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ABSTRACT

The purpose of this study was to gain and accurately
depict an understanding of students' experiences in a first
vear calculus course. The study was motivated by my personal
interest in calculus teaching and by discussions within the
calculus reform movement over the past 14 years.

Ethnographic methods were used in order to produce a
naturalistic description of the student experiences.

The fieldwork was conducted in a first semester calculus
class at Simon Fraser University during the Fall Semester,
1991. It was an evening class held in the downtown Vancouver
campus. As a participant-observer, I attended all classes and
tutorial sessions, completed and submitted assigned work, and
wrote both midterm tests and the final examination.

Data acquisition consisted primarily of fieldwork and
interviews with the instructor and six of the students.

Data analysis included the transcription of audio tapes
of the interviews; the coding and collating of this material
by researcher specified topics using computer software; and a
concurrent review of my field notes and the audio tapes of
the lectures. The written accounts of the analyzed data were
refined by weekly discussions with my thesis advisor.

The detailed record of my experiences and those of my
classmates throughout the course was produced to give a sense

of the challenges confronting the students.
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Several conclusions arise from this study. The stucen

ot

perceive this course as an obstacle they must overccne peicre
being permitted to take the courses they want. The ccurse

-z

not well coordinated with the high school curriculum; =°<T
assumes skills, knowledge and mathematical sophistication
that are seldom taught in the secondary schools. The course
tries to accomplish too many things; mathematical rigour,
computational techniques, fundamental concepts, prob.en
solving, and the use of scientific calculators are klendec
together into a bewildering mélange. There 1s tocC much
material for the time allotted; many topics are Jealt with

superficially. The pace of the course allows no latitud
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Student illness, fatigue or personal upsetrs.

In summary, this study raises issues not yet discusse

192

in the calculus reform debate and puts a personal face on

many issues already presented.
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CHAPTER I

INTRODUCTION

Rationale for the Study

The teaching and learning of calculus are subjects that
are currently drawing a considerable amount of attentiocon In
the mathematics and mathematics education communities. As a
high school teacher who teaches calculus to some students and
prepares others to study the subject at university, I have a
natural interest in the discussion and research associated
with calculus pedagogy and curriculumn.

The current large-scale interest in calculus reform
issues began in the early 1980's when a number of
mathematicians and computer scientists began to dispute the
traditional pre-eminence of calculus in the college
mathematics curriculum (Ralston & Young, 1983). A number of
mathematicians rose to the defense of calculus, but concludea
that there was need for change (Douglas, 1986).

By the mid 1980's, calculus reform issues had become
mainstream in the mathmematics and mathematics educatiorn

communities. In 1986, a national colloguium with over ¢0C

participants was held in Washington, D.C. (Steen, 1.988).



Reporting on the colloguium, Peterson (1987) identifilec
three premises of the reform movement, "calculus 1is big,
important - and in trouble" (p. 317). Hundreds of thousands
of students take calculus courses each year taught by tens o:X
thousands of instructors. For many students, admission TO
their chosen programs of study comes only after they have
successfully completed a calculus course. The calculus
course is often the only university level mathematics ccurse
taken by the most educated segment of the population. Yet
current calculus classes were under attack for a myriad of
perceived inadequacies such as over-large textbooks, pocr
teaching, low standards, and irrelevant, conceptually
deficient course content. Students were not having success
with the course. A substantial portion of the students
failed or withdrew each vear.

Half a decade later, Ferrini-Mundy and Graham (1891)
commented that "substantial discussion i1s underway in the
mathematics education and mathematics communities concerning
Calculus pedagogy and curriculum and there is considerable
momentum for a naticonal reform of the college calculus
curriculum” (p.627). The debate continues even today.

The calculus reform movement, spurred on by National
Science Foundation funding, has resulted in many and diverse
projects (Tucker, 1990). These projects have centered

primarily on curriculum development and, generally, have nct



been based on results from mathematics education research.
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is a "top down" approach to curriculum development; the
instructor decides what to improve and how to implement these
improvements.

Ferrini-Mundy and Graham (1991) argue that "existing
research on student learning in calculus has potential Ior
strong impact on the development of calculus curriculum”" (p.
629) . Revitalization of calculus instruction may not be z
matter of changing course content, but of paying close
attention to how students learn.

One epistemological orientation of research on student
learning that seems to be potentially productive is

constructivism. Ferrini-Mundy and Graham (1991) comme

3
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this.

A predominant theme in this area of research is that tne
learning of mathematics is a constructive process. This
process occurs in the classroom context, with the
learner attempting to make sense out of information by
evaluating, connecting, and organizing it relative tc
prior experiences and existing knowledge structure.

This line of research has challenged traditional

assumptions about learning, such as the view of the
student as the passive recipient of knowledge, or the
notion that a misconception can be eradicated by the

"perfect explanation” or by simply reorganizinag the

content. (p. 629)

My own experiences as a teacher have told me that the
voices of the students must be heeded carefully if there :s

Lo be effective revision of the learning situation.



Reform of calculus curriculum and instruction is
necessary for a variety of reasons. After 12 years ©If debats
and classroom innovation, however, it 1is still not clear
exactly what changes will be of greatest benefit to the
student. A thorough understanding of the experiences <I the
calculus student is a prerequisite to developing useful

reform initiatives.

The Nature and Purpose of this Study
The purpose of this study was to gain as thecrough zan
understanding as possible of the experiences of students in &
first year calculus course and to convey this understancing
to those who might be able to use these understandings in
implementing reform measures.

To accomplish these goals, I used a qualitative research

design and adapted many of my research methods from

ethnography. Stake and Easley (1978) summarize the coais of
Such a study by writing, "Seeing rather than measuring was
the activity of this project” (p. C:1). The results cI zthe

Study would be descriptive and interpretive, rather tharn
normative.

Eisenhart (1988) distinguishes between the guestiors
traditionally posed in mathematics education research and
those posed by educational anthropologists. Mathematics

education researchers ask, "How can mathematics tea



learning be improved?" and the ethnographers ask, "Why Zs
mathematics teaching and learning occurring in this way 1in
this setting?" (p. 100). My contention is that these are nct
separate guestions, but that answering the "why" guesticn
should happen prior to answering the "how" guestion.

The purpose of doing interpretivist research, according
to Eisenhart (1988) "is to provide information that wil.
allow the investigator to "make sense" of the world from the
perspective of participants" (p. 103). Of the metrods used
in ethnographic research, participant observation cffers the
best opportunity to accomplish this. Such fieldwork :Iis
holistic and contextualized; the student is not an
abstracted, isolated variable but is part of a socila:
environment. Smith (1987) says of such studies that "the

—
—
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researcher must personally become situated in the su

o3
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natural setting and study, firsthand and over a prolonge
time, the object of interest and the various contextua:
features that influence it" (p. 175).

The study was not ethnography in the sense of
educational anthropology, lacking as it does any grounding ir
any cultural theory. It was, however, qualitative and
interpretivist and did make use of the methods traditicnallvy

used by ethnographers. My understanding of what a stucent

undergoes while working through a calculus course has been



considerably enhanced and it is my hope that the account I

give will communicate much of this knowledge.

An Overview of the Study
In August, 1991 I began a brief pilot study in wnhicn I
attended four lectures, observed three sessions in the
Calculus Lab and had informal discussions with the instructor
and some students. During this period I was most concerned

with developing my fieldwork skills.

ol
th

In September, 1991 I enrolled as a student in

semester calculus course at Simon Fraser University. By thne

IR

second session the instructor and my classmates were aware O
my role as a researcher.

Because I continued to teach full time, the courcse that
was available for me to attend was an evening course held at
the Harbour Centre campus in downtown Vancouver. The class
Cconsisted of about 20 students, many of whom had been away
from formal schooling for several years. Several of the
Students were recent high school graduates.

I participated completely in the course, attending a..
lectures and tutorial sessions, completing assigned problems
and writing both midterm tests and the final examination.

I established reasonably close contact with a numper CI

Students in various ways. Because I was a calculus expert,
Some students sought me out for help with problems. Others



talked with me because I brought graphics capable,
programmable calculators to class and demonstrated how thev
could be used to work on calculus problems. A small numper
of students caught rides with me home at the end of the
evening. One student, in particular, became a key informant
during these carpooling sessions. Still other students woula
come to me and spontaneously offer their opinions abou:z
various aspects of the course. The instructor was at a.l.
times supportive and approachable with respect to my

research.

After the course was completed, I conducted and

8]
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taped interviews with six of my classmates and the

instructor.

o]

The analysis and reporting of the data occurred cover
long period of time. I transcribed each of the interviews.
Subsequently, the seven interviews were collated by theme

uring computer software known as HyperRESEARCH (Hesse-Eiber

- r

Dupuis & Kinder, 1991). The themes were chosen by reading
through the transcripts and in discussion with my thesis
advisor. The material in the interviews, what was said by

the participants, was written as an account centered arcundc

the themes.

My field notes were used in conjunction with audio

o)
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of the lectures to write a chronological account of my

exXperiences and those of my classmates as we proceeded



throughout the course. Within the account, I have inc
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numerous reflections that occurred to me both in the
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and later as I reviewed the material. As the account

b3
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being written, I was meeting with my advisor on a weexly
basis and discussing the material with him. This continuing
dialogue was a significant influence in refining the account.
Several conclusions were drawn from the study. The

course that I took was superior to the majority of
traditional calculus courses described in the calculus reforrw
literature. The instructor was exemplary in his organizat
and his care for the students. Despite these advantages,
there were a number of conspicuous drawbacks to this ccurse.
The course was intended as a filter; it was a hurdle that hac

to be cleared before the student could take courses tha

ct

ne
Or she wanted. There was inadeguate articulation between tne
content and expectations in this course and what was coveread
in high school. The course was set up so that students workecd
independently, in isolation rather that cooperatively. Too

many aspects of mathematics were covered in the one cou

s
[0}
M

techniques, concepts, applications, problem solving and
rigorous use of language and symbols. Too much materia. was
Covered in the time available, forcing students intc

survival "what is the minimum I need to know”™ mode.



The study added to the calculus reform effort

(2.

discussions in several ways. Although the students voice
dissatisfaction with many aspects of the course, they did no:
Suggest radical changes. The impetus for reform wou.d ncCt

likely come from the students. There was no time for

)

students to recover from illness, fatigue or upheavals in
their personal lives in this course. Nor was there

sufficient time for them to properly assimilate the concepts

they were meant to learn. There was a reluctance amond to
the students to work together. These factors reguire furthe:
study.

Of some significance to me was the impact that this
Style of research had on me personally. The data were 1Ot
Objective measurements to be statistically manipulated; thev
were events that I lived and shared with my classmates.
Consequently, I feel I have a much deeper understanding of

the student experiences and greater empathy with them.

Structure of the Thesis
Chapter II is a review of the literature relevant o
this study. The literature of the calculus reform movement
is cited, with particular attention being paid to those
issues which helped me to form a framework for my initial

Observation during the fieldwork. This is followed by a

|03

summary of current research perspectives in the teaching an



learning of mathematics that led me to a gualitative researc:

design. The literature was also reviewed to discover
prior studies closely related to this one.

Chapter III is a description of how the research

a

—
i

Y

conducted. Sources supporting and explaining tThe metnods

chosen are cited.

Chapter IV is in two parts. The first part Is &

+
o

Chronological account of my experiences as a participan?

Observer. The second part is material from interviews witn:
Six students and the instructor. This material is arranced
by theme.

Chapter V discusses the limitations of the szuly Thi
is followed by a number of conclusions reached through This
study. I make several observations and recommendations wit
respect to these conclusions. Finally, the impact that thi

Study has had on me is briefly discussed.

10



CHAPTER II
LITERATURE REVIEW

Selection of Literature for Review

The literature reviewed for this study has a diversity
that is a consequence of the interaction between the research
problem and the research methodology. In this chapter I
review the literature that impacted on the formulatiocn ana
evolution of the research problem and the literature that
lead to the choice of the research methodology used in this
project. 1In this section I categorize the literature with
respect to the use that is made of its information in this
study.

The first category is literature on the calculus refcrm
movement. Material reviewed consists of articles, conference
proceedings and committee reports on a decade long debate Cn
issues concerning the college calculus curriculum. This
literature is used to support the significance of tne
research problem. It also generated the original set of
issues and questions that focused my initial fieldwork
Observations.

A second category which informed my original
conceptualization of the research problem is current research
perspectives on teaching and learning mathematics. Chief

among these perspectives are a constructivist approach to

11



understanding student learning and an awareness of how tTihe
social and cultural contexts of a student impacts on his or
her learning.

A third category involves the use of ethnographic
methods in educational research. This category divides
naturally into literature about the appropriateness and role
of ethnography in educational research and on how toO conduct
such research. The material from this category 1s used tc¢
Justify the choice and implementation of research
methodology. It also served to provide structure for my
actual research activities.

A fourth category in this review consists of previous
studies involving qualitative research methods in scilence or
mathematics classrooms. Reviewing the literature in this
category indicated that I was not duplicating the work oI any
current major study. The review also contributed to the

of issues used in the analysis of the data.

Calculus Reform Movement

A Brief History of the Movement

In the late 1950's and early 1960's, the study c¢f
calculus in North America shifted from being a sophomore
course taken by students majoring in engineering,

mathematics, or the physical sciences to a freshman ccurse

12



taken by dramatically increasing numbers of students with

increasingly diverse mathematical backgrounds and

1

aspirations. (Ralston, 1985; Young,1988). For the ne:x
twenty to twenty-five years the curriculum in the firet Tl
vears of undergraduate mathematics stabilizec into & seguerce
of calculus courses supplemented by a linear algebra course.
There was a remarkable consistency in content and
presentation of college calculus throughout Necrth Amer.cear
post-secondary institutions.

There have been critics and reformers of this calcu.us
curriculum before the 1980's, notably John Kemeny oI
Dartmouth College. (Kemeny,1983). The current impetus ICX
Curriculum reform, however, began in the early 1980's
papers by Anthony Ralston of the State University of New York
at Buffalo. Ralston argued that computer technology and
computer science made much of the content and spirit of
traditional calculus curriculum irrelevant and inappropriate
for a significant portion of the undergraduates current!
taking college level mathematics courses. (Ralston, 198%5).
Ralston and like minded colleagues argued that calculus
snould be supplanted as the first undergraduate mathematics
Ccourse by a course based on topics from discrete mathematics.

In the summer of 1982 a Conference/Workshop was helc a=
Williams College in Williamstown, Maryland to discuss the

need and feasibility of striking a balance between the

13



calculus sequence and discrete mathematics. A significant
part of the proceedings was spent challenging the pre-
eminence of calculus in undergraduate mathematics (Ralston &
Young, 1983).

The Williamstown Conference and its follow-up activities
did not result in a curriculum revolution where sign:
numbers of colleges and universities began to offer we_.
developed, highly subscribed courses in discrete matnemat
at the freshman level (Maurer, 1985). Indeed, surveys
suggested that the primacy of calculus became more Ifirmly
entrenched in the course offerings of mathematics departments
(Anderson & Loftsgaarden, 1988).

The criticisms leveled against the existing curriculum
did make certain mathematicians reflect on the state ¢Z
calculus instruction. One of these mathematicians, Ronalc
Douglas of the State University of New York at Stony Brook,

concluded that "despite the changes that had taken place ir

mathematics, the Williamstown conferees were WrOnNg: C&lCU.us

is as important as ever." (Douglas, 1986, p. iv). He cid
believe, however, that there was a need to revitalize zhe
presentation of the subject. Through the efforts of Frofessor
Douglas, a Conference/Workshop to develop alternative
curriculum and teaching methods for calculus at the cc.lege
level was held in January, 1986 at Tulane University

Orleans. The proceedings of this conference were publisnec

14



in the influential document Toward a Lean and Lively Ca

(Douglas, 1986).

Following this conference, the Mathematical Associatiln

[N

of America convened a Committee on Calculus Reform. Cther

—

organizations became involved in calculus reform inclucdin

Q)

the National Academies of Science and Engineering and tie

National Science Foundation. A large colloguium with over
six hundred participants was held at the end of October, 13

in Washington, D.C. The colloguium was entitlied Calcu_-us

th
@]

a New Century. The proceedings of the conference and cther

Calculus reform material were published in Calculus fcr & New

Century : A Pump, Not a Filter (Steen,1988).
In 1990, the CUPM Subcommittee on Calculus Reform and

the First Two Years (CRAFTY) reported on a number cf zhe

n

e
Projects in Priming the Calculus Pump: Innovations and
Resources (Tucker, 1990). Each project reviewed in this
report attempted to implement innovations which direct.y
addressed concerns about the role and teaching of iculus

that had been raised in the previous decade cf debate

o “ .

Following is a more detailed review cf the four primary

documents resulting from this decade of reform activity: ol

reports of the Williamstown conference in 1982, the Tule

suLane

conference in 198¢,

1990 report on the implementation of reform.

15
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the National Collogquium in 1987, and the

ts



The Williamstown Conference

In 1981 an article by Anthony Ralston heralded & decads

of ongoing debate over the nature and content c¢f the f_rs<

LD

two years of the college mathematics curricuium (Ra

1985). The concerns raised by Ralston lead to a

conference/workshop held at Williams College in WillilamsTown

]

Maryland from June 28 to July 1, 1982. The p

~

oceedin

Q
0]
@]
bt

these meetings are published in The Future of Ccllege

Mathematics (Ralston & Young, 1983).

Ralston (1985) argues as follows:

Within the next decade, the first two years

cf the co._=s0e
mathematics curriculum will gradually shift from the
traditional calculus-linear algebra sequence tC Cone tnat
has balance between the traditional material and discrete
mathematics. .... Such changes will take place a <

entirely because of the impact of computer technol
computer science both on what seems 1important In

mathematics itself and on disciplines in which mathematics
is applied. (p.29)

Computer science has caused mathematicians, cientists an

humanists to reconsider what is important and possible in

their disciplines. Computers allow new approaches tc cid

Subjects (including pedagogy). 1In Ralston's opiniorn,
discrete mathematics has become at least as important as the

1983,

traditional mathematics of continuity (Ralston & Young,

P. 6).

O

L

The Williamstown conference began with this theme an

-
Cisna

continued with papers and discussion with arguments for anc

~
D

against the restructuring of the college mathematics

16



curriculum. Both pragmatic and idealistic concerns were
raised. The issues established here continued to be
significant themes as general curriculum reform depat=
shifted back to the reform of the calculus curriculum.
Young (Ralston & Young, 1983) raises the issue 0I who
was taking college level mathematics and for wnat purgtses.

One conclusion he reaches is "that vast numbers of pec

He)
} 2
m
s}

Studying mathematics who are not going into tradit

-

fields that use mathematics. The process is mcre

b
M
wn
n
)

of control" (p. 25). The homogeneity of academic goa-s

9]

mathematical preparation of earlier generations of first ve
College mathematics students has disappeared.

Wilf (Ralston & Young, 1983) discusses with remarxagclie

Prescience the potential for change in the classroom 1mplic:

in current and soon to exist technology. He discusses

symbolic manipulation programs (SMPs). Not cnly does &e
corsider the impact SMPs will have on curriculum conten
he predicts the existence and capabilities of calculators
with SMPs. Wilf's paper began a continuing discuss:
what can be done and what should be done with technol

Che mathematics classroom.

Papers by Lochhead, Greber, Norman, Zionts, Scher.ls

m

Shaw (Ralston & Young,1983) bring forward the issue c¢i how

college mathematics are often service courses. That is,

mathematics courses are taken by students so that they will

17
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have the necessary technigques and knowledge to pursue studies
in other academic disciplines. The gJuestion is what are the
mathematical needs of students in varying fields of study.
The "client" disciplines discussed were the physical
sciences, engineering, social sciences, business and
management, and computer science.

Steen (1983) submitted a provocative paper on develcping
mathematical maturity. The ideas in this article recur
fregquently throughout the calculus reform debate.

Steen cites the abilities to "to glean the essential
structure from a complex situation" and to "tc create new
ideas by effective use of o0ld ones"” as indicators of
mathematical maturity. His criteria for mathematiceal
maturity include the abilities: 1. to use and interpret
mathematical notation, 2. to express real world problems in
mathematical form, 3. to perceive patterns and apply
principles of symmetry, 4. to estimate and solve procblems by
perturbing the data, 5. to generalize, 6. to detect anc
avoid poor reasoning, 7. to see and use relationships among

various parts of mathematics, and 8. to read and understand

mathematical writing (Steen, 1983, pp. 99-102).

18



Steen (1983) 1links the study of calculus to the develoomernt
of mathematical maturity when he writes:
Realism compels us to recognize that certain types
study reinforce better than others the development
mathematical maturity.
There are some compelling reasons for the widespread
belief (among both mathematicians and scientists) that

calculus develops mathematical maturity better than most
other subjects. (p. 102)

After explaining why the study of calculus is so well
suited to promoting mathematical maturity, Steen laments,
"Calculus in the classroom, however, 1is not the same as
calculus in the philcsophy book” (p. 103). Calculus as itz 1is
taught today, in Steen's opinion, stifles mathematical
maturity rather than encouraging it. Steen's position
presaged the one adopted by later curriculum reformers:
calculus should retain its central role in the freshmarn
mathematics curriculum, but it must change so that the
students have a much deeper understanding of the subiect.

Kemeny (1983) talks about the impact of computers on

teaching practices. He words his message strongly, statin

W\

"the form of the first two years of math teaching and the use

of computers in the classroom cannot be separated" (p. 2{%).

ct

To illustrate the arbitrary nature of some of the tradliticnal

approach to calclus, Kemeny offers as an example the

anticipated correct answer to the problem of evaluating
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J eX dx. The exact, closed form answer is el - 1. Xemeny
0

challenges the reader to approximate this answer to one

-

«Q
m

significant figure. Kemeny points out that the inte
itself is an exact closed form. There 1s little difference
between evaluating the integral using the numerical

integration capabilities of a computer or calculator or wi
evaluating el3 - 1 with such a device. Kemeny (1983) comments

on his example:

I do not mean that [the example] as a joke - I mearn 1t as
a deep remark about mathematics, one that I overlocked Ior
a large number of years. Now the question is, 1f you have

two forms that are exact, why 1s one preferable to the
other one? And 1f you think about that particular
example, I think it's very easy toO reconstruct the reason.
We did not have computers but had tables of e*. Even
today [1982]) there may be some advantage; you may Dde able
to use a pocket calculator instead of a computer on ell
1. But the numerical integration takes less than a seconcd

on a computer. (p. 204)

In summary, advances in technology, especially ir
computing devices, and the advent of the Information Ace
resulted in challenges to the relevance of much of the
mathematics taught in the first two years of university.

Participants at the Williamstown Conference believe that an

appropriate revision of the curriculum would involve

0

[

replacing calculus with topics from discrete mathematics.

)

their discussions they set out a number of issues which later

had to be addressed by calculus revisionists. Chief amonc

these issues are the changing academic demographics cf
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freshmen, the perceived needs of client discipiines, tne

possible changes that new and future technology might drin

kO]

(@]

to what 1s taught and how it i1s taught, and overcoming the
inherent difficulties in implementing any curriculum revisicn

on a large scale.

The Tulane Conference

At a conference held two years after Williamstown,
Maurer (1985) notes that little had happened in the
establishment of discrete mathematics early in the
undergraduate curriculum. Indeed, speaking about schocls whe

had received funding to implement discrete mathematics

)

courses, he says, "They have no problem in introducing

discrete course (just lots of work to produce text

materials), but their commitment to reducing the calculus
seems to be eroding”™ (p. 259). The debate had swung from
replacing calculus to improving calculus. Many cf the

issues, however, remained the same.

The man who organized the Tulane Conference, Professcr
Ronald Douglas, was reacting to the criticisms of the
calculus centered curriculum raised by the Williamstown
conferees. He reviews their arguments and conciudes that

they were wrong, "Calculus is as important as ever."
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But Douglas (198¢) adds to this:

There is an overwhelming case for calculus remaining as
the core of the undergraduate mathematics curriculum.
But, along with all of this, I realized just how much
introductory course had changed, how much it had erode
the nearly three decades since I had studied it. Altho
I could advance many reasons for this, I decided that
had little interest in focusing on the causes or =

r.
continuing to participate in the "calculus versus finite
mathematics"” debate. Rather, I felt compelied to try to
improve the way calculus is taught at American cclleges
and universities."” (p. 1iv).

The conference/ workshop was held in Januery, 1989 at

Tulane University in New Orleans, Louisiana and involivea

twenty-five participants. The three workshcps that reportes

back to the conference dealt with three aspects of curriculium
implementation: course content, teaching methods ana
implementation of the new curriculum.

The Content Workshop developed, among others, a svlilabus
for a Calculus I course intended for a general audience. The
design of this syllabus took into account twe ¢f the issues
already raised: the diverse nature of the freshman student
population and the fact that, for many students, Calculus I
would be the last mathematics course taken. This syllabus
had a number of features that are being implementec tcday in

a number of calculus reform projects.
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The committee reports on its Calculus I syllabus:

Noteworthy features include emphasis on functions that are
represented graphically (such as a curve on an
oscilloscope or the Dow-Jones average) or numerically
(from a table of data or a "black box" caliculator),
extensive use of hand calculators with "solve" and
"integrate" keys, reduction in precalculus material
de-emphasis on limits and continuity, and a reorgani
that allows treatment of all the elementary function
(including trigonometric, exponential, and logarithm
from the first week on. (Douglas, 1986, ». vii

be

3
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In discussing the goals of the first year calculus
course, the committee listed a number of objectives which
echoed Steen's criteria for mathematical maturity But
significantly, the committee added as an objective that
"students must be made aware that calculus 1s not taught Icr
its own sake" (Douglas,1986, p. ix). The past and present
relevance of calculus to the way we see and deal with —he
physical world must be made clear to the student. 7To
accomplish this, the committee included "honesty davs" in the
syllabus where time 1is incorporated into the course structure
where the importance and relevance of the central concepts oF
calculus are made explicit.

One part of the conference was a workshop on teaching
methods. After establishing the need for revision in the
teaching methods employed in calculus courses and listing the
goals for the course, the workshop committee begins a
discussion of "What it Takes to Do the Job Right" (Douglas,

1986, p. xvi). Here the committee brings forward the idea of
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the calculus course as being, in some sense, a lancuage

by

e

course (mathematics as the language of science). Cne o
goals for a calculus course is tc develop precisiorn in
written and oral work. Meeting this goal reguires
substantial change in the tasks assigned students.

Another matter on which the committee strongly acreed
was that mathematics learning at the freshman stage reguired
extensive feedback on the work being done. The commit-ee,
however, qualifies its recommendations by stating
pragmatically, "Unfortunately, many mathematics devartments
do not have the resources to teach the kinds of calculus

courses described" (Douglas, 1986, p.xvii).

(@2
[G]

The teaching methods committee makes a comment tow

—

[ol]

the end of the report which seems particularly pertinent tc

my research project. They say:

Finally, we need to know more about what students l>earn ir
their mathematics classes. ... More detailed research o
students' mathematics learning would be helpful, both =2
tell us about current difficulties in instruction and T2
suggest ways that might help us to improve. (Douclzs,
1986, p. xx)

N
P

In his opening remarks at the conference, Douglas (188%)
talks about three problems of calculus instruction. He says,
"At most places, teaching calculus is viewed at best as an
unwelcome chore by both young and old faculty...Few, I anv,

undergraduate students are inspired to major in mathematics
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mathematics as a result of their calculus course”" (p.ltz).

Neither the instructor nor the student are finding the cour

0]

e
enjoyable. Douglas argues that this 1s because of thne
"larger and different mix of generally less well-prepzred
students" taking calculus today and, secondly, calcuius 1s
taught "as though it could be learned passively with little
contact between student and instructor” (p.19).

Epp (1986) identifies an aspect of the calculus course,
often identified as the "rigorousness"”", as beinc a barr
student understanding and enjoyment. Epp was responsiple fcrx
developing a transition course in mathematical reasoning frcm
calculus to higher-level mathematics classes. She says:

We had found that students were entering our higher-level
classes woefully unable to construct the most simp.e
proofs. I came to realize that many of my students'
difficulties were much more profound than I had
anticipated. Quite simply, my students and I spoke
different languages. (p. 41)

Later, Epp (1986) notes that the calculus Itseif, with
its many definitions, theorems, applications, notatior,
abstraction and logical complexity can be a formidabie
challenge to students lacking sufficient mathematical

maturity (p. 46).
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There is an "intellectual gulf" between caiculus
students and their instructors. Epp (1986) comments

tellingly on two different responses to this gap.

Professors react o the gulf between themselves anc the.r
students in different ways. One reaction is to ignocre °t,
to state the definitions and prove the thecrems as 1f the

students would understand them and were mature enough o
be able to derive simple consequences (such as procblem

solutions) on their own....Another response, widely

adopted today, 1s to expose the basic concepts of cal
at a moderately high level emphasizing intuition, but
focus primarily on skills, and only test students on
ability to perform certaln mechanical computations =
response to certaln verbal cues. In this approach ©
vast majority of students indulge their prcfessors b

intuitive explanations and the professors repay thelr

students' courtesy by making their explanatiocns brieZ,
spending lots of time demonstrating procedures to sc._ve

rote problems, and never asking students to do anything on
an exam that regquires genuine knowledge o0f concepts. (ro.
47-48)

In this paragraph, Epp spells out one of the key
conundrums facing the calculus reformers. Should calculus ne
taught at the level of student preparedness? In which case,
perhaps only mechanical skills and "mimicry math" are
possible. Or should standards be maintained and "surviva. of
the fittest" be the rule of the calculus classroom? Epp
maintains, "To a much greater extent than 1s currently tne
Case, there is a need to respond to students' lack oI
Sophistication, not by giving up but by helping them” (p.
50) .

After offering a number of specific suggestions for

modifying the current calculus curriculum and instructiorn,
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Epp concludes that the implementation of her suggestions
would make it impossikle to cover all the standard topics.

She echoes the conference theme, "If it comes to a choice,

will we settle for superficial knowledge c¢f a lot or deeper

understanding of less? Perhaps less 1s more" (p. 58).

Peter Lax (1986a) emphasizes the applied nature of

Ccalculus. He speaks of the relevance of calculus toc current

areas of research in applied mathematics (Lax, 198¢a, pr. -

2) and how an emphasis on computing and applications car ke

used to enhance the teaching of calculus ( Lax, 19%6b, rc.
69-72) . Calculus should be taught by those actively usinc
in their research. Numerical methods should have a more
prominent role in the first course than the traditional
"magic in calculus" techniques such as a number of methods
integration. The calculator and computer shoulc be used to

motivate and involve the student in the calculus classroonm.

Peter Renz (1986a) addresses aspects of cne ¢f the key

elements 1in the reform debate: the calculus text. Rotn the

(]

adherents of discrete mathematics and the calculus reformers

agreed that the successful implementation ©of a revisead

Curriculum hinged on the existence of "high guality texts

that define the courses, that convince faculty c¢f the merits

b

0f such courses, and that make it possible to teach zhe

q

Courses with predictable success using diverse faculoy"

27
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(Garland & Kreider, 1983,p. 209). Douglas (198¢), speaking

about existing calculus texts, says:

Everyone 1is dissatisfied with the current crop <¢f calculus
textbooks. Yet, if an author writes and manages Lo ce:
published a textbook which is a little different, most
colleges and universities will refuse to use it. How can
we break out of this cycle? (p.13)

Renz speaks of the forces 1in academia which lead to
uniformity in large ccurses such as calculus. Calculus
Curriculum is often determined by committees, which tend
Ttowards conservatism. As a service course for upper-level

science and mathematics courses, freshman calculus must meex
the perceived needs of many groups. The client faculties and
Courses which use calculus expect a "uniform and deperdable
product™.

The textbook as a source of current dissatisfacticn wizh
Calculus instruction and the textbook as a means of
implementing curriculum revision are themes which continue
throughout the calculus reform debate.

The last half of Toward a lLean and Lively Calculus is

devoted to discussion papers. At this stage of the
Curriculum reform movement, many of the issues have been well
€stablished and already introduced into the debate. My
Teview of this material focuses on identifying varticularly
lucid explanations and illustrative examples.

Renz (1986b) maintains that "it seems almost certain

that tomcrrow's caliculus students will be less facile with
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algebra and trigonometry than were the students for whom the
traditional calculus course was designed” (p. 107). Paired
with this lessening of skill in symbol manipulation is change

in the students' attitudes. Renz (1986b) says:

My students today are less familiar with these basic
algebraic and trigonometric formulas than were my previcus

students. Furthermore, today's students also seem _.ess
concerned that they be shown a coherent derivation oI the
results of calculus. ... They correctly infer that

calculus itself must be correct because 1t seems tc have
worked well enouch for generations of mathematiciens,
scientists, and engineers, and they see their prorlem as
simply one of mastering the formulas of the subiect and
how to use them. (pp. 105-106¢)

Renz suggests that what 1s needed are "compelling ways
to make the basic results of calculus directly obvicus To the
Students” (p. 106).

He continues by distinguishing between slow calculus

courses, a careful and rigorous introduction to the

mathematical foundations of calculus, and a quick calculus

1

which gives the students necessary techniques and concepts

for studying engineering and the physical sciences. Ren:z
argues that there is not enough time in an introductory
Calculus course to cover the methods and applications

demanded by the client departments and to give a rico

~

ous

Q2

5

basis for the techniques covered. Each course, slow and
quick, are appropriate for certain student populations, put
in general, Renz (1986b) maintains that "every effort should

be made to find less complex and subtle assumptions t©o
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underlie the methods of calculus taught in the introductor;
Course” (p. 109).

Stephen Rodil (1986) views the problems with calculus
instruction as resulting from benign neglect of undergraduate
teaching by mathematicians, rather than inappropriate
textbooks. Rodi is of the opinion that guality of teaching
1s not a priority in many university mathematics departments.

Rodi (1986) comments on what the role of applications :in

introductory calculus courses should be. He says:

A real danger when research mathematicians teach calculus
to freshman and sophomores is forward projection: the
tendency for the mathematician to look ahead tc the next
generalization (the class of Riemann integrable functions
as a precursor of Lebesque integration) rather than ook
back to the kind of concrete problems which gave rise =tc
calculus in the first place and which are necessary Zor
student understanding. Insistence on dealing with
practical applications purposely woven 1nto the course can
offset that bias. (p. 123)

Rodi concludes his paper by cautioning against over
Zealous pruning of the calculus course. A more compact
calculus course would end up as "a sort of highlights of
Calculus” which would not foster real intellectual growth in
the student. 1In particular, he warns against relegating all

Computational techniques to calculators and computers.
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Rodi (1986) argues:

In the rush to pre-packaged programs, we need tc be
careful not to toss out the baby with the bath water. n
devoting two or three classes to methods of integration,
cne 1s doing far more than developing a mechanical skill.

The real, perduring learning here is the analysis c¢f
patterns, the recognition of the structure of integrands,
the ability to choose the proper tool (be it substituzion

(NI

or partial fractions) to attack the problem. (p. %

Hh

Small and Hosack (1986) write about the potential ¢

Computer algebra systems (called symbolic manipulation

th

programs elsewhere) in changing the teaching and learning o

@]

Calculus. The authors maintain that routine algorithmi
manipulations are emphasized in the traditional mathematics
Curriculum at the expense of conceptual understanding.
Computer algebra systems allows for several improvements in
this situation. Students using such programs would have more

Cime to concentrate on problem solving processes. They could

ot

m
4

M

WOork on a greater variety and quantity of gquestions.

o))

draphing capabilities of such systems would allow the grach
to be used in the analysis of a function, rather than having
the graph generated through the analysis of the function.

Use of computer capabilities allows the student to develor an
€Xperimental attitude towards open ended problems. The
amalgam of the possibilities listed would change student
Peérceptions about what is important in mathematics and wha=

it is to do mathematics.

31



Many students are unsuccessful in a caiculus course

because of their lack of proficiency in algebraic skills. In

the opinion of the authors:

-—

[Computer Algebra Systems] can offer these students

opportunity to comprehend and work with the concepts o
calculus at a meaningful level. Furthermore, their wo
with the calculus may provide the necessary motivatiorn
them to remedy their algebraic deficiencies. (Smal. &

Hosack, 1986, pp. 151-152)

I3 +h (D
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Stevenson (1986) writes about what the physical sclence

"clients" might want in a revised calculus curriculum. He
notes that "physics has a significant difference from
mathematics in that it is an empirical sclence and cannc:
stray too far afield from observations" (p. 182). The
mathematics needed by the physics student i1s the type most
likely to be espoused by the applied mathematician.
Stevenson (1986) speaks in favour of "the presence o0f the
geometrical interpretation of calculus with frequent
reference to applications™ (p. 183). As well as being ab.e
to handle "sophisticated mathematical analysls and abstract
thought", the physical scientist must have a well ceve_cpecd
geometrical and intuitive feeling for mathematics.

Stevenson offers several suggestions for maxing tne
calculus a better course for science students. The faculzty
responsible for teaching introductory calculus shoula be

extended beyond the mathematics departments to "applied
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mathematicians" who may be enmployed in industry or come Ixcm
other university faculties such as engineering and physics.
Calculus must be presented through both a pure mathematics
approach and applications. Stevenscn recognizes that "a
danger does exist in stressing applications and intuitive
understanding to the exclusion of the beauty of mathematica.
logic” (p. 191). Calculus content should be determinec Dy
mathematics faculty only after "honest dialogue with other
disciplines including the physical sciences” (p. 1%2). Also,
textbook material must be modified. Stevenson arcues Zor

modular textbook and enrichment material "written by faculty

9z) .

[

with more interest in teaching than in research"” (p.
Ash, Ash, and VanValkenburg (1986) speak about calculus
for engineers and how ineffective introductory calcu.lus

courses are in teaching engineering students how to use

mathematics. They identify as a primary culprit the emphasis
on formalism. Students, they maintain, "simply will not
learn the formalism" found in most textbooks; "the better

Students will succeed in reading around the abstractions, so

t+h

that the textbook at least becomes useful as a source o

examples™ (p. 227).

O
Fh
ot
—
]

Steen (1986) outlines many of the primary issues

ct
ry
]

calculus reform debate in a list of guestions. Among
issues are the idea that perhaps too many students are

studying calculus; students should have prerequisite skills
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before studying calculus; calculus 1s used, perhaps no:
always appropriately, as a filter for professions; students
are not really taught the essential ideas of calculus, bu:
are offered cookbook courses which over-emphasize closed-Zorm
formulas. The calculus curriculum must react to tne impact
of computers on what is appropriate in mathematics, what
topics are appropriate for calculus and what activities are
appropriate for the students. What role does the textbook
have in the teaching and learning of calculus? Should
calculus be a course to train the mind; convey culrura.
and/or scientific literacy; or to prepare students Icr client
disciplines. The teaching of calculus can be regarded as a
laboratory course or a foreign language course. Who shouid
teach the calculus and from where do these gualifiecd
instructors come? What will the calculus be like in the vear
20007

At the end of five days, the twenty-five participants in
the Tulane Conference had established the parameters oI the
calculus reform debate. Momentum for reform Increasec
dramatically, resulting in a national colloguium with over

$ix hundred participants in October of 1987.

The Calculus for a New Century Colloguium

The National Colloguium on Calculus for a New Century
was held at the National Academy of Sciences in Washington,

D.C. on Jctober 28-29, 1987. Over six hundred professionals
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with a stake in calculus instruction participated.
calculus reform movement was very much on the main stage c¢f
North American educational issues.

Peterson (1987) reported on the conference:

Calculus is big, important - and in trouble. This was
of the messages that came out of a recent conference at
the National Academy of Sciences in Washington, D2.C. on
the future of calculus education. The meeting attracted
more than 600 mathematicians, educators and other

professionals worried about the state of calculus

teaching. The large attendance reflected a growing fee
that something ought to be done to reform the way calc

is taught. (p.317)

}-
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The colloguium did not of itself raise new 1ssues i1n the

calculus reform debate. Many of the arguments from the
Tulane conference were echoed and refined. Supporting
statistics were provided in some instances. But the

essential parameters of the debate had been established
earlier.,

Following is a brief review of those aspects of the
conference that were most relevant to my study.

Tucker (1988) spoke about the calculus class as =z
"captive audience” from which the mathematicians and

Scientists of tomorrow can be identified and cultivated.

Tucker projected, however, that without improvements in

Calculus instruction the teaching of calculus would move zaway

from college mathematics departments to secondary schocl

Classes «nd to client disciplines. Special mention was made
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of The Calculus Tutoring Book published by the Institute fc

s

k]

Electrical and Electronic Englneering, a caiculus textboo
written by engineers for engineering students.

A substantial part of the colloguium was cevotecd tc the

views of client disciplines. Morawetz (1988) set the tone
for this discussion by suggesting the slogan, "Everycne wio
can learn calculus should learn calculus” (p.18).

Representatives from engineering, biology, management

- .

sciences, the physical sciences and physics i1tself all ag

ts

eed
on the importance of calculus in their disciplines, but alsoc
argued unanimously for the need for change.

Starr (1988), a historian, espouses the view that
calculus is part of the core learning that every educated

person should have. In response to the questicn "Why study

Calculus?", he replies to a student, "If Newton could Invent
it in his sophomore year, [you] can study it in [yours!" (o.
35). Starr suggests, "Calculus has to do with thinking, with
Concepts, with the core of a liberal educaticn” (p. 35).

The Calculus for Physical Science discussion group
debated the role of intuition, calculation and procf in the
first semester of calculus. Epsilon-delta proofs were almost
Universally targeted for elimination. A reduction in
derivative calculations and an increase in work on
Qualitative examples and numerical methods was encouraged.

The role of proof, either formal or intuitive, Decame a ooint
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of debate and no consensus was reached. Technolocy, the
group decided, was here to stay. Tt should be used bu:z
should not completely replace pencil and paper exerclses.

Retraining teaching faculty to use technology was a con

O

The Calculus for Engineering Students group was
particularly concerned with the diversity of incoming
students. Pre-testing and placement programs were thnought
reasonable and effective measures. Pre-calcuius courses we
preferred over splitting into "hard" and "soft" calcuius
Courses.

Groups for the Life Sciences, for Business and Soclal
Science Students and for Computing Science spent much of

their time discussing what type of mathematics was

appropriate and necessary for their disciplines. The feelirn

err.

felel

re

was that maybe calculus was not the mathematics prereguisicse

needed for their courses. One group noted that they were
"with few exceptions, composed of college and high schcool
mathematics faculty. As "providers" rather than "users” of

calculus courses, the group sensed a need to learn from

R

e in

[

social scientists what, in fact, their students recu

Lo

their mathematics courses" (Brito & Goldberg, 1988, pp. ¢
10 .

The size of calculus classes and who teaches them were
issues that had been discussed from the beginning ¢f the

reform debate. One discussion group spent their time
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examining the role of teaching assistants in & "lean and
lively" calculus. Another group addressed the issues I1nvolved
in helping students from minority groups to becocme mlre
successful in their studies. A third group pointed out tnat
there was no provision at the colloguium for discussion of
research and development on the teaching and learning o
calculus.

Lathrop (1988) adds to the topic of what calcuius
should be taught to engineering students by discussing Two
variations of what he calls the "chicken and the ecg
problem"”. Variation one is that engineering and appliec

physics are best taught using calculus. But, Lathrop

e
[10]

maintains, calculus is best learned by students workil
through examples in subject areas which require a pricr
Understanding of the calculus. A second timing problen
Occurs when first year calculus students are subjectec to an
emphasis on proving theorems and studying pathological
functions. These topics are not needed immediately Dy
€ngineering students. Lathrop suggests a much greater degree
of coordination between the mathematics and physical science

COurses taken by the students.

n

Two articles, "Calculus Reform and Women Jndergraduate
(Hughes, 1988) and "Calculus Success for All Students”
(Malcolm & Treisman, 13588) add to the general reform

discussion in that underlying causes for fallure and
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Strategies for success that are uncovered for minority grcuos

Cend to be applicable to the student population at large.

There is & shift in these accounts from a Darwinian "surviwv

0f the fittest" classroom to a learning environment which
pPromotes success.
Anderson and Loftsgaarden (1988) write about the

"typical" calculus courses which are taught at large

<0
(5

universities. He bases his descriptions on data on a 19

survey on undergraduate programs in mathematics conducted cv

the M.A.A. The data shows that "calculus 1s overwreimiracly

the dominant mathematics course taken by undergraduate
Students in universities" (p. 159) The typical studen:
learning experience is described as follows:

Student learning procedures consist primarily of workin

textbook problems - usually several or many cf the same
sort - following model procedures given in the textboo
by a teacher. Thus students learn various penc..-and-
paper algorithms for producing answers to special types
problems. They customarily read the text c¢nly 0o Ifing
procedures for working such problems.

Student dependence on memorized procedures to produce
answers follows a similar pattern of learning in pre-
calculus mathematics. In calculus, however, 1t reguire

L
much wider and more readily recalled background
information.

The intellectual achievement for most studerts in _earn
calculus is, nevertheless, considerable. Trey nhave na
learn about new concepts much more rapidly than in ear

5 M
QJ

courses, and they have had to develop command c¢I a
and more diverse "bag of tricks". .... Unfortunate.y,
of the tricks in the calculus bag appear irrelevant in
age where the computer and the calculator are rapid
replacing paper and pencil as tools of the trade. (
160)
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The 1985 survey indicated that considerably less than
10% of the calculus courses offered at university made any
use whatsocever of computers.

Anderson and Loftsgaarden identify a number of factore

which might militate against curriculum reform. Amono tnese

vy

factors two proved to be of great signifcance to my researc
First, students are taking the course primarily to gain
access to the subjects they really wish to study.
Second,changing the calculus course from a procedures ccurcge
to a concept course will make it more challenging for many

Students and will generate student resistance.

Implementing Calculus Reform

Following the "Calculus for a New Century" symposium
significant amounts of "seed money" were made available
through the National Science Foundation to facilitate new

calculus projects. In September, 1989 the Calculus Reform

Committee on Undergraduate Programs in Mathematics selectec

ten projects on which to report.

These reports, abstracts of about seventy other prciects

and references pertinent to calculus reform issues werse
Published in Priming the Calculus FPump: Innovations and
Resources (Tucker, 1990). Following is a review of three of

the ten project reports.
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The project at Clemson University followed a tracitional
Calculus syllabus using a standard, widely adopted text. The
innovation in the Clemson program was the regular, freguent
use of a "super-calculator”, the HP-28S5 by the students. The
Primary concern of the project leaders 1s "in increasing
student interest, invoclvement, comprehension and retention of
the subject matter" (LaTorre et al., 1990, p.12).

In the single-variable calculus course, little was done

to "reform the curriculum”. The course features extensive

t
n

anG a

evaluation and feedback (daily quizzes, five hour ~es

final examination). The calculators are used throughout the
Classes and without restriction on the tests. The procject
leaders report that, "The classes are lively and the students
are involved" (LaTorre et al., 1990, p.1l4).

The reform project at Dartmouth College (Baumgartner &

M

Shemanske, 1990) does not involve radical changes in cours
Content or presentation. What 1s innovative in the Dartmou=n
approach to calculus is the use of computers.

Students in this project are expected to gain some

facility as computer programmers, using the computer as =z

Problem solving tool.
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The project instructors discuss two features critical -o

their approach to the use of computers.

The first is that the computing which we do is an int
part of the course. We do no demonstratiocorn just Tc d
something on the computer. ... The second 1s the zb
to respond to the student questions on the fly. T:
Students see that we pick up the computer as they woulid a
calculator, write a quick and dirty program, and get scme
insight into a problem. Hopefully, they are convinced o
do the same. (Baumgartner & Shemanske, 1990, p.27)

The project leaders have attempted to measure student
attitudes towards the use of programming in calculus courses.

omcutin

O

Student responses varied from thinking that the

QY

helped their understanding of concepts greatly to those whe
Complained bitterly about having to program in a mathemazics
Class.

Interestingly, there is anecdotal evidence that students
who have taken a traditional calculus course in high school
find this new approach more work than those without any

Calculus background.

p—

The project at Purdue University 1is partic Y

ular
Concerned with pedagogical reform. The project report

authors state:

The centerpiece of our project philosophy is the
development of an emerging theory of how students learn
mathematics. According to this theory, students need to
construct their own understanding of each mathematical
concept. Hence, we pelieve that the primary role of
teaching is not to lecture, explain or otherwise attempt
To "transfer” mathematical knowledge, but to create
Situations for students that will foster their making the
Necessary mental constructions.

(Schwingendorf & Dubinsky, 1990, p. 176).
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The project developers worked closely with client
departments, talking with faculty ana reviewing their
textbooks, in order to determine what calculus was actua-ly
used in these disciplines. Experimental sections were
established for two student populations: those in
engineering, mathematics and physical science majors anc
those taking management, social science and life science
courses. Rather than complain about the lack ¢f homogeneity

in their student populations, the project developers claimed,
"Variations in student attitudes are helping us Lo s3yntheslize
a2 robust approach to teaching and learning calculus”
(Schwingendorf & Dubinsky, 1990, p.177).

