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Abstract:

Society has become increasingly dependent upon technologically trained professionals which has
increased the demand for such individuals. Most often these are white males, but female and minority
students represent a largely untapped resource from which more highly trained individuals can be
realized. College calculus can present an obstacle because it is prerequisite to a scientific career. This
course has a low rate of success, which has prompted many instructors to search for methods of
improving the achievement of their students. Teachers of college calculus have assigned students
weekly computer lab work to supplement the traditional classroom instruction. Little well-designed
research has been conducted into this use of computer-assisted instruction [CAI]. This study sought to
explore such use of CAl in a traditional college calculus course.

For this study, the experimental group consisted of four sections of Math 181: Calculus and Analytic
Geometry I, at Montana State University. Students in this group were administered five weekly, highly
visual, supplemental computer labs during winter quarter 1991. The control group consisted of four
other sections of the same course, and was administered five corresponding supplemental homework
assignments. The independent and attribute variables were treatments, and learning style, gender, and
minority group membership. The dependent variables were student attitudes, anxiety and achievement.
These variables were assessed through changes in pretreatment and post-treatment surveys and student
scores on homework, quizzes and exams, and course grades.

Results indicated little statistically significant change in student attitudes and anxiety, and no
statistically significant change in achievement. Students receiving supplemental computer labs
performed as well as students who received additional homework.

Recommendations for future research include: continued research into the use of supplemental CAI in
the form of computer labs; research into the use of graphing calculators in college calculus; research
into long-term effects of CAl in college calculus; and research into college calculus courses which have
been restructured to take advantage of technology in the classroom.
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Abstract

Society has become incfeasingly dependeht upon‘
tecﬁnologically trained brofessionals which has~incfeased.
the demand for such individuals. - Most often these are white
males, but female and minority students represent a largely
untapped resource from which more highly trained ipdividuals
can be realized. Colleée calculus can present én obstacle
because it is prerequisite to a scientific career. This
course has a low rate of success, which has prompted many

instructors to search for methods of improving the

achievement of their students. Teachers of college calculus

have assigned students weekly computer lab work to
supplement the traditional classroom instruction.. Little

well-designed research has been conducted into this use of




computer-assisted ihstruction'(CAI)m This study sought to
explore such use of CAI in a traditional college calculus
course. |

.For this study, the éxperimentél group consisted of
four sections of Math 181: Calculus and Analytic Geometry I,
at Montana State University. Students in this group were
administered five weekly, highly visual, supplemental
computer labs dﬁring winter quarter 1991. The control group
.consisted.of four other sections of fhe same course, and was
administered fivélcorresponding supplemental homework |
assignments. The indépendent and attribute vapiables were =
treatments, and learning style, gender, and minority group
mémbership. The depeﬁdent variables were student attitudes,
anxiety and aéhiévement. These variables were assessed
through changes in pretreatment and pdst—treatment surveys
and student scores on homework, quizzes and exams, and
course grades.

Results indicated little statistically significant
change in student attitudes and anxiety, and no
statistically significant change in aqhieyemeht. Students
receiving supplemental computer labs performed as well as
students who received additional homework.

Recommendationé for future research include: continued
research into the use of supplemental CAI in‘the form of
computer labs; research into the ﬁée of graphing calculators
in college calculus;. research into long-term effects of CAI

in college calculus; and research into college. calculus




courses which have been restructured to take advantage of

techhology in the classroom.
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ABSTRACT

Society has become increasingly dependent upén °
technologically trained professionals which has increased
the demand for such individuals. Most often these are white
males, but female and minority students represent a largely
untapped resource from which more highly trained-individuals
can be realized. College calculus can present an obstacle
because it is prerequisite to a scientific career. This-
course has a low rate of success, which has prompted many
instructors to search for methods of improving the )
achievement of their students. Teachers of college calculus
have assigned students weekly computer lab work to
supplement the traditional classroom instruction. Little
well-designed research has been conducted into this use of
computer-assisted instruction [CAI]. This study sought to
explore such use of CAI in a tradltlonal college calculus
course. :

For this study, the experimental group consisted of
four sections of Math 181: Calculus and Analytic Geometry I,
at Montana State Unlver51ty Students in this group were
administered five weekly, highly visual, supplemental
computer labs during winter quarter 1991. The control group
consisted of four other sections of the same course, and was
administered five corresponding supplemental homework
assignments. The independent and attribute variables were
treatments, and learning style, gender, and minority group
membership. The dependent variables were student attitudes,
anxiety and achievement. These variables were assessed
through changes in pretreatment and post-treatment surveys
and student scores on homework, quizzes and exams, and
course grades. )

Results indicated little statistically significant
change in student attitudes and anxiety, and no
statistically significant change in achievement. Students
receiving supplemental computer labs performed as well as
students who received additional homework. o

Recommendations for future research include: continued
research into the use of supplemental CAI in the form of '
computer labs; research into the use of graphing calculators
in college calculus; research into long-term effects of CAI
in college calculus; and research into college calculus
courses which have been restructured to take advantage of
technology in the classroom.




CHAPTER I

INTRODUCTION

Introduction

Sciencé and technology have become an integral part of
our society. Our government, schools and industry are
increasingly depeﬂdent upon individuals who are
technblogically and ééientifically literate. A growing
demaﬁd for such individuals has creatéd a shortage of
college graduates who have a high degree of scientific and
technical literacy. The demapd will become even more: acute
in the 1990’s (Shapiro, 1987).

A common stumbling block for colleges interested in a
technological or scientific area is the mathematics course
" requirements included in these curricula. Increasing the
successful course completion by all students enrolled in
college mathematics, including female and minority students,’
is the general problem motivating this study. |

Advéncés in technology and its widespread uses created
the demand for technologically and scientifically literate
individuals ‘and may. hold the key to alleviating this demand

as well. The computer has been used successfully to
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supplement mathematics courses at the elementary, secondary
.and college 1evels. Z. R. Mevarech (1985) reported
computer—-assisted insfruction'(CAI) improved the achievement
and reduced the anxiety levels of disadvantaged third
graders. Burns and Bozeman' (1981) compared research showing
students’ mathématical COmprehePsion is higher in classes
where the instruction method is enhanced by the
incorporation of CAI into the normal classroom methods of
instruction. In their meta. analysis of reseérch, Kulik,
Bangert and Williams (1983) compared studies which noted
secondary students who received computer-based instruction
(CBI) outperfofmed students who did not. They’also reported
these students develop better attitudes toward the subject(
final exam scores are higher} follow-up exam scores are A
higher, éna time needed to cover the material is usually

much less than their counterparts in traditionally taught

" classroons.

Other researchers have shown that CAI motivates
students, cultivates better student attitudes towards
mathematics and other subjects, and reduces levels of
mathematics anxiety. Dugdale (1981), Reglin and Butler
(1989), and Thomas (1979) believe CAI is successful in
motivating students to perform at higher levels. Heid
(1988) and Thomas (1979) found CAI improved studént
undersfandiﬁg of ‘the concepts they were learning. Heid

7

(1988) found CAI increased student confidence and Thomas
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- (1979) found CAI lowered student mathematics anxiety levels.
The value of 1owering-méthematics anxiety levels and
improving student levels'of confidence is pointed out by
Skemp (1957), ",..reduce anxiety and build up confidence,
and thereby improve the performance" (p. 94). Thus,
computer-assisted instruction appears to improve student
achievement by reducing anxiety levels and improving student
confidence.

The graphing capabilities of micro-computers, and
computers in general, allow faster and better visual
illustrations of mathematical concepts than the traditional
sketching of graphs by hand. 1In his-book, "The Psychology
of Learning Mathematics", Skemp (1987) cited examples where
visualization conveys mathematical information more
efficiently than verbal statements. He believes the graphic
capabilities of the computer could be employed to visually
illustrate many matheématical concepts to the advantage of
both the student and the instructor. This view was also
supported by Blackburn (1983). In their study, Eisenberg
and Dreyfus (1989) concluded‘using visual images of
mathematical concepté can deepen student understanding and
help student progfess in mathematics. Ethington and Wolfle
(1984) reported that improving spatial visualization skills
of females resulted in positive increaseszin achievement in
mathematics. These results lead to the conjecture that

using the computer to-generate graphical images of functions
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may help calculus students visualize the mathematical
concepts that are the baéis of freshman level college
calculus. Because the material is presented with a strong
visual emphasis, computer generated graphs may also improve
the achievement of female and minority calculus students,
and calculus students whose preferred mode of learning is

primarily visual.

Purpose of Study

The purpose of this study was to determine if
supplementing a/traditionally taught freshman college
calculus course with CAI, that visually illustrated key
matﬁematical concepts‘as they were covered in the course,
would improve student aéhievement and attitudes towards
mathemafics and reduce mathematics anxiety levels. Because
this study was interested in the improvement of student
achievement in-a traditional college calculus course, and
because many college mathematics professors are wary of
weakening the rigor and content of this course by the
assimilation of the computer into ‘the classroom, this
researcher made the decision to supplement the course and
not to alter it or to change the methods of instruction. 1In
addition to the purpose mentioned above, it was the intent
of this researcher to investigate three other facéts déaling
Qith the 'affects of CAI on the achievement, attitudes, and

- anxiety levels of female students, minority students, and
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students who were designated as primarily‘visual learners.

This study analyzed raw sc&res and success rates‘of
students taking freshman level éollege calculﬁs. It
examined effects on. attitudes and anxiety by analyzing
studenE.confidenée in. learning mathematics, attitude toward
success in mathematics, view of the usefﬁlness of
mathematics, and level of mathematics anxiety as measured on
the appropfiate subscalgs of the Fennema-sherman,Mathematics

Attitude Scales (Fennema & Sherman, 1986).

Need for the Study

Each. autumn quarter over 400 students register at
Montana State University (MSU) to take fréshman level
calculus. While the mathematics courses and the methods of
instruction used at MSU are continually being revised and
improved, many of the students in Math 181 receive grades
lower than C (below 2.00 on a four-point scale) or withdraw
from the class. For example, during autumn quérter, 1988,

. 420 students were enrolled in ;4_sections of Math 181,
freshman level calculus, at Montana State University.
Sixty—seven'studénts received a letter grade of A, 82
received a letter grade of B, 92 received a letter grade df
C, 39 received a letter grade of D, 67 received, a letter

' grade of F, 39 withdrew from the course with a passing
grade, and 34 withdrew with a failing grade. Two hundred

forty-one students received grades of C or higher. This
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means 197, or 43% of the students who enrolled in fhe
course, withdrew or received grades lower than a C. Similar
findings were reported bf Cipra (1988), "at sdme
institutions as:many as 50% of the students enrolling [in]
calculus either fail or withdraw from the course" (p.1491).
Positive results in college algebra programs where CAI
has been used suggest the need for a study addressing the
utilization of CAI in a college calculus course. Payton
(1987) found that college students enrolled in algebra
classes utilizing CAI scored higher than those who were
enrolled in a traditional algebra course. College students
enrolled in algebra made significant gains in solving
systems of linear equations when they utilized the
computer’s assistance (Gronberg, 1987). ‘In a study
completed by Kiser (1986), CAI enhanced the étudents’
ability to visualize linear and absolute-value inequalities.
A preliminary search conducted by this.researchér found
one study by Kiser (1986) which dealt directly with the
effectiveness of CAI in visualization and mathematics.
Eisenberg and Dreyfus (i989) reported the need for more
research into the possible connection between mathematics
and visualization. The research reported by Heid dealt with
a college calculus course in which the method of instruction
was altered to accommodate the uselofrcomputers (Heid,
1988). 1In this adépted course, Heid found college students

better uhderstood the concepts when the course utilized CAI.
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These results ére important, but this study investigated the
possibility that the course does nét need to be altered to
fit the computer, that is, the computer is flexible enough:
to fit the course. No research was found during this
preliminary review of literature in which the-computer, and
CAI, was used to supplement the existing-course with
graphical repfesentations of calculus concepts. This
reSearcher was interested in the affects such.supplementary
CAI might have on student achievement and attitude as
described previously. | |

In concept, functions play an important role in
calculus. Therefore, to be truly successful, a student must.
have a deep understanding of functions and their behaviors.
In traditionally taught calculus courses functions are often
represented using algebraic equations. But functions can
also be representéd visually through the use of graphs.
Ayers, Davis and Lewin (1988), found students receiving CAI
scored significantly higher on tests covering concepts
dealing with functions. Although many functions are very
difficult for an instructor to graph by hand, the computer
can graph even difficult functions easily, an@_much more
clearly. This makes the function easier to visualize, and
visual symbols are often easier to understand than élgebraic
representations of the saﬁe material (ékemp, 1987). Skemp

states, "...visual imagery is that most favorable to the

integration of ideas" (p.80).




8

Questions to be Answered

The increasing availability of computer facilities in
high schools and on college campuses, and the claims put
forth about the capabilities of CAI, has tempted many
mathematics instfuctors to send students to the "computer
lab" as a means of increasing student achievement and
supplementing their own instruction. Therefore, more
reseafch into the use of supplemental CATI is(needed to
establish what effects it may have on student achievement
and attitude towarad mathematics. With this in mind, the
.questions addressed by this study were: How does CAI affect
student achievement when it is used to supplement |
traditional methods of instruction in a eollege freshman_
level engineering calculus'class?; How does CAI affect the
achievement of students in underrepresented grouns when it
is used to supplement traditional methods of instruction in
"a college freshman level engineering calculus class?; How
does CAI affect student attitudes when it is used to
supplement traditional methods of instruction-.in a college
freshman level engineering calculus class?; and How. does CAT
affect student mathematics anxiety levels when it is used to'
supplement traditional methods.of 1nstruct10n in a college
~freshman level englneerlng calculus class?

In Chapter III these four research questions are
refined and divided into distinct questions dealing with

their inherent sub-parts. They are then rewritten in null
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hypothesis form for analysis purposes. The number of female
or minority students in the sample population is. also

considered in Chapter IIT.

General Procedures

The students in 12 sections of Math 181, Calculus and
Analytic Geometry I, at Montana State University were given
a researcher-created multiple-choice diagnostic test
designed to determine how prepared they were to take the
éourse. The concepts tested included topics in.algebra,
geometry, trigonometry and'calculué. All included items
were from.tobics judged necéssary for adequate calculus
student preparation by experienced math professors in the
department.

The research design for this study was a matched group
design (Drew & Hardman, 1985). The results of the
diagnostic test were used to create four‘matched pairs of
_sections based upon their mean scores. The eight secéions
with the closest means were paired. The remaining four
sections,‘from the original 12, were excluded.

One section from each of’the,four pairs was randomly
placed into either the experimental treatment group or the
control treatment group. Thus, the expérimental treatment
group consisted of four sections of Math 181 as did the
control treatment group. A t-test of the meéns of the two

groups, as measured on the pretest, was used to determine if
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this method of selection resultéd in equivalent groﬁps (see
Chapter IV). |

All eight sections used in the experiment were given a
preliminary survey containing a page of background data and
selected scales of the Fennema-Sherman Mathematics Attitudes
Scales (see Appendix C). The'éelected‘scales were: the |
Confidence in Learning Mathematics Scale, the Attitude
Toward Success in Mathematics Scale, the Usefulness of
Mathematics Scale, and the Mathematics Anxiety Scale'
(Fennema &‘Sherman, 1986). The two grdups were also given
the‘Perceptual Response Subscale of the Learning Style
Profile (LSP) created by a task force for the National
Association of Secondary School Principals, in‘1986, to
differentiate an individual’s primary mode of learning
(Keefe,_Monk,.Letteri, Languis, & Dunn, 1986, see Appendix
D) .

The .treatment for the experimental group consisted of
five supplemenﬁary'computer—as;isted labs designed by the
researcher to illustrate some of the major concepts covered
in Math 181, the first quarter calculus course (see Appendix
hA). Thése lags were edited for content by professors and
graduate teaching assistants with expérience in teaching the
course. No training on the use of the computer was given to
'the students or classroom instructors. The s;udents

received an instruction sheet. Any additional directions

necessary for completion of a specific lab was included with

J
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the lab. The labs closely followed the daily lessons
presented by the course instructors. The questions were
designed to encourage the students to analyze the graphs
created by the computer softwere., Students were required to
complete labs outside of class. . Labs were scored by the
classroom instructors with guidance from the researcher. No
training in the use of the software was given to course
instructors.

Treatment for the control group consisted of five
homework assignments similar to the treatments of the
experimental group, but without the graphs of the functions
(see Appendix A). Students answered questions similar to
those answered by the experimental group, but without
benefit of the function graphs generated by the computer.
These assignments were also completed outside of the class
and graded by the course instructors.

All sections of Math 181, including experimental and
control treatment groups, were giYen two common hour exams
and a final exam. All sections took the same exams at the
same time. The firet exam occurred after two'of the °
treatments and the second exam was administered after the
three remaining'treatments were'completed. After theAsecond
common hour exam the eight sections in the study were given
the same survey of attitudes giﬁen before the treatments

began. The difference between the results of this post-

treatment survey and the pretreatment survey were used as
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data in the analysis. . The final exam was given
approximately two weeks after the second common hour exam.

A student’s final course.grade was determined by the
total number of points accumulated in the course. Each
common hour exam was worth 160 points.’ The final exam was
worth 200 points. In addition to the exam scores; 100
points Were'given by each individual instructor for homework
and quizzes. For those sections receiving the treatments of
the study, 50 of the 100 total course points determined by
each individual instructor were awarded for correct
‘completion of the computer lab Wofksheets. }

>-Student faw scores and course grades were used to-
e#amine differences iﬁ achievement and rate of success of
experimental and control groups. All collected data were
analyzed using analysis of'variance. Analysis of variance
was also used to determine if any interaction effects

occurred between selected background variables, learning

style preference, attitudes and the treatments.

Limitations and Delimitations

Limitations

The limitations of this study are as follows:

1. This study was limited to,students enrolled in Math
181, Calculus and Analytic Geometry I, at Montana State
University during winter quarter, 1991.

2. The number of minority students enrolled in the
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above mentioned course may be too smali to make meaningful
inferences from the statistical analysis.
3. All exams given to the students 'in this study were

created by one professor, the Math 181 course supervisor.

Delimitations

The delimitations of this study are as follows:

1. The treatment of the éxperimental group consisted of
five computer lab activities over a six-week period.

2. The treatment of the control group consisted of five
take-home exercise sheets over a six-week period.

3.'Th¢ topics covered in the treatments closely fblldwed
the course syllaﬁué during the._time the treatments were
given.

4. The computer software uéed in this study is designed

for IBM compatible computers only.

Definition of Terms

For the purpose of this study, the following
definitions were used:

1. Computer-assisted instruction (CAI) - employing a

computer to assist in the teaching of a course. It may be
used for remediation, tutorial, simulation, drill and

practice, or other applications.

2. computer-Based Instruction (CBTI) - instruction that
utilizes the computer as the primary source of teaching. It

may or may not be used with teacher input to assist the
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students with the lesson. An example would be a user
interactive software package.

3. Computer lab worksheets (labs) - worksheets

utilizing computer-assisted instruction in visualization to

guide the students through the Qraphing of functions and the
analyzing of those graphs to improve their‘ﬁnderstanding of
the underlying'mathematical concepts.

4. Fennema-Sherman Mathematics Attitudes Scales - a

collection of nine scales developed by Fennema and Sherman
to assess student attitudes toward many different items
pertaining to the teaching and learning of mathematics. The
five scales chosen to make up the survey given to the
students in this study are (a) confidence in learning
.mathematicsz (b) attitude toward success in mathematics; (c)
usefulness of mathematics; and (d) mathematics anxiety scale
(Fenﬁema & Sherman, 1986).

5. Learning Style Profile - a test created by a task

force for the National Association of Secondary School
Principals, NASSP, in 1986 to differentiate those whose
primary mode of learning is visual, auditory, or kinesthetic
(Keefe et al., 1986).

-6. Math 181 - Calculus‘and Analytic Geometry I. The
first quarter college calculus course at Montana State
University, using traditional methods and textbooks.

7. Raw _score - the tofal number of a possiblelSOO

points a student obtains in Math 181.
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8. Satisfactory results - grades of "C" (2.00 on a
four-point scale) or higher. Students who are enrolled in‘
programs with courseé that rely heavily upon the calculus
sequence are advised that they need a grade of "C" (2.00 on
a four-point scale) or better to continue on With the

curriculum. Thus a satisfactory result is such a grade.

9. Success rate - a successful cOufse completion rate.
The decimal fraction of all the students in a group who
complete’the course with satisfactory results.

10. Underrepresented groups - groups not tfaditionally

representative of those individuals who embark on careers in
fields dependent upon technology such as engineering,
mathematics,‘and sciences.

11. Visual learners - individuals whose preferred mode

of learning is primarily visual. Such learners might prefer
that information is presented visually as well as vefbally.

12. Learning style (or modality) - "the sensory channel

through which information is perceived and processed most

efficiently" (George & Schaer, 1987, p. 1).
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CHAPTER II
REVIEW OF LITERATURE

Introduction

In this study, computer-assisted instruction (CAI) was
used to supplement traditional college calculus instruction
through the use of graphical representations of several key
mathematical concepts. Students in mathematics courses may -
benefit from the use of computer—generéted graphics because
the visual presentation of course concepts provides an
alternative format through which the information could be
processed (Bork, 19280). -Bialo and Sivin (1990) suggested
technology could bé used successfully as a supplement to
traditional instruction. Another advocate of the use of the
microcomputer in the classroom, Caissy (1987) feels:

The computer is a classroom tool that can enhance and _
improve instruction and learning. It should be used to
complement and supplement the curriculum and should not
require a revamping of the curriculum to fit the :
computer....The computer is intended to assist teachers
with instruction and students with learning (p. 12). .

The .concerns of this study were the affect CAI had on
mathematics achievement, attitudes towards mathematics, and

level of mathemétical anxiety of the sampled student

population. It was the intent of this researcher that this
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study investigate and report on results for all students in
the sampled'studenf population including minority and female
students, and students who were primarily visual learners.
With this in mind, the review of literature pertained to:
CAI and mathematics achievemeﬁt; visualization and
‘mathematics achievement; énd CAI and the affective doﬁain.

CAI and mathematics achievementlas prescribed in this
study dealt with the three subtopics: the affectiveness of
CAI, CAI and female students, and CAI and minority students.
Visualization and mathematics achievement dealt with the o
four subtopics: visual learners, visualization and
computers; female students.and.visualizafion; and minority
students aﬁd visualiiation.' CAI and the affective domain-
dealt with the two topics: student attitudes towards

mathematics and CAI, and CAI and its affects on.mathematics

anxiety.

‘Computer-Assisted Instruction and Mathematics Achievement

Using CAI has many enthusiastic supporters who believe .
that utilizing coﬁputer éenerated graphics coﬁld'be a useful
tool for mathematics instruction. Bork’s (1980) article,
"Learning Through Grabhics," discusses the use of graphics
in le;rning, especially in mathematics and science, and the
critical role the computer plays in the use of graphics in
teaching.

There are others who feel computers are of value in the
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mathematics curriculum: thé,graphics capabilities of the
computer make it a powerful téol in the teachiné of
mathematics (Piele, 1983); using. the microcomputer a student
can illustrate mathematical concepts which may have been
difficult and time consuming to do by hand (Blackburn,
.1983); and the graphic capabilities of the computer could
be employed'to visually illustrate many mathematical
concepts to the-advantage of the student and the insfructor
(Skemp, 1987). |

Kiser (1987) conducted research utilizing'coﬁputer-
enhanced instruction (CEI), a variation of éomputer-assisted
inétruction, which iﬁvolved two intact college algebra
classes and4the-£eaching of solving linear inequalities.
The treatment was conducted over a short, two-week period.
. during the trimester. .The control presentation:consisted of
a traditional_expository approach where the overhead and
chalkboard were used to graphically illustrate solution
procedufes without the use of computer support. . In. the
experimental group, the computer presentation was designed
as a highly visual treatment to utilize the spatial
abilities of the students in the instruction. Both classes
had the same objectives and were measﬁre&'with the same
criteria. .Results indicated students in the CEI treatment
classes performed significantly bettér and had é more
positive attitude than stpdents in traditionally taught

classes. Students in the experimental treatment class with
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high spatial abiiities significantly outperformed their
counterparts in the control qlass. Kiser (1937) feels these
results indicate CEI can improve the achievement and .
attitude of many students, "there.is a possibility of higher
student achievement in elementary,'secéndary, and college
-level by matching CEI presentations to students higher
spatial abilities" (p. 39). While.Kiser’s study showed CEI
to be effective in a college algebra course; it may be |

" equally effective in a college calculus course.

The Effectiveness of Computer-Assisted Instruction

A review.of literature dealing with the effectiveness
of CAI in education has shown CAI improves achievement and
.attitudes of studeﬂts at the elémentary,‘secondary and
collegé-levels. In a study inVolving 204 disadvantaged
third graders, Mevarech (1985) found CAI to facilitate
achievement and reduce math anxiéty, And in a previous
study involving 376 disadvantaged elementary students in
third, fourth and fifth grades, Mevarech and Rich (1985)
found that CAI had a pésit%ve.effect on mathematical
achievement and atfitudes.l They alsé found CAI raised the
math self—concepts of these students higher than those
students in the control group. |

Further evidence of the effectiveness of CAI at the
elementary level appears in-a.stﬁdy by Carrier, Post and
Heckl(1985) invblving 144 fourth grade students. These

researchers found "support for the claim that microcomputers
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can enhance some aspects of elementary school children’s
achievement in mathematics" (Carrier et al;, 1985, p. 51);

In fheir meta-analysis of studies in which CAI was ]
utilized, Burns and Bozeman (1981) found that CAI was
effective in increasiné mathematics achievement at both thé
elementary and secondary levels. Thé 40 studies déaiing
with CAI were included in the meta—analysis because they met '
the following criteria: CAI was used.in coﬁjunctién with
mathematics instruction} CATI was used as a supplement to théx
traditional instruction; the study.was conducted at
elementary or secondary grades; control group-performance.
was compared to the.treatment group performance; student
aChieveﬁent was the outcome variable; and the sﬁpplementarx
CAI took the form of drill and practice or tutorial
assistance. Three important outcomes of this analysis were:
student achievement was significantly increased through the
use of.suppleméntary CAI; high achieving and aisadvantaged
'students at‘both the eiementary and secondary 1evels_
achieved significantly higher when CAI was used to
supplement traditional instruction; and the results found
were independenf of the design and length of the studies
kBurns & Bozeman, 1981).

In a meta-analysis of 59 studies in which computer-
based instruction (CBI), a form of computer;assisted
instruction which utilizes the computer as a primary source

of teaching, was employed.ét the.colieée level, Kulik, Kulik
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.and Cohen (i980) reported: CBI.significantly improved the
achievement of college students in a small positive
direction; ﬁhe attitudes of the students toward instrucfion
and the subject were positively affected; and the time
‘heeded to learn the material was substantially reduced.
.8imilar to the previously reported meta-analysis, the design
of the experimenfs did not influence the outcome (Kulik et
al.,.1980); |

In a'study in Which‘miérocomputers were used, Rhoads
(1986) obtained results similar to those found by Burns and
Bozeman (1981) and Kulik et al. (1980). One hundred
fourteen students iﬁ.five high school algebra one classes
"Were given a total of 51 minutes of instruction using
microcomputers over the course of two days. The treatments
differed in the amount of guidance given through the use of
worksheets, and whether the studeﬁts worked in same-sex’
pairs or alone.. Aithough this study dealt with a very short
length of time, the results indicated microcomputer
instrﬁction significantly promoted the learning of skills
and concepts for high school students regardless of the_
conditions of the treatment. |

In a third meta-analysis of CBI research dealing with
secondgry students,‘Kulik et al. (1983) reported on 51
studies involving students in grades six through 12. . The
studiesvihcluded in this analysis met the following

criteria: the study was carried out in a secondary
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. classroom, grades 6—12} results of both experimental and
control groups were réported in the study; and no possibly
crippling methodology flaws were found in the study. The
results thgined indicated éecondary students who received
computer-based teaching scored higher on final examinations,
developed positive attitudes towards.the courses they were
taking, and learnéd the material in a shorter length of
time. Reéults also indicated these "effects were greater in
studies of shorter duration," (Kulik et'al;,-1983, p- 23).
At the post-secondary }evél, fésearch as far'baEk as
1976 encouraged the use of computérS'té supplement calculus
instruction and called for more research in the use of CAI
" in college mathematics classes. 1In a study conducted by
Lang (1976), the.ﬁse of the computer as an extension to
traditional instruction was found to be effective as a tool
in teaching the basic concepts of introductory calculus.
During Fall semester of 1972 at the University of Texas at
Austin/ two classes of introductory calculus were divided
into eight discussion sections,‘four'assigned to the
experimental group and féur to the control group. The
experimental gréﬁp received instruction supplemented: by
assignments in which students were to use prepared computer
programs to investigate underlying mathematical concepts and
the control group receiVed supplementary.assignments which
did not utilize the computer. Students were to enter data

into the computér using punch cards and wait for their
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results. Anofher impor;ant result indicated male students
benefitted significantly from the use of fhe computer in
this study. Lang concluded that use of computér'extended
instruction should be exélofed'more fully as an aid in
calculus classés.. "Serious thought should #e given toward
implementing computer extended instruction in in#roductory
calculgs in our colleges and universities" (Lang, 1976, p.
279). It should be noted that in 1972, when this research
was conducted, using the computer in a college mafhemati051
coﬁrse could have been exciting-and novel to new freshmen
étudents.

in 1977, two studies utilizing éAI, in the form.of
computer programming, to directly supplement the traditional
iﬁstruction in college calculus were réported. In an
éxperiment where college students in an introductory
célculus course were invited to participate ih a programming
applications project, Berkey (1977) noted students responded
positively to the use of thewcomputer; And in a computer
- programming application reported by Sanger {1977), freshmen
engineering students enrolliné in the first year of calculué -
were allowed to choose the traditional course or the
computer supplemented one. Students choosing the computer-
assisted course.were given oﬂe two-hour iaboratory session
each week instead of one hour of classroom instruction.

During this laboratory session the students wére.tauqht the

basics of computer progfamming and were assisted with the
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writing of these programs. The results were‘positive:—"The
students as a whole have enjoyed the courses; accepting the
computer as one of the toolé with which they must be
familiar in today’s society" (Sanger, 1977, p. 217)..

In both of these studies students did the programming
themselves and were taught the language as part of the
course. However, with the introduction of the microcomputer
and the development of more advanced user;friendly_
applications software,. CAI is now affordable to most
classrooms and much easier to implement. These advances
allow teachers and students to have the power of the larger
mainframe compufers in smaller less expensive pe%sonai
microcomputers. |

More recent research utilizing microcomputers has shown
similar results. _Whep CAI was used in colleée mathematics
courses other than calculus, higher levels of .mathematics
achievement were obtained by those sfudents (Payfon, 1987,
Gronberg, 1987, and Ganguli, 1990).

