimm, 1995). 

How the brain learns mathematics and important principles to employ in helping students 

learn the subject were discussed (Martinez, 2010; Skemp, 1987; Sousa, 2008). Feedback 

or formative assessment was reviewed as it affected student achievement (Bangert-

Drowns, Kulik, Kulik, & Morgan, 1991; Hattie, 1999; Popham, 2008), especially in 

regard to learning mathematics. Finally, studies that involved computer-based or online 

learning, specifically ones involving online tutorials for learning mathematics, were 

traced as they related to this research (Kulik & Kulik, 1991; Means, Toyama, Murphy, 

Bakia, & Jones, 2009; Sitzmann, Kraiger, Stewart, & Wisher, 2006). Even more 

specifically, studies that examined the effects of such a program used for homework or 

delivery of assessments were described (Affouf & Walsh, 2007; Bonham, Deardorff, & 

Beichner, 2003; Jacobson, 2006; Lenz, 2010). Only two studies of this type that 

specifically involved older adult learners in remedial college mathematics were found (Li 

& Edmonds, 2005; Nicol & Anderson, 2000). Thus there was a need for research 

concerning online tutorial programs with these learners. 

This study employed a quasi-experimental design involving nine sections of an 

introductory algebra course used as experimental units. Four sections were chosen to 

comprise the control group in which students used traditional paper and pencil 

homework. Five sections were chosen to comprise the treatment group in which students 

used the online tutorial MyMathLab (MML), part of Course Compass by Pearson / 

Addison-Wesley, for completing homework and quizzes. As much as possible, groups 

were chosen to be as similar as possible, although admittedly there were nonequivalent 
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groups in this study. Student characteristics such as age, gender, attitude towards 

mathematics and algebra ability, as measured by pretests, were obtained from the 

students initially and used as covariates in the statistical analysis. The total sample size 

was 97 students, although two were removed from the sample for most calculations 

because their initial mathematics attitude pretests were suspect. On the last day of class, a 

measurement of final attitude towards mathematics and the final examination, a 

measurement of algebra ability, were obtained from the students. These were the 

dependent variables in the quantitative analysis. 

In addition, a qualitative study was conducted using a phenomenological approach. 

My viewpoints were identified and bracketed out in the analysis. Six participants who 

had used the online tutorial were interviewed about their experience with the program. 

Interview data were then transcribed and analyzed by the derivation of themes drawn out 

from participants' statements. An independent reviewer, an instructor familiar 

mathematics and MML, read the transcripts and verified that the themes were 

appropriately generated from the interview data. The themes generated were: 

1. The student's difficulties with and attitudes about mathematics 

2. The student's preference for the online tutorial or the textbook 

3. Time used in MyMathLab (MML) for study or homework completion 

4. The benefits of homework feedback 

5. The availability of homework support 

6. Taking quizzes in MML 

7. Technical issues, ease of use or difficulties with the program 
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Various efforts were used to guard against dependability and credibility threats, such as 

the use of audio recording, member checking, keeping a research journal, and use of 

alternative sources such as my observations and emails from students. A Chain of 

Evidence Table was included in Appendix F to trace the sources and statements within 

the interviews for each of the themes described in the findings. 

Quantitative findings of this study are summarized in Table 17, repeated here from 

Chapter 4. This table includes the dependent variable, the model number, the effect 

source, the effect size, the absolute value of the coefficient, and the group that the effect 

favors. There were no significant results for student achievement. Perhaps the most 

important finding of this study was that the online tutorial did not significantly affect 

achievement scores. In addition, the online tutorial had a statistically significant negative 

Findings 

Table 17 

Summary of Unanticipated Statistically Significant Quantitative Results 

Variable Model Source r|2 B Favors 

Achievement 

None 

Attitude towards mathematics 

Mathematics attitude posttest 3 treatment .09 10.94** control group 

Mathematics attitude posttest 5 gender .07 10.83** males 

Mathematics attitude posttest 5 treatment .08 9.49** control group 

Mathematics attitude posttest 6 treatment .09 22.43** control group 

Mathematics attitude posttest 6 treatment* .04 
gender 

interaction 

16.40* males of the 
control group 

Note. *p < .10, **p < .05, ***p < .001 
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effect on scores of a reliable posttest of mathematics attitude (Tapia, 1996). Those in the 

control group, on average, scored 10.94 points higher on a final attitude survey than those 

in the treatment group (Model 3). This effect persisted when several different covariate 

and interaction combinations were used for the models. Table 23 displays the models in 

which the effect of the treatment was significant. With the treatment (TR) factor and the 

covariates age (A), the adjusted algebra pretest (AAP), and the pretest of mathematics 

attitude (PMA), the final mathematics attitude can be predicted, for this data, using the 

following model (TR = 0 if in the control group; TR = 1 if in the treatment group): 

Model 3: Final Mathematics Attitude = 33.35 - 10.94TR - 0.09A + 0.28AAP + 0.69PMA 

Table 23 

Models in Which the Treatment Was a Significant Predictor of Mathematics Attitude 

Model Population Fixed factors Covariates Interaction B 

3 all treatment age, AAP, PMA 10.94 

5 all treatment, gender age, AAP, PMA 9.49 

6 all treatment, gender age, AAP, PMA treatment* gender 22.43 

Note. AAP = adjusted algebra pretest, PMA = pretest of mathematics attitude 

Other important quantitative results are those related to the gender factor. In Model 5, 

males were found to score significantly higher on the mathematics attitude posttest. 

Males had scores on average 10.83 points higher than females. Yet when the 

treatment* gender interaction was entered into the model (Model 6), gender was no longer 

statistically significant. In Model 6, the treatment* gender interaction was found to be a 

statistically significant predictor of final mathematics attitude. On average, males of the 

control group scored 16.40 points higher than females of the control group. Yet, this 
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phenomenon did not hold true in the treatment group. A means plot was given in Figure 

16 of Chapter 4 to illustrate the treatment* gender interaction. 

The results of the qualitative interviews of this study are summarized in Table 20, 

repeated here from Chapter 4. Several trends can be deduced from the data when rows of 

the chart are compared and when all information is considered from the transcriptions 

and other supporting documents such as course grade sheets and MML time logs. 

