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This study examined success rates and end-of-semester 

grades for three instructional methods used in 

developmental algebra and college algebra. The methods 

investigated were traditional lecture, laboratory, and 

computer mediated learning. The population included the 

10,095 students who had enrolled in developmental algebra 

and college algebra at Richland College in Dallas, Texas, 

for five semesters. Success was defined as earning a grade 

of A, B, C, or D in a course. 

In the developmental algebra courses, the lecture 

method had significantly higher success rates than the 

computer mediated or laboratory methods. For college 

algebra, there was no significant difference in the success 

rates between the computer mediated and the lecture 

methods. 

When considering success rates in a sequence of two 

courses, more students who had the same modes of 

instruction for both courses were successful than if the 



modes of instruction were different. No difference was 

found in the success rates for the modes of instruction in 

college algebra for students who had been successful in the 

previous developmental algebra course. 

The end-of-semester grade averages for the second 

course in a sequence of two courses were examined using an 

analysis of variance. For the first developmental algebra 

sequence, the laboratory method for the first course had a 

significantly higher grade average than the other two modes 

of instruction regardless of mode of instruction for the 

second. For the second sequence, the grade average for 

laboratory method in the first course was significantly 

higher than that for the other two methods. The grade 

average for students who had computer mediated instruction 

in the second course, regardless of the mode for the first 

was significantly higher. 

Students who went from lecture developmental algebra 

to lecture college algebra had the highest grade average 

and the students who went from laboratory to computer 

mediated learning had the next highest. Thus the sequence 

of methods made a difference in the average course grades 

for college algebra. 
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CHAPTER 1 

INTRODUCTION 

Methods of instruction have been of concern to 

researchers for a number of years. Dubin and Taveggia 

(1968) studied the difference between the performance of 

students in lecture classes and their performance in 

discussion classes. (See also Mears, 1995.) Studies 

comparing lecture, personalized systems of instruction, and 

computer-assisted instruction have also been conducted on 

small numbers of students. For example, Tennison (1993) 

found that individualized laboratory methods had higher 

success rates in remedial programs than lecture or a 

mixture of the two. However, earlier Chipman (1992) found 

that there was generally no significant difference in 

achievement between the lecture and individualized 

laboratory methods. Williams (1996) found that student 

persistence rates and grades were higher in classes that 

used computer aided instruction as a supplement than in 

classes that were taught using traditional lecture methods. 



In a study conducted by Abadir (1993), findings show that 

although in a personalized system of instruction students 

show higher achievement on tests, fewer tend to finish the 

course in the allotted time. More students tend to finish 

in lecture classes, but their grades are not as high. 

As more students pursue a college education, 

developmental, or remedial, programs increase in number 

(Cross, 1979; Watkins, 1991). In Texas, because of the 

need to pass the Texas Academic Skills Program (TASP), many 

students are required to remediate in mathematics, reading, 

and writing (Paul, 1993; Umoh, Eddy, and Spaulding, 1994). 

This has increased the number of students who must take 

developmental courses in order to pursue a college degree. 

Concern is growing in community colleges, where the 

majority of remedial and developmental programs exist, 

about the success rates and retention of students in these 

programs (Cross, 1971; Umoh et al., 1994). In particular, 

since more degrees require college level mathematics 

courses (Thompson & Friske, 1983/84), the need for 

successful developmental mathematics programs is growing 

(Postsecondary Education Planning Commission [PEPC], 1993). 

Faculties are investigating which methods of instruction 

can provide the best success for students' learning and be 



able to retain the most students at the same time (Ford and 

Klicka, 1993; see also Smith, 1983; Grove, 1987; Wood, 

1989). 

Cross (1971) advocated in her book Beyond the Open 

Door that studies of methods of instruction were 

necessarily of interest and importance in light of non-

traditional and less-prepared students being able to attend 

college. In her review of the research she found that 

these "New Students" (Cross, 1971, p. 13) had different 

learning needs and styles in the classroom and she 

advocated more personalized systems of instruction. 

At Richland College, a member of the Dallas County 

Community College District, two methods of instruction have 

been used for the developmental mathematics classes, namely 

the Algebra Fundamentals I (Elementary Algebra), Algebra 

Fundamentals II and III (Intermediate Algebra). The 

majority of the students receive instruction from a 

textbook that they read and from which they work problems 

on their own in a classroom setting. This is a mastery-

type, self-taught course, referred to as a laboratory, or 

lab, course. When the students finish a unit they take a 

test to determine mastery. Other students have lecturers 

who use the same textbook, but they proceed together as 



classes in traditional lecture settings. These lecture 

classes have accounted for approximately 30% of the 

developmental mathematics students at Richland. 

As students complete the series of developmental 

mathematics courses, they typically enter college algebra, 

which is a first college level mathematics course. These 

courses have typically been taught using the traditional 

lecture mode of instruction. 

In the fall semester of 1996, another mode of 

instruction for the Algebra Fundamentals classes was 

introduced. This is an interactive computerized learning 

system developed by Academic Systems© in California called 

Interactive Mathematics™. It was initiated on a limited 

basis of six sections (approximately 2% of the sections) 

and expanded in subsequent semesters to approximately 10% 

of the sections offered. This allowed students to have 

another choice of method of instruction for their 

developmental mathematics classes. Because there are about 

1900 students per semester in these courses ("Enrollment 

Summaries", 1996-1997), the faculty members are concerned 

with which method of instruction provides the best success 

rate for students with respect to grades, and which one 



allows for the largest number of students to proceed to the 

next course. 

In 1997, the Texas Legislature passed a bill (Senate 

Bill 148) that limits the number of hours that will be 

reimbursed by the state for each student in developmental 

courses (SB 148). This limit includes dropped courses 

(Texas Higher Education Coordinating Board [THECB], 1997). 

Thus the need to find a method of instruction that allows 

for the most students to proceed through the program 

successfully is of importance to community colleges in 

Texas. The state also passed a bill limiting the number of 

hours it will fund for college level courses (Senate Bill 

1907). This affects college algebra and hence provides a 

reason to include college algebra in the study. 

Within Senate Bill 148, the Legislature also made some 

changes to the TASP bill of 1987. Although the need to pass 

TASP or an alternative assessment was not removed per se, a 

new provision was made saying that if students fail TASP 

twice, successfully complete the developmental math 

courses, then proceed to college algebra or one of three 

other courses and earn a "B", then the TASP requirement 

will have been met (THECB, 1997). Thus there is also a 



need to answer these questions with regard to college 

algebra. 

Although grades are not as precise a measure of 

knowledge or achievement as a standardized post-test, they 

are nonetheless the measuring sticks by which students are 

judged in order to continue on to their next course or to 

have completed certain requirements for a degree. Grades 

are also the practical standards by which success rates are 

determined for program effectiveness. Thus the need to 

study grades as opposed to achievement based on pretests 

and posttests exists. 

The intent of this study was to determine whether a 

higher proportion of students were able to be successful in 

the computer mediated learning environment than in the 

traditional lecture or laboratory settings in both 

developmental mathematics and college algebra. 

Furthermore, this study considered whether the proportion 

of students who are successful in a particular mode of 

instruction in one course is affected by the mode of 

instruction for the prerequisite. 

The Problem 

Which methods of instruction (computer mediated, 

lecture, or laboratory) for Algebra Fundamentals I, Algebra 



Fundamentals II, Algebra Fundamentals III, and College 

Algebra result in a higher proportion of students 

successfully completing: 

(1) each course? 

(2) Algebra Fundamentals II who have proceeded from 

Algebra Fundamentals I? 

(3) Algebra Fundamentals III who have proceeded from 

Algebra Fundamentals II? 

(4) College Algebra who have proceeded from Algebra 

Fundamentals III? 

Which methods of instruction for Algebra Fundamentals 

I, Algebra Fundamentals II, and Algebra Fundamentals III 

result in higher end-of-semester grade averages in Algebra 

Fundamentals II, Algebra Fundamentals III, and College 

Algebra, respectively? 

Purposes of the Study 

The purposes of this study were three-fold: 

(1) To determine which mode of instruction will result in 

a higher proportion of students completing Algebra 

Fundamentals I, Algebra Fundamentals II, Algebra 

Fundamentals III, and College Algebra, 

(2) To determine whether students who have computer 

mediated instruction for Algebra Fundamentals I, 



Algebra Fundamentals II, and Algebra Fundamentals III 

are more likely to earn grades of A, B, C, or D in 

Algebra Fundamentals II, Algebra Fundamentals III, and 

College Algebra, respectively, than students who had 

the laboratory or lecture instructional methods, and 

(3) To determine whether the mean end-of-semester grades 

for students in Algebra Fundamentals II, Algebra 

Fundamentals III, and College Algebra will be higher, 

regardless of its mode of instruction, if the 

prerequisite course (Algebra Fundamentals I, Algebra 

Fundamentals II and Algebra Fundamentals III) was 

taught using the computer mediated method than with 

the lecture or laboratory method. 

Hypotheses 

To address the problem and the purposes of this study, 

three sets of hypotheses were tested. 

Hypothesis 1 

A. A statistically significant greater number of students 

in computer mediated Algebra Fundamentals I will be 

successful, earn grades of A, B, C, or D, than students 

who have laboratory or lecture methods for Algebra 

Fundamentals I. 



B. A statistically significant greater number of students 

in computer mediated Algebra Fundamentals II will be 

successful, earn grades of A, B, C, or D, than students 

who have laboratory or lecture methods for Algebra 

Fundament aIs II. 

C. A statistically significant greater number of students 

in computer mediated Algebra Fundamentals III will be 

successful, earn grades of A, B, C, or D, than students 

who have laboratory or lecture methods for Algebra 

Fundamentals III. 

D. A statistically significant greater number of students 

in computer mediated College Algebra will be successful, 

earn grades of A, B, C, or D, than students who have the 

lecture method for College Algebra. 

Hypothesis 2 

A. A statistically significant greater number of students 

who had computer mediated Algebra Fundamentals I will be 

successful, earn grades of A, B, C, or D, in Algebra 

Fundamentals II, regardless of the mode of instruction, 

than students who had laboratory or lecture methods for 

Algebra Fundamentals I. 

B. A statistically significant greater number of students 

who had computer mediated Algebra Fundamentals II will 
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be successful, earn grades of A, B, C, or D, in Algebra 

Fundamentals III, regardless of the mode of instruction, 

than students who had laboratory or lecture methods for 

Algebra Fundamentals II. 

C. A statistically significant greater number of students 

who had computer mediated Algebra Fundamentals III will 

be successful, earn grades of A, B, C, or D, in College 

Algebra, regardless of the mode of instruction, than 

students who had laboratory or lecture methods for 

Algebra Fundamentals III. 

Hypothesis 3 

A. Students who had computer mediated instruction for 

Algebra Fundamentals I will have higher end-of-semester 

grade averages in Algebra Fundamentals II, regardless of 

the mode of instruction, than students who had the 

laboratory or lecture methods for Algebra Fundamentals 

I. 

B. Students who had computer mediated instruction for 

Algebra Fundamentals II will have higher end-of-semester 

grade averages in Algebra Fundamentals III, regardless of 

the mode of instruction, than students who had the 

laboratory or lecture methods for Algebra Fundamentals 

II. 
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C. Students who had computer mediated instruction for 

Algebra Fundamentals III will have higher end-of-semester 

grade averages in College Algebra, regardless of the mode 

of instruction, than students who had the laboratory or 

lecture methods for Algebra Fundamentals III. 

Significance of the Study 

This study is important for several reasons. First, 

there is an absence of research that considers 

instructional methods that include the use of computers as 

a teaching method for instructors. Most research involving 

computers as instructional tools have either been as a 

replacement for the instructor or as an attachment to the 

course for drill-and-practice (Baker, Hale, & Gifford, 

1997; McKeachie, 1990; Stowitschek & Stowitschek, 1984). 

A second reason for the importance is that the study 

may provide the developmental mathematics and mathematics 

faculties at Richland College and other two-year 

institutions with evidence of more effective instructional 

methods for Elementary, Intermediate, and College Algebra, 

thus allowing more students to complete and pass the 

courses. 

This study could also provide insight for high schools 

as to which instructional methods for prealgebra and 
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algebra will help their students be successful in College 

Algebra. In light of the new TASP regulations that require 

students to either take the TASP exam or an alternative 

assessment instrument prior to enrolling in college (SB 

148), some colleges in Texas are considering providing 

remedial instruction for high school students. Having 

information on instructional methods could help the 

colleges who choose to do this provide better instruction 

for these students while they are still in high school. 

Furthermore, four-year colleges and universities may 

be able to use this information to develop College Algebra 

courses that provide the most success, as determined by 

course grades, for their students. Therefore, the number 

of students repeating courses will be reduced and the 

number of hours that the state will not reimburse colleges 

will go down. 

Definition of Terms 

A number of terms that have specialized meanings are 

used throughout this study: 

Computer mediated instruction. This describes the 

Interactive Mathematics™ curriculum from Academic Systems©, 

It is a course of instruction that is on CD-ROM and is 
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interactive. Instructors are present to maintain schedules 

that they design for the topics to be covered, to conduct 

lectures as the need arises, and to answer questions that 

students may have on the material. The instructors may 

work with the students individually or in small groups. 

Books with summaries and exercises also allow the students 

to work on the material while away from the computer. 

Instructors design their own tests and grading schema. In 

the last semester of this study, all three developmental 

mathematics courses (Algebra Fundamentals I, II and II) 

could have been present in one classroom. In college 

algebra, only the one course was in the classroom. 

Lab courses. In a developmental mathematics laboratory 

course, or lab, students teach themselves by reading a 

textbook and working through prescribed sets of problems. 

Four levels of developmental mathematics are typically 

present in one classroom: PreAlgebra, Algebra Fundamentals 

I, Algebra Fundamentals II, and Algebra Fundamentals III. 

Instructors are present to answer questions and to record 

attendance and grades from tests. There is no specific 

timetable for the tests except that students may take no 

more than one test per week after the middle of the 

semester. Students have three chances to take each test, 
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which are standardized within each course. In the series of 

three Algebra Fundamentals courses, students must score 70% 

or better on one of the first two attempts in order to 

continue on with the next chapter. The score on the third 

attempt is recorded whether it is above 7 0% or not and the 

students proceed to the next chapter. The entire course 

must be completed in one semester in order to receive a 

grade representing completion (i.e. A, B, C, or D). The 

full-time instructors in the developmental mathematics 

department design the schedule, the tests, and the grading 

schema. 

Lecture. A lecture course is the traditional method of 

instruction where the instructor delivers the information 

and the students have a textbook. This method could also 

include the use of collaborative and/or cooperative 

learning. Instructors strictly control the pace of the 

course and they design their own tests and grading schema. 

Grades. The grades earned by students are from their school 

records, where they are taken to mean: 

A: 90% - 100% (carries 4 grade points) 

B: 80% - 89% (carries 3 grade points) 

C: 70% - 79% (carries 2 grade points) 

D: 60% - 69% (carries 1 grade point) 
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F: below 60% (carries 0 grade points) 

W: officially withdrew from the course 

E: did not withdraw, did not complete the course but was 

passing, must re-enroll and start the course from the 

beginning 

Each of the grades W and E carry 0 grade points and are not 

computed in a student's grade point average, however, they 

are considered as classes attempted by the state for 

reimbursement purposes. 

Success, successful, or successful completion. These will 

mean earning a grade of A, B, C, or D in a course. 

Course Descriptions. 

DMAT 0097: Algebra Fundamentals I. This is a course 

in introductory algebra that includes operations on real 

numbers, polynomials, special products and factoring, and 

linear equations. It also covers graphs, systems of linear 

equations and simple exponents ("Catalog", 1997-1998). 

DMAT 0098: Algebra Fundamentals II. This is a course 

in introductory algebra that includes rational expressions, 

inequalities, roots, radicals and quadratic equations. It 

also includes properties of real numbers, the straight 

line, absolute value equations, and advanced factoring 

("Catalog", 1997-1998). 
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DMAT 0099: Algebra Fundamentals III. This is a course 

in intermediate algebra that further develops rational 

expressions, roots, exponents and radicals. It also covers 

quadratic inequalities, relations, functions, and graphs 

and systems of non-linear equations ("Catalog", 1997-1998). 