In a study by Gfonberg (1987), three sections of
freshman business mafhematics were taught to solve systems °
of linear equétions using three differeht methods. The
control group was taught in the traditional manner; one
treatment used CAI as a supplement to the instruction, and
. one treatment used CAI as the primafy mode of instruction.
Based upon course grades, 23 students from each class Wefé

matched for the purpose of the study. The achievement level
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of the students in the treatment group which utilized CAI as
a‘supplement to traditional insfruction was significantly
higher than the levels of both the other two groups
(Gronberg, 1987). | o

In the study_conductgd by Payton (1987), four classes
of basic mathematics were equally divided into the
experimental grouﬁ and control group. -0Of the 135 students
on the final roster, complete data were obtainéd‘for 6nly 87
of them. 1In addition to a pretest and a post-test, a sufvey
of attitudes towards mathematics and computers was -
administered té each student béfore and after:the treatment.
The treatment for the experimental group consisted df
supplementing the traditional léctﬁre with éomputer—assisted
instruction. The control'group was taught using just the
traditional lecture method. The experiﬁental group was
given demonstratiqns on the use of seléctéd computer
software énd were then assigned worksheets to be completed
using the demonstfated software. The softwafe used in this
study centérea aroﬁnd function plotters and problem solvers.
Results of the two-way analysis of covariaﬂce indicated
:significant gains in achievement for students-in'the
experimgntal group on thé post-test of knowledge of graphs,
relations, and functions. No other significant results were
found although a positive improvemept'ih attitudes towards

mathematics and computers was found for the experimental

group (Payton, 1987).




26

The studf eonducted by Ganguli (1990) found-students in.
the experimental-group scored significantly higher on the
comprehensive final than did the control group. Four
sections, 118 etudents,'ef intermediate chlege algebra were
matched based upon their pretest scores. One student from
each pair was randomly assigned to the experimental
treatment with the other assigned to the control groué.
' Treatment for the experimental group was giver o&er'a five-
week period during the semester and consieted of |
microcomputer demonstrations of four selected course topics.
Students in the‘experimental group watched visual
iliustrations of the topics while students in the control
group were taught using the traditional lecture/chalkboard
method. Ganguli interpreted the pesitive results as an
indication "that overall the»sﬁudents in the experimental
group performed better than the students in the control
group" (p. 158);

Not all'studies'ettribﬁte such results to the'use of
CAT. 1In a caée study conducted by Wright (1989), where éé
college aigebra students werevgiven assignment worksheets
and the option of using a computer to complete them, the
higher averages of 'the students who opted to use the
computer might be attributed to their higher level of
motivation and not necessarily‘to the computer treatment.
Although no change in~student attitudes towards mathematics

or computers was indicated when the students were surveyed,
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about half of the students involved believed the computer
helped them better understand the material in the course.
Because students were given the option of using the
computérs, Wright concluded "...it is not apparent from this
experiment whether or not the use of computers significantly
enhanced the teaching 6f college algebra" (p. 60).

In a college calculus study dohducted by Ayers et al.
(1988), CAI was used as a supplement to‘traditional
instruction. A total of 30 collegé students in three
seétions of an optional first-year mathematics lab were
divided into three treatment groﬁpé, two coméuter groups and
a group which received a pencil and paber treatment. The
study was conducted over a six-week period with all three
groups receiving a weekly two-hour treatment sessioﬁ;

During the first session all three groups were adminiétered
a pretest coﬁering thé mathematical concepts heceésary for
function and composition.. During the following five weeks
the students: completed assignments dealing with function
‘and compbsition; were given a two-hour lecture on function
and composition during the fourth session, were instructed
on the connections between the lab exercises and the
lecture, and were given a post-test during the sixth
session. Results indicated students in the computer'groups
scored higher on the post-test than did students in the
pencil and‘paper group:

The scores on the post-test are consistent with our
hypothesis that the computer experiences given to the
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students in tﬁe Computer groups were more effective in
inducing the reflective abstractions involved in
constructing the concepts of function and composition
than was the traditional treatment given to the Paper-
and-Pencil group (Ayers et al., 1988, p. 256).

In college calculus courses which were redesigned to
utilize the.computer, Heid (1988) noted; "There was evidence
that the studénts in the experiméntal'classes understood
concepts as well as, and in most cases better than, the
students- in a traditional version of the cour;e" (p. 22).
Hickernell and Proskurowski (1985) reported students in the
' group receiving supplementary CAI achieved significantly
higher final exam scores than those in the control group.

In the study éonducted bylHeid (1988) the sectioﬂs of
applied calculus were taught by the researcher in the study
conducted by Heid (1988) . These sections met three times
each week for 50 minutes during the semester and used‘
special materials developed by the instructor to incorporate
CAI. Students in the experimental classes used the
microcomputer to carry out most of the algorithms in the
course and to find solutions to assigned problems and
analyze the computer generated results. Students in a
tréditionally taught lecture section met twice a week for a-
75-minute lecture and once a week for a 50-minute recitation
section. Students in the traditionally taught lecture
section were‘nof given instruction incorporating CAI.
Students in the experimental classes were expected to

1

complete special assignmehts designed to be completed using




29
microcomputers and attend the weekly class meetings.
Fundamental ingredients in the course given to the
experimeﬁﬁal sections were the construction of computer
generated graphs and the analysis of those graphs. While
only the last three weeks of the course were used to work on
the skills found in a traditionally taﬁght coursé, fhe
results indicate students in the experimental classes
dnderstood the concepts of the course as well as students in
the traditionally taught class. Some students in the
experimental classes were more confident in the results they
obtained and felt the computer took some of the tedious
calculation out‘of the course and allowed them to think more
about the concepts and problem solving in the course (Heid,
1988) .

Hickernell and Proskurowski (1985) reported on a
college calculus course designed to incorporate CAI in the
form of menu-driven softwape which students used to create
graphs of mathematical concepts and -for numerical
applicationé covered in the course. . Students were not
taught programming, nor were they expected t§ have had
previous experience with the use of computers. Hickernell
and Proskurowski acknleedged:'

Comparing the students who used our computer system to.
those who took the traditional Calculus course is
difficult because of several factors which cannot be
easily measured. Examples of these are: the quality of
instructors and teaching assistants, the effects of
class size, and the academic ability and preparation of

the students upon entering the course. Nevertheless,
. the difference between the final exam scores of these
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twoygroupé of students, median 133 versus 119.5, is

greater than a chance event. Therefore, a soft

conclusion is that the students improve .in a computer

‘enhanced environment, at the expense of some extra work

(p. 123-124).

They go on to recommend "Our experience suggests that
the computer can be a valuable tool for teaching Calculus if
it is used"properly" (Hickernell & Proskurowski, 1985, p.-
124).

In a study involving 78 college calculus students
Palmiter (;991)-reported a significantly highgr achievement
for the. students in a calculus course designed around a.
specific application—package computer algebra system. The
traditionally taught control groﬁp covered the integral
calculus concepts in the normal ten-week period while the
experiméntal group covered the same ﬁaterial in five weeks. .
Students in the experimentallgroup were not presented with
the techniques of inteération'which made up the largest part
of the traditional course, but employed tﬁe computer
software to-perfoﬁm the computation needed for the integrals
found in the hoﬁework assignments and on the exams. At the
end of the ten-week tfaditiOnally taught course and the
five-week experiméntal course, both groups were administefed
the same traditionally created exams. Students in the
experimental coﬁrse scored signifiéantly higher fhan the
traditionally taught control group. In addition, the

students who continued on in subsequent calculus courses

.performed as well as the students in the control group who
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continued. While these results are impressive, Palmiter
(1991) noted:
Although the ...[experimental] group significantly
outscored the traditional group on both the conceptual
and computational exams, several underlying factors may -
have influenced the positive results. The students in
the ...[experimental] group were actively participating. .
and were fully aware of their participation in the
study. It is well understood that subjects in an
experiment perform better by being a part of an
experiment....Likewise the traditional class was being
tested for concepts presented over ten weeks instead of
only the 5 weeks of conceptual development in the
...[experimental] class. Thus, the traditional class
may have scored lower because of the longer time period:
and the interference of computational work (p. 155).
These cautions are important to note and should be
concerns for all educational researchers, especially those
concerned with CAI research. |
All of these studies and reports of research indicate
the effectiveness of supplemental CAI. ‘However, several
researchers noted there may have been factors other than CAI
which could have produced positive results. Perhaps
stricter control for the teacher variable, for the unequal
amounts of work given to the two groups, for the different
lengths of time spent on the topics in the course, and for
the effect knowing one is participating in an experiment may
have on the outcome of that experiment should be established
in CAI studies. Controlling these and other possibly

contaminating variables was ‘an important consideration in

the present study.




32

Computer-Assisted Instruction and Female Students

In reviewing literature related to CAI and the
mathematics achievement of‘femalé students, this researcher
found results which were not restricted to female students
alone. Mevarech ana Rich (1985) reported higher achievement
"scores for all diéadvantagéd third, fourth, and fifth
graders in their study, but no significant difference was
found between boys and girls due to the treatment. Carrier
et al. (1985) noted in their research report, where CAI was
utilized ‘as.a supplement to traditional mathematics
instruction, "The only sex difference was in the retention
of division facfs, where the girlé.méde greatér gains."
While this is significant, it does not ensure CAI will
benefif female students more than male students.'

Accepting fhat males and females do not necessarily
process mathematical information in the same way, Damarin
(1988) believes designers of Infelligent Computer-Assisted
Instruction (ICAI) should take these7differené¢s into
accounf when writing curricula which utilize ICAI. ICAIL
might be used to corréct some of the inequalities between
males and females in education, since the computer shows
none of the preconceived notions which may dictate teacher
prejudice.

In studies invoivingrcollege students,'Réglin (1987,
1988); and Reglin and Butler (1989) reported CAi to be more

effective than traditional instruction methods for both male
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and female students. Iﬁe study conducted by Regiin (1987)
was concerned with.student mathematics.achievement, locus of
control, and academic self-concept. It began with 84 high |
school aged students enrolled in a vocationai training
program and ended with 76 of these students. Reglin (1987)
described the design of the research as a "nonrandomized
pretest-post-test experimental group design" (p. 12). The’
experimental and control groups finished with 50 male
students, 17 white and 33 biack, and 26 female students, ten
white .and 16 black. The diffefence in treatment of the two
groups was that the experimental group receivéd ten minutes
of CAI in mathematics during each 60-minute session of the
12 weeks (60 sessions in all), while the control group did
not receive CAI. The results of the analysis of covariance
(using pretest scores és the covariaté) indicated no
significant difference in mathematics achievement, locus of
control, or academic self-doncept between the students in
the experimental group and the.control group. There was a
significant change .in academic self-concept and lbcus of
control between male and feﬁale students (Regiin, 1988).
While these results did not indicate an increase in |
mathematics achievement specific to female stﬁdents, Reglin
(1988) noted: ‘

The interesting difference which appeared on the

measures of academic self-concept and locus of control

between the males and females may also indicate the need

for further research into the area of sex difference (p. .
65) . |
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The sfudy conducted by Reglin and Butler (1989)
consisted of 49 college students, 48 minority, enrolled in a
mathematics seminar designed to prepare them for a required
education program admissions examination. Students were
- randomly assigned to the experimental and coﬁtrollgroups.
Students in each group attended 18 sessions during the six
weeks of the seminar. All of the students were administered
the same pretest and post-test during the six weeks. The
only difference in the treatmepts was the experimental group‘
received 30 minutes of CAI in mathematics during each 60-
minute session, while thé,control group did not receive any
CAI. -Results of this study indicated the students in the
experimental group made significantly higher gains than did
those students in the control group, but no significant
differences were shown betweeﬁ the male and female students
in either group (Reglin & Butler, 1989).

This present review of literature indicates a'definitg-
need for more research into what affect CAI may have on

female students' enrolled in college calculus. This study’

addressed that topic.

Computer-Assisted Instruction and Minority Students

The little research and information concerned with CAI
and its affect on minority students indicates more research
into this aspect of CAI is needed. Bork (1980) suggested
the interactive graphics capabilities of the computer may be

a useful aide in education and noted, "nonverbal modes are
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pérticularly important with students from minority
backgrounds."

Reglin (1987)nrepofted on research he.conducted wifh
minority college students where CAI was used to.enhance
instruction in a six-week séminar designed to help them pass
the mathematicé:portion of an examination for entrance into
the college’s education program. Although minority group
membership was not a variable in this study, all but one of
the 49 students in the treatment groups were minority
students. Results were positive, with the group that
received CAI performing significantly better than the.group
thét did not receive CAI (Reglin, 1987). Reglin and Butler
(1989) reported on research into enhancing instruction with
CAI. Their research also dealt with predominantly minority
students. Their results indicated that the students who
received CAI scored signifiééntly higher on a matheﬁatics
- post-test than students who did not receive CAI.

The lack of ;eseardh déaling with mathematiéal
achievement of minority students is evident. This study

attempted to address that topic.

Visualization and Mathematics Achievement

A review of literature on visualization and learning,
visualization of mathematical concepts, and visualization
and mathematics achievement was included in this chapter

because this researcher was interested in howJCAi
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incorporating Visqalization of  mathematical cbncepts may
affect the achievement of college calculus students. While
many mathematical concepts héve visual interpretations and
most educators feel students benefit from visual approaches,
few utilize them in the classroom (Eisenberg ‘& Dreyfus,
1989).' They noted, "It seems as though building visual
concepts images can be exploited to take students further
into mafhematics, and deeper" (Eisenberg & Dreyfus, 1989, b.
4) and called for more research into the role of
visualization in mathematics (Eisenb;rg & Dreyfus, 1989).
And, while visual i11ustfatiohs'are'not to be considered
‘mathematical proof, othérs also feél they supply an inéiqht
that is invaluable to the student. As Vinner (1989) stated
"visual considerations are always illuminating even if not
taken as a mathematical proof. They are indispensable in
the calculus course" (p. 155). |

Iben (1989) feeis‘one possible explénation for why
Japaﬁese students do so well in mathematics may be that
throughout their lives they are develéping visual-spatial
abilities through many.paperlfolding experiences. He
suggested more research into enhancing student achievement
in'mathematics should be conducted.

Harel (1989) reported on a successful program in which
high4school and college students‘learnéd linear algebra in a
course which incorpofated the use of Qisualizatibn to

intuitively teach some abstract theories. 1In the teaching
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experiment involving 56 higﬁ school students and 72 college
students, students and teachers were very positive about
this method of instruction. He went en to state:

We believe that the idea we proposed in this paper of
gradual abstraction of the concepts and their
construction processes along with a firm intuitive
visual base is applicable to other domains. We believe
that similar treatment in teaching these theories would
yield similar, results. (Harel, 1989, p. 147-148)

And in their overview of research dealing with the
enhancement of visualized instructidn, Dwyer and Dwyer
(1989) suggested:

At present, educators have no way of knowing whether one
type of visual is more effective than another in
transmitting certain types of information, nor do they
know whether instruction without visuals would be any
more effective than the same instruction with Vlsuals.
(p. 117)

Visual Learners, Visualization and Computers

This reseafcher was concerned with the effects on
student achievement of supplementing the traditional
freshman college calculus course with computer generated
illustrations of some of the mathematlcal toplcs covered,
and as components of that concern, how this approach
affected female and minority sfudents, and students whose
preferred mode of instruction is primarily a visual one.

Visual Learners. Students’ preferred mode of learning,

or learning style, is the manner of presentation_from which
they: find the material easiest to comprehend and process.

"The three modalities used most often for learning are
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visual, auditory, and kinesthetic" (George & ‘Schaer, 1987,
p. 1). Therefore, visual learners learn best when
information is presented in a visual mode.

Because a large quéntity of research has been conducted
into learning styles and education, this review is
resfricted to literature dealing primarily with visual
learning styles, or spatial visualization, and the
interconnection with computers and CAI at the college level.

Canelos, Taylor, bwyer and Belland (1988) reportéd on
~ research which found simple visual instruction and visual
feedback resulted in significant 1ea£ning improvement for
college students in an experiment designed to compare visual
instruction-and nonvisual instruction. The study involved
112 college freshmen who were given prograﬁmed instruction.
on parts of the human heart and how it operated. The
programmed instruction simulated.a'computer display and
presented material in two types of visual methods. The
first type consisted of simple line -drawings of the heart,
while thé_second type consisted of more detailed line
drawings.‘ Both visual methods suppliéd the nedessary
information, but the second metﬁqd had added detail. A
recall test in different forms, two visual and three verbal,
was then used to detefﬁine the effects of the two types of
instruction. Results of the fests indicated that when

visual feedback is paired with simple visual instruction the
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result is a significant improvement in learning (Canelos et
al., 1988).

-Similar results were found in an experiment by Akanbi
and Dwyer (1989). Similar to the study by Canelos ef al.
(1988), their study involved 67 graduate and 139
undergraduate students and visual instruétion methods about
the human heart and ité,parts. Results indicated
instruétion with Visualization was helpful to college
students classified as having low prior'knowledge-of the
material while students classified as having high prior
knowledge benefitted from the non—&isualized instruction.
They noted, "the findings of this study eméhaéize the
importance of the interrelatedness of variables associated
with learning and the effective use of visualization in the
teaching-learning process" kAkanbi &'Dwyery 1589,'p. 9).

Dwinell and Higbee (1989) recommended instructors of
high-risk college freshmen use a variety of teaching
methods, including visuél aids. And Hinterthuer (1984)
found éAI could be effective for developmental studies
students in college when it was ﬁatched to their learning
styleé. He noted, "An initial match of preferred style of
learning to preferred mode of instruction may increase
motivation and interest to work on basic skills"
(Hinterthuer, 1984, p. 103). He found the use of CAI which'

matched the student learning style increased motivation.
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Other researchers also recommended that the method of
instruction should téke into account the visual mode of
learning as well as other learning mbdes. Bork (1980) |
. noted, "many'studenfs, at gll levéls of education, are not
this sophisticated in assimilating verbal information, and
would be greatly aided by the use of other channels of
communication" (p. 68). Shrum (1985) noted the aﬁxiety,
- which results when the mode of the presentatibn and the
learning - style preferred by fhe student differ, could be
reduced if, "teachers vary thevmode of presentation within a
lesson and from day to day" -(p. 13). Keefe and Monk (1986)
statéd "students with strong visual response are likely to
learn less effectively if.instruction is‘strictly verbal
(auditory)" (p. 15). And Schaalma (1989) recommended
students be provided with activities that allow‘them to
practice their spatial skills. She went on to state,
"[mathematics] teachers muét brbvide leérning activities
Athat cater to the 1earning»styies of all students" (p. 34).

And in a study in which the preferred learning‘modeVof
the student was taken iﬁto account and the instructionall
method emphasized visuaiization, Miller (1988) found female
minority college calculus students wﬁose preférred mode of
learning was primarily visual outperformed corresponding
students whose preferénce Wés not primarily visual. Her

research supports the idea that students who are visuél
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learners perform better when the instruction includes
presentation of materiale in visual, or graphical, ways.
While the above researchers indicate visual-spatial
abilities may affect mathematics achievement, Dick and
Balomenos (1984) cautioned that success in programs designed
to enhance visual abilities may not necessarily translate
into improvedvachievement_in calculus. Theif.study invol&ed
© 268 first-semester college calculus students,.124 females
and 144 males. Students filled out a background
guestionnaire and were administered a diagnostic test
covering precalculus topics during the first week of the
' semester. In addition, they were surveyed about their
attitudes towards mathematics and Were given a test‘of
visualization skills. The unit and finai exams were used to
determine student achievemeﬁt fof the semester. These
researchers stated in their conclusions: |
Differences in attifudes toward mathematics or in
cognitive skills such as spatial ability make little
contribution to explaining variance in calculus
‘achievement. This implies that special program [sic]
designed to improve attitudes or spatial ability, even
when successful, should not be expected to have a

"transfer" effect to improvement in calculus
achievement. (p. 19)

Visualization and Computers. Kiser (1987) found
college algebra students who were taught with computer
‘enhanced_instruetion designed for high_visual—spatial
ability etudents did significantly better than did students

in thé traditionally taught group. He found the
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microcomputer to be an effective instrument to assess and
enhance méthematics instruction, "the microcomputer in the
classroom does make. a significant difference".(Kiser,.1987,
p. 39).

Other educators feel computers and microcomputers
should be effective in visually enhancing mathemafics
instruction through thevuse'of the graphics technology these
devices can provide (Elsner, 1983; Greenfield, 1987;'Head'&
Moore, 1989; Laughbaum, 1989).

Laughbaum (1989) was'impfessed with the abilities of
function plotting software and its effect on‘phe way college
algebra and calculus are being taught. With a graphing
calculator or function piotter, visual images can be used in
the classroom to enhance mathematics in the classroomn.
Séeing a ’‘picture’ of the-function helbs the student
visualize some of its characteristics and behaviors. The
function plotter is a new tool to use to solve equétions
(Laughbaum, 1989). With this new tool students can graph
almost any function, determine the domaiﬁ and range of that
function, and viéually‘analyze‘the conéequences oflchanging

the parameters of the function.

Female Students and Visualization

A review of literafure dealing with female students and
Visgalization appears to indicate a difference in
mathematical ability due to the gender of the étudent, and

controlling for spatial visualization may close the gap in
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the differences in math échievement between males and
feﬁales;

Using data from a national survey,:Ethington and Wolfle
(}984) utilized a "covarianée—structures model of
mathematics achievement; (p. 367) in an attempt to determine
"why men exhibit higher average mathematics achievement’
scores than womenf (p.362). They feel several variables
contribute to the difference in mathematics achievement
between men and women. In the area of spatial visualization
they note, "women tend td have less spatial visualization
| ability than men, but the effects'of this variable on
mathematics achievement are greater for women'™ (p. 361), énd
conclude, "a unit increase in spatial ability produces
greater increases in mathematics achievement for women than
it does for men" (p. 375).

In a report of their résearch, Fennema and Tartre
(1985) found females ﬁade use of pictures more often than
diad maies when solving word problems. Their study involved
669 sixth grades students who were given testé to determine
spatial visualization, verbal‘skills, and mathematics
achievement. Theée students were retested,iﬁ‘the eighth
grade.‘ In addition to this-data students were asked to
solve pretested word and fraction problems in the spring of
of their sixth, seventh, and eighth‘grades} They suggested

from their results, "the hypothesis that females are more
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debilitated than males by low spatial visualization skills
should be investigated" (p.. 204).

Research in spatial visualization at the college level
was conducted by Ferrini-Mundy in 1987. A random sample 6f
334 first-semester calculus students, 167 male and 167
female, were selected and randomly assigned t§ seven groups,
with equal'numbers of each gender in each group. Pretesté
dealing with the calculus background and spatial
visualization of the studénts were administered at the
.beginning of the semester. Students were asked to complete
six worksheets which accompanied six researchér—designed
modules emphasizing spatial visualization during eight weeks
of the semester. Two unit tests of calculus achievement
were used to assess studént-achieVement in the course. A
third unit test was analyzed separately. Results of the
multi-vafiate analysis of covariance were mixed, however the
reséarcher hotes, "perhapé the ﬁost interestingvfinding of
the study is that practice on spatial tasks enhanced women’s
ability and tendency to visualize while doing solid-of;
revolution problems" (Ferrini-Mundy, 1987, p. 137).

' In their report of research dealing with visual-spatial
learning differences between males and females, and how such
differences may affect the success in math and science,
Baker and Belland (1988) suggested visual-spatial learning
preference might be a factor in the choice and selection of

a career in science and mathematics and might be one reason
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females are underrepresented in technology related careers.
They go on to make the.statement and ask the important
question:

It is surely too s1mpllstlc to claim that women are so
underrepresented in science and technology because they
.perform less well in visual-spatial thinking, but if
visual-spatial thinking is a factor, isn’t it
. appropriate that educators and educational researchers
should work to provide experiences for female learners
" to eliminate 1t° (p. 17) .
In a meta-analysis of 43 doctoral dissertations dealing
with visual spatial abilities, Druva-Roush and Wu (1989)
found evidence the effects of spatial manipulapion become.
more important as the age of the student increases. Their
analysis contradicted other researchers findings on the
differences between males and females. They suggested their
results indicated the difference in spatial abilities
between males and females is not as large as other articles
have reported.
While these results appear to indicate a connection
between visual abilities and mathematical achievement,
especially in the case for female students, a need for more

research into visualization and the mathematical achievement

of female college students is indicated.

\

Minority Students and Visualization
It is a widely held belief that Native Americans learn
better when the presentation contains a large amount of

instruction utilizing spatial visualization techniques.
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This review of literature has found little actual research
in that afea. Kleinfeld and Nelson (1988) reported that
research concerning Native Americans and spatial
visualization has resulted in inconsistent findings. 1In
their review of educational research studying Native
Americans and learning styles they stated, "What is clear is
that visual-spatial abilities [of Native Americaﬁ sfudents]
are an area of relative cognitive strengfh".(p. 6) , however
they go on to hote: - |

Despite more than tWénty'years’ discussion of the

importance of adapting instruction to Native American

students’ visual learning style, research has not

succeeded in demonstrating educational benefits. (p. 16)

While Kleinfeld and Nelson discuss research involving
Native Americans aﬁd instructional methods involving
visuélization, none of the studies they reportéd dealt with
mathematics and Native Americans.

In his work cited previously, Bork (1980) stated,

"nonverbal modes are éarticularly important with students
from minority backgrounds" (p. 68).

These results appear to indicate a void exists in
research into visual presentations for minority students,
especially in the area of mathematics education.

Computer-Assisted Instruction and the Effective Domain

Sﬁudent Attitudes Towards Mathematicé and CAT

In his report comparing the development of mathematical
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abstraction and spatial relations in U. S., Japanese, and
Australian students, Iben (1989) noted "mathematics
confidence and lack of anxiety ére consistently significant -
predictors [of success in mathematics] for Auétralian and
U.S. caucasian males and Japanese males" (p. 8). Confidence
in one’s ability to do mathematics is important to a
student’s success in matheﬁatics, apd female students are
not as confident about their mathematical abilities as are
their male counterparts. These statements are supported by
Greenberg (1991) and Meyer (1989).

In a study conducted during the summer- of 1990
involving college students enrolled in.intermediate algebra,
Greenberg found "successful students were more confident
than unsuccessful students that they had learned the course
material well" (p. 10). And in an article dealing with
-gender differences and mathematics achievement, which
discusées the results of the National Assessmant of
Educational Progress, Méyer (1989) noted "... both males and
females made significant gains from 1982 to 1986 is-
‘encouraging, but the gap between males and females remains a
concern" (p. 151). She went on to_state:

Attitudes about mathemafics and about oneself as a
learner of mathematics are important not only because
they are outcomes of learning mathematics but also
because they potentially influence the learnlng of new
mathematics. (p.154-155)

She pointed out that females continued to be less

confident in their abilities to do mathematics than their
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male counterparts. Their attitudes towards the practical
‘ use_of mathematics was on par with males, but they did not
envision their future careers would be in areas_wheré a good
background in mathematics was_necesséry. This last
statement was supported by Schaalma (1989), "Student
attitudes may affect females’ decisions about qontinuing in
mathematics beyond the minimum requirements in high school"
(p. 34).

Many educators have reported that computers motivate
students and improve their attitudes tdward mathematics.
Bork (1980) sugéested incorporating graphics and CAI into
the traditional ciassroom could be motivating for the
students. In their report, Bialo and Sivin (1990) concluded
‘there is evidence tﬁat using microcomputers motivatéé
students and improves their attitudes toward the subject
they are studying. Dugdalé (1981) and Regliﬁ (1989/90) also
reported that using the computer is a good method of
'motivéting students in mathematics courses. Caissy (1987)
feels just being allowed to use the computer motivates
students "Computers themselves provide a form of motivation
for students that other téaching aids cannot match" (Caissy,
1987) p. 14).

Other educators reported students developed positive
attitudes toward instruction and subject matter when the
' computer and CAI are used to supplement tradiéional_

instructionm Where computers were used as part of the
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'teaching process in a course, students developed positive
attitudes toward the computer and the course (Kulik et al.,
1980; Kulik et al., 1983). Land and Haney (1989) also found
college students’ attitudes were more posifive toward the
course and the professor when CAI was ihéorporated into the

course.

Computer-Assisted Instruction and Mathematics Anxiety

One aspect of this study is how CAI affects the level
of mathematics anxiety of students enrolled in a college
calculus course. Success in mathematics courses and
mathematics anxiety. have been found to have an inverse
relationship. In a study conaucted to determine the effects
pf a highly interactive diséovery method of teaching on'the
mathematics achievement of college students with varying
. degrees of mathematics anxiety, Clute (1984) founé
mathematics anxiety inversely affected the achievement of
the students in college mathematics; the higher the anxiety
lével, the lower student mathematics achievement. The study
involved 81 college students, 38 males and 43 femaleé, in a
mathematics survey course. ‘Students were classified as
having a léw,‘medium, or high level of mathematics aniiety
based on the results of a rating scale designed for that
purpose. Results indicated students with high mathematics
anxiety did significantly better when the method of
instruction was a highly interaﬁtive discovery one. This

indicated interaction and exploration might reduce
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mathematics anxiety. The computer also provides an
environment where thé studenté can explore and interact
according to their -abilities and inclination (Dugdale,
1981).

Buckley and Ribordy (1982) also supported the
hypothesis that the higher the level of mathematics anxiety
the lower the éfudent’s'performance. They noted math
anxiety_may be a variable for sex-related différences.in
mathematics performance and enrollment in math coursés.
Dwinell and Higbee (1989)'rep9rted some high risk students
prefer a hands-on 1earning~sty1e and learning through
interaction and visual stimuli rather than through lecture
and text.” This supports.the iﬁtroduction of interactive,
visual CAI into the‘mathematihs classroom. Others also
.éuggest the use of computers and CAI can reduce mathematics
'anxiety. IBialo and Sivih'(1990) reviewed research showing
microcomputers reduced mathematicslanxiety-in female algebra
studentsp |

Research reported by Crumb and Monroe (1988) found CAI
produced a significant reduction in matheﬁatics anxiety in
collége students enrolled in developmental studiés.courses.
Their study involved 17 remedial students in basic
mathematics courses. The experimental groué consisted of
fivé students and the control group of 12. While the
experimental groﬁb received intensive individualized CAI,

‘the control group logged at least ten hours of computer use
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during the semester. Each group made significanf gains in
their problem solving and computational abilities, héwever
the experimental group receiving CAI also experienced a
significant decrease in mathematics anxiety levels. They
went on-to suggest "using CAI may be an appropriate means of

addressing ... math anxiety" (p. 16).

Summary

This review of literature finds support for the notion
that CAT effectively increases the mathematiéalbaéhievement
_6f students at all lévels of education when it is used to
supplement the traditional methods of instruc£ioh. The
cited research suggests students who receive CA%.have a
higher level of achievement in mathematics courses than
students who do not receive it. It also suggests using ﬁhé
capabilities of the computer to generate graphical
illustrations of mathematical concepté would be.beneficial
\ to all students. | -

Visual-spatial ability is a factor in mathematics
achievement fér male, female and minority students.
Howgvér, the lack of research info the connection between
viéual—spatial abilities of minbripy students and
mathematical achievement demonstrates a need for more
research into this topic. |

fhe literature demonstrates theueffecf student
attitudes, confidence, and level of.matheméfics anxiety ﬁave_'

on mathematics achievement. It also shows CAI is a positiVe‘
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influence on student attitudes toward mathematics, that it
reduces the levei of mathematics anxiety, and improves
confidence in ability to do mathematics. - It suggests CAI
would have a positive effect on the achievement of collegé
calculus students by improving their attitudes towards
célculus, reducing their mathematics anxiety, and building
their confidence to do calculus, but mére research is needed
to address this issue.

