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The purposes of this study were (a) to develop, 

implement, and evaluate a computer-oriented instructional 

program for introductory calculus students, and (b) to 

explore the association between a computer-oriented calculus 

instructional program, a non-computer-oriented calculus 

instructional program, student achievement on three selected 

calculus topics, and student attitude toward mathematics. 

An experimental study was conducted with two groups of 

introductory calculus students during the Spring Semester, 

1989. The computer-oriented group consisted of 32 students 

who were taught using microcomputer calculus software for 

in-class presentations and homework assignments. The non-

computer-oriented group consisted of 40 students who were 

taught in a traditional setting with no microcomputer 

intervention. 

Each of three experimenter-developed achievement 

examinations was administered in a pretest/posttest format 



with the pretest scores being used both as a covariate and 

in determining the two levels of student prior knowledge of 

the topic. 

For attitude toward mathematics, the Aiken-Dreger 

Revised Math Attitude Scale was administered in a pretest/ 

posttest format with the pretest scores being used as a 

covariate. Students were also administered the MAA Calculus 

Readiness Test to determine two levels of calculus 

prerequisite skill mastery. 

An ANCOVA for achievement and attitude toward 

mathematics was performed by treatment, level, and 

interaction of treatment and level. Using a .05 level of 

significance, there was no significant difference in 

treatments, levels of prior knowledge of topic, nor 

interaction when achievement was measured by each of the 

three achievement examination posttests. Furthermore, there 

was no significant difference between treatments, levels of 

student prerequisite skill mastery, and interaction when 

attitude toward mathematics was measured, at the .05 level 

of significance. 

It was concluded that the use of the microcomputer in 

introductory calculus instruction does not significantly 

effect either student achievement in calculus or student 

attitude toward mathematics. 
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CHAPTER I 

INTRODUCTION 

For the previous two decades, educators have been 

exploring the potential of the computer for instruction. 

Innovative efforts have produced considerably varied 

computer applications in instruction, such as simulation, 

tutoring, gaming, and word processing. Mathematics 

education has been among the most extensively explored 

areas, because a broad base of experience and materials 

exists for mathematics instructional computing. 

Students and teachers alike have become excited and 

enthusiastic about the computer as a new tool in the 

classroom. However, certain limitations or flaws in what 

has been attempted need to be recognized as a basis for 

considering more mature manifestations of computer usage in 

the future. 

Hatfield (1984) asserts that the changing roles of the 

teacher and the learner have not been carefully considered 

during past efforts with instructional computing. Too 

often, mathematics teachers have been merely informers while 

students have been merely receivers. The computer could be 

used effectively as an interactive source of information. 



It may also be used to provide a context in which learners 

solve, generalize, search, observe, experiment, simplify, or 

deduce. Whether mathematics teachers facilitate such 

processes through instructional computing will depend upon 

the activities in which they involve their students. The 

teaching act may be changed, and it is certainly to be hoped 

that it will be changed in ways that capitalize on the 

computer as an instructional tool. The result will put the 

mathematics teacher into personal interactions with the 

student. 

If mathematics instruction is to be supplemented by the 

use of computers, it is important that attempts be made to 

answer these questions: 

1. Does computer-oriented mathematics instruction, 

under carefully controlled conditions, increase the 

effectiveness of instruction in mathematics? 

2. Can computer-oriented mathematics instruction 

strengthen the students' mechanical skills in problem 

solving? 

3. Can the use of computers increase student interest 

in mathematics and motivate students to study mathematics 

further? 



Statement of the Problem 

The problem of this study was the association between 

computer-oriented mathematics instruction, non-computer-

oriented instruction, student achievement, and student 

attitude toward mathematics. 

Purposes of the Study 

The purposes of this study were: 

1. To develop, implement, and evaluate a computer-

oriented instructional program for introductory calculus 

students, 

2. To explore the association between a computer-

oriented mathematics instructional program, a non-computer-

oriented mathematics instructional program, and student 

achievement on three selected calculus topics, and 

3. To explore the association between a computer-

oriented mathematics instructional program, a non-computer-

oriented mathematics instructional program, and student 

attitudes toward mathematics. 

Statement of Hypotheses 

The following hypotheses were investigated for each of 

the selected calculus topics used in the study: 

H-|. Treatments. There will be no difference in levels 

of achievement between the two treatment groups. 



H2« Levels. There will be no difference in 

achievement between the two student levels of prior 

knowledge of a topic. 

H3. Interaction. There will be no interaction between 

treatments and levels of prior knowledge of a topic when 

achievement is controlled for. 

H4. Treatments. There will be no difference in 

attitude toward mathematics between the two treatment 

groups. 

H5. Levels. There will be no difference in attitude 

toward mathematics between the two levels of student 

prerequisite content mastery. 

Hg. Interaction. There will be no interaction between 

treatment and levels, when attitude toward mathematics is 

controlled for. 

Background and Significance of the Study 

Calculus - A Rationale for Change 

Calculus has held a special place in the college 

mathematics curriculum for many years. It is central to the 

mathematical sciences, is fundamental to the study of all 

sciences and engineering, and belongs to the core 

undergraduate mathematics curriculum for all students 

(Douglas, 1986). This central role of calculus was 

unchallenged until about 5 years ago when a group of 

computer scientists and mathematicians argued that a 



"revolution was in order because of the radical change in 

mathematics and its application" (p. 4). That revolution 

was for finite mathematics to replace theoretical calculus 

as the central core because of the growing importance of 

computers and the new questions and applications of 

mathematics which computers made possible. In response, 

many colleges and universities began to experiment with 

teaching finite mathematics in place of, or in addition to, 

theoretical calculus. Attempts at this were viewed as 

"neither foundational nor central, but rather additional 

study in mathematics" (Douglas, 1986, p. 4). 

The issue became so heated that in January 1986, the 

Mathematical Association of America (MAA) called for a 

conference/workshop of mathematics educators to develop 

alternative curriculum and teaching methods for calculus. 

As a result, numerous reports, proposals, and 

recommendations were brought forth to the mathematics 

education community. A consensus was reached at the 

national conference that "there appears to be a general 

dissatisfaction with calculus, both among students and 

faculty. . . . It comes from the perception that calculus 

courses currently do not meet the needs they were designed 

to meet—and once did meet" (Report of the Methods Workshop, 

1986, p. 15). Among the complaints voiced about the 



state-of-the-art curriculum were that most current calculus 

courses: 

"are superficial . . .," "do not develop understanding 

. . .," "fail to prepare science students for 

applications of mathematics to their 

disciplines . . .," "fail to convey to mathematics 

students a sense of mathematical thinking . . .," 

"provide a far too narrow scope of mathematical 

thinking, and range of behaviors expected of the 

students . . . " (p. 15) 

One of the major recommendations emerging from the 

conference was "the need for calculus to illustrate the use 

of contemporary technology as it applies to mathematics" 

(Report of the Methods Workshop, 1986, p. 18). 

The Methods Workshop reported that 

many topics are dramatically illustrated with the help 

of technology. Moreover, the use of technological 

tools to do computations can free both teacher and 

students from tedium—thus allowing them to focus on 

conceptual rather than computational matters . . . 

graphing programs can relieve more complex functions 

for analysis than otherwise possible. . . . There are 

now on the market a number of software packages 

designed for calculus instruction. (p. 19) 



Computers in Calculus 

The advantages of using the computer in teaching 

introductory calculus have been well established during the 

past two decades, as a good amount of relevant material has 

found its way into print (Miles, 1971). Heid (1988) states 

that "introductory calculus is an ideal testing ground for 

the notion of using the computer as a tool in concept 

development . . . instructors introduce limits, derivatives, 

and integration with soon-to-be dashed hopes that students 

will understand the concepts (p. 3). Different models have 

been proposed, but none have been established as a clear 

preference (Berkey, 1977). One common approach has been to 

establish a separate course parallel with calculus, usually 

entitled Calculus and Computing, or something similar, in 

which the basics of programming are introduced and the 

students learn to write programs involving topics from 

elementary calculus. In contrast to the above approach, 

some calculus instructors have made use of the computer in a 

more passive way, such as utilizing it as a demonstration 

device in the classroom to display output or "canned" 

programs. Other approaches include using computers with 

time-sharing capabilities to develop self-help laboratories 

for calculus students. Berkey (1977) states that "It seems 

clear that a wholesale changeover to a computer-based 

approach to introductory calculus is not going to occur to 
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any large extent" (p. 173). However, with students arriving 

at college more sophisticated in their understanding and 

usage of microcomputers, and with the affordability and 

accessibility of microcomputer systems and calculus 

software, it seems obvious that it is indeed desirable to 

make use of the microcomputer in a non-trivial way in 

calculus instruction. The significance of this study was 

obtaining answers to lingering questions, such as: (a) Will 

the computer-oriented mathematics instruction strengthen the 

students' understanding of the calculus concepts? or (b) 

Will the use of microcomputers increase student interest and 

motivation towards calculus? 

Definition of Terms 

Computer-Oriented Instruction Program—a teaching/ 

learning environment in which both instructor and students 

use the microcomputer as a supplement to classroom 

instruction. 

Non-Computer-Oriented Instructional Program—a 

teaching/learning environment in which the instructor 

presents course materials in organized modules with no 

instructional aids other than a chalkboard and textbook. 

Mathematics 124—a five-credit hour course at 

Brookhaven College, of the Dallas County Community College 

District, designed for students who will be majoring in 

mathematics, engineering, computer science, and other 



sciences. It is the study of introductory calculus and its 

applications. 

Attitude Toward Mathematics—perceptions that an 

introductory calculus student has towards mathematics as 

measured by the Aiken-Dreger Revised Math Attitude Scale 

(Shaw, 1967). 

Achievement on a Calculus Concept—performance of an 

introductory calculus student as measured by one of three 

achievement examinations developed and validated by the 

experimenter. 

Delimitations 

1. The study was limited to students enrolled in 

Mathematics 124 at Brookhaven College during the Spring 

Semester, 1989. 

2. There was no control group associated with the 

study. 

3. The sample was an availability sample, not a random 

one. 

Basic Assumptions 

1. The students involved in the study responded 

honestly to the instruments used. 

2. The experimenter, who also taught introductory 

calculus to both treatment groups during the Spring 

Semester, 1989, introduced no bias into the study. 
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3. The use of a single instructor to administer both 

treatments reduced effects due to differences in teaching 

styles. 

4. Additional mathematics learning related to the 

study of calculus did not invalidate the study. 



CHAPTER II 

REVIEW OF THE LITERATURE 

A synthesis of the literature reveals several studies, 

both early and recent, that compare computer-oriented 

calculus relative to achievement and attitude towards 

mathematics. 

Early Studies 

In 1969, the first "push" toward integrating the 

computer into the calculus class on the national level came 

from the Center for Research in College Instruction of 

Science and Mathematics (CRICISAM) in the form of a 

textbook—The CRICISAM Computer-Oriented Calculus. Two 

years later, a questionnaire was sent to all institutions 

known to be using the text. Forty percent of the 

instructors reported that they had a better experience with 

the CRICISAM approach than the traditional approach; 54% 

claimed that they could find no difference between the two 

approaches, and 6% of the instructors felt that they had 

better success with the traditional approach (The Center for 

Research in College Instruction of Science and Mathematics, 

1971). 

11 
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One of the colleges adopting the CRICISAM text was 

Mohawk Valley Community College in upstate New York. Sanger 

(1977) reported that in 1970, one-half of the engineering 

freshmen took the computer-oriented calculus, while the 

remainder took the traditional calculus. At the end of the 

first year, all students integrated into the regular 

sequence to complete their calculus requirements. In the 

first 5 years of its tenure, nearly 225 students entered the 

computer-oriented calculus and about 174 completed it 

successfully. As reported by Sanger (1977), 

Students enjoyed the courses, accepting the computer as 

one of the tools with which they must be familiar in 

society. Since the computer is used in several 

subsequent courses, those students with the computer 

calculus background found that they had an additional 

advantage in these areas. (p. 216) 

In 1973, Rice (1973) compared three methods of teaching 

freshmen calculus: traditional instruction, computer-

assisted instruction, and programmed packets (written 

material paralleling the computer programs). The methods 

were used to teach limits, derivatives, and integrals of 

functions. No significant difference was found between the 

three teaching methods, however, the computer-assisted 

instruction group produced slightly higher achievement test 
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scores, and student attitudes toward the computer were 

favorable. 