All of the developmental courses are taught using the three 

instructional methods. 

MATH 1414 or MATH 1314: College Algebra. This course 

is a study of relations and functions including polynomial, 

rational, exponential, logarithmic, and special functions. 

It also includes variation, complex numbers, systems of 

equations and inequalities, theory of equations, 

progressions, the binomial theorem, proofs, and 

applications ("Catalog", 1997-1998). College Algebra is 

only taught using the computer mediated and lecture methods 

of instruction. MATH 1414 is a four-credit hour course and 

is only offered during the longer fifteen week fall and 

spring semesters. MATH 1314 is a three-credit hour course 

taught only by lecture and is offered only during the 

shorter three, four and five week sessions, including 

summers. Both college algebra courses cover the same 

content. 
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Limitations 

A limitation of this study is that the manner in which 

students' grades are determined differs between classes due 

to different instructors' preferences. However, because 

all of the sections of each course for each semester in 

this study were used, any instructor bias due to methods 

used to determine grades should be overcome. 

A second limitation is that students could be 

receiving tutoring or could have received tutoring in an 

alternative method outside of class. 

Delimitations 

This study was limited to data obtained from Richland 

College in Dallas, Texas. No distance learning sections 

were used in the data set since these sections use a 

different mode of instruction than those that were 

examined. 

Assumptions 

Several assumptions were made in order to proceed with 

this study: 

(1) Students enrolled in the course that was recommended 

to them on the basis of assessment tests or 

prerequisite courses possibly taken elsewhere, or in a 

lower level course than was recommended. 
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(2) Assessment instruments place students into the 

appropriate courses. 

(3) Algebra Fundamentals I skills are necessary for 

students to pass Algebra Fundamentals II. Algebra 

Fundamentals II skills are necessary for students to 

pass Algebra Fundamentals III. Algebra Fundamentals 

III skills are necessary for students to pass College 

Algebra (Head & Lindsey, 1984). 

(4) Students might not take a sequence of courses in 

successive semesters. The possible time lapse between 

courses will be assumed to have a minimal effect on 

the effect of the instructional methods. 

(5) Students may attempt a course using a different 

instructional method and fail or drop. It is assumed 

that this will have minimal effect on their success 

using another method. 



CHAPTER 2 

A REVIEW OF THE LITERATURE 

Developmental Education 

Developmental studies, or developmental education, is 

often perceived as being a series of remedial courses 

offered for students who need to be reminded of what they 

had been taught before but either did not learn or had 

since forgotten (Carriuolo, 1994). However, this is but one 

aspect of developmental education. Developmental education 

is also designed to prepare students for college level 

courses by giving them skills and content background that 

perhaps they never had (Boylan, 1983). 

Cross (1971) made the point in her book Beyond the 

Open Door that educators needed to be concerned with the 

success of their students. With "open door" policies, such 

as those that exist at community and junior colleges, it is 

important for educators to realize that the students 

entering these institutions are not all totally prepared 

for college level courses. Furthermore, Cross(1971) noted 

that these "New Students" (nontraditional, less-prepared, 

19 
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previously not considered "college students") (p.13) were 

adults and that traditional instructional methods may not 

be the best methods for them. Thus the need arises to find 

instructional methods that enable the students in 

developmental studies to be successful. 

Boylan (1983) pointed out that developmental education 

then must be effective. He defines effective developmental 

education by posing three questions: 

1. Do developmental programs actually improve the 

basic academic skills of those students who 

participate in them? 

2. Do students who participate in developmental 

programs actually obtain higher grades following 

participation? 

3. Do students who participate in developmental 

programs actually have higher rates of retention than 

those who do not? (p. 7) 

These questions were investigated by Boylan in his 

1983 report, Is Developmental Education Working?, in which 

he addressed developmental education as a whole. However, 

in 1994, these questions were also investigated at Richland 

College during a mathematics program review. There it was 

found that students who completed developmental mathematics 
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were more likely to be successful in college level 

mathematics (College Algebra and Math for Business and 

Economics I) than students who did not complete 

developmental mathematics ("Review", 1994). Furthermore, 

since the success rates were higher for students who had 

had developmental mathematics, retention of those students 

was higher. The program review committee deemed that the 

developmental mathematics program was effective, but 

recommended that further studies be conducted to assure 

continued effectiveness ("Recommendations", 1994). 

The data analyzed by the program review committee also 

included information about the number of times students 

repeated a particular developmental mathematics course 

before completing the course with a grade of A, B, or C. 

Although the number of students requiring more than one 

semester to complete a course was inversely related to the 

number of repetitions, this is still of concern to the 

developmental mathematics faculty and to government 

officials. As a result of the governmental concern, 

proposals to limit funding for developmental education have 

either been adopted (SB 148) or suggested (Schmidt, 1998) . 

These limits will not make developmental education go away, 

but they do put forth a cause for developmental educators 
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to consider methods of instruction that allow for more 

students to be successful. 

Developmental Mathematics Courses 

at Richland College 

In 1994 at Richland College, the only methods of 

instruction for developmental mathematics were laboratory 

and lecture. The 1994 program review report addressed which 

of these two methods allowed more students to be successful 

(defined there by grades of A, B, or C) but it did not 

determine whether there was a significant difference in the 

success rates. The review also did not consider completion 

rates (grades of A, B, C, or D) at all when examining 

instructional methods. The completion rates are being 

considered in this study because students earning the grade 

of D are permitted to continue on to the next course. 

Prior to the fall semester of 1996, there were three 

developmental mathematics courses at Richland College: 

PreAlgebra, Elementary Algebra, and Intermediate Algebra. 

The elementary and intermediate algebra courses used 

standard work-texts for their textbooks in both lecture and 

laboratory courses. One of the recommendations from the 

program review committee was to increase the number of 

developmental mathematics hours offered ("Recommendations", 
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1994). Hence, in the fall semester of 1996, these two 

three-credit hour developmental algebra courses were split 

into three new three-credit hour courses: DMAT 0097 Algebra 

Fundamentals I, DMAT 0098 Algebra Fundamentals II, and DMAT 

0099 Algebra Fundamentals III. 

At the same time, in fall 1996, a new system of 

instruction was introduced in addition to laboratory and 

lecture: a computer mediated system called Interactive 

Mathematics™ from Academic Systems©. This is a CD-ROM 

based program that acts as a programmed text, in that it is 

interactive and provides immediate feedback to the 

students, and as an instructor since it reads and explains 

the material it contains. It is accompanied by a set of 

Personal Academic Notebooks (PANs) that contain summaries 

of the material on the CD-ROMs and homework problems for 

the students to do when they are not on the computer. This 

is a unique system since it is not an attachment to a 

textbook course and it is not supplemental to a textbook. 

It is the textbook. 

After students complete the three developmental 

mathematics courses successfully, they typically continue 

on to a college level mathematics course, usually college 

algebra ("Enrollment Summaries", 1996-1997) . At Richland 
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College, College Algebra is a four-credit-hour course 

during the fall and spring semesters and a three-credit-

hour course during the 3-week, 4-week, and 5-week sessions. 

The course covers most of the material in a standard 

college algebra textbook. Prior to the spring semester of 

1997, this course was only offered in the lecture format. 

Beginning in the spring semester of 1997, however, the 

Interactive Mathematics™ mediated learning was introduced 

as a second method of instruction for the four-credit hour 

college algebra courses. 

Studies Comparing Instructional Methods 

Research studies have been conducted over the past 

century that have compared different modes of instruction 

to determine if one single method was superior for student 

learning over another. The methods compared have ranged 

through the traditional (lecture), discussion-based, 

independent study, personalized systems of instruction, and 

computer-based or computer-assisted instruction, to name a 

few (McKeachie, 1990). 

Dubin and Taveggia (1968) conducted an analysis of 

ninety-one studies that compared college teaching 

methodologies. The studies had been conducted between 1924 

and 1965. These studies compared face-to-face 
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methodologies (traditional lecture, discussion, and 

combined lecture and discussion) to each other and to 

individual/self-study methods (both supervised and 

unsupervised). In each case, the end-of-term examination 

grades were used as the variable for comparison. Although 

it was not clearly stated by Dubin and Taveggia (1968), 

these grades were probably different from the actual grade, 

however, that the students received for the courses. In no 

case were significant differences found to indicate that 

one instructional method was better than another when 

student performance was measured by final examination 

grades. 

Wilbert McKeachie (1990) took a historical perspective 

toward the research that has been conducted comparing 

teaching methods. He noted that through the years, studies 

had shown that the lecture method seems to allow for the 

retention of knowledge at least as well as discussion, but 

he found that studies showed that student-centered learning 

methods tended to provide for better retention than 

instructor-centered methods. 

McKeachie's research also examined programmed learning 

methods, such as teaching machines (Skinner) and 

personalized systems of instruction (Keller Plan). He also 
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noted that computers had come to play a role in more 

personalized instruction, but showed that technology could 

help students learn. He did not, however, find that the 

instructor could be replaced by the technology in his 

review of studies in the research of teaching and thus 

technology could just provide another method for students. 

Dubin and Taveggia (1968) also mentioned two other 

issues that should be considered when examining modes of 

instruction: cost effectiveness and the possibility that 

the differences lie with the textbooks as opposed to the 

method of instruction. The former, cost-effectiveness, is 

not within the direct scope of this study; however, because 

of the funding issues brought up by the Texas Legislature 

(SB 148), the method which allows the most students to be 

successful in a course and the next one is of importance. 

The latter, differences between textbooks, could be an 

issue to be considered when comparing a computer mediated 

method to a traditional method since the two courses are 

using different texts, as in this study. 

Several smaller studies have been conducted more 

recently than those examined by Dubin and Taveggia. Smith 

(1983) compared a self-paced section and a lecture section 

of college algebra. Again he used a pretest-posttest 
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design and found that there was no significant difference 

in achievement between the two sections. The number of 

students involved in the study was very small, 27 in the 

self-paced and 43 in the lecture, and he was the instructor 

for both sections. He did find that students who possessed 

the most knowledge of college algebra, based on scores on 

the pretest, had the best performance in the self-paced 

class. There was no mention in the study, however, how 

many students actually passed each class. In other words, 

achievement was compared based on achievement tests, 

however, how many students had qualified by their grades in 

the course to continue to the next course was never stated. 

Lamm (1993) conducted one study that did consider 

course grades. Lamm compared two sections of developmental 

mathematics, where one section was taught by the 

traditional lecture approach and the other section used an 

approach called concept attainment. This latter method was 

teacher-led and used manipulatives and a hands-on approach 

to lead the students through the material from a concrete 

to a symbolic to an abstract level. The number of students 

in each section was small: twelve in the concept attainment 

class and seventeen in the lecture. Lamm used the same 

grading scheme for both classes and found that the final 
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grades were higher in the lecture than in the concept 

attainment class. However, she also found that if only the 

grades of A, B, and C were used, then the concept 

attainment class performed better than the lecture class. 

Lamm also used a pretest-posttest design and found 

that the two groups did not differ significantly on their 

achievement levels. Thus, although the achievement levels 

did not differ, the final grades did. This does give an 

indication that the two methods do differ and that the 

experimental method had more students be successful than 

lecture. This gives an indication that grades could be 

considered as a measure, since students who have higher 

grades tend to continue on to the next course more often 

than those whose grades are lower. 

Robinson (1990) conducted a study that examined 

differences in final exam and course grades of seventy-six 

students between traditional lecture and laboratory classes 

of two courses in a two-semester sequence. He also 

considered the two-semester sequence of courses, and 

examined how the students did as they went from one course 

to another, and if instructional method had an effect on 

success. 
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In just one semester, between the two methods, 

Robinson (1990) found no significant differences. However, 

when examining the success of the twenty-one students who 

completed the two-course sequence, he found that there was 

a significant difference in the final exam grades for the 

second course in the sequence: the lab method had higher 

final exam grades, regardless of which method the students 

had for the first semester. This is similar to the third 

hypothesis of this study, which tested whether the computer 

mediated method of instruction better prepares students for 

the next course than the other methods, regardless of the 

method of instruction for the second course. 

Grove (1987) compared traditional lecture with an 

audio-visual technique of instruction. He involved all of 

the students enrolled in the developmental algebra sequence 

for the school year 1985-1986 at a southeastern community 

college: 459 students from elementary algebra and 359 

students from intermediate algebra. The students did not 

know when they registered for their classes which mode of 

instruction they would have. 

The audio-visual instruction involved the use of a 

slide/tape system developed by a textbook publisher. The 

students listened to a taped lecture and watched slides 
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then proceeded to work exercises from a workbook. Once they 

finished a module of material, then they took a test to 

determine mastery, at the 80% level (Grove, 1987). The 

lecture students only used a textbook and had traditional 

lectures. 

Grove (1987) found that there was no significant 

difference in achievement between the two methods for 

elementary algebra and intermediate algebra students when 

using a standardized posttest. However, when considering 

the final course grades, he found that the lecture students 

as opposed to the audio-visual students received a higher 

proportion of high grades. Grove also found that there was 

a significant difference in course completion (students 

finishing a course and receiving a grade other than "in 

progress" or "incomplete") rates for the elementary algebra 

students: students in traditional lecture classes had 

higher completion rates than students in the audio-visual 

classes (Grove, 1987). 

In the search for relevant studies addressing 

instructional methods utilizing computers, most of what was 

found involved only small portions of course content using 

computers. Of these, primarily drill and practice programs 

for review material were used instead of having new 
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material being presented totally by the computer, as with 

the audio visual technique used by Grove (1987) or 

Interactive Mathematics™ as in this study. The results 

generally showed that there were no significant differences 

in learning outcomes, when using pretest-posttest designs. 

This same lack of information using computers as an 

instructional method was found by Bernard Gifford while 

developing the model for Interactive Mathematics™ (Baker, 

et.al., 1997). However, examining the data from these 

studies is relevant, since so much of what courses cover is 

review of and expansion upon the content from the 

prerequisite course. 

Wood (1992) used two sections of intermediate algebra 

from a community college for her study. One section was 

taught using traditional lecture with an optional outside 

supplemental computer laboratory. The experimental section 

was taught using a combination of cooperative groups and 

lecture with a supplemental computer laboratory. All 

assessments for the two classes were the same, so the 

grades in the two classes were used as the measure of 

comparison for success. Percentages of grades received by 

the two groups were given, however, no statistical tests 

for significance were performed. The attitudes of the 
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students toward the experimental methodology were the 

primary focus of her study. 

In Wood's (1992) study, the experimental class had 29 

students, 69% of whom received course grades of A, B, or C. 

The control group had 23 students, 52% of whom received 

grades of A, B, or C. When success in the next class was 

examined, Wood found that the experimental group had an 80% 

success rate (n = 10) compared to 87.5% for the control 

group (n = 8). The number of students involved in this 

study was very small; this does not allow for much 

generalization to larger groups. With larger student 

groups, these percentages may not be significant, however, 

as noted above, no tests for significant differences were 

considered on Wood's data. 

A comparison of computer assisted instruction for 

three selected topics in a college algebra course with 

traditional instruction on those topics showed that the 

students in the experimental method performed as well or 

better than the students in the traditional method 

(Tilidetzke, 1992). The three selected topics 

(multiplication and division of complex numbers, completing 

the square, and solving linear equations) were review 

topics from intermediate algebra. The computer instruction 
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was done outside of class in a separate laboratory. The 

traditional lecture classes had in-class instruction on 

those three topics. 

Tilidetzke (1992) found that the students who had the 

computer assisted instruction performed as well or better 

on the posttest that covered that material as the students 

who had traditional instruction. His conclusion was that 

computer instruction could be used in place of traditional 

instruction for review topics. However, the numbers of 

students involved in this study were again quite small: 

forty-two students had each type of instruction. It should 

also be noted that the computer program used for these 

topics was a tutorial software package from a major book 

publisher. Although it was selected "because it covers the 

content thoroughly, and because the microcomputer lessons 

are based on sound pedagogy" (Tilidetzke, 1992, p.55), it 

was still accompanied by a thorough textbook as well, since 

the rest of the course was taught traditionally. Hence the 

students had the opportunity to have the same instruction 

as the traditional class for instruction on the material. 