Table 20. 

Summary of Qualitative Findings 

Trait / issue Anice Benita Calvin Dacey Emily Felicia 

Age, gender 53, female 48, female 61, male 36, female 29, female 41, female 

Math anxiety/ 
difficulty3 

strong 
(51) 

moderate 
(70) 

moderately 
strong (57) 

strong 
(55) 

moderate 
(60) 

moderate 
(72) 

Preference: 
text/MML 

MML neutral MML MML textbook textbook 

Homework 
benefits 

steps, 

examples 

repetition, 
steps, 

help me 

repetition, 
hints, 

feedback 

repetition, 
steps, 

examples 

grades, 
steps, 

help me, 

help me 

Availability 
or support 

v. helpful s. system, 
2nd teacher 

2nd teacher helpful, 
study plan 

v. helpful, 
study plan 

took time 
to learn 

Time used 8.3 hr/wk 8.1 hr/wk 18.9 hr/wk 
(suspect) 

4.6 hr/wk 11.2 hr/wk 6.8 hr/wk 

Online 
quizzes 

questions 
on other 
material 

high 
detail of 
answers 

high 
detail of 
answers 

high 
detail of 
answers 

high 
detail of 
answers 

Technical 
issues / 
ease of use 

glitches, 
very user-
friendly 

glitches, 
very user-
friendly 

very user-
friendly 

ease of 
use is 
6/10 

Note. a. The number in parentheses is the student's final average in the course during data 
collection, steps = step-by-step instructions, help me = "help me solve this" feature of 
MML, v. helpful = very helpful support, s. system = support system, other material = 
quiz questions on other material not on homework. 
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1. There is a tendency for those with more severe struggles with mathematics or 

stronger mathematics anxiety to prefer the online tutorial program over doing 

homework out of the textbook, although this is based on only a few participants. 

Three of the six students preferred the online tutorial and the others were either 

neutral or see some of the benefits of the program but still prefer doing 

homework in the textbook. 

2. Every student interviewed had something positive to say about the benefits of 

the program for homework completion. They either said they preferred the 

examples given, the repetition of the problems, or the hints and feedback that the 

"Help me solve this" feature of MML provided. Four out of six specifically 

mentioned that the step-by-step instructions were helpful, again, part of the 

homework feedback system of MML. 

3. Comments such as ones comparing the program to a "second instructor" or 

"support system" or saying that the program was "very helpful" indicate that 

most of the students appreciate the support the online tutorial provides. All of the 

students that mentioned multiple benefits of the program for homework 

completion also made statements about how helpful the program was or how it 

was a support to them, and these students without exception used the program at 

least eight hours per week. 

4. Students used MML an average of about 8 or 9 hours per week in this study. 

5. Four of the six students mentioned specifically that a high degree of detail was 

expected in answers when completing the quizzes in MML. This was frustrating 

for some, even though the instructor allowed the student two attempts at 
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completing the quiz in case during the first attempt the student was confused 

about how to enter their answers. 

6. Three of the six interviewees said that MML was "very user-friendly," although 

two of these experienced glitches or difficulties with program operations. 

Considering again the quantitative findings, the fact that this investigation did not 

identify a significant effect of the online tutorial on student achievement does not 

contradict the qualitative findings. The convenience and perceived benefits of the online 

tutorial for homework and quiz delivery may have influenced feelings students had about 

the program or the class but at the same time not have affected their performance in the 

class, as measured by the final exam. However, the online tutorial appears to have 

hindered any increase in the students' attitudes towards mathematics, as indicated by 

significant results in Models 3 and 5. Considering subscale data of the attitude inventory 

as mentioned in Chapter 4, the program failed to help increase the level of value they see 

or the enjoyment in the mathematics they studied. As a result of the online tutorial as 

opposed to the textbook, students did not gain in self-confidence about their abilities, nor 

did their motivation to study mathematics improve. The averages of each of the subscales 

were all higher for the control group that used traditional means for completing 

homework, and the overall mathematics attitude was statistically significantly higher for 

control group students. Interestingly, the qualitative results indicated that students 

appreciated the benefits of the program and half of the students interviewed preferred 

doing homework in MML, as opposed to the textbook. However, this did not translate 

into better achievement in the Basic Algebra course nor a better attitude towards 

mathematics. The quantitative results also included a statistically significant 
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gender*treatment interaction in favor of males of the control group. Men that used 

traditional means for homework and quizzes had statistically significantly higher scores 

on the mathematics attitude posttest compared to men in the treatment group, which used 

MML for homework and quizzes, although this phenomenon was not seen among the 

female participants. Most likely this was caused by a combination of factors mentioned in 

a discussion of this finding in Chapter 4. 

Conclusions 

This section relates the quantitative and qualitative findings of the study to the 

research questions posed originally in this investigation. In addition, the findings are 

related to the results of previous research endeavors described in the literature review or 

initially described in this section. 

Research Question #7 

Does requirement of the use of an online tutorial program for homework and quiz 

delivery significantly affect student achievement and attitude towards mathematics when 

controlling for age, initial mathematics attitude, and initial algebra ability? 

Student Achievement 

The data collected and analyzed using ANCOVA did not identify a statistically 

significant effect of the online tutorial program for student achievement. This is 

consistent with several studies on populations of traditional aged college students. 

Demirci (2010) compared performance in introductory college physics courses when 

students completed web-based versus paper-based homework, finding no significant 

difference on conceptual measures over the two year period of the study. Lenz (2010) 

studied the effect of a web-based homework system on student achievement for students 
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in a first-year college mathematics course, in contrast to traditional paper and pencil 

means, finding no significant difference between exam grades. Bonham, Deardorff, and 

Beichner (2003) compared college student performance on quizzes, lab work, conceptual 

exams, and major exams when students completed either web-based or paper and pencil 

homework. No significant difference on these assessments was found between groupings, 

and the researchers concluded that the change in medium itself had a limited effect on 

student learning. Jacobson (2006) found no significant difference between exam scores 

covering one unit of a developmental prealgebra course when students completed 

computer-based homework, despite the immediate feedback the online tutorial granted. 