Using CAI to graphically illustrate mathematical
concepts in college célculus appears tb'bé a promising
prospect in education. There is a need to improve the
mathemafics achievement of students in underreprésented
groups and supplementing instructiqn with CAI appears to be
a possible method of doing so. Evidence suggests using CAI
to.visuélly illuétrate mathematical concepts in .a freshman
college calculus course may improve student achievement,»
result in positive improvement of attitudes towards the
course, and reduce the level of mathematics anxiety in all
students, including those underrepresented in technology
felaﬁed fields. This review demonstrates a need for
research into this topic, also.

In high school algebra classes Rhoads (1?86) found CAI
significantly promoted learning skills and concepts in a two
day application. 1In a study in which a ﬁighly visual form
of computer-enhanced instruction (CEI) was used over a‘two-

&

week period, Kiser (1987) found significant results and a
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'positive change in attitude .in college algebra classes.
Ganguli (1990) found the experimental group scored
significantly higher on the cbmpfehensive final than did the
cbntrol group after a fiVe—weék period of treatment in which
the microcomputer was used to demonstrate foﬁr selected
course topics. Palmiter (1991) found CAI helped students
obEain significantly higher achievement in a college ‘
célculus course which was covered in five weeks instead of
the usual ten-wéek period; And Regiin and Butler (1989)
conducted 18 class sessions (three pef week) during six
weeks aﬁd found the students in the experimentai group ﬁade'
significantly higher gains ﬁhan did those students in the -
control group.

In a study by Ayers et al. (1988), CAI was used as a
supplement to traditional instruction over a six-week period
with a weekly two-hour session during the last five weeks of
the study. Students in the experimental group used the two
hours for CAI with instructor assistance. -Payton (1987)
also found sigﬁificant gains in achievemént for the college
| students oh the post-test of knqwledqe of graphs,'relétions,,
and functions in a study consisting of seven assignments .
where CAI was used to supplement the traditional
instruction. . _

The.;trength of supplementary CAI is apparent in the
literature. In a meta-analysis of 40 studies wherevCAI:was

used as a supplement to traditional instruction, Burns and
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Bozeman (1§81) fgupd CAI -to be effective in mathematics
applications regardless of the length of the étudy or the
number of treatments. In another meta-analysis, one of 59
studies, Kulik et al. (1980) found computer-based
instruction (CBI) significaﬁtly improved the achievement of
coliege students and positively affected student attitudes
téward the method of instruction and the subject. These
findings were found to be independent of fhe length of the
étudy, the number of assigned treétments, and the design of
the study. . And in a tHird meta-analysis of 51 studies,
Kulik et al. (1983) found results which indicated secondary
students who received computer-based teaching scored higher
on final examinations, developed positive attitudes towards
the courses they were taking, and needed less time to leafh
the material covered ip the cﬁurse. They actually found
these "effects were greater in studies of shorter duration,"
(kulik et al., 1983, p. 23). This seems to indicate the
length of a study and the number of treatmenf'assignments
are not indications of a successful application ofWCAI, and
that a shorter length study with a reiatiﬁely‘small number
of - treatment assignﬁents may be more successful than a
longer study with more assignments. Such is %the case with a
one semester study conducted by Heid (1988) in which the
results were mixed and no significant improvement in sfudent
achievement on the traditional material was noted. -

This researcher agrees with Bell, who in 1978 noted:
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The usé of computers in mathematics classes has séldom

resulted in less effective teaching and learning. 1In

many cases computers have helped to improve instruction,

learning, and student interest in mathematics. (p.430)

While the literature cited in thié.revie& indicates

supplementary CAI should. affect student achievement,
attitude, ané mathematics anxiety in a positive manner, many
of the above stﬁdies'and reports.suffer from some form of
inherent weakness according to Schmitt (1989). Schmitt
listed four major weaknesses in the design of many studies
dealing with CAI: "small sample sizes, lack of identified
criteria fbr determining ’‘quality’ software, inappropriately
"used statistics, and inédequate time allocated to conducting

the study." (Schmitt, 1989, p. 2) This study addresses

these possible weaknesses in CHAPTER III.
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CHAPTER III
METHODOLOGY AND PROCEDURES

Introduction

‘The purpose of this study was to determine the
effects of supplemental computer-assisted instruction (CAI)
based upon graphical representation of mathematical concepts
on student achievement, attitudes, and anxiety in a college
freshman level engineeringAcalculﬁs course. The purposé of
‘this chapter'is to describe: (a) the sample population; (b)
the course supplemented with CAI; (c) the research design;
(d) the treatments used;_(e) the data collectioﬁ methods;
(f) the statistical hypotheses} and (g) the data analysis .
procedUres employed. ' .

‘ The results of a pilot study conducted by this
researcher (see Appéndix E)_ahd studies described in the
review of literature influenced the design of this study.
The pilot study results indicated a trend toward higher

success rates and grades. Students in the CAI group

obtained higher average scores on all three course exams and
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on the final exam.. There was also a significant positive
improvement in student attitude toWard mathematics.in the
group which utilized CAI. Based on the pilot sﬁudy‘extra
controls were implemented for this study. The number of
students in the sample was increased, raw scores were used
to determine student achievement and succeés because they
combine all possible points a student could obtain in the
course, énd tighter.controlé were utilized to determine if
the use of CAI to supplement-college calculus significantly
improved studenf attitude toward mathematics or iflsome
other variable could have done so. |

The results and designs of the studies aﬁd meta—
analyses reviewed in Chapter II influenced the design of
this study. Thé length of this study was set at one ten-
week quarter because several studies indicated a study of
relatively short duration would have the most benefit on
student achievement (Kulik et al., 1980; Burns & Bozeman,
1981; Kiser, 1987; Payton, 1987; Ganguli, 1990)7 The study
by Heid (1988) indicated a connection between student
attitudes and college calculus, so theée variables were
included in this study.

The possible flaws in other studies in which CAI was
used which were indicated by thmidt (1989) enéouraged this-
researcher to impose more control on this stuay by doing the
following: -

1. Use a relatively large sample size;
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2. Select a versatile; user-friéndly graphing ﬁtility;‘

3. Employ an analysis of variance to analyze the data
collected; and | _

4. Allow fhe students a Qeek to completé the labs and
reflect on the concepts they‘covered.

Other reports in the.reviewed literature also
influenced fhe amount of control for extraneous variébles
imposed on this study. Some studies did not employ
comparable treatments for both the experimental and contfol
groups as did this study (Gronberg, 1987; Payton, 1987;
Reglin, 1987; Réglin & Butler, 1989; Ganguli,'1990;
‘Palmiter, 1991). To minimize the influence of the
instructor variable this study utilized eight intact
classes, none being taught by this researcher. That was not
the case in the study conducted by Heid (1988). And the
harad to measure factors: instructor quality, class size, and
student preparation reported by Hickernell and Proskurowski
(1985) also influenced this researcher to utilize eight
sections with eight instructors, use a relatively large
sample size, énd match the intact sections based upon their

pretest means.

Sample Population

This study was conducted at Montana State University
(MSU) during winter quarter of 1991. MSU is a state-funded

university with an 'enrollment of approximately 10,000
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students. The student body consisted mainly of Anglo—American
students, with Nétive American students making up the largest
minority group. Smaller numbers of other minority students'
were also enrolled. | )

The.sample for this study consisted of 322 students
enrolled in Math 181: Calculus and Analytié Geometry I (from
now on referred to as Math 181). Twelve sections of Math 181
were taﬁght during ‘winter quarter 1991. . Students were
assigned to the twelve sections through the registration
process used by the university. Each section was taught by a
different instructor, either an experienced graduate teaching
assistant or a professor. Because this researcher exercised
no control over either process, eight of the twelve sections
were matched using mean scores on a researcher designed
pretreatment test of algebra and precalculus concepts. One
section of each matched pair was randomly assigned to the
‘experimeﬁtal group, the other was assigned fo the control
group. Each treatment group was formea from four different
sections of the courée, with fouf different instructors. The
exﬁerimental group began with a total of 165 students in its

four sections, and the control group with a total of 157

students.

Course Description

The course which was used for this study was Math

1 181. ' This course is the first quarter college calculus




0T | S 1}

60’
course for freshmen majoring in‘an engineering, math, or
science curriculum and covers the topics traditionally
taught in.such a course. It is a four-credit course,
599EiE3~E9E5—93X5;3_ﬁfff_fff_ff_fffffffﬂizgay'foi the ten-
week quarte;. All sections follow the'séme master schedule
i;;;‘;;I;;;;;“brepared by .a supervising professor. Common
hour and final examinations are administered following the
master schedule. A sfudent's grade is determinea‘by the
nuﬁber.of points accuﬁulated on homework assignments and the
exams. -“The two common hour exams are écored on a 100 point
scale, the final exam is scored on a 200 point scale, and
100 points are awarded by the indiﬁidual instructor for
performahce on homéwork and quizzes. Grades -are determined
. by the percentage of the 500 pqiﬁts possible uéing the
followiﬁg scale: | - -
’ A, for 90% or more of the 500 points;
B, for 80 - 89% ;
C, for 70 - 79% ;
D, for 60 - 69% ; and
F, for less than 60%.
.Students were dllowed to drop the course 'prior to thel
fifteenth day of instfuction, and were allowed to withdfaw}
with a passing grade prior to the t&enty—fifth day. For the
purpose of‘this study, a student who finished the course and

received a C or better for a final grade was considered to

have successfully completed the course. Because it would
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require retaking the course to receive credit towards
graduation, a student who withdrew or finished the course
with a grade lower than a C was considered to be

unsuccessful.

Research Design

The design of this study was a quasi-experimental
control-group design.‘ It was a médified version of the
nonéquivalent control-group design frequently used in
educational research when the researcher cannot randomly
assign a student to the experimental or control group but
must work with intact classes (Campbell & Stanley, 1963).
In this study the modification consisted of matching intact
classes based upon the pretest scores and then randomly
assigning one of each matched pair to the experimental
group, the other being assigned to the control group.

A student enrolling in Math 181 was assigned to one
of 12 sections of the course offered during winter quarter
throﬁgh the regular registration process used by the
university. The registration process made random assignment
of individual students to either of the two groups
unfeasible, and made necessary the use of intact classes.
The eight sections involved in thié study were chosen based
upon the mean section scores on a résearcher—created.
multiple-choice pretfeatment test of algebra,.trigonometry,

and precalculus skills (see Appendix B). Some questions on
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this test were selected from the Mathematics Assessment Test
(MAT) which was created and used for diagnostic purposes by
the Department of Mathematical Sciences at Montana State
University (MSU). Because the MAT includes many questions
covering lower level mathematics, some questions 6n the
pretest were .developed from other algebra, trigonometry, and
precalculus sources. The éo qﬁestiqns included on this test
were edited for content by ‘experienced mathematics
professors at MSU. The topics covered by‘the pretest were
judged important for ‘success in an introductory course in
college calculus. To aid in experiment precision, it was:
important to establish a connection between the coﬂéepts
tested ahd.the topics covered in the course to help ensure
students in sections with equal means possessed similar
mathematical backgrounas (Box, Hunter, & Hunter, 1978).

The eight sections with the closest matched mean
scores on the pretreatment test were selected to participate
in this study, the reﬁaining four were excluded as a-control
for the threat to internal validity caused by statistical
regression. One section from each matched pair Wés randomly
assigned to the experimental group, the other section was
assigned to the control group. The use of this modification
minimized some of the possible threat to internal validity
caused by the selection process while imposing some control
on the sensitization effects of the pretest (Cates, 1985).

Each section was assigned a different instructor,
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either a‘'mathematics professor or an experiented graduate
teaching assistant. These assignments were made by the head
of the Department of Mathematical Sciences at -MSU. This
researcher exercised no control over the assignment of
section instructors. To‘exercisé some control of the
-teacher variable a choice was made to use eight complete
§ections of Math 181 and not to train the instructors in the
use of the combuter and software. This researcher was
interested in keeping the instruction as traditional as
. possible aﬁd did not want instructor enthusiasm for the use
of technology - -to influence the possible outcomes of this-
study. Therefore, the role of the instructors-Was limited
to teaching the traditional coﬁrée only.

Once the eight sections of Math 181 were selected, a
pretreatment survey assessing attitudes toward mathematics
and cpllecting student background data was administered in
both the experimental and control groups during the second
- week of the quarter. A separate invenﬁory was also
administered to identify those students who were primarily
visual learners. |

The experimental and control groups received
separate, though similar, treatments over the next six
weeks. The treatments consisted of five weekly suppleméntal
-homework assignments.l These assignments were developed by
the researcher gnd consisted oflworksheets covéring the

topics being taught in the course during the week the
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assignments were given. For the -experimental group, thé
worksheets were designed as computéer laboratory assignments
to be completed using CAI to graph selécted functions using
function graphing software. Suppleméntal hoﬁework
assignments of the control group covered the same content as
those of the experimental group, bﬁt without the aid of the
computer generated graphical illustrations.

During the course of the treatments, all students
involyed iﬁ this study were given two common hour
examinations. The first was administered during the week
following completion of assignments one and tﬁo. The second
common hour examination was administered after the
completion of the remaining thrse assignments. The final
examination for the course was administefed during finals
week, approximately two weeks after the second common hour
examination. During the two weeks between the second common
hour. exam and the final examination, the same .statements on
the pretreatment attitude survey were rearranged ana
administered as a post-treatment attitude survey to assess
possible changes in student attitudes.towards‘ﬁathematics.

Student-achievement in the course was determined
using criteria outlined in the above course description,
with the scores given for treatment assignments included as
part of the 100 points awarded for homework and quizzes.

The total number of points a student receivedvfor homswork,

quizzes, and exams scores (raw score) was used to establish
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student achievement. The final grade awarded and completion
of the course determined student success. Differences
recorded between the pretreatment and post-treatment surVey
of attitudes were used to determine if changes in those
attitudes occurred because of the treatmehts. The
background information and learning étyle survey were used
to distinguish. sex, ethnicity-and learning style preferences

of the students involved in this study.

Control of Extraneous  Variables

Seven extraneous variables might interact and
interfere with the internal validity of an experiment and
confound the effects of the experimental treatment when
using the nonequivalent control-group design (Campbell &
Stanley, 1963). These variables are: history, maturation,
testing, instrumentation, statistical regression,.selection,
and experimental mortality. Thé modified nonequivalent
control-group design employed in this study exercises some
control over these contaminating variables.

The impact of the history of the experiment on the
treatments effedts was controlled to some degree in two
ways. Tﬁe first was the design of the experiment itself.
Since a control group was utilized and both treatments were
administered concurrently; any events which might cause a
difference in the effects of one treatment would most iikely
cause a similar difference in the effects of the other.,-The

second control was the relatively short length of this
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experiment. History is usually not‘éonsidered a problem in
studiés shorter than a semester (Cates, 1985).

Three controls for tﬁe variable of maturation, the
changé in the subjects which may occur because of the
passing of time, were at work in this study. The first was
the length of this experiment; the second was the age of the
students in this study, and the third, and strongest, was
the design itself. The use of a control group in the design
of this study controlled the effects af maturation because
the treatments were administeréd concurrently.

Controlliné,for the effects that taking one test may
have on the taking of a second test, was also through the
nonequivalent control-group design used in this study. |
Because both groups were administered the same tests at the
same times,.any confounding by the testing variable should
have been similar for both - groups. The variable of
instrumentation was controlled in a fashion similar'to that
of the testing variable. Students’ raw scofes and success
rates were determined using the same criteria for both
groups, so any changes in these two dependent variables were
not likely to be caused by tﬁe instrumentation variable.

The design of this study was modified to include
matching of the intact classes and randomly dividing the
matched pairs into one or the other of the two groups. This
'was-done.to assist in controlling‘the possible confounding

variables of statistical regression, selection, and
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experimental mortality.

Statistical regression was éontrolled in th?ee ways:
the random division of the pairs matched with the closest
mean scores on the pretest produced ¢groups similar in
general composition; the use of the section means for the
matching '‘process reduced the impact of any extremely high or
low pretest scores; and the elimination of four intact
classes whose mean scores did not match well with those of
the other sections. Matching the intact qlésses provided
some control over the possible threat of the éelection
précess and the sensitization effects of the pretest (Cétes,
'1985). The selection variable was also controlled through
the random assignment of the matched pairs to the two
groups. The use of matching to supplement randomization in
_‘this fashion can improve statistical precision (Campbell &
Stanley, 1963).

Experimental mortality was a difficult véfiable to
control because of the nature of.the course aﬁd its past.
history. First-year college calculus has traditionally
suffered from a large number of students who drop or
withdraw frﬁm the course (Cipra, 1988). The uée of eight
intact sections meant a relatively high number of students
began the study. While this did not eliminate the posgible
effects of mortality, any loss of students in one group was
supposed similar in the other which offéred some form of

control over this wvariable.
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According to Campbell and Stanley (1963), possiblé
threats to the external validity, or the abiiity to
generalize the findinds, of a study employing a modified
nonequivalent control-group design, might be: interaction of
testing and the'treatments;'intéraction of selection and the
treatments; and reactive arrangements, or experimental
settings. The interaction of testing and treatment for the
dependent variable. of student achievement Wés controlled in
thié study throggh the use of a multiple-choice pretest over
topics which, although judged important to success in
college calculﬁs by qualified individﬁals, were not covered
directly in the course during'the quarter. This helped
reduce any sensitization toward future tests since the
common hour and final exams were not multiple-choice tests
and the tested topics were new to the students. Fér the
pretreatment and post-treatment atfitude surveys, some
control for interactidnlof teéting and tfeatments was
achieved through the random rearrangement of the items used
in the pretreatment survey in the creation of the.post—
treatment surﬁey.

Partial control for the interaction of selection and
the treatments used in this étudy was provided by the
”initial use of all 12 sections of Math 181 and using the
relatively large nuﬁber of eight -intact classes to create
the experimental and control groups. The number of minorify.

students enrolled in Math 181 during winter qﬁarter of 1991
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was very small. While it was implied in the brevious‘
chapters that this researcher would include the effects of
CAI on minority students enrolled in Math 181 during winter
quartef, 1991, the low number of mihority students receiving
raw scores and success rates make the utilization of the
coliected data difficult.

Under the category of reactive arrangements (Campbell
& Stanley, 1963), one might find the effect of being
included in a study itself. A partial'control for this
variable, sometimes célled the Hawthorne effect, was the use
of a separate treatment‘for the control group which was
similar to that of the exéerimental group. Another possible
confounding variable which might be classified és a reactive
arrangement is the teacher variéble, This researcher
exercised no control over the assignment of section
instructors. However some control of the teacher variable
. was provided by using eight sections of Math 181 with eight

different instructors.

Treatments

Treatments for this study consisted of five weekly
supplemental homework assignments created by this
researcher. These assignments were administered over a six-
week period in the form of worksheets which the student
completed during the week. Forms of each léb“and'worksheet

were used in the pilot study (see Appendix E). Changes in
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the forms were edited fér content by a course instructor, a
mathematics education professor, and a mathematics professor
(see Appendix A). For the experimental group, assignments
were designed as computer laboratories to be completed using
functién graphing computer software. For the control group,
supplemental homework assignments covered the same content
as those of the experimental group, but without the aid of
the computer generated graphical illustrations.

The choice of supplementing course instruction With
five weekly assignments over a six-week period was supported
in the review of literature conducted for this study.
Computer-assisted instruction appeared to be more effective
on achievement, attitudes, and mathematics anxiety in
applications with a small number of treatments given over
short periods of time (Ayers et al., 1988; Ganguli, 1990; .
Kiser, 1987; Palmiter, 1991; Payton, 1987; Reglin & Butler,
1989; Rhoads, 1986). CAI is effective in ﬁathematics
regardless of the design or length of the study (Burns &
Bozeman, 1981; Kulik et al., 1980; Kulik et al., 1983).
Thus, the length of a study and the number of treatment
assignments are not indications of a successful application
of CAI, and a shorter study with a relatively small number
of treatment assignments may be more successful than a

longer'étudy with more assignments (Heid,; 1988).
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Experimental Treatment

The treatment for the experimental group consisted of .

five specially designed computer assignments (called labs)
utilizing CAI (see Appendix A). Students in this group were
encouraged to use the graphing utility "Master Grapher"

(Waits & Demana, 1990) -to graph the seiected functions and

' .relations included with each assignment, but could use any

function plotting software or graphing calculator if'they so
desired. Each student was supplied with a simple set of
instfuctions explaiﬁing the basic operations of the Master
.Grapher software. Those students who chose to utilize other
means of plotting the graphs of the_ functions in the labs
obtéined no specific_instructions from this résea;cher.
Assistance in the use of the computers and the graphing
software was not designed into this study because computers
wére located.in several locations on campus, some students
may have had access to computers iocated off campus,-ofhers
may have utilized graphing éalculators, and it was hoped
that the students would benefit from the exploration which
may have occurred during the use of the software. '
Weekly labs guided the students through a series of
exercises aﬁd questions designed to illustrate specific
concepts being covered in the coufse dﬁring that week. Each
lab was edited fof content and pedagogy by a course
instructor, a mathematics education professor, and a

mathematics professor. Students were expected to complete
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the labs in a one-hour session with the computer. As
students became more familiar with the graphing utility, the

amount of time to complete a lab was expected to decrease.

The Software

The Master Grapher interactive graphing utility was
chosen for several reasons. The advantages of using the
Master Grapher gfaphing utility as the.functisn plottihg
software are: (a) the program can be used on most ;
microcomputers; (b) the program is aser-friendly; (c) it
uses the basic notation found in other mathematics software
many students are familiar, with; (d)ﬂit can graph several
functions on the same'axes;l(e) it is versatile and can
graph ﬁany different types of functions easily; and (f) it
is menu drivan, which allows the user to see the options
available and acceas those options by typing a single key.

Master Grapher was designed by Bert K. Waits and
Franklin Demana of The Ohio State University, and developed
and programmed by David B. New (Waits & Demana, 1990). The
Master Graphef graphing utility is pedagogically sound with
a design Wéll-tested by mathematics educatérs and it
performs to the design standards (Haase, ﬁarion & Mestre,
1985) .

The disadvantage of using the Master Grapher graphing
utility is the same disadvantage most function plotting
software programs have: the need to write functions in a .

form élightly different from that used in the mathematics
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classroom. For example, x2 + 2x - 1 would be written

X2 4+ 2%x - 1 .

Control Treatment

The treatment for the control group closely
corresﬁonded to the treatment given the experimental group.
It consisted of five Weekly supplemental homework
assignments to be completed outside of the classroom. The
concepfs covered were the same concepts covered in the
experimental treatments, but without the benefit of CAI (see
Appendix A).. These assignments controlled for differences
in treatments other than the use of CAi. Without such
- assignments, any change in student achievementlcould be

attributed fo the additional homework assigned to the
lstudents in the experimental group and not to the use of
éAI.

The weekly out-of-class assignments were given to
students in the contfol group using the same schedule as was
used for tHe experimental group. Traditional classroom
inétructioh consisting of lectures and chalkboard
presentations wéfe given in both groups. Thefefore, the
only differencé Was the highly visual treatment of the
éopics given to students in the experimental grdup throﬁgh

the use of CAI.

Homework Assignments and Computer Labs

These assignments were developed by the researcher
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and consisted of wérksheets covéring fopics judged important
to anintroductory course in college calculus by experienced
mathematics professors. The first assignmenf dealt with fhe
definition of the derivative and the product rule for taking °
derivatives, the second dealt with composite functions and
the ‘chain rule, the third dealt with the Mean Value ‘Theorem
and its applications, the fourth dealt with approximating
the maximum and/or minimum of'a function graphically and
using the derivative to find the exact value, and.the fifth
'assignment covered applications of the local maximum and
minimum values of é function (see'Appendix A).

In the first assignment students inAthe control group
were asked to find the difference quotient for the fﬁnction:
f(x) = x2 . Students in the experimental group were asked
to find the difference quotient for thé function: f(x) =
x5/4 . Dividing the function by féur waé for illustration
purposes and not to complicate the function. Each group was
asked to find the derivative using the defini;ion of the
derivative as the limit of a'difference quotient. The |,
experimental group. was then asked to use the computer to
graph the function and its derivative. Both groups were
asked about what information the derivative of a function
tells about that function. The experimental group was given
another function and its derivative ‘to graph on the computer
while the control group was not. The reason for this was

because of the speed, ease, and accuracy of graphing a
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function on the computer. Sbme students in the control
group may have attempted to graph the first set using pencil
and paper, which could lengthen the time needed’to complete
the assignment. |

The first assignment concluded with each group
exploring the product rulée for taking the derivative,
answering questions about the slope of the function, and
what information the derivative provided. Students in the
experimental group VieWed‘graphs of the functions and their
derivatives, and used those graphs to help them answer the
questions on Computer Lab 1.

In the second assignment, students in both groups
were asked to consider two functions, find the domains of
the functions, and then find the domain of the composite of
thosé two functions. The experimental group was asked to _
graph both functions, the composite of the two functions,
and composites using the function derivatives. Students in
bofh groups answered questions deéigned to encourage them to
analyze the information they had discovered. However, the
control group did not have the computer-generated graphs to
consulf. Assignment two ended with students completing the
"Chain Rule" for taking the derivative of composite |
. functions. | .

In assignment three, students explored the Mean Value
Theorem and its applications. Students in both groups were

asked for the conditions necessary in order to apply the
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Mean'Vaiﬁe Theoren. 'Students were given a function and the
points where its slope was zero. They were given a second
function and then asked to take the derivatiyes of both the
first and sec¢ond functions. The derivatives of both these
functions were the. same becauée the functions differed by
only a constant. From this information they were asked to
- draw conclusions about the second function based on the
application of the Mean Value Theorem. Students in the
experimenﬁal group used the gr;phing utility to-gfaph both
functions and the derivatives. These graphs were to help
them- apply the Mean V§1ue Theorem and make some conclusions.
Students in the experimental group were requested to sketch
the graph they expected the compqter to generate.

The fourth assignment emphasized the first and second
derivative tésts. Students in both groups were given the
same continuous function: f(x)=(x3 -6x2 -36x +216) [/27.

They were then given a series qf questions designed to
establish that this function met the conditiohs necessary to
apply the first derivative test. Through the use of
selective questioning, students were led through the first
derivative test and then asked to state it in their own
words. Similarly, selective questioning aléo‘led them
~through the second derivative test and the statement of it.
The experimental group had computer generated graphs of the

functions and derivatives to view and analyze‘the first and
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second derivative tests while the control group did not have
these visual images.

. The last assignment dealt with applying the
derivative to find the maxima, or minima, of a function.
Students in both groups were given the word problem:

. A farmer wishes to build a pigpen along one side of her
barn. She is going to have to fence three sides. The
pigpen is going to be in the shape of an: isosceles
trapezoid. Each side will be of equal length. If the
total length of the three sides that she needs to fence
is 30 feet with two of the sides meeting the barn side
at an angle of x, what angle should x be so that the
area of the pigpen is the greatest?

Students “in both groups were also provided with a

sketch of the problem (see Worksheet 5, Appendix A). 1In

addition to the sketch andythe problem, students were given .
an eight step process for solving this type of éroblem (see
Worksheet 5} Appendix A). Students were then‘ésked to
follow each.step of the process énd answer questions about
the .function which was to be maximized. Students in fhe
experimental groﬁp were asked to use the computer to graph
the function being maximized and allowed to use that graph
to assist them in finding the'solutioﬁ. They may have
created a graph of the function by hand, but did not have
the benefit of the éomputer_generated one. The solution to
the problem was given later in the assignment so that
studenfs could check their results and the process‘they had
used. Each student. was theﬁ given a problem to solve on
their own. Those students in the experimental)group weré

encouraged to use the cbmputer to graph the function in the
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second problem'and use that graph to help them find a

solution (see Computer Lab 5, Appendix A).

Pedagogy of Treatments

| Each of the five;worksheet assignments and computer
labs was edited for content by this researche;, a course
instructor, a mathematics education professor, and a .
mathematics professor. The pedagogical basis for
supplementary instruction as utilized in the homework
worksheets and the computer labs was supported in the
literature:

1) The assignment worksheets and the computer labs both
provided a collection of functions and dpen-ended questions
which &ere designed.to allow students to anal&ze the
concepts being‘eovered in the course, encouraging them to‘
use'higﬁer order thinking skills (Skemp, 1987; Northwest
Regional Educational Laboratory, 1985).

2) Allowing a week for students to coﬁplete the
assignments gave them time to reflect on the concepts
covered in the assignments and how the assignments related
tb the topics covered in the course (Skemp, 1987);

The use of CAI as supplemental instruction as was
utilized in this etddy is also pedagogically eupported in
the literature: '

1) The computer labs supplemented the traditional
course structure and helped stimulate higher‘order.thinking

through the use of carefully designed questions (Haase et
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al., 1985; blson & Eaton, 1986).

2) The computer labs used in this study supplemented
the traditional instruction which allowed the capabilities
of the computer to enrich thé course materials and the
experienceé of the.students.(Northwest Regional Educational
Laboratory, 1985; Olson & Eaton, 1986; Keuper, 1985).

3) The functions graphically illustrated in the
computer labs were "...relevant to the fopic and'content of
the lesson" (Alesandrini, 1985,.p7 5). The graphs of these
functions were presented clearly, without additional
information which could be distracting to the student
(Alesandrini, 1985; Bialo & Erickson,.1984).

4) The computer labs expfessed the concepté covered %n
fhe classroom visually through the use of graphs of
functions. Many ideas and concepts are expressed and
understood better through pictures and graphs (Bork, 1980;
Skemp,. 1987; Laughbaum, 1989).

. 5) Students were requifed to interact wifh the computer
software and the computer 1ébs by entering and graphing the
requested'functibns, interpfeting the graphs produced hy the
computer, and answering the questions fequested by the
computer 1abs (Bérk, 1980; Haase et al., 19é5f Keuper,
1985). . This interaction allowed students to control some of
the aspects of theif own learning (Bialo & Erickson, 1984),
and assisted them'in reaching an appropriate level of

underétanding‘of the material (Haase et al., 1985).
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6) The computer generated graphics were also used to
supply students wifh a form of feedback after they answered
the assigned questions which could lead to improved student
learning (Alesandrini, 1985).

7) The graphing capabilities of the computer allowed
studenfs,to view the functions, change the parameters, and
re-graph the functions. This allowed students to build
their intuitive knowledge of the mathematical concepts
covered in the assignments and labs (Bork, 1980).

8) Students receiving CAI were encouraged to manipulate
the parameters of the functions, resulting in a more open-
endea form of instruction. This allowed students to analyze
the material more critically (Olson & Eaton, 1986), it also
required the use of higher order thinking skills on the part
of the student (Northwest Regional Educational Laboratory,
1985).

9) Students in the experimental group were indirectly
encouraged to utilize the computer software to graph other
functions illustrating other topics which is a move closer
to an inquiry/discovery method of instruction. (Olson &

Eaton, 1986).