Tilidetzke's (1992) study did not consider final 

course grades, nor did it consider completion rates in the 

two classes. The posttest was the final exam with the 
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material on the experimental portion of material embedded 

in it. This study also only considered review material for 

college algebra, not new material. The objective was to 

show that review could feasibly be done outside of the 

class, thus allowing more time for new material to be 

covered in class. Although this study was important because 

it showed that computer assisted instruction could be used 

and not lessen the learning of the material, it did not 

show whether the computers were totally responsible for the 

success since the students still also used the same 

textbook as the traditional class students. 

Abadir (1992) conducted a study of three instructional 

methods used in a basic mathematics course at a community 

college. She examined grade differences between the 

different methods and student achievement measured by a 

pretest and a posttest. The three methods of instruction 

studied were lecture, interactive video (IVM), and 

individualized instruction (IND). 

This study was conducted at a large community college 

with open admissions. The 377 students in the study were a 

small portion of the developmental mathematics population 

over three quarters from Spring 1991 to Winter 1992. 



35 

However, only 219 students completed the study (Abadir, 

1992). 

The two experimental methods, IVM and IND, were self-

paced mastery courses. The students were required to 

achieve a mastery level of at least 80% on each unit test 

before continuing on to the next unit. The individualized 

method of instruction had tutors available for the 

students. The interactive video method was primarily on 

video laser disk and computer to accompany the textbook. 

The instructors controlled the pace of the lectures and 

mastery of each unit was not required in order to continue 

to the next unit. All three methods used the same 

textbook. 

The results of the statistical analysis showed a 

significant difference in achievement (according to 

posttests) in the two experimental groups. This was found 

by using an analysis of covariance with the pretest scores 

as the covariant. Abadir (1992) credits the higher 

achievement test scores to the required 80% mastery level 

and the immediate corrective feedback feature of the IVM 

and IND. These were not present in the lecture method 

(Abadir, 1992). 
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A chi-square with two degrees of freedom was used to 

test success rates (end of quarter grades of A, B, C, or 

D). Abadir (1992) found significant differences in the 

success rates between the three methods of instruction. 

The lecture method had a higher percentage of completers 

(students who took both pretest and posttest) and had a 

higher percentage of successful students. The next highest 

percentage was found to occur for students who had 

individualized instruction (IND). 

These data were not consistent with the achievement 

test data because in order to achieve mastery the students 

in IND and IVM had to spend more time working through the 

material in order to continue to the next unit. The nature 

of the video laser disk was such that the student could not 

move on to the next objective until mastery on the machine 

material was achieved. This was time consuming and could 

have been what prevented students from completing the 

course in one quarter (Abadir, 1992). This study did not 

separate the quantity of each grade received for each 

method; the number of students passing with grades of A, B, 

C, or D were grouped together. Because of the mastery 

requirement in the IVM and IND methods and based on the 

posttest scores, although more people passed lecture, the 
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grades were probably higher for those who passed IND and 

IVM. 

Williams (1996) examined the self-concept, achievement 

levels, and completion rates of students in introductory 

algebra classes at a community college in west Texas. He 

compared the end of course grades as a measure of 

achievement and completion for two instructional methods: 

1. Traditional lecture (control), and 2. Traditional 

lecture with at least one hour per week of computer aided 

instruction (CAI) (experimental). Williams' study lasted 

for one semester and involved 313 students; 144 in the 

control sections and 169 in the experimental sections. 

The study's findings showed that course grades were 

significantly higher for the experimental sections than for 

the control sections. For the experimental sections, 119 

of the 169 completed the course. Eighty-eight percent of 

those completing the course earned grades of A, B, or C. 

The other twelve percent did not pass the course. In the 

traditional lecture sections, 80 of the 144 completed the 

course, with only 70% of those students passing the class. 

Furthermore, these findings showed an overall improvement 

in completion rates for the experimental sections. 

However, when Williams split the data on completion rates 
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into age groups (younger than 20 years old versus older 

than 20 years old), the differences in completion rates 

between the two instructional methods were not significant. 

This led him to draw the conclusion that completion rates 

were not significantly different overall (Williams, 1996). 

As Williams (1996) notes in his study, these findings 

either show that the computer aided instruction is more 

efficient in helping students learn the material, or the 

students do better in the computer aided classes because it 

is still novel for most students at this level. He 

encourages more studies be done like this with respect to 

grades and computer aided instruction to help determine 

whether the novelty of computers is what makes the grades 

go up (Williams, 1996). 

Academic Systems© publishes results from its partner 

campuses, colleges and universities that use its 

Interactive Mathematics™, on its WebPages. These results 

are updated every semester. In fall 1997, Academic 

Systems© showed that overall, the computer mediated classes 

showed pass rates at 63% and traditional (non-computer 

mediated) at 52%. These results were not separated as to 

course content or level ("Results", 1997). 
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At California Polytechnic State University, in San 

Luis Obispo, it was found that students who took the 

computer mediated intermediate algebra prior to enrolling 

in college level mathematics (College Algebra) earned more 

passing grades (C or better) in the college level courses 

than the cohort of students who had not taken computer 

mediated mathematics (Baker, et.al., 1997; "Results", 

1997). 

The study at California Polytechnic examined and 

compared the success rates (end-of-semester grades of C or 

better) in their Precalculus course (college algebra 

content)(Miller, 1997) who had not taken computer mediated 

developmental algebra and the success rates of those who 

had other instructional methods for developmental algebra. 

Their study found that there were significant differences 

in the proportion of C or better grades received by 

students in Precalculus when they had computer mediated 

intermediate algebra as compared with traditional 

instructional methods. The study also found a significant 

difference in the grades of the cohort of students who had 

both introductory and intermediate algebra using computer 

mediated learning when compared to the cohort who had both 

prerequisite courses by traditional methods of instruction 
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(Baker, et.al., 1997). However, their study did not 

address the success rates within the introductory and 

intermediate algebra sequence. It only considered the 

different instructional sequences and their effects on the 

grades and success rates in the college level course. 

St. Petersburg Junior College in Florida implemented 

Interactive Mathematics™ in their elementary algebra 

classes in the 1996-1997 school year. For that year, they 

found that withdrawal rates in the computer mediated 

classes were lower and the number of semester grades of A 

and B earned by students in computer mediated was higher 

than in the traditional classroom or self-paced instruction 

(St. Petersburg Junior College [SPJC], 1997). They found 

that 40.5% of the students earned As or Bs in the computer 

mediated sections of elementary algebra whereas only 28.5% 

of the students in the lecture and self-paced classes 

earned As or Bs. The lecture and self-paced sections were 

not reported separately. 

St. Petersburg Junior College (1997) also noted that 

they administer the same final exam to all elementary 

algebra students on this particular campus. They found 

that all Interactive Mathematics™ students who completed 

the course passed the final exam with 70% or better. 
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However, no data was given to compare with the other two 

methods of instruction (SPJC, 1997). 

Theoretical Basis of Instructional Methods 

Why study instructional methods and success rates? 

Since adult students often have different learning styles 

and sometimes are more able to take charge of their own 

learning (Cross, 1971; Knowles, 1970), it is important to 

have different modes of instruction available for them. 

Many students who attend community colleges must take 

developmental courses (Texas Higher Education Coordinating 

board [THECB], 1998; Boylan, 1983; Cross, 1971) because 

they did not develop the skills necessary for college level 

courses in high school or it has been too long and they 

need review. Thus if different modes of instruction are 

offered they will get less discouraged with their abilities 

(Bruner, 1966) and then develop the skills needed to 

succeed in college. 

About half of the students at community colleges are 

considered non-traditional, age 25 or older. In Dallas 

County Community College District, and at Richland College 

in particular, the average age student is 29 years old 

("Bridge", 1998). Hence, although they may be attending 

college with a purpose, to learn or to be trained (Knowles, 
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1970), those that are in developmental mathematics tend to 

be inexperienced at how to learn. They want control over 

how they learn (Cross, 1971; Knowles, 1970), but they know 

they do not have the necessary skills to affect that. Add 

to this the fact that these students have to learn 

mathematics, and their skills truly diminish. They are 

afraid to do something wrong, to have a wrong answer, and 

this causes the learning to break down. The goal then is 

to provide methods of instruction that give students 

success, which then builds self-esteem and confidence, 

which, according to Knowles (1970) is desired by adults, 

and thus makes them better learners. 

Examining the theoretical foundations of the different 

methods of instruction used for this study is thus 

necessary. It will give insight as to why the study is 

important since each instructional method approaches 

learning in a different fashion. 

Laboratory Method 

Personalized systems of instruction (PSIs) have been 

used in developmental studies so that students could 

proceed at their own pace through the material. This mode 

of instruction was developed by F. S. Keller and was based 

on the behaviorist theories of Skinner, Carroll, and Bloom 
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(Boylan, 1986; Skinner, 1968). PSIs can make use of 

programmed text material, computer-assisted instruction, or 

written materials and mastery learning (Boylan, 1986). The 

material is broken into small sequenced units with 

immediate feedback as to whether the student is proceeding 

correctly through the material (Boylan, 1986). This type of 

instruction requires an unlimited length of time since not 

all students learn and master the material at the same 

pace. As a result, this is quite often called "self-paced 

instruction". 

The laboratory (lab) method of instruction at Richland 

College is a modified PSI or mastery system of instruction. 

Since students must register for a specific course that has 

specific beginning and ending dates, there is not really an 

open-ended amount of time for students to complete a 

course. Thus, the lab courses at Richland College are not 

true self-paced courses. 

Each course, Algebra Fundamentals I, II, and III, is 

divided into seven units. All three courses, along with a 

fourth course, PreAlgebra, are present in any given section 

with one instructor. Tests are given in a separate testing 

room; tests are multiple choice and are graded by grading 

assistants who are typically Richland College students. 
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They do not necessarily act as tutors; questions are 

referred to an instructor. 

Each course has a syllabus that contains the steps 

that students are to follow in order to proceed through the 

course. These steps are the same for each course. Lists of 

problems from a standard textbook that the students are to 

complete are included. In order to proceed through a unit, 

students are to read the sections in the textbook, and work 

the assigned problems in their notebooks. They work on 

their own, and ask questions of the classroom instructor if 

they have any. 

Once a student has completed all of the problems in a 

unit, the instructor looks at the work to determine 

completeness, perhaps asking some questions of the student 

to ensure that the answers were not just copied from the 

back of the book. Then, the instructor initials the test 

form and the student proceeds to take the first form of the 

test on that unit. If the grade is higher than 70%, the 

student continues on to the next unit of material. If the 

grade is lower than 70%, the student must work more 

problems that cover the entire unit as a review; the 

instructor then signs another test form and the student 

takes form B of the unit test. If the grade is 70% or 
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higher, the student continues to the next unit. If it is 

lower, then more problems covering the whole unit are done, 

and the student takes form C of the unit test. The grade 

for this form is recorded as the student's grade on that 

unit and the student proceeds to the next unit whether 

mastery at 70% is achieved or not. 

Students are only permitted to complete one unit per 

week after the fifth week of school in a 15-week semester 

(mid-semester) in order to prevent the students from piling 

all of the work in at the end of the semester. This also 

aids in preventing overcrowding of the testing room toward 

the end of the semester. No tests may be skipped; all 

units must be completed in order to receive a grade of A, 

B, C, or D. However, the cumulative final is not required 

to be completed if time is short at the end of the 

semester. Furthermore, in order to pass the course, the 

student need not necessarily pass the final examination. 

If a student does not complete the course in one 

semester, he or she could receive a grade of E if a minimum 

of four units were completed with at least a 70% average, 

and the student has attended class regularly with fewer 

than six hours of absences. This is not computed in the 

student's grade point average, but the student must restart 
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the entire course the next time he or she enrolls in it. 

The E grade is available for students in developmental 

courses because students who are mandated to remediate due 

to the TASP regulations are not permitted to withdraw from 

remediation without withdrawing from all courses (THECB, 

1997). Hence, if they are passing but cannot complete the 

course, they are given a "progress" grade to indicate that 

they were enrolled in remediation as per state law. This 

grade is available to all developmental mathematics 

students at their instructor's discretion. 

If students do not withdraw when they see that they 

are unable to meet the requirement for the E grade or if 

they will not be able to complete the course, they will 

receive a performance grade of F. The E grade does not 

exist for the college level courses, so students who do not 

withdraw and do not complete college algebra receive a 

performance grade of F as well. 

Thorndike stated three conditions that needed to be 

present in an instructional method in order for it to 

maximize learning. These were 1. Effect (recurrence of 

response depends on effect), 2. Recency (most recent 

response is most likely to occur), and 3. Exercise 

(repetition) (Niemic & Walberg, 1989). In the lab method 
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described above, and in Skinner's model for personalized 

instruction (Skinner, 1968), the third condition is 

present, but the other two conditions are not necessarily 

there. In the lab method, the recency condition is not 

there unless the instructor intervenes. The students work 

on problems on their own without immediate feedback as to 

the process of working the problems. The only immediate 

feedback that the students receive is from the unit tests; 

these could be weeks apart. Because there is very little 

intervention to correct wrong methods of solving problems, 

the students could be reinforcing wrong methods and this 

defeats the positive effects of the learning. 

It has been noted in a number of studies (see Kulik, 

Kulik, & Bangert-Drowns, 1990) that when mastery learning 

is used, the number of students who complete a course in an 

allotted time period, be it a semester or a quarter, is 

lower than with a teacher controlled time schedule. 

However, with the students who had the mastery instruction, 

the level of achievement was rarely found to be 

significantly different from those in a traditional 

lecture. Those who do finish the mastery level course in 

the same length of time as the traditional lecture, tend to 

have higher grades at the end of the term, primarily 
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because they have been allowed to only progress if they 

have attained a certain level of knowledge on tests, 

usually an 80% (grade of B) (Kulik, et.al., 1990). This 

inflates grades slightly; however, these students typically 

will be better prepared for the next course, due to content 

knowledge. In a state where the number of students who 

actually complete (receive a grade of A, B, C, or D) is 

becoming increasingly important for funding reasons, other 

methods of instruction that contain some elements of 

mastery but still can be completed in the designated time 

frame, a semester, must be studied. 

Lecture Method 

The lecture method of instruction has traditionally 

been one of the most used modes of instruction in colleges. 

In mathematics, it generally entails an instructor writing 

on the board, presenting definitions, theorems, proofs, and 

working examples. The students generally take notes and 

participate in a passive manner during class. Although 

some instructors may include some cooperative group work 

into the course in order to have the students work problems 

in class, most practice is to be done outside of class. 

The pace of the course is instructor controlled, so the 
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students who succeed in completing the course, do so by the 

end of the semester. 

According to Skinner (1968; Niemic & Walberg, 1989), 

this traditional classroom instruction does not provide 

enough reinforcement of the material in order for it to be 

learned. Following with Thorndike's three conditions for 

maximizing learning, the lecture method has his first two 

conditions (effect and recency) during the actual lecture 

time, and the third condition (exercise) through the 

homework assigned. However, effect is not typically 

present throughout the whole process and hence recency 

(most recent response is most likely to occur) can quite 

often cause wrong methods to be learned (Niemic & Walberg, 

1989). Skinner characterized the learning of incorrect 

methods as wrong behaviors and stressed that by constant 

corrective feedback, good behaviors could be learned 

(Skinner, 1968). Since immediate feedback does not tend to 

be a feature of the lecture method, then good behaviors do 

not tend to be reinforced in a timely fashion. 

Lecture classes at Richland College use the 

departmentally chosen textbooks and follow departmental 

content requirements in all of the developmental 

mathematics classes and the college algebra classes. Some 
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of the instructors for developmental mathematics use the 

same tests as the lab classes; however, most of the 

instructors use their own tests and final exams. Very few 

instructors allow students to make up exams if they have 

low grades; hence, there is no departmental policy for 

mastery in the lecture classes, whether for developmental 

mathematics or college algebra. 