In a study involving use of the program MyMathLab (MML) for College Algebra 

courses, Kodippili and Senaratne (2008) found that two classes that used MML for 

homework did not perform significantly higher in final "scores," that is assumed to be the 

final exam, than two classes that completed traditional paper and pencil homework. 

Burch and Kuo (2010) studied whether traditional aged college students who used MML 

for mathematics homework would score higher in tests than those using traditional 

homework. It is interesting that students using MML scored significantly higher on each 

of three tests during the class, but the final exam showed no significant difference 

between groups, as if they had not retained in the end what they had learned before. 

The online tutorial in this study provided students with the benefits of immediate 

feedback for all problems and the ability for students to repeat homework problems as 

many times as they desired until they had the answer correct. In many earlier studies, 

immediate feedback has been demonstrated to increase student achievement (Bangert-
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Drowns, Kulik, Kulik, & Morgan, 1991; Hattie, 1999), as also is the case for repeated 

practice of additional mathematics problems (Black & Wiliam, 1998; Dempster, 1992). 

Why these benefits did not result in higher final exam scores might be explained by 

findings of a study by Pascarella (2004) designed to evaluate the effectiveness of the 

Computer Assisted Personalized Approach (CAPA) system. Detailed videotapes of nine 

physics students were taken as they solved physics problems either by traditional means 

or within the CAPA online system. The analysis identified four types of students: 

traditional thinkers with more developed problem-solving skills who evaluate the 

reasonableness of their answers; CAPA thinkers, who use these skills until they arrive at 

an answer and then just enter the answer to see if it is right; traditional guessers who use 

haphazard choices of equations quickly gleaned from class notes, stopping when they get 

an answer; and CAPA guessers with similar methods who work an answer and directly 

enter it in CAPA to see if it is correct, doing this multiple times until correct or they give 

up. In the study, some students transitioning from paper and pencil assignments to CAPA 

system assignments switched to become CAPA guessers. Pascarella (2004) believed that 

the CAPA system as it then existed promoted inferior trial-and-error methods and limited 

learning. MML was not exactly like this, since students could obtain step-by-step help on 

how to do problems using the "Help me solve this" or "View an example" tab or the link 

to the textbook section that relates to the problem. Yet if students relied on these features 

to get them through the homework, and this reliance was too strong, they could have 

turned into "MML guessers" and limited the depth of their own learning. Some students 

using the homework delivery system WebWork were reported to have tried guessing up 

to 35 times for one particular problem (Hauk & Segalla, 2005). 
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Student Attitude towards Mathematics 

There was found evidence from Models 3, 5, and 6 in this study that use of the 

online tutorial was a statistically significant predictor of final mathematics attitude. As 

aforementioned, however, it was the control group that gained significantly in 

mathematics attitude, not the treatment group. The online tutorial did not diminish the 

students' attitude towards mathematics. Yet, while the average attitude of the control 

group increased significantly during the eight weeks of the Basic Algebra class, the 

average attitude score of the treatment group did not increase. 

Research Question #2 

Is there a statistically significant age*treatment group interaction in terms of student 

achievement or attitude in remedial college mathematics? 

As aforementioned, this investigation did not identify any statistically significant 

treatment*age interaction. This was true both for student achievement and student 

attitude. Thus, it appears that whether or not a student is older does not in itself 

significantly influence how the student benefits from or is hindered by use of an online 

tutorial for homework or quiz delivery in remedial college mathematics. 

Research Question #3 

From the students' perspective, what is the nature of the experience of using an 

online tutorial in remedial college mathematics? 

The qualitative portion of this investigation used interview data from six students 

who had experienced using the MML program for homework and quiz completion in the 

Basic Algebra class over the eight-week duration of the course. In addition, assessments 

used in the study, course grade sheets and time logs in MML were used to support the 
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interview data. A more detailed description of the nature of the experience of using the 

online tutorial was given in Chapter 4. 

All of the six students had difficulties with mathematics, whether this was 

expressed in words or indicated by course assessments, which is typical of those in 

remedial mathematics courses (Hembree, 1990). They also had lower initial scores on the 

mathematics attitude inventory compared to other students in the class, although two had 

scores close to the average attitude score for the class. Thus, the results from this 

qualitative investigation should be generally considered originating from students who 

struggle with remedial mathematics and have attitudes from less positive to normal for 

remedial mathematics students at this college. Three out of six of the students preferred 

the online tutorial to just having the textbook, while one was neutral and two saw some 

benefits in the program but still preferred doing homework in the textbook. There was a 

tendency for those who struggle more with mathematics or who have more negative 

attitudes towards mathematics to prefer the online tutorial program over doing homework 

out of the textbook, although this is based on only a few participants. In a similar study 

comparing online homework to traditional homework delivery, Cole and Todd (2003) 

gave several students an assessment of logical thinking that was known to be correlated 

highly with achievement in a freshmen general chemistry class. Using qualitative data 

from 14 students, they found that students who had scored higher on the assessment 

tended to prefer paper and pencil means while those who scored lower on the assessment 

tended to prefer online homework assignments and liked the immediate feedback. 

Dillard-Eggers, Wooten, Childs, and Coker (2008) identified a marginally 

significant negative relationship between the age of a student and the student's perceived 
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benefits of on-line compared to "pencil and paper" homework (p = .059, correlation 

coefficient not disclosed) and found that older students provided lower overall ratings of 

on-line homework experiences (p = .025, effect size not disclosed). This study, however, 

did not obtain enough information from students to add to this research. 

All of the students interviewed had positive things to say about the homework 

feedback that they received from MML. The homework hints and step-by-step 

instructions, the ability to redo homework problems many times for practice, and the 

chance to raise the grade of the student were benefits for the online tutorial mentioned by 

students. This is consistent with previous research (Demirci, 2010; Kulik & Kulik, 

1991).Yet the positive feeling gained by having homework help and feedback is not 

necessarily a factor that causes a significant increase in student achievement or attitude, 

since some who had more positive things to say about the benefits of MML also failed 

course assessments and sometimes the class. The support system that the online tutorial 

offered was mentioned by a few of the students who appreciated the fact that the program 

was always available to them. Some even described the tutorial as a second or extra 

instructor they could get help from so that they would not have to "bother" the instructor. 