Basil (1974) investigated the effects of student-

written computer programs on the students' achievement and 

attitude in elementary calculus. The experimental group 

studied BASIC programming language and used interactive 

computers for completing an appropriate set of calculus 

homework problems. The control group used calculators as an 

aid for completing the same set of homework problems. Basil 

concluded that writing computer programs has no significant 

effect on achievement in elementary calculus, as supported 

by the finding of no significant differences between control 

and experimental groups for three achievement tests in 

calculus. However, in most instances, positive attitudes 

toward interest in and understanding of both calculus and 

the use of computational devices were found. 

In a non-experimental study, Leinbach (1971) taught 

Fortran programming during the first two weeks of class to 

freshman calculus students at Gettysburg. After the first 

two weeks, students were assigned weekly computer lab 

assignments involving the study of limits, continuity, and 

derivatives. Students completing the course were 

enthusiastic about their experience and seemed to have 

developed a better feeling for calculus. 
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0'Loughlin (1976) conducted a study in which one 

calculus class was taught by the traditional lecture method 

and another class used lecture and mini-computer. The use 

of the mini-computer allowed discussion of numerous examples 

of a concept, inclusion of topics normally omitted or 

reserved for a subsequent course, and inclusion of more 

realistic applications of calculus. The class which used 

the mini-computer performed as well on all concepts as the 

other class, but did significantly better on topics 

involving a function and its derivatives, the definite 

integral, and solving maximum-minimum problems. O'Laughlin 

concluded that by using the mini-computer, the student can 

work on enrichment topics and topics not normally considered 

without weakening the topics usually covered. 

Recent Studies 

In 1983, Hickernell and Proskurowski (1983) at 

University of Southern California utilized a multi-user 

microcomputer system with graphics terminals in the first 

semester of calculus. Students ran user-friendly, menu-

driven software which helped them solve calculus problems 

and illustrate calculus concepts. A significant difference 

was observed between final exam scores in favor of the 

students with computer exposure over the students studying 

calculus traditionally. In a follow-up questionnaire, the 



15 

majority of the students exposed to the microcomputer 

thought that the system improved geometric intuition. 

Hawker (1986) examined the association between 

achievement, attitude, and drop-out rate in business 

calculus when four calculus skills usually done manually 

were replaced by the computer algebra system, Mu-Math. No 

significant differences were observed between the treatment 

group and the control group in achievement, attitude, and 

drop-rate. However, students in the treatment group showed 

slightly higher achievement on conceptual problems than 

control group students, with no loss of mechanical skills. 

Gesshel-Green (1987) conducted a study of two algebra 

II classes. The experimental group interacted with a 

microcomputer graphics program during classroom demon-

strations and seven sessions in a computer laboratory, 

while the control group was taught the same content, but 

without the use of the microcomputer. The findings 

indicated that interactive computer graphics had no 

significant effect on achievement based on scores of 

formative tests or researcher-constructed exams. However, 

students in the treatment group did score higher than the 

control group on these standardized achievement tests based 

on ANCOVA with repeated measures. 

In a non-experimental study at Colby College, Hossack, 

Lane, and Small (1985) experimented with using a computer 
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symbolic mathematical system in an introductory calculus 

course. Students used MACSYMA, a commercially-available 

symbolic algebra system, to solve homework problems, 

experiment with concepts, and solve examination questions. 

All students were surprised at the capability of the system 

and found it easy to use. The results of the experience 

showed that 

the symbolic system elevated the sophistication of 

particular exercises. Students are forced to consider 

the relevant questions; the computation is discounted. 

It allows some of the classroom time previously spent 

on teaching algorithms (e.g. integration) to be devoted 

to motivation and development of concepts, (p. 20) 

A Survey of the Uses of Microcomputers 

in Calculus 

A review of the literature also reveals that over the 

past 15 years there has existed a wide variety of uses for 

supplementing the teaching of calculus with microcomputer 

software. Myers (1981) has used as a classroom lecture aid 

programs which provide user-controlled animation of images 

of surfaces in three-space. Shneiderman (1974) has used the 

computer and a light pen in an interactive computer 

graphics system to make it easy to manipulate up to fourth 

degree polynomials with coefficients chosen by the students. 
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The derivative of the polynomial can also be shown on the 

same set of axes at a different intensity. 

Researchers at the Georgia Institute of Technology have 

used graphics generating devices to illustrate such calculus 

concepts as function plotting, convergence of upper and 

lower approximations to the definite integral and quadratic 

surfaces (Christensen, 1981). Blattner (1981) at California 

State University has used computers for in-class demon-

strations, utilizing programs that perform numerical 

integration. 

Long (1976) used computer graphics to produce a 

sequence of computer generated pictures entitled "Peaks, 

Ridge, Passes, Valley, and Pits—A slide study of f(x,y) = 

Ax 2 + By2." He has used these pictures to present concepts 

of two function variables in which a regular non-planar 

point on a smooth surface can be classified as elliptic, 

parabolic, or hyperbolic. Johnsonbaugh (1976) used the 

computer to calculate partial sums of an infinite series to 

illustrate limits. Students then examined the partial sums 

to determine convergence or divergence of the series. 

In calculus courses at Simmons College, students used 

canned computer programs which require no prior programming 

knowledge. Typical programs include calculations of Riemann 

sums and the investigation of the limit as x tends to zero 

of (sin x)/x. The student programs were written to be 
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self-contained in order to make the students feel as though 

they were in control of routine calculations (Menzin, 1976). 

At Duke University, introductory calculus students met an 

extra hour per week to do computer-related exercises (Smith, 

1976). 

At the University of Iowa, Hethcote and Schaeffer 

(1972) used computers in a one-semester hour course called 

"Computational Techniques of Calculus." Students were 

assigned problems to be done in the computer laboratory. 

Some of the problems assigned included computing tables of 

function values, finding derivatives experimentally by 

evaluating limits of different quotients, finding zeros of a 

given equation using Newton's method, and verifying 

L'Hopital's Rule by computing limits experimentally. At 

Suffolk Community College, Gordon (1979) used computers in 

the calculus sequence by taking a discrete approach to 

calculus. The college had two groups of programs for 

calculus, one primarily computational in nature, the other 

graphical. Among the software programs used in the 

numerical approach was one that analyzed any given function 

to determine intervals in which it increases or decreases 

and determine the approximate location of its critical 

points. Another program portrays the delta-epsilon 

definition for limits. Garfunkel (1972) used computers in a 

computer-based first-year calculus course. 
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Students formulated and tested models of physical, 

chemical, and biological systems. The use of the computer 

allowed students to work with more realistic situations as 

opposed to simulated ones. 

Freese and Lounesto (1986) experimented with computer 

symbolic mathematics software called MuMath in introductory 

calculus at the University of Hawaii. They used the package 

as an aid in classroom instruction and as a replacement of a 

table of integrals. They are currently working on a project 

that will include the facility to include a step-by-step 

explanation of the solution of integration problems. 

Hosack and Lane (1985) experimented with a symbolic 

mathematical system called Macsyma (1983) in first-year 

calculus at Colby College in Maine. Students used Macsyma 

to solve homework problems, to serve as an "answer book" for 

problems that they themselves generated, to experiment with 

concepts, and to solve examination questions. 

Research on Attitude Toward Mathematics 

Evidence from a variety of studies indicates a 

remarkably constant correlation between self-reported 

attitude toward mathematics and mathematics achievement. 

Despite substantial differences in instruments and 

populations, results from studies by Anttonen (1967), Ryan 

(1968), and Husen (1967) are consistent in obtaining 

correlations in the .20 to .40 range between attitude 
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toward mathematics and achievement in mathematics. From 

these observations, one might wonder about the role of 

attitudes toward mathematics in causing students to learn 

and use mathematics. At first thought, however limited, the 

observations from the above studies provide support that 

favorable attitudes facilitate learning. Daniel Neale, at 

the University of Minnesota, provided an alternative 

possibility that learning causes favorable attitudes. Neale 

(1969) stated that 

those who learn the most are rewarded in numerous ways 

for their success; those who learn less receive fewer 

rewards; and those who learn least are even punished in 

a variety of ways. No wonder that successful students 

tend to like mathematics, approach it, and say they 

wish to take more. No wonder that unsuccessful 

students tend to dislike mathematics, avoid it, and say 

they wish no more. (p. 635) 

A study by Anttonen (1969) represents one of the few 

longitudinal studies attempted in correlating mathematics 

attitude with achievement. Anttonen examined the rela-

tionships between attitude and achievement in mathematics 

over a six-year period from the late elementary to the late 

high school level. A group of students (N = 607) from 

St. Paul, Minnesota, were tested with a 94-item mathematics 

attitude inventory in 1960 and retested in 1966. 
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Measures of achievement in mathematics were also taken at 

both grade levels. The results showed a significant 

positive correlation between the elementary attitude scores 

and the high school attitude scores at the .05 level. In 

addition, significant positive correlations existed between 

all measures of attitude and achievement. In comparison to 

the elementary level correlations, higher correlations 

existed between high school attitude scores and high school 

mathematics achievement which seems to indicate that "better 

predictions of mathematics achievement from math attitude 

alone can be obtained at the high school level" (Anttonen, 

1969, p. 470). 

In another longitudinal study, Ericksen (1963) 

summarized responses on a 7th grade attitude instrument 

developed by Hoyt and MacEachern (1958) and found that 

mathematics achievement through the 12th grade could be 

predicted from the 7th grade math attitude measure with a 

high percentage of correctness. However, the students were 

not retested with the attitude instrument at the later 

grade level. 

Husen (1967) found that achievement was positively 

correlated with interest in mathematics at all levels in all 

12 countries studied. Cristaniello (1962) found that the 

relationship between attitudes and achievement may vary with 

ability level. When students were divided into high, 
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middle, and low groups on the basis of their attitudes 

toward mathematics, the correlation between 

mathematical-ability test scores and mathematics 

achievement was higher for the middle attitude group than 

for either the low- or middle-attitude group. 

Aiken and Dreger (1961) investigated relationships 

between selected intellective and nonintellective variables 

and mathematics attitudes with college freshmen at a 

southeastern college. They found that mathematics attitudes 

were related to intellective factors and achievement, but 

not to temperament variables. The study showed that 

experiences with former mathematics teachers were somewhat 

related to present mathematics attitudes, although parental 

encouragement, personal traumatic experiences, and math 

attitudes were presumably unrelated. 

Investigations have been conducted to determine if 

attitude or interest in mathematics is related to general 

personality variables. Rochlin (1952) discovered, for 

example, that attitude toward mathematics was significantly 

related to leadership potential in the male and to 

adjustment to reality in the female, with those making 

higher scores on these personality variables having a more 

favorable attitude toward mathematics. 

Aiken (1963) in an investigation of 160 college 

sophomores in a psychology laboratory course found that 



23 

attitudes toward mathematics were significantly related to 

general personality variables. Three objective tests of 

personality were administered to the college sophomores 

with their Scholastic Aptitude Test scores serving as 

measures of intellectual ability. The scores on the 42 

variables and scores on a scale of attitude toward 

mathematics significantly correlated with one another, when 

the effects of mathematical ability were partialled out. 

The results indicated that students with scores high on the 

mathematics attitude scale, with mathematical ability 

statistically controlled, tended to be more socially and 

intellectually mature, were more self-controlled, and placed 

more value on theoretical matter than the students with 

lower scores on the scale. 

Poffenberger and Norton (1956) discovered by means of 

questionnaires and personal interviews that mathematics 

teachers can have a strong positive or negative effect upon 

students' attitudes and achievement. They found that 

teachers who tend to affect students' attitudes and 

achievement positively have the following characteristics: 

a good knowledge of the subject matter, strong interest in 

the subject, the desire to have students understand the 

material, and good control of the class without being overly 

strict. 
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It has been demonstrated on numerous occasions that 

taking attitude into account when designing mathematics 

tests can improve performance (Aiken, 1972). On the other 

hand, certain traditional practices, such as assigning 

homework, which might be expected to create negative 

attitudes toward mathematics, do not necessarily do so 

(Maertens, 1969). 