Data Collection Methods

The data collected from students consisted of raw
scores, success rate in the course, responses to a

pretreatment survey (consisting of a background information
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sheet and a mathematiqs attitudes survey), responses to a
post-treatment mathematics attitude survey, and responses to
the iearning style assessment.

The background information sheet consisted of
information pertinent to. this study: name, identification
number, sex, and ethnicity (see Appendix C). Included with
the background information sheet was a mathemafics attitudes
survey. The questions on this pretreatment survey were
randomly rearrénged and used as a post—tfeatment survey to
assess changes in students’ attitudes towards-mathematics. -
These surveys were made up of four scales of the Fennema-
Sherman Mathematics Attitudes Scales (Fennema & Sherman,
1986). The learning style assessment instrument employed
was one section of the Learning Style Profile (LSP)
developed by the National Association of Secondar& School
Principals to'determine a student’s primary learning style
preference (Keefe et al., 1986). A student’s raw score was
ﬁade up of the total number of points awarded to the student
on the two common hour examinations, the final examination,
homework and quizzes. étudent success rate was based on

completion of the course with a grade of C or better. x

Mathematics Attitudes Survey

The mathematics attitudes survey instrpment (see
Appendix C), used as a pretreatment survey and post-
treatment survey, consisted of four scales selected from the

Fennema-Sherman Mathematics Attitudes Scales: the Confidence
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‘in Learning Mathematics Scale, the‘Attitude‘Tﬁward Success
in Mathematics Scale, the Uéefulness:of Mathematics Scale,
and the Mathematics Anxiety Scale (Fennéma & Sherman, 1986).
The Fennema-Sherman Mathematics Attitudes Scales are
a collection of nine Likert-type scales developed by.
Eliéabeth'Fennema and Julia A. Sherman in 1976 to assess
student attitudes toward mény different itemswpertaining to
the teaching and learninghof mathematics. These scales were
deVeloped through a grant from the National Sciénce
Foundation and consist of 12 statements, six positively
stated and six negétively stated. Each statement is scored
on a'scale of 1-5 points, with a 5 awarded for the most
positive response and a 1 awarded fof‘the most negafive
response. Thus a student’s totai score on any oneﬂof the
scales ranged from 12 to 60.
| The Confidence in Learning Mathematics Scale measures
a student’s confidence in her, or his, ability to learn and
use mathematics. The Attitude Toward Success;in Mathematics
Scale wa% developed to measure the magnitude of student
anticipation of pésitive or negative consequeinces attached
to his 6r her success in mathematics. The Mathematics
Usefulness Scale measures how students feel about
mathematics and its relationship to their future activities.
The MathematicslAnxiety Scale was developed to establish a

level of mathematics anxiety in a student.
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The 48 statements-which made up the four scales
employed in this study were randomly distributed in the
pretreatment survey following the recommendations of the
scale developers (see Appendix C). For the post-treatment
survey the items were randemly reerranged in an attempt to
control for pretreatment survey sensitivity. -

Validity studies of the Fennema-Sherman Mathematics
Attitudes Scales were conducted by the develdpers (Fennema &
Sherman, 1986) and by Broadbooks,,Elmore) Pedersen and
Bleyer (1981). Broadbooks et al. (1981) noted "... there is
evidence to support tne theoretical structure of the
Fennema-Sherman Mathematics Attitudes Scales" (p. 556).
Reliability has been established through results from
studies which have utilized these scales to determine
student attitudes towards mathematics (Dick & Balomenos,

1984; Iben, 1989; Schaalma, 1989).

Learning Style Assessment Instrument

\

The survey used to determine a student’s primary
learning'style preference was a section of the Learning
Style Profile (LSP) (Keefe et al., 1986). It consisted of a
list of 20 words. The student was to read and then circle a
response deneting what the word evoked in the mind of the
student: a picture, a sound, or a feeling (see Appendix D).
Reliability and validity of this instrument were established
by the developers and are reported in the LSP Examiner’s

Manual (Keefe & Monk, 1986).
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A student who responded that 12 or more of the 20
words.evoked a picture was classified, for thelpurpose of
this study, as being primarily’§isual learhers following thel
guidelines in the LSP Examiner’s Manual (Keefe & Monk,
1986) . A score of 12 was one standard deviation above the
mean score established by the developers of the LSP (Keefe &

Monk, 1986).

Course Examinations

All course examinations given in Math 181 wére
created by the professor supervising the course based upon
his experience and the traditional format. They were

. administered to students in all twelve sections of the
course at specified timés, in specified locations, on
specified days during the quarter. The grading of these
examinations was divided equally between‘all 12 seétion
insfructors, each was assigned certain problems from one of
the three exams and graded those problems for students in
all 12 sections of the'coursé. A student’s grade for an
examination was the sum of the points awarded for each

problem on the exam.

Statistical Hypotheses

The questions addressed by this study as stated in
Chapter I were:
(1) How does CAI affect student achievement when it is

- used to supplemeht traditional methods of. instruction in a
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college freshman level engineering calculus class?

(2) How does CAI affect the achievement of students in
underrepresented. groups when it is used to supplement
traditional methods of insfruction iﬂ.a college freshman
level engineering.calcqlus class?

(3) How doeérCAI~affect student attitﬁdes when it ‘is
used to supplement traditional methods of instruction in a
college freshman level engiﬁeering calculus class? and

(4) How does CAI affect student mathematics anxiety'
levels when it is used to supplement traditiénal methods of
instruction in a college freshman level gnéineering calculus
class?h |

These questions dealt with student aéhievement in
college calculus, student attitudes toward mathematics, and
student mathematics anxiety levels; The methods of"
assessing achievement in this study were student raw score
and success rate. Student attitudes were divided into:
confidence in learning mathematics; attitudes towards
success in m;thematics; beliefs about the usefulness of
mathematics; and level of mathematics anxiety. These
questions also dealt wiﬁh students whose preferred mode of -
instruction was visual, female students, and stﬁdenfs who
belonged to a minority group. It was implied earlier in
this study that this researcher would include the effects of
supplemental CAI on minority students enrolled in Math 181

during winter quarter, 1991. The lack of research into
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minoritytstudent achievement and the .use of CAI in college‘
mathematics courses demonstrated the importance of studies
dealing with minority issues in education. Howevér, to thei
disappointment of this researcher, the low number of
minority students who received raw scores and success rates,
and from whom attitude and anxiety data was collected, make
the utilization and analysis of such data difficult. While
the data which was collected was analyzed and included in
the tables found in Chapter IV, the anaiysis is for the
reader’s information and interest only. Thus question (2)
was changed to: How does CAI affect the achievement of
female student; when it is used to supplement traditional
methods of instruction in a college freshman level
engineering calculus class? And the hypotheses which would
have dealt with minority group membership were not addressed
in.this study.

For the purpose of this study, the four research
gquestions were then separatéd into 18 distinct questions
based upon the independént and dependent variables. Stated
as null hypotheses for analysis purposes, the 18 questions
were:

1. There is no statistically significant difference in
achievement betweén the experimental and-confrol groups due
to treatment as measured by the mean of the total raw score
course points.

2. There is no statistically significant interaction
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effect between treatment and learning style on achievement
as measured'by the mean of the total raw score course
points.

3. There is no statistically significant interactioﬁ-
.effect bétween treatment ahd gender on achievement as
measured by the mean of the total raw score course points. -

4. There is no statistically significant difference in
achievement between the experimental and control groups due
to treatment as meaéured by the mean of the success raﬁe.

\ 5. There is no statistically significant interaction
effect between treatmenf and learning style on achievement
as measured by the mean of the success rate.

6. There is no statistically.sighificant interaction
effect between treatment and gender on achievement as
measured,by the mean of the success rate.

7. There is ﬂo statisticaliy significant difference in
the mean change in scére on the Confidence ih“Learning
Mathematics Scale of the Fennema-Sherman Mathematics
Attitudes Scaies between thg experimental and control groups
due to treatment.

8. There is no statistically sigﬁificant interaction
effect bereen treatment and iearning style in the mean
change in score on the Confidence in Learning Mathematics
Scale of the Fennema-Sherman Mathematics Attitudes Scales.

9. There is no statistically significant interaction

effect between treatment and gender in the:mean change in
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score on the Confidence iﬂ Learning Mathematiés Scalé of the
Fennema-Sherman Mathematics Attitudes Scales.

' 10. There is no statistically significant difference
in the mean change in score on the Attitude Toward Success
in Mathematics Scale of the Fennema-Sherman Mathematics
Attitudes Scales between the experimental and éontrol groups
due to treatment.

11. There is no statistically significant interaction
effect between treatment and leérning style in the mean
change in score on the Attiéude Toward Success in
Mathematics Scale of the Fennema-Sherman Mathematics
Attitudes Scaieé.

12. There is no statistically significant interaction
effect between treatment and gender in the mean‘change in
score on the Attitude Toward Success in Mathematics Scale of
the Fennema-Sherman Mathematics Attitudes Scales.

13. There is no statistically significant differencé
in the mean change in score on the Usefulness -of Mathematics
Scale of the Fennema—éherman Mathematics Attitudes Scales
" between the experimental and control groups due to )
‘treatmgpt. ‘

14. "There is no statistically significant interactién
effect between treatment and learning sgyle in"the mean

change in score on the Usefulness of Mathematics Scale of

the Fennema-Sherman Mafhematics Attitudes Scales.
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15. There is no statistically significant .interaction
effect between treatment and gender in the mean change in
score on the Usefulness of Mathematics Scale of the Fennema-
Sherman Mathematics Attitﬁdes Scales.

"16. There is no statistically significant differepce
"in the mean change in score on the Mathematics Anxiety-Scalé
of the Fehnema-Sherman Mathematics Attitudes Scales between
the expefimental and.control.gfoups due to treatment.

17. There is no statistically significant interaction
effect between treatment and learning style in the mean
'change in score on the Mathematics Anxiety Scale of the_
Fennema-Sherman Mathematics Attitudes Scales.

18. There is no statistically significant interaction
effect between treatment and gender in the mean change in
-score on the Mathematics Anxiety Scale of the Fennema-

Sherman Mathematics Attitudes Scales.

Data Analysis Procedures

The independent variables fqr‘this study were: B S [
1. treatmént - experimental with CAI and control

without CAI;
2. learning style - primarily visual and primarily. not

visual;
3. gender —Amale'and feﬁale; ahd
4. minority group - member and non-member.

It is acknowledged that leafning style, gender,'and
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minority group membership méy be more appropriately
classified as attribute variables. Howéver, in this study,
they were considered as independent variables. following

accepted practice. The minority group variable is included

here as explanation of the tables in Chapter IV and was not

included in the hypotheses due to the extremeiy small number
of minority students in éhe sample.
The dependent variables for this study were:

1. achievement - total point‘accumulation, raw score;

2. success - successful course completion, success

3. confidence - confidence in learning mathematics;
4, attitude - attitude toward success in mathematics;
5. usefulness - usefulness of mathematics; and
6. anxiety - mathematics anxiety level.

The statistical analysis package SPSS was used to

perform an analysis of variance on the collected data.

Equivalence of Experimental and Control Groups

The eight sections used in this study Were matched by
section means on the pretest as a way to ensure equivalent
groups. After being matched and randomly assigned, the
group mean on the pretest fqr the experimental group was
62.51515 with a standard deviation of 17.79193. The group
meaﬁ on the pfetest for the control group was 62.54777 with
a standard deviationlof 18.46513. Thus the means of the

experimental and-control groups were within thirty-three one
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thousandths of bne point and the standard deviations were
.within sixty-eight one hundredths of one point on a twenty-
qﬁestion multipieichoice-test. The test scofés within one
'and two standard.deviations-of the méans ranged from 45 to
80 and 30 to 95, respectively, for both groups. Thus

ninety-five percent of the student scores of both groups

fell betweeh 30 and 95. Results of a t-test to deterﬁine if -

these means differed significantly are given in Chapter 1IV.

Choice of Alpha Level

For this study, the commonly phosen élpha of .05
(a = .055 was selected over the sometimes used alpha of .01
(¢ = ;01). The selection of‘a larger alpha\level increases
the possibility of making a Type I error. A Type I error
occurs when a null hypothesis which is true is rejected,
while a Type II error occurs when a null hypothesis is
retained wheri it is actually false.

'A Type I error could lead to the expenditure of time
and money creating supplemenfary instruction for a calculus
course, purchasing'computér equipment and software, and
training instructors and students in the use of that
'equipment and software when the results of such
supplementary instruction may not mefit such expénditures.

If a Type II error were to occur, no‘time or money
would be expended pufcﬁasing equipment and software,
c}eating supplementary instruction, or training instructors

and students although such a move could have had positive
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effects upon student achievement. If the instfuction
methods remained those of a traditional calculus course,
student achievément levels would likely remain at the
traditional levels. As partial control for a Type.II error,
a rélatively large saﬁple size of 322 students (165 in the
experimental group and 157 inlthe control group) was
utilized in this study. increasihg thé sample.size loweré
the probability of a Type'Ii error (Ferguson & Takane,
1989).

A Type II error would most likely.cost less in time
and money, and cause the least?amount of inconvenience,
while the making of a Type I errér could result in4unmerited
expenditures of time and‘money. Thus, the larger alpha of

.05 was more appropriate for this study.

Method of Analysis

There were four independent variables identified for
this study. The first was the treatments administered, the
second was the learning style of the student, the third was
the gendef of the student, and the fourth was student
membership in a minority group.

This study was interested in the effects the
independent variables had on the six dependent variables:
student achievement; rate of success; confidence in learning
mathematics; attitude toward success in mathematics}
perceived usefulness of mathematics; and mathematics anxiety

level. In addition to the effects of the individual
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independent variables on the dependent variables, this study
was also interested in the possible interactive effects the
treatment and the other independent variables had on the
dependent variables. This ‘study investigated what
interactiVe.effects, if any, the treatment administered and
the learnlng style of the student had on the dependent
variables, the treatment and the gender of the student had
on the dependent varlables, and the treatment and students’
membership in a minority  group had on tne dependent
variables; Because of the desire to 1nvest1gate the
1nteract10n effects of two 1ndependent varlables on the
dependent variables, a two—way analysis of variance (ANOVA)
was chosen as the method of statisticai analysis. A
factorial ANOVA is employed when a researcher jis interested
in both the direct effects and the interactive effects of
two or more independent variabies on one, or more, dependent

variables (Kerlinger, 1986).
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CHAPTER IV
ANALYSIS OF DATA

Introduction

The purpose of this study was to look at the possible
effects of supplemental computer-assisted instruction in
visualization in a traditionally taught college calculus
course. Students in eight sections of Math 181: Calculus
and Analytic Geometry I were used as the sample population.
The sections were matched using mean scores on a researcher
designed pretreatment test of algebra and precalculus
concepts. One section of each matched pair'was randomly
assigned to the experimental group, the other was assigned
to the control group. Thus; four sections were randomly
placed into the experimental treatment group (165 students)
and the other four sectioné were placed in the-céntrol
treatment group (157 students). Both groups received the
-pretreatment learning styleée survey, classroom instruction
adhering to the same course syllabus and the same text, and
the same pretreatment and poét—treatment mathematics
attitude surveys. Both groups were. administered the same

common hour and final exans.
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The experimental group received five.treatments over
a six-week period during Winter Quarter, 1991. These
treatments supplemented the traditional instruction with
computer—aésisted instruction désigned to graphically
illustrate some of the central concepts covered in the
course.

The control group received five-treatménts‘during‘thé
same period of time. .These treatments consistéd of
supplementary exercises covering the same concepts given to
the experimental group, but without thevcomﬁutér generated

illustrations. | |
| | This chapterlwill‘describé the method of forming the
treatment groups, restate fhe research questions and
corresponding null hypotheses, and report tﬂ; statistical
analyses of the colledted data. Iflis divided into the
sections:

1. Pretreatment équivalence of tfeatment groups;

2. effects of treatments on student achievement;

3. effects of treatments qn_student attitudeé and level‘

of anxiety; and | |

4. discussion of findings.

Pretreatment Equivalence of Treatment Groups

Pilot Study Results

Results of a pilot study (see Appendix E) conducted

by this researcher during the Winter Quarter, 1990,
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indicated students who received computer-assisted
instruction as a supplement to. traditional instruction
achieved higher average grades, higher success rates, and a
greater improvement in their attitude towards méthematics
than_did those students who did not receive supplemental
instruction. Although this was an interesting trend, the
results of an analysis of variance found only the
improvement in attitude to be statistically significant.

These results were encouraging and indicated
improvements in méthematics achievement and aftitudes might .
be obtainedfthfough'the use of CAI as a supé]@meﬁt to
traditional instruction. To determine if these positive
results were attriﬁutable to the supplemental CAI, more .
~control of possible extraneous variables was nécessary.
Possible extraneous variables identified as a result of the
pilot study were: nonequivalent treatment groups, sample :
size, completion of treatments, and instructor differences.

One partial control for the possibility of the
experimental and control groups not being similar was to use
groups made up of eight matched sections of Math 181
randoﬁly assigned to'the grbups. The number =2f students iﬁ
this'study was almost twice that used ‘in the pilbt.study,
thus providing some control for the sample éize being too
small. To help contrql for uncompleted assignments, each
lab activity was given a point value of ten. This made

completion of the labs and worksheets valuable in’
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calculation of the final grades. To control for instructor
differences the number of sections utilized ip each'group
- was increased to four. This doubled the number of
instructors used in each group in the pilot study for each
groﬁp. While these procedures helped establish more
control, it was still not possible to complétely control
these variables and others which may have existed but were

not identified.

Pretreatment Equivalence Methods

Results of the pretest were used to equate the two
treatment groups. The section means were uséa to select
eight sections of Math 181 to be used in this study. The 12
means by section number were: (1)’55.72; (2) 55.79; (3)
62.21; (4) 57.94; (5) 64.50; (6) 60.68; (7) 51.20; (8)
66.65; (9) 64.87; (10) 64.63; (il) 59.17; andz(lz) 53.67.
The sections were then matched with the two sections having
the closest means making up-the first pair, the next two -
the second pair, the next two - the third pair, and the next
two - the foufth pair.- Thus, the pairs of sections were:
(5) and (10), (1) and (11), (8) and (9), and (3) and (6).
After randomly assigning the sections of each pair to the
experimental and control groups, the experimental group was
made up of sections (1), (3), (9) and (10), and contained
165 students; and the control group was made up\of sections
(11), (6), (8) and (5), and contained 157 students. A t-

test was performed using the individual student scores on
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the pretest to determine if the two treatment groups were
significantly different. Results of the t-test are recorded
in Table 1. The t-ratio obtained indicated the difference-
in thehmean of the control group (62.5478) and the |

experimental group (62.5152),was‘not significant.

Table 1. Results of t-test Analysis of Pretest Scores

Experimental Group Control Group

Sample size N = 165 N = 157

Mean X = 62.5152 X = 62.5478
Variance s2= 316.5528 s2= 340.9610
Standard Deviation s = 17.7919 s = 18.4651
Estimate of Variance s2= 328.4518

Degrees of Freedom df= 320

Standard Error S.= ~2.0206

Difference in Means X = 0.0326

t-ratio t = 0.016

Effeqts of Treatments on Student Achievement

Student Achievement as Measured by Raw Score

- The number of students in both the experimental and -
control groups who recei&ed a tota1 raw score was 126 and
the number of visual learners in each group who received a
total raw score was 29. Because it was surprising that
these two numbers turned out fo be the same, this researcher
rechecked the collected data to determine how ‘this could
have occurred. Students were allowed to drop out of .the
course up to 25 days after the beginning of the quarter

without receiving a grade or total raw score. They were

-
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ailowed to withdraw from the course up to ten days before
the end of the quarter, but were assigned a withdrawing with
a péssing grade or withdrawing with a failing grade
depending upon their individual situation.and,circumstance;
Thirty-two students in the experiméntal group -dropped the
course and seven withdrew without receiving a final raw
score. In the control group, 22 students dropped the coursé
and nine withdrew without receiving a final raw score.
Students who dropped the course ﬁere not assigned a grade
~and were thus excluded from this study and the analysis of
raw scores. ’Thus, the numbers were correct and occurred by
coincidence only.: |

The means of the raw scores are recorded in Table 2.
They are éategorized'by the treatment gfoups and dependent
variables. The mean raw score of the different divisions of
the sampie population are given along with the number of
students in each divisioﬁ. This information Qas used in the
Analysis of Variance to determine if the following null
hypotheses were retained or rejected:

1. There is no statistically significant difference in
achievement between the. experimental and control grdups due
to treatment as measured by the mean of the total raw score
course points.

2. There is no statistically significant interaction

effect between treatment and learning style on achievement
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as measured by the mean of the total raw score'course
points.
3. There is no statistically significant interaction
effect'between treatment and‘genaer on achievement as |

measured by the mean of the total raw score course points. -

Table 2. Student Achievement - Mean‘Raﬁ Scores

Experimental Group Control Group

Treatment

349.31 350.00
(N =126) (N =126)
Visual Learner Mean 382.00 382.55
(N = 29) (N = 29)
Other Learner Mean 339.54 340.27
(N = 97) (N = 97)
Male Student Mean 346,72 '350.44
(N = 96) (N = 97)

Female Student Mean 357.60 348.52
(N = 30) (N = 29)
Minority Student Mean 296.50 370.00
| (N = 4) (N = 9)
Majority Student Mean 351.04 348.46
' (N =122) (N =117)

Results of the Analysis of Variance for null

hypotheses 1 to 3 are summarized in Table 3. No significant

difference was found between the treatments, and no

significanﬁ interaction effect was found between treatment

and learning style, or between treatment and gender. From

these results null hypotheses 1, 2, and 3 were retained.
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Table 3. Analysis of Variance - Raw Scores

: Sig.
Source of Variance Sss = df MS F of F
Between Treatments 62.44 1 62.44 ° 0.007 .935
Two-way Interactions
Treatment x
Learning Style 16.54 1~ 16.54 0.002 .967
Treatment x
Gender : 3429.94 1 3429f94 0.364 .547:

Treatment x . .
Minority Grouping 8584.24 1 8584.24 0.910 .341

Student Achievement as Measured by Success Rate

The success rates for the categorized divisions are
recorded in Table.4. The mean success rates of the
different divisioﬂs of the sample population are given along
with the number of students in each division. Because
students who withdrew from the course received a grade which
only a fetaking of the course can remove from their records,
they were classified as‘unsucéeséful and were inciuded in"’
this analysis. Thus, more students were given success rates
. than were given total raw scores. An analysis of variance
performed on this data was used to determihé if the
following null hypotheses wére retained or rejected:

4. There is no statistically'significant difference in:
achievement between the‘éxperimental and control groupé due
to treatment as measured mean success rate.

5. There is no statistically significant intéraction

effect between‘treatment and learning style on achievement -
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as measured by mean success rate.
6. There is né'statistically significant interaction
effect between treatment and gender on achigvement_as

measured by mean success rate.

Table 4. Student Achievement - Mean Success Rates.

Experimentél Group Control Group

Treatment 0.59 0.59

(N =133) (N =135)

Visual Learner Mean 0.76 ‘ 0.73
o (N = 29) ' (N = 30)

Other Learner Mean 0.55 0.54
» (N =104) (N =105)

Male Sstudent Mean 0.57 , 0.61
' : (N =103) (N =103)

Female Student Mean 0.67 . 0.50.
(N = 30) (N = 32)

Minority Student Mean 0.20 0.67
' (N = 5) (N = 9)

Majority Student Mean . 0.61 - 0.58
=126)

(N =128) (N

Results of the Analysis of Variance for null
hypotheses 4, 5, and 6 are summarized in Table 5. Reéults
indicated no significant differences between the tréatment
groups on the variable of success,rate; therefore null
hypothesis 4 was retained. No significant interaction
effects were indicated between the treatments and learning
style or. gender;'fherefofe, null hypotheses 5 and 6 were

also retained.
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Table 5. Analysis of Variance - Success Rates

' Sig;

Source of Variance sSs arf MS F of F
Between Treatments 0.004 1 0.004 0.015 .903
Two-way Interactions
Treatment x .

Learning Style 0.073 1 0.073 0.307 .580
Treatment x

Gender 0.663 1 . 0.663 2.792 .096
Treatment x

Minority Grouping 0.407 1 0.407 1.714 .192

Effects of Treatments on Student Attitudes and Anxiety

The research questions dealing with student attitudes
can be broken down into the three categories: thése
questions concerned with confidence in learning mathematics;
those concerned with attitude toward success in mathematics;
and those concerned with usefulness of mathematics. The
dependent variables for the statistical hypotheses
corresponding to these questions are recorded as: Confidence
Level; Attitude Level; and Usefulness Level.

| Only 88 students in the experimental group .and 79 in
the control group could be identified-with enough accuracy
to match the pretreatment and posf—treatment surveys to the
correct student. This problem is attributable to several
factors: a number of students dropped or withdrew from the
course prior to completion of the treatments and the pbst;

treatment survey; several students switched sections between
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the administration of the pretreatment and post-treatment
surveys; several students did not complete the sﬁrvey
response forms correctly, or did so ipcompletelf; and
seyeral filled.out only one of the twé surveys due to
absenteeism. For whatever the reason, the number of
students apbedring in the cells in the following tables

dealing with the survey data collected was disappointing.

Change in Confidence Level

The mean changes in Confidence Level are recorded in

Table 6. They are categorized by the treatment groubs and
.dependent variables. The data was analyzed using an
analysis of variance-and the results were used’fo determine
if the following null hypotheses were retained or rejected:

7. There;is no statistically significant difference in
the mean change. in score on the Cdnfidencé in Learning
‘Mathemétics Scale of the Fennema-Sherman Mathematics
Attitudes Scales between the éxperimental and contrél groups

due to treatment.
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Table 6. Student Attitude - Mean Confidence Levels

- Experimental Group Control Group

Treatment -0.10 : -0.01
‘ (N = 88) : (N = 79)

Visual Learner Mean -0.09 0.54
' (N = 22) (N = 24)

Other Learner Mean -0.11 -0.25
(N = 66) (N = 55)

Male Student Mean -0.06 0.20
, (N = 62) © (N = 59)

Female Student Mean -0.19 - -0.65
‘ (N = 26) (N = 20)

Minority Student Mean " -4.00 "=2.00
(N = 4) (N = 6)

Majority Student Mean 0.08 : 0.15
(N = 84) ' (N = 73)

8. There is no statistically significant interaction
effect between treatment and learning style in the mean
chiange in score on the Confidence in Learning Mathematics
Scale of the Fennema-Sherman Mathematics Attitudes Scales.

9. There is no statisticaily’significant iﬁteraction’
effect between treatmeht and qendef in the mean change in
scoré on the Confidence in Learhing Mathematics Scale of the
Fennema-Sherman Mathematics_Attitﬁdes Scales.

Results of the analysis'of variance for hypotheses 7
to 9 are recorded in Table 7. These results indicated that
'no significant change in confidence level occprred between
the two treatment gfoups because of the treatments. Thus,

null hypothesis 7 was retained. No significant interaction
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effects were found for the dependent variables. Therefore,

hypotheses 8 and 9 were also retained.

Table 7. Analysis of Variance - Confidence Levels

Sig.

Source of Variance SS af MS , F of F
Between Treatments ' 0.976 1 0.976 0.084 .772
Two-way Interactions
Treatment x ,

Learning Style 5.593 1 5.593 0.483 .488
Treatment x- ) :

Gender : 5.587 1 5.587 0.483 .488
Treatment x ’ : '

Minority Grouping 6.286 1 6.286 0.543 .462

Change in Attitude Level

The.following null hypotheses were concerned with
students’ attitude toward success in mathematics. The
dependent variable for these questions was labeled Attitude
Level. Table 8 contains the mean changes in attitude level
for each cell: |

10. There is no statistically“significént difference in
the mean change in 'score on the Attitude To&ard Success in
Mathematics Scale of the Fennema-Sherman Mathemafics
Attitudes Scales between the experimental and control groups

due to treatment..x
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Table 8. Student Attitude - Mean Attitude Levels

Experimental Group Control Group

Treatment , -0.17 ' ' -0.19
(N = 88) ' (N = 79)

Visual Learner Mean -1.59 0.71
(N = 22) ' (N = 24)

Other Learner Mean 0.30 ' -0.58
' (N = 66) (N = 55)

Male Student Mean 0.11 . -0.05,
(N = 62) _ (N = 59)

Female Student Mean -0.85 - -0.60
' (N = 26) (N = 20)
Minority Student Mean -2.00 _ 0.33
(N = 4) . (N = 6)

Majority Student Mean -0.08 -0.23

(N = 84) (N = 73)

11. There is no statistically significant interaction
effect betwegn treatment and learning styie in the mean
change in score on the Attitude Toward Success in
Mathematics Scale of the Fennema-Sherman Mathematics
Attitudes Scales.

12. There is no statistically significant interaction
effect between treatment and gender in the mean change in
score on the Attitude Toward Sﬁcqess in Mathematics Scale of
the Fennema-Sherman Mathematics Attitudes Scales:

Results of the analysis of variance are summarized in

Table 9.
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Table 9. Analysis of Variance - Attitude Levels

Sig.

Source of Variance Ss daf MS F of F
Between Treatments 0.017 1 0.017 0.001 .973
Two-way Interactions
Treatment x .

Learning Style 92.139 1 92.139 6.293 .013
Treatment x

Gender . 9.945 1 9.945 0.679 <411
Treatment x )

Minority Grouping 6.231 1 6.231 0.425 .515

Results of the analysis indicate that no significant
difference in the change of attitude level occurred bétween
the two treatments. Thus, hypothesis 10 was not rejected.
One interaction effect appeared to be significant while the

other did not. Thus, hypothesis 11 was rejected and

- hypothesis 12 retained. The interaction effect between

treatment and learning style on the change(in attitude level
was significant (¢ = 0.05 level). To determine which
specific_interaction was significant, the mean changes
involved in attitude level from Table 9 were plotted in
Figﬁre 1. A simple main effects test was performed to

determine which interaction was significant.
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Figure 1. Plot of Significant Interaction
Treatment X Learning Style on Attitude Levels

Visual Learning
Style

Change 1in
Attitude

Other Learning
Style

Experimental Control
Treatment

Results of this test are recorded in Table 10.
Significant interaction exists for visual learners between
the experimental and control groups on the dependent
variable, Attitude Level. Visual learners 1in the
experimental group experienced a negative change in attitude
toward success iIn mathematics, while those in the control
group experienced a positive change in attitude toward
success in mathematics. Implications of these findings are

discussed in Chapter V.
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Table 10. Main-effects Test for Significant Interaction

. Sig.
Source of Variance SS af MS F of F

Visual Learning Style 60.680 1 60.680 4.081 .049 ~

Other Learning Style 23.489 1 23.489 1.655 .201

Change in Usefulness Level

The mean changes in the students’ view of the

Usefulness of Mathematics are recorded in Table 11. Results

~of this analysis of variance were used to determine if the
following null hypotheses were rejected or retained:

13. There.is no statistically significant differenqé in
the mean change in score on the Usefulness of Mathematics
Scale of the Fennema—Sherman'Mathematics Attitudes Scales
between the experimental and control groups due to
treatment.