The classroom focuses on a "Socratic lecture" apprcach
in which small groups work on problems and bring thelr
thoughts back to the group as a whole. Students are
responsible for a number of "pencil and paper’ homework
assignments. There are class tests and a final examinaticr.
The tests and examinations are open-ended with respect to
time and the guestions involve many that are non-routine,
some of which are of the essay type. Teaching assistants care

Present not only in the computer laboratory, but also in the

Classes. The project report authors comment:

The situation often becomes one of students and TA's
working together to figure something out. We feel that
this is an important part of the overall atmosphere cof cur
course. (Schwingendorf & Dubinsky, 1990, p. 183).
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The calculus refcrm projects reviewed 1in Priming the
Calculus Pump display a wide variety of responses to the
issues raised throughout the decade. Technology impac-s on
both pedagogy and curriculum content. In some venues
Programming is deemed to be an essential element of the

learning process (Baumgartner & Shemanske, 1990, Brown, Portsa

&]

and Uhl, 1990); at other campuses computers are simply tool
for accomplishing specific tasks (Callahan et al, 199C; Hof:
& James, 1990; Ostebee & Zorn, 1990). For some, computers
Wwere available only at specified times in specifiec locations
and used only for specified tasks (Schwingendorf & Cubinsky,
1990) . For others, computers were present in all aspects of
the course (Brown, Porta and Uhl, 1990). The technolcgy
employed ranged from hand-held super-calculators through to
Networked work stations employing very sophisticated
Ssoftware. The intent of integrating technology into the
Calculus course ranged from allowing computer demenstrations
in the lecture theatre through laboratory projects which
allow students to explore and discover mathematics tc &
Complete redefinition of the role and nature of the textbook.
Content reform ranges from supplementing the traditional
Curriculum with new materials such as projects and
laboratories through "lean and lively" curricula which
dropped topics in order to gain the time necessary to teach

Conceptual understanding to a complete rescheduling and
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reworking of the standard topics. Content refcrm was decided
upon sometimes indvidually, sometimes at the departmental
level, and, in some cases, after extensive consultation with
client departments.

Classroom procedures in some projects remain relatively
Unaltered. Elsewhere, group work and student exploraticn
Overtakes the "transmission of knowledge" format. Student
evaluation now includes significant writing in submittecd and
revised laboratory or project reports. Challenglng tasks are
set where students may use a variety of resources.
Expectations from the instructors are higher.

Content and pedagogy changes are supported by cfi-the-
shelf textbooks, locally developed assignments and
exposition, and software extensions. Future plans for many
Of the projects include the development of appropriate tex:t
Materials.

Many of the projects deal with specific student
Populations: high school students who had done some wor< in
Calculus; students in engineering, mathematics and the
Physical sciences; students in management, social ana _-ife
SCiences. Minority groups and women are not specifically
targetted for any project.

Student reactions to the experimental courses vary

greatly. Some resent the increases in work, degree of
difficulty, and in time commitments. Others value the
45



perceived increase in understanding, the opportunity Ior
Personal involvement in the work, and the ncn-standard
approaches to instruciton and learning.

All of the projects are by thelr nature meore labour an

th
(@)

resource intensive than traditional calculus courses. rRe

n
197]
M

Projects will have to be intensively and critically asse
before they can be successfully sold to the mathematics

community on the basis of their merits.

Current Research Perspectives on Teaching and Learning

Mathematics

In the latter half of the 1970's there began a snhlft in

attitudes in the mathematics and science education researcnh
Communities as to what constituted appropriate research
Problems and methods. Prior to this shift, mathematics
education researchers had followed the lead of other
educational researchers by using the statistical mocdel Zfcr
their studies. The statistical model was adapted Ircn
€Xperimental, guantitative studies done in bioclogy anc
Psychology (Sowder, 1989, p. 13). There has been a genera.
Sense of disappointment with the results of these stucies
which have been characterized as "high-rigour, low
Significance" research whose results lack relevance tc The

Classroom teacher. (Howson & Wilson, 1986, p. 85; Sowder,

1989, p. 17).
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The epistemology underlying these investigations was

€ssentially positivism: variables were isclated and

Hh
s}
!

b

manipulated systematically to demonstrate and/or ver

immutable, objective causality among elements in an atomized
learning scheme. This choice of research model was dictated
Mcre by a desire to remain within the tradition of the
educational research community than by a commitmenz of
individual researchers to specific conceptual frameworks.

As researchers focused more on the thecretical
Constructs which directed their investigations, the nature of
the research changed. Sowder (1989) describes the motivation

for this shift in research paradigms.

These conceptual frameworks have originated with European
researchers and educators, who have a greater tendency
than Americans to develop elaborate theoretical
discussions that emphasize interpretive understanding.
Mathematics educators have been attracted to more
interpretive research approaches, in which investicatcrs
do not attempt to stand apart from the educational
encounter so as to make an objective assessment ¢ what 1is
happening. Rather, they enter the classroom and try to
participate in that encounter so that they can capture and
share the participants' understanding of what they are
teaching and learning.

Along with the view of research as interpretive
understanding has come a greater interest in the use ¢
qualitative research methodologies borrowed from
anthropology and sociology. Much of this interest arises
as a reaction against the behaviourist program oI
scientific inguiry that avoids interpreting overt
behaviour in terms of internal cognitive processes. Much
of it also comes from disillusionment with the
generalizations produced by the behaviorist program and
their lack of relevance to the work of mathematics
Leachers. When researchers participate in the educational
encounter, they enter into a dialogue with teachers and
Studencs that can begin the process of making their
concepts and findings available to practitioners.

Fa
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Qualitative research methods that do nct depend on
esoteric statistical manipulations of data appeal

researchers today and also do not seem s¢ intimida
teachers. (pp. 16-17)

-

-
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Silver (1990), ccmmenting on the relationship betwveer
educational research and actual educational practices, speaks
of two perspectives that have gained recent adherents among
Mathematics education researchers:

Another theoretical perspective that has permeated the
mathematics education community 1s a very general form
constructivism in which it is acknowledged that st
actively and personally construct their own knowl
rather than making mental copies of knowledge pos
and transmitted by teachers or textbooks. (p. 7)

n O ¢
D 2

Later, he adds:

In recent years another research perspective has emerged
that may by useful to practitioners - namely,
apprenticeship. The apprenticeship ncotion emerces Zrom
the literature of anthropology.

The apprenticeship view also suggests that a ma:
0f school mathematics 1s to develop in students
of thinking and the points of view of professio
field; that is, the goal is learning to thilnk
mathematically. (p. 8)

3

v

Mathematics research has opened itself to the

POssibilities of gualitative, interpretive studies. The

Who moves from novice to expert through the personal
Construction of concepts. A third element in recent research
is the contextualization of learning, the social and culzural
influences on teaching and learning.

D'Ambrosio (1985) speaks of ethncmathematics as sz

Subject that "lies on the borderline between the his

ct
O
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Mathematics and cultural anthropology" (p.44). He
distinguishes between mathematics taught in school and that

which is actually practised outside of school.

Mathematics 1is adapted and given a place as "scholarly
practical" mathematics;i.e., the mathematics which 1
taught and learned in schools. In contrast to this
will call ethnomathematics the mathematics which is
practised among identifiable cultural groups. (D'Ambrosic,

1985, p. 45)

S
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Later, D'Ambrosio (1985) adds a comment of particular
Significance to this study.

We may go even further in this concept 0 ethnomathemazics

to include much of the mathematics which 1s currently

practised by engineers, mainly calculus, which does no

respond to the concept of rigor and formalism develops

academic courses of calculus. (p.45)

Large-scale, naturalistic studies of science educatior

Were conducted as early as the mid-1970's. The (Case Scudies
in Science Education by Stake, Easley and assoclates (1¢7§)
1S a notable example. The authors did, however, spend za
Jreat deal of time explaining and defending their research

Methods.,

Smith (1982) and Rist (1982) wrote articles on tihe

09)
<,

dppropriate use of qualitative research in the sciences.
1987, gqualitative research had become mainstream 1in
€ducational research. Smith (1987) writes:

This paper constitutes a slight departure from editorial
policy for AERJ [American Education Research Journalj. Far
from contributing to general knowledge through empirical
analysis, this paper 1s meant to serve a self-referent and
Practical purpose. It is meant to signify to the
discipline that manuscripts based on gualitative research
are being welcomed by AERJ editors. (p. 173)
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Although gqualitative research activities have gained
géneral acceptance in the mathematics education research
community, there 1s some question of how much research of
this nature has actually been undertaken. Silver (1990C)
qualifies his comments on the extent to which constructivism
Nas taken hold by saying, "many would agree that a deec
appreciation of the constructivist approach has yet tc take
Nold in the larger mathematics education community" (p. 7).
Eisenhart (1988) comments specifically about ethnographic
research.

During the past 10 years, there has been considerable
discussion in the educational research community about =he
value of ethnographic research. Although the discussion

has increasingly cast ethnography in a favorab.ie light,
there remain clear differences in the research activities

0f ethnographers and educational researchers. Relatively
few educational researchers have actually undertakern
ethnographic research. (p. 99)

Further on, she comments specifically on mathematics

€ducation research.

Q2

Numerous mathematics education researchers (I am thninkin
particularly of constructivists, of those interestec in
what teachers or students are thinking and actually doin
in classrooms, and of those interested in the social
context of mathematics education) are posing guestions for
which ethnographic research is appropriate. However,
these researchers tend to use case studies, in-depth
interviews or in-classroom observations without doing what
most educational anthropologists would call ethnographic
research. (Sisenhart, 1988, p. 99)

Q2

Ferrini-Mundy and Graham (1991), writing specifically on
Te&search on calculus learning, substantiate Eisenhart's

Chesis, They claim that "most studies in calculus have Dbeen
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large-scale, quantitative attempts to model how attitudinal

and experiential variables affect overall performance"” and

that most of these studies "have had minimal influence or
understanding or performance" (p. 629). Constructivism and
Qualitative research are referred te favorably. "The use of

Jqualitative technigues allows the researcher Lo generate &
More viable model of the student's learning process than the
More traditional guantitative methods" (p. ©62%). The
Jqualitative research technigues listed, however, are the
Clinical interview, the teaching experiment, and the analysis
0f student errors. These technigques do not yield a "holistic
depiction of uncontrived group interaction over a perioc cf
time, faithfully representing participant views and meanings"
(Goetz & LeCompte, 1984, p. 51) that one could obtain using
€thnographic methods.

The ethnography of a calculus class 1is a reasonable

Project, but it had yet to be done.

A Search for Prior Related Studies
The literature suggested that such gualitative studies
4s had been done on the learning of calculus had fccused cr
individuals in isolation rather than on learners in the
Context of the micro-culture of university students. Over

T . 5 : .
he Course of this study, I undertook several lliterature
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Searches to verify that no research similar to mine had
already been undertaken.

In November, 199C I performed an ERIC search tnrcugh the
Computing services at Simon Fraser University using the
Single decriptor Calculus. None of the articles retrieved in
this search reported on a naturalistic description c¢i student
€xXperiences. The ERIC search was updated manually in AZuvgust,
1992 with similar results.

A review of Dissertation Abstracts International Irom
1980 to 1991 was conducted in August, 1992. The descriptors
Used in this search were Educ-Calculus-Ethnography-NMath.
Several dissertations had indeed been published reporting
Teésearch using ethnographic methods to study ccllegce ana
University classes. (Contreras, 1988; Cooper, 1979; Dcdge,

1983; Jorde, 1985; Kim, 1990; McLaughlin, 1986; Nuernberger,

t
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1982) . None of these studies dealt with calculus instruc
and in none of the studies did the researcher becomre involved
In long term participant observation.

The most recent literature search was a review I
Mathematics education research reported in 1292 (Suycanm &

Brosnan, 1993). Again, there were no studles reportecd thaz

lntersected to any sicnificant extent with my study.
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CHAPTER III
RESEARCH METHODS

Introduction

In this chapter I discuss the rationale for choosing to

ot

Use ethnographic methods in this study. Then there is a

N
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review of the type of data accumulated in my research an
Methods use to obtain them. The procedures for analyzing the
data are discussed next. In the last section of this

Chapter, I discuss the reasons for representing the analyzed

data in the manner I have in Chapter IV.

Selection of a Research Method

My choice of a research problem for this project was
influenced by my feelings for the significance and beauty cf
the subject of calculus, my perception and concern that
Students beginning the study of calculus at the university
Were not given experiences which would encourage them tco
Continue their studies and deepen their understanding, and by
My changing ideas of what mathematics learning couid and
Should pe.

My review of the literature shows that much has Dbeen
Written about what is perceived to be wrong with university
Calculus courses and that many prescriptive measures for

1MDroving the situation have been suggested. The voice of
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the student, however, 1is one which is not being hearc In the
current calculus curriculum reform depate. There 1s genera.
discussion of lack of preparedness on the part of the
students, not meeting the needs of the students, the
dissatisfaction of the students. But I find little evidence
that there has been much consultation with the students
themselves. The success of any curriculum reform, however
well intentioned and reasoned, will depend on the students.
This study would begin articulating the student perspective.
With this knowledge, the curriculum reformer would nave a
better sense of what should and could happen in the calculus
Class.

At roughly the same time as the "Crisis in Calculus"
debate was occurring, there was & shift in the accepted
Paradigms of mathematics education research. Mathematics
education research had been hitherto dominated by
Methodologies described as quantitative, positivistic and

formalistic and which parallels work done in biolegy and

PSychology. More recent studles have employed the methods of
anthropologists. Such methods have been called natura.istic,
descriptive and interpretive. I have come toc share the

distrust of many in the possibility of understanding a
Complex cultural setting through the isolation, manipulaticn
and quantification of prespecified elements of the situaticn.

Because a3 culture is made of people, understanding is ¢
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complete as one's understanding of the views and meanincs cf
the members of the culture. I intend that this study will be
interpretivist research. About this, Eisenhart (1988) says:

The purpose of doing interpretivist research,thern, is
to provide information that will allow the

investigator to "make sense'" of the worla from the
perspective of participants; that is, the researcher
must learn how to behave appropriately in that werld

and how to make that world understandable to
outsiders, especially in the research community.
(p.103)

New theories and perspectives on learning mathematics
Were also evolving contemporaneously with the use cf
anthropological research methods. The view of the matihematics
learner as the recipient of objective truth was Dbeing
Supplanted by the ideas of constructivism and
e€nthomathematics. My choice to use ethnographic methods ir
this study is based on these recently adopted perspectives on
the nature of knowing and learning. The student is not a
receptacle of objective knowledge, but does construct meaning
from the activities associated with the classroom/lecture
hall. The student does not learn in isolation. There are
Social interactions within the classroom and outside whicnh
Profoundly affect the student's construction of knowledge.
Also, there is evidence that the student's conception of what
is OCcurring throughout a course differs greatly from zhat
the instructor (Sowder, 1989, p. 26). The goal of

Mathematics education, implicit or explicit, 1is to facilizate
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the entry of students into the mathematical community at scme
level; to help the students become mathematicians.

Before becoming prescriptive, I believe 1t is important
to understand. Eisenhart (1988) contrasts the traditicnal
motives of mathematics education research : "How can
mathematics teaching and learning be improved?", with those
of educational anthropology: "Why 1s mathematics teaching and
learning occurring in this way in this setting?" (p. 130).

My contention is that these are not separate guestions, but
that the "why" question is prior to the "how" quest.on.

An ethnographic study of a calculus class would "provide
rich, descriptive data about the contexts, activities, and
beliefs of participants" (Goetz & LeCompte, 1984, o. 17).
This data would be of use to researchers and teachers, such
as myself, in determining how to improve and what to improve

1N the calculus classroom.

Data Collection
Eisenhart (1988) identifies four methods of data
Collection used by ethnographers: participant observation;
ethnOgraphic interviews; search for artifacts, and;
researcher introspection. I have attempted to use all four

Methods in this study.
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rarticipant Observation: Preliminary Considerations

The literature on ethnographic research methods
génerally agrees that researcher involvement in the field

(the culture under study) as a participant observer is the

Primary means of data acquisition. Becker (1958) describes

the work of the participant observer in the following way.

The particivant observer gathers data by
participating in the daily life of the group or
organization he studies. He watches the people he is
studying to see what situations they ordinarily meet
and how they behave in them. He enters into
conversation with some or all of the participants in
these situations and discovers theilr interpretatior
0of the events he has ocobserved. (p. 652)

Eisenhart (1988) cautions about the inherent tension between

Participation and observation.

Participant observation 1s the ethnographer's major
technique for being both involved and detached from
the topic of study. Participant observation is a
kind of schizophrenic activity in which, on one hnand,
the researcher tries to learn to be a member of the
group by becoming a part of it and, on the other
hand, tries to look on the scene as an outsider in
order to gain a perspective not ordinarily held cy
someone who is a participant only. (p. 105)

I discovered during the fieldwork portion of th
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that the researcher's location on the observation-
Participation continuum is not static, but evolves over the

Course of the study.
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Another aspect of being a participant observer tc¢ which
the ethnographic fieldworker must pay particular attention is
the role cf the researcher at any given time and situation.
Goetz and LeCompte (1984, pp.93-106) detail the issues that
Must be addressed. Among the multiplicity of rcles I assumec
in this study I was a graduate student completing research
for my thesis; a secondary school instructor who was teaching
Material identical to that in the course under observation; a
"fellow student" in the course completing assignments and
taking tests; a resource for students who wanted help with
their work in the course; a personal confidant for several of
the students, and; a "gadfly" encouraging students to explcre
the capabilities of advanced handheld calculators in learning
the material in this course. It was essential for me
throughout the study to try to identify which role(s) I was
accommodating when I made a particular observation.

The role in which I found myself in a given situation
a@lso impacted on the role of the participant(s) with whoem
Was dealing. "Ethnography is one of the few modes of
Scientific study that admit the subjective perception and
biases of both participants and researcher into the research
frame" (Goetz & LeCompte, 1984, p.95). The interactive and
Subjective nature of participant observation became
abundantly clear to me as the study progressed. Goetz and

LeCompte (1984, pp. 99-101) talk about the need for an

58



t
't

+ ~
~

™
;

ethnographer to develop the facility to move from cne s
roles to another, as is appropriate. The authors speak cf
boundary spanning as the ability to participate actively ir
the various cultures that necessarily impinge on the
Iesearch. 1In this study, boundary spanning skills were
Particularly significant because of the multiplicity of
backgrounds the participants brought with them.

Exactly what data was I supposed to obtain as a
Participant observer? Goetz and LeCompte (1884) describecd ny
Situation quite accurately.

Researchers unfamiliar with ethnography cften express

dismay at the prospect of attempting to record
everything happening in a social situatilon, cultural

scene, or institution group. Likewise, novice
ethnographers express frustration at their inability
to "get it all down." (p. 111)

Goetz and LeCompte follow this statement by admitting the
goal of "getting it all down" 1is unrealizable and by
Providing a framework which I could use in focusing my
Observations. Intrinsic to the nature of ethnographic
Tesearch and its purposes is that some of the areas of
Observational focus that I began with would change as I
learned from my fieldwork experience. This was indeed the
Case. Some observational themes remained constant in my
fieldnotes throughout the course. Other themes disappeared

and were replaced by questions I had not considered pricr to

the Study.
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Participant Observation : Pilot Prolect

By the end of July 1991, I had definec a research
Problem which was of great personal interest to myse_.I anc
fit in well with current trends and issues in mathematics
education research. I was convinced that the use of
€thnographic methods in my study offered me the greatest
Opportunity for accomplishing the goals I had for my
Yesearch. Through my work in two courses in the Faculty of
Education at Simon Fraser University, Foundations oi
Mathematics Education (Education 846) and Qualitative Mezrncod
in Educational Research (Education 867), I had developed z
background in the theoretical whys and wherefores of
€thnographic research. I had, however, no practical
€Xperience whatsoever in undertaking a venture of this sorrt.
With this in mind, I determined that I would "practice"
fieldwork by observing several sessions of a calculus class
then in session.

With the help of my thesis advisor, I secured the
Peérmission of the Mathematics Department to act as an

Observer in this class. This practice fieldwork occurred on
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four separate days. (See Appendix A for details.) It
M& to experience the complexity and richness of the
Observation process and gave me some initial insights intc

the Challenges of balancing roles as a participant observer.
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At the same time, I acguired data that I would use to com
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with and contrast with fieldwork on my actual project in the
fall.

A more detailed account of my experiences during this
Pilot study is given in Chapter IV. Following 1is a brietf

review of my activities during those two wWeexs.

In the first fieldwork session, I attended a lecture and
ade field noctes. In this instance, I was purely an observer
and had yet to introduce myself to the instructor or
Students.

Even without direct interaction with students and
instructor, I found the task of meaningful observation to be
daunting. I found that my observations slid from physical
layout of the lecture theatre to overt behavicur of the
Participants (instructor and students) tO appearance and pcdy
language of participants to lecture content to teaching
Style. Two aspects of this study became apparent. First, I
would continously need to use "boundary spanning" skills :ir
this study. I teach calculus at a high school and nmy
Perception of what was occurring in a calculus class woulcd in
all cases pe affected by that particular researcher role.
SeCOndly, the lecture format of instruction does not lend
itself to a great deal of participant interaction. If I was
Lo make sense of the calculus student's experiences, I would

Rave to pe assiduous in my observations and aggressive in
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establishing relaticnships with the participants. The second
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consideration impacted on the roles I sought to est
Myself in the primary project.

After the first lecture, I introduced nmyself tc tne
instructor and we had a brief discussion. Although tThe Zexts
Oon ethnographic methods stressed the importance of taking
Notes during or immediately after such a conversation, I
failed to do so. Consequently, I retained ncne of the cata
from this conversation except for two of the topics

discussed.

=

In the second lecture I attended, I continuec TC wWCr)
on improving my skills in taking field notes. I experimented
with simple coding schemes for recording notes in realtime.

After this lecture, I spoke again with the instructor.
This time I made a brief set of nctes after the discussion.

I also went to the Calculus Lab to observe and to reflect.

Fh
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In the third lecture, I experimented with the use ¢
audio tape recorder. This use of technology allowec me ¢
record more data than before, but it also took up &

+

Considerable amount of my attention. Taking care of the

W

€quipment after the lecture also prevented me Irom talkin
With the instructor. The use of techneclogy in the Zle_.c
dlters the role and capabilities of the researcher. My

€XPerience here made real for me the truth of Wolcott's

dictum that the ethnocrapher is first and foremost "the
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eésearch instrument" in the field (Wolcott, 1980). Geoezz &nd

LeCompte (1984) expand on this point.

Ethnographers are data collectors, or "sensitive
observers, storytellers, and writers"; like huma-n
videotape recorders, the record as faithfully as
possible the phenomena they see. They may use a
variety of aids to assist them, including still and
movie cameras, and audio and video recorders.
However, unlike mechanical recording devices, wnich
only record what they are aimed at without
abstraction or analysis, ethnographers are able to co
beyond a "point and shoot; no focusing necessary'’
approach to recording and to raise finely tuned
questions, test out hunches, and move deeper Intc
analysis of issues. (pp.101-102)

After the third lecture, I agailn went to observe in =zhe
Calculus Laboratory. This session in the Calculus Lab was
Particularly significant because a student intitlated a
Conversation with me. I had been identified as an "expert™
and my help was sought. In this way contact with other
Participants was established.

During the last lecture, I again experimented with
taping the lecture. I accomplished little in this session
Save that I became more comfortable with the audio recorder.

Armed now with at least a modicum of experience in fielid

Observation, I felt scmewhat more confident In beginning the

Study proper.
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Participant Observation : Math 151

By the end of ARugust 1991, a first semester calcu.us

Course had been chosern, in consultation with my senzor

5

+
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ok or

advisor, and the approval of the department and inst

w

secured. I became a participant observer in the roie oI

Student in this course. The selection of this course was
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based on the following criteria. 1) The time and lo

o,

e

the course made it possible for me to attend all classes a

tutorials. 2) The course is a "mainstream" calculus course

=~

and is hopefully representative of the courses that are the
focus of the calculus reform debate. 3) My senicr adviscr has
taught this course before and would be able tc use his

€xperience in evaluating the validity of my reporting. 4) The

Course instructor had indicated a willingness tO particilpate

in this study.

Because I continued to work full time as a high school

teacher throughout this project, there were constraints on
which course I could use as a setting for my study. This
Particular course was chosen because the location and
SCheduling made it accessible to the researcher, rather than

for Criteria based on research design.

The Math 151 class chosen was atypical cof Math 151
Classes at the university 1in several respects. In this class

there were about 20 students. Classes at the Burnaby

Mountain campus would have several hundred students. Although
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Ssome students in the study group had just graduated from high
school, the majority of the students had been away from high
School mathematics for at least several years. All
Sstudents whom I interviewed were "mature" students, that 1s,
they were not matriculating into university directly from
high schocl. This section of Math 151 offerecd a cne nour
tutorial session with a teaching assistant each week. In
Contrast, students in sections taught on the main campus had
the opportunity to attend a Calculus Lab where they cou.d
work together and ask teaching assistants questions during
any of the many hours it was open each week.

A chronology of my actvities as a participant observer

in this class is listed in Appendix A. Details of what

.

ty

Observed, experienced and thought during my time in the field
are covered in Chapter IV. Following is a brief descripticn

Oof my activities as a participant observer cdata gatherer and

0f the roles that I assumed in the study.

Prior to the beginning of the course, I met briefly with
the instructor and discussed what I hoped to accompiish and
how I intended to do so. I acguired a course cutline
(Appendix B), determined the times and locations of the
lectures and tutorials and purchased the textbook for the
Course.

The course was in the evenings (Tuesday and Thursday) at

the Harbour Centre Campus of Simon Fraser University. I
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arranged to stay late at the school where I was teachilng anc
to drive directly from work to the Harbour Centre Campus.

The first evening I arrived early. After locating the
lecture room, I spent time mapping the room anc observing tne
gathering of students. My field notes for the first lecturs
show that the "focusing and bounding" of my data coiiection
was dictated by my background as a classroom teacher, the
"crisis in calculus" issues I had encountered in my review of
the literature, any student background information I could
glean from overheard conversations and any overt behaviour

that attracted my attention. The students were not aware cf

4

My role as researcher. There was no interacticn of myseirl

t

With the students this first evening; I was an observer.

At the end of the second lecture, the instructor
introduced me to the class. I spoke about my prcject and
handed out the Informed Consent by Subjects to Participate in
& Research Project I had devised in compliance with the
University's Research Ethics Review policies. (See Append:irx
C.) At this point I was identified as a graduate student
doing research and as a calculus “expert“. This
identification prompted a conversation with a student after
class and began my active, rather than passive, involvement

in the social matrix of the class.

On the Sunday of the following weekend, I began another

eted Tre

$—d

—

aspect of my participant role in the study. comp
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assignment given to the class on Thursday. There were
several reasons for doing this work. Although I was unlike.y
to find the problems difficult, I would have a better sense
of the challenges faced by fellow students. I would &.so
have some sense of the time pressure and pacing regquirements
that the students felt. Another important reason for coing
the assignments was that it was my role as an expert that

brought many of the students forward to speak TO me

initially. By giving them helpful advice on theilr wcrx, the
Students were being, in some sense, "repaid" for the
confidences and insights they shared with me. One unexpected

effect of doing the assignments was that I became part ¢ the
evaluation scheme of the course (Appendix D). This made me
More sensitive to the concerns that students had about the
Perceived peculiarities and inequities of the scheme.

The next lecture I arrived ten minutes early ana

ct

discussed the signing and returning of the informed consen
forms. I also became involved in a discussion of the

solution ¢f one of the assigned problems. It was difficul

ct

Py . .
for me not teo revert to the role of teacher in this context.

I was only partially successful in maintaining an observer's
detachment .
The Tuesday lectures were scheduled for two hours. The

instructor typically allowed a ten to fifteen minute treax
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after the first hour. Conversation during these between

ot
80}

participants and with me became an important source c<I

@]
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In the second hour of lecture on Septemper 10, I Dbeg

o

an informal intervention in the class which continued

T.

throughout the study. I introduced a student ©0 some 0L tThe

(o]

[
oY)

Capabilities of an advanced handheld calculator (TI-

contrasted it with the instructor's use of a basic scientific

calculator. Discussing the advantages and capapilitles of
the calculators initiated contact with students with whom I
had yet to interact. Definitely, I expanded my database
considerably through this action and role (advancead
technology in the classroom advocate). On the other handg,
interferred with the "natural path" of certain students
through the course and, in some sense, muddied the data I
Obtained from them. At that time, and currently, I
rationalized my action as a shift towards participation in
the participation-observation continuum. Certainly, I was
become az significant actor in the social context c¢f the
Class.

Because all of the lectures were audio taped by the
university and these tapes were available to the students,
did not try to do any taping myself. I did make use c¢f a
Mini-tape recorder for taping my own refliecticns and
Observations as I drove home after lectures and tutorizls.

Used the recorder less freguently as the course progressed.
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This paralleled my increased involvement 1in the socia:
context of the class.
The first tutcrial session was held on Septemper 1Z. It

was here that the tension between my roles as Teacher and &s

a researcher came intc greatest tension. There were two
tutorial sessions each Thursday. One before the lecture; cne
after. The majority of students attended the early session.

Here I had some success as a detached observer, but on

occasion I felt compelled to get involved In the discussicrn.

@]
{

The second session had as few as two and as many as five
students attending. In that session, I intervened more
frequently and directly. indeed, on September 12, the
teaching assistant and the students miscued on where they

were to meet for the second session and I spent forty-Iive

minutes with two students in the role of teaching assistan

t

~
2

(It was an opportunity to interact with other students I h

O]

yet to meet.)

At the end of the evening I gave one of a students a
ride back to her neighborhood. This carpoolinc was ar
Cpportunity to interact with the students that I haa not
anticipated. Up to three students availed themselves o2&
rides home with me. Their conversation was an additiocn
rich source of data.

The first two weeks established a pattern of

Participation, observation and reflection that was maintained
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more or less throughout the study. My role as a calcu.us
"expert" established & continuing relation with two students.
My advocacy of programmable, graphics capablie calculators
lead to ongoing interaction with four students. Driving
students home after class allowed me to gather data from

three other students. One student had an ongoing interest in

D

my research; another student saw my research as a pcssib.e
forum for expressing concerns that he had. My teacher
persona caused several students to seek me out cn various
occasions for help with their problems. I did not get TO
know each student in the class, but I did make contact witl &
significant number of them. Because many of them interacted
with me in one of several roles I took in this study, =
encountered a variety of perspectives.

One last role that I had throughout the participant
Observer phase of the study that needs to be emphasized Iis
that of a finite human being. My field notes :indicate
Periods of extreme fatigue and sometimes even boredom. I
Wrote the first midterm while taking medication for a severe
cold. The demands of my teaching job were often at odds wit
being as thorough in my research as I thought I should pe.
Curiously enough, as I conversed with my fellow students,
both during the course and in interviews afterward, I
discovered that difficulties I was trying to overcome 1n

doing the research paralleled challenges they faced in trving
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To successfully complete the course. My limitations as a

human being became a source of empathy and understanding.

Being a participant observer is far more than gathering da
it is an opportunity to learn about oneself as well as

Cthers.

Ethnographic Interviews

Eiserhart (1988) describes the role of interviews in

€thnographic research.

Interviews are the ethnographer's principal means
learning about participants' subjective views; thus,
ethnographic interviews are usually open-ended, ccover
a wide range of topics, and take some time to
complete. Interviews are also helpful to inform the
reasearcher about activities beyond his or her
immediate experience, such as relelvant historical
events or events occurring in other places. (. 100)

She continues by describing the different types of interview

available to the researcher.

These interviews take various forms: from the very
informal interview, much like having a conversation
with someone (except that one must try to remember
the conversation so that it can be written down
later); to long audiotaped sessions focused cn a
particular topic; to highly structured interviews in
which the researcher begins with open-ended
questions, then uses answers from the original open-
ended guestions to structure more focused guestions,
and then 1s able to convert responses into numerical
form. (Eisenhart, 1988, pp. 105-106).

It was clear to me from the beginning of this project

that I would need to interview a number of the participants
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in some depth if I were to have any understanding of their
exXperiences. What was considerably less clear o me was ncw
I was going structure and conduct these interviews. Once

again, the role of the ethnographer as the "essential
T'esearch instrument" and my lnexperience in the appropriate
techniques seemed to be an overwhelming obstacle tc the
Success of this venture.

The text material for interviewing was less helvful :oh
the associated material on participant observations.

and LeCompte (1984) summarized the situation.

Researchers seeking guidance for interview
construction find available an overwhelming array cf
instructions, suggestions, protocol frames, and
prescriptions. Within this massive literature,
contradictions abound. For each proscription on
fTormat or guestion structure pronounced by one
researcher, other investigators suggest alternative
uses for the same technigque. Many of the
prescriptive-proscriptive guidelines reflect
differing world views, philosophical assumptions, ancd
values held by social scientists. They alsc
represent protocols used for differing purposes and
research questions, compatible with varying
theoretical frameworks and research models, and
applicable to disparate research settings,
participants and situations. Consequently,
researchers are best served by seeking and following
guidelines for interview construction that are
consistent with the goals and designs of particul
research projects. (p. 124).

4}
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The excellent advice at the end of the above paragraph
Still left me in a quandary. I brought to the study :Issues

from my own experiences as a teacher and from my reading cf
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the literature on calculus reform. I believec that these
issues were relevant to understanding the student's

experiences. I was very interested in the students'

5
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Perceptions on such matters. On the other hand, I hove

this study would be generative in nature, rather tnarn an

0.

O D
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exercise in testing hypotheses. That is, I hope
surprised by what I discovered about "participant views anc
Meanings" in this context. The first consideration ca-ied
for a structured, formal interview with a specified set oI
questions for each interviewed participant; the seconc
Situation called for a more informal interview with ocpan-
ended questions meant to stimulate the participant into
expressing his/her own views.

T was fortunate to have the opportunity to listen o an

experienced ethnographer (Haig-Brown, 1991) talk about

Study. Following her advice, I prepared as extensive a l1lst
as possible of guestions exploring the issues I Thought were
relevant, but in the interview itself looked for
Opportunities for the participant to follow paths of nis or
her own choice.

Originally, it was my intention to select three key
informants and interview them at three times during the
Period of the study. As it turned out, the length of Zime -t

took me to develop relationships with individual stuaents and
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the time constraints we all found ourselves under meant That
I was not successful in arranging taped interviews whi_e the
Course was in session. Certainly, throughout the participant
Observer fieldwork that was undertaken, many of the
conversations I had with individuals could be construed as
informal ethnographic interviews. Much of my field data 1s
based on notes taken from and about these discussions.

After the course ended, I did arrange to tape fcormal,
loosely structured interviews with seven participants. The
interviews ranged in length from 45 minutes to oOve. an nour
and a half. Despite my relative inexperience as an
interviewer, the participants managed to impart what to me
were often unexpected perspectives on what they felt had

Occurred during the calculus course.

I began each interview with a standarcd set oI gquestiorns
and then let the conversation evolve as 1t would. (Questions
used are listed in Appendix C.) The interviews were held In
differing locales and under different conditlons. The Iirst
interview occurred at 7:00 a.m. at the participant's oifice.
Cne interview happened at the participant's apartment.
Another was held at my house in the evening. Three
interviews were done over the telephone. In cne c¢cf the

lnterviews done over the telephone, there was a foilow-up
discussion (untaped) at the participant's apartment ten weexs

later. The last taped interview was with the instructor nine
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weeks after the conclusion cf the course. Iz was held

office.

Interviewing participants after the conclusion oI tnhe

Clurse may not
intended data.
interviews, in

reconstruction

rave been the optimal manner c¢f gather:in
On the other hand, the data produced by
its corsistencies and inconsiscencies wi

as participant observer of what happened

Course, greatly added to my understanding ¢ the studen

exXperience.
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Artifacts

The course lef:t a number of traces after 1ts conc_usicn
which add to the overall description of the event. I have
collected a number of them. Chief among these are the

textbook; the assigned problem sets, midterm tests anc Iin

examination (Appendix D); a course outline (Appendix B);
the audic tapes of the lectures. Serendiptiously, I was
able to acguire, with the instructor's approval, copies ¢©
the course and instructor evaluation forms completed Lty
Students after the last lecture. (Blank form in Appendix
I also have a spreadsheet display of student marks prior

P

their writing the final examination. Five months afl

Ter o

o3

conclusion of the course, I was given the final examinaticrs

Written by the students.

I generated some written artifacts myself when qoling the

Problem sets and writing the tests and examination. Mater:l

which I would have liked to have collected, but did noz,

includes student notebooks and assignments. I also dic not

9]

attempt to acquire a grade distribution for the clas
Some of these artifacts set up a tension between
Objectivity and subjectivity in the study. Is student
SuCcess in this course to be measured by final grade and
Tanking in the class or by his or her perception of what
been accomplished? For the purposes of this study, I

Maintain that the latter is more relevant.
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Researcher Introspection

Eisenhart (1988) writes about researcher introspectior.

e}

The fourth method [of data collection] is probabl
most unusual, at least to those familiar with the
positivist model of doing research. This methoad ¢
data collection is researcher introspection. This
method involves the researcher herself or himself
reflecting on the research activities and context.
The ethnographer regularly records the kinds of

)

research situation. In this manner, the ethncgrapher

tries to account for sources of emergent

interpretations, insights, feelings, and the reactive

affects that occur as the work proceeds. (p. 10¢).

This aspect of ethnographic research was legitimlzed foxr
Mme during a class in Qualitative Methods in Education

Research (Smith, 1991). A guest instructor in th

M
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Professor Stephen Smith, introduced me to the idea cf
hermeneutic phenomenological research (van Manen, 1984; wvan
Manen, 1989). The reflective and subjective nature oI &
Substantial part of my data did not necessarily mean that it
wWas invalid, but rather that I had to be certain teo identify
the context and the rcle that I was assuming when recorcinc
an observation.

Researcher introspection in this study has been

Q.

Particularly significant in that the research process an

row
1t has affected me as an individual has become 1increasing.ly

important as the project unfolded. Ethnographic research, at

least for the novice, leads to a kind of meta-research in
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which the researcher himself or herself becomes his c¢r ner

own object of study.

Analysis of Data
A study which employs ethnographic methcds generates a
vast amount of data. Goetz and LeCompte (1984) commert on
the effect this has on researchers.

Many researchers find their initial confrontation
with a mountain of undigested data - drawers fu.l of
field notes, notebooks full of interviews, and bczes
of protocols, photographs, instruments, anc other
memorabilia - to be so depressing that they ace
reluctant to memorialize the experience in print. (
166)

o]

About actual data analysis procedures they have this to say.

The process of data analysis in ethnography has been
treated as art rather than science. Some experiencead
ethnographers reject systematizing procedures for
analyzing qualitative data because such procedures
might rigidify the process, resulting in a loss of
the intuitive and creative gualities of ethnography.
Given the dearth of literature on analysls, neophyte
ethnographers find little guildance for their efforcs.
Nevertheless, ethnographers do analyze their data and

do use formal, systematic, and logical procedures tc
generate constructs and establish relationships among
them. (pp. 166-1067)

In my review of the literature on doing ethnography, I
found toec much guidance, rather than too little. There 1s &
tension among those deing qualitative research as to how
Systematic the data analysis procedures should be (Marshall,
1984; Miles s Huberman, 1984a; Miles & Huberman,1984k; Tutnill

& Ashton, 1984). I tried to identify and employ the featurss
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0f ethnographic data analysis that appeared consistently
throughout the wide spectrum of analysis strategies descrikbed

in the literature.

o)
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Eisenhart (1988) describes what I take tC be the 0
Precepts of data analysis in a study employing ethnographic
analysis.

The purpose of these [data analysis! procedures 1s o
identify meanings held by participants anc
researchers and to organize the meanings so they make
sense internally (to the actcrs) and externally (:tc
others)

Basically, ethnographic analysis consists of ¢
based procedures for assuring that the views 0
participant and researcher remain distinct and that
all aspects of the material are taken into accoun:t.
Generally, the procedures involve defining
"meaningful units" of the material (meaningful To o=
participant or researcher) and comparing units o
other units.

Data collection and analysis proceed together
throughout the period of the study. The ccllection
of new material and subsequent analysis may raise new
research questions or lead to insights that become
incorporated into, or sometimes radically redirectc,
the study itself as well as later data collection.

(p. 107)
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I came to see my role in this study as a filter ana an
interpreter of the student experiences. The data neecec tc
be aggregated into categories or themes. The cholce ¢f these
Chemes and their boundaries varied throuchout the stucdy.
Goetz and LeCompte (1984) speak of sequential selection as a
Process in which the objects of interest to the researcher :in

75 y. Above
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the study emerge as the study progresses ( o.
all, it was the process of resolving the data into a written

Teport, mediated through weekly discussions with my thesis
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advisor, that drew me to the themes and conclusions presented
in this study.

Upon completion of the data collection stage of the
study I had three primary accumulations of data: my
notes, the audio tapes of the lectures, and the audio tapes
of my interviews with six of the students and the instructcr.
Although I had multiple sets of data, only the lecture tapes
and my field notes were acquired concurrently. The
interviews took place after the course had finished and the
Structure and content of these conversations were Influenced
by my fieldwork experiences. Conseguently, I cannct claim
that the three sources of data provided triangulation.
Analysis of the separate data sets did, however, lead me tc¢
Convergent sets of conclusions.

I began with the interviews by personally producing
verbatim transcripts. Although this process was very Time
consuming, it allowed me to present this material on a weekly
basis to my thesis advisor. We would discuss what eac:
Participant had said in the light of calculus reform Issues
and our own teaching experiences.

After all the interviews had been transcribed and stored
in worg processor files, I produced a list of 17 issues or
themes. I chose them after I had read through the transcripts

again. The criteria for choosing the themes were first, the

~

Strength of the responses from the interviewed participants
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on each topic and second, the relevance of the issues ¢ what
I had found during my fieldwork. A number of the themes were
pPre-determined by the structure of the interview. Zach

D e

interviewed subject was encouraged to talk about certailn

'
3

“he

om

aspects of their experiences. Other topics emerged £

]

interviews as the subjects extended the conversation beyonc
my prepared list of guestions.

Using HyperRESEARCH, a computer program designed ZIcr the
analysis of gualitative data (Hesse-Biber, Dupuls & Xinder,
1991), I coded each of the interviews according tc the list
0f topics and then generated reports which brought togetner
for each topic what each of the interviewed subjects had to
say. These reports became the basis for the written account
found in Chapter V.

In consultation with my thesis advisor, several of thre
topics were brought together to reduce the list of themes

s

from 17 to the 11 used as section titles in Chapter

M
Q.

Material for the section on Student Backgrounds was select
under the codes academic goals, student preparation and
baCkground. Material coded under lectures, textbooks ard
instructor enthusiasm was used for the section entitled

ue

Lectures and Textbooks. The section on Health and Fati

Q2

Used material coded under both campus accessibility and

health and fatigue. The codes course content and pace oI

5

Course were used for the material in the section The (Quantity

.
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of Material and the Pace at which It is Covered in the
Course. The codes for the other sections were identica. tc¢
the title of the section.

I analyzed my field notes in a manner similar To the cne
used with the interviews, except that I did not make use
computer software. Over an extended period of time I worked
through the lectures in chronological order, creating a
written account. T would listen to the university generated
audio tapes while reviewing my notes. Tne tapes often ricxed
Up conversation outside of the formal lecture materia.,
especially before anc after lectures and during the ten
minute breaks taken during Tuesday classes. Sometimes t
Material was new to me, sometimes it reaffirmed the
observations I had made in my notes, and, at times, it evoked
memories of events I had not recorded. To some extent, while
Wwriting up the account of the lectures, I relived my
Participant-observation experiences. There were no tapes cof
the tutorial sesssions so that I was dependent on my notes
and some reflections I had taped on a mini-tape recorder.

As with the interview material, I would present secments
°f my account to my advisor and we would discuss what was

n T h

Rappening in the particular part of the course on whicn I

()
£L

Written. In this way, my analysis and interpretaticn was
Subject to the refining processes of prolonged reflection and

discussion.
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One consequence of this approach was the length ¢of tim
between when the study was conducted and when the data was
analyzed and the results written up. The primary study was

conducted in the autumn of 1991 and the final interview was

h
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¢
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completed in February, 1992. It took until the end o
To complete the written account of the study.

The length of time spent analyzing and displaying the
data proved advantagecus in my evolving understanding of what

occurred. The impressions I held at the end of 1381 were not

O
Hh

as fully developed as the ones I presented at the <°nd
1993. 1Introspection and reflective writing both recuire &
considerable investment in time. With respect to this study,
the two years of "living with the data" has had a positive

impact.

Representation of the Data
Van Maanen (1988) defines ethnography as "a written
representation of a culture (or selected aspects oI culture)™
(p. 1). He then goes on to describe three types of written
accounts of ethnographic studies. The realist tale i1s a

direct, matter-of-fact portrait of a culture. The

th

wn

Confessioral tale focuses on the thoughts and erxperiences ¢

the fieldworker. The impressionist tale 1s a versonalized

aCcount of fleeting moments of fieldwork cast in dramazic

form,
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Van Maanen recommends that the neophyte ethnographer
begin with the realist tale, although enjoining the
researcher not to mistake the reporting of detail for
objectivity. I have attempted to follow his advice, a.though
there are aspects of the confessional tale sprinkled
throughout.

One consequence of how I wrote the account Is its
length. My purpose was to involve the reader as fully as
Possible in the experience of the calculus class. Not only
did I want the account to corroborate the conclusions that I
drew from the data, I intended that readers would generate

their own questions and thoughts.

Summary

The research methodology was chosen in order tc Troduce
a descriptive, naturalistic depiction of the experiences ©
Participants in a first semester course in university
Calculus. The methods of ethnographers were chosen because
they appeared most likely to result in the most intimate
dnderstanding of the students' experiences and observaticns.
Participant-observation and interviews were the primary
Methods of data collection. Data analysis involved a
Prolonged, intensive review of the data as it was transformred
into text and later into a written account. Computer

Software was used in the coding and collating of the

g4




interview data. Freguent discussions with my thesils adviscr
about the material as it was processad helped to refine the
analysis. The data was represented by a lencthy,

chronological account of the participant-observation stage of
the study followed by the responses of the Interviewec

subjects collated by theme.
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CHAPTER IV

STUDENT EXPERIENCES IN A FIRST SEMESTER

UNIVERSITY CALCULUS COURSE

Introduction
In this chapter I present a written chronologically
ordered account of my fieldwork experiences in both the pilot
and actual studies. These are followed by responses made Dy
several students and the instructor during taped interviews
after the completion of the course. The responses are

Organized under several themes.

The Pilot Study

During the summer of 1991 I began participant
Observation in a Math 151 course (the first semester oI the
Calculus sequence) on the main campus at Simon Fraser
University. With the help of my thesis advisor, I secured tre
Permission of the Mathematics Department to act as an
Observer in this class. This practice fieldwork occurrec crn
four separate days. (See Appendix A for details.) It al.owed
Me to experience the complexity and richness of tne

Observation process and gave me some initial insights into

the challenges of balancing roles as a participant observer.
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At the same time, I acguired data that I would use toc compare
and contrast with fieldwork on my actual project in the fall.
My primary objective in this pilot study was to gain

experience as an ethnographic fieldworker. Secondary
objectives were to identify and clarify issues that would be
of particular interest in the full study.

The fieldwork consisted of attending four 55 minute
lectures, two informal half hour discussions with the
instructor, and three to three and a half hours of
Observation and discussion with students at the calculus
laboratory. I audio taped two of the lectures.

Following procedures 1 had gleaned from textbooks on
ethnographic fieldwork, I began by recording as much detail
a8s possible. My earliest notes contained references to
Student behaviour such as eating cafeteria food before and
during the lecture, student attire, attendance and time of
arrival, note taking technigues, student conversation, and
Conversation between student and instructor. There was,
however, a passive gquality to much of this activity. My
field notes from the lectures were dominated by the course
Material and its presentation by the instructor. Originally,
1 was concerned that this pre-occupation with the teaching
Father than the learning indicated that my observations were

inadequate. Upon reflection, I have come tO believe that my
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notes and their focus accurately depict the passive role
assumed by the students in this contaxt.

In the first fieldwork session, I attended a lecture and
made field notes. In this instance, I was purely an observer
and had yet to introduce myself to the instructor or
students. No one appeared to take note of my presence. The
attempt to make meaningful observations in a specific context
showed me how difficult it was to apply the genera.
frameworks of the ethnographic methods described in textbocks
to the specific situation I was studying.

I found that my observations slid from physical layout
of the lecture theatre to overt behaviour of the participants
(instructor and students) to appearance and body language cf
Participants to lecture content to teaching style. Two
aspects of this study became apparent. First, I would
Continously need to use "boundary spanning" skills in this
Study. That is, I would need skills "in communicating within
and across cultural gorups" (Goetz & LeCompte, 1984. p. 99).
I teach calculus at a high school and my perception of what
Was occurring in a calculus class would in all cases be
affected by that particular researcher role. Secondly, the
lecture format of instruction does not lend itself to a great
deal of participant interaction. If I was to make sense of

the calculus student's experiences, I would have to be

assiduous in my observations and aggressive in establishing
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relationships with the participants. The secona
consideration impacted on the roles I sought tc establish for
myself in the primary project.

A key aspect of my experience in the pilot study was my
growing awareness of the many perspectives I would have to
juggle as a participant observer. The first lecture I
attended was just after the second "midterm" test. The first
12 to 15 minutes were dominated by the minutiae of student
evaluation and grading. I found myself, as & teacher,
responding negatively to this use of instructional time.

The class was scheduled to begin a 8:30 a.m. A late
arrival focused my attention on the time in this first
attempt at observation. I noted that it was 8:42 before the
day's lecture began. The topic was Exponential Growth and
Decay and was referenced by the corresponding section in the
text. By this time there were 19 students 1in attendance.

It was now that my responsibilities as an observer Dbegan
Lo seem overwhelming. The lecturer and his activities were
conspicuous and dominating; the actions of the students were

Often subtle and difficult to detect. It was easy toc focus

Hy

On the lecture and lose sight of the class. The content 0

=

e

s

the material presented; the delivery style of the lectu ;
the quirks of the lecturer in this role; and my own
Preconceptions of what should be happening created a set of

fieldnotes that skipped quickly from one perspective to
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another. All the while, I was working to bring the
observation process under control. Tnus I found myself adding
nNotes about notetaking.

The content and delivery of the lecture was signiZicanc
in the messages I perceived being sent to the students
(although I would not know until much later in my researcn

what messages were being received). The lecture begar with

some verbally presented examples of exponential growth and

. d .
decay. The differential eguation agy= ky was written on
the overhead which caused some notetaking activity. The
instructor offered that "one solution 1is ekt |, in fact, the

only solutions are Cekt" and then proceeded toO outline a
uniqueness proof. I reflected that the existence and
uniqueness of solutions to differential equations is guite &
sophisticated introduction to this topic.