Yet, perhaps this "second instructor" takes away some of the student's self-efficacy while 

it provides homework support. Based on responses from hundreds of student surveys, 

Hauk and Segalla (2005) came to believe that many of the issues with the web-based 

homework system WebWork they studied were related to the belief that the teacher is the 

primary agent of mathematical learning, not the student. 65% of study participants had 

novice-like views of learning in mathematics, viewing the subject as a "disconnected 

collection of formulae and 'plug-and-chug' strategies (p. 241)." Likely many of these 
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were also students with less desirable views about who is the primary agent of learning as 

well. Hauk and Segalla (2005) surmise that alongside this view, "the WebWork interface 

may have been seen as a surrogate teacher failing to be 'active'," since in this case the 

program did not give help with problems and only told them whether or not the answer 

was correct. 

The time that these students were engaged with the online tutorial varied from about 

4.5 hours per week to up to about 20 hours per week, with the students using the program 

an average of eight or nine hours per week. As far as the online quizzes, some of the 

students preferred to take quizzes online, perhaps because they could start when they 

were ready and take their time working on the quiz at home. Some, however, mentioned 

that they disliked how the program demanded that their answers were entered precisely in 

a particular form. This has also been said by students who use other online tutorials or 

homework delivery systems, such as WebWork, the frequency of such comments being 

called a "concern" (Hauk & Segalla, 2005, p. 240). Dillard-Eggers, Wooten, Childs, and 

Coker (2008) found that "there was confusion with the answer format" was the number 

one least liked aspect of the online homework system (p. 15). 

In this investigation, some students preferred doing paper and pencil quizzes so that 

a human can interpret the answers and judge whether partial credit is appropriate. 

Interestingly, the majority of issues that students experienced when using the program 

were related to details about how homework and quiz answers were to be entered, which 

some students felt affected their grades. However, a few students did say they had 

technical glitches with MML, such as it freezing up or not granting an opportunity for the 

student to retake a quiz. In another study in which the particular homework delivery 
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system was not identified, 33% of students experienced some technical issues while 5% 

experienced many such issues (Dillard-Eggers, Wooten, Childs, & Coker, 2008). 

Implications 

For students who struggle the most with mathematics, those who are involved with 

remedial college mathematics will likely see a student preference for having a program 

like MML to help the student complete assignments or quizzes within the class. Most if 

not all of the students will appreciate the online tutorial for various features that provide 

them with hints, step-by-step instructions, answer feedback, multiple attempts, various 

other features, and the convenience of always being there. They may even say it is like 

having another teacher. Yet there seems to be a danger in relying too much on the 

tutorial, since students may develop unhealthy problem-solving strategies as they use the 

program. It is suggested that teachers remind students to gain all they can from the rich 

explanations given in class, to not neglect the study of class notes, nor fail to seek the 

help needed to gain deeper understandings and rich conceptual structures in the 

mathematics that they are learning (Skemp, 1987). When instructors use the program for 

homework or quiz delivery, they should advise students on how to enter their answers, 

allow multiple attempts at assessments, and be willing to revisit answers students enter 

into the program to judge what credit should be granted for those answers. Instructors 

also should not rely too extensively on the web-based program, letting it give the primary 

instruction to the students, since teacher interaction and feedback is valuable as well 

(Hauk & Segalla, 2005). The online tutorial alone will likely not raise achievement 

scores, although it does facilitate added convenience to both parties. Educators and 

decision-makers should be aware, however, that the program may present a hindrance to 
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an effect that we would all like to foster, the enhancement of our students' overall attitude 

towards mathematics. 

Limitations 

One of the limitations of this study was that it did not use a truly random 

assignment of students for the treatment groups. There was a degree of randomness, 

however, in that students signed up for classes based on the courses they needed and 

personal reasons, not on factors that would have affected how the online tutorial would 

influence their math achievement. To meet the threat caused by unequal groups, the 

algebra pretest and initial mathematics attitude were used as controlling variables. A 

second limitation of the study was that, because only my classes were used in the study, 

the results cannot be completely generalized to a wider population of students. A third 

limitation of the study was that the design did not measure computer anxiety to determine 

if this type of anxiety was a factor in the effectiveness of the online tutorial program. A 

fourth limitation of the study was that there were some features of the MML program that 

were not controlled for in this design, such as use of the tutorial videos and the amount of 

time that participants were engaged with the tutorial. However, this research did not 

involve a comparison of face-to-face instruction and CAI, only the supplemental effects 

of the online feedback involved with homework and quiz delivery. And finally, a fifth 

limitation was failure to measure or control for the amount of extraneous help received by 

students in the tutoring laboratories run by the college, although no differences in this 

amount were noticed by me. 
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Future Research 

Perhaps future research with this program can be conducted using a more 

representative sample, a survey of computer anxiety, and controlling variables that 

measure the use of other features available in the online tutorial and the use of the college 

tutoring laboratory. Topics for further study also include a more thorough investigation of 

age and gender in relation to preference for the online tutorial, the amount of time the 

program is used, and how the program is used in remedial mathematics courses. In 

addition, future research could include an exploration of whether achievement and 

anxiety levels of adult learners affect their preference for and use of the online tutorial. 

Final Summary 

The quantitative results of this investigation indicated that use of an online tutorial 

program was not a statistically significant predictor for student achievement, as measured 

by the final examination, for adult learners in remedial mathematics. No treatment*age 

interaction effect for either student achievement or attitude towards mathematics was 

found to be statistically significant. However, as far as attitude towards mathematics, the 

results show a statistically significant negative effect of the online tutorial on student 

attitude towards mathematics. The control group that used traditional paper and pencil 

means for completing homework and quizzes had statistically significantly higher scores 

than the treatment group that used the program, as measured by a final inventory of 

attitude towards mathematics. This was especially true for males in the control group, 

with this effect showing up as a statistically significant treatment*gender interaction in 

one ANCOVA analysis. The females of the control group, however, did not experience 

such a significant difference in attitude scores. 
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Based on a few of the older adults interviewed in this study and a few other studies, 

students who struggle the most with remedial college mathematics will likely prefer 

having a program like MML to help them complete assignments or quizzes within the 

class. Most of the adults will appreciate the online tutorial for its various features, but 

students perhaps should be warned not to rely too heavily on its hints and helps. The use 

of the online tutorial for homework and quiz delivery did not significantly improve 

student achievement, and it seemed to hinder the improvement of student attitude towards 

mathematics compared to traditional means. Instead of an overreliance on a tutorial, 

students should seek a deeper understanding of the mathematics that they are to learn. 