Computerized Instruction 

The computerized instruction involves the use of 

Interactive Mathematics™ from Academic Systems©. This is an 

interactive multimedia learning system on CD-ROM 

accompanied by a textbook system, called Personal Academic 

Notebooks (PANs). The instructor acts as an 

advisor/facilitator of learning for the students in a 

computer classroom. 

The computer mediated method of instruction was 

designed to allow the student to gain instructional 

assistance through video, audio, and interactive 

presentations (Baker, et.al., 1997). The concern was to 

prevent the technology from being an augmentation to an 

instructor-controlled lecture or an author-controlled 

textbook. The computer mediated model was designed so that 

students could control the pace of learning and the order 



51 

in which they acquired the content of the course, for 

example, small portions of information followed by problems 

to work or receiving all the content of a lesson prior to 

working sample problems. The idea behind the computer 

mediated model was to use the instructor's expertise in an 

active and interactive way in order to guide students 

through the learning process as opposed to being the source 

of the delivery of the content of the course (Baker, 

et.al., 1997). 

The material for the algebra courses is divided into 

Topics; for example, Factoring (Topic 7), Graphing Linear 

Equations and Inequalities (Topic 4), and Exponential and 

Logarithmic Equations (Topic 12). Each topic is broken into 

smaller parts called lessons. Some topics have one lesson, 

others have four lessons. Each course, DMAT 0097 through 

MATH 1414, uses the topics that apply content-wise to that 

course. Sometimes there is an overlap, allowing for review 

material to be covered periodically throughout the courses. 

When this method of instruction was implemented in 

fall 1996, there were two sections of each developmental 

mathematics course offered. Four sections of College 

Algebra were added in the spring semester of 1997. By fall 

1997, the number of sections had increased, and the 
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developmental mathematics courses were not necessarily-

taught in separate classrooms. Just as with the lab method, 

more than one course could be present in the class at once. 

Since the instructor acts more as a facilitator, this is 

possible. The students sometimes work together and help 

each other, both within the same course and between 

courses. However, college algebra remains in the classroom 

by itself. 

As opposed to the lab sections, the instructors design 

their own courses for the computer-mediated sections. In 

this way, the courses are similar to lecture. Some 

instructors give "mini-lectures" - a lecture over a small 

portion of material to one or more students who need help 

on a specific concept presented on the computer. These 

mini-lectures vary in length from two to fifteen minutes 

and are meant to accompany the computer not replace it. 

The computer lessons are divided into six modules. The 

first module is the Overview. This contains a pretest that 

allows the students to test what they know in that lesson. 

It is advised to most of the students to save that quiz as 

a practice quiz at the end of the lesson. It is 

prescriptive in nature; it devises a personalized learning 

plan for the students based on what they missed to help 
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guide them through the lesson in the most efficient manner. 

The students are encouraged to use this to review the 

lesson. 

The second module is called Explain. This is the 

actual explanatory or text portion of the lesson. It 

presents the concepts of the lesson, usually from an 

application standpoint and has interactive examples for the 

students to work along the way. If the students miss a 

problem or a portion of it (only answers are typed in), the 

computer prompts with a hint as to how to proceed toward 

the correct answer. At any time the student may go back in 

the lesson to a previous page for help, or they could use 

any one of the several help features for more explanation. 

Once the student types in the answer the second time, 

correct or not, the computer presents a correct method for 

working the problem along with the answer. Then the student 

may proceed to the next page. At the end of the module, a 

grade appears to tell the students how they fared on that 

concept. 

Either at the end of a concept (there could be as many 

as four concepts in a lesson or as few as one), or at the 

end of the Explain module, the students proceed to the next 

module, Apply. This is a set of problems for the students 
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to work that cover the concepts. There are usually about 

four to six problems for each concept. Once a student types 

in an answer, the computer either praises them for a 

correct answer ("Good Job!") or explains that their answer 

is wrong ("That is the wrong answer."). A correct method 

of working the problem is then presented. A grade is also 

given for each concept at the end of this module. 

In some lessons there is an Explore module. This 

module brings in the use of the graphing calculator feature 

in many cases and asks the students to explore, or 

investigate, mathematical features. This is an 

unthreatening environment for the students because they may 

test and try their ideas in a guided fashion without other 

students, or even the instructor, saying anything to them 

to make them shy away. The computer lesson does lead the 

students through a series of guided inquiries and helps tie 

together material, not just from the current lesson, but 

also from previous lessons, where applicable. Again, the 

same interactive features for working problems are present 

in this module. 

The fifth module is the Evaluate. This is a quiz 

which may be taken a maximum of three times, depending on 

the instructors' preferences for their courses. The 
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quizzes have between eight and sixteen questions covering 

the material from that lesson. The computer grades the 

quiz, records the grades for both the students and the 

instructor in the management system, and provides the 

correct solutions for the students to see where they made 

errors. 

The sixth module is Homework. Based on the students' 

progress through the Explain module, the computer 

designates the problems in the Personal Academic Notebooks 

(PANs) for the students to work while they are away from 

the computer. How this feature is used varies from 

instructor to instructor. However, these problems allow 

the students to practice their mathematics at home and the 

PANs contain summaries of the material for the students to 

study. 

Because of the constant interactive and immediate 

feedback features of the Interactive Mathematics™ program, 

the first two conditions for learning that Thorndike put 

forth occur throughout the system. Because the students 

receive immediate praise and feedback on each problem that 

they work in the program, the effects and recency of 

learning are present. The exercise, repetition of learning, 

occurs both in the actual computer program and through the 
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working of problems in the PANs. All three of these 

conditions work together to aid the student in learning the 

material presented. 

Practical Basis for this Study-

In 1987, the Texas legislature established the Texas 

Academic Skills Program (TASP) which required students 

entering college beginning in fall of 1987 to be able to 

achieve a minimum level on the TASP test. This test is in 

place to help ensure that students are prepared for college 

level work (THECB, 1997). If the test is not passed, the 

students are required to enroll and participate in 

remedial/developmental courses in order to obtain the 

skills and knowledge necessary to pass the TASP test. The 

students are required to remain in remediation until they 

pass the test (THECB, 1997). 

In 1997, the Legislature passed revisions to the TASP 

bill (SB 148). Some of these revisions pertained to the 

scores required for passing, while others affected the 

number of credit hours of remediation students could have 

funded by the state. Still other revisions considered 

optional ways students could meet the TASP requirement. A 

limit of twenty-seven hours was placed on the funding of 

developmental courses per student at any one two-year 



57 

institution of higher education; the limit is eighteen 

hours at a four-year institution (THECB, 1997). This 

funding includes failed and dropped courses in which 

students have enrolled. 

Two alternative methods for meeting the TASP 

requirement were designed. Alternative assessment, a 

college administered set of tests, could be used to meet 

the TASP requirement. If students achieve the appropriate 

score as determined by the Texas Higher Education 

Coordinating Board, then they will have met the TASP 

requirement. If not, then the students must still remain 

in remediation until such time that they can pass the TASP 

test. 

If a student does not pass the mathematics portion of 

the TASP test for a second time after completing all 

mathematics remediation successfully, that student may 

enroll in one of four college level mathematics courses. If 

that student passes the college level mathematics course 

with a grade of B or higher, then the TASP requirement is 

deemed to have been met. College algebra is one of these 

four courses. Thus the need to examine methods of 

instruction for college algebra exists as well. 
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Summary 

In most cases, studies involving different modes of 

instruction have been conducted on small groups of students 

and have used a pretest-posttest design with achievement 

tests to determine the effects of the instructional 

methods. Although this does test whether students have 

actually learned more using one method as opposed to 

another (provided that previous knowledge is accounted 

for), the reality is that students' scores on a posttest 

generally are not the measures used to determine whether 

they may continue into the next class. Whether students 

complete a course with passing grades and are successful in 

the next course is a more realistic determination of the 

effects of different methods. In light of the funding 

issues raised by the Texas legislature, this becomes an 

even more important issue for colleges. 

The modes of instruction used in this study and in 

most of the studies examined in this review are founded in 

behaviorism and most have several of Thorndike's three 

conditions for learning: effect, recency, and exercise. 

Thorndike claimed all three must be present in order for 

learning to be maximized, and that was tested in this study 
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by looking at the three methods: lab, lecture, and computer 

mediated. 



CHAPTER 3 

METHODOLOGY 

Research Design 

This study utilized archival data, so it did not 

employ an experimental design. It is an ex post facto 

study. It examined proportions of students who succeed in 

different modes of instruction for developmental 

mathematics and college algebra. The study also examined 

mean end-of-semester course grades for those courses and 

modes of instruction. 

Although there is no set method for the instructors to 

determine grades, the grades that students earn are the 

factors that are used to determine whether students may 

proceed to the next course. This study covered a total of 

five semesters and included all instructors who taught 

during those five semesters at Richland College. Hence, 

the instructors' effects were minimized in the data. 

Furthermore, each grade, once earned by a student, is 

assumed by the instructor in the next course to mean the 

same thing as far as prerequisite knowledge acquisition: an 

60 
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A from one instructor means the same amount of content was 

learned as an A from another instructor, etc. 

The numbers of students in each course, the numbers of 

students successfully completing each course, and the end-

of-semester grades were gathered from the centralized data 

bank that is maintained by Richland College and the Dallas 

County Community College District. This data was gathered 

by the Office of Institutional Research at Richland College 

and placed on a disk. 

Procedures for the Collection of Data 

Richland College is one of seven colleges in the 

Dallas County Community College District in Dallas, Texas. 

It is the largest of the colleges in the District, 

enrolling approximately 11,500 students each semester, 

about one-fourth of the students in the District 

("Enrollment Summaries", 1996-1997; Richland Chronicle, 

February 2, 1998). Of these, approximately 1900 enroll in 

developmental mathematics courses and approximately 650 

enroll in college algebra each semester ("Enrollment 

Summaries", 1996-1997). 

Permission was obtained from the President of Richland 

College and the Institutional Review Board at University of 
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North Texas in order to utilize archived data from Dallas 

County Community College District for the study. 

In the fall semester of 1996, the Interactive 

Mathematics™ curriculum from Academic Systems© was adopted 

as one of the methods of instruction for the three 

developmental mathematics courses, DMAT 0097, DMAT 0098,and 

DMAT 0099. The other methods of instruction were lab and 

lecture. There were two computer mediated (CM) sections of 

each course, 11 lecture sections of DMAT 0097 and 9 lecture 

sections of DMAT 0098, and 82 lab sections of DMAT 0097, 80 

lab sections of DMAT 0098, and 82 lab sections of DMAT 

0099. There were 18 lecture sections of college algebra; no 

computer mediated sections were offered. These sections of 

college algebra were not included in the study. (See Table 

1.) 

Table 1. Section Type Summary for Fall 1996 

No. of Lecture 
Sections 

No. of Lab 
Sections 

No. of CM 
sections 

DMAT 0097 11 82 2 
DMAT 0098 9 80 2 
DMAT 0099 0 82 2 

In the spring semester of 1997, there were six 

computer mediated sections of DMAT 0097, five sections of 

DMAT 0098, and three sections of DMAT 0099. There were 



63 

eight lecture sections of DMAT 0097 and ten lecture 

sections each of DMAT 0098 and DMAT 0099. There were 73 lab 

sections of DMAT 0097, 70 lab sections of DMAT 0098, and 68 

lab sections of DMAT 0099. There were four college 

algebra, MATH 1414, sections taught using Interactive 

Mathematics™ and 17 lecture sections. (See Table 2.) 

Table 2. Section Type Summary for Spring 1997 

No. of Lecture No. of Lab No. of CM 
Sections Sections sections 

DMAT 0097 8 73 6 

DMAT 0098 10 70 5 
DMAT 0099 10 68 3 
MATH 1414 17 0 4 

In the summer semesters of 1997, one section of DMAT 

0097 and two sections each of DMAT 0098 and DMAT 0099 were 

offered that utilized the Interactive Mathematics™. Two 

lecture sections of DMAT 0097 and three lecture sections 

each of DMAT 0098 and DMAT 0099 were offered. There were 

thirty-one lab sections of DMAT 0097, twenty-four lab 

sections of DMAT 0098, and twenty-eight sections of DMAT 

0099. Eight lecture sections of college algebra, MATH 

1314, were offered in the summer semesters. (See Table 3.) 
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Table 3. Section Type Summary for Summer 1997 

No. of Lecture 
Sections 

No. of Lab 
Sections 

No. of CM 
sections 

DMAT 0097 2 31 1 
DMAT 0098 3 24 2 
DMAT 0099 3 28 2 
MATH 1314 8 0 0 

For the fall semester of 1997, five DMAT 0097, six 

DMAT 0098, and three DMAT 0099 sections of Interactive 

Mathematics™ were offered. Lecture sections had increased 

to 13, 12, and 10 in DMAT 0097, DMAT 0098, and DMAT 0099, 

respectively. The number of lab sections had decreased to 

53, 47, and 44, respectively. In college algebra, the 

number of computer mediated sections increased to eight and 

the lecture sections remained the same at 17. (See Table 

4.) 

Table 4. Section Type Summary for Fall 1997 

No. of Lecture No. of Lab No. of CM 
Sections Sections sections 

DMAT 0097 13 53 5 
DMAT 0098 12 47 6 
DMAT 0099 10 44 3 
MATH 1414 17 0 8 

For the spring semester of 1998, six DMAT 0097, six 

DMAT 0098, and three DMAT 0099 sections of Interactive 

Mathematics™ were offered. Lecture sections numbered 13, 
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11, and 13 in DMAT 0097, DMAT 0098, and DMAT 0099, 

respectively. The number of lab sections had changed to 48, 

45, and 39, respectively. In college algebra, the number 

of computer mediated sections increased to nine and the 

lecture sections decreased to 12. (See Table 5.) 

Table 5. Section Type Summary for Spring 1998 

No. of Lecture No. of Lab No. of CM 
Sections Sections sections 

DMAT 0097 13 48 6 
DMAT 0098 11 45 6 
DMAT 0099 13 39 3 
MATH 1414 12 0 9 

The final course grades of students were collected 

from archived data in order to classify them as earning a 

grade of A, B, C, D, F, W (withdrawing), and E (not 

completed, but not failed). Data as to which mode of 

instruction a student had for a course was determined by 

examining the section number and comparing it to the list 

of section numbers for the course in question on the master 

schedule. 

The Population 

The population for this study was the set of students 

enrolled in DMAT 0097, DMAT 0098, and DMAT 0099 in the fall 

semester of 1996, all of the students enrolled in these 
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courses and MATH 1414 in the spring and fall semesters of 

1997 and the spring semester of 1998, and all of the 

students enrolled in DMAT 0097, DMAT 0098, DMAT 0099, and 

MATH 1314 in the summer of 1997 at Richland College. The 

students in MATH 1414 and MATH 1314 were combined for the 

purposes of this study since the course content is the 

same. Richland College is one of seven colleges in the 

Dallas County Community College District and is located in 

a suburban area of Dallas. It offers two-year transfer 

degrees and certificate programs in technical and 

vocational fields. 

The Sample for the Study 

Because the computer mediated mode of instruction was 

a pilot program for the first full academic year (1996-

1997), its enrollment was relatively low compared to the 

other modes of instruction. There were approximately 75 

students enrolled in the six sections of computer mediated 

developmental mathematics in fall of 1996, whereas there 

were about 450 students in lecture sections. The number of 

students who took developmental mathematics in the computer 

mediated environment increased in subsequent semesters. 

Likewise, because less than half of the college algebra 

sections were offered in the computer mediated mode and 
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because computer mediated classes are smaller in size than 

lecture ("Enrollment Summaries", 1996-1997), there were not 

as many students enrolled in that mode of instruction as in 

lecture (for example, 8 0 in computer mediated as opposed to 

440 in lecture, Spring 1997). 