But then the instructor wrote a standard problem on the

1"

Overhead and the solution was offered with the comments "Here
is a trick"; "You'll see why" and "I did this cn &
Calculator". The change from at least mentioning aspects of

Solving differential eguations to working through template
Problems was jarring. ©Not only that, I came face to face
With the teacher-observer tension. I Knew a better way of
teaching how to solve that type of problem.

Although I was only halfway through the first lecture I

was observing, I began to feel the boredom and the pctential

-
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for inattention of which the ethnography texts had warned. C
was consciously and conscientiously looking for student
behaviour that I could record for future interpretat.cn.
There was little that I could detect.

There was a flurry of activity at the end of the lecture
as students departed or sought out the instructor. After scme
students had spoken with the instructor, I introduced myself
to the instructor and we had a brief discussion. I did not
make notes on this discussion, although the material I hac
covered on ethnographic methods had stressed the laportance
of this follow-up procedure. Consequently, except for two
brief descriptors about the topics of discussion, the datsz
from this conversation was lost.

This was the first time that I tried to explain my
Project to someone who was in a group 1 was observing. I was
very pleased at the cooperation I encountered, although I anm

not certain that I had made my project clear to the

o
0O
pu
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instructor. After this, a number of students, the Instr
and I headed in a convoy down the hall tc outside the
Calculus laboratory.

In the next lecture session I continued to wor< on
imprOVing my field note taking skills, but often found mysel.f
recording notes on the lecture material instead of
Participant behaviour and interaction. I experimented with

Simple coding schemes for recording notes in realtime.
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This second lecture was significant to my researcn in

v~

(

1
O

two respects. At the begining of the lecture, the instruc
introduced me to the students in attendance and attempzed 0
explain my purpose in being there. I interpreted the student
reaction as being polite, non-committal acceptance. What the
introduction did set up, however, was a pattern for this and
the later study. For good or 111, I did not seek out
conversation with students unless they approached me Ilrst.

I was very much concerned that my reticence in "imposing
myself" on others would prove to be a crippling hna..dicap
the research. As it turned out, after I was introduced o
the class, there were students who would seek me out and
initiate conversation (although to a limited degree in this
Preliminary work).

A second important feature of my study during thatz
Second lecture was the impact that my reading of the calculus
reform literature had on my attitudes and observations.

The topic this day was 1'Hépital's Rule. I found myse:f
increduluous that the course had moved from exponential

one
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growth and decay to limits of indeterminate forms in

5

leCture, but the students did not seem particularly upse

it

The criticism that the traditional calculus curriculum was
Overcrowded and that the pace of instruction was necessar.ly

too swift for true learning seemed particularly relievant.
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Throughout the lecture I was struck by the instructor's
use of phrases such as "there are soue tricks"; "standara
mathematical tricks" and "tricks don't always exist". The
calculus was being represented as a collection of tricks.

This was the "mimicry math" to which the reformers argued

Q2

that calculus had been reduced. In my notes I kegan jottin
down questions I wished the students would ask. I had to
examine closely to what extent, if any, 1 could claim
impartiality and objectivity in my observations.

After the lecture, I had another discussion w.th the
instructor and this time, after the discussion, recorded some
notes (albeit, very brief). I spoke with the him about his
teaching background. This was my flrst informal interview.
Although I had a theme for this interview, the particular
questions were generated on the spot in response to the
dialogue.

During the half hour that I spoke with the instructor
about his teaching experiences, he was quite forthcoming
and helpful. This was his third semester of teaching. He
Was at the university with a post-doctoral research crant zand
taught for the financial remuneration. He felt that he was

slotted into teaching first year calculus because "the senior

®

faCUlty were not interested". This particular class that

»

Was teaching this semester was a good class because it was

Quiet. 1In this first teaching assignment, he taught a Math
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110 (business pre-calculus) course with two hundred students,
of whom, he estimated, about fifty were rowdy. His scluticon
to dealing with the Math 110 class was to "push hard anc
Cover lots of math".

~

The instructor had no background in pedagogy anc nad

},

ot

received no suggestions or help from departmental facu.
with respect to teaching. He drew on his own experiences and
memories to develop a teaching style. When he was an
undergraduate studying calculus, he stopped attending
lectures, attended tutorials only to pick up on tnz
Professor's insights into the material, and established the
recipe READ TEXT, WORK HARD, DO WELL. The instructor
deliberately choose to use informal language and humour in
his lectures.

As a closing guestion, I asked if any of the students
had asked him about the solution to problem 5 on the seconc
midterm. (This was the problem for which every student
received credit because none of them solved it.) The
instructor replied that no one had. He seemed nelther
Surprised nor upset.

The material that I gleaned from this talk was
Consistent with what I had read on the "Who teaches the
Calculus?" issue: junior faculty with little teaching

€Xperience and minimal support from the department. I tock
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this image with me into the full study where it was stroncgly
challenged by the instructor's background for that class.

After this discussion and reflection, I sat and observed
activity in the Calculus Lab. This observation session was
in response to the perceived need to observe studerts outside
of the lecture theatre.

For the next two lectures, [ experimented with the use
of an audio tape recorder to record the lecture and student
conversation. The result was an audio tape in which the
lecturer can be heard and some student comments can pe heard.
This use of recording technology was both liberating anc
confining.

It was liberating in the sense that I no longer straired

to record all conversation; the tapes recorded aspects <f the

[a

Situation that I missed in real time observation. Fo
example, in reviewing the tapes, I was struck by how much
quiet time there was during the lecture. There was &alsc a
higher incidence of students initiating discussion with the
instructor than my written notes suggested.

Using the tape recorder was confining in that the
attention I paid to ensuring that the technology was
Operating correctly was attention taken away from the
immediate situation. Setting up and monitoring the device
distracted me from observing and the act of taping

€stablished me as a researcher and acted as a barrier to ny
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role as participant. In my field notes I indicated that C
missed an opportunity to speak with che instructor after
Class because I was packing away the microphone and recorder.

This was another example of how the use 0I techncicgy
can change the field observation situation. These sessiors
brought home forcibly Wolcott's dictum that the ethnograpner
first and foremost is the "research instrument" during
fieldwork. (Wolcot:t, 1980).

After this lecture, I went again to observe iIn the
Calculus Laboratory. The session in the Calculus Lab was
Particularly significant because a student initiated &
conversation with me. This conversation foreshadowed tne
Manner in which many of relationships with students in the
Primary project would begin. The student had identified me

th course

[

as an "expert" in calculus and sought my help w
Material. Once a discussion had begun, there was oppcertunity
to explore the student's background, attitudes and opinions.
Also, other students became willing to talk with me. It is
Significant that it was the student who initiated the
Conversation and not I. My unwillingness to "invade other
People's space™ was an important factor in how the study
Progressed.

In attending lectures I discovered that many interesting
facets of the learning situation could be uncovered by

inference. In this course, the tests and examination were
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Set by the instructor, but the marking was done by a teaching

assistant. At one point the instructor commented about th
teaching assistant, "He really takes it to neart when you
make silly mistakes. He gets really sad." Previous T thilg,

at the instigation of persistent student guestioning abonu:t

the nature of the final examination, the lecturer hac spent

some time trying to explain the general nature cf the "thres
harder questions" (out of 11) that he would set for the rfiral
examination.

The fourth lecture I attended was the penultimate ¢one in
the course. Attendance was high for this lecture (about 20
out of the 32 who had written the second midterm); the
Students sat further forward in the lecture theatre and I
noticed some new faces. There was noticeable tension among
the students. At 8:40 one student got up and left. The

-v—‘r-\
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lecture went overtime in an attempt to "finisnh

t
O

(one topic was deleted at the instructor's discreticn) and

Compensate for the time spent discussing the final
€xamination.
At the end of the lecture, one student immediately

approached the instructor and another gqueued up. Perhaps

~

because of this line-up, one of the students approacre

0%

me

and asked me a question about the material. In discussicn
With him I found that he had taken a pre-calculus course &

Number of years ago and he confirmed my suspicilon that he did
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not remember anything about the equations of circles

-t

6]

(material relevant to the last topic presented in class) .

b

a participant-observer I was elated in that I had made some

3
oY)

initial contact, albeit limited and superficial, wit
Student. Significantly, 1t was the student who approached me,
rather than my seeking him out. Also, the student socught m=
out for help with the course material. These were tTwc
continuing patterns in my career as a fleldworxer.

The calculus laboratory (known as the CLAW) was a seccnd

Venue for my fieldwork. The CLAW was open during set hours
With one or two teaching assistants in attendance. Sc.uticn
Keys for assignments; grade lists; envelopes for submizzing

and picking up problem sets were at the edges of the roon.
The teaching assistant was at a desk at the centre. Tables
which could accommodate four to six students each covered the
remainder of the "lab".

The environment here was 1n stark contrast to the

lecture theatre where the bright light of the cverheac and

the instructor's voice focused everyone's attention front zang
Centre. Here it was quite natural to make eye contact with
Someone else. Groups worked together on problem sets Irom
Various courses. Student interaction was very natural In
this setting whereas it was forced in the lecture hall.

In the CLAW, students seemed guite comfortable about
COming cver to where I was and asking me guestlons. I beagan
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to think of this participant-observation as & rarter

Situation : my expertise in calculus for your attituces anc
beliefs. One pitfall in this is that I am a classroom
teacher and only incidentally a educational researcher. The

truth of this is clear in my field notes which continued ir
Oone session in the CLAW for several pages of observaticnal
detail and then change abruptly for several more pages cI
worked examples used in teaching my research subject

The field notes show that I was, even at this early
Stage, pushing an issue which was of importance to me (and
the calculus curriculum reformers in general), but appeared
Lo be of little significance to those I was observing. This

issue was the use of technology, particularly caiculators, ir

the teaching and learning of calculus. At onre stage I note

that there are "maybe three calculators in sight; none bein

[XV)]

-

used". Five minutes later the first observed use of a
Calculator is duly recorded.

Although the use of calculators, particularly those
which have graphing capabilities and are programmable, was
Originally something of a non-issue for the participants in
My study, my enthusiasm for them and interest in their use
dCtually made them an issue. This participant-cbserver was
Not a neutral element in this research.

Y

[

The field notes for the last lecture were qualitative

different from my first set of notes. Because I was taping
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the lecture, there were references to the Tape Counter number

at particular points. There was more 1introspection in tThe

latter notes, particularly with respect to the pervasive "I

can teach this better" feelings that surfaced in my teacher

o~
i

mode. There was more material on student behaviour a
responses; although student - instructor interactions
continued to dominate the observed social behaviours. in

these notes I was beginning to differentiate between

Students; giving them different codes (although I still di

~
C

}-t

not know the name of a single student).

I completed my field observations for this preliminary
Study with an hour at the CLAW. Attendance was low and nmy
notes did not add anything to my previous observations.

At the end of the pilot study, I had a much better serse

.

Oof what the data collection stage of my research woul
involve. I was also made acutely aware of some of the
Struggles and paradoxes I would have to face as a
Participant-observer. I was still far more the observer than
the participant at this time. But the willingness of the
Other participants to accept me and work with me gave me

=

confidence. I believed that, in a full scale study,
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Would be sufficient interaction with the students T

SOome insight into their experiences.
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Participant Observation

August to September 12,1991

-t

By the end of August, 1991 I had selected a course for
my primary study. It was a Fall Semester Math 151 course
being taught on Tuesday and Thursday evenings at the Harbour
Centre Campus. Approval of the Department and of the
Instructor for my participation in the classes had been
Secured.

To begin with, as did many other students, I went to the
bookstore on the main campus about one week before classes
began. It was very crowded and busy in the aisles where
students searched for their texts. When I located the text,
I found several students puzzling over whether they were to
Purchase the first or second edition. (The first edition was
to be used by students taking the second course in the
Calculus sequence, Math 152. The second edition was for the
upcoming semester of Math 151.) The second edition was
shrinkwrapped and more expensive than the first edition.
There was some discussion as to whether the savings in cost
Was worth the gamble that the first edition would be of
little use in the Math 151 course.

I obtained a copy of the shrinkwrapped second edition,

and charged the $70 price on my VISA. I wondered how some of

101




the students, working with considerably fewer financial
resources than I had, felt about the price.

At home, I removed the wrapping and, using t—he course
outline (Appendix D), browsed through the book. The text was
massive, over 1100 pages and weighing more than 2 kilograms.
It was profusely illustrated using several 1ink colours. It
seemed that no topic or approach was left untried. The bock
embodied much of the discussion in the calculus reform
movement about what was wrong with texts for a first course
in calculus. Yet, in comparison with the texts I used In my
own classroom, it seemed to be a very good calculus textbook.

Matching the text against the course outline, I found
that Math 151 covered only about 300 pages in the text. The
assumption was that most students would proceed from Math 151
£o Math 152 where the same text would be used and perhaps
another 300 to 400 pages would be covered. Later in the
study I found out that a significant number of students wi..l
finish their study of mathematics with the Math 151 course.
Also, those that do continue on to Math 152 would have tco 2o
SO with some swiftness. Otherwise they might get caught with
an edition change such as the one t+hat the Math 131/152 was
Currently undergoing. My net feeling, before going to the

first class and before talking about it with my classmates,

Was "too much text".
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The first lecture was scheduled for 7:30 p.m. ¢n
Tuesday, September 3, 1991, in Room 1415 at the Harbour
Centre Campus.

After finishing my workday, I stayed late at the schocl
where I taught, caught a meal nearby and then drove dcwntown.

+—

It wasn't until later that I found my schedule was similar to
that of several of my classmates. Arriving at Harbour
Centre, I found parking under the building. After a

frustrating experience with a balky ticket dispenser, I made

my way into the building and began to search for Ioom 1415.

th

My anxiety level was guite high by this time. I wondered I
the same was true for my classmates, for whatever reasons.

I found the room just after 7:00 p.m. There were two or
three students were already in the room. The social mood was
that of an elevator, with averted glances, silence and hushed
whispers.

The room itself, and the puilding in general, struck me
as being luxurious. Room 1415 consisted of three raised,
semi-circular tiers of continuous desks with comfortable,
upholstered chairs for the students. In the front was a
lectern and a cart with an overhead projector. The front

wall was a chalkboard over which a wide overhead screen coulg

be lowered. There were doors to either side of the
Chalkboard. The room was carpeted and the colours were deep
Dlue and a shade of purple. This was a considerable step up



from the classrooms and lecture halls I had found at the

Burnaby Mountain Campus.

About 7:20 there was some initial interaction between
the students as one asked to look at the textbook of ancther.
(Not all students had acquired a text before the

Class!) I listened to some discussion about the relat:ive

o))
w3
2

Preparedness that students felt they had for this course

why they were taking the course.

At 7:25, the instructor arrived, saying, "Good evening.
This is Math 151 - Calculus. Does anyone know hov to _ower
the overhead screen?" With prompting from the students, the

Screen was successfully lowered and the overhead projector
turned on. The instructor introduced himself, read cut the
Class list, cited the course description and the text. The
text, identified by it's author's name, Stewart, was said by
the instructor to be the "bible for this course®”.

At 7:30 there were twenty students including mysel.f.
Several students arrived late over the next ten minutes while
the instructor went over some procedural detalls and cave an
Overview of the course. He stressed the value of this
Course, but warned that the pace would be rapid. He reminded
Students of the prerequisite of at least a B standing in
Algebra 12. As =z high school teacher, I was a little Dbemused

Dy this. The Algebra 12 course had been replaced a year ard

& half ago by a course entitled Mathematics 12. Fulfilling
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this prerequisite was even more problematical for some c¢i the
Students, I later learned, because they had been away Zrcm
school for a considerable length of time and their last
mathematics course was not necessarily taken in a B.C. high
school.

The instructor went on at some length abcut the need to

™

have sufficient background in arithmetic and algegra. E
mentioned the Math 100 pre-calculus course and asked how many
Students had taken it. The course would be rigorous, he
said, and the students would need to spend a miniwum cof twc
hours outside of class studying and working on problems for
every hour of class time. It would be very difficult tc mzake
up for missed classes in this course. I looked around to ssze
how my classmates were reacting to this doomsaying. If this
discussion was designed to make weaker students reconsider
their enrolment in the course, I don't know how effective it

was. Most students were taking the course because it was a
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Prerequisite for other courses they wished tc s
felt they had little choice in taking or not taking this
Course.

The evaluation scheme was laid out in great detail. The
dates of the two midterms, Thursday, October 1C and Thursday,
November 14 were set as was the amount that these one-hour

tests would contribute to the student's overall grade. There

Were to be about nine assignments to be submitted tc the
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Teaching Assistant for grading. At the end, on December 3,
there would be a comprehensive, three-hour examination

The instructor provided a scale matching percent crades
with letter grades. At this time, he stated a principle
which was repeated and refuted on several occasions
throughout my research, "A student's grade 1s almost directly
proportional to the time and effort spent.”

After establishing the 2:1 ratio of fime spent cuzside
the classroom to time in class, the instructor became guite
specific about how this out-of-class time could be spent.
Each lecture, he would assign sections of the text tc Dbe

m T

)

read. Students should attempt every odd-numbered prob.

ac an

e
"y

the problem set following each section. (The textbook i
answer key, but not a solution key, for odd numbered
Problems. The instructor assigned even numbered problems tTo
be handed in.) Even at this stage, the instructor addecd a
note of pragmatism. Aware that many or most of the students

would not work through every odd-numbered guestion, he

offered some strategies on selecting the problems that should

Fh

be attempted. In order to get in the minimum of six hours ¢
WOork each week, he exhorted the students not tc procrastinate
and to keep a log of their work to help keep them "on tasx'.

Assignments were to be submitted tO the Teaching

er

ct

Assistant, who would be responsible for marking them. Af
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the assignments were marked, solution keys wculd pe availarilie

in binders in the library at Harbour Centre.

th

This was suggestive of how complex the teaching c
calculus at university could become. The instructor chooses
problems from a textbook that is prescribed by a departmental
committee. Students work on these problems and submit Them
to a teaching assistant, who marks them on the basis ¢
solution keys prepared by the publisher of the textbook. (The
solution keys, as it turned out, were cut and paste
Photocopies of a Solution Key manual set for the Lextbook.)

Twenty minutes into the session, the instructocr ktrought

[t

up the matter of calculators. He told students that they
would need a basic scientific calculator; one costing about
twenty to twenty-five dollars. "Get one and use 1t; cne wicth
an a¥ or y* key." Of the twenty students 1in class that
€vening, I observed four using calculators.

At about 8 p.m. the instructor seemed ready tc begin the

Course. He asked the students to please read and stucdy

—

Section 4 and 5 and in Chapter 1 to study, really study, 1.1
and 1.2. It was suggested that students do problems whose

Numbers were multiples of five on pages 34 and £40; odd

Numbered problems were recommended for sections 1.1 and 1.

Ny

ay

[$3]

Those who had not had a chance to see the text were alre

8

Confused. Sections 4 and 5 were in a part of the book called

N

Review and Preview. Chapter 1 did not begin until page =
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Some students at this point actually raised guestions apout
what they were supposed to be reading. One stucent asked,
"All by next Thursday?" Others asked more general cuestions
about the type of review that would be most effective.

In the ensuing discussicn it became apparent that many
of the students had not done any mathematics for over three
years. The instructor was concerned about this and cautioned
the students who had been away from mathematics that they
would have to do extra review. The instructor suggested that
they acquire a Math 100 textbook. He also asked .f anyone
was taking computer science this semester. He warned about
how time consuming such courses could Dbe.

Again, the instructor tried to bring the conversation
back to the course material. Shortly after 8:0C he becan an
instructional pattern which he maintained throughout the
Course. He read from previously prepared notes while ne

Copied them onto an overhead, occasionally breeaking to

@]
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initiate or respond to student initiated student-instru
interaction.

The course material began with finding the slope ©
line tangent to the graph of a function. Shortly intoc Rnis
Presentation, the instructor broke off for a brief review cf
functions. He solicited choral responses from the classes
and got some tentative answers. During this, the instructor

Said, "When you do a review, you will see...’
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The lecture on the "tangent as the limit ¢f secants”
continued, but with scme of the stuuents becoming
increasingly comfortable with interjecting comments or

questions, albeit they seemed to be struggling with the

n
9]

concepts of limits. One student, grappling with the proce

spoke hesitantly about the length of the secants approaching

zero. The instructor moved in with, "not length, but slcpe;
rise , . .
E{;r ." He continues, " I think you'll agree that
rise x3-1 N i
Mpg = = ."  There was a faint response frcm the
run x=1

class that suggested that maybe the waters were getting ceep
rather quickly. I was concerned by the gquick transition from
the graphical picture to what must seem TO many of the
students to be a notationally dense representation.

But the instructor continued with a roster of values for

x3-1

[ !

¢t

X and with x taking values such as 0.99% and 1.01. I

was at this stage that I observed some students using their
Calculators. I also noted the meticulous notetaking of the
student beside me, who, I later learned, had earned a score
of three on the Advanced Placement Calculus examination in
high school the previous year.

The instructor maintained, with the concurrence of the

. 1
che limit

Class, that he had given a convincing argument tha:z

Of the slope is three as x approaches one. He then wrote tne

109




point-slope form of the equation of the tangent line on the

overhead.

th

By then it was 8:40 and the instructor declared & Dbrie

recess. These breaks during the two hour class sessions cn

ant

@]

Tuesdays were to provide some of the most signiii
interactions in the class.

On this first night, a number of students came Iorward
to discuss with the instructor how they fit into the syster.
Several of the students already had calculus in their
background. Some had done introductory work in hiyn school;
at least one had completed an Advanced Placement course. Cne
had taken calculus five years ago in Dawson Creek and was
wondering whether or not to enroll in Math 152 this semester.
Others were concerned about how long they had been away from
any formal study of mathematics. Typical of these was a woman
who had graduated in 1983 and had no background in
trigonometry. The instructor tried to advise each 0of the

Students as they came forward.

-4

The instructor convened class again just before S p.m.
Observed that ocne student, an earnest young man in a three
Plece suit and with a calculator, had purchased the textbocok,

Still in shrinkwrap, curing the break.
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The lesson continued. "The same result can be obtained

algebraically.
lim lim x3-1 lim 5 1 1
15 = = + X + = : l + l - ’7.11
x—1 [MEC! x—=1 x-1 x—1 * N -
Sensing uncertainty about this from the class, the iInstructor
digressed for a while about the factoring of as - k3. One

student in the front row attempted this factoring, but
faltered. This factoring provoked nervous conversation amcng
three students in the back tier. This was my initial
Observation of a theme which was later to be named (by the
students) as the "Just Algebra" theme. IT was the assumed
background, secondary school mathematics, that was delayinc
the progress of the class at this point; not the calculus.

From here the instructor picked up the pace and went

immediately to the generalization: for any function £ at =&

point (a, f(a)) the slope of the tangent line 1is
im f(x) - f(a) . | Lim £ (mth) - f ()
%53 w - a which can be written as ., ., n .

After this the instructor said, "Let's do a little
application. No, we're running out of time. Let's pack It
in.»

From the students' perspective, the theme for that Iirst
Night was "can I keep up 2". One student, speaking o me
after the lecture, said the professor was trying to inspirs

fear, but at least he cared enough about his students zZc ac
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that sort of thing. The instructor conveyed the sense that
the students should be able to deal successfully with a tex=

and gain the material that they need through reading. I

()

wondered if the instructor was displaying a "my hands ar
tied, what can I do?" syndrome. The curriculum Is crowded and
the backgrounds of the students are diverse. The stuaents
must meet the demands of the syllabus; the syllabus will nct
be brought down to the level of the students.

Tutorials were scheduled for Thursdays each week; cne

(O8]
<D

Session before and one after the one hour lecture at

thy

There was no tutorial the first week. I arrived outside o

)
3

Q.

Lecture Hall 1700 at 7:25 and found both the instructcr a

-

(

Students waiting outside. The room was 1n use and we were
waiting our turn. The five minutes were spent with the
instructor discussing problems with the students.

At 7:30 the previous class left the hail and we entered.

The layout of this room was in marked contrast to the Tuesday

evening classroom. This was a true lecture theatre with
e€leven rows of nine seats each. The seats had flioup "arm
desks" for taking notes. At front there was a lectern,

Projection screen and two overhead projectors.

1y
m

Tuesday evening we had sat in a three tier amphitheatr
in comfortable chairs with ample space for notetaking,
eferencing the textbook or using calculators. On Thursday

We were in very much a standard lecture situation. And
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although there were only twenty odd students for nearly cne
hundred seats, the amocunt of space available tc¢ the
individual was severely constrained.

I felt that the attitude and behaviour c¢f the students
was affected by the physical environment. There was
considerably less interaction between instructor and students
during the Thursday classes than on Tuesday. The front row
on Thursdays was left unoccupied. Positive student activity,
as I observed it, occurred in rows two and three. Thnose c¢f
us in rows four, five and six were relatively inactive.

Nine problems from the textbook were assigned tTo be
handed in during tutorial sessions next week. The instructor
quickly recapitulated Tuesday's lesson and then moved on tc
the concept of instantaneous velocity. Throuchcocut there was
frequent reference to an assumed student background in
Physics. The instructor drew with great deliberateness the
Parallels between the slope of secants/slope c¢f tangents

relationship and that of the average velocitles/instantanecus

velocities.

There was some student/instructor interactiocn during zhe
lecture. A student in the second row caught the instructor
in an error. The instructor concurred with her correctior.

But also, some possible interactions did not happen. 2

raised hand by a student in the third row went unnoticed by

the instructor.
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When the limit c¢f guotients definition o©of instantareous
velocity was given, one student interjected that the textbcok
made use of negative times. The instructor responded that
this had something to do with the technicality of one-sidec
limits and he preferred not to get into it at this time.

The lecture continued although the student's boay
language indicated that she still had concerns. I noted tc
myself this instance of a student who had read the text prior
to the lecture, had thought about the material and was
actively wrestling with concepts during class. but I alsc
noted that many of my classmates were copying their hearts
out and that at least two textbooks were open sc that they
could follow the lecture.

Since the next example in the lecture came directly from
the textbook, the open books did not seem to be such a bad
Strategy. The example reguired finding the velocity of a

particle at specified times given the position-time

function. The function was a degree three polynomial ana the
L . lim £ (a+h) - f(a) o
Velocities were calculated using h—0 n . The

Jquotient limit was identified by the instructor as the
"fundamental equation that we would be manipulating
throughout this course; the basis of all the caiculations we
Will be doing."

The instructor invoked the binomial thecrem (nc longer

Part of the high school curriculum, I noted with chagrin!),
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briefly reviewed it and continued the example with the phrase

"all we have to do now is simplify this expression and zhazt's

1
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where some elementary algebra comes in." Alsc

o
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}_J.
th
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shifted smoothly from calculating the limits for sp
values of a to calculating the limit using a as a variacle.
After evaluating the limit the instructor finally ldentified
it as the derivative cof the position function.

A girl in the third row who had graduatea from high
school the previocus spring was obviously concerned by what
she perceived to be a tortuous and circuitous rouce toe the
solution. "Why not Jjust use the derivative rules that we
learned last year?"

The instructor replied that, yes, there were some quick
formulas for finding derivatives, but that we were not at
that point yet. "But I can guarantee you that on the
midterm and final examination you will have to find them <his
way ., "

The student who had raised the questions about negative

lim . _ )
time asked what had happened to the , 4 notation in the
final answer. When the instructor replied that it was oo
lOnger necessary after the limit had been evaluated, she
Commented, "Essentially we have let h=0." The instructor
replied, "We haven't let h=0, we have found the Iimit."™ The

Student was referred back to the table of values from the

Previous lecture.
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In the last few minutes of the lecture, the instructcr
introduced the concep:t of a limit of a function. The
importance of limits in the work already done was poinzed cut

as was their central role in the further development of koth

ot
16)]

branches of calculus. "It is important to understand limi
and to be able to evaluate them."
The instructor defined L as the limit of a functicn -

as x approaches a 1f f(x) gets as close to L as we like DV

taking x close enough to a . With diagrams the instructor
sought to clarify this definition. He gualified chis work oy
Sstating, "This is kind of a big mouthful. Even though that's

still a naive definition, we should lock at scome graphs hers
to see what's going on. It 1s easy to interpret the .imit cof
a function geometrically."

At this point, the instructor observed that the class
had officially ended. He Jjoked with the students about
continuing, "I told you it would be exciting"”, but electec zo

end the lesson there.

Q.

u

0O
()

The instructor then asked me 1if I wanted to intro

0.

myself and the research project to the class. I identifie
Myself as a high school teacher and graduate student,
Sutlined my project and handed out the informed consent Zorms
(Appendix B). I did this with a fair amount of apprehensicn.
I had no sense of what the general reaction would be,

@lthough I felt it was fairly positive after I had spoken.
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Certainly, I was buoyed by the support that the instruc
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ffered for the research and his assurance that inf

(

given to me would not come back to him.

As the students left, one asked 1f there woulad be a
tutorial that evening and when the assignment was due.
instructor replied that there would be no tutorials unti?
next Thursday, which was the due date for the assignments. I
was mildly surprised when he said that he did not yet know
the name of his teaching assistant. This foreshadcwec an
ongoing concern I had about the efficacy of the tutorial
System in the context of thls course.

The two hour-class session on Tuesday, September 10 was

notable in that I met with students before the lecture and

had some signed consent forms returned. Alsc, one of the

th

students engaged me in an animated discussion about cne ¢
the assigned problems.

In lecture the geometric development of the limit
Concept was continued from last Thursday. Numerous diagrams
were drawn on the overhead and most of the twenty students
were engaged in intensive notetaking. Little student-
instructor interaction occurred during the first part of the
lecture, although a significant part of the lecture was
delivered in a "question posed-question answered"” style. The

lnstructor answered the questions he was asking.
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Upon completing a seguence of examples, the instructcr

referenced a theorem from the textbook. What I found

th

interesting about this was that he made explicit mention o
the "if and only if" rature of the theorem and spent some
time explaining the biconditional. He spoke as if the
students should be aware of such relationships in logic, put
at the same time he made the effort to explain the situaticn
in some detail. This was an instance of the instructor

attempting to bridge the gap between the background knowlecge

Mm

the students was supposed to have and the actual cxperilenc
of the students.

T was surprised to see how many textbooks were brought
to class this time. At least six were open during tne
lecture. The student next to me had highlighted portions of
the text. The instructor commented that although it was a
heavy text to carry around, it was a good idea to bring it.
He said that he would be making reference to material Iin the

text, because the amount of material in these sections made

W2

it impractical to write it all down. This was -“ust followin
the statement of a specific example problem from the
textbook.

While working through this example, the mcod and energy
Of the class changed dramatically as the instructor
repeatedly invited choral responses to his questions. This

Particular example finished on a curious note when the
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instructor, after establishing with the class that the limit
did not exist, introduced the symbol J. This prompted the
first unsolicited student response of the evening, "Can we
write D.N.E. 2"

Again I noted that the layout of the room seemec =c nhave
a direct impact on the activity of the students. The

continuous desks allowed both open textbooks and notetakirnc.

The students in the first two rows, although not that much
closer to the instructor than in the lecture hall, respcnded
to a perceived proximity. Certainly, there was mcore

instructor-student interaction than I had observed on
Thursday (after the first half hour of notetaking, that isg).

After completing this first example, the instructor went
lim

on to a second example from the text: x—%)(l+x) . buring
this example, I made one of my Ifirst significant breaxs frem
Observer role to intervening participant by showing the
teaching assistant (attending the lecture and sitting next :to
me) how the problem might be done using the graphics
Capabilities of a TI-81 calculator. This was done while the
instructor was explaining to the class that the graph oI

~

Y = (1+x)% would give some idea of what the limit mignt be,
but graphing such a relation was currently beyond the

Students' capabilities.
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What the instructor did do was to borrow a calculator
from a student (he had misplaced his) and after some

adjusting to the device's idiosyncrasies (& source ¢f shared

s

amusement in the class) proceeded to determine the >imit by
what he termed "brute force". While using available
calculating power, the instructor cautioned against the
unsceptical use of the brute force method and at the same
time foreshadowed the role that this limit would have in
exponential and logarithmic functions. The reformer in me
found himsel? much heartened by this direct use a.ud advocacy

of technology in the calculus classroom, albeit at a very

rimitive level.
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A brief preamble to the next section, proper
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limits, preceded a ten minute recess. The ins spoke o

moving from a naive concept of limits to a definition that
Cculd be used mathematically. The instructor began witn,
"Using the € /8definition of a limit from section 1.4, the
eleven properties on pages 70 and 71 can be proved as
theorems. Now, we're not going to prove them. The book proves
One of them; a few more are done in the appendix here. Butg,
I'm not going to look at the proofs of these things here. it
this point of the game, I Jjust want you TtO become familiar

T

With the results, so you can use them in any sitcuatiorn tha

might reguire them." This situation further added to the



confusion I felt about what the role of proof was in this
course.

These properties, in the context of this course, were
to be used in algebraic manipulations allowing the eva_uation
of limits. The instructor spoke about how the "breaking up of
a complex problem in simpler problems" 1s a process
frequently followed in mathematics and the limit properties
allowed us to reduce a complex limit expression 1nto a rumier
of simpler Iimits which cculd be evaluated. I came -o
identify asides such as this as "meta-comments" rhéat spoxe
more about the nature of doing mathematics than relating
directly to the course material.

During the ten minute recess there was a flurry of

conversation among the students, primarily on the assicned
problems. The instructor remained and answerec student
Questions, although few had to do with mathematics per se. In

Particular, one student noted a discrepancy between what wveas

£ B ReTe T

Covered in class and the sections assigned for reading.

®

reading assignments and some of the problems were in some

T
Ty

instances ahead of the lectures. Another situation cdealt wi
the difficulties facing a student who had acquired a firsct

edition of the text. Yet another student was cconcerned tha-

[}

She might miss the last available bus if the lecture went =
late as 9:30. One student spoke about a velocity problem.

Several of the st-udents who could not get the attention of
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the instructor elected to talk with the teaching assistant.
It struck me that for many students this ten minutes micht be
the part of the evening where their involvement 1s greatest.
After the break, the instructor offered a naive
definition of continuity of a function at a point. The

lim
purpose of this was to explain thatx—»a f(x) = f(a) when f :is

)
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continuous at a . I was bemused by the circularity ¢

th
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approach, while at the same time granting the usefuln
the idea, "if f is continuous at a , let x = a and evaluate

lim ,
f(a) to evaluate v>a f(x) ". As the instructor tried

ct
O
19}
O

on to the limit properties, one student gquesticned him about
continuity. The instructor responded by talking about
Cclasses of familiar continuous functions and giving examples
of discontinuous functions. The language used for
discontinuities ianveolved "holes" and "rips". As the
digression progressed and the instructor measured the
confidence of student response, he commented, "How about
Cotangent? You guys are running through your minds, " 'I
better look up these trig functions, these graphs.' Not a »bad
idea."™ The class responded good naturedly with laughter.
There was an easiness in the class at this point.

Returning finally to the algebraic manipulation of
limits, the instructor identified this strategy for

N

€valuating limits as, "This 1s the way you would usually work
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it out. You would evaluate the limit by algebraically
simplifying the function."

The use of hand calculators in evaluating limits, the
"brute force"™ method, was relegated to the strategy oI last

resort.

) 3
lim 4w+3w2 .
An example from the text, =2 f?;:ﬂ; , sServea as a

springboard for a "review digression" on polynomial and
rational functions and their continuity. Lack of student
response to instructor guestions suggested that tnis review
was well warranted. It took a fair amount of prompting c¢cn the
instructor's part to get even one or two students to suggest
that the function in the example might be continuous a:

wo= -2,

Working on this one example changed the mood c¢f the
class. The variable in guestion was w , not x ; the limit
was equal to the value that w was approaching; the guesticn
of the continuity of a rational function was disguised by the
composition of this function with the cube rocot functior.
Even the arithmetical calculation of the expression with
w = -2 caused one student to borrow a calculator Irom nis
neighbour. Student involvement faded dramaticaily after tihis
exXample.

The instructor invited students to turn in the text to

where the limit prOperties/laws/theorems were listed (wit

123



red outline borders). He spoke again of the ambiguirty
inherent in the situation of accepting the truth of these
properties without prcof, suggesting that the students cculd
prove them when they covered the next section, or would prov
them if they took a course in analysis. While reading the
properties from the text, the instructor carefully identifisd
the hypotheses and conditions under which they held, but
actual examples were not offered. The class was asked =c
"translate" the fourth listed property into "English", but by
this time there was little energy left and nc response was
forthcoming. When the properties were used tc work through
the previous example, student interest and response
strengthened.

Another example from the text was used:

1lim 502 2% b . « ‘A
; struck me an excellen=z
X—-2 (x+2) * (x+2) This
example with which to work. The obvious initial move in

evaluating the limit would be to find the limit of eacnh cf
the addends. But neither of these limits is finite. So the
next move was to add the expressions to form a single
rational expression. Then factor the numerator and cancel the
X+2 factors top and bettom to determine that the limit dig
exist and was -2. Two important concepts came through In
this example: sometimes algebraic "simplification" was done
through combining rather than breaking up expressicns and two

functions without limits at a given point could Dbe
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algebraically combined into a function with & limit at that
point. The instructor carefully, but toc gquickly, brough=
these aspects of the solution to the class' attention.

Just after rushing through this example the instructor
said, "Gosh, I don't know. I sure seem to go slow...Zc I seem
to be going teoo slow or too fast for you?" The students
replied that he was golng too fast; the instructor stated
that he was going too slow to get through the assigned
material. Confirming the class' opinion on the pace, z
student interjected a guestion about the previous,
"completed" example.

Parenthetically, before beginning anotner example, the
instructor told the class to ignore the assigned reading argd
questions in section 1.4. Section 1.4 dealt with the precise
definition of limits upon which the proofs of the properties
in section 1.3 could be built.

The third example in this sequence was announced as
number 39 on page such and such. A student pcinted cuz iz
was actually number 41. The instructor had found himself

TO & seconc

t

Caught in a small way by the shift from a firs

lim ped
edition. The example —— " ,was done by multiplvirg
" x—0 Vi1+3x - 1

the numerator and denominator by the conjugate of the

denominator, "a technigue that usually works in this
Situation."™ The use of a calculator to determine the limit
Was again listed only as a last resort. Furthermore, zthe
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instructor promised that the limit evaluation cuestiors on

the tests and examinations would be such that tThe student

®

would have to use algebraic manipulations to evaluat
The tension betweer student understanding of underlying
concepts and student ability to perform mechanical

manipulations was very apparent in this example. There
so little time to cover the material in the course, yec
instructor was obligated to work carefully through this
rather limited piece of algebra. He taught it well, Dbuct

what purpose, I wondered.
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At 9:20 the instructor assigned the statement of Zhree

theorems for student reading. He discussed each briefly

concluded the lecture almost as 1f he were talking to

himself, "I'm going to assume that I'm finished now. Big

deal; 1.3. I've still got 1.4 and I'm getting further beh

every night. We'll just have to cope."

The class broke up into little groups and, as usuail,

several students apprcached the instructor with questions.

Students also spoke with me about problems Ifor scme tim

after the class ended. One student had graduated from

[

school last spring and had been taught by a teacher
known fairly well a number of years ago. This student

quickly adopted me as a tutor. In exchange, she spox=

me in detail about her experiences here and in high schcol.
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This was my first opportunity to establish a personal contac:t
with my classmates inr this field work.

The first tutorial session was held at 6:30 on Thursday,
September 12. The teaching assistant (hereafter referred
as the TA) was a graduate student Just beginning a M.Sc.
program in mathematics. He had been assigned to this c
by the Department of Mathematics and Statistic

Seventeen students (including myself) attended this
session. It was held in a room with tables arranged in &

rectangle. Two doors were on a wall opposite & twal

b

~

consisting primarily cf full length windows overlooking
downtown Vancouver. Chalkboards covered the wall at the
front of the room (placing the doors near the front and
back) . The first sets of assigned problems were passed Irom
student to student to the TA, who was at the front of the

room.

After the problem sets had been collected, the TA

t

h

$3]

solicited questions from the students. It became clear
he had not had an opportunity to review the material on which
the students were basing their guestions. Nor did he seem to
have a sense of the mathematical maturity of this group.
Student frustration with the situation became evident orn
several occasions. Comments were made about the text not

being worth much, the excessive number of unanswered
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gquestions a student had, and the cruelty of the choice ©
some of the problems assigned.

Throughout the hcur, most of the guestions were asked Dy
just three students. Two students sitting ir one correr
seemed to be working collaboratively with each other and
another student did bring to the class' attertion the
existence of a Review of Algebra as an appendix In the text.

I found myself in a guandary. I had been a teaching

o3}

assistant some fifteen years earlier, so that I had guite
bit of sympathy for the situation in which this Ta
himself. On the other hand, I felt that I had answers
the questions the students were asking and I was strongly
tempted to take control of this session and "dc the 2c¢b
better". BRBecause I still had grave concerns about the rcle
of the researcher in a study such as this, I tried tc
restrain myself. Sharp glances from some of the stucents
indicated that I was stepping too far out of the participan:
observer role in my desire to help my classmates.

The session ended about ten minutes before the beginning
of the lecture. I and several others carried a certaln sense
of frustration into the lecture hall. Adding toc my anxietv, I
encountered a student who had attended the schoo. where
taught. We had a discussion about why I was in this course
and what he was currently doing. Due to our conversation, we

both entered the lecture hall after the class had begun.
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The lecture tapes indicate that the instructor had been
busy clarifying the assignments with a number c¢I students.
Curiously, the instructor also acted as a departmental
messenger by forwarding messages to three students.

The class began with the instructor assigring sections
to be read, odd numbered problems to be done, and the second
problem set. A studenrt asked if i1t was possible to nave

N

copies of the textbook placed on reserve in the libraries.

A

n

Already, the university bookstores had run out of copie
discussion about the availability of the texts 1i. the library

ensued.

t

This sort of activity raised the recurrinc guestion ¢
the efficient use of time. Undoubtedly, these were real
problems faced by the students and the instructor showed his
care for the students by addressing them. On the other hang,
time was at a premium in this course and I wondered Xf this
was the best use of class time. (I was honest enough to
realize that a great deal of the time in the classes I taught
was also taken up by similar activities.)

The instructor told us that he was golng to cover some
0f the content in sections 1.4 and 1.5 tonight and that it
would be up to us to use the text TO pick up any extra
material. "Make sure you do problems. That's the key,", he
admonished. I was puzzled that he chose to cover secticn 1.4

after telling us on Tuesday that we were not going tc.
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Section 1.4 covered material that was critical in
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defining some of the major concerns I had about the cou
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It involved the mathematically rigourous €/8 definit:ic
the limit of a function and was contrasted with the "naive"
geometrical concept that had been dealt with earlier. The
degree of student acceptance of the precise definitiorn
provided a strong index of the distance petween the intended
curriculum and the achieved curriculum in the "intended-
implemented-achieved" curriculum sequence.

The instructor carefully built the definition by
reviewing with the class the diagram used previously to

illustrate a point discontinuity. Although I was famil-ar

e
>:
0
n

with the definition of a limit of a function and
impressed with the instructor's presentation cf the tepic, =
found myself amazed at the information density of tn

instructor's verbal description of the definition. I
think of these points, putting round brackets here, as being
the interval, the open interval as a matter of fact, from L-g
to L+ . Now if f(x) is in this interval here, it locks like
it is close to 1, then all I have to do 1s go down o 4.
Produce an interval down here around a and make sure tnat

every number chosen inside this interval is clcse Tto L. In
Other words, I mean inside this interval here. And tiis

argument has to be valid for any positive number €. Sc this

interval can be very tiny here. We say that L is the lim:t
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if there is a corresponding interval around & such tha

whenever x i1s in that interval that will force f(x) clLose to

(

L, somewhere up inside this interval."
As the instructor moved from the verbal description and

diagrams to the formal notation of the €/8 defintion (Z(x) €

O

(L+€,L-€)), a student's gquestion about the use 0f € T

represent "is a member of" made me wonder about the

bstacles

O

facing some of my classmates. On the other nhand, I was
impressed with the way in which the instructor contrasted
using the defirition (geometrically with diagrams) to
establish that a limit does exist 1in one instance and in a
second case, the limit does not exist.

The instructor quoted the definition as stated Irn the

textbook, but took time to explain the ramifications oI each

part of the definition. For example, in the phrase 0 < 'x -
al < &, the "0 <" indicates that x #a. I wondered 1f I was
overreacting to the subtleties that I perceived in tnis

definition. The level of mathematical maturity inherent Iir

this material did not seem consistent with the rest ©

Course material.
The instructor made the meta-comment , "Generally

speaking, when you are dealing with limits, there are

u)

problems involved. The first one 1is to come up with a
reasonable candidate for the limit. And thenrn secondly, vou

can use the definition to test whether you actually have
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found the limit or not." Reflecting back on the previous
lecture, I found myself increasingly confused apout tne
purpose being served by the formal definition of functicn
limits in this course. Had not the limit precperties ¢ zhe
previous section been introduced to verify conjectured
limits?

The instructor chose an example from the text, prove

lim
; 3-4x) =7 ' ] 1 val with
% 1 (3-4x) 7. Using properties of absolute value w
which the students may or may not have been famiiiar, the
instructor argued that | (3 - 4x) - 7| < € whenever
€ . c X .
lx - (-1) 1| <7 - The instructor then asked the class, "Whaz
would a good guess for O be?" He walted in silence for =

significant amount of time. When no response was forthcoming,
he began to explain the "obvious"™ in detail. At the same

time, he was emphasizing that the work he had done in

establishing the value for & did not in itself constitute &
proof. It would be necessary to rewrite the argument "in
€
reverse", beginning with, "choose 0= 7"
The instructor was undoubtedly sensitive to how
difficult the class was finding this topic. However, after

3

working through this example, which many clearly did not
understand, he added, "The problem with this method, of

course, is that I've chosen a trivial example where it's easy
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to produce this expression here. Most of the time it's not.
I don't want to mislead you. It's only for relatively simple
cases that you can actually use the definition directly tc
prove that the limit exists. What will happen n realizy, you
will prove a series of theorems from this definition and

those theorems are what we call the limit laws."

1
®

"I know this is guite a technical little procf he
Take this as an introduction to it and you want tc able T2 do
some very simple cases like this. If you want to stucy this

kind of material, usually you go through a calcuius cours

®

and then you go back and you pick up these finer points. Ard
what you would do is Math 141 (sic ), & one semester course
in Real Analysis, which tends to look at all the nitty-gritty
parts of this calculus course which we tend to gloss over."
The body language of my classmates suggested that very few,
if any, were encouraged by the work that evening to pursue
their studies of this material.

The instructor meved on to the topic of cecntinuity with
about ten minutes left in the class. The students

immediately became more attentive and involved. There was

vy
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student response to instructor guestions and students who

5

his was
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stopped taking notes resumed notetaking. For me

L

another indication that the previous topic was inappropriat

for this group.



The definition of continuity and some properties of
continuous functions were quickly covered and the instructcor
formally ended the class commenting, "I'm sorry to rush you,

lass, as usual, a

O

but I've got to pick up the pace." After
number of students remained to discuss problems with the
instructor.

A tutorial session was scheduled for after the class.
Only two students besides myself stayed. The instrucror
tried to locate the TA, but was unsuccessful.

I used this opportunity to talk with the two students,
Thomas and Catherine, about their reactions to the lecture.
Neither of them was comfortable with theilr understanding o
the €/8 definition. Catherine felt that proof in a
mathematics classroom had a capital "P" on it. She
associated it with procf in geometry for which "there was
only one way to do it". Both students had come to this
lecture without having read the relevant sections in the

text, so that they did not know what the instructor w

teaching.

Catherine said that she lacked the perspective Tz declde
what is important and what should be taught. If ic was parc
of the course she would accept it. Yet, I found, O sonme

extent, students do decide what is important In their
acceptance or rejection of material. On Tuescday, the c.ass

accepted the material on limit properties and their use.
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Later, on Thursday, they responded positively to the

definition of continuity. The material on the formal
definition of limits was, however, rejected. The body
language was very negative ("sitting back") and studen<

involvement, both verbally and through notetaking, was
minimal.

The tension within me that had been building thrcughcus
the evening, beginning with the first tutorial sessiocn and
continuing through the lecture, resolved itself when

completely abandoned the researcher role for a wnile and

spent time teaching. I tried to illustrate and justify the
material covered this evening by developing and contrastirc
lim 1 lim g
, sin x . ‘
sin (& and EE— Both of them seemed recevntive
x—0 (x) x—0 ps s

of my teachinc efforts.

By the end of the "tutorial hour™ it was past 9:30

e

dark and rainy. Thomas had transportation home, oput Catherine
would have had to take the bus. I offered her a ride to her
Nneighbourhood. Because of this opportunity, I found mysel
with a key informant.

During the drive tc her neighbourhood, Catherine spoke

to me about her backcround, her current course of studies and

O

her learning situation (including the fact that on Thursdays,

]

+
PO RSN

the calculus lecture and tutorial were her sixth and sev

Nour of classes!).
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By the end of the first two weeks of classes I felt —hzt
a number cof aspects of my research had begun to come
together. There were patterns and trends, some expected,
some unanticipated, that I thought I would follow throuchcuz
the term.

There were the matters of tutorials, student
transportation, the physical layout of the classrooms anc
what materials the student would bring to and use in
lectures. What background mathematics was assumed and whaz
background did the students actually have? How much time
could be spent out of class on this course? How was this
time spent? As it turned out, not all of these issues were
pursued to any significant extent later on in my study.

-~

The tension between the wvarious roles I was playing w

e8]
n

quite evident. At one moment I would be an observer,
watching and recording student reactions and behaviours.