14. There is no statisfically significant interaction
effect between treatment aﬁd learning style in the mean
change in score on the Usefulness of Mathematics Scale of
the Fennema-Shermén Mathematics Attitudes Scales. |

15. There is no statistically significant interaction
effect bétween tréatment and gender in the mean change in
score on the Usefulnesé of Mathematics Scale of the Fennema-

Sherman Mathematics Attitudes Scales.
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Table 11. Student Attitude - Mean Usefulness Levels

- Experimental Group _Control Group

Treatment . 0.03 -0.05
: (N =.88) (N = 79)

Visual Learner Mean -0.23 0.00
' ' . (N =.22) (N = 24)
Other Learner Mean 0.12 -0.07
(N = 66) (N = 55)

Male Student Mean -0.37 -0.42
(N = 62) (N = 59)

Female Student Mean . 1.00 1.05
(N = 26) (N = 20)

Minority Student Mean 5.25 0.33
(N = 4) . (N = 6)

Majority Student Mean 0.12 -0.07
(N = 84) (N = 73)

Results in Table 12 were used to determine whether the

hypotheses were to be rejected or retained.

‘Table 12. Analysis of Variance - Usefulness Levels

Sig.
Source of Variance ss af MS F of F
Between Treatments 0.486 1 0.486 0.036 .850
Two-way Interactions
Treatment x
Learning Style 3.224 1 3.224 0.239 .626
Treatment x
Gender 1.1092 1 1.109 0.082 .775
Treatment x h :
Minority Grouping 2.799 1° 2.799 0.207 .649

Results of the Analysis of Variance indicated that no

significant change in usefulness level occurred between the
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two treatment groups bebaﬁsé of tﬁe treatments. - Thus, ﬁull
hypoyhe§is 13 was not'rejected. Also, no significant
interaction effects were found between the tréatments and
the dependept variablés. Therefore, hypotheses 14 and 15
were also retained.

Change in Anxiety Level

Thé mean changes in aniiety level are recorded in

Table 13. This information was used in the - analysis of
variance used to determine if the null hypothesés below were
retained or rejectéd.- The dependent variable in the-
following null hypofheses was called Anxiety Level:

16. There is né statistically significant difference in
the mean change in score on the.Mathematics_Ahxiety Scale of
the Fennema-Sherman Mathematics Attitudes Scales between the

'experimental and control groups due to treatment.
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Table 13. Mathematics Anxiety - Mean Anxiety Levels

Experimental Group Control Group

Treatment 0.05 ' 0.95
(N = 88) (N = 79)
Visual Learner Mean -0.77 1.29
(N = 22) (N = 24)
Other Learner Mean 0.32 0.80
(N = 66) (N = 55)
Male Student Mean -0.26 0.90
(N = 62) (N = 59)
Female Student Mean S 0.77 1.10
(N = 26) (N = 20)
Minority Student Mean 1.40 0.67 .~
(N = 4) (N = 6)
Majority Student Mean -0.01 0.97
(N = 84) (N = 73)

17. There is no statistically significdnt interaction
effect between treatment and learning style in the mean
change in score on the Mathematics Anxiety Scale of the
Fennema-Sherman Mathematics Attitudes Scales.

18. There is no statistically significant intefaction
effect between treatment and gender in the mean change in
score on the Mathematics Anxiety,Sqale of the Fennema-
Sherman Mathematics Attitqdes Scales.

Results of the Analysis pf Variance for hypotheses 16
to 18 indicated that no significant change in anxiéty level
occurred between the two treatment groups. Also, no
significant interaction effects are evident. Therefore all

three hypotheses were retained based upon the results.
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Table 14. Analeis of Variance - Anxiety Levels

Sig.

Source of Variance Ss arf MS ‘ F of F
Between Treatments 35.778 1 35.778 2.380 .125
Two-way Interactions
Treatment x

Learning Style 14.085 1 14.085 0.937 .335
Treatment x

Gender . 0.602 1 0.602 0.040 .842
Treatment x o ,

Minority Grouping 5.764 1 5.764 0.383 .537

Summary and Discussion

" The pretest results were used to match and randomly
create the experimental and control groups. Results of a t-
‘test indicated that the two groups did not differ

significantly on the group mean scores on the pretest. This

appears to indicate the two groups were similar in knowledge.

and abilities prior to the course and the'two treatments.

Results of the analyses of variance indicated no
significant difference in student achievement between the
~ two treatment groups as measured by raw score and success
rate. ﬁo significant'interaction effects between the
treatments and 1earning style or gender were indicated on
student raw scores, hpr were any found on student suceess
rates. . |

Only one significant interaction effect was found

between the treatments and learning style; a significant
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/‘ .
negative change in student attitude toward success in

mathematics due to the experimental treatment for students

who were classified as being primarily visual learners. No .

other significant interaction effects were found on student
attitudes, nor were any significant interaction effects

found on student mathematics anxiety levels.




recommendations for further research, and a conclusion

calculus course. This study was conducted to determine what -
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CHAPTER V

SUMMARY, RESULTS AND RECOMMENDATIONS

" Introduction

The purpose of Chapter -V is to provide an overall
summary of this study and its results. This chapter is
divided into four sections: a summary of the previous

chapters, the results of the analysis, a listing of

summarizing this study'and its possible contributions to the
field of education. 1Included in the sumﬁary'of the previou;
chapters is a restatement of thé problem, a summary.of the
literature review, a brief description of the‘procedures
utilized, and a list of the possible liﬁitations of this
study.  Included in the sectiqn discussing the results of
the analysis is a description of how those results answer.

the original four questions asked in Chapter I.

The Problem

The overall problem of this study was to investigate
the use of supplemental CAI in the form of computer

generated graphics in a traditional freshman level college




117
effects,this type of CAI had on the humber of students who
successfully completed the course. Because of the highly
visual natﬁfe of the CAI treatment employed in this study,
the achievement of students Qho-could be classified as
having a visual learning style was investigated. The
iﬁteraction of the tfeatment'and gender was also‘
investigated.

In this study, studenf success was determined by
whether the student completed the course and the student’s
course grade. The grade of the student was determined by
raw score homéwéfk, quizées, and exams.assigned and
administered during the quarter. A student was said to have
completed the course if that student received a final grade.
A student was classified as being successful if the final

grade was a "C", or better.

Summary of Titerature

The review of literature in Chapter II showed CAI has
effectively increased the achievement of students in all
levels of mathematics education. This reﬁiew suggested CAI
could effectively improve student achievement when used as a
supplement to college calcuius where students were required .
to program the.computer (Lang, 1976; Sanger, 1977; Berkey,
1977), and where students accessed and utilizéd‘pre—

' programmed applicatioh software (Hickerhell & Proskurowski,

1985; Ayers et al., 1988; Palmiter, 1991).
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Visualization has been shown to be éffective in
improving student achievement in.college calculus (Vinner,
19289), and a highly Visuai form of CAI haé been reported to

improve student achievement in college algebra (Kiéer,

1987). There is also some indication that visualization and

visual-spatial presentations may be beneficial to females
and minorities (Bork, 1980; Kleinfeld & Nelson, 1988).

‘The literature review indicated other factors
influenced the mathematical achievement oficollege étudents,
inéluding attitﬁdes toward mathematics, level of mathematics
anxiety, and confidence in ability to do mathematics. CAI‘
influenced student conceptual understanding énd atfitudes at
the college level in a bositive manner (Heid, 1988).

The review of literature appeéred to indicate that a
highly visual form of CAI, in which the concepts cdvéred in
calculus were illﬁstrated for student analysis, would
effectively supplemenf and increase achievement in a
traditionally taught college calculus coufse. The effects
of this form of CAI should positively influence the
abilities and attitudes of male and female students,
"minority and majority students, and studenté whose mode of

learning is primarily visual.

Summary of Procedures
The sample population for this study consisted of
students in eight sections of Math 181: Calculus and

Analytic Geometry I at a single university in the Northwest.
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Mean scores on a researcher .designed pretreatment test of
algebra and precalculus concepts were used to create four
matched pairs of sections from eight of the original twelvé
sections, the remaining.four sections were excluded. One
section of each matched pair“was random1§ assigned to the
experimental group, the other was assigned to thé control
gréup. Both groups received pretfeatment surveys to
distingﬁish Visﬁal learners from students with other
. learning styles and to assess student attitudes and
- mathematics anxiety levels.

The treatment for the experimental group‘conéisted of
supplemental CAI in the form of computer labs. These labs
supplementeq the traditional instruction with highly visual
coﬁputer—assiéted instruction designed to graphically
illustrate selected topics being covered  in the course.
Students answered questions requiring the analysis of the
computer generated illustrgtioné. The treatment the control
group réceived‘consisted-of supplementary homework exercises
covering the same topics as the éxperimental groupé’
computer labs. These homework assignments did not involve
the analysis of compﬁter generated graphics.

During the course both groups adhered to the same
course sy}labus and the samg traditonal textbook. They were
given the same post-treatment attitude and mathematics
anxiety survey and were administered the séme common hour

and final exans.
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Student raw scores, course grades and success rates
were calculated and statistically analyzed to determine how
the treatments affected student achievement énd success.
The differences in student attitudes towards mathemafics and
anxiety levels were also anélyzed for changes due to the

treatments.

Limitations

This study, like most research studies, had a number
of limitations related to the setting in which it was
conducted, the population which was sampled and the design
of the research. Readers must carefully consider these
limitations before they generalize any of the reported
results to other schools, student populations or situations.

The setting for this research imposes some important
limitations on the ability to generalize the findings of
this study:

1. This study was conducted in a freshman level college
-calculus course at Montana State University. Montané has a
small, mostly rural population, with a small minority
population composed primarily of Native Americans. The
character of this population was reflected in the student
body of the university. ' The small number of minority
students in the sample population made exclusion of
consideration of this variable a necessity.

| 2. At the time this research was conducted it is

possible computers and calculators were not widely used in
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many communities in Montana; fhus some students enrolled in
Math 181 may not have had opportunity to become familiar
with computers and their applications prior to beginning
college. The use of calculators in the introductory
“calculus course was prohibited on the exams at MSU when this
study was conducted, as was their use in many high school
mathematics courses in the state. |
The population sampled also imposes some'limitations
on the application of the results of this study to other
students and schools:
1. A'sméll number of minority students were enrolled in
the freshman level college calculus. This made the number
of students in some cells of the analysis extremely small.

While the lack of research in this area indicates a need for

inclusion of the analysis of what data . was collected, this

study did not include hypotheses dealing with this variable..

2. Students sampled in this study may have'had
relatively little experience with computers and computer
applications. This may make generalization of the findings
of this study difficult, since computers are bécoming more
and more available and-utilized inside andAoutside of many
high school mathematics classrooms.

3. Students wishing to take college courses at Montana
State University can enroll iﬁ a coﬁrse up to ten working
days after the course begins and drop the course up to 25

working days after it begins. This feature allowed some




122
students in the séctions.stﬁdied té start the course afterl
the pretest and pretreatment surveyé were administered.
Some students also were able.to switch sections after the
pretest and pretreatment surveys were given. Consequently,
some of the collected data was not usable and had to .be
excluded.

4. Students were—alloﬁed to withdraw from the course up
to ten days prior to end of the quarter. While the failure
of these students to complete the coursé contributed to the
overall success rate scores, data concerning their attitudes
towards mathematics and mathematics anxiety had to be
-excluded from analysis;

The desigh of this study may place some limitations
on the ability to generalize its findings. The reader
éhould take into account the foilowing when atfempting to
apply the results reported in this paper to other
populations-and other courses:

1. It was necessary to utilize intact classes for this
study. This meant eight.different instructors with éight
individual teaching styles and preferences taught the eight
sections of Math 181 used for this study. The inherent
characteristics of the classes ana methods of instruction
could have had some effect on the implementation of the
treatments and some influence on the results. |

2. The period of time over which this study was

conducted and the treatments were administered was'a factor
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in the interpretation and the generalization of the results.
A longér, or shorter, period could possibly result in
‘different findings.

3. This study measﬁred thé effects of supplemental CAI.
This is an~extremély important consideration when attempting
to generalize the findings of this research. Results of
this study should not be generalized to situations Where CAI
is integrated into the course structuré. Results reported
are only applicable to similar courses where CAI is used to
supplement traditional instruction.

4. Although students were free to use the computer and
software of their‘choicé, that use was restricted to their
time éutside of class; class time was not taken up with
completién of the computer lébs}

5. Student assistance in the computer lab was not
designed into the study. Nor was a record of student

.computer use kept.

Analysis Results

Results of the analysis of varianpe were repbrted in
Chapter IV. This section summarizes and discusses the
results of thaf analysis and answers the four_questions put
forth in Chapter I and restated in Chapter III:

1. How does CAI affect student achievement when it is
used to supplementltfaditional methods of instruction in a

college freshman level engineering calculus class?

4
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2. How does CAI affect the achievement of female
studeﬁts when it is used to supplement traditional methodé
of instruction in a college freshman level engineering
calculus class?

3. How does CAI affect student attitudes when it is
used to supplement traditional methods of instruction in a
college freshman level engineering calculus class?

4. How does CAI affect student mathematics anxiety

levels when it is used to supplement traditional methods of

instruction in a college freshman level engineering calculus
class?

These four questions are concerned with how
supplemental CAI, of the form described in the previous
chapters,; affected the following: (a) student échievement,
as measured by raw score and success rate; (b) student
attitude, as measured by the student’s confidence in
learning mathematics, attitude toward success in mathematics
and usefulness of mathematics; and (c) student mathematics
,anxiety level. They also pertain to the affects this form
of CAI may have on those variableé for visual learners and .

female students enrolled in the course.

Student Achievement

The first six null hypotheses dealt with the effects
upon student achievement of the three independent variables
as measured by the two dependent variables of raw score and

success rate.
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The first three null hypotheses were retained beceuse
no significant differences were found between the raw scores
of students in the experimental group and.those students in
the control group. Nor were significant differenees found
which could be attrlbuted to possible interactions between
the treatments and student learning style or gender.

Nu;l hypotheses 4 through 6 were concerned with the
effects of the independent‘variables on the success rate of
the students. No significant differeﬁces were found in thie
variable for students in the experimental and control groups
which could be attributed to the treatments alone. No
significant differences were found due to interactions
between the treatments and student learhiﬁg style or gender.
These three null hypotheses were also retained. |

Refainihg null hypotheses 1 through 3 indicates any
dlfferences in the raw scores of students in the
experlmental and control groups could have occurred by
chance. The differences between the raw scores of yisual
learners aﬁd non-visuel learners, and male and female
students could also have occurred by chance and, therefore,
.can not be attributed to any differences in the two
treatments. These results indicate supplemental CAI as
discussed in this study is no better than traditional
homework for students in a traditional freshman level

introductory college calculus course.

It may be possible raw scores of students did not
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reflect an actual significant difference in achievement

between students in the experimental and control groﬁps.

where one existed. 1In other words, it is possible a Type II

. error would be committed if these hypotheses are retained.

This type of error occurs when a false null hypothesis is

retained. If such an error occurs it may be for the

foilowing reasons:

1. The impact of the computer labs and additional
homework assignments may ha&e contributed liftle to the
overall raw scores since each lab and aésignmen£ accoﬁnted
for only ten points, or 50 points for the five treatments,
of the total 500 points possible.

2. The items tested on the common hour and final exams
may not have required the analysis of graphically
represented material as had the computer labs. Graphing
utilifies, computefs, and calculators are not traditionally
used in,this»coﬁrse; therefore, because the exams wérel
written by the course supervisor and followed the
traditional format, and this researcher had no direct input

into their creation, the common hour and final exams may not

have tested any new abilities or insights the students in

the experimental group may have picked up during the study.
3. Because of the time and location of this research,

these students may have been relatively inexberienced with

computers and graphing ﬁtilities; They may have spent much

of their time learning to use the computer and not an
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adequéte amount of time analyzing the gfaphs produced by the
éomputer. Adequate support may not have been available in
the lab situations. |
4. Tt is possible the labs and worksheets did not -

adequately address the concepts and topics covered .in the

‘" course.

Retaining the null hypotheses 4 through 6 indicates
any difference in the success rates of students in the two

treatment groups just as likely occurred by chance as by any
' /

difference in the treatments. It is also just as likeiy any

differences in the success rates between visual and non-
visual learners, and male and female students ocpurred by
chance as by ény difference in the treatments.

Because student succéss rates.were based upon grades,
which were based upon raw scores, any nonsignificant
differences in raw scores would contribute to similar
nonsignificant differences in Sﬁccess rates. As was the

case in null hypotheses 1’thrdugh 3, a Type II error could

‘be made by retaining null hypotheses 4, 5, and 6. If such

- an error was committed, it may have been for the same

reasons as mentioned fdr the independent variablé in the
previous null hypotheses, or for one of the following
additional reasons:

1. Quanfifying the. data for success rates, students
were given a 1 if they were successful and a 0 otherwise.

This may have reduced the amount of variation in the data,
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causing any differences in student achievement to go
undetected through analysis.
2. The deadline for dropping the course made it
' possible for some students, who would mostly be classified
as unsuccessful, to drop the course early enough'to be
excluded from anélysis.

Assuming no Type II errors occurred in the analysis
of null hypotheses 1 through 6, the answer indicated by this
study to qqesfion one is: fhe use of a-highly visual form of
.CAI~as a supplement to the traditional methods of
instruction in a freshman level college calculﬁs course has
the same effect as additional homework on the overall
achievement of students in the course. The answer indicated
by this study to the second question is: the use of CAI, of
the form employed in this study, is as effective for student
achievement as the use of additional homework exercises for
students identified as visual learners and female students

in a freshman level college calculus course.

Student Attitudes

The null hypotheses dealing with student confidence
in learning mathematics, hypotheses 7 through ten were
retained based upon the analyses of variance as reported in
Chaptef IV. No significant change in this dependenf
variable was found due to the treatments, nor were
significant differences found due to interactions between

the treatments and the other.twb independent variables;
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lgarning style and gender. This indicates studeﬁts in both
groups were equally. confident in their ability to do
mathematics before and after the tfeatments (Fennema &
Sherman, 1986). If a Type II error was made by the
retention of these null hypotheses, it may have been that
the 'instrument used to assess this Variéble was not
effective for students in this study. It may be these
students have a level of confidence in their ability to do
mathematics which is so strongly established the treatments
did not affect it.

No significant difference in student attitudes toward
success in mathematics was found due to the tréatments, nor
was a significant differepce found due to interaction
between treatments and gender. Based upon these results,

. null hypotheses 10 and 12 were retained. This indicates
anticipation of positive céﬁsequences because success in
mathematics was.similar'for students in both groups (Fennema
& Sherman, 1986). Reasons for the possibility of making a
Type II error in this case are similar to those given for
such an error_in‘assessing student confidence in ability to
do mathematics: the attitudé these college calculus students
have about the consequences of being succéssful in
mathematics may be so strongly established that the
instrument could not proﬁerly identify any changes.in this
variable which could be éttributed to the difference in the

treatments.
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No significant differences in the student view of the
usefulness of mathematics were féund‘which could be
attributed to the treatments, nor were any found due to
interaction_betwegn the treatments and the other two
independent variables. Thus, null hypotheses 13 through 15
were also retained. This indicatés students in both groups
share similar beliefs about how useful mathematics might be
to them and their future (Fennema & Sherman, 1986). A Type
ITI error could be made in retaining these hypotheses for
reasons similar to those given for the two previous
dependeht variables: students’ feelings about the usefulness
of mathematics may be so firm that the treatments did not
affect them and the pre- and post-surveys did not detect any
significant changes.

While the above nﬁll hypotheses were retained based
upon the analyses of variance, the following null hypothesis
was not:

11. There is no statistically sigpificant interaction
effect between treatment and learning style in the mean
_chahge in score on the Attitude Toward Succéss in
Mathematics Scale of the Fennema-Sherman Mathematics
Attitudes Scales.

This indicates the differenées‘in the change in
attitude toward success which occurred between visual
learners in the experimental and control groups most

probably did not occur by chance, but were likely caused by
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the treatments. Thus, visual learners who analyzefcomputer
generated illustrations of the topics in an introductory
calculus course are more likely to experience a drop in
their level of anticipation‘df positive consequences as a
result of success in mathematics than afe visual learners
who receive additional homework assignments (Fennema &
Sherman, 1986). This result seems highly ‘unlikely
considering the research reported in the reQiew of
literature.

To this researcher, it appears more likely thaf a
Type I error would be made if null hypothesis 11 is

rejected. A Type I error occurs when a true null hypothesis

is not retained. One reason for making such an error could

be the instrupent used to measure change in this variable
indicated a difference between visual learners in the )
experimental and control groups where none existed. Student
attitudes toward success in mathematics may be so strongly
established that this instrument could not accurately accesé
the subtle chqnges whichlactually occurred. Another reason
may'be that data could not be collected for all the visual
learners, but only for those who correcfly‘completed both
the pretreatﬁent and post-treatment surveys. Thus, the
analysis may have been distorted because the data collected
was not representative of sample. Still a third reason may
be because of the‘nuﬁber of hypotheses testéd," "When more

than one ANOVA [analysis of variance], or any other
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univariate test, is performed on the same dependent

variables the.éxperimentwise Type I error probability is

increased exponentially,” (Schmitt, 1989, p. 9). It may be

that such an error occured in this instance.

If no Type I errér was made, the answer indicated by
~this study to question three is: supplemental‘CAI of the
form utilized in this study.affects the attitude toward
success of visual learners in a negative manner, but does
not seem to similarly affect students who prefer a different
mode of ‘instruction. If a Type I error was made, the answer
to question three is: the type of CAI utilized in thié stuay
affects student attitudes in the same way as the use of
additional homework exercises for all freshman college

calculus students.

Mathematics Anxiety

Results of the data analysis.concernihg changes in
the level of mathematics anxiety of students in tﬁe
experimental and control groups indicates the differences
between the two groups as likely occurred by chance as by
any difference in the treatments. There were no significant
differences due to intefaction‘between treatments and
learning style or gender. Results of this analysis indicate
null hypotheses 16 through 18 should be retained. Students
in the two groups did not experiéncé a significant
difference in their chaﬁge in level of mathematics anxiety

because of the treatments, or because of any interaction
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between the treatments and the other independent variables
(Fennema '& Sherman, 1986).

As in the previous cases dealing with student
attitudes, a Type II error occurring by retaining hypotheses
16 through 18 is a possibility. This error could occur for
the reason mentioned in the previous cases: the instrument
used could not deiineate the changes because the mathematics
anxiety levels were so strongly established in these
students.

Usiné this information, the answer indicated by this
study to question four is: supplementary CAI of the form
employed in this study does not significantly differ in its
" effect on the mathematics anxiety level of students thén‘
does assigning additional homework. This result may have
some siénificance and merit further study because some may
expect the anxiety levels of students in the;experimenﬁal
group to rise since they were required to utilize the

computer without direct supervision during the treatments.

Interpretations, Implications and Recommendations

This study measured the effébtgjof CAI on overall
achievement and success of students in a freshman level
introductory college calculus‘éourse; It sought to
determine those effects when CAI was used as a supplément to
the course. Many mathematics instructors send students to

computer labs once a week thinking they are helping their
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studenfs. Are they? . In this study the course'ﬁas the
traditional freshman level engineering calculus course
taught at Montana State University,'Winter Quarter, 1991.
For this research, that course was not altered from the
traditional course, but was supplemented by computer labs
designed to illustrate concepts covered in the course.
These CAI assignments were completed by the students outside
the classroom.

In this study, the standard methods of assigning raw
points were used and success‘rates were determined by the
successful completion of the course. While it may bé
important to establish the effectiveness of CAI at teaching
CAI topics; this study was not designed to do that. The
goal of this study was to determine if CAI waé effective in
improvinglstudent success.and achievement in a course often
the prerequisite for future math, science, and technological
coﬁrses.

With this goal in mind, this study was designed to
exercise control of many extraneous variables. This part of
Chapter V gives this researcher’é interpretations of the
results previously described and discusses poséible
implications for. math educators and those teaching college

calculus.
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Interpretations

When interpreting the results of this study, it
should.be noted the students in the freshman level
engineering calculus course who‘received a highly visual
form of supplementary CAI did as‘well in the course as did
students who féceived additional homework." Thé use of the
computer affected student achievement in the same manner-
‘that additional homework did. The computer also affected
student success as well as additional homework did. This
was true for'all students including visual learners and
female students.

| Supplemental CAI had no adVerse effects on student
attitudes and anxiety levels. Students were és confident in
their ability to do matheﬁatics no matter which treatment
they received. .Their beliefs about the usefulness of
mathematics were the same; students who wefe not classified
as visual learners felt the same about possible consequences
.of being successful in mathematics. And supplemental CAI
did not raise the level of mathematics anxiety of students
in the experimental group, including visual learners,
nonvisual learners, males, and females.

One result éppeared inconsistent witﬁ the other
findings: the visual learners who received the CAI
treatments experienced a drop in their level of anticipation
of positive consequences as a result of succesé in

mathematics. If true, this means highly visual CAI as a
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supplement to a traditionally taught calculus course could
be detr1menta1 to such a student’s attitude, which may
affect his or her performance. Eisenberg and Dreyfus (1989)
indicate one possible problem with introducing concepts in
more than one way, such as incorporating visual
interpretations, could be that the complexity of such an
introduction confuses more than clarifies. Visual learners
may prefer their own methods of visualizing the mathematical
Concepts.presented in the course and possibly reacted
against the need to analyze_the computer generated graphical

illustrations they were required to perform.

Implications

Several implications may be extracted from the
results of this studf. Those which appear to this
researcher as havingrfhe most importance to introductory
college calculus instructors and other math.educators are:

1. Supplementing classroom assignments with time in a
computer lab is‘no more effective on student achievemént,
success, and attitude than assigning'additibnal homework. .,

2. Sﬁpplementing the traditionally taughf course with
CAI completed outside of the classroom is no more effective
on student achievement, suceccess, and attitude than assigning
additional homework. |

3. In ﬁany caées, supplementingvghe traditionally

taught course with CAI is not economically practical when
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additional homework is just as effective on student
achievement, success, and attitude.

Two other implications wh%ch may be of importance
are: the attitude toward the usefulness of mathematics of
visual learners may be negatively affected when a Qraphical
form of CAI is used to supplement the traditional
introductory coliege calculus course,‘and assigning homework
which requires fhe interéretation of graphicélly represented
material is as effective in a traditional college calculus
course as tréditional homéwork assignmenfs for most

students.

-

~

Recommendations for Future Research

.Several interesting related'topics surfaced during
the time this study was conducted. The following are
presented to the reader as recommendations for further
research: |

1. A study should be conducted in which a college
calculus course is altered to make use of graphing
calculators. In the time since this study was begun the use
of graphing calculators and computers in mathematics courses
has continued to grow, and the state of Montana has become .a
leader in the use of technology in the classroom. With
these applicétions of technology expanding into education,

~many students from Montana are beginning college having had 
more experience with computers and graphing calculators than

did students sampled in this study. The potential of
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graphing calculators has just begun to be realized and new
researdh into how effective they are in a college
mathematics courses is needed.

2. A study should be conducted into the actual
differences graphical representations of the topics in a
college calculus course have on the understanding of the
topics and not dnly'their effect on overall student |
achievement. Understanding of the topics in a calculus
course is important to applying calculus to problems in
future mathematics, écience, and in courses aﬁd cafeers in
related technology fields. However, the role of visual
presentations in the understanding of the concepts in
éollege mathematics csurses has not been adequately
addressed in the literature. More research into that role
is needed.

3. A study should be conducted in which the learning

styles of students in a'colieqe calculus course are closely

matched to the type of supplementary CAI used in the course.

As elementary and secondary teachers become aware of_
learning style and the role it méy play in the écquisition
., of mathematical knoWledgé,_moré students will enter college
mathematics classes having been taught‘in different styles.
The role learning styles may piay in the mathematical
success of college students shbuld be investigated.

4. The lack of research suggests more studies'be

conducted into the role. learning style plays in the
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mathematical achievement of minority and female college
students. While if is a widely held belief'minority
students prefer a visual mode of instructioﬁ, little formal
research into this belief has been reported in the
literature.

5. A study should be conducted investigating the effect
CAT has on the mathematical achievement of minority and |
female college students. The review of literature conducted
for this study demonstrated a lack of research into this
topic. Because of the need for moré engineers and
scientists, research into methods which may improve the
mathematics achievement of students belonging to' these
underrepresented groups is extremely important. Female and
minority students represent a largely untapped sourde,of
future engineers and scientists. |

6. More long-term research into CAI in college
mathematiés courses and its effects on student achievement
and the understanding of mathematical concepts should be .
conducted. The potential of CAI is great; but without more
research into its effect over a longer period of time; the
best applications of its use may not be discovered.

7. Research should bé conducted to develop a metﬁod of
assessing the attitudes and mathematics anxiety level bf‘
college students. Student attitudes and mathematics anxiety
levels play an important role in their success and

achievement in college. While appropriate in some
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instances, the instrumen£ utilized in this study méy not
have had enough sensitivity .to determine the subtle changes
which may have occurred in this variable. The development -,

of a more sensitive instrument should be investigated.

Conclusion

In concluding this chapter, it should be noted this
study was_concernedAwith the need to inérease the number of
students enrolled in college calculus who successfully
complete the course,,including female and minoripy‘students.
Thus, this study'was directed at the overall student
achievement and success in traditional freshmén college
calculus courses and not at the understanding of specific
topics in the course. This researcher used the standard
measures of raw score and success rate to determine the
.achievement and success of students in this study. Because
of the emphasis on success in college calculus, this
researcher did not look for differences iﬁ studehté’ answers
on individual laboratories and worksheets, nor did this
researcher attempt to have any exam questions written in the
same form as was used on the iabs and worksheets.

While the results of this study do not provide
support for any parficular method of increasing the number
of studéents who successfully complete freshman level
engineering calculus, the results of this study demonstrate

the viability of using visually oriented CAI as homework
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instead of the traditional homework in such a course.
Students whose traditional instruction is supplemented with
a highly visual form of CAI perform as well in the course as
do students whose instruction is supplemented by additional
homework. This appears to be true for all types of | |
. students; visual learners and those with othef learning
style preferenceé, and male and female studehtsa

'Equally important is the result: the use of
supplemental éAI, in a once-per-week computer lab session,
does not affect student achievement in a traditional college
calculus’ course. Instructors who believe weekly computer‘
sessions wiil iﬁcrease student achievement may be making
incorrect‘assumptions about fhe capabilities of the computer
and CAI.

Computer-assisted instruction and the ﬁse of graphing
éalculators are changing the way mathematics is taught at
all levels of education. It is the hope of this rgsearcher
that the findings reported in this paper will demonstrate
the need for- further research into the effects of CAI and ’
graphing calcﬁlators in college calculus courses, the
effects of graphically represented topics in mathematics at
all levels, and the effects of CAI ana graphing calculators
on the mathematical achiévement of female and“mihority

college students.
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COMPUTER TAB 1 - MASTER GRAPHER NAME:

The exercises given in this lab deal with the definition of

the derivative and the product rule. for finding derivatives.
This lab is designed to illustrate concepts covered in the
text in Chapter 3, sections 1 and 2.