Because the number of sections of each mode of 

instruction is unequal and the number of students in the 

computer mediated and lectures sections is small compared 

to the lab, the entire population of Algebra Fundamentals 

and college algebra students were used for this study. All 

of the students who enrolled in the Algebra Fundamentals 

courses for the fall 1996 semester and the Algebra 

Fundamentals and college algebra courses in spring, summer, 

and fall semesters of 1997 and spring semester of 1998 were 

included in this study. 

Procedure for Analysis of Data 

After the spring semester of 1998, the data for the 

semesters from fall 1996 through spring 1998 were gathered 

and transferred to a computer disk for automatic 

processing. The investigator performed the analyses using 

the computer statistics package, SAS. All of the 

hypotheses were stated in the null form for testing. 
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Testing of Hypotheses 

To test Hypothesis 1, parts A, B, C, and D, a 2 x 3 

chi square contingency table was used. The independent 

variables were the method of instruction for the course and 

the grades received by students completing the course. The 

dependent variable was the number of students who fell in 

each category. For College Algebra, a 2 x 2 chi-square was 

used, since there was no lab method. (See Table 6.) 

Table 6. Number of Students Completing Each Course 
According to Mode of Instruction 

Number of Number of 
A, B,C,D Grades F,W,E Grades 

Computer Mediated # of students 
Lecture 
Lab 

A 3x3 chi square contingency table was used to test 

Hypothesis 2, parts A, B, and C. The independent variables 

were method of instruction in one course and method of 

instruction in its prerequisite course. The dependent 

variable was the number of students who passed both courses 

with a grade of A, B, C, or D. For college algebra, a 3 x 2 

chi square was used. (See Table 7.) 
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Table 7. Number of Students Passing Each Course Based on 
Mode of Instruction 

Course # 2 

Pre-
requisite 
course 

Lecture 
Lab 
CM 

Lecture Lab CM Total 

Total 

* number of students passing both courses 

A 3 x 3 factorial design was used to test Hypothesis 

3, parts A, B, and C. The independent variables were a 

course and its prerequisite. The factors in each were the 

modes of instruction, namely, lab, lecture, and computer 

mediated. The dependent variable was the mean end-of-

semester grade in each cell, (See Table 8.) Because this 

used mean end-of-semester grades, the analysis of variance 

allowed for the testing of differences in the means between 

the types of instructional methods within and between each 

course (Gall, Borg, & Gall, 1996) by the use of post hoc 

multiple comparison tests (Hinkel, Wiersma, & Jurs, 1994). 

Table 8. Mean End-of-Semester Grades of Students in the 
Second Course 

Course # 2 
Pre- CM Lab Lecture 

requisite CM * 

Course Lab 
Lecture 

students who completed both courses 



CHAPTER 4 

DATA AND FINDINGS OF THE STUDY 

Introduction 

There were three purposes of this study. The first 

was to determine which mode of instruction would result in 

a higher proportion of students completing Algebra 

Fundamentals I, Algebra Fundamentals II, Algebra 

Fundamentals III, and College Algebra. The second purpose 

was to determine whether students who had computer mediated 

instruction for Algebra Fundamentals I, Algebra 

Fundamentals II, and Algebra Fundamentals III were more 

likely to earn grades of A, B, C, or D in Algebra 

Fundamentals II, Algebra Fundamentals III, and College 

Algebra, respectively, than students who had the laboratory 

or lecture instructional methods. The third purpose of this 

study was to determine whether the mean end-of-semester 

grades for students in Algebra Fundamentals II, Algebra 

Fundamentals III, and College Algebra would be higher, 

regardless of its mode of instruction, if the prerequisite 
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course (Algebra Fundamentals I, Algebra Fundamentals II and 

Algebra Fundamentals III) was taught using the computer 

mediated method than with the lecture or laboratory method. 

This study utilized archival data from Richland 

College, one of seven colleges in the Dallas county 

Community College District, often called the District. All 

of the students who were enrolled in the four courses in 

the study on the certification day of each semester are 

included. This provided a total of 10,095 complete student 

records over the period of time from fall 1996 through 

Spring 1998. This included students who repeated courses 

and students who continued on to the next course in the 

study. Only the students who took these courses on the 

campus were included in the study. The students who were 

enrolled through the distance learning sections were 

excluded since the mode of instruction used was not one of 

those being tested in this study. 

Section Data 

The total number of students' records was divided into 

the separate courses and semesters, as seen in Table 9. 

There were 3984 students who enrolled in Algebra 

Fundamentals I, DMAT 0097, during the fall 1996 through 

spring 1998 semesters. There were 2387 students who 
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enrolled in Algebra Fundamentals II, DMAT 0098, during this 

same time period, and 1755 students enrolled in Algebra 

Fundamentals III, DMAT 0099. Students whose section numbers 

were "0" were not included in the study since the mode of 

instruction could not be interpreted from this. There were 

only twenty-four students who fell into this category. 

For the spring 1997 through spring 1998 semesters, 

there were 1969 students who enrolled in college algebra, 

either MATH 1414 or MATH 1314. 

Table 9: Number of students and number of sections of each 

course in the study. 

DMAT 0097 DMAT 0098 DMAT 0099 MATH 1314/ 
MATH 1414 

Fall 1996 941 (95) 548 (91) 376 (84) -

Spring 1997 912 (87) 521 (85) 419 (81) 514 (21) 

Summer 1997 283 (34) 195 (29) 190 (33) 302 (11) 

Fall 1997 1009 (71) 551 (65) 355 (57) 660 (25) 

Spring 1998 839 (67) 572 (62) 415 (55) 493 (21) 

Total 3984 (354) 2387 (332) 1755 (310) 1969 (78) 

Note: Number of sections is in parentheses. 

Since one lab section of developmental mathematics 

could have all four courses present at once (PreAlgebra, 

Algebra Fundamentals I, Algebra Fundamentals II, and 

Algebra Fundamentals III), there could have been from one 

to fifteen students of one of the particular courses in a 



73 

given section. Each lab section had a maximum of twenty-

five students. For the fall 1996 semester, each of the 

computer mediated Algebra Fundamentals courses had its own 

section, with at most twenty-five students each. After that 

semester, the courses could be combined in one classroom 

for a total of twenty-five students. The lecture sections 

in developmental mathematics each had a maximum of twenty-

five students. This accounts for the high number of 

sections of classes in developmental mathematics. 

In the college algebra classes, each lecture section 

had a maximum of thirty-four students. The computer 

mediated classes had a maximum of twenty-two students. 

Student Success Data 

Of the 3984 students who took DMAT 0097, 1517 were 

successful and 2467 were unsuccessful, where success was 

defined to be completion with the grade of A, B, C, or D. 

Unsuccessful completion included withdrawals (W), failures 

(F), and E grades, a grade meaning the student did not 

complete the course but was earning a passing grade. In 

DMAT 0098, 1314 students were successful and 1073 were 

unsuccessful. DMAT 0099 had 898 successful students and 857 

unsuccessful students. In college algebra, there were 1026 

successful students and 943 students were unsuccessful. In 
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the college algebra course, only grades of F and W are 

included in the unsuccessful category; the E grade only 

applies to developmental courses. (See Table 10.) 

Table 10. Successful versus Unsuccessful in each course 

DMAT 0097 DMAT 0098 DMAT 0099 College 
Algebra 

Successful 1517 1314 898 1026 
Unsuccessful 2467 1073 857 943 

Total 3984 2387 1755 1969 

Of the 1517 students who were successful in DMAT 0097, 

only 798 continued on to DMAT 0098 in this time period, 

with 579 being successful. Only 736 of the 1314 students 

who had been successful in DMAT 0098 continued on to DMAT 

0099 during this time period. Of those, only 505 were 

successful, even though there were 1755 students who had 

enrolled in DMAT 0099. In DMAT 0099 317 of the 898 

successful students continued on to college algebra during 

the study's time period. Of these, 188 were successful. 

Explanation of Discrepancies 

Students were able to begin the sequence of 

developmental mathematics courses in Algebra Fundamentals I 

(DMAT 0097) or Algebra Fundamentals II (DMAT 0098) based on 

assessment test scores set by the district math curriculum 

committee. Based on the numbers of students in DMAT 0097 
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and DMAT 0098, it was evident that many successful DMAT 

0097 students did not continue on to DMAT 0098. However, 

because so many more students were enrolled in DMAT 0098 

than were successful in DMAT 0097, the indication was that 

this was a starting point for many students within the 

sequence. Furthermore, some students could have transferred 

from other colleges and be placed at that point in the 

sequence. 

The discrepancy between the number of students 

successfully finishing DMAT 0098 and entering Algebra 

Fundamental III (DMAT 0099) could be explained by several 

factors. Although there was no placement test to place 

students directly into DMAT 0099, students who are not as 

prepared for college algebra as they should be tend to go 

back to DMAT 0099. Also, students could enter DMAT 0099 

from other developmental mathematics courses that were 

still offered at other colleges in the district. 

Furthermore, because students can enroll themselves in 

developmental mathematics courses once they have passed the 

TASP, they tend to enroll in the most advanced 

developmental class so that when they finish they may 

continue on to college algebra or other college level 

mathematics courses. 
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College algebra is a first course in mathematics at 

the college level for students. Enrollment in the course is 

dependent upon several factors: 1. completion of DMAT 0099 

or intermediate algebra at another college, 2. assessment 

test scores that are high enough for placement plus two 

years of high school algebra, 3. placement in a more 

advanced course, but the student chooses to enroll in 

college algebra, or 4. placement and/or failure in a more 

advanced course so the student enrolled in college algebra 

for a review. In addition to these reasons, there are 

several more reasons for the small number of successful 

DMAT 0099 students continuing on to college algebra: 1. 

students may have transferred to another school to take 

their college level mathematics, 2. students may have taken 

a different college level course besides college algebra, 

or 3. students chose to wait to take college algebra and 

did not take the course at Richland College during the time 

period of this study. 

Summary of Discrepancies 

The discrepancies between the number of students 

successfully completing a course and the number of students 

enrolled in the following course could be explained by 

several factors: 1. Students took the prerequisite course 
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elsewhere or prior to the time period involved in this 

study, 2. Students placed into the second course and hence 

did not need to enroll in the first course, or 3. Students 

did not continue on to the second course at Richland 

College or did not enroll in the second course during the 

time period of the study. 

Presentation and Analysis of the Data 

Three sets of hypotheses were tested to accomplish the 

three purposes of this study. This section presents an 

analysis of the data and findings acquired in the testing 

of these hypotheses. For the purpose of analysis, each 

hypothesis was stated in null form. In general, an a level 

of 0.05 was used, although occasionally significance was 

shown to exist at the a = 0.001 level. 

Data were acquired from the Office of Institutional 

Research at Richland College listing all the students who 

had taken developmental mathematics and college algebra at 

Richland College during the semesters in question, namely 

fall 1996 through spring 1998. These data were divided 

into the modes of instruction: computer mediated, lecture, 

and lab, according to section number. The successful or 

unsuccessful mode of instruction was determined by the 
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first time that a student was successful or unsuccessful, 

respectively. For example, if a student enrolled in a 

course and was unsuccessful on that first attempt, but was 

successful on the second attempt, then the second attempt 

was used as the successful mode of instruction. If the 

student enrolled twice in a course and was unsuccessful 

both times, the first attempt was taken as the unsuccessful 

mode of instruction. This is following with the assumption 

that the original mode of instruction did not have an 

effect on the successful mode of instruction (Assumption 

#5, p. 18). 

Purpose 1 

The first purpose was to determine which mode of 

instruction will result in a higher proportion of students 

completing Algebra Fundamentals I, Algebra Fundamentals II, 

Algebra Fundamentals III, and College Algebra. 

In order to examine this purpose, the following set of 

hypotheses was tested. Each hypothesis was examined 

separately. The hypotheses were stated in null form in 

order to complete the analysis. 

Hypothesis 1A: A statistically significant greater number 

of students in computer mediated Algebra 

Fundamentals I will be successful, earn 



79 

grades of A, B, C, or D, than students who 

have laboratory or lecture methods for 

Algebra Fundamentals I. 

To test this hypothesis, the following null hypothesis 

was used: There is no difference in the success rates 

between the modes of instruction for Algebra Fundamentals 

I. 

The null hypothesis was rejected since the %2 value was 

significant at the a = 0.05 level, and in fact at the a = 

0.001 level. Thus there was a significant difference in the 

success rates between the modes of instruction. (See Table 

II.) An examination of the standardized residuals (used to 

determine what factor or factors were the major 

contributors to the %2 value (Hinkle, 1994) ) was then 

conducted. These results are shown in Table 12. It was then 

determined that the number of students who were successful 

in the lecture mode of instruction was higher than 

expected. Hence a higher proportion of lecture students 

were successful than in the other modes of instruction. 
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Table 11. Success rates for students in Algebra 

Fundamentals I (DMAT 0097). 

Frequency Successful Unsuccessful Total 

Percent of grand total 

Percent of row total 

Percent of column total 

Computer mediated 117 146 263 

2.94 3. 66 6.60 

44.49 55.51 

7.71 5.92 

Lecture 546 466 1012 

13.70 11.70 25.40 

53.95 46.05 

35.99 18.89 

Lab 854 1855 2709 

21.44 46.56 68.00 

31.52 68.48 

56.30 75.19 

Total 1517 2467 3984 

38.08 61.92 100 

Df = 2, Critical value for %2 = 5.991 (a = 0.05) 
and %2 = 13.815 (a = 0.001). 

Computed %2 = 162.085. 

There were fewer students than expected who were 

successful in the lab method. The number of successful 

students in the computer-mediated mode of instruction did 

not contribute significantly to the %2 value. Hence the 

number of successful students in computer mediated DMAT 
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0097 was not significantly different from the number of 

students expected to be successful. 

Table 12. Standardized Residuals for the %z 

Successful Unsuccessful 

Computer mediated 1.7 -1.3315 

Lecture 8.2053* -6.4297* 

Lab -5.5409* 4.3466* 

IRI> 2 means this is a major contributor to the % value 
* means significant 

Conclusion: The lecture mode of instruction provides 'for 

the largest proportion of students to be successful in DMAT 

0097. Computer mediated mode of instruction provides for 

the next highest proportion and lab provides for the lowest 

proportion of students who were successful in DMAT 0097. 

Hypothesis 1A was shown to be false. 

Hypothesis IB: A statistically significant greater number 

of students in computer mediated Algebra 

Fundamentals II will be successful, earn 

grades of A, B, C, or D, than students who 

have laboratory or lecture methods for 

Algebra Fundamentals II. 
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The null hypothesis that was tested here was: There is 

no significant difference in the success rates between the 

modes of instruction for Algebra Fundamentals II. (See 

Table 13.) 

Because the computed %2 value is greater than the 

critical value for a = 0.05 and even at the a = 0.001 

level, the null hypothesis is rejected. Thus there is a 

significant difference in the success rates between the 

different modes of instruction for DMAT 0098. 

In order to determine where the differences lay, 

the standardized residuals were computed. Since |R|> 2 for 

the lecture method and the lab method, these were the 

methods which gave the significant contribution to the %2. 

(See Table 14.) 

From the residual values, it is noted that the 

lecture method permitted more students to be successful in 

Algebra Fundamentals II than expected and the lab method 

permitted fewer students than expected to be successful. 

The computer mediated mode of instruction did not have a 

significant effect on the %2 value; approximately the 

expected number of successful students existed in this 

category. 
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Table 13. Success rates for students in Algebra 

Fundamentals II (DMAT 0098) 

Frequency Successful Unsuccessful Total 

Percent of grand total 

Percent of row total 

Percent of column 

total 

Computer mediated 92 78 170 

3.85 3.27 7.12 

54.12 45.88 

7.00 7.27 

Lecture 530 311 841 

22.20 13.03 35.23 

63.02 36.98 

40.33 28.98 

Lab 692 684 1376 

28.99 28.66 57.65 

50.29 49.71 

52. 66 63.75 

Total 1314 1073 2387 

55.05 44.95 100 

Df = 2, Critical value for %2 = 5.991 (a = 0.05) 

and x = 13.815 (a 0.001' 
Computed % = 34.245. 