Instructors should encourage them to gain insight from whatever sources they can to 

develop the rich conceptual structures that help ensure their success in remedial 

mathematics and, as well, in the mathematical challenges of future coursework and their 

careers. 



Appendix A 

Review Board Letter of Approval 

Srnnntaaital Board fer ln^fxtna Www >t 

17-Sep-2011 

MrGreg A. Baugher 
MerarUriwsty 
Tilt Colege of Education-Atlanta 
Tift Ccflege of Education 
ADanla.GA 30341 

RE: Effects of Onlne Tutorial on Student Achievement and Attitude-A Muted Methods Dissertation (HI 10»177 

Dear Mr. Baugher 

Your application ensued. EAeds of Online Tutorial ai Student Achievement and AiRude-A Mxed Methods Dissertation (H1106177 was 
rewewed by tehsfihtaial Review Board tor Human Stlaieds Research ii accordance with Federa Regulators 21CFR 56.110(bS and 45 
CFR 46.11Q(bHforexpedfted review) and was approved trder Category 7 per 63 FR 60354. 

Your appficaSai was approved far one year of study on 17-Sep-2011. The protocol expires 16-Sep-2D12 & the study continues beyond one 
year, t must be re-evaluated by the IRB CommKee 

MiHwnwt 
New Application 

Ptease complete ttie survey for the RB and the Office of Research CcmpBance. To access flie suvey, tide on the Mowing ink 
htlpiiVw>W200rnerariq.(x»niSun̂ p̂=W£B227lRK2RB6Q 

It has been a pfeasue to wort wih you aid nuch success with your project!! 

If you need any farther assistance, please feel SeetooorfadotrofSce. 

Mercer Unversty «B & Office of Research Compliance 
Phone (478)301-4101 
Fax (478) 301-2329 
PRC MerceraMsreer Edu 

RespedMy, 

tLeuUk 
A\a Cfcannttss-ffciarison, M ED., CP, CM 
Member 
hsMional Review Boart 

167 



Appendix B 

Basic Algebra Pretest 

1. Evaluate each: a) 8/a + 3 when a = 2 

b) 7 - 4b when b = 3 

c) (c - d )3 when c = 13 and d = 3 

2. Write in exponential form: 3-e-ee-e-e 

3. Find an expression for the perimeter of a square if each side measures x. 

• j  
4. Evaluate each expression a) 8 + 12-e-2 -3 

b) ( 4(5 - 2 ) + 1 )-3 

c) |-5 |+ -7 

5. The cost of a trip is $13 per person and a total of $624 was collected. 
How many persons paid for the trip? 

6. A rectangle has length that is twice its width w. Write an equation 
to express the area, A, of the rectangle in terms of the width. 

7. Simplify each expression: a) (-6 )( h)( -h )( h ) 

b) 5( 3 - k) - k 

c) (-10m + 15)( ~2/5) 

d )  7 - n  when n = -3 
-2 

8. A hawk can dive downward at a velocity of -6 I3 feet per second. 
Find the vertical distance traveled in 44/5 seconds. 

9. The price of a computer decreased by 12%, and so the price is now 
$308. Find the price before the decrease. 
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10. Solve each equation: a) 3+p = 8 10a) 

b) 5q = -15 10b) 

c) ~2/3X + 3 = 7 10c) 

d )  2 y - 3 ( y - 7 )  =  9  l O d )  

11. Solve for H: P = 2H + 2L 11) 

12. Jessica earns $30 per week babysitting and also was given a single 12) Equation: 

$ 15 tip. Chris earns $ 18 per week mowing a lawn and $ 15 per week 

doing errands. After x weeks, Chris has $12 more than Jessica. Answer: 

Write and solve an equation to find the number of weeks they worked. 

13. Graph the lines described by the given information or equation. 

a) x-intercept is 4, y-intercept is -2 b) y + 3 = lAx c) 4x + 3y = 6 

• •« 

14. Find the slope of the lines described: a) through (4,2) and (1,-4) 14a) 

b) -2x +6y = 8 14b) 

15. Solve the equations: a) 4x -25 = 0 

b )  x 2 - 3 x =  1 0  

15a). 

15b). 
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Appendix C 

Basic Algebra Final Exam 

1. Simplify completely: a) 5x + 8 - 3x + 3 

b) 4( -5x + 3 ) - 7( x + 2 ) 

l . a )  

b) 

2. Write a simplified expression for the perimeter of the triangle. 2. 

2x + 1 

4x + 4 

3. From the set { V5, -2, 2h, V9, 3n, 0, 11, 4.2 } 

list the elements that are in the following number 

sets: 

4. Evaluate each expression: (to a single number) 

a) (—3)( -4)( —2)( -1) 

b) a2b - 3b2 ifa = 2,b = -3 

5. Solve each equation: a) 5 + d = -2 

b )  4 - 3 e =  1 0  

c) -3( x -4) = 5x - 16 

3. a) Whole 

b) Integers _ 

c) Rational _ 

d) Irrational 

5. a), 

b ) .  

c) 
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6. Translate each phrase or sentence into an algebraic expression or equation using 

a) Twice the difference of a number and nine. 6. a) 

b) A number increased by seven is the same as five less than b) 
four times the number. 

7. a) Write the ratio of 20 inches to 5 feet as a fraction in reduced form. 7. a) 
(Hint: Convert to the same unit first.) 

b) On a particular map, 1.5 cm represents 40 kilometers. Find the b) 
distance on the map that represents 15 kilometers. 

8. a) Write 125% as a decimal. 8. a) 

b) Write 24% as a fraction in simplest form. b) 

9. Solve each: a) 18% of what number is 54? 9. a) 

b) What is the sales price of a $96 coat if the sale is b) 
offering the price at 35% off? 