Next I would be a participant, taking lecture notes and
submitting problem sets. At other times, I was a researcher
distributing and collecting informed consent forms anc
explaining my project to others. Many times I would be a
classroom teacher with strong opinions on how a topic should
be taught. At other times, my reading of literature from the
calculus reformers would lead me to question what should be

taught and again, how it should be taught.
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I had established some identity within the class.
Students, the instructeor and, to & lesser extent, the
teaching assistant knew something of me as an ndividual. I

was beginning to interact with the members of the class ir a

number of ways and as I did so, I would find my focus of

n

O

interest shifting as they offered varying perspectives

what was important to them and why.
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September 17 to October 10, 1991

By Tuesday, September 17, many of the other students and
I had reached something of a "comfort zone" in this course.
Arriving five minutes before the lecture, I met with several
students who asked me how my research was progressing.

Entering into the comfortable layout of Room 1430, I
encountered a convivial atmosphere. There was frequent
laughter and the instructor and students were bantering with
each other. This was in marked contrast with the mood of
last Thursday.

The instructor gave us sections to read for next class.
Significantly, because "as you know, this course is crunched
for time", the instructor announced that section 2.3, Rates
of Change in the Natural and Social Sciences, would not be
covered in lecture. Students were to read the material and
attempt "every second odd problem”. This and the omission of
section 3.9, Applications to Economics, in the course
syllabus suggested that students would have to look elsewhere
to see how the calculus was used in other fields.

Assignments collected and procedural detaills attended
to, the instructor began with section 2.1 and the formal

definition of the derivative. He identified the definition

lim + —
f'(x) = £lxvh) o f (x) as the most important one in the

h—0 h

course. It would occur on both midterms and finals. tudents

should "know it well enough to tell your grandchildren”.
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Furthermore, as if the instructor was aware of my concerns

when he covered this material earlier, he spoke to the clas

@]

about distinguishing the roles of x and h in this expression.

The first example dealt with how to find the derived

. 2 ; . .
function of f(x) = w23 - ‘he instructor asked the class how
2 2
. lim (x+h)-3 © x+3 N
they would evaluate the expression ., .q = There

was some student response, but in general, there was no clear
sense of what to do with it. The instructor commented that

this limit would be impossible to evaluate directly and that,

O

one way or another, we were led back to algebrai
manipulation. It occurred o me that much of the algebra
necessary in the early stages of this course dealt with
simplifying rational expressions.

The student next to me, a girl named Ronnie who had
adopted me as a teaching assistant, showed me her (correct)
derivation of f£'(x). This little interchange between Two
students was typical of what happened fairly frequently in
Tuesday evening classes. They had little or no effect on the
flow of the lecture.

After completing this example, the instructor made the
first of several digressions on the historical development of
the calculus. He had travelled to England last summer &ncd

had visited Cambridge. There he had seen some of Newton's

original manuscripts on fluxions. Later in this lecture, he
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would comment on the different notation used for derivatives
and the impact of Leibniz on this. There was little
notetaking during these asides, but a number of students
remained attentive. I made a note to myself to check with my
classmates as how they felt about these digressions.

Another mathematical background impediment (ratiocona:l

exponents) cropped up when the instructor next establisned

1
the derivative of the function f(x) = 7:-. Students were
X
3
-1 -1 2 .
confused when he rewrote — = as o X . The 1instructor
x (2Vx)
3
2 -
sensed this and asked the class the value of 4 . Afzer some

hesitation, one student volunteered 6 as an answer and
another responded with 8.

During the break, the instructor was besieged by several
students concerned about how to approach an assigned problem:

1im

providing an €/0 proof that wsa © T C - I was unable tTo

Oobserve this interaction because a number of my classmates
had approached me for advice on the same problem. The
instructor suggested that this would be a good proklem for

the TA to work through in the tutorial sessions.

|~

The timing of the assignments and the lecture materia
was interesting. Student attention was focused on problems

they had been working on recently; the lectures were on
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material that was, in most instances, "in the future"” for the

students' attention.

During the ten minute recesses on Tuesday evenings the

instructor was essentially giving ten minute tutorialis to

students. This evening he called for closure to the
questions by saying, "I've got to get going guys. We've cot
to just buzz along." He added that he would be glad to

answer gquestions after class.

After break, the instructor's preamble established the
importance of derivatives when working with rates of chance
and the need for being able to calculate derived functiocns
more readily than the Zimit definition would allow. Herce,
we would establish differentiation formulas, where
"differentiation is the process of finding derivatives". The
language of mathematics must be extremely frustrating for
some students.

In developing the power formula, the instructor
maintained that "if you mention the power rule or formula to

anyone who has had a bit of calculus, they will know exactly

what you mean." Mentioning that he was going to "mix up his

notation, so that we would get used to it", the irstructor
i n-1 + N FEu— -

Proceeded to prove ax (x) = nxtb , n €Z7 . One studernt

asked why n was restricted to positive integers and the
instructor replied that the proof he was giving would be for

Positive integers, but that the formula could be extended for
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other powers of x. He then asked 1f any in the class werxe
familiar with this rule. Some were.

The proof he outlined was based on the Binomial Theocrem,
on which he commented, "which I hope vou are all familiar
with." The text offered both this proof and one based on the
factorization of x? - a”. The instructor had some students
guess coefficients for the expansion of (x + h)". To my
surprise, he also mentioned the relation of Pascal's
Arithmetic Triangle with Binomial coefficients.

I felt that a great deal of time and effort was beinc
spent developing this particular formula. Furthermore,
background mathematics was being invoked that was not
relevant to any other part of the course. In fact, 1
questioned the value of "proving” these rules in this ccurse.
How did my classmates feel about this? Would they not accept
the validity of the rules on the authority of the instructor
and the text? What was at issue here: the development ci the
rules or the ability to use them?

Sixteen students attended the first tutorial sessicrn on

lim
September 19. The TA began with the proof that . ¢C = ¢

He concluded a general discussion of £/0 proofs with the
comment, "That's the problem with mathematics sometimes.”

Students responded to this with laughter.

This evening the doors to the classroom were left cpen,

students were engaged in conversation in the corners of tne
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room and some street noise was coming in througn the windows.
I found myself distracted.

One student asked the TA to work through an odd-numbered
problem from the text, thus suggesting that at least some cf
the people were attempting to do problems other —han thncse
that were to be submitted. In working through problems, the
TA sometimes displayed lack of familarity with the
nomenclature of the text and lectures. It seemed that the
students were taking the initiative in communicating with
him, but the TA was responding positively to gues.lons.

One question, however, disrupted the effectiveness of
the remainder of the session. The TA began the sclution in =
straightforward manner, but soon found himself in
difficulties from which he had trouble extricating himself.
During this solution, the attention of the students wavered.
When the TA made a simple error in differentiating a
function, none of the students corrected him.

The class ended at 7:20 and we sought out the lecture
hall, only to find that its use had been pre-empted for the
evening. As a group we tracked down our classroom for the
night,which was an upscale theatre larger than the usual
lecture hall.

The pre-lecture discussions this evening were not so

much on specific problems as on the general feelings students

were having about the course and the assignments. One
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student commented, "I've never been this far behind this
early in a course." The instructor replied, "Let me tell vou,
this course 1s packed. You have to make sure from the very
beginning that you put a lot of time into this course." He
expanded on how full he felt the syllabus was and how liztle
time there was to cover it all. The section on applications

would not be covered in lecture, not because he felt it was

QQ
3

unimportant, but because he was unable to cover everytnin
detail.

The instructor also pointed out to the class that the
venue for the second tutorial session had been changed
without his knowledge. The absence of the TA last Thursday
was a consequence of not knowing where he was. I and several
others had determined the location of this tutorial session
this week by checking the notice board in the lobby. Ccuplec
with the room change for the lecture this evening, this event
suggested that just finding the correct classroom could
sometimes be a hurdle. Several students did arrive late for

N

the lecture this evening because of the room shift and th

o

lecture itself was briefly interrupted by someone entering
the lecture hall, glancing at the notes on the overhead and
hurriedly leaving (to the amusement of the class) .

The instructor reviewed the work begun last lecture and

eventually reached a point where further differentiatior

rules would be proved. The instructor asked the class to
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confirm where in the list of rules he had left off. ~After
determining this from a student, he went back to his rotes
and continued rule #4, which he stated, but did not prove.

With this set of differentiation formulae, the
instructor claimed that the class had sufficient irnformation
to find the derivatives of polynomial functions, "which plav
an important role in mathematics". Several examples were
worked through. Formal derivatives of polynomial functicns
resulted; there was no reference to the graphs of the derived
functions. Of the three representations of a funlition:
numerical, graphical and symbolic, the symbolic

representation was certainly receiving the most attention.

The instructor did pose a question to the class to see

if they were grasping the concept. He asked about the
relationship of the degree of a polynomial function tc that
of its derivative. The silence of the student response was
conspicuous and disconcerting. "A good examination
Question, ", gquipped the instructor. I wondered what was
being learned. The instructor persisted with this guestion

until at least one student (Catherine) had some sense of the

underlying concept.

The product rule was the next differentiation formula.

Fully ten minutes were spent proving this rule. The proo:

8}

followed that in the text and used the limit definition of

derivative. In fact, one student responded to the




instructor's guestions by referring to the text presentatiorn.
Most of the class spent their time copying the proof frcom the
overhead notes.

The "trick" to the proof was the shift from

Limof(xrhyg(xyn) - floglx)

h—0 h ©

lim f(x+h)g(x+h) - f(x-h)a(x) + f(x+h)g(x) - £()g(s) .
h—0 h ooTT
instructor pointed out that, "We are in the luxurious
position of knowing what the answer i1s.” The correct "ena

result” of this limit pulls us in the right direction. The
instructor gave full credit to the genius of Newton anc

Leibniz in developing this formula. "Remember neither Newton

T

nor Leibniz had the luxury of knowing what the answer 1s.
These comments went a fair distance in helping the students
realize the difference between understanding & prooi ana

creating a proof.

-
il

After developing the product rule, as an applicatio

2
x+3

the derivative of f(x) = ( ) (x3 - x +4) was sought. My

~

. ) . . , . 2z
immediate reaction to this was that the derivative of (T2=)

was not yet "fair game" for my classmates and I was annoyed

by what I felt was an inappropriate example. I was

chagrinned when the instructor confessed that we did not vet
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have the rules to find the derivative of ( ) (rewritzen as

x+3
2(x+3)~1), but, in fact, this derivative was one of the
examples that had been worked out earlier using the limit

definition.
Catherine, who I had now identified as one of the most

—h

Hh
@

-

capable students in this class, asked the instructor
power law could be extended to n = -1 for this instance. The

instructor agreed that it could in this case, but ended up

.

by

trying to explain the distinction between the x" anc (x) 35
with some foreshadowing of the chain rule. This discussiorn,
as far as I could see, involved only Catherine and the
instructor.

The Quotient Rule was stated without proof and an
example was completed. Moving quickly, the instructor mcved
on to the section on the derivatives of trigonometric
functions. Although the matter had been brought up ana
discussed before, one student (Ronnie) again asked why

section 2.3 was being omitted. The instructor said that thi

)

o 1SR
L, DU

(A

{

section was nice, dealt with applications of section

= 1

did not offer any new theory. Was this & criterion for

G

inclusion or exclusion of material 1n the coursev
In order to find the derivative of the sine and cozine

functions, the instructor identified the need to evaluate tTwC
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h—0 n 2% 1h-0 h

lim sin h lim cos h - 1
limits beforehand: -

algebraic proofs were to be found in the text. The
instructor suggested that under the time constraints we faceag

that "brute force" evaluation of the limits was appropriate.

=

Even this fallback to calculators reguired a br

radian measure for trigonometric functions. The limit o

lim sin h . : ;
= was found to be 1 using calculators, but then,

h—0 h

for some reason, trigonometric identities were used to

lim cos h - 1 . .
1 — = . Considering the
establish that N, n 0 g

hesitation of the class in responding to guesticns abou:
trigonometry, the extra time spent might well nave been
warranted, if only to encourage students to review their

knowledge of trigonometry.

The instructor ended the lecture about five minutes la:ze

ot
oz
D

and seven of us went off to find the room assigned fo
second tutorial session. Unlike the room where the first
session was held, this room had no windows and only & single
door. It was guite small relative to the venue of the €:30
tutorial.

The TA handed back assignments and explained the markinz
Scheme. He failed to announce that solutions were available

in the Harbour Centre Library. One of the students was

visibly upset with the results of his assignment and crumplec
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his papers. Other students, notably Catherine, were

displaying the eifects of fatigue.

t

Examples that had been brought up by students in the
first session were now put forward by the TA, indicating tha:
he was using his experiences earlier in the evening tc
improve the tutorial sessions at the end. While he was

presenting his solutions to some problems, several of tne

s

b

students were working, individually or in pairs, on the

homework assignments.

45

When the students had their turn in presenti..g proklem
for solution, I observed that some of the odd numbered
questions that were done generated discussion that lec
students beyond the boundaries of the course expectatiocrs.
Notation, especially the use of V and 3, was a problem for
some .

The students and TA engaged in guessing what material
would show up on the midterm. This sort of discussion wculc
take up a significant amount of time in the tutorial sessions
throughout the term. It was assumed by the students that )
proofs would be on the test.

Two concerns arose that evening that I had not
considered as significant before my study: health anc
fatigue. The cold that the instructor had last week had

worsened so that tonight's lecture was often punctuated bv

Coughing. The instructor himself indicated towards the end
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that he was "running out of steam" and that he was
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voice somewhat. Extreme fatigue was exemplified by C

5
O
"J

[

3
Q)

in the last tutcorial session. She had participated st

(1
3
D

during the lecture, but had no energy left at all for
tutorial. I observed these factors impacting on the
behaviour and performance of nearly everybody in this class,
including myself, before the end of term. It occurred toO me
that there was no provision for being 11l or tired Iir such a
course.

By the lecture on Tuesday, September 24, my research hac
progressed to the stage where I was spending much of my Time
in conversation with my classmates. I was shiftirg from &
detached observer frame of reference in which I typically was

describing the class as a whole to that of participart who

was dealing with individuals.

t

One consequence of this evolution in my research is that
my field notes became more concerned with specific perscns
and their interactions with me rather than the instructcr-

student interactions I had been detalling earlier. The audic

tapes of the lectures, especially the portions recording tust

th

before and after class, helped to continue monitoring scme o

(€]

f=}
=

the student-instructor conversation while I was otherwl
engaged.
Prior to the class that evening, I spent time talking

with Catherine. We spent some time discussing the spacing ¢
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the lectures. On Thursday, the material covered on Tuesday
was relatively fresh in our minds. But, during the
hour of Tuesday lectures it was often an effcrt to remember
what had taken place the previous Thursday. Catherine also
spoke about the frustration and anxlety that she felt because
she sensed she was falling behind in this course. Our
conversation drifted to what might be on the midterm test anc
Catherine's delight in "stumping” a professor with &
difficult gquestion ear_ier in the day.

While I was talking with Catherine, other students were
bringing questions forward to the instructor. One student
sought help with the evaluation of a limit of a =Zrigonometric
function. In the ensuing discussion, it turned out that the
student did not realize that the function was continucus

-

everywhere and need only be evaluated at the point in
0 Tc > -
guestion (x = — in this case). After the lnstructor rac

established this with the student, he tried to have her worx

T

through the evaluation. "What's sin g ?", he asked. Silence

and an admission, "I don't know. Point...?" followed IZrom the
, V3

student . The instructor supplied the value of 5 - The

spectre of deficiencies in background math seemed ever

Present.

[
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The instructor spoke briefly with one student who was
older than me. This student was a professional engineer who
was taking the course for "the fun of it". They spoxe zbout
how the calculus would "come back to the engineer" as he
worked through the course and about the mathematics tha:t he
did in his profession.

Before beginning the lecture, the instructor was
reminded to attach the microphone to his jacket so that zne
lesson would be recorded. BHe asked 1f anyone had access=d
the tapes yet. No one, including myself, had. Tie
assumption was that the tapes were avallable in the Harbour
Centre Librarvy.

He also reminded the class that solution keys for the
assignments were also available in the library. Showilnc
admirable flexibility, the instructor, responding to student
feedback, changed the due date for the assignments from
Thursdays to Tuesdays. This was to allow students to ccnsult
with the TA about the assigned problems before they were due.

Almost as if he had listened to the discussion I had had
with Catherine about the spacing of lectures and the
difficulty of remembering where we were on Tuesday lectures,
the instructor began with several minutes of review of where
we had been and where we going in the course. Today's topic

was to find the derivatives of the trigonometric functicns.

152




The instructor assigned (re-assigned) every second odd
problem in sections 2.4, 2.5, 2.6. As these problems were
not collected, there was no student accountability for their
completion, I noted to myself that I should ask my classmates

how many of these guestions they attempted. Finally new

material was begun with the problem of evaluating «0 % sin

My immediate response to this example was, "Why bother?", buz
I soon found intrigued because I did not know what the linmit
was. (Nor did I feel that using 1l'Hépital's Rule would be
fair.) This was an aspect of mathematics I had been
overlooking recently. Sometimes you do mathematics because
it is fun; a puzzle to be solved. This sentiment was echoed
by Catherine in a conversation I had with her later.

The instructor argued that the function in question was

discontinuous at x = 0 and asked for student suggestions on
how to algebraically manipulate the function until it coula
be separated into recognizable functions. The class was

unable to provide any suggestions, let alone the "correct”

o L . s b l+cos X Wnile
ne of multiplying the function by T - nil
multiplying, the instructor added the meta-comment, "Using

the [instructor's name] rule, never multiply the denomirators
out. It's usually not productive." The urnintentiona. pun
=

notwithstanding, this comment struck me as a clear example of

the apprenticeship role of mathematics students.
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At the end of the example, the instructor suggested, "IZ

vyou have any doubts about what I'm doing here. I dorn't think
vou do. You probably believe me. But you could revert D&ck
to the brute force method." A student spoke out, "I wvou gct

stuck on an exam, could you use a calculator?" The
instructor replied that he would try to phrase the guesticns
so that calculators would only be used as a last resort.
Twenty to twenty-five minutes into the lecture, the
derivatives of the trigonometric functions came up agai
More meta-comments from the instructor made me hcpe That oy
classmates were paying attention. He spoke of memorizing the
derivatives of various functions; "loading your pockets with

tools that you can bring out in the appropriate situaticn

He also noted that the derivative of a trigonometric func

Hh

-~
il

is also a trigonometric function, "keeping it in the family

d , . . .
The development of —_ sin x involved the expansicr of

dx
sin (x+h). When the instructor asked the class where tc
proceed from ii:b Sin (X+h; - sin there was a lengthy
silence. Finally, the engineer volunteered that expanding
sin (x+h) might work. The instructor asked the students Zcor
the expansion. There was some laughter when ne acded,
"Without looking it up in the book,", because two Cr three
students guickly went to the appendices of the text. Withour

the text, no one was able to give the appropriate identizty.
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After completing the development of the derivative of

the sine function, the instructor invoked another

mathematical commonplace by saving, "Similarly,
g ‘ . . :
gx CO6s x = - sin %x." This was after he had poinzted out <hat

the derivative with respect to x of cos x 1s not the
"obvious" function, sin x. The instructor expanded on the
mathematician's use of similarly, "I say similarly, in fac:
you can duplicate this proof. It would be exactly the same
steps you would go through, except vou would have the c<cs
(x+h) here and, as this gentleman has indicateq, there :Iis
probably a formula for cos (x+h).”

After exhorting the class to look up the basic
trigonometric identities, the instructor allowed that we
would not be making much use of them in this course. They
would, however, be used extensively in Math 152 for
integration.

More time was spent on developing the derivative oI the

tangent function. Time was spent discussing how one would
approach the problem initially. The instructor, rather -.ike
magician producing a rabbit from his hat, invoxed a
trigonometric identity, tan x = jfiéli and ther appiied tne
quotient rule. "Just use a little trig identity first of all.

...Tangent, we all know, is egual to sine x over cosine x.

Now why is this good? Number one, I know how To
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differentiate both sine x by itself and cosine x by itself,
just gave them to vycu. And I also know how to do a guotient
by the quotient rule. Thing solved! That's all there is o
it.”

Again and again, observing the development of these
familiar topics, I was struck by how much "dolng mathematics"”
was being explicated by the instructor as he sought tTo cover

the course material. Unfortunately, the established

Y
O]

. , , d , .
differentiation formulae, a; tan » = sec? x, reguired som

(=

a Wit

1

~
)

<

simplification. &As always, the students were not

a3 as
varLive.,

}o-

sec? x was the preferred "simplified" form of the der
Nor did any of them seemed inclined to guestion this "best”
form of the derived function.

The instructor did point out the mnemonic for memorizing

derivatives of trigonometric functions: the derivative cf a

()

trigonometric function can be found taking the opposite ©
the derivative of the cofunction and replacing each

trigonometric function in the derivative of the cofunction bv

. e G
their cofunctions. For example, since - tan x = secc x, ther

d , . .

a"cot X = - csc? x In developing the derivative of sec x
. I
d , _ .

(d sec x = (tan x) (sec x) ), the instructor emphasized the
X

inertia of mathematica. convention when he said,” Almost



every book writes them this way . I'm going to commute :them
around. This is (sec x) (tan x)."

After invoking the mathematical use of term "similarly"
once again to develop the derivative of the cosecart
function, the instructor spent further time explicating the
patterns in the table of differentiation formulae for the
trigonometric functicns. "There is a summary which vou must
put to memory."

The lecture continued with some worked examples from the

+

textbook involving formal differentiation. The IL.rst

=t
P

[

ron

'0

was to find the derivative with respect to x of

Yy = (x)(sin x) (cos x). It was worked out in detail and the
"final answer" reached by using a double-angle identity. The
second problem was to find the equation of the line tangent

to the curve

Tt 3 ] + -
vy = 2 sin x at the point (=, 1). In the first case, studente
did not know which identity to use. In the second problem,
the instructor sought dialogue with the class. But the

students were very tentative about evaluating sin The
instructor sketched a graph of the curve. Asking Ior the
value of sin x at x = T, he had no correct responses. The
instructor went back to the unit circle in an attempt tc helxr
the class. He was wel. aware of the difficulties they were
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experiencing. He conciuded his mini-review of circular

functions with the comment, "I'm only doing this the one tinme
here in a bit of detail, just to remind you of what 1s going
on here."™ I noted how difficult it was for a good teacher :c

ignore gaps in the knowledge base of his or her students.
During the break I spoke with a student who had
graduated from high school in 1981. He allowed that

algebraic manipulation was catching him out as he did oad

numbered problems from the tex:t. But the trigonometryv was
even more problematical. The trigonometry done i.. high
school was "done once and put away...at least with algebra

you had a chance to use it for three or four years in high
school."”

The remainder of the break I spent working through a
homework problem brought to me by another student. Many of
the students spent the recess talking with each other.

"o~

Class reconvened at 8:40 with the instructor sayinc, "I=
always takes longer than I think it's going to take. You

N
o~

know when I said to study 2.6? Scrap it. We'll have to co

i

that next dav." This brought muted cheers from the class.
made a note to myself that these people, students and
instructor alike, were reallv working hard at this course
Section 2.5 dealt with the Chain Rule and
differentiating the composition of functions. The instructor

began a straightforward development of the rule, but my
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reaction at the time was that the presentation was too fast
and too abstract. Rather than work with a "concrete"
example, the instructor chose to talk about general functions
f and g . I observed that only about 30% to 50% of the class
were taking notes at this time, in contrast to a substantial
majority who were taking notes during the first hour.

There was a great deal of technical vocabulary iIrn this
part of the lecture. The instructor explained what i1s meanz
when a function is said to be differentiable and talked about
the non-commutativity of the composition operatict. Time was
spent discussing which notation is most appropriate Ifor
representing the chain rule.

The instructor continued the lecture with minimal
interaction with the class. He said that he wanted tc
outline a proof that is "not absolutely precise" but is
"better than the one given in the text”. His comment that
"there are still flaws 1in mine, but probably none of vou will
find them," brought up some student laughter.

The proof involved the use of several dummy variables
such as u for g(x) and k for g(x+h) - g(x). To argue that
k—0 as h—0, the instructor used the continuity of g which
was based on the hypothesis that g was differentiable. Bwv
9:05 what student attention remained was fading guickly. One
student beside me was merely rocking back and forth in nis

chair. To his credit, the instructor persevered in
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soliciting student response. But it seemed & difficul
As an exception to the general non--response tc this procf,
one student, Catherine found it to be cute.

The instructor sought to connect the topic with
economics and the use of the term marginal in economnics.
When he questioned the class he found that verv few o the
students had ever studied economics.

Having run out of acetate, the instructor moved tc the

chalkboard and worked through examples: find

!
— (x2-1)3 and

1
. (%2 —x)2, There was some positive body

gja

language (nodding of heads, sitting forward) as the lecture
moved to actual examples. There was a markea contrast in
attentiveness and body language of the students when they
worked through these examples to the chill that pervaded the
class when the proof of the chain rule was beinc developed.

The instructor concluded the lecture with & meta-commen<
that "our answers" might differ from the ones in the text
because of the amount of simplification that was done.

The evening had been very full. There was development

of derivatives of trigonometric functions, an exhortation to

memorize some formulae, a display of formal differentiation
technigues and a proof of the chain rule as well as var.ous
hints and suggestions as to how to actually "dc math". It
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seemed to me that manv agendas were being covered more or

less simultaneously.

I arrived ter minutes late for the 6:30 tutorial on

September 26. &bout a dozen people were there when I
arrived. The TA was working through some limit problems and
deomonstrating a number of mechanical "tricks". He seemed

much more comfortable with the material and text this week

than last.

and whether sec? x represented sec(x2) or (sec #)2- The
latter question echoed a comment made by Catherine last
Thursday about the occasional difficulty in recognizing the
structure of functions arising from the compositiorn of cther
functions.

One question represented a recurring theme in tutorials.

iim —_—_

. B 2 : I e oFf us
Asked to evaluate the one-sided limit 4" Vi6-x° some oI S

invoked the continuity of the semicircle and simcly
answer (with a sketch of the graph). The TA awarded full

=)
-

marks only if a sequence of limit rules were used. How we
We to respord on midterms and the examination? Tne TA
replied, "On assignments, go back in the textbook and use tnhse

methods of worked examples." Once again, the text was

as the final arbiter of correctness.
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The 7:30 lecture was in the theatre. One student =seated

u.

herself in the first row, twelve sat in the next three rows

-

.

V]

and the rest of the class (five of us) sat in rows five
six. I noted that one of the first students who had spoken

with me, the girl who had adopted me as & teaching assistant,

)

0]

<

'
ke

was no longer in the class. I had no sense of why she drc
the course. She seemed to be working hard, was asking zood
questions and had not seemed particularly oppressed by any
aspect of the course.

The lecture began with implicit differentia.iorn. The
material was clear and well received, &although, as usual Zor

Thursday lectures, there was less student-instructor

.

interaction than on Tuesdays. Meta-comments were sprinkle

643

likerally throughout this topic's development. Sucgestion
on when to use implicit differentiation, what level of

simplification for the final result is appropriate and wh2n
it was possible to check our results by solving "explicitly
for y ". There was also a digression on conic sections and

quadratic relations when working on the problem of finding

b

the equation of line normal to the curve 9x? + 4y2 = 72 at

point (2,23).
The example was worked through in painstaking detail.
Immediately upon its completion, the instructor said, "Let's

move on to the next section.” It was 8:07 and some thirteen

minutes remained in the lecture. Section 2.7 dealt with
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Higher Derivatives. During the preamble to the secti
instructor said with good humour, 'Think there 1s any value
in calculating fourth, fifth, sixth, seventh derivatives?
Nod your heads. There is some value to it." But the
applications of these higher derivatives would be found i-n
later courses.

The second derivative was motivated by defining

¢t

acceleration as the second derivative of the position-

function. The instructor did comment "on the kind of a
d?y

o2 Later in the
X

little bit of strange notation" of

T e~

lecture, he attempted to justify this notation by runnin c

through a possible history of how it evolved from —zif-

His confession that he was making up the story brought Iortn

laughter from the class.
Catherine intertected with a question about higher order
derivatives of non-functional relations. The instructor Toox

a moment to reply to her. This was an interesting inst

-

of class time being devoted to an individual, as I suspect

her gquestion had not occurred to other students.

The class concluded with the instructor telling us that,
Studv those

"You've got enough to get in there now and read.
two sections and do the odd problems." This struck me as an
interesting insight into the instructor's concept of the

his lectures played in the course.
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Five of us continued to the second tutorial sessiorn.
TA handed back the marked assignments to the correct
students, indicating that he had already identified the
participants in the smaller, second tutorial. Building or
his experiences from the earlier session, the TA initiated

discussions with us based on the guestions and issues brouch:

ot

—~

up in the first hour. One student, Thomas, asked the T2

go through, step by step, the trigonometry involved in c¢ne

solution. Another student, commenting that the TA haa done
this to us last time, lamented the TA's use of a _imit rule
that was "not on the list". The rule used turned out to de &

special case of one that was listed in the text.

Both students and the TA raised issues about what was cto

be on the upcoming midterm. Thomas and Catherine asked for

help in finding general solutions toO trigonometric eguations

+

b

O
1

and Thomas had additional questions about the differentia

of absolute value functions (and points where the func

are not differentiable). By the end of the hour the TA had

responded to guestions arising from a wide range of

mathematical topics.

Prior to the lecture on October 1, I had an opportunity

to talk with several students. Catherine had attended tne

calculus lab at the Burnaby campus and found it very useiul.
David, a student who was working night shifts, spoke to me

about his time management concerns. He was getting the
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correct solutions for the assigned problems, but he felr it
was taking him too long. One student I spoke with was
auditing the course. He attended lectures, but did not dc
the assignments. Nor did he intend to write the tests.

The instructor began once again with a five to ten

e

minute review of the last lecture and then began TO work

through position-velocity-acceleration linear motion

. o
problems. The position-time function was s(t) = —i::;
N O+t~

Differentiating to find the velocity and acceieration
functions involved rational exponents, formal differentiatior
and rational expressions. In the midst of general silence,

one student raised a question about the algebraic

simplifications. While I had serious doubts about how much

algebraic manipulation was appropriate in this instance, oy

FERN
cone

classmates seemed to feel it was part and parcel of

course material and tried to master it. On the other hang,

>

N

: < 3 .
when the instructor asked for the value of 25 there was no

ts

response from the class and he had to supply the answe

Concerning simplification of derivatives, the in

<
>

ot

it
~ L

She

eadv

a1

offered the following meta-comment, "If vou haven't al

discovered it, if you have to take more than one derivative

[second and third order derivatives] it 1is much easier o

simplify the function and differentiate then it is to take ar
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unsimplified function, differentiate it and then simplify i-
at the end.”
Completing the problem, the instructor asked the class

if there was a term in physics for the rate of change of

1

acceleration with respect to time. In my role as a studen
responded with the correct term, Jerk. This interaction wi=-r
the instructor exemplified the comfortable relationship which
existed between us.

Before the lecture, Catherine spoke to me about working
on application problems. She felt it was necessaryv to
"reduce the problems to just numbers". Trying £o remain
cognizant of the real world situation underlying the
mathematical model just complicated the problems for her.

While working through this example, the instructor had taken

ifving

ct

what I considered a rather cavalier approach to iden

units and interpreting algebraic results in terms of the

model. For example, the acceleration function a(t) was
negative for all t>0. There was no mention of what this
signified in terms of the particle's motion. I found this

approach to applications, both by student and instructor, tc
be worrisome, especially in light of the calculus refornm

movement's condemnation of "plug and chug" calculus.

The next section, 2.8, concerned related rates prokliems.
In his preamble, the instructor stressed that using the chain

rule was central to the solution of such problems. He also
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emphasized that "everywhere vou see the word rate in
mathematics...it's a derivative".

Trd

The instructor gave a four step format for solvin

W}

related rates problems. He suggested that his format would
be somewhat easier to use than the more elaborate scheme
ocoutlined in the text. The choice of solution fcrmat was lefs

to the student. Some time was spent listing the fou
on the overhead and then explaining each step in detail.

Finally, an example from the text was cited. Tae
instructor suggested that if we had our textbookec with us, w
should look up the problem. Every single one of us had the
text with us that evening! The instructor read and expanded
on the problem, asking us guestions to get the class
involved.

After developing a diagram and determining which
were already given in the problem, the instructor turned his
attention to what I considered the crux of related rates
problems : establishing a differentiable relation between the
the functions whose derivatives were given as the "related
rates". Typically, this involved using backgrouna
mathematics. That is, mathematics learned in high schocl.

In this example, even with hints and guidance from the

F ]

instructor, the students were unable to identify that simi

= v
[eypd

triangles were involved. Student responses suggested that
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they wanted to use mathematics more sophisticated than

elementary geometry.

Developing the sclution to this problem finished the

®

first hour of lecture. Just after declaring a ten minu

®

recess, the instructor advised us of the problem in the >
we would be working on next if we wished to preview it. As
usual, the instructcor spent the recess answering studen:
questions.

The second related rates problem involved an airplane.
There was a question about whether the constant cpeed ¢ the
airplane was airspeed or ground speed. When it came time

"relate the rates” in this problem, the instructor asked the

class, "What do you do? What is your crutch for finding the

—~

ts

ed us

t

relationship, usually?" Faced with silence, he refe
back to the diagram, which was supposed to "give great
insight into solution to the problem". Using the diagram,
several students made suggestions for establishing the
appropriate relationships. No one thought to use the Law of

Cosines, so the instructor had to point it out. Even after

1oy T
[SINDOLY e

establishing the relationship to be differentiated

]

Law of Cosines, there were several guestions from the ciass

suggesting that not everyone was comfortable with the Law.
Pushing ahead, the instructor had his relationship on

the overhead. When he said that implicit differentiation wes

the next step there was nervous laughter from the class, to



which he replied, "Sometimes it's amusing. But I don't want
to lose vou. Do you understand where I'm going to?"” One
student responded to this by saying that there would be one

question like this for the (entire) exam. The instructcr

[

countered by guaranteeing that there would be one guestion o

this type on the examination.

After completing the solution to this propnlem, the
instructor added, "I think you can appreciate that some oI
these problems can be challenging."” He classifiied the Iirsc

problem as being easy and the second of being of medium
difficulty, with some harder problems to be found in the
exercises. When one student suggested an easlier approach tc
the second problem, the instructor agreed with him, but
strongly recommended that we follow the problem solving
pattern that he had given us or the one in the text.

My field notes of the lecture include my own solutions

to the two problems. I was unable to resist the temptation

10

of the related rates problems, so that instead cf recordin
what the instructor was presenting, I indulged myself in some
pleasant problem solving. Another instance of my teacher
persona dominating the researcher for the moment.

At 9:10, with ten minutes remaining, the instruc

NeJ

introduced the next topic, differentials and linear
approximations. In passing, he referred to "one of the mosz

important branches of mathematics”, numerical analysis and
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the role of approximation in the field. There was enough

ih

time to establish a diagram and define the differentials o
and y

As the class dispersed, the instructor spoke to several
students, "From the questions you ask me, 1t's not the
calculus that is slowing you down. It's the algebra. VYou
should do many, many questions.”

The TA began the 5:30 tutorial session on October =
with, "Are vou readv for the midterm?" The students
responded with lauvghter. The TA talked about whea* he tnought
would be on the midterm, stressing the importance of keing
able to use the chain rule. During this discussicn ons
student took it upon himself to close the door to the
classroom, as there was considerable incidental noise from
the corridors. Thirteen students, including myself were in
attendance.

The TA had already set up a problem on the chalkbocard tco
illustrate the use of the chain rule. During the develcpment

of the solution, I noted that tonight the students seemed

particularly anxious to be actively involved. Several were

(O3

unable to restrain themselves from offering comments an
suggestions. Curiously, during a second example involving

implicit differentiation, the TA solicited student comments,
but was confronted with a tired, quiet group of individuals

instead.
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At the completion of the second example, Zind G fcr the

. I I ~ . .
relation Vx+y + Vxy = 6, the TA stopped with, "The rest Iis
just algebra. Would vou like me to finish?" OCne stuaernt
replied, "Yes please,”", while another student muttered, "Jus:
algebra!" as a mild expletive. Most of the students

conscientiously copied from the chalkboard the algebra:c
steps supplied by the TA. I wrote "death by algebraic
manipulation” in my field notes.

As the TA worked through a second implicit
differentiation problem, this time involving the relaticn
Xy = cot(xy) I noted with approval how the TA was
highlighting the significant aspects of the the solution.

Following this, one student asked to TA to explain not
how to do a problem, but what the problem was asking. Two

things occurred to me here. The problem being discussec was

ror

]

an odd numbered item at the end of the problem set

@]
3
[
ot
)
m
't

section 2.4. Being an odd numbered problem, it was

nLse

}ae

the instructor suggested the students work on. But T
particular problem seemed to me to go beyond the expectations
0of the course. Secondly, the solution to the problem
involved recognizing the theorem that 1f £(x) = g(x) thern
f'(x) = g'(x) for differentiable functions. The TA pointed

this out as an intuitively obvious principle.
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I wondered if working on problems such as this might pu
my classmates in jeopardy not only in terms oOf time

management, but also self-confidence.

th

t
-
;)
D
)1,
by
45}
(t

After the tutorial I spoke with one student in
of several conversations we were to have. His name was
Michael and he was working full time as well as taking

courses (such as this one) for a M.Sc. program i Business

Management. Michael was physically identifiable to me in the
class because he was always in business attire with a brief
case. He invariably sat in the first row during lectures anc

worked very hard throughout both lectures and tutcrials.

Prior to the lecture, the instructor and TA spert some
time discussing the transfer of assignments and information
between each other. There was even some discussion of using
the university E-mail service, except that the urniversity wa
in the process of converting to a UNIX operating system with
which the instructor was not yet familiar. The guestion o
instructor/TA communication was something I had not
considered in detail prior to this study.

The lecture began with a review of the instructor's

nstrucicr

()

definition of the differentials, dx and dy. The
emphasized that dy was a function of two independent
variables, x and dx. I wondered if this was too subtle for
the majority of my classmates. There was relief on my gart

when several minutes later he offered an alternate
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description of dy in terms of the lccally linear nature of
continuous functions. A second coacern I had was the
tendency of the course to introduce an abstract, genera.ized
situation first and to work throuch "concrete" examples
afterwards.

The instructor offered several meta-comments about the
nature of differentials. "dyv could be millions. It could be
very, very small. It could be positive; it could be negative.
I remember when I was going through I used to always think

that dx and Ax had to represent little tiny posirive

increments...But in fact they could be any positive or

T

negative number, they could be large or the cou.d De small

Very often we are interested in contexts where they are small
numbers."

After working through a couple of examples, the
instructor arrived at a point where he commented, "Tnis Zs
where differentials used to be of real significance. I musxt
admit, this application here in the limited sense that I'nm
going to give it here is of no value whatsoever. The reason
that it's of no value is because you now have hand
calculators which can evaluate functions, almost anw

- =
4L

function, in an absolutely trivial manner Dby pushinc a few
buttons." Echoes of the calculus reform debate! The

instructor did mention that this work laid the foundaticns

for numerical methods that are still of great vailue.

173



The instructor chose to work through an approximation o

4
N80. During this development, he made constant reference

O

the text's notation and treatment of the topic and he s
to make his notes consistent with the textbook. 2Again,
rather than work through the specifics of this situation

generalizing to the linearization of a function, the

expression f(x) =f(xy) + f'(x) (x-x;) was developed and

R

was approximated using f(x) = x* and x: 81l.
Also agalin, evaluating rational exponents proved ar
arithmetic barrier for the class. Although a student wa

4

s

and

. . B .
able to correctly evaluate V81 there was silence when tre

'

TC

-

+

o1

3
instructor asked for the value of 814 . "What is 81 to <he
power? It's trivial. What is it? f{silence] It's not trivial

You have to think about it."

N
=
L1

After comparing the linear approximation with t

M

’

given by his calculator the instructed foreshadowed lat

me
<

work on Tavlor series as a method of improving tn
approximation.
At 8:10 the instructor began lecturing on how

differentials could be used 1in error analysis. After a

P

S0

Preamble about measurement errors, the instructor dirscted

towards a problem in the text. At this point, after
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assigning the odd-numbered problems in the section, he

b h

advised us that next week's midterm would cover to the end ¢
this section.

The problem in the book dealt with the mexzimum errcr
that would occur in the area of a circle whern the maximum
error in the value of the radius was known. Even though
was running short in the class, the instructor did take tT:ime
to point out that the rate of change of the area of a circls
with respect to the radius is numerically egqual to the
circumference.

The lecture concluded with the calculation of the
maximum errors as percentages. Although it was ciear Ifrom
the computed values, it was not pointed out that the percent
error in area was twice that of the radius. I wondered how
many of my classmates were taking laboratory sclence courses
and, if they were, did they recognize this as one oI t!
rules for calculating experimental errors.

W

After the lecture I spent more time speaking with

Michael. He was interested in the relative merits of two
types of super-calculators I had brought to class.

There was another aspect to this evening which Indl
how much I had swung to the participant side of the
participant-observer pendulum in my studies. Catherine, woor
I had been giving rides home in the evening and who

regarded as a "key informant", did not attend either the
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lecture or tutorial that evening. I had seen her leave the

[Sal

campus just as I arrived at 6:30. would later learn =—hat
an upheaval in her personal life had caused her To miss
classes that evening. Catherine, aware that I would be

E o~ K
IOor me wlTo

concerned about her absence, had left a message

»
&
o}l

another student. There was also a reguest from her tTh
make notes on the lecture she would miss.

The second tutorial session began with David askinc
about the upcoming midterm. Thomas and David were tTalxkinc
about acquiring previous tests set by the ilnstrucztor. The
began to work through the examples he had used in the earlie
session. He was working hard to reduce student anxlety.
David commented at least twice that he was "way behind
everyone else”, although he had no real evidence of this and
had, in fact, one of the better sets of marks for the class.

With respect to a problem from an earlier problem sect
whose marking some of us had disputed, the TA announced tna
he would add marks if we brought our assignment
Also, he stayed with us beyond the scheduled one hour as ne
tried to deal with student concerns.

The next Tuesday, October 8, I arrived early so that I
could visit the library at Harbour Centre in order to locate

the lecture tapes and solution keys for the assignments.
solution keys were in binders available for one-nour loans.

They were photocopies of a cut and paste from a soluticn
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manual for the text, rather hurriedly done. Thne tapes
available in an upstairs alcove. Tape recorders with
earphones were available in study carrels nearby.

Just before the lecture the instructor spoke with

technician responsible for the classroom's overhead ecu

and for audio taping the lectures. The instructor and

students joked with each other briefly. There were alsc

questions about problems and about whether or not there

be a tutorial session just before the midterm on Thurs

The TA brought in the marked assignment sets and the

instructor returned them to students by calling out zhe

were

names. When a number of students did not claim their parers

the instructor asked in jest whether they were watchin

political debate that evening or the Blue Jays game.

the instructor collected this week's assignments from us.

These were time consuming processes.

With a "let's get going," exhortation the instructcr

brought us intc the lecture. One student asked 1if iz

W&

possible to go over linearization before proceeding. The

6]

reply was no, although he relented with a brief description

and offered to talk with her individually later on. "Ng,

sorry I can't go on anv more. Not that I've done & great

on it, but there's so much in here I don't have any more

time . "

de

L



-

The instructor reminded us about the midterm on Thurscavy

n
v

and verbally listed the general topics we should be expected
to encounter. In response to a student's question about
whether we would be responsible for trigonometric identizties,
the instructor commented, " Trig identities are grade 12. T
assume you know them. I'm not going to test them
specifically. ... Let me make & point, since so many of you

have asked me. I know that many of you have been out of

school for some time and haven't done much in the way of tric
for a long time. ... I will assume that you know 1t come *ths
final exam."”
He then proceeded into a discussicon of Newton's Methoc
a lengthy

(for approximating zeros of functions). There was
digression about solving eguations leading into general
solutions of polynomials functions and the work of Galois.
On this occasion, the student beside me, David, seemed
impatient with this presentation, alithough he nhad received

other digressions favorably.
Fay

When the instructor began using the vocabulary ¢

iterative approximations and recursions, I wondered as to how

many of my classmates had any sort of background with these

-
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concepts and terms. The seed for the iterations was

t
M
)
}, J

an "educated guess". My response was that here was a

application for a graphics capable calculator.
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Throughout the development of Newton's Method, the
instructor freguently extolled the virtues of the metnoc ana
the genius of Newton. "This is a method which reaily works Iir
solving equations for which we haven't any formulas. This 1lc¢
really nice."

The instructor spoke about the limit of the sequerce of
values generated by the recursion formula as "almost always
being the zero of the function (or roots of the eguation ir
his nomenclature). If the seguence failled to converge TC the
zero, then we should refer to alternate methods Zrom

numerical analysis.

Following this, the instructor began a long digression

ot
0]
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VO

into the solution of polynomial equations, referring to

1
0
fu
3
02

Fundamental Theorem of Algebra, complex conjugate roo
repeated roots. He sought student responses to gquestions
throughout this.

To illustrate the use of Newton's Method, the instructor
sought to find the real root of x3 + x?2 - 1 = C. The

instructor "located" the root between 0 and 1 by using

Bolzano's Principle. He recommendecd as a better alternative

finding the point of intersection of the curve y = -~ ard
v = 1 - %2, Using 0.7 as an initial guess, he began iteratir
using his basic scientific calculator. His comments, "As a

matter of fact, if you have a programmable hand calculator

where you can program two functions into it, the functicn &anc
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its derivative, vou can save yourself a lot of time. That's
the way vou would want to do it in a real situaticon, but Iz
won't pay off on a final exam or next midterm. Because I will
ask you to show the formula and this kind of worx here,"”,
caused me shake my head. Without any programming, but simplsw
keying in the initial value and the recursion formula usinc
ANSWER as the variable, I was able to complete the problem
before he had finished writing the recursion formula dowr.
When the instructor began iterating, he kept only Lhres

digits of the seven given by his calculator for —ne next

=

iteration. He described briefly why he felt justi

led in

doing this.

A second example, solving 2cos x = 2 - ¥, regulired using
graphs to identify the number of roots and good initizl
guesses for the iterations. What a great opportunity for the

use of technology! Upon completing this example the

instructor commented, "So you can see it's a very powerful
tool. Does it really matter - suppose this was an
engineering eguation that you had to solve - 1f vyou have the

real solution or seven or eight decimal places? O0I course 1
doesn't. Now this little method is so popular, soO easy Lo

work with, vou can write your own little computer procram.

t
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I've got my own little program, it's shareware, 1
the function for vou and almost instantly gives eight or ¢

iterations." His enthusiasm was palpable. "Wonderful method



here. Take a ten .minute break. Any gquestions before th
break? This is all I'm going to say about 1t."

To my surprise, during the break, the instructor
besieged with guestions about what was on the midterm
Thursday. 1Instead, a student's query lead to a brief
on complex numbers and where one would encounter them

standard undergraduate mathematics program.

f=}
=

There was also some discussion about the provincial

political debate and the Toronto Blue Jays baseball cgame

being televised that evening. Even my research was

discussed.

The instructor began the second hour with vet ano

" -

declaration of how nice Newton's Method was, thls
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calculus used in solving "algebraic problems™. He an

several guestions about solutions of eguations.
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Chapter 3 was introduced as "an application ¢f the

derivative...to use the derivative to help us sketch t
graph of the function". Reasons for sketching the gra
included finding the relative and absolute extrema. Ex

from economics were mentioned.

Section 3.1 deal: with critical values oI a funct:

Briefly the graphical representation of non-differenti

points was mentioned. The instructor drew a pic:

ure

@)

Graph which included the possible cases. We were asked

"y
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try to copy this picture as close to mine as vou can'”.



f—s

The graph of a continuous function on a closed interva

was developed. Catherine asked what would happen if iz wer=s
an open 1nterval. The instructor replied that this was a
problem he would deal with later. Later he spent some Time

-

distinguishing between extrema occurring at endpoints and &
points interior to the function domain.

Using the constant function as an illustrative example,
the instructor pointed out that absolute maxima and minima
need not be unique. The instructor introduced and explaired
the symbol V when writing the definition of an ahsclute
maximum on a specified domain.

A fair amount of tTime was spent looking at limiting and
special cases of the definition. If the domain was half-open
and the non-included endpoint would have been a maximimum if
it had been in the domain, then no absolute maximum exists
for that function on that domain. The instructor toOOKk tfime
to explain why the maximum would not exist. By guestioning,
he led the class in creating a function (discontinuous) which
failed to have absolute extrema. Using these counterexamples,

the instructor led the class to the conditions on the

function f in the Excreme Value Theorem :If f is continuous

0
£V
3

on a closed interval, then f has an absolute maximum anc
absolute minimum. The failure of either condition c¢n f does
necessarily mean the absolute extrema do not exist, but th

existence is not guaranteed.

182



A significant number of aspects of mathematical proo
were touched upon in this development, although none were
fully developed. The class was being exposed tc the elements
of a mathematical proof without establishing a firm
background in the process, language and notation.

Late in the evening though it was, the instructocr
guipped that the Extreme Value theorem was extremely
important, as its name would indicate. "Not going to prove
it. Roughly speaking, that's about a fourth year level
proof.” But care was taken to establish the statement oI the

theorem with some rigour.

We were reminded once again of the midterm and that ths
TA would be available the hour before. "Probably It would be
an hour well spent with him."

After the lecture, the instructor remembered his promise

to review linearization with cne of the students and spen:

time with her. A number of students stayed to discuss

problems with each other.
I arrived late for the tutorial session on October 10.
There was considerable tension in the air. The numbers

attending this session were low and some of those who had

come, left early. Others who remained appeared nervous and
confused.
The midterm was written in the lecture theatre. I found

the seats with the arms that flipped over for & writing
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surface to be guite uncomfortable and constricting.
difficult to place the guestion shzet, examinaticn booklet
and calculator in a manner conducive to working efficientlv.
The test itself consisted of seven items on two sides &F
a single sheet of paper. (See Appendix C.) The mark value of
each guestion was indicated in the left hand margin. here
was a total of forty marks available. The test was well laic
out and quite straightforward. As my classmates confiirmed

afterwards, there were no surprises on this paper.