CHAPTER III 

EXPERIMENTAL DESIGN AND PROCEDURES 

Setting 

The experiment was conducted during the Spring 

Semester of the 1988-1989 school year at Brookhaven College 

of the Dallas County Community College District. 

Pilot Study 

The computer-oriented instructional program was 

developed prior to and piloted during the Fall Semester, 

1988. Graphical demonstrations using calculus software on 

the microcomputer were presented in the classroom in one 

section of Mathematics 124. Also, student computer lab 

assignments for selected calculus topics were utilized. As 

a result of the pilot study, corrections and/or revisions 

were made on all materials as experience was gained in the 

appropriateness of the computer assignments and classroom 

demonstrations, based on student feedback and experiences of 

the experimenter. 

In addition, during the pilot study semester, three 

calculus achievement examinations were developed and 

validated by the experimenter. Achievement Examination 1 

consisted of 20 items from topics associated with the study 

25 
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of functions and limits, while Achievement Examination 2 

consisted of 20 items from topics associated with the study 

of differentiation; Achievement Examination 3 also consisted 

of 20 items from topics associated with the study of anti-

differentiation. After the tests were developed, the 

experimenter's four mathematics colleagues checked the 

examinations for content validity. Revisions to the 

examinations were made at that time. To evaluate the 

examinations further, each was administered to the students 

in three introductory calculus sections during the last week 

of classes in the Fall semester, 1988. The raw scores 

obtained were classified by the course grades that the 

respective students received in their introductory calculus 

course. For each of the three achievement examinations, the 

following hypothesis was tested: 

H0: After being classified by course grade, there is 

no difference between the means of the scores obtained by 

the students who received the various grades. 

The F-statistic for the analysis of variance model was 

used to test the above hypothesis at the .05 level of 

significance. Also, the coefficient of correlation between 

each of the three achievement examination scores and course 

grade was computed. A rejection of the hypothesis based on 

the calculated F-statistic would indicate that each 

achievement examination distinguishes among students of 
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different achievement levels in the introductory calculus. 

On the basis of the foregoing information, the achievement 

examinations would be judged valid for measuring the 

relative achievement of two treatment groups to be used 

during the teaching experiment. 

Pilot Study Results: Testing the Validity of 

the Achievement Examinations 

At the end of the pilot study semester, Fall 1988, the 

three experimenter-developed achievement examinations were 

administered to the students in three introductory calculus 

classes. The raw scores obtained on the examinations were 

classified by the course grades that the respective students 

received in their calculus course (see Appendix A). For 

each of the three achievement examinations, the following 

hypothesis was tested: 

H0: After being classified by course grade, there is 

no significant difference between the means of the 

examination scores obtained by the students who received the 

various grades. 

A one-way analysis of variance model which yields the 

F-statistic with a = .05 was used to test the above 

hypothesis. 

For Achievement Examination 1 - Functions/Limits, as 

Table 1 shows, when the raw scores were classified by course 

grades, the F-statistic was computed as 3.45. Therefore, at 
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the .05 level of significance, we would reject the null 

hypothesis for Achievement Examination 1 and conclude that 

there is a significant difference between the means of the 

examination scores obtained by the students who received 

various grades. 

Table 1 

ANOVA of Mean Scores on Achievement Test 1 by Final Course 

Grade (n = 34) 

Source SS Df Variance est. P F.05 

Between 1 0 4 . 8 9 4 2 6 . 2 2 3 3 . 4 5 a 2 . 7 0 

Within 2 2 0 . 6 4 29 7 . 6 0 8 

Total 3 2 5 . 5 3 33 

a =s significant at the .05 level. 

For Achievement Examination 2 - Differentiation, the 

F-statistic was calculated as 7.03 and for Achievement 

Examination 3 - Antidifferentiation, the F-statistic was 

calculated as 3.86. Both of these F-values are greater than 

the critical F-value associated with the .05 level of 

significance and appropriate degrees of freedom (see Tables 

2 and 3). Therefore, for all three achievement 

examinations, the null hypothesis H 0 was rejected indicating 

that each examination distinguishes among students at 
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different achievement levels in introductory calculus at the 

.05 level of significance. 

Table 2 

ANOVA of Mean Scores on Achievement Test 2 by Final Course 

Grade (n = 30) 

Source SS Df Variance est. F F.05 

Between 105.34 4 26.335 7.03* 2.76 

Within 93* 66 25 3.7464 

Total 199.0 29 

a = significant at the .05 level. 

Table 3 

ANOVA of Mean Scores on Achievement Test 3 by Final Course 

Grade (n = 36) 

Source SS " Df Variance est. F : F.05 

Between 69.39 4 17.347 3.86* 2.68 

Within 139.36 31 4.495 

Total 208.75 35 

a = significant at the .05 level. 

To further substantiate this conclusion, a 

correlational analysis was performed for each achievement 

examination between the students' raw examination score and 
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their final course grade (A=4, B=3, C=2, D=1, F=0). Table 4 

shows that the coefficients of correlation for each 

achievement examination were found to be r=.52, r=.55 and 

r=.43, respectively. Using an analysis of correlation 

t-test it was found that Achievement Examination 1 produced 

a t-value of 3.23, Achievement Examination 2 produced a 

t-value of 3.42 and Achievement Examination 3 produced a 

t-value of 2.68. All three of these t-values are 

significant at the .01 level using the appropriate degrees 

of freedom. In conclusion, there existed a high positive 

correlation between the student achievement examination 

scores and respective final course grades for each of the 

three achievement examinations (see Table 4). 

Table 4 

Final Course Grade 

Source n 
Correlation 
Coefficient t-value 

Achievement Test 1 
Functions/Limits 

34 r = .515 3.24a 

Achievement Test 2 
Differentiation 

30 r = .549 3.42a 

Achievement Test 3 
Antidifferentiation 

36 r a .434 2.68a 

a = Significant at the .01 level. 
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On the basis of the foregoing information, the three 

achievement examinations were judged valid and reliable for 

measuring the relative achievement of the two treatment 

groups to be used during the subsequent teaching experiment. 

Sample 

The sample for this experiment was all students 

enrolling in Mathematics 124 during the spring semester, 

1989 at Brookhaven College. The computer-oriented 

instructional group consisted of 32 students, of which 25 

were male. The non-computer-oriented instructional group 

consisted of 40 students, of which 29 were male. The 

average age of the sample was approximately 27 years old. 

Selection of the Sample 

The sample for this experiment consisted of four 

introductory calculus classes (Mathematics 124) assigned to 

the experimenter/teacher through regular scheduling 

procedures performed by the mathematics department faculty. 

Classes were scheduled for 9:00 a.m. and 10s00 a.m. on 

Monday, Tuesday, Wednesday, and Thursday; 5:30 p.m. on 

Monday, and Wednesday; and 6:00 p.m. on Tuesday, and 

Thursday. It was determined by a coin flip that the 

9:00 a.m. class and the 5:30 p.m. class formed the computer-

oriented instructional group. The 10:00 a.m. class and the 
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6:00 p.m. class formed the non-computer-oriented 

instructional group. 

Experimental Variables 

There were two independent variables in the study: 

teaching/learning methods and levels of prior knowledge of 

concept studied. There were two levels of teaching/ 

learning methods: computer-oriented mathematics 

instruction, and non-computer-oriented mathematics 

instruction. Two levels of prior knowledge of topic 

studied were utilized: high and low. Dependent variables 

were student achievement in introductory calculus and 

student attitude toward mathematics. 

Description of the Instruments 

To measure the dependent variables of this experiment, 

the following instruments were utilized. 

1. The Aiken-Dreger Revised Math Attitude Scale (RMAS) 

was administered as a pretest and posttest to measure 

student attitudes toward mathematics. A test-retest 

reliability coefficient of .94 was reported by Aiken and 

Dreger (1963). Validity was established by a test of 

independence between scores on the attitude scale and scores 

on four other items inserted to measure attitudes toward 

non-mathematics academic subjects. A chi-square value of 

.80 with d.f. = 1 was obtained. 
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2. Since randomization was not possible, a covariate 

in the form of the MAA Calculus Readiness Test of the 

Placement Test Program of the Mathematical Association of 

America (MAA) was given at the beginning of the semester. 

The MAA Calculus Readiness Test was written by panels of 

college calculus teachers involved in teaching students. 

Each panel wrote one or more preliminary versions of the 

test and pretested these at selected institutions. After 

consideration of detailed item analyses of the tests, the 

panel prepared a revised version which was pretested again. 

Analysis of this administration led to additional 

revisions. The test was then submitted to the Committee on 

Placement Examination (COPE) of the MAA for final approval. 

The test construction procedures and extensive statistical 

analyses of items are designed to give the MAA Calculus 

Readiness Test a high level of reliability and content 

validity (Users Guide for the Placement Test Program, 1984). 

3. To measure achievement on selected introductory 

calculus topics, the experimenter developed three 

achievement examinations: Exam 1 - Functions and Limits 

included 20 items on polynomial, rational, algebraic, and 

composite functions, limit theorems; Ryam 2 -

Differentiation included 20 items on derivatives and 

maxima/minima; Exam 3 - Antidifferentiation included 20 

items on basic integration formulas, Riemann sums, 
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trapezoidal rule, and Simpson's Rule. Each examination 

measured student mechanical skills in problem solving. 

Content validity was established by a panel of four 

mathematics faculty at Brookhaven College. Reliability of 

the achievement examinations was tested by administering 

them to students in three sections of introductory calculus 

and correlating the raw scores with the course grade 

obtained by the students, respectively, at the end of the 

Fall semester, 1988. 

Calculus Software 

Two calculus software packages were utilized in the 

study: ARBPLOT by Conduit, Inc., and The Calculus Toolkit 

by Addison-Wesley Publishing Company. Both software 

packages have numerous programs that allow students to 

explore concepts, solve equations, evaluate formulas, graph 

functions, generate tables of function values, and perform 

drill and practice, to name a few. An example of each 

software package is displayed in Appendices D and E. 

Research Design 

A quasi-experimental research design was used to 

determine the association between computer-oriented 

instruction, non-computer-oriented mathematics instruction, 

student achievement, and attitude toward mathematics in 

introductory calculus. The statistical model used for this 
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experiment was a 2 x 2 treatments-by-levels analysis of 

covariance design. 

Control Procedures 

In an attempt to control for variations in teaching 

style and time of class, the experimenter randomly chose one 

of the day sections and one of the evening sections of 

Mathematics 124 to collectively contain the students in 

treatment group A. The remaining day section and evening 

section collectively contained treatment group B. 

The experimenter taught all four sections. 

All classes were told that homework was necessary in 

the course, and that attendance was mandatory. All class 

work missed was made up by the student, since excused 

absences were accepted. 

Procedure for Applying Treatment 

Group A - Non-Computer-Oriented Instruction 

All course material was presented in organized units in 

a classroom environment. The first part of each class 

session was used to answer questions on the previous 

homework assignment. The chalkboard was used to demonstrate 

all concepts covered. Students were assigned the same 

homework problems as Group B, as well as additional pencil-

paper problems covering the same objectives as the computer 

lab assignments for Group B. The additional, pencil-paper 
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problems assigned throughout the semester accounted for 15% 

of the students' final course grade. 

Group B - Computer-Oriented Instruction 

The first part of each computer-oriented class session 

was used to answer questions on the previous homework 

assignment. To illustrate several calculus concepts 

throughout the semester, the experimenter used microcomputer 

programs with a computer display overhead projection system. 

Students were assigned pencil-paper homework problems on a 

regular basis, as well as computer lab assignments on 

selected topics throughout the semester. Students completed 

the twenty computer lab assignments at one of the available 

Apple lie microcomputers in the math lab at Brookhaven 

College. The computer lab assignments accounted for 15% of 

the students' final course grade. 

Procedure for Determining Levels of Prior Knowledge 

Achievement 

The possibility was considered that a student with 

greater prior knowledge of a certain topic might perform 

differently on the achievement posttest than a student with 

less prior knowledge. Once each of the three achievement 

examinations were administered as a pretest, students in 

each treatment were grouped by level (high, low) of prior 

knowledge of topic. For each treatment, the high level 
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group consisted of students scoring in the top 50% on the 

respective pretest with each of the three calculus topics 

considered separately. For example, students in treatment 

group A scoring in the top 50% on Achievement Pretest 1 were 

considered the high level group for treatment A on topic 1 -

Functions/Limits, while students in treatment group B 

scoring in the bottom 50% on Achievement Pretest 2 were 

considered the low level group for treatment B on topic 2 -

Differentiation. Thus, an attempt was made to see if 

different levels of prior knowledge of a topic were 

associated with differences in learning between the two 

treatments. 