84 

Table 14. Standardized Residuals for the x 

Successful Unsuccessful 

Computer -0.2063 0.2294 
mediated 

Lecture 3.1138* -3.4461* 

Lab -2.3625* 2.6126* 

IRI> 2 means this is a major contributor to the value 
* means significant 

Conclusion: The lecture method allowed the highest 

proportion of students to be successful than the other 

methods. The computer-mediated mode of instruction allowed 

the next highest proportion of students to be successful in 

Algebra Fundamentals II and the lab method had the lowest 

proportion of successful students. Hypothesis IB is thus 

found to be false. 

Hypothesis 1C: A statistically significant greater number 

of students in computer mediated Algebra 

Fundamentals II will be successful, earn 

grades of A, B, C, or D, than students who 

have laboratory or lecture methods for 

Algebra Fundamentals II. 
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The null tested for this hypothesis was: There is no 

significant difference in the success rates between the 

modes of instruction for Algebra Fundamentals III. 

Because %2 = 55.422 is greater than the critical value 

for x2 at the a = 0.001 level, the difference in the success 

rates between the methods is significant. Hence, the null 

hypothesis is rejected. 

By examining the standardized residuals for this 

%2 (see table 16), it is noted that the lecture method 

provided for significantly more of the successful students 

than expected and that the lab method provided for 

statistically fewer successful students than expected for 

Algebra Fundamentals III. The standardized residual values 

for the computer mediated mode of instruction indicate that 

this method was not a significant contributor to the %2. 

However, because the residual was positive for the number 

of successful students and negative for the number of 

unsuccessful students, the indication is that there were 

more successful students than expected in this mode of 

instruction, it just was not a statistically significant 

difference. This lends itself to say that computer 

mediated instruction is slightly better than the lab mode 
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since the lab mode of instruction did have significantly 

fewer successful students than expected. 

Table 15. Success rates for students in Algebra 

Fundamentals III (DMAT 0099) 

Frequency Successful Unsuccessful Total 

Percent of grand total 

Percent of row total 

Percent of column total 

Computer mediated 61 41 102 

3.48 2.34 5.81 

59.80 40.20 

6.79 4.78 

Lecture 394 243 637 

22.45 13.85 36.3 

61.85 38.15 

43.88 28.35 

Lab 443 573 1016 

25.24 32.65 57.89 

43. 60 56.40 

49.33 66.86 

Total 898 857 1755 

51.17 48.83 100 

Df 2, Critical value for %2 - 5.991 (a = 0.05) 

and yf 13.815 (a = 0.001). 
Computed %2 = 55.422. 
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Table 16. Standardized Residuals for the %' 

Successful Unsuccessful 

Computer 1.2481 -1.2728 
mediated 

Lecture 3.7662* -3.8559* 

Lab -3.3767* 3.4574* 

i RI> 2 means this is a major contributor to the x value 
* means significant 

Conclusion: For Algebra Fundamentals III, DMAT 0099, the 

lecture method provided for a statistically significant 

higher number of students to be successful. The computer 

mediated mode of instruction did not have significantly 

more students be successful, but it was better than the lab 

method, where significantly fewer students were successful 

than there should have been. Hence, hypothesis 1C is 

false. 

Hypothesis ID: A statistically significant greater number 

of students in computer mediated College 

Algebra will be successful, earn grades of 

A, B, C, or D, than students who have the 

lecture method for College Algebra. 



The null hypothesis tested was: There is no 

significant difference in the success rates between the 

modes of instruction for College Algebra. 

Table 17. Success rates for students in College Algebra 

(MATH 1314 and MATH 1414) 

Frequency Successful Unsuccessful Total 

Percent of grand total 

Percent of row total 

Percent of column total 

Computer mediated 210 187 397 

10. 67 9.50 20.16 

52.90 47.10 

20.47 19.83 

Lecture 816 756 1572 

41.44 38.40 79.84 

51.91 48.09 

79.53 80.17 

Total 1026 943 1969 

52.11 47.89 100 

Df = 1, Critical value for 
Computed %2 = 0.124. 

3.841 (a = 0.05) 

All of the students who enrolled in MATH 1314 were 

lecture students as noted in Table 3 in chapter 3, so they 

were pooled with the lecture students from MATH 1414 to 

arrive at the following numbers: 397 students enrolled in 

computer mediated college algebra and 1572 students 
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enrolled in the lecture method classes for college algebra. 

The number of successful and unsuccessful students in each 

method of instruction is shown in Table 17. 

Since the computed %2 value is less than the critical 

value for %2 at the a = 0.05 level, the null hypothesis is 

accepted. Thus, there is no difference in the success rates 

for the two modes of instruction. 

Conclusion: For college algebra, there was no difference 

between the two modes of instruction. Hypothesis ID is 

thus shown to be false. 

Summary for Purpose 1 

Purpose 1 was accomplished by testing four hypotheses. 

The purpose was to establish the mode of instruction that 

would allow the highest proportion of students to be 

successful in Algebra Fundamentals I, Algebra Fundamentals 

II, Algebra Fundamentals III, and College Algebra. It was 

hypothesized that for each course, computer mediated mode 

of instruction would allow a statistically significant 

number of students to be successful. In each case, the 

hypothesis was shown to be false. 

For each of the developmental mathematics courses, the 

lecture method allowed a statistically significant greater 
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number of students to be successful. The lab method of 

instruction was shown in each of these cases to have 

significantly fewer students be successful. The computer 

mediated mode of instruction was found to not differ 

significantly from the expected numbers. 

In college algebra, only the lecture and computer 

mediated modes of instruction were examined, since that 

course is not taught by the lab method. No statistically 

significant difference was found between the numbers of 

students who were successful by either mode of instruction. 

Purpose 2 

The second purpose was stated: To determine whether 

students who have computer mediated instruction for Algebra 

Fundamentals I, Algebra Fundamentals II, and Algebra 

Fundamentals III are more likely to earn grades of A, B, C, 

or D, in Algebra Fundamentals II, Algebra Fundamentals III, 

and College Algebra respectively, than students who had the 

lab or lecture instructional methods. 

To accomplish this second purpose of the study, a 

series of three hypotheses were tested. All of the students 

who were successful in the first course were tracked to the 

second course. To determine the successful mode of 

instruction for the first course, the first time a student 
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enrolled and was successful in the course was considered 

the successful mode of instruction. For the second course, 

the first success a student had was considered the 

successful mode of instruction. If a student enrolled in a 

course more than once and was not successful in any of the 

attempts, the first unsuccessful attempt was used as the 

unsuccessful mode of instruction. 

Each hypothesis was stated in null form in order to be 

analyzed statistically. 

Hypothesis 2A: A statistically significant greater number 

of students who had computer mediated 

Algebra Fundamentals I will be successful, 

earn grades of A, B, C, or D, in algebra 

Fundamentals II, regardless of the mode of 

instruction, than students who had lab or 

lecture methods for Algebra Fundamentals I. 

The null hypothesis tested was: There is no difference 

in success rates for students in Algebra Fundamentals II 

between the modes of instruction in Algebra Fundamentals I. 

There were 579 students who were successful in Algebra 

Fundamentals I, DMAT 0097, who then continued on to Algebra 

Fundamentals II, DMAT 0098, and were successful during the 

semesters included in this study. Thirty-two students had 
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computer mediated DMAT 0097, 197 had the lecture method for 

DMAT 0097, and 350 had the lab method for DMAT 0097. The 

numbers of students in each mode of instruction for DMAT 

0098 is shown in Table 18. 

Since the computed %2 value was greater than the 

critical value at the a = 0.05 level and also at the a = 

0.001 level, the null hypothesis was rejected. Hence there 

was a difference in the success rates in DMAT 0098 between 

the modes of instruction. 

To determine where the differences lay, the 

standardized residual was examined. (See Table 19.) It 

was noted that the successful mode of instruction for DMAT 

0098 varied for each mode of instruction for DMAT 0097. 

The students who had taken DMAT 0097 with the computer 

mediated instructional method did not do the best 

statistically regardless of the mode of instruction in DMAT 

0098. The residual showed that more students were 

successful in computer mediated DMAT 0098 than the other 

modes of instruction if they had computer mediated DMAT 

0097. The other two modes of instruction in DMAT 0098 were 

not significant contributors to the %2 in this case. 
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Table 18. Success Rates for Students in Algebra 

Fundamentals II (DMAT 0098) Following Success in Algebra 

Fundamentals I (DMAT 0097) 

Frequency Algebra Fundamentals II 

Percent 

Row percent 

Column Percent 

Algebra 
Fundamentals I 

CM* Lecture Lab Total Algebra 
Fundamentals I 

CM* 12 11 9 32 

2.07 1.990 1.55 5.53 

37.50 34.38 28 .13 

36.36 4.53 2.97 

Lecture 6 146 45 197 

1.04 25.22 7 .77 34.02 

3.05 74.11 22.84 

18.18 60.08 14.85 

Lab 15 86 249 350 

2.59 14.85 43.01 60.45 

4.29 24.57 71.14 

45.45 35.39 82.18 

Total 33 243 303 579 

5.70 41.97 52.33 100.00 

*CM = Computer Mediated 

Df = 4, Critical value for %z 

and 
9.488 (a = 
18.467 (a 

0.05) 
= 0.001). 

Computed %2 = 194.603. 
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Table 19. Standardized Residuals for % . 

Algebra Fundamentals II 

Algebra 
Fundamentals I 

CM Lecture Lab Algebra 
Fundamentals I 

CM 7.07* -0.55 -1.94 

Algebra 
Fundamentals I 

Lecture -1.51 6.92* -5.718* 

Algebra 
Fundamentals I 

Lab -1.12 -5.03* 4.88* 

IRI> 2 means this is a major contributor to the % value 
* means significant 

For lecture DMAT 0097 students, more students were 

successful in lecture DMAT 0098 than in the other modes. 

However, here, the residuals showed that the number of 

students who were successful in lab DMAT 0098 was lower 

than expected. The number in computer mediated DMAT 0098 

showed no significant difference from the expected value, 

but it was slightly less than expected. 

The students who had the lab method of instruction for 

DMAT 0097 were more successful in sections of DMAT 0098 

that were taught with the lab methods. Significantly fewer 

were successful in the lecture sections of DMAT 0098. 

Again, the computer mediated method showed no statistically 

significant difference, although it was slightly lower than 

expected. 
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Conclusion: There were significantly more students who 

were successful in computer mediated DMAT 0098 who had DMAT 

0097 by the computer mediated method than in any other 

method in DMAT 0097. However, although not statistically 

significant, the number of students who had taken DMAT 0097 

with the computer mediated method who then continued to 

DMAT 0098 by lecture or lab and were successful was lower 

than was to be expected. 

Of the students who had the lecture method for DMAT 

0097, significantly more were successful in the lecture 

format of DMAT 0098 and significantly fewer were successful 

in the lab method. Of those who had DMAT 0097 by the lab 

method, significantly fewer were successful in the lecture 

method for DMAT 0098 and significantly more were successful 

in the lab method for DMAT 0098. Again, fewer students than 

expected were successful in the computer mediated DMAT 0098 

if they had taken DMAT 0097 by lab or lecture. Hypothesis 

2A was shown to be false; the method in Algebra 

Fundamentals II did matter for success if the students had 

computer mediated method for DMAT 0097. 

Hypothesis 2B: A statistically significant greater number 

of students who had computer mediated 

Algebra Fundamentals II will be successful, 
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earn grades of A, B, C, or D, in Algebra 

Fundamentals III, regardless of the mode of 

instruction, than students who had 

laboratory or lecture methods for Algebra 

Fundamentals II. 

The null hypothesis tested for this hypothesis was: 

There is no difference in success rates for students in 

Algebra Fundamentals III between the modes of instruction 

in Algebra Fundamentals II. 

There were 736 students who were successful in Algebra 

Fundamentals II who continued on to Algebra Fundamentals 

III. Of these 505 were successful in Algebra Fundamentals 

III, DMAT 0099. There were 27 students who had the 

computer mediated mode of instruction for Algebra 

Fundamentals II, DMAT 0098, 192 had the lecture method, and 

286 had the lab method. These students were all successful 

in DMAT 0099. Table 20 shows the distribution of students 

in the different modes of instruction for DMAT 0099. 
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Table 20. Success Rates for Students in Algebra 

Fundamentals III (DMAT 0099) Following Success in Algebra 

Fundamentals II (DMAT 0098) 

Frequency Algebra Fundamentals III 

Percent 

Row percent 

Column Percent 

Algebra CM Lecture Lab Total 

Fundamentals II Fundamentals II 
CM 15 4 8 27 

2.97 0.79 1.58 5.35 

55.56 14.81 29. 63 

51.72 1.63 3.48 

Lecture 4 165 23 192 

0.79 32. 67 4.55 38.02 

2.08 85.94 11.98 

13.79 67.07 10.00 

Lab 10 77 199 286 

1.98 15.25 39.41 56.63 

3.50 26.92 69.58 

34.48 31.30 86.52 

Total 29 246 230 505 

5.74 48.71 45.54 100.00 

Df = 4, Critical value for %2 = 9.488 (a = 0.05) 

and x2 = 18 .467 (a = 0.001) . 
Computed %2 = 297.791. 

The computed %2 value was statistically significant at 

the a = 0.001 level, indicating that there were significant 

differences in the success rates between the modes of 
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instruction. Upon examination of the standardized residual 

for each cell in Table 20, the significant contributors to 

the %2 were noted. (See Table 21.) 

Table 21. Standardized residuals for the %2. 

Algebra Fundamentals III 

Algebra 

Fundamentals II 

CM Lecture Lab Algebra 

Fundamentals II 
CM 9.19* -2.50* -1.15 

Algebra 

Fundamentals II 

Lecture -2.11* 7.32* -6.86* 

Algebra 

Fundamentals II 

Lab -1.5 -5.26* 6.05* 

IRI> 2 means this is a major contributor to the %2 value 
* means significant 

From the residuals it is seen that there were more 

students who went from computer mediated DMAT 0098 to 

computer mediated DMAT 0099 successfully than were 

expected. However, the number of students who went from 

computer mediated DMAT 0098 to either lecture or lab 

methods of DMAT 0099 was lower than expected, with the 

number in lecture DMAT 0099 being significantly lower. 

Of the students who had taken DMAT 0098 by the lecture 

method, all of the numbers of students who went on to be 

successful in DMAT 0099 were significant. The number of 

students in both computer mediated Algebra Fundamentals III 

and lab Algebra Fundamentals III were lower than expected. 
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The number of students who continued with the lecture 

method in DMAT 0099 and were successful was significantly 

higher than expected. 

Again, as with the previous data, there were 

significantly more students who were successful in both 

courses with the lab method than there were students who 

went from the lab method in the first course (DMAT 0098) to 

either lecture or computer mediated in the second course 

(DMAT 0099). The number of students going from lab to 

lecture was significantly lower than expected for these two 

courses. 

Conclusion: Having the computer mediated method of 

instruction for Algebra Fundamentals II did not provide for 

the most students being successful in DMAT 0099 regardless 

of the mode of instruction. However, of those students in 

computer mediated DMAT 0098, the students who went on to 

computer mediated DMAT 0099 did provide for a substantial 

proportion of the success in DMAT 0099. 

More students who were successful in lecture DMAT 0098 

were successful in the lecture method of DMAT 0099 than in 

the other methods. Also more students who went from lab 

DMAT 0098 to lab DMAT 0099 were successful than if they 

went from lab DMAT 0098 to either of the other two methods 
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for DMAT 0099. Thus, hypothesis 2B was shown to be false. 

The mode of instruction in the second course did matter. 

Hypothesis 2C: A statistically significant greater number 

of students who had computer mediated 

Algebra Fundamentals III will be 

successful, earn grades of A, B, C, or D, 

in College Algebra, regardless of the mode 

of instruction, than students who had 

laboratory or lecture methods for Algebra 

Fundamentals III. 

The null hypothesis used to test hypothesis 2C was: 

There is no difference in the success rates between the 

modes of instruction in College Algebra. 