At the end of the hour when the examination booklezts

were collected there was a sense of relief in the room. For
the majority of students, this test was not as daunting as
they feared it might be. Many students remained behind aftsar
the hour to talk with the instructor and each other about the

marking key and their performance on the test.

As I drove Catherine home that evening, she expressed
her frustration with the one question (#7) that had causec
her difficulties. Her comment that "the instructcr got me"

illustrated the confrontational '"student versus the

instructor” attitude which I encountered several times during

the study. Catherine pbelieved that she was not doing as well

e £~
B L

in this course as in the others she was taking, but, in fac

r

She had established herself as the most successful stuaent ir

3

this class. Students at this stage of the term had a
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difficult time answering the guestion, "How well am I doing?"
unless they were doing very poorly.

Speaking with my classmates at this point in the term,
found that no one was experiencing a great deal of distress
with respect to the course yet. Six of the allctted tTnirteer
weeks had passed and we had covered two out of the sch
four and a half chapters in the text. A look at

outline suggested to me that the pace and complexitv of the

material were both about increase dramatically.
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October 15 to October 31, 1991

Arriving earlyv on October 15, I spent a half hour
talking with Michael. Following our discussion last week,
Michael had decided to purchase an HP4E8S calculator ana was
just beginning to learn how to use 1t. He thought that the
midterm was straightforward, but too long.

Michael had serious concerns about the availability of
tutorial assistance in this course. He suggested that two
hours a week would be more appropriate than one. He advised
me that the Calculus Lab at the Burnaby campus was "out of
bounds" for students taking this course at Harbour Centre,
although several other students had already availed
themselves of that facility. Michael spoke about how
difficult it was to see the instructor during his office
hours on Burnaby Mountain (Michael worked during the day),
but he commended the instructor on his willingness to stay
after lecture and talk with students. Michael also
complimented the instructor on his teaching style. He felt
that the instructor’'s habit of reading his notes while
copying them onto the overhead projector slowed the rate of
delivery to a manageable pace for the students.

By 7:25 the class and instructor had gathered in the
Classroom. The instructor initiated a discussion apbout how
the students felt about their performance on the midterm.

"How many of you found it quite difficult?" ©No one replied
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that they had, although there was consensus that the last
problem was difficult. The instructor explained the problem
and announced that the solutions to the midterm would De
available in the library.

It was interesting, in light of complaints from severa.
students that there wasn't sufficient time to compiete the
midterm, to hear the instructor talk about the second midterm

and the final examination. The second midterm would be

similar in length to the first, so that those who experienced

n

time management in the first could expect similew pressures
during the second test. The final examination was designed
to be the length of about two midterms. There would be three
hours, however, rather than two allowed toO write that paper.
The final examination would be a different, less harrowing
experience for those needing more time to work.

After this, the instructor reviewed in some detail *%he
work begun last Tuesday on absolute extrema and graphs of
functions. This led to the concept of relative (local)
extrema. One student asked at this point why endpoints were
disallowed as relative extrema in the definition giver in the
textbook (and later in this lecture). The instructor replied
that it was a matter of definition and that the definition of
local extrema might vary from text to text in this

particular. "If it were productive to do so, we could always

alter the definition slightly to include them [the
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endpoints]. But it doesn't really make any difference pecause
we are always gcoing to examine the endpoints to see 1I we

have absolute maximums or minimums." The instructor's
illustrated the pragmatic flexibility associated with many

definitions in mathematics.

bt

Further insights into the nature of mathematica

definitions were offered when the instructor spoke of I (x;)

=y

being a relative maximum 1if 1t was greater than f£(x) for "anv

nearby x " where the term "nearby” was made clear by
reference to the illustrative diagram, but was not made
precise. The instructor informed us that the use of the
strict ineguality, f(x7) > f(x) rather than f(x1) 2 £(:x) was sz
matter of the textbook chosen. A little later & student used
the weaker condition to pose the question as to whether
relative extrema are achieved on an interval in which tre
function is constant. At this stage, how much precision is
possible, appropriate and/or worthwhile?

After working through these definitions, the instructor

~

led the class through questions to associating the local

s

u
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extrema on the diagram with "slopes of zero". The inst

=y
=
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used the diagram and insistent guestioning to lead u

ko
Cne

ideas that a "zero derivative" does not guarantee
existence of a local extremum and that local extrema can be
£ ~

found where the function 1is non-differentiable. I founa

myself caught in the guandary the instructor was constantly
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facing. I considered this to be good teaching, with students

involved and apparently learning. But I wonderead 1

3
D

course schedule zllowed so much time to be spent on this on
topic.

After giving us the definition of a critical point, the
instructor was asked whether or not an endpoint in the domairn
of definition could be considered a critical point (endpoints
would be non-differentiable since only one-sided derivatives
would exist for them in the closed interval). "Yes.
Technically it does, if the domain is closed. That's true.”,
the instructor allowed, hils tone suggesting that he might
wish that his students were less zealous in seeking limiting
cases for the definitions.

After considering definitions for more than half ar
hour, we moved to an example from the text: findincg the
critical numbers for f(x) = x3 ~ 3x + 1. A point was made :ir

the solution that, since f was a polynomial function, there

were no real values of x for which f'(x) did not exist.

n

Therefore, the values - and -1 were the only criticel number

for r.

2 5
A second example, glt) = 5.3 + t3, did involve values

of t where g'(t) does not exist. Here the instructor asked
if any of us knew what the graph looked like. Later, =z

identifying t=-2 as a value for which g'(t) was undefined, he

asked us if that alone guaranteed that a locai extremum



existed there. Sketching a counter-example to show that it
did not, the instructor guipped, "Sneaky, eh. You've gct tc
admit that was pretty sneaky,", provoking general amuserment.
After outlining a strategy for finding absolute extrema
of functions on closed intervals, the instructor worked
through the example of finding the absolute maximum and

minimum of f(x) = x¢ + x - 3 on [-2,2]. Yet another topic frcm

high school mathematics came to the fore as the instructor

tried to get my classmates to answer questions about the
structure of the parabola. Another brief review of
"prerequisite math" ensued. The instructor was explicit in

his sensitivity to the plight of those who had been away from
school mathematics for a time. "So all that the differential
calculus does in this case is verify what we all krew, right.
Cross my fingers. What I'm trying to do when I go through
this is, I know that many of you have been out oI school for
a long time, to throw as much stuff out at you to jar vcur
memory as much as I possibly can.”

At the break, the instructor admitted that he had

forgotten to set an assignment this week. No one seemed

IH

upset. Michael was showing his new calculator to a number o
interested students. I spoke with Catherine about nher
progress in finding a new place to live. Thomas and anotier

Student discussed a problem from the previous assignment.

190



The instructor called us back, commenting that the pace
of the course would not allow him to do as many examples as
he would like. Cnwards we sped to Rolle's Theorem ana the
Mean Value Theorem. While the statement of Rolle's Thecren
was being explained to us, we were taught to distinguisnh
between smooth and continuous curves and introduced tc the
notation 3

The instructor concluded the statement of the theorem
with the words "no proof”. A student interjected, "You mean
there is no proof?" This caused considerable laughter arc
the instructor's rejoinder that a proof did indeed exist.
were given a "convincing picture" in lieu of a proof.

Several meta-comments on the nature of existence proofs
were offered. We were required to know the statement of

theorems, but were not held responsible for the proofs, no:

even for the "convincing diagrams”.

Working through an example illustrating the applicatiocn

[
O

of Rolle's Theorem, the instructor found himself unable
satisfy the condition f(a)=f(b). Checking his notes ne
readily confessed to us that he had been caught out Dby the
shift from the first to second edition of tne text. The
notes he had prepared included an example from the Ifirst
edition which was meant to illustrate the use of the Mean
Value Theorem. He recovered very nicely by ciosing the

1"

example with, "Therefore, Rolle's Theorem does not apply.
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There was some good natured laughter from the students and

instructor, before we moved onto a8 more appropriate example.

The last part of the lecture was on the Mean Value

Theorem, which the instructor identified as the Mean Valus
Theorem for derivatives rather than for integration. He
stressed the link of thnis theorem with Rolle's Theorem,
pointing that dropping one of the hypotheses of Rolle's
Theorem alters the conclusion and that Rolle's Theorem was &

il

special case of the Mean Value Theorem. Again, however, no

(

.
v
(

proof was to be supplied. Diagrams were used to explain the
theorem and to intuitively Justify its validity.
offerec.

More meta-comments on existence theorems were

The point guaranteed by the theorem was not necessarily

Q

unique and the theorem did not provide a process foxr findin
the point (s). The absolute value function was used to show
that if the differentiablility hypothesis of the Mean Value

Theorem does not hold, then the conclusion may not foilow.

.
e

The instructor emphasized the "may" in "may not follow".

significant amount of information about mathematical proofs

was being presented to us incidentally.

e

The last example of the evening was not taker from the

text. When the instructor gave us the function,

Vs { '
f(x) = sin (2x) on the interval [O'i;J' His aside, "I know,
trigonometry again.", provoked some laughter. We were
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prompted to graph the function using the terms amplitude and
period. The instructor used this as an opportunity, as he
did freguentlv, to review secondary school mathematics.
Carefully, he verified each hypothesis of the Mean Value
Theorem before jumping in and determining the value

guaranteed by the conclusion.

[

1e
&

The sketch of the graph was used to estimate the va

and predict its unigueness. A calculator was used to solwve
. 4 Tt . N
51n?; - s5in(0)
the relevant eguation, 2 cos(Z2x) = 5 - I was
s
S - 0
3

impressed by the solution presented in this example. The use
of a graph and the numerical "messiness" of the work and
result made it seem less contrived than most other examgles
of this type that I had encountered.

The amount and variety of mathematics that we were
exposed to in a two-hour period was daunting. We pegan with
informal, intuitive definitions backed up by reference to
diagrams. Precise definitions involving symbols for
existential and universal quantifiers followed.
Straightforward applications of differentiation were next,
liberally laced with & review of high school mathemat:ics.
Detailed statements of two theorems were given and examinec
in detail, with some emphasis on the nature of conditiona:l

Statements. A final example made use of diagrams, the



statement of a theorem, differentiation technigques, high

school trigonometry and the use of a calculator.

On October 17, I was working late at schooi and

14
consequently missed the first tutorial sessicn. By th
I reached the lecture theatre the instructor had already

begun with a preamble about curve sketching.

Perhaps it reflected my own fatigue, but there seemed

(]
ct
]
W
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be considerably less energy in the class this ning

instructor

3
(]

(1

there had been or Tuesday. I did notice that

was now identifying some students by their first names wher

he spoke with them.

After defining increasing and decreasing functions cn
intervals, the instructor defined monotonicity for functions.
David asked whether or not a horizontal line would graph a
monotonic function. The instructor replied with the
"technicality" of non-decreasing and non-increasing
functions, "It's kind of a backward approach to things. Just
a little technicalitv and some books will take tnat approach.
I don't think this cne does.”

A differentiation "test” for monotonicity of functions

was stated and then proved using the Mean Velue Theorem.

(Vx e(a,b)) (f'(x) < 0) =(f is decreasing on fa, bl

YRt

Beginning the proof, the instructor said, "Now what do I have
to show. If you are going to take a trip, you want Lo know

where you are going. Where do we want to go here? I



want to show that f is decreasing.” In effect, he was nct
only offering a proof to a corollary of the Mean Value

=

Theorem, he was also instructing us in the construction of
proofs in general.

The instructor asked guestions throughout his
presentation, trying to elicit student response. Such

response as he found was weak and muddled. I fcund the

Ko}
13
O
O
th

to be charming, but I was sanguline about how mucn my

9]
th

classmates understood. The proof was an instance of a use

LIRS
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the Mean Value Theorem, which had been advertised as z

important theorem”. The students were not held responsinle

O

[ )]

for the proof on tests or assignments. I had dcubts a
whether the proof added to my classmates' understanding of
the first derivative test. But proof, after alil, is an
essential component of mathematical endeavor. What role did
it play in this course, for this class?

The lecture shifted from theory to application with the
instructor using curve sketching technigques to develop the
graph of y = 2x3 - 3x2 + 2. Over fifteen minutes of class
time was spent developing and analyzing the graph of this

simple polynomial function. A TI-81 gave a very reasonab.ie

¢

sketch of the graph in less than a minute and, with the us
of the NDERIV function, allowed a fairly detailed analysis of

the behaviour of the graph with respect tO first and second

derivatives. 1f there were areas of the curriculum that
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could be revised o allow more time for assimilation a
learning, surely this toplic would be a prime candidate.
After the lecture, students came forward to pick ug
thelr midterms from the TA. The iInstructor and I were
somewhat nonplussed to find that my paper was missing. (It
turned up the next week.)
There was no discussion yet of the overall results of

the class on the test. Two of the students attending tne

second tutorial session had scored over thirty marks ouz of
forty. One had scored in the twenties and was visibly
frustrated with his results. The TA discussed solutions to
some problems.

Students asked what would be done with the marks by the
instructor. The TA replied that there would be "no scaling”

and spoke about the "relative welight of the midterms" in t

evaluation scheme. Speaking with Catherine, the
that many students had not had sufficient time for this
paper, about "one third of the students ran out ol time'.

The lowest score was 18, but the TA was unable to say whethe

Or not that was a failing mark.

By 9:00 p.m. the conversation about the midterm drifred
to an end and the TA asked us what we wanted to talk abocu
He gave us a sophisticated overview of Newton's method
the perspective of numerical analysis. In his discussicn

about the stability of the method, the TA indicated that he

196
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had serious reservations about the uvutility of th

3
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"real" applications. His attitude towards the algorith

ct

in marked contrast to the instructor's enthusiasm for 1
What message was being conveyed to the students?

After the tutorial, I spoke briefly with David abocut the

3
(]

midterm. It was interesting to hear him speak of the "on

—

week of math abstinence™ that he took after preparing and

writing the test.

The period before the lecture was filled with

considerable energy and conversation. One person was
concerned that mv results on the midterm would "unbalance =he
curve". The instructor assured him that I was just an

observer and my marks would not be considered with

of the class.

The instructor announced the mean and standard deviaticrn

for the midterm and used this to launch into a brief l_esson

on these statistics and distributions. If the students

understood what he was saying, they now had a better sense oI

their performance on the midterm relative to the rest orX
their classmates.

One of the students (Charles, a professional engineer
taking the course for pleasure) asked if it was possible to

have the assignments in advance. He would be out oI town

next week and would have to miss more classes in the Ifuture.

The instructor admitted that, because this was the Iirst zine

197



that this edition of the text was being used, ne was maxing
up the assignments on a weekly basis as we went aionc. The
instructor did promise to have the sixth set of problems
chosen by next Thursdav.

As the lecture began, I noted that one student
(Elizabeth) was using a microcassette recorder toO tape
lecture. I found this interesting when I contrasted tTo

lack of use of the tapes in the library which were prepared

by the university. Elizabeth must feel it was advantageous
to have her own copy. I also wondered what the guality of
her recording would be. During the summer, I had nacd limize

success in audio taping lectures.
The lectures continued with a detailed description oI
the use of derivatives in sketching and analyzing the graghs

—~

of functions. The presentation of the material was lucid an

-
[¢l]

straightforward. I noted that the instructor did not ask
questions as often as he had on other nights.

I was tired and slightly ill. Also, I had already

(b

[

decided that far too much time was being spent on "penc:
paper" curve sketching. This was one topicC that could not

T

2
§

resist the assault cf technology. The curve sketchin

in even a traditional calculus course would undergo dramatic

a7
hac -
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revision in the near future. Consequently, I found
was not as involved a participant observer that evening as

usual.

~
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While the instructor was working through the graovh o
y = x4 - 8x2 + 7, I had my TI-81 calculator graph Y1l = X% -
8X2 + 7 and NDERIV(Y1l,.0l) on the same axes. The potential fcr
using a graphics capable calculator for establishing the
relation between the graph of a function and its derivative
seemed so obvious and so great that I wrote emphaticall s in
my notes, "Whv are we doing this??27?2?2"

The instructor offered some meta-comments which I
thought were relevant to my concerns. "If you are trving to
graph a function using the ideas associated with the
derivative, vyou try to glean together as much informaticn as
possible as you can regarding local maximums, local minimums,
absolute maximums, absolute minumums, intervals where it

increasing, intervals where it's decreasing, critical points,

rt

all this sort of stuff. You try to paste this together.”
might be that the ability to sketch a graph by hand was no
longer as useful as it had been, but the process of brirginc
together a variety of information to solve a problem would
exemplify aspects of mathematical process.

As an instance of how difficult it is to schedule
sequentially the presentation of information in a multi-
faceted topic such as curve sketching, the instructor
completed an example taken from section 3.3 ©f the text.
Upon completion of the example, he led the class (with

significant student response) 1into an analysis of the
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behaviour of the graph

outside of the interval speci

bty

()
(2.
3

the problem. "Completing the graph" involved discussing

vertical and slant asymptotes and function behaviour "a:

infinity"”. This material was covered in sections 2.3
of the text. The problems assigned for this week dic
even go as far as these sections. Surely some of my

classmates were asking

themselves, "What am I supposecd

know and when am I supposed to know it?”

Before graphing v
to predict the "number
digression lead to the
local extrema a degree
I waited for the other

asked why this was so,

= x4 - 8x2 + 7, the instructor

of bumps" the graph would nave.

conclusion the greatest numbe

N polynomial function can hawv

-

shoe to drop, but the class was

nor was this result linked to

degree of the derivative.

A great deal of technical

language was passed to

v
Al
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a

O
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during the lectures. Sometimes it was pointed out to us

the polynomial. On other occasions,

incidental. The instructor,

“

explicitly, as when x% was identified as the dominarn:

term
the terminology was

explaining what was meant v

"near a critical number", spoke of isolated singularities.

Locating the zeros cof the function sent us back

school mathematics which may or may not have been part

curriculum for my classmates. "We are looking for ¢

roots of that equation.

[ x4 - 8x¢ + 7 = 0 ] Generally that

200
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difficult to do. There are formulas for it. And we also
know another way of doing 1it, don't we?" Silence prececed

the suggestion that Newton's Method could be used. "But in

this case, 1t is easy to solve the equation. Why 1s it easy
to solve? Anybody know?" The instructor failed to get the
response from us that he was looking for, so he ZIdentifliexq
the equation as a biguadratic. After solving the equation,
with the comment, "This 1is a standard trick that they teach
vou in high school. Some of you have been out for a lcng
time, so you'll just have to remember this,", the instructcr

.

asked us, "How many have seen that before?" Sil

0}

nce,
followed by nervous laughter resulted. The instructor
menticned that it was in the Math 100 course and then he
asked me if it was in the high school course. A calculator
was used for the first time to determine the approximate

~
value of V7.

)

During the break I spent time with David discussing hi

-

recent purchase of a TI-81 calculator and how he was usin
in his coursework. The instructor spoke with students about
the scheduling of the final examination for the course and
which edition of the text would be used for Math 152 next
semester.

One student asked the instructor about the statistics

course, Math 270. The recommendation of the instructor was

to complete Math 152 before taking Math 270. This was not

201
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because Math 270 required knowledge of integral calculus, but
because success in Math 152 indicated that the studert had
sufficient mathematical maturity to take the statistics
course. The calculus was being used as a filter not only for

client disciplines, but for other mathematics courses!

In the instructor's words, "Math 152 is a coreguisite for
Math 270. There is not a great dependence [in Math 27C] crn
152 at all. But, by making sure that students are taxing crx

have taken that course, it ensures at least & minimal level
of mathematical maturity. Nice way of putting it,eh.
Students responded to this with good humour.

The second half of the evening was spent on concavity
A preamble was followed by definitions, with diagrams.

the

Concavity was related to the second derivative of
function. Later the second derivative test for local extrema
and points of inflection were introduced.

Catherine asked about the situation where the second

derivative failed to exist. After answering her, the
instructor added, "In this book they don't put much emphasis
on that case. But we're going to look mainly at the
situation where the second derivative 1s zero. That's good
enough for our purposes here."” It sounded as 1f the tex:t was
setting limits on what we were covering in the course. Was

it indeed the "bible for this course" as the instrucztor had

advised us at the beginning?
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The first tutorial session on October Z4 pegan witr
discussion of the midterm results. To my surprise, the T
asked us if the instructor was going to "curve the resul:
Students replied that he would not. A minimum zassincg or

was identified as bkeing around 20 to 22 marks.

The TA borrowed that week's assignment from me To se

where we were worxing. He asked us 1f we were workin

W
b

monotonic functions vyet. One student commented about the

"

problems,
but once I begin the problems..."”
A curious dialogue arose when a student asked the

work through a specific problem from the text.

that the answer was in the back of the book. TwO student

It seems so easy when the instructor does thenm

replied that they did not get the answer found in the xey.

When the TA worked through it and yet another student sai
they didn't get that result, the TA replied that it was "
algebra".

The function in guestion, f(x) = x Vé-x ,led tc &
discussion as to whether or not the point (6,0) should e
considered a local minimum. It certainly looked like one
the graph. The students referred back to the lecture wihe
the definitions of local and absolute extrema were glLver.
Endpoints, according to the text definitions, were not to
considered as local extrema (because the endpoint could n

be contained in any open interval of the domain of
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definition). The general conclusions reached I the
discussion were to ignore the text definitions and beg
question of endpoints as local extrema.

A discussion of concavity was disrupted by dagpipes
being plaved in the hallway, to the general amusement oI the
students. I noted that many of the students seemed to nave
fallen behind in their work. Catherine had mentioned oo
Tuesday that she had done no work in this course since the
midterm. Midterm tests in other subjects were taking up zex
time and energy.

Even the TA was somewhat uncertain as to where we were

in the curriculum. He had prepared material on section 2.3,
which had been covered neither in lectures nor in this week'

assigned problems.
This evening, for the first time, 1t was necessary tc

revious

e

clear the lecture theatre of students from the

class. They were milling around discussing the midterm trevy

had Just written for that course.

I initiated a discussion about post midterm "letaown"
with several students. One spoke about his sense of relierl
after writing the test; another spoke of the pressure tnat
the other courses were putting on them. I was aporoacned b

W

Q

one student with a mathematics problem and spoxe with

others about their "super calculators”.
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The instructor had remembered his promise to Char!

the engineer,

copying the assignment

reviewed Tuesdav's work and asked us where he h

and set the problems for assignment 6. Af

onto the overhead,

the instruc:t

=d ende

8l

After determining where he was in his notes, we contin

with curve sketching.

Working with the example f(x)

instructor calculated f'(x) = (SX

I'll let you go thrcugh...I'll let

When you clean this up it does turn out to be fairly ni

1

W [N

- 8) + x

oy
W
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ec
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you do the algebra there.

The algebraic simplification was necessary for finding

critical numbers and very useful in calculating " (),

is a task many of my classmates would find difficulc.

+

was not enough time to go through the high schocl alge

manipulations,

but working through the simplificaticn

3
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something from which many in class could have benefitted.

Again, when finding the second derivative, the

instructor expedited the solution by saying, "You have

differentiate the first derivative.

Let me just give you the result.

I'11l go

"dot, cot, dot

equals”. When you clean this up, please confirm this,

just algebra,

this is what you are going to end up with.
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At 8:12 we began another section, 3.5 Limits at

Infinity. By this time I knew I was very tired and not
prepared to think about a new topic. And I suspected man. o
my classmates were egually fatigued. But there was no tims
to spare. Notwithstanding this time pressure, the instructor

managed, through posing a sequence of guestions, to convirce

us that no polvnomial functions had horizontal asvmptot
poly vy

m
n

was impressed by his guestion, "How many horizontal
asymptotes can the graph of a functicn have?"” This was the
sort of task toc involve the minds of students a* the
beginning of a topic.

Moments later a student interrupted to ask about the

t

existence of infinity. The instructor's drawn cut "well" wa
greeted with laughter. The description of infinity which he
offered was quite informal.

The instructor finished his lecture that evening with =
quiet lament, "Time goes so fast.”

My use and enthusiasm for graphing calculatcors was well
known by then. When the instructor began one of the graphin

"

examples during the lecture a student called out, "Craig,
n

don't cheat on this.

I spoke with a student who was auditing the course. K

)

was simply attending the lectures; not dolng assignments or
taking tests. We agreed that the instructor was a

particularly good teacher and the student said he planned to

206

n

v



enroll in as many courses taught by the instructor as ne
could.

In the secord tutorial session, I was speaking witnh

[§)

David about students in this class helping each other. =

n

spoke about the "I'm all right, Jack” attitude of studenz
and commented that, "First year students eat thelr own
young." Competition, rather than collaboration, seemed to pe
the order of the day.

That evening, I gave rides home to both Catherine and
Elizabeth. One of them had been at the Arts Clnb Theatre the
evening before and had been witness to & stabbing.
violence had upset her sufficiently that she was finding it
difficult to focus on her work.

I had been spending one afternoon each weekend doing the
assigned problems. Assignment 5 was the first ¢f three wrhicr
involved curve sketching technigues. There were also
problems involving the use of Newton's Method. I founda thsa
the assignment took two to three hours to complete. I was
familiar with the material and I was using a calculator with
reasonable graphing, programming, and iterative capabilities.

In my field notes I asked,"How will other students fare on
this assignment without similar supporting techno.ogy?" The
answer was that somewhere between assignments four and five,

the going in this course became substantially tougher

number of students.
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I arrived early on October 29 and spent the time
checking the examination schedule posted in the main fover.
Our examination was to be written from 7 to 10 p.m. on
December 3 in Room 1530. I went to Locok for this rocm. To my
relief,I found that it contained chairs and tables with
adequate work space rather than the cramped seats in tne
lecture theatre where we wrote our midterms.

The lecture began with a consideration of the behaviour
of functions as x — %o . Once again, after a brief review
of the project at hand - curve sketching, the instructor
asked a student precisely where we had finished off last
class. The impressicn I gathered from this was that the
instructor’'s notes for the course were a continuous whole and
that he endeavored to push as far ahead through them on any
given evening as time would allow.

When the instructor used a rational function to
illustrate the concept of horizontal asymptotes, Catherine
signalled to me conspiratorially that the instructor usea a
technique that the TA had previewed the previous Thursday.
There was a sense of being one step ahead of the lecture,
which didn't occur that frequently for my classmates.

This evening I began to note a change in the

instructor's teaching style that was to become more

- 1 N
e a&sKlin

T

]

pronounced as we rushed to the end of the course. t

far fewer questions in his lecture and the questions he did
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ask seemed to be rhetorical. The timing and nature ocf thne
questions did not seem to invite response from the studenzs.
Nor was the 1nstructor as persistent as he had been eszrlisr
in drawing answers from the class. The tapes of the lectures
indicate & shift to a style of lecture suited for a distant
audience with whom no interaction was anticipated.

At the end of the second example, I observed that Tavi
had used & TI-81 calculator to confirm the sketch derived kv
instructor.

There was some discussion after the instructor had

worked through his notes on this section. Catherine zsked a

guestion which the instructor took time to answer. And then

the instructor commented, "There is one observation we shoulc
make using the first three examples. I claim that I car look
at the rational functions and tell you whether the limits [as
¥ —to0 ] exist without doing any work at all. And, 1f zhe

limit exists, I can tell you what it 1s. Now that wou.d be &

nice skill. There are enough exercises in here, that 1g what
you should be aiming to do." The instructor was &sking us tc
search for patterns and generalize specific results. & verv
worthwhile mathematical task!

After a brief dialogue with us on these results, 1t wasg,
"All right, let's go on to the next section here. Study

section 3.6 and do the odd problems.”
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During the preamble to this section, the instructor

a’T

4]

sought to distinguish between infinite limits ard limic
infinity. In passing, he mentioned, with respect to ths
previous section, "You can see how easy this horizontal
asymptote business is. All vou have to is take vour
calculator out and plug a high value for x in and see what
you come close to, then plug a little bigger value in.
is the brute force method of evaluating limits.”™ This struck
me a very legitimate way of beginning an analysis of

functional behaviour far away from the origin. Tt was,

O
m

1

however, a method that had not been explicitly brough:

f

it
6]

attention of the class prior to this time, and by then
section had been officially completed.
The lecture continued until the break. Just before thne

recess, the instructor cocmmented on the example he had dus:

worked through, "In the next section I'm going to put all of
this together and say "graph this function". Trv ana pacste
all of this information together and try to get & crapn. You

can either do that or get a slick little program, slip it
into your micro, type in the formula for the function and,
zap, 1it's there. But vou can't do it on an exam. NO.

By this time in the course, I had had a chance tc speak

[

with a number of my classmates on a variety of issues. There

was still, however, a certain insecurity on my part abou

t
¢t
o)
M
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degree of acceptance I was having and the depth oI
observations.

This evening I made it a point to talk with two st
who had caught myv interest, Brian and Philip. They wer
young men who had graduated from high schoo. last vear
always travelled and sat together. That evening I
they came from Vancouver Island. In fact, thev left th
lecture at 8 p.m. that evening in order to catch a ferr

the Island. We spoke about assignmert 5. I had found

assignment, with its emphasis on graphing to pe Jguitce

lengthy. This pair had worked together on 1t using a grap

capable calculator and had still found the problems to te
very difficult. They confessed that they had spent five h
in the Math Lab using a graphics capable calculator and t
they still had not completed all of the graphing exercise

[

ot
O

ol

Pt

One of the students expressed interest in the capabiiities oI

the TI-81 calculator which I brought with me.
I also spoke with David and Catherine abcut using

calculators for Newton's Method. Catherine had a basic

scientific model and bemoaned that fact that she frequently

misplaced parentheses. David said that one of the most
valuable features of the TI-81 was to see a formula in

entirety and to edit it if necessary.

oI

The instructor spent the break talking

about statistics courses.
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and v = (Vx)?2 and had resolved the proplem

w ro

graphed y = x

himself.

ot
O

At 8:45 we reconvened and began an example meant

¢t

b
i

]

bring together all the previous skills developed in

b
o

X
chapter: sketch the graph of f(x) = 73 . We were

X

+ 1
X - 2
methodically through all the steps, with minimal involvemen:z
until we began consideration of vertical asymptecoes.  As thne
instructor prompted us through the traditional convoluted
analysis of f(x) as » ——2% and x - =27, 1t occurred Tc me
that this was an excellent place to use the SOLVER functiorns
available on several models of calculators or a smail
function evaluation program on the less advanced units. My
classmates, who were wrestling with whether f(x) was positive
or negative at x = -1.9, would probably have appreciated such
features.

When we investigated the existence of vertical

asymptotes one student, probably suffering from inZormation

overload, interjected that we had already determined that

there were no horizontal asymptotes. The instructor
corrected him. There were no horizontal tangents for this
graph. Not everyone was comfortable with the language <t

mathematics.

212

Q.



After spending over 30 minutes developing the grapnh

t

instructor admired his work, "And there's your graph oI this
rational function. This is quite typical of what graphs of
rational functions look like. Very interesting. Much more
interesting than silly little polynomials.™

Speaking about concavity, the instructor said, "Other
things I could look at are concavity. I do not recommerd 1t
for rational functions, unless I really force you to do it,

because it takes the second derivative and can get reallwy

€]

th

e of

[

quite messv." Here was another great opportuniry to
the shelf technology to help us understand these bas:ic
concepts.

In concluding the lecture, the instructor said, "I'l.
show you what I'm going to do next day, if you want to clay

with it." and gave us the function £(x) = 7777

Only ten students, including myself, attended the
tutorial session on Halloween. The TA was building on
guestions asked last week and material that he had preparec
for last time, but for which we were not vet ready.
this class, I overheard one student exclaim, "I'11l be clad
when this course 1is over."”

A substantial amount of time was spent by the TA

detailing topics that he felt would be on the next midterm.

It was recommended that we learn to like Newton's method.
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Cne student replied that she must be dyslexic, because
never got the same answer twice.

Before lecture, the instructor spent time talking with

student about a linguistics course she was taking. Joking
with the class, the instructor quipped, "I'm going to give
you a treat. Well, it could be a trick or a treat."” This was

followed by, "If I gave you a formula for a function anz

am going to do,

[
[

asked you to graph it, which, of course,
what would you do?"

We began to analyze the function he had given us last
class. The development of this example, aside from a pair cf
corrections offered by Catherine and a digressicon about
finding the cube roots of negative numbers on & hand held
calculator, was straightforward, but rapid.

As the instructor progressed through the example, the
pace of his presentation began to pick up. He began asking
number of rhetorical guestions, which he guickly answere
himself. There was student response to some of the
guestions, but overall there was a sense of rushing through
the work. The instructor did reply, albeit briefly, to

questions from the student.

184

This one example took another half hour to developr. Cre

hour of lecture time had been spent on working through =wo

curve sketching problems.
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At 8:10 the instructor gave us a preamble to section
3.8, word problems involving maximum and minimum values of
functions. While the instructor discussed these problems In

a general context, I found myself jotting down in my notes

that I was tired, fatigued, and uncomfortable. (Lower bacx
problems were exacerbated by the lecture theatre seats.) A:
that time, this research instrument was not operatinc at full
capacity. I had to believe that my classmates also

experienced periods of inattention.

At 8:20 the instructor began the demonstration tha:t the
largest rectangle of fixed perimeter is a square. To my
astonishment, the students did not seem familiar with these
results. I too was guilty of assuming what was common
knowledge. There was not enough time left to complete the
problem, so the instructor told us we would continue witn 1
next class.

In the later tutorial session, Thomas and the TA brocke
off to discuss a problem while David, Catherine and I wcrked
together on implementing Newton's Method on a calculatecr. As
a group we worked through an problem that had been suggested
by a student in the first session. Towards the end, Zavia
and the TA spoke about what a first calculus course should

cover. The TA thought that the best technigues should ne

},J
O
1
(]
Q.

presented first and then the history of the subject exp
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David had been reading the textbook margin notes

to know "who this Fermat guy is'".

At the end of the session, the TA inadvertently caused

an outburst of hilarity when he asked if any of

majors.
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November 5 to December 3, 1991

Before the November 5 lectur~, I met with Brian and

{

Philip on the escalator. I also spoke with another student
(whose name I still did not know) about the examination
schedule. There was some concern on her part about how la:te
the examination was in the evening and the fact that it was
being held at Harbour Centre. It occurred to me ther that
this was not the safest part of the city at night.

When I arrived at the classroom, Harry and Charles werse
discussing dams in the Columbia River system and
hydroelectric power reguirements. There was some degree of

social interaction in the class.

Catherine and another student sought me out for advice
on some problems from the assignment. Thomas arrived without
notepaper, but obtained some quickly from myseif and another
student.

The instructor opened the lecture by asking us how we
identify max/min problems and encouraging us to draw a
diagram, regardless of what type of word problem we are
solving. After discussing problem solving in general, we
worked through an example from the text.

The presentation was notable for the lack of student
interaction and for the instructor’s use of a caliculator :tc

move from exact values to decimal approximations. The

calculations were done in class and took some time. Some
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students worked through the calculations using their
calculators. There was some difficulty 1in arriving at

consensus on the resulting approximations.

o}

At 8:00 p.m., after telling us that we would see
max/min problem on the upcoming midterm, the instructcr
digressed, saying, "What other things? Let's speculate. What
might we find on the find on the final examination?" He

solicited suggesticns from the class and added to them.

(]

"I want you to study section 3.10. Notice that we ar

H
a)

leaving out section 3.9 on application of max/min theory c

economic problems. Those are the sort of problems you take ir

Math 154 or 155 [Math 157]1." Section 3.10 dealt with
antiderivatives.

At this time, the instructor pointed out that there
would be problems in sections 6.5, 6.8. 6.9 and 2.2 that we
could not do without further work on integration. When one
student suggested that we would identify these prcblems by
not understanding them, the instructor replied, to the
universal amusement of the class, "Well, you won't know how
to do them. But that's not good criteria. We all know that
that's not good criteria to use."”

The instructor worked hard at establishing imaces cf
reversing the derivative process. He strongly suggested tha
it was often much more difficult to find an antiderivative

than it was to differentiate. There was also a lot of
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forward referencing to the Math 152 course. In fact, there
was so much talk of next semester's work, one student wanted
to know if we were responsible for this section in this
course.

The instructor made what was for me a telling commentz,
"I'm not so sure that if I were designing this course,
would have left this section in. The integration is usually
kept separate." The instructor was responsible for delivery,
not design of the curriculum. He did take the opportunity,
however, to talk about branches of calculus. This incliudeaq
describing differential equations as the language of phvsics
and engineering. The instructor briefly spoke with engineer
(Charles) about his background and knowledge of differentia!l
equations.

A considerable amount of effort was spent on the non-
uniqueness of the indefinite integral. The Mean Value
Theorem was invoked by the instructor to show that
antiderivatives differed by at most a constant. "You carn
easily show using the Mean Value Theorem, if a function nas
at least one antiderivative then all of its antiderivatives
consist of that one plus any arbitrary constant you mignt
want to add and there are no other ones at al.."

There were allusions to the role of proof in the study
of calculus, but there did not seem to be any clear sense of

what was to be accomplished by these references. We were not
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held responsible for duplicating or creating proofs. Nor, as
the term progressed and the rate at which we covered materia.

0.

b

D
D
'

increased, were we passively exposed to proofs as we na
earlier. The instructor sought to continue our exposure to
proofs by referring us to the text. For our notes, he wrote
and said, "It is easy to show (and the book does this
actually) using Theorem 3.15 (and I want you to 100k at tThan)
and Theorem 3.46. The proof of this theorem involves the
Mean Value Theorem. So it does all boil down to the Mean
Value Theorem. Remember, why did we study the Mean Value
Theorem? That's the theorem which is really at the core cof
all the theoretical calculus results.”

The instructor's presentation on antiderivatives was in
contrast to the rapidity of his development of the min/mas:
problems. He left a bit more time for student responses to
his guestions. How did he decide which topics to rush
through and those on which to spend more time?

During the recess, the instructor advised us that there
would be no problem assignment for this week as the seccnd

midterm was approaching. He also spent time suggesting stucdy

strategies.

My conversations during break included talXing to Lavid
and the reading he was doing to learn more about the
historical antecedents of calculus. The margin notes ir the

textbook about Fermat had caught his interest. Cather:ine,
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discussing an assigned problem, wanted to know som
about the relation of complex ancd real numbers. She also
spoke about having studied integration in high school and her
concern about the role and importance of the constants cf
integration.

Other students chose not to talk with their classmates.
One sat back and read a Tom Robbins' novel. Another, who
encountered in the hallway, avoided eye contact with me.
There was ample opportunity for a student to remain isolated

in this class, despite the small number of stud=nts and the

lecture tapes, however, do capture many students engaced ir
animated conversations throughout the break. There was the
opportunity for social interaction, but no forces pushirng the

student towards that sort of involvement.

After break, as the instructor was working harc to
establish the antiderivative of x™, the j symbol was
introduced as a stretched S, suggesting summation. In

passing, the instructor mentioned that "summing certain
quantities" leads to antidifferentiation. How much
foreshadowing in a course such as this 1s wise?

While the instructor was lecturing, there was an
occasional beep from where Michael sat. He was working with
his HP48S calculator, probably attempting to get 1t to co a

formal integration. The beeps occurred when he entered
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information the calculator considered inadequate or

@]

insufficient. I noted to myself that I should tell him how t
deactivate that particular feature.

The instructor took his material on antiderivatives well
beyond that covered in the textbook. The textbook was
content with a very small list of antiderivatives which

included, without explanation, the restriction n # -1 when

antidifferentiating x". "Hey, what happens then? We should
just look at this on the side. What am I talking about here?
If n were equal to -1, I'd be trying this problem here,

1 . .
f; dx. Well you know, don't you? That's the logarichm

function!"” The class erupted in laughter at the assumptior
that we recognized that particular representation of the
logarithm function. The instructor wanted to show us the
definition of the logarithm function, but realized he woulc
have to distinguish between definite and indefinite
integrals. Nonetheless, he continued with the definition.

T+

Thinking back to my own teaching experience, I was
struck by the thought that often the instructor needs a
certain self-discipline in presenting introductory concepts.

The instructor had stated that, if he were designing the

course, he might not include this section on

Q]
Y

bt

antidifferentiation. On the other hand, his presentation

into much more material than the textbook, the "bible for

this course", required of us.
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By 9:00 p.m. the students had lost track ci where we
were . The instructor sought to re-engage our attention with

a series of questions, "What is the antiderivative of...?

There was little response.

There was some nice meta-commentary on now

antidifferentiation was intrinsically more difficult than
differentiation. "And 1t's not an easy problem
lantidifferentiating the cosecant function] to do. It's ver:
simple when you know the trick. Which I'm not going to show

+

you." The ensuing laughter brought home the fe~t that,
tonight, we were laughing at our lack of knowledge.

Properties of antiderivatives and further examples

followed. Throughout, there was constant reference to the
constants of integration. They seemed to take on an
importance all out of proportion to theilir role in this

introduction to the topic.
The instructor identified two of the properties he had

or.. =

D

[

listed as the linearitv properties of antidifferentiat
mentioned that "if you ever take linear algebra'" we woulcd
encounter linear operators represented by matrices.
Antidifferentiation was an example of a linear operator.

This was a foreshadowing of later mathematics courses that T

had not anticipated.

With fifteen to twenty minutes left, the instructor

asked us to read a brief review of exponential functiors in
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section 6.1. A student blurted out, "We're in chapter
now!" After the laughter had subsided, the instructor rnoted
that although we were indeed in chapter six, we would
cover material in the intervening chapters. This student was
clearly not using the syllabus to keep track of our progress
through the course. He, and I suspect many others, were
along for the ride; content to find out where we were gcing
as soon as the instructor told us.

David commented to me that he had heard the word

N

"review" before in this course and he had sericnts aoub

(W)

about how much of it would be nothing more than review.

The instructor developed the graph of y = Z¥. He gct u

0]

to give him function values for x = 0, 1, 2, 3, but we

faltered when he asked for the value of 2-3. One studen=
offered -8 as an answer. This would be a hard "review" topic
for some.

What was particularly nice about developing the craphs
of exponential functions prior to being able to differsrtiace
the functions was that the curve sketching technigues cculcd
be reversed. Rather than the derivatives giving us

information about the graphs, the graphs yielded insight in:tc

the nature of the derivatives. The monotonicity cf the
graphs of v = a¥ told us that v' > 0 for a > 1 and v' < 0 for
0 < a < 1. wWhen f(x) = a%* was 1ldentified as a monotonic
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function, Catherine guickly quipped that they were morotcnou:s
functions.

I arrived for the first tutorial session on Novemper

ot

udents

9]

to find Susan talking with the TA and several
discussing their ztravels in Europe. When the assignments
were returned, I found that perhaps I was becoming toc
involved in my student role. The TA had marked one oI my
solutions according to the solutions manual he had. It was
clear to me that the manual had misinterpreted the guestion

and that my solution was correct. The TA offere” to adiust my

).
t
H
s

marks. Although I had lost perspective (I was tired an

O,

at the time), I had reason to believe that my classmat

(D
n

3
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)
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experienced similar feelings of frustration when they nad
their assignments and tests returned. The major difference
was that I had the expertise to argue my case.

+

There were only eight people in attendance that evening,

although there was a test scheduled for next week. My notes
for this hour were sketchy. At one point I wrote that I nad
fallen asleep. I would guess that many of the students were

as tired as I was.

Charles asked the TA to work through a problem Iin

detail. Michael and the TA spoke about the use ¢i the
quadratic formula. When Michael tried to show & neighbcr
some work he had done on the HP48S calculator, the reignbor
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exclaimed, "Get away from me!", in mock horror. I founa nc

coherence in the events of that hour.

As the instructor was setting up for the lecture, @

asked us, plaintively, "Does anyone ever listen To these
tapes? Besides Craig?" Students repsonded by telling n
how difficult it was for some of them to access the libr

where the tapes were. Another student spoke about using

tapes she made herself. The instructor was interested in

she used these recordings and he spoke of the poctentizl
videotaping a lecture.

lim 1
The number e was defined as (1 + )% and the
XN —p00 x

ct

instructor tried valiantly to have us identify 1t a

%)
o)

irrational number. This definition was 1in contrast o

ot
¥

textbook's definition of e as the number such that

lim eh - 1

= i t ishin 1
h—0 " 1. The instructor was embellishing the

material in the "bible for the course”.

After talking about f(x) = e¥ being the most impor:

of the exponential functions, the instructor added, "Now

Q]

[$8]

good guestion that should be going through your mind at =zhl

time is 'Why is this funny number e so important?' There :

a very good reason for it, which we shall see in a litztls

while." From this point, the development of the topic

followed the textbook's development much more c.osely.
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The development of e* as the exponential function whoss

tangent line at x = 0 had a slope of 1 was new to me ana
found myself being caught up in the material. I was locxkinc
forward to using this development in my own classroom. The

participant observer role had been momentarily erodea . oy
interest in the subject matter. The fact that the instructor

was using a calculator to find numerical estimates of

b
O
[

derivatives of 2% and 3¥ at x = 0 added to my enthusiasm
this approach.

The instructor allowed that, "I haven't beoen rigourcus
here, but I have given you some kind of intuitive argument.”
His intuitive arguments seemed to be guite appropriate Ior
this audience.

Limit definitions of derivatives were used tc

demonstrate that the derived function of e¥ was e¥ itsel

bty

One student comment to the effect that e*® was a power functicn
indicated that the instructor was still trying To maintein
interactive contact with the class. The instructor stopped
his lecture and t“ried to make very sure that we uncerstcod

that e* was not a power function.

Eight o'clock and Brian and Philip left to catch & ferxr
to the island. The instructor guickly wished them a gocd
weekend. Their departure brought our numbers down tTo
fifteen. I noted that two students who had told me thev were

only auditing the course were not in attendance.
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. . d .
Upon establishing that —_ e* = e¥ (and marking it w

"happy face"

dx

or the overhead) , the instructor saic, "Now

isn't that beautiful. You'wve got to smile when vou see

that." His excitement continued, "Think about iz. The

derivative of this function is the function itself." =He

added, "This
emphasizing."”

hoping that s

is a nice, nice property. Well worth

th

I shared his enthusiasm and found mysel

ome of my classmates might share zhis with

The instructor's background in statistics came to the

fore again as

he digressed about the I function. My laci

familiarity with this function gave me some sense o how

classmates mi

Interesting,

trying to say

ght feel about this and other digressions.

w
rs

but I don't understand entirely what vou

After the beautv of working with the derivative cf
the examples were a letdown. They were simply & matter
formal differentiation. No interpretation or applicatic

the results was reguired of us.

Closing

his notes, called out, '"Michael, have I dazzled vou?

Michael alway

off the lecture, the instructor, while ca:in

s sat in the front row and was consoicuous

his attentiveness. The instructor took opportunities =c

students by t

another indication of how he sought to transcend the

heir first names 1if he knew them. This was

information delivery svstem model of a lecturer.
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Catherine advised me that she had heard that the

i1l and had cancelled the second tutorial. Frankly, I

relieved as I felt I had run completely out oI eneragy.

I did do with the time was to follow Catherine cver to

computer lab and look at the code for a program she wa

developing for ner computing science course.

Assignment #7 was given to us

on November 12.

it consisted of fifteen problems and was due the follo
Tuesday. It was also, as it turned out the rast set o
problems to be collected in this course. What 7 fcund

particularly significant about this assignment was th

spanned eight different sections 1in two different

93]

(1

fo-

1

chapters,

There was at most two guestions per section. Five had been

the greatest number of sections covered in previous

assignments. The course had now become a flat out sprint

the end in an attempt to cover all
syllabus. The phrase "superficial

I arrived at 7:15 to find the
students that the calculus in this

technique and manipulation. David

with ease technigues that he had found difficult eaerl

the term. Charles was talking about how one o©f the pr
in section 6.2 required the use of the natural locarit:
function. I noted to myself that at least one student

the sections listed
treatment” came tTo
instructor telling

course was mostly

mentioned that he now

'J.
(D

a1

O

-

still trying to work through the odd numbered probiems.
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Michael was concerned about what he termed algebr

He spoke about x-x = 2x and c¢sc ¥ as the inverse of sin

When he asked why we wrote csc x as Arcsin x, I realized =

extent of some of the difficulties he must be fTacing in ©=n

course.

The lecture began with the instructor advising us That

we should already be familiar with the material in section

~

6.3 (Inverse Functions) and 6.4 (Logarithmic Functions) fr

our high school mathematics. Also, we were advised to nct

work on any problem that involved a definite irtegra.. TIh

instructor described what a definite integral looked like

that we would recognize them when we encountered them.

"Study 6.3 and also do the odd problems."” We were st

supposed to attempt a large number of problems in each
section even when we were covering three or more sections
a evening.

After laying out some of the basic ideas of inverse

functions, the instructor told us, "I'm not laying out In

detail the whole theory of inverse functions. I assume tha
you've got it. This is essentially a reminder oI what : s
going on with inverse functions." This attitude was no:

consistent with instructor's earlier efforts to remina u

n

what we were supposed to know.
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The

was seasoned with comments such &s

remember.

After reviewing the theory of inverse

looked at £ (x)

took this

remainder

of

1+ 3x

5 -~ o and 1its

example from the text,

specified a domain of definition

existence
graph cf v
sitting behind

obtain a graph.

The section concluded with a theorem

of an

f(x).

inverse function.

him, used his

his development

TI-81 calculator

of

"I'm sure you

I hope vou will remember."”

inverse.

but, unlike

in order to

inverse

I+
[
3
)
rt
b
O
)

)
poa

ensure

}—
(-

195)

He began by sketchinc =hn

TC

derivative of a function with the derivative of

The instructor

I'm going to give you a geometric argument.”

told us, "I'm not

going to prove

made a free hand sketch on the overhead acetate.

he described the thecrem as

result".

reactions had been negligible for most of the fortyv-

It occurred to me that

"kind of an intriguin

student input and opserva

minutes that had peen spent on this topic.