Attitude Toward Mathematics 

The possibility was also considered that a student with 

a greater mastery of prerequisite content to calculus 

perform differently on the attitude toward math posttest 

than a student with less prerequisite content mastery. At 

the beginning of the semester, students in both treatment 

groups were administered the MAA Calculus Readiness Test, an 

examination designed to measure mastery of prerequisite 

content to introductory calculus. The scores on the 

Calculus Readiness Test were used to divide students in each 

treatment group into two levels (high, low) of prerequisite 

content mastery. The students in each treatment group 
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scoring in the top 50% on the test were considered a part of 

the high level in their treatment group. 

Experimental Validity 

Threats to internal validity for this experimental 

design include the interaction of selection, maturation, and 

regression (Campbell, 1963). Selection was controlled by a 

random assignment of classes to treatments. Maturation 

possibilities for the students in the two groups was 

controlled by the environment. Regression was controlled by 

using covariate analysis in the interpretation of data 

(Borg, 1983). To control for experimental treatment 

diffusion, a course procedure sheet was given to each 

student {Borg, 1983). It provided information with respect 

to grading, testing, and attendance. Course organization 

and procedures were explained, as well as course 

evaluation. 

The interaction of testing and treatment is the 

strongest threat to external validity (Campbell, 1963). The 

experimenter administered all pretests and posttests so that 

test anxiety among students was minimized. 

Data Collection 

During the first class period of the Spring Semester, 

1989, the MAA Calculus Readiness Test and the Aiken-Dreger 

Revised Attitude Scale were administered to the 72 students 
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in four Mathematics 124 classes as part of the normal 

orientation procedure. The testing took approximately 45 

minutes. 

Before each of the three topics (functions and limits, 

differentiation, and integration) selected for this study 

was introduced in class lecture, the achievement 

examination designed to measure the students' knowledge of 

that topic was given as a pretest to each treatment group. 

At the conclusion of the class sessions concerned with that 

topic, the same test was given as a posttest to measure 

student achievement during the time period devoted to the 

topic. The approximate time frame for the achievement 

examinations is shown below: 

Spring Semester, 1989 

Functions and Limits Pretest 1st week 
Functions and Limits Posttest 3rd week 
Differentiation Pretest 4th week 
Differentiation Posttest 5th week 
Antidifferentiation Pretest 9th week 
Antidifferentiation Posttest 12th week 

After the Achievement Examination 3 posttest was given, 

the Alken-Dreger Revised Attitude Scale was administered as 

a posttest. 



CHAPTER IV 

PRESENTATION AND ANALYSIS OF DATA 

During the spring semester 1989, an experimental study 

was conducted in which possible associations were explored 

between computer-oriented calculus instruction, non-

computer-oriented calculus instruction, student achievement, 

and student attitude toward mathematics. 

Testing Hypotheses H-j , H2, and H3 - Achievement 

The study involved two groups of students: (a) Group 

A - non-computer-oriented calculus group, and (b) Group B -

computer-oriented calculus group. Group A students were 

taught in a lecture/discussion environment during the class 

sessions with no microcomputer intervention. Students were 

given calculus assignments to be completed with pencil and 

paper outside of class. This was known as Treatment 1. 

Group B was instructed precisely as Group A, that is, using 

the lecture/discussion method. However, the students in 

Group B were given calculus assignments to be completed 

using the microcomputer, as well as some pencil and paper 

assignments. Also, the instructor demonstrated various 

calculus concepts in the classroom using two microcomputer 

software packages. This process was known as Treatment 2. 

40 
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Before each of the three selected calculus topics were 

taught, both treatment groups were administered the 

respective achievement examination as a pretest in order to 

measure student prior knowledge of the topic. 

Pretest scores were used as a covariate for the statistical 

analysis. At the end of the instruction on each of the 

three topics, students in both treatment groups were 

administered the respective achievement examination again as 

a posttest. Tables 5, 6, and 7 give the means of pretest 

and posttest scores for the two treatment groups on each of 

the three achievement examinations. 

Table 5 

Means of Pretest (X) and Posttest (Y) Scores 

Achievement Test 1 - Functions/Limits 

_________ 

Levels 
NCOI 
X 

Group 
Y 

COI 
X 

Group 
Y 

High 9.4 14.3 8.5 11.5 XHIGH = 9.0 

YHIGH = 13.0 

Low 4.2 9.6 4.0 8.8 xL0W = 4-1 

yLOW = 9.3 

xNCOI = 6.8 xCOI - 6.4 

yNCOI = 12 YCOI = 10.2 
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Table 6 

Means of Pretest (X) and Posttest (Y) Scores 

Achievement Test 2 - Differentiation 

Levels 

Treatments 
NCOI Group 
X Y 

COI Group 
X Y 

High 

Low 

3.9 

0.6 

7.7 

7.1 

3.2 8.8 XHIGH = 3.6 

YHIGH = 8.1 

0.4 7.1 xLOW = 0.5 

YLOW » 7.2 

xNCOI = 2.2 

YNCOI = 7.5 

XCOI = 1-7 

YCOI =7.9 

Table 7 

Means of Pretest (X) and Posttest (Y) Scores 

Achievement Test 3 - Antidifferentiation 

Treatments 

Levels 
NCOI 
X 

Group 
Y 

COI 
X 

Group 
Y 

High 5.5 9.9 5.9 11.1 XHIGH = 5.64 

yHIGH = 10.7 

Low 1.0 9.0 1.3 9.6 xLOW = 1.1 

YLOW = 9.3 

xNCOI 

yNCOI 

• 3.5 

= 9.5 

xCOI 

YCOI 

= 3.1 

= 10.2 
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Hi. Treatments. There will be no difference in levels 

of achievement between the two treatment groups. 

Using an analysis of covariance of unweighted means, 

the achievement examination scores were tested by treatment 

group at the .05 level of significance. The calculated 

F-value corresponding to Achievement Examination 1 was 2.72 

(see Table 8). This value was less than the critical F-

value for the appropriate degrees of freedom (F#q5 = 3.98). 

Therefore, H-j was not rejected, indicating that there is no 

significant difference in achievement between the two 

treatment groups when measured by Achievement Examination 1, 

at the .05 level of significance. 

When performing an analysis of covariance of means for 

achievement between the two treatment groups with 

Achievement Examination 2 and Achievement Examination 3, the 

calculated F-values were 0.49 and .47, respectively (see 

Tables 9 and 10). Both F-values were significantly less 

than the critical F-value for the appropriate degrees of 

freedom and .05 significance level. Therefore, as with 

Achievement Examination 1 , H-j was not rejected for 

Achievement Examinations 2 and 3 indicating that there was 

no significant difference in achievement between the two 

treatment groups when measured by each of the three 

achievement examinations, at the .05 level of significance. 

Tables 4, 5, and 6 illustrate the above findings. 
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Table 8 

ANCOVA for Achievement by Treatment, Level, and Interaction 

Achievement Examination 1 - Functions/Limits 

Source SS Df MS F F . 0 5 

Treatment 2 8 . 5 2 1 2 8 . 5 2 2 . 7 1 9 a 3 . 9 8 

Level 6 . 6 0 1 6 . 6 0 0 . 6 2 9 a 3 . 9 8 

Interaction 0 . 4 1 1 0 .41 0 . 0 3 9 a 3 . 9 8 

Residual 7 0 2 . 7 5 67 1 0 . 4 9 

Total 7 3 8 . 2 8 70 

^non-significant at a = .05. 

Table 9 

ANCOVA for Achievement by Treatment, Level, and Interaction 

Achievement Examination 2 - Differentiation 

Source SS Df MS F f.05 

Treatment 4.26 1 4.26 0 . 4 9 a 3.98 

Level 4.95 1 4.95 0 . 5 7 a 3.98 

Interaction 7.64 1 7.64 0 . 8 8 a 3.98 

Residual 582.05 67 •
 

CO
 

Total 598.9 70 

anon-significant at a = .05. 
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Table 10 

ANCOVA for Achievement by Treatment, Level, and Interaction 

Achievement Examination 3 - Antidifferentiation 

Source SS Df MS F F.05 

Treatment 3.422 1 3.422 .471 a 4.02 

Level .034 1 .034 .005a 4.02 

Interaction .006 1 .006 .001a 4.02 

Residual 385.033 53 7.265 

Total 388.495 56 

anon-significant at = .05. 

H2. Levels. There will be no difference in 

achievement between the two student levels of prior 

knowledge of a topic. 

Once each of the three achievement examinations were 

administered as a pretest, students in each treatment were 

grouped by level {high, low) of prior knowledge of topic. 

For each treatment, the high level group consisted of 

students scoring in the top 50% on the respective pretest 

with each of the three calculus topics considered 

separately. For example, students in treatment group A 

scoring in the top 50% on Achievement Pretest 1 were 

considered the high level group for treatment A on topic 

1 - Functions/Limits, while students in treatment group B 
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scoring in the bottom 50% on Achievement Pretest 2 were 

considered the low level group for treatment B on topic 2 -

Differentiation. Achievement between the two student levels 

of prior knowledge of topic was measured by each of the 

three achievement posttests. 

Using an analysis of covariance of posttest means, the 

difference between achievement examination means for the 

two student levels were tested at the .05 level of 

significance. Again, the achievement pretest scores were 

used as the covariate. The calculated F-values 

corresponding to the three achievement examinations were 

0.629, 0.57, and .005, respectively (see Tables 8, 9, and 

10). These three F-values were significantly less than the 

critical F-value corresponding to the appropriate degrees of 

freedom (F.Q5 = 3.98). Therefore, H2 was not rejected for 

each of the three achievement examinations. In conclusion, 

there was no significant difference in achievement between 

the two student levels of prior knowledge of topic as 

measured by each of the three achievement examinations, at 

the .05 level of significance. Tables 8, 9, and 10 

illustrate the above findings. 

H3. Interaction. There will be no interaction between 

treatments and levels of prior knowledge of a topic when 

achievement is controlled for. 
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The possibility was considered that the two treatments 

might produce different results depending upon the student 

level of prior knowledge of the given topic. Using an 

analysis of covariance of the achievement posttest means 

with the pretest scores being the covariate, the inter-

action between treatments and levels was tested at the .05 

significance level. The calculated F-values corresponding 

to the three achievement examinations were 0.039, 0.88, and 

.001, respectively (see Tables 8, 9, and 10). These three 

F-values are significantly less than the critical F-value 

corresponding to the appropriate degrees of freedom 

(f.05 = 3.98). Therefore, H3 was not rejected for each of 

the three achievement examinations. In conclusion, there 

was no interaction between treatments and student levels of 

prior knowledge of a topic when achievement was measured, at 

the .05 level of significance. 

Testing Hypotheses H4, H5, and Hg - Attitude 

Toward Mathematics 

At the beginning of the experimental semester, students 

in both treatment groups were administered the Aiken-Dreger 

Revised Math Attitude Scale as a pretest. The pretest 

scores were used as a covariate for the subsequent attitude 

analysis. Also, at the beginning of the semester, students 

in both treatment groups were administered the MAA Calculus 

Readiness Test, an examination designed to measure mastery 
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of prerequisite content to introductory calculus. The 

scores on the Calculus Readiness Test were used to divide 

each treatment group into two levels (high, low) of 

prerequisite content mastery. The students in each 

treatment group scoring in the top 50% on the Calculus 

Readiness Test were considered a part of the high level in 

their treatment group. 

At the end of the semester, the students in both 

treatment groups were administered the Aiken-Dreger Revised 

Math Attitude Scale as a posttest. Table 11 displays the 

means of pretest and posttest scores for the two treatment 

groups on the Math Attitude Scale. The difference in 

posttest means was measured by treatment, level of 

prerequisite content mastery, and interaction of treatment 

and level. 

H4. Treatments. There will be no difference in 

attitude toward mathematics between the two treatment 

groups. 