Since the computed %2 value was less than the critical 

value for the a = 0.05 level of significance, the null was 

not rejected. (See Table 22.) Hence there was no difference 

between the modes of instruction for College Algebra, 

regardless of the mode of instruction in DMAT 0099. 

Conclusion: Since the null was not rejected, hypothesis 2C 

was shown to be false. 
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Table 22. Success Rates for Students in College Algebra 

(MATH 1314 or MATH 1414) Following Success in Algebra 

Fundamentals III (DMAT 0099) 

Frequency College Algebra 

Percent 

Row Percent 

Column Percent 

Algebra CM Lecture Total 

Fundamentals III 
CM 6 8 14 

3.19 4.26 7.45 

42.86 57.14 

12.00 5.80 

Lecture 16 47 63 

8.51 25.00 33.51 

25.40 74.60 

32.00 34.05 

Lab 28 83 111 

14.89 44.15 59.04 

25.23 74.77 

56.00 60.14 

Total 50 138 188 

26.6 73.40 100.00 

Df 4, Critical value for %2 = 5.991 (a = 0.05). 

Computed % = 2.04 9. 

Summary of Purpose 2 

The second purpose of this study was to determine 

whether more students who took Algebra Fundamentals I, II 
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or III by computer mediated mode of instruction were 

successful in Algebra Fundamentals II or III or College 

Algebra, respectively, than in the other modes of 

instruction. 

It was found that for the sequences DMAT 0097 to DMAT 

0098 and DMAT 0098 to DMAT 0099, more students were 

successful in the second course if they had the same mode 

of instruction in both the first and second courses than if 

they had different modes of instruction for the two 

courses. For the sequence DMAT 0099 to college algebra, 

the number of successful students in college algebra did 

not differ statistically between the two modes of 

instruction for college algebra. 

Purpose 3 

The third, and last, purpose of this study was to 

determine whether the mean end-of-semester grades for 

students in Algebra Fundamentals II, Algebra Fundamentals 

III, and College Algebra would be higher, regardless of its 

mode of instruction, if the prerequisite course (Algebra 

Fundamentals I, Algebra Fundamentals II, or Algebra 

Fundamentals III) was taught using the computer mediated 

method than with the lecture or laboratory method. 
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This purpose was examined using a set of three 

hypotheses. These hypotheses were tested using a two-way 

factorial analysis where the two courses' modes of 

instruction were the two independent variables and the mean 

end-of-semester grades was the dependent variable. 

The mean end-of-semester grade was computed by letting 

a grade of A have 4 grade points, a grade of B have 3 grade 

points, a grade of C have 2 grade points, a grade of D have 

1 grade point, and a grade of F have 0 grade points. 

Grades of "W" (withdrawal) and "E" were not included in the 

computation since these are not grades that would be 

considered in students' transcripted grade point averages, 

and hence carry no grade points. The mean end-of-semester 

grade was then computed by summing the grade points and 

dividing by the total number of students in each category. 

Hypothesis 3A: Students who had computer mediated 

instruction for Algebra Fundamentals I will 

have higher end-of-semester grade averages 

in Algebra fundamentals II, regardless of 

the mode of instruction, than students who 

had the laboratory of lecture methods for 

Algebra Fundamentals I. 
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The null hypotheses tested for this hypothesis were: 

1. There is no difference between the row means (means of 

modes of instruction for DMAT 0097), and 2. There is no 

difference between the column means (means of modes of 

instruction for DMAT 0098). 

Table 23. Mean End-of-Semester Grades by Mode of 

Instruction for DMAT 0097 and DMAT 0098. 

Grade Point Average 

Frequency 

Algebra Fundamentals II 

Algebra 

Fundamentals I 

CM Lecture Lab Total Algebra 

Fundamentals I 
CM 1.9375 

16 

2.0000 

13 

2.3000 

10 

2.0513 

39 

Algebra 

Fundamentals I 

Lecture 2.3750 

8 

2.1939 

165 

2.3800 

50 

2.2422 

223 

Algebra 

Fundamentals I 

Lab 2.2778 

18 

2.7222 

90 

2.5261 

268 

2.5638 

376 

Algebra 

Fundamentals I 

Total 2.1667 

42 

2.3619 

268 

2.5000 

328 638 

Table 23 shows the mean end-of-semester grades for 

each combination of modes of instruction for DMAT 0097 and 

DMAT 0098. The number of grades in each cell differs a lot 

and hence in the analysis, the TYPE III sum of squares must 

be used as shown in the ANOVA Summary Table (Table 24) 
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below (personal correspondence with William Brookshire, 

10/31/98). 

Table 24. Two Way ANOVA Summary Table. 

Source Df SS MS F Pr>F 

Mode for 2 6.3862 3.1931 2.66 0.0710 

DMAT 0097 (20.1339) (10.0669) (8.38*) (0.0003) 

Mode for 2 0.9925 0.4963 0.41 0.6619 

DMAT 0098 (0.9304) (0.4652) (0.39) (0.6792) 

Interaction 4 4.4092 1.1023 0.92 0.4534 

(4.4092) (1.1023) (0.92) (0.4534) 

^significant value 

Using the Type III sum of squares, there is no 

significant difference between the modes of instruction in 

DMAT 0097 nor DMAT 0098. There is no significance in the 

interaction between the modes of the two courses either. 

Thus the modes of instruction appear to not have a 

statistically significant effect on the mean end-of-

semester grades in the second course, Algebra Fundamentals 

II. 

However, the overall model for this particular 

analysis shows a significant F value of 2.065 with a Pr>F 

of 0.0073. Hence when the Type I sum of squares are 

considered, there is a significant difference in the row 
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means for the modes of instruction for DMAT 0097. (These 

values are shown in Table 24 in parentheses.) 

After examining a post-hoc test that accounts for the 

unequal cell sizes, there is a significant difference 

between the mean end-of-semester grades for the lab method 

for DMAT 0097 and the computer mediated method for DMAT 

0098. There is no difference between either of these 

methods and the lecture method. Since the mean for the lab 

mode of instruction is 2.5638 and the mean for the computer 

mediated mode of instruction is 2.0513, clearly the 

students who proceed from the lab method of instruction in 

Algebra Fundamentals I to any method in Algebra 

Fundamentals II have higher mean end-of-semester grades 

than the students in the computer mediated mode of 

instruction for DMAT 0097. 

Conclusion: Hypothesis 3A was shown to be false. The lab 

mode of instruction yielded higher grade point averages in 

DMAT 0098 regardless of mode of instruction than the other 

methods of instruction. 

Hypothesis 3B: Students who had computer mediated 

instruction for Algebra Fundamentals II 

will have higher end-of-semester grade 

averages in Algebra Fundamentals III, 
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regardless of the mode of instruction, than 

students who had the laboratory or lecture 

methods for Algebra Fundamentals II. 

The null hypotheses tested for this hypothesis were: 

1. There is no difference between the row means (modes of 

instruction in DMAT 0098), and 2. There is no difference 

between the column means (modes of instruction in DMAT 

0099). 

Table 25. Mean End-of-Semester Grades by Mode of 

Instruction for DMAT 0098 and DMAT 0099. 

Grade Point Average Algebra Fundamentals III 

Frequency 

Algebra 

Fundamentals II 

CM Lecture Lab Total Algebra 

Fundamentals II 
CM 2.4706 1.7143 1.0714 1.7895 

17 7 14 38 

Lecture 3.000 2.2642 1.625 2.1878 

4 193 32 229 

Lab 2.5454 2.5517 2.2044 2.3096 

11 87 225 323 

Total 2.5625 2.3345 2.0775 

32 287 271 590 

Table 25 shows the mean end-of-semester grades for the 

modes of instruction in DMAT 0098 and DMAT 0099. Because 

the frequency of the grades in each cell varied, the Type 
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III sum of squares was used for the analysis of the data. 

(See Table 26.) 

Table 26. Two Way ANOVA Summary Table 

Source Df SS MS F Pr>F 

Mode for 
DMAT 0098 

2 12.71516 

(9.8284) 

6.35758 

(4.9142) 

4.28* 

(3.31*) 

0.0143 

(0.0372) 

Mode for 
DMAT 0099 

2 21.95661 

(30.3644) 

10.97831 

(15.1822) 

7.39* 

(10.22*) 

0.0007 

(0.0001) 

Interaction 4 7.17588 1.79397 1.21 0.3062 

(7.17588) (1.79397) (1.21) (0.3062) 

^significant value 

Using the Type III sum of squares, the F values for 

the mode of instruction for DMAT 0098 and for the mode of 

instruction for DMAT 0099 are significant at the a = 0.005 

level, where the critical value for F is 3.00. Using the 

Type I sum of squares, again just the main effects are 

significant; namely, the grade average for the modes of 

instruction in DMAT 0098 differed significantly and the 

grade average for the modes of instruction in DMAT 0099 

differed significantly. There was no statistically 

significant interaction between the two courses' modes of 

instruction. 

After performing a post-hoc multiple comparison test, 

it was found that the mean end-of-semester grades of 
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students in DMAT 0099 who took DMAT 0098 by the lab method 

was significantly higher than the mean end-of-semester 

grades of those students in DMAT 0099 who had computer 

mediated DMAT 0098. 

Using the multiple comparison test, it was also noted 

that the grade average for the students who had computer 

mediated instruction for DMAT 0099 regardless of mode of 

instruction in DMAT 0098 was higher than the grade average 

for students in the lab method of DMAT 0099. 

Conclusion: The mode of instruction in DMAT 0098 made a 

difference in the mean end-of-semester grade for students 

in DMAT 0099. The lab method for DMAT 0098 provided for a 

higher mean end-of-semester grade in DMAT 0099. 

The mode of instruction in DMAT 0099 made a difference 

in the mean end-of-semester grade for students. The 

computer mediated method provided for the highest grade 

average in DMAT 0099. However, there was no significant 

interaction between the two courses with respect to the 

modes of instruction. 

Hypothesis 3B was found to be false. The computer 

mediated mode of instruction in DMAT 0098 did not provide 

for the highest mean end-of-semester grade in DMAT 0099. 
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Hypothesis 3C: Students who had computer mediated 

instruction for Algebra Fundamentals III 

will have higher end-of-semester grade 

averages in College Algebra, regardless of 

the mode of instruction, than students who 

had the laboratory or lecture methods for 

Algebra Fundamentals III. 

The null hypotheses tested were: 1. There is no 

difference between the column means (means of the modes of 

instruction for college algebra), and 2. There is no 

difference between the row means (means of modes of 

instruction for DMAT 0099). 

Table 27 shows the mean end-of-semester grades for 

each combination of mode of instruction between the two 

courses, Algebra Fundamentals III and College Algebra. The 

row means and the column means for this set of data were 

very similar, and as seen in the analysis of variance 

table, Table 28, were not significantly different. However, 

there was a significant interaction between the modes of 

instruction in Algebra Fundamentals III and College 

Algebra. Thus, it may be concluded that the sequence of 

the methods of instruction is important. 
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Table 27. Mean End-of-Semester Grades by Mode of 

Instruction for DMAT 0099 and College Algebra. 

Grade Point Average 

Frequency 

College Algebra 

Algebra 

Fundamentals III 

CM Lecture Total Algebra 

Fundamentals III 
CM 2.4286 

7 

2.1111 

9 

2.25 

16 

Algebra 

Fundamentals III 

Lecture 2.1053 

19 

2.7917 

48 

2.597 

67 

Algebra 

Fundamentals III 

Lab 2.7241 

29 

2.3646 

96 

2.448 

Algebra 

Fundamentals III 

Total 2.4727 

55 

2.4837 

153 208 

Table 28. Two Way ANOVA Summary Table 

Source Df SS MS F Pr>F 

Mode for 
DMAT 0099 

2 1.11566 0.55783 0.39 0.6788 

Mode for 
College 
Algebra 

1 0.00024 0.00024 0.00 0.9898 

Interaction 2 9.68922 4.84461 3.37 0.0363* 

*significant value 

Examining the mean end-of-semester grades in Table 27, 

it is noticed that the sequence lecture DMAT 0099 to 

lecture college algebra provides for the highest grade 

average, with lab DMAT 0099 to computer mediated college 

algebra yielding the next higher grade average. The two 
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sequences computer DMAT 0099 to lecture college algebra and 

lecture DMAT 0099 to computer mediated college algebra 

appear to have the lowest grade averages. 

Conclusion: Because there was no significant difference in 

the mean grades for the modes of instruction of DMAT 0099 

going into college algebra (the row means), hypothesis 3C 

was found to be false. 

Summary for Purpose 3 

Purpose 3 addressed the mean end-of-semester grades 

for the three sequences of courses and their modes of 

instruction. It was proposed that students going from 

computer mediated instruction in the first course would 

have higher mean end of semester grades in the second 

course regardless of the mode of instruction. This was 

found to be false for all three sequences of courses. 

Summary of Data Analysis 

The three sets of hypotheses tested for this study 

were found to be false. However, other conclusions will be 

able to be drawn from the analysis and these will be 

presented in chapter five. 



CHAPTER 5 

SUMMARY, DISCUSSION, CONCLUSIONS, 

AND RECOMMENDATIONS 

The intent of this study was to determine whether a 

higher proportion of students was able to be successful in 

the computer mediated learning environment than in the 

traditional lecture or laboratory settings in both 

developmental mathematics and college algebra. Also, this 

study considered whether the proportion of students who are 

successful in a particular mode of instruction and the mean 

end-of-semester grade in one course were affected by the 

mode of instruction in the prerequisite course. Three 

purposes were designed to meet this intent and the data 

were gathered for the time period of fall 1996 through 

spring 1998. These data were analyzed using three sets of 

hypotheses. This chapter presents a summary and a 

discussion of the results, draws some conclusions based on 

the results and previous studies, and makes some 

recommendations for further study. 

113 
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Summary and Discussion of Findings 

There were three sets of hypotheses examined in this 

study; each set was related to one of the three purposes 

listed in chapter one. 

Three modes of instruction were considered for Algebra 

Fundamentals I (DMAT 0097), Algebra Fundamentals II (DMAT 

0098), and Algebra Fundamentals III (DMAT 0099). Two modes 

of instruction were considered for College Algebra (MATH 

1414 and MATH 1314). The three developmental courses (DMAT 

prefix) were studied over the time period from fall 1996 

through spring 1998. The college algebra course was 

considered for the time period from spring 1997 through 

spring 1998. The modes of instruction were traditional 

lecture, self-paced laboratory, and a computer mediated 

learning system from Academic Systems©. 

The modes of instruction were initially considered for 

each individual course and a chi-square test was performed 

to determine which of the three provided for the highest 

number of students to be successful. Success was taken to 

mean earning a grade of A, B, C, or D as an end of semester 

grade. It was found that the lecture method in all three 

developmental courses had the highest success rates of all 

three modes of instruction, with computer mediated having 
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the next higher and laboratory having the lowest. For 

college algebra, no differences were found between the 

success rates in the computer mediated and the lecture 

methods. The lab method is not used in college algebra. 

These differences can be accounted for in several ways 

and are not surprising. Kulik, Kulik, and Bangert-Drowns 

(1990) in their meta-analysis of studies involving teaching 

methods found that success rates tended to be higher in 

lecture courses as opposed to self-paced laboratory 

courses. This was due to the fact that lecture classes are 

more instructor-driven. In McKeachie's (1990) historical 

examination of research on teaching methods, he showed 

examples of studies that confirmed this same result. This 

is similar to the situation with the three modes of 

instruction used at Richland College in this study. 

The lecture classes at Richland College are more 

instructor-driven than the laboratory classes. The lecture 

classes tend to have fixed test dates that force the 

students to stay on a pace that will allow for the 

completion of the course in one semester. Although the 

dates for testing may vary from one day to a week, after 

the fixed date for the test, new material is presented and 

the students continue on to the next set of material. In 
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the laboratory, or lab, classes, the students are only 

given a suggested schedule of tests, but they are not 

required to follow it and hence, not as many students 

finish all of the material in the course in one semester. 

The computer mediated classes tend to be more like the 

lecture classes, in that the tests are required to be 

completed by specific dates, and then are not available. 