I. Consider the function f(x) = x2/4 .

IT.

a); Graph this function using the Master Grapher program.
Enter in index 1: x"2/4

Remember to toggle the display of index 1 on by typing a
1 if it is not on already. Toggle any other indices off
by typing their numbers.

Enter 9 to return to the nrevious menu and G to draw the
graph.

b) . The difference quotient f(x + .1) - f(x)
’ .1 '

gives a close approximation to the derlvatlve.
. Graph this function in index 2.
Enter: (((x + .1)"2)/4 - x* 2/4)/.1 -

The value of the difference quotient for x =2 looks to
be 1 . The slope of the line tangent to the graph at the
point (2,1) looks like it must be close to 1.

c). The derivative will give the slope of a function at a.

particular point. We can use our approximation to graph
the line tangent to.the graph at the point (2,1).

Enter in-index 3: ‘ . A
((((2 + .1)72) /4 - (2)72/4)/.1)*(%x-2) + 1
d) . Solve for the derivative of f£(x) and see how close the

approximation is to the actual tangent line at the point -

(2,1) by obtalnlng the equation of the tangent line and
graphing it in index 4.

Look at.the 'graphs of the two funétions:
f(x) = %2 /4 , and f’(x) = x/2 .

Note that f’/(x) is the derivative of f(x). What does
£’ (x) tell us about the function f(x)? It gives the slope
of the line tangent to the function for any value of x.
The slope of the tangent line at the p01nt (6,9) is 3 ,

this means the graph of f(x) is increasing at the value X

= 6.

For x = -2, f/(x) = -1, thus the slope of ‘the tangent line
is negatlve and goes down 1 for every 1 it goes to the
right. .
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III. Graph the function f(x) = 1/x and its derivative
function
C£r(x) = -1/%% .

IV. Answer the following questions:

1) . Is the graph of the derivative you approximated in
I.b). similar to that of f/(x) = x/2 in II? If you used
h = .01 instead of h = .1, do you think they would be
closer?

2). For what values of x does the line tangent to the
function
f(x) = x2/4 have

positive slope?_ ;- hegative slope?

3). For what values of' x does the line tangent to the

function
f(x) = 1/x have
positive slope? , nhegative slope?

4) . What does the graph of the derivative of a function
tell you about the graph of that function in terms of its
steepness, ‘or slope?

V. Consider the product: f(x)g(x) = (x2/2 + 2) (x> - x) .

To find the derivative of the product of these two
functions we could multiply the two together and then use
the "Power Rule", but let’s not so that we can illustrate
the "Product Rule".

a). Graph the product f(x)g(x)

Enter in index 1: (x"2/2 + 2)*(xX"3 - X)
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b) . Note from the graph that f(x)g(x) is increasing for
the values of x < -1 . This means that the slope of the
lines tangent to the values of x < -1 should be positive.

c) . Using the power rule, etc. find the derivative of f(x)

and g(x) separately. Enter the product f7(%)g’(x) into
index 2. Do not graph it at this time. Go on to d).

d) . Using what you learned in the first part of this lab, -

graph the function f(xth)g(x+h)-f(x)g(x)
h

with an h = .1 '
Enter the entire line below in index 3:
(((%+.1)*2/2+42) % ((X+.1) *3=(x+.1) )= (X 2/2+42) * (x*3-%x)) /.1
Graph both index 2 and 3 by togglihg them on.
e) . Now take the derivative of f£(xX)g(x) using the "Product
Rule" and graph it in index 4.
Answer the following questions about your graphs:
1) . Use words to describe the graph of the slope of the
product f(x)g(x). Is it positive for some values of x and
negative for others?

2). True or False: The derivative of the product is the

product of the derivatives.

3). Write the product rule for taking the derivative of
the prpduct f(x)g(x):

[£(x)g(x)] =
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COMPUTER I.AB 2 - MASTER GRAPHER NAME:

The exercises given in this lab deal with the derivatives of
composite functions and the chain rule for finding those
derivatives. This lab is designed to illustrate concepts
covered in the text in Chapter 3, section 3.5.

NOTE: ONCE YOU ARE IN MASTER GRAPHER, BUT BEFORE YOU BEGIN,.

SET THE SPEED OF THE GRAPHING TO 400 (TYPE "S" AND THEN ENTER
400 AND HIT RETURN), THEN CHANGE THE VIEWING WINDOW BY TYPING
"y" AND THEN "5", SET L = -5, R=5, B =5, AND T = 5. RETURN
TO PREVIOUS MENU AND ENTER "F" TO ENTER THE FUNCTIONS.

I. Graph the function £(x) =+v x .
Enter in index 1: sqgr(x)

Remember to tpgéle the display of .index 1 on by typing a
1 if it is not on already. Toggle any other indices off
by typing their numbers. -

Enter 2 to return to the previous menu and G to
draw the graph.

1) . What is the domain of this function?

II. Graph the function g(x) = —-(x+1)(x-3) in index 2.

Enter: -(x+1)*(x-3) ; 1

2). What is the domain of g(x)?

IITI. Consider the composite function f(g(x)).

What would you guess it’s domain might be?

Graph the composite function f(g(x)) in index 3.
Turn off the display of indices 1 and 2.

Enter: sqr(—(x+1)*(x—3))

3). What is the domain of f(g(x))?

4). Where does it appear that the graph of f(g(x)) is

increasing? : , decreasing? ‘ .
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With these’intervals in mind, sketch what the graph of the
- derivative function might look like on the set of axes at
right. )

IV. Take the derivative of f(x) and g(x).
5). They are:

£/ (x) = ' ' _and g’(x) =

6). Find £’ (g’ (x)) =

7). Find £’ (x)g’ (x) =

V. Graph £’ (g’ (%))

8):. Is the domain of this composition different than that

of f(g(x))?
9). Does it appear that £/ (g’ (x)) would be a good choice

for the derivative of f(g(x))?

If not, why not?

VI. Graph £’/ (x)g’(x).
10) . Is the domain of this product different than that of

f(g(x))?

11) . Does it appear that f’ (x)g’(x) would be a good choice

for the derivative of f(g(x))?

If not, why not?

VII. Use the chain rule to find the derivative of f(g(x)).

12). What is it?

Graph [f(g(x))]’.
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13). Is its domain different than that of f(g(x))?

VIII. State the Chain Rule for finding the derivative of a
composite function.
If the function z = g(x) has the derivative g’ (x,) at x,,
and the function y = f(z) has the derivative £’/ (z,) at z,
= 9(x%x,), then the composite '~ function f£(g(x)) is

differentiable at x = x, , and

14) . [£(g(%))]" =
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COMPUTER _LAB 3 - MASTER GRAPHER NAME:

The exercises given in this lab deal with The Mean Value
Theorem and one of its consequences, (that two functions with
the same derivative on an open interval must differ by only a
constant on that interval). This lab is designed +to
illustrate concepts covered in the text in Chapter 4, section
4.1.

I. Enter the following functions into the indices indicated:

1. Enter: xA3/6+xA§/2—3*x/2+3

2. . Enter: x*3/6+x“2/2—3*x/2

3. ' Enter: x43/6+x*2/2—3*x/2—6

4, ' Enter: x"2/2+x-3/2

5. | Enter: x*5/2—x‘4/2-2*x“3+2*x/3+2
6. Enfer: x‘5/2—x‘4/2+2*2/3+2

IT. Graph the function in index 1, (toggle to display the
function and toggle the others off). It looks like there may
be two points where the slope of the tangent line is probably.
0. The Mean Value Theorem can be used to prove that those two
points must exist. B '

Graph the 1line y = 4 by entering the draw option,
choosing a specified horizontal line, entering 4 and hitting
return. : '

Enter: D 4 4 Return
Enter: 6 to return to previous menu

ITII. As can be seen from the graph, the line y = 4 intersects
the graph of f(x) in three points, call the x-value of these
three points a,b and c from left to right. The conditions
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necessary to apply the Mean Value Theorem have been met by .

these functions.
1. What are those conditions?

So, from the Mean Value Theorem, there must be two points,
call them p and g, in the intervals (a,b) and (b,c),
respectively, such that:

and

2. What then are the values of f’(p) and £’(qg) ?
/ .

3. Type F and toggle the display of the function in index 5.
Turn the display of index 1 off. Go back by entering 9 and
regraph by entering G. How many points are there where the
derivative appears to be zero? ' : '

4. Without graphing the function with index 6 above, how many
points would you guess there are where the derivative appears
to be zero? Why?

5. Look at the graph of the function in index 6. How many
points
are there where the derivative would appear to be zero?

6. What is the derivative of the function in index 5 above?
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7. Wha; is the derivative of the function in index 6 above?

8. Compare the derivatives you found in questions 4 and 5.
What conclusion can you draw about the functions in index 5
and index 6 '

from their derivatives?

-IV. Look at the graphs of the functions in indices 1, 2 and 3
all at the same time. They all have the same derivative.

9. What is that derivative?

Display the function in index 4. Notice that it goes through
the x-axis at the two points where the other functions have

‘slopes of zero. This is the derivative of the three.

functions.

10. What conclusion can you draw about the three functions in
indices 1, 2 and 3 from their derivative?
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COMPUTER IAB 4 - MASTER GRAPHER

NAME:

The exercises given in this lab deal
derivative tests. This lab is design

with the first and second
ed to illustrate concepts

covered in the text in Chapter 4, section 4.2.

I. Enter the following functions into the indices indicated:

17 ' Enter:
2. . Enter:
3. ’ ' Epter:
4. " . Enter:
5. ' Enter:
6. ~ Enter:

(X*3-6%x~2-36*x+216) /27
(3*xX~2-12%x-36) /27
(6*x-12) /27

sin(x)+x

cos (x)+1

-sin(x)

ITI. Graph the function f(x). It is in index 1, (toggle.it to
be displayed and toggle the others off).

1. Where is the function in index‘l

know?

continuous? How do you

2. Sketch the graph of f(x)
that the computer gives.
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3. Indicate on the number line below where the slope of f(x)
is positive by marking + above the line, where it is negative

by marking -, and where it is zero or does not exist by

marking the point.

P I _———————_——! ———— IR, [N [V [NV [ N IS I | —_

] I [ 1, I I 1 I I
-10 -8 -6 -4 -2 0 2 4 6 8 10

Graph the function in index 2 on the same graph as 1 by using
the OVERLAY option. Enter 0 and then enter.2. Do not rotate
it, just hit RETURN '

This function is £’ (x), the derivative of the function in
index 1.

4. For what values of x is:

£/(x) < 0 ? ., f'(x) >0 ? : .

5. At what values is fr(x) =072

6. From this information, a point x=c is a maximum if the
slope '

left of c is _ and right of c is

7. A point x=c is a minimum if the slope of the function to
the '

left of c is , and right of c is

8. Using your answers in questions 6 and 7, give a brief
explanation, in your own words, of the First Derivative Test.
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III. Now overlay the graph in index 3 on the same graph as.
those of index 1 and index 2. This is £’/ (x), the second
derivative of f(x), the function in index 1

9. Where is this function continuous? How do you know?

" 10. Is £/’ (-2) positive or negative?

.Is £’7(6) positive or negative?

11. If x=c is a maximum, then is f’’(c) positive or negative?

12. If x=c is a minimum, then is £/’ (c) positive or negative?

13. Use questions 11 and 12 to give a brief explanation of the

second derivative test.

14. There are certain hypotheses that must be met for both the
first and second derivative tests. What are these hypotheses?

IV. There are instances where the first derivative test is
‘more useful than the second derivative test. Clear the screen
and look at the graph of the function, g(x), in index 4. You
will want to turn the display of index 1 off and 4 on to graph
it. Graph the first derivative, g’ (x), of this function. It -
is in index 5. Use the overlay procedure you used above.
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15. Using the graphs of g(x) and g’(x), fill in the number
line below like you did the one for f(x) previously, marking
+, =, or a point where the slope of g(x) is positive,
negative, or zero.

Comem el ) e i h il e e : —_

I 1 | [ § 1
-10 -8 -6 . -4 -2 0 2 4 6 8 10

16. From the first derivative test, how many maximums or
minimums are there for g(x)? Refer to your explanation above.

V. Graph the second derivative, g’’(x). It is in index 6.
Use the overlay procedure you used above.

17. From the second derivative test, how many maximums or
minimums are there for g(x)?

18. Give another function where the first derivative equals
zero for some value of x that is not a maximum nor a minimum?
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COMPUTER IAB 5 - MASTER GRAPHER NAME:

The exercises given in this lab deal with applications of the
derivative to find the maxima and/or minima of- functions.
This lab is designed to 111ustrate concepts found in the text
in Chapter 4, section 4.3.

A critical step in finding the maxima and/or minima .of a

function is determining from the problem the function that
must be maximized and/or minimized. One possible strategy is
given in the following steps.. You may use them or find your

own. Eventually you should be able to do away with any such -
list, but that comes with experlence in doing this type of.

problem.

To do max1mum/m1n1mum appllcatlon problems one should follow
steps similar to these:

1. Read the problem completely before starting.

2. Make a sketch of the problem if necessary.

3. Reread the problem identifying, and assigning names
to, the variables and the quantity, or item, that is to
be maximized or minimized.

4. Look for equations that relate the different variables
to each other and a function that relates the item to be
maximized or minimized to the variables.

5. Eliminate all but one variable from the function using‘,

the equation you found in step 4. Determine the domain
of this function in relation to the problen.

6. Differentiate the function found in step 5 and
identify all ©possible critical points, including
endpoints.

7. Test the critical p01nts to determine the maxima or
minima.

8. Solve the problem and recheck your answer, making sure
'that it seems reasonable.

Once you have the function that needs to be maximized or
minimized, MASTER GRAPHER can be used to determine where the
maxima or minima are located, or if the answer .that you get is
reasonable.
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Here is a problem: barn
- T - T T TyT
i\
\ 10 10 /
AN /i
x \ 10 Y A ¢
I~ \o / _ _]
w ‘ \'

A farmer wishes to build a pigpen along one side of her barn.
She is going to have to fence three sides. The pigpen is
going to be in the shape of an isosceles trapezoid Each side
will be of equal length. If the total length of the three
sides that she needs to fence is 30 feet with two of the sides
meeting the barn side at an angle of X, what angle should x be
so that the area of the pigpen is the greatest?

First: Read the problem completely.
Second: A sketch of the problem has already been given.

Third: Let x be the angle. Let f£(x) be the.area of the

" pigpen; this is the item to be maximized. Let w be half

of the difference between the length of the barn and the

length of the opposite side of the pigpen (see the
figure). '

Fourth: To determine the area, a formula for the area of a
trapezoid is needed. The formula for the area of a
trapezoid is: A = h(b; + b,) , where A is the area, h

is the height, b; is one base, and b, is the other base.

1). What is the function to be maximized?

fIx) =

Now, relate x to the height and the bases. b, = 10 feet,
and b, = 10 + 2w, which is the length of the barn side.

' (Using trigonometry, an angle can be related to the sides
of a right triangle.)
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2) . What is the height of the trapezoid in termsvof.the angle

X ?

¥

3). What is the length of w in terms of angle x ?

Fifth: Now eliminate all variables except x in the function
f(x).

4) . What is the resulting f(x) ?

r

Simplifying should give:
f(x) = 200[sin(x) + sin(x)cos(x)]

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

Sixth: Differentiate f£f(x) .

6) . What is the result?

Converting this to a function dealing with just cos(x)
_gives: :

£7(x) = 200[ 2cos?(x) +. cos(x) - 1]
7). Using the possible values of x and‘algebraic techniques;

find the critical points for this function? (Hint: there are
three of them.)

MASTER GRAPHER can now be used to give you a graph of the
furiction f(x). From the graph you can tell whether the
endpoints of the domain of x are reasonable answers or if
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there should be an answer at all.

Use MASTER GRAPHER to graph the function f(x). Once you are
in MASTER GRAPHER, change the view by entering V, then 8
(which will switch the scale to w/2), then 5. I suggest that
you set: : .

L=20 R = 3.142

B = =100 -T = 300

Now go back to the previous menu and enter F to graph f(x).
In index 1 enter: '
200* (sin(x) + sin(x)*cos(x))

From the graph you can see that there is a maximum between 0
and 7, and that the endpoints themselves are not maxima. You
can also see that the maximum occurs about a third of the way
from 0 to m. This should give.you an idea of the values to
check when using the first derivative test.

Seventh: Check critical points for maxima or minima.

8). What value of x will give a pigpen of maximum area?

9). How do you know that the value you found in question 8) is
a maximum? (Looking at the graph is not proof, it is only a
check.)

Your answer should be that the maximum area of the pigpen is"

f(x) = 150(v3) , when x = /3 . That this is a maximum can
be checked by using the first derivative test: £/(m/4) > 0 ,
and f’(m/2) < 0 . The dgraph goes up to the point

(m/3,150(v¥3)) and then goes down. Thus it reaches a maximum
when x = 7/3 .
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Eighth: Rechecking the problem. Just checking the graph shows

that this value of x is a reasonable answer.

MASTER GRAPHER can also be used in somé instances to make a

- sketch of a problem if none is given. Use it to make a sketch
in the following problem. Remember to switch the settings
back by entering V, then 6 ,for the default settings, and then
9 to return to the previous menu. Now enter F, and enter the
function, etc. ' ‘

Problem: Find the point, or points, on the graph of y =
vx that is closest to the point (1,0).

10). The variables are identified for you. But what is to be
maximized or minimized? ‘

11) . Since you are to find the distance between two points, it

seems likely that you will need the distance formula.
What is the distance formula in terms of (x;,y;) and

(%3,¥2) ?

Pick an arbitrary point (x,y) on the graph of the function and
find the distance from that point to the point (1,0).

12) . What is the function we are to minimize?

£(x) =

13). What function relates variables x and y ?

14) . What is the function we . are to minimized in terms of one
variable?

15). What is the domain of this variable?
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16) . What is the £’/ (x) ?

Use MASTER GRAPHER to graph £’ (x), also.

17) . What is(are) the critical point(s) for this function?

18). What is the value of x where this distance is a minimum?

19). How do you know: that this answer is the minimum? Give
the results of your test. '

20) . Does this answer seem reasonable? Why?
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-WORKSHEET 1 MATH 181 ____NAME:

The exercises given in this worksheet deal with the definition
of the derivative and the product rule for finding
derivatives. This lab is designed to give practice utilizing
concepts covered in the text in Chapter 3, sections 1 and 2.

I. Consider the function f(x) = x2

The derivative of f(x) is given by . 1lim _f(x+h) - f(x)
: h->0 h '

a). Find the quotient f(x+h) - f(x)
h for £(x) = x? .

ans:

b) . Using the definition of the derivative of a function,
find the derivative of the function above.

ans.

¢) . For negative values of x, the derivative of f(x) is
negative. What does this tell you about the function

f(x) = x% 7

ans:
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II. Use the definition of the derivative as the limit of a
difference quotient to find the derivative of the function

f(x) = _ x
x-1

a). What is the derivative of the function?

ans:

b) . What does this derivative tell you about the function
f(x)?

ans?:

III. Consider the product: . f(x)g(x) = (x2/2 + 2)(x* - %) .
To find the derivative of the product. of these two
functions we could multiply the two together and then use
the "Power Rule", but let’s not so that we can illustrate
the "Product Rule'".

a). Using the power rule, etc. find the derivative qf
f(x) = (x2/2 + 2) and g(x) = (x3 - x) .

What is the derivative of f(x)

[EV)

~)

What is the derivative of g(x)

b). Multiply the two derivatives in a) together.

What is this product?

If this were the derivative of the product of the two

functions f(x) and g(x), what would you think the slope"

of the product would be doing for negative values of x?

ans.:

c). Using the product 'rule, find the derivative of

F(x)g(x).

What is the slope of the product doing for negative
values of x?

ans:
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WORKSHEET 2 MATH 181 NAME :

The exercises given in this worksheet deal with the
derivatives of composite functions and the chain rule for
finding thosé derivatives. This worksheet is designed to
illustrate concepts covered in the .text in Chapter 3, section
3.5.

H

I. Consider the functions: f£(x) =.v2 and g(x) = —-(x+1) (x-3)

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

2) . What is the domain of g(x)?

IT. Consider the composite function f(g(x)).

3). What is the domain of f(g(x))?

ITII. Find the derivative of £(x) and g(x).

4y. f£r(x) = . __~ and g’ (x) = \ [

5). Find f£/(g’(x)) =

6) . What is the domain of this composition?_

7). Why might £/(g’(x)) be a poor choice for the

derivative of f(g(x))?
IV. Find £’/ (x)g’(x).

8). What is the domain of this product?

9). Why might £/ (x)g’(x) Dbe a poor choice for the

. derivative of f(g(x))?

V. Use the chain rule to find the derivative of f(g(x)).

10). What is it?
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11): Is the domain of the derivative different than that
of f(g(x))? :

VII. State the Chain Rule for finding the derivative of a
composite function.

If the function z = g(x) has the derivative g’(x,) at x,,
and the function y = £(z) has the derivative £’/ (z,) at z,
= "9g(¥X,), then the composite function f(g(x)) is
‘differentiable at x = x, , and :

12) . [£(9(x%))]" =
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WORKSHEET 3 ° MATH 181 NAME :

The exercises given in this lab deal with The Mean Value
Theorem and one of its consequences, (that two functions with
the same derivative on an open interval must differ by only a
constant on that interval). This lab is designed to
illustrate concepts covered in the text in Chapter 4, section
4.1. '

I. Consider the function f(x) = -x? + 5x2 - 2x = 5

f(x) is a polynomial and, from previous work, we know that
polynomials are continuous over all of the real numbers.

That means, for any closed bounded interval [a,b], f(x) is-

continuous on that interval.

We also know that the derivative of f(x) exists on any
-open interval (a,b).

So the conditions néeded to apply the Mean Value Theorem
are met by this function.

Look at the line g(x) = 3. This is a horizontal line that

intersects f(x) in three points. You do not need to find.

these three points, but you may wish to check that the
three points are (2,3), (-1,3), and (4,3).

Since f(x) and g(x) intersect at these three points, then
the Mean Value Theorem says that there are values of x,
call them c and d, in the intervals (-1,2) and (2,4) such
that: :

£/ (c) = _£(2) - £(-1) : £7(d) = _£(4) - £(2)
2 - -1 4 -2

- which results in

i
o

f'(c) = _ 3 - 3 =0 . ~ f’(d) = _3 -3
2 - =1 . 4 - 2

which means that there are at least two pléces where the
derivative of f(x) is equal to zero.
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7 :
Now, look at the function h(x) = -x3 + 5x2 - 2x + 2

This function differs from f(x) by only a constant.

Look at f’(x) and h’(x). They are the same. That means
that there must be at 1least two places where the
derivative of h(x) equals zero. In fact, these two values
are the same two places where f’(x) equals zero, since
£f/(x) = h’(x).

You could find those two values of x by finding £’ (x)
and solving the equation f’(xX) = 0 by any means
possible, (i.e. the quadratic formula, completing the
square, whatever). )

Consider the function: £ (x) -x%X3 - 2x2 + 11x + 10
and the horizontal line g(x) = -2.

There is at least one point where these two function
intersect and its x-value is an integer. Find it by
setting

f(x) =g(x) = -2 , or f(x) - g(x) = £f(x) +2 =20

Here is a hint, if you find it, call it ¢, then factor
(x —'c) out of £(x) and then factor the result or use the

quadratic formula to find any more.

The point, or points, of intersection are:

How many points are there where £f/(x) = 0 , if any?

If you found that there are points where £/(x) = 0 ,
what are they?
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Give one function that has the same derivative as £(x).

At how many points .does the derivative of this new
function equal zero, if any?

If there are any, what are they?

What conclusion, if any, can you make about two functions
that have the same derivative, other than they have the
same derivative?-

Note: If you think that this is true for all cubic polynomials
functions, it is not. Look at the cubic polynomial function

f(x) = x3 + 2%x2 + 2x + 2 ,it -is different than those
above.
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WORKSHEET 4 MATH 181 NAME :

The exercises given in this lab deal with the first and second
. derivative tests. This lab is designed to illustrate concepts
covered in the text in Chapter 4, section 4.2.

I. Consider the function

1. Where is f(x) continuous? How do you know?

2. What is £/(x) ?

3. For what values of x does f/(x) = 0 ?

(Hint: there are two points, call them a and b such
that a < b) '
4. Choose a point c such that c < a. 1Is f’(c) positive or
negative?

5. Choose a point d such that a < d < b. Is £’ (d) positive or
negative?

.6. Choose a point e such that b < e. 1Is f’(e) positive or

negative?

7. What does the First Derivative test tell you about the
point x=a? '

How do you know?

8. What does the First Derivative test tell you about the
point x=b? :

How do you know?
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9. What is £/7(x) ?

Where is f/’(x) continuous? How do you know?

10. Is f’’(a) positive or negative?

Is £77 (b) posifive or negative?

11. Some point x=c is a maximum if £’/(c) = 0 and £/’ (c) is

J

0 and f’’(c) is

12. Some pdint ¥=c is a minimum if £’ (c)

13. Use questions 11 and 12 to give a brief explanation of the

second derivative test.

14. There are certain hypotheses that must be met for both the
first and second derivative tests. What are these hypotheses?

'II. There are instances where the first derivative test gives
different results- than the second derivative test. Consider
the function:

15. What is g’/ (x) ?
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16. For what values of x is.g’(x) equal to zero?

(Hint: there are many of them, just write a general solution)

1

17. For what -values of x is g/ (x) < 0 ?

What does this say about maximum and minimum values of x?

18. What is g’/ (x) ?

19. Are there values of x where g’’(x) 1is negative?,
positive?, zero?

20. Give another example of a function for which there are
"values of x where the derivative is zero, but where the second
derivative is also zero.
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WORKSHEET 5 . MATH 181 NAME:

The exercises given in this worksheet deal with applications
of the derivative to find the maxima and/or minima of
functions. This lab is designed to illustrate" concepts ‘found
in the text in Chapter 4, section 4.3. '

A critical step in finding the maxima and/or minima of a

function is determining from the problem the function that
must be maximized and/or minimized. One possible strategy is
given in the following steps. You may use them or find your
own. Eventually you should be able to do away with any such
list, but that comes with. experience in doing this type of
problen.

To do maximum/minimum application problems one should follow
steps similar to these:

1. Read the problem completely before starting.

2. Make a sketch of the problem if necessary.

3. Reread the problem identifying, and assigning names
to, the variables and the quantity, or item, that is to
be maximized or minimized. :

4. Look for equations that relate the different variables

to each other and a function that relates the item to be
maximized or minimized to the variables.

5. Eliminate all but one variable from the function using

the equation you found in step 4. Determine the domain
of this function in relation to the problem.

6. Differentiate the function found in step 5 and
identify all possible critical points, including
endpoints.

7. Test the critical points to determiné the maxima or
minima. ¢

8. Solve the problem and recheck your answer, making sure
that it seems reasonable. .

Here is a'problem to work through:

A farmer wishes to build a pigpen along one side of her barn.
She is going to have to fence three sides. The pigpen is
going to be in the shape of an isosceles trapezoid Each side
will be of equal length. If the total length of the three
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sides that she needs to fence is 30 feet with two of the sides
meeting the barn side at an angle of x, what angle should x be
‘'so that the area of the pigpen is the greatest?

First: Read the problem completely.
Second: A sketch of the problem has already been given.

Third: Let X be the angle. Let f£(x) be the area of the
pigpen; this is the item to be maximized. Let.w be half
of the difference between the length of the barn and the
length of the opposite side of the pigpen (see the
figure). '

Fourth: To determine the area, a formula for the area of a
trapezoid is needed. The formula for the area of a
trapezoid is: A =h(b; + b)) , where A is the area, h
is the height, b; is one base, and b, is the other base.

1) . What is the function to be maximized?

f(x) =

Relate x to the height and the bases. b; = 10 feet,
and b, = 10 + 2w, which is the length of the barn side.
(Use trigonometry to relate angel x to h-and w.)

2}. What is the height of the trapezoid in terms of the angle
x ?

3). What is the length of w in terms of angle x ?

t

Fifth: Now eliminate éll'variables except x in the function
f(x).

4). What is the resulting simplified f(x} ?
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5). What is the domain of f(x) in terms of the angle x ?

Sixth: Differentiate f(x) .

6) . What is the result?

Using an identity gives:f’(x) = 200[2cos?(x) + cos(x) - 1]

7) . Using the possible values of x and algebraic techniques,
find the critical points for thls function? (Hint: there are
three of them.) ‘ : '

Seventh: Check critical points for maxima or minima.

8). What value of x will give a pigpen of maximum area?

9). How do you know that the value you found in questlon 8) is

a maximum?

Your answer should be that the maximum area of the plgpen is
f(x) = 150(v3) , . when x = mw/3 .

Eighth: Rechecking the problemn. f(m/3) = 150(v3) which is
approx1mate1y 260 square feet, so x = m/3 appears to be
a reasonable answer.

Here is a problem to do own your own.

' Problem: Find the point, or points, on the graph of y =
vx that is closest to the point (1,0)




10) .

11) .

Pick
find

12).
13).
14) .
15).

16) .

17) .

18).

186

The variables are identified for you. But what is to be
maximized or minimized?

Since you are to find the distance between two points, it

seems likely ‘that you will need the distance formula.
What is the distance .formula in terms of (x;,y,) and

(XZI YZ) ?

an arbitrary point (x,y) on the graph of the function and
the distance from that point to the point (1,0).

What is the function we are to minimize?

f(x) =

What function relates variables x and y ?

What is the function we are to minimized in terms of one
variable?

What is the domain of this variable?

What is the f/(x) ?

What is(are) the critical point(s) for this function?

What is theﬁValue of x where this distance is a minimum?
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19). How do you know that this answer is the minimum?
the results of your test.

Give

1

20). Does this answer seem reasonable? Why?
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APPENDIX B

PRETREATMENT TEST
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MATH 181 Diagnostic TestofAlgebfa Knowledge
Use é number 2 lead pencil and be sure to completely fill in the ap;propriate circle
dn your answer sheet enter your: .
Name: Last name, First namd, Middle initial

Student [.D. Number
Section Number Enter this. i in the box marked Univ. Code

D). Jx =

(a). —X (b). k| (c). X (. ¥X  (e). None of the others.

m.smve_3x+§s6

~N . 13 .
(a).*x=-13 (b). xz—; (¢). x=z~13 (d). x=7 (e). None of the others.

3). Determine the slope of the line with the equation: 6x-2y=38

' o1
(a). 6 (b). -4 - (c). 3 ©(d). 5 (e). None of the others.
) *2w-8 w-3
4). Multiply and simplify: o .
: , -9 w—4
- 2w -2 -2 '
(a) w-2 (b). w_igiv__S_ (c). Ailnt (d). — (e). None of the others.
w+3 w-—-w-12 w-3 3 .

5). Multiply: {x +3)(x* _-_2x+3) _
@). x*~6x+3 = (B).x’—x+6 (©) x*+5x* +9x +9

(d). x*+x* —3x+9 (). None of the others.