Using an analysis of covariance of means, with the 

attitude scale pretest scores being used as the covariate, 

the attitude posttest scores were tested by treatments at 

the .05 level of significance. The calculated F-value was 

2.22 which is less than the critical F-value (F#q5 = 4.02) 

for the appropriate degrees of freedom (see Table 12). 
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Table 11 

Means of Pretest (X) and Posttest (Y) Scores 

Attitude Toward Math Scale 

Treatments 

Levels 
NCOI 
X 

Group 
Y 

COI 
X 

Group 
Y 

High 23.2 24.7 19.4 20.3 XHIGH = 21 .6 

YHIGH = 22.9 

Low 14.5 18.3 20.6 18.2 xLOW = 17.2 

*LOW = 18.2 

xNCOI = 19-2 

YNCOI • 21.8 

xCOI = 20.0 

Ycoi = 19.3 

Therefore, H4 was not rejected indicating that there was no 

significant difference in student attitude toward 

mathematics between the two treatment groups as measured by 

the Aiken-Dreger Revised Math Attitude Scale, at the .05 

level of significance. 

H5. Levels. There will be no difference in attitude 

toward mathematics between the two levels of student 

prerequisite content mastery. 

An analysis of covariance of the attitude posttest 

means was also performed by student levels of prerequisite 

content mastery. The calculated F-value was 1.59 which is 

less than the critical F-value (F#q5 = 4.02) for the 
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appropriate degrees of freedom (see Table 12). Therefore, 

hypothesis H5 was not rejected which indicates that there 

was no significant difference in student attitude toward 

mathematics between the two levels of student prerequisite 

content ability as measured by the Aiken-Dreger Revised Math 

Attitude Scale, at the .05 level of significance. 

Table 12 

ANCOVA for Attitude Toward Mathematics by Treatment, Level. 

and Interaction 

Source SS Df MS F F .05 

Treatment 125. 67 1 125. 67 2.22a 4. .02 

Level 90. 11 1 90. 11 1 .59a 4. .02 

Interaction 2. 47 1 2. 47 .04a 4. .02 

Residual 2996. 04 53 56. 53 

Total 3214. 29 56 

anon-significant at a = .05. 

Hg. Interaction. There will be no interaction between 

treatment and levels when attitude toward mathematics is 

controlled for. 

An analysis of covariance of the attitude posttest 

means was also conducted for interaction of treatments by 

levels. The calculated F-value was .04 which was less than 
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the critical F-value for the appropriate degrees of freedom 

(see Table 12). Therefore, hypothesis Hg was not rejected 

implying that there is no interaction between the treatments 

and levels of student prerequisite content ability, at the 

.05 level of significance. 



CHAPTER V 

SUMMARY, DISCUSSION, CONCLUSIONS, 

AND RECOMMENDATIONS 

One purpose of this study was to develop a computer-

oriented instruction program for introductory calculus 

students. This included prior to the study choosing two 

commercially-typical microcomputer software packages for 

calculus and developing 20 student computer worksheets that 

utilized the software. The computer-oriented instructional 

program was piloted during the Fall Semester, 1988, with 

introductory calculus students whereby classroom lectures 

were supplemented by the use of the chosen software with an 

overhead computer projection system. Students in the pilot 

study completed the microcomputer worksheets throughout the 

semester as they accounted for 15% of their course grade. 

Corrections and revisions were made on all developed 

materials based on student feedback and experimenter 

experiences. 

The other purposes of this study were to determine the 

associations between the computer-oriented instructional 

program, a non-computer-oriented instructional program, 

student achievement, and student attitude toward 

52 
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mathematics. To accomplish these purposes, an experimental 

study was conducted during the Spring Semester, 1989. The 

sample for the experiment was made up of all students 

registering for Mathematics 124, Introductory Calculus, at 

Brookhaven College of the Dallas County Community College 

District. The non-computer-oriented instruction group, 

consisted of 40 students {sections 002 and 502). The 

computer-oriented instruction group consisted of 32 students 

(sections 001 and 501). All four sections of Mathematics 

124 were taught by the experimenter. The essential 

difference between the two treatment groups was the use of 

the microcomputer software by the experimenter in lecture 

presentations and student microcomputer worksheet 

assignments completed by students, both in the computer-

oriented instructional group. For the non-computer-oriented 

instructional group, class presentations were made on the 

chalkboard and all homework assignments were done using 

pencil/paper methods with no computer intervention. 

Summary of Findings 

Student Achievement 

The hypotheses of the study dealing with student 

achievement were tested by interpreting the results obtained 

fyom the 2 x 2 analysis of covariance method. A .05 level 
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of significance was used. As a result of these tests, the 

experimenter found: 

1. For each of the three selected topics in the study, 

there was no statistically significant difference in 

achievement between the two treatment groups; i.e. as 

measured by the three achievement examinations, treatment 

group A did not perform significantly different than 

treatment group B. 

2. For each of the three selected topics in the study, 

there was no statistically significant difference in 

achievement between the two levels of student prior 

knowledge of a topic; i.e. as measured by the three 

achievement examinations, the group of students with a 

lesser amount of prior knowledge of the selected topics did 

not perform significantly different than did the students 

with greater prior knowledge of the topics. 

3. For each of the three selected topics in the study, 

there was no significant interaction between treatments and 

levels; i.e. as measured by each of the three achievement 

examinations, the two treatments produced similar results at 

both the high and low levels of prior knowledge of the 

topics. 

Student Attitude Toward Mathematics 

The hypotheses of the study dealing with student 

attitude toward mathematics were also tested by interpreting 
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the results obtained from a 2 x 2 analysis of covariance 

model. A .05 level of significance was used. As a result 

of these tests, after the covariate pretests were 

considered, the experimenter found the following: 

1. There was no statistically significant difference 

in attitude toward mathematics between the two treatment 

groups; i.e. as measured by the Aiken-Dreger Revised Math 

Attitude Scale, treatment group A did not have a 

significantly different attitude toward mathematics than 

treatment group B. 

2. There was no statistically significant difference 

in attitude toward mathematics between the two levels of 

student prerequisite mastery; i.e. as measured by the Aiken-

Dreger Revised Math Attitude Scale, the group of students 

with a lesser amount of prerequisite mastery did not have a 

significantly different attitude toward mathematics than did 

the students with greater prerequisite mastery. 

3. There was no significant interaction between 

treatments and levels dealing with attitude toward 

mathematics; i.e. as measured by the Aiken-Dreger Revised 

Math Attitude Scale, the two treatments produced similar 

results on attitude toward mathematics at both the high and 

low levels of student prerequisite mastery. 
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Conclusions 

The sample used for the study consisted of all students 

at Brookhaven College enrolled in Mathematics 124, 

Introductory Calculus, during the Spring Semester, 1989. 

Conclusions drawn from this study are applicable to that 

sample and based upon the evaluative instruments used in the 

experiment. Generalizations to other situations must be 

drawn with caution. 

For the three mathematical concepts, the evaluative 

tests and specific sample used, the following tentative 

conclusions are made: 

1. The use of the microcomputer in introductory 

calculus instruction does not effect student achievement in 

calculus. 

2. The use of the microcomputer in introductory 

calculus instruction does not effect student attitude 

toward mathematics. 

Discussion 

The results of this experimental study are consistent 

with the results of several other research projects 

concerning the use of the computer in the teaching of 

calculus. Basil (1974), Rice (1973), Hawker (1986), and 

Gesshel-Green (1987) all found that there was no significant 

difference in mathematics achievement and/or attitude toward 

mathematics when the computer was used as a 
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teaching/learning resource in one of the treatment groups 

considered. However, each of the mentioned studies varied 

somewhat from this current study in certain aspects. 

Basil's experimental group wrote BASIC computer programs in 

order to complete calculus laboratory problems, as opposed 

to using commercially-available software. Hawker used the 

commercially-available computer algebra system, MuMath, with 

an experimental group to replace calculus skills usually 

done manually. Rice conducted a study with three 

treatments: traditional instruction, computer-assisted 

instruction, and programmed packets. Gesshel-Green 

conducted a study with high school Algebra II students in 

which standardized achievement tests, as opposed to 

researcher-developed exams, were used. 

There were two studies encountered by the experimenter 

with results inconsistent with those of this current study. 

O'Loughlin (1976) and Hickernell (1983) both found that 

students in an environment where computers were used as 

teaching/learning tools performed significantly better on 

calculus achievement examinations. Again, both of the 

mentioned studies varied somewhat from the current study in 

certain aspects. 

O'Loughlin used a mini-computer instead of a 

microcomputer in his experimental study because software for 

microcomputers was not widely available at the time of the 
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study. Hickernell used a multi-user microcomputer with 

graphics terminals to run menu-driven software in solving 

calculus problems. It is doubtful that these differences in 

hardware configuration in the studies mentioned made the 

difference in achievement results. Software and application 

of the software to the course objectives would more likely 

seem to cause the difference in student achievement. 

As with all experimental studies, there are a myriad of 

reasons that could possibly explain the results. In this 

study, the major reason that there was no significant 

difference in student achievement between the two treatment 

groups seems to be that the researcher-developed achievement 

examinations, though proven valid and reliable, measured 

calculus achievement of basic, technical, mechanical skills 

concerning the topics of limits, differentiation, and 

integration. It seems, however, as though the microcomputer 

software used in the study presented the geometric, 

conceptual aspects of the three calculus topics. Therefore, 

a student could master the technical, mechanical skills 

necessary to score high on the achievement examinations 

without necessarily being exposed to computer software, 

either in the classroom or in the laboratory. The 

achievement examination items would need to have a 

graphical, geometric orientation in order for the computer-

oriented treatment group to significantly score higher than 
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the non-computer-oriented treatment group. However, 

designing an achievement examination in this manner would 

skew the results in favor of the computer-oriented group 

because the non-computer-oriented group would not have 

access to learning the geometric concepts that the computer 

can help facilitate. 

Recommendations for Math Education 

In this experiment, both treatments produced similar 

results. Therefore, a mathematics department could select 

either instructional method to teach the three calculus 

concepts used in this study. However, this conclusion was 

based on only two criteria: (a) student achievement in 

calculus and (b) student attitude toward mathematics. 

As a result of using the microcomputer software, not 

only did the computer-oriented instruction group learn 

problem solving skills as well as the non-computer-oriented 

instruction group, but they also gained experience using 

commercially-available software which would undoubtedly be 

useful to them in later coursework. In subsequent courses, 

students of mathematics, statistics, engineering, and 

science will be expected to make use of computer software to 

solve assigned problems. Mathematics departments need to 

realize that they are not necessarily teaching mathematical 

concepts better by providing computer exposure, but are 
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meeting an additional need of contemporary mathematics 

students. 

Implications for Further Research 

As is frequently the case in educational research, an 

investigation of one problem suggests other problems and 

approaches. Some projects suggested by this study include 

the following: 

1. An experiment similar to the one described in this 

study should be conducted using mathematics courses other 

than introductory calculus, perhaps statistics, business/ 

economics math, or advanced calculus. 

2. Personality factors affecting success in working 

with computer software should be investigated. Perhaps 

certain personality types should not be subjected to 

computer software. 

3. The study of the effectiveness of computer-oriented 

calculus texts where computer techniques are treated in the 

text material as well as in problem sets should be 

investigated. 

4. The academic level at which computer software 

should be introduced should be investigated. The most 

feasible level is perhaps the 8th or 9th grade when algebra 

is introduced. 
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5. A similar study could be conducted using software 

packages other than the ones used in this study. Perhaps 

other calculus software would offer more advantages to a 

computer-oriented instructional approach than did Arbplot 

and Calculus Toolkit. 

6. A study could be conducted that would determine 

whether introductory calculus students who have been taught 

by a computer-oriented instructional program achieve more in 

subsequent calculus courses and other support courses than 

those students not taught by such a program. 