This again forces the students to proceed through the 

course at more of a pace that will allow them to complete 

the material. 

In addition to the lack of schedule for completing 

material in the lab classes, an additional factor that 

affects the students' progression through the material is 

the mastery aspect of the course. Since the students must 

score 70% or better on the first or second test attempt for 

completion of a unit of material, this slows the students' 

progress and thus hinders the completion of the course. 

This was observed by several other researchers (e.g. Grove 

(1987) and Abadir (1992)) when examining self-paced types 

of courses. 

End-of-semester grades were not considered for each 

method of instruction with respect to single courses in 

this study. However, because of the mastery level and 
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based on the results of other studies mentioned above, the 

grades are probably higher in the lab classes than in the 

lecture or computer mediated classes. This was the case 

when the second course in a sequence was examined in this 

study. 

The developmental mathematics courses form a sequence 

through which students must progress in order to take 

college level mathematics. Therefore, sequences of courses 

were examined in this study to see whether the mode of 

instruction in one course (and success in that mode of 

instruction) affected success and the end-of-semester 

grades in the second course. It was proposed that the 

computer mediated mode of instruction would allow for a 

higher success rate and higher mean end-of-semester grades 

in the second course. This proposition was based on the 

findings at California Polytechnic State University (Cal-

Poly) ("Results", 1997) where students who had taken 

computer mediated intermediate algebra were more successful 

in PreCalculus (similar to college algebra in this study 

(Miller, 1997)) than students who had other intermediate 

algebra courses. 

Several factors could affect the differences in 

findings in this study compared to the findings at 
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California Polytechnic and at St. Petersburg Junior College 

(SPJC, 1997) . First this study involved a longer period of 

time than those two studies. This is important because the 

novelty of the new computer mediated approach (as mentioned 

by Williams in his 1996 study) was overcome some by the 

number of semesters involved. The instructors' attitudes 

toward the new approach, one of excitement, had had time to 

subside so that the computerized mode of instruction was 

just another option for students. The studies at the other 

two colleges were done only during their first year of 

using the Academic Systems© product. 

Second, this study also considered different modes of 

instruction in the second course, both success rates and 

end-of-semester grades. The two studies previously 

mentioned compared computer mediated to non-computer 

mediated but did not divide the non-computer mediated into 

different modes (SPJC, 1997). California Polytechnic 

compared success rates in the second course based on 

computer mediated, traditional and no instruction in the 

first course ("Results", 1997). 

For the students who were successful in Algebra 

Fundamentals I (DMAT 0097), more were successful if they 

had the same method of instruction in Algebra Fundamentals 
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II (DMAT 0098) than if they changed modes of instruction. 

This is most likely accounted for in two ways: 1. The 

students became accustomed to that method of instruction, 

and 2. DMAT 0098 reviewed a lot of material that had been 

covered in DMAT 0097. 

The students who went from the lecture method in DMAT 

0097, however, did not fare as well in lab or computer 

mediated DMAT 0098 as was expected (see Table 19). This 

could be due to the fact that in both computer mediated and 

lab, the students are required to determine for themselves 

what material to focus on for tests and how fast to work 

more so than in an instructor-led lecture. This is backed 

in part by the data showing that students who went from lab 

to computer mediated where this self-teaching and pacing is 

a feature were more successful than those going from 

lecture to lab or computer mediated. 

The repetition of material is also a factor in the 

success rates of lab to lab, lab to computer mediated, and 

computer mediated to computer mediated, compared to lab to 

lecture. However, the changing of presentation styles 

(different "textbook" authors, as put forth by Dubin and 

Taveggia (1968)) could be a reason for computer to lab and 
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lab to computer mediated being slightly lower (though not 

statistically significant) than expected. 

For students who were successful in DMAT 0098 in the 

computer mediated mode of instruction, more were successful 

in the computer mediated mode of instruction for Algebra 

Fundamentals III (DMAT 0099) than any other. This success 

rate was a major contributor to the difference in success 

rates of the modes of instruction for DMAT 0099 (see Table 

21). Again, the success rates in lecture to lecture and 

lab to lab were also better than expected. Now though, 

lecture DMAT 0098 did not do as well in computer mediated 

or lab DMAT 0099. Since DMAT 0099 covered the second half 

of the same textbook as DMAT 0098 lab and lecture, it is of 

much interest that more students (lecture DMAT 0098) were 

not successful in lab DMAT 0099. This could be due to a 

lack of self-discipline to learn new material on their own 

after having an instructor lecture for the first half of 

the book, which was mostly review from DMAT 0097. 

Furthermore, the change in textbook styles could have 

affected the number of students being successful in the 

computer mediated DMAT 0099 since the computer is 

presenting the material much as an interactive lecture. 
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In going from DMAT 0099 to College Algebra, there was 

no significant difference between the modes of instruction. 

This would indicate that the background of the prerequisite 

material was enough to overcome the differences in the 

modes of presentation in college algebra ("Program Review", 

1994; Head and Lindsey, 1984). 

The last purpose, and hence set of hypotheses of this 

study, considered the mean end-of-semester grades in the 

second course of each two course sequence. The results for 

this purpose were mixed through the three sequences. 

For students who were successful in DMAT 0097, the 

mode of instruction in DMAT 0097 had an affect on their 

performance in DMAT 0098. The mean end-of-semester grades 

in DMAT 0098 for students who had lab DMAT 0097 were 

highest and were significantly higher that the grades for 

the computer mediated DMAT 0097 students. There was no 

statistical difference between the lecture and lab or the 

the lecture and computer mediated modes of instruction for 

DMAT 0097. There were no statistical differences between 

the modes of instruction in DMAT 0098 and there was no 

interaction between the modes of instruction in the two 

courses. 
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Because DMAT 0098 covered a lot of the same material 

as DMAT 0097, the lab students in DMAT 0097 had higher 

grades in DMAT 0098 since they had to achieve higher levels 

on tests in DMAT 0097 indicating most mastery of the 

material. The fact that the computer mediated method in 

DMAT 0097 had the lowest mean grade in DMAT 0098 could be 

due to the lack of requirement for mastery in order to 

proceed through the course. There were almost three times 

as many grades of F given in the cohort of computer 

mediated DMAT 0098 students than in the cohort of lab DMAT 

0098 (18% versus 7%). 

Furthermore, the computer mediated to computer 

mediated had the lowest mean grade. This could be due to 

the small number of students in this category and the 

change in expectations from teacher to teacher. These 

changes would not necessarily be overcome by these small 

numbers of students. 

In going from DMAT 0098 to DMAT 0099, again the lab 

DMAT 0098 had the highest mean grade when compared to the 

lecture and computer mediated methods for DMAT 0098. The 

DMAT 0099 students who were successful in lab DMAT 0098 had 

higher mean grades than those in computer mediated DMAT 
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0098 and neither of these methods differed significantly 

from lecture. 

For this sequence, there was also a difference between 

the modes of instruction for DMAT 0099 (regardless of mode 

for DMAT 0098). Here, it was found that the computer 

mediated DMAT 0099 students had the highest mean grades and 

that it was significantly higher than lab DMAT 0099, but 

there was no statistical difference between lecture and 

computer mediated or lecture and lab. This differs 

somewhat from the results that Robinson (1990) had in his 

small study where the final exam grades for the students 

who had lab in the second course were higher. However, 

end-of-semester grades were not considered in that study. 

There was still no interaction between the modes of 

instruction in the two courses. 

There was statistically significant interaction 

between the modes of instruction for DMAT 0099 and college 

algebra. Although lecture to lecture had the highest mean 

grade, lab to computer mediated had the next highest, and 

when Table 27 is examined, it is noticed that computer 

mediated to lecture and lecture to computer mediated have 

the lowest mean grades. 
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The fact that lecture to computer mediated instruction 

is lowest could be due to the fact that in the computer 

mediated mode of instruction, students must be able to take 

notes and learn on their own from the computer. Students 

who have had only lecture courses (or lab courses) do not 

necessarily know what to take notes on without being 

specifically told. Especially in a more advanced course 

like college algebra this could make a difference. 

The fact that computer mediated to lecture is low 

could be attributed to the repetitive aspect of the 

program. The students get used to being able to repeatedly 

listen to the material that is not necessarily a 

possibility with a lecturer. The interaction and constant 

feedback associated with the computer program is not 

present in a lecture in a one-to-one fashion, either. 

Once students have successfully completed the 

developmental mathematics sequence, content-wise they are 

prepared for college algebra. However, if they have had the 

computer mediated or lab methods for developmental 

mathematics, they have learned how to learn for themselves 

rather than needing to have material given to them as in a 

lecture. This aspect is probably a factor in the success 

rates and grades from one course to another. 
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Even though there are some statistically significant 

differences between the modes of instruction in a course 

and in its prerequisite, it must be carefully noted that 

the numbers of students in each combination of modes of 

instruction differ greatly and many are small. Thus, 

although conclusions can be drawn based upon these 

statistics, these may not be inferable to other populations 

without further study. 

Conclusions 

The computer mediated method of instruction provided 

for a success rate in each developmental mathematics course 

that was superior to the success rate in the lab courses. 

It provided for a success rate that was approximately the 

same as for lecture in the college algebra course. Thus, 

the computer mediated mode of instruction is a method that 

should be provided for students since it did not have a 

statistically significant lower success rate. 

For the developmental mathematics sequences, the 

success rate for students who had the same mode of 

instruction for two courses in a row was higher than those 

who changed modes of instruction. However, mean end-of-

semester grades were higher in the second course if 

students had lab for the first course. 
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In general, all three hypotheses for this study were 

proven to be false. However, it was shown that the 

computer mediated mode of instruction does provide an 

option for students to learn mathematics in a mode that is 

not traditional. 

Recommendations 

Caution must be exercised in inferring these results 

to larger populations though, because of the unequal and 

small numbers. Hence a number of recommendations are being 

put forward to continue the study of these methods. 

1. The computer mediated mode of instruction should be 

studied for more periods of time, now that it is past the 

pilot stage, and involve larger numbers of students. 

2. College algebra students should be tracked as to how 

they fare in courses after college algebra compared to the 

successful mode of instruction in college algebra. 

3. Sequences of three or more courses should be examined 

with respect to the modes of instruction. 

4. Students' learning styles should be examined in addition 

to the successful mode of instruction to see if there is a 

relationship between the two. 
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5. Correlation studies should be done to test whether the 

mode of instruction or the change in textbook is having the 

effect on the success rates and grades. 

6. The study needs to be lengthened to cover a longer 

period of time so that more students have had all three 

modes of instruction. 

7. Although cost effectiveness was not an aspect of this 

study, it should be included when evaluating whether a 

particular mode of instruction is more effective than 

another. 
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DMAT 0097 Course Objectives 

This course enables students to: 

1. add, subtract, multiply, and divide real numbers 

2. solve linear equations 

3. solve application problems 

4. apply the properties of exponents 

5. simplify polynomial expressions 

6. factor polynomials over the integers 

7. graph and write linear equations in two variables 

8. solve systems of linear equations. 

Course content for Lecture and Lab Sections 

Text: Hubbard, E. and Robinson, R. D. (1996). Elementary 

Algebra: A Graphing Approach. Lexington, Massachusetts: D. 

C. Heath. 

Chapter 1: The Real Number System 

Chapter 2: Algebra Basics 

Chapter 3: Applications 

Chapter 4: Properties of Lines 

Chapter 5: Systems of Linear Equations 

Chapter 6: Exponents and Polynomials 

Chapter 7: Factoring 
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Course Content for Computer Mediated Sections 

Text and Program: Interactive Mathematics™ from Academic 

Systems©. (1995-1998). Mountainview, California. 

Topic 1: Real Numbers 

Topic 2: Solving Linear Equations 

Topic 3: Introduction to Graphing 

Topic 4: Graphing Linear Equations (except Graphing 

Inequalities) 

Topic 5: Solving Linear Systems (except Systems of 

Inequalities) 

Topic 6: Exponents and Polynomials 

Topic 7: Factoring 
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DMAT 0098 Course Objectives 

This course enables the student to: 

1. apply the definition and rules of exponents to simplify 

expressions 

2. solve linear and absolute value equations and 

inequalities 

3. graph lines and inequalities on the rectangular 

coordinate system and write equations of lines 

4. solve systems of equations and inequalities and 

demonstrate this ability by solving word problems 

5. use properties of functions and relations, identify 

relations which are functions, and give the domain and 

range of functions. 

Course Content for Lecture and Lab Sections 

Text: Hubbard, E. and Robinson, R. D. (1995). Intermediate 

Algebra: A Graphing Approach. Lexington, Massachusetts: D. 

C. Heath. 

Chapter 1: Algebra Basics 

Chapter 2: The Coordinate Plane and Functions 

Chapter 3: Linear Equations and Inequalities 

Chapter 4: Properties of Lines 

Chapter 5: Systems of Linear Equations 
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Course Content for Computer Mediated Sections 

Text and Program: Interactive Mathematics™ from Academic 

Systems©. (1995-1998). Mountainview, California. 

Topic 3: Introduction to Graphing 

Topic 4: Graphing Linear Equations 

Topic 5: Solving Linear Systems 

Topic 11: Functions and Graphing (except the Algebra of 

Functions) 

Topic E II A: Real Numbers and Exponents 

Topic E II C: Equations and Inequalities 

Topic E II F: Absolute Value 
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DMAT 0099 Course Objectives 

This course enables the student to: 

1. perform polynomial operations and factor polynomials 

2. perform operations with rational and radical 

expressions, including complex numbers 

3. solve quadratic, radical, and rational equations 

4. solve quadratic and rational inequalities 

5. solve systems of nonlinear equations. 

Course Content for Lecture and Lab Sections 

Text: Hubbard, E. and Robinson, R. D. (1995). Intermediate 

Algebra: A Graphing Approach. Lexington, Massachusetts: D. 

C. Heath. 

Chapter 6: Polynomials 

Chapter 7: Rational Expressions 

Chapter 8: Radical Expressions 

Chapter 9: Quadratic Equations 

Chapter 10: Conic Sections (The Parabola and Systems of 

Nonlinear Equations only) 
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Course Objectives for Computer Mediated Sections 

Text and Program: Interactive Mathematics™ from Academic 

Systems©. (1995-1998). Mountainview, California. 

Topic 8: Rational Expressions 

Topic E II B: Polynomials 

Topic 9: Rational Exponents and Radicals 

Topic 10: Quadratic Equations 

Topic 13: More Nonlinear Equations and Inequalities 
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College Algebra Course Objectives 

This course enables the student to: 

1. solve equations and inequalities involving polynomial, 

rational, radical, exponential, logarithmic, and 

absolute value functions 

2. graph polynomial, rational, radical, exponential, 

logarithmic, and absolute value functions 

3. solve linear and nonlinear systems of equations and 

inequalities 

4. find zeros of polynomial functions 

5. expand powers of binomial expressions 

6. use mathematical induction 

7. identify arithmetic and geometric sequences and series. 

Course Content for Lecture Sections 

Text: Sullivan, M. (1996). Precalculus (4th ed.). Upper 

Saddle River, New Jersey: Prentice Hall. 

Chapter 1: Preliminaries 

Chapter 2: Functions and their Graphs 

Chapter 3: Polynomial and Rational Functions 

Chapter 4: Exponential and Logarithmic Functions 

Chapter 10: Systems of Equations and Inequalities 
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Chapter 11: Sequences; Induction; Counting; Probability 

(not Counting or Probability) 

Course Content for Computer Mediated Sections 

Text and Program: Interactive Mathematics™ from Academic 

Systems©. (1995-1998). Mountainview, California. 

Topic E III B: Algebraic Expressions 

Topic E III C: Equations and Inequalities 

Topic 11: Functions and Graphing 

Topic 12: The Exponential and Logarithmic Functions 

Topic 13: More Nonlinear Equations and Inequalities 

Topic 14: Nonlinear Functions and Theory of Equations 

Topic 16: Matrices and Determinants (Matrices only) 

Topic 17: Induction; Binomial Theorem; Sequences and 

Counting (except Counting) 
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