Next up was
properties of logarithms.

logarithms." The

was

where a and b are positive numbers.”

finally broken when he prompted us,

231

"z little guickie review" of

"Someone give me one

™
Lls

(]

R
1OC

Thomas registered disgust when Davi

)

prope

Unfortunately,

ri

RV

't
7
3
mn

N
4

t
(&

V

silence following the instructor's recue

"logarithm o axb,

wne

9]

O

n
ot

23

[R5

{2,



student who dared to reply gave as an answer "1og a times .
b". Charles, the engineer, who with the instructcr ana
myself, was a member of the sliderule generation, noted tha
logarithms "allowed adders to be multipliers™.

During the break, I found myself in the role of =z

teaching assistant. 3Brian and Philip sought me out and asx
if they could borrow myv notes for the last half nour of
Thursday's lecture. I had no notes, so I redeveloped tne
results for them. David asked me about a counterexample he

had developed for the derivatives of inverse furctions resu.

that we had just covered. It turned out that nis grapn of
y = £f-1(x) was incorrec:. Catherine wanted me to confiirm 2
hypothesis that she had about the derivative of an inverse
a relation.

After the recess, we went through a traditiona:

development of the logarithm functions as inverses of

exponential functions. On several occasions, the iInstructo
asked questions, seeking student involvement. The tapes zon

by
'J.
D
ol

my notes both indicate that only one student, Cathe

responding at this time.

When the instructor introduced the notation for ratura

logarithms, 1ln rather than loge . he asked us what tThe name

(]
O,

"

.

[£2]

was for the logip function, prompting us with "It begins wizh

a c." There was no answer from the class. The instructor

response, "Common logarithms. You've heard of that
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scaring me folks,", brought some laughter from tne cl

03]

S

¢}

was empathizing with the instructor.
.

With respect to the equations eil ¥ = x and 1ln e¥ =

the instructor asked, "How could you convince voursel? that

Q.
e
[N
3
%)
M
Iy
by

the first equation was basically true?"” He answere ™
"Couldn't vou take vour calculator out, chose a positive
number, say 7.1. And then put in 7.1, or any positive rumper
that you want." He went on to explain where one might Iird
the e¥ and 1ln functions on a calculator and to distinculisnh
between the 1n and log keys. The irony in usirg e* ana Ir
functions on a calculator was that yvou generally had T2 ke
INV LN to access e¥. The calculator was explicit in the
inverse relationship of the two functions.

The instructor continued to encourage us 1o use the
calculator for investigating the ln function. What is 1n 17
First we were referred to the graph, then he suggestec we use
our calculators. "Don't hesitate to play around. Learrn tnis

"

stuff using vour hand calculator.

2

) d . 1 . .

The derivation of Q. X = L was followed bv some
examples of formal differentiation. Find the derivative of
h(y) = 1ln (v®sin vy). Why?

At the end cof this example, the instructor tola uvs, "Do

not simplify. I don't have time to waste on simpl.ification

here." He referred us to his instructions not to waste Tim

} ')
3
()

bt
b
[
n
ct

on algebraic simplifications that he had put on the
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midterm and added, "I assume that everyone can do it." His
comment, "Craig, why are you snickering?", Dbrougit Iorztr

laughter from students and instructor alike.

Bv 9:05 p.m. we were ready to look at the derivatives of
y = a¥ and v = lcgy x for a # e. While trying to estab_lsh
the relationship v = a% = y = e¥{in a8l the instructor noted
that he had failed to cover the property ln a# = x 1n 2

Y

earlier this evening. With the lack of familiarity wit!

.

properties of logarithms that the class seemed to have, I

wondered how much of the instructor's demonstretion they were

PN
- e

absorbing. The instructor's delivery was straicht le

t
@

@]

When he sought student responses, only Catherine, if =z

'3
O
O
0

would reply.
Completing his proof, the instructor enthused, "That's

pretty slick, isn't it? You think about it and when you've

-
bt

got time to study it at home. It's pretty slick. Nice

[$)]

simple.” He was offering us meta-comments on esthetics ir
mathematics. Some results are prettier than others.

The last example of the evening was an example of
logarithmic differentiation. This technique was to be
covered in the last ten minutes of a very full evening.
Taking the logarithm of each side of an egquation, vusirng
implicit differentiation, and then substituting for vy in the

lgues tTh

o]

ot

m

final expression struck me as a sequence of tech
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deserved more than ten minutes at a time when student
attention couldn't be zll that focused.

While closing up, the instructor, speaking tTo nimselr,
said, "This course has a lot of material in it, & lot of

material."

I arrived late at the first tutorial session on Novempe-
14. There were only ten students, i1ncluding myseif, in
attendance. All four of us who attended the sescond tutcrial
session were here at the first session this evening. Trhe T2

went over the problems 1n assignment #6 and those brought up
by students. On occasion, other students and I would
intercede to help bring the TA on track when he was sclvinc sz
problem. As with last week's session, there seemed to ke &

definite lack of structure and direction to the hour.

L

ot

We went to the lecture theatre to write the midterm.
this time I felt exhausted and was taking medication for a
severe cold. I sat with the midterm and just started working
away at the questions, with no sense of time maragement or

test writing strategy. Speaking with my classmates, I founa

that some of them had had similar experiences.

s

e e
[PROR IO

O

ct

After the midterm, I spent some time with the ins
talking with him about the purpose and pace of the course. :
was too tired to make notes and not sufficiently focusec tc
remember much of what was said. This particular research

instrument was rather defective at this point in time.
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The lecture on November 19 began with an exchange ¢
papers. We submitted our last problem set and picked ur
midterms. The instructor had written a note on the ocver
about research grants targetted for women. He was

encouraging the female members of the class to consider

applying.

The instructor informed us that the average score on

midterm was 26/40. He went on to relterate his Intent

the final examination: two hours worth of materia: and &

three hour time period in which to write it. D=avid menti

to me that he had obtained a copy of an examination thaz

ot

instructor had set for this course two years ago and 1
covered everything.

The lecture began with a review of graphs of

to-

logarithmic functions. Lack of response to early quest

from the instructor suggested that the students were still

not completely comfortable with these functions. The

instructor exhorced us to become more familiar with the
graphs, but he did not slow down to review them with us.
fact, he was speaking more rapidly than we were used to

doing.

d
The next topic was to show that ax logax = 7 T =

@
[
«Q

When defining logsx, the instructor spoke of there b
several different ways of defining such a function. The

"most beautiful wav" was a definition involving calculus
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would be covered next

ourselves with

[$}]

logarithm function as an

term 1in Math 152.

inverse of an exponen

We would content

more prosaic definition viewinag

In this definition the instructor introduced the

notation Iiff for 1f and

students should learn the language of propositicnal

guantifiers in this cour

supposed to learn 1it?

In the middle of his development,

guestion about the labelling of a diagram.

only 1if

se?

And 1if not,

where

the instructor agreed he had made a mistake, t

correction,

Catherine the only student willing to interject a

and complimented her on her astuteness. W

Afzax

it intended that

i K
0T

were th

[~
~ 2

Catherine raised

hanked her

T

a

0]

comme

3

Or was she the only student paying sufficiently close

attention to pick up on these details?

After defining logs
again, "That's the
in grade 11 or 12. It's

the calculus definition.

rate of delivery had by

%, the instructor comm

not nearly as nice,

"  Interestingly,

the

this time slowed to it

ented once

nstruc

FL
{
[mi
O
H

s usual sp

.

—ne

@]
m

kind of introduction to logarithms vou ge=

in my opinicn, as

's

eed.

He carefully developed the change of base formula and pointed

out how 1t could be

w

something like log7
The instructor then

are we doing this?

said,

This 1isn't calculus.”
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reason 1is, every function yvou run across in a calculus

course, you don't want to leave it without findirng
derivative." This was a succinct statement oI c¢ne

goals oI the course.

its

More meta-commentary on proofs were offered by the

instructor. "Here's a little proof. How do you prove
anything when vou have an equation? The first thing
is start with ore side and see 1f you can just grind

other. We've taken this approach many, many times t

this course." If doing proofs were something Tnat stu
were to learn in this course, this didn't seem like &
introduction. But were we supposed to learn how to dco

in Math 1517

When, inevitably, we turned to examples of formal

il
<

differentiation, the instructor gave us y = x© -0Gig ()

investigate. He commented, "Who knows what the graph o

thing looks like? Nobody. I don't know what it is.

N

P

if vou do." I reached for my graphics-capable calcula

Ignoring the potential of existing technology, even

[ N

context of a traditional calculus curriculum, did not

me as a reasonable attitude. The 1instructor seemed

between the world of the sliderule and that of the

~
—

ca

<

O

3

ran
rre

{
ct

\Q

Q.

b

©®
]

4]
03

@] ot Q.

I

t

on

@]

N
[

o

11
SRS

breed of handhelds. He encouraged us to use calculatcrs,

fell short of realizing their potential. In my notes,

cited in the margins the many opportunities for usin

238
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single graphics capable calculator with an overh=zd
projection unit.

We moved orn to Section 6.7, omitting 6.% (The logaricnm
defined as definite integral), and after being cautioned oncs
again to avoid problems involving material we nave not
covered. An interesting task: recognizing problems that ou
cannot do because you lack the necessary backgrcund
information. After advising of the type of problem for whicr

we would not be responsible, the instructor seemed

Hhy
oo

unable to resist pointing out that the antider:vative o

o]
6]
o
-
Uy
o

was ln x + C. Furthermore, the antiderivative cf e* w
e* plus a constant of integration.

Section 6.7 dealt with exponential growth ana decar
problems. The instructor described the problems in this
section as "real" problems that would occur in a:l o
sciences. In contrast, the related rates problems were
"stuck in this section because they were a little applica
of the chain rule, but in reality these problems do not arise

naturally very often."”

3

When he asked us to study the section and do the odd
numbered problems, the 1lnstructor pointed out zZhat ne was rno-
giving any more assignments to be handed in, so we shou.
certain to "grind out a lot of the odd numbered droblems”.

The instructor carefully worked through a simple

population growth model, asking us gquestions and trving o
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establish a dialogue. I wondered 1f he consciously

[P
0]
'3
)
O

through topics that he considered less important and slcowed
down tc a more interactive teaching style when working
through something he felt to be more significant. We Zouna

ourselves talking about half-lives of radiocactive i1soioves
and applications where these ideas would be used. The

instructor was selling this topic. The time commitment wzs
considerable, so I had to assume that this was intentionzal.

If discussing radiocactive isotopes brought limited

response, the instructer's example of compound .nterest ard
money growing in our bank accounts caught the attention of
classmates. There was laughter at the thought of applvinc

exponential growth principles to our savings.

1]

When identifying the basic assumption of expcn

growth, that the rate of change of the population is

proportional to the population, the instructor introduced thne

symbol e and asked if was still taught in high school.

. . av _ ‘
Shifting to the differential equation, g. = Ky, e

instructor digressed into a long meta-commentary

th
®
Q
o
[$1]
¢t
b
O
I
n

on the nature of solutions for different types ©
Numbers were the solutions for guadratic equations, buz
functions would be the sclutions for differential egua
He also spoke abcut the study of differential eguations as ar
ongoing part of current mathematical research and added, "vou

can't do physics without differential equations.™
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We took a ten minute break during which I spoke with
students about problems on the midterm. I gave my home ana
school telephone numbers to several of them who indicated
they might want to get in touch with me between classes. M

role as a pseudo teaching assistant was becoming more

s

(0]

prominent as the term came to an end. The instructor was al
engaged in a dialogue with several students about which
problems they found most difficult on the test.

There was also a public dialogue between the instructor

and myself concerning a young pianist he had sc=2n on

T Tne

o))

television the previous evening. It turned out th
musician was a student of mine. Not all conversation

centered on the course.

The lecture continued with notes about differential

equations and, in particular, interpreting the differential
equation associated with exponential growth and decay. The
soluticn to the differential equation was given as fact, nco-
developed. Then we proceeded to work throuch & prcoblem. Tha

e

concept of & differential egquation had been introducecd, ou
none of technigues.

After the problem was solved, the instructor spoke abou-
modifying the differential equations 1in the growth models =o
make them more realistic.

At 9:00 p.m. we started section 6.8 on Inverse

Trigonometric functions. After a preamble about inverse
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functions, the instructor told us that the project at na

[0
¢t
03]

was to look at one of the trigonometric functions a
inverse. "Remember when I looked at the derivative of the

sine function, I went through a fair amount of work tc get

that. And afrer I had that, all the rest were similar ana 1-
was very easy to get their derivatives. Same basic idesz
here, don't you agree?" It seemed a falr comment, but mv

classmates laughed at it nonetheless.

The good humour continued as the instructor asked us
whether or not the sine function had an inverse. Determininc
that it was not monotonic, it was decided that there was nc
inverse functior and hence no need to look for ics
derivative. "So we just scrap this function and gc orn. Seems
like a good idea.” It was late, vyet the instructor had

succeeded in getting the class' attention focused for his

presentation on principal domains. Goocd teaching uncer

difficult conditions.

D

o
w

By the end of the lecture the instructor had estab.?

the graph of the Arcsin function and found its deriv

)
[
b
-
()

using implicit differentiation, trigonometric identities and

clever substi-ution. He offered us advice as he led us

through this derivation, "Always look back to see where vou
There were serious attempts at mathematics

were goling."

enculturation throughout this course. He alsc establisned
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inverses for the other trigonometric functions, but did not
have time to develop their derivatives.

I arrived ten minutes late for the first cutorial

session on November 21. I was the tenth and last studert o
arrive. The TA had just finished reviewing the midierm and
discussing the results. Then, he and several studen:ts

engaged in a discussion of where they were in the course ang

how we were expected to finish in the four hours of lesctu

ty

o

o
=

th

~ on Th

[
1

remaining. There were six and half sections
syllabus.

A question about inverse functions lead the TA into
using the term well-defined. He and another student
continued to discuss the concept at length. I wondered to

myself what was being accomplished.

Moving on to a discussion of logarithmic functions, I
gained a stronger sense of some of the difficulties the
students were having with the material. One student asked 17
the properties for the ln functions were the same &as the
properties for the log functions.

The TA offered some hints on how to deal with the manv
formulas that we were recently encountering and had beern zolicd

to commit to memory. My notes for this session conc

an emphatic "course pacing - sprint to the exams".
The lecture continued with finding the derivative c¢f the

Arccos function. After that we were told that the
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derivatives of —he cother inverse trigonometric functicn
in the textbook and their derivations were similar to =
the Arccos function. Time was at a premium. Delivery
information was rapid. The instructor frequentlyv ident
topics for which we were responsible and ones that we n

not commit to memory.

The instructor pointed ocut as he wrote out & list

(n

D
®
0.

’

(N

th

th
b
(D

{2

bt

differentiation formulas that there also was a corresponcing

list of antiderivatives.

We were asked to evaluate tan (cos™1(0.5)'. The
instructor suggested that we use our calculators first znd
then evaluate from first principles. Some of the studerts

had to be lead thrcough the key stroke sequence To use ¢

calculators, including setting the angle measure to RAD

t
O
o
o]

measure. As the instructor went through the tradi

evaluation, I realized that most of my classmates did n

T
have the necessary background to move from cos™(0.35) = 7 =
T — . L o
tan(§)= N3 . Calculus instructors, myself includec, tenced <
use their high school mathematics as a prereguisite
Thelr

background, rather than the high schocl mathematics of

students.

Fwxercises in formal differentiation followed this
example. They were increasingly messy expressions

culminating in an attempt tO differentiate
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4
y = Vsin‘l(fo + 2x) . My enthusiasm for this problen

muted. The instructor did point out as a "flaw in the

-

notation" that the ! in sin™! was not an exponenz. This

comment happened in midst of a very fast presentatiocn o

solution.

At 8:00 p.m., with less then half an hour left, we

O
[

section 6.9 on Hvperbclic Trigonometry. The instruct
mentioned that the functions in this section were useful
some fields of engineering. Brief mention of the conic

sections was made and an analogy between circular Zunctl

and hyperbolic functions was alluded to. But the Ifunctlor

were defined as linear combinations of e* and e7*. The
identity cosh?(x) - sinh?(x) = 1 was shown, usinc the
exponential definitions, and the similarity to tnhe
corresponding trigonometric identity pointed out.

The derivatives of sinh and cosh were developed. T
other hyperbolic functions were to be understood through
analogy with their circular function counterparts. The

inverses of the hyperbolic trigonometric functions were

ow

mentioned. Our study of this class of functions was

complete.

David, Thomas, Catherine and myself went to the sec

tutorial session. The hour devolved into a loose discus

S

e

on a number of topics. I spoke about extraneous roots Iin

92}

[6)]

eguations involving logarithms and the role oI the absolute

[
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xl. Thomas and Catherine talked abcu-

value functicn in 1n

the examination schedules. We all discussed who was takincg

H

Math 152 and why. The time spent was useful for my research

t

but I wondered now effective it was for my classmates.

Before the lecture on November 26 the instructor fie’gde
many questions about what he would put on the final
examination. His most frequent reply was, "I might." ¥Witr
respect to proof, he said,"When you say proof, reallyv what
choice is there? There really isn't a big variety."

The lecture proper began with the instructror assigring
section 6.10 on 1'Hépital's Rule and Indeterminate forms
study and doing odd numbered problems. In his preamble, =-re
instructor reviewed the material on hyperbolic functions tha

he had covered in the previous lecture. Speaking abouz the

~

inverses of the hyperbolic trigonometric functions

instructor told us, "I asked you to read it. It was in the
section. But you will not be tested on it, so you 4o nct
have to memorize anything to do with the derivatives cf <he

inverse hyperbolic trig functions. But I hope vou've read Lt

¢t

and looked at it and maybe done a few exercises. You want

be aware of them, sc that if anyone mentions them In anctiier

course you can go back to your calculus book and look tnen

up." This was the most direct statement I had encountered o

the rationale for covering this topic in this course.
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1'Hépital's Rule was introduced as a "slick rule fcr
finding certain limits'". Indeterminate forms were discussad .
"In finding limits of indeterminate forms, 1'Hdépital's Ekule
can be often used. I'm not going to prove the t“heorem, bt
I'm Jjust going to use it and illustrate it. Don't have tine
to prove it." Plug and chug calculus because there wasr
enough time.

The variety of indeterminate forms must have causec some-
students to wonder for which limits the rule was appropriztse.
Considerable amount of time was spent identifving such
limits.

When working through the example limits, I thoucght

il

ound through

-y

perhaps that we might confirm the linit we

rt
bl
[0}

—
oas

applying 1'Hépital's Rule by using our calculators. &A

end of the first example, Michael asked if we were allicwed -

~h

o

use this rule for limit problems encountered earlier.

instructor replied, "Yes, you sure can."

¢
jS1

OO

818

Examples involving indeterminate forms

00 - 00 were covered. This treatment of 1'Hdépitai's Rule

)
th

allowed for mechanical manipulation, but no understanding

underlying concepts was offered. I was amazed at the

(t
)

algebraic contortions that were reguired to bring a limit

the desired form.

Limits as x — oo caused the instructor to digress abou-

encountering the term googolplex in a movie on televisicn tne
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n

student

”NOW, 1

other day ("Back to the Future III") Several
identified the movie for him. This was the most significarn=
student-instructor in-eraction of the evening thus far.

after tortuous.y maxing

At the end of the fifth example,

our way to a limit, the instructor asked us,
didn't believe me, what would you do to check it? To zairn
confidence."” The reply he was seeklng was not forthcoming
"Why not take vyour hand calculator and put in a large
negative value for x?", he eventually supplied himself.
done with indeterminate forms. Forms
the techrnicue of

We were not
o0 )
were discussed and

involving 00, oo and 1
taking the limit of the logarithm of the function in guesticr
The instructor guoted a Limit Property

moth

was introduced.
Theorem from Chapter 1 while working through an example.

reminded me of referring back to an oObscure passage Iro
The actual example, however, was guite
nicely

0ld Testament.
DX
= eab yould lend itself

lim )
o0
continuous compound interest

+
w

Showing that

the development of the
During the Dbreak,
me about the NDERIV function on the TI-81 calculator
who joined cur

I found that David,
I with this calcula=

just acquired.
was more expert than

conversation,
He was very helpful to the other students and certai

enthusiastic about the pctential of the device.
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Returning from break, we learned that we werse going =2

cover sections 9.1 and 9.2 in the remaining foruy-five

)
)
1
by
0]
1
]
ct
O
6}
M

minutes. The concepts and amount of material th
covered and presumably assimilated by us in the time
available were beginning to take on surreal dimensions. WMv

own personal belief that the topic of parametric eguaticns

was a rich and significant source of concepts and

applications caused me, by 8:55, to note about myself,

"hunched shoulders, visceral reaction to presentation™.
There was nothing wrong with the presentartion except
that the time available made i1t seem incomplete and

Ny
e

-

inadequate for anv understanding of the underlving con

A passing reference to the frequent occurrence of parametric
© g

equations in physics was made.

-3
Y
M

Derivatives of parametric equations followed next

instructor, &af

ct
®
[

first derivative was acceptable, but the
conjecturing about the second derivative, asked us how tc¢

disprove a conjecture. He used a counterexample to show thas

2

dev
2 2 .
g;% # i;x , but did rnot follow up wlth the correct paramz-r:
dc?

expression for a second derivative.

"o

Moving on to an example, the instructor sa:id,

)
5
(O
O

and v = cos(2t) and immediately your heart palpitates ar

say, 'Oh, oh. We're getting into trig identities.' 2nd

()

you're right. By this time I assume that you are masters of
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trigonometric identities.” While the instructor developead
the sketch of the curve, Philip was using the parametric
graphing capabilities of his new calculator and proudl:y
showing off the results to David. It was almost as 1if =z
technological fifth column was forming in the back rows of
the classroom.

The development of this example was notable for the
number of guestions about trigonometric identities that the
instructor asked and to which my classmates were unable to
respond. As usual, they were facing double jecpardv: rushirc
through new material and foraging through their memories for

long forgotten mathematics.

o
N
o))
)
O
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There was time for one example from section
the penultimate lecture in this course was done.

On November 28 I arrived late for the first tutorial
session and spent time at the beginning talking with RBriar
about the zoom function for graphs on his TI-81. 2 sheet

listing student marks on assignments and midterms was

Circulated.

1
15

There was a general discussion of what would be cn th

[

0.

examination and one student asked specifically about wor

H

5

problems. The TA worxed through some applications o

1'Hépital's Rule.
At the lecture that night course evaluation forms were

handed out to the students. Afterwards the TA distributed
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copies of the mark sheets. The instructor advised us =co choo:
the sheets for accuracy and bring any corrections we mich-~
have to the final examination.

At 8:00 p.m., with half an hour of instructional =< m=

rana

O
@]
O

left, the instructor began sectilon 9.4, Polar

1
D
n

thy

We were told that we would not be responsible for the

-
0.

material in section 9.6 Conic Sections, but that we shou
read this material before beginning Math 152.

The treatment of polar coordinates was very simil

t3
R

o
Oy

Q)
o

that of parametric eqguations. A great deal of material w
covered in a short period of time. There was very litzle
student involvement in the class. Even simple guestiscns fror

the instructor were left unanswered.

ot
3

The last example of the course was to find where

D
ty
M

)
ep)
Q. LLL
o
)

i1s a horizontal tangent line for the curve r

[

found using parametric eguations with 6 as a paramete

d .
Solving for 6 so that dY = 0 lead to solving 20 + zan 6 =
P

This was done using Newton's Method for approximating roote.

0
9]
th
ts
O
3

What a nice little problem showing how various topi

- N

this course could dovetail! It was unforturate tha

+
(t
'3
D
s
I8

wasn't enough time to consider the solution in detail.
Rather than have a second tutorial session that eveninrc
the instructor, the TA, Thomas, Catherine anrd I went =-o

dirner in Gastown. It was an opportunity for me to hsar +re

251



opinions and learn about the background of some 2F mv

informants. It was also a pleasant conclusion to a oo

1¢]
8N

arducus term.

The following Tuesday we wrotZe the final examinaticn <
the course. The instructor prefaced his instructions =—c us
by sayving that we should not use the graphing capabiliz:ies
the programming capabilities or any other capabilitie:z o7

which he was unaware of our calculators during the
examination. To my knowiedge, my classmates were scrupulous
in their compliance with this restriction.

As the instructor had promised, the examination was

O

about twice the length of the midterm. With three hcours =

40

write the paper, the pace seemed almost leisurely. 7=
chairs and tables allowed us to arrange our wWoOrk more

conveniently. David, unfortunately, had hurt nhis back at

1]
Tual

work and was unable to remain seated for the

hours. He left after two hours without any explanaticr <o <ne

instructor. Catnerine, as usual, was the first to firisn.

The rest of us took advantage of the extra time.

)
t
)
0
)
3
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At the end of three hours, 10:00 p.m. on

night, we handed in our papers and the course was finished.
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Interviews

Introduction

th

After the course was completed, I interviewed sixz of my

classmates and the instructor. These interviews occurred in

LO

the period between December 13, 1991 and February 14, 199Z2.
One interview took place in the student's workplace early in
the morning. Another was conducted in the researcher's home.
Three interviews were done over the telephone. One interview
was in the student's apartment. The instructor, the last to
be interviewed, spoke with me in his office in February.
Details of how the interviews were conducted and =he

resulting material analyzed are included in Chapter II. The

account here is meant to tell, 1in their own words, the

experiences and attitudes of the participants in this course.

Student Backgrounds

The students I interviewed ranged in age from their
early twenties to middle fifties. Two of them were among the
most successful students 1in the course, one was in the midcdle
of the grade distribution, two were at the lower end of the
distribution and one did not complete the course. One tning
they had in common was the fact that they hac all been away

from high school for some time.
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Catherine was a twenty-two year oid who had taken this
course in her second semester at Simon Fraser University.
She was beginning a major in cognitive science. Prior to
coming to SFU she had studied Theatre at the University of
Saskatchewan for three years.

When in high school in Saskatchewan, Catherine had been
enrolled in an accelerated mathematics program.
Consequently, she had studied calculus in grade 12 although
she had limited success with it. While studyirg for &
theatre degree, she had taken a course which cthe referred zo
as "bunny math". "I did quite well in 1t, but it was a
rehash of algebra and trig, basically. And it's been a while
since I've done that."

Studying mathematics in high school was not a positive
experience for Catherine. She said, "I had lousy teachers...
and in high school there was a certailn stigma attachea...™”
She went on to talk about one classmate who worked hard at
mathematics and physics. "“Nice guy, really nice guy. 3But I
didn't want to be like him."

When asked if she had taken any physics before this
course, Catherine replied that she had and added, "Actuzlly
we learned a lot more about math in physics that we did in
math for a while."

David was twenty-eight years old. At the time he was

taking the Math 151 course, David was also working night
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shifts full time. David was returning to school after an
elght year absence. He had attempted two courses severza_
years earlier, but health problems had caused him ¢
withdraw.

In high school, lDavid had been gquite successful :in

mathematics and the scilences. He had graduatec with & Z.

[}

provincial scholarship. His first experience oI university

studies was not positive. As David said:

O D
[OF
O
by
I

to U.B.C. sciences and I wasn't sure I want
there. I had nc idea what I wanted to do ¢
wanted to do it. But I went off to school ana
atrocious grades, thereby giving me society's permission
to go off and explore on my own.

Suddenly in grade 12, I realized I was be
W
A

3t Qo

David had transferred to Simon Fraser University at =zhis
time. "Conseqguently the grades I got eight years ago are
pretty grim and I have to fight them to get my G.P.A. up now

that I have some c¢oals.

David's academic goals included earning a degree a

0]
(v

business major. His experience in the Math 151 course was =¢
positive that he said, "In fact, I enjoyed that class sc¢ much

that it made me consider possibilities that I haan't really

t
)
n

[N

considered before. Possibly in math or other..." Bu
first goal was that iritial degree in business.
Elizabeth was thirty-three years old and had crigirally

come from Ontario. In high school she took no science

courses and mathematics courses only up to grade 11. While
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she was living with relatives in Germany, she developed an
interest in physics.

When Elizabeth came to Vancouver in 1984, she toocx crade
11 and 12 mathematics and science courses at tne King Zdward
campus of Vancouver Community College. She comments c¢n —hnis
experience:

So when I got to Vancouver in '84, the first thirg

did, a priority, was to get back to my educatiorn,

up . I went to the King Edward campus of V.C.C. and

all the science courses; chemistry, biology, physics,
and math - grade 11 and 12 levels. And actually I dic

very well; that was a good period of time. I fel<x

learned a lot; I was a stralight A studenrt.

Elizabeth spent some time as & pharmacy technical
assistant. "I did take a break from my studies at King
Charles because things were getting pretty bad as far as
keeping myself alive and making a living. Money was always a

terrible problem." She worked as a teaching assistant at =h

M

King Edward campus and at St. Paul's Hospital.

After completing a physics 12 course at Vancouver

8]
Q.

Community College, Elizabeth enrolled in two philcsophy

one linguistics course at Simon Fraser in the summer terrm,

1990.

She signed up for five courses in the fall of 1997,
including Math 151. It was a disastrous term. She descriped
it:

So, I just got knocked completely flat on my back in tne

first couple of weeks. I found that I was completely

out of control and really behind by even the second
week. It was a whole new setup; so much being thrown az
me.
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Elizabeth dropped the math and two science courses ear.y

in the semester.
During the winter term, 1991, she took Math 100 ard
an A in the course. In the fall term, she was enrollea

Math 151, a physics course and a course on Euclidean

geometry. Ultimately, she failed to complete any of tThsase.

Elizabeth did not feel that she had been adeqguately
prepared for university work in either high school or az

community college. She commented:

And having no study habits from high school was a

disaster. I must admit I never studied in high scnhool
~

I didn't know what it really was. When I was at Xin
Ed, it was my own determination and interest anc ene
that got me through. I studied a lot. I studiecd ver
hard at King Ed and put in a lot of time into every:
I did there. But I don't know if I'm studying
efficiently. I had enough time to do in my own style
whatever was necessary to do well in my courses. Bu
get a feeling that that is not efficient enough for
pace and amount of material to be covered at univers

Elizabeth felt that the university was, in some ways

less accommodating to students who had been away from hic!

school for a long time. She added:
Another thing about university. I really cot a s
high schoolish feeling in a lot of ways when I wen
SFU...and it made me feel very uncomfortable, I 3ju
didn't like it. It was a combination of many thing
Partly, it was being surrounded by a lot of peorle
from high school. You could tell that a lct of

Y
ning

.-
t =
he

.
— L
12y,

I

instructors had geared the way they set up the ccurse

and the way they were explaining things to people,

talking to people. It was geared very specifically £
people right out of high school, that age cgroup, the
background. It just added to the negative aspect of
experience.
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Susan was a young woman who had previously taken courses
at university and was 1interested in studying actuarial

sciences. She had already earned credit for a calculus

course.

I already had credit for [Math] 154 or 157 c¢r scmething

like that and I thought I would be upgrading. Instead %y
grade goes down three letter grades of so. So i
thought, "What went wrong?" In that class, I

to be passing.

Her poor results in Math 151 had left her unsure cf her

future plans. Although she intended tc enroll at SFU <he
next semester, she planned to "go to...math where you work
more individually". When I asked her if she plianned tc

pursue actuarial science at another institution, she replied,
"I guess and I guess not. Hopefully, I'm going to take othesr
areas of study and see how it goes, but I don't know what to
think after..."

Susan felt confident about the adequacy of her
preparation for this course. When asked 1f she felt

comfortable with the high school mathematics that was

required for the course, she replied:

Actually I did, yes. I didn't have any dfficulty in
that area. I know that some parts that have leftf me or
maybe I've never learned it and I think about it quite
often. There were many areas, for example, 1in grade 1-
where maybe I had learned it the wrong way. Now -t
takes ten times [the effort] to unlearn it...

Q

2,

258



Later, she added:

I found you needed your algebra. There were some
that you obviously needed more than others. ...Sonm
things yes, some things no. I remember he [the
instructor] went through one example and I though~

"Gee, I've never covered that before."”

Charles was a professional engineer in his mid-Zif

)

He had taken the calculus as an engineering student Dacx

(

1858. Charles was a self-confessed "course Junky". =He

I started a couple of years ago. I took a basic
programming course at SFU. And I thougnt I woula
kind of an oddball in the class. But it was reall
to find that the kids didn't care if I was twenty
fifty. They really don't seem to care, which ig =«
fun. So I'm back at it.

His interest in the calculus had been kindled when nis
had taken it several years earlier.

Charles had missed a number of classes during the

because his work had reguired him to travel. Consequen

although he did not know his grade at the time c¢I the

interview, he did not believe that he had done very well

Math 151 that term. His future plans included auciting
151 and then taking Math 152. "So I expect te ¢o back a
take 152. That should be one of the more interesting ca
it [the calculus] anyways, from the mathematical voint
view."

Charles noted the difficulty of returninc tc the

of mathematics after a long absence. He commented:
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Because a lot of the problems I found were gobs ¢f
not Jjust in remembering the algebra, but in gettinc C
to sitting down in a concentrated fashion and whiscli
off a bunch of calculus problems.

;
~
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With respect to the algebraic skills reguired in the cours

’

he said:

Well certainly the algebra presented some di
because it had been such a long time since
On the other hand, I think it's fair for a
a course to assume that a person who takes
necessary prereguisites. I don't think that %
build into the course a large amount of review

po-
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It had been Charles's intention to take Math 100, the
precalculus course, prior to enrolling in Math 1Z1. He
that Math 100 was not offered in the evenings at tThe Earbour
Centre Campus, which made it virtually impossible to take the
course. This was a strange situation, because students
taking courses at the downtown campus were likely to have

been away from school for a long time and would need Math 10¢

as a "refresher" course. In fact, Charles recommended:

I think that the precalculus course, even 1f you ha
1%

a
the necessary prerequisites, for those students who nav
been away for maybe more then five years, should be
strongly suggested requirement [for math 151:.

()
O

He added, "It would be a lot easier to walk in there and sit
down, because you would be used to working that way,

all. And secondly, you would have freshened up on & lot zf

background."

@)
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Thomas was a pre-engineering student "paying his

1
g
1

the sciences" He had quite recently come to Canada 7
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England with the specific intention of earning an encinee
degree.

Thomas was in his early thirties and haca beern worsin
an engineering firm. Eis decision to try for an engireer:

degree came, "because I had gotten to the stage wnhere

n

ineering firm I wa

Q2

couldn't get much further in the en

not without a degree.”

In Britain, Thomas had completed his O-level
examinations in mathematics and the sciences. He triec on
year of A-level mathematics, but decided to =ave schcol
two years. Upon returning he had studied calculus aimec

technical students. Thomas noted that this course was

as in depth as the stuff I've just been doing. Just pasic.

He did quite well in that course, but twelve years nad ca

since he had taken it.

His route to an engineering degree required that he

Q)
n
]
3
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both Math 152 and a Linear Algebra course in th
following Math 151. He had taken a physics course cduring
Fall 1991 term and would be taking another one in the nex

semester.

Thomas felt that, given the opportunity, he wou.c nhav

taken Math 100 before the Math 151. 1In terms of packgrcun

mathematics, he found that the trigonometry was causing h

greater difficulties than the algebra. He used ccllege

take

-~

textbooks and the appendices in the course text fcr review
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purposes. When I asked whether or not he was comfcrtable

with logarithms and exponential functions when they came

along, Thomas responded:

Well, I'm never really comfortable with anything new.
But then again, logarithms are not really that new, cCr

-

not to me. PBut 1t was basically the fact that I hac

forgotten it all, so I had to relearn it.

I prompted him with the comment, "So it came bac

replied:

It didn't come back. I had to relearn it.
start saying things about when you multirly
actually add, I remember that. Exponentials.

rthink I covered 1t much before. So that's ba sica

new.

k2" _ncmas

But when you
¢oqs

-~ O

Later, I asked Thomas 1f he was comfortable with this

background mathematics by the end of the course.

He answered:

No, I wouldn't say I was feeling comfortapile. I
struggled...But I guess I would have been foolish to

think that it would be otherwise. But the

got through it [Math 151] has given me a lot of posit

feelings.

Why Did You Take This Course?

The course evaluation forms filled out by

the stu

fact tThat

RN
®
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®
w3
o1
n

indicated that the great majority of them had taken Math 1tl

because it was a prerequisite for courses or majors that they

wished to take. The interviews added some detai

individuals were enrolled 1in the course.
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Catherine set the tone by responding to the guestion

"Why did you take Math 1512" with:

This particular math course? Well, to be brutally
honest, it was a prereguisite. It was one which was n
included in my program and originally I resented havir
to take it, because it doesn't count for my prcgram
[cognitive scilences].

¢t

[NORN®]

Math 151 was not required in Catherine's intenced majcr, bu:z
it was a prereguisite for mandatory courses.

Thomas said he was taking the course because he had to.
"Because I'm doing this engineering program, I'm locked intz
this math. 1It's a bit of a shame", was his comment.

Susan was taking the course because ©0f her Interest ir
actuarial science. But she expressed her view with the
comment "Why are people taking this course? There is not cre
soul who is taking this course just out of interest. We krow
that for sure.™®

At the other end of the spectrum were the responses of

David and Charles. David said that he was required *toc take
one calculus course fcr his business major, but that Math 137
would have sufficed. He chose to take Math 151 because, as
he said:

It seemed to me from the description of the curriculurm,
151 had pretty much what the business course had and
more. And I wanted to leave the options cpen, 17 I were
to decide to get a second degree 1in management sclence
or computing science.
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Charles decided to take Math 151 because, "I've a.wavs

liked math and when I took it first time around I

L

[0}
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spend as much time on it as I should have," and
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it a couple of years ago and I thought it was xind ¢

interesting."

(t
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When I spoke with the instructor about the number of

students taking Math 151 because it was a prerequisite,

commented:
It's used...other people use it as a filtering proc
Basically they figure, 1f a student can et throudn
151,152 at Simon Fraser, they are reasonably intell
students. It's a filtering process. If the discip
the other discipline, has any kind of mathematical
thinking at all, then they want them to come tThroug
here because they filter out the people who can't =t

mathematically. Business does that.
When I asked him if he felt comfortable about Math

being something of a litmus test, he replied:

I don't know if I feel comfortable about it, but nmy

feeling is that it certainly is. You do well In It
a high B or an A, and you should be able to do
well...get a bachelor's degree in the sciences. B

you got a C, my feeling is that maybe the sciences
just not your strong point. Maybe you should try an
look at some other area.

student Attitudes Towards Mathemat:cs

ne

@
n

n

The participants expressed a wide variety oI attitudes

towards mathematics in general and the mathematics in zhis

course in particular.
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Catherine, the mcst successful student in the course
began with various negative feelings.

At the beginning c¢f the semester when the instructor

spoke about how we should buy the algebra textT, ma:zh

100, for which I had credit, and review 1it, I thoughz,

"Oh god! I don't have time for this class!"”

When I asked her if the time reguired by the course, not

the difficulty of the material, was her primary concern, sh

replied, "Yeah, it was the time. Not that I didn't nave 1.

I just didn't want to spend 1t that way."

I asked her about her feelings towards miathematics a-
the end of the course. She replied:

A lot better. In high school and when I was doing

previous stuff, 1t was much more concerned with dcing
things in the right order of steps, getting the right

answer. I couldn't believe the freedom in this. =
really couldn't. All of a sudden, you didn't have tc
all of the steps in exactly the same...lntultlon was

allowed more in math, which I throve on.

As an example of one topic from which she derived crea-

—

satisfaction, Catherine cited her success with related rats

problems.

th
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I liked those: related rates. Just before the
I went over what the textbook had to say &and I
out how to do it...which wasn't the way the pr
had taught it. And all of a sudden I was thri
them. I wanted them. I went back and dia &ll “henm
that I could, which was really interestina. Because I
nadn't been able to do them at all. And secondly,
because most of the class couldn't do them.

}_4
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This exuberance was in stark contrast te Susan's plairnt:
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It would be so great if we had just one system in matr,
integrated, unitarian. Just one way of approaching
everything. I think maybe that way we wouldn't N1

difficulties.

Thomas also felt that there was one approgriate solution

for problems. When I asked him about this, he saic:
One simple way of doing it. I guess if you try other
ways, they would end up being far more problematical.
So knowing... I don't know how you would know unless wvou
practiced and practiced and practiced...and knew what zo
do.

David was very positive about the benefits of studyin

Q)

mathematics. When I asked why he chose to take a matnematics
course as his first course after a prolonged absence Zfrom

formal studies, he replied:

Well, I just find that it improved the way I think. The
only thing comparable is a programming course in
computer science. I find that it stretches me more tharn
the typical absorb and regurgitate course. Some © r
art classes struck me very much as belng that way.
There is no stretch. It's Jjust a question of puttin
a bit of time, doing it and proving that you have pu
the time. There is more of a challenge in math in t©
I am going into uncharted territory. It's not a
guestion of just absorbing different material. There
are concepts and ways of visualizing things that I have
not encountered before.

Elizabeth also spoke about the differences she percelved
between mathematics and science courses and theose In tThe

humanities. She sald:

I found that with humanity courses, with the English
chilosophy or even the linguistics in the summer,

those types of courses you could get lost for a 1ittl
while, or something would happen, and you could reccver,

But when it came to a sclence or math course, I felit
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that, unless you were with 1t all the time, every da
week, as soon as something happened and you lcse gri
time, it was impossible to recover.

Charles maintained that one should l1ook at mathematics

as being fun. The difficulty with the material in this course
was not with the "logic of the mathematics", but with "the
memorizing necessary to remember the detaill cf it". Later re
commented:

If you have a reasonable grasp of that sort of thing,
you can get by 1n calculus anc survive with a relatiwvely
minimal amount of work, but you won't be much cood at
anything when you finish. But you can s~rt of graso zhe
concepts. Because the concepts 1in general are not all
that difficult. It's to remember all that stuf?

Thomas commented on this, when I asked him how difficu.-

he found this course relative to others.
They have all been difficult. Chemistry hasn't been so
difficult because it isn't so much a concept-grasving
thing. More of something that you actually learn as
opposed to physics, which 1s more conceptual. And
certainly so is math. So I guess it i1s the ccnceptual
stuff I have more difficulty with.

Thomas offered another observation on mathematics
courses. I listed several topics we had covered rapialy a=
the end of the course and asked him 1if he had any sense as -2

why those topics had been taught. He replied, "No, no:

really, to be quite honest. I guess there's c¢oct te be a
reason." When I asked if he felt 1t was unusual te be taugcnt
things and not know why, he laughed and continued, "That's

not unusual at all, Craig. No, that's basically how

education has been going, I guess." Later, he added:
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Asked if he had opportunity tc establish these link

students would accomplish. Math 151 is " a ricorous

generally given at this level here. Aimed specififca

I've always been the sort of person who wanrts to kn
why something happens. But I've been told, 'Don':

about that. You'll find out later on.' Wnxhich means
you are sitting there, your mind is whizzing arcund
thinking, "Why 1s this happening?" and they are tel
you Jjust to soak up this information lixe a sponce.
for me, I can't really do that without krnowing whv.
need to link 1t together.

n

this course, Thomas answered, "There wasn't much time,
really."”
The instructor responded at length to guesticns abeu

the intent of the Math 151 course and what he hoped tnat

bh

LN

5

year calculus course. The most rigourcus of those tha=

fa—

—

the best science students." It was intended as "an
introduction to the concepts, calculus concepts...the
concepts of tangent lines, and derivatives and their
applications. And some of the techniques for finding

derivatives and so on."

In replying to the guestion as to what he would hop

students would carry away from this course, the instruct

added to the rather bare description given abcve. He sas

Well, I guess that you always hope that ycu give t=x
bit of an ability to analyze problems and to think
little bit mathematically. You know, we sometimes
about the mathematical level of maturity. Sometine
give for a course a prerequisite for another course
where in the second course none of the material in
first course is ever referred to specifically. But

268

ot

-

v

o -
P,

&

s - -
<

m

enr =z

U

[

a.

S Wz



want people 1in that course whose ability to think,
analyze problems, would be at that level of calculus
course, if you know what I mean. So hopefully they
would be able to go out and apply Jjust the thinking
process...how to analyze a scientific or mathematical
problem and apply it in another situation. That would
be ideal.

Later in the interview, speaking about the concept of

mathematical maturity, the instructor added:

For many people that is the essence of the course. For
those that are interested in mathematics, of course,
it's just the foundations and they build on that
mathematically or in physics, or in some of the cther
areas there. But, for many people, probably more than
50%, it's reaching a higher level of mathematical
maturity. Some of the ideas...they are thinking about
ideas. It is kind of a linear thinking fashion, taking
one step after the other. Hope they can apply those
ideas to totally non-mathematical areas.
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What is Calculus?

To some extent, I brought my own agenda to the
interviews. Two gquestions I asked brought responses that I
had not anticipated. I asked each interview participant what
she or he thought the calculus was about and I asked thenm
what they perceived to be the role of proof and rigour in
this course.

Catherine, when I asked her what she thought the
calculus was about, commented on the guestion itself:

It's hard for me, because basically it [*he calculus] is

a great big fun puzzle-solving. Largely, that would be

why I would do it if I were to continue, because it's a

bunch of puzzles to be solved.

She did identify as a central concept "rates of
change...keeping track of the way things are changing".
Catherine could not see any immediate use for what she had
learned this term, although she admitted, "I don't know if it
turns up in computing; I don't know if it turns up in
statistics; I don't know. I'll find out." Catherine thought
she might take Math 152, not because she might learn
something that she could use in her studies, but because she
had enjoyed this course and thought she might enjcy the
sequel.

Thomas responded to the "what 1s calculus?" guestion
with, "I guess it's related to graphing capabilities...how

things are derived from certain other information and what

you can do with that information. You've put me on a spot."
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When I asked him how word problems fit into his view of
calculus, Thomas did not have a ready answer. "Yeah,
I...[long silencel. If I knew how to do them, I know they
were taught."

David responded to my question with, "What do I think
the calculus is about? I'm not sure what you mean by =hat
question." After some prompting, he elaborated:

I sort of feel like there is a huge gap in my knowledge.
Like I know that I've only taken half of the lowest
level. And so I can't claim to have any appreciation

for any of the rest that i1s yet to come. But, if I had
to try to explain what I was doing for IJust the first
part...it's a means of determining anything that is in a
state of change or fluctuation at a particular instant.
I don't know, I feel like I've been handed an incredikly
powerful tool, but not the instructions on how to
operate 1it. It slices, 1t dices, it mixes, whatever,

Talking further about his frustration with the image

N
()

had been left with in this course and what he hoped would

happen in Math 152, David said:

When I was talking to [the instructor] right before the
final started, he said that I would definitely have a
different outlook on things halfway through the second
term when they started to tie the two together. I'm
looking forward to that. I'm a little fustrated now in
the sense that, "Okay, I've got all this that I can do
now. Give me more."™ I'd like more time to twist it and
see what I could do with it, but also, "Don't stop now.
I've only got half of what I need."

When I asked Charles, who had studied calculus a number
of years ago, whether his concept of what the calculus was
about had changed after taking Math 151, he replied, "Well,

not really. I had a pretty good feel for what the caliculus
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should be able to do." Earlier in the interview, Charles rad

described the importance of the subject.

I really think that calculus i1s the basis for most oI
mathematics and it 1s used in virtually every other
related science and in a lot of non-science courses in
some way or other. It's a basis for a lot of things.

Towards the end of the interview, we spoke with each other

about Math 152. After I extolled the beauty and underlyinc

genius of the Funadamental Theorem, Charles added:

But from an application point of view, the integration
has at least as much application as differentiation, f:o
practical applications. So it's interesting from tha=

point of view, too.
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What Role does Proof and Rigour Play in this Course?

Susan had little to say akout the role proof plaved

ot

the course except to say that she found it difficul She
commented, "Like proofs, I obviously find difficult.
Epsilon-delta proof. Just trying to put it in abstract

numbers...I just don't know."

David had considerably more to say about the rcle c¢f

proof and rigour in this course. When I asked him if he hac

expected more of the test and examination items to deal

directly with proof, he responded:

1

Yes, I was actually very surprised. I had anticivated a
lot more with respect to the rigour, as you refer to it:
I find a lot of math professors tend to a "if ycu can dc
a proof you can do anything" kind of thing. And that's
true if you have a full appreciation of exactly what
that proof represents. But in many cases I find peoc
memorize it and it could be hieroglyphics as far as =k
are concerned. They've memorized exactly what to do a:
put it down. I think it would have been a good idea
maybe to have one or two of the simpler ones in there.
Not just for the purpcse of giving us more exposure tc
them, because if we go any distance in math, we are
going to have to become very familiar with that. And we
got literally almost no exposure to 1t whatsoever."

D]
™ (D
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About his own abilities to do proofs by the enc ¢ thre

course, David commented:

Well, I can sit and look at all kinds of proof and go
nod, nod, nod. But will I be able to duplicate iz corn m
own? Do I understand it thoroughly enough to be able -
duplicate it? One or two of the very simplest ones, now
that the course is complete, I might be able tc stumble
my way through. But some of the more complex ones, nc.
I would have to spend a lot more time. If I truly
understand the proof, then they are right that I do
understand the concept very thoroughly. But I think, by
the nature of the course, it 1s too easy Jjust to
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memorize something without really appreciating what it
represents.

When asked if the proofs the instructor offered during

lectures helped his understanding of the material, David

replied:
Again, it varied from topic to topic. Some of the
proofs that were used, 1in many cases, struck me that the
reasoning was very intuitive. And I thought that it was

an exercise in, okay, he has proven it, therefore it's
true kind of thing. But I was quite willing to accept
the point or whatever beforehand. On one or two
occasions, I went into the textbook and said, "Okay,
let's go through this proof slowly, step by step, and
see how they got from point A to point B." And it did
help. If there were any difficulties, it was usually a
case of not appreciating the notation they were using.

Later, talking about the need to accurately state theorems
and definitions in this course, David said:

In particular, when we were learning the concept of
Rolle's Theorem and the Mean Valué Theorem, he started
to explain the concepts at the beginning. I went, "Oh
yes, that's very intuitive. That's great." And I'm just
breezing along until I caught myself making a couple c¢£
errors. And I went back and, Ah!,one of the
prerequisites wasn't met. And I had been going down the
wrong alley, all for naught. When, 1f I had looked
closely at the beginning, it would have been apparent
that it didn't meet the requirements.