8. An evaluation could be done to determine which 

cognitive skills and attitudes are most effectively enhanced 

through computer-oriented instruction. 
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APPENDIX A 

PILOT STUDY RESULTS 

RAW SCORES FOR ACHIEVEMENT EXAMINATIONS 

CLASSIFIED BY COURSE GRADE 
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Achievement Exam 1 (N = 34) 

A _B _ c D _F 

17 13 8 12 9 10 
14 11 8 6 6 9 
14 11 7 5 6 
13 10 7 3 
12 10 6 
12 9 5 
10 9 5 

9 8 4 
8 . . . . — ' 

109 131 26 15 25 

NA = 9 NB = 16 NC = 4 Nq = 2 Np = 

XA = 12 .1 XB -

04 • 
00 XC = 6 . 5 XD = 7 . 5 XF = 
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Achievement Exam ! 

A _B _C 

10 7 4 8 
10 7 3 7 
9 6 3 6 
9 6 3 4 
9 6 3 1 
8 5 2 
7 4 1 
7 4 1 
7 
6 

_D _F 

2 6 

75 60 26 2 6 

N& = 9 Ng = 1 4 Nq = 5 Nq = 1 Np = 1 

X A = 8.3 XB = 4.3 Xc = 5.2 X D = 2 XF = 6 
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Achievement Exam 3 (N = 36) 

A _B __C _D _F 

14 11 7 11 7 9 
13 11 7 10 8 
13 10 7 9 8 
12 10 6 8 
11 10 6 7 
11 9 5 5 
10 9 5 

9 8 4 
7 8 

100 133 59 7 25 

N a = 9 NB = 17 NC = 6 Nd = 1 NF = 3 

X A = H - 1 XB = 7 . 8 XC = 8 . 3 XD = 7 XF = 8 . 3 
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MTH 124 - ACHIEVEMENT TEST 1 
FUNCTIONS, LIMITS 

1. If a(x) = x 1 • x / -1, then g(l + h) = ? 
x + I 

5 
a) h^l b) _iL_ c) h d) 0 e) 1+h 

h+1 h+2 

68 

2. Ose the function s(x) above to find a(4) - gf21 
2 

a) 2 b) 4/5 c) 1/6 d) 2/15 e) 2/3 

In questions 3 and 4, let f(x) = x + 1, g(x) = x - 2 

3. f(s(6)) = ? 

a) 3 b) 6 c) 5 d) -1 e) 4 

f (fiU)) = ? 

2 

a) x - x - 2 

d) x + 3 

b) e(f(x)) 

e) 2x + 3 

c) x 

/ i 
0 = V 25 - x In question 5 and 6, let f(x) 

5. What is the domain of f(x)? 

a) {*1 -5 <. x <. 5} b) all real numbers 

c) {x| -5 < x < 5} d) {x| x > 5} 

e) {x| x jf 0) 

6. What is the range of f(x)? 

a) all real numbers b) {y| 0 i y < 5 ] 

c) {yl y / 0} d) {y| y > 0} 

e) {y| y = +5} 
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7. Which of the following could be the graph of the function 

Q f(x) = 2L. 
|x| 

a) y 

* 

/ 

\
 \ 

d) y 

«-
-1 

~> 

b) 

e) 

o 

« o 

c) 

-1 

8. Which of the following could be the graph of the function 
2 

f(x) = x - 5x + 4? 

a) 

J 

b) c) 

/ 

d) y 

/ \ ; 
-l/ iV_y' 

e) 

4 
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9. Find lim * -4 
l-*4 2 

x - x - 12 

a) 1 b) 1/7 c) 0 d) 3/8 e) -

2 
10. Find lim at bt -i o . where a, b, c. d, e. f are 

t->™ 2 all constants. 
dt + et + f 

a) c/f b) a/d c) 1 d) " e) b/e 

11. Let f(x) = f 5 if x >. 3, then lim f(x) = ? 
2 if x < 3 x-*3 [ 

a) 5 b) 2 c) 7/2 d) does not exist e) f(3) 

12. Find the equation for the tangent line to f(x) = -3x + 2. 
at x *•-3. x 

a) 5x + 9y = 60 b) 25x + Dy -• 0 

c) 29x + 9y = -12 d) x + 9y = 72 

e) 2x + 5y = 14 

13. Find the x-valuea of all points where the curve 
3 2 

y = 12x - 36x - 28x + 9 has a horizontal tangent, 

a) x = -1/3, -7/3 b) x = -1/3, 7/3 
c) x = 1/3, 7/3 d) x = 1/3, -7/3 e) none 

14. The position of a moving body is given by the formula 
2 

u = -t - t - 4 where s is measured in meters and t in 
seconds. Find the average velocity for the time interval 
from t -• 3 to t - 5 seconds. 

a) -9 m/sec b) —11 m/sec c) —5 m/sec 

d) -7 m/tioc e) -6 m/sec 

2 

15. At what point on the curve y = 3x + 2x + 1 is its slope 8? 

a) (-5/3, 6) b) (1, 6) c) (-5/16, -69/16) 

d) (1, 9) e) (4/3, 9) 
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16. What is the slope of the line perpendicular to the curve 
2 

y - x 2x at the point (2, 8)? 

a) -1/4 b) 1/8 c) 1/6 d) -1/6 e) 1/4 

17 A particle moves on the x-axis so that its distance from the 
2 

origin at time t is x = t - 8t + 7. For what value of t is 
its voloeity aoro? 

a) 7 b) 2 c) 4 d) 1 e) 3 

4 3 2 
10. D'ind y" if y = x - _JLx + 1 * - 3x + 9 

12 2 

2 2 
a) y" = 12x - §* + 1 b) y" = 3x - JLx + 1 

6 2 

2 2 
c) y" " 12x - &x + 1 d) y" = 3x - JLx + 1 

2 6 

2 
c) y" ~ 3x + £x + 1 

6 

19. Suppose that u and v are functions of x that are 
differentiable at x = 3, and that u(3) = 0, u'(3) = -7, 
v(3) •= 4 and v'(3) = 5. Find the value of _d./u\ at x=3 

dxVv/ 

a) 17/16 b) 3/16 c) 3/4 d) -17/4 e) -17/16 

20 n 
20. If f(x) = x and if f (x) denotes the nth derivative of f 

n 

at x, what is the smallest n for which f (x) is a constant? 

a) 20 b) 11 c) 19 d) 21 e)22 
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HTH 124 - ACHIEVEMENT TEST 2 
DIFFERENTIATION 

1. Find the slope of f(x) = -10\/ -4x + 2 at x = -4 

a) 60\Z~2~ b) -lS\/~2~ c) =2Sf~2~ 
3 

d) =5\/ir e) lOX/lT 
6 3 

2. For f(x) = x\/ 3x - 5 , find f'(x) 

a) 1 b) a c) 6x - S 
2\/3* ~ 5 V 3* ~ 5 V 3x - 5 

d) 7* - to e) 9x - 10 
2\/3* - S 2\/3x - 5 

2 
3. What are all valuea of x for which f(x) = x - 4x + 3 is 

atrictly increasing? 

a) x > 2 b ) x < 2 c ) x > l 

d) 1 < x < 3 e) x < 1, x > 3 

6 
4. Let y = x . As x increases from 2 to 2.1, the increase in 

y, or delta-y, is approximately: 

- 6 
a) 10 b) 0.5 c) 0.6 d) 3.0 e) 19.2 

3 2 
5. Find the slope of the curve f(x) = x - 3x - 9x + 20 at its 

inflection point. 

a) -7 b) 0 c) 1 d) -12 e) 9 

•3 
6. Find dx for 3y x = 8 

dx 
3 

a) _JL_ b) _1_ c) 3y d) =x e) -3x 
3 2 3x y 

3y 9x 

2 
7. Find the minimum'value of the function y = x - Sx + 4 on 

the Interval -1 <. x <. 2. 

a) -2 b) -5/4 c) 0 d) 1 e) 2 
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2 
8. Find all of the values of x for which f(x) = x - 3x + 4 Is 

strictly decreasing. 

a) -3/2 < x < 3/2 b) x < 3/2 c) -1 < x < 4 

d) x < -1, x > 4 e) x > 3/2 

4/3 3 
9. Find dy., if y = v and v = x - 1 

dx 
2 3 1/3 3 1/3 

a) — — L b) 4x (x - 1) c) 4(* - n 
2 3 1/3 2 

4x (x - 1) 9x 

3 1/3 2 2 
d) A(x - 1) + 3x e) A(x - 1) + 3x 

3 3 

2 
10. The graph of y = ax + bx + c is concave upward for all x 

whenever... 

a) a > 0 b) a < 0 c) a > b/2 d) a < b < 2 

e) a ̂  b 

2 

11. The slope of the curve x y s 4 at the point (2, 1) is 

a) -2 b) -1 c) -1/2 d) 7/4 e) 1 
2 3 

12. The curve y = 1 - x - x has its maximum slope at x = ? 

a) -1/3 b) -2/3 c) 0 d) 2/3 e) 1 
13. In Newton's method, two successive approximations to the 

real zeros of FCx) = 0 are given by: 

a) F'(x ) b) F(x ) 
* = x . EL_ x — x + n 
n+1 n F(x ) n+1 n F'(x ) 

o n 

c) F'(x ) d) x 
x = x + n_ x = F(x ) - n 
n+1 n F(x ) n+1 n F'(x ) 

n n 

e) F(x ) 
x = x - n_ 
n+1 n F Cx ) 
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14. The role of x in an iterative scheme, such as Newton's 
o 

Method, could he described as: 

a) the final answer b) a first approximation 

c) x = 0 d) an infinite sequence 

e) the only possibility 

15. Using Newton's method with x = 1/4f find x for 
2 o 1 

f(x) 9x + 3x - 6. 

a) x = 21 or 1.850 b) x = =£ or -0.375 
1 20 1 0 

c) x = =21 or -1.350 d) x = 1 or 0.875 
1 20 1 8 

e) x = 21 or 1.350 
1 20 

16. Find the equation of the tangent line to the curve 
2 2 

x + 4xy - y = 11 at the point (2, 1) 

a) y - 1 = A(x - 2) b) y - 1 = z£(x - 2) 
4 4 

c) y - 1 = nA(x - 2) d) y - 1 = A(x - 2) 
3 3 

e) y - 1 = £(x - 2) 
3 

17. Use differentials to estimate the change in the volume of a 
right circular cylinder when the height changes from 6 to 
6.06 and the radius remains constant at 5 inches. 

2 
[v = irr h] 

3 3 3 
a) 1.50tt in b) 1.20ir in c) 3.60tt in 

3 3 
d) 0.50ir in e) 0.80tt in 
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3 
18. Find d* if y = -3cot 4x 

dx 

2 2 2 2 
a) dx = -36 cot 4x cac 4x b) dx. = 36 cot 4x C B C 4X 

dx dx 

c) dx. = -36 cot 4x C B C 4X d) dx = 36 cot 4x C B C 4X 
dx dx 

2 3 
e) djt = 36 cot 4x C B C 4X 

dx 

2 2 3 
19. Find and simplify d_x if x = t + t, y = 4t + 4t 

2 
dx 

2 2 2 2 
a) (1 v = + ?.At. - H b) d y = 2±t—24t..-_9 

2 3 2 3 
dx (2t + 1) dx (8t + 1) 

2 2 2 2 
c) d v = -24t - 24t + 8 d) d Y = 2it + 24t - 8 

O 9 1̂ 9 9 3 

dx (12t + 4) dx (12t + 4) 

2 2 
e) d_x = -24t - 24t + 8 

2 3 
dx (8t + 1) 

3 
20. If f(x) = (x - a) 'p(x), where p£x) is differentiable, then 

f'(a) = ? 
3 

a) 0 b) p'(a) c) -a p'(a) 

2 3 2 
d) 3a p(a) - a p'(a) e) 3(p'(a)) 
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MTH 124 - ACHIEVEMENT TEST 3 
ANTIDIFFERENTIATION 

2 
2 

x dx = J 
1 

a) 2 b) 7/2 c) 7/3 d) 7 e) 3 

3 
2. If f'(x) = * + 4x and f(0) = 4, then f(x) = 

2 3 4 2 
a) 3x + 4 b) x + 4x + 4 c) lx + 2x + 4 

4 

4 2 4 2 
d) x + 4x + 4 c) 1* "** 2x — 4 

4 

S \/ x - 4 dx = 

3/2 - 1/ 2 

a) 2x - 2x + C b) l(x - 4) + C 
3 2 

3/2 3/2 
c) l(x - 4) + C d) l(x - 4) + C 

3/2 
e) ?.U ~ 41 + C 

3 

4. What are all the real values of n, for which the following 
integration formula ia valid? 

n n+1 
u du = _U + C 

n + 1 

nue 

i) n > -1 b) n * 0 c) n / -1 d) all n e) n > 0 
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5. x\/ 2x - 1 dx = 

2 3/2 
a) l(2x - 1) + C 

6 
2 3/2 

c) 2(2x - 1) + C 
3 

2 3/2 
e) l(2x - 1) . + C 

3 

2 3/2 
b) l(2x - 1) + C 

4 
2 

d) + C 
/ 2 

V 2x + 1 

6. If 3/2 x represents the slope of a curve at (x, jr) and if 
the curve paaaes through (4, -11), which of the following la 
. the curve's equation? 