6). Solving 2x°+9x~5 forx, gives X =

-5 (o). 0,5 (d). —.,5 (e). None of the others. '

N | —

: i
. 1,5 b). —,
(a) . (b) >

7). Evaluate _ f75

- (a). £5 (b). =5 - (c). § (d). 5i (e). None of the oihers. '

)
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8) . Simplify. 18

(@). Vp6 (b). J2 (c). 64 d). 4 (e). None of the others.
9) . Find the distance between the points (1,2) and (-7,-4) .

(a). -15 (b). 14 (c). 26 (d). 10 (e). None of the others.

10) . Iftriangle ABC is an equilateral triangle, then the measure of angle BAC is

(@). 450 (b). 90° (c). 180° (d). 60° (e). None of the others.

11) . Which of the following isthe graph of y =| x~+2x-3| ?

@), f(X)=x"-2x+ | (b). f(x)=sin(x) ©). fx)=x'

(d). f(x)=x+7 (e). None of the others.
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X2 V2 ) ]
13). — +— =1 is the equation of...
4 9
(a), acircle (b). a hyperbola (c). an ellipse
(d). a parabola (). None of the others

14). In the given right triangle, find cos(B)

(). (b). - (d). - (e). None of the others.
a <cX C
"+5Xx +
15). For what values of x is f(x)=X" o 26 discontinuous?
X" -X -
(@). 0.6 (b). -3,-2  (c). -1,2 (d). -5,2 (e). None of the others.
16). If f(x)=2x'+3 and g(x)=x+2 ,then for x=-1 ; f(g(x))=
(@). 21 (b). 6 (c). 5 (d). 7 (e). None of the others.

17) . The slope of the function f(x)=x"'-2 atthe point (I,- I) is ...

(@). 2 (b). -1 (). 1 (d). 0 (eh- None of the others.

18) . Given f(x)=2x-3 ,then f 1(4)=

(b). 2 (c). 5 (d). 14 (e). None of the others.
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19). Which of these graphs is the picture of tan (0) on the interval (-%.%) ?

(e). None of the others.

20). If the graphs of the two functions f(x) and g(x) look like

ot +—fr—t t

and g(x)
then the graph of f(x)+g(x! would probably look like which of these ?
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APPENDIX C

ATTITUDE SURVEYS
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MATHEMATICS ATTITUDE SURVEY

This 1nventory is being used for research purposes only. It
is being used to gather information about people’s attitudes
toward mathematics. Your responses will be kept confidential.
Only the survey dlrector Will have access to this information.

BE_SURE TO INCLUDE YOUR NAME AND ID NUMBER ON YOUR ANSWER
SHEET

This 1is to assure future results can be matched to your
responses.

Fill in the appropriate response to the following on your
answer sheet,

I). Name: Enter your name; Last, first, M.I.
II). Student I.D. No.: Enter your I.D. number
III).Sex: Enter the appropriate information.
IV). Special Codes: enter your race as fOllOWS'

0 White

1 Native American

2 African Am./Black
3 Hispanic

4 Other

Please be sure to fill in vour name and vyour student I.D.
number on_ your answer sheet

FILL IN THE APPROPRIATE CIRCLE ON YOUR ANSWER SHEET USING THE
FOLLOWING SCALE:

(a) (B) (C) (D) (E)
strongly agree neither disagree strongly
agree agree disagree
: ‘ ' nor :
disagree

1. It wouldn’t bother me at all to take more math courses.
2. I’11 need mathematics for my future work.
3. Being regarded as smart in mathematics would be a great
thing.
© 4. Mathematics will not be 1mportant to me in my life’s work.
5. I.see mathematics as a subject I will rarely use in my
daily life as
an adult.
6. Mathematics makes me feel uncomfortable, restless,
irritable, and
impatient.
7. I will use mathematics in many ways as an adult.
8. I am sure that I can learn mathematics.
9. Most subjects I can handle 0.K., but I have a knack for
flubbing up math.
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10. Mathematics is a worthwhile and necessary subject.

11. I have a lot of self-confidence when it comes to math.
12. My mind goes blank and I am unable to thlnk clearly when
working math. .

13. I’11 need a firm mastery of mathematlcs for my future
work.

14. I usually have been at ease during math tests.

15. I can get food grades in mathematics.

16. It would make people like me less if I were a really good
‘math student.

17. I-don’t think I could do advanced mathematics.

18. Winning a prize in mathematics would make me feel-

unpleasantly conspicuous.

19. It would be really great to win a prize in mathematics.
20. Mathematics is of ;no relevance to my life.

21. People would think I was some kind of a grind if I got Als
in math. .
22. I am sure I could do advanced work in mathematlcs.

23. It would make me happy to be.recognized as an excellent
student in math.

24. I’d be happy to get top grades in mathematics.

25. I expect to have little use for mathematics when I get out
of school.

26. Generally I have felt secure about attempting mathematics.
27. I usually have been at ease in math classes.

28. I haven’t usually worried about being able to solve math
problens.

29. In terms of my adult life it is not important for me to do
well in mathematics. '

30. A math test would scare me.

31. I think I could handle more difficult mathematics.

32. Mathematics makes me feel uneasy and confused.

33. I almost never have gotten shook up during a math test.
34. Math doesn’t scare me at all.

35. Math has been my worst subject.

36. I’'m not the type to do well in math.

37. Being first in a mathematics competltlon would make  me
pleased.

38. I’m no good in math.

39. For some reason even though I study, math seems unusually
hard for me. .

40. If I had good grades in math, I would try to hide- it.
41. I’d be proud to be the outstanding student in math.

42. If T got the highest grade in math I’d prefer no one knew.
43. Taking mathematics is a waste of time.

44. Mathematics usually makes me feel uncomfortable and
nervous. :
45. Knowing mathematics w1ll help me earn a 11v1ng

46. I don’t like people to think I’m smart in math.

47. I.study mathematics because I know how useful it is.

48. T get a sinking feellng when I think of trying hard math
problens.
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Please be sure to fill in vour name and Vohr student I.D.

number on your answer sheet.

FILL IN THE APPROPRIATE CIRCLE ON YOUR ANSWER SHEET USING THE
FOLLOWING SCALE: .

(a) (B) (<) (D) (E)

strongly agree neither disagree strongly
agree agree : disagree
nor :
‘disagree

1. I get a sinking feellng when I think of trying hard math
problems.

- I study mathematics because I know how useful it is.

3. I don’t like people to think I’m smart in math.

4. Knowing mathematics will help me earn a living.

5. Mathematics usually makes me feel uncomfortable and
nervous.

6. Taking mathematics is a waste of time.

7. If I got the highest grade in math I’d prefer no one knew.

8. I’d be proud to be the outstanding student in math.

9. If I had good grades in math, I would try to hide it.
10. For some reason even though I study, math seems unusually
hard for me.

11. I’m no good in math.

12. Being first in a mathematics competition would make me
pPleased.

13. I'm not the type to do well in math.

14. Math has been my worst subject.

15. Math doesn’t scare me at all.

16. I almost never have gotten shook up during a math test.
17. Mathematics makes me feel uneasy and confused. :
18. I think I could handle more difficult mathematics.

19. A math test would scare me.

20. In terms of my adult life it is not important for me to do
well in mathematics.

21. T haven’t usually worried about being able to solve math
problems. ‘

22. I usually have been at ease in math classes.-

23. Generally I have felt secure about attempting mathematics.
24. I expect to have little use for mathematics when I get out
of school.

25. I’d be happy to get top grades in mathematics.

26. It would make me happy to be recognized as an excellent
student in math.

27. I am sure I could do advanced work in mathematics.

28. People would think I was some kind of a grind if I got A’s
in math. :

29. Mathematics is of ;no relevance to my life.

30. It would be really great to win a prize in mathematics.
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31. Winning a prlze in - mathematics would make me feel
unpleasantly conspicuous.

32. I don’t think I could do advanced mathematics.

33. It would make people like me less if I were a really good
math student.

34. I can get food grades in mathematics.

35. T usually have been at ease during math tests.

36. I’11l need a firm mastery of mathematlcs for my future
work.

37. My mind goes blank and I am unable to think clearly when
working math. )

38. I have a lot of self-confidence when it comes to math.
39. Mathematics is a worthwhile and necessary subject.

40. Most subjects I can handle 0.K., but I have a knack for
flubbing up math.

41. I am sure that I can learn mathematics. :

42. I will use mathematics in many ways as an adult.

43. Mathematics makes me feel uncomfortable, restless,
irritable, and impatient. :

44. I see mathematics as a subject I will rarely use in my
daily life as an adult.

45. Mathematics will not be 1mportant to me in my life’s work.
46. Being regarded ‘as smart in mathematics would be a ,great
thing.

47. I’11 need mathematlcs for my future work.

'48. It wouldn’t bother me at all to take more math courses.
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LEARNING MODE SURVEY
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Department of Mathematlcs
Room 214 Wilson Hall
Montana State University
Bozermhan, Montana £9717
November 20, 1990

Dr. Thomas Koerner
. Director of Publications
Natlonal Assoclation of Secondary School Princlpals
1904 Assoclation Drive
Reston, Virginia 22091

Dear Dr. Koerner:

Iama doctoral candidate at Montana State University, Bozeman, Montana. I am currently
canduct{ng research utilizing computer graphics in first quarter caleulus at the university,
A recent addition to my research deals with identifying those students who learn better
when visual methods are employed. To identify those students, I have discovered the
Learning Stvle Profile(LSP) created by the task force for NASSP in 1986,

I would like permission to use the Percep ] scale to identify those students
in both my experfment and control groups that tend to be more visually oriented, Becruse
of time constraints and very limited resources I cannot afford to glve the entirs LSP to the
over-300 gubjects in my study, Your expeditious permission o use just this subscale of 20
{tems would be of great beneflt to my work. I have a copy of the LSP, $0 you would not
have to supply one.

Please fax to me your responss and any pertinent details or constraints as soon as possible.
FAX # (400) 58(~0396
Thank you very much.
My supervising prof‘essor for this project is Dr. Maurlce Burke, who has signed below.
Sincerely, ot '
PERNISSION I8 GRANTED POR YOUR USE OF.
CN g Q _WASSP MATERIALS AS SPECIFIED ABOVE.
THiS IS A ONE-TIME ONLY PERMISSION,

i UTURE REQUESTS MUST . -
Virgll G. Fredenberg <LEASE CREDIT MATERY PROPRIATELY .

. _ . . XKOERWER, EDITOR
/%%MMCM. A nassp

Dr, Maurice Burke - " “.l?’o‘
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The following is a self-test to determine if your primary mode

of perception is visual, auditory, or emotive.

PLEASE FILL IN THE FOLLOWING INFORMATION:

Name:

Section:

Circle A if you see a picture, B if you hear a sound, and C if

you have a feeling about the word.

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

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

- 20.

SUMMER
CHICKEN
LIAR

BEAUTIFUL

FIVE
READ
BABY
ENEMY
STORY
OCEAN
DOWN
RUNNING

1AW

FRIEND
SWIM
POOL
GOD
KILL
HOUSE
HAPPY

A.
A.
A.

Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture

Picture

Picture -

Picture
Picture
Picture
Picture
Picture

Picture

1

I.D. Number:

Instructor:

Sound
Sound
Sound
Sound
Sound
Sdund
Sound
Sound
Sound
Sound
Sound
Sound

Sound

Sound
Sound
Sound
Sound
Sound
Sound

Sound

Feeling

Feeling

Feeling .

Feeling
Feeling
Feeling
Feeling
Feeling
Feeling
Feeling

Feeling

Feeling

Feeling
Feeling
Feeling

Feeling

~Feeling

Feeling
Feeling
Feeling




201

APPENDIX E

PILOT STUDY
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INTRODUCTION

Introduction

‘Computer-assisted instruction has been shown to improve
college students understanding of concepts in algebra classes.
In 1987 Payton, (1987), found that-coilege students enrolled ‘in

algebra classes utilizing computer-assisted instruction scored

higher than those who were enrolled in traditional algebra

classes. - Likewise, Gronberg, (1987), found significantly
higher gains.-were made by college students solving systems of
linear equatidns when they made use of the computer’s
abilities in their colleée algebra classes. In a study
completed. by Kiser, (1986), computer;assisted instruction
enhanced the students ability to visualize 1linear and
absolute—valued-inequalities. Heid, (1988), found that college
sfudents had a bettef understanding of the concepts that were
covered when the calculus course they were taking was altered
to utilize computer-assisted instruction. And, Ayers, et.
al.,(1988), found that computer—-assisted instruction resulted
in significantly highef scores for college students learning
about composite functions. This study attempted to answer
some duestions on.how to incorporate more visualization into
the first quarter calculus class at MSU without jeopardizing
the integrity of the course.

These findings suégested ~that Computer-assisted

instruction, CAI, could be utilized in the first quarter
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‘calculus course, denoted as Math 181 at Montana ‘State
University, to improve the achievement and success of students
in that course. Of the over four'hundred students registered
to take first quarter calculus at Montana State University
during a-typical fall quarter, many complete tﬁe course with
grades lower than a "C", or 2.00 on a scale where 4.00 is an
"A", or withdraw from the c;ass before they receive their
grade, which is usually lower than 2.00. For this study
students receiVihg such a gfade, or withdrawing, will be
classified as having been unsuccessfui in the éourse.
Studenfs who are unsucceésful in the course may be forced to
retake it in order to continue with the academic program they
have chosen to pursue or éhange.their program entirely. Such
results can set the student back several gquarters or, in some

cases, a year Or more.

Problem

fhe problem then- becomes "how do we help these
unsuccessful students improve their results Withut Wateriné
down the course or lengtheniné the,tiﬁe required to finish the
calculus sequence?" To investigate one possible solution, I
attempted to incorporate CAI into the course during Winter
quarter, 1990.' Without changing the course content or
structuré, I created computer labs that were designed
specifically to coincide with the concepts that were being
covered in Math 181. These labs attempted to give the

students visual representation to the concepts being studied
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in the course without altering the course. The labs were to

be completed outside of class as supplements to the homework

normally assigned in a traditionally taught first quarter

calculus course.

Questions addressed by this study

This study also addressed several questions that could
arise from this type of research. | Because students with
béfter attitudes toward success in mathematics, more
confidence in learning mathematics, and those with lower
levels' of matﬁematics anxiefy perform better in mathematics
classes, some of the questions that.I attempted to. answer
dealt with these items. Other questions arose becauée the
students in fhis study needed to use the computer to complete
the labs. 'This lead me t6 attempt to answer questions about
their attitude toward computers, their confidence in using the
computer, their likability of computers, and héw useful they
thought computers wére. Other questions that I attempted to

answer dealt with whether the incorporation of guided

computer-assisted instruction into a first quarter college

calculus class in the form of dgraphing of functions and

functional concepts results in more students receiving a grade -

of 2.00 or better, helps students_‘perfogm better“on the
coﬁrses final exam, and results in highef gradeé for the
students who complete the course?

The specific’questions that this,study_attempted to

address were:
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1. How does computer—assisted‘insﬁruction, CAI, affect-

the achievement of students in the first quarter college

calculus course at Montana State University?

s 2. ‘How'does CAT affect the percent of students who

successfully complete the first quarter of college

calculus at Montana State University?

3. How does CAI affect the students’ confidence in

learning ﬁathematics?
4. How does CAI affect the students’ attitudes toward
success in mathematics and calculus?
" 5. How does CAI afﬁect the students’ level of
mathematics anxiety? .
6. How does CAI affect the students’ attitudés'toward
computers?
7.’ How does CAI affect the students’ confidence in using
cbmputers? -
8. ~How does CAI affect the students’ 1likability of
computers?

9. How does CAI affect how useful the students believe

computers are?

Overview of procedures and treatments:

~To answer these questions six of the seven sections of
Math 181 were used in this study. - The seventh section was
taught by-the-researcher, so it was excluded from the study.
The six remaining sections were randomly éssigned to three

groups. Two were assigned to experiment group one, two were




206

assigﬁed to experiment group two, and the remaining two were
to be the control group. The students in experiment group one
were given §ix specially designed computer labs to complete
during six weeks of the quarter, the students in experiment
group two were given six worksheets requiring them to make
their own graphs, and the students in the control group were
. given a treatment that consisted of the normal course and
hpmework given in the course.

The computer labs consisted of functions that the
students were to graph using computer software designed for
that purpose. These students were then asked questions about
the concepts that the graphs were illustrating. The
worksheets consisted of functions that the students were to
graph without the assistance of the computer and the software
package. The students in experimental group twé were to graph
the functions on their own. These students were then askea to
answer questions about the concepts that their'graphs were
. attempting to illustrate. Those in the control group were nét
given any supplementary graphing exercises, but were given the
homework traditionally assigned in a first quarter college

calculus class.

Limitations and delimitations

There were some limitations and delimifations to this
study. Some limitations were that the course could not be
altered to better use the computer as a graphing tool, the

instructor was free to score the labs or worksheeté for grade
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as they saw fit, the attitude of the teacheérs- toward the
study, toward mathematics,» and toward computers could not be
controlled, the students in the study were those enrolled in
Math.181 during Winter quarter, 1996, the time period was for
one quarter (thirty-seven instructional days), and the exans
given to the students in this study were created by the Math

. 181 course supervisor. Some of the delimitations were that

many students in the study were repeating the course after B

obtaining.unsatisfactory results dufing the same course given
the previous quarter, the tfeatments of the two experimental
groups consisted of six computer labs or six worksheets over
a period af six weeks, thefe were only seven sectiohs of Math
181 to include in the study, and the computéf software ﬁéed in

the study was deéigned for IBM compatible computeré only.

Summary K

t

This study was an- attempt to determine if guided
computer—-assisted instruction could improve student

achievement in first quarter calculus as'taught_at Montana

State University dufing Winter quarter, 1990. Two different

treatments were given to two_differeqt experimental éroués_of
Math 181 students. Each experinental group consisted of
appréximately 60- students. A third group of apprbximately~66
students in Math.iSl was used as the control group. The first
experiﬁental group received a treatment consisting of six
computer labs~designéd to graphically illustrate the calculus

concepts being covered in the class. The second experimental

\
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group received six worksheets where the students created fheir
own. graphs. The control group received only the instruction

and homework found in the traditionally taught course.

PROCEDURES USED IN THIS STUDY

Introduction

During Winter quarter,. 1990, students in six sections

of Math 181 at Montana State Universityfwere randomly assigned
to one of the three groups, experimental group one,
experimental group two, or the control group. Those students
in experimental group one received_the.computer labs, those in
experimental group two received the worksheets, and those in
the cohtrol group did not receive any treatmenf. All thrée
groups were surveyed prior to»thé beginhing‘of treatments and,
again, after the treatments were completed to determine if
there were any changes in their attitudes towards mathematics
and computers. Many students were dquestioned after the
completion of the treatments to élicit'their feelings about
the calculus course and the treatmeﬁts.

Tbe treatment for experimental grbup one consisted of
six guided, computer-assisted labs designed Ey the researcher
to iLluétrate "some of the major concepts covered in the
course. The labs were designed to closely follow the course
outline created by the course supervisor. The students wereée
expected to compléte thg labs on their own outside of class.

The individual instructors graded and scored the labs as they
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saw fit.

The treatment for experimental group two'consisted of

six worksheets designed by thé researcher to illustrate the
same concepts that the computer labs did. 'Ihe studénts were
to create the graphs by hand and complete the worksheets: from
those graphs. These worksheets were graded by fhe instructors
and scored similarly to the computer labs of experimental

group one.

The control group did not receive any specially

designed assignments or homework supplements.ﬁ They completed

only the homework that was assignea by their instructors.

Each iab and each corresponding worksheet ﬁere given to
the students early in the week, on a Monday or a Tuesday, -and
collected the following Friday.

All sections of Math 181, inéluding those in the two
experimental groupé and in the control group, weré given three
éommon hour exams and a fiﬁal exam. All séctions tbbk the
same exams at the same time. The first exam was éiven after
the first twb treatments of the 1labs. and worksheets, the
second after the third and féurth treatments, and the thira
exam was given after treatments five and six. The final was
given approximately two weeks after the third common hour
exam.

A student’s final course dgrade was ﬁade up of the
number of points they accumulate by their performance in all

aspects of the course. Each common hour exam was worth one
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hundred points with the final exam worth two hundred points.
In addition to the exam scores, one hundred points was given
by eéch individual instructor for homework, quizzes, and the
-1abs or worksheets if they wanted to count them.

Before the treatments.were started and after fhe third
common hour exam the students in the Mafh 181 sections
involved in the experiment were given two surveys. One of the
surveys Was designed to assess the students’ mathematics
attitudes and the other was designed to assess the students’
computer attitudes as previously described to determine if
those attitudes changed due to the treatments.

The differences between the first, second, third, and
final common hour exams’ scores and course grades between the
three groups were analyzed using one-way analysis of variance
methods. The differences in the informatién in the surveys

was also analyzed for any significant changes that occur.

Design of surveys

-The Fennema-Sherman Mathematics Attitudes Scéles,
FSMAS, survey developed by E; Fennema and J. A. Sherman to
assess attitudes about matheﬁatics and the Survey Of Attiﬁudes
~About And Working With.Computers, SAAWC, survey developed by
B. H. Loyd and C. P. Gressard for computer attitudes were used
ﬁé survey the students in this study (Aépendix A). Each of
these surveys consisted of several parts which éssessed
different aspects of students attitudes toward.mathematics.and

computers.
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The FSMAS consists of nine parts. Each part measures
a different iten. The nine items deal with mathematics
confidence, parental attitudes, teacher attitude, student’s
attitude, student’s view of mathemafical roles, mathematical
apxiety, motiyation, and usefulness of mathematics. The items
used in the survey of mathematics attitudes used in this study
were confidence in doing mathematics, attitude toward success
in mathematics, and mathematical anxiety.

The SAAWC consists of four parts dealing.with computer
anxiety, computer confidence, how well the student 1likes
computers, and how useful the student feel computers are. All
four of these subsections were used to survey thé students in
this study about their attifudes toward computers.

The information obtained ' from the surveys was scored
for each student by given the answers a numerical value based
on the Likert type scales and scores given with the surveys
themselves. These scores were then entered into the computer

and analyzed.

Design of treatments

The treatment design for experimental group one was
thét of a computer lab (Appendix B). The students Weré given
a one or two page list of instrﬁctions to carry out with the
assistance of the computer function graphing program Master
Grapher. The computer software graphed the functions that the
students entered as per the instructions that were given in

the lab.v The students were then asked to answered questions
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about the graphs that the computer displayed. The students
were then asked to make inferences from those graphs. These
inferences were to illustrate particular mathematical concepts
that were being learned. The treatment -design for
experimental group two was that of a worksheet desiéned to
hgve the students graph selected functions and draw inferences
from those graphs similar to those for experimental group one
(Appendix B). The control group was not given any speciél
treatment.

| The topics that the 1labs and worksheets were to
illustrate were:

Lab 1 covered the concepts of domain and range of a
functioﬁ, X- and y-intercepts of a function, absolute value,
reciprocals of functions, and discontinuity.

Lab 2 covered the concepts of limits and equality of
functions. It also was designed to help the .student to
- determine what seemingly simple changés to a function may do
to the limit at a point. It was also designed to help them
get an intuitive idea of what a limit is and hcw it relates to
the concept of contiﬁuity.

Lab 3 covered the concept of continuity. It was designed

to give the students some different types of discontinuous
functions to analyze graphically. From these graphs the
student needed to find the actualfdiscontinuity and classify
it. This lab also gave the students some work with Bolzano’s

Theorem (one way of determining the roots of én equation).
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Lab 4 covered the use of the definition of the derivative
to find the slope of ‘the tangent line of a graph at a point.
It gave the student a visual representatién of the function
and the tangent 1iﬁe so that they could get an intuitive idea
of what the slope of a tangent line might show. It also gave
them a visual representation of how one cén determine a
. maximum qrvminimum point from the slope of the tangént line at
that point and the points to either side.

Lab 5 covered using the derivative to demonstrate ali of
the information that can be found from analyzing the graph of

the derivative. The preliminaries to the first derivative

test were illustrated to give the students an intuitive idea

of that test. . In addition, the student was given some
illustrative work with composité functions. |

Lab 6 covered the First Derivative Test and the Second
Derivative Test. The 'students used the graphical
representatiﬁns of the functions and the first and second
derivatives of those functions to analyze' ahd determine
characteristics of those functions. From that analysis they
were to determine infofmatién about those functions and what
information might be given. by the first and second

derivatives.

Questions asked of students after treatments

After the completion of the treatments several students

were questioned individually by the researcher concerning

their attitudes toward the labs and the treatments. The
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questions they were asked included the following:
1. Did you complete all of. the labs, of worksheets?
2. Did you feel the labs, or wofksheets were too simple
or too difficult? )
3. Could you tell the concepts the 1ab§, or worksheets,
were trying to illustrate? |
4. Were the labs, or worksheets helpful ;o ydu?

5. What suggestions would you give to improve this

course, assuming that it needs to be improved?

STATISTICAL ANALYSTS

Hypotheses

1. Students who receive CAI do not have a higher rate of
success in first quarter college calculus than students
who receiﬁe traditional homework.

. 2. Students who receive CAI do th'have‘a higher rate of
success in- first quarter college calculus than‘sfudenﬁs
who do similar work by hanél ;

3. Students who receive CAI do not score higher on exams

than students wﬁo receive traditional homework.

4. Students who receive CAI do not score higher on exams

than students who do similar work by hand.

5. Students who receive CAI do not,achieve.ﬁigher grades

in the course than students who receive traditional

homework.

6. Students who receive CAI do not achieve higher grades’
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in the course than students who do similar work by hand.
7. There is no difference in the change in student
attitude toward mathematics between students who récéive
CATI and students who receive traditional Homeﬁork.
8. There is no difference in the change in student
attitude toward mathematics between students who receive
CAI and students who do similar work by hand. |
9. There is no qifferenCe in the change in the level of
mathematics anxiéty between students who receive CAI and
students who receive traditional homewofk.' .
10. There is no difference in the change in the level of
mathematics anxiety between students who receive CAi and
students who do simi}ar work by hand.
.11. There is no difference in the change 1n stﬁdent
confidence to do mathematibs between students who receive
CAI and students who receive traditional homework.
12. There is no difference in the change in student
confidence to do mathematics betweeh students who receive
CAI and students who do similar work by hand.
13. There is no difference in the change in student
attitude toward computefs between students who receive
CAI and students who recéive traditional homework.
14. There is no difference in ‘the chaﬁge in student
attitude toward computers between studentsvwho receive
CAI and students who.do similar work by hand.

15. There is no difference in the change in student
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‘confidence in usihg computers between students who
receive <CAI and students who receive traditionai
homework.
16. There is no difference in the change in student
confidence in wusing computers between students who
receive CAI and students who do similar work by hand.
17. There is no difference in the change in student
likability of computers between students who receive CAI
and students who receive traditional homework.
18. There is no difference in the change in student
1ikabili§y of computers between students who receive CAI
and students who do similar work by hand.
19. There 1is no difference in the change in student
perception of +the usefulness of computers between
students who receive CAI and students who receive
traditibnal homework.
20. There is no difference in the change in student
pérception of the usefulness of computers‘ between
students who receive CAI and students who do similar work

by hand.

Hypotheses to be Tested

1. Hol : Sel < SeZ < Sc
Hal : Sel ) SeZ ) Sc
S, is the percentage of students finishing the course who

received a grade of 2.00 in experimental group one.
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S, is the percentage of students finishing the course who
received alérade of 2.00 in experimental group two.
S. is the pércentage of students finishing the course who
received a grade of 2.00 in the éontrol group. |
2. H, : MX1l, < MX1l, < MX1, |
H, : MX1, ) MX1i, ) MX1,
MX1l, is the mean score on the firsf common hoﬁr'exam of
experimental group one.
MX1, is the mean score on the first common hour exam of
experimental group two. |
MX1,6 is the'mean score on the first common hour exam of
the control group. |
3. H, : MX2, < MX2, < MX2,
H, : MX2, ) MX2, ) MX2,
'szd is the mean score on the second common hour exam of
experimental group one.
MX2,, islthe mean score on the second common hour exam of
experimental group two.
MX2, is the mean score on the second common hour exam of
the control group.
4. H, : MX3, < MX3, < MX3,
H, : MX3, ) MX3, ) MX3,
MX3, is the mean score on the second common hour exam of °
experimental group one.
-~ MX3, is the mean score on the second common hour exam of

experimental group two.
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MX3;is the mean score on the second common hour exam of
the control group. '
5. H,s : MFX,; < MFX, < MFX,

Hs : MFX, ) MFX, ) MFX,
MFX, is the mean score on the common hoﬁr final exam of
experimental group one.
MFXd.is the mean score on the common hour final exam of
experimental group two. \
MFX, is the mean score on the common hour final exam of
the control group. o o
6. Hyg : Gy £ Gy £ G,

Hg * Gy ) Gy ) G
G, is the mean average course grade of experimental group
one.
G, 1s the mean average course grade of experimental group
tWo. |
G, is the mean average coufse grade of the control group.
7. H, : MAtt, < MAtt, < MAtt,

H, : MAtt, ) MAtt, ‘) MAtt,
MAtt, is the mean score of experimental group one on the
attitude toward mathematics portion of the survey.
MAtt, is the mean score of experimental group two on the
attitude toward mathematics portidn'of the survey.
MAtt, is the mean score of the control group on the
attitude toward mathematics portion of the survey.

!

8. Hg  : MAnx, < MAnx, < MAnx,
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Hs; @ MAnx, ). MAnxe‘2 ) MAnx,
MAnx; is the mean score of experiméntal group one on the
mathematics anxiety portion of the survey.
MAnx, is the mean score of experimental group two on the

mathematics anxiety portion of the survey.

MAnx, is the mean score of the control group on the

mathematics anxiety pQrtion of the survey.
9. Hy, : MC, < MC, < MC
Hy : MCy ) MC, ) MC,
MC,; is the mean score of experimental group one on .the
confidence in doing mathematics portion of the survey.
MC, is the mean score of experimental group two on the
confidence in doing mathematics portion of the survey.
MC, is the mean score of the control 'grouﬁ on the
confidence in doing mathematics portion of the survey.
10. H,, : CAtt, < CAtt, < CAtt,
H,, : CAtt, ) CAtt, ) CAtt,
CAtt, ié the mean séore.of experimental group one on.the
attitude toward computers portion of the survey.
CAtt, is the mean scére of experimental group fwo on the
attitude toward computers portion of the survey.
CAtt, is the mean score of the control group on the
attitude toward computers portion of the survey.
11. H,, : CCon, < CCon, < CCon,

H, & CCon, ) CCon, ) CCon, .

CCon, is the mean score of experimental group one on the
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confidence in using computers portion of the survey.

CCon,, is the mean score of experimental group two on
confidence in using computers portion of the survey.
CCon, is the mean score of the control group oﬁ

confidence in using computers portion of the survey.

12. Hy, : CLy < CL, < CL,

Hopo ) CLy ) CL,
CL, is the mean score of experimental group one on
likability of computers portion of the survey.
CL, is the mean score of experimental group two on
likability of computere portion of the surve&.
CL, is the mean score of the eohtrol group on
likability of computers portion of the survey;
13. H,, : CU, < CU, < CU, o

Hys ¢ CUy ) CU, ) CU,
CU, is the mean score of experimental group one on
usefulness of computers portion of the survey.
CU, is the mean score of experlmental group two on

usefulness of computers portion of the survey.