The final examination did contain an epsilon-delta proof
to confirm a limit. Charles didn't do that particular
problem. He stated his feelings about it.

What ticked me off, personally, it had nothing to do
with whether it should be on the exam or not, is that I
remember looking at that. Both his explanation and the
one in the text were difficult, I found, to apply to &
problem and decide how to present it in a way that the
problem requested. I finally figured it out. I was
pleased with myself. But when it came to the exam, I

couldn't do it.
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With respect to stating theorems and defiritions,
Charles said:

Personally, I have a problem with gquoting definitions.

I guess maybe I'm lazy when 1t comes to memorizing. I
don't like memorizing definitions and that was what wags
required, to some extent. Either that or you had tc
have a really good feel for the subject, so that you
could sort of define it in some fashion. But I don':
think it was required that you gquote the definition
exactly as he stated it in class. But you had to show a
good understanding of the subject. And proofs probably
do a better job of that than definitions, in a way.

Because, to do a proof, you have to understand. It's
hard to memorize a proof, even specific proofs. It's
difficult to memorize. You have to have some 1dea cf

what the concept is. At least, I think most of us do.
To be able to sit down and do a proof, you have to
remember the general approach.

Catherine had taken a course in formal logic and was
intending to take another. Despite this background, when
asked her how she felt about proocfs in this course, she
replied:

Well, I don't guite understand what the difference
between doing a proof and doing a question is. I mean,
isn't a proof just a complicated guestion? Like show
this..or derive 1it.

Catherine added:

I have a real mental block against proofs. Because ir
geometry in high school, you had to show these
individual steps and you had to Jjustify them. Again,
proving in logic courses, I never know wher I've done
enough.

=ty

Thomas made the following comments about the role o

proof in this course:
I guess it's like spelling in English. It is the

formalised part of the learning process. I'm guessinag.
I really don't know. But a lot of people really don't
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understand anything until it's been proved to them, or
they refuse to believe 1it.

In particular, the proofs offered in lecture made Thonmas
"pelieve it was true". However, with respect to procfs in
the textbook, he said, "No, I wouldn't say it was the Iirst
thing I attacked when I opened the book. It was the Ifirst
thing I tended to steer clear of. I skipped basically."
When I commented that he might have accepted the theorems
without proof, he replied, "Basically, I'm nct in a positicn
to say otherwise." With respect to students not demanding
proofs for every theorem in lecture, Thomas cokserved, "I

guess we are all like sheep, aren't we? Being led."
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Lectures and Textbooks

There were three ways that the course material was
transmitted to the students : through the lectures, throucgh

the textbook and, 1n some instances, through audio tapes cf

the lectures.

Catherine found that note taking during lectures was an

effective use of her time. With respect to this course, she

commented:

That's one of the things I meant about the structure cf
math and science courses. They plan the notes so that
they can be copied and understood. Not 'lke having to
take free-form notes during a lecture. Yes, I dc find
that because of that you see something and thern you
remember. You see your notes; you see exactly what was
on the overhead in front of you, remember what the
instructor said, maybe just an intonation in his vecice
which gives you a clue. Also, I personally try to
elaborate notes, even what I'm thinking about.

Catherine would review her lecture notes while working cor
the assigned problems. "actually, I'd probably attack the
problems first and see how much of the concept I had actually
grabbed. Go back, review the lecture notes." Catherine dig
not use tapes of the lectures because she was frustrated with

the linear nature of accessing information.

And if I'm looking for one particular thing, I'll have
to find it in the notes and then go through the tapes

and then find out where it was in the lecture. But the
amount of time involved...it seemed really neffective
to me.
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When asked about how she used the textbcok, Catrerine

said:
Originally I didn't. I read through their review and
preview about what exactly functions are. That
gradually came back to me. I found the textbook a bit
difficult to read sometimes. But as the course went or,
I started going though the textbook more and more. When
studying for the exams, because you don't have access =o
the lectures and stuff, I would go through what the
textbook would say and sometimes it was easier.
Catherine described how she read the text.
I usually wouldn't do the examples. I woulcd just see
how they did it. Again, the way the textbook is laid
out, I don't know how fast some people read, but I skim
very quickly. I get it, but I skim, anc¢ by the time I
finish reading the question they've assigned me I've
seen half the answer they've worked out, which I
naturally find gquite annoying. I wish they would pu+
them all at the end of the section or something.
Elizabeth was one student who made a practice of =zcirng

the lectures. She mentioned her reasons for deocing this.

I also seem to be the sort of person who picks up very
little in class. I only really learn when I get home
and I read the notes and textbook and I start working on
things and asking guestions and thinking about things.
vet I notice, over and over again, how little I pick u»

from lectures.

=

When I noted her taping of the lectures, she added:

I started doing this in philosophy and I noticed how
much more I would pick up at home while I was _*stehlng

-

to the tapes. I was appalled at how much I would miss
in the classroom.

Elizabeth made her own tapes and did not aveil herse.? of

the ones made by the university, because, as she said, "I've

always found it more comfortable to study at hcme. Alsc, I
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found that the university hours, especially downtown, are

very limited.™

Elizabeth also made extensive use of the textbook. She
said, "I would read the textbook very carefully and
thoroughly. I would think about every word they said. I
found that that tock up a lot of time." When I asked if the

text made sense to her, she replied:

Yes. I wouldn't read on until it made sense to me.
Somet imes that meant looking back and reviewing. Or, I
would try to follow every example they gave me until I
thoroughly understood it. A few times, when I couldn':
get it on my own, I'd mark the example =nc take it to

the learning centre.

Susan thought the lectures were very useful. She

commented:

There was a really good approach to explaining what was
happening. I found it really excellent. Nothing wroncg
with that. But it would have been really nice if, let's
say for example, you got one of those harder gues=icns

on your assignment, and you had, maybe not a lecture put
something like that beforehand.

Her thoughts on the textbook were less positive.

And then there was the book. I tried to dc the exampls
in the book and there was at least something to show h

to get to the next step. But I found, guite cften, =t
you were just left on your own.

(

WO

With respect to the problems in the text, Susan commen:ted,
"I found it very frustrating that in the back cf the bock
there were only answers. I mean, sometimes I couldn't wcrk
my way back." Susan was one of the few students with whom

spoke who used the solutions to the assigned problems that

were put in the library, although she felt they would have

279

t 5 W



been of more use to her as examples for working¢ through

similar problems.

th
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Charles was also complimentary about the cuality o

lectures. He said:
The lectures were fine, I thought. One ¢f the better
classes I've taken 1in terms of the quality of the
presentation, the clarity and the orderly fashicn i
which it was presented. Because even math, which should
be logical and orderly, could be presented in guite a
shampbled manner.

Charles missed a number of classes, but found a studen:
"who had notes I could follow" and borrowed them. The
textbook, he found, "filled in some of the things that cne
covered in the same manner. It covered things differently

than the class did. So when you are doing problems, it

w
W

good source of information too." Charles did not make use of
the solution keys or lecture tapes because, as he said, "all

of those things take time and time was the biggest problem in

the course."”

David concurred with his classmates about the guality of
the lectures. "The lectures struck me as very C.earcCut anc
straightforward. He spelled everything out very clearly.
David's use of the textbook changed throughout the term.

T tyied to read the textbook in the begirninc. But when
time constraints started to kick in, I found that it was
casier, more time efficient, Jjust to have him lectur

and then when I read the textbook after the fact,
understandlng comes very, very quickly. It may not
as thorough as if I had solved everything myself by =
reading it, but the time involved is a fraction of -
it would have been if I had gone through the textdCox Dy

myself.

-
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David described his reading pattern.

I think that pretty much T would start at the
of the section and 1f there was anything that
particularly easy, I would skim over it, loo0k
highlights, or anything out ¢f the ordinary.

3
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definitions, because [the instructor] put so much
emphasis on them, I paid a lot more attention to =herm

than I might ordinarily have.

David appraised the textbook saying:

The textbook, compared to others I have seen,
was actually pretty good. I've been passed d
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couple of textbooks from my parents and their <ime.
look at these things and think, "Good grief. It's a
wonder that you got through." So I am appreciative
the fact that the textbook 1s much more straightfor:
than many.

Thomas felt that the lectures were good, but that t

weren't long enocugh. He also felt that the instru
saying more than he was writing down. Thomas comm

he wished he had taped the lectures. When I asked
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used the university tapes, he said he hadn't, but

remember exactly why not.

Thomas felt that he had to learn how to read the

textbook before using it. When I asked him what he meant by

this, he replied:

Well, it was basically all the symbolisation
Also the way some of it 1s worded. It's basi

by th
£,

v

of it ai:l.
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a different language. I can imagine how some pecple

don't speak English as a first language...
When asked how he learned to read the textbook,
commented, "I just gradually learned it, I guess.
it and tried to understand what they were trying t

Thomas would sometimes read through a section Irom
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beginning, but mcre often he would "tend to go to =h

sets

]

and then go back".

I asked the instructor about his lectures and hea

several observations. He replied:

The instructor would read his prepared notes as he ¢

them

quite pleased with this,

What I try to do, unless I'm designing a course,
take the course outline as given to me and try an
present it in the best way I can. Trying to get
notation of the book. If my notation 1is a lizt!
different from the book, I'll try to adapt to
notation of the bock which does vary a lit:tle
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onto the overhead. When I remarked that c¢cne student w

delivery rate to a point where he could copy most of ¢

notes, the instructor was somewhat surprised. He repl

“"You

poor.

because it slowed the informa=-ior
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know why I do that? I'll tell you why. My writing is sc

That's my reason for doing it. This 1s student

feedback from long ago." The instructor described yet

another characteristic of his lecture style, "Typicall:

that

kind of course, 151, the quick guestion and the v

small pause and then my answer to it. In that course,

typical."”

When the students were asked to describe the guals

the instruction in this course, they were universally

positive.

Catherine spoke of the lectures, "Relative to at
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one of the courses I took this term it was indescribably

better.
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the material was very clear." When I mentioned the
instructor's occasional digression about aspects of
mathematics, Catherine said, that although it didn't add
her understanding of the subject, "It doesn't rpother ne,
more fun,", and, "I think 1t relaxed pecple. I think
an important thing."

Elizabeth praisec the lectures.

I found that the instructor's style was one 0of the

I have come across. I picked up more in his lectures

than most others I'd been in. He was one c¢f <he be

if not the best, lecturer I'd had. That was a cig

That was why I continued going right to The enc.

David guite enjoyed the instructor’s digressions.

(2

said, "I liked it actually, because I'm not accustome
instructors being enthusiastic about anything. I liked

I'd not encountered it before.™

Both Charles and Thomas concurred with David's opin

Charles commented:

I find that sort of thing interesting. It's intere
to hear that sort of observation or comment. I thi
was a nice break. I think it's good for someone tc
his interest in the subject, and to some extent, :h
the person who is teaching it 1is excited by and en
their subject. That carries through to the class.
is a limit to it. It's hard to know the balance.
didn't do a lot of it. He did just enough of iz =
of let you know that there were other Lh-lqs besid
pure mechanical calculations of differentiating an

sort of thing.
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Thomas said, "I felt they were great. I really enjoyed

that part. There's a lot of background information <Zha=z

out."
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The Tutorial Sessions

Questions about the tutorial sessions and their
effectiveness provoked quite a bit of response in the

interviews.
The instructor, when asked if there was any aspect of

the structure of the course that would benefit the students,

answered:

The one thing I hope would help them would be the ex:tra
hour that they have at the tutorial, where they were
able to go in and ask questions. You may realize that
there is so much in the course here that it is difficulz
to stop and and spend ten minutes answering a question.
It's Just too time consuming. So in that respect, in
class there really isn't much in way of feedback. You

have to get it outside of class. One of the places
would be the tutorial. I would hope they would get some
there.

The instructor described the formal relationship between
himself and the teaching assistant. The TA's are unionized
and their work in a course is determined by a formula set in
a contract. The instructor has a set number of hours that he
can ask his teaching assistant to work. He can, to some
extent, apportion the use of this time. In Math 151, the TA
was responsible for marking the assignments, preparing
solution keys (cut and paste from a solutions manual) for the
library, marking the midterms and examinations (using marking

keys provided by the instructor) and, of course, for the

tutorial sessions.
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When asked to compare the tutorial session setup with

the Math Labs conducted at the Burnaby campus, the instructor

allowed that:

I think there is a preference, the students that have
mentioned it to me, for the lab up here [Burnaby
campus]. And I think it's a matter of time. Because
those labs are used so heavily, there is so much demard
that they are open almost all of the time. Down there
[Harbour Centre campus], and I can sympathize with thart,
there is one hour a week. And 1f you're not quite
prepared to ask a guestion, you're out of luck!'

Catherine attended the second tutorial session which was
attended by at most three other students. For her the
tutorial sessions were a positive experience. She commented:

All the courses I took at the University of Saskatchewar
had no tutorials. So this last term, it was like a
bonus we were getting. I found them gquite helpful. The
problems I had with it sometimes were mine. I hadn'+®
done the reading or caught up. I didn't know what he was
talking about. Although, because he [the TA] was dealing
with people who had done the problems over the weekend )
and encountered difficulties, he was able to address

them before I got to them.

I asked Catherine if she had attended the Math Lab at any
point during the term. She replied, "I did once, even though

we weren't supposed to, because there was a problem and I

couldn't for the life of me come up with an answer to it."

Her opinion of the labs was, "They're great! I think it's a

great idea that this thing exists. They were friendly and
helpful.”

Susan, except for one week when she attended both
sessions, went to the first tutorial session. This was alsc

the first course she had taken which offered a tutorial.
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Susan asked guesticns and found that "when other people asked
questions it would help". But somehow the tutocorials did not
clarify the material as much as she expected. She commented:

I know he [the TA] understands what he 1s doing anc
everything is perfect there in the tutorial. And well,
he says you just can't do that. It would have helped if
I had known that before I had done the assignment. A
lot of things such as "where did you come up with that
one".... I found in tutorial that it felt as 1f I was
on a totally different tangent quite often....Everyone
has their own method. But sometimes it really irritates
me when people do things in way other than I've ever
seen it before. I found there were some sclutions where
I would go, "Why would you do that?"

David was one student who regularly attended both

tutorial sessions and made use of the Math Lab on two

occasions. As such he had the widest perspective of thcse =

interviewed. About the Math Lab, David offered, "I
encountered a couple of TA's up there that struck me as very

good." With respect to the tutorial sessions, he added:
The problem with the tutorial, in the first section, it
was almost like having a second lecture, doing examples.
Which helped. But any learning I got out of the
tutorials, for the most part came out of the second one,
where you could ask a specific question, or ask a
question on a particular concept, as opposed to just

doing examples.
Concerning the TA, David offered the opinion:

I felt that [the TA] was really lost at the beg¢inning.
But I don't think he was accustomed to being a TA. But
I'm gquite sure he never had to instruct a class that
much lower in math than he was. And I think it took hirm
a while to adjust to the fact that he had to go right
pack to the very basics. His expression "Just Algebra”,

you know.
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Thomas also attended the second session. He did not use

the Math Lab. His Physics course that term had had an open
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lab, but he felt that he spent much of his time waiti
tutor to become available. About the math tutorials, Themas
offered the following comments, "I guess I could have used sa
few more tutorials. I learned a good deal there. I'm not so
sure other people did. But they have to learn how to use the

guy too." When I noted that Thomas attended a session with a

small number of students, he responded, "Which meant he [the
TA] was always asked to do questions which he's already
[worked through]. So that was good. A bit late in the

evening maybe."

Of those I inteviewed, Charles was the most critical cf

the tutorials and the TA. He said:

The tutorial was all right in the sense that the Ta was
certainly willing and prepared to talk about anything he
could to help the kids. There wasn't a problem there.
On the other hand, his ability to present a problem
solution in an orderly fashion wasn't very good. I
suppose that is lack of experience. I guess it's partliw
the way you think, too. When you jump steps in doing a
solution in a tutorial, you're not really helping
people. I found it confusing.

Charles was not altogether negative about the tutorials.

There were times you could pick up something. Sometimes
it would be guite clear, because you would know how to
do something except that you would be missing cne lit:zle
step or looking at it the wrong way or something. There
was some value in it, but...

Later he added:

The quality of the tutorials, it's not what it should

have been. And I don't really like to pick on...I
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suspect this TA was probably typical of TA's. I don':
know. They are good math students, therefore they are
TA's. That's no recommendation for anything. Skill

a subject doesn't mean you are a good teacher. In fa
sometimes they are exclusive of each other.
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Charles had not attended the Math Lab, but fel: that *

was a good concept. He suggested that two hours of Math Lzak

before the lectures at the Harbour Centre campus would have

been useful.

Health and Fatigue

The instructors and students are human. Several factors

such as illness, fatigue and time spent travelling to and

from classes affected attitudes and performance adversely.
Elizabeth was taking two courses at the Burnaby campus
as well as Math 151 at Harbour Centre. For her, the amourt

of time spent travelling was a "big, big problem".
Contrasting her experiences at Simon Fraser with her studies

at the King Edward campus of Vancouver Community College,

Elizabeth said:

I found I never had a chance or time to settle down and
get into a really deep concentration as I had before
when I was studying at King Ed. It was such a great
experience, it was SO satisfying. I really learned
because I was able to get into these states, studyving,
where I was really concentrating, really getting down
into detail, and I really enjoyed it. It was a
satisfying, wonderful experience. And I found I could
never get into that state when I was at SFU. And one of
the problems was that I never found the time because I

was constantly running around trying to get to classes,
waiting for buses.
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Susan explained that she never sought out the instruc-or
or TA on the Burnaby campus because "going up there wou.d
have taken me over an hour and a half".

Catherine also took courses on both campuses. During

the latter half of the semester I would drive her back =-o
Richmond where she was living. She would frequentlv lamen:t

the time wasted in commuting to the university.

Two of the interviewed students spoke of chronic health

problems they had and the impact it had on their studies.

David had ulcer colitis. He described his situaticn :in

the following comments.

I started to attend school & couple of years ago and I
discovered I was trying to play hero. I was trying tc do
too many things. Then I was diagnosed as having ulcer
colitis, which meant that I had to manage my body Just =
little bit better as well. It isn't a problem if I use
a little discipline. If I don’'t, it lets me know if I'm
misbehaving. ...But all I need is a few nights of four
hours of sleep, which isn't that hard when I'm working
graveyard, and it starts to object to that kind of )
treatment. Then it get into a vicious circle where
getting the necessary sleep and maintaining the enercy

levels necessary to get over 1t becomes a problem. i
At the end of the course, David not only put in some long

nights of studying, he also hurt his back at work.

Consequently, he was phsyically unable to sit through the

final examination for the allotted three hours. As he said:

I did myself in with my back and then that, combined
with all the studving I had done, hindered my sleep....C
recognize for my next semester that first and foremost,
T have to be in good enough shape to even write the
exam. I was so demoralized when I walked out on that
exam. I hadn't finished it. I walked out early. I would

never do that normally.
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Elizabeth had a recurring stomach ailment. It was cne of

the key elements in her decision not to complete this course
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this semester. She spoke of the effect of her poor h

her attitude.

I ended up often staying up almost all night trying =c
get assignments done. I started losing sleep and T
developed this ulcer. I was really in bad shape. =
came to a point where I couldn't even force myself %o gc
on. Aand losing time and dealing with other
distractions...once again, when you reach a certa
point, when you lose a certain amount of time in
types of course, you can't recover. I just felt

losing grip.
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Talking about other courses she had begur this term,

Elizabeth said:

The phvsics went better than all the others. I en:
it and I did well until the end. It was the las:t o
let go. And I Jjust realized...that I wasn't going
make it through. I was like, "I surrender.” Whic a
a big blow. I had high hopes and was planning this fo
a long time. Once you lose the health and energy, I w
spending all my time trying to keep up. I wasn't
sleeping, wasn't eating properly, long bus rides and sc
on and so forth. And then this stomach problem. Tha:

was the end.

e

n

The instructor gave classes on a couple of occasiorns

-+

even though it was evident that he was ill. Wher I asked nirx

what provisions the university makes 1f he is unable to

attend a lecture, he commented:

There will be no provisions at all. For example, if I'm
sick for a week, there would be no replacement, I don'-:
think. And the responsibility would be on me to go
faster and skim a little bit and try and finish the

course.

He mentioned an operation he had postponed until the end of

the semester and continued:
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I'll tell vou something else, too. And I'm sure vcu
aware of it. In this Jjob here, and in other
professional Jjobs, people are not absent unless there =
really something wrong with them. ...In this kind of
job, unless I'm sick, I'm not away. And that's true, I
think, of everybody here. But when they are, I don't
know what provisions...If I were in a traffic accident
and in the hospital for several weeks, I think thev
would do something. But I suspect for a week or so,
nothing would be done.

The instructor was aware that many of his students werse
tired and sometimes 1ill. "The tiredness? Yes, of course thev
are tired. Some of them have come off of an eight hour =ob!"
But the working assumption was that the studerts would

soldier on through, although he admitted, "It's hard; I

know."

Personal Interaction

I was interested in the amount and type of personal
interaction that would evolve among the principals in this
course over the semester. Some of the people had turned cut
to be quite gregarious and there was often conversation
before, during and after classes between students, students
and the instructor and students and the TA. In a number of
interviews, I asked students whether they had had opportunite
to work with other students, and, 1f they had, whether or not

this cooperation had proved useful.
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Catherine felt that her success in this course and the
active role she took 1in lectures set a barrier between

herself and her classmates. She mentioned:

I'm still getting some nasty comments from pecple
sometimes. If people ask me how I'm doing in a class, =
have to say, "Sorry, but I'm not having a problem with

it." They become sullen.
When I asked her if she had worked with other pecple cn the

assigned problems, she responded, "Only a few times. I had a

class just before math. No, and I don't work well that wav

anyway."

Elizabeth felt it was worthwhile to work with somecne.

This was another thing I was beginning to realize from
earlier term. It's very valuable to buddy up with
someone. I noticed the students who were much younger
than I, who came straight out of high school with &
small group they knew, worked together. Even though I
felt that to really learn I had to do it by myvself. Bur
once you've covered that ground, or if you run into
difficulty and want to discuss it, it's good to work

with another person.

She had gotten telephone numbers from two of her classmates,
but did not contact them as often as she thought she might
have because she felt she was not keeping up. Elizabeth alsc
worked on the assigned problems with a tutor.

Susan did not work with other people in this course.
Nor was she convinced of the benefits of working with others.
She mentioned that she talked with Catherine every so ofter,

but, as she said:

I found that she certainly knew what she was doing, bu:
it was just too abstract. Sometimes I find it
distressful when it's even more abstract than the way
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I'm thinking. Actually, I find quite often that people
don't understand where the problem is....Where does -ha-
part come in, where someone can really teach you and
understand where vour problem is?

Charles and Thomas both felt 1t would be advantacec.s --
work with others, but that this course did not lend itself =c¢

people finding others with which to work. Charles saia:
Part of it 1s because it's like going into first vear
university. When you take classes part-time, it's ike
going into first vear university into the first class,
because you don't know anybody. You seldom see pecp.e
you've seen before. And because you're working,
especially if you're working, you can only go for the
class. So you tend not to establish relationships zthat
you can sit down and work. Whereas, in vniversity,
people in the same class, first thing you know you're
sitting in the library together. You're doing this or

3w o

that. You have some chance to build up relaticnships
and work with people. More difficult, I think, if vou
are taking classes part-time. But yes, I'm sure it

would help to be able to sit down and do vour
assignments with someone.

Thomas also commented that it was the first semester of nhie
studies at the university and that there was "a lot o©of people
and you don't know a soul”. The possibility of working

together with others was one of the opportunities he hoped tc

explore in the next semester.

Technology : Calculators and Computers

The issue of technology, the use of calculatcrs anc
computers in this course, was one that I brought to the

study. I spoke with each of the interview subjects about

their use of technologv and attitude towards it.
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Catherine used a simple Sharp 540D calculator Zor potn
the assignments and tests. She brought it to class, althoucr

when the instructor asked students to use theilr calculators,

she felt that, "I'm usually not fast enough on zhem Zo do
things as he asked, because I get all the steps convoluted. -
can't transfer from hearing it to doing, that guicklv." ‘Wher

I asked how she felt about some of her classmates having more

advanced calculators, she replied:
It didn't bother me, it really didn't. Partly becausse
was doing better that they were. There was a certain
sense of satisfaction, actuaily. No, thz only advan-ace
was time and I was never pressed for time.

Catherine felt it would be nice to acquire a super
calculator "just for fun". "I thought it would be fun tc pla-
with one, but I didn't feel any need for one." For
Catherine, technology wasn't a significant factor in her
success. She commented:

I don't know what it was like for people that had thern.
It may have been a great advantage. And I dor't krow

what it would be like 1f I had one. I obviously don':
need them.

Elizabeth also used only a basic scientific calculazor.
When I asked what she thought of the programmable, graphics

capable models, she said:

The only one I saw was yours that one day. I actually
didn't even know that they had calculators that cou¢5 dc
that. But I thought it was fascinating and I though=s :i-
was a really good feature, to be able to see the g;azh

replied:
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I really have to make an effort to break into thi
technology. Even though after I've learned to us
no problem, it's very useful. But it takes a lot
of...whatever, to break through that block to lea
use it.

Susan was another student who was not aware of grachics

capable caliculators.

I found out qgquite late, in December at the end of the
term almost. Actually, I remember our prof savir
please don't use them during the exam and thinking,
"What's the use of having them if you can't use them?”
But actually, it would be quite helpful to learn guite =z

bit from it.
Susan used a TI34, "the one with all of the ~olourful

oo

[97]

buttons”". Not only did she use it for calculatiors, she u
it to remind herself of things such as where "sine curves,
cosine curves start. Small things like that.”

Charles used a programmable calculator that he had owned
for a dozen years. His primary use of the unit's programming
capabilities was to program Newton's Method for finding
roots. When we spoke about the instructor restricting the use
of some calculator functions on the midterms and examinatiocr,

Charles commented:

The graphing capabilities would be one that I could ses
you wouldn't allow, because you try to get people to
work with the concepts of what's invoived. Bu:
something as mechanical as Newton's Method, I can't
understand why you would be concerned.

With respect to the instructor's use of a calculatcr in

lectures, Charles commented, "That was fine. I think the
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point he was making is that a lot of these things carn be done

"

with a calculator now.

When I asked Thomas how he felt about his classmates
having calculators with capabilities that his did not, he
replied:

I felt that I was behind in the race. The problem is,

5

lost my caiculator about two nights before my second

chemistry midterm. So I had to buy a calculator. Thi
is for chemistry, so I wanted one with all the constan
on it. So it was $50. So the problem is to convince

wife that I should buy another calculator for $140.

I asked him if he used his scientific calculazor throughou

the course. Thomas responded, "No, not very often. No

ot
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often as I would the graphics one. I would have not lost

Py

ol

lot of marks if I had that. I know that for a fact.”

Thomas had taken a UNIX course and a short course in
using C programming language in England. He wert into thes
courses "not knowing a damn thing about computers". After
these courses he admitted, "I'm not guite so scared about
them." He was scheduled to take a course irn FORTRAN
programming next semester, but he had yet to use computers
his other courses.

Four students in the class obtained graphics capable
calculators during the term. Michael bought an HP48SX and

Brian, Philip and David acguired TI81l's. David was one of

Ui

the students I interviewed and he spoke at length about hi

use of and attitude towards his super calculator.
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David was comfortable with using technology in
coursework well before he obtained nis TI81. In high scheol
he had used a TI58 calculator to do linear regressions on
data from his physics laboratories. And he was using the
spreadsheet on his microcomputer at home. He spoke apout his

use of spreadsheets.

Well, for Newton's method, I found the concept, once vou
got it, to be guite simple. This works. But I found =
was getting bogged down just with the repetitive moction

of entering data, operating my thumb there. Basically,
I've got a computer at home with a spreadsheet. z i
plugged it in there and just let it crank it through.
could see then just exactly how guickly It works and how
effectively and I tinker with it a little bit. If my
guess is this far off, how long will it take. Gooc i
grief, nine steps. Or, if it 1is this close, two s
and I've got eight digits. So I experimented a 1it:
bit that way and got a greater appreciation, I thou
for exactly how well it worked and some of its
limitations too.
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I asked him what had motivated him to purchase a TIS8:.

David said:

I was having a hard time visualizing something like
trigonometry and what was happening. And I needed to
picture in my mind what things looked like. I've cot
some graphics software on this thing, but it is Very
limited. I spent more time interpreting how the sof:twa
worked than what the curve actually did. When it Spl:
out this answer, what does it really mean? I found T
was making it much more difficult that it had to be.
When I got to see the graph of a curve, it was like,
"That's it. That's not so much.” When I got to see
graphs repeatedly, 1 got a feel for exactly what their
behaviour was. Up to this point, purchasing the TI8Z,
graphing a function was a very time consuming, laborious
process. And I would try to avoid it, 1if at all
possible, for some of the uglier curves. I found I was
learning to solve problems by rote. Do this, do that,
without having any real understanding. By virture of
having that calculator, I could do problems much more
quickly and with greater understanding. So much sc that
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when it came to the second midterm involving the graphs,
when 1t came to procedures, the ten little steps cor

whatever, it was a breeze. I didn't even use my
calculator once, I don't think. It [the functior =o be
graphed] had a third power in it and I knew there was
only so many things this could look like. So it nelpesd
me to visualize beforehand what was possible and whar
wasn't. The big advantage the calculator gave me was

that I could absorb concepts more gquickly and more
thoroughly.

David not only used his calculator for graphs, he
programmed it with Newton's method, used graphs to estimate

limits and used the NDERIV function to plot a functior and

its first and second derivative functions on the same axe

n

"

I also spoke at some length with the instructor abou

r

his use of calculators. With respect to this, he said:

Yes, they're great. I go back prior to the introductior
of hana calculators period. My reaction when thev came
in was that they were neat. They could do things th
you just didn't see being done very quickly. Matte
fact, the theory was there, but you avoided a lot t
was just too time consuming. You had to be careful
you didn't get bogged down too much with a time
consuming type of problem. You could end up wasting
time. So when they came in, I adapted the course
slightly to adjust for these calculators and I'm sure I
haven't adjusted for the graphics calculator yet. But
if I teach it again, I'm sure that I'm going to have zc
sit down and cope with it. It will help the studernts,
pbut it really won't mean that I have to change thirgs
very much in terms of examinations and what not. What
they will be able toO do, I would foresee, 1is that <f I
have a graphing problem on it, I can test that theyv Xncwu
the concepts, because I can demand that they show the
derivative, set 1t equal to zero and so on. But where
it would be an advantage, and certainly in a real
situation vou would want to do this, 1is in checkinc vour
results. You just punch the function in and craph it.
But finding the maximums and minimums, the points cf
inflection and so on, they may be a little approximate,
I can test the techniques to see that thev krow how to
do that. It will have a mild impact on the way I
construct tests and what not, but not a significan:t one.
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On the other hand, from the student's point of view, I
think it's great. If you can go through all that work
and then confirm that your results are correct, tha
helps learning, I think.

When I mentioned that possibility of using overheaca
display units for graphing calculators in his lectures, =the
instructor replied that he already made extensive use of
computers in teaching statistics. The instructor

distinguished between teaching statistics and calculus:

When you get into multiple regression, you -“ust can'

the problem by hand. And in calculus, I can sav, "Dé o
this graphing by hand.” Sure, it takes longer, but vou
can go through the steps to actually conccruct a graph
and you can do it in a reasonable amount cof time. You

can't do that with a multiple regression problem.

That's why you just punch in the commands into a

computer, project it overhead and it's right there.

The instructor did allow that using graphing
capabilities of calculators would allow him to spend less
time on the topic and free up time for other topics in the
course. He commented, with a small laugh:

Probably, maybe the graphing could be left out to the

extent that I did it with the advent of the technology

here. You know, maybe you could get yourself a graphinc
calculator. -

Mathematical Prerequisites for the Course

Both the students and the instructor were concerned

about the preparation the students had in mathematics orio

=

to taking this course. The problems that they perceived
seemed exacerbated by the fact that many of them had been

away from formal education for a number of years.
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Catherine felt that "there has to be some time limiz on

o8

the algebra prerequisite"” for Math 151. Charles stated £hi

even more strongly.

I think that the precalculus course, even 1f vou have
the necessary prerequisites, for those people that have

like that, should be a strongly suggested IeQULIemﬁp*

Paul indicated that 1if he had known how difficult he wa

G}

going to find the Math 151 course, he would have taken the
Math 100 course.

Elizabeth had taken the Math 100 course and had been
gquite successful in 1it, although she was unable tc complete
the Math 151 course during this term. 1In her first semester
at Simon Fraser, she had gone to the academic counsellinc
services. On the basis of her transcript for Vancouver
Community College, she was advised to register for all the

first year science courses. AS Elizabeth said, "I Zust go:

@]

knocked completely flat on my back in the first coupl
weeks." She went to see another counsellor when she enro’led
at the university the next term. "The counsellor I went tc

shook his head when I told him the advice I had beer

see just

given." He suggested & much lighter work load for her.
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Elizabeth took Math 100 in the winter term of 19%1 and e
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an A. "Again, in the winter of 1891, I felt I could do
after all. Things were okay again.”
The instructor spoke about two specific concerns he had

about the students ma-hematical preparation in this class.
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He was concerned about those who had been away from zhe
formal study of mathematics for a long time and re had some
observations about students who had studied some of the
preliminary concepts of calculus in high school.

With regards to the first issue, he said:

®

Some of them have been out of school for four or fiv
years, or maybe even more. There was the engineer, <
example, who was obviously an intelligent, scientific
kind of person there. But he had been awav from

]

+

mathematics for a long, long time. So that probably
works against them. Sometimes they may want to taxe a
brush up course. Most of the time, realistically, the-

don't want to waste their time doing it, algebra 172 or
something like that.

He added, concerning the classes he taught at the Burnabw

Mountain campus:

I don't find that same problem up here. Mo
students up here are very recently from high s
they haven't had a chance to forget their previ

too much.

On the second issue, the teaching of an introducticrn +to
calculus in the high schools, the instructor commented:
One of the things that does cross my mind about the group
there, and I've had the situation arise several times ir the

past here, 1is that there were two students there. Thex
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through and I believe they had taken the calculus in ni
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school, which generally indicates that they are the b
students there. But they did not do well. And
I've had that happen in the past, where peocple have come
in from high school. There may be lots that come ir

from high school and do well, but this stuck in my
These two, and other ones in the past, although they

301



have had it [high school calculus], have not done wel ..
And there's something of interest there, I think.

When I told the instructor that the provincizl

L

Mathematics 12 course had a mandatory unit on introducrorw

calculus, he commented:

I'11 tell you one thing that comes into my mind *hcuch.
Not with these students here, but ones that I've nad in
similar situations, 1s that they know how to
differentiate polynomials. And they think they car
differentiate. I mean, a polynomial is the simplest,
most trivial thing you can differentiate. Thev know
power rule, so they know how to differentiate. And =+
may be good at that, you know. I would agree with the
approach you've mentioned [teaching college level
calculus to well-prepared high school strdents]. T
even said that myself before. Look, if it's going to pe
in high school - it always was an optioconal, locally
developed course - fine and dandy. But I would ag}ee
that, if they are going to do that, make it rigourous.
Because they are just kidding somebody, if thev think
differentiating polynomials or finding max-mins of a
polynomial and graphing it, if that's indicative of your
abilities in calculus. It's a much bigger story tnan
that. And so, if they are going to do it - dc it. ©ICc :i-
full force.

+
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We spoke further about the articulation between the high
school mathematics curriculum and the universityv mathematics

courses. BRoth of us found ourselves, as mathematics

o}
ot

teachers, assuming a knowledge base for our students that

times they just did not have. The instructor said:

I was amazed. There are a few things there that I woulc
have...but I'm not sure whether they have never sesrn i<+
or they had forgotten about it. There were certairly
ideas that I mentioned there, that I felt that thev
should know this material or at least be acquainted witr
it. 1It's like someone should be able to say in
engineering, "You should, maybe not know, but be
somewhat familiar with the hyperbolic trig functiors.”
We talked about them for half an hour and at least
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you've heard of them. You know they are eupvonent:
you know their derivatives are somewhat like the
derivatives of trig functions. You may not Xnow the
exact formula, but you should...But they - I r
blank faces or else they just didn't want to

their hands, or something. A few cases were
I'm not sure what the real reason was.

T4

The Quantity of Material and the Pace at which It is Covereg

in _the Course

The pace of the course and the amount the materizl o be
covered were topics that resulted in a lot of Zfeedback fronm
both the instructor and the students.

I listed some of the topics that we had covered in rthe
last two weeks of lectures to Catherine and asked her wha-
she thought about the treatment given them. With resvec: =-o
the hyperbolic trigonometric functions, she commentec, "I

have no idea what they look like." She added:

It was very much akin to what we did in high school.
Learn how. Which 1s fine for me. I memorize cguicxlvy. =

can learn the derivatives. But, from what I gather,

that's not exactly the point. So why? Thev weren'= on

the exam and I don't feel we did anything with them. O

were they on the exam? [The function cosh occurred irn

one part of a formal differentiation item.]

Catherine felt quite comfortable with the material on
parametric and polar representation of eqguations ci curwves.

The only topic she had any hesitancy about was linearizzszicr

and that was because it was covered in a lecture she hacd

missed.
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Catherine had two comments to make about the pacin

V]
O
bt

the course. With respect to the unit on curve sketching, she
offered:
Like I said, the graphing. I don't know if it's trar
important or not. It just went on forever. However, =
could probably graph any polynomial or rational Zfunctior
thrown at me. Possibly some other ones. I don't know

About the pacing of the course at various times

throughout the term, she mentioned:

T don't know about the rest of the class. The
impression I got from some of them, and this was back
when I was actually doing the six hours cr whatever eacr
week, was that it seemed to be going really quickiy at
the beginning. One of the people I talked to and m@self,
we hadn't done any math in so long that we were i
scrambling to keep up. Then things seemed to relax a
bit. Then the lectures seemed to speed up at the end of
the course. But I didn't need to scramble anv more, so
it didn't seem fast tTO me. I know a lot of peorle I
talked to said they couldn't believe how fast thincs
were going. They were even writing some of it off .
it didn't feel fast, Jjust not detailed.

David was frustrated with the varying pace throuchou:

the term, although he understood the rationale for it

somewhat . He said:

I am frustrated at the timeframe they allow, the
opportunity to truly expand. You're reguired to cet the
gist of the very basic concepts. And as long as vcu car
demonstrate you have & basic understanding of “he
highlights of the course, you're through. But you nevw
really get & chance tO explore and inter-relate some cf
these concepts and see where you can go with them. Tre
timeframe does not permit this. This was one of my
disappointments with the course. That final push in the
last two weeks was crazy. We started the course
covering a section every lecture, lecture and a
half....For the first two or three weeks, it [pace of
the course] was guite adequate I thought, because being
out of school as long as I have been, it took a while e
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high school, I might have found it a little slow.
don't know. I can't judge any longer with respect
that. But I thought it should have been accelerated s
little bit more if he [the instructor] wanted to cover
the entire course. Because, covering three sectiors
lecture towards the end, it was just, "OCkay, I have
be able to do the simplest of guestions. One of
everything. Exploring it will have to come at a later
date. ™

dust off the cobwebs. But 1f I had been fresh out o
-

1

Susan spoke about the pacing in similar terms.

The first month, September, went pretty slow compared =
the amount of material. And I found in the last two or
three weeks we were thrown so much work that I founa
that I sat down for a couple of hours Jjust Zo memorize
hyperbolic formulas. For which there wasn't even a
guestion on the exam. So I thought, "Gee, what's tn
relevance of this one.”" We covered so many things a
thought, "Onh." The last bit was really rushed, but
to the first midterm everything was pretty smooth.
even the second midterm wasn't too bad. But afterw
I think it was Newton's method or right after that,
evervthing accelerated. It was really rushed.
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Thomas, when I asked about pacing, said, "It wasn't a
uniform pace. It got very hairy towards the end, covering
chapters in half a two-hour lecture.” Thomas sugges<ted tha-
if he were to aiter the course he would "try to allocated the

same amount of time to each subject or maybe make the course

a bit longer". He did feel that the pace was much slower In
the beginning, to the distress of the instructor, but as

Thomas said, "I'm not sure how he could have done i*t anv

4

other way. People were definitely having problems.™
Charles, the encineer, spoke about the fact thac
sections labelled applications were omitted, "Well, a furn

part of mathematics 1s the applications, or it shoulad be.
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Still, T ca
just isn't
Charles d
included in
I'm no
hyperb

added
have a

few other applications, Dbecause in one of my depa

we use
contex
that w
essent
woulc

weeks

more C
is, at
didn't
throug

Charles believed that the concepts of calculus, properl-

presented,

He said:

n see why he did it [omitted the secticns!. The
time for it."

id comment on some of the topics that were
the course. He said:

£ sure, for the intent of this course, tha
olic functions and some of those things re

that much to it. I know that hyperbolic f
fairly specific engineering application,
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them all the time. But I'm not sure that
t+ of the calculus course, that some of the
e did in the last two Or three weeks were
ial. My own inclination would be that the
be petter if your left out the last two or th
and stretched the first part out and got
omfortable with it. Because some of
the pace it went, you didn't learn it anvway.
work. There were chapters you just whistled
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are not that difficult for most pecople to learn,
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None of that stuff should be that difficult.
the concepts in calculus, now and then when

Most of
you get int

tn

-

rigourous proofs it is difficult, but if vou are talking

about the concepts, especially if you have s

omecne who

can explain it as well as [the instructor] did, are
really not difficult. If you use the right language ang
present it correctly, the concepts aren't difficulrt.
And I think most people with a reasonable math

background, those that survived algebra in high school
with a B or something like that, shouldn't have anv
trouble with it. Because it's not, I don't think, anv

more difficult than algebra or geometry or analysis.
But it is set up now so that the pace is ridiculous.

For emphasis,

added, "It seems strange to me that the course 1is
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that you either have to be a workaholic or a real whiz z-
math to survive 1t, because it goes so fast."

The instructor was unequivocal in his feelings abocut the

al
th
C
£

amount of material in this course and the time zllotcted

covering this material. He said on this subject:

Another thing that I feel about in that particular

class, 151, you know my feelings, 1s that it is s=o

jammed with material. My feeling is that there shcu

be more time for it. The only reason there is rot o

time is, I think, at Simon Fraser, bureaucratic. T

don't think there 1s any educational foundation for rc-
<

having another hour with the course. Let things slow
down a little bit and sink in a bit more. That's rmy
feeling....It has to do with the registrar and the

issuing of units. I think that's what it is.

The instructor maintained that it was not universicy
courses in general, but this course in particular in whicr
the "the guantity of material is too much”". This had an
impact on his teaching style. He commented:

I just feel continuously under pressure. I've got to do
a section per hour. And some of the sections are
bigger. I find it difficult to do in a way that :
like I'm doing a good job. I know other oeoole do
have any problem getting through the material. =B
nave to look backx and say that it has got to be s
of a superficial approach just to get through all
material in that time.
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Later he added:

There's no doubt about it. This is the most -Zamme
course. This course here [Math 151] is nc:t my

preference for teaching. Not that I don't like =
material. I do like the material. It's fun to t
it. But,for example, when I taught it in the col
got four hours to teach it in. I feel very comfo
with that. But, matter of fact, I believe
four hour course originally when 1t was set up. Trer
they set up the lab sections. And they wouldn't q‘v
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fours units of credit. I guess other depar-ment
complained; it's an introductory course. Wny is it
they get four units in math and only three here? T
is that kind of problem. And so the hours were 1
up. They were willing to give a one hour tutorial,
not add one hour to the lecture Yet the material

the transfer courses in the colleges is done in fou
hours and in some colieges in five hours of lecture

TN

Which means that there is lots more time zo do exarm

and get a rapport, a dialogue going. But with tire
hours, I can't feel justified in letting that time
I don't think I'd get the material done.
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CHAPTER V
SUMMARY AND CONCLUSIONS
Introduction

In this chapter I summarize the most significant aspects
of this study and show how these aspects relate to the
literature reviewed for this project, specifically the
literature from the calculus reform movement. This is
followed by a set of conclusions I have drawn from this work
and recommendations for improving those situations I believe
need to be corrected. Following this, I discuss the relevance
of this study to calculus reform effort. Finally, I write

about the impact this study has had on me as a classroom

teacher.

Summary
Chapter IV contains an extensive representaticn of the
data that I gathered throughout the study, filtered as it is
through the biases and interests of the research instrument,
myself. In offering as complete a description of my
experiences as was feasible, I intended that each reader of
the account of the field observations and the interviews

would find something or some event which relates directly
Wwith their own classroom experiences.
The collection, analysis and representation of data

during this study have led to an ongoing stream of thoughts
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and conclusions about the first-year university calculus
experience. Following is a discussion of those aspects of
the Math 151 course described in this study which I consider

to be the most significant.

Positive features of the course

The students in this particular section of Math 151
enjoyed a teaching situation far superior to that of the
majority of students taking the equivalent course in many
North American post-secondary institutions. This comparisor
is made on the basis on information gathered for a special
survey in 1987 (Anderson & Loftsgaarden,1988).

Roth the lecturer and the teaching assistant were fluent
in English. The lecturer was regarded by the students and
the researcher as an exceptionally gocd instructor, so much
so that some students said they would take future courses
taught by him because they were taught by him. One student
continued to attend lectures after she had officially dropred

out of the course because of the exceptional gquality of his

presentation.

The excellence of the lectures 1in this class became even

more apparent when they were contrasted with the

presentations of the inexperienced instructor encountered

during the pilot project. It is also in contrast to the
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benign neglect of calculus teaching by mathematicians

referred to in the literature (Rodi, 19806).

The textbook was, 1in my opinion, one of the bes- —ha- T
have used. It contained a wealth ¢f information as well as a
wide variety of problems to be worked through. Appendices

provided appropriate and necessary review material for the
students who needed it. The text was profusely illustrated
with figures and diagrams.

The current style of calculus textbook has been
identified as a serious impediment to the quality of calculus
instruction (Douglas, 1986; Garland & Kreider, 1983; Renz,
1986a). The textbook used in this course had many of the
features decried in the literature, yet none of the
participants in this study had any significant concerns about
the textbook. Several students, in fact, mentioned that They
found the text to be informative and useful.

The evaluation scheme provided relatively freqguen=z
feedback to the students on their progress. Weekly
assignments were collected, marked in detail and returned
promptly the next week. The two midterm tests and the
examinations were generally acclaimed to be fair anc "as
advertised" by the instructor. Frequent feedback has been

identified by some (LaTorre et al., 19390) as an essential

feature for student success.
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In the tests and examination the students were reguired
to demonstrate mastery of far more skills than the mechanical
symbol manipulations associated with the "plug and chug"

calculus to which the calculus reform literature

.
~—

disparagingly refers so frequently. (See Appendix D.

The small class size allowed for the possibilizy of
students making contact with each other and perhaps helping
each other.

The instructor advocated the use of basic scientific
calculators and did not actively discourage the use of more
advanced calculators and microcomputers. Although this class
did not employ calculators and computers to the extent
advocated by many in the calculus reform literature (Tucker,
1990), it was not confined to strictly pencil-and-paper
calculations at the far end of the technological spectrum.

The classrooms were modern and well-eguipped. The
instructor had use of overhead projectors for all of his

lectures. The lecture hall for the Tuesday classes was

especially comfortable and conducive to notetaking.
The lectures were taped and the tapes were made

available in the library at the Harbour Centre campus, zs

well as eguipment for listening to them. Solution keys for

the assigned problems were also available in the library.
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Despite all the advantages that the students in this

class had, it was not a very positive or successful

experience for many of them.

Math 151 as a Filter

The image of the calculus course as a barrier to

students dominates much of calculus reform literature. Steen

(1988) describes the situation:

Nearly one millicn students study calculus each year in
the United States, yet fewer than 25% of these students

survive to enter the science and englneering pvipeline.
Calculus is the critical filter in this pipeline,
blocking access to professional careers for the vast

majority of those who enroll. (p. xi)
The students in this study would concur. The
predominant reason given by them for taking Math 151 was <rat

it was a prerequisite for theilr majors or other courses they

required for their majors. Very few, 1if any, were able to

identify the relevance of the material in this course to

their majors. Those taking physics allowed that the calculus

was used in physics, but that the required mathematics was

taught within the physics classroom. Moreover, the technigues

s

taught or assumed to be known in the physics classroom were

generally taught considerably in advance of the technigues

taught in Math 151.

The sections in the text dealing directly wizh

applications of calculus to problems in client disciplines

313



were omitted from the course. The word proklems in the
assignments and on the tests were typical contrived "math
problems" rather than real world applications. When tne
instructor did bring up in lecture an application of the
derivative, such as 1ts use in marginal guantities in
economics, the students did not react with either enthusiasn
or recognition.

One student spoke of "paying his dues" by taxing =-—his
course. "Recause I'm doing this engineering program, I'm
locked into this math. It's a bit cf a shame,", he added.
Another commented, "Why are people taking this course? There
is not one soul who 1s taking this course Just out of
interest. We know that for sure."

Although a couple of students took this course because
they wanted to, most felt they had no choice. Furthermor
there was little or no attempt to demonstrate the relevanrce
of the subject matter or the skills learned in this course -¢o
their fields of interest.

There was little in this course that would, from “he
the calculus reform movement, prepare s-uder-s

perspective of
adequately for further study in client disciplines (Ash, 2Zsh
& VanValkenberg, 1986; Stevenson, 198¢).

The instructor described this course as being used by

other disciplines as a filtering device. He said, "If z

student can get through 151,152 at Simon Fraser University,
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they are reascnably intelligent students. If the disciclire,
the other discipline, has any kind of mathematical thinking
at all, then they want them to come through here because they
filter out the people who can't think mathematically." The
instructor's comments were reminiscent of the discussion py
Steen (1986) on using the calculus course to develcp
mathematical maturity.