10. The number of crimes reported in a town went from 382 in 2005 to 358 in 2006. 

Find: a) the amount of the decrease (number of crimes) 10. a) 

b) the percentage decrease b) 

11. a) Find the simple interest after 9 years on $7,000 at an 11. a) 
interest rate of 5.5%. 

b) Find the final amount you will have after 21 years if you b) 
invest $1,000 earning 8% annual interest compounded monthly. 

12. Perform the indicated operation and simplify: 

a) (-x2 + 4x-7)-(3x-x2 + 4) = 

b) ( 3x + 4 )( 5x - 6 ) = 

13. Perform the operations and simplify: a) (3x2v)2-(4y3) = 
6xy5 

b) -30d3f + 55d¥ = 
-5d2f 



14. a) Factor out the GCF: 24g4h2 + 42g3h - 12g2 

b) Factor the difference of squares: 9x2 — 25 = 

c) Factor the trinomial into a product of binomials: 3x + 7x - 6 
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"7 i 
15. Solve for all solutions by factoring: 4k =2k -30k k = 

16. a) Simplify: 2 3 + 4 1 (to a single number) 16. a) 

b) Write in scientific notation: 42,500,000 b) 

17. a) Plot the points A(3, 0), B(-2, 1), and C(2,-3) 
and label them with these letters. 

b) Tell which of the points are on 

the line with equation 2x + 5y = 1. 

18. a) Graph the line with equation 3x-y = 8 

by completing the table. x 

b) Tell the slope of this line. 

r 

J -

19. a) Write the equation of the line with slope 2/3 passing 19. a) 
through the y-axis at —4. Use slope-intercept form. 

b) What is the x-intercept of this line? b) 
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20. Write the equation of the line through (2, -2) and (-2,4). 20. 
Place your answer in slope-intercept form. 

21. Given the relation {(2,3), (-1,4), (0, 5), (1, 4) }, answer the following: 

a) Is it a function? 21. a) 

b) What is the domain? b) 

c) What is the range? c) 

22. Given the function f(x) = -2x + 3x, find... 22. a) f(2) -

b) f(-3) = 

23. Solve for all solutions using the quadratic formula: 23. x 

2x2 - 6x + 3 = 0 

(Show all work and simplify your answers.) 

24. Solve the system by graphing: 

x - 2y = 4 

3x + y = 5 

Solution: ( , ) 

25. Solve by substitution or addition method: 

3x + 5y = 2 

6x - 15y = -1 Solution: ( , 



APPENDIX D 

The Pilot Study 

From January to July, 2011, a pilot study was conducted to gather data to support 

this dissertation. The main purpose of the study was to establish the reliability of the 

pretest and final exam, as measured by Cronbach's a. These instruments were used to 

ascertain the students' initial abilities in understanding basic concepts and skills of 

algebra and the students' final achievement of course objectives. The course objectives 

involved understanding of basic concepts and skills of algebra, but they also went beyond 

basic skills to more intermediate algebra skills, such as solving quadratic equations or 

systems of equations. A secondary purpose of the pilot study was to establish routines to 

be employed by this investigation. Routines and characteristics of the tutorial are 

discussed later. 

Sessions and Dates 

During three sessions, data were collected from students taking the Basic Algebra 

class. Each session was essentially half of a semester 

Spring Session One-January 11 to March 1, 2011 

The Tuesday and Thursday evening classes scheduled to be taught by myself on 

January 11 and 13 were preempted by a major snow storm that hit the South. Several 

inches of snow fell and developed into ice when temperatures overnight lowered and 

freezing rain occurred. The city was paralyzed for several days since the area does not 
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have enough snowplow-equipped vehicles. As a result, I was forced to teach three 

evenings worth of material in the next two evenings. Thus, I did not feel that the classes 

could afford to use up class time to give the pretest, at least not until later in the course. 

The pretest that was created originally for the study was made by writing questions 

very similar to the questions on the final exam, just fewer of them. This pretest, when 

eventually used, turned out to be too difficult for students. The original assessment had a 

floor effect when the pretests were graded and the distribution of scores was examined. 

Thus, this original pretest was not used in the study. 

A second pretest was created that assessed many of the most basic concepts and 

skills of algebra such as substitution, the meaning of exponents, evaluation by the order 

of operations, using variables for unknown quantities in a problem, simplifying 

expressions, solving linear equations, and basic graphing skills. See Appendix B to view 

the pretest that was eventually used. 

Students were given the option of either doing homework out of the textbook 

entitled Prealgebra & Introductory Algebra, the 3rd edition by Martin-Gay (2011), or 

doing their homework within the online tutorial program MyMathLab, part of the Course 

Compass system. See Appendix D for a description of the program. Students who did 

homework out of the textbook were required to turn in their work and admonished to 

check their answers in the back of the book. Students who did their homework in 

MyMathLab were also required to turn in the work for all problems in order to ensure 

that work was done by that student. The program told them whether they answered the 

problems correctly or not and gave hints or scaffolding to help them arrive at the correct 
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answers. Students could repeat problems as much as they desired, as also they could do to 

some degree with the textbook problems. 

At the end of the course, students were all given the final examination on paper. 

Scores on this assessment were examined as a whole and were found to be similar to 

scores in previous semesters. 

Spring Session Two - March 15 to May 5, 2011 

During the second session of the semester, I again taught the Basic Algebra course 

on Tuesday and Thursday evenings, starting March 15 and 17, from 5:30 to 9:45 PM. The 

revised pretest was given during the first 30-40 minutes of the class. Scores on this 

assessment were not as low - there did not appear to be a significant floor effect, 

although many students scored quite low, reflecting the level of many students that enroll 

in the Basic Algebra course. Homework was handled in the same manner as in session 

one. At the end of the course, the final exam was again given on paper. 

Summer Session One - May 19 to July 9, 2011 

During the first session of the summer semester, I again taught two sections of 

Basic Algebra. This time the classes were held on Thursday evenings, 5:30-9:45, and 

Saturday mornings, 8:30-12:45. For the first few meetings of the Saturday class, a few 

students had to be admonished to arrive on time to class. After the second week there was 

not any problem with this. Students were given the pretest on the first day of class for 

both days. A few students, one or two in each class, did not receive the pretest on the first 

day but completed the pretest the following week. The homework for the class was again 

handled in the same way as in other sessions. At the end of the course, the final exam was 

again given on paper and scores were collected. 
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Results of Collected Data for the Pretest 

Descriptive statistics for the raw scores of the pretest derived from the students in 

the pilot study are given in Table 24. The Kolmogorov-Smirnov and Shapiro-Wilk tests 

were performed on the pretest to check for normality and neither test indicated significant 

nonnormality, as also given in Table 24. A histogram for the pretest is given in Figure 18. 