2 2 2 
a) y = 2jc b) y = Ix - 25 c) y - 3x 

4 2 2 

d) y = 3x - 23 
4 

e) y = 3x - 47 

7. 

\ 
y 

/ 
V 

(-a.0) (a,0) 

The above figure ahowa a rectangle with 2 of ita verticea at 
(a, 0) and . (-a, 0) and the other two verticea on the 

2 
parabola y = x . What fraction of the area of the rectangle 
lien below the parabola? 

a) 1/6 b) 2/5 c) 1/4 d) 1/2 e) 1/3 

What ia the area of the region bounded by the line y = 1/2 x 
2 

and the parabola x = y ? 

a) 2 b) 4/3 c) 20/3 d) 32/3 e) 16/3 
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a) 3/64 b) 2 c) 8/3 d) 9/2 o) 6 

10. The slope of the graph of y = f(x) at (lt -1) is 10. Find 
the equation of the curve if 2 

d v = 18x - 8 
2 

dx 

2 
a) y = lOx - 11 b) y = 9x - 8x - 2 

3 2 3 2 
c) y = 3x - 4x d) y = 3x - 4x + 9x - 9 

2 
d) y = 9x - Bx + 9 

2 
11. What ia the area of the region bounded by y = x and the 

line y = x + 2? 

a) 9/2 b) 3/2 c) 21/2 d) 6 e) 16/3 

12. A particle starts from rest at the origin at t = 0 and moves 
2 

along the x-axis with acceleration d X ® t — 2. 
2 

dt 
The position of the particle at the instant when the 
acceleration is 0 is at x = 7 

a) -16/3 b) -8/3 c) 2 d) -2 e) 0 

13. In using Simpson's rule for approximating definite integrals 
the given curve ia approximated by segments of 

a) cubic curves b) arcs of circles 

c) parabolas d) spirals e) straight lines 

3 
14. The area bounded by the x-axis. the curve y = x and the 

lines x = 1, x = 5 is 

a) 124 b) 4 c) 156 d) 102 e) 32 
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9 

/ <V7 
15. Evaluate | [\/ x - 1 1 dx 

V x 

a) 7/6 b) 32/3 c) 5 d) 1 e) 2/3 

2 
16. Find the area of the region bounded by the graphs of y = x 

and y = 1. 

a) 1/3 b) 2/3 c) 8/3 d) 4/3 e) 5/3 

3. 

17. Evaluate I x dx / 
a) =26. b) -2/3 c) 52 d) 2/3 e) 23. 

27 27 9 

2 /— 
18. Solve the differential equation dJt = 18x "s/ y subject to 

dx 
y = 4 when x = 0. 

3 2 3 2 
a) y = (3x + 2 ) b) y = (6x + 4) 

3 2 3 2 
c) y = ( 3 x + 4 ) d) y = ( 6 x + 2 ) 

3 • 2/3 
e) y = ( 9 x +8) 
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c 6 
19. Evaluate J 3 cob ^9x^Bin ^9x^dx 

7 
a) 21 coo /2x.\ + C b) _5. cob + 

35 \ 5 / 21 \ 5 J 

7 7 
5̂. cob (&X.\ + C d) =21 cos /2*\ 
21 I 5 J 35 ( 5 J 

e) 21 cob C 
21 

5 6 4 
20. Evaluate J 8x (6 + 4x ) dx /. 

6 5 6 5 
a) _1(6 + 4x ) + C b) _1(6 + 4x ) + C 

15 90 

6 5 6 5 
c) 192(B + 4x ) + C d) 32(6 + 4x ) + C 

5 5 

6 5 
e) _1(6 + 4x ) + C 

5 



APPENDIX C 

MICROCOMPUTER LAB WORK SHEETS 

81 



82 

MTH 124-COMPUTER ORIENTED CALCULUS 
COMPUTER ASSIGNMENT IB 
TOPIC: FUNCTIONS AND GRAPHS NAME 

I. Find the Domain and Range of the following functions. Then 
use ARBPLOI - DISK £1^ PROGRAM »1. PLOT V(X) to graph each 
function verifying the correctnefiu of the domain and range. 

1 - y = \ / x - 2 1.Domain. 

1.Range 
o 

4 ~ * 2.Domain 

2. Range. 

y = 

3.Domain. 

3.Range 

2 4.Domain. 
x 

4. Range_ 

y = 2 coe 2x 5.Domain. 

5.Range 

6. y = 1 - sin x 6.Domain. 

6.Range 

II. Use ARBPLOT - DIM. t U PROGRAM fiJL. PLOT Y(X\ to graph the 
following split-domain funct.ione : 

1. 

y = 3 - x if x <. 1 

2x x > 1 
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MTH 124-COMPUTER ORIENTED CALCULUS 
COMPUTER ASSIGNMENT 1C 
TOPIC: TANGENT LINES & SLOPES NAME. 

I. Using ARBPLOT - PISK JLU PROGRAM JUL. LIMITS k DERIVATIVES, 
find the slope of the tangent line to the given curve at the 
specified point. Verify that this elope is the limit of the 
secant lines as x-*0. Then, find the equation of this tangent 
line. 

2 
1. y = -x ( 1 , - 1 ) 

1. m „ 
T 

1.equ_ 

2 
2. y = x - 4x (4, 0) 2. ni 

T 

2.equ. 

2 
3. y = 2 - x - x ( 1 , 0 ) 3.m 

T 

3 . equ. 

3 2 
4. y = 2x + 3x - 12x (2, 4) 

4. m _ 
T 

4.equ. 
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MTH 124-COMPUTER ORIENTED CALCULUS 
COMPUTER ASSIGNMENT ID 
TOPIC: SLOPE OF THE CURVE NAME. 

I. Using ARBPLOT - DISK ttl. PROGRAM tt5. LIMITS & DERIVATIVES, 
find the elope of the curve y = f(x) at x = 3 and write an 
equation for the tangent line. (The elope of the curve y = f(x) 
at x = 3 is denoted f'(3), the derivative of f at x = 3) 

2 l.f'(3): 
1. f(x) = 

X 

1 . equ 

2. f(x) = X 2.f'(3): 
X + 1 

2.equ 

3. f U ) = 1 3.f'(3); 
\/x 

3.equ 
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II. For the following functions f(x), graph f'(x) underneath. 
Verify, ueing APBPLOT - DIRK 1M . PROGRAM ttfi - GRAPHING 
PERIYATTYfift• ~ 

3 
1. f(x) = _i_ 2. ffx) - x 

x 

2 
3. y = 4 - x 
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MTH 124-COMPUTER ORIENTED CALCULUS 
COMPUTER ASSIGNMENT IE 
TOPIC: LIMITS NAME 

QALCULUS TOOLKIT - DISK tf 1. PROGRAM E, LIMIT 
Ub'DTHTTTON. clo the first 5 limit problems that the computer 
generates. Be eure to choose the largest possible for the given 

JJnmSSJ 1 1" W W W * - TQOhKTT. z ELMK « U PROGRAM Dj. LIMIT 
EEmjflS, choose problem type 1 - Polynomials and w£7IT~5 
Problems. Then choose problem type 2 - Rational Functions and 
work 5 problems. Give the problems and ariewera below: 

PnliYNPMTAhg. RATIONAL FUNCTIONS 

I. 
1 

2 . . 

3 * 3 ., 

4.. 

5.. 
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MTH 124-COMPUTER ORIENTED CALCULUS 
COMPUTER ASSIGNMENT IF 
TOPIC: CONTINUITY NAME 

I . Usine CALCULUS T Q O M U T - DISK 1LU PROGRAM «F. CONTTNUTTY A. 
POINT, do the first 5 continuity problems that the computer 
generates. Be sure to see a graph of each one. Give the 
problems and answers below: 

1. F(x). 

2. F(xl. 

3. F U ) . 

F(x). 

F(x). 
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MTH 124-COMPUTER ORIENTED CALCULUS 
COMPUTER ASSIGNMENT 2A 
TOPIC: GRAPHING TRIG FUNCTIONS NAME. 

Graph the following t.rlg functions. Use ARBPf.OT - DISK £1^. 
PROGRAM HI. rLOT Y(X) to oheok the graphs. 

1. y = 5 siri 2x 

2. y = co£ (x - ( TT/2 )) 

3. y = eln x 

4. y = 2 sin x + cos x 

5. y = 3 cos (3x - (3j/4)) 
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MTH 124-COMPUTKR ORIENTED CALCULUS 
COMPUTER ASSIGNMENT 2B 
TOPIC: DERIVATIVES OF TRIG FUNCTIONS NAME. 

Find dy/dx for the following trig functions. Then use ARBPLOT -
DISK ttl, PROGRAM Jtl, PLOT Y(X), Graph the dy/dx function that you 
found. Verify your result by using PROGRAM #6-DERIVATIVE 
FUNCTION on ARBPLOT to compare the graphs. 

dy graphs: 

1. y = - COS x <*x 
dx = 
dx 

2. y = sin (-x) 
di = 
dx 

3. y = sin 4x 
dx = 
dx 

4. y = cos (2 - x) 
dx = 
dx 

5. y = cos 3(x - 1) 
d* = 
dx 
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MTH 120-COMPUTER ORIENTED CALCULUS 
COMPUTER ASSIGNMENT 2C 
TOPIC: PARAMETRIC EQUATIONS NAME 

riiis fcil 1 rawing parametric equations qive the pus i lion of a 
par l.ic I e muving in the p 1 arte • Eliminate tho par'ametcr« t, to 
find an equation of the form y • f(m ) . Then graph the curve, 
indicating the direction in which the particle moves as t 
increases. Check the graph of y « f(x) by using CALCULUS 
TOOLKIT, DISK 112, PROGRAM I - PARAMETRIC EQUATIONS. 

1. x = t , y = l - t , 0 < t < . l 

/" "2 
. < - t , y = \ / i - t , "I £ t < 1 

3. N « ~\/~T , y * t , O <_ t <_ 25 

y =• 

4. x = 21, y = t - i, "2 <. t <_ 2 

V = 

« " sin t, y » 3 cos t, O <_ t <, 2 

y = 
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MTH 124-COMPUTER ORIENTED CALCULUS 
COMPUTER ASSIGNMENT 2D 
TOPIC! NEWTON'S METHOD OF FINDING ROOTS NAME,. 

Using ARBPLOT, DISK HI, PROGRAM 7 - ROOTS OF F(X) « 0, find the 
root of the given function inside the given interval. Give the 
values of x , x # x , . . .until the rout is found. 

3 

1. f(x) ® x «• x - 1 

interval [0,1] 

x « 
0 

x :ss 

1 
X « 
2 

4 
f ( X ) • x - 2 x 

0 
interval [1,2] * x 

1 
x 
2 

4 3 
3. f(x) « x - x - 75 x 

0 
interval [3, 4] x 

1 
x 
2 

4 3 2 
4. f {;< ) » x - 2x - x - 2x + 2 = 0 

interval [0, 13 and interval [2, 3] 

Root is x ® Root 2i x 
0 ' 0 

X = x 
1 1 

x » x 
2 2 
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MTH 124-COMPUTER ORIENTED CALCULUS 
COMPUTER ASSIGNMENT 3A 
TOPIC: INCRESING/DECREASING INTERVALS OF FUNCTIONS 

NAME. 

Dftfrmine the intervals of x-values on which f(x)^ is 
increasing/deoreasing using f'{x). Verify by using ARBPLOT -
DISK #1, PROGRAM #6 - GRAPHING DERIVATIVES. Also list the 
max/min values that f(x) has when y' = 0. 