CU, is the mean score of the control group on

-usefulness of computers portion of the survey.

the

the

the

the

the

the
the
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RESULTS OF STUDY
All hypotheses were tested at é significance level of
@=0.05. After entering all of the data into a spreadsheet in
the computer, the following means were given:

Sq = 47.37%, S, = 36.84%, S, = 34.92%;

MX1, = 61.74, MXl, = 60.88, MX1l, = 59.17;

MX2, = 60.81, MX2, = 55.95, MX2, = 58.65;
MX3, = 65.19, MX3, = 60.17, MX3, = 61.20;
MFX, = 142.93, MFX, = 133.10, MFX, = 132.29; and

Gy = 1.53, G, = 1.32, G, = 1.16.
The following values refer to the mean gains in the
areas of the surveys.

2.58, MAtt, = 0.35, MAtt, = 0.39;

MAtt, =

MAnx, = 1.01, MAnx, = -1.38, MAnx, = -2.96;
MC, = 1.27, MC, = -1.15, MC, = -1.05;

CAtt, = 0.22, CAtt, = -0.16, CAtt, = -1.10;
cCon, = -0.39, CCon, = -0.33, CCon, = -0.77;
CL, = 0.45, CL, = -1.31, CL, = -0.69; and
cu, = -0.33, CU, = -0.04, CU, = -0.78.

These results appear to be encouraging, although only
minor results were actuaily' significant when Analysis of
Variance was used to analyze these means. A plotting of the
data showed that it was normally distributed, so Analysis of
Variance is an adequate procedure to use for analysis in this
case. The computer package.MSﬁSTAT was employed to compare

these means for significance at an «¢=0.05 .
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Experimental group one, those students utilizing CAI,
had a hiéher success rate and a higher average grade than did
the 6ther two groups in the study, - but this result was not
significant and hypotheses H; : S; < S, < S, and
Hw‘: Gy < Gy £ G, could not be rejected: Experimental group
one also had higher average scores on all three exams and the
final exam, but, again, these results were not significant at
the level set and the hypotheses
H, : MX1, < MX1l, < MX1, , H; : MX2, <.,MX2, < MX2, ,

H, ¢ MX3, < MX3, < MX3, , and H; : MFX, < MFX, < MFX, could not
be rejected.

However, there were two areas where the gains in the
mean scores of the students in experimental group one were
significant. Thosé were in the students’ attitudes toward
mathematics and the students’ likability of computers. Thus,
H; : MAtt, < MAtt, < MAtt, and H,, : CL; < CL, < CL, were
rejected, and ‘

H, : MAtt, ) MAtt, ) MAtt, and H,, : CL, ) CL, ) CL, were
retained. The p-values obtained from the analyses were .0281
and .0399 , respectively.

None of the other results were determined to be
significant at the level ‘that was set, so all of the null

hypotheses were retained and the alternative hypotheses were

rejected.
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Comments on the questions asked after treatments

The students’ answers to those questions asked by the
researcher after the completion of the treatments did not give
much insight into the treatments. It did confirm ﬁhe concern
that some of the students did not complete all of the labs, or
worksheeté.' More fhan 75% of those asked said that they did
complete all of the worksheets, or 1abs.‘ Only one individual
thought some of labs wére tqo difficult and only one thought
some were too simple. All said they could tell which concepts
were being illustrated by the labs and that they found them
helpful in general.

Other comments about the labs and ways to imprové the
course were: they preferred more work using the computef and
less analysis of the concepts being illustrated; they would
like to be given édditionél problems that they could work,
they found it beneficial to do as many problems as possible;
perhaps video tapeshbf problems being worked that could be
‘placed in the library so that the students could view them and
review them; and perhaps the material is covered too quickly

and should be gone over at a slower pace.

INTERPRETATION OF RESULTS, COMMENTS, AND RECOMMENDATIONS

The lack of significance of most of the differences in
‘means might be attributable-to the lack of control of several
variables that appeared once the' study was begun. One
variable that could not be controlled was that the individual

instructors each weighted the labs and worksheets by their own
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scale. Some even made completing the labs voluntary. This
meant that several students did not complete ail or part of
the labs and worksheets. This was caused partly by fhe
researcher wanting to have as little impact upon -the classes
and course as, possible. Another variable that could not be
controlled was that of the number of students that dropped the
coufse once the treatments had begun. This meant that the-
number of sfudents in eaéh group decreased during the
treatments, some more than others. |

The higher percentage of students who succeeded in the
course and the higher average grade of the students in
experimental éroup one, those utilizing CAI, is éncouraging
even though the results could nof be shown to be statistically
siqnificanf. The researcher feels that this study was
successful in that it showed CAI could be used to enhance the
course by improving students’ attitude toward mathematics.and
their likability of computers.

From the questions asked of a.sample of the stﬁdénts
aftér the completion of the treatments, it appears to the
researcher that the CAI 1labs were helpful but that the
students might benefit from other forms and/or more similar
forms of CAI. ' | -

More research should be conducted into the use of the.
gomputer to improve student achievement in Math 181 at Montana
State University. Pefhaps & course altered to utilize CAI as

much as possible and to the best advantage could be developed
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. and studied to determine how beneficial CAI would be to Math

181, first quarter calculus, here at Montana State University.
LN
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Appendix A

Surveys Used to Obtain Information

About Students Attitudes
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MATIIEMATICS ATTITUDE SURVEY AND ANSWER SHEET

THIS INVENTORY IS BEING USED FOR RESEARCH PURPbSES ONLY THE SURVEY DIRECTOR WILL
KNOW WHAT YOUR RESPONSES ARE.

NAME(optional): N 1D #:

Please {ill in the appropriate ciicle,

SA - Strongly Agree with the statement,

A - Agree but with reservations.

N - Neither agree not disagree with the statement,
D - Disagree with the statement.

SD - Sirongly Disagree with the statement. °

. Work fast but carefully. Be sure to answer every question, There are no "right” or “wrong” answers. The oniy
correct responses are those that are true for you.

i
>
Z
v}

It wouldn’t bother me at all to take more math courses. .

I'm not the type to do well'in math. ‘

For some reason even lhoagh I stud), math seems unusuauy hard for me.

. "Being regarded as smart in mathematics would bc a great thing.

Math doesn’t scare me at all.  \

It would be really great to win a prize in mathematics.

" I'd be happy to get top grades in mathematics.

If T had good grades in math, I would try to hide it,

-I'd be proud to be the oulstandmg student in math.

10 If I'got the highest grade in math I'd prefer no one knew,

11.°1 think I could handle more difficult mathcmatics.

12. I'm no good in math, *

13. Most subjects I can handle O.K, but I have a knack for flubbing up math.

14, Being first in a malhemaucs competition would make me pleased.,

15. 1 usuvally have been at ease in math classes.

16, Mathematics makes me feel uneasy and confused.

17. People 'would think I was some kind of a grind if I got A’ in math.

18, Mathemalics usually makes me feel uncomforiable and nervous.

19. T haven't usually worried about being able to solve math problems.

20. Math has been my worst subject. .

21, I almost never have gotten shook up during a math test.

22 1 don't think I could do advanced mathematics,

23. I can get good grades in mathematics.

24, Generally I'have felt secure about allemplmg mathematics,

25. 1 don't like people to think I'm smart in math. -

26. T usually have been at €ase during math tests.

27..It would make me happy 1o be recognized as-an excellent student in math,

* 28. It would make people like me less if I were a really good math student. .
-29, A math test would scare me. *
30. Winning a prize in mathematics would make me feel unpleasantly conspicuous.
31. | am sure that 1 can Jearn mathematics.
32. 1 am sure I could do advanced work in mathematics.

"33, I have a lot of self-confidence when it comes 10 math.
34, Mathematics makes e feel uncomfortable, restless, irritable, and impatiient.
35.1 get a sinking feeling when I think of trying hard math problems.
36. My mind goes blank snd I am vnable to think clearly when working math.
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SUR\;EY OF ATTITUDES TOWARD LEARNING ABOUT
AND WORKING WITH COMPUTERS

The purpose of this survey is to gather information concerning pecple's attitides toward learniﬁg ;
about and working with computers, It should take-about fiveiminutes to complete this survey, All
responses are kept confidential. Please return the survey to your instructor when you are finished.

Please check the blank which applies to you.

1. Age: () 220rless () 2325 ' () 2630
: () 313 ( ) 3640 () 4145 ~
( ) 4650 () 5155 , (") 55+ .

) Istyear () 2ndyear ( ) 3rdyear () 4th yeaxj
) ) :

2, Collegé level completed:
) Bachelors () Masters ( ) Doctorate

¢
(

3. Major area of study:

4. Sex: () Male ( ) Female

‘5. Experience with'learning about or working with computers:
( ) 1 weekorless ( ) 6 monthsto 1 year
( ) lweektolmonth ( ) 1yearormore
( ) 1 month to 6 months

Briefly state the type of computer experience:

COMPUTER ATTITUDE SCALE

Below are a series of statements. There are no correct answers to these statements. They are designed
to permit you to indicate the extent ‘o which you agree or disagree with the ideas expressed. .Place a
check mark in the parentheses under the label which is closest 1o your agreement or disagreement with
the statements. . ’
Strongly = Slightly  Slghtly  Strosgly

L Computers do not scafe me a; all. . () () () )
2. I'm nogood with computers. )y -~ () ( ') | )
3. 1would like working with computers, . O I ) ) ¢
4, Ind]]usccomputmmm}waysinxﬂylife. () - () () )
5. ‘;Vorking with 2 computer would make me very nervous. () () () . Y )J
6. Generally [ would feel OX about uying s new problem on . . |
the computer, ‘ 3 () .0 ()
7. The challenge of solving problems with computers docs not o '
appeal to me, R ) () () ()
8. Learning about computers is a waste of ime, . £ ‘ (3 ) - ()

9. 1do not feel threatened when others talk sbout computers. () () Ty ()

r
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Strongly Slighdy Slightly Strongly

Agree Agree - Disagree =  Disagree

'10.‘ I don't think ! would do 2dvanced computer work, () () () ()
11, 1 dhink working with computers would be enjoyable and

sdmulating, ) () () )
12,  Learning about computers is worthwhile, () ) ) )
13. I feel aggressive and hostile toward computers. () () () ()
14, 1am sure I could do work with computers. () () () ()
15. Figuring out computer problems docs not appeal to me, ) ) ) )
16. I need a firm mastery of computers for my furure wotk, () () () ()
17, I wouldn’t bother me at 2l] to take computer courses. () () () ()
18, I'm not the type to do well with computers, ) () ) ()
19. When there is 2 problem with a computer run that I can’t

immediately solve, I would stick with it until I have the '

answet. () ) () ()
20, 1 expect to have litde use for computers in my daily life. () () () ()
21. Computers make me fee! uncoinfortable. () () ) ()
22, lam sure [ could Jearn a computer language. ) () () (O
23. Idon'tundersrand how some people can spend 50 much

time working with camputers and scem to enjoy it. ) ) ) ()
24. Ican’t think of any way that I will use computers in my

careet, ) ) () ()
25. 1would feel as case in 2 computer class. ) () ) ()
26. 1 think using 2 computer would be very hard for me. () () ) )
27. Oncelstartto wc;rk with the computer, [ would find it .

hard to stop. - () () () )
28. Knowing how to work with computers will increase my job

possibilities. () ) ¢) )
29, lgctuinking&dingwb:nld_ﬁn'kof'uyingtouse:

computer. () () () ()
30, .1could get good grades in computer courses, NG ) () ()
31, 1 will do as litde work with computers as possible. ) () () )
32, Anything that a computer can be used for, I can do justas

well some other way, ) ) () ()
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Strongly Slighdy Slightly Strongly
Agree Agree Disagree Disagree

33, 1 would feel comfortable working with a computer. () () () ()
34, 1donot think I could handle 2 computer course. () () . () ()
35. If a problem is left unsolved in 2 computer class, [ would

continue to think sbout it afterward, (o () () ()

"36. Itisimportant to me to do well in computer classes. () () () ()

37. Computers make me feel uncasy and confused. (o O (o ()
38. 1 have alot of selfconfidence when it comes to working

with computers. ) (& () () )
39, 1 d‘o not ¢njoy talking with others about computers. (). () () ()

40, Working with computers will not be important to'me in
my life's work, _ . () ) (o )
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Appendix B
Computer Labs and Worksheets Used

In This Study

Description of Coricepts Covered

by Individual Questions
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Math lab/worksheet 1 is designed to give student some experience using

th¢ Master Grapher software and at' the ’s'ame time work on the concepts of
domain and range of a function, x- and y-intercepts of a function, aBsolute vaIL;e,
rccipro'cals of functions, and discontinuity.

Question 1 is designed to help the student explore the concepts of domain‘
and range of a function. The student also is to get some idea of what the x- and
y-intercepté are.

Question 2 is designed to illustrate how the absolute value of a function
alters the original function. It also emphasizes how the domain and range change,
if they do at all. Again tHe student finds the x- and y-intercepts if they exist.

| Question 3 is desiéned to illustrate how taking the reciprocal changes a
function, its domain and range, and the intercepts. It also intuitively explores

asymptotes and discontinuities.
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MATHI8T 1.AB1 - Using Master Grapher:

1). Graph the function: x?+2x-3

by entering xAa2+2*x-3 in equation 1. Now display equation 1.

Where does this function appear to cross the x-axis?’ The y-axis?

What appears to be the function’s domain? . It's range?

" 2). Graph the function: | x*+2x-3 |

by entering abs(xzx2+2*x-3) in equation 2. Now display equation 2 but not equation.

1 (just type 1 to toggle its display off).

s

Where does this function appear to cross the x-axis? The y-axis?
What appears to be the function’s domain? It’s range?

What does the absolute value appear to do to the y-values of the function?

3). Graph the function 1
x?+2x-3

by entering 1/(xA2+2*x-3) in equation 3. Now display equation 3, toggle equations 1

and 2 off. : . -
Where does this function appear to cross the x-axis? The y-axis?
What appears to be the function’s domain? It’s range?

Are there values of x where the function appears not to exist? If so, where?
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MATIII8] IAB 1

1). On a separate piece of paper graph the ‘function: >;-’+2'x-3'.

Where does this function appear to cross the: x-axis? The y-axis?
What appears to be the function’s domain? It’s range? |

2). Graph the function: | x?+2x-3 l .

-

- Where does this function appear to cross the x-axis? The y-axis?
What appears to be the function’s domain? R It’s range?-

What does the absolute value appear to do to the y-values of the function?

3). Graph the function 1 " . . .
' : x24+2x-3 . ’
Where does this function appear to cross the x-axis? The y-axis?
What appears to be the function’s domain? | ~ It’s range?

Are there values of x.where the function appears not to exist? If so, where?
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Math lab/worksheet 2 is designed to give the students a graphical

representaﬁon of the concepts of limits and equality of functions. It also is '%o ;
help the student to determine what seemingly simple changeé to a function may
do to the limit at a point. It is also designed to help them-get an intuitive ideas
of what a limit is and how it relates to the concebt of continuity..

Question 1 is designed to give the student some experience with finding the
limit of a function that is continuous. It is to help their intuitive understandi_ng
of the conéept of limit.

Question 2 is designed to help the student realize that the graphs of two
functions may have the same value .at every point except one, so that the two
functions are not equal. It is also to help them understand that where a function
is not defined, the limit may still exist.

Question} is designed to.show that the limit of a function at one point
may exist and equal a value other than zero even if the limits of separate parts
of the function do equal zero at the point.

| Question 4 is designed to show the student what happens to the limit when
a small change is made to the function. It‘al:so He]ps with the concept of

v

¢ontinuity.

Questions 5(This is question 8 of the lab designed for use with the
computer. Questions 5, 6, and 7 of that lab deal with changing the size of the
pic'ture to help with the geometric representation of the concept developed in

question 4.) is designed to illustrate the connection between the concepts of

continuity and limit.
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Question 6(Question 9 on the computer users lab.) is designed to help the
student get a geometric representation of the epsilon-delta idea of limits. It is
designed to help the student make the transition of the intuitive idea of limit with

the formal definition of limit.
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MATHI8I LAB2 PAGE1OF2 - Using Master Grapher:

1). Graph the function: sin(x)
by entering sin(x) in equation 1. Now display equation 1.
As x - 0 what value does the function appear to approach?
What appears to be the limit of the function at x=0 ?
2). Now graph the function: _xsin(x)
by entering (x*sin(x))/x in e):;uatio.n 2 and displaying it.
As x -~ 0 what value> does the function appear to approach?

What appears to be the limit of the function at x=0?

Does the function exist at x=0 ?

3). Now graph the function: _sin(x)
' X
by entering sin(x)/x in equation 3 and displaying it.
As x - 0 what value does the function appear to approach?

What appears to be the limit of the function at x=0?

4). Now graph the function: _sin(x)
X2
by entering sin(x)/(x”~2) in equation 4 and displaying it.
As x - 0 what value does the function appear to approach?

What appears to be the limit of the function at x=0?.
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MATII81 LAB 2 PAGE 2 OF2 - Using Master Grapher:

5). After selecting FUNCTION GRAPHER, select option S .
Enter: 200 .

6). Select option V.

Select option §

L=? Enter -1
R=? Enter 1.9
B=? Enter -1
T=? Enter 1

This will set the viewing window to give a closer picture of the function. -
7). Selecti option 9. Previous Menu.

8). Graph the function: _2x>-3x+1
' x(x-1)

. by entering (2*xA2-3*x+1)/(x*(x-1)) in equation 1. Now display equation 1.

Note that there is a jump in the graph at x=1. This function is not defined at x=1.

What do you think the limit as x goes to 1 of this function is?

9). To check your guess, select F again and change the following eduations:

Equation 2 to: .9

Equation 3 to: 1.1

Equation 4 to: .95

Equation 5 to: 1.04 Display these equations.
Equation 6 to: .99 '

Equation 7 to: 1.01

As the band get smaller around the value y= 1, what has happened to the interval
around the value x=1?

Was your guess about the limit correct?

This is meant to be a geometrical representation of the ¢-§ argument in the text.
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MATHIS! LAB2 PAGE10F2

'1). On a sheet of paper graph the function: sin(x)

( \

"As x - 0 what value does the function appear to approach?
What appears to be the limit of the function at x=0?
2). Now graph the function: _xsin(x)
X
As x -0 what value does the function appear to .approach?
What appears to be the limit of the function at x=0 ?
Does the function exist at x=0 ?

3). Now graph the function: _sin(x)
T X

As x~'0 what value does the function appear to approach? '

What appears to be the limit of the function at x=0?

4). Naow graph the function: _sin(x)_ -
N ‘ xg -

| As x - 0 what value does the function appear to approach?

What appears to be the limit of the function at x=07?
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CMATHISE 1AB 2 PAGE2OF2 -

5). On a sheet of paper graph the function: ‘_2x3-3x+1
' x(x-1)

What do you think the limit as x » 1 of this function is?

6). To check your guess graph the following equations as accurately as possible:

y=.2

y= L1
y= .95
y= 104
y= .29
y= 101

As the band get smaller around the value y=1, what has happened to the interval
around the value x=1? : '

Was your guess.about the limit correct?

This is meant to be a.geometrical representation of the e-§ argument in the text.
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Math lab/worksheet 3 is designed to give the student a geometrical view
of the concept of continuity, It gives them some difterent types of discontinuous
functions that they need to analyze graphically. From these graphs they need to
go to the abstract to find the actualjdiséontinuity and classify it. This lab also
gives the students some work with Bolzano’s Theorem, one way of determining
the roots of an equation.

Questions 1-4(1-6 on .thc computer lab) are designed to illustrate the
different types of discontinuities. The student is to supply information about the
type of discontinuity and, if it is a removable one, redefine the function to fill in
the hole. |

Questions 5-8(7-10 on the computer lab) are designed to give the student

practice with using Bolzano’s Theorem to find roots and with functions as well.
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MATHI81 LAB3 _ - Using Master Grapher:

AY

Graph the following functions. You may wish to change the speed to 200. Then find all
the x-values where the following functions are discontinuous and identify the type of
discontinuity. If the discontinuity is removable give the points, both the x- and y-values
that will fill in the hole. Let the-domain be every x for which the function is defined.

1) f(x) = 1 2) f(x) =4 x¥2 | x>0
+2x+1 -(=x)I? , x<0
Enter: 1/(x ™ 24+2*x+1) Enter: x™(1/2) for one function and

-(x)"~(1/2) for another

3) f(x) = _(x3)(x+1) 4) f(x) = x2
‘(x-l)(x+3) X

Enter:((x-3)*(x+1))/((x-1)*(x+3)) Ent-er: (x"2)/(2*x)

5) f(x) = _x>+x-2 6) f(x) = _x*2x
x+1 x%-5x+6
Enter: (x™ 2+x-2)/(x+1) Enter: (x ™ 2-2"x)/(x ™ 2-5*x+6)

Try to predict which of the following functions have roots in the given intervals. Then
graph them to see how well you did.

7)- f(x) = x*-3x+7, [-4,4]. 8) f(x) = x*+3x2, [-2,2].
Enter: x ~2-3*x+7. Enter: x ™ 2+3%x-2

9) f(x) = x*-x>-3x+3, [-4,4]. 10) f(x) = x>-5, [-2,2].
Enter: x™3-x " 2-3*x+3 " Enter: x~2-5

Look up Bolzano’s Theorem and see if you could apply it to these functions now that you
have seen their graphs.
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MATHISI LAB 3

Find all the x-values where the following functions are discontinuous and identify the type
of discontinuity. If the discontinuity is removable give the points, both the x- and y-values
that will fill in the hole. Let the domain be every x for which the function is defined.

D=1 2 10 = %7 x>0
x2+2x+1 -(-x)“3 , x<0
3) fx) = {x-3)('x+1) 4) f(x) = x2
(x-1)(x+3) 2%

Which of the following functions have roots in the given intervals? You might like to try
Bolzano’s Theorem to find the roots.

7) f(x) = x3x+7, [-4,4]. 8y f(x) = x+3x2, [2,2).

9) f(x) = x3-x-’-3x+3‘, [-4,4]. - 10) f(x) = x*5, [-2,2].
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Math lab/worksheet 4 is designed to give the student experience with using

3
the definition of derivative to find the slope of the tangent line of a graph at a

point. It gives the student a visual representation of the function and the tangent

line so that they can get an intuitive idea of what the slopé of a tangent line can

show. It also gives them a visual representation of how one can determine a

maximum ‘or minimum point from the slope of the tangent line at that point and

the points to either side.

Question 1 is desighed to illustrate-the relationship of the slopes of tangent .

lines to either side of a minimum pomt to the slope of the tangent line at that

point. The student is given a graphical view of the notion that all the other points -

near a minimum point are above tha_t point-and that the s]op;s of the tangent
.lines go from being rtegative to zero-to positive through that point.

Questi_on 2 is designed to illustrate the re“lat‘ionship of the slépes of tangent
lines to either side of a rrtaximum point to the slope of the ‘tangentlline at that

point. The student is giveﬁ a graphical view of the notion that all the other points

neat a maximum point are above that point and that the slopes of the tangent

lines go from being positive to zero to negative throtxgh that point.
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MATHI81 LAB 4 - Using Master Grapher:

. Let y = f(x) = -x?+6x-5

a). Graph and display the function by enteriﬁg XA2+6*%-5 in equa‘tion 1.

b). Find y’

¢). Find the equation of the line tangent to the graph at'the point (2,3).

d). Graph and display this line as well as the previous function by entering
it in equation 2.

“e). Find the point on the graph where the tangé‘nt line has the slope zero.

f). Graph the tangent line at this point.
What relation does this point have to other points on the graph?

cLety = f(x) = x2+4x+7

a). Graph and display the function by entering xa2+4*x+7 in equation 1.

"'b). Find y’

¢). Find an equatiori of the line tangent to Ath'e graph at the point (-1,4).

N
%

d). Graph and display this line as well as the previous function by entering
it in equation 2. :

e). Find the point on the.gra'ph where the tangent line has the slope zero.

f). Graph the t'angent line at this point.
What relation does this point have to-other points on the graph?
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MATII8! TAB 4

). Let y = f(x) = x?+6x-5

a). Graph the function,

b). Find y’
c). Find the equation of the line tangent to the graph at the point (2,3).

d). Graph this line on the same graph as the function.

e). Find the point. on the graph where the tangent line has the slope zero.

f). Graph the tangent line at this point.
What relation does this point have to other points on the graph?

Clety = {(x) = P+dx+7
a). Graph the function.

b). Find y’
¢). Find an equation of the line tangent to the graph at the point (-1,4).

d). Graph this line on the same graph as the function.

e). Find the point on the graph where the tangent line has the siopc Zero.

f). Graph the tangent line at this point.
What relation does this point have to other poims on the graph?
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Math lab/worksheet S is designed to give the student some work with the

deriv.zltive and to demonstrate all of the information that can gelgleancd from
analyzing the giaph of the derivative. The preliminaries to the first derivative test
are illustrated to give the students an intuitive idea of that test. In addition, the |
student is given some illustrative work with composite functions.

Question ] is designed to illustrate the information one can determine.
about a function from the graph of its deriva.tive functi;m. It is designed to give
the students an intuitive idéa of the first derivative test so that when that idea is
introduced the student will have a better of what the test is all about. '

Question_2 deals with composite functions and the derivative of a
composite function. Preliminary ideas of the chain rule is i]]ﬁstrated in this

question.
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MATII181 LAB S - Using Master Grapher

1).

2).

Let f(x) = 2 +1)°
15

a). Find f(x).
b). Graph f(x) by entering (2/15)*(x~3+1) ~(5/2) in equation 1. -
¢). Graph f(x) in equation 2. Display both equations.

d). Change View by entering V. Now Set window by entering 5.
Now enter. for:

=W
I (I T

bbb

e). Now go to previous menu by entering 9, and regraph by entering G.
f). The function £'(x) is the slope of f(x). Answer the following questions.
Where'is £(x) = 0? ' What is the slope of f(x) at that point?

Is £(x) increasing of aecreasing to thé left of the y-axis? -

Is the slope of f(x) increasing or decreasing to the ﬁght of the y-axis?

Let f(z) = Z2 and g(x) = sin(x).

a). Find f(g(x)).

b). Find D f(g(x)).

¢). Graph f(g(x)) and ‘D f(g(x)) at the same time. First change the view back by
entering V then entering 6. Now enter f(g(x)) in equation 1 and D f(g(x))
in equation 2. ,

d). The function D f(g(x)) is the slope of f(g(x)). Answer the following questions.
Where is the slope of f(g(x)) increasing?

Where is the slope of f(g(x)) decreasing?

Where is the slope of f(g(x)) =0?
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MATHI81T TABS

1). Let {(x) = 2x'+x?
: 3

a). Find F(x).

b). Graph f(x).
¢). Graph £(x) on the same gfaph.
- d). The function £'(x) is the slope of f(x). Answer the following questions.
Where is £(x) = 07 What is the slope of £(x) at that point?
Is f'(x) increasing or decreasing to the left of the y-axis?

Is the slope of f(x) increasing or decreasing to the right of the y-axis?

2). Let f(z) = 2% and g(x) = sin(x).

2). Find 5(g(x)).
" b). Find D f(g(x)).

c). Graph f(g(x)) and D f(g(x)) on the same graph.
d). The function D f(g(x)) is the slope of f(g(x)). Answer the following questions.
Where is the slope of f(g(x)) increasing? -

Where is the slope of f(g(x)) decreasing?

Where is the slope of f(g(x)) = 0?
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Math lab/worksheet 6 is designed to give a visual representation of the
First Derivati\./e-Test_and the Second Derivative Test. The students use the
graphical representations of the functions and the first and second derivatives of
those functions 1o analyze the.funcxions. From that analysis t.l.ney can detc_armin;e
jnformatioh about the functions and what information is given by the first and
second derivatives.

Question 1 is designed to illustrate the first derivative test. The student
graphs the functioh and its first derivative, From the graphs the stident answers .
questions designed to help them think about what infbrmation the first derivative
gives about the function.

Ques'tion 2 gives the student another function, or more functions, to apply
the first derivative test to. |

Question 3 is designéd to illustrate the'seconq derivative test. The student
graphs the fﬁnctioﬁ, its first derivative, and its second derivative. From the graphs
the student answers questions designed to help them think about what

information the first and second derivatives give about the function.

~

Question 4 givés the student another function, or more functions, to apply

the first derivative test to.
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MATH 181 LAB 6 - First and Second Derivative Tests
. Let {(x) = xz-i; 2x + 1 Graph f(\()
" Find £'(x).
Graph it.
Where is £/(x) positive? (right or left of an x-value?)
Where js £(x) negative? (right or left of an x-\l/aluc?)
At what x-value is £{(x) zero?
Note that if f/(x) is negative to the Jeft of an x and positive to the right; that .f(x) has a
minimum where f/(x) is zero and if f/(x) is positive and then negative then f(x) has a
maximum at that point: This is the First Derivative Test.
2). Follow the same steps with the‘ functions.

Cf(x) = X%+ 6x-5

3). Let f(x) = x>- 6x2+ 9x + 2.

Find £/x).

Where does f/(x) equal zero?

Find (x).

Is £/(x) positive or negative. at the x-values for which f'(x) is zero. Are they maximums
or minimums? N

If fi(x) is positive at a local extreme then that extreme is a minimum. If £{x) is negative
at a local extreme then the extreme is a maximum. This is the Second Derivative Test.,

4). Try the same steps with the following functions:

f(x) = x2+ 5x + 6
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MATH 181 LAB 6 - Master Grapher - First and Second Derivative Tests

1). Let f(x) =x*+2x+1  Graph f(x). [Enter x™2+2%+1]
Find f(x).
Enter it into equation 2 and display it.
Where is { /x) positive? (right or left of an x-value?)
Wherc is f{(x) negative? (right or left of an x-value?)
At what x-value is £/(x) zero?
Note that if f{x) is negative to the left of an x and positive to the right, that f(x) has a

minimum where £4x) is zero and if £{(x) is positive and then negative then f(x) has a

maximum at that point. This is the First Derivative Test.
A\

2). Follow the same steps with the functions. You may wish to change the window on-the third one.
* I would suggest L= -10, R=10, B=-50, T=50. That should give you both points where £1(x)
is zero. Also, the third function has a point where f /(x) is zero but it is not a maximum nor

a minimum. .

f(x) = x2+ 6x-5  f(x) = Ssin(x) + 2 ) = X0k %4+ 6
X+ 2
3). Let f(x) = x°- 6x* + 9% + 2. Display the graph of {(x).
Find £/(x).
Display its graph.
Where does f/(x) equal zero?
Find #(x).

Display its graph. [You may wish-to graph f(x) and f(x) on the same set of axes
without f/(x)] _

Is f(x) positive or negative at the x-values for which f/(x) is zero. Are they maximums
or minimums?

If #Ax) is positive at a local extreme then that extreme is a minimum. If £{x) is negative
at a Jocal extreme then the extreme is a maximum. This is the Second Derivative Test.

4). Try the same steps with the following functions: -

f(x) = Ssin(¥/3) fx) = x2+ Sx + 6 f(x)=x + 4k