A typical student experience with Math 151 is tha:t zhey
are compelled to take the course; they have no sense oI why
this course is relevant to the werk in the fields in which
they are truly interested; and it seems as 1f they are beirv
made to jump through a very high hoop in order o prove =ha-

they are worthy of studying subjects they wish.

Course Articulation with High School Mathematics

Success in this course often seemed predicated on a
student's familiarity and competence with high schocl

mathematics. The phrase "just algebra" was invoked on mansy

occasions to indicate that the remainder of a particular
solution was merely an exercise in applying secondary schocl

mathematics techniques. For example, after differentiatinc &

particular function, the instructor said, "Now I'll le:z vyou

11 let you do the algebra there. When vou

go through...I

does turn out to be fairly nice." For

o1
'y
b

clean this up, it

second derivative of the same function, he added, "When vou
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clean this up, please confirm this, this is Zust algeprsa
this is what you are going to end up with."
For some students the difficulties they experiercesd

were with trigonometry; for others it was with logaritams.

There was uncertainty as to what constituted new materia. znd
old material that had to be remembered or learned arew. Ore
student commented on his background in logarithms and
exponential functions:

Well, I'm never really comfortable with anything new.

But then again, logarithms are not really new, or not -o

me. But it was basically the fact that I had forgctter

it all, so I had to relearn it...It didn't come back. =
had to relearn it. But when you start saying things
about when you multiply logs, you actually add,
remember that. Exponentials? I don't think I covered i+
much before. So that's basically all new.

One topic explicitly designated as review by the
instructor was exponential functions. This was a topic that,
when the instructor was creating a roster of ordered pairs
for the graph of y = 2%, one student offered wp~3 = _gw.
Exponents seemed to be problematical for many members ¢ thes

class.

There were some pieces of mathematics that the

instructor assumed would be in the students' background

n

I
~

1

7

might not have Dbeen. Examples of this were technigues

I
O
s

simplifying radical expressions, the values of trigonometri-
T

functions for special angles such as 6 solving biguadra:

S~
(S,
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equations through substitution, and evaluation of expressicrs

with rational exponents.

Several students I interviewed after the ccurse was r~ver

suggested that taking the pre-calculus Math 10C course would
be advantageous. A ccuple suggested that it should be made a
prerequisite to Math 151, especially if one hac been away
from school for & long time. It was not onliy a matter oF

having the informatior readily at hand. There was a need to

practice its use. As one student noted, 1t was necessary to

Q

remove the "gobs of rust" from one's mind in order to succeed

in Math 151. He commented:

A lot of the problems I found were the gobs of rust; ro-
just in remembering the algebra, but in getting used t:o
sitting down in a concentrated fashion and whistling ¢fs
a bunch of calculus problems....Well, certainly the z
algebra presented some difficulties, because it had been
such a long time since I'd done it. On the other hand,

I think it's fair for a professor 1in a course to assume
that a person who takes 1t has the necessary
prerequisites. I don't think you can build intc the
course a large amount of review time.

The questions asked by the instructor and his comments
during lecture indicate that he was clearly aware ¢f how
important is was for the students to be able to deal with tre
considerable quantity of "review material" that they were
assumed to have mastered prior to this course. With respect
to inverse functions, he said, "I'm not laying this ocu:z in

detail: the whole story of inverse functions. I assume trat
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you've got it. This is essentially a reminder of wha: is

going on with inverse functions." Throughout the remaincer =%
his review he repeatedly commented, "I'm sure you wil_
remember. I hope you will remember." He was also cocgrnizant
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of the fact that many students had been away from t
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study of mathematics for quite a while. But there was

<o much he could do in the context of the set curriculum ard

the time available.

The difficulties that the students and instructor faced

with regards to prerecuisite knowledge and skills are

consistent with the concerns voiced in the literature. Rer:z
(1986b) is very clear about this issue when he says "I seems
almost certain that tomorrow's calculus students will be less

facile with algebra and trigonometry than were the studerts

for whom the traditional calculus course was designed”

(p.107) .

Personal Interaction

During the pilot study, I was concerned with how sco much
of my observations dealt with the behaviour of the leczurer,
rather than the students. This preponderance of data about
the instructor's activities continued throughout the full
study. My conclusion 1s that this accurately reflects the

imbalance in activity between the teacher and the learner :in

this situation.
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During class time, the students were effectiv
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and isolated. The instructor for this class aid, on mary
occasions and particularly in the earlier part of the <err

seek student-instructcr interaction by askinc cuestior

02}

throughout his lecture. This did not encourage studert-
student interaction.

Of the students interviewed, those who attended the
later tutorial session which had only three or four studen-s
found it to be a much more positive experience than the
earlier tutorial session, which was attended by tern to
seventeen students. Those students who attendea the Ma+th
on the Burnaby Mountain campus were even more enthusiastic
about the situation. A prominent factor in how the studer-s
rated these sessions was the amount of individual at-entior
they received.

Although the students valued personal contact with tre
experts, whether 1t was the instructor, teaching assisrtant Hr
the graduate students on duty at the Math Lab, there were
barriers to gaining access to them. One barrier was the
matter of transportation and time of availability.
it was a substantial commitment in time to go tc the main
campus during the day. Another barrier, especially during
the lecture and tutorial sessions, was the number cf c-her

students seeking access to the experts' time.
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This was & small class of approximately twenty studen

During the breaks and immediately before and after <he
lectures a number of the students had shown themselives -5
naturally gregarious. The course was sufficiently
challenging that students would have benefitted from work:
with others in the class.

Some students attempted to establish connections with
other students, but these connections failed for a variety
reasons. One student got 1in touch with another to discuss
the assignments, but, as she said, "I found that she
certainly knew what she was doing, but it was just tco
abstract. Sometimes I find it distressful when i:'s even
more abstract than the way I'm thinking." Another studenr:
had obtained the telephone numbers of two of her classmare

but she failed to contact them because she felt she had

fallen too far behind in the course and her concerrns would

not be thelr concerns.

Other students felt that this particular sizuation -“u

did not lend itself to establishing work groups among

students. One said:

Part of it is because it's like going intoc fir
university. When you take classes part-time, i
going into first year university into the first c¢
because you don't know anybody. You seldom see p
that you have seen before. And because you are w
especially if you are working, you can only go for
class. So you tend not to establish relaticnsh:ps
you can sit down and work. Whereas, in Universit&,
people in the same class, first thing you know vyou're
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that. Your have some chance to build up relations

and work with people. More difficult, I think, i
are taking classes part-time.

Others ascribed the lack of working partnerships

class to the competitive nature of the students. A very

successful student felt some of her classmates resen:te
for her success and active participation in the class.

acted as a barrier to developing relationships with zt

students. Another student commented that, "It is in =z!

nature of the first vear student to eat thelr ocwn youn

Pedagogical issues did not docminate the early par

calculus reform debate, but scome of the more recent refor

projects have centered on these issues (Tucker, 23890).

particular, cooperative interaction among students,

(@

instructors and teaching assistants have produced goc

initial results in student learning and attitudes

(Schwingendorf & Dubinsky, 1930).

The Wide Variety of Mathematical Skilis

Required of the Student in the Course

On several occasions in my fieldnotes, I observed

some astonishment, the diversity of the material beirc

presented to the students. Often, several widely divergen:

aspects of mathematics would be alluded to in a single

hour lecture. For example, during the class on October
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the lecturer covered the concepts and definiticns cf

~=
-3

()

[

extrema and critical points; differentiation technigues were
used to identify critical points; absolute extrema were
defined and contrasted with relative extrema; :the statements
of Rolle's and the Mean Value Theorems were given, with tre
incidental introduction of existential gquantifiers; some
commentary on the nature of existence proofs was offered;
and, when the Mean Value Theorem was applied to a
trigonometric function, differentiation, the sclutior 2% z
trigonometric eguation, and the use of a scientific
calculator to evaluate an expression involving trigonomet~ri-
functions using radian measure all came into play.
Throughout the course "plug and chug" technigues of

formal differentiation required a certain facility with

algebraic manipulation. These techniques constituted

0]

significant portion of the tasks on which students were

evaluated.

Students were expected to understand the precise

statements of definitions and theorems. Associated wi+<n

notation. For example, existential and universal gquantifiers
were introduced ir the €8 definition of limits. ©Neota-ion
was significant in the variety of ways of expressing
derivatives, functions and intervals of reals. A prime

example of a statement involving a profusion of notatiosn was
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(Vxe (a,b)) (£f'(x) < 0) = (f 1s decreasing on [a,b]). O{ven

intervals, closed intervals, universal gquantifiers, naz

implication and set membership all contained in one

wn
b
=3

application of the derived function. Distinctions (some

subtle) were made between open intervals and clocsed

bl

e =0 S
L 4 Qo o

intervals, cne-sided limits and limits, diffe

s

e

v

continuity, increasing/decreasing and strictly

increasing/decreasing.

The students were introduced to a substantial amount

new vocabulary. For example, they were required to
distinguish between polar and parametric representation
curve; critical points and local extrema; local and zt
extrema;concavity and monotonicity; antiderivatives andg
integration.

The role of proofs in the course was never made fu
clear. Proofs of moderate rigour were offered one <ime
"convincing arguments” supported by diagrams were offer

another time. One question on the final examinatiocn, a

verification of a limit, was the only time student

wn

e

'

®

o8}

responsible for creating proofs. The instructor spoke
aspects of proof thecry: the structure of "if-then"

statements, converses,and the nature of existence crcof
while explaining the Mean Value Theorem and cn tac:t
creating proofs. The instructor's meta-comments such

"Here's a little proof. How do you prove anything when
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have an egquation?", offered an apperenticeshir for the woul.sd
be mathematics student. Such material was nct officia lv
part ¢f the course content, however.

The student was expected to be able to move comfortabl-
from pencil and paper computations to using scientiiic
calculators for iterative procedures (as in Newton's Methesd) .
Students were expected to be able to evaluate trigoncmetric
functions in radian mode and to evaluate expressions with

rational exponents using handheld calculators. At the same

time they might be reguired to simplify an algebraic

-

expression using pencil and paper or compute a forma
derivative.

Among the applications of calculus for which the
students were responsible were related-rates word oroblers;
exponential growth anad decay problems; curve-sketching;
physics problems (position-velocity-acceleraticr of =
particle moving in one dimension); and some numerical
analysis (linear approximations using differentizls and
Newton's Method for finding zeros). Notable for their

omission from the course were applications from client

disciplines such as economics, the social and the .ife
sciences. Sections in the text specifically Targetting thecs
types of applications were omitted. Calculus was presertecs

as a tool for solving mathematical problems.
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In a single section of the text or, equivalently,

o

single hour of lecture, the students could be exposed =—c &
technique hitherto unknown to them which was trnern acco

a mathematical problem. This technique could be backesd uc

N
(f
)

of language. Such a topic was the use of differentia
create linear approximations of functions. Most students
this age of readily accessible scientific calculatcors, woul
not immediately see the value of linear approxima-iors.
Neither would many of them understand the instructcr's
explanation that dy was a function of two independen-
variables, x and dy.

With so many themes being expounded in cne course, :-

heir energies

t

understandable that the students would focus
on what they understood to be the examinable aspects of t:
material. Just what the students were to be accountable “c
in this course was a topic of discussion that took up
considerable time and energy, both on the part of the

instructor and the students.

The calculus refocrm literature has been dominated by
curriculum issues (Ferrini-Mundy & Graham, 1991), sc =ha+
is not surprising that much of what I encountered in this

study has been discussed in general terms in pricr

literarture.
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Epp (1986) speaks tellingly about the cnallenges Zzced
by students as they encounter mathematical rigour for the
first time. She poses as a question whether calculus re
taught only at the level at which most students would succe

or should it be taught at a level where standards of

ct

mathematical rigour are maintained. Her answer is t©2 acdop:
middle ground and to develop the reguisite mathematical
situation in the students.

While Epp focuses on mathematical rigour, Lax (1984a)

speaks of centering the calculus course on applicatiocns ang

numerical methods. Renz (1986b) would split the calculus

into a careful and ricourous introduction to the mathematiczl

foundations of calculus and a course which emphasizes

technigues and concepts.
With the lack of consensus among the curriculum
reformers as the proper focus of a calculus course, it is

little wonder that the course tries to accomplish zoo much.

Quantity of Material Covered

Another image that pervades the calculus reform depate
is that of the "lean and lively" calculus course (Douglas,
1986). Whatever the beliefs of the participants in this
study about the liveliness of the course, no cne would arcu

that is was lean.
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There was consensus 1in the opinions ¢©f the studen-g,

i

instructor and researcher that too much materizl was to be

covered in the time available. One student stated:

I am frustrated at the timeframe they allow.
really get a chance to explore and inter-relat
these concepts and see where you can go with t
timeframe did not permit this. This was one o
disappointments with the course.

Another said about the pacing of the course, "
a2 uniform pace. It got very hairy towards the end,
chapters in half a two-hour lecture." Yet arother
commented, "It seems strange to me that the course
so that you either have TO be a workahclic or a rea
math to survive it, because 1t goes so fast." The
concurred, "Another thing I feel about in that part
class, 151, is that it is so jammed with material.
feeling is that there should be more time for it."

The topics at the end of chapter ¢ (hyperbolic
and 1'Hépital's rule) and in chapter 9 (pararmetric
representation of curves) were dealt with hastily a
superficially. These topics were covered after the
midterm and showed up on the final examination in t

questions. Some students, when interviewed, could

You never
e scme ¢of
nem. The

- -

Y
It wasn'-
SAITO Y e
eV Lo iaa
student

18 set uwn
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D

remempber if some of the topics had been examined. Few, if

any, students felt they had any significant grasp of the
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concepts in the topics. The most successiul student ir.

class commented on the hyperbolic trigonometric function

I have no idea what they look like. It was very
akin to what we did in high school. Learn how.
fine for me. I memorize quickly. I can
derivatives. But, from what I gather,
exactly the point. So why?

o+ 1

a e

th

The second most successful student observed:

Because, covering three sections a lecture towards
end, it was Jjust, 'Okay, I have to be able to do
simplest of gquestions. One of everything. Exclor:
will have to come later.'

The pacing of the course was uneven. The instruct
began slowly to bring students "on board" with respect
assumed prerequisite background in mathematics and to
facilitate the students' solid grasp on the basic

The presentation of the material began

rushed "sometime around Newton's method" in

+
[

There was universal agreement tha

some students.

instructor sprinted through the material in the latte

of chapter 6 and in chapter 9. This rush at

sense of panic in some students and a cynical "what 2
minimum I need to know" attitude among others.
im

The amount of material in the course left no t
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recovery

fall behind.

if events

Illness,

caused a student
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absence and fatigue all had an impact on various members of
the class. The pace ¢f the course was such that those who

fell behind felt they had to make extraordinary efforts

~
1

-

catch up or at least close the gap. Students findin

Q

themselves behind in this course faced double-jeopardy:

catching-up and keeping-up. Concept assimilat:ion time was

0
t

a minimum, as was exploratory investigation time.
In the opinion of at least one student, this relentless
pace was characteristic of mathematics and science courses,

but not university courses in general. She said:

I found that with humanity courses, with the Engl:ish,
philosophy or even the linguistics in the summer, wizh
those types of courses you could get lost for a l:it-le
while, or something would happen, and you could recover.
But when it came to & science or math course, I fel-
that, unless you were with it all the time, every day
week, as soon as something happened and you lose grip
time, it was impossible to recover. -

[OINS]

by

All of these factors added to the image of this course
as something to be survived, rather than as & forum <c»r
learning about one of the most significant intellectual
achievements of Western culture. Any improvements thaz micht

be made in the learning situation in this course would

.
4

ks

N
o

This time can only be obtained th

Q2

require time.

jettisoning some material from the syllabus.
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Conclusions and Recommendations

Although the goals of this study were descriptive rather
than prescriptive, my experiences have led me o a number cf
conclusions and recommendations that I believe would be of
benefit to the calculus student.

The purpose of the course 1s not clearly articulated and
communicated to the students. Currently, it Is understcod by
most of the participants that the purpose of the university
calculus course is to weed out the mathematically less able
students from oversubscribed majors. The student perception
of the intended role of this course 1is that calculus is meant
to be a barrier they must pass. If there are other purposes
to be served, then they are not clear to the participants in
the course, especially the students. The first year c*
university calculus has an image problem with students.

Those responsible for the design of the calculus course
should develop a clear succinct statement defining the coals
of the course with respect to the students' educational
development. Communicating this statement to the students in
a2 manner which they can understand should be a priority task
at the beginning of the course. The stated goals of the

course must be consistent with the actual purpcses of the

course.

Not enough attention is paid to the demands this cours

@

makes on the mathematical maturity of the students. This
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refers to more than just the background skills and knowledce
of school mathematics which are explicitly stated
prereguisites. Precise mathematical statements, use of
mathematical symbols and vocabulary, elements of proof thecry
are introduced incidentally and frequently throughout =zhe
course, but are not part of a typical high schcol curricuiunm.
Where and when were the students supposed to have
acquired a background in these aspects of mathematical
endeavor? To what extent 1is i1t a goal of this course zha=

the students should be taught this material? If this is one

D

of the goals of this course, then to what extent in th

tn

O
[
ct
(4

evaluation scheme are the students held responsible £

material? Perhaps the formal aspects of mathematical langu

[$}]

ce
and reasoning should be de-emphasized in this course and made
the central topics of another introductory mathematics
course.

At whatever stage and level the student i1s exposed to
mathematical rigour, it 1is not appropriate to assume that tne
students will pick it up as they go along. Some students who
would otherwise do very well in such courses will be
unsuccessful because they need time to construct the new
knowledge. Other students will appear to be successful in
assimilating these concepts, but will have established voorly
constructed ideas which may cause them even more difficulty

later on in their education.
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The course as it 1s currently presented tc the student
has a strong "survival of the fittest" quality to it. The
potential for student success in this course should be
facilitated rather than having the challenging aspects
exacerbated . The "sink or swim" syndrome should be reduced.
I believe this can be accomplished through the active
encouragement of peer interaction and cooperation; the
establishment of greater opportunity for student-instructor
interaction, with the roles taken by each being more eqguzal;
and by expanding the role of the math lab in student learning
while decreasing the use of traditional tutorial sessions.

Following the opinions proffered in the calculus reform
movement, I would argue that the first calculus course is
extremely important 1in establishing attitudes of potencial
mathematicians and scientists. Because of its impac: on
students who will take upper-level math and science courses,
this course should have proportionately greater resources,
especially with respect to instructors, teaching assistanzts
and instructional time, devoted to it.

There is too much material to be covered in this course
if it is to pe anything other than an academic filter. The
students voiced theilr frustratlion with or their cynical
acceptance of the fact that much ¢f the material remained
obscure to them, even after they had, by the evidence cf

their grades, successfully completed the course. There
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should be sufficient time for the better students in this

course to feel they have gained mastery of the centra:

o
ba
@]

concepts. The survey cf functions, such as the hyperbc
trigonometric functions, and various representation cf
curves, such as polar and parametric representations, should
either be moved forward to the courses where they would pe

more fully developed ¢r they should be fully integrated into

this course. If they are to have an expanded role in =rn:is

course, some other topics should be deleted, delayed

@]

(@)

by

{2

M
|

emphasized.

Several of the preceding recommendations could be
successfully implemented through a Jjudicious use of
inexpensive, readily accessible technology. Innovative
calculus curricula 1s being developed and taught in the
context of extremely sophisticated technology (Tucker, 1990)
but it is possible to make significant changes using hang-
held calculators that are readily available to high scheol
students. Calculators which are capable of graphing
functions in both rectangular and polar forms, are
programmable, and can calculate numerical derivatives allow
the student to explore concepts numerically and graphically.
The study of calculus could easily become one of informal
concepts which become tools for problem solving. Formal

symbol manipulation could be de-emphasized and precise
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language and exact reasoning could be better learned in zne

context of an analysis course.

t

The capabilities of current calculators cculd transicrm

t

the calculus classroom from a traditional, only moderazely
successful "transmission of knowledge" environment to ore
where the student explores and constructs his c¢r her
understanding of the central concepts, consequently gaining
ownership of this knowledge. Much of what would be lost :irn
switching to such technology would be a facility with vencil
and paper techniques whose relevancy must be suspect in any

case.

The Relevance of this Study to the Calculus Reform Effort

Throughout much cf my fieldwork I emphasized the
participant role at the expense of the observer role. I hag,
however, a perspective on the situation that none of the
other participants had. I was particularly sensitive =c
those situations and conditions which might facilitate
learning or militate against it. Because of the reading I
had done, I also had a familiarity with a number of issues on
calculus instruction and curriculum that were unlikely =co
occur spontaneously to my classmates.,

I shared many experiences with my classmates and, as I
confirmed in conversation with them, we often had similar

reactions to situations. I had a different perspective than
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they did, however, anc a different reason for bein

Q
ct
ry-
D
b
D

Consequently, I arrived at a number of conclusions thna- would

not occur to someone who was strictly a student in this

pe

course.

One of the strongest conclusions I came to hold was tra
the impetus for change in the calculus classroom would not
come from the students. Although the students were
forthcoming in their cissatisfaction with many aspects of

their experiences throughout the course, none of them was

o

committed to radical change. In several instances, <he
students accepted the blame for their lack of success in =hisg
course. They believed that they had not worked hard enough
or with sufficient efficiency to succeed. None of them fe
they had the expertise to prune the syllabus although most
felt that there was too much material. Significantly, the
most common suggestion was too increase the amount of
instructional time rather than decrease the course content.

students can inform us of those factors in a calculus
course that might benefit from reform, but the actual
initiatives will have to come from the educatcrs.

This study brought out features of this course which d=o
not receive much attertion in the calculus reform literatire
but have a significant impact on the student.

This course has extremely little recovery and

assimilation time built into it. Illness, fatigue and

P2
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dislocations 1n a student's personal life can have a
deleterious effect on his or her success which has nco
connection with the student's ability or work habits. Ever
without the "outside interferences" that life might be
expected to bring, a student faces the daunting task cf
constructing & working knowledge of some very subtle concercs
on very nearly the first exposure to the ideas. This course,
as it is currently structured, 1s not consistent with =he
constructivist model of learning.

A third observation from the study which has no

antecedents in literature I reviewed is the reluctance cf ==

D

students to work together. The students had a stated
preference for the Calculus Lab rather than the tutorial
sessions and it was at the Lab that they had greater
opportunity to work together. There was also some discussion
of the factors which might impede the spontaneous formatior
of work groups. But for all this, I would nave anticiparteqd,
considering the anxiety that many of the students fel:
throughout the latter stages of the course, that they would
have been driven to seek help from each other. This is ar
issue that needs further study in the context of improving
the learning situation in the calculus classroom.

This studv has much to say to both the calculus

curriculum designer and to the calculus classrcom instructcr.
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The calculus curriculum designer can be convincea of the

need for reform by reading the study. Those who are already
involved in the reform effort can use the results of the
study to refine and focus the changes they hope to effec-.
There are issues raised in the study which have not appeare=z
prominently in the literature. Addressing these issues will
also help in the design and implementation of beneficial
changes.

The classroom 1instructcor can use the results of this
study to cain a better understanding of the learning
situation in the classroom. Instructional practices can be
modified to facilitate learning even within the traditicnal
curriculum. Furthermore, the classroom instructor may £
the results and methods of this study beneficial in
establishing a more effective relationship with the students

in his or her classes 1n a manner similar to that descr:

in the following section.

Impact of the Study on the Researcher
The motivation for the study and the chcice of researcr
methods came from two years of study in which most of my
ideas about learning and teaching and what constitutes va_ i3
educational research underwent significant changes.
The concept of each learner as an individual who brings

to the classroom a complete life that extends well beycond the
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current curriculum makes me approach my own Classrooms with
more diffidence and, I hope, greater sensitivity than befcre.
The idea of mathematics as a culture and the role cf the
teacher as one who enculturates students has been very useful
in helping me recogrnize and understand some Of the very
peculiar things that occur 1in a classroom. Having listerned

as a student to the flow of technical jargon and the

A1)

specialized use of ordinary language which occurs in

mathematics class, 1 am more conscious of my use c¢f lancuace
in teaching and what different meanings I micht be conveying
if I am not careful.

Reading the calculus reform literature has crystallized
and articulated many of the aspects of mathematics teaching

that made me uncomfortable, although I was not aware oI wnhy
they did so. The accounts of innovative teaching methods and

curricula have lead to dramatic changes in my teaching style

and materials. The excitement and enthusiasm apparent in

this literature have given me the energy to explore and

experiment in my own workplace.

The methods of ethnography, with theilr emphasis on

observation of interac-ing individuals 1in & cu.tural contex:

has given me & new wWay of looking and trying tc¢ undersZand nmy

students and CO-WOrKers. The concepts of triangulaticn ard
naturalistic description have expanded my ldeas of whaz car

be done with assessment and evaulation.
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Above all, my time "in the trenches" with my fellow Ma-r

151 students has given me much greater empathy for students

everywhere and the challenges they face.
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WHEN
July
8:30
July
9:30
July
8:30
July
9:30

July

19,1991;

a.m.

19,1991,

a.m.

24,1991;

a.m.

24,1991;

a.m.

24,19%1;

10:00 a.m.

July
8:30
July
9:30

Aug.
8:30
Aug.
9:40

31,1991;

a.m.

31,1991;

a.m.

2,1991;
a.m.
2,1991;

a.m.

APPENDIX A

CHRONOLOGY OF FIELDWORK

Pilot Project
WHERE
AQ3150 (SFU)

K9505 (SFU)
(Calculus Lab.)
AQ3150 (SFU)

AQ corridor
KS505 (SFU)
(Calculus Lab.)

AQ3150 (SFU)

K9505 (SFU)
(Calculus Lab.)

AQ3150 (SFU)

K9505 (SFU)
(Calculus Lab.)
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ACTIVITY

lecture c¢bservations

discussion with
instructor

lecture observations

discussion with
instructor (30
minutes)

Observation

lecture observations;
audio taping
Observation and
discussion with
students (2 hours)
lecture observations;
audio taping
observation (45

minutes)



WHEN
August

Sept.3,19%1;
7:00 p.m,
Sept.5,19%1;
7:30 p.m.
Sept.10,1991;
7:20 p.m.

Sept.12,1991;
6:30 p.m.
Sept.12,1991;
7:30 p.m.
Sept.12,1991;
8:30 p.m.

Sept.17,1991;
7:30 p.m.
Sept.19,19%91;
6:30 p.m.
Sept.19,1991;
7:30 p.m.
Sept.19,1991;
8:30 p.m.
Sept.24,1991;
7:30 p.m.
Sept.26,1991;
©:30 p.m.
Sept.26,1991;
7:30 p.m.
Sept.26,1991;
§:30 p.m.

Project

WHERE
SFU
Books
1415

1700

1415

1510

1700

1700

1415

1510

1900

1515

1415

1510

1700

1515

tore
AC

HC

HC

HC

HC

HC

HC

HC

HC

HC

HC

HC

HC

HC
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ACTIVITY

purchase text

preliminary observaticns;
observe lecture (2 hours)

observe lecture (1 hour)

hand out informed consent
forms; observe lecture (2
hours)
observe/participate in
tutorial (1 hour)

observe lecture (1 hour)

tutorial sessicn with 2
students, but no teaching
assistant

observe lecture (2 hours)

observe/participate in
tutorial (1 hour)

observe lecture (1 hour)

observe/participate in
tutorial (1 hour)

observe lecture (2 hours)

observe/participate ir
tutorial (1 hour)

observe lecture (1 hour)

ocbserve/participate in

tutorial (1 hour)



Oct.
7:30
Oct.
6:30
Oct.
7:30
Oct.

1,1991;

p.m.
3,1991;

p.m.
3,1991;

p.m.
3,1991;

8:30 p.m.

Oct.
7:00
Oct.
7:30
Oct.
7:00

Oct.
7:30
Oct.

8,1991;

p.m.
8,1991;

p.m.
10,1991,

p.m.

10,1991;

p.m.
15,1991;

©:40 p.m.

Oct.

15,1991;

7:30 p.m.

Oct.
7:30
Oct.
8:30
Oct.
7:30
Oct.
6:30
Oct.
7:30
Oct.
8:30

17,1991;

p.m.
17,1991;

p.m.

22,1991;

p.m.
24,1991;

p.m.

24,1991;

p.m.

24,1991;

p.m.

1415 HC

1510 HC

1700 HC

Library
1415 HC

1510 HC

1700 HC

corridors

HC
1415 HC

1700 HC

1700 HC

?

1415 HC

1510 HC

1700 HC

1700 HC
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observe lecture (2 hours)

observe/participate ir
tutorial (1 hour)

observe lecture (1 hour)

observe/participate in
tutorial (1 hour)

locate lecture tapes and
assignment solution keys

observe lecture (2 hours)

observe/part icipate in
tutorial (0.5 hour; arrives
late)

wrote midterm I

talk with student (40
minutes)

observe lecture (2 hours)

observe lecture (. hour)

Observe/participate in
tutorial (1 hour)

observe lecture (2 hours)

observe/participate in
tutorial (1 hour)

observe lecture (1 hour)

observe/participate in

tutorial (1 hour)



Oct.
7:00
Oct.
7:30
Oct.
6:30
Oct.
7:30
Oct.
8:30
Nov.
7:30
Nov.
6:30
Nov.
7:30
Nowv.
7:30
Nov.
6:30
Nov.
7:30
Nowv.
8:30
Nov.
7:30
Nov.
6:40

Nov.
7:30
Nov.
8:30

29,1991;

p.m.
29,1991;

p.m.
31,1991;

p.m.
31,1991,

p.m.
31,1991;

p.m.
5,1991;

p.m.
7,1991;

p.m.
7,1991;

p.m.

12,1991;

p.m.
14,1991;

p.m.
14,1991;

p.m.
14,1991;

p.m.
19,1991;

p.m.
21,1991,

p.m.

21,1991;
p.m.

21,1991;

p.m.

HC

1415

1510

1700

1515

1415

1510

1700

1415

1510

170C

1700

1415

1510

HC

HC

HC

HC

HC

HC

HC

HC

HC

HC

HC

HC

HC

HC

HC
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check exam schedule; lcok
at examinatilion room

observe lecture (2 hours)

observe/participate in
tutorial (1 hour)

observe lecture (1 hour)

observe/participate in
tutorial (1 hour)

observe lecture (2 hours)

observe/participate irn
tutorial (1 hour)

observe lecture (1 hour)
observe lecture (2 hours)
observe/participate in
tutorial (1 hour)

wrote midterm IT
discusssion with instructor
observe lecture (2 hours)
observe/particivate in
tutorial (50 minutes;
arrive late)

observe lecture (1 hour)

observe/participate in

tutorial (1 hour)




Nov. 26,1991; 1415 HC observe lecture (2 hours)

7:30 p.m.

Nov. 28,1991; 1510 HC observe/participate in

6:50 p.m. tutorial (40 minutes;
arrive late)

Nov. 28,1991; 1700 HC observe lecture (I hour)

7:30 p.m.

Nov. 28,1991; Gastown dinner with intructor,

9:00 p.m. teaching assistant and two
students

Dec. 3,1991; 1530 HC wrote final examination

7:00 p.m.
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APPENDIX B

COURSE OUTLINE
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MATHEMATICS 151-3
CALCULUS |

Fall 1991

NN

Prerequisiie:  B.C. High School Mathematics 12 (or equivolent) with o grode of at least B or
MATH 100 (not MATH 110). Students with credt for etther MATH 154 or 157
may not take MATH 151 for further credtt.

Iexibook: Calculus, by Jomes Stewart. Brooks/Cole Publishers, 1991 (second adition).
Review and Preview
4 Functions ond Thelr Graphs 6  Types of Functions: Shitting and
5  Combinations of Functions 7 APreview of Caoiis 0 0 Secling
Chapter 1 - Umits and Rates of Change
1.1 The Tongent ond Velocity Problems 14 The Precise Defintion of o Umit
12 The Limit of o Function 1.5 Confinulty
13 Coiculating Limits using the Limit Lows 1.6 Tongents, Veloctties, and Other Rates
of Change
Chopler 2 - Dervatives
21 Derivatives 26  implictt Ditferantiction
22 Differentiction Formulas 27 Higher Derivatives
23 Rates of Change in the Natural and 28 Related Rotes
Social Sclences 29 Differentlcls and Unear Approximations

24 Derivatives of Taigonometic Functions 210 Newton’s Method
25 The Chain RUle

hopler 3 - 11
31 Moximum ond Minimum Values 34 Infinfte Umlts; Verical Asymptotes
32 The Meon Volue Theorem 37 Curve Skeiching
3.3  Monotonie Functions ond the 38 Applied Moxmum ond Minimum
First Derivative Test Problems
34 Concovity ond Points of inflection 310 Antiderivotives

35 Uimits of Infinity; Horzontol Asymptotes

&1 Exponentiol Functions 47  Exponential Growth and Decay

&2 Derivatives of Exponential Functions® 48 Inverse Trigonometric Functions®

63 Inverse Functions g?o mmﬁ Functions®

&4 logadthmic Functions eterminate Forms and L'Hospltal’
65 Derivatives of Logarthmic Functions® Rule ospital’s

) e Equali { Polar Coordint
9.1 Curves Defined by Parametric Equations 94  Polor Coordinates
92 Tongenis and Arecs* 9.6 Conlc Sections

* The Mdlerial on infegration In Sections 6.2, 6.5, 6.8, and 6.9 and the malerial on arecs In
Seclion 9.2 k omi:: 2d in MATH 151 ond will be covered In MATH 152,
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APPENDIX C
Informed Consent by Subject to Participate in a Research
Project Form
and
Excerpts from request for approval of research design from

University Research Ethics Review Committee
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Simon Fraser University
INFORMED CONSENT BY SUBJECTS TO PARTICIPATE IN A RESEARCH
PROJECT

Note: The University and those conducting this project suscribe to the ethical conduct of
research and to the protection at all times of the interests, comfort, and safety of
subjects. This form and the information it contains are given to your for your own
protection and full understanding of the procedures, risks and benefits involved. Your
signature on this form will signify that you have had an adequate opportunity to
consider the information in this document, and that you voluntarily agree to participate

in the project.

Research Procedures Involving Subjects :

The researcher (Craig Newell, M.Sc.(Educ.) candidate, Faculty of Education,
Simon Fraser University) proposes to do an ethnographic study of the Calculus 151 class

in which you are currently enrolled/instructing.
The researcher will act as a participant observer in the role of a student throughout

the course and will solicit information from participants in the course in some or all of the
following ways:

D Observation of subject behaviour and discourse in contexts associated with the
course (e.g.; in class, in tutorial sessions, immediately before and after class).

2) Direct discussions between the subject and researcher.

3) Formal interviews by the researcher of the subject. These interviews will be
recorded on audio tape.

4) Inspection of subject artifacts (e.g.; notebooks, homework assignments, tests, and
examinations). >

The researcher, for his part, will guarantee the confidentiality of information
obtained and the right of any subject to withdraw participation, in pa:t or in full, at any
time. /
************************************************************************
Having been asked by Craig Newell of the Education Faculty of Simon Fraser University
to participate in a research project, I have read the above paragraphs.

I understand the procedures to be used in this project and the personal risks to me in taking
part . o |
I understand that I may withdraw my participation, in part or in full, at any time.

I understand that I may register any complaint I might have about the conduct of the
research with the researcher or with the Director of Graduate Programs, Faculty of
Education, Simon Fraser Umyersuy.

I agree to participate by allowing the researcher to obtain information from me in the ways
described above during the period from September 3, 1991 through December 31, 1991

NAME (Please print):

ADDRESS:
SIGNATURE: WITNESS: DATE:

Once signed, a copy of this consent form will be returned to you.
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Request for Ethical Approval of Research.
Page 2, Item 5

5. (b) An INFORMED CONSENT BY SUBJECTS TO PARTICIPATE IN A
RESEARCH PRQOJECT form has been devised. A copy of this forn
will be given to each potential subject in this project
(instructor, students, teaching assistant (s)). Signed forms
will be kept by the researcher, copies of the signed forms
will be returned to the subjects.

A copy of this form is appended to this request.

The reporting of the study results will not use the
actual names of the subjects, but will use code aliases. The
audio tapes of interviews will not be released to third
parties without the written consent of the interviewed

subjects.
Materials accumulated in the study will remain in the
secure possession of the researcher. Materials will not be

released to third parties without the written consent of the
subject (s) involved.

5. (a) Formal interviews will be held with subjects con up
to twelve occasions. The purpose of the interviews is to
gather data which will "reveal how participants conceive of
their worlds and how they explain these conceptions”.
[Goetz, 1984 #21], p. 126 The interviews will be
nonstandardized in that a different sequence and selection of
guestions will be employed in each instance depending onr the
responses of the interviewed participant.

The initial questions arise from issues in the current
calculus reform debate and from learning theories that have
peen the focus of discussion recently in mathematics
education. Subsequent questions develop from participant

responses.
Examples of proposed initial questions follow:

Demographic questions:

Age, level of schooling, level of formal mathematics
education and success. Academic and career ambition. Why
are you enrolled in this particular course? )

Lectures, assignments and evaluation methods:

What aspects of this class help you to learn the
material? What aspects do not help, or actually hinder vour
learning? -

About the assignments: are they the right length? are
the right type of problems assigned?

How do you go about doing the assignments? Do you ever
work with other students? Do you seek help from the
instructor, teaching assistant or someone else? What do vou
do if you don"t understand how to do a problem? )
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Do you use calculators or computers when you do your
assignments? Why or why not? How do you use them? )

How do you use the textbook in this course? What do
think of the textbook; does working with it help you learn?

What do you do during lectures that help you learn?

What type of notetaking do you do? Do you want to ask
questions during the lecture? Do you ask guestions?

How important a factor do find the evaluation procedures
in this course to be? Do the tests, examinations, and graded
homeworks help you learn? How apprehensive do the procédures
make you feel? Why?

Understanding and attitudes:

Why are you taking a calculus course? Is this course
meeting your purposes? What more would you like to get from
taking this course? What unexpected things are happening to
you as you take this course? :

How do you feel you are doing in this course? Why do
you feel that way? -

what do you think the calculus is all about? Is it
important to understand the subject? Why or why not? How do
you think you will use what you have learned in this course
after it is completed?

Do you understand the language used in the textbook and
by the instructor? What do you find about the use of
language which makes it difficult? What do you think is
meant by [recently covered theorem or definition]? What
sorts of things do you do to help you understand the material
in this course?

What do you think a mathematician does when he or she is
doing mathematics? Do you think we are doing mathematics in
this course? Why, or why not? What sort of mathematics will
you do when you finish this course?
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APPENDIX D
EVALUATION SCHEME AND INSTRUMENTS
Evaluation of student performance in this course was

based on seven assigned problem sets, two one hour mia-

1)

tests, and a three hour final examination.
The problem sets were equally weighted. Performance on these
sets constituted 20% of the student's overall crade.
Midterm tests were equally weighted. Performance or :these
tests constituted 40% of the student's overall grade.
The final examination was cumulative over the course ana
constituted 40% of the student's overall grace.

No scaling was applied to the percent grade earned by
the student. Percent grades were translated to letter grades

using a scale given to the students in the first lecture.

351




Problem Sets

All of the assigned problems were taken from the textbook

)

the course:
Calculus , by James Stewart, Brooks/Cole publishers, 19¢:

(second editicn)

Assignment # page problems topic
and due date
#1;Sept.12,1991 60 2,4,8
68 2,6,12
102 4,10, 0
#2;S%ept. 1 ,1991 77 10,32,34,48
85 4,14
94 6,16,38

115 4,0,12,16,26,42,44
#3;Sept. 26,1991 124 24,48,52,58, 66
134 4,10,18,20,22
141  4,18,32,40,46
#4; Oct. 8,1991 148 42,68,74
154 16,30, 36
158 24,42,51
163 18,26, 30
169 18,30,42
#5:;0ct. 29, 1991 172 8,18,20
185 12,40,58
190 4,14,28
195 4,18,40
201 10,26,33
#6; Nov. 5, 1991 211 6,8,20,34,36,38,40

, 42

222 12,20,32,42,46,50,
52

#7:; Nov. 19,1991 229 14,40

235 30,46

246 38,48

343 34

348 8,30

356 24,32
361 54,78
371 34,62
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HARKS [

1.

[2)

12)

11,1]

(1,13

111

11}

MATKEMATICS 151 OCT. 14, 1581
/7401 HKIDTERM 1 TIME: 1 HR.
Define each of the terms below:
a) L is the lin{t of the function £ as x approaches a.
b) £'(x)
c) £ is goptinvous at a.
Use the graph of f below to answer each question.
Y
A
7 1 *~—
6 -~ ['\ -
5 <
. N
N | -
2 ™~
!
14 :
i -
+ — $ -+ >X
0 1 2 3 4 5 6 7 8 9
a) lim £(x) = b) 1lim £(x) =
x->»2t x->2
£(4 + h) ~ £(4
c) lim £(x) = d) lim ! =
x—36"~ h—=0 h
e) For those values of X In the interval [1,9], where is £
discontinuous?
£) For those values of x in the interval (1,91, where is £

pnot diffe;entiable?
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12,21

[2)

[2)

(3]

4]

£2)

{41

5]

Find the value of each lirmit below:

a)

2 4+ x -6 sin{x - 1)
iim —_— b) 1fm { —m—
x>-3{x% + Sx + 6 x21{x* + x - 2

Find the derlvative, dy/dx, of each function given below.
(DO NOT SIMPLIFY algebralcally.)

a)

b)

a)

a)

b}

n

3
y (8x - 2Y4(tan(x))

n

Y x"/(x3 - 1)

el Yy = 3sec(2 - Bx{)

x +y = cos(x - ¥}

Use the definition of the derivative of £ given in
question 1(b) to compute the derivative, £'(x), for

£(x) = L//x ¢+ 1

Find the equation of the line tangent to the graph of £
at the polint (3,1/2).

1f each edge of a cube s increasing at the constant rate of
3 centimeters per second, how fast is the volume increasing
when x, the length of an edge, is 10 centimeters long?

The radius of a spherical ball is computed by measuring the
volume of the sphere (by finding how much water it
displaces). The volume is found to be 40 cublc centimeters
with a percentage error of 1%. Compute the corresponding !
percentage error in the radlus (due to the error in measuring
the volume).

(V= (4317 2)

354



\
A4ARKS €

£2]

[2]

£71]

1.

MATHEMATICS 151 NO

/7401 MIDTERM 2

a) State the Mean Value Theorem.
b) State the Extreme Value Theorem.
c)» Define a point of inflection.

d) Define a critical numbter.
Find

a)  frdx) for f(x) = Ze~~sin(3x).

b) an antiderivative of Q(x) = (1/&J§) + g—=,
p3= - 1
¢ lim *
x—>0 x

For the pelynomial f: f(t) = ¢t2 + ¢t2 - 4¢t + 7 find

a) the interval(s) wvhere f is decreasing.

b) the interval(s) where f is concave up.

¢) the number of real roots of the equation f(t) =
Consider the equaticn e= = sin(x).

a) How many peositive rocts does this equation have?
roots?

V. 14,

TIME:

0.

1991

1 HR,

negative

b) Use Newton's Methcd to approximate the value of the larqest
negative rcot of this equation by letting xe be the integer

which is closest to the actual root. (Find xg.)

An cpen box with a square base is to have a vclume of 2000

cubic centimeters. What should the dimensions of the box be if

the amount of material used is to be a minimum?
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MARKS [

NOTE:

€21

/1001

MATHEMATICS 151 DEC. 3, 1991

FINAL EXAM TIME: 3 KR

No graphing functions on any calculator may be used.

a)

b)

cd

d)

Find

a

b)

d)

Give the delta-epsilon definition of 1im {fCx).

Define what
interval 1.

Define what
interval 1.

State Eclle's

x>
lim
x—-oo | Sx=

%= -
lim
x—3-1" x>

e — x
lim {(—m————————
x—0 %=

x—>a

is meant by F is an antiderivative of f on the

it means fcr a function to be morrionic on the

s Thecrem.

+ Su2 - 7
- Bx + 12

¥ + 1
+ 1

-}

X% - sinx(x)
lim {m—m——
x—>0 sin®(x)

Find dy/dx for each functicn belcw. (DO NOT SIMPLIFY.)

ad

bl

c)

d)

e)

y = In({-4D

y = [since<

)i=

y = cash(x)/lsec(x) - 21

y = 2¥tan=2(x/2)

y = @Te%lnd>
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£el

£23

el

€73

10.

Compute the derivative of f: f(x) = x - 1/x by using the limit
definitica of fr(x).

For xtanly) =y find

a) dy/dx

b)Y d2y/dx= (Do not simplify.)

Suppose that the velocity at time t of a particle in linear
moticn is given by the formula v(t) = t= + cin(t).

a) Find the acceleraticn of the particle at ¢t = =

b) If the positicn ¢f the particle at t = 2 is 3, S(2) = 2

< oy

determine the pcsiticn of the particle at time t.

a) Find a formula for the inverse o¢f the functian

f: (%) =VvV1 + x .,
b) State the dcmain and range of f—t,

¢) Sketch a rough graph of -2,

Suppeose a small quantity of radon gas, which has a half-life of
2.8 days, is accidentally released into the air in a
laboratory. If the resulting radiation level is S0%Z above the
“gafe" level, hew lang should the laboratory remain vacated?

Let f(x) = Ax® + Bx + C, vhere A, B, and C are constants with
A # 0. Shaowu that for any interval [a,bl, the number c
guaranteed by the Mean Value Thecrem is the midpoint of La,bl.

A baseball diamond is a square with sides 90 feet long. Suppose
a baseball player is advancing fraom second to third base at the
rate of z4 feet per secend, and an umpire is standing on home
plate. Let O be the angle between the third baseline and the
line of sight from the umpire to the runner. How fast is o
changing vhen the runner is 30 feet from third base?
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x + 1
11. Sketch the graph of the function f: f(x) =
81 Xz - 4

Label all significant aspects of the graph except points of
inflecticn and SHOW ALL WORK, -

12. Find the x—cccrdinates cof the pcoints on the parabola
73 y = x2 + Zx that are closest to the point (~-1,0).

12. The curve described by the parametric curves belcw is
called a cy=leid and is a pericdic function.

x = Z[t - sin(t)]

y = Z{1 - cosCt)]
£33 a) Sketch that gortion of the cyclaid far 0 £ t £ 21N
£33 b> Find the equaticn of the line tangent to the graph of the

cycleid at the peoint vhere t = 77/2

14. a) How many pesitive rocts deoes the equatioﬁ (x = 2)= = 1n(x)
£zl have?

[E] b) Use Newton's methad to approximate the larcest positive
roct of the equaticon in part (ad. Use the integer nearest

to this roct for %a. Show all calculations required to
find x=z=.

15. Frove that lim {4 - 3%/5) = 7 using the delta-epsilon
sl *—>-3

definition of limit.
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APPENDIX E

COURSE AND INSTRUCTOR EVALUATION FORM
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y BACKGROUND Q@@@@ Wrgn; 1. What is your cumulative 2. Why did you take this course?
ZZZiin‘;"mggrfgfs 10 the 2 : xade point average? Choose the single most important reason
best of your ability. 350rover @ @® h was compulsory
The ,257/;5 “;,edcalfggls/y : s : 3010343 @ ® 1 am interested in the subject
f:;;;dfng Céwsgc ] . @@?@@'Wrong 251299 @ ® No alternative course available
Z:fﬂﬁ,}:rg‘; ?ggumlfynon SAMPLE MARK;_.W,;» ,‘ 2010249 ® ® It looked like an easy credit
members. OORO@® . Right™ below 2.0 O] ®  Other reasons
GENERAL

3. How often did you attend the lectures/seminars? aways Q@@ E@®E hardly ever
4. The course prerequisites were essentiadl D@ @ @@ not essential
5. The overall level of difficulty for the course was toeassy O@@@QO too difficult
6. The amount of work required for the course was toolile O@@®E® too much
7. How valuable was the course content? very Q@@ @®E® not very
8. The course 1ext or supplementary material was relevant Q@ @@ irrelevant
9. | would rate this course as PEOO0OG
COURSE GRADING
10. The assignments and lecture/seminar material were wellrelated Q@@ @G  unrelated
11. The exams and assignments were on the whole ‘air @@@@@ unfair
12. The marking scheme was on the whole far Q@@EE unfair
= INSTRUCTOR AND LECTURES/SEMINARS
13. How informative were the lectures/seminars? informatve Q@ @@ ®  uninformative
14. The instructor’'s organization and preparation were excellent @@ @@@ poor
15. The instructor's ability 10 communicate material wes excelent Q@ @@E poor
16. The instructor’s interest in the course content appeerad to be high Q@Q®®E® low
17. The instructor’'s feedback on my work was adequate O@ @ OE inadequate
18. Questions during class were encouraged Q@ @@ ® discouraged
19. Was the instructor reasonably accessible for extra heip? available Q@@ EO® never available
20. Was the instructor responsive 1o suggestions or comoiaints? very @@@@@ not at all
21. Overall, the instructor's attitude towards students v.zs excellent Q@@ @E® poor

COURSE AND INSTRUCTOR EVALUATION

FILL IN THE CIRCLES
ERASE CHANGES COMPLETELY
. __ . ______________ ______________ .

<

USE M8 PENCIL ONLY

Py

DONOTUSEINK @
OR FELT PENS

22. 1 would rate the instructor’s teaching ability as

®eOGG

Course:

Semester:

Instructor’'s Name:

GENERAL COMMENTS

1. What do you consider to be
the strongest and weakest
features of the instructor, as

a teacher?

2. What do you consider 1o be
the strongest and weakest
features of the course?

3. Any other comments or
suggestions?

Please do not write outside the enclosed area. Use a reguiar sheet of paper for additional comments.

NCS Trans-Opiict MPO1-72173-3
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