2 
1. y = 12 - 12x + 2x 1 i x i 5 

y = 1 x - l x - 2 x + l -3<_ x <. 4 
3 2 3 

3. 
4 2 
c - 8x + 1 6 •3 < x < 3 

4 . y = x 
4/3 

-5 i. x <. 5 

5. 
x - 1 

-4 < X £ 5 
Use manual scaling 
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MTH 124-COMPUTER ORIENTED CALCULUS 
COMPUTER ASSIGNMENT 3B 
TOPIC: CONCAVITY AND POINTS OF INFLECTION 

NAME. 

ism rid t hr* following for each of the given functions-
Find t.« o f x _ v a l u e B where the curve is increasing 

intervals of x-values where the curve is decreasing 
intervals of x-valuee where the curve is concave up 
intervals of x-values where the curve is concave down 
point(s) of inflection 
maximum/minimum values 
sketch the curve r 

utslng CALCULUS TOOLKIT, DISK #2, PROGRAM G -
DERIVATIVE GRAPHER, verify the results. [Verify parts a, b, & t 
by analysing the graph of f'(x) and parts c, d, & e by analyzing 
f"(x)] 

3 
1. f (x) = x - x a — 

Then, 

a. 
b. 
c. 
d. 

f . 

x m m : -J 
x max: 2 

y min: 
y max: 

- 8 

8 

c.. 

e.. 

f.. 

g. f(x) 

f ( x ) = 4 + 3 x - x 

x m m : 
x max: 

y min: 
y max: 

0 
7 



c,. 

g. £(X) 
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f(x) = _2s - - 6x 

x mm: 
x max: 

3 
-4 
6 

y min: -15 
y max: 8 

a,. 

b.. 

c. „ 

d.. 

e.. 

e. f(x) 



4. £(x) = x -

x min: 
x max: 

-7 
7 

2 
2x -4 

y min: 
y max: 

-10 
10 

[RESEMBLES A MOLAR TOOTH] 

. 95 

a.. 

c.. 

d.. 

6.. 

g. f(x) 
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MTH 124-COMPUTER ORIENTED CALCULUS 
COMPUTER ASSIGNMENT 3C 
TOPIC: RATIONAL FUNCTIONS NAME. 

Identify the following properties for each of the given rational 

functions: 
a. symmetry about the y-axis and the origin 
b. intercepts (x-int and y-int) 
o * asymptotes (vertical, horizonal, oblique) 
d. intervals of increasing/decreasing 
e. maximum/minimum points 
f. intervals of concavity 
g. sketch the curve 

Then, using CALCULUS TOOLKIT, DISK #2, PROGRAM G 
DERIVATIVE GRAFHER, verify the above properties-

1. a. 
* 1 

x win: -3 
x max: 2 

y min: 
y max: 

-5 
5 

e.. 

g. f(x) 

y = 

x min: -5 y min: -5 
f 'no:;: * 



c . . 

d. . 

e . . 

f . . 

g . f ( x ) 
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3. y = 
x - 1 

x win: -3 
x max: 6 

y rain: 
y max: 

- 8 
8 

a . . 

b. . 

d. . 

e . . 

f . . 

e . f ( x ) 



4. y = 
4 

-S 1 -JL a.. 

x min: 
x max: 

y min: 
y max: 

0 
20 b.. 

c.. 

d . . 

e.. 

f.. 

e. f(x) 

98 
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MTH 124-COMPUTER ORIENTED CALCULUS 
COMPUTER ASSIGNMENT 3D 
TOPIC: MAXIMA/MINIMA THEORY NAME 

For the following functions determine (if any): 
a. local maxima/minima 
b. absolute maxima/minima 

Verify, by using ARBPLOT, DISK #1, PROGRAM A - PLOT Y(X) 

3 2 
x - 2x + x 

on [-1, 2] 

a*. 

b.. 

y = x - 6x 

on [0. 2) 
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4 2 
y = X - 2x + 2 

on [-1. 2] 

a.. 

b.. 

on [0, 4] 
use manual scaling 
y min: -10 y max: 10 
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MTH 124-COMPUTER ORIENTED CALC0L0~> 
COMPUTER ASSIGNMENT 4A 
TOPIC: AREA UNDER A CURVE NAME. 
lurxu. fwv*-** < 

ABBPLOT -'oilf i z ^ P B O c S f i f - DEFIHITE IHTEGBAL io'flr.d th< 

f I fK «- it • ! J SSSSS 
b) the Hum of >he ^ _ 1 6 i.nsCribed rectantjleu 
d tha lum of £he areas of n n 4 circumscribed rectangles 
Jo the sum of the areas of a = 8 circumscribed rectantlet. 
f) the sum of the areas of ri = 16 circumscribed rectangles 

y = x , a - -1» b ~ l 
[Be sure to type in y = 0 

on each of these to denote 
bounded below by x-axis.] 

Ct ) -

b). 

c ) . 

d). 

e) . 

f). 

u=8 /inscribed 

circumscribec 

jn=16. 

= 1/x, a = 1. b a). 

b). 

O . 

d). 

e ) . 

f). ri = 16 

inscribed 

circumscribe! 

3. y = cos x, a = H"/2, b = 3Tiy2 
(1.57) (4.71) 

a ) . 

b). 

c) . 

d). 

e) . 

f). 

_n=4 

_n=e inscribed 

circumscribe 

_n=16j 
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MTH 12'1-COMPUTER ORIENTED CALCULUS 
COMPUTER ASSIGNMENT 4B 
TOPIC: FUNDAMENTAL THEOREM OF CALCULUS 

NAME 

Find the area bounded by the ::-axi.3, the given curve y = f(x) and 
the given vertical lines. Uce ARDPLOT - DISK #2. PROGRAM «14 -
INDEFINITE INTEGRALS. 

1. v = 1 x = 0. x = 4 area 
V 2x + 1 

= x \/2x" + 1 , x = 0 , x 

4* 

(2x + 1) 

area 

3. y = v , x = 0, x - 2 area = 

4. y = 3 cos x, :< = ̂ /2, * = 3^/2 area = 
(1.57) (4.71) 

3 
5. y = x -4x, x = - 2 , x = 2 area = 
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MTH 124-COMPUTER ORIENTED CALCULUS 
COMPUTER ASSIGNMENT 4C 
TOPIC: SIMPSON'S RULE, TRAPEZOIDAL RULE FOR APPROXIMATING INTE-

GRALS NAME.. 

Approximate each of the given integrals with 11 = 4 and n = 0 by 
a) the Trapeaoidal Rule (T.R.) and b) Simpson's Rule (S.R.) using 
ARBPLOT - DISK #2, . PROGRAM 113 - DEFINITE INTEGRAL. Compare your 
anmicrs with the ,«ixacb value of the integral. [Make cure you 
type in y - 0 for y function.] 

2 
1. U 

I. 
dx 

2. 4 

I \ / T dx 

3. TT 
tiin x dx x 

for n = 4 for n = 8 

T.R. area = T.R. area 

S.R. area = S.R. area = 

exact area = 

for n = 4 for n = 8 

T.R. area ~ T.R. area 

S.R. area = S.R. area 

exact area = 

for n = 4 for n = 8 

T.R. area = T.R. area 

S.R. area = _ _ _ _ _ S.R. area 

exact area = 
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MTH 124-COMPUTER ORIENTED CALCULUS 
COMPUTER ASSIGNMENT 5A 
TOPIC: AREA BETWEEN 2 CURVES NAME. 

For each of the following bounded regions: 
a) find the exact area using a definite integral 
b) check the answer for a) by summing up trapezoids using 

ARBPLOT - DISK #2. PROGRAM #3 - DEFINITE INTEGRAL 
(U6e 32 subdivisions) 

4 
1. y = x , y = Ox 

a) b) A 
t 

2 2 
2. y = 7 - 2 x , y = x + 4 

a) b) A . 
t 

2 
3. y = 1 - x , y = cos ( x/2) 

a) b) A _ 
t 

2 2 
4. y = x , y = 4x - x 

a) b) A . 
t 
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MTH 124-COMPUTER ORIENTED CALCULUS 
COMPUTER ASSIGNMENT 5B 
TOPIC: LENGTHS OF PLANE CURVES NAME. 

For each of the following curves, with given intervals: 
a) find the exact length using a definite integral 
b) check the answer for a) by finding the approximate 

using ARBPLOT - DISK VZ, PROGRAM »7 - ARCLENGTH 
(use 16 subdivisions) 

3/2 
1. y = x i 0 £ x <, 4 

a) b) 

a) b) 

t . y = l(2t + 1 ) , 0 <. t £ 4 

a) b) 

2 3 
4. x = t , y = t, - t, -2 i t < 2 

3 

a) b) 
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/ 
T " iXj 

?^ LS T 1 

f<X) SIM(X) 
XairF-l 
XTisiX=7 
£X=1 
Viriiri=-1.2 
Vrix=i.2 
A < 1 - 4 

jo. r-1 

Tangent slope= 
-.49 

ISJiPfT1 
nn-aX= 1 
AV=.5 

s l oP e °f the Tangent Line to f(x) 
Graphing the Derivative Function 

I ' MH PL0T1 
f<K) JlWX) 

Wiin=-1,2 

AV=f1*2' 

, EXTEgm ! 

j /f'<M* 4 ' ? 1 * ~ 1 ' 

Tinin=-1 
VlnaX- 1 
AV=.5 

Maximum/Minimum Values of a Function 
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/ 
/ 

MH PLOTS 
fCO -
EXP < - X) 

Xm iri=0 
Xm-5.x= 4 
A V— 4 u,Ar 1 

Vmin=.818 
Vfl'l-iX*" 1 
AV=. 1 

r l 1 
L'ftt) dt 
Ju 
= . to? 

VTitiri=0._ 
Vn'i aX5 .931 
A Vs. 1 

Summing Areas of Rectangles Under A Curve 

MH PL0T2 
f<X> = 
EXP < - X) 

Xm i n— 0 
Xtii-5.X= 4 
A V— 4 

Vm in=. 018 
Vtll4X= 1 
A 'J— 4 •Li I"" i 1 

•fCt) cit 

— • 9y 1 

Vmiri=0 
Vifi3».x=. 981 
AV=. 1 

A Graphical Interpretation of the Value of the 
Definite Integral 



APPENDIX E 

EXAMPLES OF CALCULUS TOOLKIT SOFTWARE 

109 



110 

LIMIT F<X) = L 

L-0 
\ 

L ... \ 

L-0/ r 

\ 
V 

\ 

— 

C-A C C+6 

INcBEA^E 6 

DEc5?EA?E 6 

TePT 6 

LOOS AT 
LARGEST 6 

Qllfr 

0 

DEFINITION For each 0>0 there is a 6>0 
such that for each X 

0<IX-CK6 =* IFC5O-LK0. 

Find a 6 for the given E. Note the gap 

in the graph above the point C, a value excluded 

from consideration in the limit definition. 



Ill 

LIMIT F O O = L 
X-» C 

•jsPU 
1J 1 \ t f !"•» < 

TRV &GAIN 

NBM 
FUNCTION 

NIW 
EPSILON 

QUIT 

Q 
C+6 

NO! For t h i s 0 and your 6 
„ t h e r e a r e X such t h a t 
0< IX-CKA and IFOO-LI>C. 

Your 6 i s too l a r g e . 

Testing a 6 that i s too largo. 

LIMIT F(X> = L 
X-»C 

— 7 
C-6 

m > m 

I S M 

C C +<S 

& TRV AGAIN 

nBW 
FUNCTION 

nIW 
EPS ILON 

t J l T 
Q 

GOOD! _.Fo3t» t h i s E and y o u r 6 
0< IX-CI <<£ => IF(X)-LI<B. 

No l a r g e r 6 w i l l work. 

The la rges t del ta f o r t h i s problem, 
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V ....... 
• • 

... Y 

• * M I 

T 
• 

' • + - - ' • + 

1 
1 

T 

T= 4.057891 

X = - . 6 0 8 7 6 1 1 ...+ 
I 

Y = - . 7 0 7 1 0 7 3 
• • # • • • 

- X 

p a u s e = C T R L - N U M L O C K *»esuwe=ANV L E T T E R 

The Graphical Representation of the Parametric 
Form of a Function 
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