Table 24 

Descriptive Statistics and Tests of Normality of the Basic Algebra Pretest Raw Scores, 
Used in the Pilot Study and Dissertation 

Descriptive statistics Statistic SE 

Pretest score Mean 19.94 1.678 

Lower bound 16.52 
95% CI for mean T T , , 

Upper bound 23.36 

5% Trimmed mean 19.73 
Median 18.00 

Variance 90.060 

Standard deviation 9.490 

Minimum 5 

Maximum 39 
Range 34 

Interquartile range 17 

Skewness .323 .414 
Kurtosis -1.146 .809 

Tests of normality 

Kolmogorov-Smirnov3 Shapiro-Wilk 

Statistic df p. Statistic df P 
Pretest score .136 32 .139 .940 32 .074 
Note. N= 32. a. Lilliefors Significance Correction. 
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Histogram 

w a ao 40 

PretestScer* 

Figure 17. Histogram of Basic Algebra pretest scores from pilot study data. 

Results of Collected Data for the Final Exam 

A histogram and box plot for the final exam scores from pilot study data are given 

in Figure 18. Descriptive statistics and the results of tests of normality for the final exam 

derived from the students in the pilot study are given in Table 25. The Kolmogorov-

Smirnov and Shapiro-Wilk tests were performed on the pretest to check for normality. 

The first of these tests did not indicate significant nonnormality. 

Histogram 

FlnalExam 

Figure 18. Histogram and box plot for the final exam from pilot study data. 
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Table 25 

Descriptive Statistics and Tests of Normality of the Final Exam Scores, Used in the Pilot 
Study and Dissertation 

Descriptive statistics Statistic SE 

Final exam Mean 67.796 2.9416 
„ Lower bound 

95% CI for mean 
Upper bound 

61.896 

73.696 

5% Trimmed mean 68.284 
Median 70.500 

Variance 467.260 
Standard deviation 21.6162 
Minimum 25.0 
Maximum 100.0 
Range 75.0 
Interquartile range 34.0 
Skewness -.243 .325 

Kurtosis -.975 .639 

Tests of normality 
Kolmogorov-Smirnov3 Shapiro-Wilk 

Statistic df p Statistic df P 
Final exam .083 54 .200b .957 54 .048 

Note. N = 54. a. Lilliefors Significance Correction b. This is a lower bound of the true 
significance. CI = confidence interval. 

Relationship of the Basic Algebra Pretest and Final Exam 

There was a significant correlation between the pretest and final exam for the 

students who took both assessments, r - .82,/? < .001, N = 32. This high correlation 

demonstrates a strong degree of construct validity between the pretest and final 

examination, both of which measured student understanding of algebra concepts and 

ability to perform skills in algebra. 



Appendix E 

A Description of the MyMathLab Online Tutorial 

The online tutorial MyMathLab, part of the Course Compass system, was written 

by Pearson/Addison-Wesley. Figure 19 shows the opening screen of the program. 

MMCMIM, 

Courses Halt & Support 4b 

3ZU&2S >MS$iULfc 

MyMathLab\ Prealgcbra 8c 
Introductory AL 

•iri fcCiticJi 
fflbra " jy? I 

July 13,2011 - July20,2011 

W*4, Hw 17. M10 - WtlcoBW IP MytlrthLab tot Pr+ak}*bra »*d Introductory A\g*b*a. Third Edition by Ebtyn Mantn-Gay! 
Your first step is to run the MvMatht_ab Biow»»» Oi»cfc The browser check walks you through installing the plug-ins and players you need to access the multimedia content in 
your course Please contact Product Support if you need assistance 

Sat, Mw21,2009 - AlgfbtaPnp App» tot lhe ffawfr or Pod touch™ 
 ̂CSct( here to go to AlcebraPrao m iTunes. (Coming soon: MalhPrep Apps (arithmetic and pcealgebra) by Elayn Martin-Gay for the iPhone and iPod touch). 

 ̂Tue. Sep 29. 2009 - T*k* 4 tour! 
 ̂Work through orientation imciiMtD leam howlo enter answers, use the math palette, and work with the graphing tools in the MyMathLab exercise window 

The How to Enter Answer* Using the HathXL Planet tour provides additional guidance on working in the exercise window 

TIM. Sep 2».2tt9~&»a»yMrfcedfcfcU 
We value your input on how we can make thw product better. Please take e 2 g to give us your feedback on MyMathLab. 

Tue. Sep 29, 2009 - instructor Resource* 
This course includes valuable instructor resources designed to supplement your tertbook and help you leach with MyMathLab To And these resources 

• Go to the Control Panel. 
• Under 'Content Areas," select 'Instructor Resources " 
• Click the link to the resource of you choice 

Visit www.mmnartilab-cpmitainina.htnil to leam about training options available to MyMathLab faculty 

Figure 19. The opening screen of the MyMathLab program for the Basic Algebra course. 
Used by permission. 

Major parts of the program included components for homework, quiz, and test delivery, a 

study guide, a grade book, the e-textbook, and supporting videos of the program. The 

student could access everything on this screen except the Control Panel, which was for 

instructors. The options labeled Homework, Quizzes and Tests, eBook/ Videos, Student 
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Organizer, and Multimedia Library were available for each chapter of the textbook. A 

flow diagram of the full menu structure is given in Figure 20. 

MyMathLab Menu Options 

Calendar 

Upcoming 

Assignments 

Graph 

Timeline 

My Progress 

MML Home ! Homework 

Assigned 
Homework 
Assignments 

Overall Score 

TT 
Study I 
Plan I 

Gradebook 

Student 
Organizer T 

Quizzes / Tests 

Assigned 
Quizzes/Tests 

Sample Tests 

(Pretests) 

How do I enter 
answers? 

MyMathLab 
Student Help 

Math Tutor 
Center 

I 
MyMathLab 
Orientation 
Questions 

Tools for | 
Success I 

eBook/Videos 

I 

Student Practice 
Organizer Final Exam 

Study 
Skills 

Builders 

Study Skiiis 
Builders 
Videos 

* * 
Transiatin 

g Word 
Problems 
Activities 

Picture 
Study Guide 

Outline 

Chapter 
Test Prep 

Videos 

English/ 
Spanish 
Audio 

Glossary 

Key 
Concepts 

Activity Ub 
Workbook 

Multi
media 
Library 

Animations 

Chapter 
Test Prep 

Videos 

Multi
media 

Textbook 

Section Video 
lectures 

I Commun-
! ication 

Announce
ments 

Discussion 
Board 

Group 
Pages 

! Powerpoifit Messages 

Roster 

Send Email 

Figure 20. Flow diagram of the menu structure of MyMathLab. 

Homework delivery 

The student was given problem feedback whether all or part of the answer was 

correct or incorrect. Figure 21 shows a typical screen shot of the feedback granted by the 

program. 



Homework #5 

182 

< o° 0°O o o o° O OO 
It. tfi o «# i p« hw s 

Complete each ordered pair so that it is a sohi&on of the given linear equation. 

*- 3y= - 3, ( ,3), (- 3, ) 

I 11.3% (7 o# 62 pt») 

The first ordered pair is (6,3) 

The second ordered pair is ( - 3^T|). 

0 Sorry, that's not correct. 

An ordered pair is a solution of an equation in two variables if replacing the 
variables by the values of the ordered pair resuks in a true statement Substitute 
the given value in the equation and solve for die other value. 

£3 

Figure 21. Typical feedback given to the student during homework sets. Used by 
permission. 

Figure 22 illustrates the help or scaffolding given by MML. Students entered values as 

they progressed to the final answer and the program gave feedback along the way. 

il 
M 

Complete each ordered pair so that it is a solution of the given linear equation. 

y = yX-7;(10, ),( ,-10) 

An ordered pair is a solution of an equation in two variables if replacing the variables by the 
values of the ordered pair results in a true statement. 

In die first ordered pair, (10, ), the x-vahie is 10. Let x = 10 in the equation and simplify the 
right side. 

y = Tx-7 

y = |(10)-7 

= •-7 

Enter any number or expression in the edit field, then dick Check Answer. 

Figure 22. Screenshot of the Help Me Solve This feature. Used by permission. 
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Quiz delivery 

Students were given a start screen before they attempted a quiz, as in Figure 23. 

After the quiz, MyMathLab told students which questions were answered correctly. 

Sometimes students had to be careful about how to enter the answers, as in Figure 24. 

Other features were available in MyMathLab but were not the focus of this study. 

Are you ready to start? 

Name Quiz 92 

Questions 12 

Due 08/01/11 11:59pm 

^You have 120 minutes left to complete this assignment 

Reminders 

~ You have started this qui2 0 of 2 times. 

? View a tutorial on how to enter your answers before starting. 

Once you have started, Do Not click the "Back" or "Refresh" buttons on your browser. Use the assignment window navigation instead. 

Figure 23. Start screen displayed before quizzes. Used by permission. 

,v(Lr4-Ti« oro J-4* iT '•V 'J s" ^ t i ' ~ i , • u, 
Quiz #2 

< 0° 0° 0° O® O® @P ©° O® 0° <&® • » 

) Question Score: 0 of 1 pt 

Write the fraction as a percent. 

11 
16 

13 mi! 
— = 81-% 
16 - 4 

Figure 24. Example of when care was necessary when entering answers. Used by 
permission. 



APPENDIX F 

Chain of Evidence Table for the Qualitative Data Analysis 

Coding Interview data Other sources 

Difficulties 
with and 
attitudes about 
mathematics 

A 1(7), Al(12-13), Al(13-14), Al(14), 
Al(15), Al(17), A1(25-26), C2(5-10), 
C3(14), D1 (10-11), D2(l-3), D2(l-3), 
D3(6-7) 

class grade sheets, 
Algebra pretest and 
ATMI results, personal 
observations or student 
emails 

Preference for 
online tutorial 
or textbook 

A2(13-16), A3(19), B3(10-l 1), B3(ll-12), 
C3(6-10), Dl(lO-ll), El(9-10), E3(l 1-14), 
Fl(15-17), F2(21-25) 

personal observations or 
student comments 

Time used in 
MML for 
study or 
homework 

A2(6-7), Bl(17-18), Cl(13-14), Dl(16-17), 
El(18-20), F1 (19-21) 

time log features within 
the MML program 

Benefit of 
homework 
feedback 

A 1(5-7), A 1(7-8), A3(18), Bl(10-12), 
Bl(12), CI(9-10), C2(20-23), Dl(7-8), 
Dl(13-14), E2(5-7), F2(6-7), F3(l-3) 

class grade sheets, 
personal observations or 
student comments 

Availability of 
homework 
support 

A 1(7-8), A2(7-8), A2(15-16), B 1(6-7), 
B 1(7-8), B2(3), B2(6-7), B2(9-l 1), CI(4-6), 
CI(22-26), D2(23-25), D3(ll), D3(14-15), 
E2(20-23), F 1(24-26) 

personal observations or 
student comments 

Taking 
quizzes in 
MML 

A2(25-26), B3(6-9), C2(25)-C3(4), D2(17-
18), E2(13-14), E3(l-3), E3(8) 

class grade sheets 

or MML grade book 

Technical 
issues and 
ease of use of 
the program 

Al(5), A2(19), A4(9), B2(14-16), B2(17-
18), B2(20-22), C2(13), C2(13-16), D2(5-
6), D2(8-9), El(10-12), El(14-16), E2(3-5), 
E2(10-13), E3(16-18), Fl(6-10), Fl(12-13), 
F2(3-4) 

personal observations, 
student comments, email 
from students concerning 
technical issues 

Note, hor interview data, reterences identity the participant source A through h, the page number and, in parentheses, the line 

number(s) of the transcribed statement. MML = the online tutorial MyMathLab of Course Compass, Pearson/Addison-Wesley. 

ATM I = Attitude towards Mathematics Inventory (Tapia, 1996). 
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